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CHAPTER 1

Introduction

According to the Alzheimer’s Association, approximately 6.2 million Americans have
Alzheimer’s disease (AD),! a devastating neurodegenerative disorder marked by accumulation of
extracellular amyloid beta (AP) plaques and intracellular hyperphosphorylated tau tangles [also
referred to as senile plaques and neurofibrillary tangles, (NFTSs)] in the brain. These pathological
hallmarks lead to neuronal dysfunction and death and are associated with cognitive decline.
However, the number of AD sufferers is not equally spread amongst different subgroups of the
population. AD disproportionately affects African American/Black and Hispanic adults,>® which
is alarming considering that underrepresented minorities will comprise a larger proportion of
both the entire older population and the population of AD sufferers by 2050.% &7 Though many
factors are known to contribute to these disparities, the underlying mechanisms remain unknown.
This dissertation will apply proteomics to investigate molecular contributions to AD in African
American/Black adults. The following sections of this chapter will summarize the known
contributors to racial disparities in AD and introduce the value of proteomics to study these

disparities.

1.1 Alzheimer’s Disease Disparities
African American/Black adults are two to three and Hispanic adults are one and a half
times as likely to develop AD and related-dementias compared to non-Hispanic White adults,®*°

and African American/Black adults have a 65% higher risk of developing AD than Asian



American adults.*® African American/Black and Hispanic adults also have a higher prevalence of
cognitive impairment at ages 55 and older compared to non-Hispanic White adults.? African
American/Black and Hispanic adults are more likely to present with more severe symptoms and
African American/Black adults are more likely to have an earlier age of onset than non-Hispanic
White adults.® ° Several studies demonstrate that African American/Black adults score lower on
cognitive tests such as the Mini-Mental State Exam (MMSE) than non-Hispanic White adults,® ®
1 although the rates of cognitive decline are similar between the racial groups.® However,
MMSE has a much higher rate of false positive diagnosis of cognitive impairment in African
American/Black adults than non-Hispanic White adults® and is not culturally tailored as a
diagnostic test; therefore, MMSE may not be generalizable to racial groups outside of non-
Hispanic White adults.

There are no significant differences in the two primary neuropathological hallmarks of
AD, AP plaques and tau tangles, in the brains of African American/Black and non-Hispanic
White adults.® 24 However, African American/Black adults are more likely to present with
mixed AD and other dementia pathologies, particularly Lewy body dementia, infarcts, and
cerebrovascular disease, 2 116 though other studies have not replicated this trend.*’-*
Furthermore, differences in total and phosphorylated tau levels in cerebrospinal fluid (CSF), in
vivo biomarkers for AD,'%?! have been identified between African American/Black and non-
Hispanic White adults.'” 2224 This relationship between tau levels and racial background appears
to be mediated by apolipoprotein E (APOE) genotype, as tau levels were only significantly
decreased in individuals with the APOE &4 allele.!” Tau levels are also associated with other
changes in AD that have been uniquely reported in African American/Black adults, including

increased CSF interleukin-9 (1L-9) levels? and increased connectivity within the default mode



network, an imaging biomarker for AD.?® Other factors, such as socioeconomic and psychosocial
factors, risk genes, and comorbidities, also likely have substantial contributions to higher
incidence of AD in African American/Black adults and will be briefly discussed in the following

sections, highlighting molecular pathways related to each class of factors.

1.1.1 Socioeconomic & psychosocial factors

Socioeconomic factors include education level, healthcare access, and willingness to seek
care and treatment, which are noted as having differences between racial subgroups in AD.>®
African American/Black adults are less likely to seek care for symptoms of mild cognitive
impairment (MCI), a preliminary stage of AD, and be prescribed AD pharmacotherapy treatment
(e.g., cholinesterase inhibitors or memantine) upon disease diagnosis than non-Hispanic White
adults.® 2" Psychosocial factors include stresses related to life events, work, family/relationships,
finances, living situation, and discrimination. These types of stresses are more prevalent in
minority populations,? and have been associated with lower executive function and episodic
memory in African American/Black adults.?® Increased perceived stress level was also associated
with increased AD biomarker levels in CSF of African American/Black adults with MCI1.%°

Consequently, allostatic load, which is ““...a measure of the cumulative physiological
burden exacted on the body through attempts to adapt to life’s demands,”®! is also higher in
African American/Black adults than non-Hispanic White adults.®>*” Low socioeconomic status,
income level, neighborhood quality, and parental socioeconomic status, high discrimination and
adversity, and fewer years of education have all been associated with increased allostatic load.%?
High allostatic load or allostatic overload results in extensive biological disturbances such as

suppression of the immune system3  and disruption of brain architecture and function,32 3°-4?



which lead to negative health consequences such as physical and cognitive decline and increased
incidence of comorbidities such as cardiovascular disease and metabolic syndrome.®! Systemic
racism in the United States is one of the major causes of high allostatic load experienced by
African American/Black adults.?® Increased circulating levels of immune and inflammatory
markers such as C-reactive protein (CRP), fibrinogen, interleukin-6 (IL-6), E-selectin, and
intracellular adhesion molecule-1 (ICAM-1) are among the biomarkers of allostatic load.*
Changes in these markers in African American/Black adults are inconsistent, as increased levels
of CRP and IL-6 but decreased levels of ICAM-1 have been reported in African American/Black
adults compared to non-Hispanic White adults.*+46

Inflammatory differences between African American/Black and non-Hispanic White
adults have been previously observed in AD. In a cohort of older African American/Black and
non-Hispanic White adults, increased IL-9 levels in CSF were associated with AD only in
African American/Black adults.?® Other molecular changes in the brain up- and downstream of
IL-9 upregulation also only correlated with AD in African American/Black adults. Another study
also observed increased levels of pro-inflammatory cytokines and decreased levels of anti-
inflammatory cytokines in postmortem brain tissue from the middle temporal gyrus of African
American/Black adults with AD.%" These findings suggest increased neuroinflammation and
apoptosis and decreased protection against AB neurotoxicity in brains of African
American/Black adults with AD. Therefore, changes in immune and inflammatory pathways in
African American/Black adults could potentially contribute to racial disparities in AD, which

may be due in part to socioeconomic and psychosocial factors.



1.1.2 Genetic factors

Genetic factors are well-known to play a role in AD risk (Table 1.1) and most likely also
contribute to racial disparities in AD. Although there is no evidence for a separate genomic
region contributing to age-related cognitive decline between non-Hispanic White and African
American/Black adults,*® risk genes such as APOE, phospholipid-transporting ATPase ABCA7
(ABCA7), and others have been discovered with differing impacts on AD risk across racial
groups. Furthermore, in some cases, there are single nucleotide polymorphisms (SNPs) and
genes that are only associated with AD for a given racial group. These genes implicate lipid
metabolism (Figures 1.1-1.2) and immune/inflammatory pathways as potential contributors to
racial disparities, which will be highlighted in the discussion of two major risk genes, APOE and
ABCAY7, in the remainder of this section. For a full review of genetic contributors to racial
disparities in AD related to lipid metabolism, please refer to our published book chapter.*°
1.1.2.1 APOE ¢4

The APOE gene codes for apolipoprotein E, a lipoprotein responsible for maintaining
lipid and cholesterol homeostasis in the brain, which is important for synapse formation and
neuronal functioning.>® The APOE &4 allele is one of the strongest genetic risk factors for AD,®
5054 conferring two to three times greater risk with one &4 allele and 12 times greater risk with
two &4 alleles.> The &4 allele has been associated with increased AB accumulation and
deposition in the brain and cerebral vessels,>*54 % as well as increased tau tangles.® %" The apoE4
protein isoform is less effective at binding and clearing AB from the brain®-> %8-%% and increases
both AB production and fibril formation compared to the other two isoforms.5% ¢ The apoE4

isoform also suppresses synaptic protein expression, which impairs synapse transmission and



Table 1.1. Genes known to increase risk of AD.

Gene? Disease-Associated SNP/Allele References
ABCALb SNPs rs2230806, rs4149313, Wavrant-De Vriéze et al 2007¢°; Koldamova
rs2230805, rs2230808 et al 2010°%; Fehér et al 201862
SNPs rs11550680, rs142076058, Aikawa et al 2018%3; Almeida et al 2018%;
ABCA7S rs3764647, rs3752239, rs3764650, Hollingworth et al 201155; Naj et al 2011°6;
rs3752246, rs78117248, rs4147929, Cuyvers et al 201557; Lambert et al 20138,
rs3752232 N’Songo et al 2017%°
APOC1P Insertion/deletion polymorphism Zhou et al 20147%; Petit-Turcotte et al
rs11568822, H2 allele 20017%; Ki et al 200272
APODP Intron 1 polymorphism Desai et al 20037
Barnes & Bennett 2014%; EI Gaamouch et al
APOEP &4 allele 2016°2; Martins et al 2009%; Zhao et al
2017%
Reitz et al 20137*; Reitz & Mayeux 20147°;
BINI® fs';'zjgig%%m rs7561528, Hollingworth et al 20115; Naj et al 2011°:
Seshadri et al 20107
CD2AP SNP rs9349407 Naj et al 20116
Bertram et al 2008"7; Hollingworth et al
CD33 SNPs rs3826656, rs3865444 20115%; Naj et al 20115
Lambert et al 20097%; Naj et al 2011°¢;

b 7 1
CLU SNPs rs11136000, rs1532278 Harold et al 20097°; Seshadri et al 20107
CRI1 SNPs rs3818361, rs6656401, Hollingworth et al 201155; Lambert et al

rs6701713 200978; Naj et al 20116
H 65. H 66-
EPHAL SNPs rs11771145, rs11767557 Hollingworth et al 2011>; Naj et al 2011,

Seshadri et al., 201076

MS4A gene cluster

SNP rs610932 in MS4A6A
SNP rs670139 in MS4A4E
SNP rs4938933 in MS4A4A

Hollingworth et al 2011%5; Naj et al 201156

Reitz & Mayeux 20147%; Harold et al 20097°;

b

PICALM SNPs rs561655, rs3851179 Seshadri et al 201076

SORL1P rSSESPS()r;iz?fGillsingz9571070844%:;;668387, Rogaeva %tz al 2007*; Lee et al 2007*; Chou
53824966, 1512285364 etal 2016
Long runs of homozygosity in .

b 83
SIGMARL Chr4q313, 15924.1, 3p21.31 regions Ghani et al 2015
SREBF2P SNP rs2269657 Picard et al 20188

2Abbreviations: ABCAL, phospholipid-transporting ATPase ABCA1; ABCA7, phospholipid-transporting ATPase
ABCAT; APOC1, apolipoprotein C-I; APOD, apolipoprotein D; APOE, apolipoprotein E; BIN1, myc box-
dependent-interacting protein 1; CD2AP, CD2-associated protein; CD33, myeloid cell surface antigen CD33;
CLU, clusterin; CR1, complement receptor type 1; EPHAL, ephrin type-A receptor 1; MS4A, membrane-spanning
4-domains subfamily A; PICALM, phosphatidylinositol-binding clathrin assembly protein; SORLL1, sortilin-related
receptor; SIGMARL, sigma non-opioid intracellular receptor 1; SREBF2, sterol regulatory element-binding protein
2. PRelated to lipid metabolism.
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Figure 1.1. The connections amongst AD risk factors with altered lipid metabolism and AD
pathological hallmarks. Genes are in red and comorbidities are in black. Abbreviations: BMI,
body mass index; T2DM, type 2 diabetes mellitus; HTN, hypertension; SREBF2, sterol
regulatory element binding transcription factor 2; ABCA7, phospholipid-transporting ATPase
ABCA7; APOCL1, apolipoprotein C1; SORL1, sortilin related receptor 1; APOE, apolipoprotein
E; BBB, blood-brain barrier; AB, amyloid-beta; NFTs, neurofibrillary tangles. Figure reprinted
by permission from Springer Nature: The potential of ‘omics to link lipid metabolism and
genetic and comorbidity risk factors of Alzheimer’s disease in African Americans, Stepler, K. E.
& Robinson, R. A. S, in Reviews on Biomarker Studies in Psychiatric and Neurodegenerative
Disorders, Guest, P. C., ed., Copyright 2019.4°
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Figure 1.2. Representation of cholesterol metabolism in the brain, including several AD
risk genes and their gene products. Abbreviations: SREBF2, sterol regulatory element binding
transcription factor 2; NR1H3, oxysterols receptor LXR-alpha; HMGCR, 3-hydroxy-3-
methylglutaryl-CoA (HMG-CoA) reductase; ABCA7, phospholipid-transporting ATPase
ABCAT; LDLR, LDL receptor; LPL, lipoprotein lipase; APOE, apolipoprotein E; ABCAL,
phospholipid-transporting ATPase ABCA1; ABCG1, ATP-binding cassette sub-family G
member 1; ER, endoplasmic reticulum; Chol, cholesterol; PL, phospholipid; CLU, clusterin;
HDL, high-density lipoprotein; PICALM, phosphatidylinositol-binding clathrin assembly
protein; BIN1, Myc box-dependent-interacting protein 1; LRP, LDL receptor-related protein;
SORLY1, sortilin related receptor 1; EC, esterified cholesterol; SOAT1, sterol O-acyltransferase 1;
CYP46A1, cholesterol 24-hydroxylase; CH25H, cholesterol 25-hydroxylase; BBB, blood-brain
barrier; 25-OH, 25-hydroxycholesterol; 24S-OH, 24S-hydroxycholesterol. Figure reprinted from
Neurobiol. Aging, Vol 66, Picard, C., et al., Alterations in cholesterol metabolism-related genes
in sporadic Alzheimer's disease, Pages 180.e1-180.e9, Copyright (2018), with permission from
Elsevier.3



plasticity and could contribute to synapse dysfunction and loss that occurs early in AD
pathology.>*->*

Disparities in APOE allele frequency and association with AD have been noted among
racial groups. Multiple studies have determined that there is an increased frequency of the €4
allele and the e4/e4 genotype in African American/Black populations compared to non-Hispanic
White adults.® > APOE &4 has been associated with increased risk of AD in African
American/Black adults, although some studies have concluded that it is inconsistently related to
AD and cognition in this population.? ® Furthermore, the strength of the association between the
APOE &4 allele and AD is weaker in African American/Black adults than non-Hispanic White
adults.?* Overall, the APOE &4 allele represents a major protein in lipid-related pathways critical
for AD pathogenesis, and likely has a significant contribution to AD risk in African
American/Black adults despite contradictory findings.
1.1.2.2 ABCA7

ABCAY7 is a transmembrane protein responsible for moving lipids across the cell
membrane using energy from adenosine triphosphate (ATP) and it is involved in three major
cellular processes: cholesterol metabolism, phospholipid regulation, and phagocytosis. 258
ABCAT7 primarily transports phospholipids such as phosphatidylcholines and
phosphatidylserines across the cell membranes to apolipoprotein A-1 and apoE, though it has a
lesser ability to transport cholesterol.8-%° The endogenous expression of ABCA7 stimulates
cholesterol efflux to apoE, in turn suppressing AB production.®® When ABCA7 function is lost
(i.e. ABCA7Y knockout), disruption in the microglial Ap clearance pathway leads to a cholesterol

deficiency, triggering accelerated Ap production®® ! and AB plaque formation.%? Altered lipid



homeostasis, caused by decreased levels of ABCA7, can also lead to endoplasmic reticulum
(ER) stress and subsequent declines in cognition and synaptic integrity.®®

ABCA7 is also involved in the phagocytosis of apoptotic cells through the C1q
complement pathway in macrophages. Increased ABCA7 expression increases microglial
phagocytosis as well as AB uptake.®* On the other hand, ABCA7 knockout mice showed reduced
oligomeric uptake of AB proteins in macrophages and microglia.®* % ABCA7 knockdown in
macrophages also results in incomplete phagocytosis of apoptotic debris,*® which could
potentially cause neuroinflammation and thus contribute to AD pathogenesis.®® When ABCA7
haplodeficient mice were crossed with amyloid precursor protein (APP)N-SF mice, these mice
had increased AP accumulation in the brain and enlarged endosomes in microglia.®” The
observed disruption of cell membrane organization likely alters microglial responses to acute and
chronic brain inflammation.

Mutations in ABCA7 have been associated with increased AD risk in various racial/ethnic
groups, including European,®” %% Latin American,'® non-Hispanic White,%* 7 and African
American/Black groups®® 8% 7475101 (Taple 1.2). Some of these mutations increase AD risk in
multiple racial/ethnic groups, such as rs3764650, while others are specific to a given group, such
as rs3764647 and rs115550680. Additionally, several of the risk mutations identified across
groups have different effect sizes and/or prevalence in different racial/ethnic groups. As a whole,
ABCAT7 risk variants have a greater impact on odds of AD diagnosis in African American/Black
adults compared to other racial/ethnic groups®?; ABCA7 variants have been found to increase
AD risk 1.8 times in individuals with African ancestry compared to 1.1-1.2 times in individuals
with European ancestry.’

Dysregulation of ABCA7’s functions in lipid metabolism and phagocytosis has been

10



Table 1.2. ABCA7 SNPs associated with AD in various racial/ethnic groups.2

SNP Mutation Populations Associated with AD Frequency® Effect Size Sources
. . 27.2% AD N’Songo et al 2017°;
rs3752232 Thr319Ala African American/Black 93.99% CN 194 Logue et al 2018192
. . 1.8% AD ) 69
rs3752239 Asn718Thr African American/Black 0.4% CN 406 N’Songo et al 2017
1.35 Fehér et al 2019%2;
rs3752246 Gly1527Ala Multiple racial groups ND Hollingworth et al 20115,
1.15 Naj et al 201156
1.32 Logue et al 2011%;
- 0, ’
rs3764647 His395Arg African American/Black éiéggié) éﬁ 1.29 Logue et al 20183;
0TS0 1.47 N’Songo et al 2017
. . Hohman et al 20161%;
African American/Black 197 Logue et al 2011102
. Li et al 2017%%5;
Asian 8.32 106
1.09 Zhou et al 2017
3764650 Intron variant Colombian ND 1.7 Moreno et al 2017%°
o . 1.25 Almeida et al 2018%;
Non-Hispanic White 195 Zhou et al 201719
Multiple racial groups 1.23 Hollingworth et al 201155
Danish 1.07 Kjeldsen et al 2017%°
rs4147929 Non-Hispanic White ND 1.66 Monsell et al 20177
Multiple racial groups 1.15 Lambert et al 2013%8
. . 14.8% AD 103
rs59851484 African American/Black 10.5% CN 1.49 Logue et al 2018
. 3.8% AD o
rs78117248 Intron variant Belgian 1.8% CN 207 Cuyvers et al 2015
Non-Hispanic White ND 1.56 Kunkle et al 201718
rs115550680 African American/Black ND 1.79 Reitz et al 20137
. . 9.2-15.2% AD 2.13 Cukier et al 2016%°
rs142076058  Arg578Alafs African American/Black 7 4-9.7% CN 197 Logue et al 20181%%
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Table 1.2 (continued)

Splice donor Icelandic 1.91 Steinberg et al 2015%
rs200538373 . . . . ND
variant Non-Hispanic White 2.12 Kunkle et al 201718
0,
rss67222111 Leu396fs African American/Black (1):130//2 éﬁ 2.42 Logue et al 201813

aUpdated from ref #°. PND indicates that this information was not available for the denoted SNP. Abbreviations: SNP, single nucleotide polymorphism; AD,
Alzheimer’s disease; CN, cognitively normal.
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clearly linked to AD phenotypes and thus implicated in AD racial disparities. However, most
studies have probed the impact of ABCAT deficiency on its protein functions, such that the
functional impacts of specific ABCA7 risk mutations remain unknown. Further mechanistic
studies of ABCA7 mutations prevalent in African American/Black adults are necessary to
elucidate their downstream consequences and contributions to AD pathogenesis. One such study
of rs3752232 in human embryonic kidney (HEK) 293 cells is described in Chapter 2 of this

dissertation.

1.1.3 Comorbidities

Comorbidities describe health conditions that can increase an individual’s risk for
diseases, such as AD. Traumatic brain injury, stroke, dyslipidemia/hypercholesterolemia,
cardiovascular disease, type 2 diabetes mellitus (T2DM), obesity, and hypertension (HTN) all
increase risk of AD (Figure 1.1)* 8 %8.110-113 and also disproportionately affect African
American/Black adults. Notably, alterations in lipid metabolism are common in AD and these
comorbidities, suggesting that lipid metabolism may be an important underlying cause of racial
disparities of AD. In the remainder of this section, we will briefly discuss racial disparities in
several comorbidities tied to lipid metabolism. For a comprehensive review of comorbidities,
lipid metabolism, and AD risk in African American/Black adults, please refer to our published
book chapter.*°
1.1.3.1 Dyslipidemia

Dyslipidemia is a group of lipid disorders that result in abnormal levels of high-density
lipoprotein (HDL), low-density lipoprotein (LDL), very-low-density lipoprotein (VLDL), and

triglycerides,®® including high cholesterol levels (hereafter referred to as hypercholesterolemia).
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Findings regarding differences in cholesterol levels by racial background have been
contradictory. In the Atherosclerosis Risk in Communities study, cholesterol levels in midlife
(50-60 years old) were not different between African American/Black and non-Hispanic White
adults.*** However, over the age of 45, there is higher incidence of dyslipidemia in African
American/Black adults compared to non-Hispanic White adults,*>*¢ which is more noticeable
in older age groups (i.e., 65-74 years old).

The connection between AD and cholesterol has been firmly established (Figure 1.3),°"
117119 and abnormalities in both brain® and peripheral®® 12° cholesterol levels are implicated in
AD. Hypercholesterolemia has been associated with AD>* 12 and in midlife is associated with
increased risk of MCI later in life.!® In a cohort of African American/Black adults without
APOE ¢4 alleles, higher mean serum total cholesterol levels were observed in individuals with
AD compared to those that were cognitively normal (CN).t2
1.1.3.2 Hypertension

Dyslipidemia is also a risk factor for HTN. It is well-known that HTN is more prevalent
in African American/Black adults than in non-Hispanic White adults,3* 9 116. 122123 affacting
42% and 45% of African American/Black men and women, respectively, including diagnosed
and undiagnosed cases.?* African American/Black adults are less likely to have their blood
pressure under control when compared to non-Hispanic White and Hispanic adults, despite the
fact that African American/Black adults are more aware of a HTN diagnosis and take
medications. 122 124-125

HTN is independently associated with increased cognitive decline, MCI and AD,* °0: 116
and in midlife is associated with increased AD and dementia risk later in life.?8 High systolic

blood pressure is also associated with an increased risk of AD,*?" an increased number of NFTs
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in postmortem brain tissue, and increased odds of brain infarcts.'?® In individuals with AD, there
is a higher prevalence of HTN in African American/Black adults compared to non-Hispanic
White adults.* 11> HTN among African American/Black adults is also likely to increase risk for
certain neurovascular pathologies, such as cerebral amyloid angiopathy, white-matter lesions and
vascular endothelial damage.*
1.1.3.3 Obesity

A high body mass index (BMI) and obesity are more prevalent in African
American/Black adults than non-Hispanic White adults at various ages.’ 1+ 24 BMI has strong
effects on risk for other conditions in African American/Black adults, especially diabetes,
metabolic syndrome, and HTN.® Obesity can lead to neuroinflammation, compromised blood-
brain barrier (BBB) integrity, and changes in neuronal structure, synaptic plasticity and
memory.>® Both low and high body mass indices have been associated with cognitive impairment
and dementia.b A higher BMI (>30 kg/m?) in midlife is associated with increased dementia and
AD risk, presumably due to increased amyloid deposition.*® On the other hand, a higher BMI in
late life reduces risk of cognitive decline and dementia.*?®
1.1.3.4 Type 2 diabetes mellitus

T2DM is more prevalent in African American/Black® 8 124129130 gnd Hispanic adults* °
than non-Hispanic White adults. Prevalence estimates are 1.4 to 2.3 times higher in African
American/Black adults than in non-Hispanic White adults.*'® ** Comprehensive discussions of
the connections between T2DM, lipid metabolism, and AD can be found in several reviews.**!
134 T2DM has been associated with AD% 112 134 and significantly increases risk for AD.58 126
Prediabetes and T2DM are also associated with increased cognitive decline,'*® increased risk of

progression from MCI to dementia,>”*® vascular dementia, and compromised BBB integrity.'3
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T2DM was associated with greater cognitive decline in African American/Black
adults,*% while the Minority Aging Research Study and Memory and Aging Project cohorts
found similar effects of diabetes on cognition in African American/Black and non-Hispanic
White adults.*¥” Glucose levels in African American/Black adults with T2DM were also
significantly higher in those who developed dementia than in those who did not develop
dementia.'*1*° Although most evidence supports the existence of racial disparities in T2DM,
one study did not find an association between T2DM and race.'*°

Overall, this section demonstrates that comorbidities greatly influence risk and incidence
of AD among African American/Black adults. Significant evidence has linked dysregulation of
lipid metabolism to AD and to these comorbidities.*® %1 117118 Fyrthermore, the comorbidities

discussed here, along with the genetic risk factors discussed in Section 1.1.2, clearly highlight

the relevance of lipid metabolism pathways in AD and in racial disparities.

1.2 Proteomics Approaches to Study Racial Disparities in AD

The previous section highlights that several molecular pathways, including lipid
metabolism, immune system/inflammation, and tau-related pathways, are hypothesized to
contribute to racial disparities in AD, and are particularly increased risk in African
American/Black adults. However, the mechanisms and roles of these pathways in racial
disparities of AD have yet to be fully understood. Fortunately, proteomics is a powerful approach
with which to study proteins and pathways in this context and can give systematic insight to
changes in these pathways in biological samples. Such insight is important to help with tailored

AD prevention, early diagnosis and personalized treatment strategies for racial groups with high
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incidences of AD. In this section, we will provide a brief overview of proteomics methods and

their value to study racial disparities in AD.

1.2.1 Discovery-based proteomics

Discovery-based proteomics is the global study of all of the proteins (the proteome) of a
tissue, cell, or biofluid. Liquid chromatography (LC) coupled with mass spectrometry (MS) is
the analytical technique of choice for discovery-based proteomics studies because it allows
simultaneous measurement of thousands of proteins with high resolution, mass accuracy, and
sensitivity.#"143 Many applications of discovery-based proteomics rely on shotgun proteomics,
analyzing peptides from complex biological samples to provide information about their
corresponding proteins, 144145

A typical discovery-based proteomics workflow is shown in Figure 1.4. Proteins are
extracted from biological samples such as cells (via lysis, described in Chapter 2) or
postmortem tissue (via homogenization, described in Chapters 3-4), which are then
enzymatically digested into peptides using trypsin or a trypsin/Lys-C mixture. Many workflows
include a quantitative labeling strategy that provides relative quantification of peptides and
allows multiplexing, or simultaneous analysis of multiple samples in the mass spectrometer.
Benefits of label-based quantification include increased throughput as a result of multiplexing
and improved quantification accuracy and precision compared to label-free quantification (LFQ),
which bases relative quantification on spectral counts or peptide peak area.**¢-*4” The workflow
in Figure 1.4 shows Tandem Mass Tags (TMT)-plex as the quantification strategy,'“¢4° which
was utilized in Chapters 2-4 of this dissertation. TMT*-plex is a tag that distributes **C and °N

heavy isotopes in different regions of the tag’s chemical structure to create 11 unique tags of the
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same mass (isobaric), which can be used to label 11 different samples. Labeled samples are then
combined for simultaneous LC-tandem mass spectrometry (MS/MS) or LC-MS? analysis, where
the tags are cleaved into unique reporter ions whose intensities correspond to the intensities of
that peptide across the 11 samples (Figure 1.5; MS/MS shown). Reporter ion intensities can then
be summed across all peptides for a given protein to determine changes in protein intensity
across different biological samples or conditions.

Combined labeled peptides may undergo a pre-fractionation step to reduce the
complexity of the sample mixture prior to LC-MS/MS or LC-MS?2 analysis. Within the last few
years, pre-fractionation has become increasingly common and conducted extensively to improve
proteome depth by > 2-3x compared to unfractionated samples (unpublished data). High pH
reversed-phase fractionation has shown superior performance compared to other separations such
as strong cation exchange due to its easier sample processing, better peptide resolution, and
improved proteome coverage.*>%1%® High pH reversed-phase fractionation has been previously
performed by eluting peptides from Cis cartridges with discrete organic buffer concentrations®™*;
however, an alternative is high-performance liquid chromatography (HPLC)-based fractionation
using a buffer gradient, which improves peptide separation and MS identifications from each
fraction. Fractions are then analyzed individually using LC-MS/MS or LC-MS?2 for protein
identification and quantification.

Detection and quantification of TMT reporter ions can be performed using higher-energy
C-trap dissociation (HCD) fragmentation in MS/MS or MS? scans, as mentioned above. MS®-
based quantification had previously been considered superior to MS/MS for its improved
accuracy and reduced ratio compression, a phenomenon resulting from isolation interferences.4”

155-156 However, from 2016-2021, there has been a shift in the field back towards MS/MS-based
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TMT quantification. This shift is enabled by measures proven to reduce ratio compression such
as pre-fractionation and small isolation windows during LC-MS/MS data acquisition.t>"1%9
Additionally, these measures also increase proteome coverage compared to MS®.

LC-MS/MS or LC-MS2 data are finally searched against a database of known proteins
(e.g., UniProt, https://www.uniprot.org/, accessed 6/30/2021) using software such as Thermo
Fisher Scientific’s Proteome Discoverer to determine which proteins are present in the samples
and at what levels, based on the TMT reporter ion abundances. Identified proteins may then
undergo further data analysis steps necessary to evaluate data quality and answer the study
question, such as normalization'® and statistical comparisons across groups (i.e., AD compared
to CN groups).
1.2.1.1 Machine learning to analyze proteomics data

Another tool that can be applied for proteomics data analysis is machine learning, which
is a form of artificial intelligence.'®*1%2 In machine learning, a system is trained to make the
“best” decisions without human subjectiveness. Machine learning applied to quantitative
proteomics data can be used to classify, diagnose, or predict disease status or treatment type with
clear performance outcomes (e.g., accuracy, sensitivity, specificity).*%? Machine learning can
also test the accuracy of various panels of proteins for distinguishing groups to identify
biomarker candidates for further investigation. Several applications of machine learning for these
purposes have been described previously in different diseases such as cancer'®® and
neurodegenerative diseases including amyotrophic lateral sclerosis (ALS)'®* and AD,65-166 ag

shown in Chapter 5.
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1.2.2 Proteomics of postmortem brain tissue in AD

Discovery-based proteomics has been used to examine changes in the overall proteome in
aging and MCI or AD®"176 and to study proteins associated with oxidative stress.}’’18! At the
start of this dissertation work, discovery-based proteomics workflows resulted in ~800-3000
proteins from AD postmortem brain tissue,6”-17% 172 or ~5-18% of the human brain proteome
reported by the Human Protein Atlas, which is based on transcriptomics expression data and
excludes proteoforms'®218 (see Chapter 3). Throughout this dissertation, the advancements in
discovery-based proteomics workflows outlined in Section 1.2.1 have resulted in more extensive
proteome coverage in AD postmortem brain tissue, and routinely result in ~6000 to ~14,000
proteins®® 18619 or yp to ~89% of the human brain proteome!®2-18 (see Chapter 4). The deep
proteome coverage achieved in these studies leads to more comprehensive insights on many

biological pathways in AD.

1.3 Overview of Dissertation

Discovery-based proteomics approaches enable comprehensive protein analyses as
described in Sections 1.2.1-1.2.2 and can be broadly used to advance disease understanding and
biomarker discovery,**¢-1%7 which are necessary in the study of AD racial disparities. For
example, as we have described in Section 1.1.2, mutations and alleles in various genes may
contribute to racial disparities in AD and increased AD prevalence in African American/Black
adults. Though significant research has been performed to identify and study these variants
associated with AD at the genetic level, it is necessary to study the functional impacts of these
genetic variants, i.e. at the protein level, to elucidate their specific roles in AD. Proteomics can

be useful to interrogate the downstream effects of genetic variants in both model systems and
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human biospecimens, and provides valuable insight on its own and in combination with other
methods. In Chapter 2 of this dissertation, we applied proteomics along with structural methods
to study an ABCA7 SNP associated with AD in African American/Black adults in HEK 293 cells,
allowing us to investigate both structural and functional impacts of this mutation.

There is also a need for discovery-based proteomics in human studies of racial disparities
in AD. A majority of discovery-based proteomics studies in AD have been focused on non-
Hispanic White adults or other majority populations and grossly exclude African
American/Black adults. Specifically within proteomics studies of postmortem brain tissue in AD,
few have included individuals from racial backgrounds other than non-Hispanic White, such as
African American/Black, Hispanic/Latino, or Asian/Pacific Islander,170-171 186-189, 195, 198-199 g
moreover, they only comprise ~2-21% of the total samples included in these studies, besides the
rare examples that have solely included Japanese'’® or Mexican individuals.'’* It is important to
note that there are also many studies that do not provide information on the race or ethnicity of
their participants.t®® 192-19 Stydies of postmortem brain tissue from individuals of diverse racial
backgrounds are necessary to characterize the proteomic changes induced by AD in these groups,
as most of our current knowledge is derived from non-Hispanic White adults. In Chapters 3 and
4 of this dissertation, we analyzed proteomic differences in postmortem brain tissue in AD in two
independent cohorts consisting of African American/Black and non-Hispanic White individuals
who were CN or diagnosed with AD.

Combining machine learning with proteomics data is another valuable approach to study
racial disparities in AD. Combined proteomics and machine learning approaches demonstrated
that a model trained with proteins that were differentially expressed between non-Hispanic White

AD and CN groups better differentiated AD and CN individuals within the same racial group.*6®
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However, whether that finding is generalizable and relevant in other tissues, such as postmortem
brain tissue, has yet to be studied. In Chapter 5 of this dissertation, we used machine learning to
analyze several available AD brain proteomics datasets that include individuals from different
racial backgrounds, including the multi-regional set from Chapter 3. It is evident that
proteomics is valuable to advance understanding of racial disparities in AD, which is necessary
to potentially improve AD prevention, diagnosis, and treatment strategies for high-risk
populations. Finally, we discuss future directions for this work in Chapter 6, including studies
designed to link molecular contributors to racial disparities with socioeconomic and comorbidity

contributors.
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CHAPTER 2

Investigating the Proteomic and Structural Impact of an Alzheimer’s Disease-Associated

ABCA7 Mutation

2.1 Introduction

It is well-established that the greatest genetic risk for late-onset Alzheimer’s disease
(LOAD) in non-Hispanic White adults is conferred by the apolipoprotein E (APOE) &4 allele,
which increases LOAD risk by 20-50%.! However, in African American/Black adults, mutations
in the phospholipid-transporting ATPase ABCA7 (ABCA7) gene have stronger associations with
LOAD than in non-Hispanic White adults,?* increasing risk by 1.8 times.?®> The ABCA7 single
nucleotide polymorphism (SNP) rs115550680 has an effect size in African American/Black
adults comparable to APOE &4.12 In addition, some ABCA7 variants have also been associated
with LOAD more so in African American/Black adults, such as rs3752232, rs3764647, and
rs142076058.58

ABCA7 mutations affecting African American/Black adults can be classified into
common mutations with smaller effect sizes and rarer mutations with larger effect sizes (see
Table 1.2 in Chapter 1). The more common mutations occur in ~10-25% of individuals with
normal cognition and ~15-30% of individuals with AD, and increase AD risk by up to 50%.
Most are missense mutations resulting in a single amino acid substitution in the ABCAT7 protein.
This includes rs3764650, which increases AD risk by 10-20% in African American/Black
adults,® though it has a larger effect size in non-Hispanic White? 1° and Colombian adults.*

Higher percentages of African ancestry at this locus were also associated with AD.* Other
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missense mutations include rs3764647 (odds ratio (OR) = 1.32-1.47),6"° rs3752246 (OR =
1.15),'? rs59851484 (OR = 1.49),'% and rs3752232 (OR = 1.24).13 The rarer mutations tend to
occur in <1% of individuals with normal cognition and <2% of individuals with AD but increase
AD risk by >70% (see Table 1.2 in Chapter 1). This group includes rs3752239 (OR = 4.06),°
the C allele from which has been contrastingly reported to have a protective effect against AD in
non-Hispanic White adults.*® This also includes rs115550680 mentioned above (OR = 1.79),
and the frameshift mutations rs142076058 and rs567222111, both of which more than double
AD risk in African American/Black adults (OR = 2.13 and 2.42, respectively).” ** The potential
contributions of these ABCA7 variants to AD pathogenesis are summarized in Figure 2.1.

The ABCAT protein is a membrane-bound phospholipid transporter composed of 2,146
amino acids with integral functions in lipid metabolism and transport and phagocytosis.> 41° Its
closest homologue is the ABCA1 gene, the protein from which has also been observed to
decrease apoE levels, and thereby increase amyloid deposition.*® Compared to other members of
the ABC transporter superfamily, ABCAL and ABCAT7 are distinctive as both contain two large
extracellular domains (ECD1 and ECD2), which are critical for interacting with and transferring
lipids to apolipoproteins.t’-*® Multiple studies show that both ABCA1 and ABCA7 mediate
export of cholesterol and phospholipids, but with different preferred substrates and
efficiencies.>?° ABCA7 loss of function can contribute to LOAD-related phenotypes through
disruption of lipid rafts, dysregulation of lipid metabolism and amyloid precursor protein (APP)
processing, and impaired phagocytic activity that consequently impairs amyloid-beta (AB)
clearance.> 22 |t is hypothesized that ABCA7 mutations likely contribute to LOAD risk and
pathogenesis via reduced ABCAZ7 levels or altered/loss of function.” 22 For example, the SNP

rs3752232 results in a missense mutation causing a threonine to alanine substitution at position
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Figure 2.1. Summary of ABCA7 variant contributions to AD pathogenesis. ABCA7 SNPs that increase AD risk in African
American/Black adults are shown in ovals. Solid arrows indicate proven effects of SNPs; dashed arrows indicate predicted or
hypothesized effects of SNPs. Abbreviations: ABCA7, phospholipid-transporting ATPase ABCAT7; apoE, apolipoprotein E; AP,
amyloid-beta.
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319 (T319A) in ECDL1 of the ABCAT7 protein. This mutation is associated with increased LOAD
risk in African American/Black adults® and also decreased visuospatial and cognitive function in
Korean Americans.?* However, the subcellular effects of this variant remain unclear.

This study examined the impact of the T319A variant on protein structure and binding
abilities, in addition to the downstream proteome effects in model human embryonic Kidney 293
(HEK 293) cells. Homology models were built and lipid docking simulations were conducted to
identify differences in structural conformations of the ECD1 of ABCA7 and to assess the impact
of the T319A variant on binding lipid species. Quantitative proteomics was used to compare
protein expression across cells transfected with the ABCA7 T319A mutation, overexpression
wild-type (WT) ABCA7, or an empty vector (EV). Overall, our findings provide insight into the
structural and proteomic impact of the ABCA7 rs3752232 (T319A) mutation and provide a first

step to further understanding of how ABCA7 variants confer genetic risk in LOAD.

2.2 Methods

2.2.1 Cloning and cell culture

The human ABCA7 WT and T319A genes were synthesized, cloned into the
pcDNA3.1(+) myc/His mammalian expression vector and sequenced (Biomatik, Wilmington,
DE, USA). The empty vector pcDNA3.1(+) control was purchased commercially (Thermo Fisher
Scientific, Waltham, MA, USA). For cell culture experiments, HEK 293 cells (American Type
Culture Collection, Manassas, VA, USA) were maintained in Gibco Dulbecco’s Modified Eagle
Medium (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine

serum (FBS) at 37°C with 5% CO». Low-passage cells were seeded in T25 flasks. When cells
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were ~80% confluent, they were transfected with each ABCA7 expression plasmid (WT or
T319A) or an EV using polyethylenimine (PEI). After 24 h, the cell media was replaced.
Cultures were allowed to grow for 48 h post-transfection then were trypsinized and washed with
phosphate-buffered saline (PBS). Each cell type was split into aliquots of 5-6 x 10° cells and

stored at -80°C.

2.2.2 Immunofluorescence

Adherent HEK 293 cells were cultured in 6-well plates on poly-D-lysine-coated cover
slips and were seeded at 0.75 x 10° cells per well. The next day, the cells were transfected as
described above. After 48 h, the cells were washed twice with PBS and then fixed with 3.7%
paraformaldehyde for 15 min. All subsequent steps were conducted at room temperature. Cells
were washed 3x with PBS and incubated with blocking/permeabilization buffer (PBS + 10%
FBS + 0.1% Triton X-100) for 30 min. Cells were then incubated with ABCA?7 antibody (sc-
377335, Santa Cruz Biotechnology, Dallas, TX, USA) and the rabbit Na*/K* ATPase antibody
(sc-28800, Santa Cruz Biotechnology, Dallas, TX, USA) for 30 min then subjected to 3 x 5 min
washes with PBS. Cells were incubated with Alexa Fluor488 goat anti-mouse IgG (Thermo
Fisher Scientific, Waltham, MA, USA) or secondary mouse Alexa Fluor 594 (red) antibody for
30 min protected from light. Cells were washed 3 x 5 min with PBS. Cover slips were removed
from the 6-well plate and mounted onto a microscope slide dotted with Prolong Gold Antifade
mounting medium with DAPI (Thermo Fisher Scientific, Waltham, MA, USA). ABCA7 protein
was visualized on a Nikon A1R confocal laser scanning microscope at excitation/emission

wavelengths of 488/505-550 nm (green fluorescence).
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2.2.3 ABCA7 Western blots

Whole cell lysates were prepared by lysing cells in radioimmunoprecipitation (RIPA)
buffer (Research Products International Corporation, Mount Prospect, IL, USA) with the
addition of mammalian protease inhibitor cocktail (Millipore Sigma, St. Louis, MO, USA).
Equal amounts of protein were separated in 4-12% SDS gel, transferred to a nitrocellulose
membrane, and immunoblotted using antibodies against the following proteins: ABCA7 (sc-
377335, Santa Cruz Biotechnology, Dallas, TX, USA) and actin (sc-47778, Santa Cruz

Biotechnology, Dallas, TX, USA).

2.2.4 Proteomics sample preparation

Two aliquots each of EV, WT, and T319A cells (i.e. workflow replicates) were lysed in
RIPA buffer (50 mM Tris pH 7.5, 150 mM NaCl, 0.1% SDS, 1% Triton X-100, 0.5%
deoxycholate) with complete mini EDTA-free protease inhibitor cocktail (Roche Diagnostics
Gmbh, Mannheim, Germany). Protein concentration was determined using bicinchoninic acid
(BCA) assay according to the manufacturer’s protocols (Thermo Fisher Scientific, Waltham,
MA, USA). A pooled sample containing equal protein amounts from each cell lysate was
generated and served as a quality control (QC) sample. Protein integrity of all samples was tested
by SDS-PAGE. Protein (50 pg) from each sample and the QC sample was digested using S-
Trap™ micro spin columns according to the manufacturer’s protocols (ProtiFi, Farmingdale,
NY, USA). Briefly, protein was diluted with 10% SDS with 100 mM triethylammonium
bicarbonate (TEAB; pH 7.55), reduced for 10 min at 95°C using 20 mM dithiothreitol, and
subsequently alkylated with 40 mM iodoacetamide for 30 min at room temperature in the dark.

Reduced and alkylated protein was acidified with 12% H3PO4 and diluted 6x with 90% aqueous
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methanol with 100 mM TEAB, pH 7.1 prior to being loaded onto S-Traps™. Protein was
digested with trypsin/Lys-C mix (Promega, Madison, WI, USA) for 1 h at 47 °C (1:25
enzyme:protein ratio). Peptides were then eluted from the S-Trap™ using 50 mM TEAB, 0.2%
formic acid (FA), and 0.2% FA in acetonitrile in order. Eluates were pooled and dried prior to
tagging. Tandem mass tags (TMT)-plex reagents were used to label 50 pg of each sample, i.e.
the complete peptide eluate from S-Trap™ digestion (randomly selected seven channels: 126,
127N, 127C, 128N, 129N, 130C, 131; Table B2.1). The TMT-labeled mixture was fractionated
using a gradient of acetonitrile at pH 10 to generate 16 fractions (3-8, 10, 12, 14, 16, 18, 20, 25,
30, 40, and 50%). Fractions were dried completely in a SpeedVac (Thermo Fisher Scientific,
Waltham, MA, USA) and reconstituted in H,O with 0.1% FA for liquid chromatography-tandem
mass spectrometry (LC-MS/MS) analysis on a Q Exactive HF mass spectrometer (Thermo Fisher

Scientific, Waltham, MA, USA). Fractions were randomly injected in triplicates.

2.2.5 LC-MS/MS analysis

An UltiMate 3000 RSLCnano system (Thermo Fisher Scientific, Waltham, MA, USA)
was coupled to a Q Exactive HF mass spectrometer operated in positive mode for LC-MS/MS
analyses. Peptides (2 ug) were loaded onto a Acclaim™ PepMap™ 100 C18 trap column (75 um
i.d.x2cm, 100 A, 3 um; Thermo Fisher Scientific, Waltham, MA, USA) prior to separation on
an in-house C18 packed column (100 pm i.d. x 25 cm, 100 A, 2.5 pm; Waters Corporation,
Milford, MA, USA). The gradient was 180 min, as follows: 0-7 min, 10% B; 7-120 min, 10-30%
B; 120-139 min, 30-60% B; 139-145 min, 60-90% B; 145-159 min, 90% B; 159-160 min, 90-
10% B; 160-180 min, 10% B. Mobile phase A was 0.1% FA and mobile phase B was 0.1% FA

in acetonitrile. Full MS spectra were collected 300-1,800 m/z, 120,000 resolution, automated
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gain control (AGC) 1.0E6, and maximum injection time 100 ms. The instrument was operated in
data-dependent acquisition (DDA) mode to acquire the top 15 MS/MS spectra using higher-
energy collisional dissociation (HCD; normalized collision energy 30%, 45,000 resolution,
isolation width 4.0 m/z, AGC 1.0E5, maximum injection time 50 ms) and dynamic exclusion of
10 s. The minimum AGC required for MS/MS scans was 8.0E3. No charge states were excluded
for MS/MS selection and peptide match was set to preferred, such that signals with peptide-like

isotopic distributions would be preferentially selected for MS/MS scans.

2.2.6 Proteomics data analysis

RAW files were analyzed using Proteome Discoverer software (version 2.4). All
technical replicates and fractions were combined into one result file and searched against the
UniProt human reviewed protein database (3/16/2020, 25,998 sequences) with the ABCA7
T319A sequence added using SEQUEST-HT. A fixed modification of cysteine
carbamidomethylation and variable modifications of methionine oxidation and TMT%-plex
(229.163 Da) on lysine residues and peptide N-termini were included in the search. A maximum
of two trypsin miscleavages were allowed. Mass tolerances for the search were 10 ppm for
precursors and 0.6 Da for fragments. Peptide confidence of high (< 1% false discovery rate
(FDR) against decoy database), > 1 unique peptide, and > 2 peptide spectral matches (PSMs)
were required for confident protein identification.

The TMT-plex quantification method in Proteome Discoverer 2.4 was modified to only
include TMT%-plex channels utilized in this experiment. Reporter ion quantitation was based on
intensity with a reporter signal-to-noise threshold of 10. Protein and peptide groups identified are

referred to as proteins and peptides, respectively, throughout.
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Processing of data is shown in Data B2.1. Post-analysis filtering was performed to only
include proteins identified with reporter ion intensities in all seven channels above threshold.
These proteins were considered to be quantified proteins, and their TMT reporter ion intensities
were normalized to the intensity of the pooled sample.?>25

Differentially-expressed proteins were identified between each pair of cell types using
two-tailed T-tests (p < 0.05) and fold change (FC) cutoffs of < 0.83 and > 1.21, established based
on technical and biological variation and level of technical and biological replication.?’ Fold
changes between each pair of cell types were calculated using average normalized TMT reporter
ion intensities for each cell type. STRING was used to analyze interactions among differentially-

expressed proteins.?®

2.2.7 Computational analyses — 3D structure prediction and validation

An experimental 3D structure of the ABCA7 membrane transport protein is not currently
available; however, the structure of the closest homologue, the lipid transporter ABCAL, has
been previously determined at 4.1 A resolution by cryogenic electron microscopy.?°> ABCA7
shares 54% overall sequence identity with ABCAL, and there is ~38% sequence identity shared
between the first ECDs of each. For the WT protein, we utilized the Protein Homology/Analogy
Recognition Engine V 2.0 (Phyre2) web-based portal for homology modeling using the amino
acids (47-629) corresponding to the ECD1 of ABCA7, which used the ABCAL structure as a
template (PDB code: 5xjy).%° Phyre2 produced a set of potential 3D models. The models were
ranked by a raw alignment and assigned a Confidence score that represents the probability that
the match is true homology. The best model with the highest Confidence score was chosen. Loop

modeling and protein optimization was done using MODELLER.3! To create the ABCA7 genetic
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T319A variant (rs3752232), we replaced the Thr amino acid with the Ala rotamer and performed
energy minimization using University of California San Francisco (UCSF) Chimera.*?
Homology models were validated using various modules in the Structural Analysis and
Verification Server (SAVES) server.3*34 The validated WT and T319A models were used to
conduct docking studies of known lipids using the molecular docking software AutoDock Vina®®
and visualization of docking results and identification of putative binding sites was performed

using UCSF Chimera.*?

2.3 Results

HEK 293 cells were transfected with an EV, WT ABCA7, or the ABCA7 T319A mutant
and the impact of the T319A mutation on ABCAY structure, localization, and the proteome were
assessed. ABCA7 expression in all three cell types was confirmed via Western blot. Molecular
dynamics of the ECD1 of ABCA7 were explored to identify structural effects of the T319A
mutation compared to WT ABCAY7, including abilities of the ECDL1 to bind lipids.
Immunofluorescence was used to compare localization of WT ABCA7 and the T319A variant.
Two aliquots of EV, WT, and T319A cells with the addition of a pooled sample were analyzed
using discovery-based TMT quantitative proteomics to identify downstream proteomic

differences among the three cell types.

2.3.1 Structural impact of the T319A mutation
Homology models of the ABCA7 ECD1 suggest regions of the protein result in small
conformational changes in the T319A variant compared to WT (Figure 2.2A). Based on the

model, these differences are in alpha helices distal to the T319A mutation, despite the mutation
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Figure 2.2. Structural comparison of ABCA7 WT and T319A variant and molecular
docking. (A) Structural alignment of the ABCA7 ECD homology model. The T319A variant
(pink) is superimposed on top of the WT structure (green). The structural impact of the T319A
variant (red sphere) are the regions that appear pink. RMSD = 0.963 A. (B) A surface
representation of the ABCA7 ECD illustrates that the T319A missense variant (red) resides near
a putative binding pocket (cyan) and can potentially impact the binding of various lipid species.
(C) Cartoon representation of PIP, (yellow) docked with WT ABCA7 (green) (AG = -4.4
kcal/mol). ABCA7 binding site residues within 4.0 A of the PIP, molecule are shown in cyan.
PIP> forms a hydrogen bond with Thr66 (shown as a black dashed line). (D) Cartoon
representation of PIP; (purple) docked with T319A ABCA7 (pink) (AG = -3.9 kcal/mol).
Binding site residues within 4.0 A of the PIP, molecule are shown in magenta. The hydrogen
bond observed with Thr66 in the WT model disappears with the T319A mutation. (E) Docked
cartoon models of WT and T319A ABCA7 were superimposed. Notably, PIP, appears to bind to
the T319A mutant in a different orientation compared to WT. Abbreviations: RMSD, root-mean-
square deviation of atomic positions. Figure contributed by the laboratory of Dr. Jamaine S.
Davis.
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being situated in close proximity to a putative ligand binding site (Figure 2.2B). Subsequently,
we used molecular docking software to test the ability of several lipid species
(phosphatidylinositol, PI; phosphatidylcholine, PC; phosphatidylglycerol, PG;
phosphatidylethanolamine, PE; lysophosphatidylcholine, LPC; and sphingomyelin, SM) to bind
in the vicinity of the putative binding pocket. Furthermore, we also specifically assessed the
interaction of WT or T319A with a specific Pl subspecies member, phosphatidylinositol 4,5-
bisphosphate (PIP2), which is a critical lipid messenger shown to be important in LOAD
pathogenesis. The results of our lipid docking studies suggest that the Thr residue interacts with
PIP2, and the T319A variant altered the ability of known lipids to bind the ECD1 of ABCA7
(Table 2.1) and has reduced interactions with PIP> (Table 2.2). In particular, the T319A variant
exhibited a decrease in hydrogen bonding between the PIP2 molecule and binding site residues
that was observed in the WT model. It was noted that the PIP2 molecule interacted with the
T319A variant in a different physical orientation than WT. We compared the putative PIP2
binding site of ABCA7 with the reported binding site of ABCA1 and several residues that
interact with PIP> are conserved in ABCA7 (Figure 2.3). Through this model, we have identified
putative lipid binding sites within the ECD1 that may help to regulate the overall function of
ABCA7. For example, reduced binding of a class of lipids, like PIP2, may lead to lower levels in

overall lipid signaling, thereby influencing AD pathology.

2.3.2 Effect of ABCA7 expression in HEK 293 cells

To assess the impact of ABCA7 variants, we used HEK 293 cells to study the

overexpression of WT ABCA7 and expression of the T319A mutant. Western blot results show

51



Table 2.1. Computed binding free energies of lipid species to WT ABCA7 and T319A
variant.

Lipid substrate binding free energies (kcal/mol)

ABCA7 variant PG PE Pl LPC SM PS
WT -4.8 -4.6 -4.7 -4.3 -11.1 -4.9
T319A -5.2 -4.6 -5 -4.2 -10.6 -4.6

Abbreviations: PG, phosphatidylglycerol; PE, phosphatidylethanolamine; PI,
phosphatidylinositol; LPC, lysophosphatidylcholine; SM, sphingomyelin; PS,
phosphatidylserine. Table contributed by the laboratory of Dr. Jamaine S. Davis.
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Table 2.2. Molecular docking results of PIP2 substrate.

Computed PIP2 binding free Putative Binding Site

ABCAT variant energies (kcal/mol) Residues?

Thr66, Val67, Leu70, GIn71,
lle74, Val102, Leul05, Leul06,
Leu224, Glu317, Leu318,
WT -4.4 Thr319, Leu320, Leu321,
Val324, Leu400, Val403,
Leu407

Thre6, Val67, Leu70, GIn71,
T319A -3.9 lle74, Leul06, Leu224, Glu317,
Leu318, Leu320, Leu321

®Residues that were shown to form hydrogen bonds with PIP> upon docking are in bold
red and the site of the rs3752232 missense variant is in bold. Table contributed by the
laboratory of Dr. Jamaine S. Davis.
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Figure 2.3. ClustalW sequence alignment of the extracellular domains (ECD1) of ABCAl
(amino acids 45-630) and ABCA7 (amino acids 47-629). The conserved PIP> binding residues
are shown in green. “*” indicates a conserved residue; ““:” indicates conservation between groups
of strongly similar amino acid properties; “.” indicates conservatlon between groups of weakly

similar amino acid properties. Figure contrlbuted by the laboratory of Dr. Jamaine S. Davis.
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that both WT and T319A cells had ABCA7 protein expressed at comparable levels, while
ABCA7 was not detected in EV cells (Figure 2.4), consistent with previous studies in HEK 293
cells.®® However, by MS, ABCAZ7 protein expression was detected in all three cell types and was
significantly increased in WT cells compared to EV and T319A cells (Figure 2.5). RT-PCR,
followed by Sanger sequencing, also confirmed the presence of WT and T319A ABCA7 in
transfected cells (Figure 2.6). ABCAY also appeared in the EV samples, suggesting that ABCA7
is indeed expressed. The increased sensitivity of MS and PCR compared to Western blots likely
allowed the detection of the relatively low ABCA7 expression in the EV cells.®” In our
proteomics analyses, ABCA7 was identified from 31 peptides and 208 PSMs (Figure 2.5, Table
2.3). Example MS and MS/MS spectra matching the ABCA7 peptide containing amino acid 319
(TFEELTLLR) — where the T319A mutation is located — are shown in Figures 2.5A-B.
However, the mutated peptide (TFEELALLR) was not detected. Additionally,
immunofluorescence studies show that the T319A mutation did not impact ABCA7 localization,
as both WT ABCAY7 and the T319A variant were observed to co-localize with the Na*/K*
ATPase in the plasma membrane (Figure 2.7). No ABCAT7 staining was detected in the EV cells
(Figure 2.7).

Discovery-based gquantitative proteomics analysis of the EV, WT, and T319A cells
yielded a total of 3,913 and 30,580 identified proteins and peptides, respectively. Of these
proteins, 3,152 were quantified in all cells and replicates. We compared each pair of cell types
(EV vs WT, EV vs T319A, WT vs T319A) and identified 202 differentially-expressed proteins
across these comparisons (Figure 2.8, Table B2.2). There were fewer differentially-expressed

proteins between EV and T319A cells (N = 7) compared to EV vs WT cells (N = 168) and WT
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Figure 2.4. Detection of ABCAT7 expression in HEK 293 cells. (A) Immunoblot of ABCA7
expression in HEK 293 cells cultured and transfected as described in Section 2.2.3.
Approximately 50 ug of cell lysate was used in each lane. (B) ABCA7 variant expression was
normalized to the B-actin loading control. Figure contributed by the laboratory of Dr. Jamaine S.

Davis.
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Figure 2.5. ABCA7 identification and expression in EV, WT, and T319A cells from
proteomics analyses. (A) MS and MS/MS spectra of peptide [TMT-TFEELTLLR +2H]2+ from
ABCAT with red box indicating (B) zoom of TMT reporter ions. (C) ABCAT intensity across
cell types. Blue and orange bars indicate replicates 1 and 2 of each cell type, respectively. Two-
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GCCCTCTGCAGTGTCAGGGGACCTAGCAGCACAGTGGGCCCCTCCCTCAACTGGTACGAG
————————————————————————————————————————————— TNNCANNNGGGNNNN
————————————————————————————————————————————— TCAACTGGNTNNGAG

————————————————————————————————————————————— NCAACTGGTTACGAG

GCTAGTGACCTGATGGAGCTGGTGGGGCAGGAGCCAGAATCCGCCCTGCCAGACAGCAGC
NCTAGTGACCTGATGGAGCTGGTGGGGCAGGAGCCAGAATCCGCCCTGCCAGACAGCAGC
GCTAGTGACCTGATGGAGCTGGTGGGGCAGGAGCCAGAATCCGCCCTGCCAGACAGCAGC

GCTAGTGACCTGATGGAGCTGGTGGGGCAGGAGCCAGAATCCGCCCTGCCAGACAGCAGC

hkkkkkkkhkkkhkhkhkhkhkhkhkkkhkkkhkhkkkhkkhkkkkkkkkkkkkk k& k k%

CTGAGCCCCGCCTGCTCGGAGCTGATTGGAGCCCTGGACAGCCACCCGCTGTCCCGCCTG
CTGAGCCCCGCCTGCTCGGAGCTGATTGGAGCCCTGGACAGCCACCCGCTGTCCCGCCTG
CTGAGCCCCGCCTGCTCGGAGCTGATTGGAGCCCTGGACAGCCACCCGCTGTCCCGCCTG

CTGAGCCCCGCCTGCTCGGAGCTGATTGGAGCCCTGGACAGCCACCCGCTGTCCCGCCTG

hkkkhkhhkhhkhhkhhhhhhhhhhhhhhhkhhkhhhhkhhkhhhhkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkk*

CTCTGGAGACGCCTGAAGCCTCTGATCCTCGGGAAGCTACTCTTTGCACCAGATACACCT
CTCTGGAGACGCCTGAAGCCTCTGATCCTCGGGAAGCTACTCTTTGCACCAGATACACCT
CTCTGGAGACGCCTGAAGCCTCTGATCCTCGGGAAGCTACTCTTTGCACCAGATACACCT

CTCTGGAGACGCCTGAAGCCTCTGATCCTCGGGAAGCTACTCTTTGCACCAGATACACCT

T T e

TTTACCCGGAAGCTCATGGCCCAGGTGAACCGGACCTTCGAGGAGCTCACCCTGCTGAGG
TTTACCCGGAAGCTCATGGCCCAGGTGAACCGGACCTTCGAGGAGCTCACCCTGCTGAGG
TTTACCCGGAAGCTCATGGCCCAGGTGAACCGGACCTTCGAGGAGCTCACCCTGCTGAGG

TTTACCCGGAAGCTCATGGCCCAGGTGAACCGGACCTTCGAGGAGCTCACCCTGCTGAGG

R R

GATGTCCGGGAGGTGTGGGAGATGCTGGGACCCCGGATCTTCACCTTCATGAACGACAGT
GATGTCCGGGAGGTGTGGGAGATGCTGGGACCCCGGATCTTCACCTTCATGAACGACAGT
GATGTCCGGGAGGTGTGGGAGATGCTGGGACCCCGGATCTTCACCTTCATGAACGACAGT

GATGTCCGGGAGGTGTGGGAGATGCTGGGACCCCGGATCTTCACCTTCATGAACGACAGT

Ak kkhkhkhkhkhhhkhhkhhhkhkhkhhkhkkhkhkhkhkhkhkhhkhhkhhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkk*

TCCAATGTGGCCATGCTGCAGCGGCTCCTGCAGATGCAGGATGAAGGAAGAAGGCAGCCC
TCCAATGTGGCCATGCTGCAGCGGCTCCTGCAGATGCAGGATGAAGGAAGAAGGCAGCCC
TCCAATGTGGCCATGCTGCAGCGGCTCCTGCAGATGCAGGATGAAGGAAGAAGGCAGCCC

TCCAATGTGGCCATGCTGCAGCGGCTCCTGCAGATGCAGGATGAAGGAAGAAGGCAGCCC

R

AGACCTGGAGGCCGGGACCACATGGAGGCCCTGCGATCCTTTCTGGACCCTGGGAGCGGT
AGACCTGGAGGCCGGGACCACATGGAGGCCCTGCGATCCTTTCTGGACCCTGGGAGCGGT
AGACCTGGAGGCCGGGACCACATGGAGGCCCTGCGATCCTTTCTGGACCCTGGGAGCGGT

AGACCTGGAGGCCGGGACCACATGGAGGCCCTGCGATCCTTTCTGGACCCTGGGAGCGGT

o
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ABCA7 template GGCTACAGCTGGCAGGACGCACACGCTGATGTGGGGYACCFGGTGGGCACGCTGGGCCGA 600
PCDNA-WT_ABCA7 GGCTACAGCTGGCAGGACGCACACGCTGATGTGGGGYACCFGGTGGGCACGCTGGGCCGA 495
PCDNA-EV GGCTACAGCTGGCAGGACGCACACGCTGATGTGGGGYACCFGGTGGGCACGCTGGGCCGA 495
PCDNA-319 ABCA7 GGCTACAGCTGGCAGGACGCACACGCTGATGTGGGGYGCCIGGTGGGCACGCTGGGCCGA 495
hok ok k ok kkkkkkkkkkkkhkhk kA hkhkhkhhhkkkkhkkkkhkhh  Khkkkkkhkkkhkkkhkkkxk*x
ABCA7 template GTGACGGAGTGCCTGTCCTTGGACAAGCTGGAGGCGGCACCCTCAGAGGCAGCCCTGGTG 660
PCDNA-WT_ABCA7 GTGACGGAGTGCCTGTCCTTGGACAAGCTGGAGGCGGCACCCTCAGAGGCAGCCCNGNNN 555
PCDNA-EV GTGACGGAGTGCCTGTCCTTGGACAAGCTGGAGGCGGCACCCTCAGAGGCAGCCCNNNNN 555
PCDNA-319_ ABCA7 GTGACGGAGTGCCTGTCCTTGGACAAGCTGGAGGCGGCACCCTCAGAGGCANCCNNNNNN 555
ok ki kok ok ok k ok ok ok kkk ok kkkkkhkkkhkkkkkkkkkhkkkhkkkkkkkkkkkk ko
ABCA7 template TCGCGGGCCCTGCAACTGCTCGCGGAACATCGATTCTGGGCCGGCGTCGTCTTCTTGGGA 720
PCDNA-WT_ABCA7 NGNGNNNNNNNN-—---———-——— - ———m—m——mm———m———— 567
PCDNA-EV NNNNNNNNNNNNNNN--—----——--———-—-————m———m——————————————————— ——— 570
PCDNA-319_ ABCA7 NNNNNNNNNNNNNN---—---———--—— - —mm———m—————— —— 569
ABCA7 template CCTGAGGACTCTTCAGACCCCACAGAGCACCCAACCCCAGACCTGGGCCCCGGCCACGTG 780
PCDNA-WT ABCA7  —m oo oo o o oo 567
PCDNA-EV oo oo 570
PCDNA-319 ABCA7 oo oo oo o oo 569

Figure 2.6. Sequencing of ABCA7 pcDNA amplicons. Clustal Omega sequence results of
pcDNA- empty vector (EV), wild-type ABCA7 (WT), and T319A ABCA7 (319) PCR amplicons
confirming the presence of the T319A mutation (ACC - GCC). PCR amplification using
ABCA7-specific primers was performed on cDNA synthesized from RNA isolated from
transiently transfected HEK293FT cells. Figure contributed by the laboratory of Dr. Jamaine S.
Davis.
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Table 2.3. Peptides from ABCAY7 identified in proteomics analyses.

. S Sequence XCorr
Peptide Sequence Modifications Position PSMs Score?
QSPLEPPMLDVAELLTSLLR TMT [N-Term] 146-165 7 5.92
TMT [N-Term];
GTSGPLELLSEALCSVR Carbamidomethyl 212-228 2 4.3
[C14]
TMT [N-Term];
LKPLILGK TMT [K2]; 287-294 3 3.1
TMT [K8]
LLFAPDTPFTR TMT [N-Term] 295-305 22 34
TFEELTLLR? TMT [N-Term] 314-322 11 3.1
EVWEMLGPR TMT [N-Term] 326-334 10 3.09
LEAAPSEAALVSR TMT [N-Term] 412-424 12 3.92
ALQLLAEHR TMT [N-Term] 425-433 18 3.2
MDIDVVTR TMT [N-Term] 468-475 2 2.6
FWDPGPAADPLTDLR TMT [N-Term] 483-497 1 2.67
VLVEEAPPGLSPGVSVR TMT [N-Term] 794-810 7 5.24
GLSAAVVGPEQDR TMT [N-Term] 910-922 5 3.6
TMT [N-Term];
LLQDVGLVSK TMT [K10] 923-932 6 3.59
TMT [N-Term];
GIWELLLK TMT [K8] 977-984 9 2.8
TMT [N-Term];
LPLTTNEK TMT [K8] 1042-1049 3 2.63
ADTDMEGSVDTR TMT [N-Term] 1050-1061 2 4.42
VGTPQLLALVQHWVPGAR TMT [N-Term] 1073-1090 5 6.79
TMT [N-Term];
QQLQALLLK TMT [K9] 1219-1227 3 3.86
TMT [N-Term];
FSAPEVPAEVAK TMT [K12] 1318-1329 2 2.36
SVEELWALLSPLPGGALDR TMT [N-Term] 1435-1453 11 5.52
GWHSMVAFVNR TMT [N-Term] 1479-1489 2 2.49
NQAMADAFER TMT [N-Term] 1706-1715 1 3.25
SLPLLGEEDEDVAR TMT [N-Term] 1765-1778 34 4.84
VVQGATQGDVLVLR TMT [N-Term] 1783-1796 5 2.32
MVTGDTLASR TMT [N-Term] 1839-1848 4 2.85
GVPEAQVAQTAGSGLAR TMT [N-Term] 1896-1912 3 4,12
TMT [N-Term];
LGLSWYADRPAGTYSGGNK TMT [K19] 1913-1931 1 2.7
LATALALVGDPAVVFLDEPTTGMDPSAR TMT [N-Term] 1934-1961 1 6.11
FLWNSLLAVVR TMT [N-Term] 1963-1973 3 3.65
SQPAAAFVAAEFPGAELR TMT [N-Term] 2031-2048 12 5.35
EAGVGVDPAPGLQHPK TMT [N-Term]; 2115-2130 1 3.49

TMT [K16]

aXCorr score is calculated by SEQUEST HT during the Proteome Discoverer search of raw data to score how
well a peptide matches to a given spectrum, with a higher score indicating a better match. "This is the peptide that

contains amino acid 319 where the T319A variant is located. However, only the WT peptide was detected.
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WT

T319A

Figure 2.7. Subcellular localization of ABCA7 protein variants. HEK 293 cells were cultured
in 35 mm dishes and transfected with the empty vector, ABCA7 WT or T319A expression
plasmids. Immunofluorescence experiments illustrate both WT ABCA7 and the ABCA7 T319A
variant localize to the membrane where it is detected by the ABCA7 antibody and visualized
using the AlexaFluor 594 (red) antibody using the confocal microscope. The Na*/K* ATPase
membrane protein is stained using the AlexaFluor 488 secondary (green) antibody. The nuclei
were stained with DAPI (blue). The merged images show areas of co-localization between
ABCA7 and Na'/K* ATPase (yellow; white arrows). Figure contributed by the laboratory of Dr.

Jamaine S. Davis.
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Figure 2.8. Differentially-expressed proteins between EV, WT, and T319A cells from
proteomics analyses. (A) Venn diagram showing overlap in differentially-expressed proteins
across the three pairwise comparisons with corresponding volcano plots showing comparisons of
CV-filtered quantified proteins (N = 2,913) between (B) EV and WT, (C) EV and T319A, and
(D) WT and T319A. Red data points indicate proteins with p-value < 0.05 and FC > 1.21 or <
0.83; black data points indicate quantified proteins that did not meet both the p-value and FC

cutoffs.
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vs T319A cells (N = 129; Figure 2.8A). Many differentially-expressed proteins in EV vs WT
cells were also differentially expressed in WT vs T319A cells (N = 96). Only two proteins (i.e.,
cell division cycle protein 123 homolog and ubiquitin-like protein 5) were differentially
expressed in all three comparisons. Both proteins were increased in WT and T319A compared to
EV cells and decreased in T319A compared to WT cells.

STRING analysis was used to create protein interaction networks of differentially-
expressed proteins from EV vs WT and WT vs T319A cell comparisons (Figure 2.9). Specific
networks were observed for proteins increasing in WT vs EV cells (N = 157) and those
decreasing in T319A vs WT cells (N = 120). A total of 96 proteins were significant in both
comparisons. Two main clusters of protein interaction networks were found: ribosomal proteins
and signal transduction/immune response proteins. Notably, ABCA7 is not in the ribosomal nor
signal transduction/immune response clusters, but rather is only connected to one other protein,
5°-3” exonuclease phospholipase D3 (PLD3).

Finally, the proteomics data were mined to examine the expression of proteins in the PIP;
metabolism pathway across cell types (Figure 2.10). Interestingly, 1-phosphatidylinositol 4,5-
bisphosphate phosphodiesterase eta-1 (PLCH1), which hydrolyzes PIP; into diacylglycerol
(DAG) and inositol 1,4,5-trisphosphate (IP3), was increased in WT compared to EV and T319A
cells. However, other enzymes in the PIP, metabolism pathway were generally similar across all
of the cell types such as 1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase gamma-1
(PLCGL), phosphatidylinositol 4-kinase type 2-alpha (P14K2A), and phosphatidylinositol 5-

phosphate 4-kinase type-2 gamma (PIP4K2C).
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(A)

Signal Transduction &
Immune Response Proteins

(B) T319A vs WT

Signal Transduction & ;
Immune Response Proteins Am
@

Figure 2.9. STRING protein interaction networks of selected differentially-expressed
proteins from proteomics analyses. STRING protein interaction networks of differentially-
expressed proteins that were (A) increased in WT vs EV cells (N = 157) and (B) decreased in
T319A vs WT cells (N = 120), many of which (N = 96) were significant in both comparisons.
ABCAT is labeled in each network, and the function associated with each main cluster of

proteins is noted.
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Figure 2.10. Protein expression in the PIP2 pathway across cell types. PIP> metabolism
pathway showing corresponding protein expression across cell types for quantified proteins (N =
4). PLCH1 was significantly increased in WT compared to EV and T319A cells, while the other
three proteins in this pathway were not differentially expressed. Blue and orange bars represent
replicates 1 and 2 of each cell type, respectively. Abbreviations: Pl, phosphatidylinositol; PI4K,
phosphatidylinositol 4-kinase; P14P, phosphatidylinositol 4-phosphate; PI4P5Ka,
phosphatidylinositol 4-phosphate 5-kinase a; PIP2, phosphatidylinositol (4,5)-bisphosphate;
PI5P, phosphatidylinositol 5-phosphate; PIP4K, phosphatidylinositol 5-phosphate 4-kinase; PLC,
phospholipase C; IPs, inositol 1,4,5-trisphosphate; DAG, diacylglycerol.
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2.4 Discussion

LOAD is a complex disease and considerable evidence illustrates that its pathology is
linked to disruption of lipid homeostasis.*®*! Genetic changes in LOAD risk factors, such as
ABCA7, can impact disease pathogenesis through a variety of mechanisms. Alterations of the
brain lipid profile of ABCA7 knockout mice displayed memory impairment and the accumulation
of AP peptides.*? Our study has found subtle structural differences in the protein structure and
binding abilities of the ABCA7 ECD1. The flexibility of the ECD1 plays an important role in
lipid transport, but the full repertoire of its lipid and protein substrates are unknown.
Interestingly, the reduced binding of PIP2 observed in our study by the T319A variant has
implications that may further understanding of the molecular mechanism of ABCA7.

PIP2 is a major lipid messenger that controls neuronal and synaptic plasticity, and AD
brains show reduced levels of PIP,.** ABCA1 has been shown to transport PIP; to the cell
surface, where it binds to apolipoprotein A-1.* The conservation of several residues that line the
lipid binding pocket in ABCAY7 suggest that PIP, may be a critical factor in dissecting the role of
ABCAT7 in the pathogenesis of AD, as reduced levels of PIP2 have been reported to influence A
toxicity.*® Increased expression of PLCH1 protein in WT compared to EV and T319A cells
suggests that ABCA7 impacts the downstream production of DAG and IP3 and potentially
increases turnover of PIP2 production. Furthermore, increased DAG levels have been previously
reported in plasma and brain of individuals with mild cognitive impairment (MCI) and AD.%6-48
Interestingly, another PLC detected in our data, PLCG1, with a similar function to PLCH1 was
not different across cell types (Figure 2.10). Therefore, mechanisms that restore levels of lipids
like PIP2 may be an attractive target for novel therapeutics to treat AD in patients with ABCA7

variants.
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Our proteomic analyses revealed significantly increased levels of ABCA7 in WT cells
compared to EV and T319A cells, consistent with the overexpression of WT ABCA7. On the
other hand, EV and T319A cells had similarly lower levels of ABCA7, indicating that levels of
ABCA7 in the T319A cells were similar to endogenous levels found in HEK 293 cells. It is
interesting to note that expression of the T319A variant did not lead to an increase in ABCA7
above endogenous levels observed in the WT cells. It is possible that this mutation could be
causing decreased ABCAT7 expression, as is predicted for another LOAD-associated ABCA7
mutation.?! This could also be due to increased protein degradation or turnover of the mutant
ABCAT7 protein. However, further studies are necessary to confirm these hypotheses. These
possibilities may further contribute to the reason that the T319A-mutated peptide was not
detected in the proteomic experiments. The T319A peptide was likely present in extremely low
amounts such that it was below the limit of detection for the LC-MS/MS experiments, while the
WT peptide was highly detectable based on its overexpression in the WT cell line. In-gel
digestion of gel bands for ABCA7 followed by both untargeted and targeted MS analysis of
TFEELTLLR and TFEELALLR peptides did not result in detection of TFEELALLR peptide
(data not shown). Furthermore, the WT peptide TFEELTLLR was only detected in the WT cell
line (and not in EV or T319A).

Across pairwise comparisons of the three cell types, 202 proteins were differentially
expressed, most of which occurred in the WT vs EV and WT vs T319A cell comparisons.
Significantly fewer proteins were differentially expressed between EV and T319A cells (N = 7;
Table B2.2), suggesting that the T319A variant does not impart large-scale downstream effects

on the proteome. Furthermore, WT ABCA?7 cells had a more significant effect on the proteome
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than the T319A mutation, likely due to increased expression of ABCA7 from endogenous and
vector-induced levels.

One of the most significant clusters of differentially-expressed proteins in our STRING
network analyses was proteins involved in protein translation and regulation. Proteins in these
pathways were increased in WT compared to EV cells and decreased in T319A compared to WT
cells. Taken together with our data showing localization of ABCA7 in the ER, these results
suggest a potential role for ABCA7 in ER function, particularly related to protein synthesis.
Interestingly, ABCA7 knockdown in cultured mouse primary neurons has previously been
shown to induce ER stress, implicating this as a potential pathway by which ABCA?7 contributes
to LOAD pathogenesis.*? Furthermore, increased activation (via phosphorylation) of eukaryotic
initiation factor 2a (elF2a) was associated with this induced ER stress, however, decreased
expression of proteins in the elF2 signaling pathway in T319A compared to WT cells are not
consistent with increased elF2a activation. Nonetheless, our findings provide additional evidence
suggesting that further investigation of ABCA7’s role in LOAD pathogenesis is necessary.

Additionally, a cluster of proteins related to signal transduction and the immune response
was also evident. Proteins in these pathways followed similar expression patterns across cell
types as in the translation pathways. Increased expression of proteins in translation and immune
response pathways in WT cells may be manifestation of a protective effect of WT ABCA7
overexpression, as has been indicated previously.’

On the other hand, ABCA7 was not identified as part of these two main clusters of
differentially-expressed proteins. In these STRING network analyses, ABCA7 was only
connected to one other protein, PLD3. PLD3 was increased in WT vs EV cells and decreased in

T319A vs WT cells. Interestingly, decreased PLD3 mRNA and protein expression has previously
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been found in the brains of AD patients compared to controls and was also associated with
increased amyloid burden.*® PLD3 has also been implicated as a genetic risk factor for LOAD,
though its pathological mechanism remains unknown.>® > These findings suggest that the
interaction between ABCA7 and PLD3 may be valuable to study in an AD model to further
elucidate its role in LOAD pathogenesis.

Though differences in lipid binding affinities between WT ABCA7 and the T319A
variant were detected in our structural studies, no lipid transport pathways were significant from
the proteomics analyses. To confirm this finding, we manually searched for known lipid
transport proteins®! in the list of differentially-expressed proteins. The only protein identified
was apolipoprotein L2, which was decreased in T319A compared to WT cells (Table B2.2).
Overall, our findings do not suggest downstream effects of the T319A mutation on proteins
involved in lipid transport in this cell model.

The primary limitation of this study is that the HEK 293 cell model is not an AD model,
and limits the conclusions that can be made about the direct contribution of the T319A variant to
AD pathogenesis. However, the HEK 293 cell model provides the basic cellular machinery
required to study ABCA7 mechanisms and protein variants without the complex interactions in
the neuronal environment, which is an established advantage of these cells for studying neuronal
proteins.5>%° These advantages enabled the primary strength of this study, which is the
evaluation of potential mechanisms by which ABCA?7 protein may contribute to increased
LOAD risk through determining impacted structural binding sites and proteome differences.
Future studies with more biological replicates should be performed to verify the discovered

impacts of the T319A variant. Additionally, future work could employ cell models which
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evaluate ABCAY7 effects in the presence of AP peptides and also directly monitor lipid

expression such as DAG, IPs, and cholesterol.

2.5 Conclusions

Structural, cellular localization, and proteomic analyses were used to assess the effects of
an ABCA7 variant highly prevalent in African American/Black adults and associated with
LOAD, compared to EV and WT ABCAY cells. The rs3752232 variant encodes a missense
mutation (T319A) in the first extracellular domain of the protein, and the downstream effects of
this mutation on ABCA7’s function were investigated in HEK 293 cells. Several putative lipid
binding sites with subtle differences in binding affinities between WT ABCAY7 and the T319A
mutant were identified. Furthermore, the T319A variant bound PIP in a different orientation and
displayed reduced binding. These results suggest that differences in binding lipids could lead to
reductions in signaling molecules that have significant downstream effects. Our proteomics
analyses identified many proteins with differences in expression in WT cells that were resolved
in the T319A variant. WT ABCAY7, in this model, led to higher cellular levels of ABCA7 and
increased expression of proteins in pathways involved in protein translation and signal
transduction/immune response. Taken together, our findings suggest that the T319A mutation
may result in subtle structural and functional differences in ABCA7 and highlight the need for

additional studies to further understand the role of this and other ABCA?7 variants in AD.
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CHAPTER 3

Inclusion of African American/Black Adults in a Pilot

Brain Proteomics Study of Alzheimer’s Disease

3.1 Introduction

The Alzheimer’s Association estimates that 5.7 million Americans have Alzheimer’s
disease (AD),! although different racial and ethnic subgroups of the population are not affected
equally.>® African American/Black adults are 2-3 and Hispanic adults are 1.5-2 times more
likely to develop AD and related dementias than non-Hispanic White adults.*® On the other
hand, Native American and Asian American adults (i.e., Japanese Americans) have lower
prevalence and incidence of AD than non-Hispanic White adults.> % 68 African American/Black
and Hispanic minorities will comprise 40% of 65-year and older individuals and AD sufferers by
2050,” %19 which underscores the urgency of better understanding disparities in this disease.

Significant differences in postmortem disease hallmarks, such as amyloid beta (Ap)
plaques and hyperphosphorylated tau tangles (neurofibrillary tangles; NFTs), between the brains
of African American/Black and non-Hispanic White adults have not been observed.> 1113
Cerebral amyloid angiopathy, which often coexists with AD, has similar prevalence and
histopathological characteristics between African American/Black and non-Hispanic White
adults.** Global gray matter change is the best predictor of cognitive decline in both African
American/Black and non-Hispanic White adults,*> however, African American/Black adults are
more likely to present with mixed AD pathologies and other dementias, particularly Lewy body

dementia, infarcts, and cerebrovascular disease.!! 16-17
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Socioeconomic factors, genetics, and comorbidities may also have substantial
contributions to higher incidence of AD in African American/Black adults, and highlight the
importance of carefully designed biological experiments in this context.*® Socioeconomic factors
include education level, healthcare access, and willingness to seek care and treatment (see
Section 1.1.1 for a detailed discussion of these factors).> % 1921 African American/Black adults,
in one study, were less likely to seek care for symptoms of mild cognitive impairment (MCI)%°
and in other studies, were less likely than non-Hispanic White adults to receive AD
pharmacotherapy treatment (e.g., cholinesterase inhibitors or memantine) upon disease
diagnosis.® 2! Genetic risk factors, particularly the apolipoprotein E (APOE) &4 allele and single
nucleotide polymorphisms of the ATP-binding cassette transporter A7 (ABCA7) gene, differ in
prevalence and effect size amongst different racial and ethnic groups® 62222 (see Section 1.1.2).
APOE, ABCA7, and other risk genes impacting African American/Black adults such as
apolipoprotein D (APOD),?* sortilin-related receptor 1 (SORL1),% and sigma non-opioid
intracellular receptor 1 (SIGMAR1)? are relevant for lipid metabolism and encode proteins
involved in lipid transport, homeostasis, regulation, and cholesterol biosynthesis.?> 2"2° Lipid
metabolism plays an important role in AD pathogenesis?’2% 30-33 and in comorbidities that
increase AD risk, such as dyslipidemia, type 2 diabetes mellitus (T2DM), cardiovascular disease,
and hypertension* © 9 3436 (see Section 1.1.3). These comorbidities are also prevalent in African
American/Black adults.®

Differences in the immune system and inflammatory pathways are noted in African
American/Black compared to non-Hispanic White adults (see Section 1.1.1).3” For example, a
recent study reported higher cerebrospinal fluid (CSF) levels of interleukin-9 (IL-9) in African

American/Black adults correlate with AD but this is not the case in non-Hispanic White adults.%®
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Cognitively normal (CN) middle-aged African American/Black adults also have lower CSF
levels of total and phosphorylated tau, biomarkers for AD,**-** and IL-9 compared to non-
Hispanic White adults.® These findings suggest tau-related pathways may contribute to racial
disparities in AD; however, large-scale molecular studies of African American/Black adults
using biofluids or postmortem brain are necessary to test this hypothesis.?

Discovery-based proteomics can be useful for disease understanding and has been
employed broadly to analyze AD postmortem brain.*>*° Based on an extensive literature search,
African American/Black and other underrepresented minorities have been grossly excluded in
proteomic studies of AD, especially in brain.*’**® Significant pathways found in brains of non-
Hispanic White adults include innate immune response and the citric acid cycle, while
neurotransmitter regulation, monosaccharide/glucose metabolism, and apoptosis/cell cycle
regulation primarily differ in regions most severely affected by AD pathology (i.e. hippocampus,
entorhinal cortex, and cingulate gyrus).*® The hippocampus has a well-established role in the
early to late stages of AD and undergoes changes in cytoskeletal, metabolic, synaptic, and
signaling pathways.*6: 48-4%: 51-5% Oxjdative posttranslational modifications in the hippocampus and
inferior parietal lobule (IPL) increase in amnestic MCI and AD.5"-8! IPL has decreased gray
matter volume in AD®2-% and increased protein phosphorylation.®* Loss of cholinergic neurons
occurs in the globus pallidus (GP) in AD,®® which may be due to the presence of AP oligomers in
this region.®® However, GP has less AD pathology compared to other brain regions.

Understanding the extent of molecular contributions and/or outcomes of racial and ethnic
disparities in AD is very necessary to further overall disease understanding and to inform
prevention, therapeutic, and personalized medicine strategies. Herein, we present a pilot spatial

proteomics study of postmortem brain tissues (i.e. hippocampus, IPL, GP) from African
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American/Black and non-Hispanic White adults. This study included participants from the
University of Pittsburgh Alzheimer Disease Research Center (ADRC) who were CN or
neuropathologically diagnosed with AD at autopsy. Our findings provide new insights regarding
the molecular basis of AD and especially highlight the need for more inclusion of racial/ethnic

minorities in proteomics studies of AD.

3.2 Methods

3.2.1 Sample selection

Postmortem brain tissues were selected from the University of Pittsburgh ADRC brain
bank. The University of Pittsburgh ADRC database was surveyed for African American/Black
adults with AD between the time of its inception in 1985 and 12/15/2016 (N = 209; 8.2%). Of
these, five were deceased and had brain samples available from hippocampus, IPL, and/or GP.
We selected all five of these African American/Black AD brains and the four African
American/Black CN brains from these regions, and matched brains from non-Hispanic White
adults based on age, sex, and diagnosis. Hippocampal (N = 18), IPL (N = 19), and GP (N = 18)
tissues were acquired from African American/Black and non-Hispanic White adults who were
CN or neuropathologically diagnosed with AD (Table 3.1). Race was self-reported as Black or
African American (referred to throughout as African American/Black) or White (referred to
throughout as non-Hispanic White). Braak staging®’-%® was completed for all samples. This study
was approved by the University of Pittsburgh Institutional Review Board (IRB) and Committee

for Oversight of Research and Clinical Training Involving Decedents (CORID).
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Table 3.1. Cohort characteristics.?

Characteristics NHW CN  NHW AD AA CN AA AD Diagnosis p-value® Race p-valueP®
Sex 3F,2M 4F,2M OF,4M 2F,3M 0.301 0.065
Age® 65+ 13 838 69 =+ 15 80x6 0.011 0.986
Years of Education® 17 15+4 8 13 0.572 0.050
PMI¢ 14+9 62 13+9 117 0.142 0.479
1 €3/€3
4 g3/€3 5¢€3/e3 1 €3/€3 ’
f ’ ) ) . .
APOE Genotype 1 e2/eD | £3/c4 3 N/A 2 e3/€4,
2 e4/e4
4N 2N
AP A4 Positive 6Y 1Y, rare 5Y - -
1Y, rare Y
Braak Stage? 1(0-2) 4 (4-5) 1(0-2) 5 (4-5) <0.0001 0.698

2Values for each group are given as average + standard deviation, unless otherwise noted. °p-values were calculated using two-
factor ANOVAs with replication; bold indicates p < 0.05. °Age in years. “Years of education was not available for all
individuals. Averages and standard deviations were calculated from available samples for each group (NHW CN: N = 2; NHW
AD: N =6; AACN: N =1; AA AD: N = 2). ®Postmortem interval (PMI), in hours. 'N/A indicates genotype was unavailable.

9Average Braak stage (range). Abbreviations: NHW, non-Hispanic White; AA, African American/Black.
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3.2.2 Sample preparation

Brain tissue (20 mg) was homogenized in 1x phosphate-buffered saline (PBS) with 8 M
urea. Briefly, tissues were homogenized with Lysing Matrix A at 4.0 m/s for 20 s using a
FastPrep-24™ 5G system (MP Biomedicals). After homogenization, 1x PBS with 8 M urea, 1
mM phenylmethylsulfonyl fluoride (PMSF), and 0.3 uM aprotinin were added. Homogenate was
centrifuged at 4 °C, 13,000 rpm for 15 min and supernatant was collected. Protein concentration
was determined using bicinchoninic acid (BCA) assay according to the manufacturer’s protocols
(Thermo Fisher Scientific). A pooled sample containing equimolar amounts of protein from the
18 (hippocampus/GP) or 19 (IPL) samples was generated and served as a quality control (QC).
Samples were randomized into two batches of 10 (hippocampus/GP) or 11 (IPL), including at
least one QC per batch, and were processed separately (Table C3.1). Protein (100 pg) was
placed in 50 mM Tris with 8 M urea and was reduced for 30 min using 25 mM dithiothreitol at
37 °C. Protein was subsequently alkylated with 25 mM iodoacetamide for 30 min on ice in the
dark and quenched with 25 mM L-cysteine for 30 min with shaking. Samples were diluted to 1
M urea with 20 mM Tris, 10 mM CaCl: prior to digestion with trypsin/Lys-C mix (Promega) for
6-8 h at 37 °C (1:50 enzyme:protein ratio). Peptides were acidified with formic acid (FA) and
desalted with an HLB cartridge (Waters Corporation; 1 cc/10 mg). TMT%-plex
(hippocampus/GP) or TMT!-plex (IPL) reagents were used to label 25 ug of each sample. Each
batch mixture was desalted and fractionated using a gradient of acetonitrile at pH 10 to generate
12 fractions (2, 4, 6, 8, 10, 12, 14, 16, 20, 25, 35, and 50%). All fractions were analyzed
individually via LC-MS? on an Orbitrap Fusion Lumos (Thermo Fisher Scientific) with technical

duplicates. Fractions were injected in a randomized order.
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3.2.3 LC-MS® parameters

An UltiMate 3000 RSLCnano system (Thermo) was coupled to an Orbitrap Fusion
Lumos mass spectrometer operated in positive mode. Peptides were loaded onto a self-packed
C18 trap column (100 pm i.d. x 2.5-2.6 cm, 200 A, 5 um; Bruker) prior to separation on an in-
house C18 packed column (100 um i.d. x 20 cm, 100 A, 2.5 um; Waters) over the following 100
min gradient: 0-7 min, 10% B; 7-67 min, 10-30% B; 67-75 min, 30-60% B; 75-77 min, 60-90%
B; 77-82 min, 90% B; 82-83 min, 90-10% B; 83-100 min, 10% B. Mobile phase A was 0.1% FA
and mobile phase B was 0.1% FA in acetonitrile. Full MS spectra were collected in the Orbitrap
(375-1,500 m/z, 120,000 resolution, automated gain control (AGC) 4.0E5, maximum injection
time 50 ms). The instrument was operated in data-dependent acquisition (DDA) mode to acquire
the top 7 MS/MS spectra in the ion trap using collision-induced dissociation (CID; normalized
collision energy 35%, isolation width 0.7 m/z, AGC 1.0E4) and dynamic exclusion of 20 s.
Synchronous precursor selection (SPS) mode was used to select the top 8 most intense ions from
each MS/MS spectrum for MS?® in the Orbitrap using higher-energy collisional dissociation
(HCD; 100-400 m/z, normalized collision energy 55%, resolution 60,000, AGC 5.0E4, maximum

injection time 118 ms, isolation width 2 m/z).

3.2.4 Data analysis

RAW files were analyzed using Proteome Discoverer software (version 2.2). All
technical replicates and fractions for each batch were combined into one result file and searched
against the UniProt human reviewed proteins database (hippocampus: 03/22/2018, 20,259
sequences; IPL/GP: 06/25/2018, 20,302 sequences) using SEQUEST-HT. The following

modifications were included in this search: fixed modification of cysteine carbamidomethylation
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and variable modifications of methionine oxidation and TMT%-plex (229.163 Da) on lysine
residues and peptide N-termini for hippocampus and GP and both TMT%-plex and TMT*!-plex
(229.169 Da) for IPL. A maximum of two trypsin miscleavages were allowed in the search.

TMT-plex (hippocampus/GP) or TMT*-plex (IPL) was set as the quantification method
in Proteome Discoverer, and reporter ion quantitation was based on intensity with a reporter
signal-to-noise threshold of 10. Protein groups identified are referred to as proteins throughout.
The mass spectrometry proteomics data have been deposited to the ProteomeXchange
Consortium (http://proteomecentral.proteomexchange.org/) via the PRIDE®® partner repository
with the dataset identifiers PXD012114 (hippocampus), PXD014372 (IPL), and PXD014371
(GP).

Processed data from hippocampus, IPL, and GP data can be found in Data C3.1-3.3,
respectively. Peptides were filtered to only include those identified with high confidence (< 1%
false discovery rate, FDR) and their corresponding proteins. This list of proteins was further
filtered by requiring two peptide spectral matches (PSMs) for a protein identification. Post-
analysis filtering was performed to only include proteins identified in both batches with reporter
ion intensities in > 80% of samples (> 16 of 20 TMT channels for 10-plex or > 17 of 22 for 11-
plex), which must include all pooled channels and > 3 samples per group. These proteins were
considered to be the quantified proteins from each region. TMT reporter ion intensities of
quantified proteins were normalized using a modified two-step process involving within-batch
and across-batch normalization (Figures C3.1-3.2).7° The within-batch normalization was based
on the intensity of the pooled sample instead of the average across TMT channels, and we

adapted the across-batch normalization to having one pool instead of two in most batches.
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Differentially-expressed proteins were identified separately for each region. Fold-change
cutoffs of < 0.81 and > 1.24 between AD and CN groups were established based on technical and
biological variation and level of technical and biological replication.”* Main effects of diagnosis
on protein intensities were assessed using linear regression with models stratified by race.
Further, a race x diagnosis interaction term assessed whether race modifies the association
between diagnosis and protein intensities. P-values were corrected for the number of proteins
tested within each brain region using the FDR procedure. However, use of corrected p-values
resulted in no significant proteins (likely due to small sample size); therefore, throughout this
manuscript, differentially-expressed proteins refers to those with uncorrected p-values < 0.05.
Additionally, unadjusted R? values were pulled from the main effects models of race, diagnosis,
and race+diagnosis covarying for demographic variables (age, sex, and postmortem interval
(PMI)), to assess the additional variance explained by these terms above and beyond
demographic variables. Within each region, proteins with coefficients of variation (CVs) greater
than two standard deviations from the mean were excluded (CV > 0.49, 0.34, 0.61 in
hippocampus, IPL, and GP, respectively; Figure C3.3). Ingenuity Pathway Analysis (IPA) was
used to identify significant biological pathways (p < 0.05;
https://www.giagenbioinformatics.com/products/ingenuitypathway-analysis).”> TMT reporter ion
intensities for differentially-expressed proteins were uploaded into ClustVis to generate

heatmaps and cluster data (https:/biit.cs.ut.ee/clustvis/).”

3.2.5 Western blots
Three samples from each of the four sample groups were randomly selected for

verification by Western blot. Protein was fractionated by SDS-PAGE (120 V loading, 160 V for
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~80 min). Proteins were transferred to a nitrocellulose membrane using a wet transfer at 100 V
for 70 min. After incubation with 5% nonfat milk in Tris-buffered saline with Tween-20 (TBST;
50 mM Tris, 150 mM NaCl, pH 7.4, 0.1% Tween-20) for 30-60 min, the membrane was washed
4 x 4 min with TBST and incubated overnight with antibodies against calcium/calmodulin
dependent protein kinase ITla. (CAMKIIa; Thermo MA1-048; 1:5,000), peroxiredoxin-2 (PRDX2;
abcam ab109367; 1:10,000), or fatty acid-binding protein, heart isoform (H-FABP; Hycult
Biotech HM 2016; 1:1,000) at 4°C. Membrane was washed 4 x 4 min with TBST and incubated
with a 1:10,000 dilution of fluorescent-labeled anti-mouse (StarBright Blue 700; Bio-Rad
Laboratories) or anti-rabbit (IRDye 800CW; Li-Cor Biosciences) secondary antibodies for 30-60
min. For B-actin blots, membrane was incubated with a rhodamine-conjugated anti-p-actin
antibody (Bio-Rad 12004164; 1:10,000) overnight (no secondary antibody necessary). Blots
were washed 4 x 4 min with TBST prior to imaging using a ChemiDoc MP imaging system

(Bio-Rad). ImageLab software (Bio-Rad, version 6.0) was used for band quantification.

3.3 Results

Postmortem hippocampus, IPL, and GP tissues were obtained from the University of
Pittsburgh ADRC from African American/Black and non-Hispanic White, CN and AD
individuals (Table 3.1). The grouping of CN and AD is consistent with disease diagnosis at
autopsy, Braak staging, and AP staining. Because we were limited by brains from the African
American/Black groups, the non-Hispanic White groups were closely matched based on age and
sex to the African American/Black groups. We note that CN individuals were younger than those

with AD.
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3.3.1 Characterization of dataset

Brain samples were analyzed using a discovery-based quantitative proteomics workflow
(Figure 3.1a). The numbers of proteins (peptides) identified from hippocampus, IPL, and GP
based on 1% FDR and > 2 PSMs were 1,883 (8,764), 2,055 (9,071), and 1,656 (9,891),
respectively. Overall, 2,613 total unique proteins were identified across the regions with 1,229
common in all three regions (Figure 3.1b). These identifications were then filtered to include
proteins observed in both TMT batches and with reporter ion signal in > 80% of the TMT
channels (including all pools and > 3 per sample group). The numbers of quantified proteins
identified from hippocampus, IPL, and GP were 1,414, 1,487, and 1,173 quantified proteins,
respectively. This gave a total of 1,801 quantified proteins, 943 of which were common in all
three regions (Figure 3.1c). The greatest overlap in total and quantified protein identifications
was between hippocampus and IPL (Figure 3.1b-c). Trends in protein expression for selected
proteins (B-actin, PRDX2, CAMKIIa, H-FABP) were verified by Western blots and generally

supported MS data (Figure C3.4).

3.3.2 Differentially-expressed proteins by region

Quantified proteins were used to assess differences in AD relative to CN individuals
within each brain region (implied hereafter). Most differentially-expressed proteins were region-
specific, leading to a total of 568 differentially-expressed proteins in AD (Figure 3.2a). In these
568 differentially-expressed proteins, covariates (age, sex, PMI, and race) explained 43.42 +
10.13% of variance in protein intensity, and diagnosis explained an additional 3.24 + 4.01% of
variance in protein intensity above and beyond covariates. In hippocampus, two main clusters of

differentially-expressed proteins were observed: a smaller cluster that appears to be mostly
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Figure 3.1. Workflow and summary of identified and quantified proteins by region. a,
Experimental workflow used in this study. Samples for each region were randomized into two
batches such that each batch contained one pool (QC) and at least one individual from each of
the four sample groups. The colored tubes indicate the different TMT!-plex reagents. b, Overlap
of identified proteins across the three brain regions. ¢, Overlap of quantified proteins across the
three brain regions. Quantified proteins were identified in both batches with TMT quantification
data for > 80% of TMT channels across batches. Brain image modified from “Human brain on
white background” by _DJ_ used under CC BY-SA 2.0. Abbreviations: TMT, tandem mass tags;
IPL, inferior parietal lobule; GP, globus pallidus; CN, cognitively normal; AD, Alzheimer’s
disease; QC, quality control. Figure reprinted from Neurobiol. Dis., Vol 146, Stepler, K. E., et
al., Inclusion of African American/Black adults in a pilot brain proteomics study of Alzheimer’s
disease, Article No. 105129, Copyright (2020), with permission from Elsevier.’*
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Figure 3.2. Differentially-expressed proteins by diagnosis in each region. a, Venn diagram
showing the regional overlap in differentially-expressed proteins by diagnosis and corresponding
volcano plots for b, hippocampus, ¢, IPL, and d, GP. CV-filtered quantified proteins are shown
for each region (hippocampus N = 1,338; IPL N = 1,407; GP N = 1,103). Red data points
indicate differentially-expressed proteins with uncorrected p-value < 0.05; black data points
indicate quantified proteins with nonsignificant p-values. Selected proteins with significant
changes in AD are highlighted in each plot. Abbreviations: IPL, inferior parietal lobule; GP,
globus pallidus; AD, Alzheimer’s disease; CN, cognitively normal. Figure reprinted from
Neurobiol. Dis., Vol 146, Stepler, K. E., et al., Inclusion of African American/Black adults in a
pilot brain proteomics study of Alzheimer’s disease, Article No. 105129, Copyright (2020), with
permission from Elsevier.”
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increased in AD individuals and a larger cluster decreased in AD individuals (Figure 3.3).
Individuals cluster into either an AD group or an admixed CN group that also includes a few AD
cases. Heatmap analysis showed similar clustering of AD and CN groups in IPL and GP (data
not shown). This suggests that the proteomes for some of the AD individuals are more similar to
CN individuals. It is important to note that these neuropathologically diagnosed AD individuals
that were clustered with the CN group included non-Hispanic White adults and an African
American/Black adult, and two of these AD individuals clustered with the CN group in more
than one region. Racial subgroups were not clustered within the AD or CN groups from heatmap
analysis, likely due to the small sample size.

Hippocampus had the most differentially-expressed proteins of the three regions in this
study (N = 472; Figure 3.2b, Table C3.2), consistent with others,*® with most proteins (N = 359)
decreased in AD. Fewer differentially-expressed proteins were observed in IPL (N = 134; Figure
3.2¢, Table C3.3), most of which (N = 118) were increased in AD, opposite of hippocampus.
Only six proteins were differentially expressed in GP, consistent with less noted pathological
hallmarks in this region (N = 6; Figure 3.2d, Table C3.4). Of the 568 total differentially-
expressed proteins, none consistently changed across all regions, though 44 changed in two
regions (Figure 3.2a). For example, glial fibrillary acidic protein (GFAP) was one of the most
robust differentially-expressed proteins across regions and was significantly increased in AD in
IPL and GP (Figure 3.2c-d) as previously reported.>? 5> GFAP was the only differentially-
expressed protein shared between IPL and GP, and was significantly increased in hippocampus
as well but was filtered out due to a high CV within the AD group. The two proteins that were
differentially expressed in both hippocampus and GP were methanethiol oxidase (selenium-

binding protein 1), which was increased in AD as in previous work,> and protein FAM49A,
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Figure 3.3. Heatmap with clustering of proteins in hippocampus. ClustVis was used to create
a heatmap from the TMT reporter ion intensities for the differentially-expressed proteins in
hippocampus (N = 472) across individuals (N = 18; see ’?). The columns correspond to the
individuals while the rows correspond to the proteins. Rows are centered; unit variance scaling is
applied to rows. Both rows and columns are clustered using correlation distance and average
linkage. The proteins corresponding to the heatmap can be found in Data C3.4. Abbreviations:
AA, African American/Black; CN, cognitively normal; NHW, non-Hispanic White; AD,
Alzheimer’s disease. Figure reprinted from Neurobiol. Dis., Vol 146, Stepler, K. E., et al.,
Inclusion of African American/Black adults in a pilot brain proteomics study of Alzheimer’s
disease, Article No. 105129, Copyright (2020), with permission from Elsevier.”
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which was slightly decreased in AD and has not been reported previously. Forty-one proteins
were differentially-expressed in both hippocampus and IPL, including a-2 macroglobulin,
glutathione S-transferases Mu 3 and P, peroxiredoxin-1, and annexin A5, which have been
reported previously.*® 52557 The majority of these proteins changed similarly across both
regions. However, a-2 macroglobulin was decreased in AD in hippocampus while increased in
AD in IPL.

On the other hand, the majority of differentially-expressed proteins differed across
regions (Figure 3.2a). Hippocampus had the most unique differentially-expressed proteins (N =
429) of the three regions. Examples proteins unique to hippocampus include H-FABP,
CAMKIla, PRDX2, annexin Al, thy-1 membrane glycoprotein, a-synuclein, and multiple
subunits of hemoglobin, as well as proteins involved in metabolism. IPL also had a significant
proportion of unique differentially-expressed proteins (N = 92) including a-enolase,
peroxiredoxin-6, acetyl-CoA acetyltransferase, and the brain isoform of fatty acid-binding
protein. GP had only three differentially-expressed proteins-elongation factor 2, proteasome
subunit a type-3, and major vault protein-none of which have been previously reported in AD.

It is important to note that some of these proteins are blood-derived, including a-2
macroglobulin and the various hemoglobin isoforms. Though it is possible that blood
contamination of these brain samples occurred (as is common with human postmortem tissues),
several of these proteins have been observed as differentially-expressed in AD brain in prior
studies.*® %° Furthermore, the presence of these blood-derived proteins in the brain could be due
to blood-brain barrier leakage and breakdown known to occur with aging and various forms of

dementia including AD.”®"7
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3.3.3 Significant pathways in each brain region

The most significant pathways in AD in were mostly region-specific (Figure 3.4). Of the
top 10 most significant pathways shared in multiple regions, 14-3-3-mediated signaling, was the
only one in both hippocampus and GP regions. In hippocampus, the most significant pathways
include mitochondrial dysfunction, oxidative phosphorylation, synaptogenesis and cell junction
signaling (Figure 3.4; Table C3.5). In IPL, most significant pathways were related to oxidative
stress or metabolism, including gluconeogenesis, glycolysis, glycogen degradation, and
xenobiotic metabolism (Figure 3.4; Table C3.5). In GP, the three differentially-expressed
proteins represented diphthamide biosynthesis, 14-3-3-mediated signaling, and p70S6K signaling

pathways (Figure 3.4; Table C3.5).

3.3.4 Proteins with significant race x diagnosis interactions

Next, we evaluated if self-reported race had an impact on protein changes in AD. We
examined the overlap between the differentially-expressed proteins in each region in all AD
compared to CN individuals and the differentially-expressed proteins in a race-stratified analysis
between only African American/Black AD compared to CN individuals (Figure 3.5). In
hippocampus and IPL, about 20% of differentially-expressed proteins were common between the
combined and African American/Black race-stratified comparisons, while in GP, no proteins
overlapped between the two comparisons. However, in all regions, there were also proteins (N =
24, 78, 46 in hippocampus, IPL, and GP, respectively) that were differentially-expressed
between African American/Black AD and CN groups but were not differentially-expressed in the

combined analysis, many of which were decreased in AD in hippocampus and IPL and increased
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Figure 3.4. Top IPA significant pathways across regions. Bar graphs showing the top 10
significant IPA pathways (p < 0.05) in a, hippocampus, b, IPL, and ¢, GP. Only three pathways
were significant in GP. Figure reprinted from Neurobiol. Dis., Vol 146, Stepler, K. E., et al.,
Inclusion of African American/Black adults in a pilot brain proteomics study of Alzheimer’s
disease, Article No. 105129, Copyright (2020), with permission from Elsevier.”
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Figure 3.5. Volcano plots highlighting differentially-expressed proteins between African
American/Black AD and CN groups. Volcano plots showing differentially-expressed proteins
in a, hippocampus, b, IPL, and c, GP, as in Figure 4.2b-d, with differentially-expressed proteins
between African American/Black AD and CN groups highlighted. CV-filtered quantified
proteins are shown for each region (hippocampus N = 1,338; IPL N =1,407; GP N = 1,103). Red
data points indicate differentially-expressed proteins with uncorrected p-value < 0.05; black data
points indicate quantified proteins with nonsignificant p-values. Data points with a yellow border
indicate proteins that had p < 0.05 between African American/Black AD and CN. Selected
proteins with significant changes in AD are highlighted in each plot. Abbreviations: IPL, inferior
parietal lobule; GP, globus pallidus; AD, Alzheimer’s disease; CN, cognitively normal. Figure
reprinted from Neurobiol. Dis., Vol 146, Stepler, K. E., et al., Inclusion of African
American/Black adults in a pilot brain proteomics study of Alzheimer’s disease, Article No.
105129, Copyright (2020), with permission from Elsevier.’

94



in AD in GP (Figure 3.5). This suggests that some protein changes in AD would not be detected
without examining multiple racial/ethnic groups.

We used linear regression models with a race x diagnosis interaction term to determine
whether race modifies the association between diagnosis and protein intensities in each region,
which resulted in 185 proteins with significant race x diagnosis interactions (Figure 3.6). There
were 27, 60, and 105 proteins with significant race x diagnosis interactions in hippocampus, IPL,
and GP, respectively (Tables C3.6-3.8). Seven proteins with significant interactions overlapped
in hippocampus and IPL (Figure 3.6). Example proteins are highlighted in Figure 3.6. In
hippocampus, heterogeneous nuclear ribonucleoprotein DO increased in non-Hispanic White
adults with AD and had no change in African American/Black adults. In IPL, heterogeneous
nuclear ribonucleoprotein DO decreased in African American/Black adults with AD and had no
change in non-Hispanic White adults (Figure 3.6). Other examples of proteins that differed in
the African American/Black and non-Hispanic White AD groups are shown in Figure 3.6, for a-
2 macroglobulin, a-synuclein, and fructose-bisphosphate aldolase A.

Next, we compared proteins (N=185) with significant race x diagnosis interactions to
those significant from the race-stratified linear regression models for the effect of diagnosis
(Table 3.2). A subset of these proteins were significant in AD in at least one of the race-stratified
comparisons: 20 in hippocampus, 39 in IPL, and 40 in GP. Interestingly, most of these proteins

changed in AD in one racial/ethnic group and not the other.
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Figure 3.6. Proteins with significant race x diagnosis interactions in each region. Venn
diagram showing the regional overlap in proteins with significant race x diagnosis interactions (p
< 0.05), and plots showing examples of these proteins in different regions: heterogeneous nuclear
ribonucleoprotein D0, a-2-macroglobulin, a-synuclein, and fructose-bisphosphate aldolase A.
The plots show logio TMT intensities plotted for each brain sample in the relevant region. Each
data point represents one individual; brains of non-Hispanic White CN adults are filled circles,
brains of non-Hispanic White AD adults are open circles, brains of African American/Black CN
adults are filled triangles, and brains of African American/Black AD adults are open triangles.
Horizontal lines indicate group averages (N =5 per group, except N = 3 for hippocampus from
African American/Black CN adults, N = 4 for IPL and GP African American/Black CN and GP
African American/Black AD adults). * indicates p < 0.05. Abbreviations: AA, African
American/Black; CN, cognitively normal; NHW, non-Hispanic White; AD, Alzheimer’s disease;
IPL, inferior parietal lobule; GP, globus pallidus. Figure reprinted from Neurobiol. Dis., Vol 146,
Stepler, K. E., et al., Inclusion of African American/Black adults in a pilot brain proteomics
study of Alzheimer’s disease, Article No. 105129, Copyright (2020), with permission from
Elsevier.”
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Table 3.2. Overlap of differentially-expressed proteins in AD with ROSMAP TMT dataset.

By Diagnosis in With Race x Diagnosis

By Diagnosis in NHWs By Diagnosis in AAs

Everyone Interaction
Brain Region Significant Ove_rlap Significant Ove_rlap Significant Ove_rlap Significant Ove_rlap
in this study with in this study with in this study with in this study with
ROSMAP ROSMAP ROSMAP ROSMAP
Hippocampus 472 155 199 33 114 2 20 0
IPL 134 59 86 33 105 3 39 1
GP 6 3 23 2 45 3 40 3

Abbreviations: NHW, non-Hispanic White; AA, African American/Black.
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3.3.5 Comparison to the Religious Orders Study and Rush Memory and Aging Project
(ROSMAP)

Additionally, we compared the differentially-expressed proteins in our study to a TMT
dataset of N = 375 dorsolateral prefrontal cortex samples from the Religious Orders Study and
Rush Memory and Aging Project (ROSMAP), composed of African American/Black (CN, N =5
and AD, N = 1) and non-Hispanic White adults (CN, N = 151; MCI N = 90; and AD, N = 120).
We performed linear regression analyses and identified 495 significant (corrected p < 0.05)
proteins in AD. Comparison of these proteins with differentially-expressed proteins in this study
(Figure 3.2) resulted in 199 overlapping proteins (Table 3.2), highlighting the consistency and
relevance of our findings. It is apparent that most of our overlap with the ROSMAP dataset
occurred in the non-Hispanic White group even despite different brain regions (i.e.,
hippocampus, IPL, GP vs. prefrontal cortex). Notably, the published ROSMAP dataset included
only a single African American/Black AD case, further emphasizing the value of the current
dataset despite our limited sample size. Given the number of signals identified in our non-
Hispanic White-stratified analysis that were confirmed in the larger non-Hispanic White dataset
of ROSMAP, it is likely that many of the novel signals identified in our African American/Black
stratified analysis would show similar consistency if a larger African American/Black replication
sample were available. Clearly there is a pressing need to increase representation in proteomic

analyses of the AD brain.

3.4 Discussion
Our study identified 2,613 total proteins in hippocampus, IPL, and GP which is on par

with other proteomics studies of mostly hippocampus and temporal lobe,*6: 48 50. 52, 55-56, 75, 78-82
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Despite the limited number of brain samples included in this study, 568 total proteins were found
to be differentially expressed in AD across hippocampus, IPL, and GP. Hippocampus is the most
severely affected brain region in AD and, as such, is previously noted to have substantial protein
expression changes.*® Our data are consistent with this observation. Furthermore, the 568
differentially-expressed proteins in AD from our study, when compared to 709 differentially-
expressed proteins compiled from the literature, 4% 5255 75.83-91 reveals an overlap of 217
proteins. Most of the differentially-expressed proteins in our study were region-specific with
none observed in all regions and only 44 differentially expressed in two regions, most of which
were common between hippocampus and IPL (Figure 3.2a). Many of these protein changes have
been previously reported in AD brain.*®%2 %75 AB A4 protein was not differentially expressed in
any of the regions in our study; it was removed from the analysis in hippocampus and IPL due to
high within-group CVs, while it was measured but not differentially expressed in GP. Ap42
accumulation has been reported in GP neurons,®® although AR accumulation may not be
substantial enough for proteomic differences between AD and CN individuals to be detected.
Microtubule-associated protein tau was measured in all three regions, but was not differentially
expressed in any region or racial group.

It is important to note that existing human AD brain proteomics literature includes studies
with a variety of sample sizes (N = 3°° - > 900%) and brain regions such as frontal lobe,*> 47 48-50.
84, 83-89,92-98 tamporal lobe (including hippocampus),#6: 48-50. 52,55, 75, 85-86, 90,92, 95,99 g |PL,5° None
included nonpathological regions such as GP. Our study aligns with ~61% of these publications
that have had cohorts of N < 20 individuals,*6: 48-50. 55, 75, 84-86, 89-90, 96, 99 regy)lting in group sizes of
N = 1-10. Differentially-expressed proteins in our study (N = 197 and 56, respectively)

overlapped with studies of both small (N = 4-20%8-4% 55, 75,84-86,89-90) g |arge (N = 40-20152 %)
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sample sizes. Most of these studies also do not include racial/ethnic diversity of participants. For
example, one report exclusively studied Mexican® and another Japanese*® adults, while a few
included African American/Black, Hispanic, and Native Hawaiian or other Pacific Islander
groups representing 11-13% of study participants.*® 4" % Therefore, these consistent findings
increase the confidence of this study.

However, a majority of differentially-expressed proteins (i.e., 351 proteins) in our study
compared to previous reports*-49 52.55. 75,8391 \vere novel. This is likely due to both the inclusion
of a diverse cohort and brain regions: IPL and GP. IPL and GP have been studied in AD,>"->% 61-
65.100-103 byt not in the context of global proteomics analyses. Furthermore, proteomic changes
from African American/Black adults or other racial/ethnic AD groups in the U.S. are not well-
characterized. There were proteins (N = 24, 78, 46 in hippocampus, IPL, and GP, respectively)
that were differentially expressed in AD when evaluating only the African American/Black
group that were not differentially-expressed in the combined analysis of both racial groups
(Figure 3.5). This underscores the need for racial/ethnic diversity in AD cohorts and ‘omics
studies. We also compared the differentially-expressed proteins in our dataset to an existing
ROSMAP TMT dataset from the dorsolateral prefrontal cortex region and identified substantial
overlap (Table 3.2). It is notable that substantial overlap was observed despite differences in
brain regions and geography between the two datasets. Also, this overlap was higher in the non-
Hispanic White group than in the African American/Black group. Additionally, fifty-two percent
of proteins with significant race x diagnosis interactions also had significant race-stratified
changes in AD in one or both racial groups, the majority of which only had significant changes
in AD in one racial group but not the other. This could be because the smaller N is more

sensitive to heterogeneous changes in AD that could be neutralized in larger groups. However, it
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is also possible based on our consistent findings with ROSMAP TMT data that disease
pathogenesis is more heterogeneous at the proteome level, which highlights the need to conduct

larger studies that include diverse participants.

3.4.1 Study strengths and limitations

The most important strength of our study is the inclusion of brain samples from both
African American/Black and non-Hispanic White adults. African American/Black adults and
adults from other racial/ethnic minorities are highly underrepresented in brain proteomics studies
in AD. This is likely due to the need for increased research participation and lower likelihood of
some individuals to consent to autopsy to provide brain tissue samples.'41% Furthermore,
African American/Black and Hispanic adults are at increased risk for AD, making molecular
understanding of AD pathogenesis in those groups particularly vital. While we did not study
Hispanic or Asian American adults, or adults from other racial/ethnic groups here, we suggest
that racial/ethnic diversity be included in future ‘omics study designs. However, such studies
when including components of race must also consider other social and environmental factors
that impact physiological and biological changes.'® Another strength of our study is that the brain
samples from both racial groups and disease states were analyzed within the same experiments.
This sample multiplexing minimized error and enabled direct comparison of relative protein
abundances across groups. Most brain samples came from the same ADRC, minimizing any
potential differences in handling across centers. Although there could be zip code differences, all
brains came from the same geographical area.

The inclusion of multiple brain regions in this study is a strength because AD has spatial

effects in the brain.*®-%% 17 The hippocampus is one of the earliest regions affected in AD%3 1%
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109 making it a valuable region to study disease pathogenesis. Furthermore, IPL and GP are not

well-studied in AD using proteomics. Since little is known about proteomic changes in these
regions, including them in our study is particularly valuable, especially given the potential role of
GP in memory. This study adds to the available proteomics literature with new differentially-
expressed proteins for disease insight and confirms others from previous studies. Furthermore,
where available, the three brain regions were collected from the same individual, which
additionally allows regional comparisons within individuals as well as across individuals and
groups.

Proteome depth is greatly influenced by front-end LC separations and MS duty cycles.
We used a high pH fractionation approach on a solid-phase extraction cartridge to generate 12
fractions and note that this may have limited our total number of proteins identified compared to
column high pH separations and the collection of 24-100 fractions. The inclusion of MS® in our
proteomics workflow can be viewed as a limitation because MS? leads to fewer identified
proteins and thus potentially fewer quantified proteins due to longer instrumental duty cycles.
However, MS? also leads to more robust quantitative measurements from TMT reporter ions,
which was vital to this pilot study in order to accurately detect differences between disease states
and assess impact of covariates (race, diagnosis, age, sex, PM1).110-111

The main challenge of our study was limited sample availability from African
American/Black adults, which in turn limited the statistical power of this study. Postmortem
brain samples from African American/Black adults are difficult to obtain, particularly from CN
individuals, partially because African American/Black adults are less likely to consent to autopsy
than non-Hispanic White adults!®*1% and only few centers have been effective in recruitment to

brain autopsy programs.'% 12 Additional brain samples from African American/Black adults
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could have been acquired from other ADRCs; however, we thought it detrimental to combine
few and unmatched cases and controls from a given center together as it introduces center effects
that can impact proteomics results. At the beginning of our study (12/15/2016), African
American/Black adults comprised 8.2% of the clinical AD cases in the University of Pittsburgh
ADRC (N = 209 African American/Black adults). However, only five African American/Black
adults with AD had brain samples available from the selected regions, along with four African
American/Black adults that were CN. Thus, we selected all of these brains for our study, and
matched brain samples from non-Hispanic White adults based on age, sex, and diagnosis (N =
55).

The limited availability of samples resulted in some differences across the sample groups,
specifically in APOE genotype, age, and sex (Table 3.1). All groups consisted of equal
distribution of males and females except the African American/Black CN group, which was all
male. There was no significant difference (p = 0.48, race; p = 0.14, diagnosis) in postmortem
interval across groups. The APOE genotypes are noted where available and were not used as
matching criteria since data was missing in the African American/Black CN group. AD patients
were 15 + 15 years older than CN individuals (p = 0.010). Despite this age difference, diagnosis
explained additional variance in protein intensity beyond the variance explained by the
covariates of age, sex, PMI, and race. There is significant overlap between changes in the brain
during normal aging and AD pathogenesis,® and due to the age differences across our sample
groups, some of the protein expression changes detected in this study could be driven by age-
related processes as opposed to disease-related processes. Years of education did not
significantly differ between groups (p = 0.050, race; p = 0.572, diagnosis). However, it is

important to note that this data was not available for all individuals, so this study cannot
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adequately address the contribution of education, as measured by number of years, to the
proteomic findings. Importantly, in future studies, education, the scope by which it is measured,

113 myst be included. Furthermore, records of vascular comorbidities

and quality of education
were not available for all participants, such that incidence of vascular diseases may have differed
between the groups and contributed to the observed differences. Nonetheless, significant
differences across racial/ethnic backgrounds remain. In future studies, it will be important to
collaborate with other ADRCs and brain banks that have greater brain sample availability from

African American/Black adults. Such sample sizes will greatly increase statistical power and

better normalize racial groups in consideration of socioeconomic and other demographic factors.

3.5 Conclusions

African American/Black adults are disproportionately affected by AD in comparison to
non-Hispanic White adults. The molecular basis of this disparity is largely unknown. This pilot
study aimed to elucidate molecular pathways that can explain these disparities in postmortem
brain tissue from non-Hispanic White and African American/Black adults in a pilot cohort using
discovery-based quantitative proteomics. Our study identified many differentially-expressed
proteins in AD in hippocampus, IPL, and GP that are consistent with prior AD studies. When
race was examined as a covariate, we observed proteins that were differentially-expressed in one
racial/ethnic group and not in the other. Overall, our preliminary findings strongly highlight the
need for diverse groups, especially African American/Black adults, to be included in proteomics,
and likely other ‘omics, studies, to gain a clear picture of disease pathogenesis. The insights

gained from this study stress the point that inclusive study designs are necessary in AD research
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and at a larger scale, which we took into consideration in the study of brain tissues from a

slightly larger cohort from the Rush Alzheimer’s Disease Center, described in Chapter 4.
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CHAPTER 4

Brain Proteomics Analysis in a Diverse Alzheimer’s Disease Cohort

4.1 Introduction

In the United States, Alzheimer’s disease (AD) disproportionately burdens different
subgroups of the population, including different racial backgrounds. African American/Black
adults are about twice as likely while Hispanic adults are about one and a half times as likely to
have AD as non-Hispanic White adults.>? No significant differences in the primary
neuropathological hallmarks of AD, amyloid-p (Ap) plagues and neurofibrillary tau tangles, have
been discovered in the brains of African American/Black and non-Hispanic White adults,>*®
though mixed pathology is more likely to be present in African American/Black adults.*
Consistent with this finding, another study reported higher burden of white matter
hyperintensities in brains of non-demented African American/Black and Hispanic adults
compared to non-Hispanic White adults.” However, these differences may only be relevant for
non-community-dwelling cohorts.81° Furthermore, molecular differences within specific brain
regions have been previously described. For example, markers of inflammation and
neurodegeneration including the 42 amino acid Ap peptide (AB42), which is fibrillogenic and the
primary component of AB plaques in AD,!! were increased in the middle temporal gyrus region
(Brodmann area 21) in African American/Black adults with AD compared to non-Hispanic
White adults with AD.*?*3 This study highlights that molecular differences in specific areas of

the brain may exist across racial groups and contribute to racial disparities in AD. However,
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additional studies across more brain regions in diverse cohorts are necessary to further
investigate these potential differences and identify disease changes that are universal.

The inferior parietal lobule (IPL) brain region has functions in sensory and emotional
perception and language, but has also been implicated in memory functions.**" Structural
changes in subregions of the IPL have been associated with progression from cognitively normal
(CN) to mild cognitive impairment (MCI), a preliminary stage of AD.*8 IPL is known to be
affected by both Ap plaques and neurofibrillary tau tangles, in both MCI and AD.**% Lower
levels of blood flow to the IPL have also been observed in AD,?*?% including during performance
of memory tasks.?* The IPL is part of the default mode network (DMN), which is a group of
brain regions connected by the fact that they are active when a person is in “active rest” (€.g.
background brain activity such as daydreaming or mind wandering)? and has also been linked to
episodic memory.?® Functional connectivity (referred to as connectivity) is measured using
functional magnetic resonance imaging (fMRI) and indicates the correlation of activity changes
between different brain regions.?” Decreased connectivity is observed between DMN brain
regions in AD, reflecting dysfunction of these brain regions related to pathogenic and cognitive
changes particularly related to memory impairment.2-3

Increased global levels of oxidative stress and oxidative protein modifications
(carbonylation, S-glutathionylation, and nitration) were observed in the IPL of individuals with
MCI and AD compared to preclinical/asymptomatic AD and individuals who were CN.31-33
There are two existing global proteomics studies of IPL in AD; one of these is our previous
analysis of IPL in a pilot cohort of African American/Black and non-Hispanic White adults from

the University of Pittsburgh Alzheimer Disease Research Center (Pitt ADRC), described in
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Chapter 3.3+ Importantly, both of these studies examined multiple brain regions in AD and
highlight the need for additional investigation into IPL-specific changes.

Evidence exists to suggest a role for IPL in racial disparities in AD. Our previous pilot
proteomics study of IPL identified a subset of proteins in which race significantly affected
protein changes in AD (Chapter 3).3* In preclinical AD, IPL cortical thickness was decreased in
African American/Black compared to non-Hispanic White adults.*® A fMRI study of the DMN
found that race affected connectivity between different DMN brain regions at baseline and in
AD.* Though IPL connectivity with other regions was not affected by race in AD, connectivity
between IPL and the parahippocampal gyrus was decreased at baseline in African
American/Black compared to non-Hispanic White adults, indicating a weaker correlation
between activity of the two regions. Connectivity between these two regions has been previously
associated with delayed recall, a measure of episodic memory that tests memory recall 30
minutes after learning.3® DMN connectivity differences across racial groups were also
differentially associated with tau biomarker levels in cerebrospinal fluid (CSF),% in which
differences between African American/Black and non-Hispanic White adults have been recently
identified.® 34! Importantly, geographic location and selection bias may have an impact on the
generalizability of the results from all of these studies. The three mentioned studies recruited
participants on a volunteer basis and each from a specific geographic region, which may result in
a study population not representative of the entire population.® 42 The cortical thickness study
attempted to improve the generalizability of their results by including two cohorts of non-
Hispanic White adults, one group matched to the African American/Black group and another
unmatched to try to account for the differences that one might encounter in the full population.3®

Though these studies have utilized multiple modalities to support the potential involvement of
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IPL in AD racial disparities, they also highlight the need for replication of their findings in
additional more diverse cohorts and for careful consideration of recruitment strategies.
Herein, we have applied discovery-based quantitative proteomics to characterize the
proteomic impact of AD in the IPL region in a diverse cohort of African American/Black and
non-Hispanic White adults from the Rush Alzheimer’s Disease Center. Our findings highlight

the importance of diverse cohorts in proteomic studies of AD brain.

4.2 Methods

4.2.1 Sample selection

Postmortem brain tissues were selected from the Religious Orders Study and Rush
Memory and Aging Project (ROSMAP)***® at the Rush Alzheimer’s Disease Center. Tissues
from IPL (Brodmann area 39/40 [angular gyrus]; N = 40) were acquired from African
American/Black and non-Hispanic White adults who were CN or diagnosed with AD (Table
4.1). CN and AD classification was based on clinical diagnosis of cognitive status at death of no
cognitive impairment and possible or probable AD, respectively. AD cases were
neuropathologically confirmed according to NIA-Reagan criteria,*® which takes into account
both Braak staging of tau tangles*’**® and Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) score of amyloid burden.*® Race was self-reported as Black or African
American (referred to throughout as African American/Black) or White (referred to throughout
as non-Hispanic White). Group identities were blinded throughout proteomics experiments and

data analysis until after validation of the mass spectrometry (MS) results. This study was
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approved by the Institutional Review Board (IRB) of VVanderbilt University and the original

ROSMAP study was approved by the IRB of Rush University Medical Center.

4.2.2 Sample preparation

IPL tissue (20 mg) was homogenized in 1x phosphate-buffered saline (PBS) with 8 M
urea with complete mini EDTA-free protease inhibitor cocktail (Roche Diagnostics Gmbh,
Mannheim, Germany). Tissues were homogenized with Lysing Matrix A at 4.0 m/s for 20 s
using a FastPrep-24™ 5G system (MP Biomedicals, Santa Ana, CA). Homogenate was
centrifuged at 4 °C, 13,000 rpm for 15 min and supernatant was collected. The following BCA
assay, protein digestion and desalting, peptide assay, and Tandem Mass Tags (TMT) labeling
steps were performed using a Biomek i7 Hybrid Automated Workstation (Beckman Coulter,
Brea, CA). Protein concentration was determined using bicinchoninic acid (BCA) assay
according to the manufacturer’s protocols (Thermo Fisher Scientific, Waltham, MA). A pooled
sample containing equimolar amounts of protein from the 40 samples was generated and served
as a quality control (QC). Samples were randomized into four batches of 11 with one QC per
batch. Prior to sample digestion, protein integrity was assessed via sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Protein (180 ug) was placed in 50 mM Tris
with 8 M urea in a 96-well plate and was reduced for 30 min using 25 mM dithiothreitol at 37
°C. Protein was subsequently alkylated with 25 mM iodoacetamide for 30 min in the dark and
guenched with 25 mM L-cysteine for 30 min with shaking. Samples were diluted ~8x with 20
mM Tris, 10 mM CaCl, prior to digestion with trypsin/Lys-C mix (Promega, Madison, WI) for
14-16 h at 37 °C (1:50 enzyme:protein ratio). Peptides were acidified with 5% formic acid (FA)

and desalted on a 100 mg Targa C18 FastEQ plate (The Nest Group, Inc., Southborough, MA).
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Table 4.1. Cohort demographics.?

African American/Black  Non-Hispanic White

b
CN AD CN AD p-value
N 6 8 13 13 -
Sex (M/F) 2/4 3/5 4/9 0/13 0.13
Age® 80.2(6.3) 88.7(74) 87.4(39) 92.2(3.5) 0.00034
PMI¢ 13.5(11.6) 8.5(5.1) 8.8 (4.6) 6.8 (2.7) 0.15
MMSE score® 28.3(1.5)  17.3(5.00 283(19) 12.1(9.1) 0.000000041
Braak stage' 2.8 (1.2) 4.6 (0.7) 3.4 (0.7) 4.8 (0.4) 0.0000049
CERAD scoref 3.2(1.3) 1.5(05)  3.2(1L1) 1.4 (0.9) 0.00011
Years of education® 13.7 (2.3) 19.3(3.4) 183(29) 16.4(2.1) 0.0021
BMI" 346(6.4) 23.9(5.2) 246(48) 26.6(4.2 0.0022
Hypertension' 5 7 9 11 0.72
Diabetes' 4 2 1 3 0.051
Stroke' 1 3 0 0.079
APOE genotype/ -
£2/e2 0 0 0 0
€2/e3 2 0 4 1
£2/ed 1 3 1 0
€3/e3 1 4 4 6
£3/ed 2 0 4 5
e4/ed 0 1 0 0

3\Values for each group are given as average (standard deviation) unless otherwise noted. °p-
values were calculated using single-factor ANOVAs. ‘Age at death in years. 9Postmortem
interval (PMI) in hours. ®Mini-Mental State Exam (MMSE) score. "Neuropathological data was
not available for two participants. Braak stage and Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) score average and standard deviation were calculated from N
= 12 samples for the non-Hispanic White AD group and N =5 for the African American/Black
CN group. %Years of education was available for all but one participant. For the non-Hispanic
White AD group, average and standard deviation were calculated from N = 12 samples with
this information. "Body mass index (BM1). 'Reported as number of individuals who reported
being diagnosed with specified condition at any point. JApolipoprotein E (APOE) genotype
reported as number of individuals with each genotype. APOE genotype was not available from
one sample in the non-Hispanic White AD group.
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Peptide concentrations were measured using the Pierce™ Quantitative Colorimetric Peptide
Assay according to the manufacturer’s protocols (Thermo Fisher Scientific, Waltham, MA) prior
to labeling 25 pg of each sample using TMT*-plex reagents. Each batch mixture was desalted
manually using an HLB cartridge (Waters Corporation, Milford, MA; 1 cc/10 mg), reconstituted
in 1 mM ammonium formate in 2% acetonitrile (ACN) at pH 10, and fractionated using the
following 96 min gradient on a Zorbax 300Extend-C18 column (4.6 x 250 mm, 5 um; Agilent
Technologies, Santa Clara, CA) on a Waters e2695 separations module with a 2998 PDA
detector and a fraction manager: 0-7 min, 0% B; 7-13 min, 0-16% B; 13-73 min, 16-40% B; 73-
77 min, 40-44% B; 77-82 min, 44-60% B; 82-96 min, 60% B. Mobile phase A was 4.5 mM
ammonium formate in 2% ACN at pH 10 and mobile phase B was 4.5 mM ammonium formate
in 90% ACN at pH 10. The flow rate was 0.8 mL/min and the column was kept at 25°C.
Fractions were collected every minute and concatenated to 24 fractions (i.e. Fraction 1 was
minutes 1, 25, 49, 73; Fraction 2 was minutes 2, 26, 50, 74; etc.). All fractions were analyzed
individually via liquid chromatography-tandem mass spectrometry (LC-MS/MS) on an Orbitrap
Fusion Lumos (Thermo Fisher Scientific, Waltham, MA) with technical duplicates. Fractions

were injected in a randomized order.

4.2.3 LC-MS/MS parameters

An UltiMate 3000 RSLCnano system (Thermo Fisher Scientific, Waltham, MA) was
coupled to an Orbitrap Fusion Lumos mass spectrometer operated in positive mode. Peptides
were loaded onto an Acclaim™ PepMap™ 100 C18 trap column (75 um i.d. x 2 cm, 100 A, 3
um; Thermo Fisher Scientific, Waltham, MA) prior to separation on an in-house C18 packed

column (100 um i.d. x 30 cm, 100 A, 2.5 um; Waters Corporation, Milford, MA) over a 165 min
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gradient: 0-3 min, 1-7% B; 3-122 min, 7-30% B; 122-127 min, 30-95% B; 127-142 min, 95% B;
142-145 min, 95-1% B; 145-165 min, 1% B. Mobile phase A was 0.1% FA and mobile phase B
was 0.1% FA in 80% ACN. Full MS spectra were collected in the Orbitrap (375-1,500 m/z,
120,000 resolution, automated gain control (AGC) 4.0E5, maximum injection time 100 ms). The
instrument was operated in data-dependent acquisition (DDA) mode to acquire the top 15
MS/MS spectra using higher-energy collisional dissociation (HCD; normalized collision energy
35%, 50,000 resolution, isolation width 0.7 m/z, AGC 5.0E4, maximum injection time 86 ms)

and dynamic exclusion of 20 s.

4.2.4 Data analysis

RAW files were analyzed using Proteome Discoverer software (version 2.4). All
technical replicates and fractions for each batch were combined into one result file and searched
against the UniProt human reviewed proteins database (05/05/2021, 20,309 sequences) using
SEQUEST-HT. The following modifications were included in the search: fixed modification of
cysteine carbamidomethylation and variable modifications of methionine oxidation and both
TMT-plex (229.163 Da) and TMT*-plex (229.169 Da) on lysine residues and peptide N-
termini. A maximum of two trypsin miscleavages were allowed in the search. A false discovery
rate (FDR) cutoff of 1% was applied at the peptide level. Mass tolerances for the search were 10
ppm for precursors and 0.05 Da for fragments. At least one unique peptide sequence and two
peptide spectral matches (PSMs) were required for protein identification.

TMT-plex was set as the quantification method in Proteome Discoverer, and reporter

ion quantitation was based on intensity with a reporter ion signal-to-noise threshold of 10. Reject
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quantitative results with missing values was set to false, and apply quantitative value corrections
was set to true. Protein groups identified are hereafter referred to as proteins.

Processed data is shown in Data D4.1. Identified proteins were filtered to only include
proteins identified in all batches with reporter ion intensities in > 80% of TMT channels across
batches (> 36 channels), and that includes all pooled channels. Proteins meeting these criteria
were considered quantified proteins. TMT reporter ion intensities of quantified proteins were
normalized within and across batches to the pooled channels as described previously.3* %

Main effects of diagnosis on protein intensities were assessed using linear regression
across the entire cohort and in race-stratified models. A race x diagnosis interaction term was
used to determine whether race modifies the association between diagnosis and protein
intensities. Age and sex were included as covariates in these models. Similarly, interactions of
diagnosis with other variables (age, sex, postmortem interval (PMI), body mass index (BMI),
and education) were assessed. Correcting p-values using the FDR procedure resulted in no
significant proteins, likely due to small sample size; therefore, differentially-expressed proteins
reflects those with uncorrected p-values < 0.05. No imputation was performed for missing
values. Proteins with coefficients of variation (CVs) greater than two standard deviations from
the mean within race-stratified AD and CN groups were excluded (CV > 0.49; Figure D4.1).
Fold-change (FC) cutoffs of < 0.81 and > 1.23 were calculated based on biological and technical
variation and replication®* and were used as an additional filter to identify differentially-
expressed proteins with the most robust changes. TMT reporter ion intensities for differentially-
expressed proteins were uploaded into ClustVis to generate principal component analysis (PCA)
plots (https://biit.cs.ut.ee/clustvis/).>? STRING was used to analyze interactions among

differentially-expressed proteins,® and Ingenuity Pathway Analysis (IPA) was used to identify
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significant biological pathways (p < 0.05;

https://www.giagenbioinformatics.com/products/ingenuitypathway-analysis).>*

4.2.5 Proteomics quality control

QC measures were included during sample preparation, data acquisition, and data
analysis. Samples were randomly assigned to TMT channels across batches such that each batch
included one QC pool and at least one sample from each group. Prior to protein digestion, all
samples and the QC pool were analyzed via SDS-PAGE to confirm protein integrity. During the
protein digestion, desalting, and TMT labeling steps, a separate aliquot of the QC pool was
digested and labeled with TMT? simultaneously with the batches and was checked for digestion
efficiency and TMT labeling efficiency. During the TMT labeling step, eleven random samples
were digested as a test batch, which was also pooled and used to assess labeling efficiency prior
to pooling the patient batches. For the fractionation step, a QC injection of bovine serum albumin
(BSA) peptides (100 ug) were analyzed each day prior to any batch fractionations and compared
against previous injections for consistency.

The TMT -labeled QC pool, sandwiched by blank injections of mobile phase A (0.1%
FA), was analyzed approximately every day during LC-MS/MS data acquisition to assess
column and instrument performance. Total protein identifications and retention times of twelve
peptides of varying abundances were tracked across QC injections. Fractions in each batch were
injected in a random order. QC measures applied during data analysis were described in Section

4.2.4.
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4.3 Results and Discussion

Postmortem brain tissue from the IPL region was acquired from African American/Black
and non-Hispanic White adults who were CN or diagnosed with AD in the ROSMAP cohort.*3-°
CN and AD groups are distinguished by clinical diagnosis at death, Mini-Mental State Exam
(MMSE) score, Braak stage, and CERAD score. We note that the African American/Black CN
group was younger, had fewer years of education, and had a higher average BMI than the rest of
the groups. However, there were no differences in prevalence of hypertension, diabetes, or stroke
across groups. Age and sex varied the most with race and diagnosis (i.e. AD vs CN) and thus
were included as covariates in statistical analyses when determining differentially-expressed

proteins.

4.3.1 Overview of proteomics results

IPL tissues were analyzed using a discovery-based proteomics workflow that used
TMT-plex for quantification (see Figure 1.4 in Chapter 1). A total of 9,588 proteins were
identified from 121,858 peptides from these samples, 7,276 (75.9%) of which were identified in
all batches (Figure 4.1A). After filtering for proteins with reporter ion intensities in > 80% of
TMT channels across batches (including all pool channels for normalization), most proteins
identified in all batches were considered for further quantification (7,236; Figure 4.1A).
The proteins identified in this study represent ~59% of the human brain proteome (human brain
proteome based on transcript expression, N = 16,227).55-% This is a significant improvement
compared to the ~13% of the human brain proteome (N = 2,055) identified in our previous study
of IPL tissues from the University of Pittsburgh Alzheimer Disease Research Center (Pitt

ADRC; Chapter 3).3* This difference reflects the analytical improvements to our discovery-
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A B Overlap in Quantified Proteins Across Studies

523* Pitt ADRC
N=1487 A AN24N 1231
7236 quantified 11 1334
proteins
4547

7276 proteins identified in all
4 batches 2242

9588 total proteins identified with
>2 PSMs

Figure 4.1. Overview of protein identifications and filtering. (A) Filtering of proteins from
identified to quantified to differentially expressed proteins. Quantified proteins from this dataset
(ROSMAP) had to be identified in both/all batches and have reporter ion intensities in > 80% of
TMT channels including the pools (N = 7,236). 523* indicates the number of differentially-
expressed proteins with uncorrected p < 0.05 between AD and CN groups. (B) Overlap of
quantified proteins across proteomic studies of IPL in AD. Quantified proteins in the Pitt ADRC
dataset met the same criteria as the ROSMAP dataset (N = 1,487), while quantified proteins in
the McKetney et al. dataset had label-free quantification intensities in at least 1/3 IPL samples (N

= 8,134).%
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based proteomics workflow, which include high-performance liquid chromatography (HPLC)-
based offline fractionation, longer LC gradients, and a longer analytical column for online
separation, and LC-MS/MS instead of LC-MS? data acquisition. The combination of changes in
these parameters yielded improved peptide separation prior and during LC-MS/MS analysis and
a shorter MS duty cycle capable of collecting more MS/MS spectra. Overall, this resulted in
greater numbers of identified proteins.

Beyond our analysis of IPL in Chapter 3,3 only one other study has used discovery-
based proteomics to study IPL in AD.*® Approximately 83% of proteins identified in this study
were identified in one or both of the other IPL studies (Figure 4.1B). Ninety percent of proteins
identified in the Pitt ADRC dataset were identified in all three studies (N = 1,334), while an

additional 4,547 proteins were identified in both this study and the study by McKetney et al.®

4.3.2 Differentially-expressed proteins in AD

In our biracial cohort, 523 proteins were differentially expressed between AD and CN
groups (Figure 4.2A, Table D4.2). These included several proteins with known involvement in
AD such as glial fibrillary acidic protein (GFAP; Figure 4.2B), neurofilament light polypeptide
(NEFL; Figure 4.2C), and von Willebrand factor (VWF; Figure 4.2D). GFAP, a marker for
astrogliosis, and NEFL, a marker for neuronal injury, both increased in AD compared to CN,
consistent with previous reports.>-%4 VVWF, an endothelial marker involved in hemostasis, was
decreased in AD compared to CN in this study. Previous studies have associated increased
plasma VWEF levels with AD and dementia,%>-% but no changes in VWF levels in brain have been
reported in AD to date. Both amyloid-beta precursor protein (APP) and microtubule-associated

protein tau were quantified in this study but their levels were not significantly different between
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Figure 4.2. Differentially-expressed proteins in AD. (A) Volcano plot showing all quantified
proteins (N = 7,236). Red points indicate differentially-expressed proteins in AD (uncorrected p
< 0.05; N =523), while black points had non-significant p-values. Dashed lines indicate fold-
change cutoffs of < 0.81 and > 1.23. Box plots showing example differentially-expressed
proteins: (B) glial fibrillary acidic protein (GFAP), (C) neurofilament light polypeptide, and (D)
von Willebrand factor. The center line of each box is the median; the X indicates the mean. The
upper and lower limits of the box are the upper and lower quartiles, respectively, and the
whiskers reflect the minimum and maximum values. Outlier points are shown where present.
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AD and CN groups. These findings are consistent with our previous study of IPL in the Pitt
ADRC cohort.3* APP was not previously reported as a differentially-expressed protein due to
high within-group CVs, which was also the case in this study. The McKetney et al. study
observed contrasting findings in tau levels, as they reported significantly increased tau levels in
AD in this region measured by an a-phosphorylated tau antibody.

Interestingly, when differentially-expressed proteins in AD were compared between this
study and the two other studies of IPL in AD, none overlapped in all three studies and the
majority were not shared between any of the studies. Twenty proteins, including GFAP, were
differentially expressed in AD compared to CN in both this study and the study described in
Chapter 3 (Table D4.2).34 These proteins function in signaling, apoptosis, protein
transport/localization, and lipid metabolism/transport pathways, and all but one protein changed
in the same direction in both studies. Of the eight differentially-expressed proteins in AD from
the McKetney et al. study, only one was also differentially-expressed in this study (DnaJ
homolog subfamily C member 12, DNAJC12), while none overlapped with the Pitt ADRC study.
DNAJC12 levels were slightly increased in AD in this study, while they were decreased in AD in
the McKetney et al. study.®®* DNAJC12 is upregulated in response to endoplasmic reticulum (ER)
stress, which has been linked to AD. Additionally, no proteins from this study overlapped with
differentially-expressed proteins in MCI or preclinical AD from a two-dimensional gel-based
proteomics analysis of IPL,* though a few of our differentially-expressed proteins including heat
shock protein HSP 90-alpha and alpha-crystallin B chain have been previously reported as
oxidatively modified in MCI, preclinical AD, and AD.3?-%

Demographic differences may contribute to the differences in protein changes in AD

across cohorts. Pitt ADRC study participants on average were younger (74 years) than in this
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study (87 years) or the McKetney et al. study (80 years), and had fewer years of education (13
years) than the participants in this study (17 years), though this information was not available for
all participants. Additional differences in other psychosocial and socioeconomic factors or
comorbidities not reported for these cohorts could also play a role. Regarding the proteomics
analyses, the overall workflows were similar, though the McKetney et al. study used label-free
protein quantification in contrast to TMT-based quantification. Otherwise, the McKetney et al.
workflow was similar to the one used in this study, while the Pitt ADRC study had differences in
sample preparation and data acquisition that resulted in comparatively fewer proteins identified,
as discussed in Section 4.3.1. It is also important to note that McKetney et al. used a stricter
criterion for differentially-expressed proteins (Bonferroni adjusted p < 0.05) than our two
studies, such that more overlap may have been present with less stringent criteria for differential
expression. In both of our studies, we chose not to use corrected p-values for differential
expression because FDR correction resulted in no significant proteins, consistent with previous
studies suggesting that multiple hypothesis correction may be overly stringent in some
proteomics analyses.®”-%° Overall, this has been the largest study of proteomic changes in IPL in
AD to date, at least double the sample sizes in previous global proteomics studies of IPL (N =
10% and N = 20*%). The lack of overlap in differentially-expressed proteins in AD across these
studies demonstrates that novel proteomic changes in AD are detected in diverse cohorts and
suggests that further characterization of protein changes occurring in this region is necessary.

To identify pathways significantly affected by AD in IPL, we analyzed the differentially-
expressed proteins (p < 0.05) using IPA (Figure 4.3A, Table D4.3). Most of the top most
significant IPA pathways were metabolic pathways, particularly related to lipid and amino acid

metabolism. These include amino acid degradation pathways and lipid degradation and
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Figure 4.3. Significant pathways in AD. (A) Bar graph showing the top 10 significant IPA
pathways (p < 0.05) corresponding to differentially-expressed proteins in AD (N = 523). (B)
STRING network showing the subset of differentially-expressed proteins meeting both p-value
and FC cutoffs (N = 34). Abbreviations: VGF, neurosecretory protein VGF; IGFBP5, insulin-
like growth factor-binding protein 5; IGFBP7, insulin-like growth factor-binding protein 7;
SERPINEZ2, glia-derived nexin; SRSF5, serine/arginine-rich splicing factor 5; VWF, von
Willebrand factor; ALPL, alkaline phosphatase, tissue-nonspecific isozyme; SLC16A3,
monocarboxylate transporter 4; SERPINBY, serpin B9; GJAL, gap junction alpha-1 protein;
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CHCHD?2, coiled-coil-helix-coiled-coil-helix domain-containing protein 2; NEFL, neurofilament
light polypeptide; GFAP, glial fibrillary acidic protein; GJB6, gap junction beta-6 protein;
TP53I11, tumor protein p53-inducible protein 11; PGAM2, phosphoglycerate mutase 2; CTSL,
procathepsin L; NNMT, nicotinamide N-methyltransferase; AMD1, S-adenosylmethionine
decarboxylase proenzyme; ADI1, 1,2-dihydroxy-3-keto-5-methylthiopentene dioxygenase;
ALDH1AL1, retinal dehydrogenase 1; CLYBL, citramalyl-CoA lyase, mitochondrial; ANXA3,
annexin A3; SST, somatostatin; SLIT2, slit homolog 2 protein; ADCYAP1, pituitary adenylate
cyclase-activating polypeptide; CYBRD1, plasma membrane ascorbate-dependent reductase
CYBRD1,; FKBP10, peptidyl-prolyl cis-trans isomerase FKBP10; ACAD10, acyl-CoA
dehydrogenase family member 10; KCNC1, potassium voltage-gated channel subfamily C
member 1; PDYN, proenkephalin-B; RPS6KAS5, ribosomal protein S6 kinase alpha-5; SPOCK3,
testican-3; NPTX2, neuronal pentraxin-2.
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biosynthesis pathways including fatty acid B-oxidation, the mevalonate pathway, and cholesterol
biosynthesis, all of which are known to be dysregulated in AD®" and are hypothesized to
contribute to racial disparities in AD (see Chapter 1). Proteins in all of these pathways were
slightly decreased in AD compared to CN groups. The nuclear factor E2-related factor 2
(NRF2)-mediated oxidative stress response pathway was also significant in AD in this study and
is consistent with others that have observed oxidative stress in IPL.312 Proteins in this pathway
were slightly increased in AD compared to CN groups. NRF2 and other protein levels in this
pathway have previously been shown to be decreased in the AD brain,”®"" though increased
levels of proteins in this pathway in AD could indicate an insufficient attempt to combat
oxidative stress. Future studies could incorporate measurement of oxidative stress levels to
accompany proteomics data to further characterize AD-related changes in diverse cohorts.

To determine the proteins with the most significant changes in AD in this region, we then
applied a FC cutoff to the differentially-expressed proteins with p < 0.05 (N = 523), which
reduced the number of significant proteins to 34 (Figure 4.3B, Table D4.2; see Section 4.2.4).
This subset of proteins represents the most robust changes resulting from AD in this region and
includes several proteins with established changes in AD including GFAP, NEFL, and VWF
(Figure 4.2B-E). Additionally, compared to proteins with only a p-value < 0.05 (Figure 4.4A-
B), these 34 proteins showed better discrimination between AD and CN groups (Figure 4.4C-D).
Using the 523 differentially-expressed proteins resulted in overlap between the AD and CN
groups, both with racial groups combined (Figure 4.4A) and in race-stratified comparisons
(Figure 4.4B). The 34 most robust differentially-expressed proteins clearly distinguished the AD
and CN groups with less overlap across groups (Figure 4.4C-D). This is particularly noticeable

in the race-stratified groups, wherein using this subset of proteins led to a clear shift in the
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Figure 4.4. PCA plots of differentially-expressed proteins in AD. PCA plots of differentially-
expressed proteins significant by p-value only (N = 523 proteins) in (A) AD vs CN groups and
(B) race-stratified AD vs CN groups, and by p-value and fold-change cutoffs (N = 34 proteins) in
(C) AD vs CN groups and (D) race-stratified AD vs CN groups. P-values were uncorrected p <
0.05 and significant fold-change values were < 0.81 and > 1.23 per Section 4.2.4. Unit variance
scaling is applied to rows; singular value decomposition with imputation is used to calculate
principal components. X and Y axis show percent of total variance explained by principal
component 1 and principal component 2, respectively. Prediction ellipses are such that with
probability 0.95, a new observation from the same group will fall inside the ellipse. N = 40 data
points. In (A) and (C), the CN group is shown in red and the AD group is shown in blue. In (B)
and (D), the non-Hispanic White CN group is shown in red, the non-Hispanic White AD group is
shown in blue, the African American/Black CN group is shown in green, and the African
American/Black AD group is shown in purple. Abbreviations: AD, Alzheimer’s disease; CN,
cognitively normal; NHW, non-Hispanic White; AA, African American/Black; FC, fold-change;
PC, principal component.
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locations of the AD and CN groups on the PCA plot and resulted in more pronounced AD and
CN groupings. Racial groups did not separate with either set of differentially-expressed proteins,
suggesting that race is not a primary driver of group differences in these specific proteins. We
note here that there is more variance within the non-Hispanic White CN group than in the other
groups (Figure 4.4B, D), which is also evident in the CVs of protein intensities within this group
(Figure D4.1). However, this variation is not explained by demographic variables or AD
neuropathology (Table 4.1).

We then used STRING network analysis to examine the interconnectedness of the
smaller and more robust subset of differentially-expressed proteins and identified three small
protein clusters (Figure 4.3B). One of these clusters includes GFAP, NEFL, and VWF, along
with two gap junction proteins and glia-derived nexin, which are important for synaptic and
neuronal function.”®82 The other two protein clusters are proteins involved in hormonal and
neuropeptide signaling important for many brain functions, some of which have been previously
linked to AD.%3% Taken together, these findings show that the most robust proteomic changes in
AD are amongst proteins and pathways known to be involved in AD pathogenesis, contributing
to synaptic and neuronal dysfunction and cognitive decline. Replication of these findings in
additional larger cohorts will help further elucidate the most robust proteomic changes in AD in

this region.

4.3.3 Impact of race on protein changes in AD
Next, we used a linear regression model with a race x diagnosis interaction term (covaried for
age and sex) to evaluate whether race (i.e. self-reported race) had a significant impact on protein

changes in AD. From this analysis, 79 proteins had significant race x diagnosis interactions
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(uncorrected p < 0.05; Figure 4.5A, Table D4.4). Over half of the proteins with significant race
x diagnosis interactions were differentially expressed in race-stratified AD vs CN comparisons.
The majority of these proteins were only significant in one racial group and not the other (N =
44; Figure 4.5B). This trend is consistent with findings in Chapter 3.34 Thirty proteins were
differentially expressed between African American/Black AD and CN groups while 17 were
differentially expressed between non-Hispanic White AD and CN groups. Only three proteins
were significantly different in both racial groups: C-X-C motif chemokine 14 (CXCL14; Figure
4.5C), ankyrin repeat domain-containing protein 36C (ANKRD36C; Figure 4.5D), and N°-
adenosine-methyltransferase catalytic subunit (METTL3; Figure 4.5E). All three proteins were
increased in AD in African American/Black adults. On the other hand, in non-Hispanic White
adults, ANKRD36C and METTL3 decreased in AD while there was no change for CXCL14.
CXCL14 has not been previously associated with AD, although other chemokines are increased
in AD brain to recruit immune cells in response to neuroinflammation.®® METTL3 functions in
Né-methyladenosine RNA methylation, which is involved in learning and memory. Previous
studies have shown conflicting findings on METTL3 levels in AD brain.8”#8 In comparison to
Chapter 3 results, the changes in protein IST1 homolog (IST1) were consistent. IST1 was
decreased in African American/Black adults with AD compared to CN adults and did not change
between non-Hispanic White AD and CN groups (Figure 4.5F). Interestingly, tau protein
accumulation has been found to inhibit IST1 expression, corresponding with autophagy deficits
and impaired synaptic and cognitive function in mice.®° Differences in tau CSF biomarkers
across racial groups have been reported® °-4%; however, further replication in larger cohorts
including African American/Black adults is necessary to determine if IST1 is important for

mechanistic follow-up studies.
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Figure 4.5. Proteins with significant race x diagnosis interactions. (A) Volcano plot showing
only proteins with significant race x diagnosis interactions (uncorrected p < 0.05; N = 79). Blue
and red data points show FC and p-value from non-Hispanic White and African American/Black
AD vs CN race-stratified comparisons, respectively. Dashed line indicates p = 0.05. (B) Venn
diagram showing proteins with significant race x diagnosis interactions and significant race-
stratified AD vs CN p-value in at least one racial group (N = 44). Arrows indicate direction of
change in AD based on FC. For the proteins that had significant race-stratified p-values in both
racial groups (N = 3), red and blue arrows indicate direction of change in African
American/Black and non-Hispanic White groups, respectively. Box plots showing example
proteins with significant race x diagnosis interactions and significant race-stratified AD vs CN
differences: (C) C-X-C motif chemokine 14 (CXCL14), (D) ankyrin repeat domain-containing
protein 36C (ANKRD36C), (E) N8-adenosine-methyltransferase catalytic subunit (METTL3),
and (F) IST1 homolog (IST1). CXCL14, ANKRD36C, and METTL3 all had significant race-
stratified changes in both African American/Black and non-Hispanic White groups, while IST1
had significant differences between African American/Black AD and CN groups in both this
study and our previous Pitt ADRC study. Abbreviations: NHW, non-Hispanic White; AA,
African American/Black; AD, Alzheimer’s disease; CN, cognitively normal.
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4.3.4 Impact of other covariates on protein changes in AD

After characterizing the impact of race on protein changes in AD, we next sought to
evaluate whether additional variables such as age, sex, BMI, PMI, and education also had
significant effects on protein changes in AD. This is an important consideration given that
samples selected for proteomics studies cannot always be perfectly matched for all variables
across groups, especially considering the limited postmortem brain tissue availability from
African American/Black adults. To investigate this in our cohort, we independently examined
interactions of diagnosis with age, sex, BMI, PMI, and education (Table 4.2). Interestingly, more
proteins (N = 131-1,041) had significant interactions of other variables with diagnosis than of
race (N = 79) with diagnosis. Furthermore, the variables that significantly impacted the most
protein changes by diagnosis (education and BMI, N = 1,041 and 316, respectively) also had
significant differences across groups (Table 4.1). The most proteins (N = 1,041) had significant
education x diagnosis interactions, more than three times the number of proteins with significant
interactions with diagnosis and any other variable. Educational attainment has been associated
with differing levels of both A and tau neuropathology among individuals with the same
clinical cognitive status.®°* The African American/Black CN group had fewer years of
education compared to the other groups in this study. Additionally, the non-Hispanic White AD
group had fewer years of education than the African American/Black AD group. A substantial
number of proteins also had significant BMI x diagnosis interactions (N = 316). BMI levels have
been associated with cognitive decline and dementia® ® and obesity (high BMI) can contribute to
neurodegenerative changes in the brain® and impact protein expression in microvessels of the
blood-brain barrier (Chapter 1 Section 1.1.3.3).%* BMI was highest amongst the African

American/Black CN group.
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Table 4.2. Variable x diagnosis interactions.

Variable Numper of Pr_oteins _vvith Significant
Variable x Diagnosis Interactions®?

Education 1,041

BMIP 316

PMI° 283

Age 174

Sex 131

Race 79

®Number of proteins with significant variable x diagnosis interactions
(uncorrected p < 0.05), filtered to remove proteins with high within-group
variation (Section 4.2.4). ®°Body mass index (BMI). “Postmortem interval
(PMI).
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We observed a subset of proteins with significant race x diagnosis interactions in this
study (Section 4.3.4); however, there is a clear need for overall diversity of cohorts in AD
studies. This includes diversity by racial background, but also extends to other variables noted
here such as BMI and education. Given the impact of education on AD-associated proteomic
changes in this study, future studies should consider additional educational variables beyond
years of education including quality of education,®-% early life education,®” and lifetime
cognitive activity.*®° These measures have been previously associated with cognition in African
American/Black adults and are important to consider in diverse cohorts. The recruitment of
diverse cohorts is important to advance AD understanding. The inclusion of both African
American/Black and non-Hispanic White adults who were recruited similarly to the ROSMAP
study is well-characterized***> and a noteworthy strength of this study. However, one of the
known limitations of the ROSMAP cohort is that participants were recruited into the study on a
volunteer basis and had to agree to autopsy as a condition of recruitment, such that they may not
be representative of the general population.**** Furthermore, though our cohort was biracial,
non-Hispanic White adults were still overrepresented and other racial and ethnic groups were
excluded. The need for equal representation, oversampling of underrepresented groups, and
further studies characterizing changes within exclusively African American/Black adults and
other racial and ethnic groups are urgently needed.® We have additionally pointed out the
demographic differences across groups in our cohort, which is an additional limitation to our
study. Though we were able to include age and sex as covariates in our identification of
differentially-expressed proteins, we did not include additional covariates with significant
differences across groups, such as BMI and education, due to our sample size. It is important to

note, on the other hand, that there were no differences across groups in comorbidities that
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increase risk for AD and are more prevalent in African American/Black adults, such as
hypertension, diabetes, and stroke (Chapter 1). This is the largest proteomic study of IPL in AD
and furthermore in a diverse cohort; however, larger sample sizes are necessary to account for

some of these demographic differences that may exist across groups.

4.4 Conclusions

Herein, we have applied proteomics to globally characterize changes in IPL in AD in a
cohort of African American/Black and non-Hispanic White adults. In this cohort, we have
identified 523 differentially-expressed proteins in AD, some of which are consistent with known
changes in AD and many of which are novel, likely due to the diversity of our cohort and limited
existing studies of this region. Thirty-four proteins had robust differences in AD that were able to
distinguish AD and CN groups regardless of race that included proteins previously associated
with AD including glial fibrillary acidic protein and neurofilament light polypeptide. We also
observed a subset of proteins in which changes in AD were significantly impacted by race and
that had race-specific patterns of change in AD. In addition to race, we have identified other
variables that also significantly affected protein changes in AD, particularly education. Our study
revealed novel proteomic changes in the IPL region in AD in a diverse cohort and emphasizes

the broad need for diversity in future studies of AD across brain regions.
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CHAPTER 5

Machine Learning to Classify Individuals with Alzheimer’s Disease in a Diverse Cohort

5.1 Introduction

African American/Black and Hispanic adults are more likely to develop Alzheimer’s
disease (AD) than other racial groups.”> Neuropathological differences in AD hallmarks
(amyloid-beta plaques and tau tangles) have not been reported between the brains of African
American/Black and non-Hispanic White adults.>> Some studies have observed that African
American/Black adults are more likely to present with both AD and other dementia pathologies,*
6-8 though these findings have not been consistent across studies.®*° However, differences at the
molecular level between African American/Black and non-Hispanic White adults have recently
been discovered, particularly in levels of tau biomarkers for AD in cerebrospinal fluid (CSF).% 1*-
13 CSF levels of total tau and tau phosphorylated at position 181 (p-tauisi) were lower overall in
African American/Black adults than non-Hispanic White adults regardless of cognitive status,®
11-13 and furthermore smaller changes in tau levels occurred in African American/Black adults
with cognitive decline.!!

Proteomics has been widely used to study molecular changes in the AD brain and many
proteins have different levels between AD and cognitively normal (CN) groups across various
brain regions.'*?® However, many existing brain proteomics datasets have included primarily
non-Hispanic White adults,'#° such that characterization of proteomic changes in AD brain in

other racial and ethnic groups has been very limited. Availability of postmortem brain tissue

from African American/Black adults is significantly limited due to difficulties around
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recruitment into AD studies,?’ particularly related to organ donation.?® Some studies have
worked to develop effective strategies for recruiting African American/Black adults into AD
research, such as culturally informed storytelling materials, community engagement and AD
education, and making CSF and/or organ donation optional instead of required.?®=! These
strategies have been applied in the Minority Aging Research Study (MARS) at the Rush
Alzheimer’s Disease Center®® and the Washington University Alzheimer’s Disease Research
Center® among others, though the majority of studies of postmortem brain tissue to date still
only include small proportions of African American/Black adults and other racial/ethnic groups.
Few brain proteomics studies in AD have included diverse racial groups. In Chapters 3-
4, we used proteomics to analyze postmortem brain tissue from two distinct cohorts, both of
which included African American/Black and non-Hispanic White adults, and identified subsets
of proteins in each with race-specific changes in AD.?° Furthermore, markers of inflammation
and neurodegeneration were increased in the middle temporal gyrus region (Brodmann area 21)
in African American/Black adults with AD compared to non-Hispanic White adults with AD.32-33
These studies suggest that there is heterogeneity in protein changes in the brain in AD across
racial groups, though these studies have had relatively small sample sizes ranging from N = 20-
40 total and require further studies to better characterize these changes in diverse cohorts.
Machine learning, an artificial intelligence tool that uses a system or model to make
decisions without human involvement,34- can use proteomics data to classify or predict disease
status or treatment type and test the accuracy of various protein panels for distinguishing sample
groups.® Machine learning has been previously used for these purposes in AD research.*¢%" For
example, various machine learning algorithms including XGBoost,*® Support Vector Machine

(SVM),* and the Aristotle Classifier‘® were able to successfully classify brain proteomics data
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from AD and CN groups®® across two brain regions.*® Both SVM and XGBoost, a decision tree-
based algorithm, are well-established supervised classification tools in machine learning and
have been used previously for predictive purposes in AD.3" 4143 In these studies, XGBoost was
able to distinguish AD and CN groups using demographic and clinical cognitive data,*®
neuroimaging data,*> AD CSF biomarkers, and metabolites measured in blood plasma.*
Notably, two of these studies reported improved classification of groups using XGBoost
compared to other strategies.**#?

Moreover, machine learning has specifically been applied with proteomics data to study
racial disparities in AD. Our laboratory demonstrated that a machine learning model trained with
plasma proteins that were differentially expressed between non-Hispanic White AD and CN
groups from proteomics analyses better differentiated AD and CN groups within the same racial
group.®” In African American/Black groups, this model was much less accurate in distinguishing
AD and CN groups (47% accuracy), suggesting that proteomic biomarkers should be established
using diverse cohorts. However, whether this finding is generalizable and relevant in other
tissues, such as postmortem brain tissue, has yet to be studied.

Few studies have investigated AD-related proteomic changes in the brain in diverse
cohorts, yet the brain’s direct involvement in AD makes it a valuable tissue in which to initially
characterize these changes. Analyses in postmortem brain tissue could identify important target
proteins that could later be measured in more accessible biological samples such as plasma or
CSF. Machine learning offers a strategy to leverage existing brain proteomics datasets and
identify proteins that most effectively differentiate AD and CN individuals in these studies.
Herein, we applied machine learning to available AD brain proteomics datasets, 415 19 44

composed primarily of non-Hispanic White adults, to evaluate whether proteins distinguishing
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AD and CN groups can successfully classify AD and CN individuals in a diverse cohort,
described in Chapter 3?° (Figure 5.1). Our findings show that brain proteins can differentiate
AD and CN groups across various AD brain proteomics datasets, and highlight the need for

diversity in such brain proteomics studies.

5.2 Methods

5.2.1 Proteomics dataset selection & preparation for machine learning

Available proteomics datasets of postmortem brain tissue from CN and AD individuals
were included in this study. Datasets were limited to those analyzed using Tandem Mass Tags
(TMT), an isobaric tagging strategy that allows multiplexing of up to 18 samples in a single
experiment, for protein quantification.**-*® This criterion was necessary to ensure that the
proteomics sample preparation and analysis process was largely similar for all datasets. This
resulted in inclusion of five datasets from different cohorts: (1) dorsolateral prefrontal cortex
(DLPFC; Brodmann area 9) from the Emory Alzheimer’s Disease Research Center (ADRC) (N
= 40)*; (2) DLPFC from Religious Orders Study and Rush Memory and Aging Project
(ROSMAP; N = 318); (3-4) parahippocampal gyrus (PHG; Brodmann area 36) from the Mount
Sinai/JJ Peters VA Medical Center Brain Bank (MSBB-Bai, N = 62'° and MSBB-Full, N =
190*); (5) hippocampus, inferior parietal lobule (IPL), and globus pallidus (GP) from the
University of Pittsburgh ADRC (Pitt ADRC; N = 20), described in Chapter 3.2° We note that
the samples in the MSBB-Bai dataset are also part of the larger MSBB-Full dataset. All cohorts

included participants from multiple self-reported racial groups (Table 5.1).
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Proteomics Machine Learning

Training datasets: Racial groups ] =
AD & CN groups Z
group Emory I™MT lﬁ IHINES Identified proteins Can these proteins distinguish AD & CN in
N= 40 — — M= —_— — . 9
SR = 0 ~8,500->10,000 diverse cohorts?
ROSMAP = l
N=318 .
Selection of protein
MSBB-Bai features
N=62 l
M}?]]i]i-g:)] . ~2-20 protein
features selected
N?w _ Ad XGBoost _| l
Hispanic = Other | ﬂlgOl'i“l m
Classification of AD & Hippocampus, Pitt ADRC | .4 .
CN in diverse test set IPL, GP N=20

|

Performance outcomes:
AUCs in NHWs & AAs

Figure 5.1. Overview of proteomics and machine learning to differentiate AD and CN groups. Proteomics was first used to
analyze postmortem brain tissue samples from AD and CN groups in four cohorts (training datasets, shown in blue). These groups
were composed of mostly non-Hispanic White adults, as shown by the accompanying pie charts for each dataset. Proteins were
extracted from these brain tissues and prepared and analyzed using discovery-based quantitative proteomics workflows using TMT for
relative quantification of proteins (black arrows), resulting in the identification of ~8,500 to > 10,000 proteins. From these proteomics
results, we then wanted to answer the question of whether any of these proteins distinguish AD and CN groups in more diverse
cohorts, for which we utilized machine learning (green arrows). XGBoost was used to select protein features that distinguished AD
and CN groups in the four brain proteomics datasets, resulting in ~2-20 selected features per dataset, and use these selected features to
classify AD and CN groups in a separate test dataset (shown in purple) that was more diverse (45% African American/Black) than the
training datasets. Performance of each machine learning model was evaluated based on the AUCs in African American/Black and
non-Hispanic White groups. Abbreviations: AD, Alzheimer’s disease; CN, cognitively normal; DLPFC, dorsolateral prefrontal cortex;
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ROSMAP, Religious Orders Study and Rush Memory and Aging Project; PHG, parahippocampal gyrus; MSBB, Mount Sinai Brain
Bank; NHW, non-Hispanic White; AA, African American/Black; TMT, Tandem Mass Tags; Pitt ADRC, University of Pittsburgh
Alzheimer Disease Research Center; IPL, inferior parietal lobule; GP, globus pallidus; AUC, area under the receiver-operator curve.
Figure partially created using BioRender.com.
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Table 5.1. Demographics of patients in proteomics datasets.

Emory? ROSMAPP MSBB-Bai MSBB-Full® Pitt ADRC
CN AD CN AD CN AD CN AD CN AD
N 20 20 96 222 23 39 63 127 9 11
Age at death? 67 8 68 + 8 85+5 88+4 81+10 84 +10 81+8 807 67 +13 82+8

29/34 41/84

Sex (M/F) 14/6 11/9 36/60 67/155 12/11 12/27 > ND 2 ND 6/3 5/6
17W 93w 219 W 17W 34 W 44w 102w

18W 7B 16 B 5W 6W

Race® 1B 2B 2B 2B 3B

2Pl 2B 1U 1Al 4H 2H 10H 7 H 4B 5B

2ND 2 ND
% African
0, 0, 0, 0, 0,
American/Black 7.5% 1.3% 8.1% 12.1% 45.0%

8CN and individuals with Parkinson’s disease were grouped together as the CN group; individuals with AD and individuals with both AD and Parkinson’s
disease were grouped together as the AD group. "Individuals with AD and individuals with other dementia were grouped together as the AD group. °ND
indicates no data was available for N individuals in the designated variable. “Reported as mean + standard deviation. *Race was self-reported. W = non-
Hispanic White; B = African American/Black; H = Hispanic; Pl = Native Hawaiian or other Pacific Islander; Al = American Indian or Alaska native; U = race
unknown. Abbreviations: CN, cognitively normal; AD, Alzheimer’s disease; ROSMAP, Religious Orders Study and Rush Memory and Aging Project; MSBB,
Mount Sinai Brain Bank; Pitt ADRC, University of Pittsburgh Alzheimer Disease Research Center.
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Only CN and AD individuals from each dataset were included for machine learning analyses.
Individuals with asymptomatic AD or mild cognitive impairment were excluded. In the Emory
dataset, CN and individuals with Parkinson’s disease were grouped together as the CN group;
individuals with AD and individuals with both AD and Parkinson’s disease were grouped
together as the AD group. These groups were combined in such a way after preliminary
comparisons showed no differences between the samples with and without Parkinson’s disease
(data not shown).

TMT protein intensity data for all quantified proteins from each dataset were used for
machine learning analysis (Figure 5.2). TMT quantification information for all identified
proteins were used from the Emory dataset.'® Quantified proteins from the ROSMAP dataset had
<50% missing TMT intensities. Data for these proteins were normalized to pools (samples
containing equal amounts of protein from all samples included in each batch), batch-corrected,
regressed for age, sex, and postmortem interval, median-centered, and log: transformed. Both
MSBB datasets included TMT quantification at the peptide spectral match (PSM) level, which
involved removing PSMs with low intensities prior to normalizing to the median intensity across
all PSMs and mean-centering the data. PSMs were averaged per protein to provide protein-level
quantification, which was batch-corrected based on the pools.'® 4 Quantified proteins in the Pitt
ADRC dataset were identified across both TMT batches of samples with intensities present for >
80% of channels including all pools and data for these proteins were normalized to the pools;

quantified proteins were determined and normalized per region (see Chapter 3 Section 3.2.4).%°
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Figure 5.2. Overlap in quantified proteins across proteomics datasets. Venn diagrams
showing overlap in quantified proteins across (A) the four training datasets and (B) the combined
quantified proteins from the training datasets (N = 13,849) and the Pitt ADRC test set (N =
1,801). Quantified proteins included in the Pitt ADRC dataset include those from all three
regions (hippocampus, IPL, and GP); see Chapter 3 Figure 3.1c for overlap across these
regions. Criteria for quantified proteins in each study are described in Section 5.2.1.
Abbreviations: ROSMAP, Religious Orders Study and Rush Memory and Aging Project; MSBB,
Mount Sinai Brain Bank; Pitt ADRC, University of Pittsburgh Alzheimer Disease Research
Center; IPL, inferior parietal lobule; GP, globus pallidus.
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5.2.2 Machine learning

Supervised classification was performed using RStudio, R version 4.0.3. XGBoost was
used for feature selection and AD and CN group classification using the xgboost R package
version 1.4.1.1.38 Each brain region of the Pitt ADRC dataset was initially classified
independently without any feature selection, using all protein features in that dataset per region.
Models were then trained using the Emory, ROSMAP, MSBB-Bai, and MSBB-Full datasets, and
each was tested in the Pitt ADRC dataset, as shown in Figure 5.1. For each training set, the
proteins that were common with the Pitt ADRC test dataset were first identified. XGBoost was
then used to select protein features that differentiated AD and CN groups based on feature
importance score. These selected features were then used to build a separate XGBoost model for
each brain region to classify AD vs CN from the Pitt ADRC dataset using the same parameters
as were used initially in the feature selection step. In this second round of XGBoost, each sample
was classified using a leave-one-out cross validation to minimize overfitting. From each training
dataset, different numbers of protein features, from 2-20 (or the maximum number of features
selected if < 20), were used to classify the Pitt ADRC dataset. Area under the receiver-operator
curve (AUC) values were calculated for each number of features using the R package pPROC*
for classification of AD and CN groups in the full dataset. Additionally, AUC values were
calculated specifically only within African American/Black and only within non-Hispanic White
groups. The optimal number of protein features for each dataset, determined by the highest
summed AUCs for African American/Black and non-Hispanic White groups, was evaluated

across datasets and regions (Table 5.2).
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Table 5.2. Optimal number of protein features selected from each training dataset.

Number of protein features

Training dataset Hippocampus IPL GP
Emory 7 7 8
ROSMAP 6 2 14
MSBB-Bai 5 2 10
MSBB-Full 5 4 2

40ptimal number of protein features selected for each dataset and Pitt ADRC test set region,
which had the highest summed AUC from African American/Black and non-Hispanic White
groups (see Section 5.2.2). Abbreviations: IPL, inferior parietal lobule; GP, globus pallidus;
ROSMAP, Religious Orders Study and Rush Memory and Aging Project; MSBB, Mount Sinali
Brain Bank; AUC, area under the receiver-operator curve; Pitt ADRC, University of
Pittsburgh Alzheimer Disease Research Center.
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5.3 Results

Machine learning was used to classify AD and CN groups from available proteomics
datasets of postmortem brain tissue in AD. Five datasets were selected for machine learning
analyses, all of which used TMT for relative quantification of proteins and included individuals
of African American/Black racial backgrounds (Figure 5.1). These datasets varied in size from
N = 20-318 total samples and the proportion of African American/Black adults ranged from ~1-
45% (Table 5.1). Fewer samples were included from other racial groups including Hispanic,
Native American/other Pacific Islander, and American Indian/Alaska Native. The number of
proteins quantified across datasets also encompassed a wide range, from ~1,800 to > 10,000
proteins, depending on the proteomics methodologies used for sample preparation and data
acquisition. Across the training datasets, a total of 13,849 proteins were quantified, with
approximately half of these in common across all four datasets (N = 6,655; Figure 5.2A).
Similar overlap was observed across the three brain regions within the Pitt ADRC test set (see
Chapter 3 Figure 3.1c). Importantly, 98.8% of the proteins in the test dataset were also
identified across the training sets (N = 1,780; Figure 5.2B), showing that most of these protein

features were able to be used for feature selection (see Section 5.2.2).

5.3.1 Results from optimization of feature selection

We first evaluated whether AD and CN groups in the Pitt ADRC set could be classified
using all of the protein features in this dataset, without selecting any features within this or other
datasets. Without feature selection, classification of AD and CN groups resulted in higher AUCs
in non-Hispanic White adults than African American/Black adults, averaging 0.80 and 0.67

across regions, respectively. Classification for the Pitt ADRC IPL set is shown in Figure 5.3.
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Figure 5.3. Classification of Pitt ADRC test dataset without feature selection. Bar graph of
AUC:s for classification of AD and CN groups in the Pitt ADRC IPL dataset using all protein
features in the Pitt ADRC set (no feature selection). Abbreviations: AUC, area under the
receiver-operator curve; AD, Alzheimer’s disease; CN, cognitively normal; Pitt ADRC,
University of Pittsburgh Alzheimer Disease Research Center; IPL, inferior parietal lobule.
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We then tested whether selecting the top N features (i.e. 2-20) that best classified AD and CN
groups in the training datasets could improve discrimination of AD and CN groups in the Pitt
ADRC dataset. We evaluated the AUCs resulting from each classification (data not shown) to
determine the optimal number of features (Table 5.2) from each dataset to classify each region
of the Pitt ADRC dataset. Feature selection resulted in an overall improvement in classification
of AD and CN groups in the Pitt ADRC test dataset compared to the model without feature
selection (data not shown). These improvements were evident across racial groups, whereas
without feature selection, the model clearly performed better in non-Hispanic White than African
American/Black groups. Choosing the optimal number of protein features with the best
performance in each dataset and region resulted in improved classification of AD and CN groups

in the Pitt ADRC dataset.

5.3.2 Comparison of classification results across brain regions

Protein features selected from all of the training datasets in this study were able to
distinguish AD and CN groups regardless of racial background in the three brain regions from
the Pitt ADRC test dataset (Figure 5.4). Overall AUCs from all three regions fell within the
0.80-1 range. By region, classification was the best in IPL from all datasets, with overall AUCs
of 0.94-0.96. Notably, classification in the GP was the least consistent across racial groups and
training datasets. Given that the training datasets were not all from the same brain region and
were not from the same regions as those in the test dataset, we evaluated trends in the
performance of the training datasets by brain region. We did not observe any effects of the
training dataset brain region on performance, as AUCs were similar across the four training

datasets for each test dataset brain region (Figure 5.4). This supports that machine learning
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Figure 5.4. Overall AUCs for classification of Pitt ADRC test dataset across brain regions.
Bar graph showing AUCs for overall classification of AD and CN groups (no stratification by
racial groups) in each region of the Pitt ADRC test dataset using the optimal number of features
from each training dataset. Bar colors indicate the brain region of each training dataset: DLPFC
datasets are shown in shades of blue (Emory and ROSMAP) and PHG datasets are shown in
shades of green (MSBB-Bai and MSBB-Full). Abbreviations: AUC, area under the receiver-
operator curve; IPL, inferior parietal lobule; GP, globus pallidus; DLPFC, dorsolateral prefrontal
cortex; PHG, parahippocampal gyrus; ROSMAP, Religious Orders Study and Rush Memory and
Aging Project; MSBB, Mount Sinai Brain Bank; Pitt ADRC, University of Pittsburgh Alzheimer
Disease Research Center; AD, Alzheimer’s disease; CN, cognitively normal.
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models can successfully use brain proteomics datasets from different brain regions to distinguish

AD and CN groups in datasets of similar or differing brain regions.

5.3.3 Comparison of classification results across racial groups

In addition to distinguishing AD and CN groups in general, the optimal protein features
selected from the four training datasets were also able to make this distinction between race-
stratified AD and CN groups (Figure 5.5). This is important to note given that the Pitt ADRC
test dataset was composed of a larger proportion of African American/Black adults (45%) than
the training datasets (~1-12%). We did not observe an impact of proportion of African
American/Black adults in the training datasets on classification performance, i.e. the ROSMAP
dataset did not classify African American/Black AD and CN groups worse than the other
datasets even though it had the smallest proportion of African American/Black adults. However,
classification of race-stratified groups did not show consistent trends across regions, though most
race-stratified AUCs ranged between 0.80-1. For example, all datasets classified non-Hispanic
White groups with higher AUCs in IPL (Figure 5.5B), while most datasets classified African
American/Black groups with higher AUCs in hippocampus (Figure 5.5A). Our work emphasizes
the importance of including individuals from different racial backgrounds in proteomics and
machine learning analyses and highlights the need for additional studies to further evaluate

classification performance across racial groups.

5.4 Discussion

Many existing proteomics datasets of postmortem brain tissue in AD have included

primarily individuals of non-Hispanic White racial background.'**° In this study, we applied
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Figure 5.5. Classification of Pitt ADRC test dataset across racial groups. Bar graphs showing
AUCs from classification of AD and CN groups within African American/Black and non-
Hispanic White adults in the Pitt ADRC test dataset regions of (A) hippocampus, (B) IPL, and
(C) GP using each training dataset. The optimal number of selected protein features from each
training dataset was used for classification of the Pitt ADRC test dataset. AUCs for classification
of African American/Black and non-Hispanic White AD and CN groups are shown in red and
blue bars, respectively. Abbreviations: AUC, area under the receiver-operator curve; ROSMAP,
Religious Orders Study and Rush Memory and Aging Project; MSBB, Mount Sinai Brain Bank;
IPL, inferior parietal lobule; GP, globus pallidus; Pitt ADRC, University of Pittsburgh Alzheimer
Disease Research Center; AD, Alzheimer’s disease; CN, cognitively normal.
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machine learning to identify protein features from existing, primarily non-Hispanic White brain
proteomics datasets and tested whether they could accurately classify AD and CN groups in a
more diverse cohort including African American/Black adults. We first optimized protein feature
selection and then evaluated performance of optimal features from each training dataset in
classifying AD and CN groups across brain regions and racial groups of our test dataset.
Selecting top protein features that discriminated AD and CN groups from four different
training datasets*+*> 1% 4 improved overall classification of AD and CN individuals in the Pitt
ADRC multi-regional (hippocampus, IPL, and GP) test dataset.?° Optimizing the number of
features selected from each dataset enabled the best possible classification from the models,
which would not have been the case if the same number of features had been selected across
datasets and brain regions. This analysis highlights the importance of the feature selection step in
AD machine learning analyses to provide the best model for classifying AD and CN groups.
When evaluating the classifications using the optimal protein features selected across
training datasets and brain regions, this study showed differences in classification of AD and CN
groups across the three regions of the Pitt ADRC test set. Notably, the highest overall AUCs and
therefore best AD and CN classification were achieved in IPL, which was consistent across
datasets (Figure 5.4). We expected consistent high performance of the classification to also
occur in hippocampus, due to its extensive involvement in AD pathology.?'2% 454 However, the
AUCs in hippocampus ranged from 0.80-0.89 and was less consistent than IPL. IPL is also
involved in memory function®- and is affected by both amyloid and tau pathology during mild
cognitive impairment (MCI) and AD.5%-%° On the other hand, classification of AD and CN groups

in GP was more inconsistent compared to hippocampus and IPL. This is likely due to the lack of
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AD pathology in this region, suggesting that the proteomic changes observed in this region are
not as useful to distinguish AD and CN groups.

Previous proteomics studies, including the Pitt ADRC study described in Chapter 3,
have shown that differentially-expressed proteins in AD are largely region-specific, with only a
small proportion of shared changes across multiple regions.?® 249 These findings would suggest
that training and testing models across different brain regions may not be an effective strategy to
classify AD and CN groups. However, in this study we selected protein features that distinguish
AD and CN groups in two different brain regions (DLPFC and PHG) and found that they were
also able to successfully classify AD and CN groups in a test dataset derived from three different
brain regions (hippocampus, IPL, GP). Though the brain regions differed, over 98% of the
proteins in the Pitt ADRC test dataset were also identified in the training datasets (Figure 5.2B).
We observed that all four training datasets, regardless of region, resulted in similar overall
classifications of the Pitt ADRC set (Figure 5.4). Furthermore, the two PHG training datasets
(MSBB-Bai and MSBB-Full) did not classify hippocampus with higher AUCs than IPL and GP,
despite the physical proximity of PHG and hippocampus and their shared involvement in
memory.%-62 Therefore, we do not believe that training and testing datasets derived from
different brain regions negatively affected model performance in this study. Additionally, others
have shown that modules of differentially-expressed proteins in AD brain are largely conserved
across multiple cohorts and brain regions.** © In fact, the identification of protein features that
distinguish AD and CN groups across multiple brain regions could result better potential targets
to follow up in more accessible biofluids (e.g. plasma or urine). Future studies could train and

test machine learning models in datasets from the same brain regions; however, the ability to
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accomplish this is currently limited by the lack of diversity in racial background and brain
regions studied in existing AD brain proteomics studies.

We have demonstrated in this study that protein features selected from datasets
containing mostly non-Hispanic White adults (~79-99%) are able to distinguish AD and CN
groups in a more diverse cohort (45% African American/Black; Figure 5.5). These models led to
race-stratified AUCs that mainly ranged between 0.80-1, though classification of AD and CN
groups was not consistent across racial groups and regions. In IPL, non-Hispanic White AD and
CN groups were consistently classified with higher AUCs than African American/Black groups,
while in hippocampus, three out of four training datasets classified African American/Black AD
and CN groups with higher AUCs. No clear trend emerged across racial groups in GP, consistent
with lack of pathology and low discrimination performance in this region. Interestingly, there
was also no apparent association between proportion of African American/Black adults in the
training dataset and the model performance in African American/Black AD and CN groups in the
test dataset.

Overall, the optimal protein features from the training datasets had positive performance
in both African American/Black and non-Hispanic White groups, resulting in AUCs ranging
from 0.67-1 and 0.72-1, respectively. The primary limitations of this study are the small sample
size and dataset size of the test cohort, which led to inconsistencies in classification by racial
group. The gquantified proteins from the Pitt ADRC set in this study were only ~16-21% of the
quantified proteins from the training datasets, likely due to differences in sample preparation and
data acquisition, which have been discussed in both Chapters 3-4. The smaller size of the test
dataset significantly limited the protein features that could be matched between the training and

test datasets and thus considered for feature selection. Therefore, it is possible that larger test
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datasets would yield additional or different top features to differentiate AD and CN groups.
Determining how these training datasets (Emory, ROSMAP, and MSBB) perform across
additional larger test datasets will be an important next step for this work. Larger, and more
diverse datasets could also enable feature selection that achieves high performance in all
individuals, regardless of racial background. This study provides initial evidence that proteins
distinguishing AD and CN groups in primarily non-Hispanic White adults can also classify AD
and CN groups in a more diverse cohort. However, whether this classification is equally accurate

across racial groups requires further investigation.

5.5 Conclusions

Machine learning approaches offer unique advantages to analyze proteomics datasets and
further pull out the most important proteins that allow discrimination of sample groups by
disease state. Proteomics has been extensively used to characterize the AD brain; however, many
of these studies have primarily included non-Hispanic White adults and thus knowledge of
proteomic changes due to AD in other racial and ethnic groups is quite limited. In this study, we
used machine learning to analyze existing brain proteomics datasets in AD that included mainly
non-Hispanic White adults to identify proteins that discriminated between AD and CN groups.
We demonstrated proteins that successfully classified AD and CN groups in an additional, more
diverse dataset across different brain regions, and that these selected proteins resulted in
improved classification of AD compared to use of all the protein features in a dataset.
Furthermore, selected protein features were able to distinguish AD and CN groups amongst both
African American/Black and non-Hispanic White adults overall. However, further investigation

into the impact of racial group on classification of AD and CN groups is necessary. Use of
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proteomics and machine learning methods in larger, more diverse cohorts in the future will

further elucidate the best protein features to classify AD for everyone.
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CHAPTER 6

Conclusions & Future Directions

6.1 Conclusions

In this dissertation, proteomics techniques were applied in a human cell line and
postmortem brain tissue to study racial disparities in Alzheimer’s disease (AD), specifically in
African American/Black adults. In Chapter 2, we used discovery-based proteomics to
investigate the impact of a mutation in the phospholipid-transporting ATPase ABCA7 (ABCA7)
gene that is associated with AD risk in African American/Black adults. An empty vector, wild-
type ABCA7, and ABCA7 variant rs3752232, which encodes a threonine to alanine substitution
at amino acid 319 (T319A), were expressed in human embryonic kidney (HEK) 293 cells and
analyzed using proteomics, in order to determine the impact of this mutation on the cellular
proteome. The results from our proteomics experiments, in combination with other structural and
localization analyses, show that the T319A mutation has subtle structural and downstream
proteomic effects and highlight the importance of such studies for understanding the functional
impacts of genetic variants associated with AD.

In Chapters 3-4, we used discovery-based proteomics to study postmortem brain tissue
from African American/Black and non-Hispanic White adults who were cognitively normal
(CN) or diagnosed with AD. Our analysis of three brain regions (hippocampus, inferior parietal
lobule (IPL), and globus pallidus (GP)) from a pilot cohort in Chapter 3 revealed that proteomic
changes in AD were mostly brain region-specific. Many novel protein changes in AD were

identified as these studies included IPL and GP regions, about which previous studies have been
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limited. Furthermore, racial background was significantly associated with protein levels for a
smaller subset of proteins that were differentially expressed in AD in at least one racial group.
This pilot study highlights the need to include diverse groups in AD research to better understand
AD pathogenesis at the molecular level. To further investigate these changes in a slightly larger
cohort, we utilized an improved discovery-based proteomics workflow in Chapter 4 in a second,
independent biracial cohort to analyze the IPL region. Analytical improvements in our
proteomics analysis of this cohort yielded approximately four times the brain proteome coverage
compared to the analysis in Chapter 3. We also identified many novel differentially-expressed
proteins in AD in this study, likely related to the cohort diversity and prior proteomics studies of
this region being few. As in Chapter 3, we observed a subset of proteins significantly associated
with race and diagnosis of AD and race-specific patterns of change, most of which were unique
to this cohort. Importantly, we found that covariates beyond race such as education are also
associated with protein changes in AD, highlighting the importance of diversity across racial
background and other factors in future studies of AD. In Chapter 5, machine learning was used
across existing brain proteomics datasets, containing mostly non-Hispanic White adults, to test
whether a small subset of proteins that best distinguished AD and CN groups in non-Hispanic
White adults performed as well in a diverse cohort described in Chapter 3. These analyses
showed that the selected proteins were able to differentiate between AD and CN groups across
cohorts and brain regions, although with inconsistencies in performance outcomes across racial
groups that require additional investigation. Taken together, this dissertation work emphasizes
that diversity and inclusion in all types of AD studies is essential to further understand the

disease at the molecular level and to particularly further our understanding of racial disparities.
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6.2 Future Directions

6.2.1 Studying genetic risk factors in AD

In Chapter 2 of this dissertation, we described the structural and functional impact of an
ABCA7 mutation associated with African American/Black adults in a HEK 293 cell model
system, which provided insight into general downstream effects of this mutation in cells. Further
study of this mutation in other cell models that may be more representative of the brain
environment such as neuronal cell lines and under conditions similar to AD (i.e., in the presence
and absence of amyloid-beta (AB) peptides) can provide additional information specific to brain
that may be more informative for AD pathogenesis. Furthermore, a recent study developed
induced pluripotent stem cells from the blood of African American/Black adults with AD that
had an ABCA7 mutation and from matched CN individuals, which were then differentiated into
cortical neurons and microglia.} This strategy provided insights into the effects of this mutation
in a cell model specifically with African American/Black background in AD, and allowed the
impact of this mutation on AP production in neurons and on AP clearance and phagocytic
functions in microglia to be probed, a benefit of producing both neurons and microglia from the
iPSCs. A similar approach could be valuable to study the T319A variant since this variant is also
particularly associated with AD risk in African American/Black adults.

Our findings also suggest the importance of monitoring lipid levels in future studies of
this ABCAY variant, specifically phosphatidylinositol (4,5)-bisphosphate (PIP2) and other lipids
in the PIP2 pathway such as phosphatidylinositol 5-phosphate (P15P) and diacylglycerol (see
Chapter 2 Figure 2.10). Potential differences in the PIP, pathway between wild-type ABCA7

and the T319A variant were implicated by both structural and proteomics analyses. These lipid
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levels could be measured using either targeted or untargeted lipidomics approaches, both of
which are effective to measure these lipid classes as shown by our laboratory previously.®
Lipidomics approaches would complement proteomics analyses and be useful to determine if
ABCAT7’s lipid metabolism and transport functions are affected by this mutation. These types of
studies are also necessary to determine the downstream impact of other ABCA7 mutations at the
molecular level that may contribute to AD risk in African American/Black adults and to racial

disparities in AD.

6.2.2 Racial disparities and the AD brain

In Chapters 3-4 of this dissertation, discovery-based proteomics was applied to study
postmortem brain tissue in diverse cohorts composed of African American/Black and non-
Hispanic White adults who were CN or whom had AD. From these studies, we identified groups
of differentially-expressed proteins in AD and additional subsets of proteins that had race-
specific changes in AD. Further proteomic characterization of AD brain across larger diverse
cohorts is necessary to determine whether the protein changes observed in these initial analyses
are robust and generalizable to other cohorts. Increased sample sizes are required to account for
differences in demographic factors such as education and comorbidities that may differ across
sample groups. In our studies, there were differences across groups that we could not account for
due to the limited statistical power of our small sample sizes, which could impact the protein
differences observed across groups in AD. We showed in Chapter 4 that covariates such as
education (measured by years of education) and body mass index (BMI) were associated with
protein changes in AD in a subset of proteins. Others have shown that accounting for measures

of education quality attenuated racial differences in cognitive performance between African
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American/Black and non-Hispanic White adults, beyond accounting for years of education.*® In
addition to education quality, early-life measures of socioeconomic status’ and education,®
parental education levels,® and measures related to lifetime experience of stress and adversity%-
may additionally contribute to racial differences and should be considered across groups.
Including covariates such as these that may differ across groups will be important when
determining differentially-expressed proteins in future studies to ensure that the identified
proteomic differences in AD are robust and reproducible across cohorts.

Studies that focus on characterizing proteomic changes in AD solely within African
American/Black groups could be valuable to further understanding of AD pathogenesis within
this racial group. Though comparison studies between African American/Black and non-
Hispanic White adults can be informative, they do not consider the variability within either
group and can be limited in statistical power when the number of samples is not the same across
groups.*? Characterization of proteomic changes in AD across multiple brain regions in African
American/Black adults would be extremely beneficial to provide insight into molecular changes
in AD brain. Previous studies have inconsistently observed neuropathological differences
including white matter hyperintensities, Lewy bodies, and presentation of AD in combination
with these pathologies between African American/Black and non-Hispanic White adults across
different cohorts.*®>*® These findings suggest that heterogeneity in AD-related changes within
racial groups may affect observed differences across groups and highlight the importance of
investigations focusing within a specific racial group. Additional brain regions of interest for
future studies include middle temporal gyrus (Brodmann area 21), which is involved in language,
semantic memory processing, and visual perception including facial recognition. Racial

differences in markers of inflammation and neurodegeneration have been previously identified in
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this brain region using immunoassays,*®?° suggesting that analysis of this brain region using
discovery-based proteomics could reveal other proteins with different changes in AD across
racial groups. The dorsolateral prefrontal cortex (DLPFC) could also be interesting to study
given its roles in executive functions such as working memory and decision making, which are
affected later in AD. Furthermore, the DLPFC has been shown to be affected by severe stress,?*
relating this brain region to some of the psychosocial factors that contribute to racial disparities
in AD, particularly among African American/Black adults.???°

By comprehensively characterizing proteomic changes across multiple brain regions in
African American/Black adults, this ideal study would advance understanding of molecular
contributions to AD risk in African American/Black adults and racial disparities. The findings
from this study could later be compared to the plentiful existing research in primarily non-
Hispanic White adults. It is important to note that the work throughout this dissertation has
focused on AD risk in African American/Black adults, but characterization of molecular changes
within other racial groups that have been underrepresented in AD research, such as individuals of
various Hispanic/Latino, Asian, and Native American backgrounds,?®2° are also necessary for
more complete understanding of AD pathogenesis across the entire population.

Machine learning can be used to evaluate classification of AD and CN individuals across
racial groups using data derived from AD brain proteomics datasets. In Chapter 5, we have
demonstrated that brain proteins that distinguish AD and CN groups in proteomics datasets
containing mostly non-Hispanic White participants were also able to classify these groups in a
more diverse cohort, our dataset from Chapter 3. We also observed that classification was not
consistent across racial groups, likely due to the small sample size and relatively low number of

proteins identified in the test dataset from Chapter 3, which may have limited the protein

180



features that were identified during the feature selection step. Therefore, testing machine learning
model performance on additional diverse datasets will be important to determine whether the
trends observed in our initial machine learning analyses are consistent and generalizable across
cohorts. The dataset from Chapter 4 is currently the only additional brain proteomics dataset
from a diverse cohort to our knowledge that could be incorporated as an additional test dataset.

In the future, our laboratory will also be analyzing other brain regions from the same cohort,
which could be useful for machine learning analyses as well, given our results showing
successful classification of AD and CN groups across brain regions.

Furthermore, it will also be important to understand whether protein changes in AD brain
are associated with other factors contributing to racial disparities. Molecular differences in
plasma proteins have been previously identified between African American/Black and non-
Hispanic White adults that may be related to allostatic load, to which various psychosocial risk
factors contribute (Chapter 1 Section 1.1.1). Connections between the small groups of proteins
with significant race x diagnosis interactions and race-specific changes in AD identified in
Chapters 3-4 and other contributors to racial disparities could be investigated. Factors of interest
that have been previously implicated in racial disparities include education, comorbidities
including hypertension and diabetes, and BMI. Furthermore, including the additional factors that
have been linked to AD risk in African American/Black adults beyond simply years of education
would also be important in such studies where this information is available, as discussed above.
Analyses such as these could identify potential links between different contributors to racial
disparities, i.e. between molecular contributors and comorbidity or socioeconomic contributors.

Finally, all of the studies described in Chapters 3-5 of this dissertation have used

proteomics to understand the impact of AD in postmortem brain tissue. While these studies are
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important to fundamental understanding of AD pathogenesis, particularly given that proteomic
changes within various racial groups and brain regions in AD have not yet been well
characterized, the eventual translation of findings from these studies into more accessible
biological samples such as cerebrospinal fluid (CSF), plasma, or urine that can be analyzed
antemortem would be essential for clinical relevance. Measuring potential target brain proteins
from these studies would be particularly useful in CSF given the ability of CSF to provide
information about conditions in the brain. Racial differences in various tau®’ 332 and other3334
markers have also been recently reported, suggesting the potential utility in this biofluid for
further investigation of racial disparities. However, acquiring CSF from diverse cohorts has
known obstacles stemming from fear and negative perceptions of the lumbar puncture procedure
and potential adverse effects, historical mistreatment in research, and mistrust of the research
community.>% Various research centers have been working to overcome these barriers and
increase diverse representation in CSF sample collection for these studies through community
relationships, education, and communication,®” which have successfully more than doubled the

rates of CSF donation amongst diverse participants in some cases.®
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APPENDIX B

Supplementary Information for Chapter 2

Data B2.1. Processing of proteomics data. This appendix data file can be accessed in the
supplementary material in the online version of this dissertation, in the Excel file Supplementary
Data B2.1.
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Table B2.1. TMT'%plex channel assignments.

TMT Channel Sample
126 WT1
127N T319A1

127C EV1
128N WT2
128C --
129N Pool
129C --
130N --
130C T319A2
131 EV2
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Table B2.2. Differentially-expressed proteins in EV, WT, and T319A cells.

- Average Reporter lon Intensities® EV vs. WT EV vs. T319A WT vs. T319A
Accession .
a Protein Name PSMs p- T319A/
Number EV WT T319A  WT/EV® p-Valued T319A/EVE . A p-valued
Value WT

Procollagen-lysine,2-

000469  oxoglutarate 5- 7 265814 389082 299772 1.46 0.040 1.13 0.29 0.77 0.085
dioxygenase 2

000541  Pescadillo homolog 39 2171222 2631201 2108376 121 0.046 0.97 0.60 0.80 0.017

014654 L”S”"” feceptor substrate yo  yg3g705p 34213935 27727388 1.21 0.0079 0.98 0.34 0.81 0.0012
Interferon-induced
protein with

014879 . . 234 19248458 50355833 22066102 2.62 0.0029 1.15 0045  0.44 0.0031
tetratricopeptide repeats
3
Ubiquitin/ISG15-

014933  conjugating enzyme E2 9 524824 1180179 526361 2.25 0.0077 1.00 0.97 0.45 0.010
L6

015162 EhOSpho"p'd scramblase ¢ 374079 506902 399412 1.36 0.065 1.07 0.54 0.79 0.012

015182  Centrin-3 7 424335 541574 415666 1.28 0.0079 0.98 0.68 0.77 0.015
Trafficking protein

043617  particle complex subunit 52 2534455 3102133 2533517 1.22 0.0090 1.00 0.99 0.82 0.0019
3

060637  Tetraspanin-3 34 24339138 31591470 24414275 1.30 0.010 1.00 0.75 0.77 0.010

060828 Efo'ig'r]“tlam'“e'b'”d'“g 10 3926191 4974132 4149268 1.27 0.0079 1.06 0076  0.83 0.0076

o7s475  CAand SFRS1- 103 28982143 23639192 23291462  0.82 0.039 0.80 0072 081 0.99
interacting protein

o7s794  Cell division cycle 8 952422 1557067 1204876 163  0.00067 1.27 00086  0.77 0.0060
protein 123 homolog
Probable cytosolic iron-

076071  sulfur protein assembly 8 480583 585078 482474 1.22 0.013 1.00 0.94 0.82 0.050
protein CIAO1

Ogs7ge  AAntiviralinnate immune 4, 2384191 4658088 2504299 1.95 0.0035 1.05 0.41 0.54 0.0037
response receptor RIG-I
HLA class |

P01889  histocompatibility 69 2680576 3710899 2978494 1.38 0.043 1.11 0.31 0.80 0.059

antigen, B alpha chain
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Table B2.2 (continued)

P03243

P04439

P04818
P05161
P07951
P08243

P08962
P09104

P09543

P09651

P09913

P09914

PODJO7

P10109

P10321

P12004
P13987

E1B 55 kDa protein

HLA class |
histocompatibility
antigen, A alpha chain
Thymidylate synthase
Ubiquitin-like protein
ISG15

Tropomyosin beta chain

Asparagine synthetase
[glutamine-hydrolyzing]
CD63 antigen
Gamma-enolase
2',3'-cyclic-nucleotide 3'-
phosphodiesterase
Heterogeneous nuclear
ribonucleoprotein Al
Interferon-induced
protein with
tetratricopeptide repeats
2

Interferon-induced
protein with
tetratricopeptide repeats
1

Protein PET100
homolog, mitochondrial
Adrenodoxin,
mitochondrial

HLA class |
histocompatibility
antigen, C alpha chain
Proliferating cell nuclear
antigen

CD59 glycoprotein

579

74

22
172
505
168

34
474

146

932

174

193

18

84

477
10

258997818

8595346

1586050
52229448
2594274
15203035

13608045
5638356

11852881

236020846

10635851

14445646

630796

1612254

877612

185111671
1892139

183743720

14821952

2271072
95983145
2124258
19774300

18694789
6529154

14567803

195272768

34695976

40948534

783705

1957764

1421364

293525308

2422236

258429462

9156932

1660072
56403357
2617818
16493136

14152063
5289904

12113051

209214914

11771546

16869138

662707

1694816

971409

214313786
2037805

190

0.71

1.72

1.43
1.84
0.82
1.30

1.37
1.16

1.23

0.83

3.26

2.83

1.24

1.21

1.62

1.59
1.28

0.10

0.0050

0.011

0.011

0.014
0.00036

0.0086
0.061

0.028

0.0044

0.0025

0.0020

0.014

0.0071

0.0026

0.015
0.016

1.00

1.07

1.05
1.08
1.01
1.08

1.04
0.94

1.02

0.89

1.11

1.17

1.05

1.05

1.11

1.16
1.08

0.99

0.18

0.15

0.28

0.87
0.0015

0.073
0.25

0.38

0.012

0.094

0.041

0.53

0.13

0.010

0.031
0.23

1.41

0.62

0.73
0.59
1.23
0.83

0.76
0.81

0.83

1.07

0.34

0.41

0.85

0.87

0.68

0.73
0.84

0.030

0.0040

0.011
0.0081
0.058

0.00066

0.011
0.022

0.030

0.037

0.0025

0.0019

0.12

0.011

0.0036

0.025
0.071



Table B2.2 (continued)

P15104
P15880

P15924
P16278
P16401

P18077

P18124

P18621

P19474

P19525

P20591
P21333

P22626

P23381

P23396

P23921

P24666

P26373

Glutamine synthetase
40S ribosomal protein
S2

Desmoplakin

Beta-galactosidase

Histone H1.5

60S ribosomal protein
L35a

60S ribosomal protein
L7

60S ribosomal protein
L17

E3 ubiquitin-protein
ligase TRIM21
Interferon-induced,
double-stranded RNA-
activated protein kinase

Interferon-induced GTP-

binding protein Mx1
Filamin-A
Heterogeneous nuclear
ribonucleoproteins
A2/B1
Tryptophan--tRNA
ligase, cytoplasmic
40S ribosomal protein
S3

Ribonucleoside-
diphosphate reductase
large subunit

Low molecular weight

phosphotyrosine protein

phosphatase

60S ribosomal protein
L13

16
639

125
23
419

239

585

420

26

163

102
5063

1218

300

1128

193

68

375

817208
369526710

4726920
1589877
506167

121951663

340933976

263549253

519348

7415881

6093209
2090337170

1352258335

36996826

447090494

12119415

9820670

251306589

1191254
459991009

5941083
1963570
1046421

160286542

448112827

332748724

730076

10089692

14933945
1819658970

1085170565

63207811

586702039

15596485

12756708

333604607

812672
406236394

4610970
1585157
460562

130745603
376586380
281819668

549655

7521380

6048078
2214552673

1203983296

37116679

490781900

12360616

9561422

272568144

191

1.46
1.24

1.26
1.24
2.07

131

1.31

1.26

1.41

1.36

2.45
0.87

0.80

1.71

1.31

1.29

1.30

1.33

0.011
0.010

0.039
0.10
0.00057

0.00066

0.0012

0.0033

0.017

0.00060

0.0014
0.024

0.033

0.0019

0.0017

0.019

0.0015

0.0050

0.99
1.10

0.98
1.00
0.91

1.07

1.10

1.07

1.06

1.01

0.99
1.06

0.89

1.00

1.10

1.02

0.97

1.08

0.30
0.009

0.65
0.97
0.16

0.20

0.050

0.082

0.30

0.27

0.91
0.10

0.0059

0.90

0.042

0.34

0.22

0.11

0.68
0.88

0.78
0.81
0.44

0.82

0.84

0.85

0.75

0.75

0.40
1.22

1.05

0.59

0.84

0.79

0.75

0.82

0.011
0.026

0.019
0.015
0.0011

0.024

0.013

0.016

0.025

0.00010

0.0010
0.0043

0.067

0.0010

0.0094

0.021

0.0015

0.015



Table B2.2 (continued)

P28340
P29590
P29728

P29966

P30876

P32189

P33316

P33552

P35221
P36578
P37268
P39019

P40429

P40763

P42224

P42766

P43155

DNA polymerase delta
catalytic subunit
Protein PML
2'-5'-oligoadenylate
synthase 2
Myristoylated alanine-
rich C-kinase substrate
DNA-directed RNA
polymerase Il subunit
RPB2

Glycerol kinase
Deoxyuridine 5'-
triphosphate
nucleotidohydrolase,
mitochondrial
Cyclin-dependent
kinases regulatory
subunit 2

Catenin alpha-1

60S ribosomal protein
L4

Squalene synthase
40S ribosomal protein
S19

60S ribosomal protein
L13a

Signal transducer and
activator of transcription
3

Signal transducer and
activator of transcription
1-alpha/beta

60S ribosomal protein
L35

Carnitine O-
acetyltransferase

41
57
31

154

19

59

131

155
774
43
560

379

18

486

143

4

82002
4538625
1807021

98139404

661046

2739232

20646992

1870701

6250780
340826255
2302175
223755765

138923747

624201

39103346

208715830

106537

96232
7199023
3758712

130907389

823318

3069148

25586800

2334140

7743999
433556582
2808883
325625525

180454754

897003

70105116

275195260

120317

76108
4784243
1823134

110078756

648326

2530434

21645617

1898740

6343272
378988863
2495911
257475088

151873954

671953

44526353

227914301

96382

192

1.17
1.59
2.08

1.33

1.25

1.12

1.24

1.25

1.24
1.27
1.22
1.46

1.30

1.44

1.79

1.32

1.13

0.12
0.0091
0.0018

0.016

0.042

0.061

0.038

0.032

0.012
0.0064
0.018
0.00066

0.00091

0.013

0.0034

0.0029

0.23

0.93
1.05
1.01

1.12

0.98

0.92

1.05

1.01

1.01
1.11
1.08
1.15

1.09

1.08

1.14

1.09

0.90

0.24
0.23
0.89

0.013

0.55

0.080

0.45

0.76

0.59
0.047
0.044
0.020

0.034

0.20

0.017

0.050

0.32

0.79
0.66
0.49

0.84

0.79

0.82

0.85

0.81

0.82
0.87
0.89
0.79

0.84

0.75

0.64

0.83

0.80

0.048
0.011
0.0022

0.037

0.045

0.027

0.018

0.058

0.0075
0.0085
0.044
0.0054

0.0091

0.012

0.0050

0.0084

0.050



Table B2.2 (continued)

Short/branched chain
specific acyl-CoA

P45954 dehydrogenase,
mitochondrial
PA5984 Mltogen—_actlvated
protein kinase 9
Proliferation marker
P46013 protein Ki-67
60S ribosomal protein
P46778 L1
60S ribosomal protein
P46779 128
P46781 ggs ribosomal protein
40S ribosomal protein
P46783 310
60S ribosomal protein
P49207 L34
P49643 DNA primase large
subunit
P49750 YLP _motlf-contalnlng
protein 1
P50225  Sulfotransferase 1A1
P51153 ?gs—related protein Rab-
P51617 Interlo_aukm—} receptor-
associated kinase 1
Ubiquitin carboxyl-
Po1784 terminal hydrolase 11
Signal transducer and
P52630  activator of transcription
2
P54920 Alpha-soluble N_SF
attachment protein
P61247 40S ribosomal protein
S3a
60S ribosomal protein
P61254 L26

39

17

154

262

197

657

291

225

33

6

84

661

151

2224654

3870267

10246023

166290731

157066056

410069923

90210132

165648491

608983

951711
4608369
200105

216168

117984

95651

3715585

272383354

177735338

2457870

4728581

11407252

220479635

202604102

562155163

115294284

220071769

713485

1106550
5569565
251172

178775

170808

175487

5118615

375692797

216325188

2009941

4021956
9245271
185886638
174144925
444040434
98623565
180953500
590058

911203
4227174
204494

189227

130436

84928

3734730

302178144

190491745

193

1.10

1.22

111

1.33

1.29

1.37

1.28

1.33

1.17

1.16
121
1.26

0.83

1.45

1.83

1.38

1.38

1.22

0.14

0.0041

0.086

0.0074

0.0073

0.0011

0.0086

0.0064

0.050

0.23
0.0047
0.037

0.028

0.015

0.020

0.037

0.000042

0.0033

0.90

1.04

0.90

1.12

1.11

1.08

1.09

1.09

0.97

0.96
0.92
1.02

0.88

1.11

0.89

1.01

1.11

1.07

0.035

0.42

0.12

0.064

0.037

0.092

0.0050

0.11

0.60

0.70
0.048
0.38

0.048

0.18

0.17

0.87

0.010

0.097

0.82

0.85

0.81

0.84

0.86

0.79

0.86

0.82

0.83

0.82
0.76
0.81

1.01

0.76

0.48

0.73

0.80

0.88

0.038

0.049

0.010

0.012

0.010

0.010

0.019

0.013

0.038

0.013
0.0063
0.041

0.069

0.0028

0.014

0.033

0.0016

0.021



Table B2.2 (continued)

P61313

P61353
P61768
P61927

P62081

P62241

P62244

P62249

P62263

P62266

P62269

P62277

P62280

P62424

P62701

P62750

P62753
P62805
P62829

P62841

60S ribosomal protein
L15

60S ribosomal protein
L27

Major prion protein
60S ribosomal protein
L37

40S ribosomal protein
S7

40S ribosomal protein
S8

40S ribosomal protein
S15a

40S ribosomal protein
S16

40S ribosomal protein
S14

40S ribosomal protein
S23

40S ribosomal protein
S18

40S ribosomal protein
S13

40S ribosomal protein
S11

60S ribosomal protein
L7a

40S ribosomal protein
S4, X isoform

60S ribosomal protein
L23a

40S ribosomal protein
S6

Histone H4

60S ribosomal protein
L23

40S ribosomal protein
S15

187

212
7
28

400

616

221

430

313

193

518

318

399

645

547

463

467
323
366

36

79136484

150452612
439738
38930140

232682359

100012960

211237340

190604458

103554944

141804930

277272928

198680897

225677353

272188330

311323588

176575250

217015052
225916896
78801164

6342018

96191972

197328084
569543
53668617

302328533

136487147

283295616

246893088

134931621

177423862

362860852

265651935

297041636

333000108

426079532

217513962

269118427
195045131
96023982

7962794

83073383

167426355
435173
43185190

250827886
110294740
238342396
204473242
112197325
152991067
298961983
214721755
248005011
297075486
341908085
192387205

234748632
261151254
84503081

7063438

194

1.22

131
1.30
1.38

1.30

1.36

1.34

1.30

1.30

1.25

1.31

1.34

1.32

1.22

1.37

1.23

1.24
0.86
1.22

1.26

0.020

0.0059
0.0013
0.0021

0.0012

0.0047

0.0032

0.00067

0.00054

0.0044

0.00073

0.0066

0.0087

0.021

0.00023

0.0016

0.0092
0.0079
0.019

0.026

1.05

1.11
0.99
1.11

1.08

1.10

1.13

1.07

1.08

1.08

1.08

1.08

1.10

1.09

1.10

1.09

1.08
1.16
1.07

1.11

0.066

0.052
0.85
0.082

0.081

0.062

0.025

0.077

0.016

0.025

0.049

0.11

0.017

0.017

0.017

0.016

0.084
0.0059
0.062

0.0055

0.86

0.85
0.76
0.80

0.83

0.81

0.84

0.83

0.83

0.86

0.82

0.81

0.83

1.06

0.80

0.88

0.87
1.34
0.88

0.89

0.033

0.0083
0.025
0.012

0.013

0.019

0.013

0.010

0.0017

0.011

0.0056

0.0073

0.015

0.12

0.0023

0.0085

0.0053
0.0017
0.050

0.063



Table B2.2 (continued)

P62847
P62851
P62857
P62861
P62899
P62906
P62910
P62913
P62917
P63173
P63208
P63220

P63244
P67809
P83731
P83881

P84098

P84243
Q00341

Q01581

40S ribosomal protein
S24

40S ribosomal protein
S25

40S ribosomal protein
S28

40S ribosomal protein
S30

60S ribosomal protein
L31

60S ribosomal protein
L10a

60S ribosomal protein
L32

60S ribosomal protein
L11

60S ribosomal protein
L8

60S ribosomal protein
L38

S-phase kinase-
associated protein 1
40S ribosomal protein
S21

Receptor of activated
protein C kinase 1

Y-box-binding protein 1

60S ribosomal protein
L24

60S ribosomal protein
L36a

60S ribosomal protein
L19

Histone H3.3
Vigilin

Hydroxymethylglutaryl-

CoA synthase,
cytoplasmic

245

395

261

45

290

309

149

212

270

145

173

145

891
289
245

116

317

131
278

366

170359248

245775680

82871289

21298092

220230337

121896896

49051443

115718173

130364316

47467145

22213402

113590601

471888413
24157083
207066868
69899737

113304562

147082738
14693489

53848725

223867180

302779817

111741620

29888004

274581413

154273263

61320208

146136969

164916048

60544116

27796376

139443704

587926342
18343491
264881977
89018147

151145061

122965270
18204141

85534561

185544466
261169838
93064949
23710233
234317564
131211425
53234435
124923915
141215193
51593409
23606095
120015062

508593161

23591737
228457014

76887957

122445554

178056273
15287298

58991800

195

1.31

1.23

1.35

1.40

1.25

1.27

1.25

1.26

1.27

1.28

1.25

1.23

1.25

0.76
1.28

1.27

1.33

0.84
1.24

1.59

0.00011

0.0019

0.013

0.020

0.00054

0.00046

0.011

0.0012

0.0012

0.0013

0.021

0.0093

0.013
0.015
0.00084
0.011

0.0070

0.0016
0.0025

0.0030

1.09

1.06

1.12

1.11

1.06

1.08

1.09

1.08

1.08

1.09

1.06

1.06

1.08
0.98
1.10

1.10

1.08

1.21
1.04

1.10

0.0013

0.094

0.16

0.066

0.22

0.093

0.039

0.012

0.077

0.012

0.041

0.059

0.17
0.45
0.020
0.083

0.060

0.045
0.0077

0.011

0.83

0.86

0.83

0.79

0.85

0.85

0.87

0.85

0.86

0.85

0.85

0.86

0.87

1.29
0.86

0.86

0.81

1.45
0.84

0.69

0.00028

0.018

0.045

0.028

0.037

0.016

0.017

0.0015

0.019

0.0045

0.032

0.014

0.019
0.015
0.0074
0.0044

0.0059

0.015
0.0037

0.0042



Table B2.2 (continued)

Q02543

Q02878
Q03135
Q03519

Q07021

Q08380
Q08945
Q10589

Q13151

Q13428
Q13895

Q13907
Q14258
Q14BN4
Q14318

Q14978
Q15149
Q16666

60S ribosomal protein
L18a

60S ribosomal protein
L6

Caveolin-1

Antigen peptide
transporter 2
Complement component
1 Q subcomponent-
binding protein,
mitochondrial
Galectin-3-binding
protein

FACT complex subunit
SSRP1

Bone marrow stromal
antigen 2
Heterogeneous nuclear
ribonucleoprotein A0

Treacle protein

Bystin
Isopentenyl-diphosphate
Delta-isomerase 1

E3 ubiquitin/ISG15
ligase TRIM25

Sarcolemmal membrane-
associated protein
Peptidyl-prolyl cis-trans
isomerase FKBP8

Nucleolar and coiled-
body phosphoprotein 1

Plectin

Gamma-interferon-
inducible protein 16

254

525

865

250

91

12

230

223
83

149

213

127014903

244258270
195648
544631

14878561

41359518

18256401

491001

100581766

49624790
2340551

24999227

15903542

42486

594101

16641784
6788459
1177154

161552519

309934919

243008
877793

10616439

65114791

15641875

809172

77952342

64671277
2909882

32011820

21182325

38145

873485

35626661
8222967
1807235

139859446

274164834
202320
538053

13696354

42316861
19348250
495789

84817326

59062323
2401059

24743462
16748064
32260
629662

17157714
7262267
1186933

196

1.27

1.27
1.24
1.61

0.71

1.57

0.86

1.65

0.78

1.30
1.24

1.28

1.33

0.90

1.47

2.14
1.21
1.54

0.0034

0.00066
0.022
0.015

0.044

0.0063

0.21

0.0043

0.0080

0.0042
0.0058

0.0047

0.014

0.25

0.032

0.00018
0.047
0.0023

1.10

1.12
1.03
0.99

0.92

1.02

1.06

1.01

0.84

1.19
1.03

0.99

1.05

0.76

1.06

1.03
1.07
1.01

0.023

0.010
0.35
0.78

0.037

0.64

0.52

0.89

0.014

0.13
0.23

0.77

0.18

0.034

0.46

0.33
0.12
0.81

0.87

0.88
0.83
0.61

0.99

0.65

1.24

0.61

1.09

0.91
0.83

0.77

0.79

0.85

0.72

0.48
0.88
0.66

0.00023

0.0057
0.044
0.017

0.11

0.0018

0.0041

0.0078

0.045

0.26
0.0072

0.0081

0.020

0.10

0.018

0.00029
0.12
0.0011



Table B2.2 (continued)

1-phosphatidylinositol
Q4KWHS8  4,5-bisphosphate
phosphodiesterase eta-1

Programmed cell death
Q53EL6 protein 4

Q5EBL4  RILP-like protein 1
UMP-CMP kinase 2,

QSEBMO mitochondrial

60S ribosomal protein

L9

Sterile alpha motif

Q5K651  domain-containing

protein 9

Terminal

uridylyltransferase 4

Ribonuclease H2 subunit

B

ATP synthase

mitochondrial F1

Q5IFJ7

Q5TAX3

Q5TBB1

QSTCL2 complex assembly factor
1
E3 ubiquitin-protein
QB3HN8 ligase RNF213
60S ribosomal protein
QBDKIL ) 7 Jike 1
Caveolae-associated
QENZI2 protein 1
Q6PIG6 BRCA1-associated ATM
activator 1
Protein arginine
methyltransferase
Q7L592 NDUFAF7,
mitochondrial
Q7L9LA MOB kinase activator

1B

243

36

13

20

13

68

1683961

67441
87012
33925

43289927

526359

48138

219524

480745

160002

754822

448599

1050597

145399

5472020

2121504

93966
113169
55884

54434507

670424

45700

255625

566060

196930

1031619

612585

1500420

92621

7667773

1750474

62167
86015
30291

46375530

520961

38511

210447

458465

139296
933131
479036

1100528

77663

5764479

197

1.26

1.39
1.30
1.65

1.26

1.27

0.95

1.16

1.18

1.23

1.37

1.37

1.43

0.64

1.40

0.0079

0.020
0.05
0.020

0.012

0.0010

0.12

0.050

0.034

0.14

0.031

0.014

0.002

0.031

0.0076

1.04

0.92
0.99
0.89

1.07

0.99

0.80

0.96

0.95

0.87

1.24

1.07

1.05

0.53

1.05

0.18

0.016
0.83
0.11

0.14

0.65

0.0060

0.45

0.14

0.26

0.085

0.069

0.18

0.019

0.095

0.83

0.66
0.76
0.54

0.85

0.78

0.84

0.82

0.81

0.71

0.90

0.78

0.73

0.84

0.75

0.0084

0.014
0.032
0.013

0.042

0.0038

0.0055

0.014

0.015

0.032

0.19

0.025

0.0019

0.19

0.0093



Table B2.2 (continued)

Q7LBC6

Q86UV5

Q8IURD

Q8I1V08
Q8IYM9

Q8IZY2
Q8NBT2
Q8TCBO

Q8TDB6

Q8WXG1
Q92522

Q96923

Q96B36

Q96C36

Q96GX2
Q9BQE5

Q9BTE3

Q9BTZ2

Lysine-specific
demethylase 3B
Ubiquitin carboxyl-
terminal hydrolase 48
Trafficking protein
particle complex subunit
5

5'-3' exonuclease PLD3
E3 ubiquitin-protein
ligase TRIM22
ATP-binding cassette
sub-family A member 7
Kinetochore protein
Spc24
Interferon-induced
protein 44

E3 ubiquitin-protein
ligase DTX3L

Radical S-adenosyl
methionine domain-
containing protein 2
Histone H1x
Mitochondrial
amidoxime reducing
component 2
Proline-rich AKT1
substrate 1
Pyrroline-5-carboxylate
reductase 2
Ataxin-7-like protein 3B
Apolipoprotein L2
Mini-chromosome
maintenance complex-
binding protein
Dehydrogenase/reductas
e SDR family member 4

10

91

208

26

17

119

24

11

37

40

603775

99699

798422

7252137
266822

11982623

637718

287386

938572

634193

38509662

738561

1729601

736739

519511
4608958

2923397

2207276

732961

90035

967434

10014971
607143

24801709

785122

470325

1270336

1173935

54279752

968727

2111449

989240

671491
6110312

3347644

3221206

604310

81368

847399

7833166
296103

11320275

653072
329058

1032225

659097
41060672

802614

1780506

777854

547412
4477678

2720525

2331582

198

1.21

0.90

1.21

1.38
2.28

2.07

1.23

1.64

1.35

1.85

1.41

1.31

1.22

1.34

1.29
1.33

1.15

1.46

0.13

0.20

0.012

0.0051
0.0011

0.0018

0.018

0.011

0.011

0.00060

0.014

0.020

0.016

0.0093

0.0035
0.056

0.325

0.015

1.00

0.82

1.06

1.08
1.11

0.94

1.02

1.15

1.10

1.04

1.07

1.09

1.03

1.06

1.05
0.97

0.93

1.06

0.99

0.021

0.22

0.0052
0.11

0.12

0.42

0.14

0.15

0.17

0.45

0.29

0.51

0.047

0.15
0.61

0.57

0.51

0.82

0.90

0.88

0.78
0.49

0.46

0.83

0.70

0.81

0.56

0.76

0.83

0.84

0.79

0.82
0.73

0.81

0.72

0.027

0.27

0.038

0.0078
0.0020

0.0015

0.011

0.011

0.028

0.00068

0.026

0.042

0.054

0.012

0.014
0.040

0.038

0.012



Table B2.2 (continued)

Q9BUPO
Q9BZL1
Q9H6T3

Q9HAT7

Q9HB40
Q9HBM1

QIHBMS

QINPQ8
QINRVY

QINYF8
QINZT2
QINZZ3

Q9P2E9
Q9UBB4
Q9UBSS8

Qoull4
Q9ULC4
Q9UNF1

Q9Y314

EF-hand domain-
containing protein D1
Ubiquitin-like protein 5
RNA polymerase I1-
associated protein 3
Probable cysteine--tRNA
ligase, mitochondrial
Retinoid-inducible serine
carboxypeptidase
Kinetochore protein
Spc25

Transcription initiation
factor TFIID subunit 9B
Synembryn-A
Heme-binding protein 1
Bcl-2-associated
transcription factor 1
Opioid growth factor
receptor

Charged multivesicular
body protein 5
Ribosome-binding
protein 1

Ataxin-10

E3 ubiquitin-protein
ligase RNF14

E3 ISG15--protein ligase
HERC5

Malignant T-cell-
amplified sequence 1
Melanoma-associated
antigen D2

Nitric oxide synthase-
interacting protein

40

69

12

58
19

210

28

119

203
59

51

99

383782
1943432
327751

378506

685811

1262055

89141

40867036
1187883

49556731

344816

17612764

98053243
3229111
160467

2005353

305445

14158513

452401

567517
3414068
414856

439500

819240

1547904

99641

57063734
1341960

39886943

420733

22410996

146635214

4568163
175325

3571038

242956

17704583

573978

417408
2417254
336425

341485
659912
1283256

82398

45175289
1106115

48646124
339510
18105757

112279204
3352047
145304

2127477
297223
13633656

483111

199

1.48
1.76
1.27

1.16

1.19

1.23

1.12

1.40
1.13

0.80

1.22

1.27

1.50
141
1.09

1.78

0.80

1.25

1.27

0.0073
0.024
0.013

0.13

0.013

0.0018

0.20

0.0059
0.14

0.028

0.00062

0.0072

0.00022
0.00023
0.051

0.0092

0.11

0.0044

0.024

1.09
1.24
1.03

0.90

0.96

1.02

0.92

1.11
0.93

0.98

0.98

1.03

1.15
1.04
0.91

1.06

0.97

0.96

1.07

0.17
0.034
0.49

0.20

0.11

0.61

0.35

0.077
0.29

0.68

0.77

0.45

0.0065
0.22
0.11

0.0085

0.75

0.29

0.077

0.74
0.71
0.81

0.78

0.81

0.83

0.83

0.79
0.82

1.22

0.81

0.81

0.77
0.73
0.83

0.60

1.22

0.77

0.84

0.00059
0.044
0.0048

0.030

0.0060

0.017

0.0027

0.00029
0.046

0.012

0.035

0.0075

0.00088
0.0036
0.030

0.011

0.0038

0.0049

0.035



Table B2.2 (continued)

Hepatoma-derived

QIY3EL  growth factor-related 27 2937308 2135487 2146961 0.73 0.049 0.73 0078 101 0.95
protein 3

Q9Y3P9 Eﬁieﬂf ase-activating g 68370 89804 73633 131 0.015 1.08 022 082 0.026

Q9Y3U8 ﬁ%‘z ribosomal protein 108 35052414 44043740 36740936 126 0.000076 1.05 0.26 0.83 0.022

Deoxynucleoside
triphosphate

Qov3Z3 RO oiase 101 8505997 11088104 8536619 1.30 0.019 1.00 095 077 0.0044
SAMHD1

Q9Y5B9 gﬁ%gcomp'ex subunit 100 11003029 9118592 11357891 0.82 0.19 1.02 0.82 1.25 0.0066

Q9Y617 Zg}?ﬁg?&iﬂg&se 289 68393388 85016683 70074406 124  0.00065 1.02 0.16 0.82 0.0021

Qoveks 2 -0 -oligoadenylate 51 1860112 3566766 2059505 192 00028 111 0.23 0.58 0.0027

synthase 3

aThe accession number from the UniProt human database. "TMT reporter ion intensities averaged from workflow replicates of each cell type, Fold changes calculated using
average TMT reporter ion intensities for each cell type. Bold indicates fold changes < 0.83 and > 1.21. “Bold indicates p-value < 0.05. Abbreviations: PSMs, peptide
spectral matches; EV, empty vector; WT, wild-type; T319A, Thr to Ala mutation at amino acid 319.
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APPENDIX C
Supplementary Information for Chapter 3
Data C3.1. Processing of hippocampus data. This appendix data can be accessed in the
supplementary material in the online version of this dissertation, in the Excel file Supplementary

Data C3.1.

Data C3.2. Processing of IPL data. This appendix data can be accessed in the supplementary
material in the online version of this dissertation, in the Excel file Supplementary Data C3.2.

Data C3.3. Processing of GP data. This appendix data can be accessed in the supplementary
material in the online version of this dissertation, in the Excel file Supplementary Data C3.3.

Data C3.4. Protein list corresponding to hippocampus heatmap of differentially-expressed

proteins. This appendix data can be accessed in the supplementary material in the online version
of this dissertation, in the Excel file Supplementary Data C3.4.
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Protein 1 i, 1
Protein 2 i) 1
Protein n i ]
Sum Intensity 126 ool
Scaling Factor

(SFchanneI) IP°0|/|126 N/A

|

Protein 1

Protein 2

Protein n

Figure C3.1. Normalization workflow. This internal reference scaling normalization workflow
was used for all analyses (modified from Plubell, D. L., et al. Mol. Cell Proteomics, 2017). TMT
reporter ion intensities were normalized within each batch to the total summed intensity for all of
the proteins in the pooled channel. These intensities were then normalized across the two batches

jl il W,ilA X ilB GM1/|1
J2 i2 \i2a X iap GMy/i;
jn in ‘[ iTlA X iTlB GMn/ln

|
Fnal 16

Protein 1 k1
Protein 2 ko
Protein n Kn

to the geometric mean of the pooled channels at the protein level. Only quantified proteins
underwent normalization. jx = in-batch normalized protein intensity = i, X SF.pannet; Kx = final

normalized protein intensity = j, X SF,. Figure reprinted from Neurobiol. Dis., Vol 146, Stepler,

K. E., etal., Inclusion of African American/Black adults in a pilot brain proteomics study of
Alzheimer’s disease, Article No. 105129, Copyright (2020), with permission from Elsevier.’
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Coefficient of Variation (CV)

Before Normalization

1.81-1.85
1.71-1.75
1.61-1.65
1.51-1.55
1.41-1.45
1.31-1.35
1.21-1.25
1.11-1.15
1.01-1.05
0.91-0.95
0.81-0.85
0.71-0.75
0.61-0.65
0.51-0.55
0.41-0.45
0.31-0.35
0.21-0.25
0.11-0.15

0-0.05

o

50 100 150

Number of Proteins

200 250

o

After Normalization

95%
Confidence

100 200

Number of Proteins

300 400

Figure C3.2. Results of normalization. Change in hippocampal reporter ion intensities before
and after normalization. Coefficients of variation (CVs) were calculated as standard deviation
divided by average, across all TMT channels. Dashed lines indicate 95% confidence range.
These results are representative of the results of normalization from IPL and GP. Figure
reprinted from Neurobiol. Dis., Vol 146, Stepler, K. E., et al., Inclusion of African

American/Black adults in a pilot brain proteomics

study of Alzheimer’s disease, Article No.

105129, Copyright (2020), with permission from Elsevier.”
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Figure C3.3. Protein variance distributions in each region. Histograms show the coefficients
of variation (CVs) in protein reporter ion intensities within the CN and AD groups for a,
hippocampus, b, IPL, and ¢, GP. All quantified proteins are shown for each region (N = 1,414,
1,487, and 1,173 for hippocampus, IPL, and GP, respectively), and each protein is shown for
both the CN and AD groups. CV percentages were calculated as standard deviation of summed
total reporter ion intensities for each protein across the CN or AD group/mean summed total
reporter ion intensities in the CN or AD group x 100%. CN groups are shown in blue bars; AD
groups are shown in orange bars. Proteins with CVs larger than two standard deviations from the
mean (i.e., CV >0.49, 0.34, and 0.61 for hippocampus, IPL, and GP, respectively) were
excluded from further analysis. Abbreviations: CN, cognitively normal; AD, Alzheimer’s
disease; CV, coefficient of variation; IPL, inferior parietal lobule; GP, globus pallidus. Figure
reprinted from Neurobiol. Dis., Vol 146, Stepler, K. E., et al., Inclusion of African
American/Black adults in a pilot brain proteomics study of Alzheimer’s disease, Article No.
105129, Copyright (2020), with permission from Elsevier.”
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Figure C3.4. Comparison of Western blot and MS results. a, Western blot images of B-actin,
PRDX2, CAMKIIa, and H-FABP from all three regions (N = 3 per group), and box plots
showing Western blot and TMT MS intensities for b, B-actin, ¢, PRDX2, d, CAMKIIa, and e, H-
FABP from the three regions. The center line of each box is the median. The upper and lower
limits of the box are the upper and lower quartiles, respectively, and the whiskers reflect the
minimum and maximum values where present. There are no whiskers on the Western blot box
plots because N = 3 samples per group. Western blot intensities were normalized to [3-actin
intensities and all intensities are shown relative to the non-Hispanic White CN group. * indicates
p < 0.05 using two-tailed t-tests. Trends in protein expression from MS data were generally
supported by Western blots. Generally, MS data had less variability than Western blot data,
likely due to small sample sizes (N = 3) and other methodological limitations (see Aebersold, R.;
Burlingame, A. L.; Bradshaw, R. A. Mol. Cell. Proteomics, 2013). Abbreviations: NHW, non-
Hispanic White; CN, cognitively normal; AD, Alzheimer’s disease; AA, African
American/Black; IPL, inferior parietal lobule; GP, globus pallidus; PRDX2, peroxiredoxin-2;
CAMKIIa, calcium/calmodulin dependent protein kinase Ilo; H-FABP, fatty acid-binding
protein, heart type. Figure reprinted from Neurobiol. Dis., Vol 146, Stepler, K. E., et al.,
Inclusion of African American/Black adults in a pilot brain proteomics study of Alzheimer’s
disease, Article No. 105129, Copyright (2020), with permission from Elsevier.”*
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Table C3.1. TMT batch assignments for all regions

Hippocampus IPL GP
TMT Channel |5 i oh 1 Batch 2 Batchl | Batch 2 Batch 1 Batch 2

126 AACN Pool NHW AD NHW AD Pool AA AD
127N NHW CN NHW CN AA AD Pool NHW AD NHW AD
127C NHW AD AA AD NHW AD AACN NHW CN AA AD
128N NHW AD NHW AD AA AD NHW CN AA CN NHW CN
128C AA AD NHW CN NHW CN Pool NHW AD NHW AD
129N Pool AACN Pool AA AD NHW AD Pool
129C AA AD AA AD AA CN NHW CN AA CN AA CN
130N NHW CN AA CN AA AD NHW AD NHW CN AA AD
130C NHW AD NHW AD AA CN NHW AD AA CN NHW CN

131 NHW CN AA AD NHW CN AA CN AA AD NHW CN
131C -- -- NHW CN AA AD -- --

Abbreviations: AA, African American/Black; CN, cognitively normal; NHW, non-Hispanic White; AD,
Alzheimer’s disease; IPL, inferior parietal lobule; GP, globus pallidus.
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Table C3.2. Differentially-expressed proteins in AD postmortem hippocampus.

: Average Reporter lon Intensities Significant
ﬁlﬁf&ﬁg Protein Name PSMsP AD/CNY p-Value® Co_:/;elzt;d in
Q04917  14-3-3 protein eta 69 2432508 + 454518 3020511 + 380973 1.24 0.000083 0.057 No
Q9UHD8  Septin-9 79 1371640 + 324701 1982483 + 637863 1.45 0.00018 0.068 No
CB1 cannabinoid receptor- 29532317 +
Q96F85 interacting protein 1 598 4975967 18717800 + 8107358 0.63 0.00020 0.057 No
P04216  Thy-1 membrane glycoprotein 5 47888 + 9839 38531 + 7403 0.80 0.00036 0.057 No
095865 (C).N(G)-dimethylarginine 24 72703 + 23349 47498 + 16687 0.65 000040  0.074 Yes
dimethylaminohydrolase 2
QINTK5  Obg-like ATPase 1 27 636172 + 50052 553834 + 96863 0.87 0.00046 0.090 No
P27348  14-3-3 protein theta 389 18&%%%;* 14078884 + 4443870 077 000059  0.057 Yes
Q9UM19 Hippocalcin-like protein 4 296 9442182 + 785533 10974635 + 1780588 1.16 0.00066 0.057 No
P31946  14-3-3 protein beta/alpha 59 1595805 + 286375 1183366 + 356490 0.74 0.00074 0.057 No
P20337 Ras-related protein Rab-3B 13 145060 £ 34091 103437 £ 36647 0.71 0.00076 0.057 Yes
P42262 Glutamate receptor 2 65 1370877 + 71768 1088801 + 255780 0.79 0.00079 0.12 Yes
. . 75888674 + 63420693 +
P61204  ADP-ribosylation factor 3 686 5250141 11979882 0.84 0.00081 0.072 No
Q9H9B4  Sideroflexin-1 122 3192685 + 288888 2598842 + 597192 0.81 0.00086 0.095 Yes
Calcium/calmodulin-dependent
Q13557  protein kinase type Il subunit 141 3560418 + 493759 2448334 + 980610 0.69 0.00087 0.057 No
delta
043426  Synaptojanin-1 7 10020 + 4031 6657 + 2106 0.66 0.00093 0.057 No
Tubulin polymerization-
Q9BW30 promoting protein family 48 2373529 + 546807 1293076 + 551913 0.54 0.0010 0.068 No
member 3
P84085  ADP-ribosylation factor 5 15 1301902 + 409370 2175844 + 1052416 1.67 0.0010 0.057 Yes
ooo154  CYtosolic acyl coenzyme A 155  4689231+694916 3326966736289 071  0.0010 0.057 Yes
thioester hydrolase
Serine/threonine-protein
P67775  phosphatase 2A catalytic subunit 16 732389 + 179643 1285413 + 423457 1.76 0.0010 0.057 No

alpha isoform
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Table C3.2 (continued)

QoUQM7

Q13554

Q13630
Q8NI08

014561

075489

Q8IUD2
P04908
Q4KMQ2

Q9HB71
P08238
015083
Q14254

Q13555

P08670
Q9H115

060641
P31942

P07900
QO6E17

Calcium/calmodulin-dependent
protein kinase type Il subunit
alpha
Calcium/calmodulin-dependent
protein kinase type Il subunit
beta

GDP-L-fucose synthase

Nuclear receptor coactivator 7

Acyl carrier protein,
mitochondrial

NADH dehydrogenase
[ubiquinone] iron-sulfur protein
3, mitochondrial
ELKS/Rab6-interacting/CAST
family member 1

Histone H2A type 1-B/E
Anoctamin-6

Calcyclin-binding protein

Heat shock protein HSP 90-beta
ERC protein 2

Flotillin-2
Calcium/calmodulin-dependent

protein kinase type Il subunit
gamma

Vimentin

Beta-soluble NSF attachment
protein

Clathrin coat assembly protein
AP180

Heterogeneous nuclear
ribonucleoprotein H3

Heat shock protein HSP 90-
alpha

Ras-related protein Rab-3C

17

55

176
219

28

10

219
327
964

89
40

14

28

23
50

48

98
11

223678 + 29396

3017638 + 291883

7270014 + 812283
6062868 + 761390

113615 + 17626

91583 + 16721

6199824 + 873269

4960561 + 1049415

59091052 +
5747189

1109248 + 307657
540246 + 35346
29355 + 10701
25573 + 8429

138130 + 26671

435893 + 37110
1299310 + 257714

623209 + 55979

226666 + 35040

1660082 + 111107
164434 + 35986

211

259331 + 38731

2339552 + 435311

5953577 + 1436087

7645828 + 1105108
156031 + 34918

67593 + 12674

5399250 * 643696

7392737 + 2127652

46654427 +
12668836

1663106 + 426251
429738 + 135098
19788 + 5821
16495 + 5594

109480 + 24277

319843 + 92454
2002742 £ 549774

486688 + 113104

163741 + 49780

1956866 + 247704
118874 + 47248

1.16

0.78

0.82
1.26

1.37

0.74

0.87
1.49
0.79

1.50
0.80
0.67
0.65

0.79

0.73
1.54

0.78

0.72

1.18
0.72

0.0011

0.0012

0.0012
0.0013

0.0013

0.0013

0.0013
0.0014
0.0014

0.0014
0.0014
0.0014
0.0015

0.0015

0.0015
0.0015

0.0016

0.0016

0.0016
0.0016

0.13

0.057

0.074
0.057

0.073

0.057

0.073
0.057
0.057

0.057
0.057
0.057
0.057

0.083

0.057
0.068

0.057

0.080

0.057
0.057

No

No

Yes
No

Yes

Yes

No
No
Yes

No
No
Yes
No

No

No
No

No

Yes

No
No



Table C3.2 (continued)

Q92930
P16402
Q15019
P04083
060664

Q14315
Q15555

P61981
P08727
P61026

P61916

Q96A26
P61006
P26038
Q15286
P40121
Q12959

QoULUS

Q15700
P61086

095299

Q8TDJ6
P09211

Ras-related protein Rab-8B
Histone H1.3

Septin-2

Annexin Al

Perilipin-3

Filamin-C

Microtubule-associated protein
RP/EB family member 2

14-3-3 protein gamma
Keratin, type | cytoskeletal 19
Ras-related protein Rab-10
NPC intracellular cholesterol
transporter 2

Protein FAM162A
Ras-related protein Rab-8A
Moesin

Ras-related protein Rab-35
Macrophage-capping protein
Disks large homolog 1

Calcium-dependent secretion
activator 1

Disks large homolog 2
Ubiquitin-conjugating enzyme
E2 K

NADH dehydrogenase
[ubiquinone] 1 alpha
subcomplex subunit 10,
mitochondrial

DmX-like protein 2

Glutathione S-transferase P

127
18
41
84
11

990

57

1006
106
333

17

18
35
32

164

70
34
152

31
44

1940752 + 296745
52201 + 7401
813878 + 209119
1314047 + 126273

418965 + 49729

73103523 +
5047307

2912077 + 546141

165148800 *
20432250

2161795 + 210141

120070987 *
42351148

1094664 + 196993

170643 + 18803
895425 + 245711
313708 + 30079
81430 + 12776
3133017 + 259218
71434 + 6445

754103 + 123667

962811 + 137403
2267264 + 342571

209255 + 23113

439114 + 165671
1948801 + 261131

212

2778666 + 569682
64150 + 12848
593084 + 144885
1052087 + 223208
312348 + 63414

61989054 + 8931098

2053085 + 496970

139119335 *
27100658

1924200 + 208831

84842743 +
26501760

658018 + 209607

148060 * 22692
706513 + 116353
251222 + 70122
115252 + 28490
2563178 + 637104
55494 + 12307

1027540 + 200274

714023 + 160743
3464806 = 930030

170540 + 42343

814934 + 264591
1516812 + 375467

1.43
1.23
0.73
0.80
0.75

0.85

0.71

0.84
0.89
0.71

0.60

0.87
0.79
0.80
1.42
0.82
0.78

1.36

0.74
1.53

0.81

1.86
0.78

0.0017
0.0017
0.0018
0.0018
0.0020

0.0020

0.0020

0.0021
0.0021
0.0021

0.0022

0.0022
0.0023
0.0024
0.0024
0.0024
0.0025

0.0025

0.0025
0.0025

0.0026

0.0026
0.0026

0.073
0.057
0.057
0.057
0.057

0.094

0.068

0.057
0.057
0.057

0.069

0.057
0.12
0.091
0.057
0.057
0.057

0.064

0.069
0.057

0.057

0.083
0.095

No
No
Yes
No
Yes

No

No

No
No

No

No

No
No
No
No
Yes
No

Yes
No
No

Yes

Yes
Yes



Table C3.2 (continued)

P11766
QouUJY1

Q99536

Q09666
Q15223
P16104
P34932
QI6FJ2
QI96FW1
P45985
Q86YM7
095817

P02545
P15311
P05230
P18085

Q06830

060502

P09382
P20336

000408
Q14696
P14406

Alcohol dehydrogenase class-3
Heat shock protein beta-8

Synaptic vesicle membrane
protein VAT-1 homolog

Neuroblast differentiation-
associated protein AHNAK

Nectin-1
Histone H2AX

Heat shock 70 kDa protein 4
Dynein light chain 2,
cytoplasmic

Ubiquitin thioesterase OTUB1
Dual specificity mitogen-

activated protein kinase kinase 4

Homer protein homolog 1

BAG family molecular
chaperone regulator 3

Prelamin-A/C

Ezrin

Fibroblast growth factor 1
ADP-ribosylation factor 4

Peroxiredoxin-1

Protein O-GIlcNAcase

Galectin-1

Ras-related protein Rab-3A
cGMP-dependent 3',5'-cyclic
phosphodiesterase

LRP chaperone MESD

Cytochrome c oxidase subunit
7A2, mitochondrial

95
154

43

776

16
397

264
124

58
59

10
26
129

478

654

12
13

11
23
143

2719443 + 405275
1027407 + 198884

2320351 + 306371

68103093 +
29991887

57928 + 7331

22320547 *
3058881

29492 + 3730

181340095 +
4789936

2107850 + 246566
44806 + 4455
706358 + 101200
823211 + 143218

40895 + 8421
537756 + 92878
4067261 + 530418

110556 + 16671

23998653 +
1818264
61545781 +
5293368

70943 + 21376
28558 + 3109

47142 + 6659
629510 + 61238
6797256 + 640947

213

2012274 + 645643
1467975 + 366323

1890863 + 479981

201916109 +
94693354

48008 + 9555

16529132 + 4337195

25086 + 4178

11904390 + 5330343

1817601 + 167629
36819 + 4157
938974 + 202938
1050279 + 179916

29138 + 9606
364850 + 97947
3368015 + 798551
80433 + 36249

19472426 + 2884935

43131209 +
15838494

50236 + 16163
24263 + 4035

40676 + 6168
452685 + 144877

5453486 + 1183397

0.74
1.43

0.81

2.96
0.83
0.74
0.85
0.66
0.86
0.82
1.33
1.28

0.71
0.68
0.83
0.73

0.81

0.70

0.71
0.85

0.86
0.72
0.80

0.0026
0.0028

0.0029

0.0030
0.0030
0.0030
0.0030
0.0030
0.0031
0.0032
0.0032
0.0033

0.0033
0.0034
0.0034
0.0034

0.0034

0.0035

0.0035
0.0036

0.0036
0.0037
0.0037

0.14
0.069

0.064

0.091
0.12
0.057
0.057
0.057
0.057
0.057
0.057
0.057

0.086
0.057
0.12
0.120

0.057

0.071

0.064
0.057

0.073
0.11
0.057

No
Yes

No

Yes
Yes
Yes
No
Yes
No
Yes
Yes
Yes

No
No
No
No

Yes

No

Yes
No

No
No

No



Table C3.2 (continued)

P14854
Q00610

Q13404
Q99447
P63010

P28838

Q9H008

P22626
P08758
Q5JSH3

Q13642
P46459
P12532

Q15819
P60903

043678

P21266

Q14103

Cytochrome c oxidase subunit
6B1

Clathrin heavy chain 1

Ubiquitin-conjugating enzyme
E2 variant 1

Ethanolamine-phosphate
cytidylyltransferase

AP-2 complex subunit beta

Cytosol aminopeptidase
Phospholysine phosphohistidine

inorganic pyrophosphate
phosphatase

Heterogeneous nuclear
ribonucleoproteins A2/B1

Annexin A5
WD repeat-containing protein 44

Four and a half LIM domains
protein 1

Vesicle-fusing ATPase
Creatine kinase U-type,
mitochondrial
Ubiquitin-conjugating enzyme
E2 variant 2

Protein S100-A10

NADH dehydrogenase
[ubiquinone] 1 alpha
subcomplex subunit 2

Glutathione S-transferase Mu 3

Heterogeneous nuclear
ribonucleoprotein DO

182

539

12

794

36

33

15

429
117
512

91

185

23

912

7625369 + 860239

34740201 +
4101304

45738 + 14110

1080504 + 227397

36444263 +
3676943

295905 + 32200

823820 + 170565

30938 + 4065
388800 * 38333
17057 + 5353

56169752 +
3995790

4480579 * 646020

32447998 +
4840524

3033204 + 442034
52004 + 10210

4762038 + 678427

423434 + 48944

48629850 +
5161699

214

5588615 + 1518204

26503286 + 7930865

31436 + 12598

1350245 + 284875

29400801 + 7619905

225996 + 52395

639112 + 181272

23223 + 6669
328120 + 69393
12274 + 3704

43951439 +
11607676

3410547 £ 1011510
24831697 + 8891407

2443212 + 404953
37924 + 9773

3781445 + 1062741

311911 + 92857

40105610 +
10026348

0.73

0.76

0.69

1.25

0.81

0.76

0.78

0.75
0.84
0.72

0.78
0.76
0.77

0.81
0.73

0.79

0.74

0.82

0.0037

0.0038

0.004

0.0039

0.0039

0.0039

0.0039

0.0040
0.0040

0.0040

0.0041
0.0041
0.0041

0.0042
0.0042

0.0043

0.0043

0.0043

0.057

0.073

0.068

0.073

0.057

0.057

0.070

0.097
0.057

0.068

0.075
0.075
0.073

0.12
0.057

0.057

0.057

0.071

Yes

No

No

No

Yes

No

Yes

Yes
No

No

No
No
No

No

No

Yes

No

No



Table C3.2 (continued)

Q13885
P61421

Q14240
Q9GZP4

Q8N461
Q92598

P17600

094826

Q9BVAL
QINVD7

Q15334
P04792

P11169

Q99798

P35241

P62140

P51858
Q8IXS6

Q96KP4
P63104

Tubulin beta-2A chain
V-type proton ATPase subunit d
1

Eukaryotic initiation factor 4A-
I

PITH domain-containing protein
1

F-box/LRR-repeat protein 16
Heat shock protein 105 kDa

Synapsin-1

Mitochondrial import receptor
subunit TOM70

Tubulin beta-2B chain
Alpha-parvin

Lethal(2) giant larvae protein
homolog 1

Heat shock protein beta-1

Solute carrier family 2,
facilitated glucose transporter
member 3

Aconitate hydratase,
mitochondrial

Radixin

Serine/threonine-protein
phosphatase PP1-beta catalytic
subunit

Hepatoma-derived growth factor
Paralemmin-2

Cytosolic non-specific
dipeptidase

14-3-3 protein zeta/delta

88
36

16

24

272
45

11

134

138
52

128
43

36

50

35

11

69
49

76

1757598 + 213903
77755 + 29934

447793 + 46577

96182 + 11068

52785810 *
9674218

2058387 + 782630
16099 + 1795

4627093 + 544567

8571554 + 1364517
1434466 + 330179

8427790 + 1033473
896352 + 62242

2575794 + 510459

1240208 + 120496

420353 + 25372

32045 + 6423

1303052 + 183608
1286269 + 234398

150820 + 39512
1539993 + 261557

215

1331511 + 376249
218219 + 102573

367571 + 66651

121162 + 20405

40713068 + 8640450
1185972 + 540254

13016 + 2287

5417935 * 648713

5277024 + 2430999
1901286 + 260593

5827725 + 1987981
792086 + 112661

1695439 + 398151

998714 + 140419

313428 + 81170

23354 *+ 8666

977905 + 303222
912509 + 230780

96676 + 27334
1085174 + 375876

0.76
2.81

0.82

1.26

0.77
0.58

0.81

1.17

0.62
1.33

0.69
0.88

0.66

0.81

0.75

0.73

0.75
0.71

0.64
0.70

0.0043
0.0044

0.0044

0.0044

0.0045
0.0045

0.0045

0.0045

0.0046
0.0049

0.0049
0.0050

0.0054

0.0056

0.0056

0.0056

0.0056
0.0056

0.0057
0.0057

0.057
0.057

0.057

0.057

0.11
0.057

0.080

0.057

0.057
0.060

0.081
0.10

0.057

0.057

0.12

0.095

0.078
0.069

0.057
0.057

No
No

No

No

Yes
No

No

Yes

No
No

Yes

Yes

Yes

Yes

Yes

Yes

No
No

Yes
No



Table C3.2 (continued)

Q9Y2J0

043615

Q13409

P31930

Q99685

P40926
043491
P11142

P54920

000299
060861
014531
P00568

QI6F07

QINTX5

P12268

Q9Y490

Q10567

Rabphilin-3A

Mitochondrial import inner
membrane translocase subunit
TIM44

Cytoplasmic dynein 1
intermediate chain 2

Cytochrome b-c1 complex
subunit 1, mitochondrial

Monoglyceride lipase

Malate dehydrogenase,
mitochondrial

Band 4.1-like protein 2

Heat shock cognate 71 kDa
protein

Alpha-soluble NSF attachment
protein

Chloride intracellular channel
protein 1

Growth arrest-specific protein 7

Dihydropyrimidinase-related
protein 4

Adenylate kinase isoenzyme 1

Cytoplasmic FMR1-interacting
protein 2

Ethylmalonyl-CoA
decarboxylase

Inosine-5'-monophosphate
dehydrogenase 2

Talin-1

AP-1 complex subunit beta-1

52

111

175

29

44

152
85

46

10

49
59

107

29

30

60

707178 + 144454

4110047 + 320581

5118020 + 573254

713319 + 62296

1902874 + 332664

66076 + 6805
4963929 *+ 950338
3184294 + 338468

3141288 + 322881

106628 + 14937
276625 + 50129
949324 + 111969
422900 + 67598

5399924 + 484933

82481 + 9203

299500 + 28080

533526 + 55824

76838 + 19059

216

1082847 + 422164

3263846 + 761203

3762178 + 1036793

548139 + 117095

1446403 + 422568

77065 + 11133
3971345 + 980691
2649887 + 562934

2653830 + 239913

86600 + 19886
160248 + 65831
1218993 + 269601
272527 + 92506

4300774 +£ 927149

98965 + 19516

219018 + 61175

480080 + 46324

50154 + 11667

1.53

0.79

0.74

0.77

0.76

1.17

0.80
0.83

0.84

0.81
0.58
1.28
0.64

0.80

1.20

0.73

0.90

0.65

0.0059

0.0060

0.0060

0.0063

0.0064

0.0064
0.0064
0.0065

0.0065

0.0066
0.0067
0.0067
0.0068

0.0068

0.0068

0.0068

0.0069

0.0070

0.064

0.081

0.057

0.057

0.12

0.057
0.057
0.074

0.057

0.057
0.057
0.057
0.064

0.091

0.057

0.13

0.097

0.081

Yes

Yes

No

Yes

Yes

No

No

No

Yes

No
Yes
No

Yes

Yes

No

Yes

No

Yes



Table C3.2 (continued)

P53779

Q01813

P21333

P11177

QI9H3Z4

075380

Q86VP6

P51178

QINQX3
P38606

P27816

Q07955

Q14019
Q9HOU4

Q9C0C9
QINRW1

094967

Mitogen-activated protein kinase
10

ATP-dependent 6-
phosphofructokinase, platelet
type

Filamin-A

Pyruvate dehydrogenase E1
component subunit beta,
mitochondrial

DnaJ homolog subfamily C
member 5

NADH dehydrogenase
[ubiquinone] iron-sulfur protein
6, mitochondrial
Cullin-associated NEDD8-
dissociated protein 1
1-phosphatidylinositol 4,5-
bisphosphate phosphodiesterase
delta-1

Gephyrin

V-type proton ATPase catalytic
subunit A

Microtubule-associated protein 4

Serine/arginine-rich splicing
factor 1
Coactosin-like protein

Ras-related protein Rab-1B

(E3-independent) E2 ubiquitin-
conjugating enzyme

Ras-related protein Rab-6B

WD repeat-containing protein 47

52

1000

60

35

184

101

41

60

11
67

38

33

104
20

98
252

41

2935708 + 293341

119550965 *
12824875

1594911 + 173936

1180204 + 174678

10303530 +
1229294

2259460 + 122885

1374018 + 123436

1122212 + 99748

57768 + 12902
1737284 + 284303

1015705 + 273606

570452 + 89533

2537565 + 301214
506908 + 119848

3358729 + 325286

8505792 + 1104838

189536 + 32305
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2292977 + 430035

97769611 +
21140162

1201070 + 345405

912005 + 276980

7786074 + 2402370

1961833 + 271179

971182 + 315375

915069 + 232317

40676 + 14885
1388839 + 334243

659869 + 302384

430396 + 128846

3189419 + 610427
350203 + 164449

2693985 + 315144
6369047 £ 2219772

160474 + 15642

0.78

0.82

0.75

0.77

0.76

0.87

0.71

0.82

0.70
0.80

0.65

0.75

1.26
0.69

0.80
0.75
0.85

0.0071

0.0071

0.0072

0.0074

0.0075

0.0075

0.0075

0.0076

0.0076
0.0076

0.0077

0.0077

0.0080
0.0080

0.0082
0.0082
0.0082

0.057

0.057

0.085

0.057

0.057

0.069

0.057

0.10

0.057
0.071

0.057

0.068

0.060
0.073

0.073
0.084
0.12

No

No

No

Yes

No

Yes

No

No

Yes

No

No

No

No
No

No
No

No



Table C3.2 (continued)

P63027

095757

P60174

P07910

QINQG66

Q13424
P00846
Q8N987

QoUIW2
Q01469

P17987
P05413

QINX40
P68366

Q9BZV1

QINUQ9
015394
QoUI12

Q96GW7

Vesicle-associated membrane
protein 2

Heat shock 70 kDa protein 4L

Triosephosphate isomerase

Heterogeneous nuclear
ribonucleoproteins C1/C2 4

1-phosphatidylinositol 4,5-
bisphosphate phosphodiesterase
beta-1

Alpha-1-syntrophin

ATP synthase subunit a

N-terminal EF-hand calcium-
binding protein 1

Plexin-Al

Fatty acid-binding protein,
epidermal

T-complex protein 1 subunit
alpha

Fatty acid-binding protein, heart

OCIA domain-containing
protein 1

Tubulin alpha-4A chain

UBX domain-containing protein
6

Protein FAM49B

Neural cell adhesion molecule 2
V-type proton ATPase subunit H
Brevican core protein

220

21

71

81

30

1204

266

41

117

101

120

21

26
11
58
165

11169857 +

1428592 8869221 + 2645793
22533 + 7156 14558 + 5462
502164 + 48754 413262 + 75490
38096 + 4304 31193 + 4810

1364219 + 105646 1127866 + 290760

6428617 £ 910515 11077696 + 3736141

331440 + 39272 419237 + 68990
135544299 + 106916745 +
12472506 21834626

9380777 + 905869 7619388 + 842086
62859 + 7001 50144 + 13303

1254000 + 70978 1121112 + 137278
1752789 + 155359 1338056 + 253371
2082851 + 190614 1614503 + 413199

9483327 +£ 1848829 6273945 + 2570859

167213 + 26941 131191 + 30290

336223 £ 51012 502549 + 164469

225438 + 28982 297346 + 46634

431274 * 40262 308118 * 89926
8811184 £ 724961 5939596 + 2013995

218

0.79

0.65

0.82

0.82

0.83

1.72

1.26

0.79

0.81
0.80

0.89

0.76

0.78

0.66

0.78

1.49
1.32
0.71
0.67

0.0082

0.0083

0.0086

0.0087

0.0087

0.0088

0.0089

0.0089

0.0090
0.0090

0.0090

0.0092

0.0092

0.0092

0.0092

0.0093
0.0094
0.0094
0.0094

0.057

0.073

0.057

0.091

0.057

0.057
0.068
0.12

0.14
0.081

0.11

0.12

0.068

0.078

0.089

0.083

0.085

0.073
0.12

No

No

No

No

Yes

No

No

Yes

Yes
No

No

No

No

No

No

No
No
No
No



Table C3.2 (continued)

P14621  Acylphosphatase-2
QINR46  Endophilin-B2
043175 D-3-phosphoglycerate
dehydrogenase
Q16643  Drebrin
P32119  Peroxiredoxin-2
Q03252  Lamin-B2
P35232  Prohibitin
Serine/threonine-protein kinase
075914 PAK 3
Q9UBB4  Ataxin-10
Q9Y2Z0  Protein SGT1 homolog
COP9 signalosome complex
Q7LSNL subunit 6
QI9NY65  Tubulin alpha-8 chain
Q93050 V-type proton ATPase 116 kDa
subunit a isoform 1
P62258  14-3-3 protein epsilon
Heterogeneous nuclear
014979 ribonucleoprotein D-like
Actin-related protein 2/3
QIBPXS5 complex subunit 5-like protein
P05129  Protein kinase C gamma type
cAMP-dependent protein kinase
P31321 type I-beta regulatory subunit
Q13228  Selenium-binding protein 1
012931 Heat shock protein 75 kDa,

mitochondrial

120
301

19

33

91

730

12

667

666
19
14
108
52
21
13

27
98
30
266
71

2833014 + 411234 2252036 + 601128
9701067 +£ 857588 7635449 + 2369897
190496 + 48629 295851 + 123612
334431 + 44570 253055 + 89995
955837 + 110649 1220959 + 238525

53963927 +
2778938 44506761 + 6564257
235946 + 22728 189133 + 43425
38831692 +
4811557 26481430 + 9481344
30798747
3049678 24007117 + 6744571
234186 + 52513 290025 + 41385
772973 + 101940 615072 + 124799
5572303 £ 429315 4449946 + 1295317
2327765 £ 664632 3669695 + 1301576
177037 + 41142 229450 + 36502
180010 + 23164 124076 + 41328
301811 + 30494 220479 + 69896
1292264 + 67109 1440107 + 145244
411857 £ 79621 311121 + 68331

8362216 + 1066344 10963033 + 1824952

1176523 + 288365 2051487 + 687248

219

0.79
0.79

1.55

0.76

1.28

0.82

0.80

0.68

0.78
1.24

0.80
0.80
1.58
1.30
0.69

0.73
1.11
0.76
131
1.74

0.0094
0.0095

0.0095

0.0096

0.0098

0.0098

0.0098

0.0098

0.0099
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.011
0.011
0.011

0.11
0.073

0.091

0.14

0.067

0.065

0.13

0.057

0.12
0.13
0.083
0.12
0.13
0.088
0.057

0.068
0.11
0.14
0.11
0.11

No
No

Yes

No

No

No

No

No

Yes
No
No
No
No
No

No

No
No
No
Yes

No



Table C3.2 (continued)

Q9BPWS
Q969P0

P62820

Q15843

P12956

P45974
075955

Q1KMD3

Q9Y6VO0

Q02156

P62942

P10515

095970

P09936

014576

Q71U36
QY277

Protein NipSnap homolog 1

Immunoglobulin superfamily
member 8

Ras-related protein Rab-1A

NEDDS8

X-ray repair cross-
complementing protein 6
Ubiquitin carboxyl-terminal
hydrolase 5

Flotillin-1

Heterogeneous nuclear
ribonucleoprotein U-like protein
2

Protein piccolo
Protein kinase C epsilon type

Peptidyl-prolyl cis-trans
isomerase FKBP1A
Dihydrolipoyllysine-residue
acetyltransferase component of

pyruvate dehydrogenase
complex, mitochondrial

Leucine-rich glioma-inactivated
protein 1

Ubiquitin carboxyl-terminal
hydrolase isozyme L1

Cytoplasmic dynein 1
intermediate chain 1
Tubulin alpha-1A chain

Voltage-dependent anion-
selective channel protein 3

180
37

192

21

133

46

35

38

119

20

24

125

3129334 + 355502
1289290 + 233797

16997 + 5885

5982120 + 528186

202512 + 48566

16977558 +
3784775
392263 + 80543
82923 + 19879

340984 + 40907

269503 + 61209

264903 + 41783

31207 + 8452

2855820 + 278185

252502 + 32180

600304 + 226863

3022811 + 121252
36113 + 13835

220

2662843 + 370385
1730199 + 305304

32774 + 10254

7502045 + 1254902

315602 + 75796

10022317 + 3438685

490389 + 99043

55735 + 16929

252877 + 78694

160164 + 58083

201474 + 58144

20433 + 4043

3096984 + 194817

217058 + 21356

407093 + 146638

2505662 + 522107
23634 = 7077

0.85
1.34

1.93

1.25

1.56

0.59
1.25

0.67

0.74

0.59

0.76

0.65

1.08

0.86

0.68
0.83
0.65

0.011
0.011

0.011

0.011

0.011

0.011
0.011

0.011

0.011

0.012

0.012

0.012

0.012

0.012

0.012

0.012
0.012

0.069
0.057

0.073

0.076

0.12

0.11
0.096

0.057

0.12

0.099

0.071

0.091

0.12

0.057

0.120

0.078
0.12

Yes
No

No

No

No

No
No

No

No

Yes

No

Yes

No

No

No

No

No



Table C3.2 (continued)

QINPT72
Q13177

P61081
Q15149

P16298

Q9BUF5
QIUMFO

P08574

Q8N8N7
000429

Q00325
Q16658
P55786
P78559
014617
043837

P49189
P10768
Q13332
P30519
P10915

Ras-related protein Rab-18
Serine/threonine-protein kinase
PAK 2

NEDDB8-conjugating enzyme
Ubcl2

Plectin

Serine/threonine-protein
phosphatase 2B catalytic subunit
beta isoform

Tubulin beta-6 chain

Intercellular adhesion molecule
5

Cytochrome c1, heme protein,
mitochondrial

Prostaglandin reductase 2
Dynamin-1-like protein
Phosphate carrier protein,
mitochondrial

Fascin

Puromycin-sensitive
aminopeptidase
Microtubule-associated protein
1A

AP-3 complex subunit delta-1

Isocitrate dehydrogenase [NAD]
subunit beta, mitochondrial

4-trimethylaminobutyraldehyde
dehydrogenase

S-formylglutathione hydrolase

Receptor-type tyrosine-protein
phosphatase S

Heme oxygenase 2

Hyaluronan and proteoglycan
link protein 1

24

61
61

47

172
10

195

84
131

93
45
43
22
18

363

47
36
33

52

493494 + 42800
195772 + 31524

895418 + 178630
1707278 + 186783

450117 + 58228

4207371 + 496760
131882 + 14468

6799347 + 1033101

2836261 + 324290
5161978 + 364181

1907283 + 267880

443049 * 44229
1003667 + 62392

203761 + 18229

137669 + 14566

36196560 *
4572527

655696 + 106743
660238 + 100773
359055 + 34953
32090 + 5565
983568 + 77450
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402829 + 94804
143466 + 40820

624983 * 230167
2113319 + 275560

625466 + 123383

3159832 + 1104348
156422 + 27946

5768686 + 952568

2215955 + 661747
4276975 + 1047734

1604030 + 220493

503657 + 44783
762286 + 181402

168647 + 38241

98312 + 35989

25258898 *
11339120

960839 + 230149
477177 +216430
252221 + 78415
22760 + 8917
852343 + 146672

0.82
0.73

0.70
1.24

1.39

0.75
1.19

0.85

0.78
0.83

0.84
1.14
0.76
0.83
0.71
0.70

1.47
0.72
0.70
0.71
0.87

0.013
0.013

0.013
0.013

0.013

0.013
0.013

0.013

0.013
0.013

0.013
0.013
0.014
0.014
0.014
0.014

0.014
0.014
0.014
0.014
0.014

0.091
0.13

0.073
0.14

0.14

0.085
0.13

0.060

0.12
0.13

0.12

0.13
0.091

0.11
0.098
0.095

0.081
0.12
0.12

0.078

0.077

No
No

No
Yes

No

No
No

Yes

Yes
Yes

No
No
No
No
No

Yes

No
Yes
No
No

No



Table C3.2 (continued)

Q9UDY2  Tight junction protein ZO-2 71 3078717 + 762489 2404719 + 515053 0.78 0.014 0.13 Yes
P04075 irUCtose'b'SphOSphate aldolase 100 1034728+97985 872709 + 175317 084 0015 0.084 No
P13804 S'i:gﬁtr::’t”a};?]gsﬁ:lI(')i‘;}%%’::;‘ln 40 1018027 +52829 906717 + 123042 0.89 0.015 0.067 Yes
Q16623  Syntaxin-1A 53 426417 + 21037 358211 + 82481 0.84 0.015 0.064 Yes
P78352  Disks large homolog 4 18 159286 + 49116 106110 + 37721 067 0.015 0.069 Yes
QIBX66 Sg;?;:‘nf‘:g sr';i ior']of‘a'”' 26 488937 + 44755 419411 + 81080 086 0015 0091 No

UDP-N-acetylglucosamine--
015294  Peptide N- 105 3516403 + 400706 2628257 + 712161 075 0.015 0.11 Yes

acetylglucosaminyltransferase
110 kDa subunit

Q05193 Dynamin-1 26 191711 £20835 138477 £ 43071 0.72 0.015 0.057 Yes
Heterogeneous nuclear

P61978 . 25 145377 + 23189 122449 + 21106 0.84 0.015 0.076 No
ribonucleoprotein K
QINQC3  Reticulon-4 77 4123047 +242622  3619679+579408 0.8 0.016 0.12 Yes
Q9UPV7  PHD finger protein 24 9 113255 + 17380 78786 £ 35593 0.70 0.016 0.097 Yes
P48147  Prolyl endopeptidase 54 2285472 +414162 3133923+ 698185  1.37 0.016 0.13 No
060313 Dynamin-like 120 kDa protein, 153 2508400+ 258017 2108434 +315592 0.8 0.016 0.10 No
mitochondrial
Q14289  Protein-tyrosine kinase 2-beta 13 39836 + 7226 25643 + 8884 0.64 0.016 0.11 No
014594  Neurocan core protein 435 2‘;17;771%? 21524883 + 2420511 089 0016  0.085 No
po12g1 Y ype proton ATPase subunit 38 736319 + 83616 575296 + 145172 0.78 0.016 0.057 No
B, brain isoform
P50991 géﬁ‘;mp'ex protein 1 subunit 168 7752572+ 1193685 10081183 + 1400386  1.30 0.017 0.073 No
Q13367  AP-3 complex subunit beta-2 15 224409 + 43415 166887 + 63368 0.74 0.017 0.13 Yes

222



Table C3.2 (continued)

014994
Q13363
Q99962
Q96PUS

P00492

P06576
094973
043237

P11182

QIUKKO
P56385

P17302

P52209

P28331

P30626

P50213
Q7L099
QINSE4

Q9Y5J7

Synapsin-3
C-terminal-binding protein 1
Endophilin-Al

Protein quaking
Hypoxanthine-guanine
phosphoribosyltransferase
ATP synthase subunit beta,
mitochondrial

AP-2 complex subunit alpha-2
Cytoplasmic dynein 1 light
intermediate chain 2
Lipoamide acyltransferase
component of branched-chain
alpha-keto acid dehydrogenase
complex, mitochondrial
ADP-sugar pyrophosphatase

ATP synthase subunit e,
mitochondrial

Gap junction alpha-1 protein

6-phosphogluconate
dehydrogenase, decarboxylating
NADH-ubiquinone
oxidoreductase 75 kDa subunit,
mitochondrial

Sorcin

Isocitrate dehydrogenase [NAD]

subunit alpha, mitochondrial
Protein RUFY3
Isoleucine--tRNA ligase,
mitochondrial
Mitochondrial import inner

membrane translocase subunit
Tim9

125
19
41
11

84

57

265

244

104
72

221

147

53

48

78

11

2995620 + 337363
34973 + 3818
2357217 £ 192499
23006 + 3300

1346304 + 162434

1235997 + 172688

121399 + 14523

26873009 *
2098075

10878026 +
1241630

2192230 + 265416

862204 + 143882

12228443 +
1608549

7125764 + 797257

1435415 + 217028

1433113 + 281614

2636392 £ 657171
2671582 + 467089
164605 + 21555

158715 + 26469

223

2303360 + 633340
30435 + 4303
1931929 + 521130
18824 + 3706

1121089 + 188254

1037044 + 131907
92770 + 32747

22792783 + 3445476

8423767 + 3027532

1705213 + 462313
681734 + 83528

13749070 £ 1176234

5810243 + 1542843

1725967 + 202384

1029885 + 369420

1849367 + 693213
1908557 + 760291
135451 + 20564

122492 + 30887

0.77
0.87
0.82
0.82

0.83

0.84
0.76
0.85

0.77

0.78
0.79

1.12

0.82

1.20

0.72

0.70
0.71
0.82

0.77

0.017
0.017
0.017
0.017

0.017

0.017
0.017
0.017

0.018

0.018
0.018

0.018

0.018

0.018

0.018

0.018
0.018
0.018

0.018

0.057
0.11

0.057
0.12

0.091

0.13
0.097
0.10

0.13

0.12
0.11

0.11

0.14

0.13

0.089

0.097
0.11
0.13

0.13

No
No
No
No

No

No
No

Yes

Yes

No

No

Yes

No

Yes

No

Yes
No

Yes

No



Table C3.2 (continued)

P25705

Q99961
P21291

P08559

P61088
Q6PCE3

Q9UPX8

P42658
095782
Q4V328

P49418
094772
Q00535

P31150
Q08174
P17677

P21283

P69905

Q99784
Q9P1U1

ATP synthase subunit alpha,
mitochondrial
Endophilin-A2

Cysteine and glycine-rich
protein 1

Pyruvate dehydrogenase E1
component subunit alpha,
somatic form, mitochondrial
Ubiquitin-conjugating enzyme
E2N

Glucose 1,6-bisphosphate
synthase

SH3 and multiple ankyrin repeat
domains protein 2

Dipeptidyl aminopeptidase-like
protein 6

AP-2 complex subunit alpha-1
GRIP1-associated protein 1
Amphiphysin

Lymphocyte antigen 6H

Cyclin-dependent-like kinase 5

Rab GDP dissociation inhibitor
alpha
Protocadherin-1

Neuromodulin

V-type proton ATPase subunit C
1

Hemoglobin subunit alpha

Noelin
Actin-related protein 3B

109
33
30

34

60

20

60

70
14
10

20
154
18

10
12

1154

18

11

50
19

2627704 + 305703
532436 + 68941
369511 + 63982

466735 + 99641

1938659 + 305384
129937 + 21249

430885 * 56707

1958489 + 324342
225754 + 53560
51515 + 13097

102231 + 18458
3948346 + 297515
244769 + 18643

81643 + 18834

177494 + 17920

136920741 +
15189191

630109 + 65334

253249 + 16916

1212852 + 255991
126829 + 16016
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2061231 + 601160
450754 + 54532
237713 £ 76891

989948 + 432586

1355610 + 487622

183375 + 57447

332948 + 112788

1548272 + 443966
156056 + 52873
35117 + 13774

145687 + 22075
3446300 + 512251
213691 + 24988

97288 + 9183

133214 + 41818

113897266 +
22541731

513622 + 112836

218003 + 42612

913711 + 251353
152523 + 23356

0.78
0.85
0.64

2.12

0.70

1.41

0.77

0.79
0.69
0.68

1.43
0.87
0.87

1.19
0.75
0.83

0.82

0.86

0.75
1.20

0.018
0.018
0.019

0.019

0.019

0.019

0.019

0.020
0.020
0.020

0.020
0.020
0.020

0.020
0.020
0.020

0.021

0.021

0.021
0.021

0.12
0.091
0.13

0.11

0.091

0.13

0.13

0.11
0.12
0.084

0.12
0.13
0.096

0.075
0.067
0.099

0.12

0.073

0.14
0.073

No
Yes
Yes

Yes

No

Yes

Yes

Yes
Yes
Yes

No
No
Yes

No
No

No

No

No

Yes
No



Table C3.2 (continued)

P13637
P37840
P07437
Q92796
094925

P62316
Q16720
P54727

P31948

Q9Y6M9

QIY3A5

Q02218
P49591
P13716

Q16798

QIUPWS
Q16143

QINX63

Q99623

Sodium/potassium-transporting
ATPase subunit alpha-3

Alpha-synuclein
Tubulin beta chain

Disks large homolog 3

Glutaminase kidney isoform,
mitochondrial

Small nuclear ribonucleoprotein
Sm D2

Plasma membrane calcium-
transporting ATPase 3

UV excision repair protein
RAD23 homolog B

Stress-induced-phosphoprotein 1

NADH dehydrogenase
[ubiquinone] 1 beta subcomplex
subunit 9

Ribosome maturation protein
SBDS

2-oxoglutarate dehydrogenase,
mitochondrial

Serine--tRNA ligase,
cytoplasmic
Delta-aminolevulinic acid
dehydratase

NADP-dependent malic enzyme,
mitochondrial

Protein unc-13 homolog A
Beta-synuclein

MICOS complex subunit MIC19

Prohibitin-2

316
25
525

16

26

18

19

69

25

129

12

48

511

74

22

10

29

27575152 +
2175084 21087335 + 4587834
180747 + 32361 239109 + 43263
37151679 +
3488784 31371328 + 4469742
19897 + 2106 16145 + 2958
181436 + 38119 148030 * 28224
287942 + 22632 232567 + 66613
97954 + 15454 77921 + 9623
193484 + 21531 234586 + 29940
2181829 + 392035 1671914 + 507733
335343 + 29435 258120 + 81718
902101 + 99479 1046083 + 96845
38314 + 7490 27997 + 10873
691356 + 42361 549744 + 96753
35806672 +
4445329 30207100 + 3740354

1289746 + 173879 1490616 + 194914

147160 + 64171 93886 + 10644

224803 + 25992 286290 + 60786
60719 + 7289 46471 + 11843

932344 + 93608 658437 + 169223
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0.76
1.32
0.84
0.81
0.82

0.81

0.80

1.21

0.77

0.77

1.16

0.73

0.80

0.84

1.16

0.64
1.27

0.77

0.71

0.021
0.021
0.021
0.021
0.022

0.022

0.022

0.022

0.022

0.022

0.022

0.022

0.023

0.023

0.024

0.024
0.024

0.024

0.024

0.13

0.12

0.12
0.098
0.057

0.13

0.067

0.13

0.095

0.13

0.12

0.076

0.057

0.12

0.12

0.088
0.11

0.14

0.10

No
No
No
No
Yes

No

No

No

No

Yes

No

No

No

Yes

Yes

No
No

No

No



Table C3.2 (continued)

P18433

Q9HAVO

P19404

QIY2A7
P13798
Q99963
P20020

P21796

060884

075044
Q9UPAS
P50570

043143

075145
P68371
QI9UPR5
Q5TOD9
076070

P27338

Receptor-type tyrosine-protein
phosphatase alpha

Guanine nucleotide-binding
protein subunit beta-4

NADH dehydrogenase
[ubiquinone] flavoprotein 2,
mitochondrial

Nck-associated protein 1
Acylamino-acid-releasing
enzyme

Endophilin-A3

Plasma membrane calcium-
transporting ATPase 1

Voltage-dependent anion-
selective channel protein 1

DnaJ homolog subfamily A
member 2

SLIT-ROBO Rho GTPase-
activating protein 2

Protein bassoon
Dynamin-2

Pre-mRNA-splicing factor ATP-
dependent RNA helicase
DHX15

Liprin-alpha-3

Tubulin beta-4B chain

Sodium/calcium exchanger 2

Tumor protein p63-regulated
gene 1-like protein

Gamma-synuclein

Amine oxidase [flavin-
containing] B

918

159

41

83
392

359

15

44
28
27

144

63

201
20
485

72

340630637 +
125063243

3421416 + 988783

1246512 + 307058

93548 + 23248
56874 + 9032

640135 + 95352

13867661 +
2259467

11126912 + 916864

50865 + 5975

196248 + 29422
760656 + 133247
197086 + 40876

4945737 + 416645

764368 + 53975

14960073 +
3108365

155488 + 26367

21303577
1945760

46659 + 5796

925128 + 60813

226

234991738 +
74139754

5264121 + 1781319

811542 + 358039

60451 + 20963
68034 + 9410
490924 + 112559
10416400 + 2886192

8244680 + 2253358

56169 + 4374

159157 + 39007
526260 + 239841
249027 + 56532

4273776 + 647408

611051 + 179839
20857925 + 6564117
110514 + 40701
16663057 + 3697811
36894 + 8802

760995 + 174536

0.69

1.54

0.65

0.65
1.20
0.77
0.75

0.74

1.10

0.81
0.69
1.26

0.86

0.80
1.39
0.71
0.78
0.79

0.82

0.024

0.024

0.024

0.024
0.024
0.025
0.025

0.025

0.025

0.025
0.025
0.025

0.025

0.025
0.025
0.025
0.025
0.025

0.026

0.12

0.12

0.12

0.091
0.11

0.090
0.12

0.12

0.12

0.12
0.068
0.099

0.067

0.081
0.091
0.073
0.13
0.080

0.095

No

No

No

No
No
No

No

No

No

Yes
Yes

No

Yes

No
No
No
No
No

Yes



Table C3.2 (continued)

P48643
Q14982

Q13451

Q16795

PO7311

P30084

Q9UJUB
014490

P14927
P12081
Q01814

Q13303

QINX14

QY2318

043707

P05023

Q93009

T-complex protein 1 subunit
epsilon

Opioid-binding protein/cell
adhesion molecule
Peptidyl-prolyl cis-trans
isomerase FKBP5

NADH dehydrogenase
[ubiquinone] 1 alpha
subcomplex subunit 9,
mitochondrial

Acylphosphatase-1

Enoyl-CoA hydratase,
mitochondrial

Drebrin-like protein

Disks large-associated protein 1
Cytochrome b-c1 complex
subunit 7

Histidine--tRNA ligase,
cytoplasmic

Plasma membrane calcium-
transporting ATPase 2
Voltage-gated potassium
channel subunit beta-2

NADH dehydrogenase
[ubiquinone] 1 beta subcomplex
subunit 11, mitochondrial

Protein-arginine deiminase type-
2

Alpha-actinin-4

Sodium/potassium-transporting
ATPase subunit alpha-1

Ubiquitin carboxyl-terminal
hydrolase 7

73

193

89

33

352

43
13

79

55

36

46

75

48

11

15

1064714 + 173602

10966951 +
1582719

1652447 + 205387

186641 + 79254

938805 * 138085

26435840 +
4568233

402638 + 34277
147126 + 21080

1929969 + 258171
1742316 + 242129
296825 + 39258

17125 + 3072

1661473 + 189728

960230 + 244528

850946 * 76442

257418 + 55557

512275 + 115302

227

1388116 + 226747

7989367 + 2349028

1372976 + 307040

121279 + 46771

713624 + 206095

38161344 + 8707359

283627 + 73353
120876 + 19427

1269444 + 571745

1194242 + 412821

211043 + 60484

11526 + 2998

2108646 + 198399

684310 + 265030

769964 + 74561

185854 + 42971

360496 + 79170

1.30

0.73

0.83

0.65

0.76

1.44

0.70
0.82

0.66

0.69

0.71

0.67

1.27

0.71

0.90

0.72

0.70

0.026

0.026

0.027

0.027

0.027

0.027

0.027
0.028

0.028

0.028

0.028

0.028

0.028

0.029

0.029

0.029

0.030

0.12

0.12

0.12

0.14

0.14

0.064

0.074
0.099

0.075

0.077

0.12

0.13

0.12

0.097

0.085

0.083

0.13

No

No

Yes

Yes

No

Yes

Yes
No

Yes

No

Yes

No

Yes

Yes

Yes

Yes

No



Table C3.2 (continued)

Q6ZVM7
P61225

Q15274

P62745

Q13509
QIUEYS8

Q13423

Q9BY11

Q9ULC3
P69891

000217

Q17R89
P61160
P52597

P09497
094856

P30531
095741

043920

TOM1-like protein 2

Ras-related protein Rap-2b
Nicotinate-nucleotide
pyrophosphorylase
[carboxylating]
Rho-related GTP-binding
protein RhoB

Tubulin beta-3 chain
Gamma-adducin

NAD(P) transhydrogenase,
mitochondrial

Protein kinase C and casein
kinase substrate in neurons
protein 1

Ras-related protein Rab-23

Hemoglobin subunit gamma-1

NADH dehydrogenase
[ubiquinone] iron-sulfur protein
8, mitochondrial

Rho GTPase-activating protein
44

Actin-related protein 2

Heterogeneous nuclear
ribonucleoprotein F

Clathrin light chain B
Neurofascin

Sodium- and chloride-dependent
GABA transporter 1

Copine-6

NADH dehydrogenase

[ubiquinone] iron-sulfur protein
5

233
57

49

115

114
135

19

10

40

288

58

78

44
144

667
79

244

18557407
2585602

1242821 + 93409

1706328 + 301776

3024845 + 928391

3768675 + 210200
3399629 + 450289

882579 + 266511

161841 + 27322

330037 + 87861

32527 + 8027

14329629 +
2872875

1476517 + 98779

1488274 + 217813

26310 + 3358

2857218 + 297097
9022947 + 1506004

9836898 + 2144011
2515292 + 462948

7260182 + 1054143

228

13590754 + 4712466
1090962 + 176456

1139374 + 200812

4890789 * 1390050

2910823 + 1007314
4621423 + 866268

653914 + 191072

130312 + 16769

215141 + 86210

42514 + 9816

17548418 + 3003862

1194990 + 304819

1132217 + 343538

19387 + 4713

2222850 + 417853
6502861 + 2391287

16373904 + 4902346
1974354 + 406630

5459698 + 1372992

0.73
0.88

0.67

1.62

0.77
1.36

0.74

0.81

0.65
131

1.22

0.81

0.76

0.74

0.78
0.72

1.66
0.78

0.75

0.030
0.030

0.030

0.030

0.031
0.031

0.031

0.031

0.031

0.031

0.031

0.031

0.031

0.032

0.032
0.032

0.032
0.032

0.032

0.081
0.096

0.14

0.11

0.077
0.10

0.085

0.12

0.057

0.12

0.080

0.11

0.083

0.090

0.090
0.057

0.065
0.12

0.11

No
No

Yes

No

No
No

Yes

No

No

No

Yes

Yes

No

Yes

No
No

No

No

Yes



Table C3.2 (continued)

096000

075964

P53396

P22695

Q8WVMS

Q9P2R7

Q13153

060825
P06396
P52306
Q99250

095219
P37837

P62879

Q61Q23
P68104
Q12905

NADH dehydrogenase
[ubiquinone] 1 beta subcomplex
subunit 10

ATP synthase subunit g,
mitochondrial

ATP-citrate synthase

Cytochrome b-c1 complex
subunit 2, mitochondrial

Secl family domain-containing
protein 1

Succinate--CoA ligase [ADP-
forming] subunit beta,
mitochondrial
Serine/threonine-protein kinase
PAK 1

6-phosphofructo-2-
kinase/fructose-2,6-
bisphosphatase 2

Gelsolin

Rapl GTPase-GDP dissociation
stimulator 1

Sodium channel protein type 2
subunit alpha

Sorting nexin-4
Transaldolase

Guanine nucleotide-binding
protein G(1)/G(S)/G(T) subunit
beta-2

Pleckstrin homology domain-
containing family A member 7
Elongation factor 1-alpha 1

Interleukin enhancer-binding
factor 2

137

30

121

198

35

34

45

143

1009

57

28

10
22

6780289 + 552275

431709 + 118079

198527 + 51453

3958881 + 340518

7003234 + 1011231

264598 + 28245

295014 + 41926

357799 * 33004

3052199 + 423012

22163875 +
3952901

15505 + 2208

74615 + 27557

1006284 + 159169

667645 + 212780

112503 + 13515
34380 + 3634
1508248 + 197419

229

5232500 + 1691610

305435 + 116246

283953 + 90190

3292838 + 527721

8852615 + 2093936

311501 * 49965

394827 + 93825

283482 + 67885

2472489 + 363547

30281699 + 7367496

11938 + 4225

50278 + 16776

800930 + 97420

1217535 + 352790

136929 + 24661
27505 + 4792
1165448 + 406215

0.77

0.71

1.43

0.83

1.26

1.18

1.34

0.79

0.81

1.37

0.77

0.67

0.80

1.82

1.22

0.80
0.77

0.032

0.032

0.033

0.033

0.033

0.033

0.033

0.033

0.033

0.033

0.033

0.033

0.033

0.033

0.034
0.034
0.034

0.13

0.057

0.057

0.057

0.057

0.089

0.13

0.14

0.12

0.057

0.057

0.057

0.075

0.10

0.085
0.073
0.099

Yes

No

No

Yes

Yes

Yes

Yes

No

Yes

No

No

Yes

No

No

No
No
No



Table C3.2 (continued)

Q9BT78
P43304

P49802

P49840

QIUNFO

P19367
Q9H936

015511

P09622
P55263

P29966

QIPOLO
P49757
014523
P16152

P51970

P61106
Q8IWQ3
P13489

COP?9 signalosome complex
subunit 4

Glycerol-3-phosphate
dehydrogenase, mitochondrial
Regulator of G-protein signaling
7

Glycogen synthase kinase-3
alpha

Protein kinase C and casein
kinase substrate in neurons
protein 2

Hexokinase-1

Mitochondrial glutamate carrier
1

Actin-related protein 2/3
complex subunit 5
Dihydrolipoyl dehydrogenase,
mitochondrial

Adenosine kinase
Myristoylated alanine-rich C-
kinase substrate
Vesicle-associated membrane
protein-associated protein A
Protein numb homolog
Phospholipid transfer protein
C2CD2L

Carbonyl reductase [NADPH] 1
NADH dehydrogenase
[ubiguinone] 1 alpha
subcomplex subunit 8
Ras-related protein Rab-14
Serine/threonine-protein kinase
BRSK2

Ribonuclease inhibitor

22

180

17

10

37

268

236

51

138

84

23
29

25

25

98
40
75

202846 + 25958

22082264 +
3885755

114169 + 13037

217313 + 38287

532492 + 27657

70182886 +
24958146

61948 + 8686

18913436 +
1778287

2793619 + 294734
2411777 + 458516

944167 + 121496

296477 + 53711
202647 + 33737
82503 + 19997
367717 + 42623

142442 + 12770

1553038 + 80043
614933 + 95802
3477110 £ 421171

230

155288 + 39156

14103814 + 4740925

183607 + 51727

270081 + 27671

400014 * 148515

46228687 +
14205116

49110 + 9471

13893438 + 3011226

2169008 + 404341

3414818 + 811820

807102 + 123783

533087 + 182586
145269 + 52118
58917 + 22066
272074 + 55845

121738 + 24735

1326967 + 217518
438973 + 148101
3897900 + 228802

0.77

0.64

1.61

1.24

0.75

0.66

0.79

0.73

0.78

1.42

0.85

1.80
0.72
0.71
0.74

0.85

0.85
0.71
1.12

0.034

0.034

0.034

0.034

0.034

0.035

0.035

0.035

0.035

0.035

0.035

0.036
0.036
0.036
0.036

0.036

0.037
0.037
0.037

0.13

0.11

0.12

0.076

0.13

0.095

0.11

0.13

0.12

0.091

0.073

0.12
0.13
0.057
0.073

0.13

0.12
0.14
0.13

No

No

Yes

No

No

No

No

No

Yes

No

No

No
Yes
Yes
Yes

Yes

No
No
Yes



Table C3.2 (continued)

Q9Y570
P47985

Q8WZA2

P30153

Q9Y2Q0
Q96QK1

P36969

P31949
P46976

P36543
Q9H0QOD
P29401
QINV96
P17540
P04350
QIUMR?2
P14625
P13645

043676

Protein phosphatase
methylesterase 1

Cytochrome b-c1 complex
subunit Rieske, mitochondrial
Rap guanine nucleotide
exchange factor 4
Serine/threonine-protein
phosphatase 2A 65 kDa
regulatory subunit A alpha
isoform

Phospholipid-transporting
ATPase IA

Vacuolar protein sorting-
associated protein 35
Phospholipid hydroperoxide
glutathione peroxidase
Protein S100-A11
Glycogenin-1

V-type proton ATPase subunit E
1

Protein FAM49A

Transketolase

Cell cycle control protein 50A
Creatine kinase S-type,
mitochondrial

Tubulin beta-4A chain
ATP-dependent RNA helicase
DDX19B

Endoplasmin

Keratin, type | cytoskeletal 10

NADH dehydrogenase
[ubiquinone] 1 beta subcomplex
subunit 3

33

1249

13

16

43

21

38

44
4

23

272
96

726

17

25
23

191

359247 + 36172

138804815 +
12669230

92521 + 17520

321749 £ 71611

430419 + 39370

1684073 + 442715

338644 * 43261

1149895 + 133605
1716233 + 199341

320715 + 68040

74575 + 11225

12351024 +
1468894

1950569 + 363209

158671193 =
11918593

108247 + 17698
144878 + 13466
1426048 + 343059
487112 + 63618

4145320 * 595544

231

305492 + 58208

109168401 +
22466102

124820 + 29564

403782 + 41805

372679 + 43388

1035824 + 449149

268319 + 63304

936984 + 177474
2292948 + 451122

232525 + 70894
62287 + 6208
8425658 + 1665150

2611447 + 716266

130745730 =
24327723

124492 + 9906
124457 + 21785
994675 + 299980
379933 + 75625

5488107 + 1056245

0.85

0.79

1.35

1.25

0.87

0.62

0.79

0.81
1.34

0.73
0.84
0.68
1.34
0.82
1.15
0.86
0.70
0.78

1.32

0.037

0.037

0.037

0.037

0.037

0.038

0.038

0.038
0.038

0.038
0.038
0.039
0.039
0.039
0.039
0.039
0.039
0.040

0.040

0.099

0.12

0.075

0.057

0.068

0.073

0.12

0.12
0.057

0.13

0.10
0.067
0.064
0.092
0.090

0.11
0.075
0.074

0.12

No

Yes

Yes

Yes

Yes

No

No

No
No

No
Yes
Yes

No

No

No

No
Yes

No

Yes



Table C3.2 (continued)
T-complex protein 1 subunit

P40227
zeta
Q2M218  AP2-associated protein kinase 1
P25713  Metallothionein-3
P68871  Hemoglobin subunit beta
Brain-specific angiogenesis
QOUQBS inhibitor 1-associated protein 2
Leucine-rich PPR motif-
P42704  containing protein,
mitochondrial
P29692  Elongation factor 1-delta
3-hydroxyacyl-CoA
Q99714 dehydrogenase type-2
Small glutamine-rich
043765  tetratricopeptide repeat-
containing protein alpha
P06454  Prothymosin alpha
Sodium/potassium-transporting
P05026 ATPase subunit beta-1
P80723  Brain acid soluble protein 1
Cytochrome c oxidase subunit
P20674 5A, mitochondrial
Q92752  Tenascin-R
Uncharacterized protein
060268 KIAA0513
P60981  Destrin
3-hydroxyisobutyryl-CoA
QENVY1 hydrolase, mitochondrial
P04264  Keratin, type Il cytoskeletal 1
P22033 Methylmalonyl-CoA mutase,

mitochondrial

81

12
30
23

313

234

302

273

115

18
60

1216

23
13
39

239

139

18
176

1171218 + 168959

301237 + 64260
263404 + 32779
395983 + 51754

26696810 +
5406221

23507673 +
4136809

13927786
2286961

8674091 + 1128725

2867672 + 452710

74569 + 9991
1100584 + 119572

221069734 +
13959283

340648 + 50817
101491 + 15313

231959 + 48902

27012917 +
4085560

3926022 + 373488
132086 + 20179
3954471 + 944669

232

1584846 + 359994

242570 + 47937
209150 + 45101
295134 + 105495

15793066 + 6075252

14764000 + 5074225

10127434 + 3370640

6710192 + 2173841

3773732 +£1018146

84442 + 8212
932734 + 153034

186980263
31577759

246547 + 48255
73628 + 22759
360924 + 91296

19588926 + 7529699

3036947 + 893818

167832 + 38779
6171006 + 1924010

1.35

0.81
0.79
0.75

0.59

0.63

0.73

0.77

1.32

1.13
0.85

0.85

0.72
0.73
1.56

0.73

0.77

1.27
1.56

0.040

0.040
0.040
0.040

0.040

0.041

0.041

0.041

0.042

0.042
0.042

0.042

0.043
0.043
0.043
0.043

0.043
0.043
0.043

0.12

0.073
0.071
0.057

0.13

0.071

0.14

0.13

0.12

0.080
0.13

0.073

0.088
0.069
0.073
0.091

0.073
0.13
0.11

No

Yes
No
No

No

Yes

No

No

No

No

Yes

No

Yes
No
No

No

Yes
No

No



Table C3.2 (continued)

Q16775

P18859

Q9Y617
P31146
Q99622

Q8WY54

Q13526
QINPJ3
P00505
Q8N111
Q14Cz8
P42566
QIH8H3

P10809
QINZN3

P21912

P61764
P20339

060939
P50502
P35080

Hydroxyacylglutathione
hydrolase, mitochondrial

ATP synthase-coupling factor 6,
mitochondrial

Phosphoserine aminotransferase
Coronin-1A

Protein C10

Protein phosphatase 1E
Peptidyl-prolyl cis-trans
isomerase NIMA-interacting 1
Acyl-coenzyme A thioesterase
13

Aspartate aminotransferase,
mitochondrial

Cell cycle exit and neuronal
differentiation protein 1
Hepatocyte cell adhesion
molecule

Epidermal growth factor
receptor substrate 15
Methyltransferase-like protein
TA

60 kDa heat shock protein,
mitochondrial

EH domain-containing protein 3

Succinate dehydrogenase
[ubiquinone] iron-sulfur subunit,
mitochondrial

Syntaxin-binding protein 1
Ras-related protein Rab-5A

Sodium channel subunit beta-2
Hsc70-interacting protein
Profilin-2

28

48

107
61
31

122

11

412

18

15

85

822

19

52
40

16

24
407

46
17
20

237790 + 38205

4662535 * 2150286

2489660 + 461428
2444471 + 291597
1059020 + 446756
3681368 + 860163

66283 + 10606

122524349 +
6289658

87533 + 20659

406618 + 66640

3699150 + 836721

105763812 +
12272326

279500 + 38586

1792166 + 223253
516955 + 53742

100817 + 19808

381489 + 148375

30296983 +
4625091

1512593 + 281548
131157 + 15772
803199 + 107963

233

307961 * 44996

2780647 + 1192889

3226252 + 853648
1835676 + 490143
663681 + 276797

6187544 + 1577597

52749 + 11633

104325954 +
16628898

142381 + 47062

340621 + 54371

2102648 + 926868

87796042 +
18371384

217958 + 63232

1535811 + 194476
446660 * 66242

125054 + 26916

237519 + 95013

22440440 + 9141638

1025441 + 465932
100983 + 26523
644750 + 157789

1.30

0.60

1.30
0.75
0.63
1.68

0.80

0.85

1.63

0.84

0.57

0.83

0.78

0.86
0.86

1.24

0.62
0.74

0.68
0.77
0.80

0.044

0.044

0.044
0.044
0.044
0.044

0.044

0.044

0.044

0.045

0.045

0.045

0.045

0.045
0.045

0.045

0.045
0.046

0.046
0.046
0.046

0.073

0.10

0.13

0.12
0.097

0.12

0.073

0.11

0.12

0.081

0.13

0.12

0.11

0.11
0.088

0.10

0.095
0.13

0.057
0.14
0.078

No

Yes

Yes
Yes
Yes
Yes

No

No

No

No

Yes

No

No

Yes

No

Yes

No
No

No
No
No



Table C3.2 (continued)

P02042  Hemoglobin subunit delta 118 2285231 +185008 2552174 + 231908 1.12 0.046 0.11 No
P01023  Alpha-2-macroglobulin 17 1607264 + 195669 1223534+ 439699  0.76 0.046 0.065 No
Q9H7Z7  Prostaglandin E synthase 2 13 118156 + 18287 155942 + 28297 1.32 0.047 0.12 No
Q9Y265  RuvB-like 1 82 2913760 + 375546 2139971+ 695431  0.73 0.047 0.12 No
P61266  Syntaxin-1B 38 611492 + 165056 432769 + 145876 0.71 0.048 0.073 No
Q15056 fa‘é't‘gmolj'c translation initiation 30 369447 + 24715 204539 + 64158 080 0048 0.10 No
pagasp  'Mositol polyphosphate 1- 39 446761 + 69434 334949 + 72519 0.75 0.048 0.12 No
phosphatase
26S proteasome non-ATPase 12057388 +
000232 1 D eubunit 12 191 2089038 9523958 + 2290181 0.79 0.049 0.091 No
043301  Heat shock 70 kDa protein 12A 232 6348826+ 368183  5171543+889660  0.81 0.050 0.13 No
Qoogag  Heterogeneous nuclear 148 3166346 £ 196175 2686642 = 405229 0.85 0.050 0.10 No
ribonucleoprotein U
Qo747 ~ Actin-related protein 2/3 207 9301810+1366652 6800202+ 2721340 073 0050  0.076 No

complex subunit 1A

aThe accession number from the UniProt human database. ®PSMs are summed from both batches of samples. (Average + standard deviation calculated from
TMT reporter ion intensities, N = 8-10 per group.’Bold indicates fold changes < 0.81 and > 1.24. ¢p-values from linear regression model for main effects of

diagnosis. PProteins were significant with uncorrected p < 0.05 and with same direction of change in ROSMAP TMT dataset. Abbreviations: PSMs, peptide

spectral matches; CN, cognitively normal; AD, Alzheimer's disease; ROSMAP, Religious Orders Study and Rush Memory and Aging Project.
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Table C3.3. Differentially-expressed proteins in AD postmortem IPL.

- Average Reporter lon Intensities® Significant
ANZC;SSQ?FQ Protein Name PSMsP AD/CNY  p-Value® Co_'\’/g’ifjgd in
P21397 ﬁm'”e oxidase [flavin-containing] 28 60949 + 7171 69846 + 8227 115 000061  0.16 No
Four and a half LIM domains 97444864 +
Q13642 protein 1 2084 89730456 + 7168060 8239575 1.09 0.0006 0.16 No
Probable ATP-dependent RNA
pP17844 helicase DDX5 18 32630 + 4994 40784 + 6244 1.25 0.0013 0.22 No
Q7z3D6  D-glutamate cyclase, mitochondrial 45 60477 + 4946 69712 + 5426 1.15 0.0013 0.22 No
P11766 Alcohol dehydrogenase class-3 136 1511258 + 337570 1950481 + 449297 1.29 0.0020 0.30 No
pag7zg  Fhosphatidylinositol transfer protein 445 2308029 + 166224 2170569+ 103854  0.94 00034  0.30 No
beta isoform
Qoog3g  Heterogeneous nuclear 64 479076 + 60771 554735 + 68059 1.16 0.0037 0.30 No
ribonucleoprotein U
Ribosomal protein S6 kinase alpha- 164587867 = 174753443 =
pP51812 3 5244 10046621 9713166 1.06 0.004 0.30 No
O75g91  CYtosolic 10-formyltetrahydrofolate g, 1558177 + 237904 2004204+ 474731 129 00042 030 No
dehydrogenase
pagrgg  A-trimethylaminobutyraldehyde 105 346152 + 33018 386812 + 23564 112 0.0044 0.30 No
dehydrogenase
Q15847  Adipogenesis regulatory factor 251 1539504 + 167848 1758720 + 142885 1.14 0.0046 0.30 No
P08670 Vimentin 192 2958616 + 482266 3560947 + 575369 1.20 0.0055 0.31 No
Q14019  Coactosin-like protein 752 8100481 + 1358741 9121796 + 531055 1.13 0.0056 0.31 No
060749  Sorting nexin-2 127 1016190 + 194605 1381491 + 415733 1.36 0.0063 0.31 No
P51452 ?”a' specificity protein phosphatase 5, 2409826 + 199924 2684346 + 164361  1.11  0.0073 0.32 No
P49588 Alanine--tRNA ligase, cytoplasmic 44 195612 + 33102 225962 + 27449 1.16 0.0077 0.32 No
QINQW?7  Xaa-Pro aminopeptidase 1 340 3904149 + 369721 4394478 + 300262 1.13 0.0078 0.32 No
043396  Thioredoxin-like protein 1 264 1817146 + 110635 1919912 + 99838 1.06 0.0080 0.32 No
P41208 Centrin-2 102 584908 + 24894 629623 + 37806 1.08 0.0082 0.32 No
P06744  Glucose-6-phosphate isomerase 216 4244112 + 331301 3831243 + 410893 0.90 0.0092 0.33 No
P48163  NADP-dependent malic enzyme 357 3745092 £ 270909 3975326 + 140448 1.06 0.0092 0.33 No

235



Table C3.3 (continued)

P00558
P21266
P30041
Q9ULPO
P16402
QINR45
Q8N335

Q9UHDS
P49407

P62937
P01023

Q14195

P52565
Q8N608

Q99536

000186
P17252
P22307

000487

P07108
P42025

Q13424

QINVD7
P08758

Phosphoglycerate kinase 1

Glutathione S-transferase Mu 3
Peroxiredoxin-6

Protein NDRG4

Histone H1.3

Sialic acid synthase

Glycerol-3-phosphate
dehydrogenase 1-like protein

Septin-9
Beta-arrestin-1

Peptidyl-prolyl cis-trans isomerase
A

Alpha-2-macroglobulin

Dihydropyrimidinase-related protein
3

Rho GDP-dissociation inhibitor 1
Inactive dipeptidyl peptidase 10
Synaptic vesicle membrane protein
VAT-1 homolog

Syntaxin-binding protein 3
Protein kinase C alpha type
Non-specific lipid-transfer protein

26S proteasome non-ATPase
regulatory subunit 14

Acyl-CoA-binding protein
Beta-centractin
Alpha-1-syntrophin

Alpha-parvin
Annexin A5

1196
129
648
394
250

20
192

641
16

341
108

122

12
32

342

61
174
85

136

125
476

1000

111
155

50399800 + 4702440

598168 * 71647
4937008 * 759517
5079631 * 362979

567710 + 90888

47179 + 5150
1756632 + 222646

6765056 + 985447
31454 + 2806

3531531 * 334146
508955 * 41644
658810 + 120345

66111 + 7538
652479 + 59343

3312850 + 290571

112430 + 17890
873977 + 68462
762119 + 74249

632192 + 110911

649208 + 31099
2600795 + 356982

12007385 + 746185

1637240 + 219318
1330731 + 387941

236

55481217 +
3376705

776152 + 217726
57151665 + 446324
4604717 + 433764
855546 + 249781
52529 + 5206
2127147 + 160893
7520282 + 421071
34758 + 3230
3851904 + 285975

552108 * 38271

776331 + 75997

73365 + 7315
579099 + 77985

3613253 + 270143

136349 + 29257
1085985 + 105715
920983 + 89418

537678 + 70352

694380 + 52679

2196764 + 227337

13423690 +
1536795

1922091 + 210363
1772117 + 264716

1.10
1.30
1.16
0.91

151
111

121

111
111

1.09
1.08

1.18

1.11
0.89

1.09

1.21
1.24
1.21

0.85

1.07
0.84

1.12

1.17
1.33

0.0093
0.0095
0.010
0.010
0.011
0.011
0.012

0.012
0.013

0.014
0.016

0.017

0.020
0.020

0.021

0.023
0.023
0.024

0.024

0.024
0.025

0.026

0.026
0.028

0.33
0.33
0.33
0.34
0.35
0.35
0.35

0.35
0.36

0.37
0.40

0.41

0.43
0.43

0.43

0.44
0.44
0.44

0.44

0.44
0.46

0.47

0.47
0.47

No
No
No
No
No
No
No

No
No

No
No

No

No
No

No

No
No
No

No

No
No

No

No
No



Table C3.3 (continued)

P62805
P30085
094979

P52209

Q9UQ80
P55263

043390

P05198
Q9Y230
Q9H492

P11310

Q12906
P05771
Q03252

Q9Y570

P24752

Q16531
P11216
QINUP9

Q92905

P07339
P28066

P55786

Histone H4

UMP-CMP kinase

Protein transport protein Sec31A
6-phosphogluconate dehydrogenase,
decarboxylating
Proliferation-associated protein 2G4
Adenosine kinase

Heterogeneous nuclear
ribonucleoprotein R

Eukaryotic translation initiation
factor 2 subunit 1

RuvB-like 2
Microtubule-associated proteins
1A/1B light chain 3A
Medium-chain specific acyl-CoA
dehydrogenase, mitochondrial

Interleukin enhancer-binding factor
3

Protein kinase C beta type
Lamin-B2

Protein phosphatase methylesterase
1

Acetyl-CoA acetyltransferase,
mitochondrial

DNA damage-binding protein 1
Glycogen phosphorylase, brain form
Protein lin-7 homolog C

COP9 signalosome complex subunit
5

Cathepsin D
Proteasome subunit alpha type-5

Puromycin-sensitive
aminopeptidase

720
116
55

28

52
45

534

74
254
67

98

282
155
931

180

218

54
175
377

70

125
481

31

4344720 + 391311
430123 + 27509
604241 + 54611

73575 + 8822

1340237 + 198218
310100 * 41375

5294807 + 337126

417355 + 46100
849684 + 113075
532287 + 70052

665428 + 82150

8192618 + 648448
276292 + 6447
15631900 + 1001708

665758 + 30114

3145236 * 250747

330525 + 73973
1755816 + 237368
5837852 + 558768

270448 + 51241

2146170 + 162919
6765229 + 501339

101257 + 10070

237

4765140 + 192116
477717 + 43305
660065 + 46692

83028 + 9025

1651597 + 394363
279859 + 13593

6066164 + 725763

508670 + 68623
1005078 + 107190
628908 + 54232

735757 + 51842

8963606 * 609525

299846 + 19913

17335032 +
1454581

706002 + 45900

3683143 * 449232

271793 + 37536
2226344 + 270901
6531336 + 518302

322608 + 32435

2331818 + 170602
7375554 500949

90617 + 11633

1.10
111
1.09

1.13

1.23
0.90

1.15

1.22
1.18
1.18

111

1.09
1.09
1.11

1.06

1.17

0.82
1.27
1.12

1.19

1.09
1.09

0.89

0.029
0.029
0.030

0.032

0.032
0.033

0.034

0.034
0.034
0.035

0.035

0.037
0.038
0.039

0.039

0.041

0.041
0.042
0.042

0.043

0.045
0.047

0.048

0.47
0.47
0.47

0.49

0.49
0.49

0.49

0.49
0.49
0.50

0.50

0.51
0.51
0.51

0.52

0.52

0.52
0.52
0.52

0.52

0.53
0.53

0.53

No
No
No

No

No
No

No

No
No

No

No

No
No
No

No

No

No
No
No

No

No
No

No



Table C3.3 (continued)

Q86Y82
P52306

P22033

Q92974

P62745
P52788
P51553
Q15149

Q6GMV3

P36871
P14136

P27338
015540
Q09666
P06733
Q03001

QINV96
Q13126
Q15121
P22626
P16930

Syntaxin-12
Rapl GTPase-GDP dissociation
stimulator 1

Methylmalonyl-CoA mutase,
mitochondrial

Rho guanine nucleotide exchange
factor 2

Rho-related GTP-binding protein
RhoB

Spermine synthase

Isocitrate dehydrogenase [NAD]
subunit gamma, mitochondrial

Plectin

Putative peptidyl-tRNA hydrolase
PTRHD1

Phosphoglucomutase-1
Glial fibrillary acidic protein

Amine oxidase [flavin-containing]
B

Fatty acid-binding protein, brain

Neuroblast differentiation-
associated protein AHNAK

Alpha-enolase
Dystonin

Cell cycle control protein 50A

S-methyl-5'-thioadenosine
phosphorylase

Astrocytic phosphoprotein PEA-15

Heterogeneous nuclear
ribonucleoproteins A2/B1

Fumarylacetoacetase

89
44

287

454

106
141
66

255

1851

545
88

224
240
1544
280
5201
292
1166
213
67
46

281115 + 28542
91864 + 8327

2196307 + 409471
2329473 + 320411

1007141 + 151667
1481926 + 204451
333526 + 39917

2155758 + 624008

34746379 +
11400387

3286767 + 668566
228392 + 62257

1612901 + 127773
2381276 + 169487
40482456 + 2957837

1141028 + 213542

148476767
9353860

1734583 + 79596
29938813 + 2870937
3953716 * 406962
330399 + 26872
122572 + 17825

238

321406 + 33349
103927 + 11810

2578904 + 266388

2024281 + 139620

892238 + 65682
1720950 + 164163
377276 + 43387

1591405 + 224665

51193134 +
11158378

4358507 + 736811
285219 + 44406

1740616 + 100984

2612908 + 189886

43492168 +
2460925

1492459 + 222162

165621968 +
12079733

1652094 + 88610

33019871 +
3277896

4499238 + 232274
357912 + 21416
146044 + 13065

1.14
1.13

1.17

0.87

0.89
1.16
1.13
0.74

1.47

1.33
1.25

1.08
1.10
1.07
1.31
1.12
0.95
1.10
1.14
1.08
1.19

0.048
0.049

0.049

0.049

0.049

0.049

0.050
0.000049

0.000085

0.00066
0.00066

0.00092
0.003
0.0030
0.0032
0.0035
0.0035
0.0042
0.0048
0.0054
0.0061

0.53
0.53

0.53

0.53

0.53

0.53

0.53
0.063

0.063

0.16
0.16

0.19
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.31
0.31

No
No

No

No

No
No
No
Yes

Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



Table C3.3 (continued)

043741

P15121
Q9Y2Q0

P31153

Q16623
Q16204

Q9H008

P29218
P22314

043175

QINQ66

Q9HCI6

P49773

Q15019
P17302

P00568

P50897
Q12765

Q68DH5

5'-AMP-activated protein kinase
subunit beta-2

Aldose reductase

Phospholipid-transporting ATPase
1A

S-adenosylmethionine synthase
isoform type-2

Syntaxin-1A

Coiled-coil domain-containing
protein 6

Phospholysine phosphohistidine
inorganic pyrophosphate
phosphatase

Inositol monophosphatase 1
Ubiquitin-like modifier-activating
enzyme 1

D-3-phosphoglycerate
dehydrogenase
1-phosphatidylinositol 4,5-
bisphosphate phosphodiesterase
beta-1

Synaptic vesicle membrane protein
VAT-1 homolog-like

Histidine triad nucleotide-binding
protein 1

Septin-2

Gap junction alpha-1 protein

Adenylate kinase isoenzyme 1

Palmitoyl-protein thioesterase 1

Secernin-1

LMBR1 domain-containing protein
2

296

1915

129

55
64
50

63

444
93

57

36

864

3804

93
131

3548

388
68

210

3099251 + 191064
14815517 + 1007996
923287 + 89056

93320 + 5909
663671 + 112941
297838 + 26567

158260 + 13215

6563261 + 484859
325631 * 26303

155476 + 15202

153300 + 21398

9175771 + 760814

86527375 + 6924695

766050 + 75279
424443 + 96485

58540435 +
19895424

3250039 + 317276
211066 + 30688

1478975 + 140853

239

3398935 + 329899

18724034 +
1952545

1008285 + 83859

102525 + 5894
752975 + 68464
264776 + 20691

175839 + 20424

7580015 + 819158
364630 * 31050

173518 + 18354

175418 + 18245

10091152 +
673190

93953633 *
3837248

845275 + 75510
629501 + 131405

120944512 +
40827869

3628079 + 314481
249581 + 44661

1628662 + 120886

1.10

1.26

1.09

1.10
1.13
0.89

111

1.15
1.12

1.12

1.14

1.10

1.09

1.10
1.48

2.07

1.12
1.18

1.10

0.0062

0.0069

0.0069

0.0073
0.0085
0.012

0.012

0.013
0.013

0.013

0.014

0.016

0.016

0.017
0.018

0.018

0.020
0.020

0.021

0.31

0.32

0.32

0.32
0.32
0.35

0.35

0.36
0.36

0.36

0.37

0.40

0.40

0.41
0.42

0.43

0.43
0.43

0.43

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes
Yes

Yes



Table C3.3 (continued)

P10645
Q06830
Q96DG6

P09211

014818
P07195
Q04760

P60520

P40123
Q99497
Q16851

P63151

P06756
Q5TODY

Q9P035
P52943
P04406
Q99685
060282

Q96EQO

Chromogranin-A

Peroxiredoxin-1

Carboxymethylenebutenolidase
homolog

Glutathione S-transferase P

Proteasome subunit alpha type-7
L-lactate dehydrogenase B chain
Lactoylglutathione lyase

Gamma-aminobutyric acid receptor-

associated protein-like 2
Adenylyl cyclase-associated protein
2

Protein/nucleic acid deglycase DJ-1
UTP--glucose-1-phosphate
uridylyltransferase

Serine/threonine-protein
phosphatase 2A 55 kDa regulatory
subunit B alpha isoform

Integrin alpha-V

Tumor protein p63-regulated gene
1-like protein

Very-long-chain (3R)-3-
hydroxyacyl-CoA dehydratase 3
Cysteine-rich protein 2
Glyceraldehyde-3-phosphate
dehydrogenase

Monoglyceride lipase

Kinesin heavy chain isoform 5C

Small glutamine-rich
tetratricopeptide repeat-containing
protein beta

852

399

64

1217

799
21
19

30

82
67
378

1397

47
191

60
84
302
41
58

12

17874629 + 1565337
10371157 + 1222402
123260 + 34895

31399893 + 1874828

8127324 + 427719
60326 + 10577
39364 + 7827

149697 + 11762

286181 + 27432
403092 + 59767
2393515 + 235354

31336560 + 2972437

337043 £ 33541
1115777 + 88880

204668 + 18095
253595 + 20460
4225870 + 400360

132360 + 7673
250468 + 9731

74129 + 7404

240

19655697 +
1468364
12546195 +
2355919

151456 + 22313

34171498 +
2747054

8567588 + 461181
80477 + 16493
48263 + 8800

163037 + 11262

319635 * 37093
460080 * 39218
2833610 + 402176

34651264 +
3063349

379101 + 27757
1224636 + 129172

226749 + 23068
274288 + 11273
5026451 + 434914
144725 + 9920
272589 + 19712

84172 + 5811

1.10

121

1.23

1.09

1.05
1.33
1.23

1.09

1.12
1.14

1.18

111

1.12
1.10

1.11
1.08
1.19
1.09
1.09

1.14

0.021

0.021

0.022

0.023

0.026
0.027
0.027

0.028

0.029
0.029
0.030

0.031

0.033
0.036

0.038
0.038
0.039
0.040
0.043

0.043

0.43

0.43

0.44

0.44

0.47
0.47
0.47

0.47

0.47
0.47

0.47

0.48

0.49
0.50

0.51
0.51
0.51
0.52
0.52

0.52

Yes

Yes

Yes

Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes
Yes

Yes



Table C3.3 (continued)
BAG family molecular chaperone

095817 147 1636592 + 215683 1452056 + 162836  0.89 0.043 0.52 Yes
regulator 3
pogogg  Piquitin carboxyl-terminal 1013 5815775 + 656475 6927292 + 737505  1.19 0.045 0.53 Yes
hydrolase isozyme L1
P07305  Histone H1.0 131 2493749 + 579509 3298898 + 737073 1.32 0.045 0.53 Yes
P55072 E‘ngona' endoplasmic reticulum 10 49552 + 6105 43235 + 4621 087 0046 0.53 Yes
. . o 54755543 +
P27361  Mitogen-activated protein kinase 3 1893 52416099 + 1581403 2193245 1.04 0.048 0.53 Yes
QoBwp1 Acetyl-CoA acetyltransferase, 75 506885 + 59008 587654 + 63994 1.16 0.050 053 Yes

cytosolic

aThe accession number from the UniProt human database. "PSMs are summed from both batches of samples. Average + standard deviation calculated from TMT
reporter ion intensities, N = 9-10 per group.Bold indicates fold changes < 0.81 and > 1.24. ¢p-values from linear regression model for main effects of diagnosis.
fProteins were significant with uncorrected p < 0.05 and with same direction of change in ROSMAP TMT dataset. Abbreviations: PSMs, peptide spectral matches;
CN, cognitively normal; AD, Alzheimer's disease; ROSMAP, Religious Orders Study and Rush Memory and Aging Project.
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Table C3.4. Differentially-expressed proteins in AD postmortem GP.

ﬁl%crisbsé?,g Protein Name PSMsP Av:ng;eNReporter fon Ins:\il;esc AD/CN¢ V:fI;Jee Corrected S:gglg&a R};:n
p-value®
P13639 Elongation factor 2 45 185581 + 17540 206230 = 16107 111 0.019 1.00 No
P14136  Glial fibrillary acidic protein 2838 6;’;’3223;; 93332223301 147 0043 1.00 Yes
P25788  Proteasome subunit alpha type-3 15 26375 + 2745 31263 + 5981 1.19 0.041 1.00 No
Q13228  Methanethiol oxidase 72 525537 + 55187 616283 = 110974 1.17 0.043 1.00 Yes
Q14764  Major vault protein 17 57722 + 16988 39419 + 15318 0.68 0.029 1.00 No
Q9HOQO  Protein FAM49A 9 109890 + 16975 92070 £ 16972 0.84 0.041 1.00 Yes

aThe accession number from the UniProt human database. ®PSMs are summed from both batches of samples. (Average + standard deviation calculated from
TMT reporter ion intensities, N = 9-10 per group.Bold indicates fold changes < 0.81 and > 1.24. ®p-values from linear regression model for main effects of

diagnosis. Proteins were significant with uncorrected p < 0.05 and with same direction of change in ROSMAP TMT dataset. Abbreviations: PSMs, peptide

spectral matches; CN, cognitively normal; AD, Alzheimer's disease; ROSMAP, Religious Orders Study and Rush Memory and Aging Project.
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Table C3.5. IPA significant pathways across regions.

Pathway Name

Hippocampus

IPL

GP

-log(p-value)?

Proteins in Pathway -log(p-value)?

Proteins in Pathway

-log(p-value)?

Proteins in Pathway

Mitochondrial
Dysfunction

32.4

ACO2,ATPSF1A,
ATP5F1B,ATP5ME,
ATP5MG,ATPSPF,
COX5A,COX6B1,
COX7A2,CYC1,GPD2,
GPX4,HSD17B10,
MAOB,MAP2K4,
MAPK10, MTATPS,
NDUFA10,NDUFA2,
NDUFAS,NDUFAGY,
NDUFAB1,NDUFB10,
NDUFB11,NDUFBS3,
NDUFB9,NDUFS1,
NDUFS3,NDUFSS,
NDUFS6, NDUFSS,
NDUFV2,0GDH,
PDHAL,SDHB,SNCA,
UQCRB,UQCRC,
UQCRC2,UQCRFSL,
VDACL, VDAC3

Oxidative
Phosphorylation

24.8

ATPSF1A,ATP5F1B,
ATP5SME,ATPSMG,
ATPSPF,COX5A,COX6
B1,COX7A2,CYCL,
MT-ATP6,NDUFAL10,
NDUFA2,NDUFAS,
NDUFA9, NDUFABL,
NDUFB10,NDUFB11,
NDUFB3, NDUFB9,
NDUFS1, NDUFSS3,
NDUFS5,NDUFSS,
NDUFS8,NDUFV?2,
SDHB,UQCRB,
UQCRC1, UQCRC2,
UQCRFS1
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Table C3.5 (continued)

Synaptogenesis
Signaling
Pathway

19.6

ACTR2,AP1B1,AP2A1,
AP2A2,AP2B1,
ARPCI1A, ARPCS,
ARPCS5L,CAMKZ2A,
CAMK2B,CAMK2D,
CAMK2G,CDK5,DLG4,
DNAJC5,GRIAZ,
HSPAS8, MARCKS,
NAPA,NAPB,NECTIN,
NSF,PAK1, PRKAR1B,
PRKCE,RAB3A,
RAB5A,RAP2B,SGTA,
SNCA,SNCB,SNCG,
STX1A,STX1B,
STXBP1,SYN1,SYNS,
TLN1,UNCI13A,
VAMP2

Sirtuin Signaling
Pathway

18.1

ACLY,ATP5F1A,
ATP5F1B,ATP5PF,
CYC1,GLS, GOT?2,

H1-3, MT-ATPS,

NDUFAL10, NDUFA2,
NDUFA8,NDUFAOY,

NDUFAB1,NDUFB10,

NDUFB11,NDUFBS3,
NDUFB9,NDUFS,
NDUFS3,NDUFSS,
NDUFS6,NDUFSS,
NDUFV2,PDHAL,
SDHB, TIMM44,
TIMM9,TOMMT70,
TUBAILA TUBAJ4A
TUBAS,UQCRC2,
UQCRFS1,VDACI,
VDAC3, XRCC6

2.78
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GABARAPL2,H1-0,
H1-3, LDHB,
MAP1LC3A,

MAPK3,PGK1



Table C3.5 (continued)

14-3-3-mediated

Signaling 18.0

GSK3A ,MAP2K4,
MAPK10,PLCBI,
PLCD1,PRKCE,
PRKCG,RAP2B,SNCA,
TUBALA TUBA4A,
TUBAS, TUBB,TUBB2
A TUBB2B,TUBBS,
TUBB4A, TUBB4B,
TUBBG6,VIM,YWHAB,
YWHAE,YWHAG,
YWHAH,YWHAQ,
YWHAZ

3.98

GFAP,MAPK3,PLCB1,
PRKCA,PRKCB,VIM

1.48

GFAP

Remodeling of
Epithelial
Adherens
Junctions

17.4

ACTN4,ACTRZ,
ARPC1A,ARPCS,
ARPC5L, DNM1,

DNM1L,DNM2,
MAPREZ2,RABSA,

TUBAILA, TUBA4A,
TUBAS,TUBB,
TUBB2A, TUBB2B,
TUBB3, TUBB4A,
TUBB4B,TUBB6

Phagosome

Maturation 17.1

ATP6VOAL,
ATP6VOD1,ATPEV1A,
ATP6V1B2,ATP6V1C],
ATP6V1E1,ATP6V1H,
DYNCI1I1, DYNC1I2,
DYNCI1LIZ,NAPA,
NAPB,NSF,PRDX1,
PRDX2,RAB5A,
TUBAIA TUBAZA,
TUBAS, TUBB,
TUBB2A,TUBB2B,
TUBB3,TUBB4A,
TUBB4B,TUBBSG,
VAMP2
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Table C3.5 (continued)

Huntington's
Disease Signaling

16.4

AP2A2,ATP5F1A,
ATP5F1B,ATPSPF,
CDKS5,CLTB,CLTC,

DLG4,DNAJC5,DNM1,
DNM1L,DNM2,
DYNCI1I2,GLS,GNB2,
GNB4,HSPA4,HSPAS, 2.56
MAP2K4,NAPA,NAPB,
NSF,PACSIN1,PLCBI,
PRKCE,PRKCG,
RPH3A,SDHB,
SH3GL3,SNCA,
STX1AVAMP2

CTSD,MAPK3,PLCBI,
PRKCA,PRKCB,
STX1A

Clathrin-mediated
Endocytosis
Signaling

14.3

AAK1,ACTR2,AMPH,
AP1B1,AP2A1,AP2A2,
AP2B1,ARPC1A,
ARPC5,ARPCSL,CLTB,
CLTC, DNM1, DNML1L,
DNM2,EPS15,FGF1,HS
PA8, NUMB, PPP3CB,
RABS5A,SH3GL1,
SH3GL2,SH3GL3,
SH3GLB2,SNAPI1,
SYNJ1

Germ Cell-Sertoli
Cell Junction
Signaling

111

A2M,ACTN4,GSN,
MAP2K4,MAPK10,
PAK1, PAK2,PAKS,
RABSB,RAP2B,RHOB,
SORBS1, TUBAILA,
TUBA4A TUBAS,
TUBB,TUBB2A,
TUBB2B,TUBB3,
TUBB4A, TUBB4B,
TUBB6
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Table C3.5 (continued)

Sertoli Cell-
Sertoli Cell
Junction
Signaling

10.4

A2M,ACTN4,DLG1,
GSK3A,MAP2K4,
MAPK10, NECTIN1,
PRKAR1B,RABSB,
RAP2B,SORBS1,TJP2,
TUBALA TUBA4A,
TUBAS,TUBB,
TUBB2A, TUBB2B,
TUBB3,TUBB4A,
TUBB4B,TUBB6

Epithelial
Adherens
Junction

Signaling

10.3

ACTN4,ACTRZ,
ARPC1A,ARPCS,
ARPCS5L, BAIAP2,
FGF1, NECTIN1,
RAP2B,SORBS1,
TUBALA TUBA4A,

TUBAS,TUBB,
TUBB2A, TUBB2B,
TUBB3,TUBB4A,
TUBB4B,TUBB6

HIPPO signaling

9.69

DLG1,DLG2,DLGS,
DLG4,LLGL1,PPP1CB,
PPP2CA, PPP2R1A,
TJP2,YWHAB,
YWHAE,YWHAG,
YWHAH,YWHAQ,
YWHAZ

Gap Junction
Signaling

9.00

DBN1,GJAL,GRIAZ,
PLCB1,PLCD1,
PPP3CB, PRKAR1B,
PRKCE,PRKCG,
RAP2B, TJP2, TUBALA,
TUBA4A TUBAS,
TUBB,TUBB2A,
TUBB2B, TUBB3,
TUBB4A, TUBB4B,
TUBB6

2.20
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GJA1,MAPK3,PLCB1,
PRKCA,PRKCB



Table C3.5 (continued)

Axonal Guidance
Signaling

8.63

ACTR2,ARPCI1A,
ARPC5,ARPCSL,
BAIAP2,CDK5,GNB2,
GNB4,PAK1,PAK2,
PAK3,PFN2,PLCB1,
PLCD1,PLXNAL,
PPP3CB,PRKAR1B,
PRKCE, PRKCG,
RAP2B,RTN4,
SHANK2,SRGAP2,
TUBALA TUBA4A,
TUBAS,TUBB,
TUBB2A, TUBB2B,
TUBB3,TUBB4A,
TUBB4B,TUBB6

Protein
Ubiquitination
Pathway

8.53

DNAJC5,HSP90AAL,
HSP90AB1,HSP90B1,
HSPA12A HSPA4,
HSPA4L,HSPAS,
HSPB1,HSPB8,HSPD1,
HSPH1,PSMD12, 1.65
SUGT1,TRAP1,UBE2K,
UBE2M, UBE2N,
UBE20, UBE2V1,
UBE2V2,UCHL1,USP5,
USP7

PSMAS5,PSMATY,
PSMD14,UBA1,UCHL1

248



Table C3.5 (continued)

Protein Kinase A

Signaling 8.29

ADD3,CAMK2A,
CAMK2B,CAMK2D,
CAMKZ2G, FLNA,
FLNC, GNB2,GNB4,
GSK3A,H1-3,
PALM2AKAP2,PDE2A,
PLCB1,PLCD1,
PPP1CB, PPP3CB,
PRKAR1B,PRKCE,
PRKCG,PTK2B,
PTPRA,PTPRS,
YWHAB,YWHAE,
YWHAG,YWHAH,
YWHAQ,YWHAZ

2.61

DUSP3,H1-0,H1-3,
MAPK3,PLCB1,
PRKCA,PRKCB,PYGB

Actin
Cytoskeleton 8.24
Signaling

ACTN4,ACTRZ,
ARPC1A,ARPCS,
ARPCS5L, BAIAP2,
CYFIP2,EZR,FGF1,
FLNA,GSN,MSN,
NCKAP1,PAK1,PAK2,
PAK3,PFN2,PPP1CB,
RAP2B,RDX,TLN1

TCA Cycle Il

(Eukaryotic) 7.76

ACO2,DLD,IDH3A,
IDH3B,MDH2,0GDH,
SDHB, SUCLA?

ERK/MAPK

Signaling 1.67

HSPB1,PAK1,PAK2Z,
PAKS3,PPP1CB,
PPP2CA,
PPP2R1A,PRKAR1B,
PRKCE,PRKCG,
PTK2B, RAP2B,
RAPGEF4,TLN1,
YWHAB,YWHAG,
YWHAH,YWHAQ,
YWHAZ

1.57

MAPKS3,PPP2R2A,
PRKCA,PRKCB



Table C3.5 (continued)

Aldosterone

DNAJC5,HSP90AAL,
HSP90AB1,HSP90B1,
HSPA12AHSPAA4,
HSPA4L,HSPAS,

MAPKS3,PLCB1,

Eﬁ?ﬁéwﬁ 'C”e”S 749 HSPB1,HSPBS,HSPD1, 185 PRKCA,PRKCB
HSPH1,PLCB1,PLCD1,
PRKCE,PRKCG,
TRAP1
Acetyl-CoA
Biosynthesis |
Pyruvate 713 DBTDLATDLDPDH
Dehydrogenase ’
Complex)
ACTN4,ACTR2,ARF3,
ARF4,ARF5,ARPCI1A,
ARPC5,ARPC5L,GSN,
Integrin Signaling 6.98 MAP2K4,PAK1,PAK2, 1.43 IIIERA\\//AMFQAI\JT(I)(;
PAK3,PARVA,PFN2, '
PPP1CB,RAP2B,RHOB,
TLN1
ACTR2,ARPCI1A,
ARPC5,ARPC5L,
BAIAP2,EZR, GNB2, ARHGEF2,GFAP,
Signaling by Rho 6.71 GNB4,MAP2K4, 392 MAPK3,RHOB,
Family GTPases ' MAPK10,MSN,PAK1, ' SEPTIN2,
PAK2,PAK3,PTK2B, SEPTIN9,VIM
RDX,RHOB,SEPTINZ,
SEPTIN9, VIM
ACTR2,ARPCI1A,
ARPC5,ARPCSL,
RhoA Signaling 6.58 BAIAP2,EZR, MSN,

PFN2,PLXNAL,
PPP1CB,PTK2B,RDX,
SEPTIN2,SEPTIN9
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Table C3.5 (continued)

Virus Entry via
Endocytic
Pathways

6.49

AP1B1,AP2A1,AP2A2,
AP2B1,CLTB,CLTC,
DNM1,DNM2,FLNA,

FLNC,PRKCE,PRKCG,

RAP2B

Regulation of
Actin-based
Motility by Rho

6.27

ACTR2,ARPC1A,
ARPC5,ARPC5L,
BAIAP2,GSN, PAK1,
PAK2,PAK3,PFN2,
PPP1CB,RHOB

Xenobiotic
Metabolism PXR
Signaling
Pathway

6.26

ALDH9A1,CAMK2A,
CAMK2B,CAMK2D,
CAMK2G,CDKS5,ESD,
GSTMS3,GSTP1,
HSP90AAL,
HSP90AB1,HSP90B1,
MAOB,PPP1CB,
PRKAR1B, PRKCE,
PRKCG

4.74

ALDH1L1,ALDHY9A1,
GSTM3,GSTP1,MAOQA,
MAOB,PRKCA,PRKCB

Rac Signaling

6.25

ACTR2,ARPC1A,
ARPC5,ARPCSL,
BAIAP2, CYFIP2,
MAP2K4,NCKAP1,
PAK1,PAK2,PAKS,
PTK2B,RAP2B

Melatonin
Signaling

5.66

CAMK2A,CAMK2B,
CAMK?2D,CAMK2G,
MAP2K4,PLCB1,
PLCD1,PRKAR1B,
PRKCE, PRKCG

3.07

MAPKS3,PLCBI,
PRKCA,PRKCB

Synaptic Long
Term Potentiation

5.55

CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
GRIA2, PLCB1,
PLCD1,PPP1CB,
PPP3CB,PRKAR1B,
PRKCE,PRKCG,
RAP2B

2.15
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MAPKS3,PLCB1,
PRKCA,PRKCB



Table C3.5 (continued)

p70S6K Signaling

5.55

PLCB1,PLCD1,
PPP2CA,PPP2R1A,
PRKCE,PRKCG,
RAP2B,YWHAB,
YWHAE,YWHAG,
YWHAH, YWHAQ,
YWHAZ

3.01

MAPKS3,PLCB1,
PPP2R2A,PRKCA,
PRKCB

1.47

EEF2

GNRH Signaling

5.48

CAMK2A,CAMK?2B,
CAMK2D,CAMK2G,
MAP2K4,MAPK10,
PAK1,PAK2,PAKS,
PLCB1, PRKAR1B,
PRKCE,PRKCG,
PTK2B,RAP2B

1.72

MAPKS3,PLCB1,
PRKCA,PRKCB

Opioid Signaling
Pathway

5.37

AP1B1,AP2A1,AP2A2,
AP2B1,CAMK2A,
CAMK2B,CAMK2D,
CAMK2G,CLTB,CLTC,
MAP2K4,PLCB1,
PPP3CB,PRKAR1B,
PRKCE, PRKCG,
RAP2B,RGS7

2.47

ARRB1,MAPK3,
PLCB1,PRKCA,
PRKCB,RPS6KA3

Role of NFAT in
Cardiac
Hypertrophy

4.98

CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
GNB2, GNB4,
MAP2K4,MAPK10,
PLCB1,PLCD1,
PPP3CB, PRKAR1B,
PRKCE,PRKCG,

RAP2B,SLC8A2

1.43

MAPKS3,PLCB1,
PRKCA,PRKCB

PI3K/AKT
Signaling

4.76

GSK3A,HSP90AAL,
HSP90AB1,HSP90B1,
PPP2CA,PPP2R1A,
RAP2B,SYNJ1,
YWHAB,YWHAE,
YWHAG,YWHAH,
YWHAQ,YWHAZ

252



Table C3.5 (continued)

Estrogen Receptor

ATP5F1A,CTBP1,
CYC1,DLG4,GSK3A,
HNRNPD, HSP90AAL,
HSP90AB1,HSP90B1,
MT-ATP6,PAK1,

DDX5,MAPK3,PLCB1,

Signaling 4 PLCB1,PLCDL, 189 PRKAB2 PRKCA,
PPP1CB,PRKARL1B,
PRKCE,PRKCG,
RAP2B,UQCRC2,
UQCRFS1
Mechanisms of LMNB2,PRKCE,
Viral Exit from 4.73 PRKCG,SH3GLL, 2.75 LMNB2,PRKCA,
Host Cells SH3GL2,SH3GL3, PRKCB
SH3GLB2
Hypoxia HSP90AA1,HSPI0ABL,
Signaling in the HSP90BL,UBE2K,
Cardiovascular 4.67 UBEZM,UBE2N,
System UBE20,UBE2V1,
UBE2V2
CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
Necroptosis DNMI1L,FKBP1A,
Signaling 4.62 PPP3CB,SLC25A3,
Pathway TIMM44,TIMMS,
TOMM70,VDACI,
VDAC3
rey Receptor- ACTR2,ARPCIA,
Phagocytosis in 461 ARPCS,ARPESLEZR, 1.75 MAPK3,PRKCA,
Macrophages and PAK1, PRKCE, PRKCB
PRKCG,PTK2B,TLN1
Monocytes
ACO2,ATP6VOAL,
ATP6VOD1,ATP6V1A,
Iron homeostasis 455 ATP6V1B2,ATP6V1C],
signaling pathway ' ATP6V1E1,ATP6V1H,
HBB,HBD,HBGL1,
HMOX2
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Table C3.5 (continued)

ACTR2,ARPC1A,
ARPC5,ARPCSL,
fMLP Signaling 454 GNB2,GNB4, 231 MAPK3,PLCBI1,
in Neutrophils ' PLCB1,PPP3CB, ’ PRKCA,PRKCB
PRKCE,PRKCG,
RAP2B
ALDH9A1,CAMKZ2A,
CAMK2B,CAMK?2D,
CAMKZ2G,ESD,GSTM3, ALDHI1L1,ALDH9A1,
Xenobiotic GSTP1,HSP90AAL, GSTM3,GSTP1,MAOQOA,
Metabolism 4.49 HSP90AB1,HSP90B1, 5.12 MAOB,MAPKS3,
Signaling MAOB,MAP2K4, PPP2R2A,PRKCA,
PPP2CA, PPP2R1A, PRKCB
PRKCE,PRKCG,
RAP2B
Calcium 447 ANXAB,ATP2B1,
Transport | ) ATP2B2,ATP2B3
CBR1,DNAJA2,
DNAJC5,FKBP5,
NRF2-mediated GSTM3,GSTP1, I-?,AS\(T:EA:?S?LT(E
Oxidative Stress 4.39 HSPB8,MAP2K4, 4.80 ' '
PRDX1,PRKCA,
Response PRDX1,PRKCE, PRKCB \/CP
PRKCG,RAP2B, !
STIP1,UBE2K
Neuropathic Pain CAMK2A,CAMKZB,
. ) CAMK2D,CAMK2G,
Signaling In MAPK3,PLCB1,
Dorsal Horn 4.34 GRIAZ, PLCBI, 2.53 PRKCA,PRKCB
Neurons PLCD1,PRKARI1B,
PRKCE,PRKCG
ACTR2,ARPC1A,
ARPC5,ARPCSL,
Reelin Signaling 411 CAMK2A, CAMK2B,
in Neurons ' CAMK2D,CAMK2G,
CDK5,MAP2K4,
MAPK10
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Table C3.5 (continued)

ACTN4,MAP2K4,
MAPK10,PAK1,PAK2,

Paxillin Signaling 4.09 PAK3 PARVA PTK2B
RAP2B,TLN1
ACTR2,ARPCIA,
RhoGDI ARPCS ARPCSLEZR, ARHGDIA,ARHGEF2,
Signaling 4.00 GNB2, GNB4,MSN, 1.67 RKCA RHOB
PAK1,PAK2,PAK3, '
RDX,RHOB
ALDH9AL,APIBL,
GABA Receptor 381 AP2A1,AP2A2,AP2B1,
Signaling ' DNM1, GPHN, NSF,
SLC6A1L
-~ MAP2K4, MAPK10,
Angiotensin 277 PAK1,PAK2,PAK3, L4 MAPK3,PRKCA,
Signaling PRKARI1B,PRKCE, PRKCB
PRKCG,PTK2B,RAP2B
GNB2,GNB4.MAP2K4,
. MAPK10,PAK1,PAK2, MAPK3,PLCBL,
CXCR4 Signaling 3.72 PAK3,PLCB1,PRKCE, 2.51 PRKCA,PRKCB,RHOB
PRKCG,RAP2B,RHOB
ACTR2,ARPCIA,
ARPC5,ARPC5L,
Cdc4z2 Signaling 3.72 Miﬁ'ﬁf&;%kllo
PAK1,PAK2,PAK3,
PPP1CB
Semaphorin CDKB5,DPYSL4,PAKL,
Signaling in 3.64 PAK2,PAK3,PLXNAL, 228 DPYSF'{-&g'E;“PK&
Neurons RHOB
CAMK2A,CAMKZB,
Chemokine 261 CAMK2D,CAMK2G, 200 MAPK3,PLCBL,
Signaling : PLCB1, PPP1CB, : PRKCA,PRKCB
PTK2B,RAP2B
GNB2,GNB4,PAKL,
CCR3 Signaling 259 PAK2,PAK3,PLCBI, 201 MAPK3,PLCBL,

in Eosinophils

PPP1CB, PRKCE,
PRKCG,RAP2B
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Table C3.5 (continued)

ACTR2,ARPC1A,
Ephrin Receptor ARPCS,ARPCSL,
Signaling 3.42 FGF1,GNB2, GNB4,
PAK1,PAK2,PAKS,
RAP2B,SORBS1
CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
CREB Signaling 341 GNB2, GNB4, GRIA2, 1.47 MAPK3,PLCB1,
in Neurons ' PLCB1,PLCD1, ' PRKCA,PRKCB
PRKAR1B,PRKCE,
PRKCG,RAP2B
nANOS Signaling CAMK2A,DLG2,DLG4,
in Neurons 3.40 PPP3CB,PRKCE, 151 PRKCA,PRKCB
PRKCG
CAMK2A,CAMK2B,
. CAMK2D,CAMK2G, ARHGEF2,MAPK3,
Thrombin GNB2, GNB4,PLCB1,
. . 3.39 2.84 PLCB1,PRKCA,
Signaling PLCD1,PPP1CB, PRKCB RHOB
PRKCE,PRKCG, '
RAP2B,RHOB
Formaldehyde
Oxidation Il 3.37 ADHS5,ESD 1.93 ADH5
(Glutathione- ' ' '
dependent)
Valine 336 DBT,DLD,ECHSI,
Degradation | ' HIBCH
gf\'l'p\cé‘;ﬁé (;e2/ M YWHAB,YWHAE,
Checkpoint 3.31 YWHAG,YWHAH,
. YWHAQ, YWHAZ
Regulation
CTLA4 Signaling AP1B1,AP2A1,AP2A2,
in Cytotoxic T 3.29 AP2B1,CLTB,CLTC,
Lymphocytes PPP2CA,PPP2R1A
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Table C3.5 (continued)

PPARo/RXRa
Activation

3.21

AP2A2,CAND1,GOT2,
GPD2,HSP90AAL,
HSP90AB1,HSP90B1,
MAP2K4,PLCB1,
PLCD1, PRKAR1B,
RAP2B

2.28

MAPKS3,PLCB1,
PRKAB2,PRKCA,
PRKCB

Breast Cancer
Regulation by
Stathminl

3.20

CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
GNB2, GNB4,PAK1,
PLCB1,PPP1CB,
PPP2CA,PPP2R1A,
PRKAR1B,PRKCE,
PRKCG,RAP2B,
TUBAILA, TUBA4A,
TUBAS,TUBB,
TUBB2A, TUBB2B,
TUBB3,TUBB4A,
TUBB4B,TUBB6

Tec Kinase
Signaling

3.20

GNB2,GNB4,MAP2K4,

MAPK10,PAK1,PAK2,

PAK3,PRKCE,PRKCG,
PTK2B,RHOB

ERKS5 Signaling

3.15

RAP2B,YWHAB,
YWHAE,YWHAG,
YWHAH, YWHAQ,

YWHAZ

Actin Nucleation
by ARP-WASP
Complex

3.15

ACTR2,ARPC1A,
ARPC5,ARPCSL,
BAIAP2, RAP2B,RHOB

ErbB Signaling

3.13

MAP2K4,MAPK10,
PAK1,PAK2,PAKS,
PRKCE, PRKCG,
RAP2B

1.75

MAPKS3,PRKCA,
PRKCB

Tight Junction
Signaling

3.12

LLGL1,NAPA,NAPB,
NECTIN1,NSF,
PPP2CA, PPP2R1A,
PRKAR1B,TJP2,
VAMP2,VAPA



Table C3.5 (continued)

CDK5,DLG4,HSP90AA

Neuregulin 3.07 1,HSP90AB1,HSP90B1, 172 MAPKS3,PRKCA,
Signaling ' PRKCE,PRKCG, ' PRKCB
RAP2B
Pentose
Phosphate 3.03 PGD,TALDO1,TKT
Pathway
Inhibition of PPP2CA PPP2RI1A,
ARE-Mediated PRKAR1B,YWHAB,
MRNA 3.01 YWHAE, YWHAG,
Degradation YWHAH,YWHAQ,
Pathway YWHAZ
CAMK2A,CAMK2B,
Factors Promoting CAMK2D,CAMK2G,
Cardiogenesis in 2.94 MAP2K4,MAPK10,
Vertebrates PLCB1,PLCD1,PRKCE,
PRKCG
ATP2B1,ATP2B2,
ATP2B3,CAMK2A,
Calcium 290 CAMK2B, CAMK2D,
Signaling ' CAMK2G,GRIA2,
PPP3CB,PRKAR1B,
RAP2B,SLC8A2
PRKAR1B,RAP2B,
. . YWHAB,YWHAE,
IGF-1 Signaling 2.85 YWHAG, YWHAH,
YWHAQ,YWHAZ
A2M,ANXA1,FKBP5,
HSP90AA1,HSP90AB1,
Glucocorticoid HSP90B1,HSPA4,
Receptor 2.74 HSPA8,KRT1,KRT10,
Signaling KRT19, MAP2K4,
MAPK10,PPP3CB,
RAP2B,YWHAH
Lipid Antigen AP1B1,AP2A1,AP2A2
Presentation by 2.73 ' ' ’
cD1 AP2B1
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Table C3.5 (continued)

ALDH9A1,GSTM3,
Xenobiotic GSTP1,HSP90AAL, ALDHI1L1,ALDHY9A1,
Metabolism CAR 270 HSP90AB1,HSP90B1, 480 GSTMS3,GSTP1,
Signaling ' MAP2K4,PPP2CA, ' MAPK3, PPP2R2A,
Pathway PPP2R1A,PRKCE, PRKCA,PRKCB

PRKCG
CAMK2A,CAMK2B,
. . . CAMK2D,CAMK2G, IDH3G,MAPK3,PA2G4,
Glioma Signaling 2.69 IDH3B PRKCE, 3.32 PRKCA PRKCB
PRKCG,RAP2B
ACTN4,FLNA,FLNC,
GSK3A MAP2K4,
ILK Signaling 2.68 MAPK10, PARVA, 228 PP';,"Z/;PZ'ZS'RP:SQ’ o
PPP2CA,PPP2R1A, ' '
RHOB,VIM
Dopamine- CDKS5,PLCB1,PLCD1],
DARPP32 PPP1CB,PPP2CA, PLCB1,PPP2R2A,
Feedback in 2.67 PPPZRI1A, 181 PRKCA,PRKCB
cAMP Signaling PPP3CB,PRKAR1B,
PRKCE,PRKCG

gg;'sdp‘;]’;is ; ) 65 CDK5,MAP2K4,PAK1,

PAK2,PAK3,PRKCE
Salvage Pathway
Branched-chain o-
keto acid 2.61 DBT,DLD
Dehydrogenase
Complex

GNB2,GNB4,
Cardiac B- PALM2AKAP2,PDE2A,
adrenergic 2.57 PPP1CB, PPP2CA,
Signaling PPP2R1A,PRKAR1B,
SLCB8A2
Leukocyte ACTN4,EZR,MAP2KA4,
Extravasation 2.56 MAPK10,MSN,PRKCE,
: . PRKCG,PTK2B,

Signaling

RAPGEF4,RDX,THY1

259



Table C3.5 (continued)

ALDHY9A1,GSTMS3,

Aryl Hydrocarbon ALDH1L1,ALDHY9A1,
Receptor 253 edipvbniveon) 3.70 CTSD,GSTM3,GSTPL,
Signaling ! ' MAPK3
HSPB1,NCOA7,NEDDS8
CAMK2A,CAMK2B,
gl';/'n;ﬁ]'; 2.49 CAMK2D,CAMK2G,
PPP3CB,RAP2B
Isoleucine DLD,ECHSI,
Degradation | 2.48 HSD17B10 247 ACATLACAT2
Cholecystokinin/ MAPZK4,MAPK10,
Gastrin-mediated 2.48 PLCBI,PRKCE, 3.16 MAPK3,PLCBI,
Signaling PRKCG,PTK2B, PRKCA,PRKCB,RHOB
RAP2B,RHOB
. . GNB2,GNB4,MAP2K4,
ﬁcl\;z:ci;gﬂzggg 2.47 MAPK10,PRKCE,
PRKCG, PTK2B
CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
Molecular Mi%&%sfg@m ARHGEF2,MAPK3,
Mechanisms of 2.47 ' ! 2.08 PA2G4,PLCB1,PRKCA,
Cancer PAKLPAK2 PAKS, PRKCB,RHOB
PLCB1,PRKARI1B, '
PRKCE,PRKCG,
RAP2B,RHOB
ACTR2,ARPC1A,
CD28 Signaling 246 ARPC5,ARPCS5L,
in T Helper Cells ' MAP2K4, MAPK10,
PAK1,PPP3CB
GNB2,GNB4,
a-Adrenergic 242 PRKAR1B,PRKCE, 261 MAPK3,PRKCA,
Signaling ' PRKCG,RAP2B, ' PRKCB,PYGB
SLC8A2
DNM2,GNB2,GNB4,
G Beta Gamma 241 PAK1,PRKARI1B, 1.46 MAPKS3,PRKCA,

Signaling

PRKCE, PRKCG,
RAP2B

PRKCB
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Table C3.5 (continued)

UVC-Induced

MAP2K4,MAPK10,

MAPKS3,PRKCA,

. . 2.40 PRKCE,PRKCG, 2.48
MAPK Signaling RAP2B PRKCB
Caveolar-
mediated 2 40 DNM2,FLNA,FLNC,
Endocytosis ' FLOT1,FLOT2,RAB5A
Signaling
MAP2K4,MAPK10,
PAK Signaling 2.40 PAK1,PAK2,PAKS,
PTK2B, RAP2B
Salvage Pathways AK1,CDK5MAP2K4,
of Pyrimidine 2.40 PAK1,PAK2,PAKS, 1.71 AK1,CMPK1,MAPK3
Ribonucleotides PRKCE
2-ketoglutarate
Dehydrogenase 2.39 DLD,0OGDH
Complex
Serine 2.39 PHGDH,PSAT1 1.54 PHGDH
Biosynthesis
2-oxobutanoate 2.39 DLD,MMUT 1.54 MMUT
Degradation |
Nitric Oxide HSP90AA1,HSP90ABI,
Signaling in the 235 HSP90B1,PDE2A, 1.69 MAPK3,PRKCA,
Cardiovascular ) PRKAR1B,PRKCE, ) PRKCB
System PRKCG
CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
G-Protein PDE2A,PLCB1,
Coupled Receptor 2.34 PRKAR1B,PRKCE,
Signaling PRKCG,PTK2B,
RAP2B,RAPGEF4,
RGS7
Macropinocytosis ACTN4,PAK1,PRKCE,
Signaling 2.31 PRKCG,RAB5A,
RAP2B
P2Y Purigenic GNB2,GNB4,PLCB1,
Receptor 531 PLCD1,PRKARI1B, 218 MAPK3,PLCBI,
Signaling ' PRKCE, PRKCG, ' PRKCA,PRKCB
Pathway RAP2B
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Table C3.5 (continued)

CAMK2A,CAMK2B,
B Cell Receptor CAMK2D,CAMK2G,
Signaling 2.28 GSK3A,MAP2K4,PPP3
CB,PTK2B,RAP2B,
SYNJ1
GNB2,GNB4,PLCB1,
. . PPP3CB,PRKCE, MAPK3,PLCB1,
Gogq Signaling 2.25 PRKCG, PTK2B,RGS?7, 2.62 PRKCA,PRKCB,RHOB
RHOB
Agrin Interactions MAP2K4,MAPK10,
at Neuromuscular 2.23 PAK1,PAK2,PAKS,
Junction RAP2B
DNM2,HSP90AAL,
HSP90AB1,HSP90B1,
eNOS Signaling 2.23 HSPA4, HSPAS,
PRKAR1B,PRKCE,
PRKCG
Unfolded protein 293 DNAJA2,HSP90B1,
response ) HSPA4,HSPA8,HSPH1
Pentose
Phosphate
Pathway (Non- 2.22 TALDO1,TKT
oxidative Branch)
. MAP2K4,MAPK10,
k/llfpimg:gsﬁﬁng 2.15 PAK1,PRKCE,PRKCG, 1.91 MAplfkaprKCA'
RAP2B
CDK5,MAPK10,
. . PPP1CB,PPP2CA,
CDKS5 Signaling 2.15 PPP2R1A, PRKARIB,
RAP2B
AHNAK,GNB2,GNB4, AHNAK ARHGEF2,
Phospholipase C MARCKS,PLCBL, MAPK3,PLCB1
2.13 PLCD1, PPP1CB, 3.85 ' )

Signaling

PPP3CB,PRKCE,
PRKCG,RAP2B,RHOB

PRKCA, PRKCB,
RHOB,RPS6KA3
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Table C3.5 (continued)

CAMK2A,CAMK2B,
PI3K Signaling in 210 CAMK2D,CAMK2G, 130 MAPK3,PLCB1,
B Lymphocytes : PLCB1,PLCD1, : PRKCB
PPP3CB,RAP2B
Superpathway of
Serine and 2.08 PHGDH,PSAT1 1.39 PHGDH
Glycine
Biosynthesis |
Aspartate 2.08 GOT2,MDH2
Degradation 11
GNB2,GNB4,MAP2K4,
o MAPK10,PAK2, ITGAV,MAPK3,
IL-8 Signaling 2.05 PRKCE, PRKCG, 2.19 PRKCA,PRKCB,RHOB
PTK2B,RAP2B,RHOB
Crosstalk between
Dendritic Cells CAMK2A,CAMKZB,
and Natural Killer 1.99 CAMK2D,CAMK2G,
FSCN1,TLN1
Cells
E}?L‘ifg‘;;m n HSP90AAL HSPIOABL,
Induction and 1.96 HSP0BLHSPA4,
Antiviral HSPAS,MAP2K4,
MAPK10
Response
GNB2,GNB4,HSPB1,
Cardiac MAP2K4,MAPK10,
Hypertrophy 1.94 PLCB1, PLCD1,
Signaling PPP3CB,PRKAR1B,
RAP2B,RHOB
Mitotic Roles of HSP90AATL,HSP90ABI,
1.93 HSP90B1,PPP2CA,

Polo-Like Kinase

PPP2R1A




Table C3.5 (continued)

CAMK2A,CAMK2B,
CAMK2D,CAMK2G,
DLG1, FGF1,GSK3A,

ﬁ;gj;;ophy HSPB1,MAP2K4,
Signaling 1.88 MAPK10,PDE2A,
(Enhanced) PLCB1,PLCD1,
PPP3CB,PRKARI1B,
PRKCE,PRKCG,
RAP2B
AK1,PFKFB2,PFKP,
PPM1E,PPP2CA,
AMPK Signaling 1.86 PPP2R1A, PRKAR1B,
RABI1A, RAB3A,
RABBA
Sucrose
Degradation V 1.86 ALDOA,TPI1
(Mammalian)
PFKFB4
Signaling 1.83 HK1,MAPZK4,PRKAR 1.53 GPI,MAPK3
1B, TKT
Pathway
H2AX,MAP2K4,
ATM Signaling 1.82 MAPK10,PPP2CA,
PPP2R1A, USP7
Glycolysis | 1.80 ALDOA PFKP, TPI1 4.82 ENOl’%éE[l)H’GPI’
. ENO1,GAPDH,GPI,
Gluconeogenesis | 1.80 ALDOA,MDH2,ME3 6.42 ME1 PGK1
Apelin Liver
SiFg)]naIing 1.80 GSK&'AAP,AQIZZKA”
Pathway
Apelin
Cardiomyocyte 1.77 1\/' PARPEég'EEiEéEPSLSC% 2.56 MAPKS,PLCBI,
Signaling ' ' ' ' ' PRKCA,PRKCB
A2
Pathway
Endocannabinoid GRIA2,MAPK10,
Neuronal Synapse 1.77 MGLL,PLCB1,PLCD1, 1.40 MAPK3,MGLL,PLCB1

Pathway

PPP3CB, PRKAR1B
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Table C3.5 (continued)

MAP2K4,PAK1,PAK2,

TNFR1 Signaling 1.71 PAK3
COPS4,COPS6,NEDDS,
NER Pathway 1.70 RAD23B.UBE2N,USP7 1.64 CETNZ2,COPS5,DDB1
CAMK2A,CAMK?2B,
. CAMK?2D,CAMK2G,
gfm;]m‘*d'ated 1.69 PALM2AKAP2,PDE2A,
gnating PPP3CB,PRKARLB,
RAPGEF4, RGS7
Acetyl-CoA
Biosynthesis 111 1.68 ACLY
(from Citrate)
Adenine and
Adenosine 1.68 ADK 2.23 ADK
Salvage VI
Dopamine MAOB,PPP1CB,
Receptor 1.67 PPP2CA,PPP2R1A, 1.98 MAI‘D%S‘ZI\FQIQSB
Signaling PRKAR1B
UVB-Induced 165 MAP2K4,MAPK10, 361 MAPK3,PRKCA,
MAPK Signaling ) PRKCE,PRKCG ' PRKCB,RPS6KA3
GNB2,GNB4,
Androgen 164 HSP90AA1,HSPA4, 134 MAPKS3,PRKCA,
Signaling ' PRKAR1B, ' PRKCB
PRKCE,PRKCG
Telomerase HSP90AA1,HSP90AB1,
Sianalin 1.63 HSP90B1,PPP2CA,
gnafing PPP2R1A RAP2B
. . PAK1,PPP3CB,PRKCE, MAPKS3,PRKCA,
IL-3 Signaling 1.62 PRKCG,RAP2B 1.95 PRKCB
. . LGALS1,MAP2K4,
BEX2 Signaling 1.62 MAPK10,PPP2CA.
Pathway PPP2RIA
G Protein
Signaling
Mediated by 1.59 GNB2,GNB4,PLCB1
Tubby
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Table C3.5 (continued)

Insulin Receptor ACLY,GSK3A,
Signaling 1.58 PPP1CB,PRKARLB,
RAP2B,SYNJ1,VAMP2
MAP2K4,MAPK10,
HGF Signaling 156 PAK1,PRKCE PRKCG, 1.56 MAPKS PRICCA
RAP2B
GPCR-Mediated
Nutrient Sensing PLCB1,PLCD1,
in 154 PRKAR1B,PRKCE, 1.55 PLCB1,PRKCA,PRKCB
Enteroendocrine PRKCG, RAPGEF4
Cells
Glutamate
Receptor 152 DLG4,GLS,GRIA2,HO
i i MER1
Signaling
érﬁ)g:;&elial MAP2K4,MAPK10, MAPK3,PLCBL1,
Signaling 1.49 PLCB1,PRKCE, 3.23 PRKAB2,PRKCA,
PRKCG,RAP2B PRKCB
Pathway
Phenylalanine
Degradation IV 1.48 GOT2,MAOB 253 MAOA,MAOB
(Mammalian, via
Side Chain)
; MAP2K4,MAPK10,
gfgﬁglsl'r:g” Rl 1.46 PRKCE,PRKCG, 1.50 MAPKS,PRKCA,
RAP2B,SYNJ1
’Izl\g:gg;?ir;]aelme and 1.45 ADH5,ALDH9AL, 429 ADH5,ALDH9AL,
; MAOB MAOA ,MAOB
Degradation
P GSN,MAP2K4,
iF:]AO'\S'tiOSC'%Q?S“ng 1.45 MAPK10,PPP3CB,
PTK2B
Telomere
Extension by 1.43 HNRNPA2B1,XRCC6
Telomerase
Prostate Cancer GSTP1,HSPO0AAL,
. . 1.39 HSP90AB1,HSP90B1, 1.79 GSTP1,MAPK3,PA2G4
Signaling RAP2R
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Table C3.5 (continued)

GNB2,GNB4,MAP2K4,

IL-1 Signaling 1.39 MAPK10 PRKARLB

Superpathway of
Methionine 1.39 DLD,GOT2,MMUT 1.70 MAT2A,MMUT
Degradation

Guanine and
Guanosine 1.39 HPRT1
Salvage |

GDP-L-fucose
Biosynthesis |

(from GDP-D- 1.39 TSTA3
mannose)
Glutamine 139 GLS

Degradation |

Production of
Nitric Oxide and
Reactive Oxygen 1.38

MAP2K4,MAPK10,

PPP1CB,PPP2CA, MAPKS3,PPP2R2A,

2.30

Species in PPP2R1A, PRKCE, ' PRKCA,PRKCB,RHOB
PRKCG,RHOB
Macrophages
Parkinson's 1.37 SNCA,UCHL1 2.41 PARK7,UCHL1
Signaling
CAMK2A,CAMK2B,

PKC6 Signaling 137 CAMK2D,CAMK2G,
in T Lymphocytes ' MAP2K4,PPP3CB,

RAP2B

GRIA2,PLCB1,PLCD1,
Synaptic Long PPP2CA,PPP2R1A, MAPK3,PLCBI,
g 1.37 2.29 PPP2R2A,PRKCA,

Term Depression PRKCE, PRKCG, PRKCB

RAP2B
Regulation of
Cellular 134 ACTN4,EZR,RAP2B,
Mechanics by ' TLN1
Calpain Protease
Phagosome MARCKS,PLCBL, PLCB1,PRKCA,
Formation 1.34 PLCD1,PRKCE, 2.20 PRKCB RHOB

PRKCG,RHOB ’

tRNA Charging 1.34 HARS1,IARS2,SARS1
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Table C3.5 (continued)

PAK1,PAK2,PAKS,

FAK Signaling 1.33 RAP2B.TLN1
D-myo-inositol
(1,4,5)- 1.33 INPPL,SYNJL
trisphosphate
Degradation
Glycogen 4.38 MTAP,PGM1,PYGB
Degradation 11
Growth Hormone 421 A2M,MAPK3,PRKCA,
Signaling ' PRKCB,RPS6KA3
Role of Tissue ARRBLITGAV,
Factor in Cancer 4.18 MAPK3,PLCBL,
PRKCA,RPS6KA3
Glycogen 4.17 MTAP,PGM1,PYGB
Degradation 111
Glutaryl-CoA 3.98 ACAT1,ACAT2,PARK?
Degradation
Triacylglycerol 378 AARS1,MGLL,PPMEL,
Degradation ' PRDX6
Melatonin 3.69 MAOA,MAOB
Degradation 11
Putrescine 362 ALDH9A1,MAOQOA,
Degradation 111 ' MAOB
MAPKS3,PPP2R2A,
. . PRKAB2,PRKCA,
mTOR Signaling 3.61 PRKCB. RHOB,
RPS6KA3
Tryptophan
Degradation 11 3.50 ACAT1,ACAT2,PARKY
(Eukaryaotic)
k/li?jlllalzeé ALDHI1L1,ALDH9AL,
Inhibition of RXR 3.44 FABP7,GSTM3,GSTP1,
. MAOA,MAOB
Function
Tryptophan
Degradation X 339 ALDH9A1,MAOQA,

(Mammalian, via
Tryptamine)

MAOB



Table C3.5 (continued)

Serotonin 319 ADH5,ALDH9AL,
Degradation ' MAOA,MAOB
Dopamine 315 ALDH9A1,MAOQOA,
Degradation ' MAOB
NF-xB Activation 2 86 ITGAV,MAPK3,
by Viruses ' PRKCA,PRKCB
éi%i';?i %d'pocyte 286 GSTP1,MAPK3,PRDX6
Pathway PRKAB2
Ketolysis 2.83 ACAT1,ACAT2
Xenobiotic GSTM3,GSTPL
Metabolism 281 MAPK3,PRKCA,
General Signaling PRKCB
Pathway

Ketogenesis 2.74 ACAT1,ACAT2
UVA-Induced 2.58 MAPKS3,PLCB1,
MAPK Signaling ) PRKCA,RPS6KA3
VEGF Signaling 2.56 E::égi"\ggﬁlé%
Mevalonate 2.53 ACAT1,ACAT?2
Pathway |

Colanic Acid

Building Blocks 2.53 GPI,UGP2
Biosynthesis

Superpathway of

Geranylgeranyl-

diphosphate 2.31 ACAT1,ACAT2
Biosynthesis |

(via Mevalonate)

Granzyme A 2.26 H1-0,H1-3
Signaling ' '
Thrombopoietin 599 MAPK3,PRKCA,
Signaling ' PRKCB
ErbB4 Signaling 2.15 MAP;<§kP§BKCA’
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Table C3.5 (continued)

Pyrimidine
Deoxyribonucleo-

tides De Novo 2.14 AK1,CMPK1
Biosynthesis |

Heparan Sulfate

Biosynthesis 2.08 AARS1,PPME1,PRDX6
(Late Stages)

Glutathione

Redox Reactions | 2.06 GSTP1,PRDX6
Non-Small Cell

Lung Cancer 2.04 MAF;,'E?&%’;\ZGA"
Signaling

Ovarian Cancer 204 ARRB1,GJA1,MAPKS,
Signaling ' PA2G4
Glioma

Invasiveness 2.03 ITGAV,MAPK3,RHOB
Signaling

Type Il Diabetes 501 MAPKS3,PRKAB2,
Mellitus Signaling ' PRKCA,PRKCB
Erythropoietin 2.00 MAPK3,PRKCA,
Signaling ' PRKCB
Heparan Sulfate 1.96 AARSL,PPMEL,PRDX6
Biosynthesis

Spermine

Biosynthesis 1.93 SMS
S-methyl-5'-

thioadenosine 1.93 MTAP
Degradation 11

Prolactin 1.92 MAPKS3,PRKCA,
Signaling ' PRKCB
Superpathway of

Cholesterol 1.90 ACAT1,ACAT2

Biosynthesis
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Table C3.5 (continued)

Role of Pattern
Recognition
Receptors in

EIF2S1,MAPKS,

Recognition of 1.89 PRKCA,PRKCB
Bacteria and

Viruses

VEGF Family

Ligand-Receptor 1.88 MAPS:?F’(PC?BKCA’
Interactions

PDGF Signaling 1.85 MAPFI)<R3|,<PCRBKCA,
Ceramide 182 CTSD,MAPK3,
Signaling ' PPP2R2A
Glutathione-

mediated 1.82 GSTM3,GSTP1
Detoxification

Ethanol 1.82 ADH5 ALDH9A1
Degradation 11

Fatty Acid - 1.82 ACADM,SCP2
oxidation |

L-carnitine 1.76 ALDH9A1
Biosynthesis

NADH Repair 1.76 GAPDH
Methylglyoxal

Degradation | 1.76 GLO1
Thyrmd Ho_rmone 1.76 CTSD
Biosynthesis

Oxidized GTP

and dGTP 1.76 RUVBL2
Detoxification

S-adenosyl-L-

methionine 1.76 MAT2A
Biosynthesis

Pentose

Phosphate

Pathway 1.63 PGD
(Oxidative

Branch)
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Table C3.5 (continued)

Methylmalonyl
Pathway

1.63

MMUT

Pyrimidine
Ribonucleotides
Interconversion

1.62

AK1,CMPK1

Endothelin-1
Signaling

161

MAPK3,PLCB1,
PRKCA,PRKCB

Role of IL-17F in
Allergic
Inflammatory
Airway Diseases

1.60

MAPK3,RPS6KA3

Pyrimidine
Ribonucleotides
De Novo
Biosynthesis

1.58

AK1,CMPK1

Serotonin
Receptor
Signaling

1.58

MAOA ,MAOB

HIFla Signaling

1.54

COPS5,LDHB,MAPK3

CMP-N-
acetylneuraminate
Biosynthesis |
(Eukaryotes)

1.54

NANS

Myo-inositol
Biosynthesis

1.54

IMPAL

Tyrosine
Degradation |

1.54

FAH

Sphingosine-1-
phosphate
Signaling

1.50

MAPKS3,PLCB1,RHOB

Pyruvate
Fermentation to
Lactate

1.46

LDHB

GDP-mannose
Biosynthesis

1.46

GPI
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Table C3.5 (continued)

Glycogen

Biosynthesis I

(from UDP-D- 1.39 UGP2

Glucose)

EGF Signaling 1.38 MAPK3,PRKCA

IL-12 Signaling

and Production in 1.37 MAPK3 PRKCA,
PRKCB

Macrophages

CNTF Signaling 1.36 MAPK3,RPS6KA3

Diphthamide 3.10 EEF2

Biosynthesis

3IPA calculated -log(p-value) for each pathway. Only pathways with p < 0.05 are shown. Abbreviations: IPL, inferior parietal lobule; GP, globus pallidus.
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Table C3.6. Proteins with significant race x diagnosis interactions in AD postmortem
hippocampus. These appendix tables can be accessed in the supplementary material in the
online version of this dissertation, in the Excel file Supplementary Tables C3.6-3.8.

Table C3.7. Proteins with significant race x diagnosis interactions in AD postmortem IPL.
These appendix tables can be accessed in the supplementary material in the online version of this
dissertation, in the Excel file Supplementary Tables C3.6-3.8.

Table C3.8. Proteins with significant race x diagnosis interactions in AD postmortem GP.

These appendix tables can be accessed in the supplementary material in the online version of this
dissertation, in the Excel file Supplementary Tables C3.6-3.8.
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APPENDIX D

Supplementary Information for Chapter 4

Data D4.1. Processing of data. This appendix data can be accessed in the supplementary
material in the online version of this dissertation, in the Excel file Supplementary Data D4.1.
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Figure D4.1. Within-group variation across groups. Coefficients of variation (CVs) were

calculated within each group using normalized TMT reporter ion intensities. Inset shows a

zoomed view of proteins with CVs > 50%. Proteins with CVs greater than two standard

deviations from the mean CV in any group (CV > 0.49) were excluded from all groups of
differentially-expressed or statistically significant proteins.
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Table D4.2. Differentially-expressed proteins in AD.

ﬁlzcrisg‘i:,? Protein Name PSMS? Average Reporter lon Intensities® AD/CNC o-Values CF:)_l\’:I(l:Jt;d Si?:iliiitt:snt
AllCN All AD
QUBVAL  Tubulin beta-2B chain 12863 800556+ 186152 944290 + 219460 1.18 0.00081 0.37 No
PO7197 g;‘;g);:t?g‘eem medium 5072 3?31‘23?2;; 47112“‘5872755%‘21 1.21 0.023 0.61 No
P07196 E;‘;;Oefyt?&e”t light 4604 2%760105179;17? ngiieétg;gi 1.26 0.025 0.62 No
P07900 g'gf";l;ﬂgc" protein HSP 4091 l‘;ﬁiﬁ‘;i li%g‘ggzi 113 0.040 0.65 No
P46459  Vesicle-fusing ATPase 3014 9gggf§§§7i 101%‘;77717020721 1.10 0.049 0.65 No
P31946  14-3-3protein beta/alpha 2992 7351018+ 1480746 7712796+ 1377747 105 0.036 0.65 No
+ +
QOY4G6  Talin-2 2644 33;%51%%— 3%?3%%2‘ 0.91 0.0011 0.38 No
Q02952  A-kinase anchor protein 12 2541 302221%‘;? 31722141‘;%? 1.09 0.038 0.65 No
-6- + +
P14625  Endoplasmin 1555 3%8893‘;%}; 293976517%3;;1 0.94 0.042 0.65 No
P49327  Fatty acid synthase 1487 12188%3%‘3i 1‘;%77%%3i 1.14 0.019 0.61 No
e W WIS m e e
T TR
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Table D4.2 (continued)

P06753
Q03252
P27816
Q12765
P48735

P68104

Q13555

Q02790

Q05639
P15104
Q15843
Q14697

P22626

P40939

015394

P38117

Tropomyosin alpha-3 chain

Lamin-B2

Microtubule-associated
protein 4

Secernin-1

Isocitrate dehydrogenase
[NADP], mitochondrial

Elongation factor 1-alpha 1

Calcium/calmodulin-
dependent protein kinase
type Il subunit gamma

Peptidyl-prolyl cis-trans
isomerase FKBP4

Elongation factor 1-alpha 2
Glutamine synthetase

NEDDS8

Neutral alpha-glucosidase
AB

Heterogeneous nuclear
ribonucleoproteins A2/B1
Trifunctional enzyme
subunit alpha,
mitochondrial

Neural cell adhesion
molecule 2

Electron transfer
flavoprotein subunit beta

1257

1201

1196

1142

1116

1101

1093

1081

1080

1061

993

970

923

907

873

809

21909017 +
2224903
19991850 +
3616944
15346106 *
2087764
35411241 +
3709456
36754340
6413218
44215739 +
2949539

4115626 + 675914

16385173
2263714

28938924 +
6276252
68390698 +
14338682

5820828 + 473870

10626734 + 959786

35347961 +
5153337

23027356 +
3124150

13465726
2877030
16490108 +
2013760

22656194 +
2281355
18727349 +
2651368
14313928 +
1617630
38200593 +
4176990
32547089 *
4026235
47416353 +
4526338

4630898 + 667555

18075253
2154378

33129595 +
3903631
74967570
15649938

5462818 + 422127

9814227 + 667445

39492650 +
3999623

20275710 =
2587804

14996530 +
2269074
15400249 +
1687270

278

1.03

0.94

0.93

1.08

0.89

1.07

1.13

1.10

1.14

1.10

0.94

0.92

1.12

0.88

111

0.93

0.023

0.045

0.017

0.027

0.034

0.012

0.0051

0.038

0.0076

0.040

0.0057

0.0016

0.0029

0.00017

0.021

0.0026

0.61

0.65

0.61

0.62

0.65

0.59

0.59

0.65

0.59

0.65

0.59

0.44

0.54

0.20

0.61

0.54

No

Yes

No

Yes

No

No

No

No

No

No

No

No

Yes

No

No

No



Table D4.2 (continued)

P30038

Q14980
Q9Y2Q0
P07237
P55084
P09382
Q15019
Q07157
Q01518
P02511
P52565
015240

P04275

Q02750

P28482

Delta-1-pyrroline-5-
carboxylate
dehydrogenase,
mitochondrial

Nuclear mitotic apparatus
protein 1
Phospholipid-transporting
ATPase IA

Protein disulfide-isomerase

Trifunctional enzyme
subunit beta, mitochondrial

Galectin-1

Septin-2

Tight junction protein ZO-
1

Adenylyl cyclase-
associated protein 1

Alpha-crystallin B chain

Rho GDP-dissociation
inhibitor 1
Neurosecretory protein
VGF

von Willebrand factor

Dual specificity mitogen-
activated protein kinase
kinase 1
Mitogen-activated protein
kinase 1

809

797

780

776

740

727

717

707

704

662

631

619

617

614

611

17255459 +
3746873

4710444 + 574756

5946521 + 1370907

22777403
2729072
15780003 +
1964896
41050426 +
8982692
21877507
1353617

4749713 + 728923

14257164
1518143
17128371 +
4230511
16662834 +
2258019

4187845 + 1220009

3830089 * 1390176

13345764
1992604

25581791
4978937

15999795 +
2114147

44945095 + 458660

6976949 + 1316090

21046358 *
1546144
14066032 *
1464158
37325009 +
4114513
23134871
2303139

4399369 + 352652

13187305 + 977809

19219650 +
4910736
14996990 +
1886837

2943053 + 805892

2911186 + 611501

14270780
1612549

29760811 +
4567535

279

0.93

0.95

1.17

0.92

0.89

0.91

1.06

0.93

0.92

1.12

0.90

0.70

0.76

1.07

1.16

0.044

0.039

0.031

0.041

0.00043

0.031

0.0076

0.018

0.037

0.023

0.0086

0.0074

0.013

0.048

0.025

0.65

0.65

0.64

0.65

0.33

0.64

0.59

0.61

0.65

0.61

0.59

0.59

0.60

0.65

0.62

No

No

Yes

No

No

No

Yes

No

No

No

Yes

No

No

No

No



Table D4.2 (continued)

Q14847

Q7KZF4

QIUNFO

P15259

P10645

P30044

P49748

000533

QINRW1

QU7

P21266

P05165

QOP2E9

095433

LIM and SH3 domain
protein 1

Staphylococcal nuclease
domain-containing protein
1

Protein kinase C and casein
kinase substrate in neurons
protein 2

Phosphoglycerate mutase 2

Chromogranin-A

Peroxiredoxin-5,
mitochondrial

Very long-chain specific
acyl-CoA dehydrogenase,
mitochondrial

Neural cell adhesion
molecule L1-like protein

Ras-related protein Rab-6B

GTP:AMP
phosphotransferase AK3,
mitochondrial

Glutathione S-transferase
Mu 3

Propionyl-CoA
carboxylase alpha chain,
mitochondrial
Ribosome-binding protein
1

Activator of 90 kDa heat
shock protein ATPase
homolog 1

601

588

587

584
578

564

561

544

542

536

535

524

516

496

8881480 + 812584

5704047 + 606442

2907241 + 247936

66709 + 16678

4464781 + 902038

21938210 +
3075303

7956141 + 1195093

5474546 + 505319

2817949 + 453055

11132877
1404031

11398503 +
2759655

5183617 + 605866

2822948 + 580106

8319337 + 1268630

8339255 + 811549

5435996 + 315545

2829985 + 248442

82352 + 24098

5346376 + 982005

23705143 +
2938991

7105531 + 846895

5106882 + 679891

3221691 + 427793

10073461 +
1009151

13330335
3074443

5001826 + 424661

2588860 + 256981

9218180 + 933959

280

0.94

0.95

0.97

1.23
1.20

1.08

0.89

0.93

1.14

0.90

1.17

0.96

0.92

111

0.022

0.036

0.035

0.038

0.010

0.047

0.034

0.047

0.040

0.027

0.0071

0.033

0.045

0.0073

0.61

0.65

0.65

0.65
0.59

0.65

0.65

0.65

0.65

0.62

0.59

0.65

0.65

0.59

No

No

No

No

Yes

No

No

No

No

No

Yes

No

No

No



Table D4.2 (continued)

P48637

Q01433

P13489

P05166

060716
Q9Y2J8
P27361
Q13177

P20700

Q9HCJ6

060884
Q96AE4
Q969E4
Q4J6C6
043157
075475

P42765

Glutathione synthetase

AMP deaminase 2

Ribonuclease inhibitor

Propionyl-CoA
carboxylase beta chain,
mitochondrial

Catenin delta-1

Protein-arginine deiminase
type-2

Mitogen-activated protein
kinase 3
Serine/threonine-protein
kinase PAK 2

Lamin-B1

Synaptic vesicle membrane
protein VAT-1 homolog-
like

DnaJ homolog subfamily
A member 2

Far upstream element-
binding protein 1
Transcription elongation
factor A protein-like 3

Prolyl endopeptidase-like

Plexin-B1

PC4 and SFRS1-
interacting protein
3-ketoacyl-CoA thiolase,
mitochondrial

486

472

467

459

455

446

432

432

428

419

416

408

406

399

389

381

378

7824344 + 979264

3751399 * 513452

11051338
1087669

5028761 + 507813

3970652 + 469218

4486661 + 647193

6350199 + 1112946

1277135 + 92511

2444848 + 495471

3313192 + 697856

4933699 * 499094

2578024 + 213269

1084737 + 221098

6033924 + 990478

1830983 + 189502

5580844 + 834464

8146288 = 1162077

6816012 + 990062

4168213 + 507578

11574221 +
1485639

4766076 + 435174

3563060 + 280725

5390513 * 1441683

7401385 + 1199111

1227549 + 84895

2189169 + 212999

3763728 + 574586

5205351 + 320856

2399702 + 197467

1160356 + 222271

6870102 + 807920

2038176 + 253808

5092131 + 941057

7403595 + 850415

281

0.87

111

1.05

0.95

0.90

1.20

1.17

0.96

0.90

1.14

1.06

0.93

1.07

1.14

111

0.91

0.91

0.024

0.021

0.036

0.0053

0.0064

0.022

0.0068

0.015

0.026

0.048

0.0073

0.014

0.018

0.010

0.0070

0.0094

0.00060

0.62

0.61

0.65

0.59

0.59

0.61

0.59

0.61

0.62

0.65

0.59

0.60

0.61

0.59

0.59

0.59

0.37

No

No

No

No

No

No

Yes

No

No

Yes

No

No

No

No

No

No

No



Table D4.2 (continued)

P00390
Q02818

043488

Q16698

Q9BZL4

P00352
P62834

Q07065

P11182

Q13011

P20073

Q15349

Q6YN16

QINV96

Glutathione reductase,
mitochondrial

Nucleobindin-1

Aflatoxin B1 aldehyde
reductase member 2
2,4-dienoyl-CoA reductase
[(3E)-enoyl-CoA-
producing], mitochondrial
Protein phosphatase 1
regulatory subunit 12C

Retinal dehydrogenase 1

Ras-related protein Rap-1A

Cytoskeleton-associated
protein 4

Lipoamide acyltransferase
component of branched-
chain alpha-keto acid
dehydrogenase complex,
mitochondrial
Delta(3,5)-Delta(2,4)-
dienoyl-CoA isomerase,
mitochondrial

Annexin A7

Ribosomal protein S6
kinase alpha-2
Hydroxysteroid
dehydrogenase-like protein
2

Cell cycle control protein
50A

360

360

358

354

354

351

349

348

346

346

346

340

335

329

7189316 + 565831

2269002 + 193450

9374245 + 1392419

9102073 * 1439692

1241504 + 75292

4262838 + 1575074

669095 + 103195

2463811 + 500678

4722679 *+ 532258

5854666 + 1042991

3668038 + 555103

2678758 + 473939

4437672 + 550817

2913637 £ 571613

6514343 + 581598

2131577 + 213732

9163995 + 1056794

8342901 + 917938

1178490 + 83129

3287691 £ 674315

725305 + 95479

2202814 + 411231

4008887 + 505680

5160945 + 784922

3322296 + 311840

3129602 + 527733

4007691 + 370060

3425569 + 648183

282

0.91

0.94

0.98

0.92

0.95

0.77

1.08

0.89

0.85

0.88

0.91

1.17

0.90

1.18

0.012

0.026

0.021

0.017

0.023

0.012

0.018

0.014

0.00012

0.0095

0.027

0.010

0.00079

0.042

0.59

0.62

0.61

0.61

0.61

0.59

0.61

0.60

0.19

0.59

0.62

0.59

0.37

0.65

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes



Table D4.2 (continued)

P05455

Q96AQ6

043719
P13716
P51148
QIUK22
P17302

P55010

P26440

P12694

Q9UMS4

P46060

Q8TCS8

P23786

P51805

Lupus La protein

Pre-B-cell leukemia
transcription factor-
interacting protein 1

HIV Tat-specific factor 1

Delta-aminolevulinic acid

dehydratase

Ras-related protein Rab-5C

F-box only protein 2

Gap junction alpha-1
protein

Eukaryotic translation
initiation factor 5
Isovaleryl-CoA
dehydrogenase,
mitochondrial
2-oxoisovalerate
dehydrogenase subunit
alpha, mitochondrial
Pre-mRNA-processing
factor 19

Ran GTPase-activating
protein 1
Polyribonucleotide
nucleotidyltransferase 1,
mitochondrial
Carnitine O-
palmitoyltransferase 2,
mitochondrial

Plexin-A3

328

325

318

315

314

311

307

304

302

301

297

297

297

292

292

3665419 + 563631

2139039 + 429979

1399748 + 177014

2052567 + 143513

2292145 + 367147

2307218 + 298095

5620265 *+ 1340410

2660205 * 361504

4264461 + 653853

2168688 + 243827

3498892 + 299692

2483968 + 333735

2476688 + 465856

3540951 + 363191

91483 + 18300

35185009 + 435211

2406882 + 359093

1519974 + 196446

2216985 + 188082

2138188 + 317325

2392557 + 281832

7381224 + 1991913

2978398 + 334834

3767089 + 542389

1906372 + 185531

3209857 + 394653

2703152 + 222607

2232634 + 224106

3121077 + 450932

84006 + 13728

283

0.96

1.13

1.09

1.08

0.93

1.04

1.31

1.12

0.88

0.88

0.92

1.09

0.90

0.88

0.92

0.048

0.049

0.0020

0.034

0.027

0.044

0.0064

0.0060

0.0032

0.00046

0.025

0.031

0.040

0.015

0.030

0.65

0.65

0.44

0.65

0.62

0.65

0.59

0.59

0.56

0.33

0.62

0.64

0.65

0.61

0.63

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q9HCCO

Q99784

Q96199

P31689

QIUHW9

P58546
Q9Y6RO

P48739

P56545
015018

P56211

P21695

Q5JPE7
P23381

Q06481

Q13492

Methylcrotonoyl-CoA
carboxylase beta chain,
mitochondrial

Noelin

Succinate--CoA ligase
[GDP-forming] subunit
beta, mitochondrial

DnaJ homolog subfamily
A member 1

Solute carrier family 12
member 6

Myotrophin

Numb-like protein
Phosphatidylinositol
transfer protein beta
isoform
C-terminal-binding protein
2

PDZ domain-containing
protein 2
CAMP-regulated
phosphoprotein 19
Glycerol-3-phosphate
dehydrogenase [NAD(+)],
cytoplasmic

Nodal modulator 2
Tryptophan--tRNA ligase,
cytoplasmic
Amyloid-like protein 2
Phosphatidylinositol-
binding clathrin assembly
protein

288

286

284

281

279

277
275

261

261

261

256

254

253
253

253

251

2389456 + 342759

3250107 + 704425

2945325 + 609746

1485452 + 217352

890086 + 155232

3385462 + 336278
2764911 + 562102

1267073 + 206029

393880 + 51063

786450 + 133288

700114 + 89600

1829703 + 504944

1652608 + 162462
3371810 + 330208

1011578 + 43821

1342518 + 121311

2220352 + 224622

2766038 + 378263

2772147 + 338377

1671011 + 197592

952925 + 112512

3596704 + 425057
2531928 + 374185

1302504 + 160952

362835 * 38292

710383 £ 79178

656397 + 82239

2239218 + 609483

1583151 + 140519
3012710 + 453604

1044966 + 74652

1270668 + 135728

284

0.93

0.85

0.94

1.12

1.07

1.06
0.92

1.03

0.92

0.90

0.94

1.22

0.96
0.89

1.03

0.95

0.044

0.027

0.042

0.00032

0.029

0.020
0.049

0.027

0.038

0.041

0.048

0.017

0.024
0.029

0.038

0.010

0.65

0.62

0.65

0.29

0.63

0.61
0.65

0.62

0.65

0.65

0.65

0.61

0.61
0.63

0.65

0.59

No

No

No

No

No

No
No

Yes

No

No

No

No

No

No

No

No



Table D4.2 (continued)

P13987
Q9BXM9

Q9BWD1
Q7L266

Q9ULPO

QIBY89

Q16836

P26012
043795

QINZ72

P45954

Q96MM6

Q99714

075326
P12429
QIHAG4

P49757

CD59 glycoprotein

FSD1-like protein

Acetyl-CoA
acetyltransferase, cytosolic
Isoaspartyl peptidase/L-
asparaginase

Protein NDRG4

Uncharacterized protein
KIAA1671

Hydroxyacyl-coenzyme A
dehydrogenase,
mitochondrial

Integrin beta-8
Unconventional myosin-Ib

Stathmin-3

Short/branched chain
specific acyl-CoA
dehydrogenase,
mitochondrial

Heat shock 70 kDa protein
12B

3-hydroxyacyl-CoA
dehydrogenase type-2

Semaphorin-7A
Annexin A3

Ketosamine-3-kinase

Protein numb homolog

251
251

248

245

240

238

235

233

231

230

228

227

226

223
220
220

218

8794901 + 962400
2558152 + 372344

3440667 + 693785

3616428 + 487598

4279802 + 825844

765875 + 73903

8221487 + 981240

1532293 + 274839

1624887 + 301083

1298850 + 271691

2734117 + 276153

546961 + 151359

2158760 + 207543

1022295 + 181974
3079925 + 1251073
1894649 + 270636

941110 + 99765

9132280 + 929753
2734495 + 284076

3896395 + 625488

3980055 * 412814

4917469 + 600897

724304 + 52574

7828652 + 817199

1677349 + 197243

1428454 + 139505

1122773 + 161096

2245628 + 390396

481360 + 52422

1996355 + 142480

1180943 + 151765
2357267 + 339645
1751002 + 228231

865126 + 73114

285

1.04
1.07

1.13

1.10

1.15

0.95

0.95

1.09

0.88

0.86

0.82

0.88

0.92

1.16
0.77
0.92

0.92

0.030
0.031

0.013

0.0017

0.041

0.010

0.028

0.028

0.039

0.025

0.00094

0.045

0.037

0.0048
0.024
0.034

0.011

0.64
0.64

0.60

0.44

0.65

0.59

0.62

0.62

0.65

0.62

0.37

0.65

0.65

0.59
0.61
0.65

0.59

No
No

Yes

No

Yes

No

No

No

No

No

No

No

No

No
No

No

No



Table D4.2 (continued)

Q96124

P34897

QINRYS5
P51610

P42566

P0O7947

Q9BQI7

P31937

Q9GZV4
Q5JTZ9
Q6ZWB6
Q15052

Q13162

P30531

Q6P2I3

Q86XP3

Far upstream element-
binding protein 3

Serine
hydroxymethyltransferase,
mitochondrial

Protein FAM114A2
Host cell factor 1

Epidermal growth factor
receptor substrate 15
Tyrosine-protein kinase
Yes

PH and SEC7 domain-
containing protein 2
3-hydroxyisobutyrate
dehydrogenase,
mitochondrial
Eukaryotic translation
initiation factor 5A-2
Alanine--tRNA ligase,
mitochondrial
BTB/POZ domain-
containing protein KCTD8
Rho guanine nucleotide
exchange factor 6

Peroxiredoxin-4

Sodium- and chloride-
dependent GABA
transporter 1
Fumarylacetoacetate
hydrolase domain-
containing protein 2B
ATP-dependent RNA
helicase DDX42

215

211

210
210

210

210

207

205

202

201

200

199

197

193

189

189

968140 + 97738

2120161 + 428295

1263255 + 120654
1085622 + 93740

1089904 + 66678

1097435 + 102867

1268623 + 217231

1288586 + 160749

46973 + 11039

1048727 + 150198

1117515 + 96519

961850 + 76439

360545 + 110693

1020887 + 207511

48765 + 7842

913005 + 76436

912371 + 71264

1898084 + 240442

1374505 + 138963
1033575 + 92615

1129885 + 144197

1162089 + 110644

1435333 + 225618

1173747 + 122871

53941 + 17811

961050 + 149124

1159941 + 88211

1019926 + 96237

300142 + 46649

1109990 + 226825

43484 + 6165

885021 + 79261

286

0.94

0.90

1.09
0.95

1.04

1.06

1.13

0.91

1.15

0.92

1.04

1.06

0.83

1.09

0.89

0.97

0.042

0.019

0.0060
0.018

0.034

0.036

0.022

0.0011

0.019

0.046

0.013

0.029

0.044

0.026

0.0038

0.022

0.65

0.61

0.59
0.61

0.65

0.65

0.61

0.37

0.61

0.65

0.60

0.63

0.65

0.62

0.59

0.61

No

No

No
No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

P25787
075936
Q5JTV8
P51687

P07686

Q9P266

Q09028

Q92947

Q86T65

060547

Q9P0J1

Q9UHL4
Q13255
Q5JTI3

P49674

Proteasome subunit alpha
type-2
Gamma-butyrobetaine
dioxygenase
Torsin-1A-interacting
protein 1

Sulfite oxidase,
mitochondrial
Beta-hexosaminidase
subunit beta

Junctional protein
associated with coronary
artery disease
Histone-binding protein
RBBP4

Glutaryl-CoA
dehydrogenase,
mitochondrial
Disheveled-associated
activator of morphogenesis
2

GDP-mannose 4,6
dehydratase

[Pyruvate dehydrogenase
[acetyl-transferring]]-
phosphatase 1,
mitochondrial

Dipeptidyl peptidase 2
Metabotropic glutamate
receptor 1

Cytochrome c oxidase
assembly factor 6 homolog

Casein kinase | isoform
epsilon

187

185

185

184

182

181

181

178

176

175

175

175

172

171

171

1800142 + 116910

1576444 + 296771

1028814 + 203157

1774920 + 176542

2099647 + 444115

715553 + 124212

203099 + 29266

2087177 + 330421

608596 + 105458

1303018 + 176230

1221281 + 144070

1061294 + 185426

661387 + 115002

1831969 + 216773

695960 + 103467

1738034 + 134718

1669693 + 415733

951921 + 101173

1587023 + 174868

1816904 + 187624

645467 + 87256

224019 + 39906

1791326 + 262619

668041 + 105448

1210066 + 82085

1098065 + 169332

961329 + 184985

755242 + 130167

1645251 + 249871

773037 + 108446

287

0.97

1.06

0.93

0.89

0.87

0.90

1.10

0.86

1.10

0.93

0.90

0.91

1.14

0.90

111

0.036

0.017

0.036

0.0019

0.010

0.011

0.015

0.0089

0.035

0.016

0.024

0.046

0.037

0.022

0.047

0.65

0.61

0.65

0.44

0.59

0.59

0.61

0.59

0.65

0.61

0.61

0.65

0.65

0.61

0.65

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

014618

Q5T6VS

Q12904

Q9Y2Q3
P85037
Q8NBS9

P54819

Q2TAA2

Q6NY19

Q8N4Q0

P43007
P32856

P16333
095861

P62495

P52564

Copper chaperone for
superoxide dismutase

Queuosine salvage protein

Aminoacyl tRNA synthase
complex-interacting
multifunctional protein 1
Glutathione S-transferase
kappa 1

Forkhead box protein K1
Thioredoxin domain-
containing protein 5
Adenylate kinase 2,
mitochondrial

Isoamyl acetate-
hydrolyzing esterase 1
homolog

KN motif and ankyrin
repeat domain-containing
protein 3

Prostaglandin reductase 3

Neutral amino acid
transporter A

Syntaxin-2
Cytoplasmic protein NCK1

3'(2"),5'-bisphosphate
nucleotidase 1
Eukaryotic peptide chain
release factor subunit 1
Dual specificity mitogen-
activated protein kinase
kinase 6

168

167

167

165

165
165

164

162

161

158

158

158

158

158

157

156

2208962 + 381235

1724603 + 191313

2028639 + 203401

1271189 + 160024

726351 + 50860
1232816 + 465158

1586778 + 291411

1834859 + 236024

643218 + 95519

2285467 + 261421

1870577 + 670871

115367 + 25858

646316 + 78829

1047926 + 76127

693898 + 61507

1221747 + 167331

2019238 + 170011

1566651 + 107876

1912960 + 213167

1126624 + 127592

685564 + 66606
1042318 + 169322

1467190 + 163182

1678272 + 276583

586359 * 45128

2117012 + 220581

2160601 + 616175

127589 + 31638

663300 + 79963

982394 + 96569

728841 + 79195

1354902 + 179365

288

0.91

0.91

0.94

0.89

0.94
0.85

0.92

0.91

0.91

0.93

1.16

111

1.03

0.94

1.05

111

0.037

0.0055

0.044

0.0036

0.012
0.044

0.025

0.0010

0.044

0.026

0.034

0.035

0.041

0.050

0.045

0.040

0.65

0.59

0.65

0.59

0.59
0.65

0.62

0.37

0.65

0.62

0.65

0.65

0.65

0.65

0.65

0.65

No

No

No

No

No
No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)
Pericentriolar material 1

Q15154 protein
Guanine nucleotide-
Q03113  hinding protein subunit

alpha-12
P50453  Serpin B9

Trimethyllysine
QI9NVH6  dioxygenase,
mitochondrial

Q86WAG6  Valacyclovir hydrolase

Medium-chain acyl-CoA
Q96CM8  ligase ACSF2,
mitochondrial
P51153  Ras-related protein Rab-13

Q99471  Prefoldin subunit 5
Sarcosine dehydrogenase,

QOULL2 mitochondrial

Q72408 CUB and sushi domain-
containing protein 2
ATP-dependent RNA

000148 helicase DDX39A

002108 Guanylate cyclase soluble

subunit alpha-1
Calcium-binding
Q6NUK1 mitochondrial carrier
protein SCaMC-1
Probable cationic amino
acid transporter
Enoyl-CoA delta isomerase
2

Histidine triad nucleotide-
Q9BX68  binding protein 2,
mitochondrial

Q8TBB6

075521

154

153

152

152

152

152

152
151

149

145

144

142

142

142

141

141

696434 + 71533

377110 + 56845

677961 + 178421

1547708 + 228539

1914970 + 546842

892504 + 322332

470997 * 76627

3045963 + 594430

748541 + 45833

505828 + 55254

143187 + 24220

645238 + 92572

1764172 + 460127

562479 + 77444

1078600 + 273470

3368101 + 482203

643137 + 50246

400944 + 51426

544160 + 122711

1327770 + 237090

1746567 + 562450

788640 + 112851

426471 + 56598

2759891 + 677053

633913 + 137436

472999 + 48452

162268 + 39174

712010 + 72506

1591356 + 295887

634121 + 72486

921515 + 129112

3140144 + 435821

289

0.92

1.06

0.80

0.86

0.91

0.88

0.91
0.91

0.85

0.94

1.13

1.10

0.90

1.13

0.85

0.93

0.020

0.050

0.0067

0.0068

0.017

0.045

0.050
0.044

0.0019

0.049

0.022

0.015

0.035

0.042

0.0051

0.034

0.61

0.65

0.59

0.59

0.61

0.65

0.65
0.65

0.44

0.65

0.61

0.61

0.65

0.65

0.59

0.65

No

No

No

No

No

No

No
No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q5VvWwz2
P30740

Q9HC35

P49790

Q8IVF5

095897

Q9Y5L4

000244

Q53TN4

Q8TBG9

Q16630

P35914
P42126
P49619

Q9HCG7

Lysophospholipase-like
protein 1

Leukocyte elastase
inhibitor

Echinoderm microtubule-
associated protein-like 4

Nuclear pore complex
protein Nup153

T-lymphoma invasion and
metastasis-inducing protein
2

Noelin-2

Mitochondrial import inner
membrane translocase
subunit Tim13

Copper transport protein
ATOX1

Plasma membrane
ascorbate-dependent
reductase CYBRD1

Synaptoporin

Cleavage and
polyadenylation specificity
factor subunit 6
Hydroxymethylglutaryl-
CoA lyase, mitochondrial
Enoyl-CoA delta isomerase
1, mitochondrial
Diacylglycerol kinase
gamma

Non-lysosomal
glucosylceramidase

135

135

134

133

131

130

129

128

127

127

127

126

125

125

125

1655185 + 142148

1509892 + 635731

739153 + 60833

532979 + 79796

862712 + 154692

1435578 + 271157

1503025 + 191221

1894404 + 253871

632133 + 322714

1826047 + 375505

413200 + 45170

2435170 £ 501141

1210729 + 130913

581580 + 114260

423740 £ 62077

1492375 + 183329

1236668 + 384185

688812 + 56373

494615 + 78302

961255 + 150319

1270519 + 220413

1344122 + 198013

1772081 + 293124

467233 £ 93561

2126860 + 372285

387132 £ 48779

2228497 + 266195

1030353 + 174885

684739 + 135886

462613 * 83837

290

0.90

0.82

0.93

0.93

111

0.89

0.89

0.94

0.74

1.16

0.94

0.92

0.85

1.18

1.09

0.0058

0.041

0.0079

0.012

0.012

0.026

0.0055

0.021

0.011

0.012

0.029

0.019

0.0031

0.013

0.023

0.59

0.65

0.59

0.59

0.59

0.62

0.59

0.61

0.59

0.59

0.62

0.61

0.54

0.60

0.61

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q92520  Protein FAM3C

P23434 GIyC|_ne clgavage system H
protein, mitochondrial

Q8TCZ2 §D99 antigen-like protein

Q8NOX4 Citramalyl-CoA lyase,

mitochondrial
Q8NBN7  Retinol dehydrogenase 13

Serine/arginine-rich

Q13242 splicing factor 9

Q15126  Phosphomevalonate kinase
Epimerase family protein

QONRG? SDR39U1

Q9PO16 Thymocyte nuclear protein
1

000422 Histone deacetylase

complex subunit SAP18

Pyruvate dehydrogenase
Q8NCN5  phosphatase regulatory
subunit, mitochondrial

Beta-hexosaminidase

P068ES subunit alpha
Phosphatidylinositol 4-
QOBTUG kinase type 2-alpha
Q5HYI8  Rab-like protein 3
075582 R_lbosomal protein S6
kinase alpha-5
Enoyl-[acyl-carrier-
Q9BV79  protein] reductase,

mitochondrial

124

124

123

122

121

120
119

118

118

118

117

117

114

113
112

112

981596 + 208118

1297493 + 200404

799515 + 173812

1009829 + 356824

803396 + 158363

816766 *+ 96598
1321878 + 253045

712932 + 100069

1332703 + 156744

1848924 + 165735

1122801 + 153004

794307 + 160438

468863 *+ 51469

723602 + 104411
435164 + 89786

3188392 + 544931

867822 + 103336

1177667 + 98391

942542 + 189869

803787 + 230074

706984 + 94637

746147 + 80189
1211333 + 232703

629675 + 72900

1226254 + 149339

1755352 + 138592

1023055 + 107934

692233 + 83785

507679 * 49123

672936 + 76541
535352 + 89177

2961784 + 403539

291

0.88

0.91

1.18

0.80

0.88

0.91
0.92

0.88

0.92

0.95

0.91

0.87

1.08

0.93
1.23

0.93

0.011

0.019

0.011

0.019

0.011

0.0010
0.010

0.0013

0.0092

0.019

0.0039

0.019

0.012

0.025
0.0054

0.045

0.59

0.61

0.59

0.61

0.59

0.37
0.59

0.40

0.59

0.61

0.59

0.61

0.59

0.62
0.59

0.65

No

No

No

No

No

No
No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Putative RNA-binding
protein Luc7-like 1

P23919  Thymidylate kinase
Heterogeneous nuclear

QINQ29

Q99729 ribonucleoprotein A/B
Proton myo-inositol
QI6QE2 cotransporter
N-acyl-
phosphatidylethanolamine-
QoIQ20 hydrolyzing phospholipase
D
Acyl-coenzyme A
QONPJ3 thioesterase 13
p3anap  Cleavage stimulation factor
subunit 2
Q99567 Nuclear pore complex

protein Nup88
P47972  Neuronal pentraxin-2

P58400 Neurexin-1-beta

SH3 and cysteine-rich
Q6ZMT1 domain-containing protein
2

Uridine diphosphate

095848  glucose pyrophosphatase
NUDT14
Mannose-1-phosphate

Q96156 guanyltransferase alpha
Complement component 1

Q07021  Q subcomponent-binding

protein, mitochondrial

111

111

110

110

109

109

108

108

108

107

107

106

106

105

153531 + 25860

714815 + 108335

1044027 + 207453

680665 + 150163

1221924 + 244250

1335068 + 235873

150445 + 19282

449875 + 31596

1085196 + 340999

64249 + 10692

433767 £ 73671

628461 + 93483

500604 + 39810

1118963 + 224714

171828 + 21286

674637 + 81593

9544812 + 187154

761421 + 141468

1403204 + 197364

1240735 + 233411

138910 + 18093

433150 + 46587

788204 + 272193

69711 + 11024

404624 + 61588

562818 * 69653

488915 + 41606

1218244 + 275332

292

1.12

0.94

0.91

1.12

1.15

0.93

0.92

0.96

0.73

1.09

0.93

0.90

0.98

1.09

0.015

0.034

0.023

0.046

0.016

0.045

0.019

0.020

0.021

0.042

0.049

0.011

0.027

0.020

0.61

0.65

0.61

0.65

0.61

0.65

0.61

0.61

0.61

0.65

0.65

0.59

0.62

0.61

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

P62857  40S ribosomal protein S28
075608  Acyl-protein thioesterase 1
Dehydrogenase/reductase
QEUWP2 SDR family member 11
Q6PL24  Protein TMEDS
Inositol hexakisphosphate
043314  and diphosphoinositol-
pentakisphosphate kinase 2
2-oxoisovalerate
P21953  dehydrogenase subunit
beta, mitochondrial
QOY2KS5 R3H _domam—contammg
protein 2
Q8NBF2 NHL.repeat-contalnlng
protein 2

Q8WXEO  Caskin-2

Q4VC31l  Protein MIX23
P22607 Fibroblast growth factor
receptor 3
CDKS5 regulatory subunit-
Q9685 associated protein 3
Q8NC56 LEM_domam—contammg
protein 2
Q8WUHG Transmembrane protein
263
Putative transferase
Q5T440 CAF17, mitochondrial
P56962  Syntaxin-17

104

104

104

104

104

103

103

102

101

101

99

98

98

96

96

96

2146209 + 313408

1015213 + 83621

607794 + 127863

673452 + 97221

264218 + 29397

1343194 + 193452

517700 + 89216

620378 + 83108

903270 + 107001

919582 + 116190

368338 + 69277

621129 + 50882

448227 + 51458

188325 + 19095

536335 + 63373

569929 + 68229

1925278 + 301382
932593 + 90221

532728 + 73032

702431 + 116228

241774 + 28104

1157820 + 119851

446177 + 70884

592812 + 48723
835821 + 70888

832848 + 105369

331326 + 50616
583494 + 52510
421359 * 35367
173834 + 18770

490907 + 42574

533350 + 61498

293

0.90

0.92

0.88

1.04

0.92

0.86

0.86

0.96

0.93

0.91

0.90

0.94

0.94

0.92

0.92

0.94

0.014

0.016

0.031

0.038

0.047

0.00072

0.017

0.039

0.0015

0.0068

0.042

0.019

0.028

0.0011

0.0061

0.036

0.60

0.61

0.64

0.65

0.65

0.37

0.61

0.65

0.44

0.59

0.65

0.61

0.62

0.37

0.59

0.65

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q9GZT3

094779
Q15637
Q9Y2Q5
QIBRA2
095396

Q8N4T8

Q9BVV7

P11172

Q9BWS3
P06132

P05204
094813
QINWT6

P45381
Q5VV63

Q13043

SRA stem-loop-interacting
RNA-binding protein,
mitochondrial

Contactin-5

Splicing factor 1

Ragulator complex protein
LAMTOR2

Thioredoxin domain-
containing protein 17
Adenylyltransferase and
sulfurtransferase MOCS3
Carbonyl reductase family
member 4

Mitochondrial import inner
membrane translocase
subunit Tim21

Uridine 5'-monophosphate
synthase

Intraflagellar transport
protein 27 homolog
Uroporphyrinogen
decarboxylase
Non-histone chromosomal
protein HMG-17

Slit homolog 2 protein

Hypoxia-inducible factor
1-alpha inhibitor

Aspartoacylase

Attractin-like protein 1

Serine/threonine-protein
kinase 4

96

96

95

95

94

93

92

91

89

87

87

87

86

86

86
86

86

1023280 + 150387

269026 + 44779

622914 + 104976

491403 + 63016

918697 + 120981

458294 * 43986

637403 + 83833

462218 + 73323

663686 + 77435

343877 + 38073

419600 + 34973

1044774 + 328566

361208 + 74745

404879 * 55086

534348 + 95500

384944 + 51497

382139 * 39854

927686 * 146865

284945 + 35342

581042 + 108847

454751 + 44836

853013 + 83184

419880 * 55421

563916 * 62213

484134 + 57626

623801 + 83972

323710 + 32520

395715 + 23968

914173 + 242746

474610 £ 79578

451841 + 42833

585980 + 145876

427899 + 55355

361352 + 23562

294

0.91

1.06

0.93

0.93

0.93

0.92

0.88

1.05

0.94

0.94

0.94

0.87

1.31

1.12

1.10
111

0.95

0.040

0.050

0.024

0.027

0.0092

0.034

0.00013

0.036

0.019

0.021

0.024

0.040

0.00062

0.0082

0.014

0.022

0.028

0.65

0.65

0.61

0.62

0.59

0.65

0.19

0.65

0.61

0.61

0.62

0.65

0.37

0.59

0.61
0.61

0.62

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q8NFU3

Q9Y6W3
Q9UBR2
Q92563

Q726J0
075312
Q96AQ8
Q16348
Q8ND56

QINR19
P07093

Q96T23
QB6JBY9
014832

Q13685

P17081

Q96JM3

Q8NC44

Thiosulfate:glutathione
sulfurtransferase

Calpain-7

Cathepsin Z

Testican-2

E3 ubiquitin-protein ligase
SH3RF1

Zinc finger protein ZPR1

Mitochondrial calcium
uniporter regulator 1
Solute carrier family 15
member 2

Protein LSM14 homolog A
Acetyl-coenzyme A
synthetase, cytoplasmic
Glia-derived nexin
Remodeling and spacing
factor 1

CapZ-interacting protein

Phytanoyl-CoA
dioxygenase, peroxisomal
Angio-associated
migratory cell protein
Rho-related GTP-binding
protein RhoQ

Chromosome alignment-
maintaining
phosphoprotein 1

Reticulophagy regulator 2

86

86
85
84

81

80

80

79

79

78

78

78

77

1720060 + 229667

421884 + 37066
789743 + 314575
966146 + 168898

290552 + 31899

458535 * 55749

872314 + 98137

636856 + 153329

500126 * 54918

701407 + 135212

620357 + 138592

140626 + 23851

425684 + 57565

486040 * 64929

480501 + 64633

52310 + 7390

236363 + 39067

196161 + 26426

1572287 + 193416

431592 + 29215
677172 + 147191
1099049 + 149346

263966 + 27024

426647 + 42941

815279 + 120972

749657 + 155406

470560 * 55837

776711 + 136723

474604 + 95280

129468 + 13703

390524 + 69612

432283 + 52526

537814 + 67525

58020 + 8586

224442 + 16121

174685 + 31411

295

0.91

1.02
0.86
1.14

0.91

0.93

0.93

1.18

0.94

111

0.77

0.92

0.92

0.89

1.12

111

0.95

0.89

0.031

0.046
0.041
0.0018

0.029

0.044

0.049

0.0090

0.041

0.044

0.0013

0.0078

0.023

0.044

0.0030

0.032

0.041

0.011

0.64

0.65
0.65
0.44

0.62

0.65

0.65

0.59

0.65

0.65

0.40

0.59

0.61

0.65

0.54

0.65

0.65

0.59

No

No
No
No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q96CN9

Q92506
075175

Q9UNT70

P05186
P05114
QI6PE7
Q6P1X6
Q8N135
Q6UVY6

QIUNP9
000560
P14384

060220

095232

Q9BQI9

GRIP and coiled-coil
domain-containing protein
1

Estradiol 17-beta-
dehydrogenase 8
CCR4-NOT transcription
complex subunit 3

Protocadherin gamma-C3

Alkaline phosphatase,
tissue-nonspecific isozyme

Non-histone chromosomal
protein HMG-14
Methylmalonyl-CoA
epimerase, mitochondrial

UPF0598 protein C8orf82
Leucine-rich repeat LGI

family member 4

DBH-like monooxygenase
protein 1

Peptidyl-prolyl cis-trans
isomerase E

Syntenin-1

Carboxypeptidase M

Mitochondrial import inner
membrane translocase
subunit Tim8 A

Luc7-like protein 3

Nuclear receptor-
interacting protein 2

77

76

76

76

75

75

74

74

74

74

74

73
72

72

70

70

335183 + 49378

703371 + 151785

552844 + 33197

335510 * 37993

731070 + 222096

358312 + 119423

1466416 + 264531

569751 + 80786

712949 + 121721

538686 + 117087

212933 + 34736

459633 * 122599
388518 + 86166

793665 + 138186

366339 + 53555

332862 + 63412

304924 + 29547

615900 72937+

526580 * 32098

303321 + 37982

587530 + 103779

300769 + 65110

1261775 + 249295

516568 * 64836

832142 + 111061

606007 + 206517

185060 + 24039

378191 + 122988
448021 + 115928

704785 + 100276

398722 + 69503

391156 * 64661

296

0.91

0.88

0.95

0.90

0.80

0.84

0.86

0.91

1.17

1.12

0.87
0.82
1.15

0.89

1.09

1.18

0.019

0.0069

0.011

0.044

0.0071

0.034

0.0075

0.0076

0.023

0.031

0.031

0.0084
0.030

0.046

0.017

0.023

0.61

0.59

0.59

0.65

0.59

0.65

0.59

0.59

0.61

0.64

0.64

0.59
0.64

0.65

0.61

0.61

No

No

No

No

No

No

No

No

No

No

No
No
No

No

No

No



Table D4.2 (continued)

Q9Y3L3

P32929

076071

Q8IVS2

095302

QOJRZ9

060234

P09661
P50607
043741
Q13243
Q6GMV3

Q96T83
P02753

Q9H2J4

SH3 domain-binding
protein 1

Cystathionine gamma-
lyase

Probable cytosolic iron-
sulfur protein assembly
protein CIAO1

Malonyl-CoA-acyl carrier
protein transacylase,
mitochondrial

Peptidyl-prolyl cis-trans
isomerase FKBP9
F-BAR domain only
protein 2

Glia maturation factor
gamma

U2 small nuclear
ribonucleoprotein A'

Tubby protein homolog

5'-AMP-activated protein
kinase subunit beta-2
Serine/arginine-rich
splicing factor 5

Putative peptidyl-tRNA
hydrolase PTRHD1
Sodium/hydrogen
exchanger 7

Retinol-binding protein 4

Phosducin-like protein 3

70

69

69

69

68

68

67

67

65

65

64

64

64

64

379201 + 54944

373716 + 54064

242465 + 32553

356068 + 43381

496391 + 116636

323621 £ 79770

75106 + 14691

381308 * 65469

317598 + 35782

138118 + 21935

455190 * 141951

814570 + 89210

348013 + 64886

172779 + 50964

234458 + 36853

345272 + 44175

344319 + 32707

255476 + 27962

329983 + 40019

436711 + 45812

280781 + 19084

68226 + 11035

352908 * 65485

303225 + 31024

158968 + 26498

363003 + 87172

958141 + 125078

385681 + 48216

143811 + 30144

252901 + 21764

297

0.91

0.92

1.05

0.93

0.88

0.87

0.91

0.93

0.95

1.15

0.80

1.18

111

0.83

1.08

0.033

0.0085

0.021

0.027

0.029

0.013

0.049

0.018

0.028

0.0037

0.025

0.000040

0.0060

0.022

0.022

0.65

0.59

0.61

0.62

0.63

0.60

0.65

0.61

0.62

0.59

0.62

0.19

0.59

0.61

0.61

No

No

No

No

No

No

No

No

No

Yes

No

Yes

No

No

No



Table D4.2 (continued)

QIUIGO

QINXD2
P27815

Q5TAQ9

Q8WV93
014786

Q9BXRO

QIUQF2
Q96M27

Q9BRK5
095271
QIUKB3
P61278
Q15007
Q9UBLO
QIBTE?

QIUGR2

Tyrosine-protein kinase
BAZ1B
Myotubularin-related
protein 10

cAMP-specific 3',5'-cyclic
phosphodiesterase 4A
DDB1- and CUL4-
associated factor 8

AFG1-like ATPase

Neuropilin-1

Queuine tRNA-
ribosyltransferase catalytic
subunit 1
C-Jun-amino-terminal
kinase-interacting protein 1

Protein PRRC1
45 kDa calcium-binding
protein

Poly [ADP-ribose]
polymerase tankyrase-1

DnaJ homolog subfamily C
member 12
Somatostatin

Pre-mRNA-splicing
regulator WTAP
CAMP-regulated
phosphoprotein 21

DCN1-like protein 5

Zinc finger CCCH domain-
containing protein 7B

64

63

63

63

63
62

62

62

61

61

61

61

60

60

60

58

385139 + 101664

242301 + 38027

75217 + 7673

326828 + 27345

309884 + 51674
226599 + 55621

198022 + 16908

229269 + 30388

571799 + 75540

307173 + 36553

206158 + 28620

471773 + 88200

846500 + 256332

218545 + 19685

442216 * 85637

524997 + 83299

249448 + 23554

337340 £ 57813

264907 + 36078

68133 + 8501

295030 + 36535

285779 + 32671

198992 + 26051

182130 + 22437

241795 + 25030

530821 + 34399

275014 + 33099

224105 + 19803

534687 + 66544

624380 + 200114

207934 + 12675

391241 + 75669

496694 + 75032

238181 + 21107

298

0.88

1.09

0.91

0.90

0.92
0.88

0.92

1.05

0.93

0.90

1.09

1.13

0.74

0.95

0.88

0.95

0.95

0.044

0.0052

0.010

0.018

0.046
0.019

0.024

0.027

0.010

0.011

0.023

0.046

0.021

0.024

0.032

0.031

0.042

0.65

0.59

0.59

0.61

0.65
0.61

0.61

0.62

0.59

0.59

0.61

0.65

0.61

0.61

0.65

0.64

0.65

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q9UF11
Q6P4Q7
Q12974
Q9UEE9
P62312
Q9Y4C2
Q72407

P24593

Q9P2F8

Q9Y237

Q99417
075376

Q9BQ16
PO7711

P61925
Q9UIK5

Q5RKV6

Pleckstrin homology
domain-containing family
B member 1

Metal transporter CNNM4

Protein tyrosine
phosphatase type IVA 2
Craniofacial development
protein 1

U6 snRNA-associated Sm-
like protein LSM6

TRPMB8 channel-associated
factor 1

CUB and sushi domain-
containing protein 3
Insulin-like growth factor-
binding protein 5
Signal-induced
proliferation-associated 1-
like protein 2
Peptidyl-prolyl cis-trans
isomerase NIMA-
interacting 4

c-Myc-binding protein

Nuclear receptor
corepressor 1

Testican-3
Procathepsin L

CcAMP-dependent protein
kinase inhibitor alpha

Tomoregulin-2

Exosome complex
component MTR3

57

57

57

57

57

57

55

54

53

52

52

51
51

51

50

50

356700 * 121555

67095 + 16609

216660 + 38324

304342 + 47998

1536994 + 130443

175195 + 34775

156734 + 15235

309224 + 54024

70393 + 12010

282979 + 73381

257304 + 30836

130527 + 19362

165528 + 27705
606377 + 192141

208353 + 62164

156850 + 20006

190113 + 27453

398051 + 118126

77421 + 15223

244865 + 40513

358633 + 45080

1499297 + 106028

193956 + 31695

144713 + 14524

387354 + 104736

62730 = 7004

252544 + 65733

239411 + 20482

120669 + 12284

212144 + 37327
489929 + 95266

178743 £ 57273

190671 + 25379

172716 + 15191

299

1.12

1.15

1.13

1.18

0.98

111

0.92

1.25

0.89

0.89

0.93

0.92

1.28
0.81

0.86

1.22

0.91

0.0093

0.018

0.019

0.021

0.038

0.041

0.0055

0.0093

0.027

0.040

0.011

0.041

0.00012
0.022

0.023

0.000080

0.021

0.59

0.61

0.61

0.61

0.65

0.65

0.59

0.59

0.62

0.65

0.59

0.65

0.19
0.61

0.61

0.19

0.61

No

No

No

No

No

No

No

No

No

No

No

No

No
No

No

No

No



Table D4.2 (continued)

P53370

Q9BY42

Q96DMS3
Q9Y5HO

Q9Y653

P62256

000584
Q08117

Q99689

Q9BYD3

Q9BTTO

QIBPY8

Q9POT7

Q8N983

Nucleoside diphosphate-
linked moiety X motif 6

Replication termination
factor 2

Regulator of MON1-CCZ1
complex

Protocadherin gamma-A3

Adhesion G-protein
coupled receptor G1
Ubiquitin-conjugating
enzyme E2 H

Ribonuclease T2

TLE family member 5

Fasciculation and
elongation protein zeta-1

39S ribosomal protein L4,
mitochondrial

Acidic leucine-rich nuclear
phosphoprotein 32 family
member E

Homeodomain-only
protein

Proton-transporting V-type
ATPase complex assembly
regulator TMEM9

39S ribosomal protein L43,
mitochondrial

50

50

49

49

48

48

48

48

46

46

46

45

45

44

204530 + 52544

196273 + 25846

304224 + 53741

60485 + 7738

267434 £ 67538

541222 + 53635

180513 + 59394

122091 + 21019

459244 + 87818

141977 + 23315

167609 + 33298

583745 + 118066

55980 + 8859

346344 + 39918

181196 + 39923

213260 + 24232

335875 + 48297

53939 + 9697

328872 + 64568

603146 + 64523

156351 + 24222

110920 + 17312

530413 + 84321

124076 + 19119

149339 + 35103

510444 + 115712

61059 + 9611

304109 * 41005

300

0.89

1.09

1.10

0.89

1.23

111

0.87

0.91

1.15

0.87

0.89

0.87

1.09

0.88

0.025

0.041

0.016

0.030

0.0024

0.012

0.042

0.042

0.0057

0.018

0.049

0.0059

0.032

0.0011

0.62

0.65

0.61

0.64

0.53

0.59

0.65

0.65

0.59

0.61

0.65

0.59

0.64

0.37

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Sodium-dependent neutral
Q9H2J7  amino acid transporter
B(0)AT2

QI9UKVO Histone deacetylase 9

DEP domain-containing
mTOR-interacting protein

Q01167  Forkhead box protein K2
Long-chain-fatty-acid--

Q8TB45

Q9ULCS

CoA ligase 5
075711 icraple—responswe protein
043665 R_egul:_ator of G-protein
signaling 10

Proline-rich AKT1

Q96B36 substrate 1

Coiled-coil-helix-coiled-
Q9Y6H1  coil-helix domain-
containing protein 2

Potassium voltage-gated
P48547  channel subfamily C

member 1
pi7os0  AlPhaN- .
acetylgalactosaminidase
QOH1B7 Probable E3 ubiquitin-

protein ligase IRF2BPL
P51397  Death-associated protein 1

P47914  60S ribosomal protein L29

P15151  Poliovirus receptor

44

44

44

44

44

43

43

43

42

41

41

41

41

41
41

117363 + 26404

62675 + 14210

151606 + 23029

120911 + 15271

15322 + 3806

722825 + 145828

116495 + 36074

333638 * 44546

350248 + 126374

93878 + 22154

207737 £ 52751

172632 + 13909

738017 + 138178

262257 + 79784

181384 + 51972

142161 + 34015

52772 + 7477

140908 + 21061

115296 + 10431

13023 + 2300

595215 + 119807

102537 + 17851

304541 * 36566

274325 + 105228

117510 + 30085

178336 + 18552

162911 + 12537

678360 + 70170

232176 + 55400

156719 + 22527

301

121

0.84

0.93

0.95

0.85

0.82

0.88

0.91

0.78

1.25

0.86

0.94

0.92

0.89
0.86

0.0051

0.015

0.028

0.049

0.049

0.013

0.015

0.036

0.030

0.0027

0.017

0.022

0.026

0.034

0.039

0.59

0.61

0.62

0.65

0.65

0.60

0.61

0.65

0.63

0.54

0.61

0.61

0.62

0.65
0.65

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

P22304

Q9BV57

QINPAS
QOULX7
Q03519
QIUKJ3
Q9Y2D0
Q9BZG1
P08913
P50914
Q9C037
QI96AY3
P52630
QoUI47
Q69YN2

Q99624

Q13237

Iduronate 2-sulfatase

1,2-dihydroxy-3-keto-5-
methylthiopentene
dioxygenase
Transcription and mRNA
export factor ENY2

Carbonic anhydrase 14
Antigen peptide transporter
2

G patch domain-containing
protein 8

Carbonic anhydrase 5B,
mitochondrial

Ras-related protein Rab-34

Alpha-2A adrenergic
receptor

60S ribosomal protein L14

E3 ubiquitin-protein ligase
TRIM4

Peptidyl-prolyl cis-trans
isomerase FKBP10

Signal transducer and
activator of transcription 2

Catenin alpha-3

CWF19-like protein 1
Sodium-coupled neutral
amino acid transporter 3

cGMP-dependent protein
kinase 2

4

40

40

40

39

39

39

39

38

37

37

37

37

305313 + 44609

94378 + 30699

536711 + 60352

127870 + 32585

190752 + 48112

102823 + 11253

131163 + 25680

116810 + 24952

84070 + 13121

272843 + 53730

159744 + 22651

151244 + 48268

107896 + 11827

107337 + 21858

134404 + 17845

346020 * 63573

191025 + 54875

284911 + 30611

67087 + 11630

501349 + 54760

146563 + 21192

167097 + 27141

95867 + 9558

111694 + 21928

105166 + 15549

88900 + 11628

254834 + 57267

146407 + 14313

121554 + 20198

99964 + 13755

120312 + 20183

124767 + 12826

404725 + 89251

163565 + 40087

302

0.93

0.71

0.93

1.15

0.88

0.93

0.85

0.90

1.06

0.93

0.92

0.80

0.93

1.12

0.93

1.17

0.86

0.045

0.0089

0.010

0.011

0.033

0.039

0.022

0.030

0.041

0.046

0.032

0.012

0.027

0.031

0.037

0.015

0.026

0.65

0.59

0.59

0.59

0.65

0.65

0.61

0.64

0.65

0.65

0.65

0.59

0.62

0.64

0.65

0.61

0.62

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

PODI182

Q9Y6P5
P35659
Q9BTCO

014683

QINYR9

Q6PJGY

095858

P61077

014641

ABNHX0
095486
Q15853
QINP66

PODJ93

Trafficking protein particle
complex subunit 2B

Sestrin-1

Protein DEK

Death-inducer obliterator 1

Tumor protein p53-
inducible protein 11

NF-kappa-B inhibitor-
interacting Ras-like protein
2

Leucine-rich repeat and
fibronectin type-I1I
domain-containing protein
4

Tetraspanin-15

Ubiquitin-conjugating
enzyme E2 D3

Segment polarity protein
dishevelled homolog DVL-
2

Cytosolic arginine sensor
for mTORC1 subunit 2
Protein transport protein
Sec24A

Upstream stimulatory
factor 2

High mobility group
protein 20A

Small integral membrane
protein 13

36

35

35
35

34

34

34

34

33

33

33

33

32

32

32

85164 + 16602

73061 + 13471

94093 + 11989
77834 + 8509

286080 + 118513

178954 + 20003

132795 + 21860

122202 + 41222

465794 + 133311

29798 + 7905

317856 + 44415

102902 + 9954

74895 + 9519

143269 + 17310

179708 + 27309

89348 + 19961

88406 + 16116

106725 + 18890
72710 + 6998

225544 + 61069

162718 + 14363

120254 + 14870

135644 + 49912

398694 + 171606

26094 + 4081

281317 + 27930

97393 + 10583

69149 + 6571

131610 + 18305

169042 + 19141

303

1.05

1.21

1.13
0.93

0.79

0.91

0.91

111

0.86

0.88

0.89

0.95

0.92

0.92

0.94

0.048

0.0030

0.010
0.050

0.0042

0.010

0.018

0.033

0.012

0.020

0.023

0.047

0.017

0.018

0.021

0.65

0.54

0.59
0.65

0.59

0.59

0.61

0.65

0.59

0.61

0.61

0.65

0.61

0.61

0.61

No

No

No
No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

060266
095452
P32321

Q9BQ52

Q99933

QIUKV5

A5D8V6

Q8N9BS

P48067

QINZUO
P01213
Q8WUF8
Q86YL5
QINU23

Q9BUS8Y

Adenylate cyclase type 3

Gap junction beta-6 protein
Deoxycytidylate
deaminase

Zinc phosphodiesterase
ELAC protein 2

BAG family molecular
chaperone regulator 1

E3 ubiquitin-protein ligase
AMFR

Vacuolar protein sorting-
associated protein 37C
Ras-GEF domain-
containing family member
1A

Sodium- and chloride-
dependent glycine
transporter 1
Leucine-rich repeat
transmembrane protein
FLRT3

Proenkephalin-B

Cotranscriptional regulator
FAM172A

Testis development-related
protein

LYR motif-containing
protein 2

Deoxyhypusine
hydroxylase

32
31
31

31

31

31

30

30

29

29

29

29

29

28

28

156765 *+ 32205
114921 + 47121
65466 + 15217

61412 + 7289

88495 + 11489

106435 + 18893

138967 + 11990

118151 + 15444

53702 + 10144

94984 + 12986

119764 + 35073

120638 + 14659

109475 + 12401

170618 + 33983

47279 + 4692

144305 + 14179
89186 + 27743
57524 + 11169

55992 + 6548

82127 + 5970

94088 + 18986

129208 + 15978

109996 + 13413

61542 + 12065

100575 + 15515

165945 + 65457

112384 + 11384

117032 + 12744

152291 + 20767

44744 + 6464

304

0.92
0.78
0.88

0.91

0.93

0.88

0.93

0.93

1.15

1.06

1.39

0.93

1.07

0.89

0.95

0.047
0.0070
0.010

0.012

0.041

0.044

0.023

0.032

0.0028

0.024

0.028

0.034

0.036

0.011

0.027

0.65
0.59
0.59

0.59

0.65

0.65

0.61

0.64

0.54

0.61

0.62

0.65

0.65

0.59

0.62

No
No
No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q5BKU9

QBUXH1
P78540

095347

P63218

Q05823
Q04864

QIUKWA4

P42702

P52569
Q9Y5WS8

Q16854

P20309

P78508

Q8NHZz8

Oxidoreductase-like
domain-containing protein
1

Protein disulfide isomerase
CRELD2

Arginase-2, mitochondrial

Structural maintenance of
chromosomes protein 2

Guanine nucleotide-
binding protein
G(1)/G(S)/G(O) subunit
gamma-5
2-5A-dependent
ribonuclease
Proto-oncogene c-Rel
Guanine nucleotide
exchange factor VAV3

Leukemia inhibitory factor
receptor

Cationic amino acid
transporter 2

Sorting nexin-13
Deoxyguanosine kinase,
mitochondrial
Muscarinic acetylcholine
receptor M3

ATP-sensitive inward
rectifier potassium channel
10

Anaphase-promoting
complex subunit CDC26

28

28

28

28

27

27
27

27

27

27

27

26

26

26

26

178575 + 26346

136100 + 30634

76212 + 23687

76909 + 10201

2718335 + 645994

72249 + 10566
84858 + 10625
54992 + 8256

90424 + 14527

98363 + 26390

66540 + 13700

211309 + 29681

63385 + 15314

121862 + 35425

86746 + 10679

163913 + 24917

118142 + 15853

86196 + 24401

72587 + 7647

2290506 + 333510

62942 + 9794
77068 + 10578
58223 + 9142

84178 + 9783

117738 + 38004

66286 + 16080

182022 + 22701

73537 + 14240

143721 + 40957

83272 + 8509

305

0.92

0.87

1.13

0.94

0.84

0.87
0.91
1.06

0.93

1.20

1.00

0.86

1.16

1.18

0.96

0.031

0.033

0.034

0.037

0.0036

0.013
0.019
0.020

0.040

0.042

0.044

0.0026

0.013

0.034

0.039

0.64

0.65

0.65

0.65

0.59

0.60
0.61
0.61

0.65

0.65

0.65

0.54

0.60

0.65

0.65

No

No

No

No

No

No
No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q9Y3R5

Q9BRK3
Q04656

Q96C90

094952

Q12778
P52657
Q16270
Q7Z5H3
Q9H773
P31152
P50749
015379
Q15043

Q96B18

Q9HCNS

Q96127

Protein dopey-2

Matrix remodeling-
associated protein 8
Copper-transporting
ATPase 1

Protein phosphatase 1
regulatory subunit 14B

F-box only protein 21

Forkhead box protein O1
Transcription initiation
factor 11A subunit 2

Insulin-like growth factor-
binding protein 7

Rho GTPase-activating
protein 22
dCTP pyrophosphatase 1

Mitogen-activated protein
kinase 4

Ras association domain-
containing protein 2

Histone deacetylase 3
Metal cation symporter
ZIP14

Dapper homolog 3

Stromal cell-derived factor
2-like protein 1

Serine/Arginine-related
protein 53

26

26

26

25

25

24

24

24

23

23

22

22

21

21

21

21

21

83080 + 9888

59601 + 22701

78441 + 11590

38075 + 10004

102911 + 18536

25249 + 3423

316602 + 33818

180712 + 76258

40791 + 10240

58645 + 9766

58166 + 6721

45687 + 8549

73488 = 7747

51418 + 6731

55687 + 10923

108715 + 21008

65554 + 9258

77351 + 10439

50564 + 7152

72914 + 6728

32779 + 6855

111125 + 15808

28121 + 4439

286161 + 31081

144468 + 40181

47080 + 14000
51400 + 9521
51026 + 9165
41686 + 4470
67262 + 7941
58194 + 9728

50154 + 10405

93393 + 17167

71345 + 11958

306

0.93

0.85

0.93

0.86

1.08

111

0.90

0.80

1.15

0.88

0.88

0.91

0.92

1.13

0.90

0.86

1.09

0.040

0.041

0.049

0.0019

0.014

0.012

0.039

0.047

0.018

0.027

0.039

0.049

0.0076

0.0087

0.017

0.026

0.034

0.65

0.65

0.65

0.44

0.60

0.59

0.65

0.65

0.61

0.62

0.65

0.65

0.59

0.59

0.61

0.62

0.65

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q16540
P17707
Q9BQE4

000268

QIHAT72

QIY6G3

Q15048

Q8N357

P16455

Q32P41

Q62519
Q01780

Q63HQO

Q9H9Q4

Q15059

Q6ZMK1

39S ribosomal protein L23,
mitochondrial
S-adenosylmethionine
decarboxylase proenzyme

Selenoprotein S
Transcription initiation
factor TFIID subunit 4

Calcium homeostasis
modulator protein 2

39S ribosomal protein L42,
mitochondrial

Leucine-rich repeat-
containing protein 14
Solute carrier family 35
member F6

Methylated-DNA--protein-
cysteine methyltransferase

tRNA (guanine(37)-N1)-
methyltransferase

Protein shisa-6

Exosome component 10

AP-1 complex-associated
regulatory protein

Non-homologous end-
joining factor 1
Bromodomain-containing
protein 3

Cysteine and histidine-rich
protein 1

21

20

20

20

20

19

19

19

19

19

19
18

18

18

17

17

379058 * 65299

21481 *+ 8295

41179 + 10294

39078 + 6140

121361 + 36484

106195 + 15043

172997 + 32341

70708 + 9631

127987 + 45791

35889 + 5730

65114 + 11536
78085 + 11448

77081 + 12427

31423 + 6686

13165 + 2532

48337 + 8170

327882 + 81038

27530 £ 6732

36943 + 6923

35822 + 4692

108548 + 16066

90528 + 13955

146234 + 43070

63977 + 11392

109009 + 26583

31970 + 5387

56217 + 9755
66470 = 7090

83411 + 7705

35563 + 8003

11511 +£1918

42007 + 7562

307

0.86

1.28

0.90

0.92

0.89

0.85

0.85

0.90

0.85

0.89

0.86
0.85

1.08

1.13

0.87

0.87

0.044

0.033

0.034

0.037

0.049

0.0065

0.015

0.018

0.026

0.033

0.043
0.00020

0.024

0.026

0.014

0.018

0.65

0.65

0.65

0.65

0.65

0.59

0.61

0.61

0.62

0.65

0.65
0.21

0.62

0.62

0.61

0.61

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Q86VU5

ABMXV4

Q9ULWS5

F8WBI6

P51811

P61009

Q5MNZ9

QINP73

095715

QIUKO08

Q96C36

Q7Z5A7

QINX74

Catechol O-
methyltransferase domain-
containing protein 1

Nucleoside diphosphate-
linked moiety X motif 19

Ras-related protein Rab-26

Golgin subfamily A
member 8N

Membrane transport
protein XK

Signal peptidase complex
subunit 3

WD repeat domain
phosphoinositide-
interacting protein 1

Putative bifunctional UDP-
N-acetylglucosamine
transferase and
deubiquitinase ALG13

C-X-C motif chemokine 14

Guanine nucleotide-
binding protein
G(1)/G(S)/G(O) subunit
gamma-8

Pyrroline-5-carboxylate
reductase 2

Chemokine-like protein
TAFA-5
tRNA-dihydrouridine(20)
synthase [NAD(P)+]-like

17

17

17

17

17

16

16

16

16

16

15

15

15

68357 + 17136

130067 + 20470

36403 + 11174

179304 + 32948

93906 + 21778

252473 + 28037

53177 £ 7893

86417 + 12669

50788 + 11107

61168 + 19527

142463 + 28282

48274 + 6751

18627 + 3898

79192 + 23879

124037 + 20555

43709. + 7926

164932 + 28046

106911 + 22903

239771 + 27909

46397 + 5320

82739 + 13918

57210 + 9997

70811 + 18813

117414 + 24859

43761 + 6563

16118 + 3766

308

1.16

0.95

1.20

0.92

1.14

0.95

0.87

0.96

1.13

1.16

0.82

0.91

0.87

0.024

0.029

0.044

0.049

0.049

0.010

0.020

0.026

0.032

0.047

0.0088

0.013

0.016

0.62

0.62

0.65

0.65

0.65

0.59

0.61

0.62

0.65

0.65

0.59

0.60

0.61

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

095931

Q8W\V24

Q9H1D9

Q52LW3

Q8NDX5

P62314

Q14596

Q96BZ8

QB6JQN1

P55210

Q86Y79

Q8TCF1

P18509

P40261

Chromobox protein
homolog 7

Pleckstrin homology-like
domain family A member
1

DNA-directed RNA
polymerase 111 subunit
RPC6

Rho GTPase-activating
protein 29

Polyhomeotic-like protein
3

Small nuclear
ribonucleoprotein Sm D1

Next to BRCA1 gene 1
protein

Leukocyte receptor cluster
member 1

Acyl-CoA dehydrogenase
family member 10

Caspase-7

Probable peptidyl-tRNA
hydrolase

ANZ1-type zinc finger
protein 1

Pituitary adenylate cyclase-
activating polypeptide

Nicotinamide N-
methyltransferase

15

15

14

14

14

14

14

13

13

13

11

11

10

10

70553 + 8088

119463 + 42904

59397 + 8652

27795 + 9078

56419 + 8034

126294 + 38019

16597 + 2441

37733 £ 8923

38222 + 16000

22400 + 6585

21500 + 5025

47569 + 6272

45406 + 17011

72546 + 26010

67259 + 6351

102332 + 8423

52697 + 6269

22715 + 5373

53651 + 5380

108324 + 23424

18172 + 4417

33060 + 10995

30599 + 7751

25095 + 7843

17951 + 5604

41784 + 7448

32873 + 10053

57679 £ 9741

309

0.95

0.86

0.89

0.82

0.95

0.86

1.09

0.88

0.80

1.12

0.83

0.88

0.72

0.80

0.044

0.046

0.0064

0.012

0.013

0.036

0.050

0.013

0.020

0.022

0.0055

0.010

0.010

0.034

0.65

0.65

0.59

0.59

0.60

0.65

0.65

0.60

0.61

0.61

0.59

0.59

0.59

0.65

No

No

No

No

No

No

No

No

No

No

No

No

No

No



Table D4.2 (continued)

Monocarboxylate
transporter 4

CKLF-like MARVEL
QI9NX76 transmembrane domain- 9 54918 + 13593 65240 + 14935 1.19 0.028 0.62 No
containing protein 6

015427 10 47050 £ 17283 38041 + 11563 0.81 0.038 0.65 No

GrpE protein homolog 2,

QBTAAS mitochondrial

9 44055 + 8825 37314 + 7268 0.85 0.043 0.65 No

OTU domain-containing

Q5T2D3 protein 3

9 13656 + 3287 14710 + 2735 1.08 0.048 0.65 No

o15116 U6 snRNA-associated Sm- 8 255458 + 70247 222747 + 72564 0.87 0.010 0.59 No
like protein LSm1

Pleckstrin homology

QOHB20  domain-containing family 8 24475 + 3858 22399 + 3884 0.92 0.040 0.65 No
A member 3
p7gsgp  Death domain-containing 8 87532 + 14414 79968 + 10928 0.91 0.047 0.65 No

protein CRADD

aThe accession number from the UniProt human database. "PSMs are summed across all batches. (Average + standard deviation calculated from normalized
TMT reporter ion intensities, N = 19-21 per group. “Bold indicates fold changes < 0.81 and > 1.23. ®p-values from linear regression model for main effects
of diagnosis covaried for age and sex. Proteins were significant with uncorrected p < 0.05 in the Pitt ADRC IPL dataset. Abbreviations: PSMs, peptide
spectral matches; CN, cognitively normal; AD, Alzheimer's disease.
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Table D4.3. Significant IPA pathways in AD.

Pathway Name -log(p-value)?

Proteins in Pathway®

ACAA2,ACAT2,GCDH,HADH,HADHA ,HADHB,

Glutaryl-CoA Degradation 8.89 HSD17B10.HSD17B8
. - ACAA2,ACSL5,ECI1,ECI2,HADH,HADHA,HADHB,

Fatty Acid B-oxidation | 8.60 HSD17B10,HSD17B8.IVD

Tryptophan Degradation Il 747 ACAA2,ACAT2,GCDH,HADH,HADHA ,HADHB,

(Eukaryotic) ' HSD17B10,HSD17B8

Valine Degradation | 6.76 ACADSB,BCKDHA,BCKDHB,DBT,HADHA ,HADHB,
HIBADH

Isoleucine Dearadation | 589 ACAA2,ACADSB,ACAT2,HADHA ,HADHB,

g ' HSD17B10

Ketogenesis 5.63 ACAA2,ACAT2,HADHA HADHB,HMGCL

Mevalonate Pathway | 5.01 ACAA2, ACAT2,HADHA HADHB,PMVK

Superpathway of

Geranylgeranyldiphosphate 441 ACAA2,ACAT2,HADHA,HADHB,PMVK

Biosynthesis | (via Mevalonate)

Branched-chain a-keto acid 435 BCKDHA BCKDHB,DBT

Dehydrogenase Complex

Methylmalonyl Pathway 4.35 MCEE,PCCA,PCCB

Ketolysis 4.32 ACAA2,ACAT2,HADHA ,HADHB

Semaphorin Sianaling in Neurons 413 MAPK1,MAPK3,NRP1,PAK2,PLXNA3,PLXNB1,

P gnafing ' RHOQ,SEMAT7A

2-oxobutanoate Degradation | 3.95 MCEE,PCCA,PCCB

Superpathway of Methionine 3.78 CTH,MCEE,MGMT PCCA PCCB,SUOX

Degradation

Relaxin Signalin 372 ADCY3,CTH,GNA12,GNG5,GUCY1A1,MAP2K1,

g g ' MAPK1,MAPK3,NAPEPLD,PDE4A,RAP1A REL
Prostate Cancer Sianalin 364 FOXO1,HDAC3,HDAC9,HSP90AA1,HSPI0B1,
gnating ' MAP2K1,MAPK1,MAPK3,RAP1A REL
. . LIFR,MAP2K1,MAPK1,MAPK3,RAP1A RPS6KA2,
CNTF Signaling 3.54 RPSEKAS
. — AKR7A2,DNAJAL1,DNAJA2,DNAJC12,GSR,GSTK1,
'F\;?SFi;]T:d'ated Oxidative Stress 3.46 GSTM3,HSP9OAAL, HSPIOB1,MAP2K1,MAP2KS,
P MAPK1,MAPK3,RAP1A,STIP1

Antiproliferative Role of 346 CTH,GNG5,GUCY1A1,MAP2K1,MAPK1,MAPK3,

Somatostatin Receptor 2 ' RAP1A,SST

Superpathway of Cholesterol 3.36 ACAA2,ACAT2,HADHA HADHB,PMVK

Biosynthesis
ADCY3,FASN,GPD1,HSP90AA1,HSP90B1,MAP2K1,

PPARo/RXRa Activation 3.33 MAP2K6,MAPK1,MAPK3,NCOR1,PRKAB2,RAP1A,
REL

Role of IL-17F in Allergic 3.30 MAP2K1,MAPK1,MAPK3,REL,RPS6KA2,RPS6KAS5

Inflammatory Airway Diseases

PFKFB4 Signaling Pathway 3.25 GPI,MAP2K1,MAP2K6,MAPK1,MAPK3,RPS6KA5S
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Table D4.3 (continued)

ADCY3,CSNK1E,CTH,GJAL,GJB6,GUCY1AL,

Gap Junction Signaling 3.23 MAP2K1,MAPK1,MAPK3,PRKG2,RAP1A TIPL,
TUBB2B
Leucine Degradation | 3.06 HMGCL,IVD,MCCC2
N FOX01,MAP2K1,MAP2K6,MAPK1,MAPK3,NCK1,
ErbB Signaling 2.89 PAK2.RAP1A
_— ARHGEF6,CAPN7,ITGB8, MAP2K1,MAPK1,MAPK3,
FAK Signaling 2.87 PAK2 RAPIA TLN2
L-carnitine Biosynthesis 2.82 BBOX1,TMLHE
ADCY3,CAMK2G,GNA12,GNG5,MAP2K1,MAP2KS,
Opioid Signaling Pathway 2.79 MAPK1,MAPK3,MAPK4,PDYN,RAP1A RGS10,
RPS6KA2,RPS6KAS5,YES1
Endocannabinoid Developing 71 ADCY3,AKT1S1,GNG5MAP2K1,MAP2K6,MAPK1,
Neuron Pathway ' MAPK3,MAPK4,RAP1A
Estrogen-Dependent Breast Cancer 269 DHRS11,HSD17B10,HSD17B8, MAPK1,MAPK3,
Signaling ' RAP1A REL
FLT3 S_ignaling in Hematopoietic 266 MAP2K1,MAPK1,MAPK3,RAP1A RPS6KA2,
Progenitor Cells ' RPS6KA5,STAT2
ADCY3,ADRA2A,AKAP12,CAMK2G,CHRM3,
cAMP-mediated signaling 2.65 MAP2K1,MAPK1,MAPK3,NAPEPLD,PDE4A,PKIA,
RAP1A RGS10
Reelin Signaling in Neurons 2 64 ARHGEF6,CAMK2G,MAP2K1,MAP2K6,MAPK]1,
MAPK3,MAPK8IP1,RAP1A,YES1
ngap_horin Neuronal Repulsive 263 GUCY1AL,ITGB8,MAP2K1,MAP2K6,NRP1,PAK2,
Signaling Pathway ' PDE4A,PLXNA3,PLXNB1,PRKG2
. . . AKT1S1,FOXO1,GFAP,MAP2K1,MAPK1,MAPK3,
14-3-3-mediated Signaling 2.62 RAP1A TUBB2B YWHAB
. . FOXOL1,IGFBP5,IGFBP7,MAP2K1,MAPK1,MAPK3,
IGF-1 Signaling 2.61 RAPIA YWHAB
o-Adrenergic Signaling 955 ADCY3,ADRA2A,GNA12,GNG5,MAP2K1,MAPK1,
MAPK3,RAP1A
Chronic Myeloid Leukemia 253 CTBP2,HDAC3,HDAC9,MAP2K1,MAPK1,MAPKS3,
Signaling ' RAP1A REL
Telomerase Signaling 253 HDAC3,HDAC9,HSP90AA1,HSP90B1,MAP2K1,
MAPK1,MAPK3,RAP1A
Arginine Degradation I (Arginase 253 ALDH4A1,ARG2
Pathway)
Fatty Acid B-oxidation 11l
(Unsaturated, Odd Number) 2:53 ECILECI2
. . HSP90AA1,HSP90B1,MAP2K1,MAPK1,MAPK3,
PPAR Signaling 2.53 NCORLRAP1A REL
Aryl I-!ydrocarbon Receptor 547 ALDH1A1,ALDH4A1,GSTK1,GSTM3,HSP90AAL,
Signaling ' HSP90B1,MAPK1,MAPK3,NEDD8,REL
g?;‘;‘;:ﬁ@g:g Building Blocks 2.46 GMDS,GMPPA,GPI
Xenobiotic Metabolism AHR 245 ALDH1A1,ALDH4A1,GSTK1,GSTM3,HSP90AAL,

Signaling Pathway

HSP90B1,REL
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Table D4.3 (continued)

White Adipose Tissue Browning

ADCY3,CTBP2,FGFR3,GUCY1A1,HIF1IAN,MAPK1,

Pathway 242 PRKAB2,PRKG2,VGF
. AMFR,CD82,DNAJAL1,DNAJA2,DNAJC12,HSP90B1,
Unfolded protein response 2.37 PAHB
Apelin Endothelial Signaling 236 ADCY3,GNA12,GNG5 MAP2K1,MAPK1,MAPK3,
Pathway ' PRKAB2,RAP1A REL
Acute Myeloid Leukemia Signaling 2.34 :QDETZ’MAPZKl‘MAPZKG’MAPKl’MAPKS’RAplA’
L FGFR3,HDAC3,HDAC9,MAP2K1,MAPK1,MAPK3,
Bladder Cancer Signaling 2.32 RAP1A RPSGKAS
. . GNA12,MAPK1,MAPK3,P4HB,RAP1A,RPS6KA2,
Role of Tissue Factor in Cancer 2.32 RPS6KAS5, YES1
Neuregulin Signaling 299 HSP90AA1L,HSP90B1,ITGB8,MAP2K1,MAPK1,
MAPK3,RAP1A TMEFF2
Granzyme B Signaling 2.29 LMNB1,LMNB2,NUMA1
N ARHGEF6,ITGB8,MAP2K1,MAPK1,MAPK3,NCK1,
PAK Signaling 2.27 PAK2,.RAP1A
Gagq Signaling 297 CHRM3,GNA12,GNG5,GRM1,MAP2K1,MAPK1,
MAPK3,NAPEPLD,REL,RHOQ
Fcy Receptor-mediated
Phagocytosis in Macrophages and 2.27 MAPK1,MAPK3,NAPEPLD,NCK1,TLN2,VAV3,YES1
Monocytes
Melanocyte Development and 297 ADCY3,MAP2K1,MAPK1,MAPK3,RAP1A,RPS6KA2,
Pigmentation Signaling ' RPS6KAS5
Non-Small Cell Lung Cancer 597 HDAC3,HDAC9,MAP2K1,MAPK1,MAPK3,RAP1A,S
Signaling ' TK4
G_erm _CeII—SertoIi Cell Junction 9 25 CTNND1,MAP2K1,MAP2K6,MAPK1,MAPK3,PAK?2,
Signaling ' RAP1A,RHOQ,TJP1,TUBB2B
Cholecystokinin/Gastrin-mediated 5 25 GNA12,MAP2K1,MAP2K6,MAPK1,MAPK3,RAP1A,
Signaling ' RHOQ,SST
Nitric Oxide Signaling in the 5 95 ARG2,GUCY1A1,HSP90AA1,HSPO0B1,MAP2K1,
Cardiovascular System ' MAPK1,MAPK3,PRKG2
Ephrin B Signaling 2.24 CAP1,GNA12,GNG5,MAPK1,MAPK3,VAV3
L FOXO1,HSP90AAL,HSP90B1,ITGB8,MAP2K1,
PISK/AKT Signaling 224 MAPK1,MAPK3,MAPKSIP1,RAP1A REL,YWHAB
Adrenomedullin signaling pathway 224 ADCY3,CTH,GUCY1A1,MAP2K1,MAP2K6,MAPK1,
MAPK3,MAPK4,PRKG2,RAP1A REL
Dermatan Sulfate Degradation 591 HEXA HEXB.IDS
(Metazoa)
Gas Signaling 591 ADCY3,CHRM3,GNA12,GNG5,MAP2K1,MAPK1,
MAPK3,RAP1A
ALDH1A1,ALDH4A1,CAMK2G,GSTK1,GSTM3,
Xenobiotic Metabolism Signaling 2.20 HSP90AA1,HSP90B1,MAP2K1,MAP2K6,MAPK1,

MAPK3,MGMT,RAP1A,REL
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Table D4.3 (continued)

ADCY3,ARHGEF6,CAMK2G,CASP7,CTNND1,
FOXO01,GNA12,GNG5,HDAC3,HDACY,ITGBS,

Molecular Mechanisms of Cancer 2.20 MAP2K1,MAP2K6 MAPK1,MAPK3,PAK2,RAP1A,
REL,RHOQ
Hypoxia Signaling in the 2.19 HIF1AN,HSP90AA1,HSPI0B1,P4HB,UBE2D3,UBE2H
Cardiovascular System
Stearate Biosynthesis | (Animals) 2.17 ACSL5,DBT,DHRS11,FASN,ZADH?2
4-1BB Signaling in T Lymphocytes 2.16 MAP2K1,MAPK1,MAPK3,REL
Arginine Degradation VI (Arginase 514 ARG2.PYCR?2
2 Pathway)
GDP-mannose Biosynthesis 2.14 GMPPA,GPI
Glioma Sianalin ) 14 CAMK2G, HDAC3,HDACY,IDH2, MAP2K1, MAPK,
ghaling ' MAPK3,RAP1A
IL-15 Signaling 2.10 AKT1S1,MAP2K1,MAPK1,MAPK3 RAP1A REL
- CTH,GSS,MAP2K1,MAPK1,MAPK3,PRKAB2,
Ferroptosis Signaling Pathway 2.10 RAP1A SLC39A14
ARHGEF6,GFAP,GNA12,GNG5,ITGB8, MAP2KL,
Signaling by Rho Family GTPases 2.08 MAPK1,MAPK3,PAK2,PPP1R12C,REL,RHOQ,
SEPTIN2
Thrombin Sianalin 207 ADCY3,ARHGEF6,CAMK2G,GNA12,GNG5,
gnaling ' MAP2K1,MAPK1,MAPK3,RAP1A,REL,RHOQ
Role of IL-17A in Arthritis 2.04 MAP2K1,MAP2K6 MAPK1 MAPK3,REL
o ADRA2A,AK2,AK3 AKT1S1,CHRM3,CPT2,FASN,
AMPK Signaling 2.03 FOXO1,GNA12,GNG5,MAPK1,PRKAB2
- CAPN7,CASP7,MAP2K1,MAPK1,MAPK3,RAP1A,
Apoptosis Signaling 2.03 REL
Methylglyoxal Degradation 111 2.01 AKR7A2,DHRS11,ZADH?2
Fatty Acid o-oxidation 2.01 ALDHI1A1 ALDH4AL TMLHE
CE:?fTSf(r Drug Resistance By Drug 2.01 FOXO1,MAP2K1 MAPK1 MAPK3,RAPIA
AMFR,BAG1,CRYAB,DNAJALDNAJIC12,
Protein Ubiquitination Pathway 2.00 HSP90AAL HSP90OB1,HSPA12B,PSMA2, TAP2,UBAL,
UBE2D3,UBE2H
& Protein Counled Recentor ADCY3,ADRA2A,CAMK2G,CHRM3,GRML,
Sanalin P P 1.98 MAP2K1,MAPK1,MAPK3 NAPEPLD,PDE4A RAP1A,
gnaling REL,RGS10
- ADCY3,CAMK2G,GNG5,MAP2K1 MAP2K6 MAPK,
GNRH Signaling 1.97 MAPK3,PAK2,RAP1A REL
JAK/Stat Signaling 1.97 MAP2K1,MAPK1 MAPK3 RAP1A REL STAT2
Xenobiotic Metabolism CAR Lo ALDH1A1,ALDH4A1,GSTK1,GSTM3,HSPI0AAL,

Signaling Pathway

HSP90B1,MAP2K1,MAP2K6,MAPK1,MAPK3
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Table D4.3 (continued)

Paxillin Signaling 1.95 ARHGEF6,ITGB8, MAPK1,NCK1,PAK2 RAP1A TLN2
Adinogenesis pathwa Lo3 CTBP2,FGFR3,FOXO1,HDAC3,HDACY,LPINT,
Pog pathway : RBBP4,SAP18
PEDF Signaling 1.92 ARHGAP22 CASP7,MAPK1,MAPK3,RAP1A REL
FGF Signaling 1.92 FGFR3,MAP2K1,MAP2K6,MAPK1 MAPK3,RPS6KAS5
Aldosterone Signaling in Epithelial 101 CRYAB,DNAJA1,DNAJC12,HSP90AAL,HSPI0B1,
Cells : HSPA12B,MAP2K1,MAPK1,MAPK3
LPS-stimulated MAPK Signaling 1.90 MAP2K1,MAP2K6 MAPK1 MAPK3,RAP1A REL
mac Sianalin L8 ITGB8,MAP2K1,MAPK1,MAPK3 PAK2,RAP1A REL,
gnating : SH3RF1
i Siamalin L83 ADCY3,ADRAZ2A GNA12,GNG5 MAPK1,MAPK3,
o Sighaling ' RAP1A,RGS10
'sftf]'\;\:‘a?d'pocyte Signaling 1.88 ADCY3,GSTK1 MAPK1,MAPK3,MAPK4 PRKAB2
. ADCY3,MAP2K1,MAPK1,MAPK3 MAPK4,
CDKS5 Signaling 1.87 PPP1R14B,RAPIA
. ADCY3,GNA12,GNG5 MAP2K1.MAPK1,MAPK3,
CXCR4 Signaling 1.86 PAK2,RAP1A RHOQ
L ADCY3,ALDH1ALMAP2K1,MAPK1,NCORL,NRIP2,
RAR Activation 1.86 RBP4 RDH13, REL. TAF4
- AKT1S1,CASP7,FOXOL,ITGB8,MAP2K1, MAPKL,
HER-2 Signaling in Breast Cancer 1.86 MAPK3,RAPLA REL YES1
nsulin Recentor Sianalin ™ FOXO1MAP2K1 MAPKI,MAPK3,NCK1PPPIR14B,
ptor signaling : RAP1A,RHOQ
Ethanol Degradation IV 1.84 ACSS2,ALDH1A1,ALDH4A1L
Regulation of Cellular Mechanics 1.81 CAPN7,ITGB8,MAPK1,MAPK3,RAP1A TLN2
by Calpain Protease
gg‘:;g:;ph'c Lateral Sclerosis 1.81 CAPN7,CASP7,CCS,GLUL,NEFL,NEFM,RAB5C
ErbB2-ErbB3 Signaling 1.80 FOXO1,MAP2K1,MAPK1,MAPK3,RAP1A
Oncostatin M Signaling 1.80 MAP2K1,MAPK1,MAPK3,RAP1A
- CAMK2G, MAP2K1,MAPK1 MAPK3 PLEKHA3,
PI3K Signaling in B Lymphocytes 1.79 RAPLA REL.VAV3
Endocannabinoid Cancer Inhibition 1.79 ADCY3,AKT1S1,CASP7,MAP2K1,MAP2K6,MAPK1,
Pathway : MAPK3,PRKAB2
Eonrin Recentor Sianalin 79 GNA12,GNG5,ITGB8,MAP2K1. MAPK1,MAPK3,
P ptor sighafing ' NCK1,PAK2,RAP1A SDCBP
Heme Biosynthesis |1 1.78 ALAD,UROD
Pyridoxal 5'-phosphate Salvage 1.78 MAP2K1,MAP2K6 MAPK1,MAPK3,PAK?2
Pathway
Coronavirus Pathogenesis Pathwa 1.76 CTSLEEF1ALEEF1A2 HDAC3 HDACI, MAPKI,
9 y : MAPK3,REL RPS28 STAT?2
CD40 Signaling 1.75 MAP2K1,MAP2K6 MAPK1,MAPK3,REL
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Table D4.3 (continued)

MAP2K1,MAPK1,MAPK3,RAP1A,REL,RPSE6KA2,

NGF Signaling 1.75 RPSEKAS
Actin Nucleation by ARP-WASP 1.73 GNA12,ITGB8,NCK1,PPPIR12C,RAPLA RHOQ
Complex
Renin-Angiotensin Signaling 1.72 ADCY3,MAP2K1,MAPK1,MAPK3,PAK2,RAP1A REL
IL-1 Signaling 1.71 ADCY3,GNA12,GNG5,MAP2K6,MAPK1,REL
Glycine Betaine Degradation 1.69 SARDH,SHMT?2
. . FGFR3,FOXO01,ITGB8,MAP2K1,MAPK1,MAPK3,
PTEN Signaling 1.68 RAP1A REL
Agrin Interactions at 1.68 ARHGEF6, MAPK1,MAPK3,PAK2,RAPLA
Neuromuscular Junction
GM-CSF Signaling 1.68 CAMK2G,MAP2K1,MAPK1,MAPK3,RAP1A
ADCY3,ARG2,CTBP2,FOX01,GNA12,GNG5,HDACS3,
Estrogen Receptor Signaling 1.66 HSP90AAL,HSP90B1,MAP2K1,MAPK1,MAPK3,
NCOR1,PRKAB2,RAP1AREL
IL-8 Signalin 166 GNA12,GNG5,LASP1,MAP2K1,MAPK1,MAPK3,
gnating ' NAPEPLD,PAK2,RAPLA RHOQ
Methylthiopropionate Biosynthesis 1.65 ADI1
Glutamine Biosynthesis | 1.65 GLUL
L-cysteine Degradation Il 1.65 CTH
Sulfite Oxidation 1V 1.65 SUOX
mTOR Sianalin 164 AKT1S1,MAPK1,MAPK3,NAPEPLD,PRKAB2,
gnaling ' RAPLA RHOQ,RPS28,RPS6KA2,RPSEKAS

Melatonin Signaling 1.63 CAMK2G,MAP2K1,MAP2K6,MAPK1,MAPK3
ERKS5 Signaling 1.63 GNAI12,RAP1A,RPS6KA2,RPS6KAS,YWHAB
Intearin Sianalin 163 CAPN7,ITGB8,MAP2K1,MAPK1,MAPK3,NCK1,

grin Signating : PAK2,RAP1A,RHOQ,TLN2
Autooha 163 AKT1S1,FOX0O1,MAP2K1,MAPK1,MAPK3,PI4K2A,

phagy ' PRKAB2,SESN1,STX17,WIPI1

UVA-Induced MAPK Signaling 1.63 MAPK1,MAPK3,RAP1A RPS6KA2,RPS6KAS5, TNKS

. . . ARHGEF6,GNA12,ITGB8,MAP2K1,MAPK1,MAPK3,
Actin Cytoskeleton Signaling 1.62 PAK2 RAPIA TIAM2. TLN2,VAV3

. . ITGB8,MAP2K1,MAPK1,MAPK3,PAK2,PPP1R14B,

ERK/MAPK Signaling 162 RAP1A,RPS6KAS5, TLN2,YWHAB
Pancreatic Adenocarcinoma 161 HDAC3,HDAC9,MAP2K1,MAPK1,MAPK3,
Signaling ' NAPEPLD,REL
Leptin Signaling in Obesity 1.59 ADCY3,FOX01,MAP2K1,MAPK1,MAPK3
Melanoma Signaling 1.58 MAP2K1,MAPK1,MAPK3,RAP1A
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Table D4.3 (continued)

CAPN7,CASP7,GNG5,GRM1,HDAC3,HDACY,

Huntington's Disease Signaling 1.58 MAPK1,MAPK3.NCORL NSF.PSMA2 TAF4

. . CAMK2G,GRM1,MAP2K1,MAPK1,MAPKS,
Synaptic Long Term Potentiation 1.56 PPPIR14B.RAP1A
P2Y Purigenic Receptor Signaling 156 ADCY3,GNG5,MAP2K1,MAPK1,MAPK3,RAP1A,
Pathway ' REL
UVC-Induced MAPK Signaling 1.56 MAP2K1,MAPK1,MAPK3,RAP1A
Amyloid Processing 1.56 CAPN7,CSNK1E,MAPK1,MAPK3
Role of NFAT in Cardiac 155 ADCY3,CAMK2G,GNG5,HDAC3,HDAC9,MAP2K1,
Hypertrophy ' MAP2K6,MAPK1,MAPK3,RAP1A
GDNF Family Ligand-Receptor 1.54 MAP2K1,MAPK1,MAPK3,NCK1,RAP1A
Interactions
Neurotrophin/TRK Signaling 1.54 MAP2K1,MAP2K6,MAPK1,MAPK3,RAP1A
Cleavage and Polyadenylation of 154 CPSF6.CSTF2
Pre-mRNA
fMLP Signaling in Neutrophils 1.53 GNA12,GNG5,MAP2K1,MAPK1,MAPK3,RAP1A REL
TNFR1 Signaling 1.53 CASP7,CRADD,PAK2,REL
UVB-Induced MAPK Signaling 1.53 MAP2K1,MAPK1,MAPK3,RPS6KA5

. . . ADCY3,CASP7,GNA12,GUCY1A1,MAPK1,MAPKS3,
Endothelin-1 Signaling 1.52 MAPK4 NAPEPLD. RAP1A
;Z;‘i‘t‘ic\}éogff ';‘:réc i’i(::‘?na”d L5 ARG2,MAP2K1,MAPK1,MAPK3 PPP1R14B, RAP1A
ygen sp ' JRBP4,REL,RHOQ
Macrophages
Angiopoietin Signaling 1.52 FOXO1,NCK1,PAK2,RAP1AREL
Inhibition of ARE-Mediated mMRNA 152 CNOT3,EXOSC10,EXOSC6,MAPK1,MAPK3,MAPK4,
Degradation Pathway ' PSMA2,YWHAB
Mouse Embryonic Stem Cell 1.51 DVL2,LIFR,MAP2K1,MAPK1,MAPK3,RAP1A
Pluripotency
Xenobiotic Metabolism PXR 151 ALDH1A1,ALDH4A1,CAMK2G,GSTK1,GSTM3,
Signaling Pathway ' HSP90AA1,HSP90B1,NCOR1,PPP1R14B
Gal2/13 Signaling 1.50 GNA12,MAP2K1,MAPK1,MAPK3,RAP1AREL,VAV3
Svnantic Lona Term Depression 1.49 CTH,GNA12,GRM1,GUCY1Al1,MAP2K1,MAPK1,
ynap g P ' MAPK3,PRKG2,RAP1A
. . CAMK2G,FOX0O1,MAP2K1,MAP2K6,MAPK1,
B Cell Receptor Signaling 1.49 MAPK3,RAPLA REL,VAV3
IL-3 Signaling 1.48 FOXO01,MAP2K1,MAPK1,MAPK3,RAP1A
Thyroid Cancer Signaling 1.48 FOXO01,MAP2K1,MAPK1,MAPK3,RAP1A
CCR3 Signaling in Eosinophils 147 GNA12,GNG5,MAP2K1,MAPK1,MAPK3,PAK2,
RAP1A

Renal Cell Carcinoma Signaling 1.46 MAP2K1,MAPK1,MAPK3,PAK2,RAP1A
Chemokine Signaling 1.46 CAMK2G,MAP2K1,MAPK1,MAPK3,RAP1A
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Table D4.3 (continued)

Role of PKR in Interferon Induction

HSP90AAL,HSPO0B1,MAP2K6,MAPK1,MAPK3,REL,

and Antiviral Response 146 STAT2
Ethanol Degradation 11 1.46 ACSS2,ALDH1A1,ALDH4AL
ILK Signalin 144 ARHGEF6,ITGB8,MAP2K6,MAPK1,MAPK3,
gnating ' PPP1R14B,REL,RHOQ,RPS6KAS5
Role of MAPK Signaling in the 1.44 MAP2K1,MAP2K6,MAPK1,MAPK3 RAP1A
Pathogenesis of Influenza
MSP-RON Signaling In Cancer 143 MAP2K1,MAPK1,MAPK3,RAP1A REL,RPS6KA2,
Cells Pathway ' YWHAB
. N MAP2K1,MAPK1 MAPK3,NCK1,PAK2,PVR,RAP1A,
Natural Killer Cell Signaling 1.43 REL.VAV3
ADCY3,ADRA2A,CAMK2G,DVL2,FGFR3,GNA12,
Cardiac Hypertrophy Signaling 142 GNG5,HDAC3,HDACY,ITGB8,MAP2K1,MAP2Ka®,
(Enhanced) ' MAPK1,MAPK3,NAPEPLD,PDE4A RAP1A,REL,
RPS6KA5
Androgen Sianalin 142 GNA12,GNG5,GTF2A2,HSP90AAL,MAPK1,MAPK3,
gen >ignafing ' REL, TAF4
ARHGEF6,GNA12,GNG5,ITGB8,L1CAM,MAP2K]1,
Axonal Guidance Signaling 1.40 MAPK1,MAPK3,NCK1,NRP1,PAK2,PLXNAS,
PLXNB1,RAP1A,SDCBP,SEMAT7A,SLIT2,TUBB2B
VEGF Family Ligand-Receptor 1.38 MAP2K1,MAPK1,MAPK3,NRPL,RAP1A
Interactions
BAG2 Signaling Pathway 1.38 HSP90AAL,MAPK1,MAPK3,PSMA2,REL
Role of MAPK Signaling in
Promoting the Pathogenesis of 1.38 MAP2K1,MAP2K6,MAPK1,MAPK3,NUP153,RAP1A
Influenza
Insulin Secretion Signaling Pathwa 1.38 ADCY3,CAMK2G, CHRMS3 MAPKL, MAPKS3,NSF,
gnating y ' RAP1A,RPS6KAS5,SPCS3,STAT2, YES1
Xenobiotic Metabolism General 136 GSTK1,GSTM3,MAP2K1,MAP2K6,MAPK1,MAPK3,
Signaling Pathway ' RAP1A
Telomere Extension by Telomerase 1.36 HNRNPA2B1,TNKS
. C s . ADCY3,AKAP12,GNA12,GNG5,NAPEPLD,PDE4A,
Cardiac B-adrenergic Signaling 1.35 PKIA PPPLR14B
Asparagine Degradation | 1.35 ASRGL1
Spermine Biosynthesis 1.35 AMD1
Palmitate Biosynthesis | (Animals) 1.35 FASN
Uridine-5'-phosphate Biosynthesis 1.35 UMPS
4-hydroxyproline Degradation | 1.35 ALDH4A1
Spermidine Biosynthesis | 1.35 AMD1
Fatty Acid Biosynthesis Initiation |1 1.35 FASN
Cysteine
Biosynthesis/Homocysteine 1.35 CTH
Degradation
GDP-L-fucose Biosynthesis | (from 135 GMDS

GDP-D-mannose)
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Table D4.3 (continued)

Glycine Biosynthesis | 1.35 SHMT?2

Sgrtoli- Cell-Sertoli Cell Junction 135 GUCY1AL,ITGB8,MAP2K1,MAPK1,MAPK3,PRKG2,

Signaling RAP1ATIP1,TUBB2B

Endometrial Cancer Signaling 1.33 MAP2K1,MAPK1,MAPK3,RAP1A

gg;&gﬁg?‘*d Glucocorticoid 1.33 MAPK1,MAPK3,REL

BMP signaling pathway 1.33 MAP2K1,MAPK1,MAPK3,RAP1A REL

HIFla Signaling 133 CAMK2G,GPI,HIFLIAN,HSP90AAL,MAP2K1,
MAP2K6,MAPK1,MAPK3,RAP1A

IL-2 Signaling 1.31 MAP2K1,MAPK1,MAPK3,RAP1A

Chondroitin Sulfate Degradation 131 HEXA HEXB

(Metazoa)

3IPA calculated -log(p-value) for each pathway. Only pathways with p < 0.05 are shown. PProtein accession
numbers and names corresponding to gene names can be found at https://www.uniprot.org/.
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Table D4.4. Proteins with significant race x diagnosis interactions.

) NHW AA Race x Diagnosis Interaction
ACCeSS'OQ Protein Name PSMsP
Number AD/CN® p-Value® | AD/CNC p-Value® B Standard Error p-Valuef
015305 Phosphomannomutase 2 48 1.06 0.0060 0.82 0.076 -55452 15747 0.0013
pi7s4p  Creatine kinase S-type, 820 0.98 0.066 0.71 0.00087 -13823 3997 0.0015
mitochondrial
Qsiprg  AAnkyrin repeat domain- 18 0.88 0.046 1.33 0.0024 15798 5129 0.0041
containing protein 36C
Q9Y3U8  60S ribosomal protein L36 28 0.82 0.31 1.14 0.073 19440 6523 0.0053
Q6Al0g  IEAT repeat-containing 13 1.59 0.23 0.51 0.10 5257 1755 0.0057
protein 6
Qoeguy  Froteasome assembly 19 1.10 0.27 0.85 0.041 -9807 3349 0.0060
chaperone 2
RAC-alpha
P31749  serine/threonine-protein 164 0.95 0.14 1.08 0.16 95762 33410 0.0071
kinase
Serine/threonine-protein
Q8IYT8 Kinase ULK?2 17 1.30 0.048 0.84 0.16 -8542 3139 0.010
peogg7  UPiauitin-60S ribosomal 991 0.92 0.73 1.26 0.0035 19107 7031 0.010
protein L40
Q7Z7N9 I;g?;membra“e protein 8 0.80 0.025 1.24 0.14 5479 2065 0.012
Cotranscriptional regulator
Q8WUF8 EAML72A 29 0.87 0.029 1.07 0.48 21722 8260 0.013
tRNA-dihydrouridine(20) i
QINX74 synthase [NAD(P)+]-like 15 0.94 0.24 0.74 0.0025 6108 2338 0.013
Q13404  UPiquitin-conjugating 756 1.02 0.17 0.87 0.018 -1322451 514023 0.015
enzyme E2 variant 1
Q5TDHO  Protein DDI1 homolog 2 129 1.02 0.29 0.89 0.0018 -127941 50376 0.016
Qrzoke  Endoplasmic reticulum 86 0.92 0.79 1.16 0.031 67820 26839 0.016
metallopeptidase 1
Transmembrane and
Q9BVT8  ubiquitin-like domain- 24 1.12 0.82 0.78 0.10 -46956 18584 0.016
containing protein 1
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Table D4.4 (continued)

Q81ZD4
043424

P41218

Q9HONS

P11229

QINPE2
Q9HAB4

Q8TDIO
095715
Q9Y3B2

Q5T9C2
P15104

Q8N1W1

QOY4R8

P11166

QB6WCQ1

P0O7451
043157

P08913

QINUU7

mRNA-decapping enzyme
1B

Glutamate receptor
ionotropic, delta-2
Myeloid cell nuclear
differentiation antigen
Pterin-4-alpha-
carbinolamine dehydratase
2

Muscarinic acetylcholine
receptor M1

Neugrin
Ketosamine-3-kinase
Chromodomain-helicase-
DNA-binding protein 5
C-X-C motif chemokine 14
Exosome complex
component CSL4

Protein FAM102A

Glutamine synthetase
Rho guanine nucleotide
exchange factor 28
Telomere length regulation
protein TEL2 homolog
Solute carrier family 2,
facilitated glucose
transporter member 1
Myosin phosphatase Rho-
interacting protein
Carbonic anhydrase 3
Plexin-B1

Alpha-2A adrenergic
receptor

ATP-dependent RNA
helicase DDX19A

30

13

18

50

30

16
220

91
16
14

19
1061

24

13

139

458

38
389

39

311

0.90

0.82

1.09

0.80

0.94

0.82
0.87

0.90
1.02
0.80

1.21
1.22

0.90

0.84

1.16

0.94

1.17
1.18

1.00

0.97

0.13

0.34

0.79

0.062

0.88

0.13
0.0053

0.52
0.044
0.24

0.79
0.062

0.66

0.24

0.22

0.0052

0.75
0.00059

0.27

0.48

321

1.15

1.24

0.76

1.14

1.24

1.13
1.03

1.14
1.32
111

0.76
0.89

1.15

1.08

0.81

1.04

0.61
0.99

1.18

1.02

0.68

0.0091

0.025

0.040

0.029

0.23
0.65

0.011
0.038
0.44

0.27
0.50

0.067

0.24

0.22

0.28

0.030
0.60

0.0055

0.13

22542

16028

-25944

160631

45929

10397
368197

9962
16464
12159

-3844
-22975923

15995

14012

-349306

277697

-195494
-337209

17615

158638

8985

6454

10550

65322

18684

4313
152895

4170
6893
5093

1623
9701928

6761

5953

149414

119175

84228
145983

7640

69312

0.017

0.018

0.019

0.019

0.019

0.021
0.022

0.023
0.023
0.023

0.024
0.024

0.024

0.025

0.025

0.026

0.026
0.027

0.027

0.028



Table D4.4 (continued)

Q96EP9

P13798

Q9BTE3

Q9HCS7

095347

P19623
015231
P53990
043524

P49736

A2A3K4

Q8N339
095922

075832

Q6NUM9

P12271

P22570

095926

Sodium/bile acid
cotransporter 4
Acylamino-acid-releasing
enzyme
Mini-chromosome
maintenance complex-
binding protein
Pre-mRNA-splicing factor
SYF1

Structural maintenance of
chromosomes protein 2
Spermidine synthase

Zinc finger protein 185
IST1 homolog

Forkhead box protein O3
DNA replication licensing
factor MCM2

Protein tyrosine
phosphatase domain-
containing protein 1
Metallothionein-1M
Probable tubulin
polyglutamylase TTLL1
26S proteasome non-
ATPase regulatory subunit
10

All-trans-retinol 13,14-
reductase
Retinaldehyde-binding
protein 1
NADPH:adrenodoxin
oxidoreductase,
mitochondrial
Pre-mRNA-splicing factor
SYF2

18

381

22

40

28

107
20
169
39

19

52
16

101

46

78

375

13

1.14

1.03

1.20

1.01

0.98

0.86
0.95
1.06
0.90

0.68

0.87

1.28
0.92

0.94

1.08

1.09

0.88

1.02

0.037

0.20

0.85

0.41

0.50

0.020
0.89
0.89
0.25

0.30

0.078

0.032
0.55

0.74

0.44

0.27

0.017

0.61

322

0.89

0.92

0.77

0.84

0.88
1.05

0.93
1.13

1.18

1.08

0.88
1.16

111

0.85

1.54

1.07

0.81

0.27

0.080

0.033

0.015

0.00026

0.18
0.021
0.016

0.54

0.20

0.38

0.079
0.067

0.030

0.045

0.13

0.57

0.11

-8751

-480424

-39815

-34182

-12102

123497
6768
-191250
23330

7719

11300

-53950
17148

180335

-41024

161451

703072

-6833

3828

210599

17564

15108

5358

54722
3006
85105
10477

3496

5149

24546
7887

82971

18920

74662

325847

3170

0.029

0.029

0.030

0.030

0.030

0.031
0.031
0.031
0.033

0.034

0.035

0.035
0.037

0.037

0.037

0.038

0.038

0.038



Table D4.4 (continued)

QIH3T3
QIBXC9
Q8IV08
QI69ES

Q9BZLA

Q53EL9
P15927
Q9H4B7
Q86WWS

043822
QINZ53

P62487

Q9UL68

Q86U44

QI6F10

Q9HOE9
075094
Q04726

Q9BXRO

Semaphorin-6B
Bardet-Biedl syndrome 2
protein

5'-3" exonuclease PLD3
Pre-rRNA-processing
protein TSR2 homolog

Protein phosphatase 1
regulatory subunit 12C

Seizure protein 6 homolog
Replication protein A 32
kDa subunit

Tubulin beta-1 chain
Cytochrome ¢ oxidase
assembly factor 5

Cilia- and flagella-
associated protein 410
Podocalyxin-like protein 2
DNA-directed RNA
polymerase Il subunit
RPB7

Myelin transcription factor
1-like protein
N6-adenosine-
methyltransferase catalytic
subunit

Thialysine N-epsilon-
acetyltransferase
Bromodomain-containing
protein 8

Slit homolog 3 protein
Transducin-like enhancer
protein 3

Queuine tRNA-
ribosyltransferase catalytic
subunit 1

13
73
123

354

18
144
4241
38

21
49

15

26

30

28

21
21
65

62

0.89
0.93
0.93
0.93

0.92

1.01
0.98
0.74
1.00

0.86
0.96

1.04

0.86

0.85

1.18

0.95
1.14
1.04

0.87

0.23

0.34

0.31
0.068

0.010

0.60
0.44
0.11
0.58

0.80
0.91

0.96

0.36

0.037

0.21

0.28
0.62
0.40

0.083
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1.06
1.05
1.10
1.08

1.01

0.84
1.12
1.22
1.22

1.14
1.14

0.86

1.10

1.17

0.87

1.19
0.76
0.91

1.01

0.074
0.30
0.037
0.17
0.54

0.046
0.015
0.31
0.024

0.18
0.00046

0.24

0.11

0.026

0.31

0.044
0.15
0.32

0.84

4943
47154
214189
176904

114395

-5711
188340
34856
52071

7438
37216

-8106

14068

33378

-157240

6986
-7422
-10661

27862

2296
21950
100112
83116

53859

2692
88889
16452
24662

3541
17754

3885

6758

16052

75680

3364
3587
5162

13516

0.039
0.039
0.040
0.041

0.041

0.041
0.041
0.042
0.042

0.043
0.044

0.044

0.045

0.045

0.045

0.045
0.046
0.047

0.047



Table D4.4 (continued)

RNA binding motif
QOBE3D i Sclinked-like-1 440 0.90 0.0061 111 0.30 81284 39530 0.048
P02786 grrgt”esi;erl”” receptor 210 1.06 0.46 0.86 0.051 1318255 155063 0.048
Q7Lgya  SH3 domain-binding 54 0.88 0.028 1.03 0.058 36423 17810 0.049
protein 5-like
Qo30gg  Detdine-—-homocysteine S- 44 0.67 0.16 1.06 0.66 60273 29484 0.049
methyltransferase 1
6-phosphofructo-2-
060825  kinase/fructose-2,6- 255 1.07 0.50 0.91 0.47 -272056 133496 0.049
bisphosphatase 2
Q96NL8  Protein C80rf37 27 0.95 0.49 1.07 0.10 32320 15881 0.050

aThe accession number from the UniProt human database. "PSMs are summed from all batches of samples. cFold changes calculated using the average
normalized TMT intensities of each group. Bold indicates fold change < 0.81 or > 1.23. 9p-values from linear regression model for the main effects of
diagnosis in non-Hispanic White adults covaried for age and sex; bold indicates p < 0.05. ®p-values from linear regression model for the main effects of
diagnosis in African American/Black adults covaried for age and sex; bold indicates p < 0.05. fp-values from a linear regression model for the interaction of
race and diagnosis on protein intensity covaried for age and sex. Abbreviations: PSMs, peptide spectral matches; NHW, non-Hispanic White; CN, cognitively
normal; AD, Alzheimer's disease; AA, African American/Black.
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APPENDIX E

Curriculum Vitae

BIOGRAPHICAL

Business Address: Vanderbilt University Chemistry Dept.
5430 Stevenson Center

213 Brattlesboro Place
Nashville, TN 37204

Home Address:

Office Phone: 615-343-8491

Email: kaitlyn.e.stepler@vanderbilt.edu
Personal Phone: 240-405-6919

EDUCATION

Vanderbilt University, Nashville, TN
Ph.D. in Chemistry, expected graduation August 31, 2021

University of Pittsburgh, Pittsburgh, PA
Completed first year of Chemistry PhD program

McDaniel College, Westminster, MD
B.A. in Exercise Science/Chemistry, Spanish Minor
Honors in Exercise Chemistry
Honors Program

WORK EXPERIENCE

August 2017-present
Cumulative GPA: 3.912

May 2016-August 2017
Cumulative GPA: 3.813

May 2015

Cumulative GPA: 3.93; Major GPA: 3.97
Summa Cum Laude

Quiality Control Analyst, Medlmmune/AstraZeneca

June 2015-February 2016

Lab Assistant, McDaniel College Dept. of Kinesiology

Office Assistant, McDaniel College Office of Institutional Advancement

Performed quality control testing on in-process, finished product, and stability samples as assigned and on
schedule: appearance, sub-visible particles (HIAC), pH, A280, osmolality, protein A binding (HPLC),
deliverable/extractable volume, break loose/glide force for syringes (Instron), container closure integrity
Trained other analysts on above methods; trained analysts from AstraZeneca facility in Japan on particle
appearance test for method transfer

Entered data in and maintain sample tracker for Quality Control — Analytical Testing group 3x/week and
sent weekly updates to management

Completed appropriate documentation for testing procedures (data capture forms, equipment logbooks)
Calibrated and maintained laboratory equipment according to standard operating procedures (SOPs)
Entered data into Laboratory Information Management System (LIMS): assessed compliance to
specifications and reported abnormalities

Understood, followed, and updated SOPs; complied with FDA current Good Manufacturing Practices
regulations

Wrote and executed study protocols and provided data for stability studies and method validation reports
Operated within all safety regulations in the Medlmmune Policies and Procedures

January-May 2015
Assisted in the Exercise Physiology lab course with exercise testing and data collection: Biodex, VO 2max
testing, underwater weighing, blood pressure measurements, various exercise tests

Answered individual student questions regarding procedures, calculations, and lab reports

August 2014-May 2015
Used public resources for research and data mining, Microsoft Excel data entry, other administrative duties
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RESEARCH

Graduate Research, Vanderbilt University & Univ. of Pittsburgh Depts of Chemistry ~ May 2016-present
Advisor: Dr. Rend A. S. Robinson

Synopsis: Alzheimer’s disease (AD) proteomics. Optimized a brain proteomics workflow using mouse brain for
maximal proteome depth and efficient analysis time to study global differences in proteins. Optimized workflow is
being applied to examine differences between non-Hispanic White and African American/Black adults with and
without AD in multiple postmortem brain regions. Completed analysis of pilot cohort of human hippocampus,
inferior parietal lobule, and globus pallidus samples to identify protein differences in Alzheimer’s disease across
regions and identify potential racial differences in these changes; manuscript published. Completed similar analysis
in a second biracial cohort of inferior parietal lobule samples. Also used proteomics to study HEK 293 cells with a
mutation associated with AD in African American/Black adults.

Skills:

e Sample analysis: tissue homogenization, protein concentration assay, enzymatic digestion,
desalting/cleanup, tandem mass tags (TMT) labeling, offline fractionation methods, preparation for mass
spectrometry (MS), gel electrophoresis, Western blots, Biomek i7 automated workstation

¢ Liquid chromatography (LC)/MS: Thermo Orbitrap Elite, QExactive HF, Orbitrap Fusion Lumos; MS/MS
and (SPS)-MS?3; in-house column pulling/packing, Xcalibur software, instrument troubleshooting

o Data analysis: manual analysis using Microsoft Excel, Xcalibur, Proteome Discoverer v2.1-2.4, Perseus,
Ingenuity Pathway Analysis (IPA)

Undergraduate Research, McDaniel College Dept. of Kinesiology May-June 2014
Advisor: Dr. Steve McCole

Title: Cortisol Response to High-Intensity Interval Training

Synopsis: Senior capstone research studied the training effect of high-intensity interval training (HIIT) on cortisol
levels, compared to traditional aerobic training (TT), over a three-week exercise program. Collected cortisol samples
before and after first and last exercise sessions, and assisted in analyzing samples via radioimmunoassay. Results
confirmed cortisol trends with hormonal condition and time of day, but no significant effect was seen from one
training session or over the training period.

Skills:

o Worked with research subjects: height/weight measurements, underwater weighing, 12-lead ECG electrode
placement, VO, max and endurance tests, supervised training sessions via heart rate monitor, collected
salivary cortisol samples

o Performed data quality review and analysis using Microsoft Excel

o Calibrated and performed tests with lab equipment: VO system, PhysioFlow cardiography system,
underwater weighing software

TEACHING EXPERIENCE

Certificate in College Teaching, Vanderbilt University Center for Teaching Completed October 2019

o Completed 2-semester Certificate in College Teaching program including seminar and practicum courses

e Seminar: learned about various pedagogical styles/theories, active learning strategies, and drafted teaching
philosophy statement

o Practicum: learned about collaborative learning activities, teaching in times of crisis, and understanding by
design/backward design. Designed a unit for a potential class using the backward design strategy and
template, performed a microteaching demonstration, and completed teaching observation sequence in
which | was observed guest lecturing and met with a graduate teaching fellow from the Center for Teaching
before and after my observation

Specialization in Online Teaching Completed June 2020
e Completed 1-week intensive Specialization in Online Teaching for Certificate in College Teaching
recipients

o Introduced to different online teaching technologies such as Hypothe.sis, Pinup, Kaltura, and Brightspace

o Learned about general strategies, accessibility, course design, active learning, and assessments for online
teaching

e Created and received peer feedback on a mini module on Brightspace

326



Specialization in STEM Teaching Completed June 2020
e Completed 1-week intensive Specialization in STEM Teaching for Certificate in College Teaching

recipients

Began building one’s STEM teaching persona and teaching community

Learned about process of and barriers to student learning, as related to students’ STEM identities

Learned active learning, feedback/assessment, and technological strategies specifically for STEM teaching

Considered approaches to teach problem solving in STEM courses

Guest Lecturer, Vanderbilt University Depts of Chemistry & Neuroscience
Analytical Chemistry November 2018, October 2019
e 75-minute class of ~40-45 students
e 2018: Led class discussion of a mass spectrometry paper and lectured on selected mass spectrometry mass
analyzers, detectors, and tandem mass spectrometry
e 2019: Lectured on mass spectrometry including ionization sources, mass analyzers, and applications; was
observed during this guest lecture for Certificate in College Teaching practicum course

Forensic Analytical Chemistry February 2020
e Lectured on proteomics and its applications in Alzheimer’s disease and forensics; led mass spectrometry
lab tour
Analytical Chemistry Laboratory November 2020

o Developed virtual proteomics lab using available online case study and proteomics analysis software with
goal to introduce students to bottom-up proteomics sample preparation, data acquisition, and data analysis
o Led four 90-minute virtual lab sessions of 4-8 students each
Methods & Experimental Design in Neuroscience Research, Neuroscience Graduate Program December 2020
o Virtual 50-minute class of 4 graduate students
e Lectured on mass spectrometry and proteomics methods and their applications in neuroscience

Private Tutor, independent August 2014-April 2018
Honors Chemistry, Anatomy & Physiology (high school)
e Taught and reinforced concepts to high school student through assessing knowledge in review of class
notes, completing homework assignments, and helping prepare for quizzes and tests
e Helped student reach A average in Chemistry from previous failing marks
Organic Chemistry (collegiate)
o Assisted students in test preparation by teaching and clarifying concepts from lecture and reviewing
relevant practice problems

Teaching Assistant, University of Pittsburgh Dept. of Chemistry August-December 2016
e General Chemistry 1 Lab — Independently managed 3 lab sections, including lecture on concepts targeted
by lab and how to conduct the experiment, assisting students with performing lab techniques, and grading
student lab reports and exams

Tutor, McDaniel College Dept. of Chemistry January 2014-May 2015
e Organic Chemistry tutor — Clarified concepts from lecture, assisted students in preparing for tests, and
answered any student questions one night per week August 2014-May 2015
o General Chemistry tutor — Same duties as Organic Chemistry tutor twice per week August 2014-May 2015
e Introductory Chemistry Il tutor January2014-May 2014
Peer Tutor, McDaniel College Student Academic Support Services August 2011-December 2014
o One-on-one tutor in Basic Algebra, Calculus I, Intro. Spanish, Human Anatomy, Human Physiology,
Nutrition
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PUBLICATIONS & PRESENTATIONS

POSTER PRESENTATIONS
November 2020 Poster presentation at the 2" Annual Vanderbilt Alzheimer’s Disease Research Day: Inclusion of

African American/Black Adults in a Pilot Brain Proteomics Study of Alzheimer’s Disease

August 2019 Poster presentation at VVanderbilt Institute of Chemical Biology (VICB) Symposium 2019: Spatial

Brain Proteomics to Understand Racial/Ethnic Disparities in Alzheimer’s Disease

July 2019 Poster presentation at AAIC 2019: Spatial Brain Proteomics to Understand Racial/Ethnic

Disparities in Alzheimer’s Disease

May 2019 Poster presentation at 1%t Annual Vanderbilt Alzheimer’s Disease Research Day: Discovery-Based

Proteomics to Understand Disparities in Alzheimer’s Disease

September 2018 Poster presentation at NOBCChE 2018: Discovery-Based Proteomics to Understand Disparities in

Alzheimer’s Disease

August 2018 Poster presentation at VICB Symposium 2018: Characterizing Altered Lipid Metabolism in

Health Disparities of Alzheimer’s Disease

June 2018 Poster presentation at ASMS 2018: Developing Proteomics Platforms to Study Lipid Pathways in

Alzheimer’s Disease

October 2017  Poster presentation at NOBCChE 2017: Proteomics Analysis to Study Lipid Metabolism in

Alzheimer’s Disease

May 2017 Poster presentation at Research Day 2017: Celebrating Research on Aging and Rehabilitation

(University of Pittsburgh/UPMC): Optimization of a Brain Proteomics Workflow to Study Proteins
in Lipid Metabolism in Alzheimer’s Disease

ORAL PRESENTATIONS
March 2019 Oral presentation at Pittcon 2019: Spatial Proteomics Analysis of Postmortem Brain in

Alzheimer’s Disease

October 2018  Vanderbilt University Chemistry Forum seminar series: Brain Proteomics to Study Disparities in

Alzheimer’s Disease

May 2015 McDaniel College senior capstone presentation: Cortisol Response to High-Intensity Interval

Training

PUBLICATIONS

1.

Ford, K. I.; Stepler, K. E.; Arul, A. B.; Pumford, A. D.; Robinson, R. A. S. Proteomics analysis of S-
nitrosylation in rabbit aging using Oxidized Cysteine-Selective cPILOT (OxcyscPILOT), manuscript in
preparation.

Stepler, K. E.; Gillyard, T. R.; Avery, T. M.; Reed, C. B.; Clemons, T. A.; Davis, J. S.; Robinson, R. A. S.
Investigating the proteomic and structural impact of an Alzheimer's disease-associated ABCA7 mutation,
manuscript in preparation.

Stepler, K. E.; Reed, C. B.; Avery, T. M.; Davis, J. S.; Robinson, R. A. S. ABCA7, a genetic risk factor
associated with Alzheimer's disease risk in African Americans, manuscript in preparation.

Bowman, E. A.; England, B. L.; Patterson, M. A.; Price, N. S.; Stepler, K. E.; Curnutte, H. A.; Lease, R.
E.; Bradley, C. A.; Craig, P. R. Pre-assembly required: nickel(Il) complexes containing a Schiff-base ligand
derived from tris(2-aminoethyl)amine and acetylacetone, salicylaldehyde, or ortho-vanillin, Inorganica
Chimica Acta 2021, DOI: 10.1016/j.ica.2021.120415.

Stepler, K. E.; Mahoney, E. R.; Kofler, J.; Hohman, T. J.; Lopez, O. L.; Robinson, R. A. S. Inclusion of
African American/Black Adults in a Pilot Brain Proteomics Study of Alzheimer’s Disease, Neurobiol. Dis.
2020, 146, doi: 10.1016/j.nbd.2020.105129.

Stepler, K. E. and Robinson, R. A. S. The potential of ‘omics to link lipid metabolism and genetic and
comorbidity risk factors of Alzheimer’s disease in African Americans. In Reviews on Biomarker Studies in
Psychiatric and Neurodegenerative Disorders, Guest, P. C., Ed. Springer International Publishing: Cham,
2019; Vol. 1118, pp 1-28.
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CONFERENCE PROCEEDINGS

1. Stepler, K. E. and Robinson, R. A. S. Spatial brain proteomics to understand racial/ethnic disparities in
Alzheimer’s disease. Alzheimers Dement. 2019, 15 (7), P1316-P1317.

2. Stepler, K. E. and Robinson, R. A. S. Discovery-based brain proteomics to understand disparities in
Alzheimer’s disease. Front. Chem. Conference Abstract: National Organization for the Professional
Advancement of Black Chemists and Chemical Engineers (NOBCChE) 45th Annual Conference, 2018.
doi: 10.3389/conf.fchem.2018.01.00019.

3. Stepler, K. E. and Robinson, R. A. S., Characterizing altered lipid metabolism in health disparities of
Alzheimer's disease. Alzheimers Dement. 2018, 14 (7), P1451.

4. Holmes, K. R.; Cannon, A. R.; Wingerd, E. R.; Stepler, K. E.; Fish, A. B.; Peterson, M. N.; Laird, R. H.;
McKenzie, J. A.; McCole, S. D. Effects of 3-weeks of high-intensity interval training on running economy
and endurance. In International Journal of Exercise Science: Conference Proceedings; Harrisburg, 2015;
Vol. 9: Iss. 3, Article 41.

HONORS & AWARDS

NIH T32 Training Grant: Vanderbilt Interdisciplinary Training Program in Alzheimer’s Disease May 2019-Apr 2021
Vanderbilt Graduate School Graduate Student Travel Grant to Present Research February 2018, June 2019
ASMS 2018 Student Stipend Award February 2018
NOBCChE Advancing Science Conference Grant October 2017, September 2018
Vanderbilt Institute of Chemical Biology Graduate Fellowship August 2017, January 2018
Kenneth P. Dietrich School of Arts & Sciences Graduate Fellowship May 2016
Award for Excellence in Chemistry or Biochemistry — McDaniel College commencement award May 2015
Phi Beta Kappa March 2014
Gamma Sigma Epsilon (national chemistry honors society) December 2013
Phi Sigma lota (international foreign languages honors society) April 2014
Alpha Lambda Delta (national first year honors society) September 2012

PROFESSIONAL MEMBERSHIPS
Alzheimer's Association International Society to Advance Alzheimer's Research and Treatment (ISTAART) January 2019

American Society for Mass Spectrometry (ASMS) January 2018
National Organization for the Professional Advancement of Black Chemists & Chemical Engineers (NOBCChE) March 2017
American Chemical Society August 2016

INVOLVEMENT, LEADERSHIP, & SERVICE

St. Bartholomew’s childcare volunteer June 2018-present
Vanderbilt Chemical Biology Association of Students — President August 2019-August 2020

— Executive board June 2018-August 2020
Second Harvest Food Bank November 2019
Adventure Science Center Fall Into Science Festival October 2019
Nashville NOBCChE Chapter — Secretary May 2018-September 2019
Lunch with a Scientist — STEM Exploration Experience for Kids June 2018
Governor’s School lab demos June 2018
Walk to End Alzheimer’s (Nashville, TN) — Vanderbilt University Medical Center team October 2017
Volunteer at Brain Fitness Bootcamp (Pitt Clinical & Translational Science Institute) July 2017
McDaniel College Honors Program — Secretary August 2011-May 2015
McDaniel College EPE Club — Secretary May 2014-May 2015
McDaniel College Catholic Campus Ministry — Service coordinator December 2012-May 2015
Church office volunteer May 2012-March 2015
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