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INTRODUCTION

The breast is a dynamic tissue throughout the reproductive phases of a woman’s life (puberty, pregnancy,
lactation, post-partum involution and post-menopausal involution). Each phase uniquely shapes cancer
susceptibility, formation, and progression[1]. Although pregnancy at a young age decreases lifetime breast
cancer risk[2, 3], the first five years following pregnancy are associated with increased breast cancer risk
regardless of the woman’s age, and with even greater risk with increasing age at the woman'’s first pregnancy
[1, 4-7]. Increasingly, women are postponing child-birth, which may increase the incidence of post-partum
breast cancer (ppBC), defined as those breast cancers diagnosed 2-5 years after pregnancy. These ppBCs
are distinguishable from those breast cancers that are diagnosed and treated during pregnancy, and which are
never exposed to post-partum/post-lactational involution. Currently, ppBC accounts for nearly 25% of all
breast cancers in young (pre-menopausal) women [8]. In contrast to breast cancers diagnosed during
pregnancy, which correlate with a favorable prognosis, ppBCs are highly aggressive and metastatic even when
corrected for molecular breast cancer subtype and age of the woman at diagnosis [4, 8, 9]. Although the
molecular mechanisms underlying the increased lethality of post-partum breast cancers are not fully
understood, M2 macrophage activity during post-partum mammary involution actively promotes ppBC tumor
malignancy [6, 10, 11]. The biological events triggering this shift in mammary macrophage behavior during
post-partum involution are unclear.

We recently developed two fully immune competent models of ppBC, one which is orthotopically transplantable
and one which is spontaneous[12]. Both models recapitulate many aspects of clinical ppBCs, including
profoundly increased metastasis, which was not due to alterations in transgenic oncogene expression, tumor
latency, or tumor growth rate, but were specific to the mammary microenvironment of post-partum involution,
when milk production ceases and widespread cell death eliminates the large population of milk-producing
cells[12, 13]. We previously demonstrated that ppBCs exhibit widespread cell death during early post-partum
involution, greater than what is seen in tumors harvested at other reproductive stages in parous or nulliparous
mice[12]. These dying tumor cells are recognized for clearance by tumor associated macrophages, which
engulf the dying tumor cells through a process termed efferocytosis[14]. MerTK, a receptor tyrosine kinase
expressed on macrophages, is required for efferocytosis[15, 16]. We recently demonstrated that blockade of
MerTK in ppBCs, using genetic MerTK ablation or pharmacologic MerTK kinase inhibition, decreased
efferocytosis and decreased ppBCs metastasis to levels seen in nulliparous mice [12]. It will be important to
determine the mechanism by which MerTK-mediated efferocytosis enhances tumor metastasis in ppBCs. We
and others have shown efferocytosis robustly induces T2 cytokines [12, 17, 18] including TGFp1, a pleiotropic
cytokine which suppresses innate and adaptive cytotoxic immunity[19, 20], promotes M2 macrophage
polarization[21], and enhances mammary tumor cell motility. We have found that blockade of efferocytosis in
ppBCs impairs TGFB1 induction [12].

Results have shown cytotoxic activities of macrophages promote expression of Tw2 and wound healing
cytokines and that correlates to cell death within the post-partum/post-lactational mammary gland,
demonstrating that efferocytosis promotes mammary repair and remodeling during post-partum involution[14].
We have applied this knowledge to examine how tumor cell death during post-partum involution affects TGFj-
mediated tumor progression and metastasis. TGF has a key role in recruiting and regulating leukocytes in the
TME, including macrophages, neutrophils, natural killer (NK) cells and dendritic cells (DCs) [22].

TGFp induces neutrophils to produce factors that enhance tumor metastasis, including MMP9 and CXCL1 [23].
NK cells, which harbor potent anti-tumor cytotoxic activity, are neutralized by TGFB in the TME, preventing
their maturation and their ability to recognize tumor cells [24]. TGF suppresses production of type | interferons
(IFNs) from NK cells and DCs, and prevents IL-12 production from DCs [25]. Type | IFNs and IL-12 support
antigen-mediated clonal expansion of CD8+ T-lymphocytes, thus their depletion from the TME decreases the
presence of CD8+ T-cells in the TME. TGF enhances the presence of Th2-like CD4+ T-lymphocytes and Tregs
in the TME. Notably, TGF is a critical driver of M2 macrophage polarization [26].
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T2 cytokine response is often seen in wound healing environments [27, 28] and associated with anti-
inflammatory activity, inhibiting infiltration and maturation of cytotoxic T cells [25, 29]. In normal tissue these
cytokines are required for the appropriate recruitment of macrophages, angiogenesis, extracellular matrix
remodeling, and re-epithelialization of tissues [27, 28]. IL-4, IL-13, and TGFp proteins have been shown to
enhance infiltration of neutrophils, M2 macrophages, and basophils in order to remove debris [27, 28]. TGF
proteins and IL-10 efficiently inhibit cytotoxic inflammatory responses [27, 28]. However, Tu2 cytokine
response is also associated with poor prognosis, immune cell polarization and maturation, immune infiltration
and metastasis[5, 7, 12, 22, 25, 26, 30-37].

Many cell types have the ability to produce Tu2 cytokines within the tumor TME. CD4+ Tu2 cells are
characterized by their ability to produce Tn2 cytokines [38, 39]. Inversely, signaling induced by these cytokines
activate signaling pathways, such as the STAT pathways, which regulate methylation and gene expression
patterns of naive T helper cells driving phenotype commitment [40]. Antigen presenting cells such as dendritic
cells and macrophages also have the ability to secrete Tu2 cytokines when appropriate to mount a specific
immune response based on the initiating effector molecules which includes cellular debris [12, 26, 41, 42].
During involution over 80% of secretory mammary epithelium undergoes apoptosis [43] producing a wound
healing immune environment which is regulated by efferocytosis by M2 macrophages [6, 12, 44].

Our studies investigate how efferocytosis-induced TGFf in ppBCs affects tumor leukocyte populations,
cytokine expression, and metastasis (Fig. 1). In ppBCs, efferocytosis induces transcription and secretion of
TGFB1[45, 46], a pleiotropic cytokine that suppresses cytotoxic immune responses, and which correlates with
decreased survival in breast cancer patients[14, 46-49]. Like TGFB1, several other Ty2-like cytokines (IL-4, IL-
10, IL-13, and others) are similarly up-regulated in ppBCs (Fig. 3,4), and are decreased upon inhibition of
efferocytosis [12]. However, several of these cytokines are known to be influenced by TGFp in the TME. Thus,
it is unclear if these Th2-like cytokines are induced by efferocytosis, per se, or if they are induced by TGFp
signaling, secondary to efferocytosis. This information is critical for discerning the mechanism by which
efferocytosis and/or TGFB enhances ppBC metastasis, and will be an important for determining molecular
targets for treating patients with ppBC.

We have shown that blockade of TGFp signaling in ppBCs decreases tumor metastasis (Fig. 2). In contrast,
blockade of IL-4 had no impact on ppBC metastasis, underscoring the important role of TGFJ signaling in
efferocytosis-enhanced metastasis [12]. We and others have demonstrated that increased expression of
TGFB1, or increased TGFp receptor type | (TBRI) activity, increases mammary tumor cell motility and
enhances metastasis[25, 30, 32, 35, 36, 50]. Conversely, inhibition of TGFf signaling using antibody inhibitors
or kinase inhibitors of TBRI or TBRII decreases mammary tumor metastasis[25, 30, 35, 51]. This may be due to
enhanced tumor cell motility and invasion. Further, TGF may enhance epithelial-mesenchymal transition
(EMT) in a fraction of tumor epithelial cells, since several EMT associated genes are TGFp-dependent [32, 34,
35, 51, 52]. EMT associated gene products often increase cancer stem cell-like activity, further contributing to
the ability of TGFp signaling to support tumor metastasis [53, 54].

RESULTS

TGFB regulates metastasis in ppBC transiently during involution.

In order to determine how TGF[ inhibition affects tumor growth and metastasis post-partum we utilized an
orthotopic model of ppBC, monitored tumor growth and assessed metastasis at 40dpfw (Fig. 2A). Tumors from
virgin mice treated with 1D11[55] show enhanced growth (Fig. 2B), suggesting the importance of TGFf
signaling in regulating tumor growth. Conversely, tumors from parous mice treated with 1D11 show no
enhanced growth (Fig. 2B). In order to assess potential causes for this discrepancy we assessed proliferation
by phosphor-histone H3 staining (pHH3) and apoptosis (TUNEL). While there was no significant difference in
pHH3 staining between virgin and parous mice treated with 1D11 (Fig. 2E), TUNEL staining is significantly
decreased by 1D11 treatment in virgin mice (Fig 2F). This suggests the growth difference seen in virgin mice
treated with 1D11 is due to a decrease in apoptosis. These differences were not observed among tumors
derived from parous mice (Fig. 2E,F).
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Figure 2: TGFB regulates Metastasis of ppBC transiently during involution. A) Experimental model of 1D11 treatment during
involution in xenograft ppBC model and age-matched virgin fernale FVB mice. B) Tumor growth curves from age matched virgin
and parous females (respectively) freated with 1011 for 14 days following pregnancy. C) Quantification of pulmonary metastasis
per mouse as detemmined by H&E staining of seral sections separated by 25um through lung tissue. D) 2x image of pulmonary
cross section. E) IHC quantification of pHH3 staining of primary turmor in order to detenmine proliferative potential of tumors. F) IHC
quantification of TUNEL staining of primary tumor used to detemmine cell death within tumor. G) P-SMAD2 staining of primary tu-
mor(scale bar=50um). H) Quantification of P-Smad2 IHC staining in a 20x image. 1) Westernblot showing increased SMAD 2 sig-
naling during involution which is inhibited by 1D11 treatment. J) gPCR of transcription factors associated with EMT at 14 dpfw.



In order to determine how TGFB regulates metastasis post-partum we assessed intralobular pulmonary
metastasis in virgin and parous mice treated with IgG and 1D11. In our model of ppBC, we observed few
metastases in age-matched virgin mice than those of parous mice at 40dpfw (Fig. 2C,D). However, we
observed a trending increase in metastasis in parity, which is rescued upon 1D11 treatment (Fig. 2C, D). We
confirmed the inhibition of canonical TGFf signaling in 1D11 treated tumors by assessing down-stream Smad
2 signaling by IHC in the primary tumor (Fig. 2G,H) and western blot (Fig. 21). We also confirmed an increase
in Smad 2 in tumors from parous females compared to virgin.

We next assessed the expression of genes commonly associated with EMT which has been associated with
motility of transformed epithelial cells and metastasis. Interestingly, parous tumors showed a transient
increase in EMT associated gene expression relative to tumors from virgin female mice (Fig. 2J,K). However,
tumors from female mice treated with 1D11 showed reduced expression of these EMT associated transcription
factors (Fig. 2J,K). These data suggest that TGF3 may produce an EMT-like phenotype transiently during post-
partum involution in turn enhancing metastatic capacity.

TGFp transiently enhances Th2 cytokine expression in ppBC.

It has previously been identified that during post-partum involution, the mammary gland microenvironment
expresses gene signatures which are similar to wound healing [6, 33, 56]. Wound healing cyotokines and
immune responses are associated with poor prognosis in many cancer types, including breast cancer [6, 8, 12,
31, 44]. Following weaning, TGFB has been shown to be temporally regulated within 6 hrs in rodent models
[57-59]. In order to determine how TGF proteins regulate cytokine expression within the TME we assessed
Th2 and Tw1 cytokine expression in primary tumors of our allograft model.

Tumors harvested 14dpfw showed a significant increased Tn2 cytokine expression by qPCR (Fig. 3A). 1D11
treatment reduced expression of most Tu2 cytokines as compared to what was seen in IgG-treated post-
partum tumors, with the exception or TGFB1 (Fig. 3A). This result could be due to TGFf1’s inability to regulate
its own expression post-partum or TGF1 gene expression response to new stimuli, which arise upon 1D11
treatment, although this hypothesis has not yet been tested. While most Tu1 cytokines remained relatively
unchanged by parity, we observed decreased expression of IFNy at the mRNA level (Fig. 3B). However, upon
1D11 treatment there is an increase in IFNy (Fig. 3B). However, these observed changes in cytokine
expression were not observed at the protein level as assessed by ELISA (Fig. 4A,B).

Transient TGFB expression neqatively regulates immune cell infiltration while inhibition promotes longq
term immune infiltration.

In order to address immune infiltration more directly we assessed total immune infiltration by CD45
Immunohistochemistry (IHC) and CD3 and F4/80 gene expression. We observed no significant difference in
intratumoral infiltration of CD45+ immune cells between parous and virgin female mice. However, upon 1D11
treatment there was an increased number of intratumoral CD45 staining cells (Fig.51,J). Tumors assessed for
CD3 and F4/80 mRNA levels show only trending differences in expression between parous controls when
compared to 1D11 treated tumors (Fig.5A,C). However, assessment of CD4:CD8 relative ratios normalized to
CD3 show significant infiltration of CD4 expression relative to CD8 expression in parous mice (Fig.5B). In
parous mice treated with 1D11, this ratio is rescued to a level similar to virgin tumors (Fig.5B). These data
suggest balance between CD8+ T-cells and CD4+ T-helper cells are regulated by TGF@ signaling in post-
partum tumors and could play a role in promoting metastasis in ppBCs.

Interestingly, comparison of M1 (CD86) and M2 (CD206) marker expression normalized to F4/80 show an
increase in M2 ratio in parous mice relative to virgin controls (Fig.5D). Unexpectedly, parous mice were treated
with 1D11 this ratio is further enhanced with a higher expression of CD206 in the tumor (Fig.5D).
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Figure 3: TGF transiently enhances Ty2 cytokine mRNA expression in ppBC. A) qPCR of Ty2 cytokines associated with Type 2
inflammation and wound healing response measured at 14dpfw. B) gPCR of Ty1 cytokines associated with Type 1 inflammation
measured at 14dpfw. Relative expression was detemined by AACT method utilizing GAPDH as internal control.



DISCUSSION

Premenopausal breast cancers diagnosed during post-partum involution are more frequently diagnosed at
metastatic stages as compared with premenopausal breast cancers diagnosed in nulliparous women, pregnant
women, or women whose pregnancies occurred more than 10 years before diagnosis [7, 8, 60-62]. Using our
allograft model of ppBC we assessed the role of TGFB signaling during involution in regulating metastasis
post-partum. Post-partum involution increased tumor metastasis in this tumor model. During involution
approximately 80-90% of secretory mammary epithelium undergoes apoptosis[43]. A widespread burden of
apoptotic cells in any healthy or injured tissue requires a mechanism to clear dying cells [12, 63, 64].

MerTK is required for efferocytosis and is known to produce a shift in macrophage phenotypes toward M2-like
characteristics and further induce transcription of Tu2-like cytokines, including 1110 and Tgfbl [65, 66]. Other
studies demonstrated that MerTK-mediated efferocytosis of dying neutrophils or injured cardiomyocytes, liver
cells, or lung epithelial cells induces the expression of wound-healing cytokines that promote resolution of
inflammation and tissue repair [63, 67-72].Genetically engineered mouse models demonstrated that IL-4 and
TGF-B signaling also enhances M2 macrophage polarization [26, 37, 38], suggesting that MerTK may initiate
M2 macrophage polarization through efferocytosis-mediated induction of IL-4 and TGF(. We have shown that
MerTK is necessary for the increased metastasis of ppBCs and for a robust M2-like macrophage presence in
post-partum tumors, without affecting total tumor macrophage content [12]. While these results are promising,
the mechanisms by which efferocytosis promotes malignant cancer progression remain to be elucidated. In
ppBC’s, efferocytosis further produces Th2 cytokines[12] enhancing tumor promoting microenvironment.
Similarly, M2-associated cytokines, increase during involution[73].

Results from the present study suggest a potential role of TGFJ signaling expressed in the post-partum tumor
microenvironment, which may enhance metastasis of ppBC’s. This may occur through effects on transformed
epithelial cells, the surrounding stromal microenvironment, or by regulating cytokine signals within the tumor
environment, which correlate with advanced disease and reduced disease free survival in BC patients[6, 39,
74, 75]. Our results suggest TGFp signaling post-partum may reduce Tn2 cytokine and immune response. Th2
cytokine response is associated with wound-healing, poor prognosis, immune cell polarization and maturation,
immune infiltration and metastasis[5, 7, 12, 22, 25, 26, 30-33]. While inhibition of other cytokines have shown
promising data in regulating the wound healing response and metastasis [37, 76], our data suggests that TGF3
may be a primary driver of Tu2 cytokine production and metastasis in ppBC[12].

Results from our study show significantly increased tumor growth in tumors from virgin mice treated with 1D11
which appears to be due to a decrease in apoptotic cells, which has been shown previously[77]. This contrasts
to studies in normal mammary gland epithelial cells, which show that upon expression of TGF3 proteins normal
mammary epithelium undergo enhanced apoptosis[58, 78]. However, tumors from parous females do not show
this enhanced tumor growth upon 1D11 treatment, nor did they show a significant increase in apoptosis upon
1D11 treatment. This data contradicts our previous research showing that there is increased apoptosis in post-
partum breast cancers[12]. This could suggest a difference between our spontaneous and allograph models of
ppBC which requires elucidation.

In rodent models, M2 macrophages are recruited within 3 days of weaning to the post-partum mammary gland
in order to clear apoptotic alveolar cell populations which are no longer required[6]. We previously identified
that MerTK, a critical regulator of efferocytosis in physiological post-partum involution [14], required for
efferocytosis in post-partum mammary tumors during involution, driving M2 macrophage polarization and
wound-healing cytokine production. However, we unexpectedly found that upon neutralization of TGF( ligands
there was an increase in M2 macrophage relative ratio in post-partum tumors compared to M1. Conversely
there appears to be an increase in CD4:CD8 relative ratio in tumors treated with 1D11 post-partum. While
these results will be further validated by flow cytometry, this suggests that TGFB signaling in the
microenvironment of ppBC may regulate cytokine production and through altering CD4+ T-cell response. This
is supported by data which suggests that high ratios of CD4/CD8 or TH2/TH1 T lymphocytes in primary tumors
and draining lymph nodes correlate with tumor grade, stage, and patient survival [75, 79, 80]. While evidence
suggests that macrophage presence and phenotype is heavily involved in ppBC[5, 31, 44, 73], TGFp signaling
may have a larger role regulating T helper cell infiltration and regulation specifically in ppBC. Similar results
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Figure 4: TGFpB does not transiently enhance T2 cytokine protein expression in ppBC. A) ELISA of Ty2 cytokines (IL-10, IL-4,
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nal control.
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Figure 5: TGFB negatively regulates immune cell infiltration and inhibition promotes prolonged immune infiltration. ¥e have
assessed CD3 expression to assess total T-cell infiltration in 1D11 treated mice at 14dpfw (A). In order to determine ratio of CD4+ to
CD8+ T-cellswe assessed expression of CD4 and CD8 in tumor samples. Utilizing CD3 expression from tumors, we derived a relative
ratio {(described in methods) of CD4/CD8 expression in tumors from 1D11 treated mice at 14dpfw (B). We assessed macrophage
infiltration by gPCR of F4/30 in 1D11 treated mice at 14dpfw (C). Normalizing CD36 (M1) and CD206 (M 2) to F4/80 we derived a
relative ratio of M1:M2 expression in the tumor from 1011 treated mice at 14dpfw (D). In conjunction, total tumor immune cell infiltra-
tion was assessed by CD45 cell infiltration (E,F).



have recently been shown with the inhibition of IL10 in a ppBC model[31]. These data suggest the role the
adaptive immune system may play a significant role in controlling antitumor immunity and metastasis of
ppBC’s. Further research must be done to define the specific action of TGFB signaling and how it controls the
immune microenvironment of ppBC.

Based on our findings herein, we believe that TGF signaling during post-partum involution enhances changes
in tumor promoting Th2 cytokine levels (IL-4, IL-10, and IL-13) in post-partum mammary tumors. TGFp
inhibition could also alter immune cell populations within the tumor microenvironment which could play an
important role in antitumor immunity by promoting Tu2 cells expressing Tu2 cytokines and inhibiting cytotoxic
T-cells which produce IFNy. Alternatively, TGFB could enhance M2 macrophage polarization leading to the
production of Th2 cytokines upon efferocytosis. Additional studies will be required to determine how specific
populations of immune cells are regulated by TGFB and if these cells are responsible for directly driving
metastasis in ppBC, how these populations regulate cytokine production, or if TGFB directly regulates
transformed epithelial cells within ppBC’s. It is important to address that TGFB neutralization did not change
tumor growth in our model of ppBC but showed a statistical trend towards decreased metastasis when mice
were treated for a 2-week period post-partum, providing a potential treatment window to limit metastatic
potential of ppBC cases. Additional research performed herein suggests that a transient treatment utilizing a
TGF inhibitor similar to GM1[81] or LY299[30] may be used to reduce metastatic potential of tumors which
arise during involution.

MATERIALS AND METHODS

Mice WT FVB [82], were purchased from The Jackson Laboratory. Female virgin mice were randomized into 4
groups: (a) 1 group that remained virgin treated with IgG, (b) 1 group that remained virgin treated with 1D11,
(c) 1 group that was bred from 42 to 44 days of age with WT male mice treated with IgG mAb, and (d) 1 group
that was bred from 42 to 44 days of age with WT male mice treated with 1D11 mAb. Pregnancies were timed
according to identification of a vaginal semen plug, indicating 0.5 dpc. PyVmT primary mammary tumor cells
harvested from MMTV PyVmT polyclonal tumors (previously described in ref. [83]) were collected by
trypsinization, suspended 1:1 in growth factor-reduced Matrigel, and 2 x 10° cells were injected into the
inguinal mammary fat pads of 45- to 48-day-old virgin or pregnant (3—6 dpc) WT female mice. Mice were
monitored daily for tumor formation by manual palpation. Pups were withdrawn at parturition to initiate
involution, such that parturition was deemed Inv d0. Mice were maintained until no longer than 104 days of
age, corresponding to Inv d40. Where indicated in the figures, mice were treated twice weekly 1D11 or isotype-
matched IgGs (10 mg/kg) for 2 weeks beginning at Inv d0. 1D11 (HB-9811) was purchased from ATCC.
Hybridomas were cultured, and antibodies were harvested and purified by the Vanderbilt Antibody and Protein
Shared Resource.

Western analysis and ELISA. Tissues were homogenized in ice-cold lysis buffer (50 mM Tris, pH 7.4, 100
mM NaF, 120 mM NaCl, 0.5% NP-40, 100 uM NazVOa, 1X protease inhibitor cocktail [Roche]), sonicated for
10 seconds, and cleared by centrifugation at 4°C, 13,000 g for 5 minutes. Protein concentration was
determined using the BCA Protein Assay (Pierce Biotechnology). Proteins were separated by SDS-PAGE,
transferred to nitrocellulose membranes, blocked in 3% gelatin in TBS-T (Tris-buffered saline, 0.1% Tween
20), incubated in primary antibody overnight and in HRP-conjugated anti-rabbit or anti-mouse for 1 hour, and
developed using ECL substrate (Pierce Biotechnology). The following primary antibodies were used: Smad2
and S465/467 P-Smad2(1:1000 and 1:500 respectively; Cell Signaling Technology). Protein lysates were
generated from primary tumors from female mice as described previously. 40ug of protein quantified by BCA
were used to quantify murine IL-12p70, TGFbeta1, IL-10 and IL-4 by ELISA (BioLegend) according to the
manufacturer’s protocol.

Histological analysis and IHC. Tumors and mammary glands were fixed in 10% formalin (VWR Scientific),
paraffin-embedded, sectioned (5 um), and stained with H&E at the Vanderbilt University Medical Center
Translational Pathology Shared Resource. IHC using rabbit antibodies against and developed using the
Vectastain kit (Vector Laboratories). TUNEL analysis was performed with the TUNEL kit (Millipore). Phospho-
Histone H3 (Santa Cruz Biotechnology Inc.) and S465/467 P-Smad2 (Cell Signaling Technology). Lungs were
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Table 1: qPCR Primer sets
|

Forward Primer

Reverse Primer

|
[ IL10

5'-GGCGCTGTCATCGATTTCTCC-3' 5'-GGCCTTGTAGACACCTTGGTC-3'
{_Tgﬂ)i 5'-CGCAACAACGCCATCTATGAG-3' 5'-CGGGACAGCAATGGGGGTTC-3'
L4 5'-GGTCACAGGAGAAGGGACG-3' 5'-GCGAAGCACCTTGGAAGCC-3'
: IL12b 5'-GGAGTGGGATGTGTCCTCAG-3' 5'-CGGGAGTCCAGTCCACCTCT-3'
1IL12a 5’-CCACAACAAGAGGGAGCTGC-3' 5’-GCGTTGATGGCCTGGAACTCT-3'
| 1L13 5’-GGCGGGTTCTGTGTAGCCCT-3' 5’-GGCTGGAGACCGTAGTGGG-3'
| INFg 5’-GGAACTGGCAAAAGGATGGTGAC-3" |S’-CGCTTATGTTGTTGCTGATGGCC-3'
ll CD86 5’-CCCCAGATGCACCATGGG-3' 5’-GCGTCTCCACGGAAACAGC-3'
D206 |5’-CCCTCAGCAAGCGATGTGC-3' 5’-GGATACTTGCCAGGTCCCCA-3'
 F4/80 5'-TGACTCACCTTGTGGTCCTAA-3' 5'-CTTCCCAGAATCCAGTCTTTCC-3'
| CD3 5-GCCTCCTAGCTGTTGGCACTT-3' 5’-CCGAGAAATCCTGGAGCACCAG-3'
. CD4 5’-GGCCAGAGGCTCAGATTCCC-3' 5’-CCCCAGCACCAGCGTCTT-3'
Jl CD8q 5’-CCCCGTGGCTCAGTGAAG-3' 5’-CGGCTCCTGTGGTAGATG-3'
LIL6 5’-CCTCTCTGCAAGAGACTTCCATC-3' 5'-GGGAGTGGTATCCTCTGTGAAG-3'
{ Snail 5’-GAGCTGCAGGACGCGTGTGT-3' 5’-TTGAGGACCTCGGGCGGAGG-3'
' Snai2 5’-TCGTCGGCAGCTCCACTCCA-3' 5’-CGGGGGACTTACACGCCCCA-3'
| Twist 5’-AGACCCAGCGGGTCATGGCT-3' 5’-CTTGTCCGAGGGCAGCGTGG-3'
|[ Zebl 5'-CGGTGCCAAGAACTGCTGGCA-3' 5'-CGGCGGTGTCTTGTTGCTGC-3'

' Zeb2

5’-ACGTCAGTCCGTCCCCAGGTT-3'

5’-GAGTGTCTGGAGGCAGGACCGT-3'
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perfused and fixed with 10% formalin (VWR Scientific), paraffin-embedded, and serial sectioned (5um)
separated by 25um between sections, and stained with H&E at the Vanderbilt University Medical Center
Translational Pathology Shared Resource. Metastasis per mouse were manually assessed in H&E stained
serial sections.

dRT-PCR. Whole-tumor RNA was harvested with an RNeasy kit (QIAGEN), and cDNA was synthesized (High
Capacity; Applied Biosystems) and amplified using an equal ratio of murine cDNA-specific Oligo-dT and
Random Hexamer primers (Integrated DNA Technologies), along with SYBR Green Supermix (Bio-Rad).
Primer sets are listed in Table 1. Target gene Ct values were normalized to GAPDH (housekeeping gene) Ct
values according to the formula: 2*-[(Ctiarget geneCtGAPDH) sample A — (Ctiarget gene-CtGAPDH)sampie 8]. Values
were analyzed as the mean in fold differences (x SE, n = 4). Relative ratios were derived utilizing ACT values
of CD206 (M2), CD86 (M1), CD4 (Theiper), and CD8 (CTL) and normalizing each sample to ACT values of
F4/80(Macrophage) and CD3 (T-cell) expression respectively.

Statistics. All statistical analysis was carried out using GraphPad Prism software. Kaplan-Meier tumor-free
survival analysis was used to assess tumor latency. One-way ANOVA or an unpaired 2-tailed Student’s t test,
with a 95% confidence interval, was used to determine significance for all other data. A P value less than 0.05
was considered significant.

Study approval. Mice were maintained in AAALAC-approved animal facilities at Vanderbilt University. The
protocols performed herein were reviewed and approved by the IACUC of Vanderbilt University.
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