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Translational relevance

Women treated with radiation therapy for cancer before the age of 30 have a substantial risk of
developing early breast cancer, similar to that of women of the same age with BRCA1 germline
mutations. We found that compared to sporadic breast cancer, radiation-preceded breast
cancers are characterized by a markedly immunosuppressive tumor microenvironment. We
used a murine mammary carcinogenesis model to dissect the contribution of host response to
radiation. The immunosuppressive tumor microenvironment was recapitulated in irradiated
mice as a function of innate immunity. Aspirin treatment shortly after irradiation shifted
carcinogenesis toward a less immunosuppressive tumor microenvironment, implicating
radiation induced low grade inflammation in its genesis.

Abstract

Purpose: Women treated with radiotherapy before 30 years of age have increased risk of
developing breast cancer at an early age. Here we sought to investigate mechanisms by which
radiation promotes aggressive cancer.

Experimental Design: The tumor microenvironment (TME) of breast cancers arising in women
treated with radiotherapy for Hodgkin’s lymphoma was compared to that of sporadic breast
cancers. We Investigated radiation effects on carcinomas arising from Trp53 null mammary
transplants after irradiation of the target epithelium or host using immunocompetent and
incompetent mice, some which were treated with aspirin.

Results: Compared to age-matched specimens of sporadic breast cancers, radiation-preceded
breast cancers were characterized by TME rich in transforming growth factor B,
cyclooxygenase-2 and myeloid cells, indicative of greater immunosuppression, even when
matched for triple-negative status. The mechanism by which radiation impacts TME
construction was investigated in carcinomas arising in mice bearing Trp53 null mammary
transplants. Immunosuppressive TME (iTME) were recapitulated in mice irradiated before
transplantation, which implicated systemic immune effects. In Nu/Nu mice lacking adaptive
immunity irradiated before Trp53 null mammary transplantation, cancers also established an
iTME, which pointed to a critical role for myeloid cells. Consistent with this, irradiated
mammary glands contained more macrophages and human cells co-cultured with polarized
macrophages underwent dysplastic morphogenesis mediated by interferon y. Treating mice
with low-dose aspirin for 6 months post-irradiation prevented establishment of an iTME and
resulted in less aggressive tumors.

Conclusions: These data show that radiation acts via non-mutational mechanisms to promote
markedly immunosuppressive features of aggressive, radiation-preceded breast cancers.
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Introduction

Women successfully treated with radiotherapy before 30 years of age in which the chest is
exposed have significantly increased risk of breast cancer (1). The cumulative incidence of
early breast cancer, i.e. by 45 years of age, is 13-20%, similar to the 10-19% incidence in
women with a BRCA germline mutation, and substantially higher than 1% evident in the general
population (2). Moreover, radiation-preceded breast cancer (RP-BC) is more likely to be-
hormone receptor negative (3) compared to sporadic breast cancer (sporadic-BC), and to
exhibit gene expression profiles indicative of more aggressive cancers (4). Horst and colleagues
reported that compared with age-matched, sporadic-BC, women treated with radiation for
Hodgkin’s lymphoma (HL) are significantly more likely to be diagnosed with triple-negative
breast cancer (TNBC) lacking hormone receptors and human epidermal growth factor receptor
2 (HER2), which has a poorer prognosis compared to more prevalent hormone receptor positive
cancer (5). Childhood cancer survivors indicate that these patients have worse outcomes,
regardless of breast cancer type (6,7).

Radiation as a carcinogen is typically considered through the prism of cell intrinsic effects, i.e.
DNA damage results in mutations that occasionally initiate transformation, yet stochastic
mutational events are unlikely to explain the high rate of TNBC histology in RP-BC. Radiation
exposure also dysregulates multiple tissue processes in which cells other than those with
oncogenic mutations influence the frequency and characteristics of subsequent cancer (8).
Murine breast cancer models have shown that changes in the irradiated tissue
microenvironment affects carcinogenic potential via specific signals or broad systemic effects
(9,10). An example of the former is activation of transforming growth factor B (TGFB), a potent
cytokine that mediates extracellular matrix remodeling and stem cell fate decisions (11,12),
whereas the latter is exemplified by chronic, low-level inflammation that can lead to a cycle of
subclinical tissue damage (13).

Cancer evolves dynamically; cell-intrinsic genomic changes initiate malignancy in the context of
highly regulated tissue processes that suppress tumor development but eventually give way to
support cancer by forming a mature tumor microenvironment (TME) (8). In parallel,
malignancy is opposed by systemic immune surveillance that initially eliminates and edits
malignant cells, and whose ultimate failure is prerequisite for clinically evident cancer (14).
Notably, immune escape results in three patterns of lymphocytic infiltration: desert tumors
that are devoid of lymphocytic infiltrates, excluded tumors in which lymphocytes are restricted
to the interface of parenchyma and tumor, and inflamed tumors in which tumor infiltrating
lymphocytes (TIL) are ineffective to control tumor growth (15). In breast cancer, the presence
of TIL correlates with patient prognosis (16). The spatial distribution of cytotoxic T cells tumor-
infiltration also has prognostic significance and is predictive of response to non-immunotherapy
(17,18). Thus, a growing body of literature supports modeling carcinogenesis not only as the
sum of malignant mutations but as a consequence of its TME composition, which is constructed
in response to variable tissue factors and immune surveillance that together ultimately
determine therapeutic response (19).

Here we report that compared to age-matched, sporadic-BC, the TME of RP-BC is enriched in
pro-inflammatory factors and abundant myeloid cells. To investigate the mechanism by which

3|Page



radiation exposure mediates construction of this highly immunosuppressive TME (iTME), we
evaluated radiation effects on the target epithelium, host biology and immune system using a
mammary chimera model in which mice are transplanted with Trp53 null mammary epithelium.
Mammary cancers arising in irradiated mice exhibit the iTME that characterized RP-BC; these
tumors also grew considerably faster. Notably, this radiation effect was not dose dependent
and did not require that the target epithelium be irradiated, implicating systemic responses to
radiation exposure. We next conducted the experiment in Ncr nude mice that lack effective
cytotoxic lymphocytes. Surprisingly, adaptive immunity was not required to establish the iTME
or increase growth rate, which pointed to innate immunity as a driver. This premise was tested
by co-culturing non-malignant human breast epithelial cells with differentiated macrophages,
whose production of TGFB and interferon y (IFNy) potentiated epithelial dysplasia. These data
prompted us to test whether a common anti-inflammatory, aspirin, could ameliorate the effect
of radiation in immunocompetent mice. A short course of aspirin after irradiation and before
tumors developed reset the TME and decreased tumor growth rate of tumors arising in
irradiated hosts. Thus, radiation exposure acts via inflammation, a non-mutational mechanism
that promotes more aggressive cancers.

Materials and Methods

Human breast cancer specimens: Sections from formalin-fixed, paraffin-embedded (FFPE) of
RP-BC and aged matched sporadic-BC with recorded estrogen receptor, progesterone receptor
and HER2 status were collected from Stanford University pathology core and UCSF pathology
department (Supplementary Table 1).

Mice: Experiments conducted at New York University used BALB/c wild type mice (3-week old,
female) purchased from the Jackson Laboratory (Bar Harbor, ME) and were irradiated with a
Cs**’ source y-ray irradiator at NASA Space Radiation Laboratory at Brookhaven National Lab.
Experiments conducted at UCSF Mt. Zion with approval of the animal welfare committee and
using Ncr nude athymic mice (4-week old, female) purchased from Taconic (Albany, NY) or
BALB/c wild type mice (3-week old, female) purchased from the Jackson Laboratory
(Sacramento, CA) were irradiated whole body to the indicated dose with a Cs**’ y-ray source. All
mice were housed five per cage, fed with Lab Diet 5008 chow and water ad libidum.
Experiments were approved by the institutional animal welfare committee.

Mammary Chimera Model: The mammary chimera model was established as previously
described (1). In brief, the epithelium of both inguinal glands was surgically removed (i.e.
cleared) from 3-week old BALB/c mice or 4-week old Ncr nude mice. Mice were randomly
assigned into treatment groups based on body weights. In the genetic chimera model, Trp53
null fragments were transplanted concomitant with clearing and the mice were whole body
irradiated at 10 weeks of age with 10, 50, or 100 cGy B-ray. In the radiation-genetic chimera
model, the mammary glands of BALB/c wild type and Ncr nude mice were cleared and mice
aged to 10 weeks before irradiation (50 or 100 cGy for BALB/c mice, 10 cGy for Nude mice).
Three days after irradiation, both inguinal fat pads were transplanted with Trp53 null fragments
from 10-week old Trp53 null BALB/c mice bred inhouse under similar conditions. Simultaneous
sham-irradiated mice served as controls in each experiment. For aspirin treatment, drinking
water containing 0.1 mg/ml aspirin, refreshed weekly, was provided for 6 months. Each mouse
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consumed approximately 4 ml water a day, thus the aspirin dose was approximately 0.4
mg/day. Based on body surface area conversion (2), this dose is similar to human dose for 100

mg/day.

A subset of randomly selected mice were collected for analysis at 3-4 months after irradiation.
Otherwise mice were monitored for 500 days by palpation weekly, then three times a week
after a tumor were detected. Palpable tumors were measured using calipers until the tumor
reached approximately 500 mm3 (e.g. 10 mm width, 10 mm length). Survival surgery was used
to collect the first mammary tumor to allow tumor generation in the contralateral fat pad.
Harvested tumors were cut into 3 pieces, one was frozen in liquid nitrogen, one embedded and
frozen in O.C.T. (Sakura Tissue-Tek) and one was formalin fixed followed by paraffin
embedding. The mouse was further observed until the resected tumor recurred, at which point
the mouse was euthanized, or until the contralateral fat pad developed a tumor, which was
monitored as above. A gross necroscopy was performed upon termination. If no tumor
developed by experiment termination, then an inguinal gland wholemount was prepared to
determine successful transplantation; mammary fat pads in which transplantation failed were
censored. An informative transplant was defined as that which had an epithelial outgrowth
evident by tumor development or outgrowth at sacrifice at experiment termination. Mouse
palpation, tumor measurement and collection were conducted by technicians who were blind
to the treatment groups.

Opal multiplexing staining: FFPE sections were deparaffinized with xylene (Sigma, Cat#214736)
and rehydrated with a decreasing gradient of alcohols, followed by Antigen Unmasking Solution
(Vector Laboratories, Cat#H-3300 or Cat#H-3301) and the Opal 7-color kit (Akoya,
Cat#NEL811001KT) were used according to manufacturer instructions. Endogenous peroxidase
was quenched by 3% hydrogen peroxide in PBS (diluted from 30% hydrogen peroxide, Sigma
Cat#H1009). Each section passed through four to six sequential rounds of staining
(Supplementary Table 2). Each round consisted of a protein block with 0.5% casein (Spectrum,
Cat#CA205) in TN buffer (0.1 M Tris-HCI, 0.15 M NaCl) for 1 hour at room temperature, a
primary antibody overnight incubation at 40C, a corresponding secondary HRP-conjugated
polymer incubation for 1 hour at room temperature, and a 10-minute incubation for each HRP-
conjugated polymer, which mediated the covalent binding of a different fluorophore using
tyramide signal amplification for each primary and secondary antibodies listed in
Supplementary Table 2. An additional antigen retrieval using heated citric acid buffer (pH 6.0)
for 15 minutes was then used to remove bound antibodies before the next step in the
sequence. After all sequential reactions, sections were counterstained with spectrum
appropriate 4’,6-diamidino-2-phenylindole (DAPI) (Akoya, Cat#NEL811001KT) and mounted
with Vectashield Hard Set mounting medium (Vectashield, Cat#H-1400).

Opal stained sections were imaged using the Vectra Multispectral Imaging System version 2
(Akoya) and analyzed by inForm 2.1 (Akoya). Single stained slides for each marker and
associated fluorophore were used to establish the spectral library, which helped to separate
the individual marker from the multiplexing image cube. For each marker, positive cells were
determined based on the mean fluorescent intensity per case. The inForm 2.1 trainable tissue
segmentation algorithm (Akoya) was used to segment tumor and stromal regions based on the
markers and DAPI stained nuclear shape. The percentage of positive cells for each marker in the

5|Page



region designated tumor or stroma were analyzed separately by the score algorithm in 3 to 5
random images taken under 20x objective.

Images of whole sections were used for CD8 pattern analysis. Tumors were classified into three
patterns of CD8+ T-cell infiltrate of tumors as previously described (3). In brief, infiltrated
tumors contain well-distributed CD8+ cells, excluded tumors are characterized by a dense
accumulation of CD8+ cells at the tumor stroma, whereas tumors defined as deserts have few
CD8+ cells, as shown in Fig. 1A.

Immunofluorescence: FFPE sections were deparaffinized and rehydrated as above. Citrate
antigen unmasking (Vector Antigen unmasking solution, Vector Laboratories, Cat#H-3300) was
performed before blocking with 0.5% casein/PBS. Primary antibody for Ki67 (ThermoFisher/Live
Vision,  Cat#RM9106-S1, RRID:AB_149792), pSmad2 (Cell Signaling, Cat#3108,
RRID:AB_490941), CD8 (ThermoFishser, Cat#14-0808-80, RRID:AB_2572860), CD3e
(ThermoFisher, Cat#MA514524, RRID:AB_10982026), CD11b (abcam, Cat#ab133357,
RRID:AB_2650514), Grl (R&D, Cat#MAB1037, RRID:AB_2232806), wide spectrum cytokeratin
(abcam, Cat#ab9377, RRID:AB_307222), cleaved caspase 3 (Cell Signaling, Cat#9661S,
RRID:AB_2341188), COX2 (abcam, Cat#ab15191, RRID:AB_2085144) and TGFB (R&D,
Cat#AF101-NA, RRID:AB_354384) were diluted in 0.5% casein/PBS and incubated overnight at
4°C. The slides were washed three times with 0.1% Tween20/PBS. Secondary antibodies
conjugated with fluorochrome were used to visualize the respective primary antibodies. DAPI
(ThermoFisher, Cat#D1306) was used as nuclear counterstaining.

Natural killer marker CD335 was analyzed using 5 um cryosections postfixed using 4%
paraformaldehyde for 20 minutes at room temperature, specimens were blocked with 0.5%
casein/PBS and incubated with anti-CD335 (BiolLegend, Cat#137601, RRID:AB_10551441)
diluted in 0.5% casein/PBS overnight at 4°C, followed by washes with 0.1% Tween 20/PBS and
incubation with Alexa Fluor-488 Donkey anti-rat (Invitrogen, Cat#A21208, RRID:AB_141709)
secondary antibodies diluted in blocking buffer for 1 hour at room temperature. Specimens
were counter-stained with DAPI.

Specimens were imaged using a 20X Zeiss Plan-Apochromat objective with 0.95 numerical
aperture on a Zeiss Axiovert epifluorescent microscope. All images were acquired with a CCD
Hamamatsu Photonics monochrome camera at 1392 X 1040-pixel size, 12 bits per pixel
depth. All images were assembled as false-color images using the Metamorph imaging platform
(Molecular Devices, Inc.). Three to five random images were taken for each tumor. Positive
cells per high-power field (HPF) were manually counted. For COX2 and TGF[3, mean intensities
for each HPF image was measured by an inhouse Imagel (Imagel, RRID:SCR_003070) program
(20).

Immunohistochemistry: FFPE mammary gland sections were deparaffinized, rehydrated, and
exposed to citrate antigen unmasking (Vector Laboratories, Cat#H-3300) before blocking with
0.5% casein/PBS. Endogenous peroxidase was quenched by 3% hydrogen peroxide in PBS.
Primary antibody for F4/80 (ThermoFisher, Cat##fMA5-16363, RRID:AB_2537882) was diluted in
0.5% casein/PBS and incubated overnight at 4°C. The slides were washed three times with 0.1%
Tween20/PBS. Secondary antibody conjugated with HRP (ThermoFisher, Cat#31466,
RRID:AB_10960844) was incubated for 1 hour at room temperature. After washing with 0.1%
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Tween20/PBS, incubated for 5 minutes with 3, 3’ diaminobenzidine (Sigma, Cat# D8001) and
counterstained with hematoxylin (Sigma, Cat#GHS232). Sections were dehydrated through
graded alcohols, cleared in Xylene and mounted in Permount (Fisher scientific, Cat#SP15).
Three random bright field images per section were taken using a 10X objective with 0.95
numerical aperture and F4/80+ positive cells per HPF were manually counted.

Cell culture: Nonmalignant human mammary epithelial cell line, MCF10A (ATCC, Cat#CRL10317,
RRID:CVCL_0598) and transformed cell line MCF10A (MCF10DCIS.com, RRID:CVCL_5552) were
cultured following ATCC recommendations in MGEM culture media (Lonza, CAT#CC-3150).
Monthly mycoplasma testing was performed on both cell lines. Cells were maintained at low
density, changing the media every other day. Cells were irradiated (25 cGy) 48 hours after
seeding using a Cs™’ source y-ray irradiator.

Macrophage were differentiated in vitro as described (21). In brief, buffy coats from healthy
volunteer donors were obtained from the New York City Blood Bank at Long Island (Queens,
NY). PBMC were separated immediately by density gradient using Ficoll-Paque (GE Healthcare,
Cat#45001749). CD14+ monocytes were isolated using CD14 MicroBeads (Miltenyi Biotech,
Cat#130-050-201) following manufacturer’s instructions. The resulting monocytes were
cultured with PromoCell Macrophage Generation Media (PromoCell, Cat#C-28055) for the
generation of undifferentiated (MO0), classically activated (M1) and alternatively activated (M2)
macrophages. 7 days after, macrophages were activated with lipopolysaccharide (LPS, Sigma
Aldrich, Cat#L4391) and IFN® (R&D, Cat#258-IF-100) for M1 or with IL-4 (R&D, Cat#204-1L-010)
and TGFB (500 pg/ml, R&D, Cat#240-B-002) for M2. 48 hours after, macrophages were
collected using the macrophage detachment solution (PromoCell, Cat#C-41330), counted and
added to sham or irradiated MCF10A cells in combination with TGFB (400 pg/ml) and/or anti-
IFNy naturalizing antibody (abcam, Cat#ab25101, RRID:AB_448613).

Macrophages were stained with fluorescent-labeled human antibodies: APCCy7-CD45
(BioLegend, Cat#304014, RRID:AB_314402), PerCP-Cy5.5-CD14 (BiolLegend, Cat#325622,
RRID:AB_893250), APC-CD68 (BioLegend, Cat#333809, RRID:AB_10567107), Pacific Blue-CD11b
(BioLegend, Cat#301315, RRID:AB_493015), FITC-CD80 (ThermoFisher, Cat#11-0809-41,
RRID:AB_10854884), PE-CD163 (BioLegend, Cat#333605, RRID:AB_1134005), and Violet Bright
711-IFNy (BioLegend, Cat#502540, RRID:AB_2563506). Yellow Live/Dead fixable reagent (Life
Technologies, Cat#L-34959) was used to discard dead cells from the analysis. Macrophage
subtypes were analyzed by a BDLSRII Cytometer (Beckman Dickinson) and populations were
quantified using FlowJo v8 (FlowJo, RRID:SCR_008520).

To assay MCF-10A 3-dimensional morphogenesis, co-cultures of MCF10A epithelial cells and
macrophages were trypsinized 7 days after treatment and stained with human APC-Cy7-CD45
antibody (BioLegend, Cat#304014, RRID:AB_314402). Propidium iodide (Fisher, Cat#P3566) was
used to exclude dead cells. Epithelial cells negatively sorted from co-cultures were seeded on
top of Matrigel (Corning, Cat#356231). Media was supplemented with 2% Matrigel and human
EGF (Life Technologies, Cat#PHG-0311) every other day. Cultures were imaged after 15 days.
Representative images were taken by 10X objective in bright phase on a Nikon Diaphot 200
microscope with a 5 MP C-Mount Camera ZC505 (Zarbeco). The area and perimeter of each
acini was quantified using Imagel. The shape factor is defined as P?/(4nA), where P is the
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perimeter and A is the area of the colony. This value is equal to 1 for a perfect circle. A value of
>1 is interpreted as the amount of deformation in comparison to a circle. MCF10ADCIS.com
were used as a positive control for aberrant morphogenesis.

gRT-PCR: Macrophages polarized using different conditions were lysed using RNA lysis buffer
(QlAzol Lysis Reagent, Qiagen, Cat#79306) and stored at -80°C. RNA was extracted following
manufacturer’s instructions (RNeasy mini kit, Qiagen, Cat#74104). cDNA was generated from
RNA using the SuperScript™ Il kit (ThermoFisher, Cat#18080093) and following manufacturer’s
instructions. GAPDH and RPL13 were used as housekeeping internal controls for gene-
expression normalization. Quantitative real-time PCR (qRT-PCR) was performed with SYBR
green (ThermoFisher, Cat#4309155) and the following primers (Eurofins Scientific):

IFNG-Forward primer sequence: GGCATTTTGAAGAATTGGAAAG
IFNG-Reverse primer sequence: TTTGGATGCTCTGGTCATCTT
GAPDH- Forward primer sequence: CAGCCTCCAGATCATCAGCA
GAPDH- Reverse primer sequence: TGTGGTCATGAGTCCTTCCA
RPL13- Forward primer sequence: CAGCGGCTGAAGGAGTACC
RPL13- Reverse primer sequence: GGTGGCCAGTTTCAGTTCTT

Statistical Analysis: Statistical analysis was performed using Prism (GraphPad Prism,
RRID:SCR_002798). Tumor growth curves were plotted for independent treatment group to an
exponential curve and averaged, statistics were tested by Fisher-test. Comparation between
sham and IR groups were tested by unpaired t-test (for normal distributions) or Mann-Whitney
test (for nonparametric variables). Comparation among sham and IR groups with or without
aspirin intervention were tested by one-way ANOVA. P value < 0.05 was considerate statistically
significant.

Results
The TME of RP-BC is more immunosuppressive than that of sporadic-BC.

We analyzed FFPE sections of age-matched, RP-BC (n=22) and sporadic-BC (n=43) specimens.
The RP-BC patient characteristics are summarized in Supplementary Table 1 and 2. The mean
age at first cancer treatment with radiation was 28.4 +/- 9.7 years; the mean age at breast
cancer diagnosis was 47.3+/-10.1 years. Approximately half of each group was classified as
TNBC by markers (RP-BC, 10/22; sporadic-BC, 23/43). TIL are a strong prognostic marker in
early-stage TNBC (22). Moreover, our recent experimental studies indicated that mammary
tumors arising in irradiated mice shifted from predominantly inflamed to deserts (20).
Therefore, we performed CD8 immunofluorescence staining and classified the breast cancers
according to three infiltrate patterns: inflamed (abundant CD8" TIL), excluded (presence of CD8"
T cells at the perimeter), and desert (absence of CD8" T cells). 43% of RP-BC were classified as
immune desert tumors. In contrast, more than half (56%) of sporadic-BC was the inflamed
phenotype (Fig. 1A).

To further characterize the TME in these specimens, we used multiplex immunostaining to
simultaneously identify inflammatory factors and immune cell markers (Supplementary Fig.
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1A). Compared to sporadic-BC, RP-BC exhibited higher expression of stromal cyclooxygenase 2
(COX2; Fig. 1B), which has both local and systemic effects (23), particularly in cancer
progression and response to therapy (24). Expression of programmed death ligand-1 (PD-L1)
delivers an inhibitory signal that impairs T cell function and promotes tumor immune escape
(25). RP-BC exhibit more PD-L1 (Fig. 1C). Radiation elicits remarkably persistent changes in
gene expression that are TGFB dependent and associated with inflammation (26). RP-BC were
also characterized by abundant TGFB (Fig. 1D), which is a potent suppressor of anti-tumor
immunity (27). Cells marked by a common myeloid lineage marker, CD11b, were more
frequent in RP-BC (Fig. 1E). In contrast, sporadic-BC had fewer CD11b" cells and more CD4"
and CD8" TIL (Fig. 1F-G).

Because RP-BC are enriched in TNBC (5), we then specifically compared TNBC. COX2, PD-L1,
TGFB and CD11b" cells were still significantly elevated in RP-BC TNBC compared to sporadic-BC
(Supplementary Fig. 1B-E), whereas CD4 and CD8 TIL were significantly reduced (Supplementary
Fig. 1F,G). Together, these features of RP-BC constitute a more immunosuppressive TME
compared to those of sporadic-BC.

Cancer arising in the irradiated genetic chimera model recapitulate the iTME of RP-BC.

To investigate how radiation exposure contributes to the TME composition, we used the Trp53
null genetic chimera model in which the cleared fatpads of wildtype mice are transplanted with
Trp53 null mammary epithelium. Transplants rapidly generate full mammary ductal outgrowths
that eventually give rise to diverse carcinomas in late life (28). Our prior publications have
shown that Trp53 null outgrowths give rise to palpable carcinomas that are diverse by all
criteria, markers, histology, metastatic capacity and genomic profiling, and that radiation alters
the breast cancer spectrum (20,26Nguyen, 2013 #18373,29)]. In this experiment, we evaluated
the effect of graded doses of radiation to affect the features identified in RP-BC. Three-week
old mice were surgically cleared of endogenous mammary gland and simultaneously
transplanted with Trp53 null mammary gland fragments (Fig. 2A). Mice were aged to 10 weeks
of age (young adult), which emulates 20-30 year-old-humans, and irradiated whole body with
graded doses of vy-radiation. Irradiated mice developed more mammary cancers
(Supplementary Fig. 2A, B, D and E) and arose with a shorter latency (Supplementary Fig. 2C, F)
compared to tumors arising in sham-irradiated mice. Breast cancers in HL cancer survivors
treated with radiotherapy also occur at a younger age than the general population (5). Once
detected, tumors arising in irradiated mice grew faster than those in sham mice (Fig. 2B;
Supplementary Fig. 3A, B). Our prior studies suggest that tumor growth rate is largely
determined by the composition of lymphocytic immune infiltrate, i.e. highly infiltrated tumors
grow slowly due to an active yet insufficient immune response (20).

As observed in human breast cancers, tumors from irradiated mice were characterized by a
markedly iTME. As compared to tumors from sham-irradiated mice, COX2 and TGFf3 expression
was higher (Fig. 2C,D). More CD11b" myeloid cells were present (Fig. 2E), which were also
Grl® (Fig. 2F). Furthermore, tumors from irradiated mice had fewer tumor-infiltrating CD3" and
CD8" T cells, and less apoptotic cells compared to tumors from sham mice (Fig. 2G-l). Thus,
radiation exposure in this murine model recapitulates development of cancers with a highly
iTME.
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Radiation induced tumor immune features are mainly regulated by radiation effects on the
host.

In the genetic chimera model, mice were irradiated after transplantation, i.e. cancers arose
from an irradiated Trp53 null epithelium in the context of an irradiated wildtype tissue and
host. To evaluate the relative contribution of host response to radiation, we used the radiation-
genetic chimera in which the mice were irradiated prior to transplantation (i.e. the transplanted
mammary epithelium was not irradiated), which separates the effects of radiation on the host
from those that directly affect target tissue, e.g. malignant mutations (Fig. 3A). In contrast to
the irradiated genetic chimera, in which tumor frequency increased and latency decreased,
tumor frequency and latency were not significantly different between radiation-genetic
chimera and that of sham hosts (Supplementary Fig. 2D-F). These data are consistent with the
hypothesis that misrepair of radiation-induced DNA damage increased initiation by oncogenic
mutations.

However, tumors arising in irradiated hosts still exhibit faster growth rate compared to tumor
from sham-irradiated hosts (Fig. 3B; Supplementary Fig. 3C,D). Notably, tumors from
irradiated hosts also displayed immunosuppressive features, including higher COX2 and TGFj
expression (Fig. 3C,D), more CD11b* myeloid cells (Fig. 3E) and more CD11b*/Gr1* myeloid
cells (Fig. 3F) and were less infiltrated by CD3" and CD8" cytotoxic T cells (Fig. 3G,H). Consistent
with decreased presence of cytotoxic T cells, fewer apoptotic cells were evident in tumors
arising in irradiated mice (Fig. 3l). As host irradiation was sufficient to recapitulate critical
immune features of RP-BC, and the differential immune cell infiltrate implicated adaptive
immunity, we postulated that radiation affected anti-tumor immunity, which in turn influenced
the development of an iTME.

The iTME is established in the absence of cytotoxic T cells. Given this perspective, we next
evaluated the contribution of the immune system in the formation of Trp53 null mammary
tumors by using Ncr nude mice that lack an effective cytotoxic T-cell response as hosts in the
radiation-genetic chimera model (Fig. 4A). As expected, tumor frequency was unaffected by
nude host irradiation (Supplementary Fig. 2J, K). In this case, acceleration of tumor latency
(Supplementary Fig. 2L) was lost between irradiated and sham Ncr nude hosts. However, the
tumor growth rate in irradiated nude mice was still significantly increased compared to sham-
irradiated nude mice (Fig. 4B; Supplementary Fig. 3E,F). Tumors from irradiated nude mice
also showed more COX2 (Fig. 4C) and TGFp (Fig. 4D), and increased CD11b" and CD11b*Gr1"
myeloid cells (Fig. 4E,F).

Tumor cell apoptosis significantly correlates with tumor infiltration of cytotoxic T cells in our
prior study (20) but these cells are not mature and functional in athymic nude mice.
Unexpectedly, apoptotic cells were decreased in tumors from irradiated hosts compared with
tumors from sham hosts (Fig. 4G). Natural killer (NK) cells are reported to exhibit increased
cytotoxic activity in immunodeficient mice as a compensation to dysfunction of T lymphocytes
(30). Thus, we investigated whether activated NK cells marked by CD335 (NKp46) were
correlated with tumor cell apoptosis. Consistent with increased tumor growth rate, NK cells
were less abundant in tumors from irradiated hosts (Fig. 4H), supporting deceased
immunosurveillance in the TME of tumors arising in irradiated hosts but raising the significance
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of innate immunity in the process. Certain macrophage phenotypes are associated with tumor
progression (31) and transcriptomic analysis of irradiated tissues indicated enrichment of a
macrophage signature, which was also prominent in tumors arising in irradiated hosts (26,32).

Macrophages are recruited to the irradiated mammary gland and facilitate dysplastic
morphogenesis in human cells.

Our initial hypothesis was that cytotoxic lymphocytes were key to the biology resulting in faster
growth rated and iTME of tumors arising in irradiated mice, yet we found similar effect of
radiation in immunodeficient mice. Hence, we posited that the establishment of an iTME
implicated myeloid cells because they would be common to both immune competent and
incompetent mice. Macrophages, as key mediators of tissue inflammatory response, may
participate in early establishment of a pre-cancer niche that allows clonal expansion of initiated
cells (8). Given this idea, we sought to localize mature macrophages marked by F4/80 adjacent
to mammary epithelial ducts, which we reasoned could be involved in early carcinogenesis.
Increased presence of F4/80" macrophages were found proximal to Trp53 null mammary
outgrowth at 3 months post irradiation (1 Gy) compared to age-matched non-irradiated
controls (Fig. 5A). Thus, macrophages typically described as pro-tumorigenic in advanced
tumors (33) were more abundant in irradiated tissues well before cancer develops.

One of the earliest events in carcinogenesis is a disrupted morphogenesis, described in situ as
dysplasia. To study the mechanisms by which macrophages may contribute to early events of
carcinogenesis, we established 3D co-cultures of primary differentiated macrophages and
irradiated non-malignant breast epithelial cells (MCF10A) embedded in Matrigel (Fig. 5B).
Different subtypes of macrophages have distinct association with tissue homeostasis and
carcinogenesis. Donor human peripheral blood monocytes (PBMC) were used to isolate CD14"
monocytes, which were polarized into classically activated (M1) and alternative activated (M2)
macrophages as discussed in the Methods (Supplementary Fig. 4A,B). M1 and M2 were further
activated by LPS and IFNy (M1+) or IL-4 and TGFB (M2+) respectively. MCF10 cells were
exposed to low dose of irradiation prior to addition of macrophages. Irradiated MCF10A that
were co-cultured with activated M2 (M2+) formed significant larger (Fig. 5C,D) and less
uniform acinar-like colonies (Fig. 5E,F) when cultured embedded in Matrigel.

Macrophages are known to secrete several inflammatory cytokines including IFNy upon
stimulation (34-40). IFNy can release epithelial cell junctions during inflammatory conditions
(41-43), which maybe an important factor in the aberrant morphogenesis phenotype. We
confirmed that activated M2+ macrophages produce IFNy by both mRNA and immunostaining
(Supplementary Fig. 4C,D). To test whether IFNy was mediating dysplastic morphogenesis, we
treated co-cultures with IFN-y neutralizing antibodies. IFNy blockade in M2+ macrophage co-
cultures restored MCF10A acinar morphogenesis (Fig. 5C-F).

Our prior work showed that TGFB activation induced by radiation can polarize and activate
macrophages (26,32,44). These data show that activated macrophages in turn locally release
epithelial junctions via IFNy that promotes early dysplasia and aberrant morphogenesis. These
data, together with the animal studies, suggest that irradiation elicited inflammation is key to
the establishment of an iTME.
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Aspirin treatment after irradiation abolishes iTME and rapid tumor growth

Prior radiation exposure of either humans or the genetic-chimera mouse model led to
carcinomas exhibiting elevated pro-inflammatory factors, COX2 and TGF[3. Moreover, our co-
culture model indicated that macrophages cooperated with TGF} regulating tumorigenesis
early events through another pro-inflammatory cytokine, IFNy. To test whether modulating
inflammation early in carcinogenesis affected the TME and aggressive cancer, we treated mice
for 6-month with low dose aspirin (0.1 mg/ml in drinking water) immediately following
irradiation and before any tumors are established (Fig. 6A). Aspirin is a commonly used anti-
inflammation medicine that inactivates COX1 and COX2 (45) and has also been reported to
reduce the production of IFNy and TNFa by immune cells (46,47).

Consistent with carcinogenesis in the radiation-genetic chimera, neither tumor frequency nor
latency was affected by radiation with or without aspirin (Supplementary Fig. 5A,B). Prior to
tumor development, aspirin treatment prevented the radiation-induced accumulation of
macrophages around Trp53 null outgrowths (Fig. 6B; Supplementary Fig. 5C). The presence of
F4/80" macrophages was also reduced in tumors that subsequently formed in aspirin-treated
irradiated hosts compared to tumors from untreated irradiated hosts (Fig. 6C; Supplementary
5D). Moreover, aspirin also decreased the presence of CD11b*/Gr1* myeloid cells in tumors
from the irradiated host (Fig. 6D; Supplementary Fig. 5E). Aspirin intervention also significantly
decreased COX2 and TGF[ intensity in tumors from irradiated hosts (Fig. 6E,F; Supplementary
Fig. 5F).

Aspirin intervention post-radiation but prior to tumor development did not change tumor
proliferation rate as indicated by Ki67 pan-cytokeratin® tumor cells (Supplementary Fig. 6A).
However, both CD3" and cytotoxic CD8" TIL were significantly increased in tumors from aspirin-
treated irradiated host (Fig. 6G; Supplementary Fig. 6B). Concomitantly, proliferation of CD8" T
cells (Ki67°CD8") was significantly increased in tumors from aspirin-treated irradiated hosts,
indicating an active anti-tumor immunity similar to those tumors arising from sham-irradiated
hosts (Fig. 6H; Supplementary Fig. 6C). Consistent with the increased CD8" T cell activity, more
apoptotic cells were present in tumors from aspirin treated, irradiated hosts compared to
tumors from untreated irradiated hosts (Fig. 6l; Supplementary Fig. 6D). The growth rate of
tumors arising in irradiated mice was significantly decreased by the aspirin intervention (Fig.
6J; Supplementary Fig. 7), consistent with an active cytotoxic immune surveillance that impedes
tumor growth. These data support radiation-induced inflammation as a key mechanism that
drives cancer to evolve towards an immunosuppressive, aggressive tumor.

Discussion

The risk of developing breast cancer at a young age (<50) is increased among women who
received chest radiation for pediatric and young adult cancers to a level comparable to that of
women at a comparable age who carry BRCA1 germline mutations (1,2,6). Moreover RP-BC
have features of more aggressive cancer (3-5). Our studies of a novel cohort of RP-BC and age-
matched sporadic-BC revealed that RP-BC were characterized by a highly iTME with abundant
TGFB, COX-2 and myeloid cells. Using stepwise evaluation of radiation effects on the
epithelium, the host and the immune system in a murine mammary carcinogenesis model
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recapitulated the iTME and revealed that radiation effects on innate immunity is key to iTME
construction and aggressive growth. When the transplant epithelium was irradiated, tumor
incidence and growth rated increased, latency decreased, and these tumors exhibited iTME
similar to RP-BC. However, when mice were irradiated prior to mammary transplantation, host
irradiation still elicited the establishment of the iTME and increased tumor growth rate. Our
initial hypothesis was that cytotoxic lymphocytes were key to the biology of fast growth and
iTME of tumors arising in irradiated mice, yet we found similar effects of radiation in immune
compromised nude mice: host irradiation prior to transplantation in nude mice did not
eliminate differential growth rate or iTME. Hence, we posited that the establishment of an
iTME in nude mice implicated myeloid cells because they are common to both immune
competent and incompetent mice. A combination of in situ analysis and human cell co-culture
experiments revealed a specific pro-inflammatory, IFNy mediated mechanism by which
activated macrophages promote dysplasia, an early event in carcinogenesis. This conclusion
was supported by anti-inflammatory treatment with aspirin after irradiation, which eliminated
iTME features and decreased tumor growth rate.

The concept that the establishment of an iTME follows radiation exposure adds credence to the
use of anti-inflammatory agents in breast cancer prevention. Aspirin inactivates COX1 and
COX2 (45). COX2 is important in all stages of tumor progression (24), and may be a critical
factor in allowing cancer cells to escape host immune defenses by modulation of cytokine
production, dysfunction of dendritic cells, myeloid derived suppressor cells generation (48) and
suppression of lymphocyte proliferation associated with immunosuppression and
tumorigenesis (49). Consistent with this, COX2 was significantly upregulated in the TME of
tumors arising from irradiated hosts, but when treated with aspirin, COX2 expression
significantly decreased. High TIL are a favorable prognostic factor in TNBC (22,50)]. Consistent
with our findings, COX2 inhibition in mice accelerates accumulation of cytotoxic T cells within
tumors that have slow tumor growth (51). An ongoing clinical trial using aspirin as an adjuvant
therapy for breast cancer (NCT02927249) may reveal similar benefit.

Our studies extend the finding by Horst et al. that the spectrum of cancers in RP-BC is distinct
from that of age-matched sporadic-BC. RP-BC is reported to be more aggressive in several
studies (3-5), but not all (7). Importantly, cancer survivors also have a poor prognosis because
of other health-related causes, including other subsequent malignant neoplasms and
cardiovascular or pulmonary disease (7). Considerable clinical evidence now associates TIL with
cancer prognosis (22,50); thus, the absence of TIL in RP-BC is consistent with the previous
clinical observations. Both RP-BC and mammary carcinomas arising in irradiated mice were
enriched in TGFf3 compared to cancers arising in unirradiated humans or mice. TGFB is
classically considered a tumor suppressor, largely due to its function in the control of
proliferation in normal epithelial cells, but it is clear that it also promotes cancer by regulating
the characteristics and composition of the TME, including suppressing adaptive immunity and
promoting pro-tumorigenic myeloid cells (52). Our previous studies showed that radiation
induced TGFpB activation regulates tissue (e.g. extracellular matrix remodeling), stromal (e.g.
recruitment and polarization of immune cells) and cellular (e.g. DNA damage response)
radiation effects (53). The prominence of TGFB involvement in radiation responses is
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provocative because it also orchestrates multiple levels of inflammation, angiogenesis and
immune function that are associated with aggressive cancer (54).

Low doses of ionizing radiation do not elicit substantial tissue damage or gross inflammation
but rather shift the activation state of tissue resident cells, like macrophage polarization, which
are a class of radiation effects that are called non-targeted (55). Classic M1 polarization is
elicited by Thl cytokines; the resulting phenotype is thought to be important in cell
phagocytosis and is anti-tumorigenic. The M2 phenotype is elicited by Th2 cytokines and is
associated with tumor promotion (56). The high activity of TGFf3 in the TME likely promotes
monocyte recruitment (57) and regulates macrophage polarization, skewing differentiation
toward an M2 suppressive phenotype (58). TGFB promotes the recruitment of bone marrow
derived cells and is associated with breast cancer prognosis (59,60). Here we found
macrophages were increased in mammary tissues shortly after radiation exposure and were
elevated in tumors arising in irradiated hosts.

Macrophages play a significant role in most solid malignancies. Macrophage abundance is
associated with increased micro-vessel density and reduced patient survival in breast cancer
(61-63). In fact, macrophages present within tumors are defined as tumor-associated
macrophages to denote a specific phenotype that is associated with the production of several
proangiogenic factors, cytokines, and metabolites that suppress anti-tumor immune responses
and promote tumor growth by maintaining pro-tumorigenic inflammation (64). The etiology of
aggressive TNBC, which is also are more common in BRCA1 germline carriers and African-
American women (65), is still poorly understood, but the observation that RP-BC are enriched in
TNBC could provide a new perspective on their genesis or biomarkers of TNBC risk

These experimental studies have several limitations that affect generalization of our
conclusions. First, the high-dose fractionated exposures that are used to treat HL patients were
not replicated in our experiments. The doses used for the studies in mice ranged from 0.1 to 1
Gy, which are far below that delivered during radiotherapy. Neither tumor incidence nor
composition were dose dependent in the genetic mammary chimera model, whereas risk of
secondary breast cancer increases with radiation dose (66). Thus, additional mechanisms may
arise at higher doses or with fractionated exposure, which are key factors to explore in further
experiments. Nonetheless, low-dose, whole-body irradiation of mice recapitulated the iTME
evident in RP-BC. Second, the Trp53 null mammary chimera is a single genetic mouse model,
albeit one that generaes diverse carcinomas. Third, although radiation is the strongest
treatment-associated risk factor for breast cancer, risk is also increased by exposure to
chemotherapy (particularly anthracyclines) and can be further altered by gonadal hormone
exposure (67). It is thought that the protective effect of alkylating chemotherapy decreases
breast cancer risk among female HL survivors due to premature menopause (68).

The annual dose of the American public from use of ionizing radiation in diagnostic and
therapeutic medical applications has doubled over the last 20 years (69). As Americans live
longer, the cumulative burden of medical radiation exposure will contribute significantly to
cancer incidence. Here, our irradiated mouse experiments show that non-mutational
mechanisms that alter signals and cells associated with innate immunity alter the course of
carcinogenesis toward more aggressive disease. The identification of these non-mutational, so-
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called non-targeted radiation effects are important for predicting radiation risks, particularly in
cancer survivors who have life-long morbidity that might be amenable to intervention.
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Figure Legends

Fig. 1 The TME of RP-BC is more immunosuppressive than that of sporadic-BC. A. Three
infiltration patterns of lymphocytes are shown in representative images of human breast cancer
sections stained with cytotoxic T cell marker CD8 (green) and DAPI (blue). Yellow scale bar=50
pm. White scale bar=1 mm. Tumors were classified as inflamed (orange), excluded (purple) or
desert (grey) as described in Methods. The proportion of tumor types are shown as pie charts
for sporadic-BC (n=43) and RP-BC group (n=21). B-G. Multiplex immunostaining of inflammatory
factors and immune cell markers showed that RP-BC exhibit higher COX2 (B) and TGFB (D)
compared with sporadic-BC. The RP-BC was more immunosuppressive abundant with (C) PD-L1"
and (E) CD11b" cells. In contrast, sporadic-BC contained more CD4" (F) and CD8" lymphocytes
(G). Sporadic-BC, n=43; RP-BC, n=22. Data shown were the means with SEM; *, p<0.05; ***,
p<0.001; **** p<0.0001 by Mann Whitney test.

Fig. 2 Cancer arising in the irradiated genetic chimera model recapitulate iTME of RP-BC. A.
Genetic-chimera experimental scheme. BALB/c wild type mice were cleared and transplanted
with Trp53 null fragments at 3-week old, aged to 10-week old and irradiated. Mice were
monitored for 500 days for tumorigenesis. B. Tumor growth rate fitted to an exponential curve
and averaged over 30 days for each treatment group. Sham, n=17; IR, n=38. **, p<0.01 F-test.
C and D. The mean intensity of COX2 and TGF[3 of tumors from IR mice (n=23) were higher than
tumors from sham group (n=15). The frequency of CD11b" (E, sham, n=15; IR, n=15) and
Gr1'CD11b" myeloid cells (F, sham, n=6; IR, n=11) was increased in tumors from IR mice. The
frequency of CD3" T lymphocytes (G, sham, n=6; IR, n=11) and CD8" cytotoxic T cells (H, sham,
n=6; IR, n=11) was decreased in in tumors from IR mice. I. Apoptosis marked by cleaved-
Caspase3 was reduced in tumors arising in IR mice (n=7) compared to tumors in sham mice
(n=7). Data shown in C to | were the means with SEM; *, p<0.05; **, p<0.01; ***, p<0.001;
Mann-Whitney test.

Fig. 3 Radiation induced tumor immune features are mainly regulated by radiation effects on
the host. A. Radiation-genetic chimera experimental scheme. BALB/c wild type mice were
cleared fat-pad at 3-week old, aged to 10-week old, irradiated whole body and transplanted
with Trp53 null mammary fragments 3 days later. Mice were monitored for 500 days for
tumorigenesis. B. Tumor growth rate fitted to an exponential curve and averaged over 30 days
for each treatment group. Sham, n=22; IR, n=12. **** p<0.0001. F-test. C-D. Tumors from IR
group (n=9) showed a higher level of COX2 and TGFJ intensity than tumors from sham group
(n=17). Immunofluorescence staining showed CD11b" (E, sham, n=8; IR, n=8) and Gr1'CD11b"
myeloid cells (F, sham, n=5; IR, n=6) were more infiltrated in tumors from IR group, while CD3+
T cells (G, sham, n=5; IR, n=6) and CD8" cytotoxic T cells (H, sham, n=8; IR, n=8) were more
infiltrated in tumors from sham group. 1. Cell apoptosis marked by cleaved-Caspase3” cells per
HPF was reduced in tumors arising in IR group (n=10) than tumors in sham group (n=10). Data
shown in C to | are the means with SEM; *, p<0.05; **, p<0.01; Mann-Whitney test.

22 |Page



Fig. 4 An iTME is established in the absence of cytotoxic T cells. A. Immuno-incompetent
radiation-genetic chimera experimental scheme. Ncr nude mice were cleared at 4-week old,
aged to 10-week old, irradiated whole body and transplanted with Trp53 null mammary
fragments 3 days later. Mice were monitored for 500 days for tumorigenesis. B. Tumor growth
rate fitted to an exponential curve and averaged over 30 days for each treatment group. Sham,
n=14; IR, n=13. **, p<0.01, F-test. The mean intensity of COX2 (C) and TGFp (D) for tumor
arising in IR mice (n=10) was increased compared to tumors from sham mice (n=9 for COX2;
n=10 for TGFB). Immunofluorescence staining showed tumors from IR group had more
abundant CD11b" (E, sham, n=10; IR, n=10) and Gr1'CD11b" myeloid cells (F, sham, n=10; IR,
n=10). While, apoptotic cells marked by cleaved-Caspase3 (G, sham, n=5; IR, n=6) and CD335"
NK cells (H, sham, n=11; IR, n=11) was less abundant in tumors arising in IR group. Data shown
in C to H are the means with SEM; *, p<0.05; **, p<0.01; Mann-Whitney test.

Fig. 5 Macrophages are recruited to the irradiated mammary gland and facilitate dysplastic
morphogenesis in human cells. A. Immunostaining of F4/80" macrophages in Trp53 null
mammary outgrowths of the radiation-genetic chimera were 3 months after transplantation.
Left, representative images of F4/80" (brown) cells in mammary outgrowths from sham and IR
mice. Yellow scale bar=20 um. Black scale bar=200 um. Red arrow indicates the regions shown
in high-power. Right, quantification of F4/80" cells, mean with SEM. Sham, n=6; IR, n=12. **,
p<0.01; unpaired t-test. B. Schematic representation of the experimental design. MCF10A cells
were seeded at high density and irradiated as confluent cultures, treated with TGFB and co-
cultured with activated macrophages in the presence or absence of IFNy neutralizing antibody
for 7 days. CD45  negative epithelial cells were sorted from the co-cultures and reseeded
on Matrigel for 15 days. C. Representative images of the MCF10A morphogenesis as a function
of irradiation and co-culture with macrophages. MCF10ADCIS.com is shown as a positive
control for dysplasia (DCIS). Black scale bar=100 um. Morphology was quantified from bright
field images as mean acini area (D) and perimeter (E). Data from 3 independent experiments
are shown as mean with SEM. *, p<0.05; **, p<0.01; One way-ANOVA. F. The shape factor for
each acinus from 3 independent experiments is shown as violin plot with median. *, p<0.05; **,
p<0.01; Kruskal-Wallis test.

Fig. 6 Aspirin treatment after irradiation abolishes iTME and rapid tumor growth. A. Aspirin
treated radiation-genetic experimental scheme. BALB/c wild type mice were cleared fat-pad at
3-week old, aged to 10-week old, irradiated whole body and transplanted with Trp53 null
mammary fragments 3 days later. Aspirin was given in drinking water for 6 months after whole
body irradiation and monitored for 500 days for tumorigenesis. B. IHC quantification of F4/80"
cells in mammary outgrowths from sham (n=7), aspirin (n=4), IR (n=8) and IR+aspirin (n=6)
treated mice. C. IHC quantification of F4/80" cells in mammary tumors from sham (n=18),
aspirin (n=17), IR (n=14), IR+aspirin (n=15) treated mice. D. Immunofluorescence staining
quantifications of Gr1'CD11b" myeloid cells. Sham, n=18; aspirin, n=17; IR, n=13; IR+aspirin,
n=16. E. Aspirin decreased the mean intensity of COX2 immunofluorescence staining. Sham,
n=18; aspirin, n=16; IR, n=13; IR+aspirin, n=16. F. Aspirin decreased TGFB mean intensity in
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immunofluorescence staining. Sham, n=17; aspirin, n=17; IR, n=12; IR+aspirin, n=13. G.
Immunofluorescence staining quantification of CD8" T cells. Sham, n=18; aspirin, n=18; IR, n=14;
IR+aspirin, n=16. H. Immunofluorescence staining quantification of proliferating cytotoxic T
cells marked as Ki67 and CD8 double positive cells. Sham, n=18; aspirin, n=18; IR, n=14;
IR+aspirin, n=16. I. Immunofluorescence staining quantification of apoptotic cells marked by
cleaved-Caspase3. Sham, n=13; aspirin, n=8; IR, n=9; IR+aspirin, n=9. Data shown in B-l are the
means with SEM; *, p<0.05; **, p<0.01; ***, p<0.001; One-way ANOVA. J. Tumor growth rate
fitted to an exponential curve and averaged over 30 days for each treatment group. Sham,
n=15, black; aspirin, n=10, purple; IR, n=12, green; IR+aspirin, blue, n=11. **, p<0.01. ***,
p<0.001. One-way ANOVA.
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