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Abstract 20 

Understanding how immune cells respond to early oncogenic events is essential for designing 21 

immune-based strategies to intercept breast cancer. Mouse models that induce mammary 22 

tumorigenesis through Cre-mediated genetic manipulations can be used to study these early 23 

events. However, the immune effects of different induction methods remain unclear. Here, we 24 

compare adenovirus-delivered Cre with tamoxifen-inducible CreER systems in models targeting 25 

luminal mammary epithelial cells for p53-loss. We find that transient intraductal adenoviral 26 

infection produces not only an acute immune response but also long-lasting reshaping of the 27 

mammary gland immune microenvironment. Adenovirus exposure induces robust and persistent 28 

CD8+ T-cell infiltration dominated by CD103+ tissue-resident T cells displaying heightened 29 

activation. This sustained antiviral T-cell signature obscures the p53-loss-driven CD8+ T-cell 30 

activation detectable in the CreER/tamoxifen model.  Adenoviral infection also transiently skews 31 

CD4+ T cells toward IFN-γ-producing antiviral states and affects the myeloid compartment, 32 

whereas tamoxifen-induced p53-loss increases macrophage abundance and activates CD8+ T-33 

cells during premalignancy. Despite similar tumor latencies across induction strategies, our 34 

findings demonstrate that adenoviral infection exerts long-term immunological effects that can 35 

confound interpretation of immune dynamics during early mammary tumorigenesis. These results 36 

emphasize the importance of induction-method selection when using genetically engineered 37 

mouse models to study cancer-immune interactions. 38 

 39 

Key words: Adenovirus-Cre, mammary gland immune microenvironment, breast cancer mouse 40 

model, p53-loss, CD8+ tissue-resident T cells, premalignancy 41 
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Introduction 43 

Development of cancers, such as breast cancer, from their corresponding cellular origins occurs 44 

within a dynamic immunological ecosystem in which immune cells can both restrain and promote 45 

tumorigenesis. A “fight” between anti-tumorigenic and pro-tumorigenic immune and inflammatory 46 

mechanisms can determine the course of tumor development and its phenotype 1,2. In breast 47 

cancer, during its early stages of development, innate and adaptive immune surveillance 48 

mechanisms, such as cytotoxic T cells, NK cells, dendritic cells, and macrophages, can recognize 49 

and eliminate transformed mammary epithelial cells (MECs), limiting malignant progression 3-5. 50 

However, as oncogenic signaling, genomic instability, and tissue remodeling intensify, the 51 

evolving tumor microenvironment can reshape these immune populations, such as during the 52 

transition from the precancer to cancer stages 6. Myeloid-derived immune cells, particularly tumor-53 

associated macrophages and neutrophils, may adopt pro-tumorigenic phenotypes that support 54 

immunosuppression, angiogenesis, and invasion, while regulatory T cells and exhausted T-cell 55 

states dampen effective antitumor immunity 7-9. Defining how these immune populations are 56 

recruited, activated or suppressed, and reprogrammed during the early phases of mammary 57 

tumorigenesis is essential for designing strategies that bolster endogenous immune defenses. By 58 

understanding the immunological events that tip the balance from elimination to escape, immune-59 

based preventive approaches may be developed to intercept breast cancer at its roots, before 60 

clinically detectable disease emerges. 61 

 62 

As access to early stages of human cancer development, including that of breast cancer, is very 63 

difficult if not impossible, in order to achieve the goal of immune-based cancer interception, animal 64 

models that can recapitulate this early phase of tumorigenesis are essential. In breast cancer, 65 

several elegant approaches have been developed to model mammary tumor initiation from a 66 
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defined subpopulation of MECs and to follow their progression in mice 10. One of the prevalent 67 

approaches is the Cre/loxP-based strategy that enables precise temporal and spatial control over 68 

oncogenic events within the mammary epithelium 11. By placing Cre recombinase under the 69 

control of mammary-specific promoters, such as MMTV, Wap, or Krt8 12,13, and activating it 70 

through ligand-dependent systems such as CreER (Cre-estrogen receptor fusion, inducible by 71 

tamoxifen 14,15), researchers can trigger defined genetic alterations, including oncogene activation 72 

or tumor suppressor loss, at selected MEC subpopulations or developmental stages. This 73 

approach faithfully recapitulates the stepwise evolution of breast cancer, permitting the study of 74 

early cellular transformation, clonal expansion, and cancer-immune cell interaction within an intact 75 

immune microenvironment 16-19. To complement the CreER/tamoxifen-based inducible approach, 76 

my group developed a novel approach based on intraductal injection of Cre-expressing 77 

adenovirus to mouse mammary glands 20-22. Adenovirus is a DNA virus that does not integrate 78 

into the host genome and the adenoviral vector we use only leads to transient expression of the 79 

Cre recombinase; thus, it serves a similar purpose as an inducible Cre system. The cell type-80 

specificity (for inducing Cre-mediated recombination) is achieved by using different MEC 81 

subpopulation-specific promoters (e.g., Krt8, Wap) to drive adenovirus-Cre expression. 82 

 83 

Breast cancer mouse models based on both CreER/tamoxifen and adenovirus-Cre-based 84 

approaches offer excellent in vivo systems to characterize immune cell phenotypes and their 85 

dynamic changes at different stages of mammary tumorigenesis. In these induced mice, 86 

mammary gland immune cells can be modulated by signals from mutated MECs. However, it is 87 

unclear whether the injected tamoxifen or adeno-Cre virus (to induce Cre-mediated recombination 88 

and initiation of mammary tumorigenesis) can affect the immune microenvironment. This is 89 

possible as administration of tamoxifen in vivo can potentially affect estrogen signaling in the 90 

mammary gland 23,24, while estrogen/ER (estrogen receptor) signaling plays a key role in 91 
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regulating mammary gland immune cell populations 25. Similarly, injection of adenovirus to 92 

mammary glands should trigger virus-induced immune reactions, at least transiently 20. However, 93 

it is unclear whether any of these induction approach-related modulations of mammary gland 94 

immune cells is transient or more long-lasting and whether such change would affect immune cell 95 

phenotypes and dynamics, and ultimately, mammary tumor development. A thorough 96 

understanding of these should have important implications for the proper use of these modeling 97 

approaches to study immune cells during mammary tumorigenesis. 98 

 99 

Results 100 

Adenoviral infection increases leukocyte infiltration in the mammary gland 101 

In this study, we used a breast cancer mouse model that we previously developed based on 102 

induced loss of p53 in luminal MECs 17. The experimental mice (PY) carry Trp53 conditional 103 

knockout alleles (Trp53fl/fl)26 along with a conditional Cre-reporter [Rosa26-LSL-YFP (R26Y)]27, 104 

while R26Y reporter-only mice served as wild-type (WT) controls (Supplementary figure 1a). To 105 

induce mammary tumor initiation specifically in luminal MECs, we utilized an adenovirus 106 

expressing Cre under the control of the luminal keratin 8 (Krt8, or K8) promoter (Ad-K8-Cre)20. 107 

Intraductal injection of Ad-K8-Cre into the abdominal (#4) mammary glands of PY female mice 108 

induced simultaneous YFP reporter expression and Trp53 deletion in luminal MECs, resulting in 109 

the development of mammary tumors (predominantly of the Claudin-low subtype) with 100% 110 

penetrance 17. For comparison, we also used a CreER/tamoxifen-based approach to induce p53-111 

loss in the same luminal MEC population. We generated KPY experimental mice and KY controls 112 

by crossing the K8-CreER allele, a transgenic construct expressing CreERT2 under the same K8 113 

promoter 12, with PY and R26Y mice, respectively (Supplementary figure 1b). Tamoxifen (TAM) 114 
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induction in KPY female mice led to development of mammary tumors similar to those observed 115 

in Ad-K8-Cre-induced PY mice, also with full penetrance 17. 116 

 117 

To investigate how p53-loss in luminal MECs alters the mammary gland immune 118 

microenvironment during the premalignant stage, we induced p53 deletion by administering Ad-119 

K8-Cre or TAM to PY (and R26Y) or KPY (and KY) female mice at ~8 weeks of age, respectively. 120 

Based on our previous findings, mammary tumors begin to emerge in induced mice around 5-6 121 

months after induction 17. Accordingly, in this study we defined 3 and 5 months post-induction as 122 

the mid- and late-premalignant stages, respectively (Fig. 1a). To determine whether intraductally 123 

delivered adenovirus itself elicits additional immunogenicity capable of altering the mammary 124 

immune microenvironment, we evaluated leukocyte infiltration one week after injection of either 125 

adenovirus or vehicle control (i.e., virus dilution buffer only). FACS analysis revealed that 126 

adenovirus-injected R26Y mice exhibited a significantly higher proportion of CD45+ leucocytes in 127 

the injected abdominal mammary glands (55.5%±7.1%) compared with non-injected thoracic 128 

glands from the same mice (35.76%±4.74%). Importantly, no significant difference in leukocyte 129 

infiltration was observed between vehicle-injected and non-injected glands (Fig. 1b-c), indicating 130 

that the altered immune microenvironment in adenovirus-injected glands was attributable to viral 131 

infection rather than to the injection procedure itself. In contrast, the K8-CreER-based model relies 132 

on systemic TAM administration via intraperitoneal injection, which could in principle exert global 133 

effects on all mammary glands through its modulation of estrogen signaling. We compared 134 

leukocyte infiltration in mammary glands from TAM-treated KY mice with that of age-matched, 135 

untreated KY controls. The data indicate that TAM treatment does not significantly alter leukocyte 136 

infiltration (28.36%±3.16% vs. 30.98%±3.32%) (Fig. 1d-e). As p53-loss is induced in only a 137 

small number of luminal MECs in both the adenovirus-induced and TAM-induced models, p53 138 

deletion at this early stage is unlikely to significantly alter the immune microenvironment relative 139 
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to the effects of adenovirus or tamoxifen administration. Therefore, we did not assess the impact 140 

of induced p53 loss on mammary gland immune cells at this initial time point. 141 

 142 

Transient adenoviral infection in the mammary gland increases T cell infiltration  143 

To determine whether transient adenoviral infection in PY and R26Y mice has any long-term 144 

effects on the immune microenvironment of the injected mammary glands, we examined 145 

leucocyte infiltration at mid- and late-premalignant stages using FACS analysis. At the mid-stage, 146 

both adenovirus-infected PY and R26Y mice displayed higher levels of leukocyte infiltration 147 

compared with their counterparts induced via TAM (i.e., KPY and KY) (Fig. 2a-b). Induced p53 148 

loss in luminal MECs modestly increased immune activity in the mammary glands of KPY mice 149 

relative to KY controls; however, no such difference was detected between adenovirus-induced 150 

PY and R26Y mice (Fig. 2a-b). By the late stage, leukocyte infiltration in induced KPY mice rose 151 

to levels comparable to those of adenovirus-induced PY and R26Y mice, whereas KY controls 152 

remained substantially lower. In contrast, leukocyte infiltration in adenovirus-induced PY and 153 

R26Y mice remained similar to each other throughout both stages (Fig. 2a-b). These findings 154 

indicate that transient adenoviral infection causes a sustained increase in mammary gland 155 

leukocyte infiltration. Furthermore, loss of p53 in luminal MECs likely triggers an anti-tumor 156 

immune response that enhances mammary gland immune activity. This effect is readily detectable 157 

in TAM-induced KPY mice but may be obscured in adenovirus-induced PY mice due to the 158 

elevated baseline immune infiltration caused by prior adenoviral exposure. 159 

 160 

To exclude the possibility that the increased immune activation observed in the KPY model 161 

following TAM induction was simply due to a higher recombination efficiency compared with 162 

adenoviral delivery, we evaluated the initial induction and subsequent expansion of premalignant 163 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 8 

MECs in both models. We first quantified the proportion of premalignant cells (YFP+) within the 164 

lineage-negative compartment (Lin-, i.e., CD45-TER119-CD31-) two weeks after induction. This 165 

time point was selected to enable comparison of recombination efficiency, as previous studies 166 

have shown that Cre recombinase activity can persist for couple weeks following induction in both 167 

adenovirus-Cre and CreER/TAM-based systems 20,28. The proportion of YFP+ premalignant cells 168 

was comparable between experimental and control groups across both induction strategies 169 

(Supplementary figure 2a-b). Moreover, more than 90% of YFP+ cells localized to the luminal MEC 170 

gate (Lin-CD24highCD29low), indicating that both induction approaches achieved similar levels of 171 

p53 deletion specifically within luminal MECs (Supplementary figure 2c). We next assessed the 172 

expansion capacity of p53-null MECs during premalignancy by FACS. In the adenovirus-induced 173 

model, p53-null MECs (YFP+) represented 0.29%±0.13% of the Lin- compartment at two weeks 174 

post-induction, increasing to 0.85%±0.3% at the mid-stage and 2.89%±0.92% at the late-stage 175 

of premalignancy. In contrast, YFP+ MECs in induced R26Y mice (which retain WT p53) remained 176 

at a steady percentage (~0.6% YFP+) throughout the premalignant period (Supplementary figure 177 

2d). A similar pattern was observed in the TAM-induced model (Supplementary figure 2e). Notably, 178 

the kinetics of premalignant MEC expansion appeared modestly different between the two models 179 

(Supplementary Fig. 2d-e). However, as both models rely on a single YFP reporter to mark p53-180 

deficient MECs, differences in clonal dynamics cannot be resolved and would require alternative 181 

lineage-tracing approaches. Nevertheless, these results demonstrate that both induction 182 

strategies generate comparable initial recombination efficiencies in luminal MECs, and that p53-183 

loss confers a consistent clonal expansion advantage during premalignancy. 184 

 185 

To evaluate how transient adenoviral infection reshapes the immune landscape of the mammary 186 

gland, we quantified major immune cell populations, including T cells (CD45+CD3+), NK cells 187 

(CD45+CD3-NKp46+), macrophages (CD45+CD11b+F4/80+), dendritic cells 188 
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(CD45+CD11b+CD11c+), B cells (CD45+CD19+), and neutrophils (CD45+CD11b+Ly-6G+), by FACS 189 

analysis (Supplementary figure 3). Across all time points, adenovirus-infected mammary glands 190 

in both PY and R26Y mice exhibited a marked increase in T cells (Fig. 2c), indicating that the 191 

elevated baseline immune infiltration observed following adenoviral injection is driven primarily by 192 

T cell enrichment.  193 

 194 

Adenoviral infection induces CD8+ tissue-resident T cells in the mammary gland 195 

We next examined the CD3+ T cell compartment in greater detail. Regardless of the p53 196 

mutagenesis status, adenoviral infection markedly increased CD3+ T cell infiltration, both in 197 

proportion level and absolute cell number, in virally infected mammary glands at both mid- and 198 

late-premalignant stages, compared with TAM-induced mice (Fig. 3a). This elevation in T cell 199 

abundance was driven primarily by an increase in CD8+ T cells, rather than CD4+ T cells (Fig. 3b-200 

c). Given that transient adenoviral infection produced a sustained elevation in CD8+ T cells, we 201 

investigated whether this reflected an expansion of tissue-resident memory T cells. To do so, we 202 

assessed CD103 and CD73 expression, canonical markers of tissue-resident memory T cells 29,30, 203 

on both CD8+ and CD4+ T cell populations. In mice analyzed 3 months post-induction, ~90% of 204 

infiltrating CD8+ T cells in adenovirus-infected mammary glands (both PY and R26Y) expressed 205 

CD103, compared with only ~30% in TAM-induced KPY and KY mice (Fig. 3d). CD73 expression 206 

was relatively high on CD8⁺ T cells across all groups (Fig. 3d). In contrast, neither CD103 nor 207 

CD73 showed substantial differences on CD4+ T cells across induction methods (Fig. 3e). 208 

Collectively, these findings indicate that transient adenoviral infection elicits a robust CD8+ T cell 209 

response, promoting their infiltration and long-term residency within the mammary gland 210 

microenvironment. 211 

 212 
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CD8+ tissue-resident T cell phenotype masks p53 loss-driven CD8+ T cell activation 213 

We next characterized CD8+ and CD4+ T cell subsets and functional states during premalignancy 214 

by assessing expression of IFN-γ, as well as the activation markers PD-1 and CD69, using FACS 215 

analysis. In the TAM-induced model (KPY), induced p53-loss in luminal MECs elicited a 216 

pronounced increase in IFN-γ, PD-1, and CD69 expression in CD8+ T cells at the late-217 

premalignant stage. At the mid-stage, CD8+ T cells in KPY mice showed increased CD69 218 

expression but no significant elevation in IFN-γ or PD-1 (Fig. 4a-c). In contrast, in the adenovirus-219 

induced model, induced p53-loss in luminal MECs from PY mice did not significantly alter IFN-γ 220 

or PD-1 expression in CD8+ T cells when comparing to induced R26Y controls (Fig. 4a-c). Instead, 221 

CD8+ T cells in both adenovirus-induced PY and R26Y mice displayed consistently elevated 222 

activation states at both mid- and late-stages relative to their TAM-induced counterparts (Fig. 4a-223 

c). This sustained activation profile appears to result from the large pool of tissue-resident CD8+ 224 

T cells resulted from the prior adenoviral infection. Supporting this, the majority of PD-1+CD8+ and 225 

CD69+CD8+ cells in adenovirus-induced PY and R26Y mice co-expressed CD103, whereas most 226 

PD-1+CD8+ and CD69+CD8+ cells in TAM-induced KPY and KY mice lacked CD103 expression 227 

(Supplementary figure 4a). In contrast, the CD103 expression in the PD-1+CD4+ and CD69+CD4+ 228 

cells from both models was low and not significantly different (Supplementary figure 4b). 229 

 230 

In the CD4+ T cell compartment, adenovirus-induced PY and R26Y mice exhibited a transient 231 

increase in IFN-γ-producing, activated CD4+ T cells at the mid-premalignant stage, which declined 232 

to levels comparable to those of TAM-induced mice by the late stage (Fig. 4d). In contrast, 233 

mammary glands from TAM-induced KPY mice displayed a selective increase in IFN-γ-producing, 234 

activated CD4+ T cells during the late-premalignant stage compared with KY controls, a feature 235 

not observed in the adenovirus-induced model (Fig. 4d). A similar late-stage increase in 236 

PD1+CD4+ and CD69+CD4+ T cells was also uniquely observed in induced KPY mice (Fig. 4e-f). 237 
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Taken together, these findings indicate that transient adenoviral infection recruits CD8+ T cells into 238 

the injected mammary gland, where they differentiate into tissue-resident T cells. These virus-239 

induced CD8+ T cells display a persistently activated phenotype that likely obscures the CD8+ T 240 

cell response elicited by the expanding p53-null mutant MEC population. In parallel, viral infection 241 

appears to drive otherwise quiescent CD4+ T cells into a transient, IFN-γ-producing, virus-specific 242 

state, which may limit their engagement in immune responses against p53-null MECs. 243 

 244 

Adenoviral infection-induced CD8+ T cell influx affects the myeloid compartment 245 

Lastly, we examined the myeloid compartment in the mammary gland. In the TAM-induced model, 246 

induced p53-loss in luminal MECs resulted in increased macrophage infiltration (both in 247 

percentage and absolute number) at mid- and late-premalignant stages (in KPY vs. KY, Fig. 5a-248 

b). In contrast, adenovirus-induced PY and R26Y mice exhibited a pronounced reduction in the 249 

macrophage proportion, whereas absolute macrophage numbers remained more comparable to 250 

those observed in TAM-induced mice (Fig. 5a-b). These macrophage changes appeared to be 251 

driven primarily by adenoviral infection rather than p53 status. Nevertheless, related to p53-loss, 252 

a modest late-stage increase in macrophage abundance was also detected in adenovirus-induced 253 

PY mice (Fig. 5a-b). Despite these quantitative differences, macrophage polarization marker 254 

expression (e.g., CD206, CD86, and I-A/I-E) remained largely similar between adenovirus-255 

induced and TAM-induced models (Fig. 5c-e). However, we observed a trend toward reduced 256 

CD206+, MHC-II+ (i.e., I-A/I-E+), or CD86+ macrophage subpopulations in mice with induced loss 257 

of p53 (PY or KPY) compared with their respective controls (R26Y or KY) (Fig. 5c-e). 258 

 259 

Discussion 260 
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In this work, by characterizing and comparing mammary gland immune cells during premalignant 261 

stages in breast cancer mouse models with the same driver and tumor outcomes but different 262 

induction approaches, we observed that transient adenoviral infection not only led to an expected 263 

initial immune response, but also reshaped the mammary gland immune microenvironment long-264 

term. The main viral infection-induced long-lasting change was the profound increase in CD8+ 265 

tissue-resident T cells, thereby confounding the detection of p53 loss-induced CD8+ T cell 266 

responses. Moreover, transient adenoviral exposure appeared to skew CD4+ T cells toward IFN-267 

γ-producing anti-virus-specific states at the mid-stage. Whether such CD4+ T cell state affects 268 

their response to p53-deficient MECs during premalignancy is unclear.  Although compared to T 269 

cells, the myeloid compartment was less affected by the adenoviral exposure, the expansion of T 270 

cell population in the adenovirus-induced model may have compressed the myeloid compartment. 271 

In the TAM-induced KPY (vs. KY) mice, induced loss of p53 in luminal MECs led to significant 272 

increases in both the percentage and absolute number of macrophages at both mid- and late-273 

stages of premalignancy. However, such changes were less profound in adenovirus-induced PY 274 

(vs. R26Y) mice. Nevertheless, both modeling approaches revealed a similar trend of reductions 275 

in CD206+, MHC-II+ (i.e., I-A/I-E+), or CD86+ macrophage subpopulations, correlating with induced 276 

p53-loss. Overall, this study highlights the complexity of immune cell changes when using different 277 

cancer-induction approaches and offers practical insights for selecting an appropriate induction 278 

system to achieve more accurate interpretations of immune regulation during mammary 279 

tumorigenesis and beyond. 280 

 281 

Despite adenovirus-induced changes in the mammary gland immune landscape, adenovirus-282 

induced PY and TAM-induced KPY mice (under similar genetic background) developed mammary 283 

tumors with a similar latency 17. This does not necessarily suggest that virus-induced changes in 284 

mammary gland immune cells have no influence on the course of tumor development. Other 285 
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factors, such as the time required for p53-deficient MECs to acquire secondary driver mutations, 286 

may play a more dominant role in determining the tumor latency. Alternatively, as a tightly 287 

regulated host defense system, virus-induced upregulation of CD8+ tissue-resident T cells may 288 

be off-set by changes in other immune cell subsets (e.g., macrophages), making the overall 289 

immune reactions toward p53-null mutant MECs comparable to those without the virus-induced 290 

changes. 291 

 292 

Viral infections have been found in both normal and neoplastic human breast epithelial cells. 293 

Although infections by viruses such as Epstein-Barr virus (EBV), human cytomegalovirus (HCMV), 294 

certain human papillomaviruses (HPV), and mouse mammary tumor viruses (MMTV) are more 295 

frequently found in human breast cancers 31-34, viral infections of normal human breast epithelial 296 

cells have also been reported 33,35. For instance, it was reported that HCMV infection could be 297 

detected in glandular epithelium in 63% of normal adult breast cases 33. In another study, it was 298 

shown that EBV infection occurs in breast epithelial cells but not in breast cancer cells 35. 299 

Interestingly, similar to adenovirus, HCMV is a DNA virus that does not typically integrate its DNA 300 

into the host genome and persists in the host cell episomally 36. It is possible that viral infections 301 

of human breast epithelial cells, even only transient, could also lead to long-last changes in the 302 

immune cell landscape in the affected breast tissues, which may have influences on the risk of 303 

breast cancer development. 304 

 305 

Adenovirus-Cre infection is a commonly used approach to induce cancer initiation in genetically 306 

engineered mice, such as those for lung cancer 37,38, ovarian/gynecologic cancers 39,40, sarcoma 307 

41,42, and bladder cancer 43,44. It is anticipated that transient adenoviral infection in their 308 

corresponding tissues of origin may also affect their immune landscapes, potentially leading to 309 
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long-lasting immune cell changes locally. Thus, caution should be taken when interpreting 310 

immune-related data from cancer mouse models when this induction approach is used. 311 

 312 

Methods 313 

Animals 314 

All animal experiments were conducted in accordance with the approved animal protocol 315 

(2020N000122) and overseen by the Institutional Animal Care and Use Committee (IACUC) of 316 

Brigham and Women’s Hospital (BWH). The reporting in the manuscript follows the 317 

recommendations in the ARRIVE guidelines. Trp53fl/fl mice (B6.129P2- Trp53tm1Brn/J, strain# 318 

008462), Rosa26-stop-YFP (R26Y) mice (B6.129X1-Gt(ROSA)26Sortm1(EYFP)Cos/J, strain# 319 

006148), and K8-CreER transgenic mice (Tg(Krt8-cre/ERT2)17Blpn/J, strain# 017947) were 320 

purchased from The Jackson Laboratory (JAX). Homozygous Trp53fl/fl;R26Yhomo mice (PY) were 321 

obtained by breeding Trp53fl/fl mice with R26Y mice. K8-CreER;Trp53fl/fl;R26Yhomo mice (KPY) 322 

were produced by further crossing PY mice with K8-CreER transgenic mice. K8-CreER;R26Yhomo 323 

control mice (KY) were generated by breeding the K8-CreER allele into R26Yhomo mice. All mouse 324 

lines have been backcrossed into the FVB/NJ background for at least six generations. 325 

 326 

Mouse modeling and lineage tracing 327 

Female mice at 8 weeks of age (~15-20g of body weight) were used for lineage tracing. Cre/loxP 328 

recombination in luminal mammary epithelial cells (MECs) was induced by two approaches: 329 

adenovirus-Cre infection or tamoxifen (TAM) injection. Induced mice were analyzed at 3 or 5 330 

months later (i.e., mid-premalignant stage: ~3 months post-induction, ~20-25g of body weight; 331 

late-premalignant stage: ~5 months post-induction, ~25-35g of body weight). 332 
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The Keratin 8 (K8) promoter-driven Cre-expressing adenoviral vector was generated in-house 333 

and deposited at the University of Iowa Viral Vector Core Facility. The Ad-K8-Cre adenovirus was 334 

subsequently obtained from the same facility (WC-Li-535). The concentrated adenovirus was 335 

diluted in sterile advanced DMEM/F12 culture medium supplemented with 0.1% Bromophenol 336 

blue and 0.01 M CaCl2. 5 µL of the diluted adenovirus prep (109 pfu/mL) or the virus dilution buffer 337 

alone was injected into each abdominal mammary gland, as previously described 22. 338 

For tamoxifen-induced recombination, tamoxifen (T5648, Sigma-Aldrich, Chicago, USA) was 339 

dissolved in corn oil by rotating at 37 °C overnight to a final concentration of 50 mg/mL. Mice 340 

received intraperitoneal (i.p.) injections of 5 mg tamoxifen (100 µL) every other day for two doses. 341 

 342 

Mammary gland single cell preparation 343 

Mice were euthanized by carbon dioxide (CO2) overdose in Euthanex multi-cage chamber units, 344 

which were set to introduce 100% CO2 at a fill rate of 30% displacement of the chamber volume 345 

per minute with CO2, added to the existing air in the chamber. Both abdominal (#4) mammary 346 

glands were harvested from each individual mouse and then pooled as a single sample. Tissues 347 

were minced into fine fragments and digested in digestion media (5 mL advanced DMEM/F12 348 

culture medium containing 2% Fetal Bovine Serum (FBS), 1% HEPES, 16.5 µg Collagenase I, 349 

and 75 µg DNase I) at 37 °C for 1 hour with rotation. The resulting single-cell suspension was 350 

treated with Red Blood Cell (RBC) lysis buffer for 5 minutes at room temperature (RT) to deplete 351 

RBCs. After washing out the lysis buffer, the remaining cells were subjected to flow cytometry 352 

analysis. 353 

 354 

Flow cytometry (FACS) analysis 355 
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To assess cytokine expression via intracellular staining, an aliquot of single-cell suspension from 356 

the mammary gland digestion was incubated with a cell activation cocktail in RMPI 1640 357 

supplemented with 10% FBS and 1% Penicillin-Streptomycin for 5 hours in the presence of 358 

Brefeldin A. The remaining cells were immediately subjected to antibody staining for the surface 359 

markers. 360 

Briefly, the cells were first incubated with fixable viability dye (1:500 dilution) for 20 minutes at RT 361 

in the dark to label the dead cells. After centrifugation and removal of the dye solution, the cells 362 

were incubated with anti-mouse CD16/32 antibody (1:200; Cat# 156603, clone S17011E; 363 

BioLegend, San Diego, USA) at 4 °C for 5 minutes to block non-specific binding. Subsequently, 364 

cells were stained with a master mix of fluorophore-conjugated antibodies against surface 365 

markers (see Table 1 for details) at 4 °C for 30 minutes, with dilutions as specified by the 366 

manufacturers' protocols. After washing out the antibody dilution, the cells were resuspended and 367 

immediately analyzed by flow cytometry. 368 

For intracellular staining, pre-activated cells were harvested and processed for surface marker 369 

staining first, as described above. Then, the cells were fixed and permeabilized using the True-370 

Nuclear Transcription Factor Buffer Set (Cat# 424401, BioLegend), and subsequently labeled 371 

with the corresponding FACS antibodies. 372 

FACS data were acquired on a BD LSR II or BD Symphony A5 analyzer (BD Biosciences, San 373 

Jose, USA) and analyzed using Flowjo software (10.10.0). Gating strategies are provided in 374 

Supplementary Fig. 3. 375 

 376 

Statistics 377 

The results were presented as mean ± S.E.M. Student’s t tests were used for the comparisons 378 

between two groups. Comparisons of multiple groups were performed by two-way ANOVA, and 379 
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p-values were adjusted using Tukey’s method. No randomization or blinding was used in the in 380 

vivo studies. Differences are considered to be significant for *p＜0.05, **p＜0.01, and ***p＜0.005. 381 

 382 

References 383 

1 Grivennikov, S. I., Greten, F. R. & Karin, M. Immunity, inflammation, and cancer. Cell 140, 384 

883-899, doi:10.1016/j.cell.2010.01.025 (2010). 385 

2 Shalapour, S. & Karin, M. Immunity, inflammation, and cancer: an eternal fight between 386 

good and evil. J Clin Invest 125, 3347-3355, doi:10.1172/JCI80007 (2015). 387 

3 Goff, S. L. & Danforth, D. N. The Role of Immune Cells in Breast Tissue and 388 

Immunotherapy for the Treatment of Breast Cancer. Clin Breast Cancer 21, e63-e73, 389 

doi:10.1016/j.clbc.2020.06.011 (2021). 390 

4 Swann, J. B. & Smyth, M. J. Immune surveillance of tumors. J Clin Invest 117, 1137-1146, 391 

doi:10.1172/JCI31405 (2007). 392 

5 Vesely, M. D., Kershaw, M. H., Schreiber, R. D. & Smyth, M. J. Natural innate and adaptive 393 

immunity to cancer. Annu Rev Immunol 29, 235-271, doi:10.1146/annurev-immunol-394 

031210-101324 (2011). 395 

6 Zhang, S. et al. Tumor initiation and early tumorigenesis: molecular mechanisms and 396 

interventional targets. Signal Transduct Target Ther 9, 149, doi:10.1038/s41392-024-397 

01848-7 (2024). 398 

7 Rodriguez-Bejarano, O. H., Parra-Lopez, C. & Patarroyo, M. A. A review concerning the 399 

breast cancer-related tumour microenvironment. Crit Rev Oncol Hematol 199, 104389, 400 

doi:10.1016/j.critrevonc.2024.104389 (2024). 401 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 18 

8 Veglia, F., Sanseviero, E. & Gabrilovich, D. I. Myeloid-derived suppressor cells in the era 402 

of increasing myeloid cell diversity. Nat Rev Immunol 21, 485-498, doi:10.1038/s41577-403 

020-00490-y (2021). 404 

9 Anderson, K. G. et al. Leveraging immune resistance archetypes in solid cancer to inform 405 

next-generation anticancer therapies. J Immunother Cancer 11, doi:10.1136/jitc-2022-406 

006533 (2023). 407 

10 Liu, C., Wu, P., Zhang, A. & Mao, X. Advances in Rodent Models for Breast Cancer 408 

Formation, Progression, and Therapeutic Testing. Front Oncol 11, 593337, 409 

doi:10.3389/fonc.2021.593337 (2021). 410 

11 Deng, C. X. Conditional knockout mouse models of cancer. Cold Spring Harb Protoc 2014, 411 

1217-1233, doi:10.1101/pdb.top074393 (2014). 412 

12 Van Keymeulen, A. et al. Distinct stem cells contribute to mammary gland development 413 

and maintenance. Nature 479, 189-193, doi:nature10573 [pii] 414 

10.1038/nature10573 (2011). 415 

13 Wagner, K. U. et al. Cre-mediated gene deletion in the mammary gland. Nucleic Acids 416 

Res 25, 4323-4330 (1997). 417 

14 Feil, R. et al. Ligand-activated site-specific recombination in mice. Proc Natl Acad Sci U S 418 

A 93, 10887-10890, doi:10.1073/pnas.93.20.10887 (1996). 419 

15 Feil, R., Wagner, J., Metzger, D. & Chambon, P. Regulation of Cre recombinase activity 420 

by mutated estrogen receptor ligand-binding domains. Biochem Biophys Res Commun 421 

237, 752-757, doi:10.1006/bbrc.1997.7124 (1997). 422 

16 Koren, S. et al. PIK3CA induces multipotency and multi-lineage mammary tumours. 423 

Nature 525, 114-118, doi:10.1038/nature14669 (2015). 424 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 19 

17 Tao, L., Xiang, D., Xie, Y., Bronson, R. T. & Li, Z. Induced p53 loss in mouse luminal cells 425 

causes clonal expansion and development of mammary tumours. Nature communications 426 

8, 14431, doi:10.1038/ncomms14431 (2017). 427 

18 Van Keymeulen, A. et al. Reactivation of multipotency by oncogenic PIK3CA induces 428 

breast tumour heterogeneity. Nature 525, 119-123, doi:10.1038/nature14665 (2015). 429 

19 Wang, H. et al. Inadequate DNA Damage Repair Promotes Mammary Transdifferentiation, 430 

Leading to BRCA1 Breast Cancer. Cell 178, 135-151 e119, doi:10.1016/j.cell.2019.06.002 431 

(2019). 432 

20 Tao, L., van Bragt, M. P. A., Laudadio, E. & Li, Z. Lineage Tracing of Mammary Epithelial 433 

Cells Using Cell-Type-Specific Cre-Expressing Adenoviruses. Stem Cell Reports 2, 770-434 

779, doi:http://dx.doi.org/10.1016/j.stemcr.2014.04.004 (2014). 435 

21 Chen, X., Han, S., Zhao, D. & Li, Z. Intraductal Injection of Adenoviruses to Perform 436 

Lineage Tracing in the Mammary Gland. J Mammary Gland Biol Neoplasia 30, 10, 437 

doi:10.1007/s10911-025-09584-6 (2025). 438 

22 Xiang, D., Tao, L. & Li, Z. Modeling Breast Cancer via an Intraductal Injection of Cre-439 

expressing Adenovirus into the Mouse Mammary Gland. J Vis Exp (148), 10.3791/59502, 440 

doi:10.3791/59502 (2019). 441 

23 Rios, A. C., Fu, N. Y., Lindeman, G. J. & Visvader, J. E. In situ identification of bipotent 442 

stem cells in the mammary gland. Nature 506, 322-327, doi:nature12948 [pii] 443 

10.1038/nature12948 (2014). 444 

24 Shehata, M., van Amerongen, R., Zeeman, A. L., Giraddi, R. R. & Stingl, J. The influence 445 

of tamoxifen on normal mouse mammary gland homeostasis. Breast Cancer Res 16, 411, 446 

doi:10.1186/s13058-014-0411-0 (2014). 447 

25 Tower, H. et al. Estrogen-induced immune changes within the normal mammary gland. 448 

Scientific reports 12, 18986, doi:10.1038/s41598-022-21871-4 (2022). 449 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS

http://dx.doi.org/10.1016/j.stemcr.2014.04.004


 20 

26 Marino, S., Vooijs, M., van Der Gulden, H., Jonkers, J. & Berns, A. Induction of 450 

medulloblastomas in p53-null mutant mice by somatic inactivation of Rb in the external 451 

granular layer cells of the cerebellum. Genes Dev 14, 994-1004 (2000). 452 

27 Srinivas, S. et al. Cre reporter strains produced by targeted insertion of EYFP and ECFP 453 

into the ROSA26 locus. BMC Dev Biol 1, 4 (2001). 454 

28 Reinert, R. B. et al. Tamoxifen-Induced Cre-loxP Recombination Is Prolonged in 455 

Pancreatic Islets of Adult Mice. PLoS ONE 7, e33529, doi:10.1371/journal.pone.0033529 456 

PONE-D-11-23105 [pii] (2012). 457 

29 Fang, F. et al. The cell-surface 5'-nucleotidase CD73 defines a functional T memory cell 458 

subset that declines with age. Cell Rep 37, 109981, doi:10.1016/j.celrep.2021.109981 459 

(2021). 460 

30 Szabo, P. A., Miron, M. & Farber, D. L. Location, location, location: Tissue resident memory 461 

T cells in mice and humans. Sci Immunol 4, doi:10.1126/sciimmunol.aas9673 (2019). 462 

31 Afzal, S. et al. Interrelated Oncogenic Viruses and Breast Cancer. Front Mol Biosci 9, 463 

781111, doi:10.3389/fmolb.2022.781111 (2022). 464 

32 Gupta, I. et al. Incidence of HPVs, EBV, and MMTV-Like Virus in Breast Cancer in Qatar. 465 

Intervirology 65, 188-194, doi:10.1159/000525277 (2022). 466 

33 Harkins, L. E. et al. Detection of human cytomegalovirus in normal and neoplastic breast 467 

epithelium. Herpesviridae 1, 8, doi:10.1186/2042-4280-1-8 (2010). 468 

34 Lawson, J. S. & Glenn, W. K. Evidence for a causal role by mouse mammary tumour-like 469 

virus in human breast cancer. NPJ breast cancer 5, 40, doi:10.1038/s41523-019-0136-4 470 

(2019). 471 

35 Hu, H. et al. Epstein-Barr Virus Infection of Mammary Epithelial Cells Promotes Malignant 472 

Transformation. EBioMedicine 9, 148-160, doi:10.1016/j.ebiom.2016.05.025 (2016). 473 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 21 

36 Zeng, J. et al. Exploring the Potential of Cytomegalovirus-Based Vectors: A Review. 474 

Viruses 15, doi:10.3390/v15102043 (2023). 475 

37 DuPage, M., Dooley, A. L. & Jacks, T. Conditional mouse lung cancer models using 476 

adenoviral or lentiviral delivery of Cre recombinase. Nat Protoc 4, 1064-1072, 477 

doi:nprot.2009.95 [pii] 478 

10.1038/nprot.2009.95 (2009). 479 

38 Sutherland, K. D. et al. Cell of origin of small cell lung cancer: inactivation of Trp53 and 480 

Rb1 in distinct cell types of adult mouse lung. Cancer Cell 19, 754-764, doi:S1535-481 

6108(11)00167-X [pii] 482 

10.1016/j.ccr.2011.04.019 (2011). 483 

39 Flesken-Nikitin, A., Choi, K. C., Eng, J. P., Shmidt, E. N. & Nikitin, A. Y. Induction of 484 

carcinogenesis by concurrent inactivation of p53 and Rb1 in the mouse ovarian surface 485 

epithelium. Cancer Res 63, 3459-3463 (2003). 486 

40 Park, E. S., Xiang, D., Xie, Y., Bronson, R. T. & Li, Z. Oncogenic Events Dictate the Types 487 

and Locations of Gynecological Malignancies Originating from Krt8(+) Mesothelial and 488 

Mullerian-Derived Epithelial Cells. Cancers 14, 841, doi:10.3390/cancers14030841 (2022). 489 

41 Buchakjian, M. R. et al. A Trp53fl/flPtenfl/fl mouse model of undifferentiated pleomorphic 490 

sarcoma mediated by adeno-Cre injection and in vivo bioluminescence imaging. PLoS 491 

One 12, e0183469, doi:10.1371/journal.pone.0183469 (2017). 492 

42 Kirsch, D. G. et al. A spatially and temporally restricted mouse model of soft tissue 493 

sarcoma. Nat Med 13, 992-997, doi:10.1038/nm1602 (2007). 494 

43 Kobayashi, T., Owczarek, T. B., McKiernan, J. M. & Abate-Shen, C. Modelling bladder 495 

cancer in mice: opportunities and challenges. Nat Rev Cancer 15, 42-54, 496 

doi:10.1038/nrc3858 (2015). 497 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 22 

44 Puzio-Kuter, A. M. et al. Inactivation of p53 and Pten promotes invasive bladder cancer. 498 

Genes Dev 23, 675-680, doi:gad.1772909 [pii] 499 

10.1101/gad.1772909 (2009). 500 

 501 

Acknowledgments 502 

This research was supported by U.S. National Institutes of Health (NIH) grants R01CA222560, 503 

R01CA248306, and R01CA295752, and by the Gray Foundation to ZL. 504 

 505 

Author contributions 506 

SH and ZL contributed to study conceptualization and project administration. SH and ZL 507 

contributed to data curation and formal analysis. ZL conceived and designed the experiments; SH 508 

and MZ contributed to validation and visualization; SH and ZL contributed to writing original draft 509 

and manuscript revision. SH, DZ, XC, MZ, TL, CW, HC, and ZL contributed to investigation and 510 

methodology. All authors read and approved the final manuscript. 511 

 512 

Data availability statement 513 

All data generated and analyzed in this study are included in this published article and its 514 

Supplementary files. 515 

 516 

Additional information 517 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 23 

The authors declare no competing interests. 518 

 519 

  520 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



 24 

Figure legends 521 

Fig. 1 Adenoviral infection enhanced mammary gland leucocyte infiltration. (a) Schematic 522 

diagram of lineage-tracing schemes using Cre-expressing adenovirus (Ad-K8-Cre) or tamoxifen 523 

(TAM). (b) One week post intraductal injection with Ad-K8-Cre, FACS analysis of infiltrated 524 

leukocytes (CD45+) in the mammary glands with and without (i.e., vehicle or non-injected control) 525 

adenovirus injection in R26Y mice (n=5, representative FACS plots are shown). (c) Statistical 526 

analysis of leukocyte infiltration among the Ad-K8-Cre-injected (abdominal) and non-injected 527 

mammary glands (thoracic) from the same R26Y mice, and vehicle-injected abdominal mammary 528 

glands from separate R26Y mice. (d, e) FACS and statistical analysis of leucocyte infiltration in 529 

mammary glands of KY mice with or without TAM injection (at one week after injection, n=5). P 530 

value: ***p＜0.005, ns = not significant. Data represent mean ± S.E.M. 531 

 532 

Fig. 2. Transient adenoviral infection led to T cell infiltration throughout the premalignant 533 

stage. (a) Representative FACS plots showing CD45+ leucocyte infiltration within the abdominal 534 

mammary glands at mid- (upper panel) and late-premalignant (lower panel) stages; dead cells 535 

were excluded from the parental gate. (b) Statistical analysis for leucocyte infiltration as shown in 536 

a (n=5). (c) Representative pie chart for the composition of major immune cell populations, 537 

including T cells (CD45+CD3+), NK cells (CD45+CD3-NKp46+), Macrophages 538 

(CD45+CD11b+F4/80+), dendritic cells (CD45+CD11b+CD11c+), B cells (CD45+CD19+), and 539 

neutrophils (CD45+CD11b+Ly-6G+), within the leucocyte compartment of mammary glands. P 540 

value: *p＜0.05, **p＜0.01, ns = not significant. Data represent mean ± S.E.M. 541 

 542 
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Fig. 3 Adenoviral infection resulted in abundant CD8+ tissue-resident T cells. Statistical plots 543 

for FACS analysis of mammary glands from female mice with the indicated genotypes 3 months 544 

and 5 months after inductions. (a) Quantification of percentages (left panel) and absolute cell 545 

number (right panel) of CD3+ T cells within the CD45+ compartment of mammary glands from 546 

mice with the indicated genotypes (n=5 each). (b and c) Quantification of percentages (left panel) 547 

and absolute cell number (right panel) of CD8+ (b) and CD4+ (c) T cells within the CD45+CD3+ 548 

compartment (n=5). (d and e) Statistical plots for CD103 and CD73 expression in CD8+ and CD4+ 549 

T cells at 3 months after induction (n=5). P value: *p＜0.05, **p＜0.01, ***p＜0.005, ns = not 550 

significant. Data represent mean ± S.E.M. 551 

 552 

Fig. 4 The adenoviral infection-driven CD8+ tissue-resident T cell phenotype masked p53 553 

loss-driven CD8+ T cell responses. Statistical plots for FACS analysis of mammary glands from 554 

female mice with the indicated genotypes 3 and 5 months after inductions. (a-c) Statistical plots 555 

for IFN-γ, PD-1, and CD69 expression in CD8+ T cells (n=5). (d-f) Statistical plots for IFN-γ, PD-556 

1, and CD69 expression in CD4+ T cells (n=5). P value: *p＜0.05, **p＜0.01, ***p＜0.005, ns = 557 

not significant. Data represent mean ± S.E.M. 558 

 559 

Fig. 5 Increase in macrophage abundance driven by p53-loss was blunted in virus-induced 560 

models. (a and b) Statistical plots for FACS analysis in quantifying the percentage (a) and 561 

absolute number (b) of macrophages (CD11b+F4/80+) within the CD45+ compartment of 562 

mammary glands (n=5). (c-e) Statistical plots for CD206, I-A/I-E, and CD86 expression in 563 

mammary gland macrophages (n=5). P value: *p＜0.05, **p＜0.01, ***p＜0.005, ns = not 564 

significant. Data represent mean ± S.E.M. 565 

 566 
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Supplementary Fig. 1 Schematic diagrams of the genetic approaches used in different 567 

mouse models. (a) Ad-K8-Cre intraductal injection model; (b) K8-CreER/TAM model. 568 

 569 

Supplementary Fig. 2 Initial induction rates and clonal expansion trajectories based on 570 

different induction schemes. Representative FACS plots (a) and statistical analysis (b) of the 571 

proportion of YFP+ mutant MECs within the lineage negative (Lin-, i.e., CD31-TER-119-CD45-) 572 

compartment. (c) FACS plots represent the CD24/CD29 expression pattern of Lin- cells (right) or 573 

Lin-YFP+ mutant cells (left), which defines the luminal MECs (CD24+CD29low), basal MECs 574 

(CD24+CD29high), and mesenchymal-like cells (CD24-CD29+). (d, e) The proportion (%) of mutant 575 

MECs (YFP+) within the Lin- compartment from each model. 576 

 577 

Supplementary Fig. 3 FACS gating strategy for major immune cell populations in the 578 

mammary glands. 579 

 580 

Supplementary Fig. 4 Tissue-resident CD8+ T cells exhibited an activation phenotype in 581 

mammary glands of the virus-induced model. Expression of CD69, PD-1, and CD103 in CD8+ 582 

(a) and CD4+ (b) T cells in mammary glands of mice from both models with the indicated 583 

genotypes. 584 

 585 

  586 
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Tables 587 

Table 1. FACS antibodies 588 

REAGENT or RESOURCE SOURCE CLONE# IDENTIFIER 

Rat anti-mouse CD45 (BV605) Biolegend 3—F11 Cat# 103155  

Rat anti-mouse TER-119 (BV605) Biolegend TER-119 Cat# 116239  

Rat anti-mouse CD31 (BV605) Biolegend 390 Cat# 102427 

Rat anti-mouse CD24 (PE) Biolegend M1/69 Cat# 101808 

Hamster anti-mouse CD29 (APC) Biolegend HMβ1-1 Cat# 102216 

Rat anti-mouse CD8a (BUV395) BD 53-6.7 Cat# 565968 

Hamster anti-mouse CD3 (BUV737) BD  500A2 Cat# 741716 

Rat anti-mouse CD4 (BV711) Biolegend RM4-5 Cat# 100549 

Rat anti-mouse NKp46 (BV650) Biolegend 29A1.4 Cat# 137635 

Hamster anti-mouse CD69 

(PE/Cyanine7) 

Biolegend H1.2F3 Cat# 104512 

Rat anti-mouse PD-1 (PE/Cyanine5) Biolegend 29F.1A12 Cat# 135255 

Rat anti-mouse CD45 (Alexa Fluor 700) Biolegend 30-F11 Cat# 103128 

Rat anti-mouse IFN-γ (BV605) Biolegend XMG1.2 Cat# 505839 

Rat anti-mouse CD73 (BV605) Biolegend TY/11.8 Cat# 127215 

Mouse anti-mouse CD103 (BV421) Biolegend QA17A24 Cat# 156915 

Rat anti-mouse F4/80 (BUV395) BD T45-2342 Cat# 565614 

Rat anti-mouse CD19 (BUV737) BD 1D3 Cat# 612782 

Rat anti-mouse CD11b (BV650) Biolegend M1/70 Cat# 101239 

Rat anti-mouse I-A/I-E (BV605) Biolegend M5/114.15.2 Cat# 107639 

Hamster anti-mouse CD11c (BV510) Biolegend N418 Cat# 117337 

Rat anti-mouse Ly-6G (BV421) Biolegend 1A8 Cat# 127627 
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Rat anti-mouse CD86 (PerCP/Cyanine 

5.5) 

Biolegend GL-1 Cat# 105027 

Rat anti-mouse CD206 (PE/Dazzle 594) Biolegend C068C2 Cat# 141732 

Zombie NIR Fixable Viability Kit Biolegend N/A Cat# 423106 

Zombie UV Fixable Viability Kit Biolegend N/A Cat# 423108 

 589 
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