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NK cells beat T cells at early breast cancer control
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ABSTRACT
Cancer immunosurveillance generally relies on adaptive immune programs executed by CD8+ 

T cells. Our findings demonstrate that CD8+ T cells fail to control early oncogenesis in a mouse 
model of luminal B breast cancer and suggest that natural killer (NK) cells may instead play 
a predominant role in this setting.
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It is now accepted that tumors emerge, progress and respond to 
treatment in the context of a complicated bidirectional interaction 
with the host, which involves a major immunological 
component.1,2 Thus, while malignant cell precursors are initially 
recognized and eliminated by the immune system, the accumula-
tion of genetic and epigenetic defects in (pre)neoplastic cells 
enable an equilibrium phase that ultimately converts into overt 
immune escape and uncontrolled disease progression.1,2 A large 
body of evidence from multiple groups spearheaded by the 
Schreiber laboratory demonstrates that CD8+ cytotoxic 
T lymphocytes (CTLs) are critical for cancer immunosurveillance 
in a variety of carcinogen-driven and spontaneous mouse tumor 
models, including methylcholanthrene (MCA)-driven sarcomas.3 

Apparently at odds with this notion, our recent findings indicate 
that CD8+ CTLs fail to control 7,12-dimethylbenz[a]anthracene 
(DMBA)-initiated, medroxyprogesterone (MPA)-accelerated 
mammary carcinomas emerging in immunocompetent C57BL/6 
mice, whereas natural killer (NK) cells are the main effectors of 
early cancer immunosurveillance in this setting.4

An estimated 276,480 new cases of breast cancer (BC) and 
42,170 new BC-related deaths have been quantified to affect 
women living in the US in 2020, a majority of which originate 
from hormone receptor (HR)-positive (luminal A and luminal 
B) disease.5 Thus, despite the progress achieved over the past 
decades on the early detection and clinical management of HR+ 

BC, many women still succumb to this devastating disease, 
calling for the development of therapeutic regimens with 
superior clinical activity. An exciting development in this 
sense has recently come from the realization that cyclin- 
dependent kinase 4 (CDK4) and CDK6 inhibitors significantly 
extend the overall survival of women with advanced HR+ BC 

receiving hormonotherapy.6 Conversely, despite substantial 
expectations, immunotherapy with immune checkpoint block-
ers (ICBs) employed as standalone agents is virtually inactive in 
patients with HR+ BC,7 largely reflecting the limited infiltration 
of these neoplasms by immune cells.8

The lack of a preclinical model recapitulating the emergence 
and progression of HR+ BC in fully immunocompetent hosts has 
considerably hampered the development of efficient immunother-
apeutic regimens for the disease.9 Indeed, human HR+ BC cell 
lines such as MCF7 cells are intrinsically incompatible with immu-
nological studies in vivo. Moreover, while transplantable mouse 
HR+ BC models such as TSA cells can be employed to generate 
tumors in immunocompetent syngeneic BALB/c mice, they have 
been considerably immunoedited in their original host, implying 
that they have already evaded immunosurveillance. Finally, geneti-
cally engineered mouse models of BC such as the MMTV-PyMT 
and MMTV-HER2 models (1) lack HR expression, de facto mod-
eling triple negative breast cancer (TNBC) and erb-b2 receptor 
tyrosine kinase 2 (ERBB2, best known HER)-overexpressing BC, 
and (2) exhibit a relatively low mutational burden, suggesting that 
they are virtually invisible to the adaptive immune system.9

In view of the aforementioned considerations, we embarked in 
the comprehensive characterization of mammary carcinomas dri-
ven by DMBA and MPA in C57BL/6 mice as a potential model for 
immunological studies in the HR+ BC space. We found that these 
tumors are histologically and transcriptionally similar to human 
luminal B (highly proliferative HR+HER2−) BC, and emerge by an 
oncogenic process that depends on the transcriptional activity of 
estrogen receptor 1 (ESR1) and is coupled to the evasion of 
immunosurveillance.4 Consistent with this notion, oncogenesis 
and tumor progression (culminating in the death of tumor- 
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bearing mice) are accelerated in highly immunodeficient 
Rag2−/-Il2rg−/- mice (which lack T cells, B cells and NK cells), as 
well as in mice lacking the key immune effector interferon gamma 
(IFNG).4 Moreover, palpable DMBA/MPA-driven mammary car-
cinomas (1) exhibit a transcriptional signature enriched in genes 
involved in cell cycle progression and proliferation, but deprived 
of genes involved in immunological functions, and (2) are scarcely 
infiltrated by immune effector cells as they display a CD4 com-
partment that is polarized toward immunosuppression by 
CD4+CD25+FOXP3+ regulatory T (TREG) cells. Finally, DMBA/ 
MPA-driven mammary carcinomas resemble human HR+ BC in 
their limited sensitivity to ICBs targeting programmed cell death 1 
(PDCD1, best known as PD-1).4

Intriguingly, we found that DMBA/MPA-driven oncogenesis is 
not altered by the Rag2−/- genotype (which imposes a defect in 
T cells and B cells, but largely spares NK cells), nor by the anti-
body-mediated co-depletion of CD4+ and CD8+ T cells. 
Conversely, the depletion of cells expressing killer cell lectin like 
receptor K1 (KLRK1, best known as NKG2D), which encompass 
NK cells and a fraction of T cells, phenocopied the detrimental 
effects of the Rag2−/-Il2rg−/- genotype on disease emergence and 
progression.4 Moreover, while MCA-driven sarcomas emerging in 
immunocompetent, syngeneic mice can be transplanted (at least 
in a fraction of cases) into immunocompetent recipients, reflecting 
the ability of T cells from the original host to limit the antigenicity 
of evolving tumors,3 the same did not hold true for DMBA/MPA- 
driven carcinomas.4 That said, the therapeutic efficacy of anthra-
cycline-based chemotherapy and/or the experimental caloric 
restriction mimetics (CRMs) hydroxycitrate and nicotinamide 
(both of which potently induce autophagy) against established 
DMBA/MPA-driven carcinomas can be abrogated by the anti-
body-mediated co-depletion of CD4+ and/or CD8+ T cells.4,10 

Thus, adaptive immune responses specific for DMBA/MPA- 
driven tumors can be (re-)instated by various agents and ulti-
mately support therapeutic efficacy, delineating a role for CD8+ 

CTLs in tumor control elicited by treatment.
In summary, our observations indicate that the early emer-

gence of mammary carcinomas driven by MPA and DMBA in 
C57BL/6 mice involves the evasion of natural immunosurveillance 
by NK cells, not CD8+ CTLs. The precise mechanisms underlying 

this observation remain to be elucidated. NK cell activation is 
indeed controlled by a balance of activating and inhibitory 
signals,11 and the relative contribution of such signals to the 
immunosurveillance of DMBA/MPA-driven tumors remains to 
be systematically dissected. Despite this and other open questions, 
our data raise the intriguing possibility that the immune compart-
ment of established DMBA/MPA-driven mammary tumors may 
be susceptible to re-activation by NK cell-targeting maneuvers, 
including recombinant interleukin 15 (IL-15) and ICBs targeting 
killer cell lectin like receptor C1 (KLRC1, best known as NKG2A) 
(Figure 1). As this possibility awaits experimental verification, 
signs of evasion from NK-cell immunosurveillance including 
increased expression levels of NKG2A have already been docu-
mented in patients with HR+ BC.12 Altogether, these findings 
point to the NKG2A-targeting ICB monalizumab, which has 
already been tested for safety and demonstrated promising clinical 
activity in patients with squamous cell carcinoma of the head and 
neck,13 as to a potential immunotherapeutic agent for the manage-
ment of HR+ BC. To the best of our knowledge, no clinical trials 
have yet been initiated to investigate the therapeutic profile of 
monalizumab in this patient subset.
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Figure 1. Failing NK cell immunosurveillance may reveal novel immunother-
apeutic approaches for luminal B breast cancer. Endogenous mammary carcino-
mas driven in immunocompetent C57BL/6 female mice by 7,12-dimethylbenz[a] 
anthracene (DMBA) and medroxyprogesterone acetate (MPA) – a model of luminal 
B breast cancer in women – are under early immunosurveillance by natural killer (NK) 
cells, not CD8+ cytotoxic T cells. This observation raises the interesting and hitherto 
untested possibility that agents targeting NK cells, including recombinant interleukin 
15 (rIL-15) and antibodies blocking killer cell lectin like receptor C1 (KLRC1, best 
known as NKG2A), may mediate therapeutic activity not only against DMBA/MPA- 
driven tumors in mice, but also against luminal B breast cancers in women. That said, 
the adaptive immune system of mice bearing DMBA/MPA-driven tumors has not lost 
the ability to mount tumor-targeting responses upon administration of immunosti-
mulatory chemotherapeutics or caloric restriction mimetics (CRMs). TREG, regulatory T.
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