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Tissue-Based Biology Provides
Insight into Pregnancy-Associated
Breast Cancer

For the last several decades, the field of
has been
focused on identifying the intricacies of

experimental  carcinogenesis
single-cell transformation. A complement
to this epithelial cell-centric theory pro-
poses that cellular transformation and pro-
gression are driven by deregulation at the
tissue level."? Interest in the tissue-based
theory of carcinogenesis has been increased
by abundant evidence that stromal and
immune cells dictate epithelial cancer out-
comes.> We have utilized a tissue-based
framework to investigate the increased
incidence and poor prognosis of preg-
nancy-associated breast cancers (PABC)
that arise in the postpartum setting. Large
epidemiologic studies show that a woman
is at increased risk for breast cancer for five
to ten years after a completed pregnancy.’
Importantly, patients diagnosed with post-
partum breast cancer also have poorer prog-
nosis than nulliparous women even after
matching for patient age and tumor stage.
If PABC is defined using these epidemio-
logic data, up to 12,500 recent mothers per
year in the United States may have breast
cancer confounded by pregnancy.® In spite
of these numbers, PABC remains largely
under-recognized and understudied.
Recently, we determined that normal
physiologic mechanisms of postpartum

drug; TAMs, tumor-associated macrophages

mammary gland involution likely account
for the poor prognosis of PABC. We
found that programs similar to those
involved in wound healing are activated
to remodel the lactationally competent
mammary gland back to a non-secretory
state. An undesired consequence of this
tissue remodeling is the generation of a
pro-tumorigenic microenvironment.>°
One identified mechanism links the
fibrillar collagen deposition seen during
normal involution to high cyclooxygen-
ase-2 (COX-2) expression in tumor cells
and subsequent tumor cell metastasis.®
In a xenograft model, non-steroidal anti-
inflammatory drug (NSAID) treatments,
limited to the window of postpartum
mammary gland involution, were suffi-
cient to eliminate the tumor-promotional
attributes of involution. Remarkably, in
addition to targeting tumor cells directly,
NSAID  treatment prevented fibrillar
collagen deposition characteristic of the
postpartum involuting mammary gland,
highlighting the role of a normal stromal
change, i.e., collagen, in driving carcino-
genesis. While an NSAID-based strat-
egy for PABC prevention and treatment
is one possibility, in the background of
human breast tumor heterogeneity and
host differences (women’s age, genet-
ics, reproductive history, immune status,
etc.,), mining the biology of postpar-
tum breast involution for new targets is
essential.
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Involution-Associated
Macrophages as a Potential
Pharmacologic Target for PABC

Further
induced mammary gland involution in
rodents has identified additional factors
that likely contribute to mammary tumor

characterization of weaning-

promotion, and as such represent unex-
plored avenues for prevention and targeted
treatment of PABC. During involution,
macrophages that express arginase-1 and
mannose receptor, both markers of alterna-
tive activation, are recruited into the mam-
mary gland’ Importantly, alternatively
activated macrophages share characteris-
tics with tumor promotional macrophages
(tumor-associated macrophages, TAMs),
and thus may contribute to PABC promo-
tion.” For example, TAMs can be directly
tumor promotional through secretion of
growth factors.” Additionally, immature
macrophages are capable of suppress-
ing cytotoxic T cell function, creating
an  immunosuppressive —microenviron-
ment further conducive to tumor cell
promotion.® We propose a similar immu-
nomodulatory role for normal involution-
associated macrophages, thus permitting
immune evasion by the tumor in the post-
partum period. Recent published data pro-
vide support for this hypothesis, as high
tumor macrophage infiltrate and low cyto-
toxic T cell numbers can predict decreased
survival in breast cancer patients’ By
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Figure 1. Model of pro-tumorigenic immune modulation by phagocytic mammary epithelial cells. Upon the switch from lactation (left) to involution
(right), milk-producing mammary epithelial cells undergo apoptosis (dark blue cells) and are extruded into the alveolar lumen. Other milk-producing
mammary epithelial cells transition to become phagocytic (light blue cells) and engulf the shed apoptotic cells. Clearance of apoptotic cells is pre-
dicted to result in release of Th2-like cytokines and growth factors from the phagocytic mammary epithelial cells. This cytokine milieu is anticipated
to promote alternative activation of macrophages (Md) and inhibition of cytotoxic T cells (CTL), resulting in an immunosuppressed, tumor-supportive

determining how involution-associated
macrophages obtain their alternatively-
activated phenotype, as well as identifying
their potential role in T cell suppression,
we hope to identify novel immune-based
targets for PABC.

Mammary Epithelial Cells as
Potential Drivers of the Involution
Macrophage Phenotype

One possible mechanism accounting for
the phenotype of involution macrophages
is that they become alternatively activated
as a consequence of apoptotic epithelial
cell clearance. During involution, an esti-
mated 50-80% of the milk-producing
epithelial cells undergo programmed cell
death,” and surprisingly, mammary epi-
thelial cells themselves have been identi-
fied as the primary phagocyte responsible
for clearance of their apoptotic neigh-

bors.!°

Importantly, to minimize self-
antigen exposure, apoptotic cell clearance

by professional phagocytes (macrophages
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Though studies regarding phagocytic
mammary epithelial cells are limited,
initial data suggest these amateur phago-
cytes (epithelial cells) utilize immune
suppressive mechanisms comparable to
their professional counterparts.'” Here, we
expand on this idea to predict that phago-
cytic mammary epithelial cells promote
alternative macrophage activation, and
thus drive local immune suppression dur-
ing involution (Fig. 1). Using this phys-
iology-based, whole-tissue paradigm, we
hope to expand upon our current knowl-
edge of the dynamic interactions between
phagocytic mammary epithelial cells and
the local immune milieu of the involut-
ing gland. Importantly, interventions that
sway the postpartum mammary gland
microenvironment from a tumor cell pro-
motional environment to more neutral
territory are anticipated to reduce PABC
incidence and progression.
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