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3D KUPERWAGSSER LAB

3_D Over the past year, the Kuperwasser lab has focused on defining how
chronic, low-dose exposures to environmental chemicals, particularly
BREAST MODELS endocrine-disrupting chemical (EDC) mixtures, reshape human breast

tissue development and contribute to cancer susceptibility. Using
their established human breast organoid platform, in which human
breast cells form a developing breast organ in tissue culture, they
conducted screening studies that revealed environmental chemical-
specific (mostly endocrine disruptor) and mixture-specific disruption
of mammary gland formation, including alterations in organoid
number, architecture, and type of cell in the organoid. These studies
show that common environmental chemicals drive normal breast cells
towards becoming pre-cancers and, ultimately, full-blown cancers.
Mechanistically, in collaboration with the Monti lab, they integrated
transcriptomic (messenger RNA) and epigenomic (DNA modifications)
analyses to demonstrate that bisphenol mixtures (e.g., BPA and BPF)
induce coordinated programs that change the environment in which
cancer cells can evolve as well as modify the 3 dimensional structure
of DNA in a way that alters which genes are expressed. They refer to
this process as epigenetic “scarring.” Importantly, these experimentally
derived scaring signatures match the scarring pattern found in invasive
lobular carcinoma (ILC), providing a direct translational bridge between
chemical exposure during breast formation and tumor formation. In
parallel, they have advanced complementary studies examining how
environmental and chemical exposures affect DNA damage, altered
immune signaling, and accelerated tissue aging processes to promote
early-onset breast cancer risk. Collectively, their work establishes a
new framework for understanding how cancers form through the lens
of developmental exposure biology and supports the urgent need
to understand the effects of exposure to mixtures of environmental
chemicals on cancer risk, the first step in developing breast cancer
prevention strategies.
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UBELLACKER LAB

CANCER As part of the Find The Cause Consortium team the Ubellacker lab
has been collaborating over the last year with other consortium
METABOLISM scientists to characterize how human breast organoids and tissues

respond to individual and combined chemical exposures. Breast
organoids are small lab-grown models of breast tissue, which they are
testing in collaboration with the Kuperwasser Lab. They are examining
the metabolic responses in these models with different chemical
exposures, such as bisphenols. The metabolic responses they are
measuring are the chemical processes cells use to generate energy
and build or break down molecules needed for growth and survival.
They are working to define metabolic patterns that are specific to
different breast cancer subtypes as a foundation for a breast cancer
metabolic “atlas” to better understand how chemical exposures can
alter breast tissues to make them more cancer-prone. Along with Dr.
Kuperwasser, the Ubellacker lab is working with a new collaborator,
Dr. Peng Gao, to optimize conditions for analyzing chemical-exposed
organoids for metabolomics analyses, which would measure small
molecules within cells and tissues. They also launched a project with
Dr. Bob Varelas' lab focused on potential lipid (fat)-based exposures
in the lymph node and how they may contribute to early-stage
breast cancer cell survival. This past year, graduate students from
the Varelas and Ubellacker labs also participated in local community
outreach efforts by visiting a nearby middle school. There, they spoke
with students about cancer awareness and shared age-appropriate
information about cancer research and prevention.
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MONTI LAB

COMPUTAT'ONAL The Monti lab is continuing their investigation of the mechanisms

of breast and other cancer tumor formation in collaboration with
BIOLOGY members of the Find The Cause Consortium. In collaboration with
the Kuperwasser Lab, they are evaluating the effects of endocrine
disrupting exposures (e.g., bisphenols) on breast development and
their carcinogenic potential. With the Varelas Lab, they are examining
how age influences cancer initiation and progression by analyzing
publicly available large datasets and integrating these with their in
house data that demonstrate that cancers express specific molecular
changes ("signatures”). Their hypothesis, supported by preliminary
data, is that aging remodels the tumor microenvironment in a way
that supports cancer formation and decreases immune responses
to those cancers. Finally, they are investigating biological and
environmental determinants of healthy aging and longevity through
analyses of molecular signatures of people of various ages including
centenarians (2100 years) and super centenarians (2110 years). These
complementary efforts aim to advance the understanding of how
intrinsic, lifestyle, and environmental factors interact to influence
carcinogenesis.

Over the reporting period, the team produced a substantial body of
peer reviewed publications that advance mechanistic understanding
of how cancers form and how they can be prevented, specifically
focusing on the role of the tissue surrounding the cancer (the
“tumor microenvironment”) and the contribution of aging through
computational analysis of very dense sets of human molecular
signature data. They also have developed computational programs
broadly useful to the research community. Finally, they published highly
granular analyses of molecular signals within single cancer cells and
single cells of the tumor microenvironment. This “single cell molecular
signatures atlas” identifies cell types and interactions linked to tumor
behavior. This, along with similar atlases that they have generated,
are already being used by collaborators and have been highlighted
in press briefings.
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QUINTANA LAB

CANCER The Quintanalab has made significant progress in defining mechanistic
links between environmental chemical sensing pathways and tumor-
|MMUNOLOGY associated immunosuppression, as well as advancing translational

strategies to target these pathways.

A major advance has been the identification of novel roles for
the aryl hydrocarbon receptor (AHR) in promoting IL-11-driven
immunosuppression within the tumor microenvironment (TME). (IL-
1 is a hormone-like molecule that regulates immune responses to
cancer). They and others have shown that the AHR recognizes several
environmental chemicals (e.g., dioxin, hydrocarbons) and mediates
many of the untoward effects of these environmental chemicals,
including cancer development2. Using models of brain cancer, they
have been testing their hypotheses that environmental chemicals
bind to and activate the AHR which then drives immunosuppression
that blocks killing of nascent tumors and pre-tumors through IL-11
production. In particular, their published data (Faust et al, Nature
2025) established that tumor-derived IL-11 induces a pathway in the
tumor microenvironment leading to immune cell death and impaired
tumor-specific immune responses. These findings provide strong
experimental validation of their proposed AHR->IL-T1-immune cell
death as a central mechanism of cancer immune evasion.

They are currently extending these findings to determine whether
this pathway operates in the breast tumor microenvironment.
Ongoing studies are interrogating human datasets and experimental
models to assess AHR activation, IL-11 expression, and downstream
immunosuppressive signaling in preneoplastic and malignant breast
tissue. These efforts will define the extent to which the AHR-IL-11 axis
represents a conserved mechanism through which tumors evade the
immune system across tumor types, and specifically its relevance to
breast cancer development and progression.

In parallel, they have initioted the development of potentially
preventative and therapeutic strategies targeting IL-11 signaling.
These include the generation of novel IL-11-blocking antibodies as
well as small-molecule inhibitors designed to disrupt this pathway.
Early efforts are focused on evaluating their capacity to prevent
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QUINTANA LAB

CANCER IL-T1-mediated activation of immunosuppressive programs and
restore effective anti-tumor immune responses. These approaches
IMMUNOLOGY are aligned with the proposal’'s goal of identifying preventive and

therapeutic interventions for breast and potentially other cancers via
targeting IL-11 signaling pathways.

Relevant to work from Dr. Ubellacker’s lab, the Quintana lab found
that the AHR also regulates immunometabolic pathways in a subset
of immune cells (dendritic cells) that suppress immune responses.
("Immunometabolic” means the types of small molecules that regulate
energy use in immune cells). In a new manuscript by Polonio et al.
(submitted), they found that AHR signaling promotes the production
of immunoregulatory metabolites including DHA, a fatty acid,
which limit effector immune T cell responses. This AHR-dependent
immunometabolic  reprogramming represents an  additional
mechanism by which AHR contributes to immune suppression beyond
IL-11 signaling.

Collectively, these findings substantially strengthen the conceptual
framework of their prevention work by positioning AHR as a central
regulator of both cytokine-mediated (IL-11-TRAIL) and metabolic (DC-
driven) immunosuppressive pathways. Ongoing studies will continue
to define the relevance of these mechanisms in breast cancer and
advance the development of targeted interventions aimed at
disrupting AHR-driven immune evasion prior to full-blown malignancy.
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VARELAS LAB

CHEM|CALS' The Varelas Lab is advancing its research on the molecular and
cellular mechanisms underlying cancer initiation and progression,

AGING & investigating how events that trigger inflammation in the soon-to-
CANCER be breast and upper airway cancer microenvironment. The lab has

identified new signaling networks activated by altered density or
stress on "damaged"” tissue and resulting in the remodeling of the
tissue in a way that influences immune cell responses and a receptive
environment for cancer development. In collaboration with Dr. Monti,
they are investigating how aging affects these pro-cancer signals.
This is particularly important given the recent rise in breast cancers in
younger (under 50 years of age) women and in the steep rise in breast
(or other) cancers as people age. In addition, and with the Kuperwasser
and Ubellacker labs, they have ongoing studies designed to determine
the effects of environmental chemicals on breast tissue prior to cancer
formation and on alterations in the tissue surrounding the cancerous
tumor that affect metabolism within that tissue and, eventually, the
cancer itself. The ultimate goal is to uncover strategies to prevent or
treat cancer and pre-cancer associated tissue dysfunction.
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eeuc il SEE\WALDT LAB

CHEM'CALS The Seewaldt lab has profiled the changes in DNA structure, i.e.,
modification of DNA methylation, at 1,088 imprinting control regions
& CANCERIN (ICRs) across 402 women who did (327) or did not (190) develop

HUMAN breast cancer at age 45 or less. DNA methylation is the result of

the attachment of a small “methyl” molecule to the DNA in ways
POPULATIONS that generally decreases expression of a gene or genes near the
modification site. Thus, by attaching a small methyl molecule to DNA
expression of any given gene can be suppressed. Imprinting regions
are specialized regions in and around gene modifications which can
be passed on from one human generation to another (“imprinted
genes”). There are thought to be about 126 genes and 1,088 regions
around these genes for which a DNA methylation pattern, acquired as
a result of a person’s life experiences (e.g. chemical exposure, chronic
stress, metabolic status, diet), can be transmitted to offspring. This is
called "gene imprinting” and it appears to be the only way that the
effects of lifetime experiences can be transmitted through generations.
For these studies, DNA was obtained from blood samples to assess
whether or not the 1,088 possible regions of imprinting have actually
been imprinted with a methyl group. Blood samples were obtained
from three groups of women — one from Durham County, North Carolina
and two from Los Angeles. This is the first time the “Imprintome” array
has been applied to a breast cancer cohort. Importantly, 190 women
did not have invasive cancer. The lab found that there are 20 easily
definable changes in blood cell DNA that distinguish women who will
develop invasive breast cancer from those who won't. Importantly, the
changes seen pre-cancer are on genes known to be critical for breast
cancer formation including genes that control cell death. These results
not only suggest that imprinting near those genes is a pre-requisite
for cancer but also implies that detection of these imprinted regions
in blood is a viable approach to predicting cancer formation even
prior to formation of cancer masses that can be detected by current
technologies.
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eycuc il - OUND

CHEM'CALS 1. Exposure to endocrine disrupting chemicals alters DNA in a way
consistent with the alterations seen during cancer development

& CANCER |N (i.e., the cancer "epigenome”), a result consistent with the
HUM AN hypothesis that exposure to these ubiquitous environmental

chemicals activates a common pathway to cancer formation.

POPULATIONS

2. It is possible to define metabolic patterns that are specific to
different breast cancer subtypes as a foundation for a breast
cancer “metabolome” to better understand how chemical
exposures can alter breast tissue metabolism to make an individual
more cancer-prone.

3. Computational analyses of gene expression patterns after
endocrine disrupting chemical exposure and common to cancer
(i.e., the cancer “transcriptome”) has helped define the molecular
pathways initiated by environmental chemicals and leading to
cancer.

4. Developing cancers expropriate natural immune control
mechanisms to suppress cancer-specific immune responses. The
feasibility of boosting cancer immunity with re-purposed FDA-
approved drugs is under investigation.

5. Novel signaling networks activated by altered breast density or
by stress on "damaged” tissue results in the remodeling of the
tissue surrounding a tumor in a way that suppresses immune
responses and creates a receptive environment for breast cancer
development, particular in older people.

6. Distinctive "epigenetic” changes in the DNA of cells from the blood
of women before they develop cancer (the cancer “Imprintome”)
characterize a very early marker of elevated breast cancer risk
and may provide the basis for a simple blood test for conditions
that eventually lead to breast cancer.

7. Collectively, the team is defining epigenetic, metabolic,
transcriptional, and immunologic changes pre-cancer to predict
cancer well-before it actually appears and to develop means for
preventing cancer formation altogether.
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STEPS

1. Compare the epigenetic changes seen in human breast organoid
cultures treated with select environmental chemicals with those
seen in the blood of women pre-breast cancer. These studies will
not only validate the breast organoid system but also will help
determine what chemicals these women have been exposed to
and how those chemicals may initiate cancer development.

2. Define metabolic changes seen in human breast tissue cultures.
These studies will create biomarkers of metabolic changes that
can be compared with those seen in women pre- and post-breast
cancer.

3. Exploit mass spectrometry resources to determine the level of
dozens of environmental chemicals in blood samples from women
pre- and post-breast and to correlate specific exposures with
breast cancer risk.

4. Computationally compare patterns of gene expression that
characterize breast and other cancers and, ultimately to identify
patterns of pre-cancer gene expression.

5. Begin to define conditions that foster cancer formations later in life.
These studies will help shed light on why breast cancer incidence
in younger women (<45 years old) has been increasing.
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\/\/O R |< |: LOW Unique FTC Consortium Resources

Hundreds of Chemical
human blood Eul=el= Human and Hyper-dense

samples pre- exposed mouse models human cancer gene
and post 3-D human breast of cancer expression
breast cancer organoids immunity databases

Predictive Molecular Markers of Chemical Exposures and Pre-cancer

Environmental Pre-cancer Pre-cancer Pre-cancer
chemicals metabolic gene expression epigenetic
in blood profiles profiles profiles

Pre-cancer Enablers

Epigenetic
Immune changes; Gene
Suppression imprinting

Breast Cancer Prediction, Prevention,
and Interception
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