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1. INTRODUCTION:

We propose to test the hypothesis that Notch3 functions as a tumor suppressor in the postpartum

mammary gland by restricting the parity-associated mammary stem and progenitor-like cells, and by

promoting brown adipocyte differentiation during post-lactational involution, which may ameliorate the

pro-tumorigenic microenvironment. The specific aims of this project are: (1) determine whether the

post-lactational involuting mammary microenvironment of Notch3 knockout mice accelerates tumor

growth and metastasis compared to that of wild-type mice and whether Notch3 functions in the

mammary epithelium or the stroma in this context; (2) determine the regulation of parity-identified

mammary epithelial cells or other stem/progenitor populations by Notch3 in the postpartum mammary

gland; (3) determine how Notch3 regulates brown adipocyte differentiation during involution and

whether brown adipocytes have an impact on the postpartum mammary microenvironment. Our

objectives are to: (1) determine the contribution of parity-identified mammary epithelial progenitors to

postpartum breast cancer and its regulation by Notch signaling; (2) determine the mechanism underlying

brown adipose tissue repopulation in the postpartum mammary gland and its potential role in modulating

postpartum mammary microenvironment, which may link obesity-associated metabolic changes to the

progression of postpartum breast cancer.

2. KEYWORDS:

Breast cancer, Notch signaling, Parity-identified mammary epithelial cell (PI-MEC), Tumor immune

microenvironment, Anti-tumor immunity, Lipid metabolism.

3. ACCOMPLISHMENTS:

o What were the major goals of the project?

Major Task 1: Determine whether post-lactational involuting mammary microenvironment of

Notch3 knockout mice accelerates tumor growth and metastasis compared to that of wildtype

mice.

Milestone/target date: 01/31/2020

Actual completion date: 12/01/2019

Major Task 2: Determine the compartment in which Notch3 regulates pro-tumorigenic mammary

microenvironment.

Milestone/target date: 09/30/2020

Actual completion date: 11/30/2020

Major Task 3: Determine the mechanisms by which Notch3 regulates brown adipocyte

differentiation in the involuting mammary gland.

Milestone/target date: 04/30/2021

Actual completion date: 04/12/2021

Major Task 4: Determine whether brown adipocytes have an impact on pro-tumorigenic

microenvironment in the postpartum mammary gland.

Milestone/target date: 12/31/2021

Ongoing (80% completion)

Major Task 5: Determine alterations in the self-renewal and/or differentiation of PI-MECs or

other stem/progenitor populations in parous Notch3 knockout mice.

Milestone/target date: 03/31/2022

Actual completion date: 02/15/2022
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o What was accomplished under these goals?

Major activities:

1) Performed histological examination of mammary tumors from wild-type and Notch3 knockout

mice following syngeneic transplantation of basal-like (B5725) and claudin-low (C0321) breast

cancer cells, with a focus on the tumor-infiltrating lymphocytes.

2) Performed in vitro cytotoxicity tests for splenocytes and thymocytes isolated from wild-type

and Notch3 knockout mice with or without injection of breast cancer cells. Briefly, B5725 and

C0321 breast cancer cells were co-cultured with splenocytes or thymocytes isolated from host

mice with injection of the respective cancer cells (suspended in DMEM medium mixed with

Matrigel) or sham injection of DMEM/Matrigel only. Immune cell cytotoxicity was determined

by measuring live cancer cells by MTT assay after 7 to 10 days of co-culture.

3) Performed expression analysis for Notch3 in the mouse spleen and determined alteration in B

cell follicles in the Notch3 knockout mice. X-gal staining (as a surrogate for Notch3 expression)

was performed in the spleen of wildtype (as negative control), Notch3-Geo/+ and Notch3 -Geo/-Geo

mice at 2 weeks post cancer cell injection.

4) Identified candidate genes downstream of Notch3 in the regulation of anti-tumor immunity.

RNA-seq and differential gene expression analyses were performed in splenocytes isolated from

the wild-type and Notch3 knockout mice following the injection of breast cancer cells.

Specific objectives: 

Specific objective in this reporting period is to determine the roles of Notch3 in the mammary 

tumor immune microenvironment, and to determine whether Notch3 regulates anti-tumor 

immunity in part through the modulation of lipid metabolism.  

Significant results: 

1) We found that mammary tumor transplants in the Notch3 knockout mice contained abundant

tumor-infiltrating lymphocytes (TILs), sometimes forming tertiary lymphoid structures (TLSs).

To the contrary, mammary tumor transplants in the wild-type mice showed very few TILs (Fig.

1). These results suggest that Notch3 may function in the host immune system to regulate the

recruitment, maturation, or activation of immune cells that suppress tumor growth.
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2) We discovered that splenocytes isolated from Notch3 knockout mice (following cancer cell

injection) showed potent anti-cancer cell cytotoxicity, whereas splenocytes isolated from the

wildtype mice (following cancer cell injection) showed little or no cytotoxic effect (Fig. 2A, B).

Splenocytes isolated from Notch3 knockout mice with sham injection had no cytotoxic effect

(Fig. 2C, D). In contrast to the splenocytes, thymocytes (naïve T cells) isolated from host mice

showed no cytotoxicity (Fig. 2E, F). These results suggest that Notch3 may exert a tumor-

promotive role in the host immune system through negative regulation of anti-tumor immunity.

3) We found that Notch3 is expressed in a limited number of splenocytes accumulating at the

border between the T cell zone and B cell follicle (Fig. 3A), suggesting a potential role for

Notch3 in the interaction between T and B lymphocytes. Moreover, Notch3 knockout mice

contained significantly increased number of secondary B follicles (i.e., containing a germinal

center) as compared to the wild-type mice (Fig. 3B), hinting a potential role for Notch3 in the

regulation of B cell responses to tumor cells.
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4) In corroboration with increased number of germinal centers (GCs), Notch3-deficient

splenocytes showed higher expression of Uchl1, a gene specifically expressed in GC B cells.

Moreover, Notch3-deficient splenocytes showed upregulation of many of the immunoglobulin

genes and major histocompatibility complex class II (MHCII) genes (6 out of 13 top upregulated

genes, Table 1), suggesting enhanced antibody production and antigen presentation by B cells. It

has recently been shown that follicular regulatory T (Tfr) cells express decoy IL-1R2 receptor to

suppress IL-1-mediated activation of follicular helper T (Tfh) cells, thereby restricting Tfh-

dependent B cell activation. Like Notch3-expressing cells, Tfr cells were previously shown to

convene at the border between the T cell zone and B cell follicle. We found downregulation of

IL-1R2 in Notch3 knockout splenocytes (Table 1), suggesting that Notch3 may upregulate IL-

1R2 expression in Tfr cells.

5) RNA-seq analysis revealed downregulation of lipid metabolism genes, Fabp5 and Dgat2, in

the Notch3-deficient splenocytes (Table 1). Intriguingly, previous study found that IL-1R2

expression was reduced in monocytes from patients with familial combined hyperlipidemia, and

macrophages incubated with acetylated low density and very low density lipoproteins also

exhibited a decrease in IL-1R2 level, whereas pre-incubation with agents that block intracellular

lipid accumulation prevented the decrease in IL-1R2. Expression of IL1R2 is positively

correlated to FABP5 and DGAT2 expressions in human breast cancer (Fig. 4), and high

expression of FABP5 and DGAT2 are both associated with poor relapse-free survival (Fig. 5).

These findings suggest that Notch3 may regulate anti-tumor immunity in part through the

modulation of Fabp5, Dgat2-mediated lipid metabolism.
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Discussion of stated goals not met: 

We were not able to complete the Major Task 4, “determine whether brown adipocytes have an 

impact on pro-tumorigenic microenvironment in the postpartum mammary gland”, as originally 

planned. We hypothesized that Notch3 might regulate transdifferentiation of alveolar 

myoepithelial cell to brown adipocyte during post-weaning involution. Our results and studies by 

others indicate that very few brown adipocytes are converted from mammary epithelial cells in 

the post-weaning mammary gland, and that Notch3 regulates brown adipocyte differentiation in 

the stroma. Defective brown adipocyte differentiation in the Notch3 knockout mice during post-

weaning involution may contribute to the expansion of stem-like PI-MECs (Chung et al., 2022). 

However, the number of brown adipocytes decreases dramatically after the first phase of post-

weaning involution, it is thus unlikely that brown adipocytes have a significant impact in the 

postpartum mammary gland. Intriguingly, Notch3-deficient splenocytes showed down-regulation 

of lipid metabolism genes, suggesting that Notch3 may regulate lipid metabolism in immune 

cells. We are currently testing this hypothesis.   

o What opportunities for training and professional development has the project provided?

Nothing to report. 

o How were the results disseminated to communities of interest?

This project was highlighted in the Annual Report of the Cancer Center and Research Institute at

the University of Mississippi Medical Center that reaches to the local community. A research

paper resulting from this project was recently published in Development, accompanied by a

“Research Highlight” that unpacks the findings of the paper and is accessible to all readers

within the developmental biology community.

o What do you plan to do during the next reporting period to accomplish the goals?

We plan to determine roles of Fabp5 and Dgat2 in the regulation of IL-1R2 expression as well as

anti-tumor immunity. We will treat human Treg cell line with Fabp5 and Dgat2 inhibitors to test

the effect on IL-1R2 expression. We will test the anti-tumor efficacy of Fabp5 and Dgat2

inhibitors using co-culture of cancer cells with splenocytes isolated from wildtype mice. Fabp5

may regulate lipid quality/quantity to promote cancer cell growth and survival and Dgat2

inhibition was recently shown to impair lipid biosynthesis and sensitize breast cancer cells to

radiation. Therefore, we will test whether inhibitors have a direct effect on cancer cells. If they

do, we will pretreat splenocytes with the inhibitors for the coculture experiment to determine the

immune cell-mediated effects. Finally, we will test the anti-tumor efficacy of pharmacological

inhibition of Fabp5 and Dgat2 in syngeneic transplantation breast cancer model.
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4. IMPACT:

o What was the impact on the development of the principal discipline(s) of the project?

Previously neglected, B lymphocytes are now considered key cellular components that initiate

and sustain anti-tumor responses and are indispensable allies of T lymphocyte in eliminating

cancer cells. Our preliminary data suggest that deletion of Notch3 may downregulate IL-1R2 in

Tfr cells thereby enhancing IL-1-mediated Tfh stimulation, leading to increased B cell anti-

tumor responses. Notch3 may regulate IL-1R2 and other immunoregulatory molecules through

the modulation of Fabp5, Dgat2-mediated lipid metabolism, therefore Fabp5 and Dgat2 may

represent new immunotherapeutic targets.

o What was the impact on other disciplines?

Nothing to report.

o What was the impact on technology transfer?

Nothing to report.

o What was the impact on society beyond science and technology?

Nothing to report.

5. CHANGES/PROBLEMS:

o Changes in approach and reasons for change

Nothing to report.

o Actual or anticipated problems or delays and actions or plans to resolve them

Due to the COVID-19 pandemic, on-campus research activities at the University of Mississippi

Medical Center ramped down in 2020. We also experienced delays and shortages of research

materials in the past three years, which have had a negative impact on the progress of this

project. During the past 12 months of 1st NCE period, significant progress has been made

towards completion of the scope of work. However, the Major Task 4 “Determine whether

brown adipocytes have an impact on pro-tumorigenic microenvironment in the postpartum

mammary gland” is still not completed. For this reason, we requested and have been approved a

2nd NCE of 9 months to complete this project by December 31, 2023. We will complete the

remaining work, specifically, determining the functions of two lipid metabolism genes identified

in Major Task 4.

o Changes that had a significant impact on expenditures

Nothing to report.

o Significant changes in use or care of human subjects, vertebrate animals, biohazards,

and/or select agents.

Nothing to report.

o Significant changes in use or care of human subjects

N.A.

o Significant changes in use or care of vertebrate animals
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No significant changes in use or care of vertebrate animals. 

o Significant changes in use of biohazards and/or select agents

No significant changes in use of biohazards and/or select agents.

6. PRODUCTS:

o Publications, conference papers, and presentations

▪ Journal publications.

Chung W-C, Egan SE, Xu K. A tumor-suppressive function for Notch3 in the parous

mammary gland. Development. 2022;149(19):dev200913. PMID: 36205077

Acknowledgement of federal support: yes

▪ Books or other non-periodical, one-time publications.

Nothing to report.

▪ Other publications, conference papers, and presentations.

Nothing to report.

o Website(s) or other Internet site(s)

https://journals.biologists.com/dev/article/149/19/e149_e1905/277269/Notch3-protects-against-

birth-associated-mammary

o Technologies or techniques

Nothing to report.

o Inventions, patent applications, and/or licenses

Nothing to report.

o Other Products

Nothing to report.

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

o What individuals have worked on the project?

Name: Keli Xu (PI) No change 

Name: Wen-Cheng Chung (Scientist I) No change 

o Has there been a change in the active other support of the PD/PI(s) or senior/key personnel

since the last reporting period?

Nothing to Report.

o What other organizations were involved as partners?

Nothing to Report.

8. SPECIAL REPORTING REQUIREMENTS

https://journals.biologists.com/dev/article/149/19/e149_e1905/277269/Notch3-protects-against-birth-associated-mammary
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o COLLABORATIVE AWARDS:  N.A.

o QUAD CHARTS:  N.A.

9. APPENDICES:

A Research Article published in Development and a companion “Research Highlight”.
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