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Introduction:  The prevention of breast cancer is an active area of research in many countries 

and several different agents have been examined, notably estrogen antagonists.  While these 

agents can be effective in high risk individuals, they only reduce the risk of specific subtypes of 

cancer and moreover these currently available drugs are associated with significant side effects 

and must be consumed daily and over years. Thus, an alternative approach to primary 

prevention of breast cancer is to train the mammary gland mucosal immune system to 

recognize and destroy potentially malignant cells based on overexpression of known tumor 

antigens. Rationale for this approach comes from the fact that breast cancer originates from a 

mucosal tissue which is endowed with large number of immune effectors and prior reports 

based on the effect of commensal bacteria on gut mucosa which suggests that it’s feasible to 

educate gut mucosa in generating effective mucosal immunity. Our overall goal is to develop a 

preventative vaccination strategy to reduce the incidence and mortality from breast cancer 

based on training the mucosal immune system to detect potentially malignant cells early in the 

course of the disease.  One important first step towards attaining this unique objective is to have 

a comprehensive knowledge about the breast mucosal immune system i.e. a profile of immune 

effectors, and their biology in the breast mucosa, including both normal and hyperplastic breast 

mucosal tissue.  Our goal in the present study is to understand the immune effector biology of 

breast mucosa (normal and cancer prone) and identify strategies which can enhance the 

infiltration of antigen-specific immune effectors targeting tumor cells in breast mucosa.  As a 

part of this plan, we intend to use the transgenic mouse model of human breast cancer. We 

hypothesize that the mucosal immune system of the mammary gland can be modified to detect 

and eliminate potentially malignant cancer precursor cells.  A thorough understanding of the 

immunity in breast mucosa will enable the design of appropriate vaccination strategies aimed at 

generating persistent mammary gland homing anti-cancer antigen-specific immune effectors. To 

test this general hypothesis we propose the following specific aims: Specific Aim 1: To 

determine the immune cell subsets in normal and hyperplastic breast in murine breast cancer 

models. Specific Aim 2: To determine whether immunization of mice with tumor antigen 

modifies the immune cell subsets and leads to persistent trafficking of tumor antigen-specific T 

and B cells into the mammary gland. Specific Aim 3:  Determine an optimal oral vaccine 

approach able to minimize hyperplasia. 
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Progress report 

Task 1: To determine the immune cell 

subsets in normal and hyperplastic 

breast in murine breast cancer models. 

The unique feature of gut mucosa is that its 

immune microenvironment is influenced by 

commensal bacteria which indicate that it is 

amenable to alteration in immune effectors 

which is the reason for the maintenance of 

gut homeostasis.  Furthermore, gut 

associated T cells are not only involved in 

preventing colonization, but also 

homeostatic regulations of the epithelial 

layer. As part of the mucosal immune 

system, the mammary gland may have 

characteristic features similar to that of gut 

mucosa.  Comparative gene expression and 

trafficking analysis in murine models has 

revealed several immune pathways related 

to mammary gland development during 

lactation and in the post lactation period. 

Subtask 1a, Experiment 1:  To determine 

immune cell subtypes in normal breast 

mucosa as compared to the small 

intestine.  In this subtask, our goal was to 

determine if the mucosal effector immunity 

is similar in immune content to normal gut 

mucosa. 

Single cell suspensions obtained from 

mammary pads, small bowel and spleen 

from different strains of mice (FVB, B6 and 

BALB/c mice) will be stained with antibodies 

specific for surface markers of different 

immune cells subsets and analyzed by flow 

cytometry using standard techniques.  A 

minimum mouse sample size of 11 mice per 

group was used in these experiments and 

the results are the cumulative data of 3 

independent experiments. 

Finding #1:  In B6 and Balb/C mice, the 

basic T cell composition of the breast 

mucosa is similar to that of the small 

intestine.  In 6-8 week old mice, we 

analyzed the CD3+
αβTCR+ T cells finding, 

as shown in Figure 1.  In B6 and Balb/C 

mice, CD4 T cells constituted the bulk of the 

resident αβTCR T cells in the mammary 
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gland, spleen, and small intestine.  Like the intestine, in the mammary gland, the predominant 

CD8 T cell population was IELs (CD8αα+) in B6 and Balb/C mice.  In spleen, however, as 

expected, there were minor quantities of IELs and in that tissue the predominant CD8 T cell 

expressed the standard CD8αβ phenotype.  Very few standard CD8 T cells were observed in 

these two mouse strains in the mammary gland.  There were also in the mammary gland a 

small fraction of cells that expressed 

low to no CD4 or CD8.  These double 

negative cells are in many respects 

similar to the CD8αα IELs according 

to prior studies.  In contrast to the B6 

and Balb/C, the FVB strain was 

significantly different with respect to 

the distribution of αβTCR T cells.  

While the predominant cell type was 

the CD4 T cell, the overwhelming 

majority of CD8 T cells appeared not 

to be CD8αα but rather CD8αβ.  The 

distribution of T cells in the gut 

however, was markedly different with 

the vast majority being double 

negative (i.e., CD4-CD8-) with virtually 

no cells expressing either of the 

markers.  These results indicate that 

there are some unique features of the 

FVB strain, which may be related to 

the fact that the FVB strain has a 

substantial fraction of the TCR gene 

locus deleted, a portion of the locus 

which is known to generate 

autoreactive TCRs. 

Finding #2: Myeloid cells infiltrate 

the mammary gland mucosa.  We 

have also initiated comparisons of the 

levels and types of myeloid cells as 

shown in Figure 2.  While this work is 

ongoing, we do see evidence of 

myeloid infiltration, specifically CD11c 

dendritic cells (DCs), macrophages, 

and myeloid-derived suppressor cells 

(MDSCs), into the mammary gland.  This work is ongoing and at present the data is immature 

and we are unable to make conclusions. 

Subtask #1a; Experiment 2:  To determine the clonality of mammary gland infiltrating T 

cells. In this experiment, the oligoclonality of breast and gut epithelium associated intraepithelial 

lymphocytes (CD8αβ and CD8αα subsets) will be determined using sorted different T cell 

subsets and TCR Vβ repertoire CDR3 diversity repertoire analysis.  We are currently in the 

process of setting up this experiment.  With the transfer from VGTI to the Mayo Clinic, we have 

put this on hold as we will require the expertise of the genotyping core at the Mayo Clinic. 
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Subtask 1b: To determine the effect 

of estrous, pregnancy, age and 

breast feeding on the immune cell 

subsets of breast mucosa. 

Immunization to achieve optimal 

immune trafficking is likely to be 

impacted by those influences that are 

known to alter the gland biology.  In 

this subtask the effect of different 

conditions (that can effect gland 

biology) in altering the immune cell 

subsets of breast mucosa is being 

determined.  

Finding #1:  Pregnancy is associated with a relative increase in the levels of αβ TCR T 

cells. Data collection for subtype 1b has moved along significantly, although we need to 

continue to collect the data.  As shown in Figure 3, pregnancy is associated with relative 

increases in the levels of T 

cells.  In those experiments, 

mammary glands and spleens 

were harvested from pregnant 

or age-matched control mice 

aged 6-8 weeks.  The first day 

of pregnancy was based on the 

presence of a copulatory plug. 

Tissues were harvested on 

either day 5 or day 10.  As 

shown, in the Figure 3, there is 

a dramatic, sustained increase 

in the relative numbers of αβ 

TCR T cells in the mammary 

gland but not spleen.  When 

specific evaluating T cell subset, 

we found that both standard 

CD8αβ T cells and CD8αα IELs 

were relatively higher on day 5 

but not day 10 in the mammary 

gland (Figure 4).  CD8αβ T 

cells and CD8αα IELs in the 

spleen were slighted decreased 

in pregnant animals. 

Finding #2:  There are no 

fluctuations in the mammary 

gland T cells during the 

different stages of estrus. 

The changes in the relative 

proportions of T cells in the 

mammary gland was apparently 

unaffected by the stage of 
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Figure 3:  TCR T cells are significantly increased during pregnancy.

Shown are the mean ( s.e.m, n=6-12 mice) levels of -TCR in the

mammary gland and the spleen at 5 and 10 days of pregnancy (Blue) as
compared with normal non-pregnant mice (Red).
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Figure 4:  CD8 αα IELs  and CD8 α β T cells are significantly increased in the mammary

gland during pregnancy. Shown are the mean (±s.e.m, n=6-12 mice) levels of αβ-TCR in the

mammary gland 5 days into pregnancy (Blue) as compared with normal non-pregnant mice
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estrus (Figure 5). In this experiment, the stage 

of estrus was cytologically scored prior to 

harvesting tissues in the mouse.  As shown in 

Figure 5, levels of CD4 and CD8αβ T cells and 

CD8αα IELs in the mammary gland were 

similar across all stages. 

Finding #3:  Lactation is associated with a 

substantial reduction in T cell infiltration 

into the mammary gland.  We looked at 

whether there were any alterations in the 

gland as a result of lactation (Figure 6).  In 

this experiment, we evaluated the distribution 

of T cells in the gland in mice that were 

lactating and nursing pups (At day 7-10 

following initiation), mice that had just pups but 

which were removed prior to avoid lactation (at 

days 7-10 following removal of pups) and in 

normal age-matched control mice. As shown 

in Figure 6A, the relative levels of αβ TCR T 

cells sharply declined with lactation.  In mice 

that had given birth but were not allowed to 

lactate (non-lactating), the total number of αβ-

TCR T cells did not drop.  Examining for 

CD8αα IELs, we found very sharp decreases 

(Figure 6B) in the relative amounts in both 

lactating and non-lactating CD8αα T cells 

accompanied by sharp increases in CD8αβ 

TCR T cells (Figure 6C).  The proportion of 

CD4 T cells remained largely unchanged as a 

result of lactation (Figure 6D). 

Task 2:  To determine whether 

immunization of mice with tumor antigen 

modifies the immune cell subsets and 

leads to persistent trafficking of tumor 

antigen-specific T and B cells into the 

mammary gland. In this specific task we are 

addressing the fundamental hypothesis as to 

whether the mammary gland mucosal immune 

microenvironment can be modified with 

vaccine to enrich for tumor-antigen-specific T and B cells.  Trafficking of the two subsets i.e. 

conventional (CD4 or CD8αβ) αβ-TCR effector/memory T cells or CD8αα αβ(or γδ)-TCR T cells 

to mammary gland was also be examined.   

Subtask 2b: To determine whether immunization leads to sustained lamina propria and 

intraepithelial immune memory. In the previous report, we showed that intra-glandular 

immunization leads to generation of immune responses. In this subtask, the goal is to determine 

whether tissue resident memory is established in the glandular tissue by performing a 

longitudinal analysis following intramammary vaccination.  Thus, standard C57BL/6 mice were 

immunized between 6 and 8 weeks and tissues (mammary gland mucosa and lymph nodes and 
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Figure 5:  The proportions of CD8  IELs, CD8  and CD4 T

cells are not significantly changed in the mammary gland over

the course of the estrus cycle. Shown are the mean ( s.e.m,

n=10-18 mice) levels of -TCR T cells in the mammary gland over

the course of estrus.
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spleen) were 

harvested at 

multiple time 

points following the 

final vaccine and 

single cell 

suspensions were 

analyzed.  We 

estimate that a 

sample size of 11 

mice per group will 

be used in this 

experiment and 

the experiment will 

be repeated at 

least 1-2 times.  

Finding # 1: 

Vaccination 

directly into the 

mammary gland 

results in 

persistent 

immunity. For the 

current progress 

report we have 

evaluated up to 8 

weeks following immunization.   We immunized mice with either PBS (Control), TMEV virus 

(encoding no inserted T cell antigens), TMEV OT-I/OT-II which carry T cell epitopes, and free 

peptide OT-I/OT-II vaccine admixed with CFA/IFA.  Three vaccinations were given over the 

course of 1 week.  As shown in Figure 7, fairly strong T cell responses (both CD4 and CD8) 

were generated with the peptide vaccine but no good responses that could be detected 7 days 

after immunization could be detected when using TMEV encoding the antigens.  Importantly, 

when mice were immunized and evaluated at 4 or 8 weeks following the last immunization, we 

were able to continue to detect responses although they had significantly waned indicating the 

need for booster immunizations.  The reason for the strong immune responses was due to a 

large influx of large number of αβ−TCR T cells, specifically in the peptide vaccine group, as 
shown in Figure 8.  Further analysis of the T cells reveals that the vaccine induced influx is due 

to infiltration of αβ-TCR, CD8αβ T cells, whereas there was no increase in either CD8αα or CD4 

T cells. 

The Key Research Accomplishments 

• Demonstrated that the mammary gland distribution of T cells (in Balb/c and B6) mice is 

similar to that observed in the gut rather than the spleen. 

• That pregnancy is associated with an influx of αβ−TCR T cells and that the increase in 

due to both CD8αα and CD8αβ T cells, but not CD4 T cells. 

• The relative frequencies of T cells do not change with the stage of estrus. 

• Lactation is associated with a decrease in the numbers αβ-TCR T cells with sharp 

decreases in the proportion of CD8αα T cells. 
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• Vaccination directly into the mammary gland with peptide antigen leads to sustained 

immune responses lasting for several weeks.  

 

Reportable 

outcomes: 

All new findings 

in this report are 

novel and 

reportable.  We 

will combine with 

data collected in 

the next period 

and report in a 

major scientific 

journal. 

Presentations 

at meetings: 

None 

Publications in scientific journals: 

None 
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Conclusions 

Our goal is to develop 

preventative breast cancer 

vaccine.  Given the fact that 

breast cancer originates from 

mucosal tissue and it is well 

known that mucosal tissue 

associated with gut is endowed 

with intact immune system, we 

proposed, in this grant, to study 

the immune effectors associated 

with breast mucosa. Based on 

this information our goal was to 

develop strategies to educate 

breast mucosa using different 

vaccination approaches.  In 

order to stimulate immunity 

specifically in the breast, we 

chose in this funding period to 

explore the distribution of T cells 

in the breast as a function of 

reproduction and lactation, which 

could influence response to 

vaccination.  This is enabling the 

identification of the most 

appropriate times to immunize. 

We also demonstrate for the first 

time that immunization into the 

breast elicits immunity that 

persists for many weeks 

following vaccination. 

Principal Investigator 

Statement: 

Overall, the progress of this 

project has been excellent to 

date.  Our staff and I are excited and optimistic about the refinements that we have made to the 

project.  The aims that we have chosen are novel, cutting edge, and challenging to us.  The 

work encompassed in the present report was done exclusively at the Vaccine and Gene therapy 

Institute of Florida and adds to the data accumulated from the initial year of the award (i.e., data 

that was collected at Mayo Rochester).  Over the next funding period (at Mayo Clinic 

Jacksonville) we will eagerly integrate the results obtained in the two previous periods and finish 

the proposed experiments as some remain uncompleted with respect to the final animal 

numbers that we need to achieve to make strong statistically supported statement.  We will then 

finalize the study with testing of oral immunization routes to see if that feasibly generate 

immunity that can traffic to the mammary gland.  The results are expected to result in a 

publication and enable access to future funding testing the novel idea that we can prevent 

breast cancer by immunizing into the gut or directly into the mammary gland. 
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