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Abstract

Purpose Breast cancer risk is elevated in pathogenic germline BRCA 1/2 mutation carriers due to compromised DNA quality
control. We hypothesized that if immunosurveillance promotes tumor suppression, then normal/benign breast lobules from
BRCA carriers may demonstrate higher immune cell densities.

Methods We assessed immune cell composition in normal/benign breast lobules from age-matched women with progres-
sively increased breast cancer risk, including (1) low risk: 19 women who donated normal breast tissue to the Komen Tissue
Bank (KTB) at Indiana University Simon Cancer Center, (2) intermediate risk: 15 women with biopsy-identified benign
breast disease (BBD), and (3) high risk: 19 prophylactic mastectomies from women with germline mutations in BRCA1/2
genes. We performed immunohistochemical stains and analysis to quantitate immune cell densities from digital images in
up to 10 representative lobules per sample. Median cell counts per mm? were compared between groups using Wilcoxon
rank-sum tests.

Results Normal/benign breast lobules from BRCA carriers had significantly higher densities of immune cells/mm? compared
to KTB normal donors (all p<0.001): CD8 +354.4 vs 150.9; CD4+116.3 vs 17.7; CD68 +237.5 vs 57.8; and CD11c+(3.5%
vs 0.4% pixels positive). BBD tissues differed from BRCA carriers only in CDS8 + cells but had higher densities of CD4 +,
CDl11c+, and CD68 +immune cells compared to KTB donors.

Conclusions These preliminary analyses show that normal/benign breast lobules of BRCA mutation carriers contain increased
immune cells compared with normal donor breast tissues, and BBD tissues appear overall more similar to BRCA carriers.
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Women with germline BRCA /2 mutations have substan-
tially increased risk for breast cancer by age 70: 60% for
BRCA]I and 55% for BRCA2 [1]. BRCA mutations lead to
accumulation of DNA damage from double-strand DNA
breaks due to inefficient homologous recombination DNA
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repair, leading to genomic instability and neoantigen gen-
eration [2-5]. BRCAL1 also regulates genomic stability via
PLK1-driven cell division axis control, a mechanism defec-
tive in germline BRCA 1 mutation carriers [6, 7]. Compared
to triple negative breast cancer (TNBCs) from BRCA1-wild-
type patients, TNBCs with BRCA1 mutation have elevated
somatic mutation and tumor-infiltrating lymphocytes [8].
Similarly, BRCA-related breast cancer cases with germline
and somatic BRCA1/BRCA?2 mutations have significantly
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higher tumor mutational burden and neoantigen loads [9].
The accumulation of somatic mutations over time in nor-
mal breast tissue from germline BRCA mutation carriers
may also lead to chronically higher neoantigen load, result-
ing in activation of the immune response, manifesting as
increased immune cell infiltration. This group of women
could potentially benefit from anti-inflammatory agents to
lower breast cancer risk from low-grade chronic inflamma-
tion, or alternatively consider vaccine-related approaches
that target abnormal epithelial cells.

In the breast, the immune system serves vital functions,
including neonatal protection conveyed through breast milk,
mammary gland protection from infection during lacta-
tion, and elimination of neoplastic epithelial cells through
immunosurveillance [ 10—-13]. The breast undergoes distinct
histological changes during puberty, pregnancy, lactation,
postpartum involution, and age-related lobular involution
[14-16], and these changes are accompanied by immune
cell composition alterations that may impact breast cancer
risk [17-20]. We have characterized the immune microen-
vironment in normal breast tissues [21] and reported higher
immune cell densities in breast tissues from women with
benign breast disease (BBD) compared to normal research
donors, suggesting overall increased inflammation associ-
ated with BBD, a condition of moderately increased breast
cancer risk [22]. We also found that women with BBD who
later developed breast cancer had significantly lower densi-
ties of CD20+ (B) cells, suggesting a possible link to immu-
nosuppression associated with progression to cancer. These
observations suggest that immune cell composition in breast
tissue varies with risk, likely has a complex relationship with
carcinogenesis, and may be especially relevant in BRCA
carriers.

Here, we examine the breast tissue immune microenvi-
ronment in breast tissues with varying levels of breast cancer
risk. We compared densities of major immune cell subsets:
CD4 +, CD8 + (T lymphocytes), CD11c + (dendritic cells),
CD20 + (B lymphocytes), and CD68 4 (macrophages) in nor-
mal/benign breast lobules from high-risk germline BRCA1/2
mutation carriers compared to age-matched women at inter-
mediate breast cancer risk (BBD) or population-level breast
cancer risk (KTB breast tissue donors).

Methods
Study population

Breast tissue samples in this study were obtained from
women in three risk categories: (1) high risk (BRCAI or
BRCA?2 mutation carriers), (2) intermediate risk (women
from Mayo Clinic Benign Breast Disease (BBD) Cohort
previously described [23], and (3) population risk (women
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without clinical breast disease who donated breast tissue to
the Susan G. Komen Foundation Tissue Bank (KTB) [24] for
research purposes). BBD and KTB subjects were matched
to BRCA mutation carriers on age at biopsy/surgery, thus
creating matched “triplets.” The germline BRCA mutation
subjects underwent surgery at Mayo Clinic between 1993
and 2012 and were either bilateral prophylactic mastectomy
patients with no current or prior history of breast cancer in
either breast or were contralateral prophylactic mastectomy
patients in the setting of concurrent or prior breast cancer in
the opposite breast. All prophylactic mastectomy specimens
were confirmed negative for malignancy on final pathologic
examination after surgery. For patients with bilateral pro-
phylactic mastectomy, one breast was chosen randomly for
this study. BBD samples were drawn from the Mayo Clinic
BBD Cohort, which consists of more than 15,000 women
who underwent surgical excision of a benign breast lesion
at the Mayo Clinic in Rochester, Minnesota between Janu-
ary 1, 1967, and December 31, 2001. Study samples were
randomly selected from the patients who underwent benign
biopsies between 1992 and 2001 to make their acquisition
timeframe more similar to both the BRCA and KTB sam-
ples. This study was approved by Mayo Clinic Institutional
Review Board, and normal breast tissue collection from vol-
unteer donors was approved by Institutional Review Board
at Indiana University, Simon Cancer Center.

Tissue samples

The initial study set included 20 triplets from each category
(BRCA1/2, N=20; BBD, N=20; KTB, N=20; total of 60
samples) for detailed immunostaining and immune cell
quantitation. Serial sections were obtained from each sam-
ple for hematoxylin and eosin (H&E), and immunostains: T
lymphocytes (CD4 +, CD8 +), dendritic cells (CD11c+),
B lymphocytes (CD20+), and monocytes/macrophages
(CD68 +). Matched samples (BRCA1/2, BBD, and KTB)
were immunostained within the same batch to minimize
the batch effects that could affect comparison of immune
cell densities across groups. The final sample set used for
analysis included 53 tissue samples (BRCA1/2, N=19; BBD,
N=15; KTB, N=19) due to damaged lobules or lack of
intact lobules in 7 samples.

Immunohistochemical staining

Formalin-fixed paraffin embedded tissue sections were pro-
cessed as previously described [25], followed by immuno-
histochemical staining as follows: CD4 (Leica Novocastra
NCL-CD4-368-L-CE at 1:50), CD8 (DAKO M7103 at
1:20), CD11c (Leica Novocastra NCL-L-CD11¢c-563 at
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1:25), CD20 (DAKO MO0755 at 1:60), CD45 (DAKO M0710
at 1:1,500), and CD68 (DAKO, M0876 at 1:100).

Digitization of slides and histologic lobule
annotation

ScanScope XT slide scanner (Aperio Technologies) was
used to capture whole slide digital images of breast tis-
sue samples at 20X objective, followed by analysis using
Aperio ImageScope software (http://www.aperio.com/patho
logy-services/imagescope-slide-viewing-software.asp). The
study pathologist assessed the digital H&E images to select
and annotate up to 10 representative lobules, which were
circled and numerically labeled from 1 to 10. The same lob-
ules selected on the H&E digital images were identified on
each immunostained digital image, circled, and assigned the
corresponding lobule number. Immune cells were quantified

from the digital images using Spectrum version 11 using an
FDA-approved algorithm within ImageScope.

Digital image analysis

The procedure for counting positively stained immune cells
from digital images of immunohistochemically stained tis-
sues sections has been previously described [21]. Briefly, an
optimized FDA-approved algorithm was applied uniformly
to all circled lobules for a particular immunostain for all
samples. The positively stained cells were recorded on a
per lobule basis as density (cells/mm?) for CD4+, CD8 +,
CD20+, and CD68 +cells in each sample, but for CD11c +,
positive to total pixel ratio was assessed to quantitate posi-
tive cells due to diffuse staining (Fig. 1). The data output
from image analysis in Aperio ImageScope was exported
into a data file, and densities of each immune cell subtype

11] [um

Fig. 1 Analysis of immune cell subtypes in digital images of breast
tissue of women at varying degrees of risk. A H&E image from a tis-
sue sample of one of the patients included in the study, with repre-
sentative lobules circled by the study pathologist. B immunostained
section of tissue from the same sample as (A), with the same lob-
ules as labeled in (A) identified and circled and tissue appearance
annotated. C CD4 + staining of a lobule. D analysis of CD4 + stain-

ing of lobule in (C). E CD8+staining of a lobule. F analysis of
CD8 +staining of lobule in (E). G CDllc+staining of a lobule.
H Analysis of CDI11c+staining of lobule in (G). I CD20+ stain-
ing of a lobule. J Analysis of CD20+ staining of lobule in (I). K
CD68 + staining of a lobule. L Analysis of CD68 + staining of lobule
in (K)
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were calculated as cells/mm? (or percent of pixels positive
for CD11c + cells) for each lobule. We evaluated immune
cell densities in the lobules because we and others have pre-
viously shown that immune cells are predominantly local-
ized to lobules rather than stroma [21, 26].

Statistical analysis

The median immune cell density across all lobules within
a given sample was calculated and used for a per-subject
analysis. Groups were compared using Wilcoxon rank-sum
tests for univariate analysis. Multivariable analysis was per-
formed using logistic regression models for pairwise com-
parisons between groups, adjusted for age and the percent
of annotated lobules that were fibrocystic for each sample.
The Firth penalized likelihood bias reduction method and
profile-likelihood confidence intervals were utilized to
improve performance with sparse data [27]. Immune cell
measures were transformed using a Van Der Waerden nor-
malizing transformation for logistic regression modeling and
for visualization with a heatmap. Analysis was performed
using SAS (SAS Institute Inc., version 9.4) and R software
(https://www.r-project.org/). p < 0.05 was considered statisti-
cally significant.

Results
Study population and tissue samples

After excluding samples without benign evaluable lobules,
the final study set included 19 BRCA carriers, 15 women
with BBD, and 19 KTB donors. Among the 19 germline
BRCA mutation carriers, 9 were BRCAI and 10 were
BRCAZ2. In the 15 BBD subjects included in the final anal-
ysis, 7 had nonproliferative BBD and 8 had proliferative
disease without atypia. Median age in the final sample set
was 44 years (range 34—67 years), with 51% age <45 years,
32% age 45-55 years, and 17% age > 55. Groups remained
well matched for age in the final sample set, with median
age 43 years (range 34-67) among BRCA carriers, 45 years
(range 34-67) among women with BBD, and 44 years (range
34-67) among KTB donors (Table 1). The median lifetime
Breast Cancer Risk Assessment Tool (https://berisktool.
cancer.gov/) risk score was 11.7% (range 6.1-22.3%) in
BBD subjects and 10.3% (range 6.9-19.0%) in KTB sub-
jects, p=0.28). Fewer than half of the BBD (46.2%) and
KTB (43.8%) subjects had family history of blood relatives
with breast and/or ovarian cancer, compared to 100% of the
BRCA subjects. BRCA mutation carriers and BBD patients
had a higher percentage of fibrocystic lobules (median 50%
fibrocystic lobules and 50% normal lobules in both BRCA

@ Springer

and BBD groups) as compared with KTB samples (median
20% fibrocystic lobules and 80% normal lobules), p <0.001.

Immune cell densities vary across tissue groups
of varying risk

Overall trends

Positive staining for immune cell subtypes CD4 +, CD8 +,
CDl1c, and CD68 + was found for a large majority of sam-
ples (87-100% of samples had a non-zero within-sample
median across lobules); CD20 staining was low with 42.3%
of the samples overall having a within-sample median CD20
of zero, including 44.4% of BRCA samples, 26.7% of BBD
samples, and 52.6% of KTB samples (Table 2 and Fig. 2).
CDS8 +cell density decreased with decreasing risk catego-
ries, with highest density in BRCA mutation samples: 354.4
cells/mm? in BRCA samples, 200.0 cells/mm? in BBD sam-
ples, and 150.9 cells/mm? in KTB. A similar pattern was
observed across risk categories for CD4 + cells. Dendritic
cells (CD11c+) were quantified as percent of pixels that
were positive and had similar abundance in BRCA muta-
tion and BBD samples (median 3.5% and 3.4% pixels posi-
tive, respectively), with significantly lower density in KTB
samples (median 0.4% pixels positive, p <0.001 compared
to BRCA). Macrophages (CD68 +) were also similar in
BRCA and BBD samples (median 237.5 vs 219 cells/mm?,
respectively) but markedly lower in KTB samples (median
57.8 cells/mm?, p<0.001 compared to BRCA). CD20 + cells
were low in all groups and not statistically different across
the three groups (p =0.08).

BRCA samples versus other groups

The majority of the immune cell subtypes (CD4, CDS,
CDl1lIc, and CD68) had higher densities in the high-risk
BRCA mutation samples, and these differences were statisti-
cally significant in pairwise comparisons with KTB samples
(each p <0.001), whereas in comparison with BBD samples,
only CD8 +cells were higher in BRCA samples.

BBD samples versus other groups

Immune cell densities in BBD samples were generally simi-
lar to BRCA samples except for CD8 + cells, which were
significantly lower in BBD samples (p=0.01). BBD sam-
ples differed significantly from KTB samples with respect to
CD4 +, CDl11c+, and CD68 + cells and were overall more
similar to the BRCA samples. The heatmap in Fig. 3 shows
that while the BRCA and KTB samples are mostly distinct,
the BBD samples’ immune cell patterns are variable but
more often group with the BRCA samples (only 3 BBD sam-
ples grouped with the KTB samples).
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Table 1 Characteristics of subjects included in the study by risk category

BRCA BBD KTB BRCA vs BBD BRCA vs KTB BBD vs KTB
N=19 N=15 N=19 p-value p-value p-value
Age, years, median (IQR) 43 (39-50) 45 (39-54) 44 (40-50) 0.82 0.80 0.99
Age category, n (%) >0.99 >0.99 >0.99
<45 10 (52.6%) 7 (46.7%) 10 (52.6%)
45-55 6 (31.6%) 5(33.3%) 6 (31.6%)
>55 3 (15.8%) 3 (20.0%) 3 (15.8%)
Menopausal status, n (%) 0.72 0.82 >0.99
Pre-menopausal 12 (63.2%) 9 (69.2%) 12 (66.7%)
Post-menopausal 7 (36.8%) 4 (30.8%) 6 (33.3%)
Unknown 0 2 1
Race, n (%) 0.71 0.73 0.45
American Indian 0 1(6.7%) 0
Asian 1(5.3%) 1(6.7%) 0
Black 0 0 1(5.9%)
White 18 (94.7%) 13 (86.7%) 16 (94.1%)
Other/Unknown 0 0 2
Family history of blood relatives <0.001 <0.001 >0.99
with breast or ovarian cancer, n
(%)
Yes 19 (100%) 6 (46.2%) 7 (43.8%)
No 0 7 (53.8%) 9 (56.3%)
Unknown 0 2 3
Parity, n (%) >0.99 0.66 0.63
Nulliparous 2 (10.5%) 1(8.3%) 3 (16.7%)
Parous 17 (89.5%) 11 91.7%) 15 (83.3%)
Unknown 0 3 1
BMI, median (IQR) 26.0 (21.8-28.6) 24.0(23.0-28.0) 29.8 (24.0-33.4) 0.94 0.05 0.06
Percent of annotated lobules fibro- 50 (30-60) 50 (40-70) 20 (0-38) 0.30 p<0.001 p<0.001

cystic, median (IQR)

IQR interquartile range, pp pixel positive

Table 2 Pairwise Wilcoxon rank-sum p-values comparing median immune cell densities in breast lobules from women with BRCA germline
mutations, vs BBD and KTB groups

All Lobules BRCA BBD KTB BRCA vs BBD BRCA vs KTB BBD vs KTB
Median Median Median p-value p-value p-value
(IQR) (IQR) (IQR)

CD4 +, cells/mm? 116.3 63.8 17.7 0.08 <0.001 0.01
(46.4-183.6) (25.0-121.1) (13.3-40.6)

CDS +, cells/mm? 354.4 200 150.9 0.01 <0.001 0.30
(285.5-473.2) (118.9-385) (110.1-225.0)

CDllc+, % pp 3.5 34 0.4 0.68 <0.001 <0.001
(1.9-6.8) (1.6-4.7) (0-0.6)

CD20+, cells/mm? 6.2 16.7 0 0.16 0.66 0.07
(0-25.4) (0-58.3) (0-20.8)

CD68, cells/mm> 237.5 219 57.8 >0.99 <0.001 0.002
(122.9-281.8) (75.0-459.4) (29.2-100.0)
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Fig.2 Median densities of immune cells measured in all lobules in
at-risk breast tissue (BRCA 1/2, BBD, KTB). A CD4+, B CD8+,
C CD20+, D CD68+immune cell densities (cells/mm?), E CD11c
percent of pixels positive. p-values for pairwise comparisons between
groups are annotated for each immune cell type. BRCA samples
showed significantly higher densities than KTB samples for every

Multivariable analysis

We performed multivariable logistic regression to assess the
differences between groups adjusted for age because it was
an initial matching variable and for percent of fibrocystic
lobules as a potential confounding variable that was sig-
nificantly lower in KTB samples. The multivariable models
confirmed the univariate analysis findings for comparisons
between all three groups (Supplemental Table 1).

Discussion

In this investigation, we found that densities of T lympho-
cytes (CD4 +, CD8 +), dendritic cells (CD11c +), and mac-
rophages (CD68 +) were significantly higher in germline
BRCA /2 mutation carrier samples compared to breast
tissue samples from normal donors, suggesting increased
cell-mediated immunity in breast tissues from women at
high risk due to germline BRCA mutations. These findings
are relevant, as the role of the immune microenvironment
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immune cell type except CD20+cells, but BRCA samples showed
no significant difference from BBD samples for any immune cell type
except CD8 +cells. BBD samples showed significantly higher densi-
ties of CD4+, CD68+, and CD11c+cells as compared to KTB sam-
ples.

in carcinogenesis remains unclear, and investigation into
mammary epithelium experiencing genomic instability
events due to germline BRCA1/2 mutation affords a win-
dow into normal-appearing breast tissues with high future
breast cancer risk. Although the immune cell presence in
breast tissue from BRCA1/2 mutation carriers appeared
more similar overall to BBD women than KTB normal tis-
sue donors, the BRCA1/2 carriers still showed significantly
higher CD8 + cell densities compared to women with BBD.
Taken together, these findings suggest that in breast tissues
from BRCA mutation carriers, the immune cell presence
is significantly greater than that of breast tissue at normal/
population risk and also enriched for CD8 + cells compared
to BBD tissues.

Immune infiltrates on H&E have been reported in mor-
phologically normal breast lobules in 51% of women under-
going prophylactic mastectomy due to hereditary high risk,
compared with 10% of reduction mammoplasty tissues [28].
A separate study of immune infiltrates in background normal
tissues of 334 breast cancer patients demonstrated associa-
tion with clinicopathologic features more commonly seen
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Fig.3 Heatmap of normal-
transformed densities across the
immune cell subtypes in BRCA,
BBD, and KTB samples. BRCA
(red group) and KTB (blue
group) samples are almost com-
pletely distinct (only 1 BRCA
sample groups with the KTB 2
samples), and BBD samples
appear more similar to BRCA
samples (only 3 BBD samples
group with KTB samples).

The general pattern was for
BRCA samples (and most BBD
samples) to have relatively con-
sistent higher densities (orange
shade) of CD4+, CD8 +,
CDl11c+, and CD68 + cells,
whereas KTB samples had con-
sistently lower densities (green
shade) of these four immune
cell types. Results were more
mixed for CD20 + cells without
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y group:
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in hereditary breast cancer (younger age, triple negative,
and medullary phenotypes) [29]. Hussein et al. described
increasing densities of B cells, macrophages, and cytotoxic
T cells across the spectrum of concurrent normal/benign
abnormality/DCIS/invasive cancer areas in mastectomy
specimens, but BRCA mutation status was unknown in these
patients [30]. Similarly, Ruffell et al. described immune
cell subpopulations in small numbers of paired normal and
breast tumor tissues (also with unknown BRCA status) and
reported increases in CD4 + cells in tumor tissues, contrasted
with increased macrophage presence in normal tissues [31].
However, data are lacking that compare immune content
of normal/benign breast lobules from mutation carriers to
women without known mutations.

Previously, we have characterized the immune cell land-
scape in BBD samples and in normal donor breast tissues,
showing that CD8 + T lymphocytes, CD20+ B lymphocytes,
and dendritic cells (CD11c) are present at higher densities
in BBD samples compared with normal donor tissues [22].
In the present study, we expanded this work to BRCA1/2
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mutation carriers, observing that immune cell densities are
also significantly higher in BRCA 1/2 mutation carriers versus
normal donor tissues, suggesting activated immune response.
It remains to be determined whether the increase in immune
cell densities in BRCA I/2 mutation carriers represents tumor-
suppressive immunosurveillance induced by alterations in
epithelium, or rather tumor-promoting chronic inflammation.

Why would there be increased T cell responses in breast
lobules from BRCA mutation carriers compared to normal
women of similar age? Previous studies have shown that
BRCA mutations result in deficient DNA damage repair
by homologous recombination, leading to increased tumor
mutational burden [32] that can result in the formation of
neoantigens that may be recognized as foreign targets by
the immune system [33]. Increased mutation/neoantigen
load in breast cancer has been associated with increased
cancer-specific tumor-infiltrating lymphocytes (TILs) [34,
35], and increasing neoantigen load from single-nucleotide
mutations and INDELSs was associated with better overall
survival in primary breast tumors from the Cancer Genome
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Atlas [9]. In addition to increasing the load of immunogenic
neoantigens, BRCA mutations may also modulate immunity
in other ways. For example, BRCA mutations are also known
to increase autophagy which has been linked to the gen-
eration of antigenic peptides presented in MHC class I and
class II molecules [36]. Similarly, BRCA mutation results in
genetic instability and susceptibility to apoptosis which may
result in release of danger signals and antigens into the tissue
environment which could explain increased DC infiltration
and subsequent T cell expansion [37].

Our finding that the densities of macrophages were signif-
icantly higher in both germline BRCA mutation carriers and
BBD samples as compared with normal KTB tissue samples
may suggest chronic inflammation; however, these results
need to be interpreted with caution since by virtue of their
plasticity, macrophages may also exert anti-inflammatory
effects (i.e., M2 macrophages), depending on microenviron-
mental context. Macrophages can express pro-inflammatory
cytokines such as IFN-y, TNF-a, IL-1p, and IL-6 that pro-
mote chronic inflammation and tissue injury, resulting in
increased risk of tumor development [38, 39]. Macrophages
assume a continuum of activation states in their adaptive
responses, ranging from M1 polarization to M2 polarization
states, and the specific role, whether M2 polarized (immu-
nosuppressive) or M1 polarized (pro-inflammatory) may
depend on the cytokine milieu of the tissue microenviron-
ment [40]. In a study of single cell sequencing in 8 paired
breast cancers and normal breast tissue, Azizi et al. reported
findings that support a model of continuous T cell activa-
tion intertwined with both M1 and M2 macrophage pheno-
types, an observation that contrasts with the M2 macrophage
polarization model of cancer which is immune suppressive
[41]. While these findings support the idea that the increased
immunity we observed in the present study is a chronic
inflammatory response, this remains an area for further
study. These future studies could include a more detailed
analysis of the infiltrating T cells addressing whether they
are differentiated effector T cells (e.g., cytotoxic, Th1, Th2,
or Th17) or immunosuppressive regulatory T cells.

The strengths of our study include the novel finding of
increased CD4 +and CD8 + T lymphocytes, CD68 + mac-
rophages, and CD11c +dendritic cells in BRCA germline
mutation carriers, and the detailed quantification across
multiple lobules per sample. The primary limitation of our
study, however, is a small sample size. Despite this, several
significant differences were identified due to the large mag-
nitude of differences between the BRCA and KTB samples.
Selection bias regarding lobules studied is another limitation.
Whereas our study was limited to quantitating major immune
cell subtypes, rather than specific phenotypes (for example,
CD8+cells as cytotoxic T cells or regulatory T cells, CD4+T
cells as Th1, Th2, Th17, and macrophage phenotypes), it pro-
vides a background for our future studies in which we could
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use NanoString DSP to understand epithelial status versus
immune cells, combined with spatial RNA sequencing to
visualize the effects of altered epithelium together with loss of
BRCA function and how this correlates with immune response.

In conclusion, we have demonstrated the novel finding
that immune cell quantities of T lymphocytes (CD4 +,
CD8 +), dendritic cells, and macrophages (CD68 +) are
significantly higher in breast tissue lobules from BRCA
mutation carrier normal/benign samples as compared to
normal donor tissue samples (KTB). BBD tissues appear
more similar to BRCA carriers, consistent with increased
risk status. Possible association of neoantigen load with spe-
cific immune infiltrates and more detailed approaches for
immune subtyping are areas of investigation that will help
to elucidate better the role of the immune system in breast
carcinogenesis in high-risk women.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10549-022-06786-y.
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