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ABSTRACT

Background: Breast hypertrophy seems to be a risk factor for breast cancer and the amount and characteristics
of breast adipose tissue may play important roles. The main aim of this study was to investigate associations
between breast volume in normal weight women and hypertrophic adipose tissue and inflammation.
Methods: Fifteen non-obese women undergoing breast reduction surgery were examined. Breast volume
was measured with plastic cups and surgery was indicated if the breast was 800 ml or larger according to
Swedish guidelines. We isolated adipose cells from the breasts and ambient subcutaneous tissue to measure
cell size, cell inflammation and other known markers of risk of developing breast cancer including COX2 gene
activation and MAPK, a cell proliferation regulator.

Results: Breast adipose cell size was characterized by cell hypertrophy and closely related to breast volume.
The breast adipose cells were also characterized by being pro-inflammatory with increased IL-6, IL-8, IL-13, CCL-2,
TNF-a and an increased marker of cell senescence GLB1/B-galactosidase, commonly increased in hypertrophic
adipose tissue. The prostaglandin synthetic marker COX2 was also increased in the hypertrophic cells and COX2
has previously been shown to be an important marker of risk of developing breast cancer. Interestingly, the
phosphorylation of the proliferation marker MAPK was also increased in the hypertrophic adipose cells.
Conclusion: Taken together, these findings show that increased breast volume in non-obese women is asso-
ciated with adipose cell hypertrophy and dysfunction and characterized by increased inflammation and other
markers of increased risk for developing breast cancer.
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Background

Obesity is an established risk factor for breast cancer and the adipose
tissue is considered to play a crucial role through its tissue secretion
of oestrogens as well as increased local tissue chronic inflammation
and secretion of leptin and several different cytokines [1, 2.
Importantly, breast size, which also can be positively correlated with
body weight [3], is considered a risk factor for breast cancer [4].
However, large breasts seem to remain a risk factor for cancer also
when adjusted for body mass index (BMI) [5]. A prospective study [5]
on self-reported cup size and cancer risk among 89,268 women con-
cluded thata D cup or larger is arisk factor for breast cancer in women
with a BMI under 25 (hazard ratio [HR] = 1.80, 95% confidence interval
[CI]: 1.13-2.88, p = 0.01). Furthermore, one study [6] comprising
79,124 women found that self-reported cup size is a predictor for
breast cancer mortality also when adjusted for BMI (HR = 1.58, 95% Cl:
1.27-1.97, p < 0.0001). Another study [7], including 772 breast cancer
patients, demonstrated that a breast volume of more than 850 millili-
tres (ml) is a risk factor for a shorter disease-free survival (HR 3.64, 95%
Cl: 1.42-9.35, p = 0.007) and distant metastasis-free survival (HR 6.33,
95% Cl: 1.36-29.43, p = 0.019) in women with oestrogen receptor

positive tumours, when adjusted for BMI. Interestingly, a genome
wide-association study [8] concluded that some single-nucleotide
polymorphisms (SNPs) are associated with both breast size and
breast cancer. Hence, the total amount of body fat itself might not be
the sole contributor to risk of breast cancer, as the local amount of
breast adipose tissue and its characteristics may play important roles
[9].

Adipocytes located in the breast have certain site-specific qualities
(reviewed in [10]). They regulate growth and function of the breast
epithelium and have a role in the tumour microenvironment [11-13]
(reviewed in [14] and [15]). One aspect that affects the characteristics
of the adipose tissue is how it expands. Adipose tissue can expand by
an increase in the number of differentiated adipocytes (hyperplastic
obesity) and/or by enlargement of existing adipocytes (hypertrophic
obesity) [16], and the latter has been shown to be particularly
important for several obesity-associated disorders including insulin
resistance, Type 2 diabetes and cardiovascular disease. Histologically,
the inflammation in hypertrophic adipose tissue is characterised by
crown-like structures (CLS), composed of dead/dying adipocytes
surrounded by macrophages in a crown-like pattern [17-21]. An
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association between the occurrence of CLS in the breast (CLS-B) and
breast cancer has been seen in several studies and also seem to
influence the prognosis (reviewed in [22]). Two case-control studies,
comparing women with benign breast disease who later developed
breast cancer with those who did not, found an association between
the occurrence of CLS-B and the development of breast cancer [17,
23]. It is unknown why signs of inflammation occur in breast adipose
tissue of some women with a normal BMI. Moreover, it has never
been studied if breast adipose tissue can be characterised as
hypertrophic adipose tissue in normal weight women with breast
hypertrophy.

The main aim of this study was to investigate if there is an
association between a breast volume in normal weight women with
breast hypertrophy and hypertrophic adipose tissue and
inflammation, which could contribute to the increased cancer risk
associated with increased breast volume.

Materials and methods
Study protocol and ethics

The study is described in the “Inflammation in breast fat” protocol
(Projektdatabasen FoU i VGR, project number: 249191 (https://www.
researchweb.org/is/vgr/project/249191)). The Regional Ethical
Committee of Gothenburg reviewed and approved the study (559-
18). The procedures followed were in accordance with the Helsinki
declaration. The participants gave their informed consent to partici-
pation in the study and to the publication of the results.

Setting and study population

Participants were recruited between 2019 and 2023, with a pause
during the pandemic, among the patients on the waiting list for a
breast reduction in the Department of Plastic and Reconstructive
Surgery, Sahlgrenska University Hospital. According to national
Swedish guidelines [24] a breast reduction can be performed in the
public health care system in women with a volume of >800 ml per
breast at a BMI of less than 25 if she is under 50 years of age and less
than 27 if she is older than 50 years of age. For this study, we defined
large volume breasts as >800 ml, in accordance with the Swedish guide-
lines [24]. Clinical routines were as per the guidelines, that isa mammo-
gram was performed before the operation and pathological anatomical
diagnosis after the operation in all patients over the age of 40 years.

Patients were eligible to participate in the study if they were: (1)
biological women (2) on the waiting list for a breast reduction (3) BMI
< 27 kg/cm?. Exclusion criteria included: (1) inability to give informed
consent (2) previous breast surgery (3) cancer history (4) comorbidity
that can give rise to inflammation (5) smoking.

Clinical measurements, blood samples, and adipose tissue
biopsies

Breast volume was measured in millilitres with plastic cups
(Emballageform AB, Limhamn, Sweden). During the measurement,
the breast is lifted by the examiner and the rim of the cup is placed in
the sub mammary fold, all breast tissue placed in the cup, which is
then pushed against the thoracic wall and the volume estimated.
Different cups are used until all breast tissue fits into the cup and
there is no air in it. The used cup set comprises 14 cups ranging from
125 mlto 2,000 ml. Body weight was measured on scales and rounded
to the nearest 0.5 kilogram and body height with a tape ruler and
rounded to nearest centimetre. BMI was calculated as kilogram/

meter?. Resection weight was measured on scales and rounded to the
nearest milligram.

Venous blood was drawn on the day of the operation, after
overnight fasting. Blood samples were processed and analysed
according to standard methods at the central laboratory of
Sahlgrenska University hospital and the following tests were
performed in plasma : C-reactive protein (CRP) (reference interval < 3
mg/litre [L]), insulin (2.7-17 mU/L), glucose (4.0-6.0 mmol/L),
aspartate transaminase (AST) (0.25-0.60 pkat/L), alanine transaminase
(ALAT) (0.15-0.75 pkat/L), and bilirubin (5-25 pmol/L).

Open biopsies were taken in a standardised fashion during the
participant’s operation. Breast tissue and adipose tissue was resected
en bloc and two adipose tissue biopsies were taken from the resected
tissue. Another biopsy was taken, using the same technique, from
the subcutaneous adipose tissue lateral or caudal of the breast.
Tissue biopsies were processed immediately.

Isolation of stromal cells from adipose tissue biopsies

Breast and subcutaneous adipose tissue were obtained from the
surgical procedure, estimated weight (300-700 mg). Part of the tis-
sue biopsies was snap-frozen and used for subsequent lysates and
ribonucleic acid (RNA) isolation. In addition, mature adipocytes
were isolated and used for cell size, RNA, and lysates. Briefly, the
fresh biopsies were washed with PBS, cut into small pieces, and
digested with 0.28 mg/mL collagenase (Collagenase from
Clostridium histolyticum, Sigma-Aldrich) in M199 media (Invitrogen)
containing 4% BSA, 25 mM HEPES and 5.6 mM glucose, for 50 min at
37°Cin a shaking water bath. The digest was filtered through nylon
mesh with a pore size of 250 um, washed four times with fresh
medium and the upper fraction containing the floating isolated adi-
pose cells was collected and snap-frozen.

RNA extraction and quantitative real-time PCR

Frozen intact adipose tissue and frozen isolated adipocytes were first
suspended in QlAzol Lysis Reagent (QIAGEN) before homogenization
with Mixer Miller (MM400, Retsch GmbH). RNA was separated by
addition of chloroform. After separation, the water phase containing
RNA was used for isolation with the E.Z.N.A. total RNA kit (Omega Bio-
Tek). Quantification of RNA was performed with NANODROP 1000
Spectrophotometer (Thermo Fisher Scientific). Complementary
deoxyribonucleic acid (cDNA) synthesis was performed with the
High-Capacity ¢cDNA kit (Thermo Fisher Scientific) according to the
manufacturer’s recommendations. Gene expression was analysed
with the Quant Studio6 sequence detection system (Thermo Fisher
Scientific). Gene-specific primers and probes were designed using
Primer Express software (Thermo Fisher Scientific) or purchased as
custom TagMan gene expression assays (Thermo Fisher Scientific).
Both are listed in Supplementary Table 1. Relative expression was cal-
culated using the AACt method with normalization to 18S
(endogenous control).

Whole-cell extracts and Western blot analyses

Whole-cell protein lysates were prepared, and Western blot analyses
were performed as previously described [25]. Briefly, protein concen-
tration was determined using the Pierce BCA Protein Assay Kit
(Thermo Fisher Scientific), and 10 ug whole-cell extracts were loaded
on NUuPAGE Novex 4% - 12% Bis-Tris protein gels (Thermo Fisher
Scientific). The Trans-Blot Turbo Transfer System (Bio-Rad) was used
for protein transfer, and to ensure that the procedure had been fully


https://www.researchweb.org/is/vgr/project/249191
https://www.researchweb.org/is/vgr/project/249191

Table 1. Characteristics of the study participants.

Variables Data (Mean (SD))
n 15

Age (years) 339+16
BMI (kg/m?) 23.0+20
Breast adipose cell diameter (um) 100+£9.3
Subcutaneous adipose cell diameter (um) 92.7+96
Breast volume (mL) 1112+ 305
Resected weight (g) 575+ 283

completed, the membranes were stained using 0.5% Ponceau S
(Merck Chemicals). For the detection of specific proteins, the follow-
ing primary antibodies were used: Phospho-p44/42 MAPK(Erk1/2)
(Thr202/Tyr204) Cell Signaling #9106 and MAPK 1/2 (Erk1/2)
Millipore #06-182. Secondary antibodies: Anti-mouse 1gG, HRP-
linked, Cell Signaling #7076 and Anti-rabbit 1gG, HRP-linked, Cell
Signaling #7074.

Statistics

The statistical analyses were performed using GraphPad Prism 10
Statistics software (Dotmatics). Normal data distribution was deter-
mined using Shapiro-Wilk and D’Agostino & Pearson tests. To assess
correlation between variables, Spearman rank correlations were
used. Data analyses are presented as means + SEM. Statistical evalua-
tion between groups was performed by unpaired Student’s t-test or
Mann-Whitney test. A p-value of <0.05 was considered statistically
significant.

Results

A total of 15 healthy and non-obese participants were included in the
study. The average age was 33.9 years (range 18-69 years) and only
one individual was above 55 years of age. The average BMI was
23.0 kg/m? (range 18.7-27 kg/m?), preoperative breast volume was
1,112 ml (range 780-1,900 ml), and resected weight was 575 g (range
255-1,229 g) (Table 1). Plasma levels of CRP, insulin, gulcose, AST,
ALAT, and bilirubin were within the normal range for all patients.
Thus, this is a group of non-obese and healthy individuals.
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As shown in Figure 1A, breast volume was closely correlated to the
mammary adipose cell size (r = 0.5677). Interestingly, ambient
subcutaneous and breast adipose cell diameters were closely
correlated (r=0.849) (Supplementary Figure 1). However, as shown in
Figure 1B, breast adipose cells were around 10 um larger than the
subcutaneous adipose cells. Thus, mammary adipose cells are larger
than the ambient abdominal subcutaneous cells and closely
correlated with breast volume.

We then examined if this hypertrophic enlargement of the
mammary adipose cells was related to inflammation. As shown in
Figure 2A-E, there was a close correlation between interleukin-6 (IL-
6), IL-8, IL-1B8, tumor necrosis factor-a (TNF-a), and C-C motive
chemokine ligand 2 (CCL2, also known as macrophage colony factor 1
[MCP1]) mRNA (messenger RNA) and mammary adipose cell size
indicating increased inflammation in the hypertrophic cells in breast.
This was also true for the ambient subcutaneous adipose cells
(Supplementary Figure 2A-E) in these non-obese individuals.
Interestingly, GLBT (galactosidase beta), the gene that encodes the
protein (3-galactosidase, a marker of cell senescence, was also
increased in the large adipose cells in both breast (Figure 2F) and
subcutaneous cells (Supplementary Figure 2F). Taken together, these
data show that individuals with large breasts have expanded and pro-
inflammatory cells also characterized by an increased common
marker of cell senescence.

Apart from the increased proinflammatory factors in large
mammary adipose cells, we also examined if proliferative signaling
was enhanced. As shown in Figure 3 (Supplement 3), phosphorylated
mitogen-activated protein kinase (MAPK) increased in the adipose
cells from large breasts. In the present study of non-obese women,
we found cyclooxygenase 2 (COX2, also known as prostaglandin-
endoperoxide synthase 2 [PTGS2]) to be markedly increased in the
breast adipose tissue and strongly correlated with degree of
inflammation (Figure 4). Taken together, we report that young non-
obese women are characterized by large mammary adipose cells
which are proinflammatory and express high levels of COX2. These
data are consistent with an increased risk of developing breast cancer
also in young and non-obese women.
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Figure 1. Adipose cell size correlated with breast volume and was larger in breast than in adipose subcutaneous adipose tissue. (A) Spearman rank correlation
between breast cell diameter and breast volume (n = 15). Spearman’s correlation coefficient r and p-values are indicated in the graphs. (B) Breast adipose cells
were larger than the subcutaneous adipose cells (n = 15). Bars represent mean = SEM. Statistical significance was determined using Student unpaired t test.

*P <0.05.
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Figure 2. Breast adipose cell diameter positively correlated with inflammation markers and the senescent marker GLB1. (A-E) Correlation between breast
adipose cell size and mRNA expression of the inflammation markers IL-6, IL-8, IL-1(3, TNF-o. and CCL2 (MCP-1) (n = 15), as well as (f): GLB1 in breast tissue (n = 15).
mRNA expressions were normalized to endogenous control. Correlations were made using Spearman’s rank correlation. Spearman’s correlation coefficient rand

p-values are indicated in the graphs.

Discussion

This study investigates adipocyte cell size, proinflammatory markers
and proliferative signaling in normal weight women with breast
hypertrophy. The results point toward the fact that individuals with
large breasts have expanded and pro-inflammatory adipose tissue
cells characterized by an increased common marker of cell senes-
cence and a high expression of COX2.

Itis interesting to note that the breast adipose cells are larger than
the subcutaneous cells in the vicinity and that breast size was an
important determinant of this. In fact, the breast adipose cells were
around 10% larger than the subcutaneous cells and characterized by
markedly increased inflammation and [-galactosidase was also
increased. 3-galactosidase may contribute to the proinflammatory
effect seen in large cells and the development of dysregulated and
dysfunctional adipose cells [26].

Cell senescence is increased in large adipose cells [27]. It promotes
inflammation and can lead to the increased inflammation in the large

A
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breast and subcutaneous adipose cells. We also found the
phosphorylation of MAPK to be increased in the breast adipose cells,
and this may also contribute to enhancing cell senescence and risk of
cancer development [28]. The markedly increased COX2 in the breast
adipose tissue and its strong correlation with degree of inflammation
could also be associated with a risk of cancer development. A recent
study found adipose cell size and expression of the prostaglandin
regulator COX2 to be critical for the risk of developing breast
carcinoma [29]. It was reported that hypertrophic adipose cells
and increased COX2 were associated with 12-fold increase in risk
of developing breast cancer [29]. Hence, an increased adipocyte
cell size in large breast might explain the increased cancer risk in
large breasted women [5, 6], as well as the previously seen
increased mortality [6] and shorter disease-free and distant
metastasis-free survival [7] in the group, supporting the theory
that local adipose tissue characteristics play an important role in
cancer development.

P-pa4/a2 MAPK [ 28 10 I [ o o o

p44/42 MAPK |, [ =|. - X% il:ig 0a

B
1.2 *
L]
X .
2 0.8
=
E L]
— 44 kDa <
= 044
—42 kDa a
0.0-
S $
s P
g o8

Breast volume (ml)

Figure 3. Increased proliferative signal in adipose cells with increased breast volume. (A) Western blots were performed with antibodies for P-MAPK and MAPK.
(B) The ratio of phosphorylated to total MAPK (P-MAPK/MAPK) was calculated from images quantified using ChemiDoc imaging system. The relative expressions
of the proteins are represented as mean + SEM (n = 9). Significant difference was determined by Mann-Whitney test. *P < 0.05.
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Figure 4. COX2 positively correlated with adipose tissue cell size and inflammation markers. (A) Correlation analysis between COX2 mRNA expression in breast
tissue and breast cell diameter (n = 15). (B=F) Correlation between the mRNA expression of COX2 and the mRNA expression of the inflammation markers IL-6,
IL-8, IL-1B, TNF-o. and CCL2 (MCP-1) in breast tissue (n = 15). mRNA expressions were normalized to endogenous control. Correlations were made using Spearman
rank correlation. Spearman’s correlation coefficient r and p-values are indicated in the graphs.

Methodologically, it should be emphasized that it is difficult to
measure breast volume clinically with a high validity and reliability
[30]. In this study, volume was measured with plastic breast cups,
which is a well-established method that has been validated and
reliability tested previously [31-34]. Nonetheless, the method is
bound by some degree of subjectivity [31], like all methods to
measure breast volume [30]. However, the volumes measured
pre-operatively with the cups differ little from the volume measured
from mastectomy specimens and seem to be more accurate than
three-dimensional techniques and estimations using Magnetic
Resonance Imaging [33]. Moreover, it is more objective and less
subjective to variability than cup size [35], which has been used in
many previous studies on breast volume [4]. Although the method to
measure breasts in the study is not perfect, it is one of the most
accurate clinical methods available and the degree of inter-rater
variability (50 ml) [31] should not have affected the overall results of
the study.

Taken together, our results show that breast adipose tissue
inflammation, cell hypertrophic enlargement, COX2 expression and
proliferative signaling through MAPK activation are increased in
these non-obese women with breast hypertrophy. This is consistent
with an increased risk of breast cancer development seen in women
with large breasts. Local characteristics of adipose tissue in the breast
and its role in breast cancer development warrant further
investigation.
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