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microenvironment in vivo

Annelie Abrahamssona, Anna Rzepeckab, Thobias Romuc, Magnus Borga c, Olof Dahlqvist Leinhardd, Peter Lundbergd,
Johan Kihlberg e, and Charlotta Dabrosina

aDepartment of Oncology and Department of Clinical and Experimental Medicine, Link€oping University, Link€oping, Sweden; bDepartment of Radiology
and Department of Medical and Health Sciences, Link€oping University, Link€oping, Sweden; cDepartment of Biomedical Engineering and Center for
Medical Image Science and Visualization (CMIV), Link€oping University, Link€oping, Sweden; dDepartment of Medical and Health Sciences, and Center for
Medical Image Science and Visualization (CMIV), Link€oping University, Link€oping, Sweden; eDepartment of Radiology and Department of Medical and
Health Sciences and Center for Medical Image Science and Visualization, Link€oping University, Link€oping, Sweden

ARTICLE HISTORY
Received 13 June 2016
Revised 21 August 2016
Accepted 22 August 2016

ABSTRACT
Inflammation is one of the hallmarks of carcinogenesis. Highmammographic density has been associated with
increased risk of breast cancer but the mechanisms behind are poorly understood. We evaluated whether
breasts with different mammographic densities exhibited differences in the inflammatorymicroenvironment.

Postmenopausal women attending the mammography-screening program were assessed having extreme
dense, nD 20, or entirely fatty breasts (nondense), nD 19, on their regular mammograms. Thereafter, the women
were invited for magnetic resonance imaging (MRI), microdialysis for the collection of extracellular molecules in
situ and a core tissue biopsy for research purposes. On the MRI, lean tissue fraction (LTF) was calculated for a
continuous measurement of breast density. LTF confirmed the selection from the mammograms and gave a
continuous measurement of breast density. Microdialysis revealed significantly increased extracellular in vivo
levels of IL-6, IL-8, vascular endothelial growth factor, and CCL5 in dense breast tissue as comparedwith nondense
breasts. Moreover, the ratio IL-1Ra/IL-1b was decreased in dense breasts. No differences were found in levels of IL-
1b, IL-1Ra, CCL2, leptin, adiponectin, or leptin:adiponectin ratio between the two breast tissue types. Significant
positive correlations between LTF and the pro-inflammatory cytokines as well as between the cytokines were
detected. Stainings of the core biopsies exhibited increased levels of immune cells in dense breast tissue.

Our data show that dense breast tissue in postmenopausal women is associated with a pro-inflammatory
microenvironment and, if confirmed in a larger cohort, suggests novel targets for prevention therapies for
women with dense breast tissue.

Abbreviations: AI, aromatase inhibitors; BI-RADS, breast imaging reporting and data system; BMI, body mass index;
CCL, chemokine (C-C motif) ligand; ER, estrogen receptor; HRT, hormone replacement therapy; IL, interleukin; LTF,
lean tissue fraction; MRI, magnetic resonance imaging; NSAID, non-steroidal anti-inflammatory drug; PgR, proges-
terone receptor; SERM, selective estrogen receptor modulator
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Background

An inflammatory microenvironment has been associated
with increased risk of several cancer forms including breast
cancer and inflammation is one of the hallmarks of cancer.1

A reduced risk of breast cancer has been noticed in women
who regularly use anti-inflammatory drugs.2,3 The inflam-
matory microenvironment is to a large extent regulated in
the extracellular space where soluble factors including cyto-
kines are key regulators of the cell–cell communication
between different cell types. We have previously shown
increased extracellular in vivo levels of several inflammatory
mediators, such as interleukin (IL)-1, IL-8, chemokine (C-C
motif) ligand (CCL) 2, CCL5, leptin, and vascular endothe-
lial growth factor (VEGF) in breast cancers of women and
an association with sex steroids of these factors in normal
human breast tissue.4-12

Mammographic density has been associated with increased
risk of breast cancer.13 In a meta-analysis women with >75%
dense breast area have a 4-fold increased risk of developing
breast cancer compared to women with <5% dense breast
area.14 Mammographic density reflects variations in breast tis-
sue composition; the stroma and epithelial cells appear white or
light gray on a mammogram, whereas fat tissue appears dark.
Dense breast tissue contains higher amounts of stroma, includ-
ing collagen, and less fat tissue.15,16 The proportion of epithelial
cells in normal breast tissue is only between 1% and 6%13,17,18

and conflicting data regarding the amount and proliferation rate
of these cells in dense vs. nondense normal breast have been
reported.15-17,19,20 No differences in the expression of estrogen
receptor or progesterone receptor of epithelial cells have been
found between dense and nondense breast tissues.17,21
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Exposure to endogenous and exogenous sex steroids is an
established risk factor for breast cancer22,23 but no associations
have been found between circulating endogenous estrogen levels
and breast density.13 Anti-estrogen therapies such as the selective
estrogen receptor modulator (SERM) including tamoxifen or aro-
matase inhibitors (AI) have been shown to reduce the risk of
breast cancer.24 The effects on mammographic density between
these therapies are, however, somewhat different; tamoxifen
seems to reduce mammographic density, whereas AI have lesser
effect.25-28 Anti-estrogen therapies are associated with severe
side-effects and decreased quality of life and the adherence of
these therapeutics is very low.29,30 Hence, other less toxic preven-
tion therapies, that may include anti-inflammatory treatments,
need to be developed.

If the inflammatory microenvironment in vivo is different in
dense vs. nondense breast tissue is not known. In an explorative
study, we therefore recruited healthy postmenopausal women
attending the mammography-screening program for determina-
tions of the inflammatory microenvironment in women with
either predominantly fatty breast tissue (nondense) or with
extreme dense breast tissue (dense). Microdialysis for collection
of extracellular molecules in vivo and breast tissue biopsies was
obtained. Magnetic resonance imaging (MRI), for a continuous
measurement of breast density, was performed and lean tissue
fraction (LTF) was quantified. We found a pro-inflammatory
profile of the in vivo levels of cytokines in women with dense
breast tissue and this was positively correlated with increased
LTF, whereas no correlation was detected with estradiol levels.
Stainings of breast biopsies exhibited increased amounts of
inflammatory cells in dense breast tissue. Our data suggest that
dense breast tissue is associated with a pro-inflammatory micro-
environment that may be important for preventive strategies, but
our data need to be confirmed in larger cohorts of women.

Results

No differences in characteristics between the subjects

A total of 39 women were recruited into the study and their
characteristics are summarized in Table 1. As shown no differ-
ences of age, years since menopause, BMI, plasma estradiol,
and progesterone were found between the two cohorts. No

differences in plasma levels of cytokines were detected between
the two groups, Table 1.

MRI quantification confirmed the categorization of breast
density using mammography

Out of the 39 included women, three were not able to complete
the MRI; one because of an allergy to Gd-contrast, which was
used as part of the MRI-examination, and two because of anxi-
ety attacks (claustrophobia) in the scanner. The MRI quantifi-
cation LTF confirmed the mammographic selection of women
with dense versus nondense breasts. There was a significantly
higher LTF in the selected dense breasts compared with the
nondense breasts on both left and right side, p < 0.0001,
n D 16 in the nondense group and n D 20 in the dense group,
Fig. 1. As expected the left and right breast exhibited similar
density, Fig. 1. Typical images of the MRI from the two differ-
ent groups used for the quantifications are depicted in Fig. 1.

Pro-inflammatory cytokine profile in dense breast tissue

No complications after the microdialysis investigations were
detected. Microdialysis for sampling of extracellular cytokines
in vivo was performed in 39 women, n D 20 women with dense
breasts and n D 19 women with nondense breasts.

Significantly higher levels of the pro-inflammatory proteins
IL-6, p D 0.002, IL-8, p D 0.01, CCL5, p D 0.008, and VEGF,
p D 0.003 were detected in dense breast tissue compared with
nondense breast tissue, Fig. 2. No differences were found
between IL1b and IL-1Ra levels. However, as the pro-inflam-
matory IL1b is counteracted by the endogenous inhibitor
IL-1Ra, the ratio between these proteins were calculated. The
IL-1Ra/IL-1b ratio was significantly decreased in dense breasts,
p D 0.04, suggesting a pro-inflammatory profile of these cyto-
kines, Fig. 2. In addition, significant correlations between sev-
eral cytokines per se were detected, as well as significant
correlations with cytokine levels and LTF, further supporting a
pro-inflammatory milieu in dense breast tissue, Tables 2 and 3.
No significant differences were found in CCL2, leptin, adipo-
nectin, or leptin/adiponectin ratio, Fig. 2. Similar to the IL-1
cytokine family, the effects of leptin are counteracted by adipo-
nectin and the ratio between the two proteins may be a more
physiologically relevant measurement than the absolute con-
centrations of either protein alone. There was no difference in
local extracellular E2 between dense and nondense breast tis-
sues, 40 § 3.2 pmol/L in dense breasts and 41 § 2.7 pmol/L in
nondense breasts. TNF-a, IL-17, and GM-CSF were not detect-
able in the microdialysates.

Significantly increased levels of immune cells in dense
breast tissue

To investigate if the increased levels of pro-inflammatory cyto-
kines in dense breast tissue were associated with an increase of
inflammatory cells, two different leucocyte markers were used
for stainings of the biopsies. As shown in Fig. 3, immunostain-
ing with the leucocyte markers CD45 and CD68 revealed a sig-
nificant increase of immune cells in dense tissue compared to
nondense tissue. As expected, the dense breast tissue contained

Table 1. Characteristic and plasma levels of hormones and cytokines of the partici-
pants. All values are mean § SEM.

Dense (n D 20) Nondense(nD 19) p-value

Age (years) 64 § 1 66 § 1 0.2
Years since menopause 13 § 1 13 § 1 0.7
Body Mass Index (kg/m2) 24 § 0.7 25 § 0.7 0.3
P-Estradiol (pmol/L) 120 § 12 117 § 11 0.8
P-Progesterone (nmol/L) 0.7 § 0.2 0.4 § 0.05 0.2
IL-1b (pg/mL) 2.1 § 0.2 2.5 § 0.5 0.9
IL-1Ra (pg/mL) 331 § 40 483 § 86 0.2
IL-1Ra/IL-1b[{(br)}] 206 § 40 312 § 106 0.5
IL-6 (pg/mL) 1.7 § 0.2 2 § 0.4 0.8
IL-8 (pg/mL) 5 § 0.4 5.5 § 0.5 0.4
CCL2 (pg/mL) 40 § 8 36 § 6.2 0.9
CCL5 (pg/mL) 11,606 § 431 12,149 § 449 0.3
VEGF (pg/mL) 49 § 4 52 § 5 0.7
Leptin (pg/mL) 20,845 § 3,148 23,987 § 3,827 0.7
Adiponectin (ng/mL) 16,013 § 1,386 13,804 § 1,600 0.1
Leptin/Adiponectin 0.002 § 0.0003 0.004 § 0.002 0.6
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increased amounts of stroma and nondense breast increased
amounts of fat. No difference in amount of epithelium was
detected. Representative sections are shown in Fig. 3. No
benign breast disease or atypia was found in the tissue biopsies.

Discussion

Here, we show that dense breast tissue in postmenopausal
women exhibited a pro-inflammatory breast microenviron-
ment in vivo. The IL-1 family of cytokines showed a pro-
inflammatory profile and significantly higher levels of IL-6,
IL-8, CCL5, and VEGFs in dense breast tissue compared with
nondense breast tissue were detected. In addition, a positive
correlation between LTF and these cytokines was revealed. In
line with the pro-inflammatory cytokine profile, dense breast
tissue also contained significantly increased number of inflam-
matory cells. No correlations with plasma levels of cytokines
and LTF were detected.

Stromal-epithelial interactions are critical for the progres-
sion of several cancers including breast cancer and it has
recently been reported that the outcome of cancer therapy may
be affected by tumor-stroma interactions.31-33 Normal breast
tissue contains very low levels of epithelial cells, as the stroma
is the main tissue component, and modifications in the stroma
rather than epithelial changes seem to be related to mammo-
graphic density alterations.15-17 This emphasizes the need of
investigations taking these interactions into consideration
rather than focusing on epithelial cell alterations alone. All cell

types such as fibroblasts, endothelial cells, immune cells, and
adipocytes contribute to the total amount of biologically active
molecules released in the extracellular space and thereby the
regulation of the inter-cellular cross-talk in the microenviron-
ment. Investigations of breast tissue biopsies with commonly
used techniques such as immunohistochemistry may not reflect
the extracellular soluble components. Sampling of extracellular
molecules is possible by using microdialysis and this technique
has been used to sample bioactive molecules present in situ in
both normal and malignant human breast tissues.4,5,7,11,34 In
the present study, we used microdialysis for sampling of cyto-
kines and our data strongly suggest an inflammatory microen-
vironment in dense breast tissue. This was supported, not only
by the significantly increased levels of individual cytokines in
dense breast tissue, which may be released by all cell types in
the microenvironment, but also by significant correlations
between these inflammatory proteins in the breast. Stainings of
the breast tissue biopsies, which revealed an increased amount
of inflammatory cells in dense breasts, corroborated this find-
ing further. Inflammation is considered as one of the hallmarks
of cancer initiation and progression.1 The risk of breast cancer
has been associated with circulating inflammatory markers and
regular use of NSAIDs has been shown to reduce the risk of
breast cancer.2,3,35,36 Thus, our results seem to be highly
relevant.

Several inflammatory mediators have been linked to local
estrogen production; IL-6 and TNF-amay increase the produc-
tion of aromatase resulting in increased levels of estrogens in

Figure 1. MRI quantification of lean tissue fraction (LTF) of postmenopausal women, attending the regular mammography-screening program and categorized as dense
(n D 20) or nondense (n D 16) breasts on their regular screening mammograms underwent MRI for research purposes and LTF was quantified as described in Materials
and Methods. Graphed data are presented as mean § SEM. Representative MRIs of dense and nondense breasts. False color images of the lean LTF in a dense (lower left
panel) and a nondense breast (lower right panel). The outer border of the segmented breast tissue is shown with a white line.
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the tissue providing a link between inflammatory and estrogen
pathways in the breast.37 It has been argued that after meno-
pause, when the levels of circulating estradiol decrease, cyto-
kines may induce local aromatase expression and thereby
increase local estradiol levels.37 The majority of these studies

have been performed using immunostainings rather than mea-
suring the actual hormone levels.37 In addition, in the few stud-
ies where staining patterns have been combined with hormone
tissue levels no correlations have been found.38,39 Measuring
hormone levels in tissue homogenate has several

Figure 2. Pro-inflammatory profile of extracellular cytokines in vivo in dense breast tissue of 39 postmenopausal women, attending the regular mammography-screening
program who underwent microdialysis. On their regular screening mammograms the breast were categorized as either dense or nondense and thereafter the women
were invited to participate in the study as described in the Materials and Methods. Women with dense breasts (n D 20) are depicted in red; one microdialysis catheter
was inserted into the left breast (dense breast) and another into abdominal subcutaneous fat (dense fat). Women categorized as nondense (n D 19) are depicted in yel-
low; one microdialysis catheter was inserted into the left breast (nondense breast) and another into abdominal subcutaneous fat (nondense fat). Graphed data are pre-
sented as mean § SEM.

e1229723-4 A. ABRAHAMSSON ET AL.



methodological problems; the results obtained by this tech-
nique will reflect the intracellular levels rather than the extra-
cellular levels, the effector for the inter-cellular
communication.40 Our data do not support that the local extra-
cellular estradiol production is different in dense and nondense
breasts in postmenopausal women. As no correlations were
found between hormone levels and extracellular cytokines in
the breast, the regulation of these factors may be independent
of local estrogen production. We have previously found an
association of estrogen levels and the in vivo levels of several
inflammatory biomarkers in human breast tissue.4,5,7,9,11,34 In
these studies, both pre- and post-menopausal women and
patients investigated before and after anti-estrogen treatment
were included, thus reflecting cohorts of women with a wide
range of hormone levels, whereas in the present study, post-
menopausal women exhibiting minor variation of estradiol lev-
els were included. Hence, correlations with estrogen may not
be expected in this selected population. The lack of an associa-
tion between leptin and adiponectin and breast density support
previous results in pre-menopausal women where plasma levels
of these adipokines were without association with mammo-
graphic breast density.41

The objective and continuous assessment of breast density by
using MRI is a strong point of our study compared to BI-RADS
categorization of the regular mammograms alone. In addition,
measurements of breast density using high-resolution MRI
imaging methods may be used to detect subtle changes in breast
density that may not be visible on conventional mammograms.
This may be especially important in postmenopausal women
where it has been shown that mammographic density may not
be a useful biomarker for evaluating the effects of AI treatment,
the most potent therapeutic for breast cancer prevention.26 AIs
exhibit a greater reduction in breast cancer risk and recurrence
rates compared with tamoxifen; however, tamoxifen exerts a
greater reduction of mammographic density compared to
AIs.25-28 This suggests that a quantitative imaging technique
with a direct measurement of the breast composition, as
described in the present study, may be necessary as a surrogate
in the development of breast cancer preventive therapeutics.

Although anti-estrogen therapies reduce the risk of breast
cancer by 30% to 50%, the severe side effects such as thrombo-
embolic events, osteoporosis (AIs only), endometrial cancer,
and decreased quality of life in combination with the low com-
pliance make these strategies unsuitable for a larger popula-
tion.29,30 Studies of the biological basis and by which potential
mechanism dense breast tissue exerts its tumorigenic risks are
needed in developing preventive approaches against breast
cancer.

The stroma plays a key role for breast carcinogenesis and
various compositions of this compartment reflect differences in
mammographic density. Here, we have shown that dense breast
tissue contains a higher amount of inflammatory cells. To the
best of our knowledge, this is also the first study to show a pro-
inflammatory cytokine profile in the extracellular microenvi-
ronment in vivo in dense breast tissue. Due to the limitations of
this study with only two extreme groups of breast densities and
the low number of participant, our data need to be confirmed
in larger cohorts of women, including women with intermedi-
ate breast density. If corroborated, the present data suggest that
other targets than estrogen, such as anti-inflammatory
approaches, may be considered for studies of breast cancer pre-
ventive strategies. A high-resolution imaging modality that
facilitates tissue classification, as shown in this study, will be of
significant value in these studies.

Materials and methods

The study was performed in accordance with the Declaration of
Helsinki and the regional ethical review board of Link€oping
approved the study (#2013/476-31). All women gave informed
written consent. A total of 39 postmenopausal women (55 y of
age or older) were consecutively recruited from the screening
mammography program at Link€oping University Hospital dur-
ing 10 mo (August 2014 to June 2015). Exclusion criteria were
previous breast cancer or benign breast disease, current use of
hormone replacement therapy (HRT), anti-estrogen therapies
including SERMs or degraders, any clotting or metabolic disor-
der, or current use of non-steroidal anti-inflammatory drugs
(NSAIDs). A wash out period of at least 3 mo was required if
any of the above-mentioned drugs had been used. However,
none of the women declared any such use within a 3-mo period
including over the counter preparations. Characteristics of the
women are summarized in Table 1.

Recruitment procedure

A poster in the waiting room at the mammography department
informed that the study was ongoing. The women were
informed that they could receive a letter of invitation to the
study if they met the inclusion criteria. The regular

Table 2. Pro-inflammatory cytokines in breast tissue exhibit a significant positive correlation with breast density expresses as lean tissue fraction.

Variable IL1Ra/IL-1b IL-6 IL-8 VEGF CCL2 CCL5 Leptin/Adiponectin E2

LTF ¡0.17 0.46�� 0.40�� 0.43� 0.05 0.44�� ¡0.06 ¡0.06

�p < 0 .05, ��p < 0 .01
Spearman’s correlation coefficients of LTF calculated on breast magnetic resonance images and extracellular in vivo concentrations of cytokines and estradiol (E2) in breast
tissue, nD 36. Significant values are in bold.

Table 3. Pro-inflammatory cytokines in breast tissue exhibit significant correlations.

Variable IL1Ra/IL-1b IL-6 IL-8 VEGF CCL2 CCL5

IL-6 ¡0.15
IL-8 ¡0.59��� 0.60���

VEGF ¡0.51�� 0.56�� 0.73���

CCL2 0.01 0.29 0.38� 0.25
CCL5 ¡0.39� 0.63��� 0.60��� 0.63��� ¡0.08
Leptin/Adiponectin ¡0.24 0.07 0.29 0.08 0.44�� ¡0.19

�p < 0.05, ��p < 0.001, ���p< 0.0001
Spearman’s correlation coefficients of extracellular in vivo concentrations of
cytokines in breast tissue, n D 39. Significant values are in bold.
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mammograms were assessed by one experienced observer (AR)
according to Breast Imaging Reporting and Data System (BI-
RADS) density scale42 and breast densities were categorized as
either BI-RADS A (entirely fatty nondense breasts) or BI-
RADS D (extremely dense). A letter with information about
the study was thereafter sent out to the two groups of women.
The women were invited to undergo an MRI scan, microdialy-
sis, and core biopsy investigations for research purposes. The
recruitment was scheduled for 1 y excluding the summer holi-
days. 357 women were invited and 69 women responded to the
letter and 39 were possible to include depending on the inclu-
sion/exclusion criteria.

Microdialysis procedure

Prior insertion of the microdialysis catheters, 0.5 mL lido-
cain (10 mg/mL) was administrated intracutaneously. One
microdialysis catheter was placed in the upper lateral quad-
rant of the left breast and directed toward the nipple as

previously described5,7,8,34,43-48 and one reference catheter
was placed in abdominal subcutaneous fat. Microdialysis
catheters (71/M Dialysis AB, Stockholm, Sweden), which
consists of a tubular dialysis membrane (length 20 mm,
diameter 0.52 mm, and 100,000 atomic mass cut-off) glued
to the end of a double-lumen tube (80 mm long £ 0.8 mm
in diameter), were inserted via a splitable introducer (M
Dialysis AB), connected to a microinfusion pump (M Dialy-
sis AB) and perfused with NaCl 154 mmol/L and hydrox-
yethyl starch 60 g/L (Voluven�, Fresenius Kabi, Uppsala,
Sweden), at a perfusion rate of 0.5 mL/min. After a 60-min
equilibration period, the outgoing perfusate was stored
at –70�C for subsequent analysis. All microdialysis results
in the present paper are given as raw data. EDTA plasma
was collected at the time for microdialysis and stored
at –70�C. After the microdialysis investigation an unguided
breast biopsy was obtained from the upper lateral quadrant
of the left breast (MAX-CORE, gauge 14, BARD Medical,
Covington, GA, USA) and fixed in 4% paraformaldehyde.

Figure 3. Dense breast tissue contains increased levels of inflammatory cells in 39 postmenopausal women, attending the regular mammography-screening program
who underwent biopsies for research purposes. On their regular screening mammograms, the breast were categorized as either dense or nondense and thereafter the
women were invited to participate in the study as described in the materials and methods section. Breast biopsies were obtained in the upper lateral quadrant of the left
breast. Tissue sections were stained and quantified as described in Materials and Methods. Graphed data are presented as mean § SEM. (A) Representative H&E-stained
tissue sections from dense and nondense breast tissue, respectively. Scale barsD 50 mm. (B) Sections were stained with CD45 (green). Significantly increased levels of leu-
cocytes were detected in dense breast tissue. Representative tissue sections from each group are shown. Arrows indicate CD45C cells. Scale bars D100 mm. (C) Sections
were stained with CD68 (red). Significantly increased levels of leucocytes were detected in dense breast tissue. Representative tissue sections from each group are shown.
Arrows indicate CD68C cells. Scale barsD100 mm
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Quantification of proteins and hormones

Microdialysates and plasma were analyzed with immunoassays
from R&D Systems, Minneapolis, MN unless otherwise stated.
Human IL-1b, IL-1Ra IL-6, IL-8, CCL-2, CCL-5, and VEGF
were analyzed using Human Fluorokine MAP kits with corre-
sponding beads and analyzed on a Luminex 200 System (Lumi-
nex, Austin, TX). Leptin and adiponectin were detected using
ELISA kits. Estradiol and progesterone were quantified using
EIA-kits (DRG Diagnostics, Marburg, Germany). For micro-
dialysis analyses the kits were modified such that the standards
for the assays were prepared in the same buffer that was used
for sampling during microdialysis. All samples were analyzed
in duplicates and in the same reagent batch.

Immunohistochemistry

Formalin-fixed, paraffin-embedded breast biopsies were cut in
4 mm sections, de-paraffinized, and exposed to anti-human
CD45 antibody (SouthernBiotech) 1:100 and Alexa fluor 488
(Abcam) 1:200 or anti-human CD68 (Abcam) 1:100 and Alexa
fluor 546 (Invitrogen) 1:200 and mounted using SlowFade
Gold containing 40,6-diamidino-2-phenylindole (DAPI) (Invi-
trogen) or hematoxylin and eosin (H&E). Three hot-spot areas
on each section were visualized using a Olympus BX43 light/
fluorescence microscope (£40/0.75 magnification) with excita-
tion filters of 495–519 nm and 556–573 nm, equipped with a
Olympus DP72 CCD camera and percent positive stained cells
were calculated.

Quantification of lean tissue fraction using MRI

The LTF of each breast was computed as the ratio of its lean tis-
sue volume to its total volume. The LTF ratio has been shown
to be a variable that strongly correlate with the categorical BI-
RADS classification of breast density.49 The lean and total vol-
umes were computed based on manual whole-breast segmenta-
tion of quantitative water-fat MRI images. The quantitative fat
images were computed by calibrating the original fat images
using adipose tissue as an internal intensity reference, thus,
allowing adipose tissue volume to be quantified within segmen-
tation.50,51 The lean tissue volume of each breast was deter-
mined by subtracting its adipose tissue volume from its total
volume.52

Water- and fat-separated MR images were computed, as
previously described,53 from axial 3D 6-echo turbo field echo
MRI images acquired on a 1.5 T Achieva (Philips Healthcare,
Best, Netherlands) with a seven-element breast coil, anterior-
posterior frequency encoding, first TE at 2.3 ms and DTE of
2.3 ms, TR 15.4 ms, flip angle 10�, 300 £ 300 £ 150 mm3

field
of view, 200 £ 200 scan matrix and 3 mm slice thickness. The
left and right breasts were manually segmented using Smart-
Paint.54 The posterior boundary of the breast segmentation was
medially set in the adipose tissue anterior of the pectoral muscle
and laterally by a line crossing the pectoral muscle and ster-
num. The lateral, medial, superior, and inferior boundaries
were defined by following the contour of the breast and its con-
tinuation toward the posterior boundary. The nipple was
excluded from the segmentation.

Statistical analyses

Statistical analyses were performed using GraphPad Prism soft-
ware 6.0. For paired data, two-tailed Wilcoxon signed rank test
was used and for unpaired data two-tailed Mann–Whitney U-
test. Correlations were calculated with two-tailed Spearman’s
rank correlation test. Data are expressed as mean § SEM. A p
< 0.05 was considered as statically significant.
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