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Abstract
Localised breast cancer can be cured by surgery and adjuvant treatments, but mortality remains high as some tumours metastasize
early. Perlecan is a basement membrane (BM) protein involved in tumour development and progression. Here, mRNA and
protein expression of perlecan, and mRNA expression of matrix degrading enzymes were studied in normal breast and invasive
breast cancer, and correlated to prognostic risk factors, in particular oestrogen status. Moreover, plasma levels of perlecan were
measured in patients with breast cancer and compared with controls. mRNA data was extracted from the Cancer Genome Atlas
database. Perlecan protein expression was visualized using immunofluorescence and plasma levels measured by ELISA assay.
Perlecan mRNA levels were twice as high in normal breast compared with breast cancer tissue. A strong correlation was found
between mRNA expression of perlecan and several matrix-degrading enzymes in oestrogen receptor positive (ER+) tumours.
Perlecan protein was localized to both epithelial and vascular BMs, but absent in the stroma in normal breast. In breast cancer, the
expression of perlecan in epithelial BMwas fragmented or completely lost, with a marked upregulation of perlecan expression in
the stroma. Significantly higher levels of perlecan were found in plasma of ER+ patients when compared with ER- patients. This
study shows that perlecan expression and degradation in breast cancer may be linked to the ER status of the tumour.
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Introduction

Several prognostic and treatment predictive biomarkers are
routinely used to categorize patients with breast cancer (BC).
These factors include patient age, axillary lymph node status,
tumour size, histological grade, lymphovascular invasion,
hormone receptor status, HER2 status and proliferation

measured by Ki-67. In recent years, gene expression profiling
and molecular subtyping of BC has further been used to help
refine classification and guide decisions about therapy [1].
Most of the current factors used are based on the properties
of the malignantly transformed epithelial cell. Cancer cells do
however not grow in isolation. Increasing evidence show that
the stroma actively participates in tumour formation [2].
Tumour stroma shares many similarities with granulation tis-
sue and scar formation in wound healing, and cancers have
been described as wounds that do not heal [3].

In BC, the tumour stroma differs from the normal stroma
by an increased deposition of extracellular matrix (ECM)mol-
ecules such as type I, III, and V collagen, fibronectin,
laminins, glycosaminoglycans, proteoglycans and
matricellular proteins, which all collectively alter the structure
and stiffness of the stroma. Stromal proteolysis by matrix me-
talloproteinases (MMPs) is also increased, leading to matrix
fragmentation, which provides room and migration paths for
cancer cells. BC stroma also produces growth factors, modu-
lates surface receptors, causes fibroblasts to proliferate and
stimulates the release of matrix regulatory proteins. This
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stromal remodelling is necessary to satisfy the needs of the
growing tumour, promote metastasis and contributes to tu-
mour resistance to systemic treatments [4].

The basement membrane (BM) separates the epithelial
cells from the surrounding stroma in all glandular epithelium.
Perlecan, also known as heparan sulfate proteoglycan 2
(HSPG2), is a large BM molecule, which forms a complex
network with laminin, nidogen, type IV, XV, and XVIII col-
lagen, and other ECM molecules [5–9]. Perlecan mediates
cell-matrix adhesion, interacts with other molecules [10, 11],
sequesters and releases growth factors [12–14], stimulates cell
growth and differentiation [15], and furthermore regulates the
vascular response to injury [16]. Due its multifunctional roles,
perlecan is proposed to act as a border separating tissues dur-
ing development, tissue formation and wound healing [17].
Domain V, the C-terminal of perlecan, also known as
endorepellin, can inhibit [18, 19] angiogenesis, and in the
context of cancer remodelling, has opposite effects to perlecan
[20]. Moreover, further bioactive substances can be released
from endorepellin by bone morphogenic protein-1 (BMP1)
[21] and cathepsin L (CTSL) [22].

The aim of the present study was to investigate the mRNA
and protein expression of perlecan, and mRNA expression of
matrix degrading enzymes in normal breast and breast cancer
tissue, and analyse whether there is a correlation to known
prognostic biomarkers. Moreover, circulating levels of re-
leased perlecan were measured in plasma from breast cancer
patients both pre- and postoperatively.

Materials and Methods

Study Cohorts

In the present study three different patient cohorts were used
(cohort I-III). Data for cohort I was obtained through the
Cancer Genome Atlas (TCGA) [23]. All patients in cohort II
and III were admitted for elective surgery to the Department of
Surgery, Umeå University Hospital during the years 2008–
2012. Informed consent was obtained from all patients, and
the ethical committee at the Medical faculty of Umeå
University approved the study.

Study Cohorts for the Gene Expression Data
from TCGA (Cohort I)

The mRNA expression of perlecan and matrix degrading en-
zymes matrix metalloproteinases (MMPs) 1–3, 7–17, 19–21,
23A, 23B, 24, 25, 27, 28, BMP1, cathepsin L (CTSL) and
cathepsin V (CTSV) were analysed in cohort I obtained from
the Cancer Genome Atlas (TCGA). This database contains
mRNA sequence data and clinicopathological data. Clinical
data and fragments per kilo base of transcript per million

mapped reads at upper quartile (FPKM-UQ) from all the
available primary breast cancer patients in TCGA (n = 1089)
and from normal breast tissue from 108 of these patients was
extracted. The FPKM-UQ data is generated by first aligning
RNA-Seq reads with a reference genome followed by normal-
ization using the FPKM-UQmethod. (https://docs.gdc.cancer.
gov/Data/Bioinformatics_Pipelines/Expression_mRNA_
Pipeline/) The database was last updated 29:e of January
2017. Patient characteristics of cohort I are summarized in
Table 1.

Study Cohorts for Protein Expression and Circulating
Perlecan (Cohorts II and III)

The cohorts were selected from a larger prospectively kept
biobank, based on the availability of samples and with the
aim to obtain an equal distribution of invasive ductal BC with

Table 1 Patient characteristics of cohort I

Cohort I (n = 1089)

Age

≤50 328 30,1%

51–60 272 25,0%

≥61 489 44,9%

Tumorsize

≤20 mm 278 25,5%

21-50 mm 631 57,9%

>50 mm 177 16,3%

Missing 3 0,3%

Nodestatus

Positive 453 41,6%

Negative 469 43,1%

Missing 167 15,3%

Preogesteron Receptor

Positive 695 63,8%

Negative 342 31,4%

Missing 52 4,8%

Estrogen Receptor

Positive 803 73,7%

Negative 237 21,8%

Missing 49 4,5%

HER2 Receptor

Positive 90 8,3%

Negative 529 48,6%

Missing 470 43,2%

Tumor type

Ductal 778 71,4%

Lobular 203 18,6%

Others 107 9,8%

Missing 1 0,2%

70 J Mammary Gland Biol Neoplasia (2020) 25:69–77

https://docs.gdc.cancer.gov/Data/Bioinformatics_Pipelines/Expression_mRNA_Pipeline/
https://docs.gdc.cancer.gov/Data/Bioinformatics_Pipelines/Expression_mRNA_Pipeline/
https://docs.gdc.cancer.gov/Data/Bioinformatics_Pipelines/Expression_mRNA_Pipeline/


and without DCIS, node positive and negative, HER2 receptor
positive and negative, and hormone receptor positive and neg-
ative tumours in both cohorts. The molecular subtype classi-
fication was made using the criteria according to the guide-
lines of St Gallen international Expert Concensus [24]. None
of the breast cancer patients had received neoadjuvant radio-
or chemotherapy.

For cohort II, fresh frozen tumour tissue samples were col-
lected from 31 female BC patients. The patient characteristics
are summarized in Table 2. Control tissue samples were ob-
tained from 20 female patients operated for benign breast dis-
ease or taken from the periphery of mastectomy specimens.
The tissue samples were snap frozen in liquid nitrogen and
stored at −80 °C until analysis.

For cohort III, plasma samples were collected from 75 BC
patients. For 65 (86,7%) patients a preoperative plasma sam-
ple was collected, and for 65 (86,7%) a postoperative plasma
sample was collected 4–8 weeks after surgery. Patient charac-
teristics are summarized in Table 2. Plasma samples from
eight control patients were obtained from female patients un-
dergoing elective surgery for non-malignant diseases. All
plasma samples were frozen at −80 °C until analysis.

Immunohistochemistry and Antibodies

Haematoxylin and eosin (H&E) staining was performed ac-
cording to standard protocols on frozen sections. For
immunofluroscence analysis, 5 μm frozen sections were fixed
in cold (−20 °C) acetone for 10 min and then airdried. The
slides were washed with PBS and blocked with PBS contain-
ing 3% bovine serum albumin (BSA) at room temperature
(RT) for 1 h. Primary antibodies were diluted using 3%
BSA/PBS, applied to the sections, and incubated for 1 h at
RT in a humid chamber. The primary antibodies and dilutions
used were goat anti-human endorepellin (R&D systems,
Minneapolis, MN, USA; AF2364, 1:100) and mouse anti-
human cytokeratin 18 (DakoCytomation, Glosstrup,
Denmark; clone DC10, M7010, 1:50). The slides were then
washed and incubated with secondary antibodies diluted at
1:100 in 3% BSA/PBS for 1 h at RT in a dark chamber. The
secondary antibodies used were: donkey anti-goat TRITC and
donkey an t i -mous e F ITC (bo t h f r om Jack son
ImmunoResearch Laboratories, Inc., West Grove, PA, USA).
After washing with PBS, sections were mounted with DAPI
hard set medium (Vectashield, Vector Laboratories Inc.,
Burlingame, CA, USA).

Elisa Assay

Circulating levels of perlecan in plasma were measured using
commercial HSPG2 (perlecan) ELISA kit (Cloud-Clone
Corp, Wuhan, Hubei, PRC; Product no. SEC748Hu) accord-
ing to the manufacturers’ protocol. The samples were

analysed in duplicates and the concentration was determined
by comparing the OD (450 nm) of the samples with the stan-
dard curve and final concentration were calculated by multi-
plying with the dilution factor.

Statistics

SPSS version 24 software was used for statistical analysis. To
estimate the difference between groups with low numbers the

Table 2 Patient characteristics of cohort II and III

Cohort II (n = 31) Cohort III (n = 75)

Age

≤50 11 35,5% 21 28,0%

51–60 5 16,1% 16 21,3%

≥61 15 48,4% 38 50,7

Tumour size

≤20 mm 10 27,8% 41 54,7%

21-50 mm 19 66,7% 30 40,0%

>50 mm 2 5,6% 4 5,3%

Nodal status

Positive 16 51,6% 43 57,3%

Negative 15 48,4% 32 42,7%

Tumour grade

1 4 12,9% 14 18,7%

2 7 22,6% 17 22,7%

3 20 64,5% 44 58,7%

IDC mixed with DCIS

Yes 16 51,6% 31 41,3%

No 15 48,4% 44 58,7%

Oestrogen Receptor

Positive 17 54,8% 44 58,7%

Negative 14 45,2% 31 41,3%

Progesteron Receptor

Positive 15 48,4% 40 53,3%%

Negative 16 51,6% 35 46,7%

HER2 Receptor

Positive 12 38,7% 29 38,7%

Negative 19 61,3% 46 61,3%

Ki67 status

Low (<20%) 6 19,4% 23 30,7%

High(<20%) 25 80,6% 52 69,3%

Molecular subtype

Luminal A 6 19,4% 16 21,3%

Luminal B (HER2 nega 6 19,4% 16 21,3%

Luminal B (HER2 posi 5 16,1% 12 16,0%

HER2 positive 7 22,6% 17 22,7%

Triple negative 7 22,6% 14 18.7%

Abbreviations: IDC = invasive ductal cancer; DCIS = ductal carcinoma in
situ
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Mann-Whitney U test, Wilcoxon test and Spearman’s rank
correlation test were used since the data was not normally
distributed. For normally distributed data, independent and
dependent T-test, one-way ANOVA test and linear regression
models were used. For survival analyses of perlecan mRNA
expression, a cut of value of 750,000 FPKM-UQ was used
and selected based on the appearance of the histogram of
cohort I.

Results

Characterization of the Cohorts

Patient characteristics for cohort I are presented in Table 1 and
for cohorts II and III in Table 2.

Cohort I used for mRNA analysis includes 1089 patients
with primary BC and normal breast tissue from a subset of
these patients, 108 (10,1%) was used as controls. The mean
age for the patients and controls was 58,5 and 56,4 years,
respectively. The median follow-up time was two years.

Cohort II was used to analyse protein expression of
perlecan in breast tissue and includes 31 patients and 20 con-
trols. Mean age did not differ between the groups, (mean age
for patients was 58,29 years and 60,82 years for controls (p
value = 0,59)) and the median follow-up time was almost
eight years. Seven out of 31 patients had died of BC related
events (16,1%) at time of follow-up.

Cohort III was used to analyse perlecan levels in plasma
before and after BC surgery. The cohort includes 75 patients
and eight controls. The mean age was lower (p value = 0,034)
for the controls (49,3 years) than for the patients (59,2 years)
and the median follow up time for the patients was 8,5 years.
Mean age did not differ between the groups and the median
follow up time for the patients was 8,5 years. A total of 11
(14,7%) patients had died in a BC related event at the time of
follow-up. There were ten cases of missing data for perlecan
both in the pre- and post-operative group, but these were
equally distributed among the different patient subgroups.

There were a higher number of large (>55 mm) and node
positive tumours in cohort I compared with cohorts II and III.
There were a low number of HER2 receptor amplified tu-
mours in cohort I, although a lot of missing data for this var-
iable. Molecular subgrouping could thus not be performed for
cohort I, as neither the Ki67 variable nor the grade of the
tumour were available.

mRNA Levels of Perlecan in Breast Cancer Tissue

The mRNA expression of perlecan in normal breast was
almost twice as high (mean 726,420 FPKM-UQ) com-
pared with the mRNA level in the BC tissue from the
same patient (mean 398,101 FPKM-UQ) (p value

<0,001). Among the BC patients, there was a signifi-
cantly higher level of perlecan mRNA expression in
ER+ cancer (mean 413,638 FPKM-UQ) compared with
ER- cancer (mean 364,610 FPKM-UQ) (p = 0,014). The
perlecan mRNA level was also higher in progesterone
receptor positive (PR+) cancer (mean 415,783 FPKM-
UQ) compared with progesterone receptor negative
(PR-) cancer (mean 375,048 FPKM-UQ) (p = 0,022)
(Fig. 1). There were no significant differences in
perlecan mRNA expression levels in relation to age,
lymph node status, HER2 amplification or tumour size
(Fig. S1 a-d). No association between perlecan mRNA
expression and survival was seen (p value = 0,44) over-
all nor when stratifying patients according to ER status
(p value = 0,41) (Fig. S2).

mRNA Levels of Matrix Degrading Enzymes in Breast
Cancer Tissue

The mRNA expression of MMP1, 3, 10–17, 25, BMP 1
and CTSV was significantly higher in BC compared
with normal breast tissue. For MMP19, 23A, 27 and
28 the opposite was seen (Table 3). The mRNA expres-
sion of MMPs in relation to perlecan mRNA expression
showed that the mRNA expression of MMP2–3, 7–8,
10–14, 16, 19, 21, 23B, 25, 27–28, BMP1, CTSL and
CTSV correlated significantly with perlecan mRNA ex-
pression. In ER+ tumours a significant correlation be-
tween perlecan and MMP2, 3, 8, 10–11, 13–14, 16, 17,
19, 21, 23B, 25, 27, 28, BMP1, CTSL and CTSV
mRNAs could be seen. In ER- tumours a significant
correlation with perlecan and MMP2, 8, 11, 13–14,
19, 21, 27, BMP 1 and CTSV mRNAs were seen
(Table S1 and Fig. 2), and thus there were differences
between the ER+ and ER- tumours.
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Fig. 1 Perlecan mRNA in breast cancer tissue and normal breast tissue.
The mRNA levels of perlecan in the normal breast tissue are almost twice
as high as the levels in the breast cancer tissue from the same patient.
There is a significantly higher level of perlecanmRNA expression in ER+
breast cancer compared with ER- breast cancer, and the same is shown in
PR+ breast cancer compared with PR- breast cancer
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Expression of Perlecan in Breast Cancer Tissue

In normal breast perlecan protein is localized to both epithelial
and vascular BMs and absent in the stroma. In invasive ductal
BC tissue perlecan is lost from epithelial BM, but the expres-
sion in the vascular BM remains intact. In cancer an abundant
deposition of perlecan protein in the stroma was observed.

A weak correlation between perlecan expression and tu-
mour grade was observed, with high-grade tumours having a
stronger expression of perlecan in the stroma (Fig. 3). Perlecan
expression did not differ significantly between the different
molecular subtypes of BC, nor was there an obvious correla-
tion with oestrogen and/or progesterone receptor expression,
node status or tumour size.

Circulation Levels of Perlecan in Plasma

Circulating levels of perlecan in plasma were measured
in controls (n = 8) and in patients with BC (n = 75) both
before (n = 65) and after (n = 65) surgery. There was a
significantly higher level of perlecan in ER+ breast can-
cer patients, median 56,8 ng/ml (preoperative) and me-
dian 64,2 ng/ml (postoperative), compared with ER-
breast cancer patients median 47,5 ng/ml (preoperative)
and median 49,0 ng/ml (postoperative), both in the pre-
(p value: 0,047) and the post-operative setting (p value:
0,007) (Fig. 4A). No such difference was observed be-
tween HER2+ vs. HER2-, high KI67 (>20%) vs. low
Ki67 (<20%), node negative vs. node positive breast
cancer patients (Fig. S3 d-f).

There was no significant difference in perlecan plasma
levels in the preoperative setting in relation to molecular sub-
type of the tumour. In the postoperative setting there was a
significant difference between the groups, with higher levels
of perlecan in plasma in the ER + luminal A (median
65,0 ng/ml) and luminal B (HER2 negative) (median
66,3 ng/ml) breast cancer compared with the ER- HER2 pos-
itive (median 40,5 ng/ml) and triple negative (median
55,3 ng/ml) breast cancer (p = 0,04). The Luminal B (HER2
positive) had a slightly lower level of perlecan than the other
ER+ breast cancer groups, (median 52,0 ng/ml) but the vari-
ance in perlecan level was high among the samples (Fig. 4B).

The pre- and postoperative levels of perlecan in plasma
from breast cancer patients did not correlate with age, tumour
size or grade (Fig. S3).

Discussion

Perlecan mRNAwas shown here to be twice as high in normal
breast compared with BC tissue. The mRNA levels of several
matrix degrading enzymes analysed, were also higher in BC
compared with normal breast tissue, as shown by others be-
fore [25]. Interestingly, a strong and significant correlation
was observed between the mRNA expression of perlecan
and many of the analysed matrix degrading enzymes. In BC
tissue significantly higher level of perlecan mRNAwas found
in ER+ than ER- breast cancer. Moreover, a completely dif-
ferent pattern of correlations between perlecan and matrix-
degrading enzyme mRNAs was observed in the ER+ and
ER- tumours, indicating differences in stromal remodelling
in relation to hormonal receptor status.

Perlecan protein was not localized to the stroma of normal
breast tissue, whereas both epithelial and the vascular BMs
were intensively stained. In BC tissue, perlecan protein ex-
pression was upregulated in the stroma and fragmented or lost
in the epithelial BM, although remaining intact in the vascular
BM, indicating that this process is epithelial BM specific and

Table 3 mRNA expression of different matrix degrading enzymes in
breast cancer. Dependent T test comparing mean mRNA of different
matrix degrading enzymes in breast cancer tissue vs normal breast
tissue. NS, not significant

Normal breast
tissue Mean
(FPKM-UQ)

Breast cancer
tissue Mean
(FPKM-UQ)

p value

MMP1 4994 407,074 >0,001

MMP2 2,464,000 2,624,000 NS

MMP3 35,969 178,997 >0,001

MMP7 977,741 866,989 NS

MMP8 1269 23 79 NS

MMP9 178,137 1,804,000 NS

MMP1 0 9057 90,455 >0,001

MMP11 19,497 1,665,000 >0,001

MMP12 16,934 72,507 0,0053

MMP13 3794 371,442 >0,001

MMP14 1,011,000 2,577,000 >0,001

MMP15 155,952 194,402 0,0339

MMP16 28,542 36,863 0,0206

MMP17 24,353 35,792 0,0002

MMP19 158,355 74,854 >0,001

MMP20 3474 475 5 NS

MMP2 1 1745 1 65 6 NS

MMP23A 6043 4393 0,0373

MMP23B 902 709 NS

MMP24 24,254 18,042 NS

MMP25 14,208 27,067 0,0003

MMP27 15,168 2684 >0,001

MMP28 139,705 31,574 >0,001

BMP1 88,137 125,976 >0,001

CTSL 923,703 931,295 NS

CT S V 25,652 50,784 0,0406

Abbreviations: FPKM-UQ= fragments per kilo base of transcript per mil-
lion mapped reads at upper quartile; MMP =matrix metalloproteinase;
BMP= bone morphogenetic protein, CTSL = cathepsin S; CTSV= cathep-
sin V
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may be initiated by the cancer. Perlecan is thus either degraded
from its normal tissue location and/or the synthesis of perlecan
becomes down-regulated in the BM. It has been recently
shown, that the localization of perlecan expression changes
from interstitial to predominantly cellular with advancing
breast cancer stage, and the intensity of perlecan expression
was highest in breast cancer metastasis. This study also
showed that higher expression of perlecan at the cell surface
correlated with poor survival in triple negative breast cancer
[26]. The mRNA analysis showed suppression of expression
in breast cancer and similar findings have been made by
others. Fernandez Vega et al., showed that perlecan transcript
levels were down-regulated 3-fold in non-metastatic invasive
ductal breast cancer and close to 6-fold in metastatic tumours
[27]. In fibrosarcoma cells, suppression of perlecan expres-
sion, resulted in stimulation of tumour cell growth and in-
creased ECM invasion [28]. Moreover, in a cell line derived
from Kaposis sarcoma, suppression of perlecan caused en-
hanced cell migration and proliferation in vitro, and enhanced
tumourigenesis and angiogenesis in xenografts [29].

The mRNA expression analysis also showed that the
mRNA of MMP1, 3, 10–17, 25, BMP 1 and CTSV were
expressed at much higher levels in BC compared with normal
breast tissue. MMPs are well studied and shown to facilitate
cancer progression by degrading the BM allowing cancer cells
to invade into the surrounding stroma [30]. At least MMP 3,
13, BMP 1 and cathepsin L have been shown to cleave
perlecan to varying extents [14] [21, 22] and thus enhanced

cleavage of perlecan is also a possible result of a degraded BM
in breast cancer.

In the present study mRNA expression of MMP 2–3, 7–8,
10–14, 16, 19, 21, 23B, 25, 27–28, BMP1, CTSL and CTSV
correlated significantly with perlecan mRNA expression indi-
cating that there might be a coupled regulation. Whitelock
et al. have showed that proteases can release growth factors
from perlecan, and that this may facilitate tumour growth [14].
Moreover, endorepellin generated by proteolysis of perlecan,
has been shown to evoke autophagy of endothelial cells [31].
Autophagy, is an alternative energy source and it may confer
as a survival advantage on tumour cells under stress [32].
Taken together, this supports an interaction between perlecan
and matrix degrading enzymes that could favour tumour
growth.

In the breast cancer stroma, the perlecan expression be-
came strong, while it was virtually absent from normal breast
stroma. This phenomenon, with deposition of perlecan in the
stroma, has been described in other tumours such as colon
cancer and oral squamous cell cancer [33, 34], and also in
wound healing [35]. Perlecan is synthesised in the stroma by
both myofibroblasts and cancer cells [36] and due to its pro-
angiogenic properties [37], a high expression of perlecan in
the stroma would support new capillary formation during tu-
mour growth. This, together with the capacity for growth fac-
tor binding by perlecan [12–14], with receptor activation [38]
and protection of proteolysis of angiogenic growth factors
[39], would support further tumour growth and spread. A
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enzymes show a different pattern in ER+ vs ER- breast cancer
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levels of perlecan between the
groups is significant in the post-
operative setting with higher
levels in patients with luminal
tumours
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Fig. 3 Immunohistochemistry of perlecan. a-e: Light microscopy images
stained with H&E visualized a: normal breast tissue, b: ER+ ductal breast
cancer tissue, c: ER- ductal breast cancer tissue, d: invasive ductal cancer
tissue grade 1 (IDC1) and e: grade 3 (IDC3). f-l: Immunofluorescence
staining, with perlecan (in red) and the epithelial cell marker cytokeratin
18 (in green). f&k: normal breast tissue showing perlecan expression in
both epithelial (yellow arrow) and vascular (white arrow) BMs and no
expression in the stroma (blue arrow). g&l: ER+ and h: ER- invasive
ductal breast cancer tissue showing high expression of perlecan in the

tumour stroma (blue arrow) and in the vascular BM (white arrow) but no
expression in the epithelial BM (yellow arrow). No clear difference in
perlecan expression between ER+ and ER- breast cancer can be seen. i:
IDC1 tissue showing moderate expression of perlecan in the stroma (blue
arrow) and high expression in the epithelial BMs (yellow arrow) that are
preserved. j: IDC3 tissue showing strong expression of perlecan in the
tumour stroma (blue arrow) and no remaining expression in the epithelial
BM (yellow arrow)
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weak correlation between perlecan expression in the stroma
and tumour grade was evident, with high grade tumours hav-
ing a stronger expression of perlecan thus indicating an altered
expression during tumour cell differentiation.

Some interesting differences were observed in terms for
ER+ and ER- BC. The mRNA expression of different matrix
degrading enzymes correlated significantly with perlecan
mRNA and this correlation was sustained in the ER+ tu-
mours but was, for many MMP’s, lost in the ER- tumours.
In the ER+ tumours a significantly higher level of perlecan
mRNAwas observed, and the same was also seen in plasma
from patients with ER+ BC. Xiong et al. have shown that
miRNA, in this case miR-22, is a direct regulator of the gene
(ESR1) encoding the oestrogen receptor. By knockdown of
endogenous miR-22 in breast cancer cell lines the ER ex-
pression is elevated and this was also seen in surgical spec-
imens of breast cancer [40]. miR-22 is also a target of the
gene encoding perlecan and 3-fold downregulation of miR-
22 duplicated the expression of perlecan [41]. These results
points to that miR-22 can be a possible regulatory mecha-
nism between perlecan and the ER status of the tumour.
Pompei et al. have shown that oestrogen pharmacologically
administered to castrated rats led to an increased level of
perlecan in the carotid walls [42], and in rat mammary tis-
sue , e s t r ad io l benzoa t e in combina t ions wi th
medroxyprogesterone acetate, induced perlecan production
and increased breast tissue proliferation [43]. These reports
further support that oestrogen and perlecan are connected to
each other. In tissue staining of perlecan protein the same
was not observed, which could be due to the small cohort
size, but also an overall strong staining of perlecan in both
ER- and ER+ breast cancer stroma. No obvious correlation
of perlecan expression with known prognostic biomarkers of
BC was observed, nor with the molecular subtype of the
tumour. This analysis is limited by the small size of the
cohort and cannot thus be addressed with certainty.
Furthermore, the source of the high expression of perlecan
in breast cancer stroma remains elusive.

Conclusions

Perlecan synthesis and expression is altered during BC devel-
opment and could be regulated in an oestrogen-dependent
manner. Future studies should be focused establishing a prog-
nostic value in BC using larger cohorts with longer follow up.
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