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Abstract

Introduction: Tumour microenvironment (TME) has been postulated to be involved in cancer 
development and disease progression. Studies have shown CD10 expressed in cancer-associated 
fibroblasts (CAF) within TME is associated with aggressive biological behaviour and poor 
prognosis. The aim of this study was to evaluate stromal CD10 expression in invasive breast 
cancer and its correlation with tumour stage, grade, Estrogen receptor (ER), Progesterone receptor 
(PR) and HER2 status. Materials and Methods: A total of 226 invasive breast carcinoma cases 
were selected and assembled into tissue microarrays (TMAs). The stromal expression of CD10 
was immunohistochemically analysed. Results: Stromal CD10 was positive in 67 (29.6%) cases of 
invasive breast carcinoma. The frequency of positive stromal staining was significantly higher in 
the cases with ER-negative (P=0.000). CD10 stromal negativity was significantly higher in luminal-
type cases (P=0.001).  However, there was no correlation between stromal CD10 expression with 
tumour grade, stage, PR and HER2 status. Conclusion: Positive CD10 stromal expression correlates 
with ER-negative invasive breast carcinomas, while negative CD10 stromal expression correlates 
with luminal type invasive breast carcinomas. This demonstrates that stromal CD10 expression 
within the TME constitutes a potential prognostic marker and therapeutic target. Future studies are 
necessary to evaluate other stromal markers within the TME immunohistochemically as well as its 
molecular basis in order to confirm the definite role of stromal CD10.
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INTRODUCTION

Evolving knowledge of breast cancer biology 
has led to increased validation of various 
biomarkers. A wide variety of morphology-based 
and molecular-based prognostic factors have 
been studied for their potential to predict disease 
outcome and treatment in breast cancer. These 
include patient age, axillary lymph node status, 
tumour size, histological features (especially 
histological grade and lymphovascular invasion), 
hormone receptor status, and human epidermal 
growth factor receptor-2 (HER2) status.1

 Recently,  more studies focused on 
emerging biomarkers involved in the tumour 
microenvironment (TME). TME has been shown 
to represent an important source of epigenetic 
regulation of the epithelial compartment in breast 

cancer.2 There is evidence that TME facilitates 
cancer development, progression and responses 
to treatment.2 In addition to harbouring malignant 
cells, the TME contains cells of mesenchymal 
origin, haematopoietic origin and non-cellular 
components.3 Cells of mesenchymal origin in 
the TME include fibroblasts, myofibroblasts, 
mesenchymal stem cells, adipocytes and 
endothelial cells. 
 A subpopulation of activated fibroblasts 
is known as cancer-associated fibroblasts 
(CAFs).4,5 CAF is thought to be of critical 
importance in cancer initiation, progression, 
survival, metastasis and invasion via secretion 
of various growth factors, cytokines, chemokines 
and the degradation of extracellular matrix 
(ECM) proteins.2,6 Recent studies suggest that 
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CAFs are heterogeneous and contain different 
subpopulations with distinct phenotypes 
and functions4. Generally, CAFs have high 
expression of α-SMA, p53, podoplanin, CD10, 
fibroblast activation protein (FAP), matrix 
metalloproteinases (MMPs), tenascin-C, and 
platelet-derived growth factor (PDGFRa/b) with 
loss of Cav-1 expression.2,5 Currently, there is 
no single precise definition of CAFs or breast 
CAFs, due to the absence of uniquely-identifying 
markers, as well as varying possible cellular 
origins of CAFs.5 Despite these uncertainties it 
is increasingly apparent that CAFs have a crucial 
role in tumour progression.5

 CD10 is one of the markers expressed by 
the CAFs.4,5 It is also known as common acute 
lymphoblastic leukaemia antigen (CALLA), 
which is a 90- to 110-kDa protein belonging to a 
family of zinc-dependent type II metalloproteinase. 
This enzyme is known to regulate the biological 
activities of peptide substrates by reducing 
the local concentration available for receptor 
binding and signal transduction.7 There is 
evidence that shows dysregulation of CD10 
expression significantly correlates with tumour 
progression and aggressiveness in a large variety 
of cancers such as melanoma, colorectal cancer 
and nasopharyngeal cancer.8 
 In breast cancer, many studies reported that the 
stromal CD10 expression is associated with more 
biologically aggressive tumours and correlates 
with poor prognosis in breast carcinoma.9 
In normal breast, CD10 is localised in the 
myoepithelial cells and no immunoreactivity 
was identified in the stromal cells.10 It was also 
postulated that due to structural similarities 
between CD10 and matrix metalloproteinases 
(MMPs), CD10 may create a microenvironment 
that facilitates cancer cells invasion and 
metastasis.9,11  This, in turn, may play an 
important role in the pathogenesis of invasive 
ductal carcinoma.12 
 Here, we evaluated the stromal expression of 
CD10, which is expressed in CAF in invasive 
breast cancer, and studied its correlation with 
the well-established prognostic and predictive 
factors such as tumour grade, tumour stage, ER, 
PR and HER2 status.

MATERIALS AND METHODS

This study was approved by the Ethical 
Committee of Universiti Kebangsaan Malaysia 
(Ref No. UKM PPI/111/8/JEP-2017-122). A 
total of 226 invasive breast carcinoma cases 
with complete hormonal (ER and PR) and HER2 

status were selected. The cases with insufficient 
clinical data and had previous neoadjuvant 
or adjuvant chemo and radiotherapy were 
excluded. The information on patients’ details, 
histological parameters including the tumour 
size, lymph nodes status, distant metastasis, 
tumour grade, hormone receptor and HER2 status 
were retrieved from the Computerized Medical 
Record System at our centre. The cases were 
then classified into 4 categories of molecular 
subtypes, according to Schnitt et al. (2010) based 
on the available immunohistochemical status 
of ER, PR and HER2: luminal A (ER+ and/
or PR+, HER2-), luminal B (ER+ and/or PR+, 
HER+), HER2-enriched (ER-, PR-, HER2+) and 
basal-like (ER-, PR-, HER-). Patients’ identities 
remained anonymous and each subject was coded 
accordingly.  
 The samples of the cases were reviewed and 
representative areas with tumour cells from 
the formalin-fixed paraffin-embedded (FFPE) 
tissue blocks were carefully selected based on a 
haematoxylin and eosin (H&E) stained sections, 
for tissue microarrays (TMA) construction using 
a tissue microarrayer, Alphelys Minicore® 3 
Tissue Arrayer (Alphelys, Plaisir France). Two 
representatives of 1.0 mm in diameter tissue 
cores were taken from each tissue (donor) block. 
These tissue cores were arrayed into empty 
paraffin blocks (recipient block) of 28 x 22 
mm, with 2.0 mm spacing between the cores; 
creating a maximum of 8 x 8 dots in the recipient 
block. Then, the TMA blocks were heated for 5 
minutes at 60°C, to combine donor cores with the 
recipient block. Tissue microarrays containing 
226 cases of invasive breast carcinoma were 
assembled. Sections from the TMA blocks were 
cut at 3µm and mounted onto adhesive-coated 
slides for staining purposes. 

Primary Antibodies
The antibody used in this study was monoclonal 
mouse anti-human CD10 Ready-To-Use 
Clone 56C6 (Code IS648, Dako Denmark). 
Fibroadenoma of the breast was used as the 
positive control tissue and CD10 highlights the 
myoepithelial layer (Figure 1).

Immunohistochemistry Staining Method
Immunohistochemical staining was performed 
on the TMA sections using the protocol from 
EnVisionTM FLEX Mini Kit, High pH (Code 
No. K8023, Dako Denmark). Primary antibody 
was diluted to optimal concentration using 
Antibody Diluent, Dako REALTM (Code No. 
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S2022, Dako Denmark). 
 Tissue blocks were sectioned approximately 
three µm thickness and were then incubated 
on a hot plate at 60ºC for 1 hour. An initial 
deparaffinisation and antigen retrieval step was 
performed in the Dako PTLink (Product No. 
PT10126, DakoCytomation, USA) using the 
EnVisionTM FLEX Target Retrieval Solution, 
High pH (Code No. K8004, Dako Denmark) 
at 95°C for 20 minutes followed by cooling 
at room temperature for 20 min. The slides 
were subsequently incubated with EnVisionTM 
FLEX Peroxidase-Blocking Reagent (Code No. 
DM821, Dako Denmark) for 5 min. 
 Sections were then incubated for 30 min 
at room temperature with primary antibody, 
followed by incubation with EnVisionTM FLEX 
HRP (Code No. K8023, Dako Denmark) for 20 
min and 1X DAB-containing Substrate Working 
Solution for another 10 min. The slides were 
then counterstained with Haematoxylin 2 (REF 
7231, ThermoScientific USA). 

Immunohistochemical staining analysis
CD10 expression was evaluated in the stromal 
cells. A case was considered positive if more than 
10% of the stromal cells exhibited cytoplasmic 
staining.8,9 (Figure 2)  The immunohistochemical 
staining is evaluated by a pathology trainee 
(N.A.K.) and a pathologist (F.M.) who are 
blinded to the clinicopathological parameters of 
the specimens.  Discrepancies regarding results 
are resolved by consensus.

Statistical analysis
Data analysis was performed using the Statistical 
Packaged for the Social Science (SPSS) software 
program version 20.0. A Chi-square test was 
used to assess the association between CD10 
expression and each parameter studied. A p-value 
≤0.05 was considered statistically significant. 

RESULTS

Epidemiological and clinicopathological data
Two hundred and twenty-six cases of invasive 

FIG. 1: In normal breast tissue, CD10 is localised in the myoepithelial cells and no immunoreactivity was identi-
fied in the stromal cells.

FIG. 2: In invasive breast carcinoma, CD10 immunoreactivity is expressed within the surrounding stromal cells. 
Strong cytoplasmic staining is seen in more than 10% of stromal cells.
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breast carcinoma were investigated for 
association with CD10 stromal expression. 
One-hundred and thirty-seven (60.6%) cases 
were Malay, 67 (29.6%) cases were Chinese, 
15 (6.6%) cases were Indian and the remainder 
were of other ethnicities. More than half of the 
cases were more than 50 years of age (64.6%) 
with a mean age of 54.8. 
 All cases of invasive breast carcinoma were 
graded based on the Bloom and Richardson 
grading system. Most cases were grade 2 with 
111 (49.1%) cases, followed by 75 (33.2%) 
cases of grade 3, and 40 (17.7%) cases of grade 
1. The tumour stage was based on the TNM 
staging which comprised of the primary tumour 
size, regional lymph node metastasis and distant 
metastasis. For tumour stage, a total of 84 cases 
(37.2%) were of stage 2, followed by 64 (28.3%) 
cases were stage 3, 46 (20.4%) cases were stage 
1 and 32 (14.2%) cases were of stage 4. The 
hormonal status in most patients in this study 
were ER-positive (151 cases, 66.8%) and PR 
positive (115 cases, 50.9%). The majority of the 
cases were HER2 negative (170 cases,75.2%). 
For the molecular subtype, 126 (55.8%) cases 

were classified as luminal A, followed by 44 
(19.5%) cases of basal-like, 29 (12.8%) cases as 
HER2 enriched and 27 (11.9%) cases of luminal 
B. 

Stromal CD10 expression in breast cancer
Stromal CD10 was positive in 67 (29.6%) of 
226 cases of invasive breast cancer. In the 
positive cases, strong cytoplasmic staining of 
more than 10% of the stromal cells was observed 
(Figure 1d). Stromal CD10 was also noted in 
myoepithelial cells of non-neoplastic ducts 
(Figure 1b). The expression of CD10 by cancer 
cells was not analysed in this study.

Correlation of CD10 expression and the 
clinicopathological parameters
The frequency of positive stromal staining was 
significantly higher in the cases with ER-negative 
(p=0.000). This finding is confirmed by nominal 
regression (p<0.001). However, there was no 
significant correlation found between CD10 
positivity and other clinicopathological factors, 
such as the tumour stage, histologic grade, PR 
or HER2 status (Table 1).

Table 1: Correlation between stromal CD10 expression and tumour stage, grade, ER, PR, 
HER2 status and molecular subtypes in invasive breast carcinoma

Parameters Number of 
cases

 CD10 stromal expression
CD10 

positive
CD10 

negative
p 

value
Tumour grade 1 40 7 33 0.052

2 111 31 80 
3 75 29 46 

Tumour stage 1 46 10 36 0.218
2 84 28 56 
3 64 16 48 
4 32 13 19 

ER Positive 151 33 118 0.000
Negative 75 34 41 

PR Positive 115 28 87 0.076
Negative 111 39 72 

HER2 Positive 56 18 38 0.637
Negative 170 49 121 

Molecular subtype Basal-like 44 23 21 0.001
HER2- enriched 29 9 20 
Luminal A 126 26 100 
Luminal B 27 9 18 
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Association between CD10 expression and breast 
cancer molecular subtypes
There was a significant association between 
CD10 and molecular subtypes (p<0.001). 
Stromal CD10 positivity was most prevalent in 
the luminal A subtype with 26 cases (38.8%), 
followed by basal-like 23 cases (34.3%), HER2-
enriched 9 cases (13.4%) and luminal B 9 cases 
(13.4%) (see Table 1). When the subtypes were 
grouped as luminal (luminal A and luminal B) 
and non-luminal (Her2-enriched and basal-like), 
CD10 stromal negativity showed a significant 
correlation with luminal type with 118 cases 
(74.2%) against the non-luminal with 41 cases 
(25.8%). (Table 2).

DISCUSSION

Breast cancer tissues contain genetic and 
epigenetic changes that result in altered epithelial 
cell structure and function.2 It is well documented 
that the invasive and/ or metastatic potential 
of several types of cancer cells is regulated by 
interactions with stromal cells, which involve 
stimulatory and inhibitory factors that regulate 
such functions as cellular adhesion, migration, 
and gene expression.9,13 Understanding the 
interaction between cancer cells and stromal cells 
in the TME may be useful for screening potential 
candidate markers and new therapeutic targets.8

 Although stromal CD10 expression was 
proposed to be an important novel prognostic 
factor, the expression was quite variable in 
the previous studies. Our study showed CD10 
positivity in 67 (29.6%) of 226 cases of invasive 
breast cancer. Previous researchers who have 
investigated CD10 expression in breast cancer 
reported variable rates of positivity ranging 
from 18 to 19.5% 9,8, 49 to 53.4% 14,10,15 and 79 
to 81.6% 16,17 respectively in the stromal cells. 
 These variabilities may be due to the 
heterogeneity of the study population, frequency 
of the clinicopathological parameters in the tested 
series and the differences in the methods and 
cut-off values used in these studies. 15,8 Our study 
scoring system was based on the studies done by 
Iwaya et al., (2001), Kim et al., (2010), Jana et 
al., (2014), and Louhichi et al., (2018) in which 
the researchers judged the expression of CD10 to 

be positive when more than 10% of the stromal 
cells around the neoplastic epithelial cells were 
positive. 9,10,14,8 Our result was fairly comparable 
among those researchers which ranged from 18 
to 49%. However, the result of our study was 
markedly different in comparison with studies 
using a different scoring system. Studies by Puri 
et al., (2011), Mohammadizadeh et al., (2011), 
Vo, T.N et al., (2013) and Taghizadeh et al., 
(2014) were based on the scoring system used 
by Makretsov et al. (2007) in which the authors 
divided the cases into three groups named as 
negative (less than 10% of stromal cells), weakly 
positive (diffuse weak or strong focal staining 
in less than 30% of stromal cells) and strongly 
positive (more than 30% of stromal cells). 12,15,18   

Their results ranged from 79 to 81.6%.
 These differences in higher positive results 
might be due to the latter scoring system 
incorporation of diffuse weak CD10 staining as 
positive, as this will be deemed negative in the 
former scoring system. As the evaluation of the 
stromal CD10 staining might be subjective and 
biased especially between weak positivity and 
negative staining, the 10% cut-off point is used 
in this study. In our study, only strong stromal 
CD10 expression was taken as positive. We 
also found that the scoring system with a 10% 
cut-off point was practical and easier when done 
on tissue microarrays (TMAs) as compared to 
whole sections. 
 TMA has been validated as a useful tool for 
the evaluation of various biomarkers. Our study 
opted for tissue microarrays as this method 
can include a larger number of specimens that 
can be performed at the same time exposed to 
uniform reaction conditions as well as reducing 
laboratory expenditure. A study on validation of 
TMA technology in 38 cases of breast carcinoma 
has demonstrated that analysis of two 0.6-mm 
cores is comparable to analysis of whole sections 
in more than 95% of IDC cases.19 Based on the 
review of other available researchers’ literature, 
there is only one study by Kim et al. (2010) that 
used TMA for the evaluation of CD10 expression 
in breast cancer. The result of the average score in 
the study was completely concordant with whole 
sections in randomly selected cases.10 However, 

Table 2: Correlation between CD10 with luminal and non-luminal molecular subtype

Parameters CD10 positive CD10 negative P value
Molecular subtype Non-luminal 32 41 0.001

    Luminal 35 118
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potential disadvantages of TMAs are tumour and 
stromal heterogeneity and a single core may not 
accurately represent the entire tumour. In our 
opinion, this could be one of the possible reasons 
for the conflicting results in certain parameters 
of our study with the previous studies that used 
whole tissue sections. 
 Several studies have shown that strong CD10 
expression in tumour stroma is associated with 
a poorer prognosis in breast cancers. Our study 
showed a statistically significant correlation 
between stromal CD10 expression with ER-
negative invasive breast carcinoma (p=0.000). 
Correlation between PR negative invasive 
breast carcinoma and CD10 were demonstrated, 
however it did not reach a statistically significant 
value. Many clinical studies, including large 
randomised trials, have proven that ER is a 
strong predictive factor for response to hormonal 
therapies such as tamoxifen.20 Compared to 
ER, PR staining adds only a limited amount of 
additional predictive information for response 
to hormonal therapy.21 Hormone receptor-
positive breast cancers generally have a 
favourable prognosis as compared to hormone 
receptor-negative breast cancer. From the 
literature review, most previous studies showed 
a consistent significant correlation between 
stromal CD10 positivity and ER-negative status. 
Only two studies done by Puri et al., (2011) 
and Mohammadizad et al., (2011) showed the 
presence of correlation but were not statistically 
significant due to their small sample size.18 
Contrary to ER status, all studies have shown no 
significant correlation between CD10 expression 
and PR status which is similar to our results. 
However, apart from the hormonal status, this 
study demonstrated no significant association 
with other parameters such as tumour grade, 
stage and HER2 status.
 Our study showed no correlation between 
stromal CD10 expression and HER2 status (p 
= 0.637). Mixed findings were seen among 
researchers in regards to association with HER2 
in which two research groups found increased 
expression of CD10 in HER2 positive cases14,18

and two other groups showed no significant 
association.15,16 This may be due to the studies 
with increased CD10 expression in HER2 
positive having a higher number of HER2 
positive cases as compared with HER2 negative 
cases in their studies. Meanwhile, those without 
significant association had a higher number of 
HER negative cases. These differences in our 
opinion may cause different outcomes of the 

studies. Future studies need to standardise the 
number of cases in each parameter in order to 
avoid bias. 
 We also found that CD10 stromal expression 
showed no significant correlation with tumour 
stage (p = 0.218) and tumour grade (p = 0.052). 
Similar to the present study, Iwaya et. al., 
(2002) also did not demonstrate a significant 
association with tumour stage (p=0.896) and 
grade (p=0.488). However, Iwaya and colleagues 
observed that stromal CD10 expression in IDC 
was associated with the presence of nodal 
metastasis and that patients whose tumours 
expressed CD10 had a shorter metastasis-free 
interval on median follow-up of 8 years.7 No 
correlation between CD10 and ER, PR, HER2 
was done in that study. 
 Makretsov et al. (2007) and Taghizadeh-
Kermani et al. (2011) both documented a 
significant correlation between CD10 expression 
and higher histological grade, negative ER status, 
and lower overall and disease specific survival 
rates.12,16 However, the former demonstrated no 
significant association with the tumour stage.  A 
few studies have shown CD10 correlation with 
many parameters. A study by Kim and colleagues 
reported that CD10 expression was associated 
with tumour size, stage, histological grade, the 
presence of nodal and distant metastases, and 
ER negativity.10 Puri and colleagues reported an 
increased association between CD10 expression 
with higher grade, stage, ER and PR, but all are 
not statistically significant due to limited number 
of cases in the study. 
 Our study showed a significant association 
between CD10 negative with luminal subtype 
of breast cancer as compared with the non–
luminal group (p=0.001). The most reproducibly 
identified molecular subtypes among the 
hormone receptor-positive cancers are the 
luminal A and luminal B groups. The HER2 
and basal-like groups are the major molecular 
subtypes identified among hormone receptor-
negative breast cancers. The luminal subtype 
generally has a better prognosis compared to 
the non-luminal subtype (HER2 and basal-
like).1 Our finding is consistent with previous 
studies by Louhichi et al. (2018) and Livasy 
et al. (2006) exploring CD10 expression and 
the intrinsic molecular subtypes. The authors 
found a CD10 expression in 24.3% (9/37 cases) 
of triple negative cases and 31.2% (5/16 cases) 
Her-2 enriched cases as compared to luminal A 
and B tumours (14%, (9/64) cases and 18.7% 
(3/16) cases respectively).8 It was postulated that 
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CD10 positive breast cancers arise from basal 
or myoepithelial cells which normally do not 
express hormone receptors.8

 This study has demonstrated consistent 
findings of CD10 positivity with ER negative 
status and CD10 negativity in a luminal subtype 
of breast cancer. The variable results of other 
parameters as compared with other studies were 
likely due to the difference in the methodology, 
the cut-off points of CD10 expression as well as 
number of cases used. As the expression were 
analysed based on the percentage of the stromal 
positivity, a larger section of tumour tissue is 
preferred over TMAs. Greater sample size and 
more homogenous clinical parameters are ideally 
needed in future studies.
 
CONCLUSION

CD10 as a stromal marker has been shown to play 
a role as a prognostic factor as well as potential 
therapeutic target. This study demonstrates 
significant correlation between CD10 stromal 
expression and ER-negative breast cancer. 
This further reiterates the link between CD10 
stromal expression and invasive breast cancers 
with aggressive biological behaviours.  In turn, 
targeted therapy on stromal cells expressing 
CD10 may be utilised for the treatment of 
invasive breast cancers.  Future studies are 
necessary to evaluate other stromal markers 
within the TME immunohistochemically as well 
as its molecular basis in order to confirm the 
specific role of CD10.
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