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SUMMARY

Triple-negative breast cancers (TNBC) are breast 
cancers with no expression of estrogen receptors 
(ER), progesterone receptors (PR), and human 
epidermal growth factor receptor 2 (HER-2).  This 
study was done to identify stem cell-like subtypes in 
TNBC.  This cross-sectional study was performed on 
breast cancer patients in Haji Adam Malik Hospital 
Medan from 2013 to 2016 by immunohistochemistry 
stained.  Data about demographics were extracted 
from patients’ records and histopathologic features.  
By using CD44, CD24, Twist, Claudin7, and Vimentin, 
a total of 67 breast tumor samples with TNBC were 
classified as 19 cases of stem cell-like and 48 cases of 
non-stem cell-like subtypes.  Postmenopause women 
with a tumor size of more than 5 cm, higher stage, 
and grade histology were likely to have non-stem cell-
like subtypes.  Women with mucinous carcinoma and 

metaplastic carcinoma of no special type tended to 
have non-stem cell-like subtypes.  Both stem cell-like 
and non-stem cell-like subtypes commonly had low 
Vimentin.  By using immunohistochemistry staining, 
TNBC can be differentiated into stem cell-like and 
non-stem cell-like subtypes.  Stemness in stem cell-
like subtypes is resistant to therapy.  Therefore, the 
identification of stem cells in TNBC needs special 
attention to assist in optimal handling.

Keywords: CD24, CD44, Claudin7, TNBC, Twist, 
Vimentin.

RESUMEN

Los cánceres de mama triple negativos (TNBC) son 
cánceres de mama sin expresión de receptores de 
estrógeno (ER), receptores de progesterona (PR) 
y receptor 2 del factor de crecimiento epidérmico 
humano (HER-2).  Este estudio se realizó para 
identificar subtipos similares a células madre en 
TNBC.  Este estudio transversal se realizó en pacientes 
con cáncer de mama en el Hospital Haji Adam 
Malik de Medan de 2013 a 2016 mediante tinción 
inmunohistoquímica.  Los datos sobre la demografía 
se extrajeron de los registros de los pacientes y las 
características histopatológicas.  Mediante el uso de 
CD44, CD24, Twist, Claudin7 y Vimentin, un total 
de 67 muestras de tumores de mama con TNBC se 
clasificaron como 19 casos de subtipos similares a 
células madre y 48 casos de subtipos no similares 
a células madre.  Es probable que las mujeres 
posmenopáusicas con un tamaño tumoral de más de 
5 cm, estadio y grado histológico más altos tengan 
subtipos no similares a las células madre.  Las mujeres 
con carcinoma mucinoso y carcinoma metaplásico 
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de ningún tipo especial tendían a tener subtipos no 
similares a células madre.  Tanto los subtipos similares 
a las células madre como los no similares a las células 
madre tenían comúnmente vimentina baja.  Mediante 
el uso de tinción inmunohistoquímica, TNBC se puede 
diferenciar en subtipos similares a células madre y 
no similares a células madre.  Stemness en subtipos 
similares a células madre es resistente a la terapia.  
Por lo tanto, la identificación de células madre en 
TNBC necesita una atención especial para ayudar a 
un manejo óptimo.

Palabras clave: CD24, CD44, Claudin7, TNBC, 
Twist, Vimentina.

INTRODUCTION

In developing and developed countries, breast 
cancer is the most common carcinoma in women 
and the leading cause of death worldwide (1-4).  
About 30 in 100 000 women per year in Asia will 
develop breast carcinoma (5).  Breast carcinoma 
has heterogeneous histopathological features 
and molecular expressions.  By gene expression 
profiling, TNBC is classified into 2 major parts, 
namely basal-like and claudin-low (6).  TNBC 
does not express estrogen receptors (ER), 
progesterone receptors (PR), and HER-2 (7).  
Compared to their types of cancer, TNBC tends 
to be more aggressive and until now there has 
been a disagreement about the treatment because 
TNBC is not responsive to hormonal and targeted 
anti-HER2 therapy (8).  This subtype has a variety 
of clinical manifestations, histopathological 
features, and molecular expressions, some of 
which are high grade, with high proliferation rates, 
grow aggressively and have a poor prognosis (9).  

The basal-like subtype is expressed with ER-, 
HER2-, Ck5/6, and/or EGFR+ (6); meanwhile, 
claudin-low is expressed with lacking luminal 
epithelial differentiation markers (claudin-3, 
claudin-4, claudin-7, occludins, E-cadherin) and 
increases in epithelial-mesenchymal transition 
markers (EMT), immune response gene and 
cancer stem cell (CSC) characteristics (CD44+/
CD24-/low) (10,11).  This supports that claudin-
low is a cell deriving from immature progenitor 
cells or stem cells (12-14).  Although Claudin’s 
low and the basal-like subtype look alike, these 
two subtypes are completely different (15).  In 
breast epithelial cells, EMT is correlated with the 

invasion of breast cancer cells and mesenchymal 
character, which is marked by the high expression 
of vimentin (16,17).

Breast cancer stem cells/BCSCs play an 
important role in the growth and development 
of breast cancer, resistance to therapy, and 
metastasis (12,18,19).  Various stem cell markers 
are used to identify and isolate CSC from 
various solid tumors, such as CD44 and CD24.  
CD24 is a little more expressed in progenitor 
cells compared to differentiated cells (10,20).  
Therefore, for therapy to be effective, CSC 
must be recognized and must be differentiated 
from normal breast stem cells.  This study aims 
to identify stem cell-like subtypes found in 
TNBC using immunohistochemistry staining 
and to determine stem cell-like subtypes based 
on clinicopathological characteristics in TNBC.
 

METHODS

This descriptive cross-sectional study was 
carried out in Haji Adam Malik Hospital/
Department of Anatomical Pathology, Faculty 
of Medicine USU Medan, and Department of 
Oncology/Surgical Haji Adam Malik Hospital 
Medan from March to October 2017.  The 
research was done after getting permission from 
the Ethical Committee of the Medical Faculty 
USU Medan.  The studied population was patients 
histopathologically diagnosed with breast cancer 
(mastectomy/ biopsy).

Clinical data such as age, tumor size, and 
clinical stage were obtained from medical 
records and a histopathological review of slides 
was done based on Bloom and Richardson’s 
methods modified by Elston Ellis (subtypes 
and grading histology).  This study used 
immunohistochemical staining for ER (clone 
6F11, Dako, dilution 1: 100), PR (clone PgR 636, 
polyclonal Ab, Dako, dilution 1: 200), and HER-2 
(clone A0435, polyclonal Ab, Dako, dilution 1: 
200).  Evaluations of ER and PR were based on 
ASCO/CAP guidelines.  Tumors were considered 
positive for ER and PR if at least 1 % of nuclear 
tumor cells stained positive (21).  HER-2 was 
considered positive in the case of strong and 
homogenous staining of cell membranes/ chicken 
wire pattern (score 3+).  If weak or negative the 
score was 0 or 1+, and the score was 2 if membrane 
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cells were incompletely homogenously stained 
(borderline/moderate).  Tumors were defined as 
TNBC if ER (-), PR (-), and HER2 (-).

TNBC tumors were further stained with 
CD44 (DF1485, Novocastra Laboratories Ltd., 
Newcastle upon Tyne, UK, dilution 1:100), 
CD24 (C-20, Santa Cruz Biotechnology, Palo 
Alto, CA, USA, dilution 1:100), TWIST-1 
(H-81, Santa Cruz Biotechnology, Santa Cruz 
CA, dilution 1:100), Claudin-7 (NBPI-35677, 
Rabbit polyclonal antibody, Novus Biological, 
dilution 1:100), and Vimentin (VIM 3B4, Mouse 
monoclonal, Dako, 1:400).  Interpretations of 
immunohistochemical stains of CD44 and CD24 
were based on Ricardo et al.  (2011).  CD44, 
CD24, Twist-1, and Claudin-7 were stained in 
membrane cells, but Vimentin in the cytoplasm.  
CD44, CD24 and Twist-1 were scored as 0 if 
no staining or only <10 % positive tumor cells; 
1 if 10-25 % positive tumor cells; 2 if 25-50 % 
positive tumor cells; and 3 if >50 % positive tumor 
cells (22).  Claudin-7 staining was scored as 0 if 
there was no membranous staining; 1+ (1-10 % 
positive tumor cells); 2+ (10-30 % positive tumor 
cells); and 3+ (>30 % positive tumor cells) (23).  
Meanwhile, based on the percentage of positive 
cells, Vimentin has scored as 0 if no staining; 
1 if <30 % positive tumor cells; 2 if 30-60 % 
positive tumor cells; and 3 if >60 % positive tumor 
cells.  All intensity of staining was scored as 0 if 
unstained, 1 if weakly stained, 2 if intermediate, 
and 3 if strong.  Interpretations of CD44, CD24, 
Twist-1, Claudin-7, and Vimentin staining were 
determined based on the multiplication of the 
percentage of positive cells and the intensity 
of staining.  CD44 and CD24 were scored as 0 
negative if (-), 1-3 (+1), 4-6 (+2), and 7-9 (+3).  
While Twist-1, Claudin-7, and Vimentin were 

considered weak if the total score was <6 and 
strong if the total score was >6 (24).  

TNBC was classified as Claudin low (stem 
cell-like) when CD44+.  But if CD44-, then 
TNBC was classified as non-stem cell-like 
subtypes.  Then, stem cell-like and nonstem cell-
like subtypes of TNBC were assessed based on 
Vimentin expression.  The results of this study 
were processed using statistical software and 
displayed according to frequency distribution 
in tables.  

RESULTS

To determine ontogeny and differentiation 
of TNBC subtypes in stem cell stages, we used 
CD44 immunohistochemical stains.  In this study, 
researchers themselves tried to schematically 
illustrate ontogeny and differentiation of breast 
epithelial from stem cells to luminal cells with 
various TNBC molecular markers (Figures 1 
and 2).

From 67 TNBCs in this study, through 
CD44, CD24, Twist-1, and Claudin-7 immuno-
histochemical stain, TNBC was classified as 19 
cases of stem cell-like and 48 non-stem cell-like 
subtypes (Table 1 and Figure 3).  Postmenopause 
women with tumor size more than 5 cm, higher 
stage, and grade histology were likely to have non-
stem cell-like subtypes of TNBC (86.7 %, 71.6.%, 
71.7 %, and 76 %, respectively).  Women with 
mucinous carcinoma and metaplastic carcinoma 
of no special type tended to have non-stem 
cell-like subtypes of TNBC (100 % and 100 % 
respectively).  Both stem cell-like and non-stem 
cell-like subtypes of TNBC commonly had low 
vimentin (Table 2).

Figure 1.  Ontogeny of stem-cells like, basal, baso-luminal, and luminal subtypes.
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DISCUSSION

This study aims to identify stem cells in 
breast cancer through immunohistochemical 
stains.  CSCs or cancer-initiating cells (CICs) 
represent a minority in cell populations derived 
from the transformation of self-renewing stem 
cells, which initiate and maintain the growth 
of cancer cells.  There are various ‘stemnesses’ 
used in identifying BCSCs (25,26), CD44 and 
CD24 being two of them.  In this study, we 
tried to schematically illustrate the ontogeny of 
stem cells using CD44 and CD24 (27).  BCSCs 
expresses high CD44 and negative/low CD24 
(CD44+CD24-/low).  CD44+CD24−/low phenotype is 
often related to poor prognosis (12,13,28).  CD44 
is strongly expressed in immature stem cells and 
will get weaker on differentiation, whereas CD24 
is strongly expressed in more mature cells (12,13).  

Twist displays ‘stemness’ and plays a role in 
EMT (epithelial to mesenchymal) transformation.  
The twist is an E-cadherin repressor protein that 
stimulates EMT.  EMT is characterized by a lack 
of keratin epithelial and E-cadherin expression but 
expressed Vimentin.  During EMT, epithelial cells 
lose cell-to-cell contacts, undergo cytoskeletal 
remodeling resulting in loss of polarity, and 
acquiring a mesenchymal morphology (29).  On 
the other hand, Claudin, an adhesion molecule 
found in untransformed epithelial cells, is strongly 
positive in mature differentiated epithelial cells.  
In this study, CD44, CD24, Claudin-7, and Twist-1 
have been used as molecular markers of TNBC 
stem cell-like subtypes.  Results from 67 TNBC 
showed marked heterogeneous and overlapping 
profiles.

CD44+CD24- expression showing stem cell-
like subtypes were very heterogeneous and 
divided into SC-1, SC-2, and SC-3.  SC-1 is an 
early stem cell-like subtype, in which Twist and 
Claudin-7 were not expressed.  SC-2 showed 
an ontogeny level above SC-1.  In SC-2, Twist 
and Claudin-7 expressions were positive, 
meanwhile in SC-3 Twist was negative but 
Claudin-7 positive.  This showed a higher cell 
differentiation level than SC-2.  In this study, we 
also found that both stem cell-like and non-stem 

Figure 2.  Schema of ontogeny differentiation of mammary epithelial from stem cells to luminal cells (non-stem cells) is 
correlated to various TNBC molecular marker panels.

Figure 3.  Immunohistochemisty staining of Twist (A), CD24 
(B), CD44 (C), Claudin 7 (D), and Vimentin (E) (x200).
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cell-like subtypes of TNBC commonly had low 
vimentin.  This showed that both stem cell-like 
and non-stem cell-like subtypes did not tend to 
have mesenchymal morphology.

Identification of BCSCs gets special attention 
to date because of has implications for its 
treatment.  Standard chemotherapy often fails 

because BCSCs have low proliferation and are 
resistant to chemotherapy which also causes the 
enhancement of stem cell count.  This is one 
important cause of therapy failure and recurrence 
in TNBC.  Therefore, validation of stem cells in 
TNBC is mandatory.  This is one of the critical 
steps to developing an effective targeted therapy 
in TNBC.

Table 1

Classification of stem cell-like subtypes based on immunohistochemical staining

 No CD44 CD24 Claudin 7 Twist Vimentin Classification of stem  
       cell-like subtype

 1 +1 +2 0 3 0 SC
 2 +1 0 0 0 2 SC
 3 1+ +3 7 0 1 SC
 4 1+ +3 8 2 1 SC
 5 1+ 0 7 2 2 SC
 6 1+ 0 4 3 4 SC
 7 1+ 3+ 8 5 9 SC
 8 1+ 3+ 8 3 3 SC
 9 1+ 0 8 2 2 SC
 10 1+ 0 8 2 6 SC
 11 1+ 3+ 8 2 0 SC
 12 1+ 0 8 0 0 SC
 13 1+ 0 8 0 1 SC
 14 1+ 3+ 8 2 2 SC
 15 1+ 3+ 5 0 4 SC
 16 3+ 0 8 0 6 SC
 17 2+ 0 8 4 0 SC
 18 1+ 0 7 4 1 SC
 19 1+ 3+ 8 4 2 SC
 20 0 +3 8 4 2 NSC
 21 0 +3 8 4 2 NSC
 22 0 +1 0 3 2 NSC
 23 0 +3 8 0 1 NSC
 24 0 +3 8 3 0 NSC
 25 0 +3 8 2 1 NSC
 26 0 +3 7 0 0 NSC
 27 0 0 7 0 1 NSC
 28 0 +3 8 4 2 NSC
 29 0 +3 6 0 1 NSC
 30 0 0 7 0 1 NSC
 31 0 0 8 0 2 NSC
 32 0 +3 8 0 3 NSC
 33 0 +3 0 0 0 NSC
 34 0 +3 8 2 0 NSC
 35 0 +3 8 0 2 NSC
 36 0 +3 8 0 1 NSC
 37 0 +3 4 0 3 NSC
 38 0 +3 8 0 3 NSC

Continue pag S92…
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 No CD44 CD24 Claudin 7 Twist Vimentin Classification of stem  
       cell-like subtype

 39 0 +3 0 0 0 NSC
 40 0 2+ 0 0 0 NSC
 41 0 3+ 8 2 2 NSC
 42 0 3+ 7 0 2 NSC
 43 0 3+ 0 0 1 NSC
 44 0 3+ 8 0 2 NSC
 45 0 3+ 7 2 2 NSC
 46 0 3+ 8 2 1 NSC
 47 0 3+ 7 3 2 NSC
 48 0 3+ 8 0 1 NSC
 49 0 3+ 8 2 2 NSC
 50 0 3+ 7 0 2 NSC
 51 0 0 8 3 0 NSC
 52 0 3+ 8 4 3 NSC
 53 0 0 8 2 9 NSC
 54 0 2+ 8 0 2 NSC
 55 0 0 8 3 2 NSC
 56 0 2+ 8 0 6 NSC
 57 0 1+ 8 3 6 NSC
 58 0 0 8 3 2 NSC
 59 0 3+ 8 0 3 NSC
 60 0 0 7 2 9 NSC
 61 0 0 8 0 0 NSC
 62 0 0 6 6 6 NSC
 63 0 3+ 8 0 1 NSC
 64 0 0 7 0 2 NSC
 65 0 0 5 4 0 NSC
 66 0 3+ 7 5 9 NSC
 67 0 2+ 8 0 2 NSC

 SC: Stem cell like; NSC: non-stem cell-like

…continuation of Table 1.

Several studies show that CD44 expression 
was correlated with high histological grade, 
tumor growth, lymph node invasion, and 
visceral metastases (5).  These results are in 
accordance with our study.  Mesenchymal-
like CSCs characterized as CD24- CD44+ are 
primarily quiescent and are located at the tumor’s 
invasive front.  This condition has high invasive 
capacity.  EMT may be regulated by the tumor 
microenvironment, such as TGFβ and IL-6 (29).  
But in this study, researchers found that only 3 
cases (12.5 %) of stem cell-like and 6 cases (14 %) 
of non-stem cell-like subtypes were found with 
high vimentin.

CONCLUSION

TNBC is heterogeneous breast cancer.  By using 
immunohistochemical staining panels, TNBC can 
be classified into stem cell-like and non-stem 
cell-like subtypes.  Stem cell-like subtypes 
are resistant to therapy.  To classify non-stem 
cell-like subtypes, other immunohistochemical 
stains are needed.  Vimentin should be included 
in immunohistochemical staining panels 
to determine the EMT phenomenon.  The 
importance of this study was to identify stem-
cell-ness/stemness which will influence therapy.
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Table 2

Classification of stem cell-like subtypes based on clinicopathological characteristics

 Variables   Classification of stem cell-like  Total
 
  Stem cell-like %  Non-stem cell-like % 

Status menopausal 
 Premenopause 17 32.7 35 67.3 52
 Postmenopause 2 13.3 13 86.7 15
Tumor size
 2-5 cm 1 33.3 2 66.7 3
 >5 cm 18 28.1 46 71.6 64
Stage
 II 6 28.6 15 71.4 21
 III 13 28.3 33 71.7 46
Grade
 II 13 31 29 69 42
 III 6 24 19 76 25
Subtype histology
 IC-NST 17 30.9 38 69.1 55
 ILC 1 25 3 75 4
 Mucinous carcinoma 0 0 1 100 1
 Carcinoma with 
 medullary features 1 20 4 80 5
 Metaplastic carcinoma 
 of no special type 0 0 2 100 2
Vimentin
 Low 16 27.6 42 72.4 58
 High  3 33.3 6 66.7 9 

Total 19 28.4 48 71.6 67
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