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Abstract 

Triple-negative breast cancer (TNBC) is a tumor subtype with aggressive behavior and poor clinical 
outcome for lacking effective therapies. Breast cancer stem cells (BCSCs) have been suggested to have 
tumor-initiating properties, but it remains unclear whether their presence contributes to the increased 
aggressiveness and poor prognosis of TNBC. Also, the breast cancers display frequent inter- and 
intra-tumor heterogeneity, which adds the complexity in diagnosis and predicting prognosis. Here we 
investigated the clinical relevance and prognostic value of the BCSC markers, CD44+/CD24-, aldehyde 
dehydrogenase family 1 member A1 (ALDH1A1) and CD133 in 88 TNBC cases. We found that a few 
patients displayed spatial heterogeneity of the BCSC markers in expression, which was defined as 
intratumor stemness heterogeneity (ITSH) below. There was no significant correlation between any 
BCSC marker alone or ITSH and progression-free survival (PFS). Interestingly, the combined BCSC 
phenotype by CD44+/CD24- and ALDH1A1 was significantly associated with worse PFS (P = 0.009). 
Further stratification analysis revealed that this combined BCSC phenotype was an independent 
prognostic factor for PFS in some subgroups. In conclusion, we demonstrated the existence of ITSH in 
TNBC and found that the ITSH as well as a single BCSC marker was not significantly associated with 
survival, whereas combing the analysis of BCSC markers could improve prognostic value. Our findings 
may lead to an improvement of prognostic indicators in TNBC. 
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Introduction 
Breast cancer is a heterogeneous disease which 

consists of distinct subtypes, with diverse clinical 
presentation, response to therapy and prognosis. 
Triple-negative breast cancer (TNBC) is one of the 
subtypes characterized by negative for estrogen 
receptor (ER), progesterone receptor (PR), and human 
epidermal growth factor receptor-2 (HER2). 
Currently, no effective endocrine therapy or specific 
targeted therapy is readily available for TNBC, and 
furthermore, development of resistance to cytotoxic 
chemotherapy and early relapse is more common in 
TNBC than other subtypes [1, 2]. Hence, there is an 
urgent need for identification of novel biomarkers for 
TNBC targeted therapy and prognosis. 

It has been recently suggested that breast cancer 
stem cells (BCSCs), which possess the capacity for 
self-renewal and differentiation, are responsible for 
tumor initiation, proliferation and progression [3]. 
The fundamental properties of BCSCs are under the 
control of complex molecular mechanism in a highly 
regulated fashion, with influence from the 
surrounding microenvironment [4, 5]. The interaction 
and cross-talk between cancer cells and their 
microenvironment can impact tumor diversity [6], 
and the CSC state plasticity can be mediated by the 
tumor microenvironment through cytokine and 
chemokine signaling [7]. A number of markers such as 
CD44, CD24, aldehyde dehydrogenase 1 (ALDH1), 

 
Ivyspring  

International Publisher 



Int. J. Biol. Sci. 2016, Vol. 12 
 

 
http://www.ijbs.com 

1569 

and CD133 have been proposed for the identification 
of BCSCs [8-10]. The first tumorigenic BCSCs were 
distinguished by cells strongly expressed the 
adhesion molecule CD44 together with no or very low 
levels of CD24, referred to as CD44+/CD24- 
phenotype [8]. It has been reported that CD44+/CD24- 
phenotype is associated with poor prognosis in breast 
cancer [11-13], but some other studies do not confirm 
this data [14, 15]. The contradicting results of 
CD44+/CD24- phenotype in prognosis call for 
additional BCSC markers. ALDH1, a detoxifying 
enzyme involved in catalyzing the oxidation of 
intracellular aldehydes, has been suggested as 
another putative BCSC marker [9]. ALDH1+ 
phenotype was found to be associated with biological 
aggressiveness and poor outcomes of breast cancer [9, 
16, 17]. Notably, several reports indicated that 
CD44+/CD24− and ALDH1+ breast cancer cells were 
associated with TNBC subtype [18-21]. CD133, a 
transmembrane glycoprotein, is a more recent BCSC 
marker identified to be correlated with prognosis in 
breast cancer. Studies in vitro have proven that CD133 
is suitable for enriching BCSCs in TNBC [22, 23]. For 
CD133+ phenotype, some studies documented poor 
prognosis in TNBC [24], while others did not [25]. As 
the expression of these BCSC markers varied among 
different breast cancer subtypes, it appeared that each 
BCSC marker could have distinct clinical significance 
in different subgroups of breast cancers. Considering 
these controversial issues, continuous evaluations and 
studies are needed to determine the prognostic value 
of BCSC phenotypes in breast cancer. Moreover, 
expression of these BCSC markers seemingly 
stochastically altered in space [26]. The intratumor 
genetic heterogeneity mapped to their regional 
distributions reflects the evidence of tumor evolution, 
and the prognostic gene-expression signatures 
assessed from a single region of a heterogeneity tumor 
may not correctly predict outcomes [27]. Thus 
whether the intratumor stemness heterogeneity 
(ITSH) indicates the degrees of malignancy and has 
prognostic value need to be verified. 

In this study, we determined the CD44+/CD24−, 
ALDH1A1+ and CD133+ phenotypes as well as the 
ITSH in TNBC tissue samples, and evaluated their 
potential prognostic significance. We also combined 
the analysis of BCSC markers to improve their 
prognostication in survival. 

Materials and methods 
Patients and tissue samples 

Tissue samples from mastectomy and 
lumpectomy specimens of 88 invasive ductal 
carcinoma cases were included in this study. These 

patients were diagnosed between 2005 and 2014. 
Inclusion criteria were female sex, original 
histological diagnosis of invasive breast carcinoma, 
negativity for ER, PR and HER2, without distant 
metastasis at the time of diagnosis, without 
neoadjuvant chemotherapy, and availability of 
clinical data and paraffin blocks. Lack of expression 
for ER, PR, and HER2 was confirmed by a new 
immunohistochemical study. Three different 
anatomic regions from the most representative area of 
each tumor were obtained to make into tissue 
microarrays (TAMs) for subsequent processing. 

Immunohistochemistry (IHC) 
Expression of ER, PR, HER2, Ki-67, ALDH1A1, 

and CD133 was analyzed using IHC on serial 4 μm 
tissue sections from TAMs. Paraffin slides were 
deparaffinized in xylene three times for 10 min and 
rehydrated in a graded ethanol series before 
incubation with 3% hydrogen peroxide for 10 min at 
room temperature to block endogenous peroxidase 
activity. Antigen retrieval was induced by 10 mM 
citrate buffer (pH 6.0) at 98°C for 15 min in a 
microwave oven. Sections were incubated with 150 μL 
of primary antibody optimally diluted in antibody 
diluent at 4°C overnight in a humidified chamber. The 
antibodies and dilutions used were: CONFIRM 
anti-ER (Roche, 790-4325), CONFIRM anti-PR (Roche, 
790-4296), VENTANA anti-HER2 (Roche, 790-4493), 
anti-Ki-67 (Abcam, ab16667) at 1:100 dilution, 
anti-ALDH1A1 (Abcam, ab52492) at 1:200 dilution, 
and anti-CD133 (Abnova, MAB10525) at 1:400 
dilution. Antibody staining was visualized with 
3,3’-diaminobenzidine (DAB) and counterstained 
with hematoxylin. 

Double-staining immunohistochemistry 
Double-staining immunostaining with 

antibodies for detection of CD44 and CD24 was 
performed by Double Staining Polymer Detection Kit 
(ZSGB-BIO, China, DS-0002) according to the 
manufacturer's instructions. Deparaffinization, 
rehydration and antigen retrieval were achieved by 
protocols as mentioned before. Sections were 
incubated with 150 μL mixed primary monoclonal 
antibodies for CD44 (Abcam, ab51037) at 1:100 
dilution and CD24 (Abcam, ab31622) at 1:50 dilution 
at 37°C for 2 h. After washing, mixed biotin-labeled 
secondary antibody (anti-rabbit and mouse) was 
applied for 20 min at room temperature. Color was 
developed by incubation with permanent-red and 
DAB respectively. 

Immunohistochemical evaluation 
The staining evaluation was performed twice by 

a pathologist in a blinded fashion. Cells with red color 
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staining without much interference from brown color 
were identified as CD44+/CD24-. ALDH1A1 and 
CD133 were presented as brown color. The 
proportion of CD44+/CD24-, ALDH1A1+, and 
CD133+ tumor cells was estimated from the tumor 
areas. The scoring protocol was as follows: for 
CD44+/CD24-, staining in > 10% of tumor cells was 
considered as positive [14, 15, 28], whereas for 
ALDH1A1 and CD133, case with ≥ 10% staining was 
grouped as positive [29-31]. A case showing positive 
expression in two or more regions of the three 
different anatomic regions of each tumor was 
considered as positive. The ITSH was evaluated 
regionally according to the expression levels among 
the three different representative areas made into 
TAMs. If the three regions from one person showed 
different expression patterns, it was considered to 
display ITSH (i.e., one region was positive whereas 
the other two regions were negative, or one region 
was negative whereas the other two regions were 
positive), otherwise considered as non-ITSH (i.e., all 
three regions were positive, or all three regions were 
negative). The combined BCSC phenotypes were 
determined if any marker from the two or three BCSC 
markers we want to combine was positive (i.e., 
CD44+/CD24- and/or ALDH1A1+, CD44+/CD24- 
and/or CD133+, ALDH1A1+ and/or CD133+, and 
CD44+/CD24- and/or ALDH1A1+ and/or CD133+). 

Statistical analysis 
Association between the presence of 

CD44+/CD24-, ALDH1A1+, and CD133+ phenotypes 
and clinical variables was assessed by Fisher's exact 
test. Correlation between different BCSC markers was 
assessed using Spearman’s rank correlation. A 
log-rank test was used to compare survival between 
groups in Kaplan-Meier survival plots. Both 
univariate and multivariate Cox proportional-hazards 
model were used to investigate association with 
survival, providing a hazard ratio (HR) and 95% 
confidence interval (CI) for each variable. Statistical 
analysis was carried out using SPSS (v22). All tests 
were two-sided and P < 0.05 was considered 
statistically significant. 

Results 
Patient characteristics 

A total of 88 invasive TNBC patients were 
included in this cohort. Apart from three patients lost 
to follow-up, the median follow-up period was 72 
months (range 10-134 months). The median age of 
patients was 49 years (range 30-76 years). Of the total, 
47 (53.4%) patients were under 50 years of age, and 41 
(46.6%) patients were over 49 years of age. The 
median tumor size was 3.0 cm (range 1.0-6.1 cm). 

Eighty (90.9%) cases were histological grade 1 or 2, 
only 8 (9.1%) cases were histological grade 3. Out of 
the 88 patients, 82 (93.2%) patients received adjuvant 
chemotherapy, and 6 (6.8%) patients did not receive 
any adjuvant treatment. The details of patient 
clinicopathologic features are summarized in Table 1. 

Table 1. Baseline characteristics of the patients 

Variables Number % 
Age (years)   
  ˂ 50 47 53.4 
  ≥ 50 41 46.6 
Tumor size (cm)   
 ≤ 2.0 29 33.0 
 > 2.0 59 67.0 
Lymph node   
  Negative 51 58.0 
  Positive 37 42.0 
Grade   
 1-2 80 90.9 
 3 8 9.1 
Stage   
  I-II 74 84.1 
  III 14 15.9 
Ki-67 (%)   
 < 30 53 60.2 
 ≥ 30 35 39.8 
Adjuvant chemotherapy   
  No 6 6.8 
  Yes 82 93.2 

 

Expression of BCSC markers 
CD44+/CD24-, ALDH1A1+, and CD133+ tumor 

cells were detected in human TNBC tissues by IHC 
staining. Representative staining results are shown in 
Fig. 1. CD44 showed membranous staining identified 
by red, and CD24 showed membranous and/or 
cytoplasmic staining identified by brown. CD133 was 
found mainly on the membrane and cytoplasm of 
tumor cells, whereas ALDH1A1 was found mainly on 
the cytoplasm of tumor cells. Among the 88 primary 
tumors, CD44+/CD24- phenotype was found in 22 
(25.0%) patients, while 22 (25.0%) and 26 (29.5%) 
patients expressed ALDH1A1 and CD133, 
respectively. Patients displayed distinct staining 
patterns in terms of CD44+/CD24-, ALDH1A1, and 
CD133. Eight cases were positive for both 
CD44+/CD24- and ALDH1A1, 10 case were positive 
for both CD44+/CD24- and CD133, 9 case were 
positive for both ALDH1A1 and CD133, while only 4 
cases showed positivity of all the three BCSC markers. 

Intratumor heterogeneity of BCSC markers 
Different anatomic regions from one person 

could show different expression patterns of BCSC 
markers, and we defined this heterogeneity as ITSH in 
our study (Fig. 2). The ITSH of BCSC markers was 
unable to evaluate in one patient because two tissue 
samples were lost during the IHC process. Notably, 
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only a few patients displayed ITSH within the tumor. 
In most cases, the three anatomic regions from one 
specimen exhibited the identical results in the 
expression of the BCSC markers. The distribution of 
clinicopathologic features, BCSC markers and ITSH is 
illustrated as a heatmap in Fig. 3. 

Association between BCSC phenotypes and 
clinicopathologic parameters 

The correlation between the BCSC phenotypes 
and the clinicopathologic features in TNBC is 
summarized in Table 2. In our study, no significant 
correlation was found between BCSC phenotypes and 
age, tumor size, lymph node metastasis, grade, stage, 
and Ki-67. Additionally, there was a trend of positive 
correlation between these BCSC markers, but the 
correlation did not reach a statistical significance 
(Table 3). 

 
Figure 1. Representative staining of HE (A), CD24 (brown) and CD44 
(red) (B), ALDH1A1 (C), and CD133 (D). HE, hematoxylin-eosin; ALDH1A1, 
aldehyde dehydrogenase 1 family member A1. 

 
Figure 2. Representative staining of ITSH in three patients. CD44+/CD24- was positive in one region (C), but positive in the other two regions (A and B) of the first 
patient (A-C). ALDH1A1 was positive in two regions (D and E), but negative in the other region (F) of the second patient (D-F). CD133 was positive in two regions (H and I), 
but negative in the other region (G) of the third patient (G-I). ITSH, intratumor stemness heterogeneity; ALDH1A1, aldehyde dehydrogenase 1 family member A1. 

 
Figure 3. Heatmap showing distribution of progression, clinicopathologic features, BCSC markers, and ITSH in the patients. In the first row, the green cells 
represented the patients were free of local recurrence and distant metastasis during the follow-up, and the red cells represented that progression occurred during the follow-up, 
while the dotted cells represented the patients lost to follow-up. In the other rows, the dark gray cells represented that age ≥ 50 years old, tumor size > 2cm, positive lymph node, 
histological grade 3, TNM stage III, Ki-67 ≥ 30%, without receiving adjuvant chemotherapy, positivity of CD44+/CD24-, ALDH1A1 and CD133 expression, and with ITSH for 
CD44+/CD24-, ALDH1A1 and CD133 expression. The dotted cells represented the evaluable ITSH status. BCSC, breast cancer stem cell; ALDH1A1, aldehyde dehydrogenase 
1 family member A1; ITSH, intratumor stemness heterogeneity. 
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Table 2. The association between clinicopathologic variables and BCSC phenotypes 

Variables CD44+/CD24- P value ALDH1A1 P value CD133 P value 
- + - + - + 

Age (years)   0.085   1.000   0.357 
  ˂ 50 39 8  35 12  31 16  
  ≥ 50 27 14  31 10  31 10  
Tumor size (cm)   1.000   0.795   0.135 
 ≤ 2.0 22 7  21 8  17 12  
 > 2.0 44 15  45 14  45 14  
Lymph node   0.215   0.805   1.000 
  Negative 41 10  39 12  36 15  
  Positive 25 12  27 10  26 11  
Grade   0.407   1.000   0.689 
 1-2 61 19  60 20  57 23  
 3 5 3  6 2  5 3  
Stage   0.743   0.503   0.750 
  I-II 56 18  54 20  53 21  
  III 10 4  12 2  9 5  
Ki-67 (%)   0.212   0.079   1.000 
 < 30 37 16  36 17  37 16  
  ≥ 30 29 6  30 5  25 10  
BCSC, breast cancer stem cell; ALDH1A1, aldehyde dehydrogenase 1 family member A1. 

 
 

Table 3. Contingency table for BCSC markers by Spearman’s 
rank correlation 

r (P value) CD44+/CD24- ALDH1A1 CD133 
CD44+/CD24-  0.152 (0.159) 0.201 (0.060) 
ALDH1A1 0.152 (0.159)  0.144 (0.181) 
CD133 0.201 (0.060) 0.144 (0.181)  
BCSC, breast cancer stem cell; ALDH1A1, aldehyde dehydrogenase 1 family 
member A1. 

 

Survival analysis 
Among the study patients, local recurrence or 

distant metastasis was found in 27 patients during the 
study period. Kaplan–Meier survival analysis was 
performed to explore the association between 
progression-free survival (PFS) and various 
clinicopathologic features, such as age, tumor size, 
lymph node metastasis, grade, stage, Ki-67, adjuvant 
chemotherapy, BCSC phenotypes, and ITSH. The 
lymph node-positive groups showed a poorer PFS (P 
= 0.004), and further studies by univariate analysis 
(HR 3.12, 95% CI 1.39 to 7.03, P = 0.006) and 
multivariate analysis (HR 2.98, 95% CI 1.31 to 6.75, P = 
0.009) had the same results. However, we did not 
recognize any statistically significant association 
between the other parameters and PFS. Although 
patients with ALDH1A1+ phenotype had a trend of 
increased PFS in multivariate analysis, the difference 
did not reach a statistical significance (HR 2.19, 95% 
CI 0.98 to 4.90, P = 0.057) (Table 4). 

We further grouped patients based on the 
combined BCSC phenotypes by two or three markers. 
We defined BCSC phenotype when one or more BCSC 
markers were positive and non-BCSC phenotype if 
both or all markers were negative. Interestingly, when 

we combined CD44+/CD24- and ALDH1A1, BCSC 
phenotype was significantly associated with worse 
PFS comparing to non-BCSC phenotype (HR 2.76, 
95% CI 1.25 to 6.11, P = 0.009). However, in other 
combinations, i.e., CD44+/CD24- and CD133, 
ALDH1A1 and CD133, or with all the three markers, 
no significant association was observed between 
BCSC phenotypes and PFS (Fig. 4). In the subgroup 
analysis, the BCSC phenotype combined with 
CD44+/CD24- and ALDH1A1 was an independent 
prognostic factor for worse PFS in the patients with 
younger age (HR 6.09, 95% CI 1.96 to 18.94, P = 0.002), 
larger tumor size (HR 2.67, 95% CI 1.01 to 7.06, P = 
0.048), negative lymph node (HR 5.13, 95% CI 1.27 to 
20.67, P = 0.021), earlier histological grade (HR 2.56, 
95% CI 1.09 to 6.02, P = 0.031), earlier stage (HR 3.41, 
95% CI 1.37 to 8.50, P = 0.008), and higher Ki-67 
proportion (HR 4.82, 95% CI 1.38 to 16.81, P = 0.014) 
(Fig. 5). 

Discussion 
The cancer stem cell (CSC) hypothesis was 

coined to describe a rare population of tumorigenic 
cells that resided at the apex of a hierarchical 
organization, displaying stem cell properties. The 
CSC theory has a profound impact on the 
understanding of breast cancer biology including 
tumor initiation, metastasis and resistance [3]. Recent 
works have identified distinct types of BCSCs by 
various cell surface markers [32]. However, the 
clinical relevance of these BCSCs remains 
controversial and there are limited studies exploring 
the BCSC markers in TNBC. Also, it is not clear 
whether the BCSC populations identified by different 
markers represent the same population or 
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heterogeneous populations, and whether the spatial 
heterogeneity within the tumor has an impact on 
survival. In the present study, we determined the 
CD44+/CD24-, ALDH1A1+ and CD133+ BCSC 
phenotypes in a cohort of primary TNBCs by IHC. We 
found that different BCSC markers showed distinct 
patterns of expression, and a few patients displayed 

spatial heterogeneity of BCSC markers within the 
tumor. However, the ITSH was not correlated with 
survival. Notably, although no significant association 
between BCSC phenotypes and PFS was found when 
analyzing BCSC markers separately, it became an 
independent predictor of PFS when using a composite 
BCSC phenotype with CD44+/CD24- and ALDH1A1.

 

Table 4. Univariate and multivariate Cox regression analysis of factors associated with PFS 

Variables Log-rank P 
value 

Univariate  Multivariate 
HR (95% CI) P value  HR (95% CI) P value 

Age (years) 0.410      
 ˂ 50  1.00   1.00  
 ≥ 50  0.72 (0.33-1.59) 0.414  0.69 (0.31-1.54) 0.368 
Tumor size (cm) 0.844      
 ≤ 2.0  1.00   1.00  
 > 2.0  0.92 (0.41-2.06) 0.845  0.97 (0.43-2.21) 0.950 
Lymph node 0.004      
 Negative  1.00   1.00  
 Positive  3.12 (1.39-7.03) 0.006  2.98 (1.31-6.75) 0.009 
Grade 0.150      
 1-2  1.00   1.00  
 3  2.14 (0.74-6.23) 0.161  2.45 (0.82-7.31) 0.108 
Stage 0.427      
 I-II  1.00   1.00  
 III  1.48 (0.56-3.94) 0.432  1.61 (0.59-4.36) 0.350 
Ki-67 (%) 0.894      
 < 30  1.00   1.00  
 ≥ 30  0.95 (0.43-2.09) 0.894  0.93 (0.42-2.07) 0.859 
Adjuvant chemotherapy 0.687      
 No  1.00   1.00  
 Yes  0.74 (0.18-3.16) 0.689  0.74 (0.17-3.20) 0.691 
BCSC phenotype       
  0.248      
 non-CD44+/CD24-  1.00   1.00  
 CD44+/CD24-  1.63 (0.71-3.75) 0.255  1.74 (0.73-4.13) 0.211 
  0.088      
 ALDH1A1-  1.00   1.00  
 ALDH1A1+  1.96 (0.89-4.33) 0.095  2.19 (0.98-4.90) 0.057 
  0.597      
 CD133-  1.00   1.00  
 CD133+  1.24 (0.56-2.77) 0.599  1.10 (0.49-2.50) 0.813 
CD44+/CD24- and/or ADLH1A1+ 0.009      
 No  1.00   1.00  
 Yes  2.76 (1.25-6.11) 0.012  2.81 (1.26-6.24) 0.011 
CD44+/CD24- and/or CD133+ 0.348      
 No  1.00   1.00  
 Yes  1.44 (0.67-3.08) 0.352  1.41 (0.66-3.03) 0.381 
ALDH1A1+ and/or CD133+ 0.349      
 No  1.00   1.00  
 Yes  1.43 (0.67-3.06) 0.354  1.43 (0.66-3.09) 0.361 
CD44+/CD24- and/or ALDH1A1+ and/or CD133+ 0.057      
 No  1.00   1.00  
 Yes  2.15 (0.96-4.84) 0.063  2.18 (0.97-4.90) 0.061 
CD44+/CD24- ITSH 0.620      
 No  1.00   1.00  
 Yes  1.28 (0.48-3.38) 0.622  1.27 (0.48-3.38) 0.634 
ALDH1A1 ITSH 0.238      
 No  1.00   1.00  
 Yes  1.78 (0.67-4.75) 0.247  1.88 (0.68-5.19) 0.225 
CD133 ITSH 0.546      
 No  1.00   1.000  
 Yes  1.35 (0.51-3.58) 0.549  1.91 (0.65-5.56) 0.237 
PFS, progression-free survival; BCSC, breast cancer stem cell; ALDH1A1, aldehyde dehydrogenase 1 family member A1; ITSH, intratumor stemness heterogeneity; HR, 
hazard ratio; CI, confidence interval. 
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Figure 4. Kaplan-Meier survival analysis of the combined BCSC phenotypes with PFS. The BCSC phenotypes were determined by combing the expression of 
CD44+/CD24- and ALDH1A1 (A), CD44+/CD24- and CD133 (B), ALDH1A1 and CD133 (C), and CD44+/CD24-, ALDH1A1 and CD133 (D). BCSC, breast cancer stem cell; 
PFS, progression-free survival; ALDH1A1, aldehyde dehydrogenase 1 family member A1. 

 

 
Figure 5. Subgroup analysis of PFS by BCSC phenotypes combined with 
CD44+/CD24- and ALDH1A1. PFS, progression-free survival; BCSC, breast 
cancer stem cell; ALDH1A1, aldehyde dehydrogenase 1 family member A1. 

 
The CD44+/CD24- phenotype was the first 

marker determined to enrich for BCSCs [8]. The high 
proportion of CD44+/CD24- tumor cells in breast 
cancer was thought to be correlated with negative 
lymph node [14], distant metastasis [15], and poor 

prognosis [11-13]. However, we did not find any 
association with the clinical features including age, 
tumor size, lymph node status, histological grade, 
TNM stage and Ki-67. The discordance may ascribe to 
the different subtypes of breast cancer we studied, as 
some recent reports have not yet shown any 
association with the clinicopathologic variables in 
TNBC [28, 33]. There are limited data indicating the 
prognostic role of CD44+/CD24- phenotype in TNBC. 
Here, we found that there was no significant 
difference in survival between patients with and 
without CD44+/CD24- phenotype. 

ALDH1 has come to the forefront as an 
additional BCSC marker since the role of 
CD44+/CD24- remains controversial. Ginestier et al. 
firstly identified ALDH1 as a specific marker assessed 
by ADELFLUOR assay as well as IHC for the 
enrichment of BCSCs [9], and it prompted a series of 
attempts to characterize the relationship between 
ALDH1+ phenotype and clinicopathologic features in 
breast cancer. However, conclusions reported by 
different investigators seem to be inconsistent [34-36]. 
Here we did not find any association between 
ALDH1A1 expression and clinicopathologic features 
in TNBC. Although ALDH1 had a significant impact 
on prognosis in the other subtypes, it did not appear 
to correlate with the survival of TNBC patients 
[37-39]. Here we showed a borderline significant 
trend of ALDH1A1+ phenotype for PFS. The 
heterogeneous results may have some possible 
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explanations. First, the cutoff value was defined 
differently (0%, 5%, 10%, 20%, or other classification) 
in these studies [40, 41], which could have an impact 
on the positivity of ALDH1. Second, the approaches 
applied to detect ALDH1+ BCSCs were different [36], 
and thereby it did not coincide completely with the 
populations identified by ADELFLUOR assay and 
IHC. Third, ALDH1 has three main isoforms 
(ALDH1A1, ALDH1A2, and ALDH1A3), although 
ALDH1A1 was thought to be the major contributor of 
ALDH1 activity in breast cancer [42], lack of strict 
distinction of these isoforms in most studies might 
contribute to the discrepancy to some extent. 

CD133, a glycoprotein known as Prominin 1 
(PROM1), has been considered as a CSC marker in 
various solid tumors [43-46]. It has been reported that 
CD133 expression correlates significantly with TNBC 
subtype [30, 47]. However, the biologic function of 
CD133 in TNBC has not yet been well established and 
its prognostic role still remains debated [24, 25]. We 
did not find any evidence of CD133 in predicting 
aggressive properties and poor outcome in TNBC. 
The diverse conclusions from different studies could 
be due to the extreme heterogeneity of commercial 
antibodies and cutoff values, or could also be due to 
TNBC itself being a heterogeneous tumor class. 

We found that the patients displayed the similar 
positive rates of CD44+/CD24-, ALDH1A1 and CD133 
expression. Further analysis demonstrated a weak 
correlation between BCSC markers, implying that the 
distinct populations determined by these markers 
have some overlap but most breast cancer cells do not 
express these BCSC markers concurrently. In 
addition, the expression of BCSC markers could alter 
in space within the tumor, although in only a few 
patients. These findings revealed the ITSH in breast 
cancer and indicated that BCSC phenotype 
determined by a single region from a heterogeneous 
tumor may not totally represent the real stem status of 
the tumor. It might be a possible explanation for the 
controversial role of BCSCs in tumor biology and 
prognosis. Thus multiregional analysis from one 
tumor could probably provide more accurate 
information in identifying BCSC phenotype. 

Since the limitation of a single marker in 
identifying BCSCs, the idea of combining markers has 
been taken by researchers. They found that the 
combination of CD44+/CD24- and ALDEFLUOR 
activity enabled them to isolate tumor cells able to 
form tumors with fewer numbers compared to the 
cells sorted by ALDEFLUOR activity alone; however, 
they did not investigate the clinical implications of 
this combination [9] . Actually, recent studies have 
shown that a combined analysis of BCSC markers can 
robustly predict outcome, but it works only limited to 

a subset of breast cancer [48-50]. The current study 
demonstrated that the combined BCSC phenotype 
with CD44+/CD24- and ALDH1A1 could be an 
independent predictor of PFS in TNBC. Moreover, the 
clinical relevance was also described in subgroups 
characterized by clinicopathologic features. The 
results indicated that the subpopulations determined 
by CD44+/CD24- and ALDH1A1 could both represent 
BCSCs. Thus it showed a strengthened prognostic 
value of the combined BCSC markers compared to the 
single marker, because when we identified the tumor 
as a non-BCSC phenotype based on a single marker, it 
could be positive for another BCSC marker and 
endowed with self-renewal and differentiation 
capacity actually. 

Our study has several potential limitations. The 
first is the inadequate sample size and the short 
follow-up duration. A single BCSC marker may 
actually be associated with clinical outcome, but a 
larger sample size and a longer observation period are 
needed to demonstrate such a relationship. Second, 
we used TMAs to detect BCSC populations, and 
therefore there was likely to be some sampling error. 
In fact, we have taken three tumor areas of each 
specimen to address this problem. Third, we applied 
IHC instead of flow cytometry to determine the BCSC 
phenotypes, whereas putative CSCs were originally 
identified by the latter. Although we assumed that 
flow cytometry could be translated into IHC based 
equivalent and expected this change to identify the 
subpopulation of BCSCs with a high degree of 
overlap, it is possible that there will be some 
discordance. Actually, there have been increasing 
evidences that IHC can be taken as a useful tool to 
identify BCSCs and shows great potential clinical 
application value [28, 40, 49]. Finally, our analysis did 
not explore the correlation with overall survival (OS) 
as it could be influenced by multiple factors during 
long follow-up durations. Hence, we advise cautious 
interpretation of the results before further evaluations 
and studies overcoming the limitations of our current 
study. 

Conclusions 
In summary, we identified diverse BCSC 

phenotypes in a cohort of TNBCs, and demonstrated 
the ITSH in a few patients. However, no significant 
correlation between the ITSH and PFS was found. 
None of the BCSC markers was associated with PFS 
when analyzed separately, although there was a trend 
towards that BCSC phenotypes showed worse 
survival. We also found that the predictor became 
more powerful when using a composite BCSC 
phenotype by CD44+/CD24- and ALDH1A1. 
Therefore, combining BCSC markers may have higher 
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prognostic value, and thereby can probably promote 
the discovery of a panel of markers to robustly 
identify BCSCs in TNBC. However, further validation 
studies in independent cohorts are required before 
definitive conclusions can be drawn. 
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