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Abstract: Aldehyde dehydrogenase 1 family member A1 (ALDH1A1) is an important marker of cancer stem cells 
(CSCs). Zinc finger E-box binding homeobox 2 (ZEB2) is a key transcription factor in regulating epithelial-to-mesen-
chymal transition (EMT) process of cancer cells. The aim of this study was to investigate the association of ALDH1A1 
and ZEB2 alone or combined expression with breast cancer progression and prognosis. Immunohistochemistry was 
performed to detect the expression of ALDH1A1 and ZEB2 in 274 breast cancer tissues. ZEB2 was positively related 
to ALDH1A1 in breast cancer tissues (P < 0.0001). High expression of ZEB2 or ALDH1A1 alone was associated with 
lymph node metastasis, TNM stage and worse clinical outcome. The combined expression of ZEB2 and ALDH1A1 in 
breast cancer patients was positively associated with lymph node metastasis (P < 0.001), advanced TNM stage (P < 
0.001) and shorter OS and DFS (P < 0.01). ZEB2 and ALDH1A1 play important roles in breast tumor aggressiveness 
and prognosis, and ZEB2 and ALDH1A1 combined expression may be a more helpful indicator to identify high-risk 
breast cancer patients.
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Introduction

Breast cancer is the most common carcino- 
ma in women worldwide [1]. In general, breast 
tumors are comprised of heterogeneous po- 
pulations of cells. Of these, 1-2% cells are 
breast cancer stem cells (BCSCs) which are 
believed to initiate and promote tumorigen- 
esis [2]. BCSCs have the ability to survive and 
proliferate in anchorage-independent condi-
tions, and play a central role in tumor progres-
sion, spreading and relapse [3]. It will be of 
great help for diagnosis and therapy evalua- 
tion of breast cancer to find rational BCSCs 
biomarkers. 

Several cell-surface markers have been us- 
ed to characterize BCSCs, such as CD44+/
CD24-/low, Lin-, and functional markers like hi- 
gh aldehyde dehydrogenase (ALDH+) activity or  
the presence of an ABC transporter-depend- 
ent Hoechst side population [2]. Among them, 
ALDHs are a group of proteins that share high- 

ly conserved sequences essential for proli- 
feration, differentiation, and survival, as well as 
the cellular response to oxidative stress [4].  
It has been reported that ALDHs are involved  
in normal stem cells as well as cancer stem 
cells, including the ALDH1 family, ALDH2*2, 
ALDH3A1, ALDH4A1 and ALDH7A1 [5]. Parti- 
cularly, ALDH1A1 has been suggested as a 
BCSC marker [6, 7]. Previous studies desc- 
ribe the association of ALDH1 expression with 
early metastasis and decreased survival [8, 9], 
however, the specific mechanisms how the 
ALDH1 phenotype contributes to malignant cell 
metastatic behavior and whether epithelial-to-
mesenchymal transition (EMT) is involved in 
this process are yet to be established. 

Epithelial-to-mesenchymal transition (EMT) is a 
cellular program that leads to a change from 
epithelial to mesenchymal phenotype, and in- 
volved in the migration and invasion of cancer 
cells [10]. There is increasing evidence showing 
that cancer cells, such as breast cancer [11], 
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prostate cancer and others [12, 13], can be 
transformed into CSCs through EMT. Zinc finger 
E-box binding homebox 2 (ZEB2), belongs to a 
small family of transcriptional factors charac-
terized by containing a homeodomain flanked 
by two separated zinc finger clusters [14]. Th- 
rough interacting with different miRNAs, ZEB2 

functions as a key player to regulate EMT and 
stem cell properties [15, 16]. However, there is 
no study about the association of ZEB2 and 
ALDH1A1 in stem phenotype and pathological 
characteristics. In our study, we found that the 
expression of ZEB2 and ALDH1A1 was positive 
correlation in breast cancer patients, and the 

Figure 1. Representative immunohistochemical staining of ALDH1A1 and ZEB2. A: Representative immunohisto-
chemical staining of negative and positive ALDH1A1 expression, and negative and positive ZEB2 expression in 
breast cancer tissues (×400). B: Receiver operating characteristic (ROC) curves were used to determine the cut-off 
score for the positive expression of ALDH1A1 and ZEB2. The sensitivity and specificity for survival status were plot-
ted, and the areas under curve (AUC) and P-value were indicated. 
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combined expression of ALDH1A1 and ZEB2 
was positively correlated with lymph node 
metastasis, TNM stage and poor outcomes. 
ALDH1A1 and ZEB2 would be an independent 
prognostic marker in breast cancer.

Materials and methods

Clinical tissue samples 

A total of 274 paraffin-embedded breast can-
cer tissues were from the First Affiliated Hos- 
pital of China Medical University between 
January 2006 and December 2008. All pati- 
ents did not receive radiation therapy or che-
motherapy prior to surgery. According to the 
pathological staining, breast cancer was diag-
nosed. The patient age, menopausal status, 
tumor type, tumor size, and lymph node metas-
tasis were all obtained from clinical records. 
The histological grade was determined accord-
ing to the World Health Organization classifica-
tion system. Patients were staged based on 
tumor-node-metastasis (TNM) classification of 
the International Union Against Cancer [17]. 

This study was approved by the Medical Ethics 
Committee of China Medical University. The 
Medical Ethics Committee waived the need of 
written informed consents by patients because 
of the retrospective nature of this study.

Immunohistochemistry staining and evaluation

Immunohistochemistry was carried out as pre-
viously described [18]. In a word, after depar- 
affinizing, rehydrating and heating to retrieve 
antigen, the sections (4-µm) from paraffin-
embedded tissue were incubated with prim- 
ary antibodies against ALDH1A1 (Abcam, UK, 
1:100), or ZEB2 (Novus Biologicals, 1:200) ov- 
ernight at 4°C. Negative control sections were 
incubated with PBS instead of the primary anti-
body. After washing in PBS, a biotin-marked 
secondary antibody was applied followed by 
streptavidin horseradish peroxidase (LSAB kit; 
Dako, Denmark). After the 3, 3-diaminobenzi-
dine (DAB) staining, counterstaining with hema-
toxylin, dehydrating, and mounting, images 
were captured by Nikon Eclipse 80i microscope 
(Japan), a digital sight digital camera.

Table 1. Statistical association of ZEB2 and ALDH1A1 expression with clinical pathological features 
of breast cancer

Variables
ZEB2 ALDH1A1

Low (n/%) High (n/%) P-value Low (n/%) High (n/%) P-value
Age (years) 0.598 0.459
    ≤50 96 (64.4%) 53 (35.6%) 64 (43%) 85 (57%)
    >50 83 (67.5%) 40 (32.5%) 47 (38.2%) 76 (61.8%)
Menopausal status 0.749 0.058
    Pre 98 (67.1%) 48 (32.9%) 66 (45.2%) 80 (54.8%)
    Post 77 (65.3%) 41 (34.7%) 39 (33.1%) 79 (66.9%)
Tumor size (cm) 0.026 0.346
    ≤2.0 69 (75%) 23 (25%) 42 (45.7%) 50 (54.3%)
    >2.0 89 (61%) 57 (39%) 57 (39%) 89 (61%)
Tumor type 0.532 0.107
    Ductal 127 (66.8%) 63 (33.2%) 74 (38.9%) 116 (61.1%)
    Lobular 20 (57.1%) 15 (42.9%) 11 (31.4%) 24 (68.6%)
    Others 30 (66.7%) 15 (33.3%) 24 (53.3%) 21 (46.7%)
Histological grade 0.289 0.189
    I 34 (69.4%) 15 (30.6%) 23 (46.9%) 26 (53.1%)
    II-III 115 (61.2%) 73 (38.8%) 68 (36.2%) 120 (63.8%)
TNM stage 0.000 0.005
    I-II 83 (65.9%) 43 (34.1%) 50 (39.7%) 76 (60.3%)
    III-IV 17 (33.3%) 34 (66.7%) 9 (17.6%) 42 (82.4%)
Lymph node metastasis 0.000 0.001
    No 109 (76.8%) 33 (23.2%) 71 (50%) 71 (50%)
    Yes 68 (52.7%) 61 (47.3%) 38 (29.5%) 91 (70.5%)
P-value obtained from Pearson’s Chi-square test or Fisher’s exact test.
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Two independent investigators evaluated these 
slides in a double-blinded manner. The immu-
noreactivity intensity was scored by negative 
(0), weak (1), moderate (2), and strong (3) stain-
ing. The percentage of stained cells was scor- 
ed by using 5% increments (0, 5, 10, and 100%) 
as previously reported [19, 20]. The final score 
was calculated by multiplying intensity score 
with percentage of positively stained cells 
score, ranging from 0 to 300%. Depending on 
receiver operating characteristic (ROC) curves, 
final scores were used to determine the cut-off 
value for discriminating ZEB2 and ALDH1A1 
positive or negative expression. The sensitivity 
and specificity for survival status (alive or dead) 
of breast cancer patients was plotted to gener-
ate ROC curves.

Statistical analysis

Statistical analyses were performed using 
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). 
Pearson’s Chi-square test or Fisher’s exact test 
was used for evaluating the association of 

ALDH1A1 and ZEB2 expression with pathologi-
cal characteristics. Pearson’s rank correlation 
analysis was applied to assess the association 
of ALDH1A1 and ZEB2 expression. Mann-Wh- 
itney U test was used to analyze the expression 
of ZEB2 or ALDH1A1 in different lymph node 
metastasis or TNM stage. The Kaplan-Meier 
curves were plotted to estimate the survival dif-
ference, and the survival probabilities were 
assessed by a log-rank test. Analysis of predic-
tive factors for overall survival (OS) and dis-
ease-free survival (DFS) was carried out with 
univariate and multivariate Cox proportional 
hazards regression models. P value < 0.05 was 
considered statistically significant.

Results

Association of ZEB2 and ALDH1A1 expression 
with the pathological data of breast cancer 
patients

The baseline characteristics of 274 breast can-
cer patients were summarized. The age of pa- 

Figure 2. The correlation of expression of ALDH1A1 (A, B) and ZEB2 (C, D) with lymph node metastasis and TNM 
stage in breast cancer patients by Mann-Whitney U test.
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tients ranged from 29 to 79 years, with an aver-
age age of 50.7 years. 146 (61.3%) cases had 
tumor sizes bigger than 2.0 cm and 92 (38.7%) 
cases had less than 2.0 cm. According to WHO 
histological grading criteria, 79.3% was grade 
II-III and 20.7% was grade I. According to the 
TNM staging system, 126 patients (71.2%) 
were classified as stage I-II, 51 (28.8%) as 
stage III-IV. 129 (47.6%) patients occurred 
lymph node metastasis. Follow-up information 
included of 224 breast cancer patients from 25 
to 77 months. 166 cases relapsed and 65 
cases were found cancer-associated deaths. 
The average OS and DFS were 65.3 and 54.6 
months, respectively. The 5-years survival was 
82.1%. 

We used immunohistochemistry to examine 
the expression of ZEB2 and ALDH1A1 in  
274 samples from breast cancer patients. The 
positive staining of ALDH1A1 was mainly locat-
ed in cytoplasm and ZEB2 in nucleus of br- 
east cancer cells (Figure 1A). The cut-off scores 
of 172.5% and 155% were selected for deter-
mining positive expression of ALDH1A1 and 

ZEB2 by ROC curve analysis based on survival 
status, respectively (Figure 1B). The ZEB2 posi-
tive expression rate was 34.3% and the 
ALDH1A1 positive expression rate was 59.49% 
in 274 breast cancer samples.

The association of ZEB2 and ALDH1A1 expr- 
ession with clinical pathological characteris- 
tics of breast cancer patients was shown in 
Table 1. ZEB2 high expression was associated 
with higher TNM stage (P < 0.001), lymph node 
metastasis (P < 0.001), and bigger tumor size 
(P=0.026). The ALDH1A1 high expression was 
associated with lymph node metastasis (P= 
0.001), higher TNM stage (P=0.005). Mann-
Whitney U test also showed that there was 
higher expression of ZEB2 and ALDH1A1 in 
breast cancer patients with lymph node metas-
tasis or higher TNM stage (Figure 2).

Association of the combined expression of AL-
DH1A1 and ZEB2 with lymph node metastasis 
and TNM stage of breast cancer patients

To evaluate the association of ALDH1A1 and 
ZEB2 in breast cancer, the Cancer Genome 

Figure 3. The expression of ALDH1A1 and ZEB2 are positive correlation. A. The correlation of the mRNA expression 
of ALDH1A1 and ZEB2 from 1168 breast cancer in TCGA by Pearson’s rank correlation analysis. B. The correlation 
of the protein expression of ALDH1A1 and ZEB2 from 274 breast cancer tissues in our study.

Table 2. Association of the combined expression of ALDH1A1 and ZEB2 with lymph node metastasis 
and TNM stage in breast cancer

Features
Node metastasis P TNM stage P
No (%) Yes (%) I and II (%) III and IV (%)

ALDH1A1 (high) and ZEB (high) 26 (32.1) 55 (67.9) < 0.001 37 (53.6) 32 (46.4) < 0.001

ALDH1A1 (high) and ZEB (low) or ALDH1A1 (low) and ZEB (high) 53 (55.8) 42 (44.2) 45 (78.9) 12 (21.1)

ALDH1A1 (low) and ZEB (low) 63 (66.3) 32 (33.7) 44 (86.3) 7 (13.7)
P-value obtained from Pearson’s Chi-square test or Fisher’s exact test.



Expression of ZEB2 and ALDH1A1 in breast cancer patients

1999 Int J Clin Exp Med 2018;11(3):1994-2003

Atlas (TCGA) database with 1168 breast can- 
cer samples’ mRNA expression was download-
ed. The significant positive correlation was fo- 

und in mRNA expression of ALDH1A1 and ZEB2 
by Pearson’s rank correlation analysis (R2= 
0.4646, P < 0.0001, Figure 3A). We also found 

Figure 4. Kaplan-Meier survival analysis of ZEB2 and ALDH1A1 expression in 224 breast cancer patients. A, B. 
Survival curves of ZEB2 positive/negative expression with overall survival and disease-free survival; C, D. Survival 
curves of ALDH1A1 positive/negative expression with overall survival and disease-free survival; E, F. Survival curves 
of the combined expression of ZEB2 and ALDH1A1 with overall survival and disease-free survival.
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that ALDH1A1 protein expression was signifi-
cantly positively correlated with ZEB2 protein 
expression in 274 breast cancer patients 
(R2=0.2368, P < 0.0001, Figure 3B). These 
results suggested that the stem property of 
BCSCs was probably correlated with EMT 
process.

We further examined the association of the 
combined expression of ALDH1A1 and ZEB2 
with lymph node metastasis and TNM stage 
(Table 2). Compared with tumors with ALDH1A1 
low and ZEB2 high, ALDH1A1 high and ZEB2 
low, or ALDH1A1 low and ZEB2 low expression, 
tumors with ALDH1A1 high and ZEB2 high 
expression were more associated with lymph 
node metastasis (P < 0.01) and higher TNM 
stage (P < 0.001).

The combined expression of ALDH1A1 and 
ZEB2 is correlated with poor outcomes of 
breast cancer patients

We then evaluated the association of ZEB2 
expression alone, ALDH1A1 expression alone, 
and co-expression of ZEB2 and ALDH1A1 with 
the overall survival (OS) or disease-free survival 
(DFS) in breast cancer patients. The Kaplan-
Meier analysis curves showed that patients 
with high ZEB2 expression had shorter OS (P < 
0.01) and DFS (P < 0.01, Figure 4A and 4B). 
Patients with high ALDH1A1 expression had 
shorter OS (P < 0.01) and DFS (P < 0.01, Figure 
4C and 4D). In addition, patients with the com-
bined high ZEB2 and high ALDH1A1 expression 
had shorter OS (P < 0.01) and DFS (P < 0.01, 
Figure 4E and 4F) compared with the patients 
with the combined low ZEB2 and low ALDH1A1 
expression, low ZEB2 and high ALDH1A1 
expression, or high ZEB2 and low ALDH1A1 
expression.

The Univariate and multivariate Cox regression 
analysis was used to evaluate the impact of 
ZEB2 and ALDH1A1 expression and pathologi-
cal characteristics on OS and DFS in 224 bre- 
ast cancer patients (seen in Table 3). The 
Univariate analysis showed that TNM stage 
(OS, P < 0.001; DFS, P < 0.001), lymph node 
metastasis (OS, P < 0.001; DFS, P=0.007), 
ZEB2 expression (OS, P < 0.001; DFS, P < 
0.001) and ALDH1A1 expression (OS, P < 
0.001; DFS, P < 0.001) were prognostic factors 
for breast cancer. Furthermore, in the multivari-
ate Cox regression analysis, we found that  

TNM stage (OS, P=0.001; DFS, P=0.001) and 
ZEB2 expression (OS, P=0.002; DFS, P < 0.001) 
were independent prognostic factors for breast 
cancer.

Discussion

EMT process is a critical characteristic of brea- 
st cancer stem cells phenotype. ZEB2 is a key 
protein in regulating the process of EMT by  
acting as a repressor of E-cadherin. ZEB2 has 
been reported to mediate EMT and disease 
aggressiveness in ovarian and breast cancer 
[21]. Several studies indicated that the incr- 
eased level of ZEB2 transcription was associ-
ated with invasion and metastasis in cancers 
with advanced stages [22]. It was reported that 
ZEB2 overexpression could be an independent 
prognostic marker in colorectal cancer [23]. 
Sayan also reported that ZEB2 overexpression 
was an independent prognostic factor in blad-
der cancer and positively correlated with a poor 
therapeutic outcome [24]. In this study, we 
found that ZEB2 expression had significantly 
positive association with lymph node metasta-
sis and TNM advantaged stage. In the Kaplan-
Meier survival analysis, we found ZEB2 expres-
sion was significantly with shorter OS and DFS. 
All these results indicated that ZEB2 overex-
pression was associated with poor prognosis 
and clinical outcome.

ALDH1A1 is first indicated as a marker and a 
characteristic feature of primitive human hema-
topoietic stem cells (HSCs) isolated from bone 
marrow [25] and neural stem cells [26, 27]. It 
was reported that either mRNA or protein of 
ALDH1A1 high expression was correlated with 
poor OS and RFS (recurrence-free survival) in 
breast cancer patients [8, 28]. ALDH1A1 was 
the only ALDH1 isozyme capable of serving as a 
biomarker for predicting poor survival in breast 
cancer patients, and ALDH1A1 expression 
might be a good CSC marker and an important 
predictor of progression and poor survival [29]. 
In our study, we found ALDH1A1 expression 
was positively associated with lymph node 
metastasis and TNM stage. In addition, the 
Kaplan-Meier survival analysis revealed that 
the breast cancer patients with high ALDH1A1 
expression had significantly shorter OS and 
DFS than those with low ALDH1A1 expression. 

More importantly, we found that the ZEB2 
expression was positively correlated with 
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Table 3. Univariate and Multivariate Cox regression analysis of the association of clinical pathological data with OS and DFS in breast cancer 
patients

Features 
Univariate analysis Multivariate analysis

OS DFS OS DFS
RR (95% CI) P RR (95% CI) P RR (95% CI) P RR (95% CI) P

Age (years)
    ≤50/>50 0.947 (0.576-1.5557) 0.83 0.743 (0.546-1.010) 0.058 1.263 (0.369-4,317) 0.71 0.653 (0.352-1.212) 0.177
Menopausal status
    Pre/Post 0.831 (0.508-1.360) 0.461 0.745 (0.545-1.017) 0.064 0.491 (0.153-1.574) 0.232 0.693 (0.361-1.330) 0.27
Tumor size(cm)
    ≤2.0/>2.0 0.656 (0.366-1.174) 0.156 0.679 (0.481-0.960) 0.028 1.810 (0.824-3.973) 0.139 1.048 (0.650-1.689) 0.847
Tumor type
    Ductal/Lobular carcinoma 0.732 (0.356-1.507) 0.398 1.251 (0.752-2.081) 0.388 0.492 (0.187-1.295) 0.151 0.689 (0.354-1.344) 0.275
Histological grade
    I/II-III 0.654 (0.321-1.332) 0.242 0.736 (0.487-1.112) 0.146 1.089 (0.401-2.961) 0.867 0.788 (0.460-1.349) 0.384
TNM stage
    I-II/III-IV 0.220 (0.126-0.384) 0.000 0.366 (0.252-0.531) 0.000 0.247 (0.106-0.574) 0.001 0.403 (0.239-0.679) 0.001
Lymph node metastasis
    No/Yes 0.390 (0.230-0.662) 0.000 0.655 (0.481-0.891) 0.007 1.168 (0.524-2.605) 0.704 1.060 (0.659-1.706) 0.81
ALDH1A1 expression 
    Low/High 0.154 (0.070-0.338) 0.000 0.349 (0.249-0.490) 0.000 0.432 (0.134-1.388) 0.158 0.599 (0.354-1.012) 0.055
ZEB2 expression
    Low/High 0.140 (0.080-0.244) 0.000 0.256 (0.184-0.356) 0.000 0.253 (0.106-0.608) 0.002 0.384 (0.228-0.646) 0.000
OS: overall survival; DFS: disease-free survival; RR: relative risk; 95% CI: 95% confidence interval.
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ALDH1A1 expression in breast cancer tissues. 
The results may reveal the relationship of EMT 
process and the stem properties of breast can-
cer stem cells. Also, we found that co-expres-
sion of ZEB2 and ALDH1A1 was obviously asso-
ciated with lymph node metastasis and 
advanced TNM stage. In addition, the Kaplan-
Meier survival analysis showed that patients 
with ZEB2 high and ALDH1A1 high expression 
had much shorter OS and DFS. Hence, the com-
bined expression of ZEB2 and ALDH1A1 was 
associated with worse prognosis and clinical 
outcome. In addition, the multivariate Cox 
mode analysis indicated that ZEB2 status was 
an independent factor for both prognosis index-
es (OS and DFS). 

In general, we demonstrated that ZEB2 and 
ALDH1A1 may play an important role in lymph 
node metastasis, tumor-advanced stage, and 
prognosis. They could work as a promising tar-
get for prognostic prediction in breast cancer. 
Determination of the combined ZEB2 and 
ALDH1A1 expression may be more helpful to 
identify high-risk breast cancer patients. 
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