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Abstract. The growth and metastasis of tumors is dependent 
on angiogenesis; however, the association between tumor stem 
cells (TSCs) and tumor angiogenesis remains to be elucidated. 
The present study aimed to investigate the expression of the 
TSC markers aldehyde dehydrogenase 1 (ALDH1) and cluster 
of differentiation 133 (CD133) in invasive ductal breast carci-
noma, and identify their correlation with tumor angiogenesis. 
Stem-like cells from the breast tissue of 120 patients, who were 
diagnosed with invasive ductal breast carcinoma at The First 
Affiliated Hospital of Zhengzhou University (Zhengzhou, 
Henan, China) between January 2009 and December 2010, were 
collected by surgical resection and analyzed using immuno-
histochemical double staining. The expression of the vascular 
markers CD34, CD105 and vascular endothelial growth factor 
(VEGF) were determined using single staining. Overall, 
25.83% (31/120) of the specimens contained a large number 
of ALDH1+/CD133+ stem-like cells (ALDH1+/CD133+ tumor). 
ALDH1+/CD133+ expression is associated with microvessel 
density, VEGF-positive rate and estrogen receptor expres-
sion (P<0.05); however, ALDH1+/CD133+ expression was not 
associated with age, tumor diameter, lymph node metastasis, 
histological classification, progesterone receptor expression 
or human epidermal growth factor receptor 2 expression 
(P>0.05). The ALDH1+/CD133+ tumor phenotype and expres-
sion of VEGF were identified to be correlated in the present 
study (P=0.020). The present study revealed a close associa-
tion between breast cancer TSC markers, including ALDH1 
and CD133, and tumor angiogenesis. The results of the present 
study may provide a novel target and treatment strategy for 
future studies investigating tumor growth and metastasis.

Introduction

Breast cancer is one of the most commonly occurring malig-
nant tumors in women. Approximately 1.38 million new breast 
cancer cases were estimated to be diagnosed in 2008 (23% of 
all cancers) worldwide, making it the second most common 
type of cancer (1). In China, rates of breast cancer in 2005 were 
33 cases per 100,000 individuals in urban areas and 12.23 cases 
per 100,000 individuals in rural areas, with an increased preva-
lence in younger patients in rural areas (2). The incidence of 
ductal carcinoma was reportedly constant between 1987 and 
1999 (3); however, another study reported that the occurrence 
of in situ ductal carcinoma of the breast had increased dramati-
cally since 1983 4). Due to the increase in the prevalence of 
breast cancer, research has focused on the expression of various 
genes and proteins that are specific to invasive ductal breast 
carcinoma. Lee et al (5) identified four unique gene expression 
profiles that were able to regulate tumor progression. Similarly, 
Wojnar et al (6) reported that the expression of metallothionein 
may have a significant role in the proliferation of tumors.

Breast cancer is considered to be a disease that is associated 
with tumor stem cells (TSCs). Due to the potential for infinite 
proliferation and tumor development in vitro and in vivo, 
TCSs are considered to be the origin of tumor metastasis and 
recurrence. These cells may be useful markers for tumor-free 
survival in patients with cancer (7,8). TSCs are a small group 
of cells present in the tumor tissue that possess the proper-
ties of stem cells. They have the ability to self-replicate and 
proliferate, and are responsible for the formation, recurrence, 
metastasis and drug resistance of tumors (9). The growth and 
metastasis of a tumor is dependent on angiogenesis, however, 
the association between TSCs and tumor angiogenesis remains 
to be elucidated. A previous study reported that a cell subpop-
ulation in breast cancer tissues that demonstrated aldehyde 
dehydrogenase (ALDH) activity may possess the properties 
of stem cells (10). Ginestier et al (10) identified ALDH1 as a 
marker of progenitor cells of normal breast and breast cancer 
tissues (10). By contrast, CD133, a TSC marker for various 
types of cancer, was demonstrated to promote angiogenesis 
in CD133+ glioblastoma stem cells (11). CD133 is a TSC 
marker that has a significant role in breast, liver and colon 
cancer (12-14), and is additionally a marker for the separation 
and identification of TSCs (15). Wright et al (14) identified the 
breast cancer stem cell properties of CD133.
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The present study aimed to investigate the association 
between TSC-like cells in breast cancer and tumor angiogen-
esis. The results of the present study revealed that TSCs may 
be associated with tumor angiogenesis.

Materials and methods

Patients. Stem-like cells from the breast tissues of 120 patients 
with invasive ductal breast carcinoma were collected by 
surgical resection. Patient disease was diagnosed and 
confirmed histologically at The First Affiliated Hospital of 
Zhengzhou University (Zhengzhou, Henan, China) between 
January 2009 and December 2010. No patients received 
radiotherapy or chemotherapy prior to surgery. The protocol 
of the present study was approved by the Zhengzhou Univer-
sity Ethics Committee (Zhengzhou, Henan, China). Written 
informed consent was obtained from all patients prior to their 
enrollment in the current study.

Diagnosis criteria and parameters assessed. The histological 
classification of invasive breast cancer was based on the 
Nottingham modified Bloom and Richardson system (16). 
Estrogen receptor (ER), progesterone receptor (PR) and 
human epidermal growth factor receptor-2 (Her-2) expression 
was determined prior to commencement of the present study. 
Antibodies and Streptavidin-Peroxidase (SP) Immunohisto-
chemistry kits were purchased from Fuzhou Maixin Biotech 
Co., Ltd. (Fuzhou, Fujian, China), Beijing Zhongshanjin-
qiao Biological Technology Co., Ltd. (Beijing, China) and 
Epitomics (Burlingame, CA, USA), and tests were performed 
according to the manufacturer's protocol. The results of the 
histological diagnosis, classification and immunohistochem-
istry of all patients were examined by two independent, 
experienced pathologists, who were blinded to the clinical 
data.

Immunohistochemistry. The immunohistochemical detec-
tion of ALDH1 and CD133 utilized the double staining SP 
method (17). The Double Staining kit was obtained from 
Fuzhou Maixin Biotech Co., Ltd. Briefly, tissue samples were 
paraffin‑embedded (Leica Biosystems, Beijing, China), cut 
into 4-µm thick slices, and gradually dewaxed and hydrated; 
the tissue sections were washed with xylene (twice for 10 min; 
Leica Biosystems), 100% ethanol (twice for 5 min; Leica 
Biosystems), 95% ethanol (2 min), 80% ethanol (2 min), 70% 
ethanol (2 min), distilled water (5 min) and phosphate-buffered 
saline (PBS; 3 times for 3 min; Fuzhou Maixin Biotech Co., 
Ltd). A high-pressure method was used for antigen retrieval in 
ethylenediaminetetraacetic acid solution (Leica Biosystems) 
at pH 8.0 for 15 min (18). The specimens were incubated 
with rabbit anti-ALDH1 monoclonal antibody (catalog no., 
ab52492; dilution, 1:150; Abcam, Cambridge, MA, USA) 
overnight at 4˚C, and were additionally processed using the 
5-bromo-4-chloro-3-indolyl-phosphate/nitroblue tetrazolium 
color system (Fuzhou Maixin Biotech Co., Ltd.)to produce 
dark blue positive signals, according to the manufacturer's 
instructions. The specimens were washed for 5 min in PBS 
3 times, incubated with double staining enhancement solu-
tion (Fuzhou Maixin Biotech Co., Ltd.) for 15 min and rabbit 
anti-CD133 monoclonal antibody (catalog no., ZA-0426; ready 

to use; Zhongshanjinqiao Biological Technology Co., Ltd.) at 
37˚C for 1 h, processed routinely and 3,3'‑diaminobenzidine 
(DAB; Fuzhou Maixin Biotech Co., Ltd.) staining was applied 
to produce red positive signals.

The detection of CD34, CD105 and vascular endothelial 
growth factor (VEGF) was achieved using the single staining 
SP method, high-pressure antigen retrieval and DAB staining 
to produce brown positive signals. Mouse anti-CD105 mono-
clonal antibody (catalog no., ZM-0297; dilution, 1:100), murine 
anti-CD34 monoclonal antibody (catalog no., ZM-0046; 
dilution; 1:100) and rabbit anti-VEGF monoclonal antibody 
(catalog no., ZA-0580; ready to use) were purchased from 
Beijing Zhongshanjinqiao Biological Technology Co., Ltd.

Evaluation of immunohistochemical results. ALDH1-positive 
cells exhibited cytoplasm staining with a blue-black color, 
and CD133-positive cells possessed a red cell membrane and 
partially red cytoplasm. The cells were divided into the following 
four phenotypes at the cellular level, according to the staining 
of ALDH1 and CD133: i) ALDH1+/CD133+ phenotype with 
blue cytoplasm and red membrane; ii) ALDH1+/CD133- pheno-
type with blue cytoplasm and non-stained membrane; 
iii) ALDH1-/CD133+ phenotype with non-stained cytoplasm 
and red membrane; and iv) ALDH1-/CD133- phenotype with 
non-stained cytoplasm and membrane.

Each specimen was classified for ALDH1+/CD133+ domi-
nance at the tissue level by semiquantitative scoring, as described 
by Currie et al (19). Briefly, tumor cells were scored semiquan-
titatively according to the percentage of ALDH1+/CD133+ cells 
(0, 0%; 1, 1%; 2, 1-10%; 3, 10-33%; 4, 33-66%; 5, 66-100%) and 
intensity of staining of ALDH1+/CD133+ cells (0, negative; 1, 
weak; 2, moderate; and 3, strong). The composite scores (score 
range, 0‑8) of the specimens were subsequently calculated as 
follows: composite score = percentage + intensity. Tumors 
with ALDH and CD133 composite scores of ≥6 were defined 
as ALDH1+/CD133+ tumors.

Microvessels were identified by monoclonal antibody 
staining, which revealed the localization of CD34 in the 
membrane and cytoplasm of endothelial cells and CD105 in 
the membrane only of endothelial cells. A single endothe-
lial cell or cell cluster stained brown was considered to be a 
blood vessel, and blood vessels with a thick muscle layer or 
with a diameter >8 red blood cells were excluded from the 
vessel count. A total of five areas with high vascular density 
were localized on each slide following visualization under a 
low‑power lens (magnification, x40), and the blood vessels in 
each area were subsequently counted under a high-power lens 
(magnification, x400) (Olympus CX31; Olympus Corporation 
China, Beijing, China). The microvessel density (MVD) was 
defined as the mean of the vessel count totals for the five areas 
of high vascular density.

Cytoplasm-localized VEGF staining, indicated by brown 
positive signals, was analyzed using the semiquantitative 
Shimizu scoring system (20). Percentage scores of 0, 1, 2 and 
3 indicated the portion of positive cells stained of 0, <1/3, 
1/3-2/3 and >2/3, respectively. Intensity scores of 0, 1, 2 and 
3 indicated the conditions of no staining, yellow staining, 
light brown staining and dark brown staining, respectively. 
Composite scores (score range, 0-6) were used to evaluate 
VEGF staining as follows: 0-2, negative (-); 3, weak positive 
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(+); 4-5; medium positive (++) and 6, strong positive (+++). A 
composite score >3 was considered to indicate VEGF expres-
sion.

Statistical analysis. SPSS version 17.0 software (SPSS, Inc., 
Chicago, IL, USA) was utilized for data processing and 
statistical analysis. Count data were presented as a percentage 
or proportion indicating the association between the 
ALDH1+/CD133+ tumor phenotype and other clinicopatho-
logical parameters, and this was analyzed using the χ2 test. 
Continuous variables were expressed as the mean ± stan-
dard deviation, and statistical analysis was performed using 
the independent samples t-test. Kendall rank correlation 
analysis was used for analysis of the co-expression of VEGF 
in ALDH1+/CD133+ phenotype tumor cells. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. All patients were women, with a 
mean age of 48.68±10.94 years (range, 24-72 years). The 
patients belonged to the following categories, according to 
the Nottingham modified Bloom and Richardson system (16): 
Grade I (n=21; 17.5%); grade II (n=78; 65%); and grade III 

(n=21; 17.5%). A total of 60 patients (50%) were found to 
have lymph node metastasis. In addition, 74 patients (61.7%) 
were ER+ and 46 (38.3%) were ER-, 43 patients (35.8%) were 
PR+ and 77 (64.2%) were PR-, and 22 patients (18.3%) were 
Her-2 (0), 36 (30%) were Her-2 1+, 28 (23.3%) were Her-2 2+ 
and 34 (28.3%) were Her-2 3+ (Table I).

No signif icant associations were observed between 
ALDH1+/CD133+ tumor cells and clinicopathological 
features. The 120 invasive ductal breast carcinoma tissue 
specimens demonstrated differential distribution patterns 
of the cells in the ALDH1+/CD133+, ALDH1+/CD133-, 
ALDH1-/CD133+ and ALDH1-/CD133- phenotypes. The 
ALDH1+/CD133+ phenotype was distributed in the center and 
towards the edge of the tumor nest and infiltrating strands, 
and appeared as randomly scattered cells or small clusters 
(Fig. 1A). The ALDH1+/CD133- phenotype demonstrated 
a scattered distribution (Fig. 1B), and the ALDH1-/CD133+ 
and ALDH1-/CD133- phenotypes had a sheet-like or nested 
distribution (Fig. 1C and D). ALDH1+/CD133+ tumor cells 
were identified in 31 specimens (Fig. 2). A total of 43 patients 
(35.8%) possessed ALDH1+/CD133+ stem-like cells with a 
diameter of ≤2 cm, and 77 patients (64.2%) had cells of >2 cm 
diameter (Table I).

Table I. Correlation between ALDH1+/CD133+ stem-like cells in invasive ductal breast carcinoma and clinicopathological features.

Clinicopathological features n Positive, n (%) Negative, n (%) P-value

Age, years    0.258
  ≤45 53 11 (20.8) 42 (79.2) 
  >45 67 20 (29.9) 47 (70.1) 
Diameter, cm    0.962
  ≤2 43 11 (25.6) 32 (74.4) 
  >2 77 20 (26.0) 57 (74.0) 
Estrogen receptor    0.028
  Positive 74 14 (18.9) 60 (81.1) 
  Negative 46 17 (37.0) 29 (63.0) 
Progesterone receptor    0.074
  Positive 43 7 (16.3) 36 (83.7) 
  Negative 77 24 (31.2) 53 (68.8) 
Human epidermal growth factor receptor-2    0.632
  0 22 6 (27.3) 16 (72.7) 
  1+ 36 9 (25.0) 27 (75.0) 
  2+ 28 5 (17.9) 23 (82.1) 
  3+ 34 11 (32.4) 23 (67.6) 
Lymphatic metastasis    0.835
  Positive 60 16 (26.7) 44 (73.3) 
  Negative 60 15 (25.0) 45 (75.0) 
Gradea    0.153
  I 21 2 (9.5) 19 (90.5) 
  II 78 22 (28.2) 56 (71.8) 
  III 21 7 (33.3) 14 (66.7)

aHistological grading of invasive breast cancer was performed according to the Nottingham modified Bloom and Richardson system. ALDH, 
aldehyde dehydrogense; CD, cluster of differentiation.
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A correlation was identified between ALDH1+/CD133 tumor 
cells and expression of VEGF and MVD. VEGF-positive 
cells demonstrated a sheet-like or nested distribution (Fig. 3A) 
and were observed in 68.3% (82/120) of patients. CD34 was 
expressed in microvessels and large vessels in normal and 
tumor tissues and demonstrated clear boundaries with other 
tissues (Fig. 3B). CD105 exhibited relatively high expression 
in single or small clusters of endothelial cells in microvessels, 
low expression in large vessels and no expression in normal 
tissues (Fig. 3C). The novel vascular endothelial cells exhibited 
an irregular arrangement, thin vessel walls, an unclear lumen 
and clear boundaries with other tissues. The mean microvessel 
density of the 120 patients with invasive ductal breast carci-
noma marked by CD34 was 26.93±9.02, while that marked 
by CD105 was 17.63±8.59. Positive correlations were noted 
between ALDH1+/CD133+ tumor cells and VEGF expres-
sion, CD34-marked microvessel density and CD105-marked 
microvessel density (P<0.05; Table II).

Figure 1. Various phenotypes of invasive breast cancer cells according to the expression of ALDH1 and CD133. Invasive breast cancer cells were stained by 
SP immunohistochemical double staining. ALDH1-positive cells exhibited dark blue stained cytoplasm, while CD133-positive cells exhibited a red stained 
cell membrane. (A) ALDH1+/CD133+ phenotype. Magnification, x200. (B) ALDH1+/CD133- phenotype. Magnification, x100. (C) ALDH1-/CD133+ phenotype. 
Magnification, x200. (D) ALDH1-/CD133- phenotype. Magnification, x100. White arrows indicate the corresponding phenotype cells. ALDH, aldehyde 
dehydrogenase; CD, cluster of differentiation; SP, streptavidin-peroxidase.

Figure 2. ALDH1+/CD133+ tumor tissue (composite score of ALDH1 
and CD133 >5) stained by SP immunohistochemical double staining. 
ALDH1-positive cells exhibited dark blue stained cytoplasm, while 
CD133-positive cells had a red stained cell membrane. Magnification, 
x400. ALDH, aldehyde dehydrogenase; CD, cluster of differentiation; SP, 
streptavidin-peroxidase; VEGF, vascular endothelial growth factor.

  A   B

  C   D

Table II. Correlation between VEGF expression and vessel-associated factors in ALDH1+/CD133+  stem-like cells in invasive 
ductal breast carcinoma.

Vessel-associated factors Positive (n=31) Negative (n=89) P-value

Positive percentage of VEGF, n (%) 26 (83.9) 56 (62.9)c   <0.05 (χ2 test)
MVD (CD34)a, mean ± SD   28.78±10.55 25.90±8.34 <0.05 (t test)
MVD (CD105)b, mean ± SD 21.29±9.06 16.35±8.10 <0.01 (t test)

aMVD was assessed by IHC using monoclonal antibody against CD34. bMVD was assessed by IHC using monoclonal antibody against CD105. 
cThe VEGF-positive rate was 68.33% (82/120) among the 120 patients, thus 56 VEGF-positive patients did not possess ALDH1+/CD133+ 
stem-like cells in invasive ductal breast carcinoma. VEGF, vascular endothelial growth factor; MVD, microvessel density; ALDH, aldehyde 
dehydrogenase, CD, cluster of differentiation; IHC, immunohistochemistry; SD, standard deviation.
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VEGF and ALDH1+/CD133+ cancer cell phenotypes are 
co‑expressed. By comparing two consecutive sections of the 
same tissue, 16 specimens of invasive breast cancer with an 
invasive ALDH1+/CD133+ phenotype were revealed to exhibit 

VEGF expression, accounting for 51.6% (16/31) of the tumors 
with ALDH1+/CD133+ cells (Fig. 4). Statistical analysis 
suggested a correlation between the ALDH1+/CD133+ tumor 
phenotype and co-expression of VEGF (P=0.020; Table III).

  A   B

  C   D

Figure 4. Co-expression of VEGF in ALDH1+/CD133+ tumor tissues. (A) Section stained by SP immunohistochemical double staining. ALDH1-positive 
cells exhibited dark blue stained cytoplasm, while CD133-positive cells had a red stained cell membrane. The white arrow indicates a double-positive area. 
(B) Section stained by SP immunohistochemistry. The white arrow indicates the yellow positive signals of VEGF expression. (C) Section stained by SP immu-
nohistochemical double staining. ALDH1-positive cells exhibited dark blue stained cytoplasm, while CD133-positive cells had a red stained cell membrane. 
The white arrow indicates a double-positive area. (D) Section stained by SP immunohistochemistry. The white arrow indicates negative signals of VEGF 
expression. Magnification, x40. A and B, and C and D show two consecutive slices of the same breast tissue. ALDH, aldehyde dehydrogenase; CD, cluster of 
differentiation; SP, streptavidin-peroxidase; VEGF, vascular endothelial growth factor.

Table III. Expression of vascular endothelial growth factor in ALDH1+/CD133+  phenotype tumor cells.

ALDH1+/CD133+ tumor Positive (n=82), n (%) Negative (n=38), n (%) P-value

Positive (n=31) 16 (51.6) 15 (48.4) 0.020
Negative (n=89) 66 (74.2) 23 (25.8)

The P-value was obtained using the Kendall correlation analysis. ALDH, aldehyde dehydrogenase; CD, cluster of differentiation.

Figure 3. Expression of vessel-associated proteins. Expression of (A) VEGF, (B) CD34 and (C) CD105 in invasive breast cancer cells stained by SP 
immunohistochemistry. Magnification, x200. Positive signals are yellow. White arrows indicate the corresponding positive expression. CD, cluster of dif-
ferentiation; VEGF, vascular endothelial growth factor.

  A   B   C



LV et al:  ASSOCIATION BETWEEN STEM-LIKE CELLS AND ANGIOGENESIS 1755

Discussion

The present study investigated the correlation between 
TSC-like cells in breast cancer and tumor angiogenesis, and 
the results revealed that TSCs may be associated with tumor 
angiogenesis. The growth of tumor cells requires an adequate 
supply of oxygen and nutrients (21), and rapid growth leads 
to the development of hypoxia in the interior of tumors (22). 
Tumor angiogenesis is one of the compensating mechanisms 
that provide increased oxygen and nutrients to tumors (23). 
TSCs have been reported to have a significant role in the 
development of various types of cancer (24,25). As a marker 
for breast cancer stem cells, cell sorting based on ALDH1 is 
easier and more efficient compared with cell sorting based on 
CD44+/CD24-/low, offering a novel target and strategic direction 
for future studies investigating breast cancer stem cells (10). 
The expression of CD133 has been observed to increase during 
hypoxia (26). CD133+ glioma stem-like cells (GSCs) exhibit 
enhanced secretion of VEGF under hypoxic conditions, and 
these cells secrete increased levels of VEGF compared with 
CD133- GSCs under hypoxic and normal conditions (27). 
Previous studies have suggested that hypoxia may assist with 
maintenance of the phenotype of TSCs and may promote 
self-renewal of TSCs; however, hypoxia may additionally 
inhibit TSC differentiation into mature tumor cells (28,29). 
Ping et al (30) demonstrated that CD133+ GSCs were located 
close to capillaries and induced production of VEGF via 
activation of the phosphoinositide 3-kinase (PI3K)/Akt 
signaling pathway. The inhibition of PI3K/Akt or extracellular 
signal-regulated kinase 1/2 signaling reduced hypoxia-induced 
CD133 expression, indicating the significance of the afore-
mentioned signaling pathways in the stem cell response to 
hypoxia (29). A total of 11 ALDH+/CD133+ ovarian cancer stem 
cells were required to form tumors in mice, which is markedly 
reduced compared with the 1,000 ALDH+/CD133- ovarian 
cancer stem cells required to generate a tumor, which indicates 
the increased tumorigenic capacity of ALDH+/CD133+ ovarian 
cancer stem cells (31). The correlation between ALDH1-posi-
tive cells and angiogenesis remains to be elucidated.

In order to investigate the correlation between TSC-like 
cells in invasive ductal breast carcinoma and tumor angio-
genesis, the expression of VEGF was evaluated in various 
phenotypes of stem-like cells. The ALDH1+/CD133+ tumor 
phenotype and co-expression of VEGF were found to be 
correlated in the present study. CD34 and CD105 were selected 
as markers of tumor vessels in the present study. CD34 is a 
pan-endothelial marker, and its antibody is able to bind to 
vascular endothelial cells; however, it lacks the specificity to 
recognize tumor vascular endothelial cells (32). CD105 is a 
marker for neovascular endothelial cells that is extensively 
expressed in proliferating endothelial cells and demonstrates 
no or reduced expression in normal vascular endothelial cells, 
making it useful for tumor diagnosis, treatment and prog-
nosis predictions (33). A previous study reported that CD105 
possessed increased specificity compared with CD34 as a 
marker for neovascular tumors (34). The results of the present 
study revealed that ALDH1+/CD133+ stem-like cells were posi-
tively correlated with CD34 MVD and CD105 MVD.

The small sample size was one of the key limitations of the 
present study, with regard to the high prevalence of invasive 

ductal breast carcinoma worldwide. Therefore, the results of 
the present study require validation via studies with a larger 
patient cohort.

In conclusion, the present study revealed a correlation 
between breast cancer stem cells and tumor angiogenesis. 
However, the mechanisms involved have yet to be fully eluci-
dated. The present results may provide a novel target and strategy 
for future studies investigating tumor growth and metastasis.
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