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Abstract: Background and purpose: Osteosarcoma is an aggressive malignant bone tumor in children and adoles-
cents, which is more likely to recur and metastasize at the early stages. Cancer stem cells (CSC, CD133 is a bio-
marker of cancer stem cells), angiogenesis, and vasculogenic mimicry (VM) are closely related to tumor metastasis 
and recurrence. In this study, we investigated the associations among CD133, aldehyde dehydrogenase 1 (ALDH1), 
and VM in osteosarcoma, and their associations with clinical characteristics. Methods: Positive rates of CD133, 
ALDH1, and VM in 96 whole osteosarcoma tissue samples were detected by immunohistochemistry (IHC) and 
histochemistry staining. Patients’ clinical data were also collected. Results: Positive rates of CD133, ALDH1, and 
VM were significantly higher in osteosarcoma tissues compared with the control tissues. Positive rates of CD133, 
ALDH1, and VM were positively associated with lymph node metastasis, distant metastasis, Enneking stages, and 
patients’ overall survival (OS). A multivariate analysis indicated that the positive rates of CD133, ALDH1, and VM, as 
well as the Enneking stages were independent prognostic factors of osteosarcoma. Conclusion: The positive rates of 
CD133, ALDH1, and VM could represent potential biomarkers for metastasis and prognosis, which suggests these 
molecules might be promising therapeutic targets for osteosarcoma.
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Introduction

Osteosarcoma is a highly aggressive bone 
malignancy in children and adolescents, which 
accounts for approximately 60% of all malig-
nant bone tumors [1, 2]. Although advances in 
surgery, chemotherapy, and neoadjuvant che-
motherapy have been achieved in modern 
medicine in the past decades, the 5-year sur-
vival rates of osteosarcoma have stagnated at 
65% [2]. Lung metastasis and recurrence are 
the main reasons for poor prognosis [3]. This 
may be closely related to a small population of 
tumor cells called cancer stem cells (CSCs, also 
called tumor-initiating cells). CSCs have the 
capability of self-renewal, differentiation, and 
therapy-resistance in various human cancers 
and have a high tumorigenicity [2, 4-6]. CD133, 
also called prominin-1, is a common biomarker 
of CSCs, which encodes a 120-kDa five trans-
membrane domain glycoprotein. CD133 was 
originally described as a CSCs biomarker in 
human hematopoietic stem and progenitor 

cells. Currently, the overexpression of CD133 
was found and considered as a CSCs biomarker 
in various human cancers besides osteosarco-
ma [2, 4, 5, 7, 8]. CD133+ tumor cells are able 
to initiate tumor growth and to differentiate into 
other kinds of cells, such as osteoblasts and 
adipocytes [2, 9]. Aldehyde dehydrogenase 1 
(ALDH1) is another common biomarker of CSCs 
in a variety of human cancers [2, 10-12]. ALDH1 
is an important member of the ALDH family that 
is found in cytoplasms, mitochondria, and 
nuclei. ALDH1 promote cell proliferation, differ-
entiation, and oxidative stress [13, 14]. ALDH1 
also enhances the detoxification and metabo-
lism of lots of exogenous and endogenous alde-
hydes, and retinoic acid synthesis [15]. 

Recurrence and metastasis are also related to 
angiogenesis. Angiogenesis may form new 
blood vessels which appear in the lining of 
endothelial cells. Tumor cells can induce angio-
genesis in order to acquire adequate nutrients 
and oxygen. Anti-angiogenesis therapy is a new 
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strategy for treating many cancers. However, at 
this time, there is no known benefit from anti-
angiogenesis therapy in the treatment of can-
cer [16-18]. Maniotis et al. found that some 
cancer cells were able to mimic endothelial 
cells and to form vascular channel-like struc-
tures which are known as vasculogenic mimicry 
(VM) [19]. VM can also convey nutrients and 
oxygen to promote tumor cell proliferation and 
metastasis [10, 18, 20]. 

Overall, studies of CD133, ALDH1, and VM in 
relation to metastasis and prognosis demon-
strate that these biomarkers promote tumor 
progression. However, the relationships among 
CD133, ALDH1, and VM in osteosarcoma have 

not been widely researched. In our study, we 
examined the associations among CD133, 
ALDH1, and VM in osteosarcoma tissues and 
compared them with clinicopathologic changes 
and prognosis.

Materials and methods

Samples

We collected samples from 96 patients (medi-
an age: 19.2 years; range: 13-49 years) who 
were diagnosed with osteosarcoma at the First 
Affiliated Hospital of Bengbu Medical University, 
from January 2009 to December 2011, along 
with 96 samples of adjacent tissues. Patients 
who had received any anti-cancer therapies 
were excluded from our study. This study was 
approved by the Bengbu Medical University  
ethics committee. All samples were obtained 
with the patients’ written consent, and the 
study was conducted in accordance with the 
guidelines of the Declaration of Helsinki. All 
patients received surgical therapy and chemo-
therapy after being diagnosed. We collected 
the patients’ complete clinicopathological and 
follow-up data (at 4-month intervals by phone, 
mail, or applications). Overall survival (OS) time 
was counted from the patient’s surgery date to 
his/her death date or December 2016 (mean 
OS: 40.1 months; range: 13-69 months). The 
clinical stages were determined according to 
the Enneking staging system. Tumors were 
graded according to World Health Organization 
(WHO) standards. For specific characteristics, 
see Table 1.

Immunohistochemistry and histochemistry

Immunohistochemistry was conducted using 
the ElivisionTM Plus detection kit, following the 
manufacturer’s instructions (Lab Vision, USA). 
All osteosarcoma and corresponding adjacent 
tissues were fixed in 10% buffered formalin. All 
samples were embedded in paraffin, then cut 
into continuous 4 μm thick slices. All the slices 
were deparaffinized in xylene, then dehydrat- 
ed in graded alcohol and washed using phos-
phate buffer saline (PBS, pH 7.2) for 10 min. 
Subsequently, all slices were incubated in 3% 
H2O2 to block endogenous peroxidase activity 
at room temperature for 10 min. For antigen 
repair, all slices were placed in a citrate buffer 
(pH 6.0) and heated to 95°C for 30 min. Then 

Table 1. Clinical and pathological characteristics 
of patients with osteosarcoma
Patients characteristics Frequency (n) Percentage (%)
Age (years)
    <19 53 55.2
    ≥19 43 44.8
Gender
    Male 76 79.2
    Female 20 20.8
Site
    Femur 50 52.1
    Tibia or fibula 33 34.4
    Other 13 13.5
Size (cm)
    <8.0 42 43.8
    ≥8.0 54 56.3
Type
    Osteoblastic 48 50.0
    Chondroblastic 17 17.7
    Fibroblastic 15 15.6
    Mixed 16 16.7
Grade
    Low 42 43.8
    High 54 56.2
Lung metastasis
    No 68 70.8
    Yes 28 29.2
Recurrence
    No 39 40.6
    Yes 57 59.4
Enneking stages
    II 66 68.8
    III 30 31.3
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they went through several washes by PBS, and 
then all slices were quenched by goat serum for 
30 min at room temperature. Lastly, all the slic-
es were incubated with mouse monoclonal 
antibody against human CD133 (Abcam, USA), 
ALDH1 (Abcam, USA), and CD34 (Abcam, USA) 
at 37°C for 1 h. All slices underwent a periodic 
acid-Schiff (PAS)-CD34 dual staining to confirm 
endothelial cells in the glycosylated basement 
membrane of vessels or vasculogenic mimicry 
[5]. Subsequently, all slices were counterst- 
ained with hematoxylin, dehydrated, air dried, 
and mounted. 

Evaluation of staining

The immunohistochemical staining results we- 
re semi-quantitatively assessed by two inde-
pendent and experienced pathologists who we- 
re blind to all clinicopathological data. In order 
to avoid any intratumoral heterogeneity of bio-
marker expression, we analyzed ten represen-
tative fields at high-power-field (HPF) from dif-
ferent fields of the osteosarcoma slices. Acc- 
ording to the intensity (no staining was 0; weak 
staining was 1; moderate staining was 2; strong 
staining was 3) and the extent score (positive 
cells <11% were 1; 11%-50% positive cells 
were 2; 51%-75% positive cells were 3; positive 
cells >75% were 4) system, we yielded final 
scores by multiplying the intensity score and 

the extent score that ranged from 0-12. The 
final scores >2 were defined as having a posi-
tive result. For slices that were positive for both 
CD133 and ALDH1, the average final score of 
each slice was calculated.

Statistical analysis

Relationships between positive rates of CD133, 
ALDH1, and VM and clinicopathological charac-
teristics were compared using the Pearson chi-
square test or Fisher’s exact test. Associations 
between positive rates of CD133, or ALDH1, or 
VM were compared using Spearman’s coeffi-
cient test. Univariate analysis between OS and 
the expression of CD133, ALDH1, or VM was 
compared using the Kaplan-Meier method with 
a log-rank test. The multivariate analysis for 
independent prognostic factors was compared 
using a COX regression model test. This study 
used SPSS 19.0 software for Windows (Chicago, 
IL). P<0.05 was considered significant.

Results

Associations between positive rates of CD133, 
ALDH1 and VM and clinicopathological char-
acteristics

To evaluate the contributions of CD133, ALDH1, 
and VM to osteosarcoma, the results thereof 

Figure 1. Immunostaining of CD133, or ALDH1, or VM in osteosarcoma or the control tissue. A: Negative staining 
of CD133 in control tissue (400× magnification); B: Positive staining of CD133 in the membranes and cytoplasms 
of tumor cells (400× magnification); C: Negative staining of ALDH1 in the control tissues (100× magnification); D: 
Positive staining of ALDH1 in the cytoplasm of tumor cells (100× magnification); E: Negative staining of VM in the 
control tissues (400× magnification); F: Positive staining of VM in the osteosarcoma tissues (100× magnification, 
the red arrow is VM structure, the black arrow is a microvessel).
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were evaluated for both osteosarcoma and  
the corresponding adjacent tissues samples. 
The results were compared to patients’ clini- 
copathological characteristics. The positive ra- 
te of CD133 in osteosarcoma tissues (51.0%, 
49/96) was significantly higher than that in the 
control tissues (9.4%, 9/96; P<0.05; Figure 1A 
and 1B). The positive rate of CD133 in osteo-
sarcoma was significantly associated with the 
Enneking tumor stages, lung metastasis, grade, 
and recurrence, but not with patients’ age, gen-
der, site, type, or size (Table 2).

Similar to CD133, the ALDH1+ expression was 
significantly higher in the osteosarcoma tis-

A Spearman correlation coefficient analysis re- 
sult showed that there were positive correla-
tions between the expressions of CD133 and 
ALDH1 (r=0.587, P<0.001). Notably, the expres-
sions of CD133 (r=0.471, P<0.001) and ALDH1 
(r=0.457, P<0.001) are both positively associ-
ated with VM (Table 3).

Univariate and multivariate analyzes

Follow-up data indicated that OS was significa- 
ntly lower in osteosarcoma patients with CD- 
133+ samples (27.4±10.9 months) compared 
with those with CD133- samples (53.4±14.4 
months; log-rank =56.392, P<0.001; Figure 

Table 2. The associations between expression of CD133, ALDH1, 
and VM and clinicopathological characteristics of osteosarcoma

Variables
CD133

P
ALDH1

P
VM

P
- + - + - +

Age 0.424 0.880 0.845
    <19 years 24 29 23 30 31 22
    ≥19 years 23 20 18 25 26 17
Gender 0.368 0.197 0.949
    Male 39 37 35 41 45 31
    Female 8 12 6 14 12 8
Site 0.355 0.539 0.738
    Femur 21 29 22 28 29 21
    Tibia and Fibula 19 14 12 21 19 14
    Other 7 6 7 6 9 4
Size (cm) 0.857 0.035 0.034
    <8.0 21 21 23 19 30 12
    ≥8.0 26 28 18 36 27 27
Type 0.608 0.214 0.657
    Osteoblastic 26 22 24 24 31 17
    Chondroblastic 6 11 4 13 10 7
    Fibroblastic 7 8 5 10 7 8
    Mixed 8 8 8 8 9 7
Grade <0.001 <0.001 0.011
    Low 32 10 27 15 31 11
    High 15 39 14 40 26 28
Lung metastasis 0.001 <0.001 <0.001
    No 41 27 38 30 49 19
    Yes 6 22 3 25 8 20
Recurrence <0.001 <0.001 <0.001
    No 34 5 29 10 32 7
    Yes 13 44 12 45 25 32
Enneking stages <0.001 <0.001 <0.001
    II 42 24 38 28 50 16
    III 5 25 3 27 7 23

sues (57.3%, 55/96) than in the 
control tissues (11.5%, 11/96; 
P<0.05; Figure 1C and 1D). The 
positive rate of ALDH1 expres-
sion in osteosarcoma was as- 
sociated with lung metastasis, 
recurrence, size of tumors, gr- 
ade, and Enneking staging, but 
not with the patients’ age, gen-
der, site, or type (Table 2).

VM was some small vessel-like 
structures in osteosarcoma tis-
sues which were PAS+ but CD- 
34-. Lumens lined cells are tu- 
mor cells (Figure 1E and 1F). 
The VM patterns include tubu-
lar, linear, and network. Furth- 
ermore, there was no necrosis 
and hemorrhage near VM in tu- 
mors. VM was identified in os- 
teosarcoma tissues 39 (40.6%) 
of 96 samples. There was a sig-
nificant difference between the 
osteosarcoma group and the 
control group (0%, 0/96; P< 
0.001). Moreover, the positive 
staining of VM was found to be 
closely linked to lung metasta-
sis, recurrence, size of tumors, 
grade, and Enneking staging. 
However, the positive rate of 
VM did not have a significant 
association with patients’ gen-
der, age, tumor site, or tumor 
type (Table 2).

Associations among expres-
sions of CD133 and ALDH1, 
and VM in osteosarcoma
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2A). Similarly, the OS of ALDH1+ patients 
(30.3±12.4 months) was significantly lower 
than those of ALDH1- patients (53.4±16.3 mo- 
nths; log-rank =45.990, P<0.001; Figure 2B). 
The OS of VM+ patients (26.3±11.3 months) 
was significantly shorter than those of VM- 
patients (49.6±15.9 months; log-rank =48.472, 
P<0.001; Figure 2C). 

Multivariate analysis data showed that the 
expression of CD133, ALDH1, and VM, the 
grade of differentiation, recurrence, as well as 
Enneking stages were independent prognostic 
factors for osteosarcoma (Table 4).

Discussion

Osteosarcoma is a highly heterogeneous tumor 
which can influence the repeatability of bio-
marker assessment. Therefore, the metastatic 
and prognostic values of biomarkers should be 
entirely evaluated to determine their validity. 
The leading causes of osteosarcoma treatment 
failure are lung metastasis and its recurrence 
[4]. This may be related to CSCs that have fe- 
atures correlated with normal stem cells [21].  
It has been known that CSCs have the capabil-
ity of self-renewal, differentiation, quiescence, 
and therapy-resistance (chemotherapy or rad- 
iotherapy), leading to tumor recurrence and 
metastasis [5, 22, 23]. CD133 is most com-
monly regarded as a biomarker for CSCs in 
many tumors [2, 4, 5, 7, 8]. In our study, we 
found that CD133 expression was positively 
related to lung metastasis, recurrence, and 
Enneking staging. Furthermore, a Kaplan-Mei- 
er overall survival (OS) analysis showed that 
CD133+ expression patients had a shorter OS 
time than did the CD133- patients. The above 
results suggest that CD133 should promote 
osteosarcoma progression and metastasis and 

sis, recurrence, tumor size, and Enneking stag-
ing. In addition, Kaplan-Meier survival analysis 
data indicated that osteosarcoma patients with 
a positive ALDH1 expression had a significantly 
lower OS than ALDH negative patients did. 

VM is a channel-like formation which is in the 
lining of cancer cells. The typical VM structure 
consists of three sections, just like cancer 
stem-like cells, with a plastic extracellular ma- 
trix and vascular-like structures. VM should par-
ticipate in the development, progression, and 
metastasis of many tumors [5, 10, 17, 18, 27, 
28]. In this study, the positive rate of VM is po- 
sitively associated with lung metastasis, recur-
rence, tumor size, and Enneking staging. A Ka- 
plan-Meier survival analysis also showed that 
VM+ patients had a worse OS when compared 
with VM- patients. These findings demonstrat-
ed that VM should be considered as a valuab- 
le biomarker for predicting invasiveness and 
metastasis in osteosarcoma. Similar results 
were obtained in other studies which investi-
gated the invasiveness and metastatic signifi-
cance of VM in osteosarcoma [29, 30]. 

The Enneking staging system cannot indicate 
thorough information about osteosarcoma’s 
biological behavior. So, it is urgent to find new 
and valuable molecular markers that will be 
useful in predicting the invasiveness, metasta-
sis, and prognosis of osteosarcoma. In our 
study, multivariate analysis data demonstrat- 
ed that CD133+, ALDH1+, VM+, lung metast- 
asis, recurrence, and Enneking staging were 
independent prognostic factors for osteosar-
coma patients. Our findings thus suggest that 
CD133, ALDH1, and VM should be thought of 
as trusted biomarkers for osteosarcoma, esp- 
ecially in predicting invasiveness, metastasis, 
and prognosis.

Table 3. Association between expression of CD133, 
ALDH1, and VM in osteosarcoma

Variable
CD133

r P
VM

r P
- + - +

CD133 0.471 <0.001*

    - 39 8
    + 18 31
ALDH1 0.587 <0.001 0.457 <0.001*

    - 34 7 35 6
    + 13 42 22 33
*positive association.

should be considered as a useful biom- 
arker for predicting progression and me- 
tastasis in this disease. Our findings are  
in accordance with the previous studies, 
enclosing osteosarcoma [5, 24, 25].

Similar to CD133, ALDH1 is also a bio-
marker of CSCs. ALDH1, an intracellular 
enzyme, not only detoxifies some intracel-
lular cytotoxic drugs, but it also detoxifies 
the metabolism of various endogenous 
and exogenous aldehydes [13, 26]. In this 
study, we found that ALDH1 expression is 
significantly associated with lung metasta-
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Moreover, CSCs should be involved in the initia-
tion, development, and progression of osteo-
sarcoma. Microvascular and lymphatic vessels 
constitute the survival environment of CSCs. 

which is vasculogenic mimicry. Along with tumor 
development, the lining CSCs of VM could dif-
ferentiate endothelial cell to form new microves-
sels [31-34]. Overall, the above findings indi-

Figure 2. Kaplan-Meier analysis of the survival 
rate of patients with osteosarcoma. The y-axis 
represents the percentage of patients; the x-ax-
is, their survival in months. (A) Overall survival 
of all patients in relation to CD133 (log-rank 
=56.392, P<0.001); (B) Overall survival of all 
patients in relation to ALDH1 expression (log-
rank =45.990, P<0.001); (C) Overall survival of 
all patients in relation to VM (log-rank =48.472, 
P<0.001); In the (A-C) analyses, the green line 
represents patients with positive CD133, or 
ALDH1, or VM, and the blue line represents the 
negative CD133, or ALDH1, or VM patients.

Table 4. Results of multivariate analyses of overall sur-
vival (OS) time
Covariate B SE P HR 95% CI
CD133 0.690 0.288 0.016 1.994 1.135-3.504
ALDH1 0.707 0.356 0.047 2.027 1.009-4.074
VM 1.077 0.315 0.001 2.935 1.584-5.438
Grade 1.012 0.279 <0.001 2.751 1.591-4.757
Recurrence 1.388 0.331 <0.001 4.009 2.094-7.674
Enneking stages 0.588 0.290 0.043 1.800 1.019-3.180

Some studies have demonstrated that 
CSCs are capable of differentiation al- 
ong tumor cells and the surrounding 
stromal cells (including endothelial ce- 
lls) [31, 32]. When the tumor size is 
more than a certain extent volume, 
tumor cells can induce angiogenesis to 
meet their rapid growth. Initially, CSCs 
are able to mimic endothelial cells to 
form a channel-like structure which 
could connect to the host’s microcircu-
lation to convey nutrient and oxygen-
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cate that there is a complex relationship be- 
tween CSCs and VM in osteosarcoma develop-
ment, invasiveness, and metastasis.

Conclusions

We have demonstrated that CSCs are be 
involved in the evolution of osteosarcoma. The 
combined investigation shows that CD133, 
ALDH1, and VM should be considered as valu-
able and effective biomarkers for metastasis 
and prognosis in osteosarcoma patients.
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