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Abstract: Background: Oral cancer overexpressed 1 (ORAOV1) which is a novel candidate oncogene is a useful bio-
marker of metastasis and prognosis in various cancers. CD133 which is a biomarker of cancer stem cells is overex-
pressed in many cancers and promotes cancer cells growth and metastasis. WW domain-containing oxidoreductase 
(WWOX) which is a suppressor gene of tumor can inhibit proliferation and promote apoptosis in various cancers. 
However, associations among ORAOV1, CD133, and WWOX and their clinicopathological significance in gastric ade-
nocarcionma (GAC) are unclear. In this study, we analyzed associations among ORAOV1, CD133, and WWOX in GAC, 
and their respective associations with clinicopathological characteristics and survival in GAC. Method: Positive ex-
pression of ORAOV1, CD133, and WWOX in 236 whole GAC tissue samples were detected by immunohistochemistry 
staining. Patients’ clinical data were also collected. Results: Levels of ORAOV1 and CD133 were significantly higher, 
and levels of WWOX significantly lower, in GAC tissues than in normal gastric tissues. Levels of ORAOV1 and CD133 
were positively associated with tumor grade, invasion of depth, lymph node metastasis (LNM), and tumor-node me-
tastasis (TNM) stages, and inversely with patients overall survival time; levels of WWOX was negatively correlated 
with tumor grade, invasion of depth, LNM, and TNM stages, and the WWOX-positive subgroup had significantly lon-
ger overall survival time than did the WWOX-negative subgroup. In multivariate analysis, high expression of ORAOV1 
and CD133, invasion of depth, and TNM stages, and low expression of WWOX were potential to be independent 
prognostic factors for overall survival time in patients with GAC. Conclusions: The expression of ORAOV1, CD133, 
and WWOX represent promising biomarkers for metastasis and prognosis, and potential therapeutic targets for GAC.
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Introduction 

In 2012, stomach cancer was reportedly found 
in 951,600 newly diagnosed cases, caused 
about 723,100 deaths [1], making it the third 
most lethal cancer in the worldwide. In China, 
an estimated 679,100 new stomach cancer 
cases and 498,000 death occurred in 2015 
[2], making it the second most lethal cancer. 
Gastric adenocarcinoma accounts for about 
90% of all diagnosed stomach cancers. Becau- 
se stomach cancer is usually asymptomatic in 
its early stages, majority of patients diagnosed 
with stomach cancer in China have advanced 
stages disease.

Oral cancer overexpressed 1 (ORAOV1), also 
named as Tumor Amplified and Overexpressed 

Sequence 1 (TAOS1), which was originally iden-
tified a candidate oncogene in oral squamous 
cell carcinoma [3]. This gene is located on 
human chromosome 11q13. Accumulating evi-
dence has demonstrated that ORAOV1 is asso-
ciated with the cell cycle, apoptosis, angiogen-
esis, and tumorigenesis [4-6]. Overexpression 
of ORAOV1 was able to promote tumor cell pro-
liferation, invasion, and metastasis and should 
be considered as a useful biomarker of metas-
tasis and prognosis [4-9].

Cancer stem cells, which are a subpopulation 
of cancer cells, are considered as an important 
role in the initiation, progression, metastasis, 
and recurrence of cancers, because of their 
ability of self-renewal, therapy-resistance and 
high tumorigenicity [10]. CD133, also named as 
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prominin-1, is considered as a biomarker of 
cancer stem cells in various human cancers 
[11-16]. CD133 is a 120 kDa five transmem-
brane domain cell surface glycoprotein that is 
encoded by the PROM1 gene. CD133 can pro-
mote cancer progression by their ability to self-

renewal [17], induce promotion of angiogenesis 
and vasculogenic mimicry, and inhibit cancer 
cells apoptosis [18, 19]. Therefore, CD133 is 
also considered as a useful biomarker for 
metastasis and prognosis in various cancers.

WW domain-containing oxidoreductase (WW- 
OX) which was originally identified as a tumor 
suppressor in breast cancer was located hu- 
man chromosome 16q23.3-24.1 [20]. WWOX 
which has 2 N-terminal WW domains and a 
high homology domain of the short chain dehy-
drogenase and/or reductase family encodes a 
414-amino acid protein [20, 21]. WWOX can 
inhibit tumor initiation, proliferation, and pro-
gression [22-24]. It is a common event in almost 
all cancer types to find WWOX loss which in- 
cludes hemizygous deletions in majority cases 
and homozygous deletions [25, 26]. Down-
regulation of WWOX is associated with tumor 
progression, metastasis, and occurrence [27, 
28].

Overall, studies of ORAOV1, CD133, and WWOX 
in association with tumor metastasis and prog-
nosis showed that these biomarkers affect 
tumor progression; however, the associations 
among ORAOV1, CD133, and WWOX in GAC 
have not yet been widely reported. In this study, 
we investigated the hypothesis that these bio-
markers are mutual associated and correlated 
with metastasis and prognosis in GAC.

Patients and methods

Patients and tissue specimens

We collected specimens from all 236 patients 
(median age: 58.1 years; range: 28-78 years) 
who were treated for GAC at the Department of 
Pathology of the First Affiliated Hospital of 
Bengbu Medical College, from January 2010 to 
December 2011, along with 236 specimens of 
the corresponding adjacent normal tissues. 
Patients who had received preoperative anti-
cancer therapy were excluded. All tissue sam-
ples were obtained with patients writing con-
sent. The study was approved by the Bengbu 
Medical College’s ethics committee (BBMCEC) 
and performed in accordance with the guide-
lines of the Declaration of Helsinki. We collect-
ed the completely clinicopathological and fol-
low-up data (at 6-months intervals by mail, 
e-mail, or phone) of patients. Overall survival 
(OS) time was calculated from the patients’ sur-

Table 1. Clinicopathological characteristics of 
patients with gastric adenocarcinoma

Patients characteristics Frequency 
(n)

Percentage 
(%)

Age (years)
    <60 122 51.7
    ≥60 114 48.3
Gender
    Male 159 67.4
    Female 77 32.6
Size (cm)
    <4.0 48 20.3
    ≥4.0, <8.0 157 66.5
    ≥8.0 31 13.1
Location
    Antrum 121 51.3
    Cardia 79 33.5
    Pylorus 36 15.3
Type
    Polypoid 26 11.0
    Ulcerative 158 66.9
    Infiltrative 52 22.0
Invasion of depth
    Submucosa 10 4.2
    Subserosa 59 25.0
    Visceral peritoneum 149 63.1
    Adjacent structure 18 7.6
Differentiation
    Well 29 12.3
    Moderate 157 66.5
    Poor 50 21.2
LNM
    N0 107 45.3
    N1 90 38.1
    N2 39 16.5
TNM stage
    I 42 17.8
    II 155 65.7
    III A 39 16.5
N0: No regional lymph node metastasis; N1: the number 
of regional lymph node metastasis is no more than 2; 
N3: the number of regional lymph node metastasis is 
more than 2.
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gery date to his or her death date or December 
2016 (mean OS: 48.6 months; range: 9-72 
months). Tumor-node-metastasis stage was 
assessed according to the 7th edition of the 
American Joint Committee on Cancer (AJCC). 
Tumor was graded according to the World 
Health Organization (WHO) standards. Specific 
characteristics see Table 1.

Immunohistochemistry

Immunohistochemistry was performed in acc- 
ordance with the guideline of the ElivisionTM 
Plus detection kit instructions (Lab Vision, 
USA). Briefly, GAC- and the corresponding nor-
mal gastric mucosa tissues were fixed in 10% 
buffered formalin and embedded in paraffin. 
Continuous 4 µm thick sections were cut. All 
GAC and control sections were deparaffinized 
and dehydrated with xylene and graded etha-
nol, then washed for 10 min with PBS (pH 7.2). 
Endogenous peroxidase activity was quenched 
by incubation of sections in methanol contain-
ing 3% hydrogen peroxide for 10 min at room 
temperature; they were then placed in citrate 
buffer (pH 6.0) and heated to 95°C for antigen 
repair. After several washes with PBS, the sec-
tions were blocked with goat serum for 20 min 
at room temperature, then incubated with rab-

bit polyclonal antibody against human ORAOV1 
(Abcam, Cambridge, MA, USA) or mouse mono-
clonal antibody against human CD133 (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) or 
rabbit polyclonal antibody against human 
WWOX (Abcam, Cambridge, MA, USA) for 1 h at 
37°C. All sections were counterstained with 
hematoxylin, dehydrated, air-dried, and mount-
ed. Negative controls were prepared by omit-
ting primary antibodies from the staining proce-
dure. ORAOV1 positive staining was mainly 
located in nucleus; CD133 positive staining 
was mainly located in membrane and cyto-
plasm; and WWOX positive staining was mainly 
located in the cytoplasm of cancer cells.

Evaluation of staining

Immunostaining results were interpreted semi-
quantitatively by two independent pathologists 
who were blind to clinicopathological and fol-
low-up data. Ten representative fields at high-
power-field (HPF) from different areas of per 
GAC’s slide were analyzed to overcome any 
intratumoral heterogeneity of antibody expres-
sion. Immunostaining results were scored acc- 
ording to intensity (none staining mean 0; weak 
staining mean 1; moderate staining mean 2; 
strong staining mean 3) and extent (<11% posi-

Figure 1. Positive staining of ORAOV1, or CD133, or WWOX in gastric adenocarcinoma or the control tissue. A: Posi-
tive staining of ORAOV1 in nuclei of GAC tissue (100 magnification); B: Negative staining of ORAOV1 in the control 
tissue (40 magnification); C: Positive staining of CD133 in the membrane and cytoplasm of cancer cells (400 mag-
nification); D: Negative staining of CD133 in the control tissue (100 magnification); E: Negative staining of WWOX 
in the cancer cells (100 magnification); F: Positive staining of WWOX in the cytoplasm of the control tissue (400 
magnification).
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tive cells = 1; 11-50% positive cells = 2; 51-75% 
positive cells = 3; >75% positive cells = 4). Then 
the scores for the intensity and extent were 
multiplied to yield final scores that ranged 0 
from 12. Score ≥3 was considered positive. For 
sections that were positive for all three of 
ORAOV1, CD133, and WWOX, an average final 
score of each section was taken.

munohistochemically evaluated for both GAC 
and corresponding normal gastric mucosa tis-
sue specimens. These data were compared  
to patients’ clinicopathological characteristics. 
The positive rate of ORAOV1 results in the GAC 
specimens (58.5%, 138/236) was significantly 
higher than that in the corresponding normal 
gastric mucosa tissues (8.5%, 20/236; P< 

Table 2. Associations between expression of ORAOV1, or CD133, or 
WWOX and clinicopathological characteristics of gastric adenocarcinoma 
(GAC)

Variables
ORAOV1 

P
CD133

P
WWOX

P
- + - + - +

Age 0.536 0.899 0.786
    <60 years 53 69 47 75 77 45
    ≥60 years 45 69 43 71 70 44
Gender 0.161 0.069 0.783
    Male 71 88 67 92 100 59
    Female 27 50 23 54 47 30
Size (cm) 0.776 0.648 0.809
    <4.0 18 30 17 31 28 20
    ≥4.0, <8.0 66 91 63 94 99 58
    ≥8.0 14 17 10 21 20 11
Location 0.529 0.475 0.696
    Antrum 46 75 44 77 74 47
    Cardia 36 43 29 50 52 27
    Pylorus 16 20 17 19 21 15
Type 0.613 0.655 0.184
    Polypoid 13 13 12 14 18 8
    Ulcerative 65 93 58 100 92 66
    Infiltrative 20 32 20 32 37 15
Invasion of depth <0.001 0.003 0.022
    Submucosa 7 3 6 4 6 1
    Subserosa 34 25 32 27 32 27
    Visceral peritoneum 57 92 49 100 92 57
    Adjacent structure 0 18 3 15 17 1
Grade 0.020 0.025 <0.001
    Well 18 11 17 12 9 20
    Moderate 65 92 59 98 101 56
    Poor 15 35 14 36 37 13
LNM <0.001 <0.001 0.002
    N0 49 58 55 52 64 43
    N1 44 46 34 56 49 41
    N2 5 34 1 38 34 5
TNM stages <0.001 <0.001 0.007
    I 26 16 26 16 25 17
    II 67 88 63 92 89 66
    III A 5 34 1 38 33 6

Statistical analysis

Correlations between cl- 
inicopathological param-
eters and ORAOV1, CD1- 
33, or WWOX were com-
pared using Fisher’s ex- 
act test or Chi-square 
test. Correlations betwe- 
en ORAOV1, CD133, or 
WWOX were compared 
using Spearman’s coeffi-
cient test. Effects of OR- 
AOV1, CD133, or WWOX 
on survival were deter-
mined by univariate and 
multivariate analyses. In- 
dependent prognostic fa- 
ctors were determined 
using the Cox regressi- 
on model for multivariate 
analysis. The Kaplan-Me- 
ier method with log-rank 
test for univariate OS an- 
alysis was used to evalu-
ate correlations between 
ORAOV1, CD133, or WW- 
OX-positive results and 
clinicopathological para- 
meters, using SPSS 19.0 
software for Windows 
(Chicago, IL). P<0.05 was 
defined significant.

Results

Associations between 
ORAOV1, CD133, and 
WWOX expression and 
clinicopathological char-
acteristics

To assess the contribu-
tions of ORAOV1, CD133, 
and WWOX to GAC, the 
results thereof were im- 
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0.001; Figure 1A and 1B). The positive rate of 
ORAOV1 in GAC was positively related to tumor 
invasion, grade, LNM, and TNM stages, but not 
with patients’ age, gender, location, type, or 
size (Table 2).

Similar to ORAOV1, CD133+ expression was 
significantly higher in GAC tissues (61.9%, 
146/236) than that in the control tissues (7.6%, 
18/236; P<0.001; Figure 1C and 1D). The posi-
tive rate of CD133 expression in GAC was relat-
ed to tumor invasion, grade, LNM, TNM stages, 
but not to patients’ age, gender, location, type, 
or size (Table 2).

The positive rate of WWOX expression was sig-
nificantly less in GAC tissues (37.7%, 89/236) 
than that in the control tissues (90.3%, 
213/236; P<0.001; Figure 1E and 1F). The 
positive rate of WWOX expression was inversely 
associated with tumor invasion, grade, LNM, 
and TNM stages. No correlation was found 
between WWOX expression and patients’ age, 
gender, size, location, or type (Table 2).

Correlations among expression of ORAOV1, 
CD133, and WWOX in GAC

Spearman correlation coefficient analysis dem-
onstrated that negative correlations between 
WWOX+ expression and that of ORAOV1  
(r = -0.214, P = 0.001), or CD133 (r = -0.289, 
P<0.001). Expression of ORAOV1 was positive 
correlated with expression of CD133 (r = 0.454, 
P<0.001; Table 3).

Univariate and multivariate analyzes

Follow-up data demonstrated that OS was sig-
nificantly lower in GAC patients with ORAOV1+ 
specimens (42.6±16.8 months) compared with 
those with ORAOV1- (57.1±13.0 months; log-

mor invasion (log-rank = 71.549, P = 0.001, 
Figure 2D), LNM (log-rank = 82.580, P<0.001, 
Figure 2E), and TNM stages (log-rank = 93.666, 
P<0.001, Figure 2F; Table 4).

Multivariate analysis indicated that ORAOV1+, 
CD133+, and WWOX+ samples, tumor invasion, 
as well as TNM stages, were independent prog-
nostic factors for GAC (Table 5).

Discussion

GAC is a highly heterogeneous disease. This 
heterogeneity can interfere with the reproduc-
ibility of biomarker evaluation. Therefore, prog-
nostic value of candidate biomarker must be 
thoroughly evaluated to confirm their validity. In 
this study, we analyzed ORAOV1 protein expres-
sion in GAC and matched normal gastric muco-
sa tissues from 236 patients and compared to 
clinicopathological characteristics. We found 
that ORAOV1 expression was significantly high-
er in GAC tissues than that in the control tis-
sues. Furthermore, it was positively correlated 
with tumor invasion, grade, LNM, and TNM 
stages. Our results are similar to the previous 
studies suggesting that ORAOV1 should be use-
ful as a clinical biomarker for GAC [4, 5, 7, 8, 
29].

CD133, a cell surface biomarker for human 
hematopoietic stem cells, is present in various 
human cancer tissues [10-19]. In GAC, it has 
been demonstrated that CD133 was associat-
ed with progression [30] and shown to predict a 
poor prognosis to anti-cancer therapy [31]. In 
this study, we found that CD133 expression 
was significantly correlated with tumor inva-
sion, grade, LNM, and TNM stages. Moreover, 
Kaplan-Meier survival analysis showed that 
GAC patients with positive CD133 expression 

Table 3. Correlation among expression of ORAOV1, CD133, 
and WWOX in GAC

Variable
ORAOV1

r P
WWOX

r P
- + - +

ORAOV1 -0.214 0.001*
    - 49 49
    + 98 40
CD133 0.454 <0.001@ -0.289 <0.001*
    - 63 27 40 50
    + 35 111 107 39
*: Negative association; @: Positive association.

rank = 34.402, P<0.001; Figure 
2A). Similarly, OS of CD133+ pati- 
ents (42.2±16.6 months) was sig-
nificantly lower than those of CD- 
133- patients (59.0±11.4 months; 
log-rank = 46.895, P<0.001; Figure 
2B). The OS of WWOX+ patients 
(57.3±11.9 months) was significant-
ly longer than those who were 
WWOX- (43.3±17.3 months; log-
rank = 24.276, P<0.001; Figure 
2C). In univariate analysis, OS was 
significantly related to clinicopatho-
logical characteristics, including tu- 
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Figure 2. Kaplan-Meier analysis of the survival rate of patients with gastric adenocarcinoma. The y-axis represents the percentage of patients; the x-axis, their sur-
vival in months. (A) Overall survival of all patients in relation to ORAOV1 (log-rank = 34.402, P<0.001); (B) Overall survival of all patients in relation to CD133 expres-
sion (log-rank = 46.895, P<0.001); (C) Overall survival of all patients in relation to WWOX expression (log-rank = 24.276, P<0.001); In (A-C) analyses, the green line 
represents patients with positive ORAOV1, or CD133, or WWOX and the blue line representing the negative ORAOV1, or CD133, or WWOX group. In (D) analyses, the 
blue line represents patients with tumor invasion: submucosa group, the green line represents patients invasion: subserosa group, the brown line represents pa-
tients’ invasion: visceral peritoneum group; the purple line represents patients invasion: adjacent structure group. In (E) analyses, the blue line represents patients 
with N0 group, the green line represents patients with N1 group, the brown line represents patients with N2 group. In (F) analyses, the blue line represents patient 
with I stage group, the green line represents patients with II stage group, the brown line represents patients with III A stage group.
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Table 4. Results of univariate analyses of overall sur-
vival (OS) time

Variable n Mean OS 
(months) Log-rank P value

ORAOV1 34.402 <0.001
    Negative 98 57.1±13.0
    Positive 138 42.6±16.8
CD133 46.895 <0.001
    Negative 90 59.0±11.4
    Positive 146 42.2±16.6
WWOX 24.276 <0.001
    Negative 147 43.3±17.3
    Positive 89 57.3±11.9
Gender 0.108 0.742
    Male 159 49.6±16.2
    Female 77 46.5±18.3
Ages (years) 3.650 0.056
    <60 122 47.9±16.3
    ≥60 114 49.4±17.6
Type 0.441 0.802
    Polypoid 26 48.1±14.3
    Ulcerative 158 48.9±17.1
    Infiltrative 52 48.0±17.9
Location 1.084 0.582
    Antrum 121 48.2±16.7
    Cardia 79 47.9±17.9
    Pylorus 36 51.5±15.4
Size (cm) 1.573 0.455
    D<4.0 48 46.9±18.8
    4.0≤D<8.0 157 48.8±16.2
    8.0≤D 31 50.0±17.7
Invasion of depth 71.549 <0.001
    Submucosa 10 64.1±8.0
    Subserosa 59 57.8±12.2
    Visceral peritoneum 149 46.5±15.8
    Adjacent structure 18 26.7±15.6
Tumor grade 0.546 0.761
    Well 29 50.3±17.5
    Moderate 157 48.5±17.1
    Poor 50 48.0±16.1
LNM 82.580 <0.001
    N0 107 53.6±15.2
    N1 90 30.3±15.0
    N2 39 30.8±13.7
TNM stage 93.666 <0.001
    I 42 62.6±8.5
    II 155 49.2±15.4
    III A 39 31.2±14.3

had significantly reduced survival com-
pared with that of those negative for 
CD133. The above results indicated that 
overexpression of CD133 should be 
involved in the process of GAC cells inva-
sion and metastasis and mean a worse 
prognosis. Our results are consistent with 
the previous studies, including those of 
gastric cancers and other cancers [11-13, 
15, 16, 30].

WWOX is widely regarded as a suppressor 
of tumor in various cancers [20-28]. WWOX 
can inhibit tumor cells growth, invasion, 
metastasis, and promote apoptosis [23, 
32-34]. Results in this study also demon-
strated that WWOX expression was signifi-
cantly less in GAC tissues than that in the 
control tissues, and its expression was 
inversely associated with tumor invasion, 
grade, LNM, and TNM stages. In addition, 
Kaplan-Meier survival indicated that GAC 
patients with WWOX+ specimens had sig-
nificantly higher survival time than did 
WWOX- patients. These results indicated 
that reduced-regulation of WWOX should 
induce GAC progression and metastasis, 
which are consistent with other studies 
[23, 32-34].

TNM stages provide therapeutic strategies 
for patients with GAC, but not give exhaus-
tive information about GAC’s biological 
behavior. Therefore, it is urgent to find 
novel and effective candidate biomarker to 
predict GAC’s biological behavior, metasta-
sis, and prognosis of patients. In this study, 
multivariate analysis indicated that posi-
tive expression of ORAOV1, CD133, and 
WWOX and tumor invasion, as well as TNM 
stages are independent prognostic factors 
for GAC patients. The above results sug-
gested that the expression of ORAOV1, 
CD133, and WWOX should be considered 
as credible biomarkers for GAC, especially 
in predicting metastasis and prognosis.

Gastric adenocarcinoma (GAC) is the lead-
ing common type of stomach cancer. Ab- 
normal CD133 expression may be involved 
in the process of tumorigenesis, invasion, 
metastasis, and recurrence of GAC by its 
involvement in CSCs [35]. Among other 
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peculiarity, self-renewal and aptitude for multi-
ple differentiation promote GAC cells rapid 
growth. Meanwhile, Overexpression of ORAOV1 
also contributes to tumorigenesis by the pro-
motion of cancer cells proliferation and inva-
sion through activation of a series Cyclins [4-6]. 
It is also involved in angiogenesis to promote 
tumor invasion and metastasis [4]. Indeed, the 
niche where CSCs reside is mainly composed of 
microvessel or microlymphatic vessels. There- 
fore, these microvessels support CSCs that fur-
ther promote cancer cells invasion and metas-
tasis. As reported, WWOX can inhibit CSCs pro-
liferation, promote tumor cells apoptosis, and 
also involve in the process of epithelial-mesen-
chymal transition (EMT) [34, 36, 37]. The down-
regulation of WWOX loses inhibiting the activa-
tion of proliferation and further promotes tumor 
cells invasion and metastasis.

Conclusions

Our results indicate that ORAOV1, CD133, and 
WWOX affects GAC evolution; and the com-
bined detection of ORAOV1, CD133, and WWOX 
are valuable factors of metastasis and progno-
sis in GAC’s patients.
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WWOX -0.661 0.156 <0.001 0.517 0.381-0.701
TNM stage 0.558 0.279 0.045 1.748 1.012-3.020
Invasion of depth 0.345 0.176 0.049 1.412 1.001-1.992
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