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Abstract: Background: Oral cancer overexpressed 1 (ORAOV1, a novel candidate oncogene), ATP-binding cassette
sub-family G member (ABCG2, a biomarker of cancer stem cells), and KiSS-1 (a suppressor of tumor metastasis)
are all usefully predictive factors for metastasis in various cancers. However, the metastatic and prognostic value of
ORAOV1, ABCG2, or KiSS-1 in laryngeal squamous cell carcinoma (LSCC) is still unclear. In this study, we analyzed
correlations among ORAOV1, ABCG2, and KiSS-1 in LSCC, and their respective correlations with clinicopathological
characteristics and survival in LSCC. Methods: Specimens from 130 Chinese patients with follow-up were analyzed
for ORAOV1, ABCG2, and KiSS-1 protein expression by immunohistochemical staining. The Pearson Chi’s square
test was used to assess the associations among of these biomarkers and clinicopathological characteristics. The
overall survival was studied by univariate and multivariate analyses. Results: Levels of ORAOV1 and ABCG2 were significantly higher, and levels of KiSS-1 were significantly lower, in LSCC tissues than those in control tissues. Levels of
ORAOV1 and ABCG2 were positively correlated with primary tumors (pT), lymph node metastasis (LNM), and tumornode-metastasis (TNM) stages, and negatively with patients overall survival (OS) time; levels of KiSS-1 was inversely
associated with tumor grades, pT, LNM, and TNM stages, and the positive expression of KiSS-1 subgroup had
significantly longer OS time than did the negative expression of KiSS-1 subgroup. In multivariate analysis, positive
expression ORAOV1, ABCG2, or KiSS-1 and tumor stages, as well as TNM stages were potential to be independent
prognostic factors for OS time in patients with LSCC. Conclusions: ORAOV1, ABCG2, and KiSS-1 represent promising
metastatic and prognostic biomarkers, as well as potential therapeutic targets, for LSCC.
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Background
In 2015, laryngeal cancer was reportedly found
in 26,400 newly diagnosed cases, caused
about 12,600 deaths in China [1]. Laryngeal
squamous cell carcinoma accounts for about
90% of all diagnosed laryngeal cancers. As
laryngeal cancer is usually asymptomatic in its
early stages, many patients diagnosed with
laryngeal cancer in China have advanced stage
cancer.
Oral cancer overexpressed 1 (ORAOV1) gene
which is located on human chromosome region
11q13 was originally considered as a potential
candidate oncogene in oral squamous cell carcinoma [2]. ORAOV1 is overexpressed in various tumors, playing an important role in the
development of the cancers, such as tumori-

genesis, cell cycle, and apoptosis [3-7]. In addition, ORAOV1 could regulate VEGF expression
in transplantation tumor to promote tumor
angiogenesis [3]. Furthermore, Accumulating
evidence has suggested that overexpression of
ORAOV1 enhance tumorigenicity, cells proliferation, invasion, and metastasis and could be a
novel useful prognosis and treatment target of
cancers [3-8].
Cancer stem cells (CSCs), also termed as tumorinitiating cells (TICs), which are thought to be a
subpopulation of cancer cells which have ability
of self-renewal and responsible for tumor initiation, development, metastasis and resistance to conventional radiotherapy or chemotherapy [9-11]. ATP-binding cassette sub-family G
member 2 (ABCG2), also named as breast
cancer resistance protein (BCRP), which is an
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Table 1. Patients characteristics
Patients characteristics Frequency (n) Percentage (%)
Age (years)
<60
59
45.4
≥60
71
54.6
Gender
Male
87
66.9
Female
43
33.1
Location
Supraglotic
43
33.1
Glotic
80
61.5
Subglotic
7
5.4
Size (cm)
<2.0
64
49.2
≥2.0
66
50.8
Smoking
No
51
39.2
Yes
79
60.8
Alcohol
No
50
38.5
Yes
80
61.5
Grade
Well
45
34.6
Moderate
73
56.2
Poor
12
9.2
primary Tumor
T1
47
36.2
T2
66
50.8
T3
12
9.2
T4a
5
3.8
Lymph node metastasis
N0
82
63.1
N1
40
30.8
N2
8
6.2
FIGO stage
I
44
33.8
II
35
26.9
III
44
33.8
IVA
7
5.4

important member of ATP-binding cassette
transporter superfamily. ABCG2 was originally
found in human MCF-7 breast cancer cells and
is involved in multidrug resistance (MDR) by
dimerizing itself (homodimerize) or with other
members of the ABCG sub-family (heterodimerize) as an efflux transporter [10, 12-15].
Recently, accumulating studies have been
found that ABCG2 is overexpressed in many
cancers and correlated with tumor initiation,
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development, metastasis, relapse, and MDR,
which may due to its CSCs characteristics [10,
11, 13, 16]. Therefore, ABCG2 is also identified
as a potential biomarker for prognosis and
treatment target of cancers.
KiSS-1 gene was originally identified as tumor
metastasis suppressor in human melanoma
through analysis of subtractive hybridization
[17]. This gene is located on human chromosome 1q32 and 6151 base pairs in length.
KiSS-1 can promote E-cadherin expression and
inhibit MMP9 expression by NF-κB binding
inhibition to the promoter [18-20]. KiSS-1 expression can inhibit chemotaxis and invasion
through attenuating the metastasis of cancers
[21]. Some evidence suggested that KiSS-1
could inhibit metastasis of cancer without
affecting tumorigenicity [18, 22]. KiSS-1 gene
is reported to bind with an orphan G-proteincoupled receptor named as GPR54 [23]. KiSS1 encodes a 145-amino-acid peptide which is
further cleaved into a KiSS-1 family peptins
[24]. However, the precise mechanism in tumor
metastasis of KiSS-1 is still unclear. Accumulating studies have demonstrated that KiSS-1
should been considered as a useful biomarker
of metastasis and prognosis [20, 24-26].
Overall, studies of ORAOV1, ABCG2, and KiSS-1
expression in relation with tumor metastasis
and prognosis demonstrate that these biomarkers can affect tumor progression. However, the relationships among ORAOV1, ABCG2,
and KiSS-1 in LSCC have not been widely
reported. In this study, we investigated the
hypothesis that these biomarkers are mutual
related and are related to metastasis and prognosis in LSCC.
Materials and methods
Specimens
We collected samples from all 130 patients
(median age: 60.2 years; range: 43-78 years)
who were treated for LSCC at the First Affiliated Hospital of Bengbu Medical College, from
January 2009 to December 2011, along with
130 samples of the corresponding normal
mucosa tissues. Patients who had received any
preoperative anticancer therapy were excluded. All tissue samples were obtained with
patients writing consent. The study was approved by the ethics committee of Bengbu
Int J Clin Exp Med 2017;10(10):14623-14631
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Figure 1. Expression of the ORAOV1, ABCG2, and KiSS-1 in patients with laryngeal squamous cell carcinoma (×400 magnification). A. Positive ORAOV1
expression in the nucleus of cancer cells. B. Negative ORAOV1 expression in
the normal laryngeal mucosa epithelial cells (P<0.001). C. Positive ABCG2
expression in the membrane and cytoplasm of cancer cells. D. Negative
ABCG2 expression in the normal cells (P<0.001). E. Positive KiSS-1 expression in the cytoplasm of normal cells. F. Negative KiSS-1 expression in the
cancer cells (P<0.001).

Medical College and performed in accordance
with the guidelines of the Declaration of
Helsinki. We collected patients who had completely demographic, clinicopathological, and
follow-up data (at 6-month intervals by phone,
mail, and social application). Overall survival
(OS) was evaluated from the patients surgery
date to his or her death date or December 2016
(mean OS: 55.0 months; range: 10-94 months).
T stages and tumor-node-metastasis stages
were calculated according to the 7th edition
of the American Joint Committee on Cancer
(AJCC). Tumor grades were according to World
Health Organization (WHO) standards. Specific
characteristics see Table 1.
Immunohistochemistry
Immunohistochemical staining was performed
according to the ElivisionTM Plus detection kit
instructions (LabVision, USA). All LSCC and
negative mucosa tissues were fixed in 10%
buffered formalin and embedded in paraffin.
Paraffin sections (4 μm thick) of representative
LSCC and control tissues were cut and then
were deparaffinized in xylene and dehydrated
in a graded series alcohol. Subsequently washed with phosphate buffer saline (PBS, pH 7.2)
for 10 min. The endogenous peroxidase activity
was quenched through incubation with 3% H2O2
in methanol for 10 min at room temperature.
Then placed in citrate buffer (pH 6.0) at 95°C
for antigen repair for 30 min. After several
washes with PBS, all sections were quenched
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by goat serum for 30 min, then
incubated with rabbit polyclonal antibody against human
ORAOV1 (Abcam, USA), mouse
monoclonal antibody against
human ABCG2 (Abcam, USA)
and KiSS-1 (Santa Cruz, USA)
at 37°C for 1 h. All sections
were counterstained with hematoxylin, dehydrated, air-dried, and mounted. Negative controls were prepared by omitting primary antibody from the
staining procedure. ORAOV1
staining was mainly seen in
cancer cell nuclei; ABCG2 staining was mainly seen in cancer cell membrane and cytoplasm; KiSS-1 staining was
mainly seen in cancer cell
cytoplasm.

Evaluation of staining
To assess the staining of ORAOV1, ABCG2, and
KiSS-1, the number of cancer cells with positive
staining at least 10 representative high-power
field (HPF) and the extent and intensity of the
positive cancer cells were scored. The results
were calculated according to intensity (none
staining, 0; weak staining, 1; moderate staining, 2; strong staining, 3) and extent (positive
cancer cells <11% mean 1; 11%< positive cancer cells <50% mean 2; 51%< positive cancer
cells <75% mean 3; positive cancer cells >75%
mean 4). The intensity and extent were multiplied to yield final scores that ranged 0-12.
Score >2 was considered positive. Immunohistochemical staining was assessed by two independent pathologists who were blind patients’
demographic, clinicopathological, and followup data.
Statistical analysis
Correlations between clinicopathological characteristics and the expression of ORAOV1,
ABCG2, or KiSS-1 were compared using Fisher’s
exact test or Chi-square test. Correlations
between ORAOV1, or ABCG2, or KiSS-1 were
compared using Spearman’s coefficient test.
Effects of ORAOV1, ABCG2, or KiSS-1 on overall
survival were determined by univariate and
multivariate logistic regression analyses. Survival analysis was determined by the KaplanInt J Clin Exp Med 2017;10(10):14623-14631
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Table 2. The associations between expression of ORAOV1,
ABCG2, and KiSS-1 and clinicopathological characteristics of
laryngeal squamous cell carcinoma (LSCC)
Variables
Age
<60 years
≥60 years
Gender
Male
Female
Location
Supraglottic
Glottic
Subglottic
Size (cm)
<2.0
≥2.0
Smoking
No
Yes
Alcohol
No
Yes
Grade
Well
Moderate
Poor
Primary Tumor
T1
T2
T3
T4a
LNM
N0
N1
N2
TNM stages
I
II
III
IVA

ORAOV1
+

P

ABCG2
+

0.639
25 34
33 38
43 44
15 28

0.371

0.290

0.106

0.417

0.460

0.635

0.015

0.173

0.107

0.015

<0.001

0.010

<0.001
10 37
44 22
10 2
5 0

<0.001
44 38
6 34
1 7

0.014

<0.001
29 53
33 7
7 1

<0.001
34 10
11 24
5 39
1 6

Meier method with log-rank test to assess correlation between ORAOV1, ABCG2, or KiSS-1
immunostaining results or clinicopathological
characteristics and OS time, using SPSS 19.0
software for Windows (Chicago, IL). A value of
P<0.05 was indicated statistically significant.
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0.003
17 28
41 32
11 1

33 14
16 50
2 10
0 5

43 39
15 25
0
8

0.374
29 21
40 40

22 23
27 46
2 10

28 19
27 39
3
9
0
5

0.143
23 28
46 33

13 37
38 42

25 20
29 44
4
8

0.053
29 36
40 25

18 33
33 46

21 29
37 43

0.269
21 22
46 34
2 5

30 35
21 44

25 26
33 46

0.660
45 42
24 19

19 24
28 52
4 3

32 33
26 39

0.414

0.475

0.571

P

29 30
40 31

36 51
15 28

21 22
33 47
4
3

KiSS-1
+

0.679
22 37
29 42

0.117

26 18
16 19
16 28
0
7

P

<0.001
7 37
20 15
35 9
7 0

Results
There was a significant difference between the expression of
ORAOV1, ABCG2, and KiSS-1 and
some clinicopathological characteristics.
To evaluate the contributions of
ORAOV1, ABCG2, and KiSS-1 expression to LSCC, the results there
of were evaluated for both LSCC
and corresponding normal laryngeal mucosa tissues. The data was
compared to patients clinicopathological characteristics. The positive
expression rate of ORAOV1 in the
LSCC specimens (55.4%, 72/130)
was significantly higher than that in
the corresponding normal laryngeal mucosa tissues (7.7%, 10/130;
P<0.001; Figure 1A and 1B). The
positive expression rate of ORAOV1
in LSCC was positively correlated
with pT, LNM, and TNM stages, but
not patients age, gender, location,
tumor grades, smoking, alcohol, or
tumor size (Table 2).
Similar to ORAOV1, ABCG2+ expression was significantly higher
in LSCC tissues (60.8%, 79/130)
than that in the control normal
tissues (11.5%, 15/130; P<0.001;
Figure 1C and 1D). The positive
expression rate of ABCG2 in LSCC
was correlated with pT, LNM, TNM
stages, and alcohol, but not patients age, gender, location, tumor
grades, smoking, or tumor size
(Table 2).

The positive expression rate of
KiSS-1 expression was significantly lower in LSCC tissues (46.9%,
61/130) than that in the control
normal tissues (96.2%, 125/130;
P<0.001; Figure 1E and 1F). The
positive expression rate of KiSS-1 was inversely correlated with tumor grades, pT, LNM, and
TNM stages. No correlation was found between
KiSS-1 positive expression and patients age,
gender, tumor size, location, smoking, or alcohol (Table 2).
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Table 3. Correlation among expression of ORAOV1,
ABCG2, and KiSS-1 in LSCC
Variable

ORAOV1
+

r

P

ABCG2
- +

r

P

ORAOV1
0.261 0.003*
31 27
+
20 52
KiSS-1
-0.458 <0.001@
-0.634 <0.001@
16 53
7 62
+
42 19
44 17
*

: positive association; @: negative association

Associations among expression of ORAOV1,
ABCG2, and KiSS-1 in LSCC
Spearman correlation coefficient analysis demonstrated that negative associations between KiSS1+ expression and that of ORAOV1
(r=-0.458, P<0.001), or ABCG2 (r=-0.634,
P<0.001). Expression of ORAOV1 was positive
associated with ABCG2 (r=0.261, P=0.003;
Table 3).
Survival analysis showed that there was a
significant difference between the positive
expression of ORAOV1, or ABCG2, or KiSS1
and the negative expression of these biomarkers for OS
Follow-up data indicated that OS time was
significantly shorter in LSCC patients with
ORAOV1+ specimens (43.6±18.4 months) compared with those with ORAOV1- (69.1±15.0
months; log-rank =52.622, P<0.001; Figure
2A). Similarly, OS time of ABCG2+ patients
(44.6±17.7 months) was significantly shorter
than those of ABCG2- patients (71.0±15.1 months; log-rank =60.054, P<0.001; Figure 2B).
The OS time of KiSS1+ patients (70.2±13.9
months) was significantly longer than those
who were KiSS-1- (41.5±16.9 months; log-rank
=78.922, P<0.001; Figure 2C). In other variable analysis, OS time was significantly correlated with clinicopathological characteristics,
including tumor size (log-rank =5.748, P =0.017,
Figure 2D), grades (log-rank =11.152, P=0.004,
Figure 2E), pT (log-rank =66.112, P<0.001,
Figure 2F), LNM (log-rank =43.318, P<0.001,
Figure 2G), and TNM stages (log-rank =66.832,
P<0.001, Figure 2H).
Expression of ORAOV1 significantly associated
with survival status
Univariate analysis showed that grades of
tumor, pT stages, TNM stages, as well as the
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expression of ORAOV1, ABCG2, or
KiSS-1 significantly correlated with
survival status of patients with LSCC
(P<0.05). In the multivariate logistic
regression analysis, the expression of
ORAOV1 was significantly associated
with survival status of patients with
LSCC (Table 4).
Discussion

Laryngeal squamous cell carcinoma
(LSCC) is a highly heterogeneous disease, which would influence the effectiveness of biomarkers evaluation. Therefore,
metastatic and prognostic value of candidate
biomarkers should be exhaustively evaluated
to make certain their validity. In this study, we
demonstrated that ORAOV1 was positively
related to LSCC pT, LNM, and TNM stages. In
addition, Kaplan-Meier survival curve demonstrated that ORAOV1+ LSCC patients had significantly shorter OS time than did ORAOV1patients. The above results indicated that
ORAOV1 should be involved in the process of
progression and metastasis of LSCC, and could
be identified as a metastatic biomarker in predicting this disease. Our results are similar to
the previous studies [3-8].
ABCG2 has been considered as a potential biomarker of CSCs in various cancers [10-12, 27].
Overexpression of ABCG2 cells may possess
some stem-like ability to self-renewal, differentiation, resistance therapy, and tumorigenicity
[28]. In this study, ABCG2 expression has been
positively related to pT, LNM, and TNM stages.
Furthermore, Kaplan-Meier survival curve demonstrated that ABCG2+ LSCC patients had significantly shorter OS time than did ABCG2patients. The above results suggested that
overexpression of ABCG2 should play an important role in the process of invasion, metastasis,
prognosis, as well as tumorigenesis of LSCC.
Thus, our results sustain the notion that ABCG2
should be a trustable biomarker of LSCC, in
particularly for predicting metastasis and prognosis [10, 11, 27].
KiSS-1 is widely identified as a suppressor gene
of metastasis in diverse cancers [17-26]. KiSS1 can inhibit cancer cells proliferation, motility,
invasion, and metastasis [29]. Results in this
study also demonstrated that positive expression rate of KiSS-1 was significantly lower in
LSCC tissues than that in control normal tisInt J Clin Exp Med 2017;10(10):14623-14631
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Figure 2. Kaplan-Meier analysis of the overall survival (OS) of patients with laryngeal squamous cell carcinoma. A. OS time of all patients in relation to ORAOV1
expression (log-rank =52.622, P<0.001). B. OS of all patients in relation to ABCG2 expression (log-rank =60.054, P<0.001). C. OS of all patients in relation to KiSS1 expression (log-rank =78.922, P<0.001). The green line represents positive expression of ORAOV1, ABCG2, and KiSS-1 and the blue line represents negative
expression of ORAOV1, ABCG2, and KiSS-1. D. OS of all patients in relation to tumor size (log-rank =5.748, P=0.017, the blue line represents patients with tumor
size: <2.0 cm group, the green line represents patients size: ≥2.0 cm group). E. OS of all patients in relation to tumor grades (log-rank =11.152, P=0.004, the blue
line represents patients with grade 1, the green line represents patients with grade 2; the brown line represents patient with grade 3). F. OS of all patients in relation to pT stages (log-rank =66.112, P<0.001, the blue line represents patients with pT1 group, the green line represents patients with pT2 group, the brown line
represents patients with pT3 group, the purple line represents patients with pT4a). G. OS of all patients in relation to LNM (log-rank =43.318, P<0.001, the blue
line represents patients with N0 group, the green line represents patients with N1 group, the brown line represents patients with N2 group).H. OS of all patients in
relation to TNM stages (log-rank =66.832, P<0.001, 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 stage group, the purple line represents patients with IV A stage group).
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Table 4. Univariate and multivariate logistic regression analysis of factors affecting survival status
Variables
Grades
pT
TNM
ORAOV1
ABCG2
KiSS-1

Univariate
analysis
P
G1/G2/G3
0.020
T1/T2/T3/T4a
0.022
I/II/III/IVA
0.002
negative/positive <0.001
negative/positive <0.001
negative/positive <0.001
Categories

Conclusions

Multivariate analysis
HR
1.411
0.778
1.055
3.703
2.223
0.356

95% CI
0.661-3.014
0.329-1.836
0.504-2.209
1.479-9.274
0.722-6.842
0.105-1.209

predicting tumor metastasis and
prognosis.

P
0.547
0.566
0.886
0.005
0.164
0.098

Our findings suggested that ORAOV1, ABCG2, and KiSS-1 should
be involved in the evolution of
LSCC; and the combined detection of ORAOV1, ABCG2, and KiSS1 were valuable factors for metastasis and prognosis in LSCC’s
patients.

sues, and its positive rate was negatively associated with tumor grade, pT, LNM, as well as
TNM stages. Moreover, Kaplan-Meier survival
demonstrated that KiSS-1+ patients had significantly longer OS time than did KiSS-1- patients.
The above results indicated that down- or loseregulation of KiSS-1 should be considered as a
potential biomarker for predicting metastasis
and prognosis in LSCC patients, which are consistent with the previous studies [20, 21, 25,
26].
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