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Abstract
COP1 (constitutive photomorphogenic 1, also known as RFWD2) is a p53-targeting E3
ubiquitin ligase containing RING-finger, coiled-coil, and WD40-repeat domains. Recent
studies have identified that COP1 is overexpressed in several cancer types and that increased
COP1 expression promotes cell proliferation, cell transformation, and tumor progression. In
the present study, we investigated the expression and prognostic value of COP1 in primary
gastric cancer. To investigate the role of the COP1 gene in primary gastric cancer pathogenesis, real-time quantitative PCR and western blotting were performed to examine COP1
expression in paired cancerous and matched adjacent noncancerous gastric tissues. The results revealed high COP1 mRNA (P=0.030) and protein (P=0.008) expression in most tumor-bearing tissues compared with the matched adjacent non-tumor tissues. The correlated
protein expression analysis revealed a negative correlation between COP1 and p53 in gastric
cancer samples (P=0.005, r=-0.572). Immunohistochemical staining of gastric cancer tissues
from the same patient showed a high COP1 expression and a low p53 expression. To further
investigate the clinicopathological and prognostic roles of COP1 expression, we performed
immunohistochemical analysis of 401 paraffin-embedded gastric cancer tissue blocks. The data
revealed that high COP1 expression was significantly correlated with T stage (P=0.030), M
stage (P=0.048) and TNM stage (P=0.022). Consistent with these results, we found that high
expression of COP1 was significantly correlated with poor survival in gastric cancer patients
(P<0.001). Cox regression analyses showed that COP1 expression was an independent
predictor of overall survival (P<0.001). Our data suggest that COP1 could play an important
role in gastric cancer and might serve as a valuable prognostic marker and potential target for
gene therapy in the treatment of gastric cancer.
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Introduction
Gastric cancer is the fourth most common malignant tumor worldwide and the second leading

cause of cancer-related deaths each year (10.4% of
cancer deaths) [1]. More new cases of gastric cancer
http://www.biolsci.org
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are diagnosed in China each year than in any other
country [2]. The treatment for gastric cancer includes
a combination of surgery, chemotherapy, and radiation therapy. However, nearly 60% of patients succumb to gastric cancer after a curative resection alone
or after adjuvant therapy [3]. It has long been known
that gastric cancer is a multifactorial and multistep
disease that involves the activation of oncogenes and
the inactivation of tumor suppressor genes at different stages of gastric cancer progression [4, 5]. Genetic
and genomic variations occurring in the genes and
molecules that participate in proliferation, invasion
and metastasis might influence the prognoses of patients with gastric cancer [6-10]. Understanding these
genetic and genomic alterations and the molecular
mechanisms involved in gastric carcinogenesis will be
critical for the improvement of the diagnosis, therapy
and prognostic prediction of this disease.
COP1 (constitutive photomorphogenic 1, also
known as RFWD2) is a p53-targeting E3 ubiquitin
ligase, containing RING-finger, coiled-coil, and
WD40-repeat domains [11-13]. COP1 has been identified as a novel and critical negative regulator of the
tumor suppressor protein p53, and it influences
p53-dependent transcription, apoptosis, cell cycle
arrest and DNA repair [6, 14]. Recently, COP1 has
been found to be overexpressed in human hepatocellular carcinoma, breast cancer and ovarian adenocarcinomas [15, 16]. These observations indicate that
COP1 could be a promising novel target for systemic
therapy in cancer. On the other hand, some studies
showed a tumor suppressor role of COP1 in mouse
models [17, 18]. Vitari et al revealed that COP1 functions as a tumor suppressor whose downregulation
promotes prostatic epithelial cell proliferation and
tumorigenesis in an animal study. [17]. Another study
by Migliorini et al demonstrated that COP1 functions,
at least in part, by antagonizing c-Jun oncogenic activity [18]. Thus, COP1 expression and its functional
role in different kinds of tumors remain controversial.
Moreover, some mechanistic studies revealed interactive molecules of COP1 and its functional role in the
DNA damage, c-Jun signaling passway, and ubiquitin-mediated degradations [11, 19-21]. These studies
indicated the possible mechanism of COP1 in tumorigenesis and tumor progression. However, the role of
COP1 in gastric cancer is unclear. Therefore, in the
present study, we evaluated COP1 expression and its
prognostic value in primary gastric adenocarcinomas.
In the present study, we aimed to analyze COP1
expression levels in gastric cancer using real-time
quantitative RT-PCR (reverse transcription polymerase chain reaction), western blotting and immunohistochemistry. We investigated the correlated pro-
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tein expression of COP1 and p53 in gastric cancer
samples. Furthermore, for the first time, we identified
the relationship between COP1 expression and clinicopathological features and evaluated its prognostic
value for post-resection survival in gastric cancer.

Materials and Methods
Ethics statement
The research was approved by the Ethics Committee of Sun Yat-sen University Cancer Center, and
written informed consent was obtained from each
patient involved in the study.

Human tissue samples
A total of 40 paired cancerous and matched adjacent normal gastric mucosa tissues were collected
from gastric cancer patients undergoing gastrectomy
at Sun Yat-sen University Cancer Center between
2009 and 2011. After surgical resection, fresh tissues
were immediately immersed in RNAlater (Ambion,
Inc., USA) to avoid RNA degradation, were stored at
4°C overnight to allow thorough penetration of
RNAlater into the tissue and then were frozen at
-80°C until processed for RNA and protein extraction.
Another 401 paraffin-embedded primary gastric cancer samples, which had been collected between 2000
and 2006, were obtained from the Sun Yat-sen University Cancer Center. None of these patients had
received radiotherapy or chemotherapy prior to surgery. The histopathological type and the stage of gastric cancer were determined according to the criteria
of the World Health Organization classification. All of
the patients were staged using the 7th edition of the
International Union Against Cancer (UICC) Tumor-Node-Metastasis (TNM) staging system. Gastric
adenocarcinoma patients have been staged into four
grades based on the percentage of glandular texture in
the tumor tissues: well differentiated (percentage of
glandular texture > 95%), moderately differentiated
(percentage of glandular texture between 50% and
95%), poorly differentiated (percentage of glandular
texture between 5% and 50%) and undifferentiated
(percentage of glandular texture <5%) [22].

Extraction of total RNA and real-time quantitative RT-PCR
Total RNA was extracted using TRIzol (Invitrogen, USA) according to the manufacturer’s instructions. Total RNA concentration was assessed by
measuring absorbance at 260 nm using a NANO
DROP spectrophotometer (ND-1000, Thermo Scientific, USA). Reverse transcription (RT) to synthesize
the first strand of cDNA was performed in a 20-μl
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reaction system with 2 μg of total RNA treated with
M-MLV reverse transcriptase (Promega, USA) according to the manufacturer’s protocol. The resulting
cDNA was then subjected to real-time quantitative
PCR for the evaluation of the relative mRNA levels of
COP1 and GAPDH (glyceraldehyde-3-phosphate
dehydrogenase, as an internal control) with the following
primers:
COP1
forward:
5′-AGAATACAGCCAACCTCCAG-3′ and reverse:
5′-TCCACTGCATCCTGGATGAC-3′; GAPDH forward: 5′-CTCCTCCTGTTCGACAGTCAGC-3′ and
reverse:
5′-CCCAATACGACCAAATCCGTT-3′.
Gene-specific amplification was performed using an
ABI 7900HT real-time PCR system (Life Technologies,
Carlsbad, California, USA) with a 15-μl PCR mix
containing 0.5 μl of cDNA, 7.5 μl of 2× SYBR Green
master mix (Invitrogen, Carlsbad, California, USA),
and 200 nM of the appropriate oligonucleotide primers. The mix was preheated at 95°C (10 min) and
then was amplified at 95°C (30 sec) and 55°C (1 min)
for 45 cycles. The resolution curve was measured at
95°C for 15 sec, 55°C for 15 sec and 95°C for 15 sec.
The Ct (threshold cycle) value of each sample was
calculated from the threshold cycles with the instrument’s software (SDS 2.3), and the relative expression
of COP1 mRNA was normalized to the GAPDH value. The data were analyzed using the comparative
threshold cycle (2-ΔCT) method.

Western blotting analysis
The homogenized gastric cancer samples, including cancerous and noncancerous tissues, were
lysed in RIPA lysis buffer, and the lysates were harvested by centrifugation (12,000 rpm) at 4°C for 30
min. Protein samples of approximately 20 μg were
then separated by electrophoresis in a 12% sodium
dodecyl sulfate polyacrylamide gel and were transferred onto a polyvinylidene fluoride membrane. After blocking the non-specific binding sites for 60 min
with 5% non-fat milk, the membranes were incubated
overnight at 4°C with a mouse monoclonal antibody
against COP1 (Santa Cruz Biotechnology, USA; at a
1:1,000 dilution). The membranes were then washed
three times with TBST (tris-buffered saline with
tween-20) for 10 min and were probed with the
horseradish peroxidase (HRP)-conjugated rabbit anti-mouse IgG antibody (Immunology Consultants
Laboratory, USA, at a 1:2000 dilution) at room temperature for 1 hour. After three washes with TBST, the
membranes were developed using an enhanced
chemiluminescence system (Cell Signaling Technology, USA). p53 protein expression was detected as
described above by using rabbit anti-human p53 polyclonal antibody (Proteintech group, USA, at a 1:1000
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dilution) and HRP-conjugated goat anti-rabbit IgG
antibody (Cell Signaling Technology, USA, at a 1:1000
dilution). The band intensity was measured by densitometry using Quantity One software (Bio-Rad Laboratories, USA). The COP1 and p53 protein levels
were normalized to the level of GAPDH detected using mouse anti-human GAPDH monoclonal antibody
(Shanghai Kangchen, China, at a 1:10,000 dilution).

Immunohistochemistry analysis
The tissue sections were deparaffinized with
dimethylbenzene and rehydrated with 100%, 95%,
90%, 80% and 70% ethanol. After being washed three
times in PBS (phosphate-buffered saline), the slides
were boiled in antigen retrieval buffer containing 0.01
M sodium citrate-hydrochloric acid (pH=6.0) for 15
min in a microwave oven for antigen retrieval. After
rinsing with PBS, the tissue sections were incubated
with primary antibody, and the slides were then
rinsed in 3% peroxidase quenching solution (Invitrogen) to block endogenous peroxidase. The sections
were then incubated with a mouse monoclonal antibody against COP1 (Santa Cruz Biotechnology, USA;
at a 1:300 dilution) at 4°C overnight and then were
incubated with horseradish peroxidase (HRP)
(ChemMateTM DAKO EnVisionTM Detection Kit) at
room temperature for 30 min. After washing in PBS,
the visualization signal was developed with 3,
3'-diaminobenzidine (DAB) solution, and all of the
slides were counterstained with hematoxylin. As
negative controls, tissue sections were processed under the same experimental conditions described
above, except that they were incubated overnight at
4°C in blocking solution without the anti-COP1 antibody.
The total COP1 immunostaining score was calculated as the sum of the percentage of positively
stained tumor cells and the staining intensity. The
percentage of positive staining was scored as 0
(0%-9%, negative), 1 (10%-25%, sporadic), 2 (26%-50%,
focal) or 3 (51%-100%, diffuse). The immunostaining
intensity was determined as 0 (no staining), 1 (faint
yellow, weak staining), 2 (claybank, moderate staining) or 3 (sepia, strong staining) under high magnification microscopy [23]. The total immunostaining
score was calculated as the value of percent positivity
score × staining intensity score and ranged from 0 to
9. The expression level of COP1 was defined as follows: “-” (negative, score 0), “+” (weakly positive,
score 1-3), “++” (positive, score 4-6), or “+++”
(strongly positive, score 7-9). Based on COP1 expression levels, the 401 gastric cancer patients were divided into two groups: low COP1 expression group
(COP1 “-” and COP1 “+”) and high COP1 expression
http://www.biolsci.org
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group (COP1 “++” and COP1 “+++”). The result assessment was performed independently by two
pathologists blinded to the clinical parameters.

Statistical analysis
Differences in mRNA and protein expression
between the gastric cancer samples and the paired
adjacent noncancerous tissue samples were evaluated
with a paired-samples t-test. P value less than 0.05
was deemed statistically significant. The relationships
between COP1 expression and various clinicopathological parameters were tested using the χ2 test or
Kruskal Wallis test. Survival curves were calculated
using the Kaplan-Meier method and were compared
with the log-rank test. The Cox proportional hazard
regression model was used for univariate and multivariate analyses to explore the effects of the clinicopathological variables and the COP1 expression on
survival. The statistical analyses were performed with
the Statistical Package for the Social Sciences, version
17.0 (IBM SPSS, USA), and a two-sided P value less
than 0.05 was considered to be statistically significant.
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COP1 protein expression analyzed by western
blotting
Western blotting was performed on 22 gastric
cancer specimens and corresponding, adjacent,
non-cancerous gastric mucosa tissues from the 40
paired samples. The results showed a COP1 band
with the expected size of 90 kDa, and the amount of
COP1 protein present was measured further by densitometry. Consistent with the real-time quantitative
RT-PCR results, an increase in COP1 protein expression was observed in 12 (54.5%) of the gastric tumor
tissues, compared with the matched adjacent
non-tumor tissues (P=0.008, Figure 2A and Figure 2B).

Results
COP1 mRNA expression analyzed by real-time quantitative RT-PCR
The mRNA level of COP1 was determined by
real-time quantitative RT-PCR assays in 40 paired
cancerous and matched adjacent noncancerous gastric
tissues. The COP1 expression level was significantly
higher in the 25 (62.5%) tumor-bearing tissues, compared with the adjacent non-tumor tissues (P=0.030,
Figure 1).

Figure 2. Increased protein expression of COP1 in gastric cancer
as assessed by Western blotting. (A) Relative COP1 protein
expression levels in gastric cancer tissues and noncancerous
tissues (COP1/GAPDH, n=22, P=0.008). Horizontal lines represent the mean. (B) Representative result of COP1 protein expression in 3 paired gastric tumorous and the matched adjacent
nontumorous tissues (C, gastric cancer tissues; N, matched
noncancerous gastric mucosa).

Correlated protein expression of COP1 and
p53 in gastric cancer samples

Figure 1. Increased mRNA expression of COP1 in gastric cancer
tissues as assessed by real time quantitative RT-PCR (n=40,
P=0.030). Horizontal lines represent the mean.

We examined COP1 and p53 protein expression
in 22 cases of primary gastric cancer samples. Results
revealed a negative correlation between COP1 and
p53 protein expression in these gastric cancer samples
(Figure 3A and Figure 3B, P=0.005, r=-0.572). Moreover, immunohistochemical staining of gastric cancer
tissues from the same patient revealed that COP1
showed a high expression while p53 showed a low
expression (Figure 3C).

http://www.biolsci.org
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Figure 3. Correlated protein expression of COP1 and p53 in gastric cancer samples. (A) Representative result of COP1 and p53 protein
expression in 3 paired gastric tumors and the matched adjacent nontumorous tissues (C, gastric cancer tissues; N, matched noncancerous
gastric mucosa). (B) Correlated protein expression of COP1 and p53 in 22 cases of primary gastric cancer samples. Data revealed a
negative correlation between COP1 and p53 protein expression in the relevant gastric cancer samples (P=0.005, r=-0.572). (C) Immunohistochemical staining of gastric cancer tissues from the same patient showed a high COP1 expression and a low p53 expression. a:
Immunohistochemical staining of COP1 (40×magnification); b: Immunohistochemical staining of p53 (40×magnification); c: Immunohistochemical staining of COP1 (200×magnification); d: Immunohistochemical staining of p53 (200×magnification).

Immunohistochemical analysis of COP1 expression in clinical samples and its relationship
with clinicopathological parameters
To further investigate the clinicopathological
and prognostic roles of COP1 expression, we performed immunohistochemical analyses of the 401
paraffin-embedded gastric cancer tissue blocks. In
total, 193 of 401 (48.1%) cases showed low COP1 expression in cancerous tissues (Figure 4B), whereas 208
(51.8%) cases showed high COP1 expression (Figure
4C and D). COP1 protein expression was positive

staining in many gastric cancer tissues, and the results
showed enhanced COP1 immunoreactivity in poorly
differentiated gastric cancer tissues, compared to
normal gastric tissues (Figure 4A). The correlations
between the expression of COP1 and various clinicopathological parameters are listed in Table 1. The results showed that increased expression of COP1 was
significantly correlated with the depth of tumor infiltration (T stage, P=0.030), M stage (P=0.048) and with
TNM stage (P=0.022), whereas not with age, gender,
tumor size, and tumor locus or local lymph node metastasis (N stage).
http://www.biolsci.org
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Figure 4. COP1 protein expression in gastric cancer surgical specimens shown by immunohistochemistry. (A) Weak COP1 staining was
observed in noncancerous gastric mucosa. (B) Weak COP1 staining was observed in well-differentiated gastric cancer. (C) Strong COP1
staining was observed in moderately differentiated gastric cancer. (D) Strong COP1 staining was observed in poorly differentiated gastric
cancer. All of these four pictures were taken under the same magnification (200×).

Table 1. Correlation between COP1 expression and clinicopathological variables of 401 gastric cancer cases
Clinicopathological parameters

na

COP1 expression

P value

High

Low

401

208(51.9%)

193(48.1%)

<55

174

87(21.7%)

87(21.7%)

≥55

227

121(30.2%)

106(26.4%)

Male

261

139(34.7%)

122(30.4%)

Female

140

69(17.2%)

71(17.7%)

<3 cm

62

31(7.7%)

31(7.7%)

≥3 cm

339

177(44.2%)

162(40.4%)

T1

47

27(6.7%)

20(5.0%)

T2

38

13(3.2%)

25(6.2%)

T3

41

16(4.0%)

25(6.2%)

T4a

213

112(27.9%)

101(25.2%)

T4b

62

40(10.0%)

22(5.5%)

All

0.546

Age (years)

0.465

Gender

0.783

Tumor size

0.030*

Tumor infiltration

http://www.biolsci.org
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na

COP1 expression
High

P value
Low
0.081

Local lymph node metastasis
N0

133

64(16.0%)

69(17.2%)

N1

71

35(8.7%)

36(9.0%)

N2

71

34(8.5%)

37(9.2%)

N3

126

75(18.7%)

51(12.7%)
0.048*

Distant metastasis
M0

357

179(44.6%)

178(44.4%)

M1

44

29(7.2%)

15(3.7%)

1

52

31(7.7%)

21(5.2%)

2

138

59(14.7%)

79(19.7%)

3

164

87(21.7%)

77(19.2%)

47

31(7.7%)

16(4.0%)

0.022*

TNM staging

4
a

Numbers of cases in each group. * Statistically significant (P<0.05).

Cox proportional-hazard model analysis of
COP1 and clinical outcomes
The 5-year overall survival rates in patients with
increased and low COP1 expression were 48.1% and
71.0%, respectively. Consistent with the real-time
quantitative RT-PCR and western blotting results, the
overall survival of the patients with increased COP1
expression was shorter than that of the low COP1
expression patients (P<0.001, log-rank test, Figure 5).

Univariate Cox regression analyses showed that
depth of tumor infiltration, local lymph node metastasis, distant metastasis, TNM stage, tumor size and
COP1 expression were significantly associated with
overall survival (Table 2). Furthermore, a multivariate
Cox regression analysis confirmed TNM stage
(P<0.001) and COP1 (P<0.001) expression as independent predictors of the overall survival of gastric
cancer patients (Table 2).

Figure 5. Kaplan-Meier survival curves of gastric cancer patients (n=401) after gastrectomy. The survival rate of patients in the
COP1-high group was significantly lower than that of patients in the COP1-low group (log-rank test, P<0.001).
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Table 2. Univariate and multivariate analyses of overall survival of gastric cancer patients
Variables

na

Univariate analyses
HR

(95% CI)

Multivariate analyses
P value

HR

(95% CI)

P value

0.101

Age (years)
<55

174

1.000

≥55

227

1.293

0.951-1.759
0.991

Gender
Female

140

1.000

Male

261

1.002

<3 cm

62

1.000

≥3 cm

339

4.419

0.734-1.368
<0.001*

Tumor size

0.627
1.000

2.172-8.990

1.196

0.564-2.537

<0.001*

Tumor infiltration

0.104

T1

47

1.000

T2

38

6.279

0.756-52.171

1.000
4.554

0.534-38.823

T3

41

20.700

2.743-156.202

5.964

0.740-48.056

T4a

213

26.147

3.648-187.423

6.278

0.814-48.423

T4b

62

54.086

7.450-392.660

8.956

1.139-70.410

<0.001*

Local lymph node
metastasis

0.927

N0

133

1.000

N1

71

2.537

1.525-4.220

1.000
0.934

0.519-1.680

N2

71

2.588

1.544-4.338

0.938

0.515-1.711

N3

126

4.425

2.857-6.854

1.052

0.603-1.837

<0.001*

Distant metastasis

0.736

M0

357

1.000

1.000

M1

44

4.556

1

52

1.000

2

138

14.387

1.971-105.030

6.912

0.862-55.396

3

164

40.292

5.616-289.072

16.184

1.974-132.656

4

47

115.650

15.876-842.473

35.159

3.848-320.385

3.121-6.651

1.142

0.528-2.470

<0.001*

TNM staging

<0.001*
1.000

<0.001*

COP1
Low

193

1.000

High

208

2.274

<0.001*
1.000

1.654-3.126

2.175

1.571-3.012

HR, hazard ratio; CI, confidence interval; a Numbers of cases in each group; * Statistically significant (P < 0.05).

Discussion
Gastric cancer is one of the most deadly human
carcinomas, and it has a dismal prognosis despite
improved diagnosis and composite therapy [24, 25]. It
has long been known that gastric cancer results from a
combination of environmental factors and the accumulation of generalized and specific genetic alterations. Many of the genetic or epigenetic alterations
associated with gastric cancer have been reported,
including loss of heterozygosity, microsatellite and
chromosomal instability and hypermethylation [3].
Therefore, identification of the gastric cancer-specific
biomarkers involved in these procedures is very important for diagnosis, therapy and prognostic prediction in clinics.

Recently, COP1 overexpression has been found
in many tumor types, including hepatocellular carcinoma, breast and ovarian adenocarcinomas [15, 16].
Furthermore, increased expression of COP1 has been
found to be correlated strongly with these tumors [15,
16]. High expression of COP1 has been found to
promote cell proliferation, cell transformation, and
tumor progression, manifesting its role in cancer
promotion [19]. These results suggest that COP1
might play an important role in promoting tumorigenesis or progression. However, thus far the expression and clinical significance of COP1 in primary
gastric cancer have not been explored. Therefore, we
evaluated the expression of COP1 in gastric cancer by
real-time PCR, western blotting and immunohistochemistry, and analyzed its clinicopathological and
http://www.biolsci.org
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prognostic significance in a large number of patient
samples.
In the present study, we investigated COP1
mRNA expression in primary gastric cancer specimens by real-time quantitative RT-PCR, and protein
expression in primary gastric cancer tissues by western blotting detection. Results showed that the COP1
mRNA and protein levels were significantly increased
in 25 (62.5%) and 12 (54.5%) tumor tissue samples,
respectively, compared with the levels in the adjacent
non-tumor tissue samples (P=0.030 and 0.008, respectively), which was consistent with Lee’s and Dornan’s
findings [15, 16]. Moreover, immunohistochemical
analysis demonstrated high COP1 expression in 51.8%
(208/401) cases of gastric cancer patients. These results support an earlier hypothesis that COP1 might
be an oncogene by Dornan D et al [14, 15] and also
suggest that COP1 might play an important role in the
tumorigenesis or progression of gastric cancer.
Overexpression of COP1 has been found to contribute to the accelerated degradation of p53 protein
in cancers and attenuates the tumor suppressor function of p53 [13]. p53 is a potent tumor-suppressor
protein that is negatively regulated or mutated in
some, if not all, cancers [25, 26]. p53 mutation rate was
between 25% and 80% in different kinds of human
cancers, and 41% in gastric cancer [27]. In a study by
Lee et al, growth inhibition occurred in hepatocellular
carcinoma cells that retained wild-type p53 or expressed mutant p53 (Y220C or R249S) after COP1
blockade by siRNA [16]. In the present study, we investigated correlated protein expression between
COP1 and p53 in primary gastric cancer samples.
Results revealed a negative correlation between COP1
and p53 protein expression in the gastric cancer samples (P=0.005, r=-0.572). Moreover, immunohistochemical staining of gastric cancer tissues from the
same patient revealed that COP1 showed a high expression while p53 showed a low expression. These
results indicated that the correlated expression of
COP1 and p53 may play a role in the tumorigenesis or
progression of primary gastric cancer. In future studies, the mechanism of their interaction and its correlation with gastric cancer will be examined.
Moreover, in a relatively large series of gastric
cancer patients (401 cases), we found that high expression of COP1 was significantly correlated with a
higher T stage of gastric cancer, implying that an increase in COP1 expression might promote tumor
growth and invasion. In addition, we detected enhanced COP1 immunoreactivity in poorly differentiated gastric cancer tissues compare to normal gastric
tissues and well-differentiated gastric cancer tissues,
suggesting that high COP1 expression might play a
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role in tumor progression. These results are consistent
with the findings of Dornan D et al. [15], who described an association between high COP1 expression
and breast and ovarian adenocarcinomas.
In the Kaplan-Meier survival analysis, patients
with high COP1 expression had significantly shorter
overall survival than patients with low expressions.
Univariate analyses showed that increased expression
of COP1 in gastric cancer tissues was significantly
correlated with overall survival rate. Cox hazard ratio
regression analyses further demonstrated that COP1
expression, together with TNM stage, was an independent risk factor in the prognosis of gastric cancer
patients. These results suggest that COP1 might serve
as a valuable prognostic biomarker for gastric cancer
patients after surgery and as a potential target for
gene therapy in the treatment of gastric cancer.
Recently, some studies by Vitari et al and
Migliorini et al showed a tumor suppressor role of
COP1 in mouse models [17, 18]. Loss of function of
COP1 has been found in human prostate cancer [17,
18]. However, our present study combined with some
previous studies showed high expression of COP1
in several human cancer types and its increased
expression has been found to be correlated strongly
with these tumors [15, 16, and 19]. Thus, COP1 expression and its functional role in different kinds of
human tumors remain controversial. Marine proposed that COP1 can function either as an oncogene
or as a tumour suppressor, depending on the cellular
context [28]. However, the interactive molecules of
COP1 and its functional or mechanistic role in gastric
cancer are unclear, which needs further investigation
in the future research.
In conclusion, we have demonstrated that over
expression of COP1 in gastric cancer is correlated with
a more malignant phenotype and with a poorer
prognosis in a large number of clinical samples for the
first time. Our data suggested that COP1 may function as a valuable prognostic biomarker for gastric
cancer.
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