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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is a high lethal disease with a poor prognosis. Identifying prog-
nostic markers that promote progression of PDAC is important for the treatment of pancreatic cancer. CO-029 
appears to be involved in multiple processes during tumor development and metastasis. Its activity is increased in 
malignant cells compared to noncancerous cells. However, the clinical and significance of CO-029 expression has 
not been characterized previously in PDAC. The aim of this study was to investigate the CO-029 expression and 
to explore its contribution to PDAC. The mRNA and protein expression levels of CO-029 in 80 cases of PDAC tis-
sues were determined using qualitative Real-time polymerase chain reaction (qRT-PCR) and immunohistochemistry 
staining, respectively, and the relationship between the CO-029 expression level and clinicopathological parameters 
was analyzed in 80 cases of PDAC. Kaplan-Meier analysis and Cox regression analysis were used to investigate the 
correlation between CO-029 expression and prognosis of PDAC patients. CO-029 expression was significantly higher 
in PDAC tissues compared to normal tissues (P < 0.001). In univariate analysis, CO-029 was found to be associated 
with lymph node metastasis (P < 0.001). Kaplan-Meier analysis and COX regression analysis showed that CO-029 
was significantly correlated with poor survival in PDAC patients (P < 0.001). Furthermore, Cox regression analyses 
showed that CO-029 expression was an independent predictor of overall survival. Taken together, our study reveals 
that high CO-029 expression and its association with lymph node metastasis in PDAC. It also provided the first evi-
dence that CO-029 expression in PDAC was an independent prognostic factor of patients, which might be a potential 
diagnostic and therapeutic target of PDAC.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is 
one of the most lethal types of human cancer 
worldwide for its early invasion and metastasis 
[1]. The long-term prognosis remains poor with 
a 5-year survival rate of less than 5% after diag-
nosis [2]. Surgical resection and chemotherapy 
are important part of management and can 
acquired the goals of diagnosis and are associ-
ated with improved survival of PDAC patients. 
However, despite recent advances in multimod-
al therapeutic approaches, the fatal prognosis 
of pancreatic cancer has remained unchanged 
over the last few decades. Many efforts have 
been undertaken to find new molecular mark-
ers and targeted therapies to achieve earlier 
diagnosis and better treatment, and ultimately 
to identify a subset of patients who are more 

likely to benefit from surgery, chemoradiothera-
py and molecular targeted therapy based on 
their particular profile. Although various molec-
ular changes have been revealed in this malig-
nancy, mechanisms underlying the aggressive-
ness of this neoplasm remain largely unclear.

CO-029, also known as TSPAN8, is one mem-
ber of tetraspanins, has been found to be 
expressed on gastric, colon, rectal, pancrea- 
tic and hepatocellular carcinomas [3, 4]. 
Tetraspanins are known to contribute to the 
tumor metastasis. For instance, CD82 and CD9 
have been described as the tumor metastasis 
suppressor gene and related with favorable 
prognosis by inhibiting cell motility and inva-
siveness [5, 6]. By contrast, CO-029 and CD151 
are associated with tumor progression [7]. 

Previous studies have shown that CO-029 is 
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involved in development of hepatocellular car-
cinoma, Barrett esophagus and the migration 
of Isreco colon cancer cells in humans [8, 9]. In 
the Isreco colon cancer, p-120-catenin and 
E-cadherin prevent CO-029 migrating of cancer 
cells. Furthermore, CO-029 is associated with 
other tetraspanin members, such as CD151, 
promotes tumor dissemination. Recently, the 
latest study reported that CO-029 deregulates 
cell-matrix and cell-cell adhesions to promote 
cancer cell movement in colorectal cancer [10]. 
They found that the loss of CO-029 significantly 
attenuated cell motility and altered the balance 
of cell-cell and cell-matrix adhesions, leading to 
the decreased metastatic potential of tumor 
cells. Gesierich et al. reported that CO-C029 is 
associated with CD151 and α6β4 correlates 
with increased tumor cell motility in pancreatic 
cancer [7]. These results suggest that CO-029 
might play an important role in promoting 
tumorigenesis.

However, little is known about the clinical sig-
nificance of CO-029 in PDAC. In this study, we 
explored the expression of CO-029 in 80 cases 
with pancreatic ductal adenocarcinoma (PDAC) 
and evaluate its correlation with clinicopatho-
logic characteristics and patient prognosis. We 
demonstrated the prognostic significance of 
CO-029 expression in PDAC and the potential 
value of this marker as a prognostic indicator in 
patients with PDAC.

Materials and methods

Tissue specimens

Eighty PDAC tissues specimens were obtained 
from patients with PDAC who underwent surgi-
cal treatment at Department of Hepatobiliary 
Surgery, Shanghai Tenth People’s Hospital, dur-
ing the period from September 2009 and 
December 2013. PDAC was diagnosed accord-
ing to AJCC Cancer Staging Atlas [11]. Patient 
consent was obtained for the collection of 
specimens, and all study protocols were 
approved by Ethics Committee for Clinical 
Research of Shanghai Tenth People’s Hospital. 
The selection criteria were as follows: 1) the 
subject had a diagnosis of PDAC and no history 
of other tumors, 2) the subject had complete 
clinical data, such age, gender, clinical stage, 
histological differentiation, lymph node me- 
tastasis and tumor diameter. Tissue samples 
for immunohistochemistry were fixed in 5% 
formalin.

Tissue microarray and immunohistochemistry

After tumor verification with hematoxylin and 
eosin (H&E) staining, we constructed tissue 
microarray slides (Outdo Co., Shanghai, China). 
One core punch sample was taken from each 
specimen, measuring 1 mm in the greatest 
dimension from the center of tumor foci. 
Immunohistochemical staining using an anti-
CO-029 antibody (No. sc-292058, Santa Cruze, 
Dallas, Texas, USA) was performed using an 
avidin-biotin complex (ABC) method (vector lab-
oratories Burlingame, CA, USA). Two patholo-
gists who were blinded with respect to the clini-
cal and histopathologic features independently 
evaluated Immunostained results. Briefly, 
staining intensity in the cytoplasma was graded 
according to the method of Fromowitz semi-
quantitative grading, a scale from 0 to 3 (0 for 
no immunostaining, 1 for light-brown color, 2 
for medium-brown color, and 3 for dark-brown 
color). The percentage of positively stained 
cells was scored as follows: 0, no staining; 1, < 
25% of the entire malignant cell population; 2, 
25%-75% of entire malignant cell population; 3, 
> 75% of the entire malignant cell population. 
The final composite score was the product of 
the intensity and percentage scores, being 
classified as: strong (+++, final score > 6), mod-
erate (++, final score = 4-6), weak (+, final score 
= 1-3), or null (-, final score = 0). For analysis, 
CO-029 expression was divided into “high” (++ 
and +++) versus “low” (+ and -). Discrepancies 
in scoring were resolved through discussion.

Qualitative Real-time PCR

Qualitative Real-time PCR was then employed 
to determine the change of CO-029 mRNA in 
pancreatic cancer tissues. Total RNA was iso-
lated from tumor and normal pericarcinous tis-
sue using the RNeasy Plus Universal Mini Kit 
(73404; Qiagen) following the manufacturer’s 
guidelines. mRNA was subsequently tran-
scribed into cDNA using the Reverse Tran- 
scription System kit (Promega, USA) as 
described previously [12]. PCR were performed 
with the SYBR Green method in an ABI 7500 
sequence detection system (Applied Biosys- 
tems, USA) as described previously [13]. All oli-
gonucleotides were designed using Primer 
Express 2.0 (Applied Biosystems, USA) com-
puter software, and synthesized by Invitrogen 
Life Technology (USA). The sequence spanning 
nucleotides 130-842 of tetraspanin CO-029 
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were amplified by PCR using the forward  
primer: 5’-TCGAATTCTTTCCGAAATGGCAGGTGT- 
GAG-3’, and the reverse primer: 5’-ATGTCG- 
ACTGCATCCACAGATTCATTTGTTC-3’. The reac-
tions were carried out as follows: 2 min at 50°C, 
followed by 10 min at 95°C and 40 cycles of 15 
sec at 95°C and 1 min at 60°C. Data are 
expressed as relative mRNA abundance ob- 
tained from the CT values from the target ver-
sus the endogenous reference gene GAPDH.

Follow-up

Follow-up was carried out in all patients, with 
survival time being censored on 31th December 
2014. Follow-up was conducted every 6 months 
by telephone. Other treatment options, includ-
ing adjuvant chemotherapy and radiotherapy, 
were fully discussed with the patients.

Statistical analysis

Values were expressed as mean ± SD. Cor- 
relations between categorical variables were 
analyzed using Pearson’s chi-square tests. For 

survival analysis, overall survival was defined 
as the time interval between the date of sur-
gery to the date of death or the last follow-up. 
Survival curves were plotted using the Kaplan-
Meier method and compared using the log-rank 
test. Seven possible prognostic factors were 
analyzed by univariate analysis and the results 
of P < 0.2 were included in multivariate analy-
sis, using COX regression with stepwise back-
ward method. Cox’s proportional hazards 
model was used to identify the fators that had 
a significant influence on survival. All statistics 
were performed using SPSS 16.0 software 
(SPSS, Chicago, IL, USA). Statistical signifi-
cance was set at P < 0.05.

Results

Correlation between CO-029 expression and 
clinicopathological factors in PDAC

In all 80 PDAC patients, tissue microarray anal-
ysis reveals high CO-029 expression in 29 
patients (29/80) and low CO-29 expression in 

Figure 1. Immunohistochemical analysis of CO-029 expression in human pancreas specimens. A: Representative 
image of immunohistochemical staining of CO-0C29 in PDAC tissues (×400 magnification). B: Representative im-
ages were negative control (×400 magnification). C-F: The four images showed different levels of CO-029 in the 
PDAC cells (×400 magnification).
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51 patients (51/80) (Figure 1). The clinicopath-
ologic characteristics stratified by high CO-029 
and low CO-029 were presented in Table 1. 
There was no significant correlation between 
CO-029 expression and gender, age, tumor dif-
ferentiation, histological grade or tumor size, as 
determined by the χ2 test (P > 0.05). However, 
CO-029 expression was associated with lymph 
node metastasis (P < 0.01) and survival out-
comes (P < 0.01). 24 of 29 (82.76%) patients 
with CO-029 high expression had lymph node 
metastasis. In contrast, 40 of 51 (78.43%) 
patients with CO-029 low expression had lym- 
ph node metastasis. Twenty-eight patients 
(96.55%) with high level of CO-029 had a much 
higher mortality than those with low CO-029 
expression of patients (13.73%). The clinico-
pathological data indicate that decreased 
expression of CO-029 is associated with lymph 
node metastasis and survival outcomes, which 
are involved in tumor progression of PDAC.

Overexpression of CO-029 mRNA in pancreatic 
cancer tissues

To examine the expression of CO-029 mRNA in 
PDAC tissues, Real-time PCR was performed. 
The RT-PCR analysis showed that the levels of 
CO-029 mRNA were significantly higher in PDAC 
tissues than in pericarcinous tissues (P < 
0.001) (Figure 2).

Survival analysis in patients with PDAC

To investigate the prognostic value of CO-029 
for PDAC, we assessed the association between 

Table 1. The associations of CO-029 expres-
sion with clinicopathological characteristics in 
80 PDAC patients

Characteristics Value
CO-029 

expression p-Value
High Low

Gender 80 29 51
    Male 53 20 33 0.699
    Female 27 9 18
Age (years)
    ≤ 60 49 18 31 0.910
    > 60 31 11 20
TMN-stage
    I-II 42 15 27 0.235
    III-IV 28 14 14
Histological grade
    I-II 37 15 22 0.873
    III-IV 33 14 19
Lymph node metastasis
    Positive 64 24 40 < 0.001
    Negative 16 5 11
Tumor size (cm)
    < 2 51 19 32 0.804
    ≥ 2 29 10 19
Survival outcomes
    Alive 45 1 44 < 0.001
    Dead 35 28 7
P-Values were two-tailed and based on the Pearson chi-
square test.

Figure 2. Different expression of CO-029 mRNA in 
pancreatic cancer tissues and pericaicinous tissues. 
RT-PCR analysis of revealed that CO-029 mRNA ex-
pression was significantly higher in cancer tissues 
than that in normal tissues (P = 0.001).

Figure 3. Kaplan-Meier survival curves in PDAC pa-
tients according to CO-029 expression level. The me-
dian overall survival of patients with high expression 
CO-029 was 13.5 months, and that of patients with 
low expression CO-029 was 65 months. Kaplan-Mei-
er survival analysis demonstrated that patients with 
high expression CO-029 had a significantly shorter 
overall survival than patients with lower levels of CO-
029 expression (P < 0.001).
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CO-029 expression and survival duration using 
a Kaplan-Meier analysis with a log-rank test. 
After median follow-up of 5 years (ranging from 
1 to 5 years), 35 of 80 (43.75%) patients with 
PDAC have died. The median overall survival for 
the entire cohort was 45 months. The median 
overall survival of patients with high expression 
CO-029 was 13.5 months, and that of patients 
with low expression CO-029 was 65 months. 
Furthermore, Kaplan-Meier survival analysis 
demonstrated that patients with high expres-
sion CO-029 had a significantly shorter overall 
survival than patients with lower levels of 
CO-029 expression (P < 0.001) (Figure 3). 
These observations indicated that overexpres-
sion of CO-029 is associated with PDAC clinical 
progression.

Prognostic values of CO-029 in patients with 
PDAC

Meanwhile, to evaluate the possibility of 
CO-029 used as an independent risk factor for 
poor prognosis, conventional clinicopathologi-
cal factors and CO-029 levels were assessed 
by Cox’s multivariate hazard regression model 
(Table 2). The multivariate Cox regression anal-
ysis shows that the CO-029 was an indepen-
dent prognostic factor in pancreatic cancer 
patients (P < 0.001). The results showed that 
low expression of CO-029 may serve as a prog-
nostic indicator for patients with PDAC.

Discussion

The incidence of pancreatic cancer, particularly 
ductal adenocarcinoma, is increasing in the 
world. Thus, it is critical to evaluate novel prog-
nostic marker for this disease. Tetraspanins 
regulate a kind of pathological and physiologi-
cal processes, and some tetraspanins can 

modulate the tumor progression and metasta-
sis by modulating cell adhesion, migration, 
fusion and proliferation. Early reports show that 
some tetraspanins form multi-molecular com-
plexes to modulate cells adhesion, migration 
and fusion. The tumor metastatic partially 
depends on the motility and adhesiveness of 
tumor cells. Therefore, some tetraspanins 
could promote the massive metastatic spread 
of tumor by modulating the abilities of tumor 
cells to adhere and move [14-16].

Recent studies suggested that CO-029 could 
serve as an oncogene in several cancer types 
[17]. The possible clinical significance role of 
CO-029 was poorly known in the PDAC, although 
prior studies have shown that CO-029 is over-
expressed in PDAC tissues compared with nor-
mal pancreas tissues [7]. This finding promoted 
us to speculate that CO-029 could be used as a 
prognostic marker for PDAC. In this study, we 
found that CO-029 was overexpressed in PDAC 
tissues compared with normal pancreas tis-
sues by qRT-PCR and immunohistochemistry. 
CO-029 was primary expressed on pancreatic 
ductal cells in human pancreas. A prior study 
has also shown evidence of CO-029 expression 
in pancreatitis, implying that CO-029 is involved 
in the early progression of PDAC and may func-
tion as an oncogene in PDAC. Moreover, in this 
study, we further demonstrated that high 
expression CO-029 was positively correlated 
with lymph node metastases (P < 0.001) and 
survival outcomes (P < 0.001), which might be 
predominantly caused by CO-029 associating 
with CD151 to enhance tumor cell motility and 
stimulate the expression of several integrins 
and tetraspanins. Indeed, survival analysis indi-
cated that the expression of CO-029 was cor-
related with median survival time, and lower 
CO-029 expression was associated with longer 
survival time. Moreover, multivariate analysis 
demonstrated that CO-029 expression is an 
independent risk factor in prognosis of PDAC 
patients. Our clinical evidence obviously sug-
gests that CO-029 may be an important media-
tor of PDAC progression.

Emerging evidence shows that CO-029 plays 
an important role in cancer. For instance, 
CO-029 is upregulated among the progression 
of liver, esophageal, pancreatic and colorectal 
cancer and is associated with poor prognosis 
of these cancers [18]. High expression of 

Table 2. Multivariate analyses of prognostic 
factors PDAC patients

Independent factor B P-value Risk 
ratio

Age 0.008 0.663 1.008
Gender 0.441 0.249 0.644
CO-029 2.660 < 0.001 5.150
Histological grade 0.382 0.390 0.683
TNM stage 0.400 0.410 0.510
Lymph node metastasis 1.179 0.069 0.308
Tumor size 1.450 0.078 0.401
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CO-029 could promote the lung, lymph and 
liver metastasis [19]. It is also noteworthy that 
CO-029 also promotes tumor cells movement 
by altering cell-adhesions, and tumor cell migra-
tion and invasion are necessary for tumor 
metastasis. In colorectal cancer, CO-029 
expression was silenced. It was found that the 
CO-029 significantly reduced cell migratory 
ability and likely inhibited cell adhesion on lami-
nar and the diminished cell migration was 
accompanied by the upregulation of both integ-
rin-dependent cell-matrix adhesion on laminar 
and calcium-dependent cell-cell adhesion [10]. 
Decreased cell adhesion at early stage of 
metastasis helps releasing tumor cells from the 
primary tumor. It is well established that 
CO-029 can regulate cell migration. Similarly, 
Gesierich et al. reported that the association of 
α6β4 integrins with CD151 and CO-029 corre-
lates with increased tumor cell motility [7]. 
Thus, it is reasonable to speculate that high 
expression of CO-029 could modulate cell-cell 
adhesion, promote cell-cell movement, ulti-
mately contributes to cancer development. 
Moreover, CO-029 perturbs other molecules, 
such as CD44 and MelCAM, which are impor-
tant for metastasis [20, 21]. CD44 could direct-
ly engage cell-matrix and -cell adhesions and 
accelerate cancer progression [22]. In agree-
ment with this notion, we showed that high 
CO-029 expression was associated with poorer 
outcomes in PDAC patients. In this study, we 
found that CO-029 mRNA was significantly 
increased in PDAC tissues compared with nor-
mal tissues. Cox regression analysis unraveled 
that CO-029 expression was regarded as an 
independent prognostic factor for PDAC patient 
overall survival time. Moreover, CO-029 expres-
sion was strongly correlated with lymph node 
metastasis, consistent with CO-029-dependent 
regulation of cell adhesive structures. Taken 
together, our data not only imply a potentially 
promising application of CO-029 as a valuable 
prognostic marker, but suggest a possible rela-
tionship between the molecular functions of 
CO-029 and carcinogenesis of pancreas can-
cer. However, further studies are needed to elu-
cidate the mechanism underlying CO-029 in 
the development and metastatic process of 
PDAC, and to clarify whether CO-029 could be 
used as a novel therapeutic target for PDAC.

In summary, high CO-C029 expression in PDAC 
is an independent predictor for survival of 

patients and high CO-029 expression is able  
to enhance lymph node metastasis. In combi-
nation, these results indicate that CO-029 
plays an important role in PDAC progression 
and may represent a potential therapeutic tar-
get in the treatment of PDAC.
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