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Abstract. Unlike other cyclins that positively regulate the cell 
cycle, cyclin G2 (CCNG2) regulates cell proliferation as a tumor 
suppressor gene. A decreased CCNG2 expression serves as a 
marker for poor prognosis in several types of cancer. The aim 
of the present study was to clarify the correlation of CCNG2 
expression with overall survival and histopathological factors 
in pancreatic cancer patients. This retrospective analysis 
included data from 36 consecutive patients who underwent 
complete surgical resection for pancreatic cancer and did not 
undergo any preoperative therapies. The association between 
prognoses and the expression of CCNG2 was assessed 
using immunohistochemical staining. Multivariate analysis 
identified that the expression of CCNG2 is an independent 
prognostic factor. In addition, the Kaplan-Meier curve for 
overall survival revealed that decreased expression of CCNG2 
was a consistent indicator of poor prognosis in pancreatic 
cancer patients (P=0.0198). A decreased CCNG2 expression 
significantly correlated with venous invasion in tumor speci-
mens and the tumor invasion depth. In conclusion, CCNG2 
expression inversely reflected cancer progression and may be 
a novel, independent prognostic marker in pancreatic cancer.

Introduction

Pancreatic cancer has the worst prognosis of all major malig-
nancies, with a 5-year survival rate of 6% (1). At present, 
surgical resection is the only effective treatment in these 
patients; however, the 5-year survival rate following surgical 
resection is only 5.5-21% (2,3). Gemcitabine (GEM)-based 
chemotherapy is the core of multimodal therapy for 
pancreatic cancer and has improved patient prognosis (3). 
Multimodal therapies that include both chemotherapy 
and radiation therapy have been previously investigated 
and are able to reportedly improve the clinical outcome in 
pancreatic cancer patients (4-6). This provides several thera-
peutic pathways to help reduce the high refractoriness of 
pancreatic cancer. Therefore, identifying specific predictive 
markers in order to determine which patients present a poor 
prognosis is essential.

Cyclin G2 (CCNG2; encoded by CCNG2 gene) belongs to 
a family of cyclins homologous to CCNG1 (7). Cyclins posi-
tively regulate cell proliferation to a large extent. However, 
unexpectedly, CCNG2 has been reported to regulate cell 
proliferation as a tumor suppressor gene and its decreased 
expression is associated with malignant phenotypes in several 
types of cancer (8-17). Previous studies have reported that 
CCNG2 is involved in a variety of functions associated with 
cancer progression, including the regulation of cell prolife-
ration (8-10), chemoresistance (8), DNA repair (11) and cell 
differentiation (12). Furthermore, our previous study demon-
strated that CCNG2 was associated with chemoresistance and 
cancer stemness via cell apoptosis in pancreatic cancer (13). 
Recently, CCNG2 has been reported as a novel prognostic 
marker in several types of cancer (14-17). However, to date, 
no study has clarified the association between CCNG2 and 
the prognosis of pancreatic cancer. Therefore, in the present 
study, the association between CCNG2 expression and the 
clinical outcomes of 36 patients with pancreatic cancer was 
evaluated.
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Materials and methods

Primary tumor samples. Between March 2007 and October 2012, 
92 patients underwent surgery for pancreatic cancer at the 
Department of Gastroenterological Surgery in Osaka University 
(Osaka, Japan). Among these patients, 36 consecutive patients 
who underwent curative resection (R0) with histologically 
clear margins and no preoperative therapy were enrolled in 
the present study. All the patients were staged prior to and 
following surgery, according to the criteria of the Union for 
International Cancer Control (18). The median follow-up period 
was 26.4 months (range, 3.8-79.7 months), the 5-year survival 
rate was 29.0%, and recurrence of the disease was observed in 
19 patients. GEM was administered in 21 patients as adjuvant 
chemotherapy (1,000 mg/m2, 3 times/month for 6 months). No 
radiation therapy was administered during the follow-up period. 
Table I summarizes the characteristics of the 36 patients. The 
use of resected samples was approved by the Human Ethics 
Review Committee of the Graduate School of Medicine, Osaka 
University (approval number, 08226). Written informed consent 
was obtained from all the patients included in the study.

Immunohistochemical staining. Immunohistochemical staining 
was performed using the method described previously (19), 
in order to detect CCNG2 expression in the 36 pancreatic 
cancer samples. Noncancerous pancreatic tissues obtained 
from the 36 patients were used as positive controls. Briefly, 
formalin‑fixed, paraffin‑embedded 4‑µm sections were depar-
affinized in xylene. Next, antigen‑retrieval was performed with 
heat‑induced epitope retrieval, at 95˚C for 40 min and then the 
samples were incubated in methanol containing 0.3% hydrogen 
peroxide to block endogenous peroxidase. Following incuba-
tion with normal protein block serum (Vectastain Elite ABC 
kit; Vector Laboratories, Inc., Burlingame, CA, USA), the 
sections were incubated overnight at 4˚C with an anti‑CCNG2 
antibody as the primary antibody (polyclonal rabbit anti-human 
CCNG2 antibody; 1.0 µg/ml; MBL International Corporation, 
Nagoya, Japan) (11). Thereafter, the staining was revealed 
with avidin-biotin complex reagents (Vector Laboratories Inc., 
Burlingame, CA, USA) using an Olympus BX50 microscope 
(Olympus Corporation, Tokyo, Japan) and 3,3'-diaminoben-
zidine. All sections were counterstained with hematoxylin 
(Sigma-Aldrich, St. Louis, MO, USA). Positive staining for 
CCNG2 was defined as detectable nuclear staining in >50% of 
the cancer cells.

Statistical analysis. Data are expressed as the mean ± standard 
deviation. The clinicopathological parameters were compared 
using Fisher's exact test, and the continuous variables were 
compared using the Mann-Whitney U test. The survival curves 
were plotted using the Kaplan-Meier method, while the differ-
ences between survival curves were compared using the log-rank 
test. P<0.05 denotes the presence of a statistically significant 
difference. Statistical analysis was performed using JMP soft-
ware, version 10.0.2 (SAS Institute Inc., Cary, NC, USA).

Results 

CCNG2 expression in pancreatic cancer tissue samples. Immu-
nohistochemical staining was performed to detect CCNG2 

expression in the 36 samples included in the present study. The 
nuclei of normal pancreatic ductal cells were partially stained; 
by contrast, acinar cells, which were used as positive controls, 
were stained strongly in the cytoplasm and nuclei (Fig. 1). In 

Figure 1. Expression levels of cyclin G2 in the normal section of pancreatic 
tissues demonstrated by immuno histochemical staining. (A) Normal pan-
creatic ductal cells and (B) acinar cells that were used as positive controls.
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Table I. Clinicopathological characteristics of the 36 pancre-
atic cancer patients.

Parameter Value

Mean age, years 68.5±9.4
Gender (male/female), n 21/15
Location (Ph/Pb/Pt), n 10/21/5
Lymphatic invasion (+/-), n 26/10
Venous invasion (+/-), n 15/21
Intrapancreatic perineural invasion (+/-), n 29/7
Maximal diameter, mm 25.9±14.6
Histology (well/mod/poor), n 2/30/4
pT (T1/T2/T3/T4), n 4/4/28/0
pN (+/-), n 16/20
pStage (IA/IB/IIA/IIB/III/IV), n 4/4/12/16/0/0
CCNG2 expression (+/-), n 17/19
Adjuvant therapy (+/-), n 21/15
Recurrence (+/-), n 19/17
 
Ph/Pb/Pt, pancreatic head/body/tail; (+/-), yes/no or positive/negative; 
well/mod/poor, well/moderately/poorly-differentiated; pT, tumor 
invasion depth; pN, lymph node metastasis; CCNG2, cyclin G2.
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the cancerous sections, the functional CCNG2 protein expres-
sion appeared to localize in the nucleus, although CCNG2 
expression has been previously demonstrated to appear in the 
cytoplasm as well (12). Cases were defined as CCNG2‑positive 
when the cells presented diffused or spotted nuclear patterns 
(>50% of cancer cells; Fig. 2A and B), and as CCNG2-negative 
when the cells exhibited a cytoplasmic pattern (no staining in 
the nucleus; Fig. 2C) or a negative pattern (no staining in the 
nucleus or cytoplasm; Fig. 2D) in the pancreatic cancer lesions. 
Among the 36 samples examined, 17 samples (47.2%) were 
positive for CCNG2, whereas 19 samples (52.8%) were negative.

CCNG2 expression and clinicopathological characteris-
tics. The clinical and histopathological factors between the 
CCNG2-positive and CCNG2-negative patients were compared 

to examine the correlation between CCNG2 expression and 
cancer progression (Table II). The histopathological analysis 
revealed that venous invasion and the tumor invasion depth (pT) 
factor (18) were significantly higher in the CCNG2‑negative 
group compared with the CCNG2-positive group. The patho-
logical stage also tended to be higher in the CCNG2-negative 
group. Therefore, CCNG2 expression correlated inversely with 
cancer progression in pancreatic cancer.

Association between CCNG2 expression and prognosis. 
Predictive markers for overall survival were assessed based on 
the clinicopathological details of the patients. Upon univariate 
analysis, pT, lymph node metastasis (pN) (18) and CCNG2 
expression were found to be significantly associated with overall 
survival, as opposed to other prognostic markers (Table III). 

Table II. Comparison of clinical and histopathological factors between the CCNG2-positive and -negative groups.

 CCNG2-positive CCNG2-negative 
Characteristics (n=17) (n=19) P-value

Mean age, years 68.6±8.6 68.4±10.4 NS
Gender (male/female), n 9/8 12/7 NS
Tumor location (Ph/Pb/Pt), n 8/5/4 13/5/1 NS
Maximal diameter, mm 26.6±19.5 25.4±8.6 NS
Histology (well/mod/poor), n 2/12/3 0/18/1 NS
Lymphatic invasion (+/-), n 10/7 16/3 NS
Venous invasion (+/-), n 4/13 11/8 0.0489
Intrapancreatic perineural invasion (+/-), n 12/5 17/2 NS
pT (T1/T2/T3/T4), n 4/3/10/0 0/1/18/0 0.0242
pN (+/-), n 6/11 10/9 NS
pStage (IA/IB/IIA/IIB/III/IV), n 4/3/4/6/0/0 0/1/8/10/0/0 0.0728
Adjuvant therapy (+/-), n 11/6 10/9 NS
Recurrence (+/-), n 7/10 12/7 NS

CCNG2, cyclin G2; NS, not significant; Ph/Pb/Pt, pancreatic head/body/tail; (+/-), yes/no; well/mod/poor, well/moderately/poorly-differenti-
ated; pT, tumor invasion depth; pN, lymph node metastasis.
 

Table III. Predictive markers for overall survival in the clinicopathological information.

 Univariate analysis  Multivariate analysis
Parameter HR (95% CI) P-value HR (95% CI) P-value

Mean age (≥69/<69 years) 2.04 (0.79-5.88) 0.143 - -
Gender (male/female) 1.18 (0.47-3.19) 0.722 - -
Maximal diameter (≥26/<26 mm) 0.84 (0.27-2.19) 0.731 - -
Histology (well/mod/poor) 1.95 (0.40-35.23) 0.472 - -
pT (T1, T2/T3, T4) 0.15 (0.023-0.55) 0.003 0.22 (0.026-1.30) 0.095
pN (+/-) 4.15 (1.62-11.08) 0.003 3.18 (1.08-10.45) 0.035
Lymphatic invasion (+/-) 1.86 (0.67-6.54) 0.245
Venous invasion (+/-) 2.35 (0.94-6.11) 0.066 2.43 (0.69-8.18) 0.159
Intrapancreatic perineural invasion (+/-) 4.41 (0.91-79.44) 0.070 3.33 (0.54-64.60) 0.217
CCNG2 expression (+/-) 0.32 (0.11-0.84) 0.020 0.32 (0.096-0.98) 0.046
 
HR, hazard ratio; CI, confidence interval; well/mod/poor, well/moderately/poorly-differentiated; pT, tumor invasion depth; pN, lymph node 
metastasis; (+/-), yes/no or positive/negative; CCNG2, cyclin G2.
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Furthermore, multivariate analysis identified pN and CCNG2 
expression as significant and independent prognostic factors.

The Kaplan-Meier curve for overall survival is shown in 
Fig. 3 and reveals that the negative expression of CCNG2 was 
a consistent indicator of poor prognosis in pancreatic cancer 
patients. The median survival time of the CCNG2-negative 
group was 19.6 months, whereas that of the CCNG2-positive 
group was 47.9 months.

Discussion

CCNG2 gene was initially identified in 1996 and encodes 
for a protein that belongs to a family of cyclins homologous 

to CCNG1 (7). Previous studies have reported that CCNG2 
participates in carcinogenesis and is a known tumor suppressor 
gene (15-17,20-26). CCNG2 gene expression is downregulated 
in thyroid (20), oral (21), ovarian (22), breast (23,24), gastric (16), 
esophageal (17), prostate (25), kidney (26) and colorectal (15) 
cancer cells.

Several aspects of CCNG2 behavior are associated 
with antitumor effects. Antitumor agents induce CCNG2 
expression, which results in the inhibition of cancer cell 
proliferation (8-10). In breast cancer, CCNG2 knockdown 
induces multidrug resistance (8). In colorectal cancer, 
CCNG2 expression correlates with the tumor stage, lymph 
node metastasis, clinical stage, histological grade and overall 
survival (15). In gastric cancer, CCNG2 expression corre-
lates with the extent of differentiation: CCNG2 expression 
is high in well-differentiated adenocarcinomas and low in 
poorly-differentiated adenocarcinomas (12). In our previous 
study, CCNG2 induced apoptosis and was partially associated 
with cancer stemness in a pancreatic cancer cell line (13). In 
summary, CCNG2 is heavily involved in cancer progression, 
including proliferation, invasion, chemoresistance and differ-
entiation in various cancer types.

In the present study, several histopathological factors 
associated with clinical outcome were evaluated. CCNG2 was 
identified as an independent novel prognostic factor in pancre-
atic cancer patients. In the CCNG2-negative group, the rate of 
venous invasion and pT factor were significantly higher, while 
the pathological stage was also higher compared with that 
in the positive group. Altogether, these findings suggest that 
low expression of CCNG2 reflects, at least partially, cancer 
progression and CCNG2 is an independent prognostic factor.

Figure 2. Cyclin G2 (CCNG2) expression in primary pancreatic cancer samples, observed by immunohistochemical staining. CCNG2-positive cases demon-
strated a (A) diffused or (B) spotted nuclear pattern; by contrast, CCNG2-negative cases exhibited a (C) cytoplasmic pattern (no staining in the nucleus) or 
(D) negative pattern (no staining in the nucleus or cytoplasm).

Figure 3. Overall survival rate of 36 patients who underwent complete 
surgical resection for pancreatic cancer with clear histological margins, 
according to cyclin G2 expression.
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In conclusion, the present study demonstrated that CCNG2 
expression correlates inversely with cancer progression and 
may be used as a novel, independent prognostic factor in 
pancreatic cancer.
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