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Abstract. Ornithine decarboxylase (ODC) plays a critical role 
in cell proliferation and is overexpressed in a variety of cancers. 
Furthermore, γ-aminobutyric acid (GABA) content and gluta-
mate decarboxylase (GAD) activity are increased in neoplastic 
tissues in colon and breast cancer. However, few studies have 
examined these molecules in gallbladder cancer specimens. We 
observed the expression levels of ODC and GAD65 in benign 
and malignant lesions of the gallbladder and investigated their 
clinicopathological significance for the first time. The expres-
sion levels of ODC and GAD65 in specimens from gallbladder 
adenocarcinoma (n=108), peritumoral tissues (n=46), adeno-
matous polyps (n=15) and chronic cholecystitis (n=35) were 
detected using immunohistochemical methods. Kaplan-Meier 
survival and Cox regression analyses were carried out to explore 
the clinical and pathological correlations. The levels of posi-
tive staining of ODC and GAD65 were significantly higher in 
gallbladder adenocarcinoma than in peritumoral tissues, adeno-
matous polyps and chronic cholecystitis. The Kaplan‑Meier 
survival analysis and Cox regression analysis showed that the 
expression of ODC and GAD65 correlated significantly with 
the one-year survival rate and the mean survival time of the 
patients postoperatively. We conclude that the overexpression 
of ODC and GAD65 are significant in the carcinogenesis and 
progression of gallbladder adenocarcinoma. They may be 
important biological markers for the evaluation of biological 
behaviors and the prognosis of gallbladder adenocarcinoma.

Introduction

Gallbladder cancers are associated with a dismal prognosis, with 
a 5-year survival rate of <5% for those patients whose disease is 

not amenable to surgery (1). The majority of gallbladder cancers 
are adenocarcinomas, with a small percentage being squamous 
cell carcinomas. Chronic cholecystitis and cholelithiasis are risk 
factors for primary carcinoma of the gallbladder (2). In certain 
parts of the world, the incidence is comparatively high and 
contributes to a social disaster as a result of its poor outcome.

The surgical management of gallbladder cancer has always 
been controversial. Surgeons wordwide have repeatedly stressed 
the need for complete surgical resection. However, even among 
patients who undergo radical surgical resection, the reported 
median survival across all stages is 35-38% (3). An improved 
understanding of the clinicopathological features of gallbladder 
carcinogenesis may provide useful insights in the development 
of methods for the diagnosis and treatment of this deadly disease.

Ornithine decarboxylase (ODC) is the first and rate‑limiting 
enzyme in polyamine biosynthesis. Polyamines are known 
to play key roles in cell proliferation and other biological 
processes. Polyamine biosynthesis is closely associated with 
physiological cell growth, proliferation, regeneration and 
pathological proliferation. It is necessary for cells to progress 
into the S phase; polyamine depletion arrests cells in G1. 
Elevated levels of ODC have been identified in gastric cancer, 
glioma, breast cancer, colon cancer, pancreatic cancer, lung 
cancer and prostate cancer, and may contribute to their carci-
nogenesis (4-8). γ-aminobutyric acid (GABA) is synthesized 
by glutamate decarboxylase (GAD), which has two forms, 
GAD65 and GAD67. The former may be related to the carci-
nogenesis, progression and biological behaviors of a number 
of malignancies. Several previous studies have suggested a 
connection between the GABAergic system and neoplastic 
processes (9,10). It has been confirmed that GABA content and 
GAD activity are increased in the neoplastic tissues in colon 
and breast cancer (11-13). In the current study, we observed 
the expression of ODC and GAD65 in gallbladder specimens 
by means of immunohistochemical analysis and analyzed the 
correlation between the expression levels of ODC and GAD65 
and the clinicopathological features of the gallbladder lesions.

Materials and methods

Materials. A total of 108 gallbladder carcinoma specimens 
were collected from Xiangya Hospital, The Second Xiangya 
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Hospital of Central South University and The People's 
Hospital of Hunan Province, Changsha, China. Of these, 
77 specimens came from female patients and 31 from males. 
All specimens were diagnosed as adenocarcinomas, of 
which 9 had adenoma lesions, 29 were highly differentiated, 
29 moderately differentiated, 30 poorly differentiated and the 
remaining 11 were mucous adenomas. Surgery revealed the 
invasion of pericholecystic tissues and organs in 59 cases, 
local lymph node metastases in 59  cases and gallstones/
cholelithiasis in 58 cases. Radical resection was applied to 
34 cases and palliative resection/surgery to 48 cases while 
26 cases were unresectable to surgery due to local invasion 
into critical structures or metastasis beyond regional confines. 
Data concerned with survival analysis were acquired for 
67 cases by long-term follow-up of all patients, and the post-
operative survival time was grouped as ≥1 year (20 cases) 
and <1 year (47 cases). From the 108 gallbladder adenocar-
cinoma samples, we obtained 46  sections of peritumoral 
tissues (distance to adenocarcinomas ≥3 mm), of which 10 
were normal by pathological analysis and 10, 12 and 14 had 
mild, moderate and severe atypical proliferation, respectively. 
A total of 15 specimens of gallbladder diagnosed as adeno-
matous polyps were obtained from The Second Xiangya 
Hospital of Central South University, including specimens 
from 10 females and 5  males of average age 51.8±11.6 years 
(range 42-60 years). The adenomatous polyps were 8-15 mm 
in size, and 5 of the 15 had moderate to severe proliferation. 
In addition, 35 chronic cholecystitis specimens were obtained 
as controls, of which 15 were from patients with chronic 
cholecystitis alone and 20 were from patients with chronic 
cholecystitis and gallstones. Histologically, the 35 specimens 
included 11 with normal gallbladder mucosa, 12 with mild 
atypical proliferation, 7 with moderate atypical proliferation 
and 5 with severe atypical proliferation. All samples were 
fixed in 4% formaldehyde and 4-µm sections were prepared 
for immunohistochemical studies. The study was approved 
by the ethics committee of Second Xiangya Hospital, Central 
South University, Changsha, China. Written informed patient 
consent was obtained from the patient's family.

Immunohistochemistry. For ODC and GAD65 detection, 
immunochemical staining was carried out using EnVision™ 
(ChemMate™ EnVision +/HRP/DAB, rabbit/mouse two step 
staining method) according to the instructions of the manu-
facturer (Dako Laboratories, Inc., Santa Barbara, CA, USA). 
Briefly, paraffin-embedded gallbladder adenocarcinoma 
tissues were cut into 4-µm-thick sections. The sections were 
deparaffinized and incubated with 3% H2O2 solution for 
15 min, followed by EDTA-trypsinase digestion (0.125%, 
pH 9.0) for 15 min, then soaked with PBS (pH 7.4) 3 times, 
each for 5 min. The pre-treated sections were then incubated 
with rabbit anti‑human ODC or GDA65 (Dako Laboratories 
Inc.) for 60 min at room temperature. Solution A (ChemMate 
EnVision +/HRP) was added and incubation was continued 
for another 30 min. Substrate DAB liquid was added and the 
sections were then hematoxylin counter-stained. The slides 
were dehydrated with different concentrations of alcohol 
and soaked in xylene for 5 min (3 times), and then mounted 
permanently with neutral balsam. The slides were examined 
independently by two pathologists. The results of ODC or 

GAD65 immunochemical staining were considered to be posi-
tive when >25% of the tumor cells were stained. The positive 
controls were provided by Bosite Inc. (Wuhan, China) and the 
negative controls used 0.01 mol/l PBS (pH 7.4) solution (to 
substitute for the first antibody).

Statistical analysis. The SPSS 19.0 software was used for 
calculation of the correlations between the ODC or GAD65 
levels and the histological or clinical factors by the χ2 inde-
pendence test. Fisher's exact probability test was also used for 
analyzing statistical associations between two independent 
sample groups. P<0.05 was considered to indicate a statistically 
significant result. Disease-specific overall survival analyses 
were determined and compared using the Kaplan‑Meier 
method and the log-rank test. For multivariate analysis, the 
Cox regression method was employed. 95% confidence inter-
vals (CIs) were used.

Results

Expression of ODC and GAD65 in human gallbladder 
adenocarcinoma, peritumoral tissues, adenomatous polyps 
and chronic cholecystitis. The number of cases staining posi-
tive for ODC and GAD65 were 65 and 59, respectively, among 
the 108 patients with gallbladder adenocarcinoma, 13 and 
14, respectively, among the 46 peritumoral tissues, 3 and 4, 
respectively, among the 15 patients with adenomatous polyps 
and 4 and 6, respectively, among the 35 patients with chronic 
cholecystitis (Figs. 1-4). The number of positive stainings of 
ODC and GAD65 in the gallbladder adenocarcinoma tissues 
were significantly higher than those in the peritumoral tissues 
(P<0.01), adenomatous polyps (P<0.01 for ODC; P<0.05 for 
GAD65) and chronic cholecystitis (P<0.01). Moreover, mild, 
moderate or severe atypical proliferation was observed in all 
cases expressing ODC or GAD65. 

Correlation of ODC and GAD65 expression with clinical and 
pathological features of gallbladder adenocarcinoma. The 
expression levels of ODC and GAD65 in cases with adenoma 
canceration or well-differentiated carcinoma or without lymph 
node metastasis or surrounding invasion were significantly 
lower than those in cases with poorly differentiated carcinoma, 
lymph node metastasis or surrounding invasion. No signifi-
cant correlation was observed between the expression levels 
of ODC and GAD65 and the clinicopathological features of 
patients with gallbladder adenocarcinoma, including gender, 
age, tumor size and gallstones (Table Ⅰ).

Correlation between disease-specific overall survival and 
expression of ODC and GAD65. Following surgical resection, 
only 67 of the 108 patients were successfully followed up via 
telephone or mail surveys, among which 20 cases had survived 
≥1 year and 47 cases had succumbed to the disease <1 year 
postoperatively, with a mean survival time of 9.7±4.4 months. 
Of the 67 surviving patients, 40 had positive immunohisto-
chemical staining of ODC and 36 had positive staining of 
GAD65. The relevance of the patients' survival to the positive 
expression of ODC and GAD65 was examined by univariate 
Kaplan-Meier survival analysis. Overall survival was inversely 
associated with positive or increased expression of ODC 
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(Fig. 5; P=0.009) and GAD65 (Fig. 6; P=0.006). The relevance 
of overall survival to other clinicopathological characteristics 
was also assessed by univariate analysis, which revealed that 
the overall survival was associated with tumor pathological 
type (P<0.01), tumor diameter (P<0.01), lymph node metas-
tasis (P<0.01) and surrounding tissue invasion (P<0.01). All 
factors that showed significant association in the univariate 
Kaplan-Meier analysis were subsequently subjected to multi-
variate Cox regression survival analysis, which indicated that 
tumor maximum diameter ≥2 cm, lymph node metastasis and 

surrounding tissue invasion followed by ODC or GAD65 posi-
tive expression were the most significant predictors of short 
overall survival (Table Ⅱ).

Figure 1. Positive expression of ornithine decarboxylase (ODC) in moderately 
differentiated adenocarcinoma. EnVison™ immunohistochemistry, x200.

Figure 2. Positive expression of ornithine decarboxylase (ODC) in 
adenomatous polyp with severely atypical hyperplasia. EnVison™ immuno-
histochemistry, x200.

Figure 3. Positive expression of glutamate decarboxylase 65 (GAD65) in 
well‑differentiated adenocarcinoma. EnVison™ immunohistochemistry, x200.

Figure 4. Positive expression of glutamate decarboxylase 65 (GAD65) in 
peritumoral tissue with moderately atypical hyperplasia. EnVison™ immu-
nohistochemistry, x200.

Figure 5. Univariate Kaplan-Meier survival analysis showed that overall 
survival was inversely associated with increased expression of ornithine 
decarboxylase (ODC), as illustrated by the dotted line (P=0.009). 

Figure 6. Univariate Kaplan-Meier survival analysis showed that overall 
survival was inversely associated with increased expression of glutamate 
decarboxylase 65 (GAD65) as illustrated by the dotted line (P=0.006). 
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Discussion

ODC, a key enzyme in polyamine metabolism, is observed 
in numerous types of cells from humans and animals. It is a 
dimer consisting of two 50-kDa subunits. The ODC-related 

sequences, including ODC1 and ODC2, are present on 
human chromosomes 2p25 and 7q31 respectively. ODC1 
is an important functional gene which exists universally 
in organisms, whereas ODC2 is a pseudogene which exists 
only in the human body and is without a clear function. The 

Table I. Correlation between gallbladder cancer and expression of ODC and GAD65.

	 ODC	 GAD65
	 -----------------------------------------------------------	 -----------------------------------------------------------
Clinicopathological features	 Total	 Positive (%)	 P-value	 Positive (%)	 P-value

Gender
   Male	 31	 15 (48.4)	 >0.05	 14 (45.2)	 >0.05
   Female	 77	 50 (64.9)		  45 (58.4)
Age 
   ≤45	 24	 15 (62.5)	 >0.05	 12 (50.0)	 >0.05
   >45	 84	 50 (59.5)		  47 (56.0)
Pathological classification
   Adenoma canceration	 9	 3 (33.3)	 <0.05	 2 (22.2)	 <0.01
   Well-differentiated	 29	 13 (44.8)		  11 (37.9)
   Moderately differentiated	 29	 18 (62.1)		  16 (55.2)
   Poorly differentiated	 30	 25 (83.3)		  24 (80.0)
   Mucous adenocarcinoma	 11	 6 (54.5)		  6 (54.5)
Tumor diameter
   <2 cm	 31	 15 (48.4)	 >0.05	 13 (41.9)	 >0.05
   ≥2 cm	 77	 50 (64.9)		  46 (59.7)
Lymph node metastasis
   No	 49	 21 (42.9)	 <0.01	 19 (38.8)	 <0.01
   Yes	 59	 44 (74.6)		  40 (67.8)
Surrounding invasion
   No	 49	 22 (44.9)	 <0.01	 20 (40.8)	 <0.01
   Yes	 59	 43 (72.9)		  39 (66.1)
Gallstones
   No	 50	 26 (52.0)	 >0.05	 23 (46.0)	 >0.05
   Yes	 58	 39 (67.2)		  36 (62.1)

ODC, ornithine decarboxylase; GAD65, glutamate decarboxylase 65.

Table II. Multivariate Cox regression analysis of overall survival in 67 patients with surgical resection of gallbladder carcinoma.

	 95% CI for Exp(B)
	 --------------------------------------
Factor	 Category	 B	 SE(B)	 Exp(B)	 P	 Inferior	 Superior

Pathology type	 Adenoma canceration/well-/moderately/	 0.208	 0.123	 1.231	 0.091	 0.967	 1.567
	 poorly differentiated/mucous carcinoma
Tumor diameter	 <2.0 cm/≥2.0 cm	 0.617	 0.274	 1.853	 0.025	 1.082	 3.173
Lymph node metastasis	 No/Yes	 0.561	 0.275	 1.752	 0.041	 1.022	 3.002
Surrounding tissue invasion	 No/Yes	 0.634	 0.266	 1.886	 0.017	 1.120	 3.175
ODC	 -/+	 0.568	 0.285	 1.765	 0.046	 1.011	 3.084
GAD65	 -/+	 0.585	 0.269	 1.795	 0.030	 1.059	 3.042

ODC, ornithine decarboxylase; GAD65, glutamate decarboxylase 65; CI, confidence interval.
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degradation of ODC depends mainly on ODC antizyme 
(OAZ) which functions not by suppressing the synthesis of 
ODC but by formulation of an ODC-antizyme complex. The 
latter is generated to promote the degradation of ODC by 
the 26S proteasome and polyamine synthesis is subsequently 
decreased. Polyamines have been shown to be closely associ-
ated with cell growth, proliferation, division, differentiation 
and malignant transformation. As the first rate-limiting 
enzyme in polyamine synthesis, ODC has a significant effect 
on polyamine levels. ODC is overexpressed in cancerous 
tissues from a number of malignancies, including gastric 
cancer, pancreatic cancer and colorectal cancer  (5,6,14), 
and the inhibition of ODC may be a therapeutic strategy 
for malignancies, including breast cancer (15). It has been 
reported that the overexpression of ODC may lead to 
increased polyamine levels and thus induce the overprolif-
eration and malignant transformation of cells (4,16-19). It 
contributes to the development, progression, metastasis and 
surrounding invasion of malignant tumors, and serves as a 
useful biological marker for certain precancerous lesions 
of digestive malignancies (4-8,16,17,20). A previous study 
demonstrated that Helicobacter pylori upregulates the 
expression of ODC, resulting in gastric precursor lesions 
and cancer (21). Carcinomas with highly expressed ODC are 
more progressive and poorly differentiated, with increased 
metastasis, surrounding invasion and poor prognosis. Hence, 
ODC may be a novel target for use in the development of 
new anticancer drugs and as an indicator for the efficacy of 
treatments (4-8,16,17,20). 

Tissue-specific markers are useful for the identification of 
tumor type in advanced cancers of unknown origin. Jaraj et al 
investigated the expression of GAD67 (GAD1) in the prostate 
and found that GAD67 expression was significantly higher in 
malignant and benign prostatic tissue than in non-prostatic 
control tissues. It was suggested that GAD67 may serve as 
a highly prostate-specific tissue biomarker  (22). However, 
whether GAD 65 (GAD2) plays a similar role in malignancies 
of the gallbladder remains unknown. In our study, we identi-
fied that GAD65 expression levels were significantly higher in 
gallbladder malignancy than in benign tissue. 

Previous studies have shown that GABA stimulates the 
growth of a variety of types of cancer (23,24). The key enzyme 
for GABA synthesis is GAD which appears in two isoforms, 
GAD65 and GAD67, named according to their molecular 
weights (25). According to a study by Moon et al, the prolif-
eration of HT-29 colon cancer cells was significantly inhibited 
when GAD67 expression was repressed (26). GAD65 is over-
expressed in the cancerous tissues of numerous malignancies, 
including colon cancer, breast cancer and gastric cancer, and 
is closely associated with the clinicopathology of the diseases. 
Increased levels of GAD65 expression represent a more malig-
nant, progressive and invasive nature of the lesion (11-13,27). 
The administration of a GABA receptor antagonist inhibits the 
growth and development of numerous types of cells, including 
malignant cells (9,10). 

In the present study, the positive staining of ODC and 
GAD65 observed in gallbladder adenocarcinoma was signifi-
cantly higher than in peritumoral tissues, adenomatous polyps 
and chronic cholecystitis. Furthermore, each case with expres-
sion of ODC and GAD65 was accompanied by mild, moderate 

or severe atypical proliferation of the gallbladder mucosal 
epithelium. As revealed in the present study, the expression 
levels of ODC and GAD65 in cases with adenoma cancera-
tion or well‑differentiated carcinoma or without lymph node 
metastasis or surrounding invasion were significantly lower 
than those in cases with poorly differentiated carcinoma, 
lymph node metastasis or surrounding invasion. The expres-
sion levels of ODC and GAD65 in cases surviving >one year 
were significantly lower than those in cases succumbing to the 
disease within one year. Cox regression analysis revealed that 
the expression levels of ODC and GAD65 were ideal prog-
nostic markers in gallbladder carcinoma. These results are in 
accordance with findings reported from previous studies. This 
suggests that ODC and GAD65 are closely correlated with the 
development, progression, metastasis and surrounding inva-
sion of gallbladder adenocarcinoma and may be important 
biological markers for the early screening of gallbladder carci-
noma in benign lesions and for the prognosis of gallbladder 
malignancy.
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