
groups, the survival rates in the positive groups were 
significantly lower (CA Ⅱ log-rank P  = 0.000; Ki-67 log-
rank P  = 0.004). Multivariate Cox analysis revealed that 
CA Ⅱ, CD117 and Ki-67 were considerable immune 
factors in prognosis of GIST patients (CA Ⅱ P  = 0.043; 
CD117 P  = 0.042; Ki-67 P  = 0.007). Besides, tumor 
diameter, mitotic rate, tumor site, depth of invasion, 
complete resection, intraoperative rupture, and adju-
vant therapy were important prognosis predictive fac-
tors. Our study indicated that CA Ⅱ had strong expres-
sion in GISTs and the prognosis of GISTs with high CA 
Ⅱ expression was better than that of GISTs with low or 
no expression, suggesting that CA Ⅱ is both a diagnos-
tic and prognostic biomarker for GIST.

CONCLUSION: CA Ⅱ and Ki-67 are significant prog-
nostic factors for GISTs. CA Ⅱ associated with neovas-
cular endothelia could serve as a potential target for 
cancer therapy.

© 2013 Baishideng. All rights reserved.
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Core tip: Gastrointestinal stromal tumors (GISTs) are 
mesenchymal tumors with a wide spectrum of clinical 
behavior. This is the first study showing the prognos-
tic significance of carbonic anhydrase Ⅱ (CA Ⅱ) and 
Ki-67. The 1-, 3- and 5-year survival rates were 90.0%, 
82.0% and 72.0%. However, in patients with positive 
CA Ⅱ or Ki-67, the survival rates were 92.0%, 83.0% 
and 77.0% or 83.0%, 66.6% and 53.0%, respectively. 
Our study indicates that CA Ⅱ has strong expression in 
GISTs and prognosis with high CA Ⅱ expression is bet-
ter than that with low or no expression, suggesting that 
CA Ⅱ is both a diagnostic and prognostic biomarker for 
GIST.
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Abstract
AIM: To investigate the expression and prognostic 
value of carbonic anhydrase Ⅱ (CA Ⅱ) and Ki-67 in gas-
trointestinal stromal tumors (GISTs).

METHODS: One hundred and thirteen GIST patients 
admitted to Chinese People’s Liberation Army General 
Hospital from January 2004 to December 2010 were 
retrospectively followed up, and immunohistochem-
istry was used to detect CA Ⅱ, Ki-67 and CD117 ex-
pression in tumor samples. The survival rates of the 
patients were analyzed using the Kaplan-Meier meth-
od. Log-rank test, χ 2 test and Cox proportional haz-
ards model were used to determine the relationships  
between CA Ⅱ, Ki-67 and CD117 expression and prog-
nostic value in GISTs.

RESULTS: The survival rates at 1, 3 and 5 years were 
90.0%, 82.0% and 72.0% in all patients. However, in 
patients with positive CA Ⅱ or Ki-67, the survival rates 
were 92.0%, 83.0% and 77.0% or 83.0%, 66.6% 
and 53.0%, respectively. Compared with the negative 
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are mesenchy
mal tumors that arise from the gastrointestinal tract. 
They show differentiation towards the interstitial cells of  
Cajal and account for < 1% of  all gastrointestinal neo
plasms[1]. GISTs positively express discovered on GIST1 
(98%) and CD117 (95%) immune globulin. The esti
mated incidence of  GISTs is 1020 per million people 
annually worldwide. The majority of  GISTs arise in the 
stomach (60%), small bowel (30%), esophagus and rec
tum (10%)[2] and the remainder outside the gastrointes
tinal tract, comprising a wide spectrum from a curable 
disorder to highly malignant disease. As far as the mo
lecular markers are concerned, previous studies have re
vealed that p53, CD147, monocarboxylate transporter 1 
(MCT1), DEAD (AspGluAlaAsp) box polypeptide 39 
(DDX39) and natural killer cell p30 (NKp30) are related 
to the prognosis of  GISTs[37]. However, considering that 
these markers are different from tumor size, mitotic rate 
or tumor site, and due to their weak correlation, they are 
often mentioned in recurrence risk of  GIST or predic
tion of  patient prognosis.

Carbonic anhydrases (CAs) are a group of  zinccon
taining metalloenzymes that catalyze the reversible hy
dration of  carbon dioxide, CO2 + H2O <=> HCO3

 + 
H+ and participate in various physiological processes, 
including respiration, gluconeogenesis, bone resorption, 
renal acidification, and formation of  cerebrospinal fluid 
and gastric acid[8]. To date, 15 isoforms of  human (h) 
αCA, 15 enzymatically active α CAs have been identi
fied and characterized in mammals, including five cyto
plasmic (CA Ⅰ, CA Ⅱ, CA Ⅲ, CA Ⅶ and CA XIII), two 
mitochondrial (CA VA and CA VB), one secreted (CA Ⅵ), 
four membraneassociated (CA Ⅳ, CA Ⅸ, CA Ⅻ, and 
CA XIV) forms and three CArelated proteins (CARP Ⅷ, 
CARP Ⅹ and CARP Ⅺ). These functionally active CA 
isozymes, having been identified in mammals[911], differ 
in their tissue distribution and enzymatic activity. Fur
thermore, in the present study, GIST cells demonstrated 
strong expression of  CARPs Ⅷ and Ⅺ. Overexpressed 
CARP Ⅺ is possibly substituted for CARP Ⅷ in the 
cytoplasm and enhances the proliferation and invasion 
of  GIST cells[12]. These enzymes are commonly express
ed in malignant tumor cells in which they promote tu
mor growth by contributing to intracellular alkalization 
and extracellular acidification[13]. However, because of  
its wide distribution, high catalytic efficiency, and an im
portant physiological role, CA Ⅱ has become one of  the 
hot research topics. CA Ⅱ expression in the cytoplasm 
is a single polypeptide chain of  molecular weight 29 kDa 
and its gene is located on chromosome 8, 8q22, 760 bp. 

It is present in most tissues with high enzyme activity, 
including gastric cancer, liver and bile duct cancer, colon 
cancer, renal cell carcinoma, melanoma, brain astrocyte 
tumors, pancreatitis cells in mice[14], and cardiomyocyte 
hypertrophy[15]. In a recent study, high CA Ⅱ expression 
was associated with a better disease-specific survival rate 
than low or no expression in GIST[16]. Although CA Ⅱ 
has been reported to represent potential diagnostic and 
therapeutic targets in the above cancers, there have been 
fewer reports discussing the predictive value of  progno
sis in GIST patients in Asia from a clinicopathological 
aspect.

Ki67 is a nuclear marker that is closely related to 
tumor cell proliferation. It has been found to have a 
positive correlation with prognosis of  various malignant 
tumors including GIST. One recent study has suggested 
that Ki67 is a strong prognostic indicator even though 
it is less valuable than mitotic rate in GIST[17]. A study 
by Nakamura et al[18] supported the hypothesis that Ki67 
and risk grade are useful for predicting the aggressive 
biological behavior of  GIST. 

The aim of  our study was to reveal the relationship 
between the above two molecular markers (CA Ⅱ and 
Ki67) and prognosis of  GIST. As a diagnostic index, 
CD117 is located in the tumor cell membrane and cyto
plasm[19] and has a positive rate as high as 95% in GISTs. 
The predictive value of  CD117 in prognosis was also ex
plored.

MATERIALS AND METHODS
Study population and follow-up
We retrospectively followed up GIST patients who were 
admitted and operated upon in Chinese People’s Libera
tion Army General Hospital between January 2004 and 
December 2010. Clinical followup was completed in 
February 2011. Inclusion criteria were: (1) age ≥ 18 years;  
(2) GISTs diagnosed by the histopathological and im
munohistochemical methods; and (3) not receiving any 
previous treatment. Exclusion criteria were: (1) female 
patients with pregnancy or lactation; (2) patients devel
oping other malignancies during the past 5 years; and (3) 
patients with other serious diseases.

Pathological examination of tumor samples
Paraffin wax sections (5 μm thick) of  GIST specimens 
were dewaxed in xylene and transferred to alcohol. En
dogenous peroxidase activity was blocked with 0.5% hy
drogen peroxide in methanol and the sections were sub
jected to heatinduced antigen retrieval using a microwave 
oven. Sections were incubated overnight at 4 ℃ with poly
clonal antibodies for CA Ⅱ, CD117 and Ki67 (CD117, 
rabbit antihuman polyclonal antibody, 1:100, Abcam, 
Cambridge, United Kingdom; Ki67, rabbit polyclonal 
antibody to proliferation marker, 1:1000, Abcam; CA Ⅱ, 
rabbit antihuman polyclonal antibody, 1:100, Abcam). 
Polyperoxidaseantimouse/rabbit immunoglobulin G was 
applied to the sections for 30 min at 37 ℃, followed by 
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detection with 3,3’diaminobenzidine (Bioss, Beijing, Chi
na). The reactions were developed with hematoxylin and 
were mounted with glue[20,21]. The immunohistochemical 
reactions were visualized under highpower magnifica
tion (× 400) using an Olympus BH2 microscope (Tokyo, 
Japan). Positive expression for CA Ⅱ, Ki67 and CD117 
was defined by the percentage of  positively stained cells 
(1 positive; 0 negative). The following scoring assessments 
for CA Ⅱ, Ki67 and CD117 were used. Score 0 was as
signed for ≤ 10%, and 1 for > 10% staining positive cells.

Ethics
Approval for the use of  clinical material for research was 
obtained from the hospital ethics committee, along with 
patient consent.

Statistical analysis
SPSS version 17.0 (SPSS Inc. Chicago, IL, United States) 
was used for statistical analysis. Analysis was performed 
assuming a nonparametric distribution using the χ 2 test. 
Actuarial survival rates were evaluated by KaplanMeier 
analysis and logrank test. Multivariate survival analysis 
was performed by Cox proportional hazards model. All 
tests were two-tailed and statistical significance was set at 
P < 0.05.

RESULTS
Clinical characteristics
A total of  113 GIST patients (61 male, 52 female) with a 
median age of  60 years were included. Twenty-five patients 
died from GIST. Median followup time was 35.5 mo  
(190 mo).

Expression of CA Ⅱ, Ki-67 and CD117 in tumor samples 
Immunohistochemistry showed that the positive rate for 
CA Ⅱ, CD117 and Ki67 was 87.6% (99/113), 85.8% 
(97/113) and 65.5% (74/113) in all patients, respectively. 
CA Ⅱ protein was strongly expressed in the cytoplasm 
of  GIST cells (Figure 1B). Ki67 protein was expressed 
in the nuclei of  GIST cells (Figure 1D). In the control 
group, CA Ⅱ was negatively expressed in GIST cells 
(Figure 1C), and only partially expressed in neural astro
cytoma, schwannoma, leiomyoma of  the stomach, and 
malignant solitary fibrous tumors (Figure 1EH). The 
histopathological type (spindle cell, epithelioid or mixed 
type) was noted and mitoses were counted using a × 40 
objective for 50 high-power fields, as recommended.

Relationship between expression of CA Ⅱ, Ki-67 and 
CD117 and clinicopathological characteristics of GISTs
The survival analysis for all GIST patients showed that 
the 1, 3 and 5year survival rates were 90.0%, 82.0% 
and 72.0%. The recurrence rate was 10.6% with a recur
rence time of  620 mo. The highest survival rate was 
found in those patients who received complete tumor 
resection and took imatinib (400 mg/d) postopera
tively. However, in those patients who did not undergo 

complete tumor resection and were not treated with 
imatinib postoperatively, the survival rate was the low
est. However, in patients with positive CA Ⅱ or Ki67 
expression, the survival rates were 92.0%, 83.0% and 
77.0% or 83.0%, 66.6% and 53.0%, respectively. Consid
ering molecular markers, the survival rates in the CA Ⅱ
-negative group or CD117-negative group were signifi
cantly lower than in the positive groups (CA Ⅱ, logrank  
P = 0.000; CD117, logrank P = 0.000). However, it was 
higher in the Ki67positive group compared to the Ki
67negative group (logrank P = 0.004) (Figure 2).

According to the National Institutes of  Health (NIH) 
risk grade[22] in GIST, there were five cases of  extremely 
low risk, 15 of  low risk, 16 of  medium risk, and 77 of  
high risk. Comparing these parameters (tumor diam
eter, tumor site, mitotic rate, NIH risk, and depth of  
invasion), the differences were significant between the 
Ki67positive and negative group, while for CD117 
marker, there was no difference. For CA Ⅱ, significant 
differences were found between positive and negative 
groups only when they were compared by tumor diam
eter, mitotic rate and NIH risk. In the CA Ⅱpositive 
group, high NIH risk accounted for 66.6% (66/99) of  
the cases (Figure 3). As for the other pathological char
acteristics, CD34, SMA and desmin protein positive rates 
were 79.4%, 46.8% and 5%, respectively. 

When comparing tumor site, mitotic rate, NIH risk, 
and depth of  invasion, the differences were significant 
between Ki67positive and negative groups (P < 0.05), 
whereas for CD117, significant differences were found 
for age, tumor site and depth of  invasion (P < 0.05). For 
CA Ⅱ, significant differences were not found between 
the positive and negative groups (P > 0.05) (Table 1).

Multivariate Cox model analysis suggested that CA Ⅱ, 
Ki67 and CD117, along with tumor site, tumor diam
eter, mitotic rate, depth of  invasion, complete resection, 
intraoperative rupture, and adjuvant therapy were impor
tant prognosis predictive factors (P < 0.05). However, 
age, sex, mucosal erosion, biopsy and CD34 were not 
important prognosis predictive factors (Table 2).

DISCUSSION
It has been proved that tumor size, mitotic index, tumor 
location, and intraoperative tumor rupture are related 
to prognosis and recurrence of  GIST[2325]. For instance, 
although p53, CD147, MCT1, DDX39 and NKp30 
are related to prognosis of  GIST, they have never been 
mentioned as prognostic predictors due to their weak 
correlation.

Multivariate analysis showed that CA Ⅱ provided 
additional information on patient survival as compared 
to age, sex, NIH risk classification and mutational status. 
Based upon the comprehensive recognition that CA Ⅱ
positive tumor cells have oxidative activity, it is safe to 
suggest that CA Ⅱ plays an important role in occurrence 
and development of  GIST. By contrast, various stud
ies have included only the membranebound isoforms, 
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CA Ⅸ and Ⅻ, which are overexpressed in several types 
of  cancers[2629]. There has been only scattered evidence 
that CA Ⅱ is expressed to some extent in malignant 
cells such as leukemic blast cells, and brain, colorectal 

and pancreatic cancers[3032]. A more recent study has in
dicated that CA Ⅱ expression is induced in neovascular 
endothelial cells of  malignant melanoma and in esopha
geal, renal and lung cancers. It has been suggested that 
CA Ⅱ associated with the neovascular endothelia could 
serve as a potential target for cancer therapy. It has also 
been proposed that the presence of  CA Ⅱ in the endo
thelium could contribute to generation of  autoantibod
ies that could, in turn, be a desired outcome in immuno
therapy of  cancer. Combined with our present results, a 
new therapeutic approach targeting CA Ⅱ, as well as CA 
Ⅱ to predict prognosis of  GIST, might be promising. 
However, more studies are necessary. 

Ki67 protein exists in actively proliferating cells (G1, 

S and G2 phase), which is a proliferationrelated nuclear 
marker of  tumor cell[33]. Some studies have shown that 
Ki67 expression is closely related to aggressive biologi
cal behavior of  tumor cells in GISTs[18] and represents 
a good prognostic predictor for GIST[34]. However, the 
significance of  Ki-67 in predicting prognosis is still in 
dispute. 

Wong et al[17] have found that Ki67 was less reliable 
than mitotic count, even though it was useful in assess
ing the proliferation rate of  tumor cells in GIST. We 
believe that the prognostic predictive value of  Ki67 in 
GIST might have been evaluated more objectively in a 
large survival study, with the various prognostic factors 
being taken into account. This was one of  the aims of  
our present study. We found that the 1, 3 and 5year 
survival rates of  patients with Ki67positive GIST were 
lower than in the Li67negative group. Our survival 
analysis further indicated that the Ki67 expression was 
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Figure 1  The scale is 5 μm using a × 400 objective as recommended. Carbonic anhydrase Ⅱ (CA Ⅱ) and Ki-67 proteins expressed in gastrointestinal stromal 
tumors (GISTs) and other malignant tumors. A: Hematoxylin and eosin in GISTs; B: CA Ⅱ positive protein in the GISTs; C: CA Ⅱ and Ki-67 negative protein in GISTs; D: 
Ki-67 positive protein in the GISTs; E: CAⅡ positive protein in neural astrocytoma; F: CA Ⅱ positive protein in schwannoma; G: CA Ⅱ positive protein in leiomyoma of 
the stomach; H: CA Ⅱ positive protein in malignant solitary fibrous tumor.
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also an important prognostic predictor for GIST. The 
Wald indexes of  Ki67, diameter, mitotic rate and tu
mors site were all > 1 (7.282, 4.974, 11.081 and 15.581, 

respectively), which indicated that the Ki67 was another 
useful molecular marker in predicting the prognosis of  
GISTs. 
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Figure 2  Analysis of survival rates (Kaplan-Meier) and comparison of survival rates in gastrointestinal stromal tumors groups (log-rank test). A: The high-
est survival rate was found in those patients that received complete tumor resection and postoperatively took imatinib (400 mg/d), while in those patients not receiving 
complete tumor resection and postoperative imatinib, the survival rate was lowest (log-rank P = 0.000). 1: Resected completely with imatinib administrated postop-
eratively, 2: Resected completely without imatinib administrated postoperatively, 3: Resected incompletely with imatinib administrated postoperatively, 4: Resected 
incompletely without imatinib administrated postoperatively; B: The survival rates in carbonic anhydrase (CA) Ⅱ-positive group were significantly higher than those 
in negative groups (CA Ⅱ, log-rank P = 0.000); C: The survival rates in Ki-67-positive group were higher than those in negative groups (Ki-67, log-rank P = 0.004); 
D: The survival rates in CD117-positive group were significantly higher than those in negative groups (CD117, log-rank P = 0.000); E: The higher survival rates were 
found in those patients that received complete tumor resection (R0) (R0, log-rank P = 0.000); F: The higher survival rates were found in those patients with National 
Institutes of Health (NIH) high risk (NIH risk, log-rank P = 0.006).
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As for molecular markers, the negative expression of  
CD117 is believed to be associated with early postopera
tive recurrence of  GIST[35]. This was confirmed once 
again by our study. At the same time, our study indicated 
that positive expression of  Ki67 or negative expres
sion of  CA II and CD117 was a cue for poor prognosis 

in GIST. However, there was a limitation to our study, 
namely, its small sample size. Our results could promote 
the clinical application of  these two markers and provide 
clues to a novel therapeutic target for GIST in the future.

In conclusion, our study showed CA Ⅱ expression in 
GIST. The prognosis of  GIST with high CA Ⅱ expres

Table 2  Multivariate survival analysis (Cox proportional hazards model) in gastrointestinal stromal tumors

Variable B Wald df P value HR 95%CI for HR

Lower Upper

Age 0.023 1.696 1 0.193 1.024 0.988 1.060
Sex -0.239 0.342 1 0.559 0.788 0.354 1.754
Mucosal erosion or not 1.485 2.115 1 0.146 4.416 0.597 32.684
Biopsy or not -0.404 0.901 1 0.340 0.668 0.291 1.531
CD34 -0.071 0.086 1 0.769 0.932 0.582 1.493
CA Ⅱ -0.319 4.113 1 0.043 0.727 0.543 0.989
CD117 -0.609 4.114 1 0.042 0.544 0.303 0.978
Ki-67 1.103 7.282 1 0.007 3.014 1.352 6.717
Diameter 1.645 4.974 1 0.026 5.182 1.216 22.085
Mitotic rate 0.972 11.081 1 0.001 2.644 1.491 4.686
Site 1.334 15.581 1 0.000 3.796 1.955 7.371
Depth of invasion 0.559 7.445 1 0.006 1.748 1.170 2.612
Complete resection or not 2.807 24.674 1 0.000 16.555 5.470 50.104
Intraoperative rupture 1.937 17.997 1 0.000 0.144 0.059 0.353
Adjuvant therapy 1.757 35.579 1 0.000 5.796 3.254 10.325

This table shows that carbonic anhydrase (CA) Ⅱ, CD117 and Ki-67 expression, tumor diameter, mitotic rate, tumor site, depth of invasion, complete resec-
tion, intraoperative rupture, and adjuvant therapy were important prognosis predictive factors. HR: Hazard ratios.
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Table 1  Pathological parameters of gastrointestinal stromal tumors in CD117, carbonic anhydrase Ⅱ and Ki-67 proteins

Variable Total CD117 P value CA Ⅱ P  value Ki-67 P  value

+ - + - + -

Sex
   Male 61 56   5 0.317 53 8 0.515 25 36 0.171
   Female 52 41 11 46 6 14 38
Age (yr)
   ≤ 60 61 48 13 0.036 54 7 0.485 22 39 0.859
   > 60 52 49   3 45 7 17 35
Diameter
   ≤ 5 cm 30 27   3 0.647 25 5 0.297   8 22 0.406
   > 5 cm 83 70 13 74 9 31 52
Site
   Stomach 45 40   5 41 4 13 32
   Small bowel 35 34   1 0.004 31 4 0.459   8 27 0.014
   Others 33 23 10 27 6 18 15
Mitotic rate
   ≤ 5 MF/50 HPFs 52 45   7 0.941 46 6 0.515 11 41 0.009
   > 5 MF/50 HPFs 61 52   9 53 8 28 33
NIH risk
   Very low   5   4   1   4 1   2   3
   Low 15 13   2 0.980 13 2 0.424   2 13 0.031
   Medium 16 14   2 16 0   2 14
   High 77 66 11 66         11 33 44
Depth of invasion
   Mucosa 24 21   3 21 3   6 18
   Muscular 41 33   8 38 3 10 31
   Serous 30 30   0 0.033 27 3 0.168 13 17 0.013
   Adjacent tissue 18 13   5 13 5 10   8

This table shows that Being compared by tumor site, mitotic rate, National Institutes of Health (NIH) risk, and depth of invasion of tumor cells, the differ-
ences were significant between the Ki-67-positive and -negative groups, while for CD117, significant differences were found for age, tumor site and depth 
of invasion of tumor cells. For carbonic anhydrase (CA) Ⅱ, no significant differences were found between positive and negative groups. MF: Mitotic figures; 
HPFs: High-power fields.
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sion was better than that of  GIST with low or no ex
pression, suggesting that CA Ⅱ is both a diagnostic and 
prognostic biomarker. Further validation studies with 
other CA antibodies should be undertaken to character
ize CA Ⅱ expression in a larger cohort of  patients with 
GIST and other mesenchymal tumors of  the gastroin
testinal tract.
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respiration, gluconeogenesis, bone resorption, renal acidification, and formation 
of cerebrospinal fluid and gastric acid. Ki-67 is a protein that is encoded by the 
MKI-67 gene in humans. Ki-67 antigen is associated, and probably necessary, 
for cellular proliferation, and is associated with rRNA transcription.
Peer review
This study revealed that CA Ⅱ is highly expressed in GIST cell lines and 87.6% 
of GISTs selectively. Until now, there have been few reports of CA Ⅱ expres-
sion in GISTs. The result of this study showed that high CA Ⅱ expression was 
associated with a better disease-specific survival rate than low or no expres-
sion, therefore, it might be a useful biomarker in diagnosis and prognosis of 
GISTs. This is a retrospective study and the results should be helpful for clinical 
practice and a potential therapeutic target. 
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Figure 3  Carbonic anhydrase Ⅱ positive cases in gastrointestinal stromal 
tumors according to National Institutes of Health risk grade. There were five 
cases with extremely low risk, 15 with low risk, 16 with medium risk, and 77 
with high risk. Carbonic anhydrase (CA) Ⅱ expressed in 113 gastrointestinal 
stromal tumors: “0” represents the negative cases, and “1” the positive cases. 
NIH: National Institutes of Health.
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