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Background. The proportion of renal cell carcinoma (RCC) in the structure of oncological incidence in Russia is 3.9 %. This nosology has 
a leading position by the growth rate. The number of new cases of RCC from 2004 to 2014 increased by 42.9 %. Carbonic anhydrase (CA) 
enzymes are transmembrane enzymes that play an important role in pH regulation catalyzing reversible reactions of carbonic acid to carbon 
dioxide and water. Recently we have seen studies on prognostic and predictive value of CA9 expression in clear cell RCC.
Objective – reveal relationship between CA9 expression and proliferative activity, apoptosis, morphological picture and clinical course of a tu-
mor.
Materials and methods. The study included 67 patients (47 men and 20 women) aged from 32 to 73 years (55.0 ± 7.6 years), suffering from 
clear cell RCC. All the patients were treated at the Medical Radiological Research Center. Follow-up period lasted from 8 to 116 months 
(mean – 36.5 months). Patients underwent nephrectomy, histological study with Fuhrman nuclear grading, immunohistochemistry with an-
tibodies against p53, bcl-2, Ki-67 and CA9.
Results and conclusions. CA9 expression is associated with the expression of bcl-2, while the lack of CA9 expression is associated with p53. 
Loss of CA9 expression is a poor prognostic factor and it is associated with the development of metastasis and recurrence of the disease, as well 
as lower disease-free survival.
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Introduction
In Russia, renal cell carcinoma (RCC) comprises 3.9 % 

of all cancers in the structure of oncological morbidity. Its 
rate of increase is one of the largest among all nosologies. 
In the period from 2004 to 2014, the number of new RCC 
cases increased by 42.9 % [1]. Currently, there aren’t any 
prognostic markers for RCC [2, 3]. Carbohydrase 9 (СА9) 
is expressed in various histological subtypes of RCC. 
The majority (95 %) of clear cell tumors are characterized 
by high and homogenous CA9 expression; in oncocytomas, 
chromophobe, and papillary renal cell carcinomas its ex-
pression is significantly lower [4].

Carbohydrase 9 (G250) was first described in 1986 
in a study of the G250 monoclonal antibody tumor speci-
ficity [5]. СА9 is a transmembrane glycoprotein of the car-
bohydrase enzyme family. These enzymes play a crucial role 
in regulation of excessive proton generation in the cell and, 
therefore, pH control [6, 7]. Expression of СА9 is observed 
in almost all types of tumors (cancer of the uterine cervix, 
esophagus, lung, breast, brain, vulva where expression 
is heterogenous) and is associated with hypoxia [8].

Lately, several studies were published considering prog-
nostic and predictive significance of CA9 in clear cell RCC 
[9–12]. Prognostic markers in clear cell RCC are Ki-67 
reflecting proliferative level of the tumor and apoptotic 
markers р53 and bcl-2 [13].

The study objective is to investigate a relationship be-
tween CA9 and tumor proliferative activity, apoptosis, mor-
phological characteristics, and clinical picture.

Materials and methods
The study included 67 patients (47 men, 20 women) 

aged 32–73 years (55.0 ± 7.6 years) with clear cell RCC. 
Patients were treated at the Medical Research Radiological 
Center. Follow-up duration varied from 8 to 116 months 
(mean 36.5 months). All patient underwent nephrectomy. 
After surgery, patients with advanced cancer were pre-
scribed 1st line targeted therapy in accordance with 
the guidelines of the European Association of Urology 
(EAU).

Histological examination was performed using a large 
number of tumor fragments (considering its heterogeneity) 
per the developed protocol. Histological sections of tumor 
tissue were stained with hematoxylin and eosin and subse-
quently used for immunohistological examination. Endog-
enous peroxidase was blocked with cooled 3 % hydrogen 
peroxide solution for 10 minutes. In order to restore the an-
tigen structure of paraffin-embedded material fixed with 
formaldehyde, histological sections were warmed in a water 
bath with 0.01 М citrate buffer (рН 6.0) for 20 minutes. 
Incubation with primary antibodies (Dako) was performed 
at room temperature for 60 minutes. Streptavidin-biotin-
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peroxidase method was used for visualization of immune 
reaction products (EnVision+ System-HRP, Dako), diami-
nobenzidine solution was used as chromogenic substrate 
(Liquid DAB+, Dako), nuclei were stained by hematoxylin. 
Sections with applied secondary antibodies, without pri-
mary antibodies, were used as control.

Grade of tumor differentiation was evaluated per 
Fuhrman in accordance with the 2004 guidelines 
of the World Health Organization [14]. Brown staining 
of tumor cell nuclei and p53-specific nuclear staining 
in more than 10 % of tumor cells indicated positive expres-
sion of the Ki-67 and p53 proteins, respectively. Positive 
expression of bcl-2 was characterized by specific cytoplas-
mic staining of more than 75 % of tumor cells, positive 
expression of CA9 was characterized by specific membrane 
staining of more than 75 % of tumor cells.

Morphological examination of tumors was performed 
using the OpenCVTool software for image processing, dig-
ital scanner MIRAX MIDI (Zeiss), Intel Сore I3 CPU with 
4 Gb RAM.

Ki-67 index was evaluated based on analysis of more 
than 1,000 cells. Ki-67 index was calculated as percentage 
of specifically stained nuclei among all nuclei.

Survival was analyzed using the Kaplan-Meier estimator 
(1958), significance of differences between survival curves was 
confirmed using the Cox’s F-Test. Level of significance was 
р ≤ 0.05. Statistical data processing of the obtained parameters 
was performed using the Statistica 10.0 software package.

Results
At the time of diagnosis, 31 (46.3 %) patients had lo-

calized cancer and 36 (53.7 %) patients had metastatic 
cancer. During the follow up, in 13 patients with localized 
tumor at time of diagnosis progression was observed at 
various times after surgical treatment.

In all cases, clear cell RCC was morphologically con-
firmed with the following distribution by the Fuhrman’s grade: 
grade 1–3, grade 2–17, grade 3–23, and grade 4–24 patients. 
In 13 (19.4 %) tumors a sarcomatoid component was identi-
fied. Necrotic lesions were reported in 35 cases (52.2 %).

We denoted 31 tumors (46.3 %) as CA9-negative. On-
ly in 10 (14.9 %) of them expression was entirely absent, 
and in 21 expression was weak and localized.

Mean level of Ki-67 was 9.7 ± 1.3 % (from 0.1 
to 49.0 %); Ki-67 above 10 % was identified in 22 patients.

Nuclear expression of р53 was observed in 19 (28.4 %) 
patients. It varied both by number of stained cells and in-
tensity of staining.

Bcl-2 expression was fully absent in 31 patients, in 9 
patients it was localized (these patients were assigned 
to the bcl-2-negative group), and pronounced cytoplasmic 
expression was observed only in 27 patients (40.3 %).

In 6 (46 %) cases, the sarcomatoid component ex-
pressed р53, and in 100 % of cases it lacked bcl-2 and CA9 
expression, while Ki-67 level was above 10 %.

We analyzed CA9 expression and its correlation with 
clinical and morphological data, as well as other markers. 
In the group of highly differentiated tumors (grades 1 and 
2 per Fuhrman) only 4 of 20 tumors were considered CA9-
negative, and even though CA9 expression was localized 
and weak, it wasn’t fully absent (see Table). At grades 3 and 
4, 27 of 47 cases were negative (in 10 cases expression was 
fully absent, in others localized weak staining was observed) 
(р = 0.0047). However, there was no significant correlation 
with the presence of the sarcomatoid component (see Table) 
or Ki-67 level.

СА9 expression is associated with decent relapse-free 
survival (р = 0.02) (Fig. 1), and there’s a trend for disease-
specific survival rate dependence on CA9 expression (р = 0.098) 
(Fig. 2).

Tumor metastatic potential is associated with the loss 
of CA9 expression (р = 0.009) (see Table). Thus, in patients 
with CA9-expressing tumor metastases were diagnosed 
in 22 (61.1 %) cases, while in patients lacking CA9 expres-
sion – in 27 (87.1 %) cases. Moreover, metastases were 
observed in 21 of 31 patients with lack of expression at the 
time of diagnosis, and in 15 of 36 patients in the CA9-pos-
itive group (р = 0.029).

Expression of р53 is accompanied by loss of CA9 ex-
pression (р = 0.005), loss of bcl-2 expression is also ac-
companied by loss of CA9 expression (see Table).

Discussion
Carbonic anhydrases are transmembrane enzymes 

playing an important role in pH regulation: They catalyze 
a reversible reaction of carbonic acid conversion into car-
bon dioxide and water. The majority of CA9 studies con-
sider its expression in different RCC variants [4, 15]. We 
evaluated prognostic significance of СА9 in clear cell 
RCC. In our study, a connection between CA9 expression 
and Fuhrman’s differentiation grade is evident. A decrease 
in the differentiation grade is associated with decreased 
CA9 expression or its loss. Similar results were obtained 
by other researchers [8, 15, 16]. We haven’t found a cor-
relation with the presence of sarcomatoid component. 
However, it should be noted that in our study CA9 expres-
sion was never observed in the sarcomatoid component, 
but in more differentiated areas expression could be high, 
and these tumors were considered CA9-positive. Presum-
ably, evaluation of CA9 expression should take into con-
sideration RCC heterogeneity, as well as consider the pres-
ence of sarcomatoid component an unfavorable factor 
irrespective of its volume. The presence of sarcomatoid 
component reflects tumor dedifferentiation accompanied 
by loss of its morphological and immunohistochemical 
characteristics. The sarcomatoid component has a high 
level of proliferative activity reflected by Ki-67, frequent 
expression of the p53 oncoprotein, and loss of bcl-2 ex-
pression, and therefore the loss of CA9 expression is nat-
ural.
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In our previous study [13], Ki-67 was associated with 
high nuclear grade and poor prognosis of clear cell RCC, 
and its level above 10 % – with metastasis and low metas-
tasis-free survival. Decrease in differentiation is associated 
with increased proliferative activity, and a correlation be-
tween CA9 expression and Ki-67 level should be expected, 
but here there wasn’t any significant correlation. Suppos-
edly, these are independent prognostic factors.

In many studies [17, 18] including ours [13], p53 ex-
pression is an unfavorable prognostic factor in RCC associ-
ated with disease progression, metastasis, and low cancer-
specific survival. Our data show that in tumors with p53 
gene mutation and expression of the p53 protein, CA9 
expression is lower or absent, though lack of p53 expression 
does not guarantee preservation of CA9. There’s a direct 
connection between bcl-2 and CA9 expression: The major-
ity of tumors expressing bcl-2 express СА9, and loss of bcl-
2 means loss of CA9.

Loss of СА9 expression is associated with such unfavor-
able prognostic factors as p53 expression and loss of bcl-2 
expression. Lack of CA9 expression is an unfavorable prog-
nostic factor for clear cell RCC associated with metastasis, 
and in most cases the disease is already metastatic at 
the time of diagnosis.

The connection between loss of СА9 expression and 
metastases was also demonstrated by other researchers [19]. 
However, M. H. Bui et al. [20] have shown that low CA9 
expression in primary clear cell RCC was an unfavorable 
predictor of survival in a study including 321 patients. Fur-

thermore, according to their data, in patients with localized 
cancer CA9 doesn’t have prognostic significance (no dif-
ference in survival), but in metastatic cancer low expression 
level reflects median cancer-specific survival: 5.5 months 
vs. 24.8 months with high expression level. Moreover, 
Z. Pan et al. have shown that СА9 expression in metastases 
is even higher than in the primary tumor, but they didn’t 
propose an explanation for this phenomenon [21].

Our results show that СА9 expression is associated with 
high relapse-free survival (р = 0.02), though dependence 
of cancer-specific survival on CA9 expression can only be 
considered a tendency (р = 0.098). Our data agree with 
a literature meta-analysis performed by Z. Zhao et al. to re-
fine the prognostic role of CA9 in RCC [22]. According 
to their conclusions, multiple studies evaluating CA9 as 

Relationships between CA9 expression, clinical symptoms, and expression 
of other markers

Characteristic CA9+ CA9–  p

Grades 1 and 2 16 (23.9 %) 4 (6 %)
0.0047

Grades 3 and 4 20 (29.8 %) 27 (40.3 %)

Presence of the sarcomatoid 
component 5 (7.5 %) 8 (11.9 %)

0.18
Absence of the sarcomatoid 
component 31 (46.3 %) 23 (34.3 %)

Localized cancer 22 (32.8 %) 27 (40.3 %)
0.009

Metastatic cancer 14 (20.9 %) 4 (6.0 %)

Ki-67 > 10 % 9 (13.4 %) 13 (19.4 %)
0.11

Ki-67 < 10% 27 (40.3 %) 18 (26.9 %)

Р53+ 5 (7.5 %) 14 (20.9 %)
0.005

Р53– 31 (46.3 %) 17 (25.4 %)

bcl-2+ 19 (28.4 %) 8 (11.9 %)
0.02

bcl-2– 17 (25.4 %) 23 (34.3 %)

Fig. 1. Dependence of relapse-free survival on CA9 expression

Fig. 2. Dependence of cancer-specific survival on CA9 expression
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a prognostic marker for RCC obtained contradictory re-
sults, but most data allow to assume that low CA9 expres-
sion is associated with low cancer-specific survival (р = 0.006), 
poor overall survival (р = 0.002), and progression-free sur-
vival (р = 0.02). Some studies haven’t found any prognostic 
significance of СА9 expression [8, 23].

Our results and literature data allow to consider CA9 
a valuable prognostic biological marker for clear cell RCC 

progression. Moreover, lately CA9 was put forward as a po-
tential effective biological marker for selection of optimal 
treatment in individual patients.

Conclusion
Loss of CA9 expression is an unfavorable prognostic 

factor for clear cell RCC associated with metastasis and 
disease recurrence, low relapse-free survival.
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