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The survival rate of patients with renal cell carcinoma (RCC) has increased due to the
improvements in early diagnosis and surgical treatment of the disease. Yet, 1/3 of patients with localized
cancer will develop distant metastasis after radical treatment [11]. Therefore, identification of high-risk
patients remains an important problem in the management of the disease. Numerous molecular and
chromosomal markers have been evaluated for this purpose with no consensus regarding their significance
in RCC [3-5,10]. Tumor stage and grade are currently recognized as independent prognostic factors of the
disease. However, the assessment of tumor grade may vary substantially due to subjectivity of the
observer [3,4], and the TNM classification of the disease has been recently questioned [1,14]. Therefore,
detection of new, more sensitive and specific prognostic markers of the tumor behavior is of utmost
importance.

The review of the recent literature clearly shows importance of the apoptosis markers in cancer
development. Apoptosis is an essential physiological process for the selective elimination of cells that are
involved in a variety of biological events. The best characterized protein family in the regulation of
apoptotic cell death is Bcl-2 family. It is an anti-apoptotic protein playing extremely important role in



cell division and death [12].

MDM?2 is another anti-apoptotic protein. Its importance has been implicated in many human
cancers, including: sarcomas, certain hematologic malignancies, breast, colon and prostate cancers.
MDM?2 over-expression has been related to more aggressive disease and poorer survival [13].

Induction of apoptosis in RCC cell lines was associated with a decrease in expression of the anti-
apoptotic proteins, Bcl-2 and Bcl-XL, without marked changes in the pro-apoptotic protein Bax [6]. RCC
growth has been related to a significant decrease in the expression of the anti-apoptotic Bcl-2 and increase in
pro-apoptotic Bax [7]. While some studies are showing statistically significant association of Bax and Bcl-2
with patient survival [2], others didn’t find association between Bcl-2, Bax and disease outcome [15].

There are limited number of clinical studies on the importance of apoptosis markers in RCC. The
sorafenib and nutlin-3 co-treatment of the RCC lead to increase levels of p53, Bax, and decrease in the
anti-apoptotic Bcl-2 levels [16]. Increased co-expression of p53 and MDM2 identified those patients with a
significantly reduced disease-specific survival by univariate and Cox multiple regression analyses [8].
There are some other recent studies showing that: MDM?2 upregulation is associated with decreased
disease-specific survival, and the patients who have tumors that display both the increased p53 and
MDM?2 expression may have the poorest overall survival [9].

The goal of the current study was to analyze the expression of Bcl-2, MDM2 and Bax in benign and
malignant renal tissue samples and assess their possible association with different clinical parameters.
Prognostic significance of the markers in recurrence-free and cancer-specific survivals has also been
evaluated.

Materials and methods. Patient groups

The study population consisted of 76 consecutive patients treated at our institution. The tissue
samples were prospectively collected. All patients (control as well as study group) were operated in one
department and all removed kidneys were sent to the department of pathology of the same institution
(National Center of Urology). The same team of personnel according to the single protocol has
technically processed all the tissue specimens.

The patients were divided in 2 groups: group I: 24 normal human kidney tissue samples resected
from patients of different ages due to RCC (67%) and kidney trauma (33%); group II: 52 RCC samples
received from 44 radical and 8 partial nephrectomies.

The mean age of patients in group I was 53.4+17 years (range: 21-80 years); 15 (63%) were males
and 9 (37%) were females. The mean follow-up is 26 months (range: 2-35 months). None of the patients
had clinical signs of renal insufficiency or other substantial co-morbidities (hypertension, acute or chronic
pyelonephritis etc.). All of them were free of diabetes. Morphological evaluation revealed mild to
moderate degree of age-associated pathological changes in 6 patients.

The mean patient age in group II was 50.8+10.9 years (range: 20-68 years); 25 (48%) were males
and 27 (52%) were females. The mean follow-up is 26 months (range: 2-35 months). Radical or partial
nephrectomy without adjuvant immunotherapy was performed in all patients. The pathological stage
distribution of the tumors was the following: T1 — 21 (40%); T2 — 13 (25%); T3 — 18 (35%).

Patients. 14 (27%) cancers were G1, 20 (38%) - G2 and 18 (35%) - G3. Morphological evaluation
revealed clear cell RCC in all 52 patients. 2 patients had lymph node and 1 patient had distant metastases
at the time of surgery. 18 (34.6%) tumors were discovered incidentally, 29 (55.8%) were locally
symptomatic and 5 patients (9.6%) had a systemic disease symptoms. All patients were operated on in one
department and all removed kidneys were sent to the department of pathology of the same institution.
The same team of personnel according to the single protocol has technically processed all the tissue
specimens.

Tissue sampling and immunohistochemistry. Resected kidney specimens from the patients of
group I were evaluated macroscopically. After sampling according to the main disease, 1.5x2cm tissue
samples were taken from 2 separate, most distant from the tumor and macroscopically normal kidney
regions. The samples were fixed in 4% formaldehyde and embedded in paraffin. Four micron thick serial
sections were stained with hematoxylin and eosin and analyzed by two pathologists (O.T. and Z.H.S).
Only the kidneys considered normal and with acceptable age-associated morphological changes (mild



interstitial infiltration and/or tubular atrophy) were further immunohistochemically evaluated and
included in the study.

Resected kidneys from the patients of group II were evaluated macroscopically. The maximal tumor
size was measured and 1.5x2cm tissue samples were taken for further assessment. Specimens were fixed,
stained and evaluated by the same pathologist according to conventional technique. The tumors were
staged according to the AJCC classification system and graded according to Fuhrman’s grading system.

Four micron thick sequential tissue sections were used for immunohistochemistry. Tissue samples
were deparaffinized in xylene and rehydrated in graded ethanol (50%-70%-96%). Endogenous peroxidase
was blocked by incubation in 1% hydrogen peroxide. Sections were pretreated by the microwave
antigen retrieval procedure (4 cycles for 5min each at 600-700 watt) in 10mmol/L of boiling citrate buffer
solution (pH 6.0). The tissue sections were then incubated with primary antibodies against Bcl-2, MDM?2
and Bax (Zytomed Sysytems Inc.) diluted (no dilution, 1:200 and 1:100, respectively) in phosphate-
buffered saline (PBS). The tissue sections were revealed using the Biotin-Streptavadin detection system
(ZytoChem Plus (HRP) kit, Zytomed Sysytems Inc.). Samples were developed with liquid
diaminobenzidine + substrate-chromogen system and counterstained with haematoxylin. Human tonsil
tissue was used as a positive control while antigen-free PBS as a negative control, according to the
established protocols of immunohistochemical staining.

Sample scoring and statistical analysis. Slides were evaluated blindly by two of the authors (O.T.
and A.C.). Intensity of nuclear expression of the markers was scored according to the following system:
score 0, no staining; score 1, less than 30% cells positive; score 2, 31- 50% cells positive; and score 3, more
than 50% of cancer cells positive. Cytoplasmic staining was assessed as: score 0, no staining; score 1, mild
staining; score 2, moderate staining; and score 3, strong staining.

Statistical analysis was performed using computer software (SPSS 12.0 for Windows, Lead
Technologies Inc. 2003. Chicago, IL.). Normality of data distribution was examined with Kolmogorov-
Smirnov test. The kappa index for inter-observer concordance was calculated. Age-dependency of the
markers’ expression was analyzed by the Spearman correlation. Intensity of the markers’ expression in
the groups was compared with Mann-Whitney test. A possible association of the protein expression with
the clinical parameters (stage, grade, disease symptoms, etc.) was analyzed with Kruskal-Wallis test. In
case of significant differences, the means of data were compared with non-parametric comparison of
ranks. Recurrence-free and cancer-specific survival was estimated with the Kaplan-Meier method. The
prognostic value of different clinical parameters in the disease recurrence and patient death was
analyzed with the log-rank test. The Cox proportional hazards model was used to define the risk factors
for tumor recurrence and patient death. Stepwise selection of variables was done to determine the best
predictors.

Results and their discussion. Activity of anti-apoptotic markers MDM2 and Bcl-2 were significantly
higher in RCC as compared with normal kidney tissues (p=0.0020 and p=0.0216, respectively) (Fig. 1)
(IHC Stain Pic1,2,5,6).

In contrast, significantly higher expression of pro-apoptotic Bax has been detected in normal
kidney tissues than in RCC. This difference was visible in nuclear (p=0.0205) as well as cytoplasmic
(p=0.0209) activities of the marker (Fig. 2). (IHC Stain Pic3,4,7)
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Fig. 1. Comparison of intensity of MDM?2 and Bcl-2 activities between the groups
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Fig. 2. comparison of intensity of nuclear and cytoplasmic

Bax expressions between the groups
Bax expression was positively correlated with patient age (Rho=0.179, p=0.0076) (Fig. 3).
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Fig. 3. Correlation of Bax activity with patient age

Significant association has been detected between the evaluated markers and cancer clinical
parameters. Nuclear and cytoplasmic activity of Bax was significantly higher is stage I as compared with
the stages III and IV (p=0.0206 and p=0.0190, respectively) (Fig. 4). Both, nuclear and cytoplasmic
activity of Bax was negatively associated with tumor grade (p=0.0420 and p=0.0352, respectively) (Fig.5).
The marker’s expression was significantly lower in N+ than in N- disease (p=0.0080). The MDM2activity
was significantly higher in metastatic disease, as compare with non-metastatic tumors.
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Fig. 4. expression of Bax according to tumor stage
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Fig. 5. Nuclear (a) and cytoplasmic (b) expression of Bax according to Furhman's grade

Interesting changes have been detected in markers’ activity according to the tumor
pathological features. In particular, presence of tumor necrosis was associated with significantly lower
MDM2 and Bcl-2 activities (Fig. 6). Presence of microscopic vascular invasion was associated with
significantly higher Bcl-2 (p=0.0144) and lower Bax activities (p=0.0439) (Fig. 7).

p=0.0144
p=0.0436

MDM2 Bcl-2
® Necrosis B No necrosis

Fig. 6. Comparison of intensity of MDMZ2 and Bcl-2 activities according to presence of tumor necrosis
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Fig. 7. Comparison of intensity of Bcl-2 and Bax activities according to presence
of tumor microvascular invasion



Expression of the markers has been associated with the clinical course of the disease. Nuclear and
cytoplasmic activities of Bcl-2 were positively associated with the disease recurrence (p=0.0111 and
p=0.0115, respectively) (Fig. 8). Moreover, time to recurrence was positively associated with Bax activity
(Fig. 9). 5-year patient survival was negatively associated with nuclear (p=0.0443) and cytoplasmic
(p=0.0429) MDM?2 activities (Fig. 10).

Cox multivariate regression analysis was performed to analyze the risk-factors for disease
recurrence and patient death. Tumor size, pathological stage, and grade were identified as significant
determinants of patient death and tumor recurrence (Table).
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Despite a considerable progress in understanding the basic biology of RCC, many aspects of the
disease still remain unclear. This especially concerns the prognostic markers of the tumor recurrence
and patient survival. The lack of markers predicting disease outcome is one of the most important
problems in RCC.

With better understating of molecular biology and genetics of RCC numerous new markers have
been evaluated [3-5,10]. One of the new and promising directions for future research in this area is
evaluation of apoptosis markers. Dysregulation of apoptosis results in rapid cellular proliferation and is a
hallmark of the cancer development.

Only few studies have evaluated the value of the markers in RCC with conflicting results. Future
studies should clarify significance of the apoptosis markers in clinical practice. There are no studies
evaluating combination of the above markers (Bax, MDM2 and Bcl2) in RCC. We think that it may
enhance their significance as clinical markers in cancer prognosis. The results of available clinical
studies are mostly controversial. A potential shortcoming of these studies is that they assessed the
marker expression level qualitatively with a various cut points (10% to 50%) of positively stained cells
to predict the disease prognosis. Moreover, in all former studies the markers’ expression was assessed in
the whole tissue area without separating between different renal (interstitial, tubular epithelial, vascular
endothelial and mesangial glomerular) cells. Thus, the question in which tissue structures expression of
the proteins was clinically important remains unanswered. There are no studies evaluating the
association between the markers’ activity in RCC.

In the current study we found that activity of anti-apoptotic MDM2 and Bcl-2 was significantly
elevated while activity of pro-necrosis and microvascular invasion. This finding is also original showing
importance of apoptosis on cellular level.

Cox regression analysis has shown that tumor size, pathological stage and grade are the risk factors
for disease recurrence and patient death. Although the correlation was low in this study, higher number of
RCC samples should be evaluated to elucidate importance of the markers in cancer progression and
growth. The significance of tumor size in cancer prognosis has been recognized in other studies,
however, there is no consensus concerning the cut-off size of the tumor [4]. In our study the cut-off size
of 8cm was associated with the disease recurrence and cancer-related patient death.



The primary results of this study support the value of the assessed markers in RCC and indicate the
direction of future research. Further prospective studies with more patients and longer follow-up are
needed in this respect apoptotic Bax was decreased in RCC as compared with normal kidney tissues. The
new finding of thisstudy is increased expression of Bax with patient age. This underlines importance of
apoptosis in the process of aging. Significant association has been detected between the evaluated
markers and cancer clinical parameters like: stage, grade, lymph node and distant metastasis. Interesting
changes have been detected in markers’ activity according to the tumor morphological features in
particular, presence of tumor

Table. results of Cox multivariate regression analysis for disease recurrence and patient death

Disease recurrence Patient death
Parameter Chi-square p value Chi- square p value
Tumor size 17.5 <0.0001 11.44 0.0007
PT 13.67 0.0011 9.09 0.0106
G 6.13 0.0467 8.39 0.0151
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Pic.5 Immunohistochemical staining Pic.6 Immunohistochemical staining Pic.7 Immunohistochemical staining
mdm? protein in a normal renal tissue Bcl-2 protein in a normal renal tissue Bax protein in a normal renal tissue

Conclusion. It has been shown by this study, that expressionof MDM2 and Bcl-2 is significantly up-

regulated, while Bax is down-regulated in RCC as compared with normal kidney tissue. Intensity of the
markers’ activities is associated with the tumor pathological and clinical parameters like: stage, grade,
lymph node and distant metastases, tumor recurrence and patient survival. Further studies with more

patients and longer follow-up will uncover the clinical importance of the evaluated markers in RCC.
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PE3IOME

MDM?2, BCL-2 u Bax ABiA1OTCA MPOTEeMHAMH, YYaCTBYIOIIUMH B IIpoIecce amonTosa. llempio marHOrO
HCCIIeJOBAaHUS SABUJIOCH U3y4YeHUEe POJIHM LAHHBIX MapKepoB B AUAaTHOCTHKe IOYeyHO-KiaeTouHoro paka (IIP).
HMsygena aktuHOCTS MDM2, BCL-2 1 Bax B pas/IHMYHBIX TKAHEBBIX CTPYKTYpaX, 24 HopMaabubix nodek (HIT) n 52
- IIP. IlpoaHanu3npoBaHHA CBA3b MeEXJy AaKTHBHOCTBIO MapKepoB M Pa3THYHBIMH KINHUYECKUMH
mapamerpamu. AxtuBHoctse MDM2 u BCL-2 6sira moBblmeHa, a akKTUBHOCTh Bax — monmxena mpu IIP B
cpaBaenuu c HII. AxrtuBHOCTs Bax Bo3pacTana c yBeIM4eHHeM BO3pacTa IAIFIEHTOB. Y POBEHb aKTHBHOCTH
MapKepoB CTaTHCTUYECKH JOCTOBEPHO KOPPEJHUpOBAI CO CAeAyIOIIMMH KJIMHUYeCKMMH IlapaMeTpaMu
3a60JIeBaHUA: CTAQAUSA, CTelleHb AuddepeHIINalNY, PeTHOHAIbHBIE K JAHUCTAIbHBIE METacTashl; YPOBEHB
SKCIIPECCHH MapKepOB KOPPEJINPOBAT C PeLUIUBOM 3a00JIeBaHUA U 5-7eTHeil BBDKMBAEMOCTBHIO IAIIME€HTOB.
Cormacro Cox CTaTHCTHYeCKOMY aHATIH3y, PHUCK (aKTOpaMHU peluAUBHPOBAaHUA paka M CMEPTH IAIleHTOB
ABJIATINCH PasMep, CTaAUA U CTelleHb nubdepeHIHauy OyXOIH.

A66pepuarypa: HII - mHOpMambHas mouka; IIP — modeuno-kierounsiii pak; MDM2 - Perymarop
amonrTo3a (MBIIUHBIA [BOIHON romosor 2 muHyTHl 2 (MDM2), Takke H3BeCTHBIH KaK YOMKBUTHH-
nporensurasa E3) BAX, taxke nzBecTHbIH Kak bel-2-momo6Hsrit 6enok 4; Bel-2-mumdoma 2), kogupyemas y
yenoBeka renom BCL2; Bax- (perynsrop amonto3a BAX, Takxe n3BecTHbIH Kak bcl-2-mogo6usIit 6eok 4)
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IMPORTANCE OF APOPTOSIS MARKERS (MDM2, BCL-2 AND Bax) IN CONVENTIONAL RENAL
CELL CARCINOMA
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SUMMARY

The goal of the current study was to analyze the expression of Bcl-2, MDM2 and Bax in benign and
malignant renal tissue samples and assess their possible association with different clinical parameters.
Prognosticsignificance of the markers in recurrence-free and cancer-specific survivals has also been evaluated.
Activity of MDM2, Bcl-2 and Bax was evaluated in: 24 normal human kidney tissues resected from the
patients of different ages (range: 21-80 years), and in 52 conventional RCC samples. Intensity of the markers’
expression was compared between the groupsand correlation wasanalyzed with different clinical parameters.

Activity of anti-apoptotic MDM2 and Bcl-2 was significantly elevated while activity of pro-apoptotic
Bax was decreased in RCC as compared with normal kidney tissues. Bax expression was positively correlated
with patient age. Significant association has been detected between the evaluated markers and cancer clinical
parameters like: tumor stage, grade, lymph node and distant metastases. The markers’ activity was associates
with the tumor morphological features, in particular: presence of tumor necrosis and microvascular invasion.
Disease recurrence and 5-year patient survival were associated with the markers’ activity. Cox regression
analyses have shown that tumor size, pathological stage and grade are the risk factors for disease recurrence and
patient death.

Expression of MDM2 and Bcl-2 is significantly up-regulated, while Bax is down-regulated in RCC as
compared with normal kidney tissue. Intensity of the markers’ activities is associated with the tumor
pathological and clinical parameters (stage, grade, lymph node and distant metastases, tumor recurrence and
patientsurvival). Further studies with more patientsand longer follow-up willuncover the clinical importance of
the evaluated markers in RCC.

Key words: Renal cell carcinoma, apoptosis.



