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Abstract

Angiogenesis represents one of the most important factors of the tumor proliferation. Renal carcinoma with clear cells is highly
vascularized. Knowing numerous quantification systems of tumor angiogenesis, we used a simple one, the evaluation of the relative
vascular density. We studied 61 cases with partial or total nephrectomy performed in the Urology Department of Timisoara County
Hospital. We correlated the intensity of angiogenesis with a tumor proliferation factor PCNA (proliferating cell nuclear antigen) and with the
monoclonal antibody PC10. Correlation of the two immunohistochemical methods with the degree of the tumor differentiation suggested an
inverse ratio between vascular density and tumor proliferation degree.
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 Introduction
Tumor proliferation is linked to the process of
angiogenesis. An intense neovascularization allows
tumor expansion, and the diminishing of this process
reduces or even stops neoplastic growth [1, 2]. The
significance of angiogenesis in tumor growth varies as
an intense microvascularization is highly suggestive for
a severe prognosis though other researchers do not
consider it of prognostic importance [3, 4]. Tumor
proliferation rate can be investigated by identifying the
PCNA antigen using PC 10 monoclonal antibody [5, 6].
By correlating angiogenesis and tumor proliferation,
using immunohistochemical methods, we try to draw
some conclusions concerning the prognostic of renal
tumors.
 Materials and Methods
We studied from the morphological and immunohistochemical point of view 61 renal tumors witch
where obtained by nephrectomy performed in the
Urology Department of Timişoara County Hospital.
The material was studied in the Pathology Laboratory of
the same hospital and the Histopathology Department of
“Victor Babeş” University of Medicine and Pharmacy
in Timişoara. Tissue fragments where prepared using
usual methods, included in paraffin, sectioned, stained
with Hematoxylin and Eosin and by immunohistochemical reactions. All sections underwent the CD31
immunohistochemical reaction. We used CD31 mono-

clonal antibodies (DAKO) and the DAKO LSAB2
peroxidase. The chromogen we used was DAB. Using
this immunostaining, endothelial cells of vascular
structures where depicted. The proliferation process was
evaluated by performing the immunohistochemical
reaction for PCNA using PC10–LSAB monoclonal
antibody and by using the LSAB–DAB kit both
produced by DAKO. PCNA immunostained samples
where examined at high magnification and for each case
1000 nuclei where observed, evaluating the ratio of
positive nuclei. PC10 index represented the percentage
of cells with positive nuclear expression from all
examined cells. The relative vascular density was
evaluated by the ratio of vascular structures in conventional field area unit, which, at ×40 magnification
represents 0159 mm2. For each case, we counted 30
such fields and calculated the mean value.
 Results
Surgical excision samples where obtained from 61
cases of renal cell carcinoma with perirenal fatty tissue.
In 36 cases, the renal hilum was included for the study
of vascular invasion. Out of the 61 patients, 43 where
males and 18 females, aged between 44 and 78 years.
Sixty cases where renal cell carcinomas with variable
percentage of clear and granular cells (predominance of
clear cells) and one case of oncocytoma. From the 60
cases, most of them had a medium grading, G2 (37
cases). Well differentiated carcinomas G1 (13 cases)
and poor differentiated G3 (11 cases) where rare.
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The activity of PCNA antigen was divided in three
categories of intensity:
▪ low score or expression with 0–25% positive nuclei;
▪ medium score or expression with 25–75% positive
nuclei;
▪ high score or expression with 75–100% positive
nuclei.
The correlation between PCNA score and the
tumoral differentiation is represented in Table 1.
Table 1 – Correlation between PCNA score and
tumoral differentiation degree
PCNA Score
Low
(0–25%)
Medium
(25–75%)
High
(75–100%)
Total

No of cases
(%)

Clear and granular cells
G1

G2

G3

14 (24%)

8

6

–

32 (53%)

5

23

4

15 (23%)

–

8

7

61

13

37

11

Immunohistochemical aspects of PCNA expression
are to be seen in Figures 1, 3, and 5.
The relative vascular density reveals the highest

value in renal carcinomas stage G1 (28.75). The lowest
vascular density (4.72) was seen in low differentiated
carcinomas (Table 2).
Table 2 – Correlation between relative
density and tumor differentiation degree

vascular

Differentiation degree

Relative vascular density

G1

28.75 (24–33)

G2

13.4 (7–19)

G3

4.72 (3.18–6.27)

The immunohistochemical expression of CD31 is
shown in Figures 2, 4, and 6.
Comparative assessment of the two studied factors is
presented in Table 3.
Table 3 – Correlation of the relative vascular density
with PCNA score depending on the tumor
differentiation degree
PCNA score
Differentiation
degree
Low Medium High

Relative vascular
density

G1

8

5

–

28.75

G2

6

23

8

13.4

G3

–

4

7

4.72

Figure 1 – Renal cell carcinoma with PCNA immunostaining, low score (LSAB2 DAB, ×400).

Figure 2 – Renal cell carcinoma G1 with positive
expression for CD31 (LSAB2 DAB, ×200).

Figure 3 – Renal cell carcinoma with medium
differentiation degree, medium score for PCNA
expression (LSAB2 DAB, ×400).

Figure 4 – Angiogenesis with irregular vessels in G2
renal cell carcinoma (LSAB2 DAB, ×200).
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Figure 5 – High PCNA score in low differentiation
degree renal cell carcinoma (LSAB2 DAB, ×400).

 Discussion
In the past decades, together with the developing of
electronic microscopy and immunohistochemistry,
important data where gathered regarding tumor vascularrization and tumor stroma [7–9]. Tumor vascularization is represented by neoformation structures and is
named angiogenesis. These vessels are different from
normal ones as far as heterogeneity, discontinuity and
the existence of aspects that annihilate all the rules
concerning the normal aspect of vascular vessels are
concerned [10, 11]. The variability of relative vascular
density inside malignant tumors with different
differentiation degrees can be explained by the fact that
G1 tumors have a slow growth and allow a development
of a rich vascular network [12, 13]. G3 type renal
carcinoma includes often abnormal vessels with
discontinuous walls (Figure 6), which are enclosed by
tumoral necrosis and CD31 positive zones but do not
have the usual aspect of classical vascular structures
(Figure 6). The PCNA score is high in these cases,
reaching values of 80% (Figure 5). Functionally, neoformation vessels are unusually permeable. Permeability
of tumor vessels is correlated with the differentiation
degree [14, 15]. Hyperpermeability of tumor vessels
allows plasma proteins to leave the vessels and to
produce interstitial edema (Figure 4). Discontinuity of
those vessels allows, on the other hand, some tumor
cells to reach the blood stream and to produce metastases
[5, 9]. Vascular dyspermeability in tumors was attributed
to very active angiogenesis and constantly remodeling
of microvessels but how discontinuity between endothelial cells appears is unknown [16, 17]. The endothelium of tumor vessels shows intercellular spaces,
transendothelial holes, vesicular-vacuolar organellae
and fenestrations [18]. The cellular proliferation process
was studied with PC10 monoclonal antibody, using the
PCNA score. All cases had a positive expression to this
antigen, localized in the nucleus. Usually it has a
granular pattern (it is considered to join the DNA
replication sites) or a diffuse nuclear one, representing
PCNA not associated to replication sites.
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Figure 6 – Incomplete and low intensity angiogenesis
in G3 renal cell carcinoma (LSAB2 DAB, ×200).

 Conclusions
Results obtained by correlating PCNA immunoreactivity with other prognostic clinic and morphologic
parameters show a positive relation between high
PCNA score and low differentiation of renal carcinoma.
Relative vascular density appreciated by CD31 immunohistochemical reaction shows an inverse ratio between
tumor differentiation degree and vascular density.
Undifferentiated renal carcinomas do not allow the
development of a large vascular network explaining the
appearance of necrosis and hemorrhage.
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