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ABSTRACT

Purpose: In this comparative study we investigated
the cell proliferation, using silver-stained nucleolar orga-
nizer regions (AgNORs) and expression of C-erbB-2 on-
coprotein in benign prostatic hyperplasia (BPH), prostatic
intraepithelial neoplasia (PIN) and prostatic carcinoma
(PC).

Methods and results: AgNORs and C-erbB-2 expres-
sion were studied qualitatively and quantitatively in 30
prostatic specimens (10 BPH, 10 PIN and 10 PC). Lowest
AgNORs counts were observed in BpH and highest counts
in PC. Intermediate counts have been seen in PIN. The dif-
ference between the three groups was statistically signifi-
cant (p < 0.001). Studying expression of C-erbB-2 onco-
protein as well as the subcellular distribution
demonstrated similarity in expression of C-erbB-2 onco-
protein among high-grade PIN and PC, which differed
greatly from that of BpH and low-grade PIN.

Conclusion: Our results indicate that, prostatic carci-
nomas may arise from prostatic intraepithelial neoplasia.
Qualitative typing of AgNORs and pattern of expression
of C-erbB-2 may contribute to the differential diagnosis
between benign and malignant prostatic lesions. Further
studies are required to highlight, the prognostic signifi-
cance of C-erbB-2 in prostatic carcinomas.
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INTRODUCTION

Nucleolar organizer regions (NORs) are
loops of chromosomal DNA that ultimately di-
rect the development of the nucleolus. These
NORs are associated with argyrophilic acidic
non histone proteins which have allowed the
demonstration of NORs by simple silver-stain.
This staining technique has been used to exam-
ine the number of silver-stained NORs (Ag-

137

NORs) in malignant and benign conditions and
in general AgNOR numbers are increased in
malignant tissues when compared with normal
and benign conditions. More recently, this tech-
nique has been applied to premalignant lesions
with varying results [4,12].

The C-erbB-2 proto-oncogene (also called
HER-2 or neu) encodes a 185 Kda transmem-
brane glycoprotein [1]. It was mentioned that
this protein is closely related, but yet different
to EGF-receptor encoded by the C-erbB-2 pro-
to-oncogene [6]. The structural alteration re-
sponsible for activation of C-erbB-2 gene is
thought to result from a single mutation by a
single amino acid substitution in the transmem-
brane domain [24]. Over expression of the pro-
tein product, usually associated with gene am-
plification, has been demonstrated in a wide
range of human adenocarcinomas originated in
different organs (breast, ovary, stomach, colon,
lung and pancreas). For mammary and ovarian
carcinomas a strong correlation between C-
erbB-2 amplification and poor prognosis of the
disease has been observed [25,28]. However,
very little is known concerning the roles of
growth factors, growth factor receptors or pro-
to-oncogenes in the development and progres-
sion of prostatic adenocarcinomas [21].

Purpose: We examined and compared the
proliferative activity (using AgNORs) and ex-
pression of C-erbB-2 oncoprotein in benign
prostatic hyperplasia (BPH), prostatic intraepi-
thelial neoplasia (PIN) and prostatic adenocar-
cinomas (PC).
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PATIENTS AND METHODS

Prostatic tissues (30) were extracted from
the files of pathology department, Ain Shams
Faculty of Medicine. These specimens were ob-
tained from patients who had undergone simple
and radical prostatectomies. PIN lesions were
classified into low and high grades [3,17]. PCs
were graded according to WHO system in
which nuclear anaplasia was used [18]. The 30
cases were classified as follows; BPH (n=10),
PIN I (n=3), PIN II (n=4), PIN III (n=3) and
PCs (n=10). In PIN, we preferred to evaluate
PIN II and IIT as high-grade PIN and PIN I as
low grade PIN.

AgNORs staining method.:

Paraffin-embedded tissues were sectioned at
5 um, the sections were stained as previously
described [26]. No counterstaining was used. In
all cases, 50 nuclei per case were counted, us-
ing oil-immersion lens at magnification of
X100. AgNORs counting and typing was done
after sharp focusing on the nuclear membrane
and fine granules nuclear matrix in each nucle-
us. Only individual AgNORs with sharp non
blurred contours in this plane of focus were se-
lected for description.

For AgNORs typing we used the typing sys-
tem as previously proposed [9] (Fig. 1). The sta-
tistical analysis was performed using the studi-
ent's ¢ test, p values of less 0.05 were
considered statistically significant.

Immunohistochemical staining for C-erbB-2
oncoprotein:

Additional 5-um tissue sections of the same
blocks, used for AgNORs method were cut,
mounted on slides, deparaffinized in xylene, re-
hyrated and soaked in tris-buffered saline for 10
minutes. The C-erbB-2 oncoprotein was dem-
onstrated by indirect immunoperoxidase tech-
nique as described previously [21]. A monoclo-
nal antibody specific for human C-erbB-2 was
used at a concentration of 0.25 Mg/ml. Mouse
immunoglobulin G (IgG) (5Mg/ml) of irrele-
vant specificity was used to control for mono-
clonal antibody specificity. The remainder of
the staining procedure was performed as previ-
ously described, utilizing the Dako universal
mouse kit (Dako, carpintera, calif). Breast can-
cer specimens were used as positive tissue con-
trols. The slides were examined and were
scored based on both the staining intensity and
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the proportion of cells stained. All cases with
membrane staining either alone or associated
with punctate cytoplasmic staining were scored
positive. Cytoplasmic staining alone was con-
sidered negative. If the staining intensity was
not greater than that observed in negative con-
trols, the specimen was assigned a score of
"none". If the intensity of the stain was low, or
if the intensity was strong but limited to less
than 50% of the cells, the immunostaining was
scored as weak. Strong staining in 50% or more
was scored as moderate and strong, respective-

ly.
RESULTS

AgNOR Scores:

AgNORs were seen nearly in all sections,
lowest counts were observed in BPH (median
2.2) and highest counts in PCs (median 5.8),
whereas intermediate counts have been seen in
PIN (median 4.5) Table (1). The difference be-
tween three groups was statistically significant
p < 0.001. Table (1), illustrates the difference
between the three groups as regards their medi-
an values. Also, we noted a statistically signifi-
cant difference (p < 0.01) between the three
grades of PIN median values (PIN I 2.86, PIN
I, 4.75, PIN III 5.73).

According to the typing system proposed by
Hansen and Ostergard [9], satellite AgNORs
types A1.3 were predominant in BPH (Fig. 2),
while types A and B, were frequent and
dominant in PIN I and types B2.3 and C1-2
were predominant in PIN II and IIT (Fig. 3) as
well as in PCs (Figs. 4-6).

C-erb-B2 Oncoprotein expression:

In this study we demonstrated variation in
the patterns and type of cells (luminal and basal
cells), stained by monoclonal antibody specific
to C-erbB-2 oncoprotein.

In BpH, 6 out of 10 specimens were stained
with C-erbB-2. Three positive cases demon-
strated weak immunostaining of luminal and
basal cells. Two cases exhibited weak immu-
nostaining of luminal cells (Table 2). One spec-
imen showed moderately stained basal cells.
Membranous immunostaining was predominant
in 5 out of the 6 specimens (Table 3).

In low-grade PIN, weak immunostaining
was observed in luminal and basal cells of all
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specimens with evident equivocal cytoplasmic
and membranous patterns in luminal cells (Fig.
7). However, moderate immunostaining was
demonstrated in all high-grade PIN specimens
and it was localized in both luminal and basal
cells (3 of 7 specimens), in luminal cells only (3
of 7 specimens) and in basal cells only (one
specimen) (Table 2). Both cytoplasmic and
membranous immunostaining patterns were ev-
ident in 6 of 7 specimens while only one speci-
men showed membranous pattern (Table 3).

In PCs, moderate immunostaining for C-
erbB-2 was demonstrated in 7 of 10 specimens
and the remainder 3 specimens exhibited strong
immunostaining. Cytoplasmic pattern was pre-
dominant in 2 out of 10 specimens (Fig. 8),
while the other 8 specimens demonstrated both
cytoplasmic and membranous patterns (Table
3).
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Table (1): AgNOR scores of BPH, PIN and PCs.
Case Number BPH PIN PCs
1 1.8 2.55 3.66
2 1.9 2.60 3.44
3 1.95 343 5.00
4 2.00 4.60 5.70
5 2.06 4.70 5.50
6 2.09 4.80 6.00
7 2.15 5.00 6.50
8 2.23 4.90 6.80
9 2.88 5.50 7.00
10 3.00 5.69 8.00
Mean value 2.2 4.5 5.8
SD 0.4 1.29 1.14

SD: Standard deviation.
Total No. of cases, 30.
p <0.001.

Table (2): Expression of Ce-erbB-2 oncoprotein in basal and luminal cells of BPH and PIN.

Intensity of BPH (n=10)

Low-grade PIN (n=3)

High-grade PIN (n=7)

immunostainin .
& Basal Luminal Both

Basal Luminal Both Basal

Luminal Both

Weak 2 3
Moderate 1

Table (3): Patterns of positive C-erbB-2 immunostaining
in BPH, PIN and PCs.

Positive  Cytopla- Membra-

Diagnosis staining mic Hous Both
BPH (n=10) 6 5
Low-grade 3 1 2

PIN (n=3)

High-grade 7 1 6

PIN (n=7)

PCs (n=10) 10 2 8
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Fig. (1): AgNOR typing: a satellite AgNORs: Single (A1),
Scattered (Ap), grouped (A3); B fine granular AgNORs
in nucleoli: Small (B1) medium (B9p), large (B3); C
coarse to semi-solid AgNORs in nucleoli: small (Cp)
medium (Cp), large (C3).
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Fig. (2): Prostatic hyperplasia showing 1-2 nuclear dots
(satellite AgNORs) x1000.

Fig. (3): Prostatic intraepithelial neoplasia grade III show-
ing type C (i.e. coarse to semisolid AgNORs in nu-

cleoli and type A2 (scattered satellites x1000).

Fig. (4): Well differentiated prostatic adenocarcinoma
showing type Cp (i.e. medium sized coarse to

semi-solid AgNORs in nucleoli x1000.
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Fig. (5): Moderately differentiated prostatic adenocarcino-
ma showing type C-C3 (i.e. coarse to semi-solid

AgNORs in nucleoli)x1000.

Fig. (6): Poorly differentiated prostatic adenocarcinoma
showing type B and scattered satellite AgNORs

x1000.

e

Fig. (7): Immunohistochemical demonstration of C-erbB-2
oncoprotein in low grade PIN. Note weak and pre-
dominant membranous immunostaining in both
basal and luminal cells (x400).
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Fig. (8): Immunostaining of C-erbB-2 oncoprotein in mod-
erately differentiated prostatic adenocarcinoma.
Note predominant cytoplasmic immunostaining
pattern (x400).

DISCUSSION

The grading of PIN as previously defined
[17] and the WHO grading system for PCs [18],
takes nuclear features into account, the total
number of AgNORs has been shown to corre-
late with other methods of analysis of cellular
proliferative activity and ploidy such as Ki67
immunostaining [23], DNA flow cytometry [8]
in breast carcinoma. Also, nuclear DNA ploidy
status and AgNORs has been used to predict the
biologic behaviour of prostatic adenocarcinoma
[20]. However, in this comparative study, we in-
vestigated, expressions of both AgNORs and
proto-oncogene product (C-erbB-2) in BPH,
PIN and PCs.

In the present study, we applied the one step
silver nitrate method as previously described
[26], to prostatic lesions, we observed a signifi-
cant difference in AgNORs counts per nucleus,
among BPH, PIN and PCs, this finding is con-
sistent with other authors [7,9] who stated that
NORs have prognostic significance in PCs.
They found that NORs were significantly in-
creased in malignant prostatic tissue compared
to benign. NORs were significantly increased in
patients destined to develop metastasis. They
concluded that AgNORs may be useful as a pre-
dictor of disease outcome. Other several studies
[9,11,19] have reported that AgNOR analysis re-
vealed low values in BPH, moderate values in
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low-grade carcinomas and high values in PIN
as well as high grade carcinomas. The similari-
ties of nucleolar and AgNOR analysis between
PIN and high-grade carcinomas support the
idea that PIN is the precursor of the peripheral
prostatic carcinoma [2]. However, in contrast to
the previous studies, others [4] found no signifi-
cant difference in AgNORs counts in BPH, PIN
and PCs. They concluded that AgNORs counts
are of no use in differentiation of these lesions.
In this study we also concluded that AgNORs
counts are of no use in diagnosis.

We applied the typing system as previously
proposed [9]. This typing system was advised to
include two important features of NORs, name-
ly size as previously pointed out [22] and degree
of nucleolar disaggregation as stressed in previ-
ous reports [5,27]. Satellite AgNORs predomi-
nated in BPH, while medium-sized nucleoli
with granular AgNORs predominated in PIN le-
sions. Large nucleoli with granular AgNORs
were more frequently seen in PCs. It is conclud-
ed that qualitative typing of AgNORs may con-
tribute to the differential diagnosis between be-
nign and malignant prostatic lesions.

The other part of this study actually was de-
signed for studying immunoreactivity of C-
erbB-2 oncoprotein in PIN (especially high-
grade PIN) and PCs. To determine the signifi-
cance of C-erbB-2 in prostatic lesions (PIN and
PCs), it was necessary to establish expression in
BPH.

In the present study, we observed similarity
between low-grade PIN and BPH concerning
the pattern, distribution and intensity of immu-
nostaining. Basal cells immunostaining and
membranous patterns were frequently observed
in both lesions (BPH and low-grade PIN).

A similar predominance of basal cell stain-
ing has been mentioned in a previous report [16]
which localized EGF receptor to the basal cells
of BpH. In a further study [21], it was stated that
immunostaining for C-erbB-2 in benign glands
was strongest in basal cells and it was typically
absent or weak in the luminal cells and expres-
sion was localized to cell membranes. Al-
though, the function of prostatic basal cells is
unknown, it has been proposed that basal cells
give rise to secretory epithelial cells and func-
tion as stem cells [21]. The proliferative poten-
tial of basal cells and their expression of vari-
ous growth factor receptors and proto-oncogene
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products are consistent with this hypothesis
[10].

In this study moderate immunostaining for
C-erbB-2 oncoprotein was observed within cy-
toplasm and in the membranes of luminal cells
of high grade PIN and PCs. The cytoplasmic
staining in prostate was more coarse and punc-
tate than the pattern observed in breast tumours.
In the prostate, pure membrane staining was un-
usual without concomitant cytoplasmic stain-
ing. The biological significance of cytoplasmic
C-erbB-2 in malignant cells as observed by us
and others [21] is unknown. thus our findings
demonstrate similarity in the expression of C-
erbB-2 oncoprotein among high-grade PIN and
PCs. These findings are consistent with previ-
ous reports [10,13,21].

In another report no differences in the three
dimensional nuclear size was found between
high grade PIN and prostatic adenocarcinoma
[15] and this further supports high grade PIN as
a precursor of prostatic adenocarcinoma. So, as
previously concluded [14], the finding of high
grade prostatic intraepithelial neoplasia in a bi-
opsy without prostate cancer warrants repeat bi-
opsy because of the risk of concurrent cancer.

Conclusion:

1- These results are suggestive that PIN is a
precursor of PC.

2- Qualitative typing of AgNORs may contrib-
ute to the differential diagnosis between be-
nign and malignant prostatic lesions and this
needs further analysis of larger sample num-
bers.

3- Further studies are required to high light the
prognostic significance of C-erbB-2 in pros-
tatic carcinomas.
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