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Introduction

The most serious accident in the history of the nuclear
industry occurred on April 1986 at the Chernobyl power
plant in Ukraine (70 km from Kiev). It took 10 days to
control the disaster, and during this time large quantities
of radionuclides were released into the environment with

Received: Jan 25, 1999; accepted: Febr 10, 1999

Correspondence: Prof. Béla SZENDE, 1st Institute of Pathology and
Experimental Cancer Research, Semmelweis University of Medi-
cine, Üllôi út 26, 1085 Budapest, Hungary; Tel: +36-1-2660451,
fax: +36-1-3171074
Supported in part by a Merit Review Grant from the Veteran’s
Administration and USPHS grants CA23386 and CA23800 from
the National Cancer Institute.

The prevalence of prostatic intraepithelial neopla-
sia (PIN) in men who underwent surgery for be-
nign prostatic hyperplasia (BPH) before and after
the Chernobyl nuclear accident was studied. BPH
samples were obtained by adenomectomy from 45
patients operated in 1984 before the accident
(Group I), and 47 patients from the low contami-
nated Kiev City (Group II) and 76 from high conta-
minated area (Group III) operated between 1996
and 1998. Their BPH samples were examined histo-
logically and immunohistochemically. The inci-
dences of prostatic intraepithelial neoplasia (PIN)
and high grade PIN (HGPIN) were 15.5 and 11.1%

in Group I, 29.8 and 14.9% in Grpoup II, and 35.5
and 19.7% in Group III. The difference between the
incidences of PIN in Group I and III is significant
(p<0.02). There was increased apoptosis in areas of
PIN in Group II and III as compared to Group I
(p<0.001). Since apoptosis has been shown to be
associated with ionizing radiation and it is now
found to be associated with PIN in patients diag-
nosed after the Chernobyl nuclear accident, this
suggests that long-term low dose internal ionizing
radiation potentially may cause prostate cancer.
(Pathology Oncology Research Vol 5, No 1, 28–31,
1999)
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serious consequences to health, environment and the
social and economic life of the people of Ukraine. It is
important to note that radioactive contamination still
exists, and continuously impacts the health of the Ukrai-
nian population.

As of now, 12 years after the accident, about 10 million
people who live in the radiocontaminated area of Ukraine
have been exposed to low dose ionizing radiation. Cs-134
and Cs-137 constitute 80–90% of the internal exposure in
the population. Ninety % of these radionuclides were con-
centrated and eliminated through urinary excretion.1 An
increase of the incidence of thyroid cancer has been
shown in the clean-up workers and people, particularly
children, who live in the radiocontaminated areas.2-6 An
increased incidence of bladder cancer in adults has also
been reported.7,8
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Since the prostate gland is adjacent to the urinary blad-
der, it is plausible that this gland may also be a target of
radionuclides. The present study investigated whether
there is any increase in pre-malignant histological and
molecular changes that can be associated with radiation
exposure in the Ukraine population. HGPIN has been
associated with carcinoma,9-12 and it may be an early lesion
identifiable by histological examination in the population
exposed to radiation. We have selected three groups of
population in Ukraine which represent a varying degrees
of internal exposure to radiation for the present study.

Materials and Methods

All BPH patients underwent open adenomectomy in
1984, before the nuclear accident, (Group I) and between
1996 and 1998 (Group II and III) in the Institute of
Urology and Nephrology in Kiev, Ukraine were included
in this study. They were diagnosed to have BPH due to
obstructive symptoms of this disease. No PSA screening
was performed for these patients. All of them were smok-
ers. Their characteristics were shown in Table 1. Group III
patients were from the heavily radio-contaminated area
and Group II were from less contaminated area. These
patients resided in the same area during the pre- and post-
Chernobyl accident.

Surgical specimens were fixed 24 hr in 10% buffered
formalin solution, then embedded in paraffin. Sections
were stained with hematoxylin and eosin for routine histo-
logical examination, as well as for immunohistochemical
studies. A total of 12 specimens from each individual were
evaluated independently by our co-authors in Budapest,
Hungary and Syracuse, New York. PIN was classified into
low and high grade according to the criteria defined by
Bostwick.10

The ApopDETEK Cell Death Assay System (Enzo
Diagnostics, USA) and Simply Sensitive Horseradish Per-
oxidase-DAB in situ Detection System (Enzo Diagnostics,

USA) were used to identify apoptosis. Deparaffinized sec-
tions were treated with Proteinase K for 20 minutes, then
used for detection of apoptotic bodies according to the
procedure recommended by the provider. Slides were then
counterstained with methyl green. About 2000 prostatic
epithelial cells were evaluated for staining results and the
index of immunoreactivity, defined as the percentage of
positively stained cells, was calculated.

Chi square and students t-test were used for statistical
analyses.13

Results

The incidence of PIN

Microscopically, multiple foci of PIN were usually
observed. They were characterized by significant prolifera-
tion of moderately or poorly differentiated epithelia within
prostatic ducts and acini. PIN and HGPIN were observed in
7 and 5 of 45, 14 and 7 of 47, and 27 and 15 of 76 cases in
Group I, II and III, respectively (Figure 1). Only the differ-
ence between the incidences of PIN in Group I and Group
III is significant (p<0.02). Although the incidences of
HGPIN followed the order of Group III>Group II>Group I,
the difference is not significant (p>0.05). None of the sam-
ples from any of these groups have lesions of carcinoma.

Table 1. Patient characteristics

Group I Group II Group III

No. of patients 45 47 76

Year being 
operated 1984 1996-1998 1996–1998

Median age 
(range) 67 (58–75) 67 (58–75) 61 (45–72)

Contamination level at
inhabiting area 
(Ci/km2) NA 0.5–5 5–30

The contamination data are from ref. 20.
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Figure 1. Incidence of PIN in pre-Chernobyl group (I), low
contaminated Kiev City (II), and high contaminated areas (III).
Solid and shade bars stand for PIN and HGPIN, respectively.
The incidence of PIN is significantly greater in Group III than
in Group I (p<0.02).
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Apoptosis

The apoptotic indices were greater in PIN than in BPH
in all groups. The majority of apoptosis occurred in basal
layer cells in the area of PIN and BPH. The apoptotic
indices in PIN in Group II and III (Figure 2) are signifi-
cantly greater than in Group I (p<0.01 and p<0.0001,
respectively). 

Discussion

The present study has demonstrated a two-fold increase
in incidence of PIN in BPH patients who underwent
surgery during the period 1996-1998 from the radiocomt-
aminated areas as compared to analogous patients who
have been operated before the Chernobyl accident (Figure
1). However, the increase in the incidence of HGPIN was
not statistically significant. Medical management of pro-
static disease caused by benign obstruction has not
become common in Ukraine, so most bladder outlet
obstructions due to BPH are still managed by adenomec-
tomy and the criteria for this procedure have not changed
in the last decade. The observed difference in the inci-
dence of PIN cannot be due to bias in clinical variances of
BPH. The incidence of HGPIN found in the control group
of this study was less than 50-60% reported by Sakr et al,14

but was higher than 2.5% found in TURP samples from
the comparable age group.11,12 These differences in the
incidence of HGPIN observed among these investigators
may be due to the difference in the volume of prostatic tis-
sue used for histological evaluation. 

Development of prostate carcinoma is a multistep
process.15 Alteration of genes, which control the processes
of cell proliferation and apoptosis may lead to the appear-
ance of PIN and invasive cancer. HGPIN is associated
with progressive abnormalities of phenotype and geno-
type, which are intermediate between the normal prostatic
epithelium and cancer.10,16 Usually HGPIN arises after the
accumulation of several genetic mutations, which include
both mutations that activate dominant oncogenes and
mutations that inactivate tumor suppressor genes.15 G1-S
arrest connected with DNA damage repair machinery can
lead cells to apoptosis as a protective attempt in response
to ionizing radiation.17,18 The observed increase in apop-
totic index in PIN (Figure 2) supports the interpretation
that the PIN may be caused by long-term low dose inter-
nal ionizing radiation.

Since most prostate cancers develop in the peripheral
zone which was not sampled in our study and PSA was not
done on these men prior to surgery, it is quite probable that
many early cancers could have been missed in our pati-
ents, particularly in the post Chernobyl group. It is inter-
esting to note that neither the incidence nor the mortality
of prostate cancer in atomic bomb survivors in the cities of
Hiroshima and Nagasaki has increased over the last 50
years.19 But the contamination level of the long-lived radi-
ation element Cs-137 is thousands of times greater in
Ukraine than in these two Japanese cities.19-21 In summary,
the presence in high frequency of histological and molec-
ular changes associated with nuclear instability in the
prostate of men exposed to ionizing radiation following
the Chernobyl nuclear accident suggests that this type of
radiation exposure may be a cause of prostate carcinoma. 
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Figure 2. Apoptotic index in areas of PIN in pre-Chernobyl
group (I), low contaminated Kiev City (II), and high contami-
nated areas (III). The index is significantly greater in Group II
and III than in Group I (p<0.001). The bar equal to one SD of
the mean.

A
po

pt
ot

ic
 in

d
ex

 (
%

)



31PIN and Apoptosis in BPH Before and After Chernobyl

Vol 5, No 1, 1999

10.² Bostwick DG: High Grade Prostatic Intraepithelial Neoplasia:
The most likely precursor of prostate cancer. Cancer 75:1823-
1836, 1995.

11.² Gaudin PB, Sesterhenn IA, Wojno KJ, et al: Incidence and clin-
ical significance of high-grade prostatic intraepithelial neoplasia
in TURP specimens. Urology 49:558-563, 1997.

12.² Pacelli A, Bostwick DG: Clinical significance of high-grade
prostatic intraepithelial neoplasia in transurethral resection spe-
cimens. Urology 50:355-359, 1997.

13.² Steel RGD, Torrie, JH: Principles and Procedures of Statistics.
New York: McGraw-Hill, 1960.

14.² Sakr WA, Grignon DJ, Haas GP, et al: Age and racial distribu-
tion of prostatatic intraepithelial neoplasia. Eur Urol 30:138-
144, 1996.

15.² Myers RB, Grizzle WE: Changes in biomarker expression in the
development of prostatic adenocarcinoma. Biotech Histochem
72:86-95, 1997.

16.² Humphrey PA, Swanson PE: Immunoreactive p53 protein in
high-grade prostatic intraepithelial neoplasia. Pathol Res Prac-
tice 191:881-887, 1995.

17.² Maity A, Kao GD, Muschel RJ, et al: Potential molecular targets
for manipulating the radiation response. Int J Radiation Oncol
Biol Phys 37:639-653, 1997.

18.² Stewart BW: Mechanisms of Apoptosis: Integration of Ge-
netic, Biochemical and Cellular Indicators. J Natl Cancer Inst
86:1286-1292, 1994.

19.² Ron E, Preston DL, Mabuchi K, et al: Cancer incidence in atom-
ic bomb survivors. Part IV: comparison of cancer incidence and
mortality. Radiation Res 137:s98-112, 1994.

20.² Raes F, De Cort M, Graziani G: Multi-fractal nature of radioac-
tivity deposition on soil after the Chernobyl accident. Health
Phys, 61:271-274, 1991.

21.² Shizuma K, Iwatani K, Hasai H, et al: Fallout in the hypocenter
area of the Hiroshima atomic bomb. Health Phys 57:1013-1016,
1989.


