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ABSTRACT 27 blood samples were collected from various hospitals to study the chromosomal aberrations (CA) in
benign prostatic hyperplasia patients of Tamilnadu, Southern India. Equal number of normal healthy control blood
samples has been collected by using questionnaire. After signing a consent form, volunteers provided blood sample (5
ml) to establish cell cultures at 52 h. For CA analysis, 100 metaphases from each subject were evaluated. Major
chromosomal aberration like deletion, translocation, inversion and mosaic have been observed in experimental
subjects. These types of CA were frequently observed in chromosomes 1, 6, 8, 13, 16, 18. In control, very low levels
of major CA were observed compared to experimental subjects Identification of chromosome alterations may be

helpful in devising better therapeutic strategies.

INTRODUCTION

Clinical benign prostatic hyperplasia (BPH)
is a common disease and occurs in about one
quarter of menintheir fifties, onethird of menin
their sixties, and about half of all men=>80 years
(McVary 2006). A causativerolefor inflammation
in the pathogenesis of BPH was first proposed
in1937 (Moore 1937). However, for themajor part
of the 20th century, the embryonal reawakening
theory (McNed 1990) dominated thefield of BPH.

InIndia, theannual estimate of cancer for the
year 2001 was0.98 million and theannua mortality
in 2000 was 0.7 million (Greenlee 2001). It is
relatively rarefor prostate cancer to be diagnosed
inmen below 50 years of age, but abovethisage,
the incidence and mortality rates increase
exponentially (Haasand Sakr 1997).

The frequency of chromosome instability in
peripheral blood lymphocytes is relevant
biomarker for cancer risk in humans, reflecting
early biological effects of genotoxic carcinogens
and individual cancer susceptibility (Hagmar et
al. 1998; Bonassi et al. 2000). An increased
frequency of chromosome aberrations in
circulating lymphocytesisgenerally considered
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indicative of increased cancer risk for those
exposed to DNA damaging agents (Bonassi et
a.1995).

Genetic instability often can be detected at
the chromosomal level, resulting in loss or gain
of whole chromosomes or portions thereof.
However, earlier detection and high resolution
discovery of instability would allow for specific
treatment of each tumor. Genetic alterationsdrive
tumor progression toward heterogeneity and
diversity in prostate cancer (Kimet a. 2000; Chaib
et al. 2003; Strohmeyer et al. 2004). One of the
diversities in this gland is hyperplastisity of
epithelial cells, which appears in both prostate
cancer and benign prostatic hyperplasia (BPH).
Thereare severa reportsof similarities between
prostate cancer and BPH. More than 80% of the
cancers concomitantly arise with BPH in
prostates (Bostwick et al. 1992). Some molecular
changesin hyperplastic cellsaresimilar to those
seen in cancer (Mascoskaet al. 1994; Phillips et
a.1994).

In spite of the available reportsin literature
very littleisknown about the spontaneous back-
ground levels of chromosomal alterationsin the
peripheral blood lymphocytes of Benign prostatic
hyperplasia patients. The aim of the present
investigation was to find out the chromoso-
mal aberrations present in BPH patients of
Tamilnadu.
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MATERIALSAND METHODS
Subject Recruitment

Five ml of blood sample was collected from
each of 27 BPH patientsin various hospitals of
Tamilnadu state, who did not undergo any treat-
ment such as hormonal therapy, chemotherapy
and radiation therapy. The subjects were
recruited in the age group of 40 — 80 yrs; they
weredivided into Group 1(40-60 yrs) and Group
[1(61-80yrs).In both BPH patientsand controls
21 (77.8%) subjectswereincludedin Group | and
6 ( 22.2%) subjects were included in Group I1.
ThePSA level of collected blood sampleswasd”
10.0mg/ml (86.6 %) in 23 subjectsand = 10.0 mg/
ml (13.3%) in 4 subjects. Healthy controlswere
selected in the same area. All controls had
prostate-specific antigen (PSA) levels< 4.0 mg/
ml (90% had PSA levelsand < 2.0 mg/ml in 10%)
along with confirmation by digital rectal
examination. Dataon medical and family history
of cancer, smoking habits, and occupational
history were obtained through an interviewer-
administered questionnaireaswell asfrom review
of the patient’s hospital records of both control
and diseased patients.

CHROMOSOMEABERRATIONASSAY

All chemical reagents were purchased from
Sigma Chemicals, except colcemid that was
obtained from Gibco L aboratory. Blood samples
were set up to establish leukocyte cultures
following standard proceduresin our laboratory
(Hoyoset al. 1996). 0.5 ml blood wasadded to 4.5
ml RPM | 1640 medium supplemented with 10%
fetal bovine serum, 2 mM I-glutamine, 1%
streptomycin-penicillin, 0.2 ml reagent grade
phytohemagglutinin, and was incubated at 37
oC. After 50 hr, culturesweretreated with 0.1 g/ml
colcemidto block cellsin mitosis. Lymphocytes
were harvested after 52 hr by centrifuging cells
to remove culture medium (8001000 rpm),
addition of hypotonic solution (KCI 0.075 M) at
37 °C for 20 min to swell the cells, and treated
twice with Carnoy’s fixative (3:1 ratio of
methanol:acetic acid). Slideswere carefully dried
on a hot plate (56 °C, 2 min). Three days later,
slides were stained using the trypsin-giemsa
technique. For the CA analysis, 100 metaphases
infirst cell cyclewere evaluated per subject under
a microscope (100x) to identify numerical and

structural CA. Observations were recorded on
master tablesand later transferred to acomputer
file.

RESULTS

A total of 54 subjects corresponding to 27
BPH Patientsand 27 normal healthy individuals
were recruited for this study. The BPH patients
had not undergone prior treatment including
hormonal, chemotherapy, or radiation therapy.
The subjectswere recruited with age between 40
and 80 yrs. Intable 1, the CA frequently exhibited
werein chromosomes 1, 6, 8, 13, 16, 18 (Fig.1-4).
Major chromosomal aberrations are shown in
Table 3. Interestingly, controls displayed very
low level of magjor CA as shown in table 2 and
Figure5. In BPH mean £ S.D valueswere Group |
1.47+0.51, Group 1 2.83 £ 1.83 and In Control
Group | 0.14 £ 0.35; Group Il 1.5 + 0.83.
Observations were found to be statistically
significant ANOVA (P>0.05) for BPH patients.

DISCUSSION

Cancer isaconsequence of genetic or epige-
netic alterations in a variety of genes that are
fundamental to the process of growth, cell proli-
feration, differentiation and programmed cell
death (Sandberg 1991). Each ateration, whether
an initiating or a progression-associated event,
may be mediated through gross chromosomal
change and hence hasthe potential to be detected
cytogenetically (Solomon et al. 1991). The
relationship between presence of highfrequen-
cies of chromosome aberrations and predis-
position to cancer has been established in syn-
dromes. Anincreased frequency of chromo-some
aberrationsin circulating lymphocytesisgeneral -
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Fig. 1. Age wise increase of CA in BPH patients
compared to controls.
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Fig. 5. Normal male (Control) - 46, XY

ly considered indicative of increased cancer risk
for those exposed to DNA damaging agents.
Bonassi et al. (1995) reported a significant

[ increase in the mortality ratio for al cancersin
i ‘\ : .'."" subjects who had shown increased levels of
-~ chromosomal aberrationsin their lymphocytes.
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In the present study subjects were recruited
with age group of 40 — 80 yrs (Fig.1) because
one quarter of men in their fifties, one third of

B i men in their sixties, and about half of al men
L. wereof €”80 years(McVary 2006).
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Fig. 4. Satellite formation in 13th chromosome In the present investigation, major chromo-
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Table 1: Frequency of chromosomal aberrations present in BPH patients.

S.No Particulars Age Chromosomal abnormalities identified by G-banding Total

Case No. (years)

(n = 45) Deletion Translocation Inversion Mosaic
1 BPHO001 45 1 - - - 1
2 BPHO002 52 - 1 - - 1
3 BPH 003 57 2 - 1 - 3
4 BPH 004 48 - 1 - - 1
5 BPH 005 49 - - - - -
6 BPH 006 57 2 1 - - 3
7 BPH 007 62 - 1 - - 1
8 BPH 008 68 - 1 - 2 3
9 BPH 009 41 1 - - 1 2
10 BPH 010 49 - 1 - - 1
11 BPHO11 59 3 - - 1 4
12 BPHO012 71 3 2 - - 5
13 BPHO013 48 - - - - -
14 BPHO014 53 1 - - 1
15 BPHO015 58 - - 1 - 1
16 BPHO016 58 1 - - - 1
17 BPHO017 60 2 - - 1 3
18 BPHO018 62 - 1 - - 1
19 BPHO019 66 1 1 - 2
20 BPHO020 43 - - - - -
21 BPHO021 55 1 - - - 1
22 BPHO022 51 - - 1 2
23 BPH023 48 - - - 1 1
24 BPH024 55 1 - 1 - 2
25 BPHO025 77 3 2 - - 5
26 BPHO026 60 - 2 - 2
27 BPHO027 55 1 - - - 1
Table 2: Frequency of chromosomal aberrations present in controls.
S.No Particulars Age Chromosomal abnormalities identified by G-banding Total

Case No. (years)

(n = 45) Deletion Translocation Inversion Mosaic
1 BPHO001 45 1 - - - 1
2 BPHO002 52 - 1 - - 1
3 BPH 003 57 2 - 1 - 3
4 BPH 004 48 - 1 - - 1
5 BPH 005 49 - - - -
6 BPH 006 57 2 1 - - 3
7 BPH 007 62 - 1 - - 1
8 BPH 008 68 - 1 - 2 3
9 BPH 009 41 1 - - 1 2
10 BPH 010 49 - 1 - - 1
11 BPHO11 59 3 - - 1 4
12 BPHO012 71 3 2 - - 5
13 BPHO013 48 - - - - -
14 BPHO014 53 1 - - 1
15 BPHO015 58 - - 1 - 1
16 BPHO016 58 1 - - - 1
17 BPHO017 60 2 - - 1 3
18 BPHO018 62 - 1 - - 1
19 BPHO019 66 1 1 - - 2
20 BPH020 43 - - - - -
21 BPHO021 55 1 - - - 1
22 BPHO022 51 - - 1 2
23 BPHO023 48 - - - 1 1
24 BPHO024 55 1 - 1 - 2
25 BPHO025 77 3 2 - - 5
26 BPH026 60 - 2 - 2
27 BPHO027 55 1 - - - 1

Group | (40-60 yrs); Group Il (61-80 yrs).
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Table 3: Major chromosomal aberrations in BPH patients.

S. No. Particulars (Case No.) Age Group (Yrs) Chromosomal complements
1 BPHP 0101 Group | (35-45 years) 46, XY, inv (16)
BPHP 0106 Group | (35-45 years) 46, XY, / 46 XY,del (6p-)
3 BPHP 0108 Group | (35-45 years) 46, XY, inv (7)
4 BPHP 0115 Group | (35-45 years) 46 XY, del (1q)
5 BPHP 0117 Group | (35-45 years) 46 XY, del (6p)
6 BPHP 0121 Group |1 (46-55 years) 46, XY, t (6g;16q+)
7 BPHP 0124 Group |1 (46-55 years) 46, XY, inv (9)
8 BPHP 0126 Group |1 (46-55 years) 46 XY, del (5p)
9 BPHP 0130 Group Il (46-55 years) 46 XY, del (8q)
10 BPHP 0133 Group 111 (56 years and above) 46, XY, t (6q;16q+)
11 BPHP 0135 Group 111 (56 years and above) 46, XY, /46,XY del (5p-)
12 BPHP 0137 Group 111 (56 years and above) 46 XY, del (Yq)
13 BPHP 0139 Group 111 (56 years and above) 46 XY, del (1q)

chromosomes 1, 6, 8, 13, 16, 18. In control, very
low levels of major CA such as deletion, trans-
location, mosaic and inversion were identified
compared to experimental subjects.

In the present study, Chromosome 1 showed
the deletion and translocation in BPH patients.
Chromosome 1 has a breakage-pronesite, which
has been reported to be sensitive to environ-
mentd clastogens (Conforti-Froeset a. 1997) and
is thought to be involved in both early and late
stages of tumor development (Grosovsky et al.
1996). Several reports suggest that chromosome
lisinvolvedin prostate cancer whether through
the presence of prostate cancer susceptibility
genes or through the disruption of common
pathways involved in cancer devel opment.

In our study, chromosome 6 showed dele-
tions, transl ocation and mosaicsin BPH patients.
Almost athird of prostate cancer cases showed
LOH as a consequence of deletion of the long
arm of chromosome 6, particularly 6q14-21
(Cooney et al. 1996; Srikantan et a. 1999). The
frequency of 6q deletion in invasive prostate
cancer wasfivefold higher than in organ-confined
prostate cancer (Srikantan et al. 1999).

Theearliest cytogenetic studiesidentified an
8p23 deletion in hormone-unresponsive sublines
of LNCaPcdls(Konigeta. 1989). Inchromosome
8 deletion and transl ocations were observed, so
alsointhe case of chromosome 16in CaP patients.
Chromosome 13 showed deletion and inversion
in CaP patients. LOH involving the long arm of
chromosome 13 has been reported in asmany as
athird of prostate cancers(Cooney et al. 1996; Li
etal. 1998). Anincreased rate of LOH wasinitialy
identifiedin chromosome 16q (Kunimi et a. 1991).
Structural abnormalitiesand trisomies of chromo-

some 16 in prostate cancer were also identified
through karyotyping (Miyauchi et al. 1992).

The present study showed CA like deletion,
translocation in Chromosome 18. Loss of
chromosome 18 wasfrequently observedin SV40-
transformed human prostate cancer cell lines.
Deletion of thelong arm of chromosome 18 was
observed in over 40% of primary prostate cancer
(Kunimi etal. 1991; Uedaet al. 1997).

In conclusion, inthis pilot study, we showed
that chromosomal instability in peripheral blood
lymphocytes may be a potential biomarker for
benign prostatic hyperplasia susceptibility. To
date, the molecular genetic events associated
with the initiation and progression of benign
prostatic hyperplasiaremain poorly understood.
It has long been considered that genetic instabi-
lity plays a pivotal role inthe development and
progression of human cancer (Loeb 1991), and
aswith most types of human cancer, multiple
genetic changes are probably necessary for
prostate carcinogenesis.
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