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ABSTRACT Chromosomal instability was studied in cultured peripheral blood leucocytes to assess whether peripheral
blood had non-random cytogenetic aberrations as observed in tumor tissue. The study was conducted on sporadic
breast and gastrointestinal tract cancer patients from an area having increased incidence of these cancers. The study
sample was of 38 sporadic (26 gastrointestinal tract and 12 breast) cancer patients and 30 controls subjects. Cancer
patients had significantly increased (20-68%) aberrant metaphases compared to controls (6.2%). In patients, the
aberrations seen were loss or gain of chromosomes, polyploidy, chromatid breaks and gaps, acentric fragments,
marker chromosomes, double minutes and acrocentric associations. In oesophageal cancer loss of chromosome 2,
7q-, 10, 11, 12, 15, 17, 19, 21,and Y and gain of chromosome 3, 4, 10, 19, and 22; in gastric cancer loss of 11q and
X, gain of extra C group like marker chromosome and in breast cancer loss of 1,2, 5, 7, 11, 12, 13, 15, 16, 18, 22,
and X and gain of chromosome 2q, 13, 19 and 20 were seen. Chromatid breaks were seen on chromosomes 1p, 2p, 2q
and 4q while chromatid gaps were on chromosomes 1p, 2p, 3p, and 3q only. Aberrations involving specific chromosomes
i.e. 2, 7, 11, 12, 15, 19, 22 and X in lymphocytes of cancer patients having cancers of diverse sites indicate that the
patients probably have a constitutional chromosomal instability which participates in cancer predisposition and there
is involvement of some common genes in tumor initiation and development.

INTRODUCTION

Cancer is a disease caused by mutation in
genes that give a selective advantage to the
growth of tumor cell. A tumor has many genetic
alterations acquired in course of a long clonal
evolution. The pattern of abnormalities varies
from simple rearrangement to complex
abnormalities affecting both chromosome
structure and number (Mitelman Data Base of
Chromosome Aberrations in Cancer 2001).
Genetic instability is considered as a poor
prognostic factor in many types of cancers
implying that cellular processes that lead to the
gain, loss or rearrangement of genomic DNA are
important in evolution of metastatic tumor cells
(Usmani, 1993). Chromosomal instability can
contribute to tumor progression by several
possible mechanisms: (1) Loss of chromosomes
that harbor genes encoding negative regulators
of cell cycle progression, proteins involved in
apoptosis or senescence or suppression of
uncontrolled cell growth, metastasis and
invasion. (2) Gain of extra chromosomes that
harbor oncogenes encoding positive regulators
of cell cycle progression, antiapoptotic proteins
and proteins that suppress senescence.

Specific types of chromosomal aberrations
have been identified in different tumors. These
reflect genomic changes contributing to
transformation of normal cells to tumor cells,
promoting cell proliferation and viability.
Epithelial tumors show gain and loss of distinct
chromosomal regions reflecting copy number
changes of oncogenes and tumor suppressor
genes whereas hematological tumors have more
translocations. The principal biological
mechanisms causing either reciprocal trans-
locations, chromosome gain or loss have not
been identified yet.

Similar genes have been implicated in
tumorigenic process in tumors of diverse sites.
Germline mutations in E-cadherin have been
reported in families with early-onset diffuse
gastric cancer and loss of function of this gene
has been implicated in pathogenesis of early-
onset colorectal and breast cancers. E-cadherin
is expressed on the cell surface in epithelial
tissues and its gene product plays a role in
epithelial tumorigenesis (Knudsen et al. 1998).
The mutation in BRCA2 gene increases the risk
of getting pancreatic, stomach and gallbladder
cancer apart from breast cancer (www.cancerpage.
com/cancernews/cancernews41.htm).Corresponding Author: Vasudha Sambyal
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Chromosomal instability has been reported
in tumor tissue as well in other tissues like
peripheral blood leucocytes in retinoblastoma
(Czeizel et al. 1974; Takabayashi et al. 1983; Nunez
et al. 1984), breast cancer (Madhavi et al. 1990;
Uday Kumar and Bhargawa 1994; Cervantes and
Glassman 1996; Roy et al. 2000), colorectal cancer
(Dave et al. 1993; Richard et al. 1994), renal cell
carcinoma (Wang et al. 1982), skin cancers
(Nordenson et al. 1984) and in skin fibroblasts in
Multiple Endocrine Neoplasia-1 (Scappaticci et
al. 1991).

The frequency of sporadic gastrointestinal
and breast cancer is higher in areas adjoining
Amritsar city of Punjab state, India. Amritsar city
has small-scale industry including textile
processing, woollen dyeing, steel foundries etc.
and area adjoining the city is agriculture land.
The main crops grown in this area are wheat and
rice and use of pesticides and chemical fertilizers
is high. In the present work chromosomal
instability was studied in peripheral blood
leucocytes of gastrointestinal tract and breast
cancer patients to assess whether peripheral
blood had any specific cytogenetic aberrations
as observed in tumor tissue.

MATERIAL AND METHODS

A peripheral blood sample of 38 cancer
patients (26 gastrointestinal tract and 12 breast
cancer) was collected under informed consent

prior to operation from the surgical wards of
various hospitals at Amritsar city according to
the guidelines of ethical committee constituted
by Guru Nanak Dev University Amritsar (Punjab,
India). Relevant informations including
symptoms, duration of the disease, habits,
habitat, occupation, pathological status and
exposure to mutagens were recorded on
predesigned questionnaire. Blood samples of 30
age and sex matched controls (10 males and 20
females) was collected from Amritsar city and
surrounding areas (Table 1). Cultures were set
up in RPMI 1640 medium (Hi-Media Lab., India)
at 37°C for 72 hours according to standard
culturing technique (Moorhead et al. 1960) with
some modifications. The lymphocytes were
treated with 0.075 M KCl at room temperature for
22 minutes and fixed with carnoy’s fixative (1 part
glacial acetic acid and 3 parts methanol). Air-
dried and aged slides were GTG banded (Benn
and Perle 1986 method). Metaphases were
analysed for gross chromosomal aberrations.

RESULTS

The duration of the disease varied from one
month to one year. 25 patients (12 males and 13
females) were rural and belonged to low
socioeconomic group. 9 male patients had
agriculture as their main occupation and had an
exposure to pesticides and chemical fertilizers;
one male patient worked in textile mill and one in

Table 1: Detailed profile of cancer patients and controls

Controls Breast Oesophageal Gastric Colon Colorectal Rectal Pancreatic Gall bladder
cancer cancer cancer cancer cancer cancer cancer cancer

No. of subject/ No. of 30/450 12/298 11/244 19-1 10-1 4-75 4-35 10-1 4-76
   metaphases karyotyped
Aberrant metaphases/ 6.2 28.5 33.1 68.4 20 40 25.7 20 48.6
   100 metaphases scanned
Type of abnormalities

Chromatid breaks (%) - 2.3 - - - 20 - - -
Chromatid gaps (%) - 1.1 8.6 46 - 10 - - 16.2
Terminal deletion (%) - 1.1 1.2 - - - - - 8.1
Acentric fragments (%) - 4.7 7.4 - - 13.3 - - 18.9
Double minutes (%) - - 3.7 - - - 11.1 - -
Trisomy (%) - 3.5 - - - - - - -
Hypoploidy (%) - 28.2 2.4 - - - 11.1 - -
Hypodiploidy (%) - - 8.6 - - 23.3 - - 32.4
Marker (%) - 2.3 - 7.6 - - - - 2.7
Ring (%) - 1.1 - - - - - - -
Translocation (%) - 1.1 1.2 - - - - - -
Loss of Y (%) - - 4.9 - - - - - -
Polyploidy (%) 1.3 - 17.2 - - - 33.3 - -
Acrocentric 4.8 54.1 44.4 46 20 33.3 44.4 20 21.6
   associations (%)
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Table 2: Frequency of chromosomal aberrations in peripheral blood leucocytes of cancer patients and
controls
Type No of        Sex Occupation No. of       Habitat       Habit Representative

subjects Male     Female subjects Rural   Urban Karyotype

Breast 12                   12 Housewives 10 6          6 36, X, -1, -5, -10, -11, -12, -
13, -15, -16, -18, -22. –X, +
marker

Teacher 2 47, XX, -2, -7, +16, +20, +3
markers
46, XX, +19, -22
47, XX, +13
47, XX, gap on 4q

Oesophageal 11      8             3 Farmer 6 8           3   Alcoholic-6 46, XY, –2, +4
Shopkeeper 1 46, XY, –2, +10
Textile mill 1 45, X, 7q–, –Y, +fragments
worker 44, XY, –4, –15, + fragments

46, XY, +10, –12
45, XY, +3, –11, –12, –17,
+22
43, XY, –10, –11, –19, +
fragments

Housewives 3 46, XX, +19 –21
Gastric 1                     1 Housewife 1             1 46, X 11q-, -X, + marker
Pancreatic 1                     1 Housewife 1 1 46, XX

Polyploidy, D & G
acrocentric associations

Gall bladder 4                     4 Housewives 4 3          1 46, XX, 8q-, + fragments
Colon 1      1 Railway 1 1                 Alcoholic 46, XY

worker D & G acrocentric
associations

Rectal 4      1             3 Farmer 1 1                 Alcoholic 46, XY
Hypoploidy, double minutes

Housewives 3 2          1 46, XX Polyploidy
Colorectal 4      2             2 Farmer 2 2                 Alcoholic-2 46, XY, 3q-

Housewives 2 1          1 46, XX
Break on 2p and 3q

Controls 30    10            20 Farmer 5 5                 Non-alcoholic 46, XY
Railway 2            2      Non-alcoholic 46, XY, D &
Worker D acrocentric associations

Polyploidy
Shopkeeper 2 1          1     Non-alcoholic 46, XY, D & G acrocentric

associations
Clerk 1             1     Non-alcoholic 46, XY.
Housewives 16 12         4 46, XX
Teacher 3 3 46, XX
Clerk 1             1 46, XX, , D & G acrocentric

associations

railway (Table 1). Out of 12 males 10 consumed
alcohol (100-150 ml at a time) twice or thrice in a
week. All the female patients were housewives.
Among the controls 18 were rural, no control
subject consumed alcohol or smoked.

The frequency and types of gross
chromosomal aberrations observed in cancer
patients and in controls are shown in Table 2.
The frequency of aberrant metaphases varied
from 20-68% in cultured leucocytes of cancer
patients and was 6.2% in controls. A variety of
chromosomal aberrations including gaps, breaks,

terminal deletions, acentric fragments, double
minutes, acrocentric associations, polyploidy,
loss and gain of chromosomes, ring chromosome
and marker chromosomes were seen in peripheral
blood leucocytes of cancer patients. High
frequency of acrocentric associations (D&D,
D&G, G&G and 3d chromosomes) were seen in
all cancer patients. Loss of chromosome 2, 7q-,
10, 11, 12, 15, 17, 19, 21,and Y and gain of
chromosome 3, 4, 10, 19, and 22 in oesophageal
cancer, loss of 11q and X, gain of extra C group
like marker chromosome in gastric cancer, loss of
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1,2, 5, 7, 11, 12, 13, 15, 16, 18, 22, and X and gain of
chromosome 2q, 13, 19 and 20 in breast cancer
were seen. The controls had polyploidy and few
acrocentric associations (D&D and G&G) only.

DISCUSSION

The chromosomal aberrations seen in
peripheral blood leucocytes of cancer patients
involved specific chromosomes and were similar
to those previously reported in tumor tissues. In
oesophageal and breast cancer, loss of
chromosome 2, 7, 11, 12 and 15 and gain of
chromosome 19 was observed. Chromosome 11
was also lost in gastric cancer whereas
chromosome X was lost in gastric and breast
cancer. Monosomy of chromosome 5,7, 11, 12,
16, 18, 19, and chromosome 22 (Rommel
Rodriguez et al. 1992) loss of chromosome 2, 4, 6
and X (Malkhosyan 1998) have been reported in
breast carcinoma.

Structural aberrations of chromosome 1, 2, 7,
12, 17 and 21 in peripheral blood lymphocytes of
colorectal cancer (Dave et al. 1993) and
chromosome 1, 7, 11, 17, 19 22 and X in tumor
tissue of gastric carcinoma (Yadav et al. 1996)
have been reported. Numerical changes affecting
chromosome 4, 6, 7, 8, 9, 10, 11, 12, 17, 18, X and
Y (Persons et al. 1998) and chromosome 7, 8,11,
17 and Y (Beuzen et al. 2000) have been reported
in tumor tissue of oesophageal adenocarcinoma.
The authors suggested that the aberrations of
chromosome 7, 8,11, 17 and Y are associated with
the early events during neoplastic
transformation. Gain of chromosome 10 and loss
of chromosome 15, 19 & Y have also been seen
in human oesophageal cancer cell line SLMT-1
(Tang et al. 2001). The abnormalities of the PTEN
gene (10q23.3) are associated with the tumor
progression, metastasis and survival (Kang et
al. 2002). Loss of Y chromosome has been also
reported in tumor tissue of oesophageal cancer
patients (Wang et al. 1998; Dekken et al. 1999;
Mayama et al. 2000; Beuzen et al. 2000 and Tang
et al. 2001). The loss of Y chromosome which has
a very limited genic content would make possible
accumulation of 45, X, cells, making the
chromosome loss a subtle indicator of any
alterations of chromosome segregation.

Chromatid breaks in breast and colorectal and
chromatid gaps were seen in all categories of
cancer studied except pancreatic cancer.
Chromatid breaks were seen only on chromo-

somes 1p, 2p, 2q and 4q while chromatid gaps
were on chromosomes 1p, 2p, 3p and 3q (Table
1). Terminal deletion on chromosomes 2q, 3q and
8q were seen in GIT cancers. High frequency of
breaks and gaps as compared to controls has
previously been reported in breast carcinoma
(Brown et al. 1985;Ardisia et al. 1993; Ray et al.
2001). Structural and numerical aberration of
chromosome 2 (Gardner et al. 1982; Dave et al.
1993) and chromosome break involving 3p14
(Richard et al. 1994) in the lymphocytes of
colorectal cancer and numerical and structural
chromosomal aberrations involving chromosome
1 in tumor tissue of gastric Carcinoma (Han et al.
1996; Yadav et al. 1996) have been reported.
Structural changes involving chromosome 8
(Shiraishi et al. 2001) in gall bladder carcinoma,
hepatocellular and pancreatic carcinoma have
been reported. Gaps and breaks have also been
reported in tumor tissue (Hussain et al. 1996) and
in peripheral blood leucocytes of breast cancer
patients (Ochi et al. 1988). Loss of genetic
information from 1p is considered as an early
primary premalignant event in intestinal
tumorigenesis (Bardi et al. 1993). The
chromosomes/segments lost or gained may be
harboring a gene involved in tumorigenesis It
has been suggested that chromosomal instability
leads to breaks occurring at different locations
which increase the chances of damage and could
activate an oncogene to initiate to build up a
clone with the chromosome rearrangement that
triggers the neoplastic transformation (Brown et
al. 1985). The chromosomes containing gaps and
breaks reported in the present study harbor many
genes implicated in tumorigenesis such as TTC4
(1p31), PTGS2 (1q25.2-q25.3), ODC1 (2p25),
MSH2 (2p21), PMS1 (2q31-33), MLH1 (3p21), β
Catenin (3p21.3), TGFBE2 (3p22), DLEC1 (3p22-
p21.3), FHIT (3p14.2), RASSF1A (3p21.3).

High frequency of polyploid cells
(hypertriploid to tetraploid) as compared to
controls was seen in oesophageal and rectal
carcinoma. Polyploidy has been reported in tumor
tissue of oesophageal cancer patients
(Rabinovitch et al. 1989; Blount et al. 1990; Gupta
2001) and in peripheral blood leucocytes of
breast cancer patients (Uday Kumar and
Bhargawa 1994). Polyploidy is an indicator of
fast growing tumors. Ploidy status is associated
with the advancing stage of tumor but it is not
statistically associated with the differentiation
of tumor (Blant et al. 2001). The formation of
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aneuploid genome might be the initiating step in
neoplastic conversion (Matzke et al. 2003).

Acentric fragments were seen in
oesophageal, colorectal, gallbladder and breast
carcinoma. Acentric fragments have also been
reported in tumor tissue of oesophageal cancer
patients (Gupta 2001) and in Multiple Endocrine
Neoplasia-I (Scappaticci et al. 1991). The losses
of chromosome and chromosome segments have
been postulated to be the regions of candidate
loci for tumor suppressor genes and dominantly
acting growth regulatory gene.

Acrocentric associations (satellite
associations) were seen in gastrointestinal as
well as in breast cancer patients. Higher frequency
of D&G, D&D and G&G satellite associations
were seen in cancer patients as compared to
controls. Acrocentric associations are consi-
dered an indicator of acrocentic chromosomes
to be involved in Robertsonion translocation.
Double minutes were seen in oesophageal,
colorectal and breast carcinoma. The cytogenetic
phenomenon of double minutes has been
associated with amplification of cellular
oncogenes in several malignancies (Scappaticci
et al. 1991). These have also been reported in
tumor tissue of oesophageal squamous cell
carcinoma (Rosenblum Vos et al. 1993), breast
carcinoma (Baker and Hsu 1976; Gebhart et al.
1986; Madhavi et al. 1990; Uday Kumar and
Bhargawa 1995).

High frequency of aberrations in peripheral
blood leucocytes similar to those seen in tumor
tissue indicated that defective genetic or
molecular mechanisms expressed in tumor tissue
are also manifested in similar manner in circulating
lymphocytes of patients. Aberrations of
chromosome 2, 7, 11, 12, 15, 19, 22 and X both in
gastrointestinal and breast cancer indicate the
involvement of some common genes in tumor
initiation and development. Some common genes
reported to be involved in gastrointestinal tumors
and breast tumorigenesis are: MAP2K4 (on
17p11.2), EP300 (on 22q13.2), LKB1 (on 19p13.3),
FGFR1 (on 8p11.2-p11.1), FHIT (on 3p14.2), PTEN
(on 10q23.3), DLC-1 (on 8p22), APC (on 5p21-
q22), COX-2/PTGS2 (on 1q25.2-q25.3), bcl2 (on
18q21), CHEK2 (on 22q), E-cadherin (on 16q22.1),
P53 (on 17p13.1), myc (on 8q24), K-ras (on 12p12),
ErbB2 (on 17q11.2-q12), cyclinD1 (on 11q13),
MSH2 (on 2p22-p21) and MLH1 (on 3p21.3).
Aberrations involving specific chromosomes in
cancers of diverse sites indicate that the cancer

patients probably have a constitutional
chromosomal instability which participates in
cancer predisposition.

In present study, most of the patients had
low socioeconomic status and 83.3% of the males
consumed alcohol. Alcohol consumption
increases all indices of lipid peroxidation and may
promote carcinogenesis through excessive cell
proliferation induced by altered lipid and
eicosonoid metabolism. Apart from genetic
factors, poor nutrition, lifestyle, exposure to
carcinogenic pollutants and alcohol abuse are
suspected to be a cause of these cancer. Under-
standing mechanisms underlying chromosomal
instability in tumors and leucocytes in cancer
patients can help in identifying potential targets
to intervene in progression to malignancy.
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