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Introduction Chromosomal instability is an important feature of hematological 
cancer. The pathogenesis is complex and it involves genetic and epigenetic factors. 
As a genetic factor, chromosomal instability may play a key role in leukemogenesis. 
Accumulation of genetic alteration is mainly responsible for numerical and structural 
chromosomal rearrangement or clonal evaluation. But disease progression is often 
driven by chromosomal translocation, hyper- or hypodiploidy with structural abnor-
malities, and complex karyotypes.
Objective This research aimed to study the different types of chromosomal abnor-
malities in clinically suspected hematological cancer patients.
Materials and Methods Cytogenetic analysis was performed based on phyto-
hemaglutinin stimulated peripheral blood lymphocyte cultures and bone marrow 
culture, without mitogen, of the respective patients of West Bengal from March 
2016 to February 2018. All clinically suspected hematological cancer patients referred 
for karyotyping to the institutional genetics department have been included without 
any biasness of sex and age. Karyotypes were described according to the International 
System for Cytogenetic Nomenclature (ISCN 2005).
Results In the present study, 56 clinically suspected hematological cancer cases 
were observed and 41 cases of chromosomal rearrangement were found which clearly 
show chromosomal instability as the main driving force for hematological cancer 
transformation. Presence of variant Philadelphia chromosomes with classical translo-
cation, mosaic complex karyotypes, variable numerical, and structural chromosomal 
abnormality, along with severe-to-moderate hypo- and hyperdiploidy, and presence of 
marker chromosomes were the main findings of this study.
Conclusion The result shows that the detection of chromosomal instability was 
important for preliminary diagnosis, treatment, prognosis, and further management. 
So the present study provided additional information about chromosomal instability 
in hematological cancer at Kolkata and adjoining regions.
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Introduction
Cancer progression involves a cascade of phenomena and each 
step shows varying histopathological stages.1 Accumulation 
of genetic alterations which ultimately cause subsequent 
changes in gene expression are the main driving forces of 
cancer progression.2 To understand the biology of the process, 
identification of the altered gene and determination of exact 
gene expression pathway are important steps. It also helps in 
early diagnosis to explore new strategies for treatment and 
further management for the patient’s recovery.3 The cytoge-
netic approach for detection of chromosomal abnormality 
and identification of the disrupted gene in cancer develop-
ment has become the most effective approach.

The accumulation of genetic alterations converts normal 
cells into invasive cancerous cells and finally transforms met-
astatic disease through hyperplastic and dysplastic stages. 
In premalignant stages of tumor, genetic instability is more 
common which promotes cancer development. Finally, the 
complex patterns of genetic alteration create an unstable 
genomic condition and in the later stage of disease, trans-
form tumor cells from premalignant stage to malignancy. 
So, all cancer cells have some alteration of gene expres-
sion or functions.4,5 The genetic alteration includes numer-
ical chromosomal abnormality such as aneuploidy and 
severe-to-moderate hypo- and hyperdiploidy and structural 
chromosomal abnormalities like chromosomal transloca-
tions, inversions, or loss of the whole chromosome.6

Nonrandom chromosomal abnormalities have important 
biological, diagnostic, and prognostic significance in hema-
tological cancers. Numerical chromosomal abnormality 
and structural chromosomal abnormality are the common 
forms of chromosomal abnormalities found in chromosomal 
disorders. Generally, either any one type of chromosomal 
abnormality is found in an individual, but in case of patients 
suffering from hematological disorders, the karyotypes may 
contain both types of changes.6,7

To assess the percentage of chromosomal rearrange-
ments or chromosomal alterations in hematological can-
cers, the present study was conducted with association of 
a tertiary care hospital, in Kolkata, over a period of 2 years. 
During this period, a total of 56 suspected hematological 
cancer cases were cytogenetically evaluated. After clinical 

investigation by expert clinicians, the peripheral blood and 
bone marrow samples were collected from the suspected 
patients and then processed in our cytogenetic laboratory 
for chromosomal study. The chromosome analysis revealed 
normal chromosome constituents along with classical 
Philadelphia chromosomes, variant Philadelphia chromo-
somes, complex karyotypes, hyperdiploidy, hypodiploidy, 
and metaphases with maker chromosomes. Thus, cyto-
genetic evaluation remains the preliminary technique to 
detect the spectrum of chromosomal rearrangement in 
hematological cancers.

Materials and Methods
For peripheral blood culture, RPMI-1640 cell culture liquid 
media with L-glutamine and sodium bicarbonate was taken 
from Sigma-Aldrich (R8758–500ML), phytohemaglutinin 
or PHA is collected from Gibco (Cat No.10576015), Foetal 
Bovine serum (FBS) from Sigma-Aldrich (F2442–500ML), and 
Colcemid solution from Gibco (Cat No. 15212012). For stain-
ing purposes, Giemsa powder from Merck was used. All other 
chemicals for preparing buffers and solutions used were of 
analytical grade.

Study Design
The study was a prospective observational study conducted 
in the affiliated institution for 2 years from March 2016 to 
February 2018. Both the male and female individuals with 
clinically suspected hematological cancer patients were 
included in our study without any age bar.

Selection of Patients
The present study was done on the people living in Kolkata, 
South 24 Pargana, North 24 Pargana, Howrah, and other 
adjoining areas in West Bengal, India. Samples were collected 
from 56 patients (n = 56) whose ages were in the range of 
4 years to 63 years (mean = 37.25 ± 2, n = 56). The clinically 
defined types of the hematological cancers and the sex of the 
patients are mentioned in ►Table 1.

Collection of Sample
Prior to collection of the sample, informed consent was 
obtained from all the patients after mentioning the purpose 
and impact of the study. In case of minors, the consent was 
obtained from their parents. Peripheral blood of 2 mL or bone 
marrow–aspirated cells were collected aseptically in prela-
beled heparinized vials under the supervision of the trained 
persons. After collection, the vials were labeled appropri-
ately, and all the necessary information related to medical 
purpose was documented. The vials were transferred to the 
cytogenetic laboratory as soon as possible with proper sur-
veillance and care.

Cytogenetic Analysis
Cytogenetic analysis was performed based on 
phytohemaglutinin-stimulated peripheral blood lymphocyte 
cultures and without phytohemaglutinin-stimulated bone 
marrow cell aspiration culture of the respective patients. 

Table 1   The clinically defined types of the hematological 
cancers and the sex of the patients

Types of clinically diagnosed 
hematological cancer

Sex of the suspected 
individual

Male Female

CML= chronic myelogenous 
leukemia

25 17

CLL= chronic lymphocytic leukemia 00 00

AML= acute myelogenous leukemia 04 03

ALL= acute lymphoblastic leukemia 03 04

Undiagnoseda 02 00
aSuspected hematological cancer but specific type was not determined 
by the clinician.
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Lymphocyte culture, bone marrow cell aspiration cul-
ture and GTB-banding were performed following standard 
protocol as described by the AGT (Association of Genetic 
Technologists) Cytogenetic Laboratory Manual.8,9 Prepared 
slides were observed under light microscope (Olympus) with  
10 × 100 magnification. Five fields were randomly observed 
for metaphase screening and 100 cells from each individ-
ual were observed and 25 metaphases were karyotyped. 
Karyotypes were described according to the International 
System for Cytogenetic Nomenclature (ISCN 2005).

Statistical Analysis
This study aimed to calculate the frequency of qualita-
tive variables, such as, complex karyotypes, hypodiploidy, 

classical, and variant Philadelphia chromosome, and others, 
and their distribution with respect to hematological cancer 
in percentage. Other quantitative variables, such as, age. are 
expressed as mean standard.

Ethics
The study was approved by the Institute of Genetic 
Engineering ethical committee prior to the study (approval 
letter reference no: 03/GE/IGE/01/2016, 25 January 2016).  
All the procedures followed were in accordance with the 
ethical standards of the responsible committee on human  
experimentation and with the Helsinki Declaration of 1964, 
as revised in 2013. Informed consent was obtained from all 
the patients for being included in the present study.

Table  2  Significant chromosomal instability observed in hematological cancer in present study

Sl. no. Karyotype Sample Clinical 
type

Sex Remark

1 46XY,t(9,22)(q34,q11) BM and PB CML Male = 16 Classical Ph+

2 46XX,t(9,22)(q34,q11) BM and PB CML Female = 9 Classical Ph+

3 46XX,t(9;22)(q34:q11), i(12q) PB CML Female Ph+ with associ-
ated chromosomal 
abnormality

4 46XX,t(9;22;8)(q34:q11:p22) PB CML Female Variant Ph+

5 46XY,t(9;22;13)(q34:q11:q14) BM CML Male Variant Ph+

6 46XY,t(9;22)(q34:q11), inv(7p)(p12;q22) PB CML Male Ph+ with associ-
ated chromosomal 
abnormality

7 46XY,t(9;22;3)(q34:q11:p23) PB CML Male Variant Ph+

8 46XY,t(9;22;1)(q34:q11:q22) PB CML Male Variant Ph+

9 47,XY,t(9;22)(q34:q11), +8 PB CML Male Ph+ with associ-
ated chromosomal 
abnormality

10 46,XY,t(9;22)(q34:q11), t(1:6)(p32:q25) BM CML Male Ph+ with associ-
ated chromosomal 
abnormality

11 (i) 45, XX; 13,del(5q),del(8q),del(9q), 
del(16q),del(22q), +1 extra(mark)
(ii) 45, XX; 22, del(2p), del(3q), del(4q), del(15q), 
del(Xq)
(iii) 44;XX, –11, –14, dup(8q), dup(10p), del(16p), 
del(18q)
(iv) 41, XX; –6, –7, –8, –9, –21, del(13q),del(16q),
del(18p),del(22q)

PB ALL Female Complex karyotypes

12 43, XX; –9, –20, –22, del(10q), del(14q), del(16p) BM ALL Female Hypodiploidy

13 44, XX; +9, –12, –15, –16a PB ALL Female Hypodiploidy

14 41, XY; –8, –9, –18, –21, –22,del(2p),del(4q),del(11q) BM ALL Male Hypodiploidy

15 45, XY; –8, –11, –18, –22, mark +3 PB ALL Male Hypodiploidy

16 39, XY; –1, –9, –11, –12, –20, –22a PB ALL Male Hypodiploidy

17 56,XXX,YY, 10, +4, +5, +6, +8, +11, +18, +21, +21, 
der(3,9)(q10,q10)

BM ALL Male Hyperdiploidy

18 46, XY; –5, –9, –10, –11, –12, +5 marker chromosomes PB AML Male Normal karyo-
types with marker 
chromosomes

Abbreviations: ‘+’= Positive; ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; BM, bone marrow; CML, chronic myelogenous 
leukemia; PB, peripheral blood; Ph, Philadelphia chromosome.
aComplete 30 metaphase analysis was not possible in all cases due to poor morphology; however, total number of chromosomes and translocated 
chromosomes were countable and observable.
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Results
In the present study, 56 suspected hematological can-
cer patients were studied. Among which 34 patients were 
male and 22 were female individuals. Cytogenetic evalua-
tion revealed that out of 56 cases, 41 had rearranged chro-
mosomes when 15 individuals showed normal karyotypes. 
Among 41 altered chromosome cases, 25 have classical 
Philadelphia chromosomes, 8 cases of Philadelphia variant 
chromosome, 5 cases of hypodiploidy, and single case each 
with hyperdiploidy and complex karyotypes. The karyo-
types of each case, sex, sample for chromosome prepara-
tion, and clinically defined types of hematological cancer are 
depicted in ►Table 2. The frequency of qualitative variables, 
that is, complex karyotypes, hypodiploidy, classical and vari-
ant Philadelphia chromosome, and their distribution with 
respect to hematological cancer in percentage are depicted 
in ►Table 3.

Discussion
Leukemia or white blood cell disorder is one of the common 
hematological disorders after anemia, bleeding disorders 
such as hemophilia, and blood clotting disorder.10 Leukemia 
is mainly subdivided into two main groups like myelogenous 
leukemia or “myeloid” or “non-lymphocytic” leukemia and 
lymphocytic leukemia or “lymphoblastic,” but both the types 
can be classified into chronic and acute subtypes. Acute leu-
kemia is a clonal expansion of white blood cell precursors in 
the blood, bone marrow, and various extra medullary tissues. 
Acute lymphoblastic leukemia (ALL) comprises of neoplastic 
precursor cells committed to the B- or T-cell lineages.11 B lin-
eage ALL is more frequent, accounting for 85% of childhood 
ALL and 75% of adult ALL.11 Acute myelogenous leukemia 
(AML), also known as acute nonlymphocytic leukemia, rep-
resents a group of clonal hematopoietic stem cell disorders 
in which cells fail to differentiate and over proliferate into 
the stem cell compartment, resulting in the accumulation 

of myeloblasts.12 In most of the cases, chronic lymphocytic 
leukemia often affects adults over the age of 55 years. It 
sometimes occurs in teenagers, but it almost never affects 
children. The 5-year survival rate is 75%. In chronic lympho-
blastic leukemia (CLL), B lymphocytes are affected. Generally 
B-cells originate in the bone marrow, develop in the lymph 
nodes, and normally fight infections by producing antibod-
ies.13 Chronic myelogenous leukemia (CML) occurs mainly 
in adults. A very small number of children also develop this 
disease. It is a type of myeloproliferative disease associated 
with a characteristic chromosomal translocation called a 
Philadelphia translocation which is characterized by a cyto-
genetic aberration of reciprocal translocation between the 
long arm of chromosomes 9 and 22. About 85% CML cases 
are Philadelphia positive.14 Chronic myelomonocytic leu-
kemia (CMML) is another subtype with overlapping fea-
tures of myeloproliferative neoplasm and myelodysplastic 
syndrome bearing clonal cytogenetic abnormalities in 
approximately 30% of patients.15,16

In the present study, among 56 suspected cases, 42 (75%) 
individuals were clinically diagnosed as CML and among 
42 cases, 33 (78.57%) were found to have altered chromosomes, 
and finally among 33 cases, 25 (75.7%) cases had classical 
Philadelphia positive variant and 8 (24.20%) had Philadelphia 
variant. The Philadelphia variant cases involve translocation 
in chromosome numbers 1, 3, 6, 8, 11, 13 along with chromo-
some numbers 9 and 22 and the involved breakpoint regions 
are 1p32, 3p23, 6q25, 8p22, 11q22, and 13q14, respectively. 
Rather than translocation, occurrence of inversion and iso-
chromosome formation observed on chromosome numbers 
7 and 12 and trisomy 8 with Philadelphia-positive case was 
also observed in this study. According to various literature 
reviews, the chromosomal breakpoints of Philadelphia vari-
ants mainly occurs in Guanine-Cytosine (GC) rich part of the 
genome which is lightly banded during giemsa trypsin band-
ing (GTB) technique.17 Generally, chromatin condensation 
and transcriptional activity are directly correlated with cyto-
sine and guanine-rich portion of the genome. Mutation and 

Table  3  Observed frequencies in percentage of qualitative variables in hematological cancer

Sl. no. Qualitative variables in hematological cancer observed in current study Observed no. Percentage

1 Rearranged chromosome 41 73.21

2 Normal karyotypes 15 26.78

3 Classical Philadelphia chromosome 25 44.64

4 Philadelphia variant 08 14.28

5 Hypodiploidy 05 08.92

6 Hyperdiploidy 01 01.78

7 Complex karyotype 01 01.78

8 Karyotype with marker chromosomes 01 01.78

9 CML 42 75.00

10 AML 07 12.50

11 ALL 05 08.92

12 Clinically undiagnosed 02 03.57

Total no of cases (n = 56)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; CML, chronic myelogenous leukemia.
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natural cellular mechanism occur consequently within the 
genome, resulting chromosome breakage and finally leading 
to illegitimate recombination and translocation.17

Detailed molecular mechanism of variant Philadelphia 
chromosome and involvement of different chromosomes 
in varied breakpoint regions is still not clear, and it is often 
thought that for the evolution of variant Philadelphia chro-
mosome, more than one molecular mechanism played a 
significant role. It could arise simultaneously in a three-way 
rearrangement or originate secondarily with the normal 9 to 
22 translocation. The first mechanism could cause clonal 
variation and the second one may be similar to the classi-
cal Philadelphia chromosome but the clinical significance of 
both the classical and variant types was not even clear to the 
clinician.18,19 The variant Philadelphia chromosome may be 
simple or complex. If the deleted 22q region was translocated 
to other than chromosome 9, the type was a simple variant 
and when more than three chromosomes were involved, 
then the type was considered as complex variant. Recently 
with the advancement of molecular cytogenetic techniques, 
like microarray, several genes were identified for hematolog-
ical cancer progression. Some of them directly participate in 
MAP (mitogen-activated protein) kinase pathway which was 
already known for CML pathogenesis. The BCR-ABL1 tyrosin 
kinase activities, the P13K/AKT signaling pathway in classical 
Philadelphia chromosome have established the causal rela-
tionship in between B-cell receptor/abel-like kinase translo-
cation (BCR-ABL1) and CML. In addition to that, TP53 gene 
and two other genes, namely, MECOM and VRK1, thought to 
be responsible for blast crisis in 30% of CML cases.20,21

In the present study, among 56 suspected cases, 7 (12.5%) 
individuals were clinically diagnosed as ALL, and all 07 
(100%) cases were found to have altered chromosomes 
and finally among 7 cases, 5 (71.47%) cases show hypodip-
loidy, 1 (14.28%) case of hyperdiploidy, and 1 (14.28%) case 
had complex karyotypes. In the case of hypodiploidy, both 
structural and numerical chromosomal abnormalities like 
structural chromosomal deletion in both “p” and “q” arm of 
the chromosome, as well as whole chromosome deletion in 
variant chromosomes were found. In the hyperdiploidy case, 
the modal number increases due to presence of trisomy and 
tetrasomy along with whole chromosome deletion or mono-
somy and chromosome derivatives in variant autosomes and 
sex chromosome.22 The possible mechanism of hypo- and 
hyperdiploidy was an area of interest. Nondisjunction at 
the time of cell division was supposed to be the main pos-
sible cause of gain or loss of a whole chromosome, doubling 
of chromosomes from a near haploid karyotype and gain of 
chromosomes from a diploid karyotype during an abnormal 
cell cycle.23 Hyperploid karyotype generally arises by simul-
taneous gain of chromosomes from a diploid organism due 
to a single chromosomal abnormality. Different types of 
aneuploidy, like formation of micronucleus, lagging of chro-
mosomal movement, or deletion of parts of chromosomes 
or telomeric loss, are the main chromosomal instabilities 
resulting genetic conformation produced by nondisjunc-
tion.24-28 According to different studies, chromosomal alter-
ation or chromosomal instability had a great significance in 

the prognosis of hematological cancer. According to occur-
rence of chromosomal abnormality, patients with hemato-
logical cancers can be classified into three subgroups, that 
is, good, intermediate, and poor prognosis groups. Patients 
with the normal cytogenetic profile may even have sub-
microscopic genomic rearrangements which could not be 
detected by different molecular genetic analysis only. Among 
all identifiable chromosomal abnormality of hematological 
cancer, high hyperploids (2n = 51–65) had been associated 
with good prognosis. In these cases, the prognostic factors 
were clinically favorable and also independently favor-
able.29 Hyperdiploidy, that is, 2n = 50, had the most favor-
able prognostic value compared with other cytogenetically 
detected group. But the prognosis deteriorates as the chro-
mosome number decreases. When chromosome number 
shows (2n = 43 – 46), the prognosis was poor and as the 
number comes near to the haploidy (2n = 30), then the prog-
nosis also becomes worse and further management becomes 
difficult for the clinician. When hyperdiploidy or hypodip-
loidy is associated with structural chromosomal aberrations, 
the prognostic value was also poor.30-35 Among structural 
abnormalities, deletion and chromosomal translocation 
were known to be associated with poor prognosis. During the 
present study, the modal number of all hypodiploidy cases 
was between 40 and 46 chromosomes and 56 in the single 
case of hyperdiploidy. When there were more than one cell 
lines present within the same individuals, the situation was 
known as mosaicism and the representing karyotypes was 
known as complex karyotypes. Four different cell lines in dif-
ferent percentage within same individuals were observed in 
this current study.36,37

Among 56 suspected hematological cases, 7 (12.5%) indi-
viduals were clinically diagnosed as AML and among 7 cases, 
only 1 case (14.28%) was found as altered chromosomes with 
marker chromosomes, monosomies within the same karyo-
types, but total chromosome number remained 46. Other 
suspected hematological cancer cases were normal karyo-
types without any microscopic chromosomal abnormalities. 
Detailed procedure of therapy or drug responsiveness after 
diagnosis and cytogenetic evaluation of chromosomal insta-
bility was not considered in the domain of present work. The 
patient follow-up study for all patients could not be consid-
ered within this study as few patients were referred to other 
hospitals or institutions, other oncologists, or transferred to 
private health care sectors by their relatives, and two cases 
ended in sad demises.

Conclusion
The present study showed the rare and varied chromo-
somal instabilities in clinically detected various hemato-
logical cancers cases in Kolkata and adjoining areas of West 
Bengal. The cytogenetic evaluation revealed classical and 
variant Philadelphia translocation including associated chro-
mosomal abnormalities, complex karyotypes, mosaicism, 
hypodiploidy, and hyperdiploidy in a frequently manner 
in hematological malignancies. But, the adverse clinical, 
hematological, and cytogenetic parameters in patient with 
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hematological cancers were more prevalent. If the analysis 
could be done at the time of remission and relapse, main-
tenance of proper patients’ follow-up and finally detection 
of submicroscopic chromosomal rearrangements by advance 
molecular cytogenetic techniques in the selected cases were 
the most advisable strategy which help in a large number 
of patients to reach at a rational conclusion for prognostic 
stratification. In this way, the routine cytogenetic analysis 
could help the patients, as well as clinicians, for better under-
standing the neoplastic process and planning for appropriate 
management.
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