
Abstract. Recent developments in genome-wide genetic
analysis in B-acute lymphoblastic leukemia (B-ALL) have
provided insight into disease pathogenesis and prognosis. B-
ALL cases usually carry a primary genetic event, often a
chromosome translocation, and a constellation of secondary
genetic alterations that are acquired and selected
dynamically in a nonlinear fashion. As far as we are aware
of, for the first time, we studied centrosome aberration in
patients with B-ALL to understand the progression of the
disease. A cytogenetic study was carried out by GTG-banded
karyotyping and fluorescence in situ hybridization. DNA
index study was carried out with flow cytometry. Indirect
immunostaining of centrosomes was performed on
mononuclear cells using primary and corresponding
secondary antibodies for centrosome-specific protein γ-
tubulin. Three primary and corresponding secondary
antibodies to three different centrosome-specific proteins,
namely α-tubulin, γ-tubulin and pericentrin, were used for
indirect immunostaining. The study was carried out on 50
patients with B-ALL. Centrosomal abnormalities were
detected in 36 (72%) patients and the remainder (28%) had
normal centrosome structure and numbers. Out of these 36
patients with abnormal centrosome, structural abnormalities
were detected in 12 (33.3%) and numerical abnormalities in
six (16.6%). Both structural and numerical aberrations were
detected in 18 (50%) patients. When correlated with the
cytogenetic and DNA index findings, 26/27 (96.2%) patients
had centrosome defects concomitant with both abnormal
karyotype and aneuploidy. Out of 50 patients with B-ALL ,

17 (34%) had normal karyotype detected by both karyotype
and DNA index, among these, seven (41.17%) patients had
centrosome aberration. The morphological and structural
abnormalities of the centrosome present in B-ALL cells have
a role in disease development and can be considered as
prognostic markers.

Recurrent cytogenetic abnormalities such as hyperdiploidy and
t(12;21), t(4;10), t(6;10), t(1;19), t(9;22), t(4;11), etc. are
common in B-acute lymphoblastic leukemia (B-ALL) and are
seen in around 60% of cases (1-3). Hyperdiploidy is the
commonest cytogenetic abnormality seen in around 25-30% of
childhood B-ALL and is associated with good prognosis.
Mechanism of hyperdiploidy and aneuploidy in ALL remains
conjectural with four possible mechanisms proposed: i) Initial
near haploidy followed by doubling of the chromosomes; ii)
Prior tetraploidization with subsequent loss of chromosomes; iii)
Sequential gains of chromosomes in consecutive cell divisions;
or iv) Simultaneous gain of all additional chromosomes in a
single abnormal mitosis (4-6). However, what underlies the
initial chromosomal instability is still uncertain. 

The centrosome is a primary microtubule-organizing center
of the cell, and regulates most microtubule-related functions,
including transport of macromolecular complexes, positioning
of cell organelles, cell motility, cell shape, polarity, and
segregation of chromosomes during cell division (7). Each
centrosome has a core of two centrioles, cylindrical structures
consisting of nine microtubule triplets, surrounded by
proteinaceous scaffold of the pericentriolar material .The
centrosomes duplicate once per cell cycle and function as
spindle poles to mediate the strictly balanced bipolar
separation of chromosomes during mitosis (8, 9). Here we
studied centrosome proteins α-tubulin, γ-tubulin and
pericentrin in patients with B-ALL in order to understand the
centrosome aberration role in disease progression.

Centrosomal abnormalities lead to chromosomal instability
and have been implicated in aneuploidy seen in various
malignancies. Centrosomal amplification is the most common
abnormality and correlates with the degree of aneuploidy and
malignant behavior of tumor (10, 11). Abnormalities of
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structure, function and localization within cells are also noted
along with numerical abnormalities (12, 13). Centrosomal
amplification can arise from various aberrant processes such
as cell to cell fusion, centrosomal overduplication during
interphase, centrosomal fragmentation, de novo synthesis of
centrosome or cytokinesis failure (14). Various tumor-
suppressor genes and oncogenes are involved in the regulation
of centrosomal duplication and their abnormalities result in
centrosomal amplification (15, 16). The importance of these
centrosomal abnormalities in cancer cell survival, tumor
progression and eventually as a potential tumor-selective
therapeutic target is currently being extensively studied. 

Centrosomal aberrations have been described as a
possible cause of numerical chromosomal abnormalities in
many solid human tumor types (17-19). However, in spite
of an extensive literature search, we were unable to find
any study of patients with B-ALL. This study was,
therefore, undertaken to investigate whether (i) centrosomal
aberrations occur in ALL and to correlate them with
underlying cytogenetic abnormalities, and (ii) centrosomal
pathology is a primary or secondary event on the road
towards aneuploidy.

Materials and Methods

Patients and controls. Fifty consecutive patients with B-ALL aged
between 2 and 72 years at presentation were included in this study.
All the patients were diagnosed at our Institute between 2013 to
2014. Age- and sex-matched normal healthy persons were used as
controls. The study was approved by Institutional Ethics Committee
(NIIH/IEC/22-2013). Diagnosis of B-lineage ALL was established
according to the European Group for the Immunological
Characterization of Leukemia criteria (20). Standard GTG-banding
technique was used for cytogenetic study. Chromosomal
preparations were obtained from bone marrow sample by direct and
short-term culture methods and were subjected to GTG-banding.
Chromosomal analysis was carried out under microscopy using the
2009 International System for Cytogenetic Nomenclature  (21).
Fluorescence in situ hybridization (FISH) was carried out with
centromeric probes for chromosomes X, 4, 6, 10, 14, 17, and 18.
Locus-specific FISH probes were used for t(9;22)/breakpoint cluster
region–abelson (BCR–ABL1), t(12;21)/ETS variant 6 gene and
runt-related transcription factor 1 (ETV6-RUNX1) fusion genes and
11q23/mixed lineage leukemia (MLL), 14q32.3/immunoglobulin
heavy locus gene (IGH) break-apart probes were used for FISH
analysis (Vysis, Abbott Molecular, Des Plaines, IL, USA).
Mononuclear cells were separated from 2 ml of heparinized blood
by density gradient centrifugation using Ficoll-hypaque solution
(Sigma-Aldrich, St.Louis, MO, USA).

DNA index study of the controls and patients was performed
with the help of a BD FACScaliber flow cytometer. (Becton
Dickinson, Franklin Lakes, NJ, USA). The calibration of the flow
cytometer was carried by BD DNA QC Particle Kit (BD). CELL
Quest Pro Software (BD) was used for calibration and the DNA
index was obtained using BD Cycle TEST™ PLUS DNA Reagent
Kit. (BD). A DNA index greater than 1.16 was considered as
hyperdiploid and that less than 0.98 as hypodiploid.

Centrosomal staining. Indirect immunostaining of centrosomes was
performed as described elsewhere (22, 23).The mononuclear cells were
mounted on a Teflon-coated slide and fixed with methanol. These cells
were treated with 0.2% Tween 20 to increase the permeability of the
cell membrane. To prevent non-specific binding of the antibodies, the
slides were treated with 1% bovine serum albumin (Sigma-Aldrich) for
1 h. The primary and corresponding secondary antibodies for
centrosome-specific protein γ-tubulin (Sigma-Aldrich, Saint Louis,
MO, USA) was used for all 50 patients with B-ALL. Three primary
and corresponding secondary antibodies to three different centrosome-
specific proteins, namely α-tubulin, γ-tubulin and pericentrin (Sigma-
Aldrich) were used on 11 patients for indirect immunostaining. This
was to determine the nature of centrosomal aberration with each of the
three proteins of the same patient. For each slide, one type of primary
and its corresponding secondary antibody was used. Each antibody was
stained by fluorescein isothiocyanate-labeled secondary anti rabbit IgG
for 30 minutes at 20˚C. Then the slides were washed with phosphate
buffered saline followed by counterstaining with 4’,6-diamidino-2-
phenylindole. The slides were viewed under a fluorescence microscope
(Nikon 90i; Towa Optics, New Delhi, India)and a minimum of 100
cells were scored for numerical and structural anomalies of
centrosomes on each slide. The centrosome was considered to be
abnormal when at least 10 cells exhibited the same centrosomal
abnormality. Normal cells had two centrosomes of equal size (variation
in the size between two centrosomes <20%). Hence centrosomal
abnormalities were broadly classified as abnormality in number,
morphology and both. If both the centrosomes of the same cell showed
different results, this was also noted. Centrosomal pathology was
correlated with DNA index, aneuploidy and karyotype. Non parametric
test (χ2 test) was applied to test the significance at p<0.05.

Results
The study was carried out in 50 patients at the time of
diagnosis of B-ALL. Twenty six patients were 2-15 years old
and 24 were 16-72 years old. There were 32 and 18 males
and females, respectively, in the whole group. Patients
presented with hemoglobin, of 4.3-7.8 g/dl, total leukocyte
count of 6.3-52.4×103/ml with lymphoblast varying between
26-85%. 

The karyotyping was performed successfully in 44 (88%)
B-ALL cases, including 27 (54%) cases with abnormal
cytogenetics and 17(34%) with normal results. Hyperdiploidy
was the commonest cytogenetic abnormality in both pediatric
and adult age groups. Two patients (adult) had BCR–ABL1
fusion, one patient had IGH rearrangement and three pediatric
patients had TEL–AML1 fusion. The DNA index was >1.16 in
all chromosomally abnormal cases (27 cases) (Table I).

The DNA index in mononuclear cells of B-ALL cases was
between 1.03 and 2.2 (Morista-Horn similarity index, 
0.99± 0.03) and that of age-matched controls was between
0.98 and 1.05. 

Centrosomal abnormalities in B-ALL. The centrosomal
evaluation was carried out in 50 patients with B-ALL. Thirty-
six (72%) patients had centrosomal abnormalities and 14
(28%) patients had normal centrosome number and structure
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with γ-tubulin (Table I). Out of these 36 patients, six
(16.66%) had the extra centrosomes, 12 (33.33%) patients
had structural abnormalities, and 18 (50%) patients had both
structural and numerical abnormalities (Table II). Eleven
samples stained with three antibodies showed 100%
centrosomal abnormalities with pericentrin and 81.81% (9/11)
abnormalities each with γ-tubulin and α-tubulin (Table III).

Discussion

Chromosome abnormalities such as hyperdiploidy and other
aneuploidies along with certain translocations are common
genetic abnormalities seen in B-ALL. How this pathology
arises has been an area of constant quest, producing several
hypotheses (4-6). It is also believed that one theory may not be
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Table I. Centrosomal abnormalities detected in groups of patients (n=50) with B-cell acute lymphoblastic leukemia with different karyotypic
abnormalities.

                                                       Cytogenetics + DI                                                          Centrosomal abnormalities                                   

                                                         No. of patients                  Structural (S)         Numerical (N)                Both (S+N)               Normal centrosome

                                                    Childhood         Adult       Childhood     Adult    Childhood     Adult      Childhood      Adult      Childhood       Adult

Hyperdiploidy =11 (22%)         7 (63.63%)    4 (36.36%)   1 (9.09%)         0       4 (36.36%) 1 (9.09%)   1 (9.09%) 3 (27.27%)  1 (9.09%)           0
Hyperdiploidy with structural    2 (50%)         2 (50%)             0                0          1 (25%)          0           1 (25%)      2 (50%)            0                  0
abnormalities=4 (8%)

Balanced translocation &                 0              4 (100%)           0           3 (75%)         0                0           1 (25%)           0                 0                  0
other cytogenetic 
changes=4 (8%)

Other aneuploidies=
8 (16%)                                        4 (50%)         4 (50%)       2 (25%)     2 (25%)         0                0           2 (25%)      2 (25%)            0                  0

Normal karyotype +                13 (56.52%)  10 (43.47%)  2 (8.69%)  2 (8.69%)        0                0         4 (17.34%) 2 (8.69%)  7 (30.43%)  6 (26.08%)
failed karyotype + 
normal DI=23 (46%)

Total=50                                      26 (52%)       24 (48%)      5 (10%)     7 (14%)    5 (10%)      1 (2%)      12 (24%)     6 (12%)      8 (16%)       6 (12%)

                                                                                                                                   Total=36 (72%)                                                    Total=14 (28%)

DI: DNA index.

Table II. Centrosomal abnormalitie in 50 adult and pediatric patients with B cell acute lymphoblastic leukemia.

                                                                                                                             Centrosomal abnormality, n (%)

Type of patient                       No. of patients                Numerical                    Structural                Both numerical &structural                     Total

Pediatric (2-15 years)                 26 (52%)                    5 (19.23%)                  5 (19.23%)                             8 (30.77%)                            18 (69.23%)
Adult (16-48 years)                    24 (48%)                     1 (3.33%)                   7 (23.33%)                            10 (33.33%)                              18 (60%)
Total                                           50 (100%)                      6 (12%)                      12 (24%)                                18 (36%)                                36 (72%)

Table III. Centrosomal abnormalities in 11 patients with acute lymphoblastic leukemia stained for three different markers of centrosome.

                                                                           γ-Tubulin                                                Pericentrin                                                α-Tubulin

Centrosomal abnormalities                Childhood                  Adult                   Childhood                    Adult                      Childhood                    Adult

Structural (S)                                     2 (18.18%)              1 (9.09%)                1 (9.09%)                        0                                 0                        1 (9.09%)
Numerical (N)                                   2 (18.18%)              1 (9.09%)               2 (18.18%)                1 (9.09%)                  1 (9.09%)                 1 (9.09%)
Both (N+S)                                        2 (18.18%)              1 (9.09%)                 4 (36.36)                  3 (27.27)                    4 (36.36)                2 (18.18%)
None                                                   1 (9.09%)               1 (9.09%)                       0                                0                         2 (18.18%)                       0
Total                                                   7 (63.63%)             4 (36.36%)              7 (63.63%)                 4 (36.36)                  7 (63.63%)               4 (36.36%)



able to explain all the causes (7). The centrosome plays a
crucial role in producing the mitotic apparatus, which
eventually ensures the equal distribution of chromosomes
between two dividing cells (8, 9). Abnormalities of
centrosomes or their function can lead to the uneven
distribution of chromosomes in ALL. Centrosomal
abnormalities via formation of multipolar spindles, or
centrosome clustering resulting in chromosomal
misaggregation, is proposed as a major mechanism for
chromosomal instability and aneuploidy seen in cancer (14, 24,
25). Centrosomal amplification is frequently detected in solid
tumors as well as hematological malignancies such as acute
myeloid leukemia, Hodgkin’s and non-Hodgkin’s lymphoma
multiple myeloma and mantle cell lymphoma (22, 26-30). It is
also now considered as a candidate hallmark of cancer cells.
We were interested in studying the presence of different
centrosomal aberrations using antibodies to three different
centrosomal proteins and correlation of the extent of these
abnormalities with the ploidy status of B-ALL.

The results presented here show, for the first time, presence
of both structural and numerical abnormalities in a significant
proportion of patients with B-ALL. A large number of our
patients (72%) exhibited centrosomal pathology (Table I).

Various structural defects have been described in
centrosomal abnormalities and they include changes in
centrosomal shape (string-like elongated linear arrays, ring-
like, amorphous, atypical filaments, corkscrew) or size
(usually large patchy aggregates, but may range from tiny
flecks). Defects in number i.e. more than two per cell), and
position (diffuse patchy cytoplasmic staining, scattered,
clustered) or composition (higher protein levels, inappropriate
phosphorylation, absence of centrioles) are also described
(18). In our study, we detected normal, perpendicular position
tripolar cell division of centromere (Figure 1a-h) but also
enlarged amorphous round and elongated centrosomes with
uniform and crescentic margins Figure 1d). These structural
abnormalities were detected in 12 (24%) patients. We also
found extra centrosomes in samples from 6 (12%) patients,
which are shown in Figure 1e and f. Lingle and Salisbury
reported that cells with extra centrosomes in human breast
cancer rarely exhibited abnormal mitosis (31). Pioneering
studies by Nigg (11) and Brinkley demonstrated that
centrosomal clustering enables cells to divide successfully
despite the presence of extra centrosomes (32). The initial
description of centrosomal clustering noted that cells with
extra centrosomes pass through a transient multipolar spindle
intermediate before centrosomal clustering and bipolar
anaphase occurs (23). Recent data from several laboratories
demonstrate that while passing through the transient
multipolar state, merotelic kinetochore-microtubule attachment
errors, defined by the persistent attachment of microtubules
from both spindle poles to a single kinetochore, accumulate,
and consequently increase the frequency of lagging

chromosomes during bipolar anaphase after centrosomal
clustering (33, 34). Importantly, this finding implies that cells
with amplified centrosomes do not necessarily need to divide
in a multipolar fashion to allow low-level chromosomal
missegregation that can fuel tumor progression. Such an
interpretation also supports the emerging bimodal relationship
between aneuploidy and tumorigenesis (35). In our case, out
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Figure 1. Centrosomal abnormalities detected with γ tubulin and α
tubulin stain in patients with B-cell acute lymphoblastic leukemia. a:
Normal centrosome. b: Centrosome in perpendicular position. c:
Tripolar cell division. d, e: Structural abnormality (round) of
centrosome. f: Numerical abnormality. g: Elongated centrosome
abnormality. h: Numerical abnormality of centrosome. 



of six patients with extra centrosomes, five had childhood B-
ALL with hyperdiploid karyotype, which comes under the
good prognostic group. This tells us that these extra
centrosomes in pediatric hyperdiploid B-ALL cases later
develop clusters following normal cell division, which leads
to disease with a good prognosis. Both structural and
numerical abnormalities were observed in 18 (36%) of our
patients, and in 11 (61%) this correlated with the poor
prognostic group by karyotyping. It has been reported that this
group of centrosomal aneuploidy correlates with high-risk
karyotyping in patients with acute myeloid leukemia (22).

When three different centrosome proteins were stained,
three different kinds of abnormalities appeared with
respective centrosome proteins in the same patient (Table
III). These results suggests that the different abnormalities
of the centrosome have a role in chromosomal instability and
development of B-ALL. Studies on centrosomal
abnormalities using more than one antibodies to centrosomal
proteins by other authors showed different frequency of
centrosomal abnormalities with different antibodies (22, 36).
However, a study on patients with chronic myeloid leukemia
using pericentrin and γ-tubulin antibodies showed similar
centrosomal abnormalities (30).

The frequency of centrosomal abnormalities was greater
in patients with hyperploidy compared to patients with
balanced chromosomal abnormalities and other aneuploidies.
Centrosomal abnormality was also observed in eight (47%)
patients who had neither abnormal DNA ploidy nor
karyotypic abnormality. This shows that centrosomal
abnormality precedes chromosomal abnormality in B-ALL.
Other researchers also observed the same results with many
other types of neoplasia (37). This shows that centrosomal
abnormality may have predictive value in ALL and it may
be used as a diagnostic and prognostic marker in this disease.

Centrosomal abnormality seems to be more frequent
(96%, 26/27) of patients when both cytogenetic and DNA
index abnormalities are present (p<0.01). This may be due
to the association of centrosomal abnormalities with
karyotypic abnormalities in neoplasia as many authors have
already described in their reports (37). In our study, five
patients showed centrosomal abnormalities (p<0.05) with
abnormal DNA ploidy (>1.2) but had normal cytogenetics.
We correlated the centrosomal abnormality patterns with the
karyotypic results of the 50 with B-ALL (Table I). The
frequency of aneuploidy detected by either karyotype or
DNA index was 46% (23/50) and centrosomal aneuploidy in
these patients was 95.65% (22/23). This finding shows that
centrosomal abnormality is strongly associated with
chromosomal instability as described by others (38). Only
one patient of this group had normal centrosomes. In this
single patient, this may have been due to the aberration of
other centrosomal proteins excluding γ-tubulin. Centrosomal
abnormalities (43.47%) were also detected in patients with

B-ALL cytogenetically normal and with normal DNA index
in our study. Patients who harbor diploid neoplastic cells
should be closely followed-up to for development of any
centrosomal aneuploidy, as we know from many other
reports that centrosomal abnormalities precede karyotypic
abnormality. In our study, karyotypic abnormalities other
than aneuploidy were detected in four (8%) patients and
centrosomal abnormality was detected in all of them. This
may reflect the possibility for disease progression and
development of aneuploidy in these tumor cells.

Immunostaining of centrosomal protein provides only a
limited and static vision of centrosomal abnormality in a
fixed cell. This cannot asses the functional attributes of
centrosomes in a holistic way. Studies using molecular
biology tools involving several centrosomal proteins have
unraveled the genetic pathology in many of such proteins in
different cases (13, 22). However, in this small study we
clearly showed the significant morphological and structural
abnormalities of centrosomes which accompany affected
cells in patients with B-ALL. The role of centrosomal
pathology in the natural history and outcome treatment in
patients with B-ALL remains to be revealed.
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