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Purpose: Routine cytogenetic analysis frequently fails to identify an abnormal clone in B-cell

lymphocytic leukaemia (B-CLL) due to poor response to mitogen stimulation. Fluorescence in situ

hybridization (FISH) suggest that chromosomal abnormalities occur more frequently, most

commonly trisomy 12, retinoblastoma gene deletion (Rb1 gene) and P53 gene deletion.

Patients and methods: 30 patients with B-CLL were enrolled in the trial from two centers in Cairo,

Egypt during the period May 2000 to January 2002. Karyotyping and FISH assessment for

possible chromosomal abnormalities (trisomy 12, Rb1 gene and P53 gene) were done at initial

diagnosis. Results of cytogenetic abnormalities were correlated with clinical picture and survival.

Results: The median age was 57.4 years (range 40–75). Karyotyping technique showed that no

metaphase could be detected in 30%, metaphase with normal karyotyping was observed in 63%

and cytogenetic abnormalities were detected in two cases (one trisomy 12 and one deletion in

chromosome 13). FISH examination of interphase and metaphase nuclei revealed cytogenetic

abnormalities in 15 cases (50%), trisomy 12 in 9 (30%), Rb1 gene deletion in 5 (17%) and P53

gene deletion in 3. At diagnosis, patients with trisomy 12 were significantly associated with

advanced stage and absolute lymphocyte count of >30,000/mm3. Univariate analysis showed

that absolute lymphocyte count >30,000/mm3 (p50.004) and trisomy 12 (p50.024) were

associated with poor progression free survival.

Conclusion: Interphase and metaphase FISH studies improve the cytogenetic diagnosis of

chromosomal abnormalities in B-CLL. Lymphocytosis and trisomy 12 may be a good indicator of

poor prognosis.

Keywords: Trisomy 12, Rb1 gene, P53 gene, B-CLL/SLL

Introduction

The B-cell malignancies share a common cell lineage

but a wide range of clinical, laboratory, molecular,

and genetic features. B-cell chronic lymphocytic

leukemia and small lymphocytic lymphoma (B-

CLL/SLL) is the most common leukemia of adults

in western world and remains incurable with current

chemotherapy. B-CLL/SLL cells have a characteristic

phenotype typified by expression of CD5, CD19, CD

23, and CD79b, low expression of surface immuno-

globulin and negative FMC7.1,2 In the current World
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Health Organization (WHO) classification of hema-

tological malignancies, B-CLL and SLL are consid-

ered different manifestations of the same disease.3

Tumor cells are believed to accumulate primarily

due to defects in apoptosis rather than uncontrolled

proliferation, and this model is supported by the

observation that most B-CLL/SLL cells remain in

G0-G1 and demonstrate prolonged cell survival in

vivo. The clinical course of the disease is remarkably

variable, remaining stable for extended periods in

some patients, while in others progression is much

more rapid.4

Clinical staging systems such as those proposed by

Rai5 and Binet6 have proven the most useful for

predicting prognosis in patients with B-CLL/SLL,3

but do not identify which patients may benefit from

early or more aggressive therapy.7 Therefore, other

factors such as lymphocyte doubling time, morpho-

logic features, immunophenotype, presence of muta-

tions in the immunoglobulin heavy chain gene

variable regions and various chromosomal abnorm-

alities have been examined for prognostic significance

that is independent of clinical stage.3,7

Technologic advancements have led to develop-

ments in diagnosis and targeted therapy for several

hematological malignancies. The application of

fluorescence in situ hybridization8 and the recent

development robust methods of genetic analysis are

rapidly increasing our understanding of biology of

B-CLL/SLL.9 The small number of dividing leukemia

cells in B-CLL/SLL makes conventional cytogenetic

testing problematic, and mitogen stimulation of

B-CLL/SLL is required to achieve an adequate

number of metaphase for analysis.10 Chromosome

abnormalities can be detected in 30 to 50% of patients

with B-CLL/SLL by using this technique, and early

studies identified trisomy 12, 11q and 17p as poor

prognostic markers.11,12 With the development of

interphase FISH technique, it becomes possible to

detect selected chromosome abnormalities in non-

dividing cells. Although more sensitive and specific

than conventional cytogenetics, FISH does not

completely evaluate all chromosomes. In B-CLL/

SLL found chromosomal abnormalities were more

common than detected with the use of conventional

cytogenetics and have different distribution.13,14 The

prognostic significance of chromosome analysis by

FISH was studied by using a comprehensive set of

probes in 325 patients with CLL (Ref. 14) chromo-

some abnormalities were identified in 82% of

patients: 55% of patients had a 13q, 18% 11q, 16%

trisomy 12, 7% 17p and 29% had more than one

chromosome abnormality, on multivariate analysis

17p and 11q were identified as variables association

with shorter overall survival.15

In the current study, we studied the incidence of

trisomy 12, retinoblastoma gene (Rb1 gene) deletion

and p53 gene deletion by karyotyping and FISH

technique and to correlate these with clinical features

and survival.

Patients and methods

Thirty patients with B-CLL were enrolled in the trial

from two centers in Cairo, Egypt during the period,

May 2000 to January 2002. Diagnosis of B-CLL was

confirmed by morphology and immunophenotypic

examination. Patients included in the trial should

fulfill the following criteria, B-CLL patients expres-

sing B cell specific differentiation antigens CD19,

CD20, CD24, CD23, 79b, positive for CD5, weakly

expressing SIg and negative FMC7, age from 18–70

years old, performance status (Eastern Cooperative

Oncology Group ECOG) from 0–2, no previous

treatment by chemotherapy or radiotherapy, no

previous malignancy, patients should not be under

antibiotic therapy and patients should sign an

informed consent. Patients who had congenital

anomalies, co morbid disease, other malignancies,

pregnant women and patients who had previous

chemotherapy or radiotherapy were excluded from

the trial. Patients were staged according to Binet

staging system,6 based on the results of the initial

work up, which for all patients included physical

examination, laboratory investigations (including,

CBCD, renal profile, hepatic profile, LDH and bone

marrow aspiration), chest X-ray, abdominal ultra-

sound and/or CT chest, abdomen and pelvis.

Chemotherapy when indicated (stages II and IV

and other indications) included chlorambucil 0.8 mg/

kg orally as a single dose every three to four weeks ¡

prednisone 40 mg daily for five days

Cytogenetic studies

Conventional cytogenetic methods including, band-

ing and karyotyping technique using 24, 48 and

72 hours cultured cells according to the basic

technique of Moorhead et al. (1960),16 individual

chromosomes were identified and karyotyped using a

computerized image analysis system (Vysis Quips XL

Genetic work station) according to Paris conference

recommendation.17 And to the international system

of hemo-cytogenetic nomenclature,18 for each case at

least 20 metaphase spread were analyzed to detect

any chromosomal aberration.
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Fluorescence in situ hybridization (FISH)

In current study three fluorescent DNA probes were

used chromosome enumeration DNA probe specific

for the chromosome 12 Centro mere [CEP12 (alpha

satellite) (Vysis, USA)] spectrum green, DNA probe

specific for chromosome 13q14 which is the locus of

the Rb1 gene [LSI Rb1 gene DNA probe (Vysis,

USA)] spectrum orange and DNA probe specific for

chromosome 17q which is the locus of p53 gene, LSI

p53 gene DNA (Vysis, USA) spectrum orange. These

probes were directly labeled with a VysisTM fluro-

phobe for detection. Unlabeled blocking DNA was

mixed with the DNA sequence to suppress the

background hybridization. The slides were dehy-

drated for 1 minute in 70% ETOH in a Coplin jar,

followed by 1 minute in 85% ETOH and 1 minute in

100% ETOH, slides were kept in 100% ETOH until

the probe mixture was applied. For each slide the

following reagent mixture was prepared in a micro-

centrifuge at room temperature {[7 ul hybridization

buffer (Vysis, USA)], 1 ul probe and 2 ul purified

water}. The microcentrifuge tube was vortexed for 1–

3 seconds for proper mixing of the probe with

hybridization mixture. After removal from 100%

ETOH, 10 ul of the probe mixture were dropped on

the target area and slides were placed in the HyBrite

apparatus (Vysis, USA), in a 73uC temperature

(melting temperature) for 1 minute which automati-

cally abruptly dropped to 37uC temperature (hybri-

dization temperature) kept for 30 minutes in case of

centromere up to several hours in case of genes then

the slides were washed in 70 ml of 0.46SSC 0.3%

NP-40 kept at 73uC water bath for 30 minutes prior

to use. The slides were air-dried using electric air

blower, 10 ul of DAPI II counter stain were added to

the target area of the slide and the cover slip was

applied. All slides were examined using fluorescence

microscope (Olympus BX40) and a computerized

image analysis system (Vysis Quips XL Genetics

workstation). (Two hundred interphase nuclei were

examined for each) Specimen with >2% trisomy

nuclei were considered to have an abnormal trisomy

12 clone, while specimen with .4% one signaled

nuclei were considered to have an abnormal hemi-

zygous deletion of the Rb1 gene. Homozygous

deletion of the Rb1 gene was achieved when .5%

of the counted nuclei showed no signals Garcia.19

Hemizygous and homozygous deletion of the p53

gene was achieved when .7% of the counted nuclei

showed one or no signals respectively20,21 (cut off

value was determined based on 1000 bone marrow

nucleated cells from five normal donors ). Patients

were followed up periodically by clinical examina-

tion, laboratory tests and radiological images to

evaluate the patients and correlate the outcome of the

disease with the genetic results.

Statistical analysis

All statistics were performed with SPSS soft ware

(statistical package for social science). Description

statistics was presented as number and percentage

(frequency distribution). Fisher’s exact test and the

Wilcoxon rank sum test were used to compare the

clinical and laboratory characteristics by cytogenetic

results. Survival analysis was performed by Kaplan

Meier method and the long rank test was used to

compare survival distribution. Progression free sur-

vival (PFS) was determined as the time from date of

initial diagnosis to the date of progression, death

from any cause or to the date of last contact for non

progressing surviving patients. Cox regression analy-

sis was used for univariate and multivariate analysis

of factors affecting survival, with a p value of ,0.05

was used for significance. The Pearson’s correlation

coefficient H according to Mould was used to

correlate the cytogenetic results with other factors

like stage, lymphocytosis, organomegaly and other

factors. Correlation coefficient can range from 21.00

to a value of z1.00. A perfect positive correlation

would be r5z1 and a perfect negative correlation

would be r521 and no correlation would be r50.

Results

During the period from May 2000 to January 2002,

30 patients were enrolled in current trial from two

centers in Cairo, Egypt. Out of the thirty patients

included in the trial, 18 patients (60%) were males and

12 (40%) were females, yielding a male to female ratio

of 1.5 : 1. patients age ranged from 40–75 years with a

median age of 57.4 years. Using Binet’s staging

criteria, six patients (20%) were stage A, 13 patients

(43%) were stage B and 11 patients (37%) were stage

C. Fourteen patients out of 30 (47%) showed liver

involvement while 20 patients (66%) showed splenic

involvement and 27 patients (90%) had lymph node

involvement. In nine out of the 30 CLL patients

(30%) no metaphase could be detected for karyotyp-

ing analysis. Karyotyping was carried out on G-

banded metaphases of the rest of 21 CLL cases, 20

metaphases were examined for each subject.

Examination of metaphase spreads in those 21 CLL

cases revealed cytogenetic abnormalities in two cases

(6.67%). One case of them showed a 47 XX female

karyotype with an extra chromosome 12 (numerical

abnormality). The other case showed a 46 XY male

AbdelSalam et al. Trisomy 12, RB1 and P53 in CLL

Hematology 2008 VOL 13 NO 3 149



karyotype with 13q deletion (structural abnormality).

These cytogenetic abnormalities were detected in

about 20% of the examined metaphases. The two

cases with cytogenetic abnormalities belonged to

stage B of Binet’s classification. FISH examination

of interphase as well as metaphase nuclei, revealed

cytogenetic abnormalities in 15 of the 30 B-CLL

studied cases (50%). Trisomy 12 was detected in 12

cases (30%), Rb1 gene deletion in five cases (16.7%)

and P53 gene deletion in three patients (10%)

(Table 1). FISH studies showed no cases with

cytogenetic abnormalities in Binet stage A while

most of cytogenetic abnormalities were detected in

stage B (46.2% of stage B cases showed trisomy 12,

23.1% showed Rb1 gene deletion and 7.2% showed

P53 gene deletion). P53 gene deletion was most

common in Binet stage C (18.2%) (Table 2).

CD38, as a prognostic parameter, was done,

showing only positivity in 10% of cases.

Statistical analysis using the correlation coefficient

test showed a positive significant correlation between

trisomy 12 and increased lymphocyte count as eight

cases showed a lymphocyte count >22,000/mm3 and

one case showed a lymphocyte count of 90,000/mm3

(r50.365 and p50.047). Correlation test showed

insignificant correlation between trisomy 12 and

hemoglobin level, platelet count, hepatomegaly,

splenomegaly, sex, age or lymphadenopathy. Rb1

gene deletion was significantly correlated with hepa-

tomegaly as four out of the five cases with Rb1 gene

homozygous deletion showed hepatomegaly (r50.4

and p50.036), however no correlation with other

factors. P53 gene deletion was significantly correlated

with splenomegaly (two cases showed large spleen

and one showed mild enlargement) (r50.448 and

p50.013) but no significant correlation with any

other factor (Table 3).

At a median follow up of 42.9 months (range 3–

70), the median PFS for the whole group was 41.6

months. The four years’ PFS was 45% (Fig. 1).

Univariate analysis of factors predicting four years’

PFS was summarized in Table 4. The analysis

showed that absolute lymphocyte count >30.000/

mm3 (p50.004) and trisomy 12 (p50.024) were

associated with poor PFS (Figs. 2 and 3).

Discussion

Conventional cytogenetic studies by karyotyping of

B-CLL are often limited by the low rate of

spontaneous metaphase of the tumor cells. In current

study chromosomal abnormalities were detected in

only two cases (7%) out of 21 cases studied with

conventional karyotyping whereas interphase FISH

studies were abnormal in 50% of the 30 cases studied.

The discrepancy in the results of the karyotyping and

FISH technique in the present study could be

attributed to the fact that the leukemic B cells were

resistant to mitotic division. The used phytohaemag-

glutinin and IL-2 failed to stimulate leukemic B cells

in nine cases (30%) and there was no metaphase could

be detected for proper karyotype analysis. Moreover

the karyotyping detected cytogenetic abnormalities in

20% only of examined metaphases, which could be

masked by normal metaphase spreads derived from

normal T-lymphocyte stimulation. It was evident that

chromosome overlapping in leukemic cases (chromo-

somes were fuzzy and matted) made karyotyping

difficult and time consuming. In addition, karyotyp-

ing could not find minor cytogenetic lesions at the

level of genes.

The most frequent abnormality detected was

trisomy 12 followed by Rb1 gene deletion. This

result is consistent with previous studies that have

demonstrated this deletion to be the most frequent

Table 1 Patients characteristics (30 patients)

Factor Number %

Age (years) Median 57.5
Range 40–75

Gender Male 18 60%
Female 12 40%

Lymph. count Median 29.70¡27.9
Range 5000–119.97/mm3

Platelet count Median 167.33¡74.6
Range 55,000–247,000/mm3

Hemoglobin Median 10.77¡2.14
Range 5.5–14 gm/dl

Binet’s stage A 6 20%
B 13 43%
C 11 37%

Liver involvement 14 47%
Splenic involvement 20 66%
LN involvement 27 90%
Cytogenetic abnormalities 15 50%
Trisomy 12 9 30%
Rb1 gene deletion 5 16.67%
P53 gene deletion 3 10%
Karyotyping Normal 19 63.34%

Numerical 1 3.33%
Structural 1 3.33%

Table 2 Distribution of genetic abnormalities and Binet’s
stage classification

Stage

Trisomy 12 Rb1 gene deletion P53 gene deletion

No. % No. % No. %

A 0 0% 0 0% 0 0%
B 6 46.2% 3 23% 1 7.7%
C 3 27.3% 2 18.2% 2 18.2%
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abnormalities when FISH analysis was per-

formed.21,22 The rate of detection of trisomy 12 in

this study (30%) is similar to that reported in many

trials.22,23 One case with trisomy 12 associated with

Rb1 gene deletion and another case was associated

with P53 deletion, those two cases were normal in

conventional cytogenetic karyotyping studies. Aoun

et al.8 studied 72 cases with B-CLL/SLL for

chromosome 3, 12 or 18 aneuploidy, and for

rearrangements involving 11q13, 11q23, 13q14

14q32 and 17p13. Karyotyping identified chromoso-

mal abnormalities in 31% of the cases (higher than

that reported in current trial), whereas fluorescent in

situ hybridization studies were abnormal in 72% of

cases including 64% of the cases with normal

karyotypes. Trisomy 12 was detected in 21% whereas

most common abnormality was 13q14 (36%).

Trisomy 12 was detected in 13% while P53 deletion

detected in 11% in study reported by Jarosova et al.24

which is different than that reported in current trial.

In present study, chromosomal abnormalities were

associated with advanced stage and higher disease

activity like lymphocytosis >30,000/mm3, hepatome-

galy or splenomegaly. These results are similar to that

reported by many other authors.14,22–24 Current trial

showed poor PFS in patients with lymphocytosis

.30,000/mm3 and in patients with trisomy 12 while

deletion in Rb1 gene or P53 did not show any

impaction on PFS. The prognostic significance of

chromosome analysis by FISH was studied by using a

comprehensive set of probes in 325 patients with B-

CLL.14 Chromosome abnormalities were identified in

82% of patients; 55% of patients had a 13q-, 18% 11q-,

16% trisomy 12, 7% 16p-, 6% 6q-, and 29% of patients

had more than one chromosome abnormality. On

multivariate analysis 17p (P53)- and 11q- were

identified as variables associated with poor prognosis

and shorter OAS. The P53 gene deletion showed

prognostic impaction in many studies14,20,22,24,25 but

not in current trial because of limited number of

patients detected with P53 deletion. The P53 gene

plays an integral role in inducing apoptosis or cell

cycle arrest after DNA damage. In CLL, a function-

ing P53 pathway is an important indicator of

responsiveness to purine nucleoside analogues, per-

haps explaining the prognostic importance of P53

Table 3 Distribution of genetic abnormalities according to clinical features

Cytogenetic
abnormality Age Gender

Lymphade-
nopathy

Hepato-
megaly

Spleno-
megaly

Lymphocyte
count

Haemoglo-
bin level

Platelet
count

Trisomy 12 r 0.12 0.13 20.168 0.154 0.16 0.365 20.217 0.116
p 0.374 0.41 0.23 0.443 0.438 0.04* 0.24 0.54

Rb1- r 0.13 0.11 0.066 0.4 0.05 0.103 0.116 0.07
p 0.23 0.12 0.729 0.03* 0.78 0.6 0.54 0.7

P53- r 0.21 0.13 20.045 0.203 0.448 20.167 20.148 20.17
p 0.11 0.21 0.81 0.28 0.013* 0.37 0.43 0.35

*statistically significant.

Figure 1 PFS whole group

Table 4 Univariate analysis of prognostic factors among
30 patients

Variable
Patients
no.

4 years
PFS % p

Binet’s stage A 6 82.43%
B 13 60.7% 0.333
C 11 25.63%

Liver involvement 14 48.7% 0.69
Normal 16 62.43%
Splenic involvement 19 26.8% 0.34
Normal 11 68.2%
Lymphocyte count Normal 20 75.2% 0.004*

.30,000 10 0%
Hemoglobin Normal 23 64.1% 0.62

,10 7 0%
Trisomy 12 Normal 21 71.1% 0.024*

zve 9 19.8%
Rb1 gene Normal 25 63.7% 0.169

Deletion 5 27.25% 0.169
P53 gene Normal 27 99.5% 0.3382

Deletion 3 51.9%

*statistically significant.
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gene abnormality.26,27 Because abnormal P53 func-

tion is present in a large subset of patients with CLL

(26%) the abnormalities of chromosome 17 (7%) by

FISH analysis, some have proposed functional assays

of P53 may be a better prognostic marker than

identifying abnormality in chromosome 17.14,21

Trisomy 12 failed to show prognostic significance in

multiple studies.8,14,20,22,24,25 In a recent trial pub-

lished by Byrd et al, eighty eight patients treated as

part of CALGB q712 had detailed prognostic factors

assessment. Using IgVH mutation status to classify

risk, the median progression-free survival (PFS;

p50.048) and OAS (p50.01) were shorter among

the IgVH unmutated patients as compared with

IgVH mutated patients. The chromosomal panel

studied in this trial included trisomy 12, 13q14

deletion, P53 deletion, 11q22.3 deletion and 6q21

deletion.28

Conclusion

FISH analysis is superior to conventional chromoso-

mal analysis in detecting chromosomal aberration as

well as target gene deletion in B-CLL cells.

Functional assay of P53 may be better prognostic

marker than its deletion as an important comple-

mentary test to assess prognosis and response to

therapy.

Although our results revealed that trisomy 12

showed a prognostic impact on PFS, a larger trial is

warranted to prove or disprove this information.
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