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Background: B-cell chronic lymphocytic leukemia (B-CLL) is the most common form of leukemia in adults. Some reports showed that 
expression of ZAP70 gene and chromosomal abnormality are two prognostic factors in management of B-CLL
Objectives: In this study, we determined ZAP70 mRNA expression level in the del17p13, del6q21 and del11q13 subgroups of Iranian B-CLL 
patients to investigate prognostic value of ZAP70 expression.
Patients and Methods: In this cross-sectional study, fluorescence in situ hybridization analysis was carried out on 66 Iranian B-CLL 
patients. Zap70 mRNA expression was evaluated by using Real Time RT-PCR.
Results: Molecular analysis showed that ZAP70 expression increased 2.46 fold in the del11q13 subgroup, 2.87 fold in the del17p13 and 1.87 
fold in the del6q21, compared to the 15 patients in the control group. Comparison of standard deviation and mean of the ZAP70 expression 
profile within the subgroups showed more variability among the cases of the del11q13 and del17p13 versus tight clustering for the del6q21. 
Therefore, there is a relation between del6q21 aberrations; which has good prognosis with normal levels of ZAP70 expression.
Conclusions: The results of ANOVA test showed that ZAP70 expression gene was significantly increased in del17p13 and del11q13 subgroups 
compared to control group. Thus, ZAP70 may play an important role in the prognosis of B-CLL patients.
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1. Background
Leukemia is a kind of cancer that begins in cells that 

form new blood cells. These cells are detected in the 
soft, inner part of the bones called the bone marrow. 
Any blood-forming cell can transform into a leukemic 
cell. Once transformed, the cell can proliferate and lead 
to form new cancer cells. These cells can leak into the 
blood stream and expand to other organs. Patients with 
chronic lymphocytic leukemia (CLL) were first described 
in the early nineteenth century (1-3). The natural history 
of the disease progress is very variable, ranging from 
an indolent disorder with minimal progress over many 
years, to a more offensive disease with poor reaction to 
treatment (4). Although the leading causes of this dis-
ease are unknown, there is some evidence indicating that 
genetic factors play an important role in the occurrence 
of this disease. Clonal chromosomal abnormalities have 
been observed in leukemic cells of the patients with CLL, 
of which del 13q14-23.1 is the most common, followed in 
frequency by trisomy 12, del 11q22.3-q23.1, del 6q21-q23, 
del 17p13.1, and 14q abnormalities (5). The onset of disease 
average age is approximately 67 years and men are often 

affected twice as women (6). Many patients are asymp-
tomatic at the time of diagnosis and are observed with-
out treatment until they develop symptoms or evidence 
of disease progression. Lymphadenopathy occurs in ap-
proximately 80 percent and splenomegaly in approxi-
mately 50 percent of the patients at the time of diagnosis. 
There is a wide variation in the rate of clinical progres-
sion (7). Identification of prognostic factors by which the 
clinical course of the disease could be predicted, has been 
one of the most important research interests in B-CLL pa-
tients. Several prognostic factors have been found. One of 
the most reliable prognostic markers in B-CLL patients is 
mutational status of the immunoglobulin heavy chain 
variable region (IgVH). Patients with leukemic cells, 
which express unmutated IgVH genes, have a greater 
tendency for disease progression than those whose leu-
kemic cells express IgVH genes with less than 98 percent 
nucleic acid sequence homology with their germ-line 
counterparts (8, 9). However, mutational analysis of IgVH 
is both difficult and costly, and it is also unreachable for 
many clinical genetic laboratories. Therefore, finding of 
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some surrogate markers instead of mutational status 
of IgVH for the identification of disease progression has 
become an important issue. Cluster of differentiation 
(CD) markers are the first biological markers to be exten-
sively studied as a surrogate marker; because measuring 
them by flow cytometry is fast and convenient. CD38 and 
CD23 are two markers correlating with IgVH mutational 
status, but their prognostic values have been a contro-
versial issue and require further investigations (9-12). 
Nonetheless, high-level expression of CD38 in leukemic 
cells remains associated with an adverse prognosis (12, 
13). Although, a research has been shown 84.2% of CD38 
negative patients relate with mutated IgVH genes (14). 
Gene expression profiling by cDNA microarray showed 
that expression of several genes could be associated with 
IgVH mutational status in B-CLL patients. One of the most 
potential surrogate markers is ZAP70 (70-kDa zeta-chain 
associated protein kinase), a member of the Syk protein 
tyrosine kinase family (14, 15). High expression of this pro-
tein was correlated with unmutated IgVH subtype, and 
its low expression was observed in mutated IgVH subtype 
(16). However, the role of ZAP70 in pathogenesis of B-CLL 
is not known yet, and its correlation with IgVH mutation-
al status is not definite. Therefore, it cannot be taken as 
the sole marker with high accuracy. 

2. Objectives
In the present study, we determined ZAP70 mRNA ex-

pression level in the del17p13, del6q21 and del11q13 sub-
groups of Iranian B-CLL patients to investigate prognos-
tic value of ZAP70 expression.

3. Patients and Methods

3.1. Patients
This cross sectional study was conducted in Shahrekord 

University of Medical Sciences, Iran (Project Number: 
1389-1-70-282). The patients subjected to this survey, were 
enrolled using consent form between 2008 and 2010 in 
Imam Khomeini Hospital of Tehran. Sampling method in 
this study was census. A total of 71 patients were included 
in the study during 20 months. Five patients were exclud-
ed because of failure to grow in culture. The diagnostic 
inclusion criteria were based on the National Cancer In-
stitute Working Group (NCI-WG) guidelines for diagnosis 
of B-CLL (17). Sex, age and Rai staging were extracted from 
hospital records. Two patients were diagnosed at stage I; 
10; at stage II; 11 at stage III, and three at stage IV. Thirty 
were males and 36 cases were females. Patients were 50-70 
years old. Fluorescence in situ hybridization (FISH) analy-
sis was carried out on bone marrow or peripheral blood 
samples using probes for del6q21, 17p13 and del11q13.

3.2. Immunophenotyping 
By density gradient centrifugation using Ficoll-Paque, 

mononuclear cells were separated from heparinized ve-
nous blood. Phosphate-buffered saline (PBS) was used to 
wash the cells twice. Then cells were incubated with fluo-
rescein isothiocyanate-conjugated anti-mouse antibody 
(IQ-Products, The Netherlands) for: CD2, CD5, CD10, CD11c, 
CD19, CD20, CD22, CD23, CD25, CD38, FMC7, and HLA-DR. 
The stained cells were sorted using the FACScan flowcy-
tometer (Becton Dickinson, San Jose, CA, USA) and the 
data were analyzed using the CellQuest software.

3.3. RNA extraction, cDNA synthesis and gene ex-
pression analysis

Two milliliters sterile PBS was used for diluting 2 mL 
EDTA-preserved fresh whole blood and carefully trans-
ferred to 4 mL Ficoll-Paque (Biomol, The Netherlands). 
The sample was centrifuged at 2000 rpm for 15 minutes. 
The buffy coat was isolated in a 1.5-mL Ependorff micro-
tube. The specimens were normalized, and then their 
total RNA was extracted from the buffy coat using the 
High Pure RNA Isolation kit (Roche, Germany) according 
to manufacturer instructions. The quality and concentra-
tion of the extracted RNA samples was determined using 
spectrophotometer by measuring optical density at 260 
and 280 nm (Genova Life Science Analyser-DNA, Jenway, 
England). In order to synthesize first-strand cDNA, ran-
dom hexamer primers and a commercially available kit 
(Revert Aid First-Strand cDNA Synthesis kit, Fermentas, 
Life sciences, Germany), were used. Subsequently, cDNA 
was amplified by PCR with ZAP70 primers to determine 
the accuracy of the cDNA synthesis reaction and the PCR 
products were analyzed using electrophoresis on a 2% 
agarose gel. In order to determine ZAP70 expression, a 
quantitative real-time RT-PCR method was established. 
The amplification was performed using a real-time ro-
tary analyzer (Rotor-Gene 6000, Corbett, Australia), and 
at the end of reactions data were analyzed by the Rotor-
Gene software according to the comparative ΔΔCt meth-
od. A 32-year-old healthy man cDNA sample was used as 
a calibrator. Housekeeping gene β-glucoronidase (GUSB) 
was selected as the reference gene for normalization. 
Using 10-fold serial dilutions of the calibrator’s cDNA, 
the researchers obtained two standard curves for ZAP70 
and GUSB. Primers of ZAP70 and GUSB are shown in Table 
2. Amplification of cDNA was performed by Real-time 
RT-PCR, in a final reaction volume of 20 μL containing 
2 μL target cDNA, 0.7 μL forward primers, 0.7 μL reverse 
primer, 4 μL master mix (LightCycler Fast Start DNA Mas-
ter Sybr Green I, Roche, Germany) and 12.6 μL PCR-grade 
water. The thermal cycling conditions were 10 minutes at 
95°C followed by 40 cycles of denaturation at 94°C for 12 
s, annealing at 60°C for 15 s and extension at 72°C for 12 s 
for both genes. All reactions were run in duplicates.

3.4. Statistical Analysis 
The SPSS version 19 was used to analyze raw data. To de-

termine the statistical significance of ZAP70 expression in 
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cytogenetic subgroups versus the control group, one-way 
ANOVA test was used. Tukey, Duncan and Scheffe were uti-
lized as Post hoc test to categorize differences. P value less 
than 0.05 was considered to be statistically significant.

4. Results
B-type lymphocyte CD markers including CD5, CD19, 

CD20, CD23 and CD38 were successfully measured in all 
patients’ peripheral blood samples using flow cytome-
tery. Mean and range of these CD markers were collected 
from patients’ profiles and are given in Table 1. 

ZAP70 expression from 11 patients with del17p13, 5 pa-
tients with del6q21, 10 patients with del11q13, 15 control 
cases and 15 undetected chromosomal abnormalities were 
performed using real-time PCR and cDNA samples. Size of 
all amplification products was of the expected size and 
no genomic DNA contamination was observed, this was 
shown by analysis of the melting curve. Performance qual-
ity of amplification was determined by standard curves. 
The quality of amplification performance was evaluated 
with the standard curves produced from 10-fold serial 
dilutions of the calibrator’s cDNA. The efficiency value of 
the reactions was 0.98 to 1.05 for GUSB and 0.94 to 1.01 for 
ZAP70 and the correlation coefficient amplification was 
about one. The ratio among ZAP70 and GUSB expression 
automatically at the end of each reaction for each speci-

men was generated by the software RotoGene. The expres-
sion ratio was measured with statistical analysis in cyto-
genetic subgroups and produced the subsequent results. 
Mean and standard deviation of the expression ratio in 
the control group was 1.002 and 0.320, respectively. These 
two parameters in the del17p13 subgroup were 2.9 and 1.9, 
in the del6q21 subgroup 1.9 and 0.80, and 2.5 and 1.0 in 
the del11q13.The distribution of ZAP70 expression ratio to 
GUSB in both cytogenetic subgroup and the control group 
is demonstrated in Figure 1. ANOVA displayed that there 
was a significant difference in the dispensation of ZAP70 
expression ratio between the cytogenetic subgroups and 
the control group (Table 2). Expression using ANOVA test 
Tukey multiple comparison test shown in Table 3 indicates 
that ZAP70 expression in the del11q13 and del17p13are signif-
icantly difference versus control group. ZAP70 expression 
had about 2.88 and 2.47 fold overexpression in del17p and 
del11q13, respectively. But ZAP70 expression in del6q21 was 
the same as that of the control group (Table 3).expression 
using ANOVA test Tukey, multiple comparison test shown 
in Table 3 indicates that ZAP70 expression in the del11q13 
and del17p13are significantly difference versus control 
group. ZAP70 expression had about 2.88 and 2.47 fold over-
expression in del17p and del11q13, respectively. But ZAP70 
expression in del6q21 was the same as that of the control 
group (Table 3).

Table 1.  Some Hematological Characteristics of B-CLL Patients

Subgroup CD5 CD19 CD20 CD23 CD38

Mean Range Mean Range Mean Range Mean Range Mean Range

Del17p 48 ± 26.4 15-92.3 67 ± 25.1 22-93.0 53 ± 22.0 8-79.4 40 ± 22.0 1-73.8 44 ± 25.4 12-84.0

Del6q 37 ± 19.0 12-53.3 57.6 ± 12.0 42 -68.0 32 ± 23.2 12-64.3 28 ± 34.7 1-67.2 23 ± 8.2 14-33.0

Del11q1 37 ± 18.6 4-58 58 ± 26.6 16-92 61 ± 18.9 32-58 60 ± 22.3 0.6-82 48 ± 19.5 14-74

UNdet 47 ± 25.0 2-99.2 67 ± 22.0 11-97.0 27 ± 50.5 2-95.1 19 ± 54.6 4-85.2 31 ± 21.5 1-77.3

Total 46 ± 25.0 2-99.2 66 ± 22.1 10-97.0 50 ± 26.0 2-95.1 53-20.4 1-85.2 33 ± 22.2 1-84.6

Table 2.  Statistical Analysis of ZAP70 Expression Using ANOVA Test

ANOVA table Sum of Squares df Mean Square F Sig.

Treatment (between columns) 26.18 4 6.544 4.48 0.003

Residual (within columns) 74.56 51 1.462

Total 100.7 55

Table 3.  The Relation of ZAP70 Expression Gene Between 3 Cytogenetic Subgroups and Control Group Analyzed by Tukey's Multiple 
Comparison Test

Cytogenetic ZAP70 Gene Expression in 3 Cytogenetic Subgroup With Control
Subgroups Mean difference ± SE a P value
Undetected -0.755 ± 0.442 0.438
Del6q21 -0.880 ± 0.624 0.625
Del17p -1.877 ± 0.480 b 0.002
Del11q13 -1.466 ± 0.494 b 0.035
a  The mean difference is significant at P < 0.05. 
b  Abbreviations: SE Standard error.
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Figure 1. The Histogram of ZAP70 Expression Among Different Groups 
Studied
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5. Discussion
In this study, using ANOVA test, the researchers com-

pared the ZAP70 expression between three cytogenetic 
subgroups and the control group. Except for the del6q21 
subgroup, all of the groups consisted of at least 15 indi-
viduals. This sample number was inferred by one-way 
ANOVA and the sample size for each group was in this 
range between 15-20 individuals (18). Therefore, the 
sample size was considered to be satisfactory. Statistical 
analysis of the ZAP70 expression profile within the cy-
togenetic subgroups demonstrated that expression in 
the del17p13 and del11q13 subgroups was 2.8 and 2.4 fold 
more than that of control group. Comparison of means 
and standard deviation for the del6q21 subgroup and the 
control group was the same as the control group. As can 
be seen in Figure 1, the distribution of ZAP70 expression 
value within del6q21 is nearly equal compared to control 
and undetected subgroups with compact clustering; but 
this distribution within del17p13 and del11q13 has a great 
range compared to control and undetected groups. Stud-
ies by Teimori et al. in 2011 indicated the relationship be-
tween del13q, del11q and trisomy 12 subgroups and ZAP70 
expression in CLL patients (19). In this experiment, the re-
sults of ANOVA test were significant, the findings of post 
hoc test showed significant differences for del17p13 and 
del11q13 subgroups. 

Overall, this study was done on buffy coat; but Wiggers 
in 2014 indicated the median ZAP70 expression in NK 
cells was a four-fold higher and overlapped ZAP70 expres-
sion in CLL cells. Furthermore, the NK cell population was 
more homogeneous regarding ZAP70 expression than T 
cells. Therefore, they showed that ZAP70 expression in NK 
cells could be more valid as reference than ZAP70 expres-
sion in T cells (14). So, future studies can focus on ZAP70 
NK cells to get more accurate results.

In conclusion, the relationship between these two cyto-

genetic subgroups and ZAP70 expression profile was con-
siderably significant. Thus, according to this evidence, 
Del 11q and del 17p could be a prognostic factor for detec-
tion of CLL patients.
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