Med. J. Cairo Univ., Vol. 83, No. 1, September: 62 7-632, 2015
www.medicaljournalofcairouniversity.net

ZAP70 and CD38 as Prognostic Markers for Chronic Lymphocytic
Leukemia in Egyptian Patients
RANIA WAHEED, M.Sc.*; NOHA MAHANA, Ph.D.**; NEEMAT KASSEM, M.D.*** and
SOMAYA EL-DEEB, Ph.D.**
The Department of Oncology, Faculty of Medicine*, The Department of Zoology, Faculty of Science** and
The Department of Clinical & Chemical Pathology, Faculty of Medicine***, Cairo University

Abstract

after the age of 60 years [2] . Disease progress is
quiet variable according to a number of factors [3] .

Background: Chronic Lymphocytic Leukemia (CLL) is
the most common leukemia in elderly people, characterized
by progressive lymphocytosis caused by the clonal accumulation of CD5, CD19 & CD23 B cells in peripheral blood,
bone marrow and lymphoid organs. The most important
prognostic factors in CLL are clinical stage, markers of tumour
load (e.g., thymidine kinase (TK), β 2 -microglobulin ( 2MG)
and cellular proteins expression (eg. CD3 8 and ZAP70).

The Rai and the Binet systems are two commonly accepted staging methods in CLL [4,5] . Although
Rai staging system predicts overall survival, it does
not predict which patients in the early stages (0-I)
will progress and require therapy [6] . The traditional
prognostic parameters based on routine and well
established tests involving the blood or bone marrow
(clinical stage, pattern of bone marrow infiltration,
lymphocyte doubling time, beta-2 microglobulin
levels, and lactate dehydrogenase level) are useful
but they may not accurately predict progression for
a given patient [7] .

P

Aim of Work: To identify prognostic markers (CD3 8 and
ZAP-70) in Egyptian CLL patients in order to investigate the
impact of their combined expressions on the treatment outcome
and quality of life.
Material and Methods: Thirty CLL patients and 20 healthy
controls were enrolled in the study. Blood samples of patients
and controls were analyzed for the expression of surface CD38
and cytoplasmic ZAP-70 by flowcytometry.

The clinical behavior of patients with CLL is
heterogeneous. Some patients have indolent disease
without complications for many years; others develop progressive disease requiring therapy within
a short time after diagnosis. Early treatment of the
former could lead to therapy related complications
that might compromise their quality of life and/or
survival [8] . Defining markers that reliably can
stratify patients into groups with good-risk or poorrisk disease could facilitate clinical trials evaluating
the potential benefit of early treatment [9] .

Results: 18 patients (60%) out of 30 showed high level
of ZAP-70 and CD38 above the cut off value, while the
remaining (40%) showed lower level of ZAP-70 and CD38.
Conclusion: There was a statistical significant difference
between stages in the two groups (ZAP-70 +/CD38 + and ZAP70 –/CD38 – ). Positive cases showed higher prevalence of
Stages III and IV while negative cases showed higher prevalence of Stage II with p-value (<0. 00 1 *). As regards survival
analysis, there was no statistical significant difference between
the two groups, however; positive cases showed higher median
and mean survival period than negative cases with p-value
(0.504).
Key Words: CLL – ZAP- 70 – CD38 – Flowcytometry.

Recently focus of research on prognostic factors
in CLL has changed from clinical to biological
factors. The immunoglobulin Variable Heavy Chain
(IgVH) mutational status, CD38 and ZAP-70 expression are rarely used as markers [10] .

Introduction
CHRONIC Lymphocytic Leukemia (CLL) is the
most common leukemia in adults which comprises
approximately 16-30% of all leukemia cases [1] .
It is more common in males and mostly occurs

ZAP-70 is a member of the syk family Protein
Tyrosine Kinases (PTKs) which plays a critical
role in T-cell antigen receptor (TCR) signaling and
T-cell development [11] . It was found also to be
associated with the B-cell receptor (BCR) in CLL.
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CLL cells expressing high levels of ZAP-70
were found to be associated with enhanced signal
transduction via the BCR complex, when compared
to those with low expression of ZAP-70 [12] .
CD38 is a 45-kDa, nonlineage-restricted, type
II transmembrane glycoprotein that has many protein functions. It can serve as an ectoenzyme that
catalyzes the synthesis and hydrolysis of cyclic
ADP-ribose, a Ca2 + mobilizing agent that acts
independently of inositol triphosphate [13] . CD38
also functions as a receptor that induces proliferation and increases survival of CLL cells [14] . CD38
positivity (defined as at least 30% positive cells)
is an independent prognostic marker for an unfavorable clinical course in CLL [15] . CD38 positive
patients may progress faster to advanced stage.
These patients not only have more aggressive
disease but also do not respond to chemotherapy
as others do [16] .
Material and Methods
Informed consent was obtained from all participants. Ethical approval was obtained by the Institutional Review Board (IRB) of Clinical Oncology
Department; Cairo University. Thirty newly diagnosed patients with CLL were included in the study,
in the period from September 2012 to July 2014.
Patients were diagnosed and treated in the Clinical
Oncology Department, Kasr AL-Ainy, School of
Medicine Cairo University. Twenty healthy controls
were also enrolled.
Patients were subjected to:
- Thorough history taking, full clinical examination
and radiological investigations.
- Routine laboratory tests including complete blood
picture (CBC), Liver Function Test (LFT), Kidney
Function Test (KFT) as well as uric acid were
done.
- Immunophenotyping using flowcytometery to
confirm the diagnosis of CLL with a wide panel
of monoclonal antibodies (CD5, CD19, CD23,
CD79b and FMC7) as well as expression of
understudy markers (ZAP-70 and CD38) as prognostic markers. All monoclonal antibodies used
were tested as surface expression except for ZAP70 that was tested for cytoplasmic expression
with an intrastain kit provided with a permeabilization agent.
Flow cytometric detection of CD38:
Flow cytometric analysis of CD38 was performed on fresh PB samples stained with CD5Fluorescein Isothiocyanate (FITC), CD19-ECD,

and CD38-Phycoerythrine (PE). Isotype controls
were run with each sample to distinguish positive
from negative cells. CLL cells (CD5 + CD 19 + ) were
gated, and CD38 + cells were measured in CD5 +
CD19 + lymphocyte population. A FACS calibur
flow cytometer (BD Biosciences) and Cell Quest
software (BD Biosciences) were used to acquire
and analyse data. The cut-off point for CD38positive in CLL cells was >30%.
Flowcytometric detection of ZAP- 70:
Cytoplasmic ZAP-70 expression was determined by flowcytometry on fresh PB samples.
Cells were fixed and permeabilized using the Fix
and Perm kit (Caltag) according to the manufacturer's instructions. CD5-FITC (BD Biosciences)
and CD19 ECD (BD Biosciences) were used for
staining samples. Lymphocyte cells were gated
further to select CD5 + CD 19 – cells (T cells), which
were used as an internal positive control, and
CD5 + CD19 + cells (CLL cells). Isotype controls
were run with each sample to distinguish positive
from negative cells. Data acquisition and analysis
were performed using a FACS Calibur flow cytometer (BD Biosciences) and Cell Quest software
(BD Biosciences). After appropriate lymphocyte
gating, a marker that included >97% of the T cells
(positive control) was used to define the percentage
of CLL cells that expressed ZAP-70 with the same
intensity of fluorescence as the T cells. The cutoff point for ZAP-70 positivity in CLL cells was
>20%.
• Statistical analysis of data collected:
Quantitative data were presented as Mean (M),
median, Standard Deviation (SD) and range values.
Age and Hemoglobin (Hb) level data showed parametric distribution; Student's t-test was used for
comparison between the two groups regarding
these variables. All other data showed nonparametric distribution; Mann-Whitney U test was
used for comparisons between the two groups.
Qualitative data were presented as frequencies
and percentages. Chi-square ( X 2 ) test was used for
comparisons between the two groups.
Spearman's correlation coefficient was used to
determine significant correlations between immunophenotyping findings and blood picture findings.
Kaplan-Meier survival curve was constructed
for survival analysis to estimate the mean survival
time.
The significance level was set at p !^ 0.05. Statistical analysis was performed with IBM® SPSS®
Statistics Version 20 for Windows.
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Overall survival was examined in our study, it
is the time measured from the diagnosis date to
either the last follow-up date or the time of death
by any cause.
Results
Patients characteristics:
Patients group showed a statistically significant
higher mean of TLC, platelets count than control
group but showed lower mean of Hb than control
group (Table 1).
Immunophenotyping:
Patients group showed a statistically significant
higher mean level of ZAP70 and CD38 than control
group (Table 2).
Correlation between ZAP70 and different Peripheral blood parameters:
A statistically significant correlation was found
between ZAP70 and different PB parameters except
for stage of disease where there was a statistically
significant positive (direct) correlation between
the stage of disease and ZAP70 (Table 3).
Correlation between CD38 and different peripheral blood parameters:
There was a statistically significant negative
(inverse) correlation was found between CD38 and
age as well as Hb level while a significant positive
(direct) correlation between CD38 and stage, with
no statistically significant correlation between
CD38 and other variables (Table 4).
Correlation between CD23 and different variables:
There was no statistically significant correlation between CD23 and different variables: Age,
Hb-platelets and lymphocytes count) except for
TLC where there was a statistically significant
positive (direct) correlation between CD23 and
TLC Fig. (1).
By comparing the hematological data studied,
staging and survival in CLL patients with positive
or negative ZAP-70 and CD38, we found that,
there was no statistically significant difference
between TLC, Hb, platelets and lymphocytes count
in both cases. However, ZAP-70, CD38 positive
cases showed higher of Stages III and IV while
negative cases showed higher prevalence of Stage
II and this response was statistically significant
(Table 5). As regards survival time analysis, there
was no statistically significant difference between
the two groups, however; positive cases showed
higher median and mean survival times than negative cases [(Table 5) and Fig. (2)].

Table (1): Clinical characteristics of CLL patients and control
subjects.
Patients
(n=30)

Control
(n=15)

pvalue

Hb (g/dl):
M ± SD
Median
Range

10.0± 1.5
9.9
6.4-12.8

11.9± 1.0
11.9
10.0-13.2

<0.001*

TLC (X 1 0 9/L):
M ± SD
Median
Range

119933.3 ± 126069.2 5885.7± 1048.0 <0.001*
57650.0
5800.0
1200.0-470000.0
4300.0-7800.0

Characteristics

PLT count (X 10 9/L):
M ± SD
157703.1 ± 110758.0 241.4±43.1
Median
242.5
131500.0
Range
94.0-604000.0
169.0-310.0

<0.001*

M : Mean.
Hb : Hemoglobin.
TLC : Total leukocyte count.
PLT : Platelets.
SD : Standard deviation.
*
: p<0.05.

Table (2): Comparison between immunophenotyping in patient
and control groups.
Immuno-phenotyping

Patients
(n=30)

Control
(n=15)

pvalue

ZAP 70 (%):
M ± SD
Median
Range

34.3 ±29.1
33.6
1.0-95.1

8.6±4.0
8.6
1.4-15

0.020*

CD38 (%):
M ± SD
Median
Range

35.2±26.1
34.0
0.3-95.7

17.2±25.6
10.9
3.2-105.0

0.024*

SD: Standard deviation.
* : p<0.05.
M : Mean.

Table (3): Correlation between ZAP-70 and different peripheral
blood parameters.
PB parameters

Correlation coefficient

p-value

–0.059
–0.273
–0.159
0.097
–0.028
0.711

0.758
0.144
0.400
0.609
0.883
<0.001*

Age
Hb (g/dl)
TLC (X 10 9/L)
PLT (X 10 9 /L)
Lymphocytes %
Stage
Hb : Hemoglobin.
TLC : Total leukocyte count.
PLT : Platelets.
*
: p<0.05.

Table (4): Correlation between CD3 8 and different peripheral
blood parameters.
PB parameters

Correlation coefficient

p-value

–0.426
–0.363
–0.223
0.039
–0.280
0.704

0.019*
0.048*
0.235
0.837
0.134
<0.001*

Age
Hb (g/dl)
TLC (X 10 9 /L)
PLT (X 10 9/L)
Lymphocytes %
Stage
Hb : Hemoglobin.
TLC : Total leukocyte count.
PLT : Platelets.
*
: p<0.05.
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Table (5): Comparison between patients groups in relation to
ZAP-70 & CD38 with hematological parameters
and disease stage.

120

ZAP-70 + & CD38 + ZAP-70– & CD38 – p-value

80

121823.5± 145219.0 129790.9± 105970.7 0.707
45000.0
93100.0
6500.0-470000.0
1200.0-301000.0

Hb (g/dl):
Mean ± SD
Median
Range

9.8± 1.5
9.9
6.4-12.8

PLT (X1 0 9/L):
Mean ± SD
Median
Range

161882.4±96869.0 146000.0±65685.6 0.707
132000.0
119000.0
52000.0-404000.0 52000.0-277000.0

10.6± 1.5
10.8
8.7-12.7

Lymphocyte (%):
Mean ± SD
79.1 ± 13.8
Median
83.0
Range
50.0-98.0

81.7±8.4
85.0
60.0-98.0

0.164

0.579

Staging (n, %):
Stage II
Stage III
Stage IV

1 (5.9)
11 (64.7)
5 (29.4)

9 (81.8)
1 (9.1)
1 (9.1)

<0.001*

Survival:
Median
Mean

47.0
52.0

34.0
40.2

0.504

Hb : Hemoglobin.
TLC : Total lymphocyte count.
PLT : Platelets.

CD23

Mean ± SD
Median
Range

60
40
20
0

100000 200000 300000 400000 500000
TLC
Fig. (1): Scatter diagram showing positive correlation between
CD23 and TLC.
0

1.0

Proportion surviving

TLC (X1 0 9/L):

100

0.8
0.6
0.4
0.2
0.0
0

N: Number.
* : Significant at p≤0.05.

Discussion
In CLL the current challenge is the identification
of CLL patients at high risk, at time of diagnosis,
for therapy-tailoring [17] CD38, a marker associated
with CLL, was found to correlate with IgHV mutational status [18] . Recently, ZAP-70 was shown to
be highly expressed in CLL patients with unmutated
status and to be correlated with disease progression,
and overall survival [19] . Thus assays for CD38 and
ZAP-70 expression would yield important prognostic information for patients with CLL [20] .
The present study included 30 CLL patients
their age ranging from 35 to 79 years with median
age 56 years. In addition to 20 controls ranging
from 20-25. Patients PB samples were subjected
to immunophenotypic analysis by flowcytometry
for both diagnostic and prognostic markers namely
ZAP-70 and CD 38.
In our study regarding ZAP-70 expression we
found that there was no significant correlation
between ZAP-70 and age, Hb, TLC and lympho-

20

40

60
Months

80

100

120

CD38 and ZAP70
Negative
Negative-censored
Positive
Positive-censored
Fig. (2): Kaplan-Meier survival time curve for positive and
negative CD38 and ZAP-70 cases.

cytes count which is in agreement with [10] . Who
reported that there was no correlation of ZAP-70
with (age, Hb and lymphocyte count). While in
disagreement with [20] . Who reported that ZAP70 levels were significantly positively correlated
to TLC and absolute lymphocytic count in PB
while it was negatively correlated with Hb levels
and PLT.
Also, our study showed that there was a significant correlation between ZAP-70 expression and
stage of disease which is in agreement with the
previously reported data of [15,21] , but in disagreement with [3,10] who reported that there was no
correlation between ZAP-70 and stage of disease.
When we classified our patients into 2 groups
according to their ZAP-70 status, we found that
there was no significant difference between (TLC,
Hb, PLT count and lymphocytes count) with positive or negative ZAP-70 which is in disagreement
with [22] who reported that ZAP-70 + patients had
significantly higher (TLC and lymphocyte count).
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In addition, there was also no significant correlation between CD38 expression and the blood
parameters. This is in disagreement with [22] . Who
reported that there was significant positive correlation between CD38 expressions and (TLC count
and lymphocytes count).
Also, the study revealed that there was a statistically significant negative correlation between
CD38 and (Hb and age), these results are in agreement with the previously reported data from [20]
who reported that CD38 levels were correlated
negatively to Hb levels. While these data are in
disagreement with [23] who reported that no significant correlation was found between CD38 expression and age and with [20] who found that no
significant correlation between CD38 expression
with age.
Our study showed also that there was significant
positive correlation between CD38 expression and
stage of disease (p<0.001) this is in accordance
with what was reported earlier by [22] while in
disagreement with [23] who reported that there was
no significant correlation between CD38 expression
and modified Rai stage at diagnosis.
The present study revealed that advanced Rai
stages (stage 3 and stage 4) were mostly associated
with ZAP-70 + and CD38 + , this is in accordance
with previously reported data by [20] who reported
that ZAP-70 + CD38 + patients were characterized
by being associated with advanced Rai stage.
Also, the present study showed that ZAP-70 –
and CD3 8 – patients were characterized by being
associated with earlier Rai stage (stage 1 and stage
2). This is also in agreement with the reported data
by [20] .
It was concluded that, there was a statistically
significant difference between Rai stages in the
two groups ZAP-70 + and ZAP-70 – patients where
positive ZAP-70 cases showed higher [20] who
observed that ZAP-70 expression was significantly
associated with advanced Rai stages as 94.7% of
patients expressing ZAP-70 were in stage 3 and 4.
Also, our study revealed that there was a statistically significant difference between Rai stages
in the two patients groups CD38 + and CD38 – where
positive CD38 cases showed higher prevalence of
stage 3 and 4 this is in agreement with the previously reported data by [20] who observed that high
CD38 expression was associated with advanced
Rai staging.
In the present study we concluded that CD38
and ZAP-70 were correlated with each other and

advanced stages of CLL. Some patients had indolent disease without complications for many years;
others developed progressive disease requiring
therapy within a short time after diagnosis. Early
treatment of the former could lead to therapy related
complications that might compromise their quality
of life and/or survival. Defining markers that reliably can stratify patients into groups with goodor poor-risk disease could facilitate clinical trials
evaluating the potential benefit of early treatment.
References
1- INAMDAR K.V. and BUESO-RAMOS C.E.: Pathology
of chronic lympho-cytic leukemia an update. Ann. Diagn.
Pathol., 11: 363-89, 2007.
2- YEE K.W. and O'BRIEN S.M.: Chronic lymphocytic
leukemia. Diagnosis and treatment. Mayo. Clin. Proc.,
81: 1105-29, 2006.
3- FILIZ VURAL, EMIN KARACA, NUR SOYER, CUMHUR GUNDUZ, FAHRI SAHIN, BUKET KOSOVA,
GURAY SAYDAM, SECKIN CAGIRGAN, MURAT
TOMBULOGLU, FERDA OZKINAY and OZGUR
COGULU: Comparison of CD38, ZAP70 and hTERT
Expression with Known Prognostic Markers in Patients
with Chronic Lymphocytic Leukemia during Five-Year
Follow-up Period. International Journal of Hematology
and Oncology., 24 (3): 179-84, 2014.
4- RAI K.R., SAWITSKY A., CRONKITE E.P., et al.: Clinical staging of chronic lymphocytic leukemia. Blood., 46:
219-34, 1975.
5- BINET J.L., AUQUIER A., DIGHIERO G., et al.: A new
prognostic classification of chronic lymphocytic leukemia
derived from a multivariate survival analysis. Cancer.,
48: 198-206, 1981.
6- RAI K.R., SAWITSKY A., CRONKITE E.P., CHANANA
A.D., LEVY R.N. and PASTERNACK B.S.: Clinical
staging of chronic lymphocytic leukemia. Blood., 46:
219-34, 1975.
7- MOLICA S.: Progression and survival studies in early
chronic lymphocytic leukemia. Blood., 8: 895-9, 1991.
8- TAM C.S. and KEATING M.J.: Chemo immunotherapy
of chronic lymphocytic leukemia. Nat. Rev. Clin. Oncol.,
7: 521-32, 2010.
9- KAY N.E., O'BRIEN S.M., PETTITT A.R. and STILGENBAUER S.: The role of Prognostic factors in assessing
"high-risk" subgroups of patients with chronic lymphocytic
leukemia. Leukemia., 21: 1885-91, 2007.
10- GOGIA A., SHARMA A., RAINA V., KUMAR L., GUPTA
R. and KUMAR R.: Prevalence of ZAP-70 and CD 3 8 in
Indian chronic lymphocytic leukemia patients. Indian
Journal of Cancer., 50: 333-6, 2014.
11 - CHEN L., WIDHOPF G., HUYNH L., RAS SENTI L.,
RAI KR. and WEISS A.: Expression of ZAP-70 is associated with increased B-cell receptor signaling in chronic
lymphocytic leukemia. Blood., 100: 4609-14, 2002.
12- ORCHARD J.A., IBBOTSON R.E., DAVIS Z., WIESTNER A., ROSENWALD A. and THOMAS P.W.: ZAP-70

632

ZAP70 & CD38 as Prognostic Markers for CLL in Egyptian Patients
expression and prognosis in chronic lymphocytic leukaemia. Lancet., 363: 105-11, 2004.

noglobulin V genes and CD38 expression in CLL. Blood.,
99: 1023-9, 2002.

13- IBRAHIM S., KEATING M., DO K.A., O'BRIEN S.,
HUH Y.O., JILANI I., et al.: CD38 expression as an
important prognostic factor in B-cell chronic lymphocytic
leukemia. Blood, 98: 181-6, 2001.

19- PASQUALUCCI L., DOMINGUEZ-SOLA D., CHIARENZA A., FABBRI D., GRUNN A. and TRIFONOV.: Inactivating mutations of acetyltransferase genes in B-cell
lymphoma. Nature., 471: 189-95, 2011.

14- TINHOFER I., RUBENZER G., HOLLER C., HOFSTAETTER E., STOECHER M., EGLE A., et al.: Expression
levels of CD38 in T cells predict course of disease in
male patients with B chronic lymphocytic leukemia.
Blood, 108: 2950-6, 2006.

20- NIHAL S. EL-KINAWY., HOWAIDA M. SHARAF and
MANAL ABD EL-HAMID.: Prognostic significance of
del 17p, ZAP-70 and CD38 as independent indicators for
B-CLL: Correlation to response to treatment and disease
outcome. The Egyptian Journal of Medical Human Genatics., 13: 173-81, 2012.

15- DEL POETA G., MAURILLO L., VENDITTI A., BUCCISANO F., EPICENO A.M., CAPELLI G., et al.: Clinical
significance of CD 38 expression in chronic lymphocytic
leukemia. Blood., 98: 2633-9, 2001.
16- SCHROERS R., GRIESINGER F., TRUMPER L., HAASE
D., KULLE B., AND KLEIN-HITPASS L., et al.: Combined analysis of ZAP 70 and CD 38 expression as a
predictor of disease progression in B cell chronic lymphocytic leukemia. Leukemia., 19: 750-8, 2005.
17- RIPOLLÉS L., ORTEGA M., ORTUNO F., GONZÁLEZ
A., LOSADA OJANGUREN J., et al.: Genetic abnormalities and clinical outcome in chronic lymphocytic leukemia. Cancer Genet. Cytogenet., 171 (1): 57-64, 2006.
18- HAMBLIN T.J., ORCHARD J.A., GARDINER A., OSCIER D.G., DAVIS Z. and STEVENSON F.K.: Immu-

21- HUS I., PODHORECKA M., BOJARSKA-JUNAK A.,
ROLIN′ NSKI J., SCHMITT M., SIEKLUCKA M., et al.:
The clinical significance of ZAP70 and CD38 Expression
in B cell chronic lymphocytic leukemia. Ann. Oncol., 17:
683-90, 2006.
22- AMANI SOROUR and MANAL ELSORADY: Expression
of CD38 and ZAP-70 in Chronic Lymphocytic Leukemia
and Their Relation to Clinical Stage. Journal of Medical
Research Institute., 28 (2): 174-80, 2007.
23- MAGDA ASSEM., THORAYA ABDEL HAMID., SAMAH KOHLIS., and SONYA ARSANYOS: The Prognostic Significance of Combined Expression of ZAP-70 and
CD38 in Chronic Lymphocytic Leukemia. Journal of the
Egyptian Nat. Cancer Inst., 21 (4): 287-97, 2009.

