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ABSTRACT

Background: Several markers are investigated for prognostic purpose in CLL 
patients among which interleukin-10 (IL-10) is under more investigation. We 
aimed to study IL-10 level in a group of newly diagnosed patients with CLL in a 
single center in Alexandria, Egypt.
Methods: In this study, 80 newly diagnosed patients with CLL referring to 
Hematology Department of the Medical Research Institute of Alexandria 
University, Egypt, and a control group including 40 healthy volunteers 
were included. ZAP-70 was determined by flowcytometry and serum IL-10 
concentration was measured using IL-10 sandwich ELISA method.
Results: Mean serum IL-10 levels were significantly higher among patients with 
CLL. IL-10 level was higher in those who were positive for ZAP-70, Binet stage C, 
Rai stage III-IV and patients with high scores for CLL prognostic index (≥8). It 
showed significant positive correlation with the percentage of ZAP-70 expression 
and significant negative correlation to hemoglobin and platelets count.
Conclusion: Serum IL-10 in patients with CLL at presentation could be used 
as a prognostic marker for disease progression. Measurement of IL-10 in low 
resources areas where flowcytometry is not available could be recommended as 
a substitute investigation.
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Introduction
Chronic lymphocytic leukemia (CLL) is a clonal 
disorder characterized by a progressive accumulation of 
incompetent lymphocytes. It is the most common form 
of leukemia found in adults in Western countries,1 with 
highly variable clinical course and a male preponderance.2 

Because most CLL patients are asymptomatic, the true 
incidence is unknown. CLL is the most common type of 
leukemia in adults accounting for 25% of all leukemias.3 
In the USA, it accounts for approximately 37.6% of ALL 
in the Central Arkansas Veterans Healthcare System 
(CAVHS) which was attributed to an increase in the use 
of peripheral blood immunophenotyping as the only 
diagnostic test for CLL over the time period of the study.4 

In a literature review, Redaelli and colleagues studied 
the clinical and epidemiological burden of CLL.5 They 
observed that the incidence of CLL is variable among 
countries around the world. The highest rates were found 
in Australia, North America, and Europe (especially 
Ireland, Italy, and Switzerland). Lower rates are found 
in Asia and South America.

Among Arab countries, CLL represented 10% of all 
registered leukemias in the Saudi Cancer Registry,6 8.6% 
of all leukemia cases in Kuwait,7 and 16% of all types 
of leukemias in Jordan.8 In Egypt, CLL was the most 
common subtype of leukemia according to the National 
Cancer Registry Program of Egypt, so that over 80% of 
leukemias occurring in adulthood are CLL.9, 10
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Several markers are investigated for prognostic purpose 
in patients with CLL among which are the interleukin-10 
(IL-10). IL-10 is an anti-inflammatory class-2 cytokine 
with pleiotropic effects in immunoregulation and 
inflammation.11 It has a potent stimulating effect on B 
cells inducing proliferation and differentiation.12

There are various reports describing elevated levels 
of IL-10 expression in patients with particular cancers 
including malignant melanoma,13 ovarian cancer,14 
lymphoma, and myeloma.15, 16 There are scarce data 
available in the literature regarding IL-10 as a prognostic 
marker in patients with CLL. We aimed to study IL-10 
level in a group of newly diagnosed patients with CLL 
in a single center in Alexandria, Egypt.

Materials and Methods
This was a cross-sectional study on 80 newly diagnosed 
patients with CLL referring to Hematology Department 
of the Medical Research Institute, Alexandria University, 
Egypt. There was a control group consisting of 40 age 
and sex matched healthy volunteers. Patients with CLL 
with other morbidities such as secondary malignancy, 
infections and autoimmune disorders were excluded. 
Diagnosis of CLL was based on the finding of an absolute 
lymphocyte count of 5.0 x 109/L or more for at least 3 
months, mature lymphocyte morphology and scoring 
system of 4 or 5 on immunophenotyping for diagnosis 
of CLL.

Beside the complete blood count, flowcytometry was 
used to determine the percentage of ZAP-70 expression 
and ELISA sandwich method for determination of serum 
IL-10 (KOMA BIOTECH INC). Serum LDH and β2-
microglobulin were also measured. Clinical staging 
(Binet Rain staging system) and CLL prognostic index 
which is based on the presence of risk factors were applied 
for the patients (table 1).17, 18

Data processing was performed by the Statistical Package 
for Social Sciences (SPSS) for windows which revealed 
normally distributed (parametric) data. Accordingly, 
parametric tests were conducted (t-test for two means, one-
way ANOVA for more than two means, and the Pearson 
correlation test) with 95% confidence interval. This study 
was ethically approved by the ethical committee of Medical 
Research Institute, Alexandria University and an informed 
written consent was obtained from every participant.

Results
The mean±SD age of the patients was 58.95±7.9 years 
(range: 46-76 years), with a male predominence (M:F 
ratio of 2.3:1). Serum IL-10 levels ranged from 11-98 pg/
ml among patients with CLL with a significant higher 
mean (36.09 pg/ml) compared with the control group 
(6.32 pg/ml, table 2).

Serum IL-10 levels showed significantly higher mean 
values among patients with CLL with positive ZAP-70, 
advanced stage disease (Binet stage C and advanced Rai 
stages) and those with a high-risk prognostic index (table 3).

The ROC curve was drawn for IL-10 level as a sensitive 
indicator of ZAP-70 positivity in patients with CLL. It 
showed a statistically significant high area under the 
curve (AUC=0.88, P=0.0001) in ZAP-70 positive patients. 

Correlation tests were performed between IL-10 and 
other parameters. A significant positive correlation 
was observed between IL-10 levels and percentage of 
ZAP-70 expression (r=0.865, P=0.001, figure 1), total 
leukocyte counts (r=0.416, P=0.008, figure 2) and 
absolute lymphocyte counts (r=0.405, P=0.010, figure 3).  
There was a significant negative correlation with 
hemoglobin (r=-0.528, P=0.001, figure 4) and platelets 
counts (r=-0.559, P=0.001, figure 5). Other markers such 
as β2-microglobulinand LDH did not show a significant 
correlation with IL-10 levels.

Table 1: CLL Prognostic index based on the presence of risk factors 17, 18

Characteristics Point contribution
0 1 2 3

Age (years) - <50 50–65 >65
β2M (mg/L) <ULN 1-2 x ULN >2 x ULN -
ALC (X109/L) <20 20–50 >50 -
Sex Female Male - -
Rai stage 0–II III–IV - -
Number of involved nodal groups ≤2 3 - -
ULN: upper limit of normal, β2M:Beta 2 microglobulin, ALC: absolute lymphocyte count, Score: 1-3 (low risk), 4-7 (intermediate 
risk), ≥8 (high risk)

Table 2: Sex, age and serum interleukin-10 levels in patients with CLL and control group 
B-CLL patients
(n=80)

Control
(n=40)

P value

Sex Male 56 (70.0%) 28 (70.0%) 1.00
Female 24 (30.0%) 12 (30.0%)

Age (years) 58.95±7.9
(46-76)

54.8±8.7
(40-64)

0.069

Serum IL-10 level (pg/ml) 36.09±20.84
(11.0 - 98.0)

6.32±2.83
(1.8 - 10.4)

0.0001*

*Statistically significant
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Multiple regression analysis was conducted for all the 
studied variables in patients with CLL with respect to 
ZAP-70 as a dependent variable (criterion). Serum IL-10 
was a significant predictor for prognosis in patients with 
CLL (P=0.001). Other variables did not show significant 
prognostic impact in the studied patients (table 4).

Discussion
IL-10 is a pleiotropic cytokine that is produced by type 2 
helper cells. It is believed to be produced by CD5 positive 
B-lymphocytes through STAT3 and NFAT2 activation in 

patients with CLL.19, 20

It has been suggested that IL-10 inhibits proliferation of 
malignant cells in CLL.21 In contrast, other authors have 
proposed that IL-10 might act as an autocrine growth 
factor for CLL cells since they observed spontaneous 
release of IL-10 in culture of CLL lymphocytes.22

In this study, mean and SD of IL-10 concentration in 
patients with CLL was 36.09±20.84pg/m with a range up 
to 100 pg/ml. Near to our finding, Kara et al. assessed 
the level of IL-10 in 22 healthy donors and 70 patients 
with B-CLL, and the correlation with disease stage and 

Table 3: Mean serum interleukin-10 levels according to ZAP-70, Binet and Rai staging in CLL patients
Parameters IL-10 (pg/ml)

Mean±SD
P value

ZAP-70 Negative (n=58) 27.43±10.5 (11-50) 0.0001*

Positive (n=22) 58.94±24.3 (16.7-98)
Binet staging A (n=16) 18.26±5.52 (11-28.9) 0.0001*

B (n=54) 32.53±13.98 (16.7-72.6) 
C (n=10) 57.5±19.8 (36.9-98.0)

Rai staging 0-I(n=20) 22.70±6.4 (11-31.2) 0.0001*

II (n=32) 26.77±11.9 (14.5-57.1)
III-IV (n=28) 56.3±20.7 (25.8-98.0)

CLL-PI Low risk (n=10) 22.36±7.51 (13.9-29.1) 0.0001*

Intermediate (n=54) 30.53±14.18 (11.0-72.6)
High risk (n=16) 63.46±23.0 (28.9-98.0)

CLL-PI: Chronic lymphocytic leukemia prognostic index, *Statistically significant

Figure 1: Positive correlation between IL-10 and ZAP-70 
expression

Figure 3: Positive correlation between IL-10 and absolute 
lymphocytic count

Figure 4: Negative correlation between IL-10 and hemoglobin 
concentration

Figure 2: Positive correlation between IL-10 and total 
leucocytic count
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prognosis was performed. They reported a mean plasma 
IL-10 level of 26.152 pg/mL (0–100 pg/mL).11

In the current study, serum IL-10 was found to be 
higher among patients with advanced stage, similar to 
that reported by Egle and colleagues who observed that 
IL-10 levels were significantly higher in patients with Rai 
stages III and IV.23 Kamper and co-workers reported that 
IL-10 was detected in all B-CLL patients, being higher 
(p:0.0153) in C than in A Binet stage patients, (10.76 [9.03–
14.24] pg/mL vs. 7.15 [5.35–9.89] pg/mL, respectively.24

Serum IL-10 is a sensitive marker in predicting ZAP-
70 positivity among CLL patients since the ROC curve 
for IL-10 showed higher significant AUC (Figure 6). So, 
the use of this simple marker by ELISA may be a useful 

surrogate marker for ZAP-70 positive expression which 
in turns is proved to be a substitute for immunoglobulin 
heavy chain variable region gene mutation. 

In this study, the level of serum IL-10 in B-CLL patients 
showed significant association with disease progression. 
Advanced stages (Binet C and Rai III-IV) as well as 
patients with high risk prognostic indexes showed 
significantly higher mean IL-10 levels comparing to those 
with early stage disease or low and intermediate risk 
prognostic indexes. 

The finding of higher IL-10 among B-CLL patients 
with advanced disease was observed, where IL-10 could 
enhance the survival of B-CLL cells in a dose-dependent 
fashion by inhibiting the process of apoptotic cell death. 
They observed also that B-CLL cells spontaneously 
release IL-10 in cultures, and serum IL-10 levels 
were elevated in five of the eleven B-CLL patients 
investigated.25 An above mentioned study reported that 
plasma IL-10 was positively correlated with Rai stage 
(P=0.01) and significantly related to survival distributions 
for all parameters.11 Egle et al. reported that serum IL-10 
levels were significantly higher in patients with Rai stages 
III and IV.23 In another study, IL-10 (viral and human) 
levels were elevated and correlated with adverse disease 
features and short survival.26

Serum IL-10 levels correlated with unfavorable 
phenotypic features of B-CLL such as advanced Binet 
and Rai stages, and high risk CLL prognostic indexes. 
It showed significant negative correlation with the 
hemoglobin and platelets counts. This adds to the 
unfavorable features of the disease. This is similar to 
that was reported in other studies.11, 26

Conclusion 
Serum IL-10 concentration in patients with CLL could 
be used as a surrogate marker for disease progression. 
We recommend its measurement in low resource areas 
where flowcytometry is not available. It could also be 
used to substitute ZAP-70 as a marker for prognostic 
implications.

Compliance with ethical standards
Funding: this study was fully funded by the authors only.
-- Author identifying information: are present on the 

title page that is separate from the manuscript.
-- Conflict of interest:  all authors declare that they 

have no conflict of interest. 
-- Ethical approval: all procedures performed in 

Figure 5: Negative correlation between IL-10 and platelets 
count

Diagonal segments are produced by ties.
Figure 6: ROC curve for detection of IL-10 as a sensitive 
predictor for ZAP-70 positivity

Table 4: Multiple regression analysis for predictors of positive ZAP-70 in patients with CLL
Predictors Standardized

Beta Coefficients
t P

Hemoglobin concentration (g/dl) -0.157 -1.45 0.157
Total leukocyte count (×109/L) 0.243 0.760 0.453
Platelets count (×109/L) 0.098 0.952 0.349
Absolute lymphocytes count (×109/L) 0.026 0.082 0.935
β2-microglobulin (mg/L) -0.098 -0.965 0.342
LDH (U/l) 0.111 1.301 0.203
IL-10 (pg/ml) 0.773 6.150 0.001*

The test performed by using the enter method (F=15.58, P<0.0001). Adjusted R square=0.771
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this study involved CLL patients and the control group 
were in accordance with the ethical standards of the 
institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards.
-- Informed consent:  an informed written consent 

was obtained from all individual participants (patients 
and control) included in this study.
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