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Abstract Chronic lymphocytic leukemia (CLL) is a

common lymphoid malignancy that has a highly variable

clinical course. Genomic features as zeta-chain-associated

protein kinase 70 (ZAP70) expression and CD38 expres-

sion provide further differentiation of disease prognosis.

Extensive studies have confirmed the oncogenic activities

of IL-9 in lymphoma. The aim of the current study was to

investigate the contribution of IL-9 expression to the

pathogenesis of CLL and its correlation to other prognostic

parameters. This study was conducted on 80 patients at

diagnosis with CLL and 80 healthy controls. Using real

time polymerase chain reaction and enzyme linked

immunosorbant assay, IL-9 mRNA expression and its

serum level were compared between patients and controls.

They were both correlated with other prognostic factors.

Results: There was an overexpression of IL-9 in CLL

patients that correlated with modified Rai staging, ZAP70,

CD38 and all hallmarks of an active and aggressive dis-

ease. The correlation between IL-9 upregulation and

patient characteristics provided direct clinical evidence for

its contribution to the pathogenesis of CLL. In conclusion,

significantly higher expression of IL-9 measured at both

the mRNA and the protein levels in patients with CLL that

correlates with more complex course of the disease and

worse prognosis may allow one to speculate its importance

in the pathogenesis of the disease and its possible impact

on prognosis.
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Introduction

Chronic lymphocytic leukemia (CLL) has a highly unpre-

dictable clinical course, ranging from rapid fatal progres-

sion to a relatively indolent behavior with normal life

expectancy. It is characterized by the proliferation and

progressive accumulation of mature B lymphocytes that

express both the T cell antigen CD5 and B cell surface

antigens CD19, CD20, and CD23 [1].

Genomic chacteristics such as mutational status of

immunoglobulin heavy chain variable region genes

(IGHV), TP53 tumor suppressor gene and ataxia telang-

iectasia mutated (ATM) gene, zeta-chain-associated pro-

tein kinase 70 (ZAP70) expression, b2-microglobulin,

interphase cytogenetics, and complex karyotype on meta-

phase cytogenetics, demonstrate further differentiation of

disease prognosis [2]. b2-microglobulin is released con-

stitutively by CLL cells and its level approximately cor-

relates with tumor mass [3], therefore its predictive value

could vary in the course of the disease and be relatively low

in the early disease stages, when tumor mass is low, irre-

spective of the subsequent clinical outcome. Other prog-

nostic markers include microRNA expression profiles [4],

C-334 methylation status [5], CD38 antigen expression [6]

and lipoprotein lipase (LPL) [7]. The most documented

molecular predictor of disease progression is the presence

or absence of somatic mutations in the (IGHV) region of

leukemic cells of CLL [8]. Because (IGHV) mutation

analysis is not always available in routine clinical labora-

tories, other surrogate markers have become attractive as

an indication of CLL status [8]. CLL patients with
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unmutated IGHV genes have a greater risk of relapse after

stem cell transplantation [9]. Additionally, unfavorable

aberrations (11q–, 17p–) occur usually in IGHV-unmutated

people, while favorable aberrations (13q single) are more

encountered in the IGHV-mutated subgroup [10].

Interleukin (IL)-9 was initially characterized as a

growth factor for T-cell lines, mast cell lines, and

hematopoietic tumor cells [11]. In vivo, IL-9 is involved

in asthma, in immune reactions against parasites, and in

lymphoma development [12]. IL-9 is a member of the

common c-chain family of cytokines, using the c-chain
receptor together with the cytokine-specific receptor, IL-9

receptor (IL-9R) a [13]. The pro-proliferative and anti-

apoptotic effect of IL-9 were basically dependent on its

high-affinity binding with IL-9R. Receptor-ligand inter-

action in turn activates the Janus kinase-signal transducer

and activator of transcription (JAK/STAT) pathway

and consequently regulates its downstream apoptosis

proteins [14].

It is a T-cell-derived lymphokine that triggers the pro-

liferation of various lymphoid and hemopoietic cells [15].

A resurgence of interest in IL-9 has been spurred as a result

of an expanded identification of its receptor on various

immune cells [16]. The dysregulated expression of IL-9

can be detected in biopsies as well as serum from patients

with CLL, Hodgkin’s disease (HD), nasal natural killer

(NK)/T-cell lymphoma as well as anaplastic large cell

lymphomas (ALCL) [17].

The aim of the current study was to investigate the

contribution of IL9 expression to the pathogenesis of

chronic lymphocytic leukemia (CLL) and its correlation to

other prognostic parameters.

Materials and Methods

This study was conducted on 80 patients at diagnosis with

chronic lymphocytic leukemia (CLL). Patients, who met

the diagnostic criteria for CLL, were selected from the

outpatient clinic of Alexandria main university hospital

between January 2014 and December 2016. Survival ana-

lytical studies could not be done owing to the short term

period of the study. The patients were 52 males and 28

females with age range from 42 to 72 years (median age

59.5). Eighty age and sex matched healthy volunteers were

selected as a control group. They were 42 males and 38

females with age range from 40 to 70 years (median age

57.5). The selection of these patients was based on the

following criteria: full history taking; thorough clinical

examination; peripheral blood morphologies, immunophe-

notyping score C4, absolute lymphocyte count

C5.0 9 109/L and normal karyotyping by conventional

cytogenetics at the time of diagnosis. To establish cyto-

genetically normal (CN-CLL), 20 or more metaphase cells

from the samples had to be examined to assure normal

karyotypes. Clinical stage was determined using the mod-

ified Rai staging system. All patients were untreated and

peripheral blood mononuclear cells (PBMCs) were isolated

from EDTA blood.

The study was approved by the medical ethics com-

mittee and informed consents were obtained from all par-

ticipants involved in the study. All procedures followed

were in accordance with the ethical standards of the

responsible committee on human experimentation (insti-

tutional and national) and with the Helsinki Declaration of

1975, as revised in 2008 (5).

Cellular Immunophenotypic Analysis

All flowcytometric analyses were carried out on a Becton–

Dickinson, FACSCalibur flowcytometer equipped with

Cell Quest software (Becton–Dickinson, San Diego, CA,

USA). Mononuclear cells were separated by density cen-

trifugation. B-cells were enriched using biotin conjugated

antibodies that recognize and remove non B-cells from the

mononuclear cells. B-cells were stained with the following

mAbs, CD22-fluorescein-isothiocyanate (FITC), CD23-

FITC, FMC7- phycoerythrin (PE), CD79-PE (Beckman

Coulter). Dual staining was performed for CD5-FITC/

CD19-PE, Kappa-FITC/Lambda-PE, CD19-PE/CD38-

FITC and CD19-PE/ZAP-70-FITC (DAKO) to determine

cytoplasmic ZAP-70 expression according to the manu-

facturer’s instructions. A cut-off point of 20% was used to

define positivity for CD38 and ZAP-70.

Serum IL-9 Measurement

Serum samples from 80 CLL patients and 80 healthy vol-

unteers were collected and frozen at -80 �C. IL-9 levels in

sera were quantified using human ELISA kit (Affymetrix,

eBioscience) according to the manufacturer’s instructions.

The sensitivity limit for quantitative determination was

1 pg/ml.

IL-9 mRNA Expression

Purification of total cellular RNA from human whole blood

was done using QIAamp� RNA blood Mini kit (Qiagen,

USA). The concentration and purity of RNA were mea-

sured at 260, 280 and 230 nm using Nanodrop2000 spec-

trophotometer (Thermo Scientific, USA). A260:A230 ratio

greater than 1.7 and A260:A280 ratio greater than 2.0

indicates highly pure RNA. A reverse transcriptase kit

(QuantiTect reverse transcription kit, Qiagen, USA) was
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used for complementary DNA (cDNA) synthesis according

to the manufacturer’s instructions.

The expression of IL-9 mRNA was analysed with the

ready to use QuantiFast� probe two-step real-time RT-PCR

assay (Qiagen, USA). Expression data were normalized to

the geometric mean of the housekeeping gene Glycer-

aldehyde-3-phosphate dehydrogenase (GAPDH) to control

the variability in expression levels by RT-PCR, using real-

time cycler Rotor gene Q� (Qiagen, USA). Data analysis

was done using the 2-DDCT method.

Statistical Analysis

Data were fed to the computer and analyzed using IBM

SPSS software package version 20.0 (SPSS Inc., Chi-

cago, IL, USA). Comparisons between groups for cate-

gorical variables were assessed using Chi square test

(v2). Student t-test was used to compare two groups for

normally distributed quantitative variables. Mann–Whit-

ney test was used to compare two groups for abnormally

distributed quantitative variables. Spearman coefficient

was used to correlate between quantitative variables.

Significance of the obtained results was judged at the 5%

level.

Results

IL-9 mRNA Expression in CLL Patients

Using an RT-PCR approach, we detected the expression

levels of IL-9 mRNA in CLL patients as shown in

Fig. 1. A significantly higher expression of IL-9 mRNA

was found in CLL patients than in healthy controls

(P\ 0.001).

Serum IL-9 in CLL Patients

Serum levels of IL-9 were measured in CLL patients and

healthy controls using ELISA to investigate the possible

involvement of IL-9 in CLL as illustrated in Fig. 2. The

data showed that serum IL-9 levels in CLL patients were

significantly higher than in healthy controls (P\ 0.001).

Expression of IL-9 and Association with Other

Prognostic Factors

In a total of 80 CLL cases, no association was found

between serum IL-9 or its expression level and patient age

(P = 0.488), nor gender (P = 0.952, P = 1.000 respec-

tively). The possibility of interaction between IL-9 and

other known prognostic factors was analyzed in our cohort

as presented in Table 1. Modified Rai staging was strongly

associated with both a significantly higher level of IL-9 in

serum as well as a significant overexpression of IL-9

(P\ 0.001). Similarly, the expression and serum levels of

IL-9 were strongly correlated to ZAP-70 and CD 38

expression (P\ 0.001). These results indicated that the

overexpression of IL-9 was associated with CLL clinical

progression.

Correlation Between Serum IL-9 and IL-9 mRNA

Expression

As shown in Table 2, a significant negative correlation was

found between serum IL-9 and its expression level with

hemoglobin concentration (Rs = -0.454, Rs = -0.468)

respectively. Likewise, they showed a significant negative

correlation with platelet count (Rs = -0.339,

Rs = -0.353) respectively. On the other hand, serum IL-9

and its mRNA expression had a significant positive

Fig. 1 Comparison between the two studied groups as regards IL9

expression

Fig. 2 Comparison between the two studied groups as regards serum

IL9 (pg/ml) by ELISA
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association with WBC count (Rs = 0.453, Rs = 0.441)

respectively. Moreover, significant positive correlations

were marked between IL-9 overexpression and its serum

levels with other prognostic factors as ZAP-70 expression

(Rs = 0.604, Rs = 0.580) respectively, as well as, CD 38

expression (Rs = 0.684, Rs = 0.697) respectively.

Discussion

A series of observations have pointed to IL-9 as a factor

promoting oncogenesis, especially lymphomagenesis [18].

IL-9 is able to stimulate proliferation of lymphoma cells

[19] and protect them from dexamethasone (DEX)-induced

Table 1 Relation between IL9

expression and IL9 ELISA with

the different parameters in

patients with CLL

IL9 expression Serum IL9 (pg/ml)

Median (Min.–Max.) P Median (Min.–Max.) P

Age

\60 5.81 0.74–23.10 0.488 9.70 2.30–38.0 0.488

C60 5.31 0.49–18.24 9.0 2.0–30.0

Sex

Male 5.79 0.49–23.10 1.000 9.70 2.0–38.0 0.952

Female 5.34 0.55–18.24 9.40 2.0–30.0

LN

No 5.35 4.44–23.10 0.007* 8.0 6.0–38.0 0.008*

Generalized 6.50 0.55–19.70 12.0 2.0–30.0

Submandibular, inguinal 2.41 2.41–2.41 4.20 4.20–4.20

Cervical 1.97 0.49–3.19 3.90 2.0–5.50

Cervical, axillary 4.44 0.70–18.24 5.0 3.0–30.0

Axillary, Paraaortic 11.68 11.68–11.68 13.0 13.0–13.0

Splenomegaly

No 4.46 0.70–11.68 0.001* 7.45 2.30–13.0 \0.001*

Splenomegaly 13.70 0.49–23.10 17.50 2.0–38.0

Hepatomegaly

No 4.99 0.49–23.10 0.059 8.0 2.0–38.0 0.062

Hepatomegaly 13.70 2.15–17.88 17.50 3.70–30.0

Modified Rai Stage

Low 4.44 0.70–11.68 \0.001* 5.75 2.30–13.0 \0.001*

Intermediate 4.56 0.49–18.24 8.0 2.0–30.0

High 15.68 4.17–23.10 25.0 7.0–38.0

Zap70%

\20 (Negative) 4.44 0.49–17.36 \0.001* 6.0 2.0–30.0 \0.001*

C20 (Positive) 15.68 5.35–23.10 25.0 8.0–38.0

CD38%

\20 (Negative) 4.44 0.49–15.68 \0.001* 5.75 2.0–26.20 \0.001*

C20 (Positive) 16.40 4.17–23.10 27.0 7.0–38.0

Abnormally distributed data were expressed in median (Min.–Max.) and were compared using Mann–

Whitney test

* Statistically significant at P B 0.05

Table 2 Correlation between IL9 expression and IL9 ELISA with

different parameters in patients with CLL

IL9 expression IL9 ELISA pg/ml

rs P rs P

HB -0.468* \0.001 -0.454* \0.001

WBCs 0.441* \0.001 0.453* \0.001

Platelets -0.339* 0.002 -0.353* 0.001

Zap70% 0.604* \0.001 0.580* \0.001

CD38% 0.684* \0.001 0.697* \0.001

rs: Spearman coefficient

* Statistically significant at P B 0.05
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apoptosis [20]. Extensive studies have confirmed the

oncogenic activities of IL-9 in lymphoma.

In the current study, serum IL-9 levels in patients with

CLL were significantly higher than in healthy controls.

Furthermore, a significantly higher expression of IL-9

mRNA was found in those patients. Likewise, an elevated

serum level of IL-9 was found in B-cell NHL patients

through immunosuppression up-regulation which is medi-

ated by Treg cells and mast cells [21]. It was markedly

overexpressed in diffuse large B-cell lymphoma DLBCL

tissues in comparison to their counterparts, and it was

associated with several adverse prognostic parameters [22].

In the present study, modified Rai staging was strongly

associated with both a significantly higher level of IL-9 in

serum aswell as a significant overexpression of its mRNA.A

novel correlation was found between increased serum IL-9

levels, Hodgkin lymphoma and clinical features [23].

Moreover, IL-9 overexpression was reported to be strongly

correlated to the clinical staging of patients with CLL [17].

Additionally, it was reported that IL-9 was constitutively

expressed in human T-cell leukemia virus-I-transformed

human T cells, assuming a possible correlation between IL-9

expression and T cell lymphoma/leukemia [24]. Similarly,

the expression and serum levels of IL-9, in the current study,

were strongly correlated to ZAP-70 and CD 38 expression.

These results identified that the elevated levels of expression

of IL-9 was associated with CLL clinical progression.

Higher ZAP-70 expression were reported to predict cases

with unfavorable clinical courses as regards disease pro-

gression and overall survival OS [25]. In fact, ZAP-70 pro-

tein expression in CLL patients seems to have more

predictive value than IGHV mutations, with a constant

expression level during the course of disease [26]. The

majority of mutated cases were reported to be ZAP-70-

negative, whereas unmutated forms were ZAP-70-positive

and patients with mutated IGHV genes had significantly

better survival compared with patients with unmutated

IGHV genes [27]. Nevertheless, CD38 is also an evident

adverse prognostic marker for patients with CLL. CD38? -

CLL cells are characterized by a marked proliferative

potential and by decreased sensitivity to chemotherapies

[28]. Hence, the expression intensity of IL-9 is correlated

with other known adverse prognostic indicators of CLL.

In addition, a significant negative correlation was found

between serum IL-9 and its expression level with hemo-

globin concentration as well as the platelet count. Mean-

while, serum IL-9 and its mRNA expression had a

significant positive association with WBC count, with more

advanced Rai stages, with large intrathoracic/abdominal

lymphadenopathies and splenomegaly, all hallmarks of an

active and aggressive disease. The association between IL-

9 upregulation and patient characteristics provided direct

clinical evidence for the contribution of IL-9 to the

pathogenesis of CLL. In conclusion, significantly higher

expression of IL-9 measured at both the mRNA and the

protein levels in patients with CLL that correlates with

more complex course of the disease and worse prognosis

may allow one to speculate its importance in the patho-

genesis of the disease and its possible role as a potential

therapeutic target.
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