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Role of high expression of IL-9 in prognosis of CLL
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Abstract: Chronic lymphocytic leukemia (CLL) is a common leukemia in adults, but its pathogenesis is still poorly 
understood. Interleukin-9 (IL-9) is initially described as a growth factor secreted by helper T cells. Recently, the on-
cogenic activities of IL-9 were reported in some leukemia but not chronic lymphocytic leukemia (CLL). The purpose 
of the present study is to investigate the expression of IL-9 from patients with CLL and to evaluate its correlation 
with clinical characteristics. Serum and peripheral blood mononuclear cells (PBMCs) from patients with CLL were 
analyzed using ELISA, RT-PCR, and western blot. ELISA analysis indicated IL-9 could be detected in 20 of 47 sera 
from CLL patients while none serum sample from healthy volunteers contained detectable levels of IL-9. There was 
a higher expression of IL-9 within PBMCs from patients with CLL compared with B cells of healthy blood donors using 
RT-PCR and western blot. The upregulated IL-9 was correlated to the clinical staging, ZAP-70 expression, β2 micro-
globulin expression and IgVH status of CLL patients (P<0.05). Our findings suggest that overexpression of IL-9 may 
contribute to the pathogenesis of CLL and is associated with some adverse prognostic parameters.
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Introduction

B-cell CLL continues to be a more common leu-
kemia with no obvious curative approaches [1, 
2]. CLL is characterized by a dynamic imbal-
ance between the proliferation and apoptosis 
of leukemia cells and by the accumulation of 
neoplastic B lymphocytes coexpressing CD5 
and CD19 antigens [3-6]. Nevertheless, the 
pathogenesis of CLL is still poorly understood.

IL-9 is a member of the common γ-chain family 
of cytokines, using this receptor in combination 
with the cytokine-specific receptor IL-9 
receptor-α (IL-9Rα) [7]. Due to its pleiotropic 
functions on mast cells, IL-9 has long been rec-
ognized as an important regulator of allergic 
inflammation [8]. But in recent years, a resur-
gence of interest in IL-9 has been spurred due 
to an expanded identification of its receptor on 
various immune cells [9]. A series of observa-
tions have pointed to this cytokine as a factor 
promoting oncogenesis, especially lymphoma-
genesis [10, 11]. The dysregulated expression 
of IL-9 can be detected in biopsies and serums 
from patients with Hodgkin’s disease (HD), ana-
plastic large cell lymphomas (ALCL) [12] as well 

as nasal natural killer (NK)/T-cell lymphoma 
[13, 14]. Our previous study also demonstrated 
that there was an elevated serum level of IL-9 in 
B-cell NHL patients including some DLBCL 
cases. The present study is aimed to investi-
gate the expression of IL-9 in CLL patients and 
to illuminate its role in the pathogenesis of CLL. 

Materials and methods

Patients and samples

Blood sample from 47 patients with CLL were 
taken at diagnosis at Shandong Provincial 
Hospital between January 2010 and December 
2011 who met the diagnostic criteria for CLL, 
while 10 healthy volunteers served as normal 
control. Peripheral blood mononuclear cells 
(PBMCs) were isolated from heparinized blood 
obtained from 20 CLL patients. All patients 
were untreated and their lymphocytes exceed-
ed 90%. PBMCs of 10 healthy blood donors 
were isolated by density gradient centrifugation 
and subjected to a preliminary phenotypic char-
acterization. When residual non-B cells exceed-
ed 10%, B cells were enriched by negative 
selection with antibody-coated magnetic beads 
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to obtain a more than 97% pure CD19+ B-cell 
population. The protocol was approved by the 
Shandong Provincial Hospital Ethics Committee 
and written informed consent was obtained 
from all participants involved in this study.

ELISA for IL-9

Serum samples from 47 CLL patients and 10 
healthy volunteers were collected and frozen at 
-80°C. IL-9 levels in sera were quantified using 
human ELISA kit (eBioscience) according to the 
manufacturer’s instructions. The sensitivity 
limit for quantitative determination was 1pg/
ml. 

Reverse transcription-polymerase chain reac-
tion (PCR) 

Total RNA was extracted from PBMCs of CLL 
patients using Trizol reagent (Invitrogen) accord-
ing to the manufacturer’s instructions. Then 
reverse transcription reaction was conducted 
by means of PrimeScript reverse transcription 
(RT) reagent Kit (TaKaRa, Dalian, China). The 
reaction was incubated at 37°C for 15 minutes, 
and 85°C for 5 seconds. Amplification reac-

tions were performed using SYBR Premix Ex 
Taq (Perfect Real Time) (TaKaRa, Dalian, China) 
on ABI 7500 Real-Time quantitative PCR 
System(Applied Biosystems, Foster City, Ca, 
USA) with cycling as follows: an initial cycle for 
30 s at 95°C, followed by 40 biphasic cycles of 
5 seconds at 95°C, 20 seconds at 60°C; Melt 
Curve Analysis 95°C 0 s, 65°C, 15 s; 95°C, 0 s, 
0.1°C/s. PCR products were confirmed as a 
single product at the desired size on agarose 
gels and visualized by ethidium bromide stain-
ing. Specific primers for RT-PCR were obtained 
from Biosune (Shanghai, China), and the primer 
sequences are listed in Table 1. Expression 
data were normalized to the geometric mean of 
housekeeping gene β-actin to control the vari-
ability in expression levels and analyzed using 
the 2-ΔΔCT method.

Western blot analysis

Total protein was extracted from PBMCs of CLL 
patients and B-cells of healthy samples using 
RIPA and 1% PMSF (Shenergy Biocolor, China). 
For cytoplasmic and nuclear extracts, cells 
were washed with phosphate-buffered saline 
(PBS) and were lysed in NEPER extraction 
reagent (Pierce) according to the manufactur-
er’s protocol. The protein concentration of the 
samples was determined by the BCA assay 
(Shenergy Biocolor). Cell lysate was then elec-
trophoresed on 10% SDS-polyacrylamide gels 
and transferred onto nitrocellulose mem-
branes. After the membranes were blocked 
with 5% skim milk in Tris-saline buffer with 0.1% 
Tween-20 (TBST), they were subsequently 
probed with primary antibodies at 4°C over-
night. After washing with TBST, secondary anti-
body conjugated with the horseradish peroxi-
dase (Zhongshan Goldenbridge Biotechnology 
Company, China) was added to the membranes. 
Antibodies used in this study included GAPDH 
Antibody (1:800). All other antibodies were 
from Abcam. Western blot results were ana-
lyzed using the Image J software (NIH, USA) and 
GraphPad Prime software.

Statistical analysis

All statistical analyses were performed using 
the SPSS version 17.0 for Windows. The numer-
ical data were statistically analyzed by the 
2-tailed Student’s t-test. Chi-square analysis 
and Fisher’s exact test were used to analyze 
the relationship between the positive IL-9 

Table 1. the primer sequences
Gene Name Sequence
IL-9 5‘-CTCTGTTTGGGCATTCCCTCT-3’

5‘-GGGTATCTTGTTTGCATGGTGG-3’
β-actin 5‘-CATTAAGGAGAAGCTGTGCT-3’

5‘-GTTGAAGGTAGTTTCGTGGA-3’

Figure 1. Serum level of IL-9 was detected by ELISA 
in serum from 47 CLL patients and 10 healthy con-
trols. The data analyzed by 2-tailed Student’s t-test 
*P=0.0083.
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expression and prognostic factors. P<0.05 was 
considered to indicate a statistically significant 
difference.

Results

Upregulation of IL-9 in sera from CLL patients 

To determine the possible involvement of IL-9 in 
the CLL, we measured serum levels of IL-9 in 
patients with CLL and healthy controls using 
ELISA (Figure 1). IL-9 could be detected in 20 of 
47 sera from CLL patients while none serum 
sample from healthy volunteers contained 
detectable levels of IL-9. The data shows that 
serum IL-9 levels in patients with CLL were obvi-
ously higher than healthy controls (P=0.0083).

results indicated that the overexpression of 
IL-9 was associated with CLL clinical progre- 
ssion.

Expression of serum IL-9 correlates with Ria 
and Binet classification in CLL

Ria and Binet classification, the important 
prognostic indicators, were also associated 
with IL-9 expression. Chi-square analysis indi-
cated that there was a strong association 
between IL-9 overexpression and Ria & Binet 
classification (P<0.05, Table 2). 

Discussion

Interleukin-9 is able to stimulate proliferation of 
lymphoma cells [15] and protect them from 

Figure 2. Expression of IL-9 mRNA in CLL patients (lanes 3-8) and healthy 
donors (lanes 1-2).

Figure 3. The analysis on the gray scale of the Western blot bands indi-
cated that the total protein levels of IL-9 in CLL patients were significantly 
upregulated (p=0.003). A: Expression levels were normalized with β-actin. 
B: Expression of total IL-9 protein in CLL patients (lanes 1-4) and healthy 
donors (lanes 5-8).

Overexpression of IL-9 mRNA 
and protein in CLL patients

To confirm these data, the 
expressions of IL-9 mRNA and 
protein were determined in 20 
CLL patients using RT-PCR and 
western blot, respectively. As 
illustrated in Figure 2, there is 
a higher expression of IL-9 
mRNA in CLL patients in con-
trast to that in the healthy 
donors. In addition, the analy-
sis on the gray scale of the 
Western blot bands indicated 
that the total protein levels of 
IL-9 in patients were signifi-
cantly upregulated (p<0.05, 
Figure 3).

The correlation between 
positive IL-9 expression and 
clinical characteristics

Statistical analyses were done 
to examine the correlation 
between the serum IL-9 levels 
by ELISA analysis and the clini-
cal features of CLL. As shown 
in Table 2, there was no corre-
lation between IL-9 expression 
and patient age (P=0.6580), 
gender (P=0.4063). Neverthe- 
less, the expression of IL-9 was 
strongly correlated to ZAP-70 
expression (P=0.0272), β2 
microglobulin expression (P= 
0.0101) and IgVH status 
(P=0.0320). Together, these 
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dexamethasone (DEX)-induced apoptosis [16]. 
The pro-proliferative and anti-apoptotic effect 
of IL-9 were mainly dependent on its high-affin-
ity binding with IL-9R. This receptor-ligand inter-
action activates the Janus kinase-signal trans-
ducer and activator of transcription (JAK/STAT) 
pathway and subsequently regulates its down-
stream apoptosis proteins [15, 17]. Extensive 
studies have confirmed the oncogenic activities 
of IL-9 in lymphoma. Our previous study has 
demonstrated that there is an elevated IL-9R 
level in DLBCL patients [18, 19]. Although 
abnormal expression of IL-9 has been observed 
in hematological malignancies, this study is the 
first report on the pathological significance of 
IL-9 in CLL. 

IL-9 is a member of the common γ-chain family 
of cytokines, using this receptor in combination 
with the cytokine-specific receptor IL-9 
receptor-α (IL-9Rα) [7]. Besides its role during 
immune responses, its growth factor and anti-
apoptotic activities on multiple transformed 

ated by Treg cells and mast cells. Based upon 
the previous study, we strive to prove that IL-9 
directly take part in the development of CLL. 
Our findings suggest that the overexpression of 
IL-9 is associated with the pathogenesis of CLL. 
We demonstrated that IL-9 was markedly over-
expressed in CLL patients compared with their 
counterparts. 

In addition, we observed that IL-9 overexpres-
sion was associated with clinical characteris-
tics in CLL patients. The expression of IL-9 was 
strongly correlated to the clinical staging of 
patients with CLL (P<0.05), ZAP-70 expression 
(P=0.0272), β2 microglobulin expression (P= 
0.0101) and IgVH status (P=0.0320). These 
factors are important adverse prognostic indi-
cators of CLL. The correlation between IL-9 
upregulation and patient characteristics pro-
vided direct clinical evidence for the contribu-
tion of IL-9 to the pathogenesis of CLL.

In summary, the results clearly indicate that 
IL-9 is markedly overexpressed in CLL patients 

Table 2. the correlation between IL-9 expression and patient characteristics
Characteristic IL-9 Expression

P value
Positive (%) Negative (%)

Sex
    Male 14 (70.0) 19 (70.4) 0.6580
    Female 6 (30.0) 8 (29.6)
Age (yr)
    <60 7 (35.0) 12 (44.4) 0.4063
    ≥60 13 (65.0) 15 (55.6)
ZAP-70 expression
    Positive 4 0 0.0272*

    Negative 16 27
IgVH status
    Unmutated (≥98% homology) 14 26
    Mutated (<98% homology) 6 1 0.0320*

β2 microglobulin expression
    No more than 4 mg/L 15 27
    more than 4 mg/L 5 0 0.0101*

Ria classification
    Ι 1 6
    II 3 8
    III 5 11
    IV 11 2 0.0035
Binet classification
    A 3 13
    B 6 12
    C 11 2 0.0010
*Fisher’s exact test.

cells suggest a poten-
tial role in hemato-
logical malignancies. 
It can induce the pro-
liferation of various 
lymphoid and hemo-
poietic cells. The dys-
regulated expression 
of IL-9 has been 
detected in biopsies 
or serum of patients 
with some hemato-
logical malignancies, 
such as ATL, HD, 
ALCL and NKT-cell 
lymphoma, which pro- 
vides clinical evi-
dence for its possible 
involvement in patho-
genesis of hemato-
logical malignancies 
[20-22]. However, the 
pathogenic role of 
IL-9 in CLL has not 
been reported befo- 
re. Our previous study 
has indicated that 
IL-9 participated in 
pathogenesis of B-ce- 
ll NHL through up-
regulation of immu-
nosuppression medi-
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compared to their counterparts. The expres-
sion intensity of IL-9 is correlated with adverse 
prognostic indicators of CLL in pathological 
sections. Our findings suggest that the signal 
mediated by IL-9 contributes to the pathogene-
sis of CLL. It helps us to get a deeper under-
standing about the molecular mechanism of 
CLL and could be served as a potentially thera-
peutic target for CLL patients in the future.
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