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Abstract: Chronic lymphocytic leukemia (CLL) is a common leukemia in adults, but its pathogenesis is still poorly 
understood. Recently, extensive evidence suggests that the malignant cells of CLL patients secrete a range of cy-
toprotective cytokines including interleukin-4 (IL-4). IL-4 induced the rapid phosphorylation(p) and activation of the 
signal transducer and activator of transcription (STAT)-6 transcription factor in CLL cells in vitro. Interleukin-9 (IL-9) 
is not expressed by Th2 and Th9 cells in the absence of STAT6 expression. To elucidate whether there was a func-
tion link between IL-9 and STAT6 in CLL, MEC-1 cells were analyzed using RT-PCR, and western blot. Interestingly, 
when added with recombinant human IL-4 (rIL-4) in culturing MEC-1 cells, expressions of p-STAT6 and IL-9 in MEC-1 
cells increased at a time-dependent manner and their expressions could be inhibited by STAT6 inhibitor. Our data 
indicated that the upregulation of IL-9 induced by pSTAT6 may be involved in the pathogenesis of CLL.
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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 co-expressing CD5 
and CD19 antigens [3-6]. Nevertheless, the 
pathogenesis of CLL is still poorly understood.

Previously, STAT6 has been reported to be con-
stitutively activated in HLderived cell lines. 
Recurrent mutations of STAT6 DNA binding 
domain strongly support the involvement of 
STAT6 in the pathogenesis of the aggressive 
Bcell lymphoma [7-9]. 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 [10, 11]. A series of 
observations have pointed to this cytokine as a 
factor promoting oncogenesis, especially lym-
phomagenesis [12, 13]. The dysregulated 
expression of IL-9 can be detected in biopsies 
and serums from patients with Hodgkin’s dis-

ease (HD), CLL, anaplastic large cell lympho-
mas (ALCL) as well as nasal natural killer (NK)/
T-cell lymphoma [14-20]. The present study is 
aimed to investigate whether there was a func-
tion link between IL-9 and STAT6 in CLL.

Materials and methods

Cells culture

The human CLL cell line MEC-1 was purchased 
from the American Tissue Culture Collection 
(Manassas, VA, USA) and maintained at 37°C in 
5% carbon dioxide. It was cultured in Iscove’s 
modified Dulbecco’s medium (IMDM; Hyclone, 
Logan, UT, USA) supplemented with 10% fetal 
bovine serum (FBS, HyClone, Logan, UT, USA).

Co-treatment or coculture experiments

To explore the effects of extracellular IL-4 on 
pSTAT6 and intracellular IL-9 expression in 
MEC-1 cells, recombinant human IL-4 (rIL-4) 
was added into the medium of MEC-1 cells, and 
the final concentration of rIL-4 was 10 ng/ml. 
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For experiments with STAT6 inhibitor treatment, 
MEC-1 cells were pretreated with A77-1726 
(Scbt, 10 nM) for 48 hours and then were incu-
bated with rIL-4. When cells were cocultured 
with rIL-4 for 0, 2, 5, 10, 15, and 20 hours, 
expression of pSTAT6 and intracellular IL-9 was 
measured using Western blot.

Western blot analysis

Total protein was extracted from MEC-1 cells 
using RIPA and 1% PMSF (Shenergy Biocolor, 
China). The measurement of protein concentra-

tions and detailed procedures of immunoblot 
analysis were described previously [16]. GAPDH 
antibody (1:800) was purchased from SANTA. 
IL-9 antibody was obtained from Boster. pSTAT6 
antibodies was from Abcam.

Real-time quantitative polymerase chain reac-
tion (RT-PCR)

Total RNA was extracted from MEC-1 cell lines 
using Trizol reagent (Invitrogen) according to 
the manufacturer’s instructions. The reverse 
transcription reaction and RQ-PCR analyses 
were performed as described previously [17]. 
Specific primers for RT-PCR were obtained from 
Biosune (Shanghai, China), and the primer 
sequences were shown in Table 1.

Assessment of cell apoptosis

MEC-1 cells were seeded into 96-well plates (5 
× 103/well) and were pretreated with or without 
rIL-9 (20 ng/ml) for 120 minutes At indicated 
time, apoptotic cells and necrotic cells were 
analyzed by staining the cells with fluorescein 
isothiocyanate (FITC)-annexin V and propidium 
iodide (PI), according to the manufacturer’s 
instructions (Neobioscience, Shenzhen, China). 
Briefly, an aliquot of 106 cells were incubated 
with annexin V-FITC and PI for 10 minutes at 
room temperature in the dark. Cells were then 
immediately analyzed with FACS can flow 
cytometer (Beckman Coulter, Chicago, USA). 
Viable cells are not stained with annexin V-FITC 
or PI. The necrotic cells were annexin V-FITC 
and PI-positive, whereas apoptotic cells were 
annexin VFITC positive and PI negative.

Table 1. Primer sequences
Gene Name Sequence
IL-9 5’-CTCTGTTTGGGCATTCCCTCT-3’

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

5’-GTTGAAGGTAGTTTCGTGGA-3’

Figure 1. Effects of rIL-4 on pSTAT6 in MEC-1 cells. 
MEC-1 cells were pretreated with or without A77-
1726 (10 nM) for 48 hours and then were cocultured 
with rIL-4 for different times. rIL-4 promotes STAT6 
phosphorylation and IL-9 production in MEC-1 cells 
at a time-dependent manner. A77-1726, STAT6 in-
hibitor, could abolish the effects of rIL-4 on MEC-1 
cells significantly.

Figure 2. Effects of rIL-4 on IL-9 production in MEC-
1 cells. MEC-1 cells were stimulated with 10 ng/ml 
rIL-4 for different times followed by treatment of A77-
1726 (10 nM) for 48 hours. Western blot analysis of 
IL-9 protein levels in MEC-1 cells. GAPDH was loaded 
as control.

Figure 3. Expression of IL-9 mRNA in CLL cells. MEC-1 
cells were pretreated with 10 ng/ml IL-4 for 20 hours. 
RT-PCR analysis of IL-9 expression in pretreated cells 
treated with or without A77 1726.
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Results

IL-4 treatment of CLL cells results in the rapid 
tyrosine phosphorylation of STAT6, which is 
inhibited by A77 1726

Phosphorylation of STAT6 was undetectable in 
unstimulated CLL cells, but was rapidly and 
strikingly induced by the addition of 10 ng/mL 
IL-4 at a time-dependent manner. IL-4-induced 
STAT6 phosphorylation was completely abol-
ished by the JAK3-selective inhibitor, A77-1726 
(Figure 1).

IL-4 treatment of CLL cells results in up-regula-
tion of IL-9

We measured the level of IL-9 in the medium of 
culturing MEC-1 cells, although no detectable 
IL-9 was found (data were not shown). Then, 
MEC-1 cells were cultured with rIL-4. As shown 
in Figure 2, expressions of IL-9 in MEC-1 cells 
were measured using Western blot at indicated 
time. We found that expressions of IL-9 incre- 
ased at a time-dependent manner. Furthermore, 
this phenomenon could be inhibited by A77-
1726, which is a STAT6 inhibitor. These results 
indicate that rIL-4 could enhance MEC-1 cells to 
produce IL-9 through STAT6 phosphorylation.

Overexpression of IL-9 mRNA induced by 
pSTAT6 in CLL patients

To confirm these data, the expressions of IL-9 
mRNA were determined in MEC-1 cells using 
RT-PCR. As illustrated in Figure 3, there is a 
high expression of IL-9 mRNA in CLL cells pre-
treated with IL-4 for 20 hours. A77-1726 could 
abolish IL-9 production in cells induced by 
pSTAT6.

addition, apoptosis is prevented in B cells by 
IL-4 in a STAT6dependent manner [22]. 
Extensive evidence suggests that the malig-
nant cells of CLL patients are in close contact 
with activated T lymphocytes, which secrete a 
range of cytoprotective cytokines including IL-4. 
IL-4 induced the rapid phosphorylation and 
activation of STAT6 in CLL cells in vitro. IL9 is 
not expressed by Th2 and Th9 cells in the 
absence of STAT6 expression. Collectively, our 
results indicate a novel “extracellular IL-4-
pSTAT6 intracellular IL-9” mechanisms involved 
in CLL pathology.

IL-9 is a member of the common γ-chain family 
of cytokines, using this receptor in combina- 
tion with the cytokine-specific receptor IL-9 
receptor-α (IL-9Rα) [23]. Besides its role during 
immune responses, its growth factor and anti-
apoptotic activities on multiple transformed 
cells suggest a potential role in hematological 
malignancies. It can induce the proliferation of 
various lymphoid and hemopoietic cells. The 
dysregulated expression of IL-9 has been 
detected in biopsies or serum of patients with 
some hematological malignancies, such as 
ATL, HD, CLL, ALCL and NKT-cell lymphoma, 
which provides clinical evidence for its possible 
involvement in pathogenesis of hematological 
malignancies [14-20]. Our previous study has 
indicated that IL-9 participated in pathogenesis 
of B-cell NHL through up-regulation of immuno-
suppression mediated by Treg cells and mast 
cells [16, 17]. Many studies have shown that 
the IL-9Ralpha chain promoted JAK1 mutant 
phosphorylation and STAT activation, including 
STAT1, STAT3, and STAT5 [24-26], and IL-9 was 
not expressed by Th2 and Th9 cells in the 

Figure 4. Effects of IL-9 on apoptosis of MEC-1 cells. MEC-1 cells were pre-
treated with or without rIL-9 (20 ng/ml) for 120 minutes. Cell apoptosis and 
necrosis were determined using an annexin V-FITC and PI apoptosis detec-
tion kit.

IL-9 inhibited MEC-1 cell 
apoptosis

To determine the role of extra-
cellular IL-9 in MEC-1 cell 
growth, we examined the role 
of rIL-9 in CLL cell apoptosis 
and necrosis. As shown in 
Figure 4, rIL-9 could decrease 
cell apoptosis to approximate-
ly 60% of the baseline level.

Discussion

In B cells, STAT6 is required for 
IL-4-stimulated proliferation, 
similar to the previously de- 
scribed role of T cells [21]. In 
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absence of expression of STAT6 [27, 28]. Based 
upon the previous study, we strive to prove that 
IL-9 directly take part in the development of 
CLL. We found that expressions of IL-9 
increased in pretreated cells at a time-depen-
dent manner. Furthermore, this phenomenon 
could be inhibited by A77-1726, which is a 
STAT6 inhibitor. Our findings suggest that rIL-4 
could enhance MEC-1 cells to produce IL-9 
through STAT6 phosphorylation.

To further investigate the potential function of 
IL-9 in CLL pathogenesis, we detected the 
effects of rIL-9 on CLL cell apoptosis. After 
treatment with rIL-9, the apoptosis of MEC-1 
cells decreased. The upregulation of IL-9 may 
be involved in the pathogenesis of CLL.

In summary, the results clearly indicate that 
IL-9 is markedly overexpressed in CLL cells 
which pretreated by IL-4 compared to their 
counterparts. A77-1726 could inhibit the IL-9 
production. The apoptosis of MEC-1 cells 
decreased after treatment with rIL-9. Our find-
ings suggest a new explanation of the possible 
molecular mechanism in the regulation of IL-9 
production in CLL. It helps us to get a deeper 
understanding about the molecular mecha-
nism of CLL and could be served as a poten-
tially therapeutic target for CLL patients in the 
future.

Acknowledgements

This study was partly supported by: National 
Natural Science Foundation (No. 81270598), 
Natural Science Foundations of Shandong 
Province (No. Y2007C053, No. 2009ZRB14176 
and No. ZR2012HZ003), Technology Deve- 
lopment Projects of Shandong Province (No. 
2007GG10, and No. 2010GSF10250), Program 
of Shandong Medical Leading Talent, and 
Taishan Scholar Foundation of Shandong 
Province.

Disclosure of conflict of interest

The authors declare that they have no compet-
ing interests.

Address correspondence to: Dr. Xin Wang, Depa- 
rtment of Hematology, Provincial Hospital Affiliated 
to Shandong University, Jinan, Shandong, 250021, 
China. Tel: 0086-0531-68778331 (B); 0086-131- 
56012606 (M); Fax: 0086-0531-87061197 (B); 

E-mail: xinw007@hotmail.com (XW); nachen1982@
hotmail.com (NC)

References

[1] Attia MA, Nosair NA, Gawally A, Elnagar G, El-
shafey EM. HLA-G Expression as a Prognostic 
Indicator in B-Cell Chronic Lymphocytic Leuke-
mia. Acta Haematol 2014; 132: 53-58.

[2] Zonta F, Pagano MA, Trentin L, Tibaldi E, Frez-
zato F, Gattazzo C, Martini V, Trimarco V, Maz-
zorana M, Bordin L, Semenzato G, Brunati AM. 
Lyn-mediated procaspase 8 dimerization 
blocks apoptotic signaling in B-cell chronic lym-
phocytic leukemia. Blood 2014; 123: 875-
883.

[3] Niu S, Chan R, Berini P, Wang C, Zou S. Mor-
phology and expression status investigations 
of specific surface markers on B-cell chronic 
lymphocytic leukemia cells. Microsc Res Tech 
2013; 76: 1147-1153.

[4] Huang PY, Kohnke P, Belov L, Best OG, Mulli-
gan SP, Christopherson RI. Profiles of surface 
mosaics on chronic lymphocytic leukemias dis-
tinguish stable and progressive subtypes. J 
Pharm Pharm Sci 2013; 16: 231-237.

[5] Iova A, Vladareanu AM, Vasile D, Bumbea H. 
Difficulty in classifying a B cell chronic lympho-
proliferative disorder CD5+. Rom J Intern Med 
2012; 50: 309-312.

[6] Ronchetti D, Mosca L, Cutrona G, Tuana G, 
Gentile M, Fabris S, Agnelli L, Ciceri G, Matis S, 
Massucco C, Colombo M, Reverberi D, Recchia 
AG, Bossio S, Negrini M, Tassone P, Morabito F, 
Ferrarini M, Neri A. Small nucleolar RNAs as 
new biomarkers in chronic lymphocytic leuke-
mia. BMC Med Genomics 2013; 6: 27.

[7] Kneitz C, Goller M, Seggewiss R, Yaman A, Ser-
fling E, Tony HP. STAT6 and the regulation of 
CD23 expression in B-chronic lymphocytic leu-
kemia. Leuk Res 2000; 24: 331-337.

[8] Ritz O, Rommel K, Dorsch K, Kelsch E, Melzner 
J, Buck M, Leroy K, Papadopoulou V, Wagner S, 
Marienfeld R, Brüderlein S, Lennerz JK, Möller 
P. STAT6-mediated BCL6 repression in primary 
mediastinal B-cell lymphoma (PMBL). Oncotar-
get 2013; 4: 1093-1102.

[9] Liu X, Tang Z, Zhang Y, Hu J, Li D, Zang G, Yu Y. 
Lentivirally overexpressed T-bet regulates T-
helper cell lineage commitment in chronic 
hepatitis B patients. Mol Med Rep 2012; 6: 
361-366.

[10] Kumar V. Innate lymphoid cells: new paradigm 
in immunology of inflammation. Immunol Lett 
2014; 157: 23-37.

[11] Tete S, Saggini A, Maccauro G, Rosati M, Conti 
F, Cianchetti E, Tripodi D, Toniato E, Fulcheri M, 
Salini V, Caraffa A, Antinolfi P, Frydas S, Pan-
dolfi F, Conti P, Potalivo G, Nicoletti M, Theoha-

mailto:xinw007@hotmail.com
mailto:nachen1982@hotmail.com
mailto:nachen1982@hotmail.com


Role of IL-9 activated by pSTAT6 in CLL

2323 Int J Clin Exp Pathol 2014;7(5):2319-2323

rides TC. Interleukin-9 and mast cells. J Biol 
Regul Homeost Agents 2012; 26: 319-326.

[12] Lauder AJ, Jolin HE, Smith P, van den Berg JG, 
Jones A, Wisden W, Smith KG, Dasvarma A, 
Fallon PG, McKenzie AN. Lymphomagenesis, 
hydronephrosis, and autoantibodies result 
from dysregulation of IL-9 and are differentially 
dependent on Th2 cytokines. J Immunol 2004; 
173: 113-122.

[13] Nishimura M, Kakinuma S, Yamamoto D, Ko-
bayashi Y, Suzuki G, Sado T, Shimada Y. Elevat-
ed interleukin-9 receptor expression and re-
sponse to interleukins-9 and -7 in thymocytes 
during radiation-induced T-cell lymphomagen-
esis in B6C3F1 mice. J Cell Physiol 2004; 198: 
82-90.

[14] Glimelius I, Edström A, Amini RM, Fischer M, 
Nilsson G, Sundström C, Enblad G, Molin D. 
IL-9 expression contributes to the cellular com-
position in Hodgkin lymphoma. Eur J Haematol 
2006; 76: 278-283.

[15] Qiu L, Lai R, Lin Q, Lau E, Thomazy DM, Calame 
D, Ford RJ, Kwak LW, Kirken RA, Amin HM. Au-
tocrine release of interleukin-9 promotes Jak3-
dependent survival of ALK+ anaplastic large-
cell lymphomacells. Blood 2006; 108: 
2407-2415.

[16] Feng LL, Gao JM, Li PP, Wang X. IL-9 contrib-
utes to immunosuppression mediated by regu-
latory T cells and mast cells in B-cell non-Hodg-
kin’s lymphoma. J Clin Immunol 2011; 31: 
1084-1094. 

[17] Lv X, Feng L, Fang X, Jiang Y, Wang X. Overex-
pression of IL-9 receptor in diffuse large B-cell 
lymphoma. Int J Clin Exp Pathol 2013; 6: 911-
916.

[18] Nagato T, Kobayashi H, Kishibe K, Takahara M, 
Ogino T, Ishii H, Oikawa K, Aoki N, Sato K, 
Kimura S, Shimizu N, Tateno M, Harabuchi Y. 
Expression of interleukin-9 in nasal natural 
killer/T-cell lymphoma cell lines and patients. 
Clin Cancer Res 2005; 11: 8250-8257.

[19] Chen N, Lv X, Li P, Lu K, Wang X. Role of high 
expression of IL-9 in prognosis of CLL. Int J Clin 
Exp Pathol 2014; 7: 716-721.

[20] Ju W, Zhang M, Jiang JK, Thomas CJ, Oh U, Bry-
ant BR, Chen J, Sato N, Tagaya Y, Morris JC, 
Janik JE, Jacobson S, Waldmann TA. CP-
690,550, a therapeutic agent, inhibits cyto-
kine-mediated Jak3 activation and prolifera-
tion of T cells from patients with ATL and HAM/
TSP. Blood 2011; 117: 1938-1946.

[21] Brignull LM, Czimmerer Z, Saidi H, Daniel B, 
Villela I, Bartlett NW, Johnston SL, Meira LB, 
Nagy L, Nohturfft A. Reprogramming of lyso-
somal gene expression by interleukin-4 and 
Stat6. BMC Genomics 2013; 14: 853.

[22] Casaca VI, Illi S, Klucker E, Ballenberger N, 
Schedel M, von Mutius E, Kabesch M, Schaub 
B. STAT6 polymorphisms are associated with 
neonatal regulatory T cells and cytokines and 
atopic diseases at 3 years. Allergy 2013; 68: 
1249-1258.

[23] Ouyang H, Shi Y, Liu Z, Feng S, Li L, Su N, Lu Y, 
Kong S. Increased interleukin-9 and CD4+IL-9+ 
T cells in patients with systemic lupus erythe-
matosus. Mol Med Rep 2013; 7: 1031-1037.

[24] Hornakova T, Staerk J, Royer Y, Flex E, Tartaglia 
M, Constantinescu SN, Knoops L, Renauld JC. 
Acute lymphoblastic leukemia-associated JA- 
K1 mutants activate the Janus kinase/STAT 
pathway via interleukin-9 receptor alpha ho-
modimers. J Biol Chem 2009; 284: 6773-
6781.

[25] Tao L, Liu J, Li Z, Dai X, Li S. Role of the JAK-
STAT pathway in proliferation and differentia-
tion of human hypertrophic scar fibroblasts in-
duced by connective tissue growth factor. Mol 
Med Rep 2010; 3: 941-945.

[26] Knoops L, Hornakova T, Royer Y, Constantines-
cu SN, Renauld JC. JAK kinases overexpres-
sion promotes in vitro cell transformation. On-
cogene 2008; 27: 1511-1519.

[27] Stassen M, Schmitt E, Bopp T. From interleu-
kin-9 to T helper 9 cells. Ann N Y Acad Sci 
2012; 1247: 56-68.

[28] Chen N, Wang X. Role of IL-9 and STATs in he-
matological malignancies (Review). Oncol Lett 
2014; 7: 602-610.


