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Abstract: Interleukin-9 (IL-9) is initially described as a growth factor secreted by helper T cells. It acts on a variety
of immune cells via its receptor (IL-9R). Recently, the oncogenic activities of IL-9 and IL-9R were reported in some
lymphomas but not diffuse large B-cell ymphoma (DLBCL). The purpose of the present study is to investigate the
expression of IL-9R in pathological tissues from patients with DLBCL and to evaluate its correlation with clinical
characteristics. Tissue samples from patients with DLBCL and reactive lymphoid hyperplasia were analyzed using
RT-PCR, western blot and immunohistochemical staining. There was a higher expression of IL-9R within DLBCL tis-
sues compared with hyperplasic lymph nodes. Imnmunohistochemical analysis indicated membrane localization of
IL9R in 22 of 36 (61.1%) DLBCL cases. The upregulated IL-9R was correlated to the serum levels of 32 microglobu-
lin and albumin, International Prognostic Index (IPl) score as well as Ki-67 expression within tumor tissues. Our
findings suggest that overexpression of IL-9R may contribute to the pathogenesis of DLBCL and is associated with

some adverse prognostic parameters.
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Introduction

DLBCL is known as an aggressive malignancy
arising from B lymphocytes. It is the most com-
mon type of non-Hodgkin lymphoma (NHL) in
adults [1], with an annual incidence of 7-8
cases per 100,000 people [2, 3]. Despite its
greatly improved prognosis as a result of che-
motherapy and immunotherapy with monoclo-
nal antibodies [4], the exact molecular etiology
of DLBCL is not well understood.

IL-9 was originally identified in mice as a helper
T cell growth factor [5, 6]. It binds to a heterodi-
meric receptor composed of a cytokine-specific
a-chain (IL9Ra) and a common y-chain shared
with IL-2, IL-4, IL-7, IL-15 and IL-21 [7-9]. Signal
transduction mediated by IL-9 is mainly depen-
dent on its high affinity with IL-9R. Due to its
pleiotropic functions on mast cells, IL-9 has
long been recognized as an important regulator
of allergic inflammation [10]. But in recent
years, a resurgence of interest in IL-9 has been
spurred due to an expanded identification of its
receptor on various immune cells [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 and IL-9R can be detected in
biopsies and serums from patients with
Hodgkin’s disease (HD) , anaplastic large cell
lymphomas (ALCL) [14] as well as nasal natural
Killer (NK)/T-cell lymphoma [15, 16]. Our previ-
ous study also demonstrated that there was an
elevated serum level of IL-9 in B-cell NHL
patients including some DLBCL cases. Blocking
the combination between IL-9 and IL-9R with
neutralizing antibodies could significantly inhib-
it tumor growth in the murine models of lym-
phoma [17]. The present study is aimed to
investigate the expression of IL-9R in DLBCL tis-
sues and to illuminate its role in the pathogen-
esis of DLBCL.

Materials and methods
Patients and samples

Paraffin-embedded archived samples from 36
cases of DLBCL prior to therapeutic interven-
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Table 1. Primer Sequences
Gene Name Sequence

IL9R 5’-CGTGCCCTCTCCAGCGATGTTCT-3’
5’-GACGCGCTGGGCCACAAGTG -3’
B-actin 5’-TGACGTGGACATCCGCAAAG -3’

5’-CTGGAAGGTGGACAGCGAGG-3’

IL-9R

1 2 3 4 5 6 7 8

Figure 1. Expression of I-9R mRNA in DLBCL tissues
(lanes 5-8) and reactive hyperplasia of lymph node
(lanes 1-4).

tions were obtained at Shandong Provincial
Hospital. All patients were diagnosed according
to the WHO criteria between January 2010 and
July 2012 [18]. Twenty biopsies of DLBCL tis-
sues and fifteen lymph node tissues from
patients with reactive lymphoid hyperplasia
were frozen and stored in liquid nitrogen until
further use. Clinical information, including
patient gender, age, B symptoms, serum levels
of lactic dehydrogenase (LDH), albumin and 2
microglobulin, and International Prognostic
Index (IPI) scores, were also collected. The pro-
tocol was approved by the Shandong Provincial
Hospital Ethics Committee and written informed
consent was obtained from all participants
involved in this study.

Reverse transcription PCR

Total RNA was extracted from DLBCL tissues
and reactive hyperplasia of lymph nodes using
Trizol reagent (Invitrogen) according to the man-
ufacturer’s instructions. Reverse transcription
was performed using the PrimeScript RT
(reverse transcription) reagent Kit (TaKaRa).
The expression of IL-9R mRNA in tissues was
detected by RT-PCR with the cycling parame-
ters as follows: an initial cycle for 5 minutes at
94°C, followed by 40 cycles of 15 seconds at
95°C, 30 seconds at 59°C and 55 seconds at
72°C. PCR products were confirmed as a single
product at the desired size on agarose gels and
visualized by ethidium bromide staining.
Specific primers for RT-PCR were obtained from
Biosune (Shanghai, China), and the primer
sequences were shown in Table 1.
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Western blot analysis

The expressions of IL-9R in DLBCL tissues and
reactive hyperplasia of lymph node were deter-
mined by western blot. Total protein was
extracted using RIPA and 1% PMSF (Shenergy
Biocolor, China), according to the manufactur-
er’'s instructions. The protein concentration of
the samples was determined by the BCA assay
(Shenergy Biocolor). Tissue lysate was then
electrophoresed 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, they were subsequently probed with
primary antibodies at 4°C overnight. After
washing with TBST, secondary antibody conju-
gated with the horseradish peroxidase
(Zhongshan  Goldenbridge  Biotechnology
Company, China) was added to the membranes.
Subsequently, proteins were detected using
the chemiluminescence detection kit (Millipore,
USA). Antibodies used in this study included
rabbit anti-I-9R polyclonal antibody (1:100;
Abcam, USA) and mouse anti-B-actin monoclo-
nal antibody (1:10,000; Abcam). Western blot-
ting results were analyzed using the Las-4000
Image software and Multi Gauge Ver. 3.0 soft-
ware (FujiFilm Life Science, Japan).

Immunohistochemical analysis

Formalin-fixed, paraffin-embedded tissue sec-
tions of 4-um were deparaffinized and hydrat-
ed. High-pressure antigen retrieval was per-
formed using citrate buffer (pH 6.0).
Endogenous peroxidase was quenched with 3%
hydrogen peroxide in methanol for 15 min, fol-
lowed by incubation with normal serum to block
non-specific staining. Rabbit anti-IL-9R (1:50)
was then incubated with the sections overnight
in a humidified chamber at 4°C; the secondary
antibody was from the SP reagent kit
(Zhongshan  Goldenbridge  Biotechnology
Company). After washing, the tissue sections
were treated with biotinylated anti-rabbit sec-
ondary antibody, followed by further incubation
with streptavidin-horseradish peroxidase com-
plex. After staining with diaminobenzidine kit
(DAB; Zhongshan Goldenbridge Biotechnology
Company), the sections were counterstained
with hematoxylin and mounted.

Immunohistochemical stainings were assessed
in a series of randomly selected 5 high-power
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Figure 2. A. The analysis on the gray scale of the Western blot bands indicated
that the total protein levels of IL9R in lymphoma tissues were significantly

Result

Overexpression of IL9R in
DLBCL tissues

In the present study, the
expressions of IL-9R mRNA
and protein were determined
in DLBCL tissues and reac-
tive hyperplasia of lymph
nodes using RT-PCR and
western blotting, respective-
ly. As illustrated in Figure 1,
there is a higher expression
of IL9R mRNA in DLBCL tis-
sues in contrast to that in the
reactive lymphoid hyperpla-
sia. In addition, the analysis
on the gray scale of the
Western blot bands indicated
that the total protein levels of
IL-9R in lymphoma tissues
were significantly upregulat-
ed (p < 0.05, Figure 2).

The correlation between
positive IL-9R expression and
clinical characteristics

To gain further insight into
the prognostic value of IL-9R

upregulated (p=0.00 3). Expression levels were normalized with B-actin. B.  expression in DLBCL, paraf-

Expression of total IL-9R protein in DLBCL tissues (lanes 5-8) and reactive hy-

perplasia of lymph node (lanes 1-4).

fields, considered to be representative of the
average in tumors at x400 magnification, by
two independent observers who were blinded
to all clinical data. The sections were scored
according to the proportion of positively stained
tumor cells. For IL-9R staining, tumors with >
20% of cells showing definitive membrane
staining were regarded as positive cases.

Statistical analysis

All statistical analyses were performed using
the SPSS version 16.0 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 was used to analyze the
relationship between the positive IL-9R expres-
sion and clinicopathological features. P < 0.05
was considered to indicate a statistically signifi-
cant difference.
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fin-embedded sections from
36 DLBCL patients were
examined by immunohisto-
chemical staining. IL-9R protein was located on
the tumor cell membrane (Figure 3) and posi-
tive expression was detected in 22 of 36
(61.1%) cases. Statistical analyses were per-
formed to examine the relationship between
expression of IL-9R and the clinical characteris-
tics of DLBCL patients.

As shown in Table 2, no correlation was found
between IL-9R expression and patient age
(P=0.176), gender (P=0.733), B symptoms
(p=0.14) as well as serum lactic dehydroge-
nase (LDH) levels (p=0.875). Nevertheless, the
positive expression of IL-9R protein was corre-
lated with serum levels of (2 microglobulin
(2.15+0.43 vs 1.27+0.25, p < 0.001) and albu-
min (37.36+5.28 vs 41.73+5.3, p=0.024).
Upregulated expression of IL-O9R within tumor
tissues implied higher serum B2 microglobulin
and lower albumin levels.

Int J Clin Exp Pathol 2013;6(5):911-916
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Figure 3. Immunohistochemical stainings located IL-9R protein on the tumor cell membrane in 23 of 36 (61.1%)
DLBCL cases. A. positive expression; B. negative expression.

Table 2. Primer Sequences

expression to IPI scores was 0.495

(p=0.004).

Clinicopathological IL-9R Expression P value
Characteristics Negative (%) Positive (%) Expression of IL-9R protein correlates
Age (yr) 0.176 with Ki-67 expression in DLBCL
<60 10 (71.4) 10 (45.5)
>60 4 (28.6) 12 (54.5) The expression of Ki-67 protein within
T
i i ini viously
Male 861 10(45.5) Pathology Department of Shandong
Female 6 (42.9) 12 (54.5) Provincial Hospital. Its immunoreactiv-
B symptoms ity was evaluated as follows: 0, < 40%
yes 6 (42.9) 4 (18.2%) 0.14 of tumor cells showing positive immu-
no 8(57.1) 18 (81.8%) noreactivity; 1, 40-80% of tumor cells
serum LDH level 313.17 326 0.875 showing positive immunoreactivity; 2,
serum albumin 41.73+5.3 37.36+5.28 0.024 > 80% of tumor cells showing positive
level immunoreactivity. Chi-square analysis
serum B2 micro- 1.27+0.25 2.15+0.43 <0.001 indicated that there was a strong asso-
globulin level ciation between IL-9R overexpression
International Prog- 0.005 and a high Ki-67 labeling index (Table
nostic Index 2). Bivariate correlation was also calcu-
0 2(16.7) 0 (0) lated by the Spearman rank correlation
1 2 (16.7) 4 (20.0) and the correlation coefficient is 0.483
2 8(66.6)  4(20.0) (p=0.009).
3 0 4(20.0) Discussion
4 0 8 (40.0)
Ki67 index 0.023 Interleukin-9 is able to stimulate prolif-
0 4 (33.3) 0 (0) eration of lymphoma cells [19] and pro-
1 4 (33.3) 4 (25.0) tect them from dexamethasone (DEX)-
2 4(33.3) 12 (75.0) induced  apoptosis  [20].  The

Besides, IPI scores, the most important prog-
nostic indicator, were also associated with
IL-9R expression (P=0.005). Patients with posi-
tive expression of IL-9R had a higher IPI score
(p=0.005). Spearman correlation of IL-9R
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pro-proliferative and anti-apoptotic
effect of IL-9 were mainly dependent
on its high-affinity binding with IL-9R. This
receptor-ligand interaction activates the Janus
kinase-signal transducer and activator of tran-
scription (JAK/STAT) pathway and subsequently
regulates its downstream apoptosis proteins
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[19, 21]. Extensive studies have confirmed the
oncogenic activities of IL-9 in lymphoma. Our
previous study has demonstrated that there is
an elevated IL-9 serum level in DLBCL patients
[17]. Nevertheless, the expression IL-9R has
not yet been investigated in DLBCL.

In the present study, we validated an upregula-
tion of total IL-9R protein in DLBCL clinical speci-
mens in contrast to reactive hyperplasia of
lymph node tissues. Immunohistochemical
stainings located IL-9R protein on the tumor
cell membrane in 22 of 36 (61.1%) archival
DLBCL paraffin sections. Further statistical
analysis of the relationship between IL-9R stain-
ing and the clinical features of DLBCL patients
were also performed. Our findings suggested
that positive expression of IL-9R was strongly
correlated with IPI scores and serum levels of
B2 microglobulin and albumin. Low albumin lev-
els might be related with aggressive progres-
sion of disease. IPl scores and serum 2 micro-
globulin levels are both adverse prognostic
indicators of Ilymphoma. This correlation
between IL-9R upregulation and more severe
disease provided direct clinical evidence for the
contribution of IL-9R to the pathogenesis of
DLBCL.

In addition, we observed that IL-9R overexpres-
sion was associated with a high Ki-67 index
within DLBCL tissues. The Ki-67 antigen is a
cell proliferation marker; Ki-67 expression
strictly correlates with cell cycle progression,
and can be observed in G1, S, and G2 phase
and mitotic cells [22]. Previous studies have
demonstrated that IL-9 is able to promote pro-
liferation of lymphoma cells via IL-9R [23]. We
consider that the association between IL-9R
and Ki-67 expression may be related to the pro-
proliferation activity of IL-9.

In summary, the results clearly indicate that
IL-9R is markedly overexpressed in DLBCL tis-
sues compared to their counterparts. The
expression intensity of IL-9R is correlated with
adverse prognostic indicators of DLBCL and
Ki-67 expression in pathological sections. Our
findings suggest that the signal mediated by
IL-9 via its receptor contributes to the patho-
genesis of DLBCL. It helps us to get a deeper
understanding about the molecular mecha-
nism of DLBCL and could be served as a poten-
tially therapeutic target for DLBCL patients in
the future.
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