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Abstract

Interleukin-9 (IL-9) is more functionally diverse than previously expected, especially with regards to lymphomagenesis.
However, the relationship between IL-9 and the clinicopathological features of extranodal NK/T-cell lymphoma is less well
established. Patients with this lymphoma in Sun Yat-Sen University Cancer Center between January 2003 and March 2013
were systematically reviewed in an intention-to-treat analysis. Baseline serum IL-9 levels were determined using sandwich
enzyme-linked immunosorbent assays. A total of seventy-four patients were enrolled in this study. The mean concentration
of serum IL-9 for all patients was 6.48 pg/mL (range: 1.38-51.87 pg/mL). Age, B symptoms and local lymph node
involvement were found to be related to high serum IL-9 levels. Patients with low IL-9 levels tended to have higher rates of
complete remission. Notably, the median progression-free survival (PFS) and overall survival (OS) were longer in the low IL-9
level group than in the high IL-9 level group (PFS: 68.7 months vs. 28.3 months, P<<0.001; OS: 86 months vs. 42.8 months,
P=0.001). Multivariate analysis revealed independent prognostic factors for PFS. Similarly, high IL-9 levels (P=0.003) and old
age (P=0.007) were independently predictive of shorter OS. Serum IL-9 is closely related to several clinical features, such as
age, B symptoms and local lymph node involvement. It can also be a significant independent prognostic factor for
extranodal NK/T-cell lymphoma, which suggests a role for IL-9 in the pathogenesis of this disease and offers new insight
into potential therapeutic strategies.

Citation: Zhang J, Wang W-d, Geng Q-r, Wang L, Chen X-q, et al. (2014) Serum Levels of Interleukin-9 Correlate with Negative Prognostic Factors in Extranodal
NK/T-Cell Lymphoma. PLoS ONE 9(4): €94637. doi:10.1371/journal.pone.0094637

Editor: Masaru Katoh, National Cancer Center, Japan
Received December 23, 2013; Accepted March 18, 2014; Published April 10, 2014

Copyright: © 2014 Zhang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by the following funds: National Natural Science Foundation of China (contract/grant numbers 30471976 and 81272620) and
Science and Technology projects of Guangdong Province (contract/grant numbers 2010B031600233 and 2010A090200019). The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.
* E-mail: lvyue@sysucc.org.cn

@ These authors contributed equally to this work.

ing weight loss >10%, fever, drenching night sweats), low blood
hemoglobin and elevated erythrocyte sedimentation rates in HL
[8]. Nagato T et al. also reported that IL-9 was present in biopsy
samples and serum from patients with ENKTL and played an
important role in the disease, possibly via an autocrine mechanism
[6]. These results suggest that IL-9 may be associated with the
clinicopathological features of ENKTL, although little is known
about the relationship between them. To clarify this problem, we
measured IL-9 levels in the serum of patients with ENKTL and

Introduction

Extranodal NK/T-cell lymphoma (ENKTL) is more prevalent
in Asia than in Western countries [1,2]. According to a recent
large survey [3], it is the second most common lymphoma subtype
in China and is only inferior to diffuse large B-cell lymphoma. It is
characterized by vascular damage, zonal tumor cell death and
prominent tissue necrosis. Many studies have suggested the
involvement of cytokines in these pathological changes, such as

CXCL9, CXCLI10 [4,5], and interleukin-9 (IL-9) [6].

IL-9 has attracted renewed interest since its expression was
identified in multiple T helper (Th) cell subsets (including Th2,
Th9, Th17), regulatory T cells (Treg) and natural killer (NK)/'T
cells [7]. Several studies have indicated that IL-9 may promote
oncogenesis during Hodgkin’s Lymphoma (HL) and large cell
anaplastic lymphoma [8-10] in addition to its significant
regulatory role in allergy and autoimmunity [11-13]. Dysregula-
tion of the Janus kinase (JAK)/signal transducer and activator of
transcription (STAT) pathway may be responsible for the
oncogenesis of IL-9 i vitro and i vivo [14-16].

Correlations have been found between IL-9 levels and negative
prognostic factors, including advanced stage, B-symptoms (includ-
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explored the clinical significance of serum IL-9 during ENKTL.

Methods

Ethics statement

This study was approved by the Institutional Review Board of
Sun Yat-Sen University Cancer Center, and written informed
consent was obtained from all healthy volunteers and patients
prior to treatment. Additionally, this study was conducted in
accordance with the Helsinki Declaration.
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Eligibility criteria

This study used a retrospective cohort study design. Patients
with nasal ENKTL who received chemotherapy, radiotherapy or
both in Sun Yat-Sen University Cancer Center between January
2003 and March 2013 were systematically reviewed in an
intention-to-treat analysis. All eligible cases were selected consec-
utively. Eligibility criteria for inclusion in this study were as
follows: (1) pathologically confirmed diagnosis of ENKTL
according to the World Health Organization classification; (2)
positive for CD3, CD56, cytotoxic molecules, and Epstein-Barr
virus by in situ hybridization and negative for CD20; (3) primary
symptoms and the bulk of the tumor localized to the nasal cavity;
(4) no previous anti-tumor treatments; (5) available serum samples
obtained before the primary treatment and stored at —80°C; (6)
complete follow-up results. The exclusion criteria were: (1) prior or
concomitant malignant tumors; (2) any co-existing medical
problems of sufficient severity to prevent full compliance with
standard antitumor therapy protocols; (3) other subtypes of non-
Hodgkin lymphoma (NHL), including myeloid/NK cell precursor
acute leukemia, blastic NK cell lymphoma/precursor NK cell
lymphoblastic leukemia, aggressive NK cell leukemia, and
peripheral T cell lymphoma.

All enrolled patients underwent standard Ann Arbor staging
with history, physical examination, nasopharyngeal endoscopy,
whole body positron emission tomography/computed tomography
(PET/CT) scans, C'T scans or magnetic resonance imaging of the
involved organs of the head and neck and CT scans of the chest,
abdomen and pelvis. Complete blood counts and serum
biochemistry were routinely examined.

Treatment

Patients received one of the following initial treatment
modalities: (1) chemotherapy followed by involved-field radiother-
apy; (2) chemotherapy alone; (3) radiotherapy alone. The following
chemotherapy regimens were included: (1) CHOP (cyclophospha-
mide, doxorubicin, vincristine, prednisone); (2) EPOCH (etopo-
side, doxorubicin, vincristine, cyclophosphamide, prednisone); (3)
alternating triple therapy (ATT): CHOP-B (CHOP plus bleomy-
cin), IMVP-16 (ifosfamide, methotrexate, etoposide), DHAP
(dexamethasone, cisplatin, cytarabine); (4) GELOX (gemcitabine,
oxaliplatin, L-asparaginase) or modified GELOX [17]; (5) others:
CHOP-L (CHOP plus L-asparaginase), DeVIC (dexamethasone,
etoposide, ifosfamide, carboplatin). Patients received at least one
cycle and a maximum of eight cycles of initial chemotherapy.
Involved-field radiotherapy of 50-60 Gy was delivered in daily
fractions of 1.8-2.0 Gy with five fractions each week. The
treatment response was assessed according to the standardized
response criteria for non-Hodgkin lymphomas [18]. After the
completion of treatment, patients were followed by their ambu-
latory oncologists. The follow-up interval was based on the regular
standard. Overall survival (OS) was measured from the time of
diagnosis until death from any cause. Progression-free survival
(PFS) was measured from the time of diagnosis until disease
progression, relapse, or death from any cause or until the last
follow-up.

ELISA

Serum IL-9 levels were determined using sandwich enzyme-
linked immunosorbent assay (ELISA) kits (Human IL-9 Platinum
ELISA; Bender MedSystems, Vienna, Austria). All venous blood
samples were drawn from ten healthy volunteers and from patients
at diagnosis. The samples were centrifuged at 4°C, and serum was
collected and quickly frozen at —80°C untl further assay. A
routine ELISA method was performed according to the manu-
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facturer’s protocol. The limit of detection of human IL-9 was
0.5 pg/mL. All samples were analyzed in duplicate, experiments
were repeated three times, and the results are presented as the
means * standard deviations.

Statistical analysis

Differences in the mean values were tested using the non-
parametric Mann-Whitney U-test. The cut off concentration of
serum IL-9 for survival analysis was determined using the receiver
operating characteristics (ROC) curve analysis. The correlation
between serum IL-9 levels and complete remission (CR) rates was
performed using the Chi-square test. Univariate analyses of the
effects of several pretreatment characteristics upon survival,
including IL-9, were performed using the Kaplan-Meier method
and log-rank test. Multivariate analysis was performed using the
Cox proportional-hazards regression technique to define the
prognostic significance of selected variables, including IL-9. A
two-sided P value <0.05 was considered statistically significant. All
statistical analyses were performed using PASW Statistics 18.0
software (Apache Software Foundation, Forest Hill, MD).

Results

Patient characteristics and serum IL-9 content at baseline

A total of seventy-four patients were enrolled in this study. The
clinical characteristics are listed in Table 1. The ratio of males to
females was 3.11:1, with a median age of 42.5 years. Seventy-one
patients (95.9%) had a good performance status (Eastern
Cooperative Oncology Group 0-1), and B symptoms occurred
in more than half of the patients. Sixty-two patients (83.7%) had
stage I-II disease, and the remaining patients had stage III-IV
disease. Most patients were assigned to the low-risk group with an
International Prognostic Index (IPI) score of 0-1. However, nearly
half the patients were grouped in the high-risk group according to
the Korean Prognostic Index (KPI) score.

The mean concentration of serum IL-9 for all patients was
6.48 pg/mL (range: 1.38-51.87 pg/mL) with a median of
3.12 pg/mL. Serum IL-9 was detected in six of ten healthy
volunteers, and the average concentration was 0.56 pg/mL
(range: 0-1.23 pg/mL), which was significantly lower than that
of ENKTL patients (P<0.001, Fig. 1A).

Correlation between serum IL-9 levels and clinical
features

To explore the correlation between serum IL-9 levels and
prognostic factors, the IL-9 content at baseline was compared
according to the clinical features of all patients (Table 2). The IL-9
levels for patients >60 years, with B symptoms and with local
lymph node involvement were significantly higher than for those
=60 years (P=0.042), without B symptoms (= 0.009), or without
local lymph node involvement (P=0.011, Fig. 1B-D). Other
clinical factors, such as male (P=0.316), poor performance status
(P=0.125), elevated LDH (= 0.995), advanced stages (= 0.084),
high IPI (P=0.125) or KPI score (P=0.284), low lymphocyte
counts (P=0.250) and high monocyte counts (P=0.724), were not
significantly associated with high serum IL-9 concentrations.

Cut-off value for serum IL-9

To identify an optimal cut-off point for survival outcomes, the
ROC curve analysis was selected. The most discriminative cut-off
concentration of serum IL-9 was 3.49 pg/mL with an area under
the curve (AUC) value of 0.799 [95% confidence interval (CI)
0.688-0.909, P<0.001] (Fig. 2). The sensitivity and specificity of
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Table 1. Clinical characteristics at baseline.

The Prognostic Value of IL-9 in ENKTL

Pretreatment serum IL-9

Mean concentration, pg/mL (range)

Characteristics No. %
Gender, male 56 75.7
Age, y

Median (range) 42.5 (13-76)

=60 63 85.1
ECOG performance status

0 28 378

1-2 46 62.2
B symptoms 39 52.7
Serum LDH (Elevated) 23 31.1
LN involvement 39 52.7
Ann Arbor stage

| 32 43.2

Il 30 40.5

n-1v 12 16.3
IPI

0-1 61 824

2-5 13 17.6
KPI

0 15 203

1 27 36.5

2 16 216

3-4 16 216
Lymphocytes (<normal) 23 31.1
Monocytes (>normal) 41 55.4

6.48 (1.38-51.87)

doi:10.1371/journal.pone.0094637.t001

the dichotomized IL-9 levels (=3.49 pg/mL vs. >3.49 pg/mL)
were 74.5% and 73.7%, respectively.

Treatment response and survival

The treatment response was evaluated in each patient: 55 of 74
(74.3%) achieved CR, 8 of 74 (10.8%) achieved partial response, 5
of 74 (6.8%) showed stable disease, and 6 patients (8.1%) showed
progressive disease. The CR rates of patients with I1L-9 levels =
3.49 pg/mL and >3.49 pg/mL were 83.3% and 57.7%, respec-
tively (P=0.016).

Within a median follow-up time of 17.7 months, the 3-year PFS
and OS for all patients were 53.3% (95% CI 45.8%-60.8%) and
68.4% (95% CI 61.8%—75%), respectively (Fig. 3). Univariate
analysis revealed that young age, (=60 years), no local lymph node
involvement, early stage, and low serum IL-9 levels (=3.49 pg/
mL) could significantly predict longer PFS (Table 3, Fig. 4). The 3-
year PFS (68.7%) was much higher in patients with low IL-9
content (=3.49 pg/mL) than in those with high IL-9 content (>
3.49 pg/mL) (28.3%, P<0.001). In the subgroup with stage I-1I
disease, low serum IL-9 concentrations were still predictive of
better PFS (data not shown). In terms of OS, only age and serum
IL-9 levels were predictive for 3-year survival rates. Ann Arbor
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Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase;
LN, local lymph node; IPI, international prognostic index; KPI, Korean prognostic index.

stage and KPI scores lost their prognostic roles for OS. For
patients of no more than 60 years, the 3-year OS was 78.9%, but it
was fairly low in patients older than 60 years (21.8%, P<0.001,
Fig. 5A). In addition, the 3-year OS was as high as 86% for
patients with low IL-9 levels. However, the 3-year OS was only
42.8% in those with high IL-9 levels (P=0.001, Fig. 5B).

Multivariate analysis

The clinical factors that were statistically significant predictors
of the PFS were included in the multivariate analysis. Multivariate
analysis revealed that the independent prognostic factors for PF'S
were serum IL-9 concentration (£=0.001; relative risk, 3.541;
95% CI 1.626-7.714) and age (P= 0.025; relative risk, 1.029; 95%
CI 1.004-1.056). Similarly, high IL-9 levels (P=0.003; relative
risk, 4.377; 95% CI 1.628-11.766) and old age (P=0.007; relative
risk, 1.043; 95% CI 1.012-1.076) were independently predictive of
shorter OS (Table 4).

Discussion

IL-9 was first described in the late 1980s as an emerging
cytokine with pleiotropic functions in the immune system [19]. It
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Figure 1. Correlation between serum IL-9 levels and clinical features. A: Serum IL-9 levels were significantly higher in patients with ENKTL
than in healthy volunteers (P<<0.001). B: Serum IL-9 levels in patients >60 years were significantly higher than in those <60 years (P=0.042). C: Serum
IL-9 levels in patients with B symptoms were significantly higher than in those without B symptoms (P=0.009). D: Serum IL-9 levels in patients with
local lymph node involvement were significantly higher than in those without local lymph node involvement (P=0.011).

doi:10.1371/journal.pone.0094637.g001

demonstrated pro-inflammatory activity and played a key role in
the pathogenesis of atopic diseases and asthma [20-22]. Its
activities are mediated via a heterodimeric receptor complex
formed by the IL-9Ra chain, which associates with JAK1 and the
IL-2Ry chain, also known as yc (common 7y chain), which
associates with JAK3 [23]. JAK3 mutations are involved in the
pathogenesis of NK/T cell lymphoma [24,25]. With the detection
of more immune targets and increased expression, IL-9 may be far
more functionally diverse than previously expected, especially on
lymphomagenesis. In witro, 1IL-9 was able to stimulate JAKS3-
dependent survival of ALK+ anaplastic large-cell lymphoma cells
[9] and protect thymic lymphoma cells from dexamethasone-
induced apoptosis [26]. In vivo, nucleophosmin-ALK expression
during transgenic IL-9 expression led to the development of
murine plasmacytoma, plasmoblastic/anaplastic lymphoma and
precursor T-lymphoblastic lymphoma [27]. IL-9R was markedly
overexpressed in diffuse large B-cell lymphoma tissues compared
to their counterparts, and it was associated with several adverse
prognostic parameters [28]. IL-9 was also expressed in two of six
cases of large cell anaplastic lymphoma and in 6 of 13 cases of
Hodgkin’s disease by northern blot analysis or in situ hybridization
[10]. Fischer M et al. detected IL-9 in serum samples and found a
novel correlation between increased serum IL-9 levels, HL. and
clinical features [8]. Additionally, Kelleher K et al. reported that
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IL-9 was constitutively expressed in human T-cell leukemia virus-
I-transformed human T cells, implying a possible correlation
between IL-9 expression and T cell lymphoma/leukemia [29].
ENKTL was previously known as lethal midline granuloma
because, macroscopically, the tumor looked like a necrotic
granuloma, and the disease showed an aggressive and lethal
course [30,31]. Histologically, ENKTL is characterized by
angiocentric and polymorphous lymphoreticular infiltrates, known
as polymorphic reticulosis [31,32]. Previous studies indicated that
many cytokines might be responsible for its pathological features.
TNF-a induced by Epstein-Barr virus could lead to the observed
necrosis [33]. The monokine induced by interferon-y (IFN-v), and
the IFN-y-inducible protein-10 play important roles in the
pathogenesis of tissue necrosis and vascular damage associated
with certain EBV-positive lymphoproliferative processes [4,5].
Furthermore, Yang et al. reported that IL-9 induced by EBV-
encoded small RNA acted as an autocrine growth factor for EBV-
infected T cells [34]. Furthermore, several studies have mentioned
the role of IL-9 in ENKTL. For example, IL-9 was specifically
expressed by nasal NK/T-cell lymphoma cell lines, where it acted
as an autocrine growth factor, suggesting that the IL-9 signaling
pathway may be a new therapeutic target for NK/T-cell
lymphoma [6]. However, few studies have focused on the
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Table 2. The differences of serum IL-9 levels in various clinical factors.

Factors No. Average Range P value

Gender
Male 56 7.02 1.38-51.87 0316
Female 18 478 1.62-23.52

Age
=60 63 571 1.38-51.87 0.042
>60 11 10.85 2.08-32.4

ECOG performance status
0 28 4.61 1.38-22.8 0.125
1-2 46 7.61 1.62-51.87

B symptoms
Absent 35 4.1 1.38-22.8 0.009
Present 39 8.61 1.62-51.87

Serum LDH
Normal 51 5.61 1.62-32.4 0.995
>normal 23 8.39 1.38-51.87

LN involvement
Absent 35 4.98 1.38-32.4 0.011
Present 39 7.82 1.66-51.87

Ann Arbor stage
| 32 5.17 1.38-32.4 0.084
Il 30 7.76 1.62-51.87
n-v 12 6.74 1.69-24.82

IPI
0-1 62 6.38 1.38-51.87 0.125
2-5 12 6.99 2.62-24.82

KPI
0 15 5.16 1.38-32.4 0.284
1 27 5.74 1.62-29.28
2 16 459 1.66-11.12
3-4 16 10.84 1.69-51.87

Lymphocytes
Normal 51 7.56 1.38-51.87 0.25
<normal 23 4.07 1.62-23.52

Monocytes
Normal 33 6.4 1.38-32.4 0.724
>normal 41 6.54 1.62-51.87

doi:10.1371/journal.pone.0094637.t002

relationship between IL-9 levels and clinical manifestations of
ENKTL.

In the present study, we measured serum IL-9 levels in healthy
volunteers and patients with ENKTL. We found that IL-9 was
fairly low in the healthy controls (average concentration: 0.56 pg/
mL), but it showed a relative higher level in patients with ENKTL,
with a mean value of 6.48 pg/mL. Age, B symptoms and local
lymph node involvement were correlated with high serum IL-9
levels. Due to its role in recruiting non-malignant infiltrating cells,
IL-9 makes a crucial contribution to tumor survival, migration and
metastasis [35]. Thus, it is easy to explain the correlation between

PLOS ONE | www.plosone.org

Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase;
LN, local lymph node; IPI, international prognostic index; KPI, Korean prognostic index.

IL-9 and B symptoms and local lymph node involvement.
However, it remains unclear why IL-9 levels were also associated
with age. According to the ROC curve analyses, 3.49 pg/mL was
an optimal cut-off value for distinguishing between poor outcomes.
Patients with low IL-9 levels (=3.49 pg/ml) tended to have
higher CR rates (83.3%) than those with high IL-9 levels (>
3.49 pg/mL) (57.7%) (P=0.016). Specifically, the median PFS
and OS in the low IL-9 level group were clearly longer than those
in the high IL-9 level group (PFS: 68.7 months vs. 28.3 months,
P<0.001; OS: 86 months vs. 42.8 months, P= 0.001). Multivariate
analysis also indicated that IL-9 was an independent prognostic
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Figure 2. ROC curve analysis for the optimal cut-off point of serum IL-9. The most discriminative cut-off concentration of serum IL-9 was
3.49 pg/mL with an AUC value of 0.799. The sensitivity and specificity were 74.5% and 73.7%, respectively.
doi:10.1371/journal.pone.0094637.9002
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factor for PFS and OS. All these data confirmed that serum IL-9
was closely correlated with certain clinical features, treatment
response and prognosis in ENKTL, implying a significant role for
IL-9 in the pathogenesis and development of this disease.
Nevertheless, IL-9 can lead to either a favorable or unfavorable
clinical prognosis depending on the tumor. Lu Y et al. elucidated
the role of Th9 cells and the y chain family member IL-9 in a B16

PLOS ONE | www.plosone.org

Table 3. The 3-year survival rates according to various clinical factors.

Factors 3-y PFS (%) 95% CI P 3-y OS (%) 95% CI P

Gender 0.117 0.118
Male 453 36.4-54.2 61.9 53.7-70.1
Female 77.8 68-87.6 88.1 80.2-96

Age 0.011 <0.001
=60 60 51.8-68.2 789 71.8-85.3
>60 218 8.4-35.2 218 8.4-35.2

ECOG performance status 0.109 0.152
0 60.4 48.5-72.3 76.7 66.8-86.6
1-2 52 43.6-60.4 63.9 55.7-72.1

B symptoms 0.122 0.285
Absent 66.8 57.5-76.1 779 70.4-85.4
Present 43 32.8-53.2 61.2 51.5-70.9

Serum LDH 0.455 0.202
Normal 573 48.8-65.8 70.5 62.7-78.3
>normal 447 29.6-59.8 68 58-78

LN involvement 0.005 0.071
Absent 70.8 61.7-79.9 783 70.2-86.4
Present 352 23.7-46.7 58.7 48.3-69.1

Ann Arbor stage 0.042 0.304
| 68.3 58.6-78 76.2 67.4-85
Il 413 27.9-54.7 61.7 50.4-73
n-1v 41.7 27.5-55.9 66.7 53.1-80.3

IPI 0.067 0.053
0-1 559 47.6-64.2 70.8 63.6-78
2-5 41.7 27.5-55.9 58.3 44.1-72.5

KPI 0.064 0.251
0 66 51.9-80.1 735 60-87
1 67.9 58.2-77.6 753 66.3-84.3
2 344 9.4-59.4 53.5 30.6-76.4
3-4 20.1 4.5-35.7 59.1 46.1-72.1

Lymphocytes 0.286 0.217
Normal 49.3 40.8-57.8 62.5 54.4-70.6
<normal 62.6 47-78.2 86.7 47.3-93.8

Monocytes 0.432 0.861
Normal 51.6 41.5-61.7 69 60.1-77.9
>normal 535 42.4-64.6 67.3 57.4-77.2

Serum IL-9 <0.001 0.001
=349 68.7 59.4-78 86 80.6-91.4
>3.49 283 18.4-38.2 428 31.9-53.7

Abbreviations: PFS, progression-free survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; LN, local lymph node; IPI,

international prognostic index; KPI, Korean prognostic index

doi:10.1371/journal.pone.0094637.t003

melanoma mouse model, and they found that Th9-derived IL-9
inhibited tumor progression [36]. This was also supported by
Purwar R et al, who indicated that the generation of IL-9-
mediated immune responses may have an important role in the
treatment of melanoma and other solid tumors [37]. The
inconsistent roles of IL-9 in tumors may be partly attributed to
different immune effects or single nucleotide polymorphisms
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Figure 4. The progression-free survival according to age (A) and serum IL-9 levels (B).

doi:10.1371/journal.pone.0094637.g004

[38,39]. Thus, the exact molecular mechanisms of IL-9 in the
pathogenesis and development of ENKTL need to be further

clarified.

In conclusion, this is the first study that confirms the close
relationship of IL-9 with several clinical features of ENKTL,
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including age,

B symptoms and local lymph node involvement.

Serum IL-9, which can be easily measured in clinical practice,
may be a significant independent prognostic factor for this disease.
These results suggest a role for IL-9 in the pathogenesis of ENKTL

and offer new

B

insight into potential therapeutic strategies.
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Figure 5. The overall survival according to age (A) and serum IL-9 levels (B).

doi:10.1371/journal.pone.0094637.9g005
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Table 4. Multivariate analysis of prognostic factors for survival.

The Prognostic Value of IL-9 in ENKTL

PFS os
Parameters P RR 95% CI P RR 95% CI
Age >60 years 0.025 1.029 1.004-1.056 0.007 1.043 1.012-1.076
LN involvement 0.107 2.650 0.810-8.668 0.386 1.867 0.456-7.654
Serum IL-9 (>3.49 pg/mL) 0.001 3.541 1.626-7.714 0.003 4377 1.628-11.766
Ann Arbor stage (I vs. Il vs. llI-IV) 0.945 0.979 0.535-1.791 0.972 1.013 0.496-2.068

doi:10.1371/journal.pone.0094637.t004

Acknowledgments

We thank all the investigators, including the physicians, nurses,
pathologists, and laboratory technicians in this study.

References
1. Au WY, Weisenburger DD, Intragumtornchai T, Nakamura S, Kim WS, et al.

(2009) Clinical differences between nasal and extranasal natural killer/T-cell
lymphoma: a study of 136 cases from the International Peripheral T-Cell
Lymphoma Project. Blood 113: 3931-3937.

2. Lee ], Suh C, Park YH, Ko YH, Bang SM, et al. (2006) Extranodal natural killer
T-cell lymphoma, nasal-type: a prognostic model from a retrospective
multicenter study. J Clin Oncol 24: 612-618.

3. Sun J, Yang Q, Lu Z, He M, Gao L, et al. (2012) Distribution of lymphoid
neoplasms in China: analysis of 4,638 cases according to the World Health
Organization classification. Am J Clin Pathol 138: 429-434.

4. Moriai S, Takahara M, Ogino T, Nagato T, Kishibe K, et al. (2009) Production
of interferon-{gamma}-inducible protein-10 and its role as an autocrine invasion
factor in nasal natural killer/T-cell lymphoma cells. Clin Cancer Res 15: 6771—
6779.

5. Teruya-Feldstein J, Jaffe ES, Burd PR, Kanegane H, Kingma DW, et al. (1997)
The role of Mig, the monokine induced by interferon-gamma, and IP-10, the
interferon-gamma-inducible protein-10, in tissue necrosis and vascular damage
associated with Epstein-Barr virus-positive lymphoproliferative disease. Blood
90: 4099-4105.

6. Nagato T, Kobayashi H, Kishibe K, Takahara M, Ogino T, et al. (2005)
Expression of interleukin-9 in nasal natural killer/T-cell lymphoma cell lines and
patients. Clin Cancer Res 11: 8250-8257.

7. Noelle RJ, Nowak EC (2010) Cellular sources and immune functions of
interleukin-9. Nat Rev Immunol 10: 683-687.

8. Fischer M, Bijman M, Molin D, Cormont F, Uyttenhove C, et al. (2003)
Increased serum levels of interleukin-9 correlate to negative prognostic factors in
Hodgkin’s lymphoma. Leukemia 17: 2513-2516.

9. Qiu L, Lai R, Lin Q, Lau E, Thomazy DM, et al. (2006) Autocrine release of
interleukin-9 promotes Jak3-dependent survival of ALK+ anaplastic large-cell
lymphoma cells. Blood 108: 2407-2415.

10. Merz H, Houssiau FA, Orscheschek K, Renauld JC, Fliedner A, et al. (1991)
Interleukin-9 expression in human malignant lymphomas: unique association
with Hodgkin’s discase and large cell anaplastic lymphoma. Blood 78: 1311-
1317.

11. Li H, Nourbakhsh B, Ciric B, Zhang GX, Rostami A (2010) Neutralization of
IL-9 ameliorates experimental autoimmune encephalomyelitis by decreasing the
effector T cell population. J Immunol 185: 4095-4100.

12. Cheng G, Arima M, Honda K, Hirata H, Eda F, et al. (2002) Anti-interleukin-9
antibody treatment inhibits airway inflammation and hyperreactivity in mouse
asthma model. Am J Respir Crit Care Med 166: 409-416.

13. Steenwinckel V, Louahed J, Orabona C, Huaux F, Warnier G, et al. (2007) IL-
13 mediates in vivo IL-9 activities on lung epithelial cells but not on
hematopoietic cells. J Immunol 178: 3244-3251.

14. Demoulin JB, Van Snick J, Renauld JC (2001) Interleukin-9 (IL-9) induces cell
growth arrest associated with sustained signal transducer and activator of
transcription activation in lymphoma cells overexpressing the IL-9 receptor. Cell
Growth Differ 12: 169-174.

15. Shang Y, Kakinuma S, Amasaki Y, Nishimura M, Kobayashi Y, et al. (2008)
Aberrant activation of interleukin-9 receptor and downstream Stat3/5 in
primary T-cell lymphomas in vivo in susceptible B6 and resistant C3H mice. In
Vivo 22: 713-720.

16. Demoulin JB, Uyttenhove C, Lejeune D, Mui A, Groner B, et al. (2000) STATS
activation is required for interleukin-9-dependent growth and transformation of
lymphoid cells. Cancer Res 60: 3971-3977.

PLOS ONE | www.plosone.org 9

Abbreviations: PFS, progression-free survival; OS, overall survival; LN, local lymph node.

Author Contributions

Conceived and designed the experiments: YL JZ. Performed the
experiments: JZ QRG LW CCL. Analyzed the data: WDW CCL.
Contributed reagents/materials/analysis tools: JZ XQC LW. Wrote the
paper: JZ WDW.

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

. Wang L, Wang ZH, Chen XQ, Li YJ, Wang KF, et al. (2013) First-line

combination of gemcitabine, oxaliplatin, and L-asparaginase (GELOX) followed
by involved-field radiation therapy for patients with stage IE/IIE extranodal
natural killer/T-cell lymphoma. Cancer 119: 348-355.

. Cheson BD, Horning SJ, Coiffier B, Shipp MA, Fisher R1, et al. (1999) Report of

an international workshop to standardize response criteria for non-Hodgkin’s
lymphomas. NCI Sponsored International Working Group. J Clin Oncol 17:
1244.

. Hultner L, Druez C, Moeller J, Uyttenhove C, Schmitt E, et al. (1990) Mast cell

growth-enhancing activity (MEA) is structurally related and functionally
identical to the novel mouse T cell growth factor P40/TCGFIII (interleukin
9). Eur J Immunol 20: 1413-1416.

Nicolaides NC, Holroyd KJ, Ewart SL, Eleff SM, Kiser MB, et al. (1997)
Interleukin 9: a candidate gene for asthma. Proc Natl Acad Sci U S A 94:
13175-13180.

Levitt RC, McLane MP, MacDonald D, Ferrante V, Weiss C, et al. (1999) IL-9
pathway in asthma: new therapeutic targets for allergic inflammatory disorders.
J Allergy Clin Immunol 103: S485-491.

Shimbara A, Christodoulopoulos P, Soussi-Gounni A, Olivenstein R, Nakamura
Y, et al. (2000) IL-9 and its receptor in allergic and nonallergic lung disease:
increased expression in asthma. J Allergy Clin Immunol 105: 108-115.
Knoops L, Renauld JC (2004) IL-9 and its receptor: from signal transduction to
tumorigenesis. Growth Factors 22: 207-215.

Koo GC, Tan SY, Tang T, Poon SL, Allen GE, et al. (2012) Janus kinase 3-
activating mutations identified in natural killer/T-cell lymphoma. Cancer

Discov 2: 591-597.

. Bouchekioua A, Scourzic L, de Wever O, Zhang Y, Cervera P, et al. (2014)

JAKS3 deregulation by activating mutations confers invasive growth advantage in
extranodal nasal-type natural killer cell lymphoma. Leukemia 28: 338-348.
Renauld JC, Vink A, Louahed J, Van Snick J (1995) Interleukin-9 is a major
anti-apoptotic factor for thymic lymphomas. Blood 85: 1300-1305.

Lange K, Uckert W, Blankenstein T, Nadrowitz R, Bittner C, et al. (2003)
Overexpression of NPM-ALK induces different types of malignant lymphomas
in IL-9 transgenic mice. Oncogene 22: 517-527.

Lv X, Feng L, Fang X, Jiang Y, Wang X (2013) Overexpression of IL-9 receptor
in diffuse large B-cell lymphoma. Int J Clin Exp Pathol 6: 911-916.

Kelleher K, Bean K, Clark SC, Leung WY, Yang-Feng TL, et al. (1991) Human
interleukin-9: genomic sequence, chromosomal location, and sequences essential
for its expression in human T-cell leukemia virus (HTLV)-I-transformed human
T cells. Blood 77: 1436-1441.

Kassel SH, Echevarria RA, Guzzo FP (1969) Midline malignant reticulosis (so-
called lethal midline granuloma). Cancer 23: 920-935.

Eichel BS, Harrison EG Jr, Devine KD, Scanlon PW, Brown HA (1966)
Primary lymphoma of the nose including a relationship to lethal midline
granuloma. Am J Surg 112: 597-605.

Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, et al. (1994) A revised
European-American classification of lymphoid neoplasms: a proposal from the
International Lymphoma Study Group. Blood 84: 1361-1392.

. Jaffe ES, Chan JK, Su IJ, Frizzera G, Mori S, et al. (1996) Report of the

Workshop on Nasal and Related Extranodal Angiocentric T/Natural Killer Cell
Lymphomas. Definitions, differential diagnosis, and epidemiology. Am J Surg
Pathol 20: 103-111.

. Yang L, Aozasa K, Oshimi K, Takada K (2004) Epstein-Barr virus (EBV)-

encoded RNA promotes growth of EBV-infected T cells through interleukin-9
induction. Cancer Res 64: 5332-5337.

April 2014 | Volume 9 | Issue 4 | 94637



36.

37.

. Lv X, Wang X (2013) The role of interleukin-9 in lymphoma. Leuk Lymphoma

54: 1367-1372.

Lu Y, Hong S, Li H, Park J, Hong B, et al. (2012) Th9 cells promote antitumor
immune responses in vivo. J Clin Invest 122: 4160-4171.

Purwar R, Schlapbach C, Xiao S, Kang HS, Elyaman W, et al. (2012) Robust
tumor immunity to melanoma mediated by interleukin-9-producing T cells. Nat

Med 18: 1248-1253.

PLOS ONE | www.plosone.org

10

38.

39.

The Prognostic Value of IL-9 in ENKTL

Li H, Rostami A (2010) IL-9: basic biology, signaling pathways in CD4+ T cells
and implications for autoimmunity. J Neuroimmune Pharmacol 5: 198-209.

Yang XR, Pfeiffer RM, Wheeler W, Yeager M, Chanock S, et al. (2009)
Identification of modifier genes for cutancous malignant melanoma in
melanoma-prone families with and without CDKN2A mutations. Int J Cancer

125: 2912-2917.

April 2014 | Volume 9 | Issue 4 | 94637



