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ARTICLE INFO ABSTRACT

IL-9 is a proinflammatory cytokine that plays a critical role in autoimmunity and inflammatory diseases.
However, its role in tumorigenesis has not been well studied. In this study, we found that IL-9 expression was
significantly increased and associated with poor progression in human non-small cell lung cancer (NSCLC).
Ectopic expression of IL-9 in NSCLC cells did not affect cell proliferation and apoptosis in vitro, but markedly
promoted tumor growth in vivo. Immune-profile analysis showed no significant changes in the frequencies of
infiltrated immune cells in the tumor site, neither in nude mice nor in immune-competent mice. However, we
found that VEGF and microvessel density (MVD) were significantly increased in xenografts. IL-9 could promote
cell growth and tube formation of HUVEC cells in vitro. In addition, correlation analysis implied a significant
positive relationship between the density of IL-9 and VEGF, as well as MVD in human NSCLC tissues. Finally, we
found that IL-9 stimulated tumor angiogenesis via STAT3 signaling. Together, our findings demonstrate a pro-
moting role of IL-9 in lung cancer development, probably through promoting tumor angiogenesis. IL-9 thus may
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represent a new prognostic marker and therapeutic target for NSCLC.

1. Introduction

Interleukin-9 (IL-9) was first cloned in 1989 as a member of the
common cytokine receptor gamma chain-dependent family of cyto-
kines, which also includes IL-2, IL-4, IL-7, IL-15 and IL-21 [1,2]. IL-9 is
produced by a variety of cells, including mast cells, NKT cells, Th2,
Th17, Treg, innate lymphoid cells (ILC) 2, and Th9 cells [3]. Among
them, ThO cells are regarded as the major CD4 ™" T cells that produce IL-
9. This IL-9-producing T cells generated with the cytokines TGF-f and
IL-4 are characterized as a new T helper subset termed Th9 to distin-
guish them from classical Th2 cells [4,5].

As a proinflammatory cytokine, IL-9 is historically believed to be
involved in type 2 immune responses and plays a critical role in auto-
immune diseases and allergic inflammation [2,6]. IL-9 functions
through the IL-9 receptor (IL9R), which activates different signal
transducer and activator (STAT) proteins, including STAT1, STAT3, and

STATS5, and thus connects this cytokine to various biological processes,
including tumorigenesis [7].

The role of IL-9 in tumor development has been previously explored.
Renauld and colleagues reported that IL-9 transgenic mice could de-
velop thymic lymphomas [8]. IL-9 has been found upregulated in var-
ious human hematological tumors, including NK/T- cell lymphoma,
Hodgkin's lymphoma, and large cell anaplastic lymphoma, and appears
to be a negative prognostic factor [9-11]. Several studies have in-
dicated that IL-9 promotes oncogenesis in human diffuse large B cell
lymphoma [12], chronic lymphocytic leukemia [13], and large cell
anaplastic lymphoma [14]. Recently report showed that IL-9 promoted
pancreatic cancer cells proliferation and migration [15]. In addition, an
animal study demonstrated that tumor growth was significantly in-
hibited in IL-9 deficient mice or neutralizing of IL-9 [16]. However, IL-9
also showed anti-tumor effect. One report revealed that ectopic ex-
pression of the membrane-bound IL-9 on tumor cells inhibited tumor
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growth in colon cancer [17]. Fang et al. found that IL-9 inhibited
melanoma cell growth through upregulation of p21 and TRAIL in vitro
[18]. Therefore, IL-9 may play a pathogenic role in cancer. However,
the function of IL-9 in tumorigenesis remains poorly studied.

IL-9 has been reported associated with the pathogenesis of multiple
inflammatory diseases in the lung. Increased IL-9 production in the lung
results in bronchial hyperresponsiveness and airway inflammation
[19,20]. IL-9 can reduce lung fibrosis induced by silica particles in mice
[21]. However, the role of IL-9 in lung cancer remains largely unknown.
In this study, we evaluated the IL-9 expression in human non-small cell
lung cancer (NSCLC) and explored its role in tumorigenesis using IL-9
over-expressing lung cancer cells and mice model. Our results show that
IL-9 plays a promoting role in NSCLC by enhancing tumor angiogenesis.

2. Material and method
2.1. Specimens

Frozen and paraffin-embedded NSCLC tissue samples were collected
from 56 patients who had been diagnosed with NSCLC and received
surgery from January 2013 to December 2013 at the Department of
Oncology, The Third Hospital of Mianyang. All participants have pro-
vided written consent. The study and consent procedure was approved
by the Institutional Ethics Committee at The Third Hospital of
Mianyang. The clinicopathologic characteristics of all patients were
shown in Table 1.

2.2. Immunohistochemistry and evaluation

IL-9, VEGF, and CD31 expression were determined using IHC
staining as described previously [22]. Briefly, paraffin sections were
dewaxed, pretreated with 3% hydrogen peroxide to inactivate en-
dogenous peroxidase, and antigen retrieved in citrate, then blocked
with 5% normal goat serum. The sections were incubated with the

Table 1
Correlation between intratumoral IL-9 expression and clinicopathological
variables in NSCLC patients.

Variables Cases (56) IL-9 expression P value
High (41) Low (15)

Age (years)

=60 35 25 10 0.697

> 60 21 16 5

Gender

Male 40 28 12 0.513

Female 16 13

Histological type

Adenocarcinoma 33 23 10 0.689

Squamous cell carcinoma 16 13 3

others 7 5 2

Smoking status

Smoker 38 29 9 0.446

Non-smoker 18 12 6

Differentiation

High-moderate 13 11 2 0.477

Low 43 30 13

Tumor status

T1-T2 42 34 8 0.024

T3-T4 14 7 7

TNM stage

-1 40 33 7 0.013

i 16 8 8

Vascular invasion

Yes 37 29 8 0.100

No 19 12 7
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rabbit anti-human IL-9 antibody (17689-1-AP, 1:50, Proteintech, Ro-
semont, IL, USA), or, rabbit anti-human CD31 antibody (ab134168,
1:300 dilution, Abcam, Cambridge, MA, USA), or mouse anti-human
VEGFA antibody (ab1316, 1:500 dilution, Abcam, Cambridge, MA,
USA), at 4 °C overnight, followed by horseradish peroxidase (HRP)-la-
beled anti-rabbit or anti-mouse IgG. Peroxidase activity was visualized
by utilizing 3,3’ diaminobenzidine substrate according to the kit in-
structions (Beyotime Bio-science, Shanghai, China). Sections were then
counterstained with hematoxylin. Slides were examined using a mi-
croscope (Eclipse E600; Nikon).

The positively stained cells were counted and scored with the for-
mula: the percentage of positive cells x staining intensity. The staining
intensity was scored as follows: 0 = no staining; 1 = light yellow;
2 = brownish yellow; and 3 = brown. The percentage of positive cells
was scored as follows: 0 (< 10%), 1 (11%-25%), 2 (26%-50%), 3
(51%-75%) and 4 (> 76%). Total score of =4 was defined as a high
expression, and a score of 0-3 was defined as low expression. MVD was
recorded by counting CD31-positive immunostained endothelial cells
[23]. The average of three 200 x field microvessel counts was recorded
as the value of MVD.

2.3. Cell culture and transfection

Human lung cancer cell line H1299, A549, H1975, H1395, LLC1
mouse lung cancer cell line, and human umbilical vein endothelial cells
(HUVEC) were purchased from the American Type Culture Collection
(ATCC; Rockville, MD, USA) and cultured in DMEM (GIBCO, Shanghai,
China) supplemented with 10% FBS, and maintained at 37 °C in a hu-
midified condition of 95% air and 5% CO2. For HUVEC cells, 50 pg/ml
Endothelial Cell Growth Supplement (BD Biosciences, Cat: 354006) was
added for well growth. Full-length clone c¢DNA of human IL-9
(BC066285, Sino Biological, Beijing, China) or mice IL-9
(NM_008373.1, Sino Biological, Beijing, China) were cloned into a
pLenti6.3-IRES2-EGFP lentiviral vector (Invitrogen, Carlsbad, CA, USA)
to generate pLenti6.3-h(m)IL-9-IRES2-EGFP. pLenti6.3-IRES2-EGFP
lentivirus was used as a negative control. H1299 or LLC1 cells were
infected with the recombinant lentivirus carrying h(m) IL-9 at a mul-
tiplicity of infection (MOI) of 10. GFP-positive monoclonal cells were
sorted into 96-well plates by FACS Aria III flow cytometer (BD, San
Jose, USA), and amplified to stable clones. Stably transfected clones
were validated by western blotting and ELISA. MISSION esiRNA tar-
geting human STAT3 (Cat: EHU122051) and scrambled siRNA were
purchased from Sigma (Sigma, St Louis, MO, USA). H1299 cells were
transfected with STAT3 esiRNA or scrambled siRNA using
Lipofectamine™ 2000 (Invitrogen™ Life Technologies) and evaluated
after 48 h by Western blotting.

2.4. Cell viability assay

Cell viability was measured using an MTT Cell Proliferation and
Cytotoxicity Assay kit (Beyotime Institute of Biotechnology, Haimen,
China). 1 x 10* cells were seeded into 96-well plates and cultured for
24, 48 and 72h, followed by the addition of MTT solution to the cells
for 4 h. Subsequent to the removal of the medium, the remaining MTT
formazan crystals were solubilized in DMSO and analyzed at 560 nm
using a microplate reader (Benchmark Electronics, Inc., Angleton, TX,
USA).

2.5. Cell apoptosis assay

Cells were harvested and washed in cold PBS prior to staining using
an Apoptosis Detection kit (BD Biosciences, San Jose, CA, USA), ac-
cording to the manufacturer's protocol. Briefly, 1 x 10° cells were re-
suspended in 500 pl binding buffer and stained with fluorescein iso-
thiocyanate-conjugated Annexin V and propidium iodide. The samples
were analyzed by flow cytometry (BD FACSCanto, BD Bioscience, San
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Diego, CA, USA), and analyzed using Flowjo software (FlowJo,
Ashland, OR, USA).

2.6. Tube formation assay

HUVEC cells were treated with conditioned medium (50%, v/v)
from IL-9 or mock transfected H1299 cells for 8 h in the presence of
recombinant Human (rh) IL-9 (50ng/ml, Cat: 209-ILB-010, R&D
Systems, USA) or anti-IL-9 (10 ug/ml, Cat: MAB2092-SP, R&D Systems,
USA). The cells were then harvested and washed with PBS, and plated
onto the layer of Matrigel (BD Bioscience, San Diego, CA, USA) at a
density of 1 x 10* cells/well. Tubular structures were quantified and
photographed under a microscope after 24 h.

2.7. Elisa

IL-9 levels from the culture medium of IL-9 transfected H1299 cells,
mock-transfected and normal H1299 cells were measured using human
IL-9 ELISA kit (Cat: DY209-05, R&D Systems, USA) according to the
manufacturer's protocol. VEGF levels from the culture medium of IL-9
transfected H1299 cells were quantified using human VEGF ELISA kit
(Cat: DVE0OO, R&D Systems, USA) according to the manufacturer's
protocol. Serum IFN-y and TNF-a levels from mice were measured using
mouse IFN-y (DY485-05, R&D Systems, USA) and TNF-a (DY410-05, R
&D Systems, USA) ELISA kit according to the manufacturer's protocol.

2.8. RNA extraction and real-time PCR

RNA was extracted from human NSCLC tissues using Trizol
(Invitrogen, Carlsbad, CA, USA) method and reverse transcripted to
cDNA using M-MLV reverse transcriptase (Invitrogen). Expression of
mRNA of IL-9 was analyzed by applying the quantitative reverse-tran-
scription PCR (Takara, Kyoto, Japan) and SYBR green detection
(Takara). The primers used are as followed: IL-9 forward: 5-CTCTGT
TTGGGCATTCCCTCT-3’ and reverse: 5- GGGTATCTTGTTTGCATGG
TGG-3’; B-actin forward: 5- AGCTTCCAGACACGCTATCAT-3’ and re-
verse: 5'- CGGTACAACGAGCTGTTTCTAC-3’. The expression level of IL-
9 was normalized to the housekeeping gene B-actin using the com-
parative threshold cycle (244" method.

2.9. Western blot analysis

The NSCLC tissues or cells were harvested, lysed and 20 pg of total
protein was separated by electrophoresis using 12% SDS-PAGE, trans-
ferred onto polyvinylidene fluoride membranes, pre-blocked with 5%
skim milk for 90 min at room temperature and then incubated using the
primary antibodies including rabbit anti-human IL-9 antibody
(ab111915, 1:1000 dilution, Abcam, Cambridge, MA, USA), rabbit anti-
human STAT3 (ab109085, 1:2000 dilution, Abcam), rabbit anti-human
STAT3 (phospho S727) (ab32143, 1:2000 dilution, Abcam), and pB-actin
(ab119716, 1:1000 dilution, Abcam) overnight at 4 °C. the horseradish
peroxidase (HRP)-conjugated seconded IgG antibody was applied for
1 h at room temperature. The bands were visualized using Biolmaging
Systems (UVP Inc., Upland, CA, USA).

2.10. In vivo tumor model

6-8 weeks old female BALB/C nude mice and C57BL/6 mice (Hebei
Medical University, Shijiazhuang, China.) were maintained in the
Laboratory for Animal Experiments under specified pathogen-free
conditions. 5 X 10° IL-9 transfected H1299, or 1 x 10° IL-9 transfected
LLC1 cells, or their corresponding mock-transfected cells in 100 ul PBS
were injected subcutaneously into the flank region of nude mice or
C57BL/6 mice, respectively. Anti-VEGF antibody (bevacizumab, Roche,
Switzerland) was administered i.p. in PBS at 5mg/kg twice a week for
2 weeks. Tumor growth was monitored every week. Tumor volume was
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measured using fine digital calipers and was calculated by the following
formula: tumor volume = 0.5 X width? x length. 4 weeks after tumor
cell injection, mice were sacrificed, tumors were separated into two
equal parts: one was fixed in 10% formalin, and embedded in paraffin,
for Ki67 and TUNEL staining using immunohistochemistry, the other
was used for flow cytometry. All procedures involving animals were
approved by the Animal Care and Use Committee of Hebei Medical
University. The experimental manipulation of mice was conducted in
accordance with the National Institutes of Health Guide for the Care
and Use of Laboratory Animals.

2.11. Immune-profile analysis by flow cytometry

Freshly transplanted tumors were scissored into small pieces and
placed in 1 ml cell dissociation solution (100 U/ml collagenase IV and
100 pg/ml DNase IV (all from Sigma-Aldrich, USA) in RPMI-1640 with
10% FBS) with shaking at 80 rpm in 37 °C for 30 min, then filtered
suspension through 70-micron filter. Centrifuged the supernatant at
400g for 5 min and re-suspended cells in 40% Percoll (Cat: 17-0891-01,
GE Healthcare, Piscataway, NJ, USA), and centrifuged at 325g at RT for
20 min. Collected the cells at the bottom and depleted red blood cells
using ACK buffer. The cells were washed and re-suspended in FACS
staining buffer (PBS with 2% FBS). The fluorescence Abs used for FACS
staining including FITC anti-mouse CD45 (Cat: 147710), PerCP/
Cyanine5.5 anti-mouse CD3 (Cat: 100218), PE anti-mouse DX5 (Cat:
108908), PE/Cy7 anti-mouse CD11c (Cat: 117318), Brilliant Violet 510
anti-mouse F4/80 (Cat: 123135), APC anti-mouse/human CD11b (Cat:
101211), APC/Cyanine7 anti-mouse Gr-1 (Cat: 108424), APC anti-
mouse CD4 (Cat: 100412), PE/Cy7 anti-mouse CD8 (Cat: 100722). All
Abs were purchased from BioLegend (San Diego, CA, USA). Dead cells
were excluded using Sytox blue dead cell staining (Cat: S34857,
Invitrogen, Carlsbad, CA, USA). Flow cytometry was performed using
BD FACSCanto II (BD Bioscience, San Diego, CA, USA), and analyzed
using Flowjo software (FlowJo, Ashland, OR, USA).

2.12. Statistical analysis

Data are expressed as the mean * standard deviation. Statistical
analyses were performed using GraphPad Prism 7 software (GraphPad
Software, San Diego, CA). Overall survival (OS) was defined as the
interval between surgery and death. Kaplan-Meier survival curve was
plotted for the analysis of survival rates with a log-rank test. Inter-group
statistical significance was determined using a Student's unpaired t-test.
P < 0.05 was considered statistically significant.

3. Results

3.1. Increased IL-9 expression is associated with poor progression in human
NSCLC

IL-9 expression has been found increased in numerous tumors,
however, its expression in NSCLC has not been reported. Here, we
measured the mRNA and protein levels of IL-9 in 56-paired NSCLC
tissues. As shown in Fig. 1A and B, NSCLC tissues had significantly
increased mRNA and protein levels of IL-9, compared with adjacent
normal tissues. Immunohistochemical staining indicated that NSCLC
tissues showed strong (22/56) or moderate (19/56) positive staining,
whereas the majority of normal lung tissues were negative (42/56),
only 14 cases showed weekly staining (Fig. 1D, P < 0.01).

To investigate the prognostic value of IL-9 in NSCLC patients, OS
was assessed for patients with high (n = 41) and low (n = 15) IL-9
expression by Kaplan-Meier survival analysis. The results showed that
patients with high IL-9 expression presented shorted overall survival
(Fig. 1E, P = 0.007). The results were validated by an online database
(http://kmplot.com/analysis/) (Fig. 1F). Taken together, our results
suggest that increased IL-9 expression is associated with poor
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progression in human NSCLC, IL-9 maybe exert an oncogenic role in 3.2. IL-9 promotes NSCLC tumorigenesis in vivo

NSCLC.
It has been shown that IL-9 is the cytokine majorly expressed by
immune cells, not in tumor cells. In order to investigate the effect of
intracellular IL-9 on lung tumor progression, we first examined the IL-9
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level in lung cancer cell lines. We found that lung tumor cells did not
secret IL-9 or at very low levels (Fig. S1A). We therefore established
H1299 cells line that stably expressing human IL-9. ELISA and Western
blot showed abundant IL-9 expression in IL-9 transfected H1299 cells,
compared with mock-transfected and WT cells (Fig. 2A and B). We then
evaluated the cell growth, cell apoptosis as well as cell cycle in vitro. We
first confirmed that HCT119 cells had higher levels of IL-9 receptor on
the membrane using flow cytometry, indicating that it can respond to
IL-9 signaling (data not shown). As shown in Fig. S1B-D, no significant
differences in cell growth, cell apoptosis and cell cycle among the three
groups. Similar results were confirmed by using another NSCLC cell line
A549 that stably express IL-9 (Fig. S2A-C). In addition, we found that
treatment of NSCLC cells with recommendation IL-9 or neutralizing
antibody against IL-9 also had no effect on tumor proliferation or

apoptosis in vitro (Fig. S1E-F). Taken together, our results suggest that
IL-9 may not directly affect cell growth and apoptosis of NSCLC cells in
vitro.

However, after we transplanted IL-9 transfected H1299 cells or
A549 cells into nude mice, IL-9-expressing cells grew faster than mock-
transfected or WT cells (Figs. 2C and S2D). The mean tumor weights of
the IL-9-transfected xenografts were markedly larger than mock-trans-
fected and WT xenografts 4 weeks after transplantation (Fig. 2D and E).
In addition, Ki67 and TUNEL staining exhibited similar cell prolifera-
tion and cell apoptosis rate of xenografts between three groups (Fig.
S1G-I). Therefore, our data indicate that IL-9 promotes NSCLC growth
in vivo, but maybe not through regulating tumor growth and apoptosis
directly.



J. He, et al.

IL-9

high

et

Y AT
Pt

wr e

e -

D
o

IL-9
low

104 ™0.4137 P=0.0031

VEGEF staining score

IL-9 positive cells (%)

International Immunopharmacology 75 (2019) 105766

CD31

VEGF

60 1=0.5534 P<0.0001

404

MVD

201

IL-9 positive cells (%)

Fig. 4. IL-9 is positively associated with angiogenesis in NSCLC patients. (A) Representative immunohistochemical staining of IL-9, VEGF, and CD31 in the tumor
sections from patients with high or low expression of IL-9. (B and C) The relationship between the density of IL-9-positive cells and VEGF, as well as MVD. Spearman'

s rank correlation coefficient.

3.3. IL-9 does not alter immune cell responses in vivo

Since IL-9 is a pleiotropic cytokine that plays an important role in
immune responses. We analyzed the frequencies of immune cells in
H1299 xenografts. As shown in Fig. S3A, similar cell populations of NK
cells, DCs, macrophages, as well as MDSCs were found among three
groups. In addition, serum IFN-y and TNF-a were also showed similar
levels between IL-9 and mock-transfected xenografts (Fig. S3B-C).
These findings suggest that IL-9 does not affect tumor immunity in vivo.
While nude mice do not have T or B cells, it prevents us to evaluate the
anti-tumor T cells responses by IL-9 in vivo. We then generated IL-9
stably transfected LLC1 murine lung cancer cells. IL-9 overexpression
also did not affect LLC1 cells proliferation and apoptosis in vitro (Data
not shown). However, once the IL-9 transfected LLC1 cells were
transplanted into C57BL/6 mice, it also showed significantly slower
tumor growth than mock-transfected cells and WT cells (Fig. 2F). Im-
mune-profile analysis showed that the proportions of CD3™ T, CD4*T,
CD87T, as well as NK cells were comparable between two groups (Fig.
S3D). Serum levels IFN-y and TNF-a were also showed similar levels
between the three groups (Fig. S3E-F). Taken together, these results
reveal that IL-9 does not alter immune cell responses in vivo.

3.4. IL-9 promotes tumor angiogenesis in vitro and in vivo

Previous study showed that IL-9 could induce angiogenesis in
psoriasis-like skin inflammation [24], suggesting that IL-9 may promote
NSCLC growth through modulating tumor angiogenesis. We first ex-
amined the two angiogenic markers VEGF and CD31 expressions in
xenografts sections. The results showed that IL-9 significantly increased
VEGF and CD31 staining, and more tumor blood vessels (MVD) were
observed in IL-9 transfected xenografts compared with mock-trans-
fected xenografts (Fig. 3A-C). ELISA assay found that IL-9 transfected
H1299 cells secreted more VEGF than mock-transfected cells (Fig. 3D).
We then used the conditioned medium (50%, v/v) from IL-9 or mock
transfected H1299 cells to treat HUVEC cells. We found that the cell
growth (Fig. 3E) and tube formation (Fig. 3F and G) of HUVEC cells
were significantly increased after treated with IL-9 transfected H1299
cells medium. However, the effects could be reversed by adding neu-
tralizing antibody against IL-9 (Fig. 3E-G). To further confirm that IL-9
promotes tumor growth through enhancing angiogenesis, we used anti-
VEGF antibody to block the tumor angiogenesis in vivo during IL-9
overexpression. We found that IL-9 could not promote tumor growth
after blocking tumor angiogenesis in vivo (Fig. 3H). Collectively, these
results indicate that IL-9 might promote NSCLC progression through
directly regulating tumor angiogenesis in vitro and in vivo.
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Fig. 5. IL-9 stimulates angiogenesis via STAT3. (A) Western blotting showed that phosphorylation of STAT3 was obviously increased in IL-9 transfected H1299 cells.
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matrigel and treated with conditional medium (50%) for 16 h. Tubular structures were photographed and tube length was measured. Data shown are mean + SD

from three independent experiments. ***P < 0.001.

3.5. IL-9 is positively associated with angiogenesis in NSCLC patients

We next evaluated the relationship between IL-9 and tumor angio-
genesis in human NSCLC tissues. The results showed that patients with
high IL-9 expression had strong VEGF and CD31 staining (Fig. 4A).
Correlation analysis indicated a significant positive relationship be-
tween the density of IL-9-producing cells and VEGF (r = 0.4137,
P = 0.0031, Fig. 4B), as well as MVD (r = 0.5534, P < 0.0001,
Fig. 4C), suggesting that IL-9 is positively associated with tumor an-
giogenesis in NSCLC patients.

3.6. IL-9 stimulates angiogenesis via STAT3

Accumulating evidence suggests that signal transducer and activator
of transcription (STATs), mainly STAT3, play an important role in an-
giogenesis [25]. In addition, IL-9-mediated signal transduction results
in the activation of STAT1, STAT3, and STAT5 [26]. We then explore
whether IL-9 mediated tumor angiogenesis is via activation of STAT3 in
NSCLC cells. We found that IL-9 transfected H1299 cells showed in-
creased pSTAT3 levels compared with mock-transfected cells (Fig. 5A).
In addition, recombinant human IL-9 treatment also increased phos-
phorylation of STAT3 in a time and dose-dependent manner (Fig. 5B
and C).

We then used siRNA to knockdown of STAT3 expression in IL-9 or
mock transfected H1299 cells and then explored the role of STAT3 in IL-
9 medicated effects on tumor angiogenesis. As shown in Fig. 5D,
knockdown of STAT3 inhibited VEGF expression in IL-9 transfected
H1299 cells. Treatment of conditional medium from STAT3 knockdown
IL-9 transfected H1299 cells repressed tube formation of HUVECs
(Fig. 5E and F). The results were also confirmed by using STAT3 in-
hibitor S31-201 (Fig. S4A-C). Taken together, these results suggest that
IL-9 stimulates tumor angiogenesis partially through STAT3 signaling.

4. Discussion

IL-9 has been found with various functions in different tumors
[9,11,15,18]. However, the role of IL-9 in tumorigenesis remains poorly
understood. In this study, by using human NSCLC samples and lung
cancer xenograft models, we proposed a promoting role of IL-9 in
NSCLC progression. We found that IL-9 is highly expressed in NSCLC
tissues, and associated with poor outcome in human NSCLC. Besides,
ectopic expression of IL-9 promoted in vivo tumor growth of H1299
cells. Therefore, our findings indicate that IL-9 plays a promoting role in
the growth of human NSCLC.

IL-9 is considered to be a pleiotropic cytokine and involved in type 2
immune responses [6]. IL-9 signals through the JAK/STAT system,
which induces the activation of STAT1, STAT3, and STAT5, and is in-
volved in cell survival, proliferation and secretion of inflammatory
mediators [3]. However, in the present study, we found that ectopic
expression of IL-9 in NSCLC cells did not inhibit cell proliferation and
apoptosis in vitro. IL-9 also has no effect on anti-immune responses in
vivo both in nude mice and immune-competent mice. Our results were
consistent with the results in colon carcinoma showed that IL-9 over-
expression on tumor cells had no effect on cell proliferation or major
histocompatibility complex class I expression [17], but inconsistent
with previous studies showed that IL-9 could promote the proliferation,
invasion, and migration of pancreatic cancer cells, as well as diffuse
large B-cell lymphoma [27]. In contrast to the pro-tumor effect of IL-9,
two studies demonstrated an anti-tumor effect of IL-9 in colon cancer
and melanoma [17,18]. Therefore, further studies are needed to as-
certain the role of IL-9 in tumorigenesis in more tumor models. In ad-
dition, our correlation analysis of NSCLS samples showed that IL-9 was
highly expressed in the early status (T1-T2) and stage (I-II), indicating
that IL-9 maybe already abundant at the early phase of tumorigenesis of
NSCLS, probably due to the massive infiltration of lymphocytes at the
early stage of tumor development. Therefore, IL-9 involvement is pi-
votal for the early phase of tumorigenesis and that its neutralization
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might partially restrain the progression of tumor.

What's the mechanism underlying the promotion of NSCLC by IL-9?
During the investigation, we found one report presented the pro-an-
giogenesis role of IL-9 in psoriasis-like skin inflammation [24], sug-
gesting that IL-9 may promote NSCLC growth through modulating
tumor angiogenesis, since angiogenesis is a critical process for the
sustained growth of tumors in vivo. Indeed, we found that IL-9 over-
expressed cells had increased VEGF levels; conditional medium from IL-
9 transfected H1299 cells induced more tube formation of HUVEC cells.
In addition, IL-9 transfected xenografts had increased VEGF levels and
more MVD, which suggested enhanced angiogenesis in vitro and in vivo.
We also confirmed our observation in clinical NSCLC tissues samples;
there was a positive relationship between the density of IL-9 and VEGF
as well as MVD. Since STATS3 is critical in both IL-9 and angiogenesis
signaling [2,25], we found that IL-9 may stimulate angiogenesis par-
tially through STAT3. Together, our data reveal a novel mechanism of
IL-9 in tumorigenesis through promoting angiogenesis.

In summary, our finding demonstrate that IL-9 is highly expressed in
NSCLC and associated with poor prognosis in NSCLC patients and plays
a pro-tumor role in NSCLC progression through promoting tumor an-
giogenesis via STAT3. IL-9 thus may represent a useful prognostic
marker and therapeutic target for NSCLC.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.intimp.2019.105766.
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