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IL-17 induces antitumor immunity by promoting beneficial neutrophil recruitment
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ABSTRACT
Interleukin (IL)-17 has been reported to play a controversial role in tumor immunity. Our previous studies
showed that infiltration of IL-17-producing cells in esophageal squamous cell carcinoma (ESCC) induced
tumor protective immunity by recruiting CD8CT lymphocytes, natural killer (NK) cells, and B lymphocytes
into the tumor microenvironment. However, the mechanism of IL-17 regulation of tumor-associated
neutrophils remains elusive in ESCC. In this study, we therefore evaluated the accumulation of
myeloperoxidase (MPO)C neutrophils and its association with IL-17-producing cells within ESCC tumor
nests. We also investigated the effects of IL-17 on the recruitment and antitumor activity of neutrophils.
MPOC neutrophil infiltration was found to predict a favorable prognosis in ESCC patients and was
positively correlated with IL-17C cell density. IL-17 stimulated ESCC tumor cells to release more of the CXC
chemokines CXCL2 and CXCL3, which are involved in neutrophil migration. Furthermore, IL-17 potentiates
the direct killing capability of neutrophils by enhancing the production of cytotoxic molecules, including
reactive oxygen species (ROS), MPO, TNF-related apoptosis-inducing ligand (TRAIL), and IFN-g .
Experiments in mice suggested that IL-17 alone might not affect tumor progression in the tumor-bearing
host, but IL-17 can inhibit tumor growth by promoting beneficial neutrophil infiltration and activation at
tumor sites. As emerging evidence indicates that targeting tumor-associated neutrophils is a strategy for
antitumor therapy, our findings reveal a positive contribution of IL-17 to the modulation of neutrophil-
mediated antitumor immunity in ESCC. This study provides further understanding of the mechanisms that
selectively regulate functional activities of neutrophils, which may be critical for developing new tumor
immunotherapy.

Abbreviations: CRC, colorectal cancer; CTLs, cytotoxic T lymphocytes; ESCC, esophageal squamous cell carcinoma;
H2O2, hydrogen peroxide; HCC, hepatocellular carcinoma; HOCl, hypochlorous acid; IL-17, interleukin-17; MDSCs,
myeloid-derived suppressor cells; MMP-9, matrix metalloproteinase-9; MPO, myeloperoxidase; NE, neutrophil elas-
tase; ROS, reactive oxygen species; TRAIL, TNF-related apoptosis-inducing ligand
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Introduction

Esophageal carcinoma is one of the most common cancers,
ranking 6th in mortality among all cancers worldwide.1 Esoph-
ageal squamous cell carcinoma (ESCC), which represents the
major histological type of esophageal carcinoma, is highly prev-
alent in China.2,3 Despite recent advances in diagnosis and
therapy, the prognosis of ESCC remains unsatisfactory—the 5-
year survival rate is only 15% to 25%—due to late presentation
and propensity for metastasis.4 Currently, the standard treat-
ment options for ESCC are still limited to surgery, endoscopic
resection and chemoradiation. Therefore, to explore novel ther-
apeutic strategies and improve the survival of ESCC patients,
elucidation of the pathogenic mechanism underlying this dis-
ease is urgently needed.

It is now recognized that the tumor microenvironment plays
an important role in controlling tumor development and pro-
gression.5 Accumulating evidence has indicated that tumor
cell-extrinsic factors, which include immune cells, fibroblasts,
structural molecules, and inflammatory cytokines, are consid-
ered to be crucial features in ESCC tumorigenesis.6-8 IL-17A
(hereafter referred to as IL-17) is an inflammatory cytokine pri-
marily secreted by Th17 helper cells.9 Many studies have shown
that IL-17 plays a critical role in autoimmune diseases, patho-
genesis of inflammatory disorders, and immune responses
against bacterial or fungal infections.9,10 Recently, the function
of IL-17 in the tumor microenvironment has been extensively
investigated.11,12 Although numerous studies suggest that IL-17
can mediate tumor immunity in various types of cancer
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including ESCC, its specific role and related mechanisms in
modulating tumor immunology remain controversial.13-15

As noted in various reports, IL-17 is significantly related to
neutrophil accumulation and function in the tumor microenvi-
ronment. For example, IL-17 was found to induce migration of
neutrophils into the peritumoral stroma of hepatocellular carci-
noma tissues by up-regulating CXC chemokine expression in
epithelial cells.16 In addition, IL-17-producing cells can pro-
mote recruitment of beneficial neutrophils into colorectal can-
cer, and enhance myeloperoxidase (MPO) release by
neutrophils.15 However, the potential effects of IL-17 on neu-
trophil recruitment and activation in ESCC remain unknown.

In this study, we therefore evaluated the infiltration and
prognostic significance of neutrophils as well as their associa-
tion with IL-17-producing cells in ESCC tumor nests. Further-
more, we investigated the effects of IL-17 on the migration and
antitumor activity of neutrophils to understand the novel
mechanisms underlying the tumor immunity in ESCC.

Results

ESCC-infiltrating MPOC neutrophils predict favorable
prognosis in patients

MPO, a lysosomal enzyme involved in activation of neutro-
phils, is considered a cytoplasmic marker for the identification
of neutrophils within human tumors.17 MPOC neutrophils
have been found to be associated with clinical outcome in sev-
eral types of cancer.18 Thus, we evaluated the intratumoral
MPOC neutrophil infiltration using immunohistochemistry in
ESCC tumor tissues. Representative photomicrographs of
stained tissue are shown in Figure 1A and 1B. The patients
were assigned into high or low MPOC neutrophil groups
according to the median MPOC cell count (12.5 cells/HPF,
range: 0–46.4 cells/HPF). The association between MPOC infil-
trates and various clinicopathological parameters of ESCC
patients is presented in Table 1. There was an inverse correla-
tion between MPOC cells and T stage (P D 0.001), N stage
(P D 0.014) and TNM stage (P D 0.017). However, no associa-
tion between MPOC cells and tumor grade, tumor location,
tumor size or distant metastasis was observed (Table 1). The
impact of MPOC cells on overall survival (OS) of ESCC patients
was then analyzed. Strikingly, patients in the high MPOC
neutrophil group had a better OS than those in the low MPOC
neutrophil group (Figure 1C; Supplementary Figure 1A).

Tumor infiltration by MPOC neutrophils is associated with
the presence of IL-17-producing cells

Since our previous studies indicated that IL-17-producing cells
within tumor tissues were positively associated with accumula-
tion of CD8C CTLs and NK cells, which can mediate antitu-
mor responses against ESCC,19,20 we investigated whether IL-
17C cells were also related to the infiltration of MPOC neutro-
phils in the same tumor microenvironment. Immunohisto-
chemical analysis was performed to detect and quantify
intratumoral infiltration of both cell types in serial tissue sec-
tions from the same tissue samples. As shown in Figure 2A, an
increase in MPOC infiltrates was seen in the tumor tissue with

high IL-17C cell counts, while decreased MPOC cell density
was associated with lower IL-17C cell counts in the same tumor
tissue. Linear regression analyses showed that the number of
MPOC neutrophils was positively correlated with the IL-17-
producing cell density (n D 181, r D 0.195, P D 0.009,
Figure 2B). In addition, patients with high MPOC neutrophil
and high IL-17C cell infiltration had a drastically improved OS
than those with low infiltration of both MPOC neutrophils and
IL-17C cells (Figure 2C; Supplementary Figure 1B).

IL-17 favors neutrophil recruitment by triggering
chemokine release from ESCC cells

We next investigated the molecular mechanism underlying the
relationship between IL-17-producing cells and MPOC neutro-
phils. Our previous study confirmed that ESCC-infiltrating IL-
17C cells were mainly CD4C cells,19 which ruled out the possi-
bility of IL-17 production by neutrophils. Alternatively, we
explored whether IL-17 may recruit neutrophils into tumor tis-
sues either directly or by stimulating chemokine release by
tumor cells. The effect of IL-17 on neutrophil migration was
first examined with an in vitro chemotaxis system. As shown in
Figure 3A and Supplementary Figure 2A, exposure to culture
supernatants from IL-17-treated EC109 cells or KYSE30 cells

Figure 1. Infiltration of MPOC neutrophils into tumor nests and its association
with survival in ESCC patients. The MPOC neutrophils in ESCC surgical specimens
were detected by immunohistochemistry. According to the median count of
MPOC cells, the patients were divided into a high MPOC infiltration group (A)
and a low MPOC infiltration group (B). Upper panels, £ 200 magnification; lower
panels, £ 400 magnification. (C) Survival analysis shows that overall survival (OS)
was significantly improved in the high MPOC infiltration group compared to the
low MPOC infiltration group.
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significantly increased neutrophil migration compared to treat-
ment with IL-17, supernatants from EC109 cells, KYSE30 cells
alone, or a combination of the two. These data suggested that
IL-17 may promote neutrophil recruitment by stimulating
ESCC cells to produce more soluble mediators.

Neutrophil migration into tumor tissues is primarily
induced by CXC chemokines that bind to and activate CXCR1
and/or CXCR2.17 Thus, we performed real-time PCR to detect
the CXC chemokine profiles of EC109 cells or IL-17-treated
EC109 cells. The mRNA expression of the chemokines CXCL2
and CXCL3 was significantly up-regulated in IL-17-treated
EC109 cells compared to control EC109 cells (Figure 3B).
ELISA analysis showed that exposure to IL-17 also promoted
CXCL2 and CXCL3 secretion from EC109 cells(Figure 3C).Fur-
thermore, neutrophil migration mediated by IL-17-treated
EC109 cells was significantly attenuated by specific siRNA
(Supplementary Table 1) to inhibit CXCL2 or CXCL3 expres-
sion, or expression of both proteins (Supplementary Figure 3
and Figure 3D).However, knockdown of CXCL4 or CXCL16
expression by specific siRNA(Supplementary Table 1) did not
significantly impair the migration of neutrophils (Supplemen-
tary Figure 3 and Figure 3D). These findings were validated
when using KYSE30 cells to analyze the mechanism underlying
the promotion of IL-17 on neutrophil migration (Supplemen-
tary Figure 2B-D and Supplementary Figure 3). Consistent

with these in vitro data, immunohistochemical analysis from
the same tissue slides showed that a high degree of IL-17C cell
infiltration was positively associated with CXCL2 expression,
which was also positively correlated with the level of infiltrating
MPOC neutrophils in intratumoral tissues (Figure 3E and 3F).
Similar results were obtained when analyzing the relationship
between CXCL3 expression and IL-17C cells or MPOC cells in
the same tissues (Figure 3E and 3F). In addition, we found that
the IL-17high MPOhigh CXCL2high or the IL-17high MPOhigh

CXCL3high patients exhibited a markedly improved survival
compared with the IL-17low MPOlow CXCL2low or the IL-17low

MPOlow CXCL3low patients (Figure 3G; Supplementary
Figure 1C and 1D). These data indicated that IL-17 may pro-
mote beneficial neutrophil recruitment into ESCC through up-
regulation of tumor cell-derived CXCL2 and CXCL3 chemo-
kine levels.

IL-17 enhances the antitumor activity of neutrophils

As an innate immune cell population, neutrophils have been
proposed to be able to kill tumor cells directly via production
of several cytotoxic molecules, such as toxic oxidative metabo-
lites, proteases, and cytokines such as tumor necrosis factor-a
(TNF-a).21 Hence, we tested the effect of IL-17 on the direct
tumor cell killing capacity of neutrophils in vitro. Neutrophils
were cultured alone or with IL-17 overnight and then co-cul-
tured with EC109 cells at a 3:1, 10:1, or 30:1 neutrophil to
tumor cell ratios. Interestingly, exposure of neutrophils to IL-
17 significantly enhanced the cytotoxicity against ESCC tumor
cells (Figure 4A).

We next explored the mechanism underlying the promotive
effect of IL-17 on the antitumor activity of neutrophils. The
expression of cytolytic molecules was examined, including
ROS, MPO, NE, and TRAIL, which are involved in inducing
apoptosis and inhibition of tumor cell proliferation by neutro-
phils.22 We observed that IL-17 significantly promoted the pro-
duction of ROS, MPO and TRAIL in neutrophils (Figure 4B-
E), but showed no significant direct effects on NE secretion
(Figure 4C). Moreover, IL-17-stimulated neutrophils released
higher levels of IFN-g, though exposure of neutrophils to IL-17
did not significantly enhance TNF-a release (Figure 4C). Thus,
IL-17 might directly stimulate neutrophils to produce more
cytotoxic molecules to kill ESCC tumor cells.

CXCR1and CXCR2 are known to participate in neutrophil
activation and migration into tumor nests.17 IL-17 was found
to promote neutrophil recruitment by stimulating tumor cell
secretion of CXC chemokines, which bind to CXCR1 and/or
CXCR2. We therefore investigated whether IL-17 can affect the
expression of CXCR1and CXCR2 on neutrophils. Unexpect-
edly, no significant difference was observed in the CXCR1 or
CXCR2 expression levels between neutrophils and IL-17-
treated neutrophils (Figure 4F and 4G).

IL-17 promotes neutrophil recruitment and antitumor
function in vivo

To test the effect of IL-17 on neutrophil migration and acti-
vation in vivo, we initially generated a stable IL-17-overex-
pressing EC109 cell line and then established a xenograft

Table 1. Association of MPOC neutrophile count and clinical characteristics in
ESCC.

MPOC neutrophile count

Clinicopathological features N of patients High Low P value

All 181 91 90
Age (years) 0.081

<60 105 47 58
�60 76 44 32

Gender 0.498
Male 141 69 72
Female 40 22 18

Tumor size(cm) 0.320
<5 75 41 34
�5 106 50 56

Tumor location 0.075
Upper third 13 5 8
Middle third 114 52 62
Lower third 54 34 20

T stage 0.001�

T1–2 57 39 18
T3–4 124 52 72

Tumor grade 0.826
G1 45 24 21
G2 85 43 42
G3 51 24 27

N stage 0.014�

N0 101 59 42
N1–2 80 32 48

Distant metastasis 0.399
Absent 175 89 86
Present 6 2 4

TNM stage 0.017�

I-II 116 66 50
III-IV 65 25 40

MPO, myeloperoxidase ;ESCC, esophageal squamous cell carcinoma; T, primary
tumor invasion depth; G1,well differentiated; G2, moderate differentiated;
G3, poor differentiated; N, regional lymph node.

p Value calculated according to the Pearson Chi-Square test ;�Statistically signifi-
cant (P < 0.05).

ONCOIMMUNOLOGY e1373234-3



nude mouse model by subcutaneous injection of EC109
cells transfected with LV-IL-17 or LV-Vector. Before estab-
lishment of the tumor xenografts, IL-17 secretion from
EC109/IL-17or EC109/Vector cells and the effect of IL-17
on EC109 cell viability in vitro was confirmed. We found
that EC109/IL-17 cells can release much more IL-17 than
EC109/Vector cells, but IL-17 did not significantly affect
the ex vivo growth of EC109 cells (Figure 5A and 5B). As
expected, no significant difference was also observed in
tumor growth between the mice injected with EC109/IL-17
cells and those injected with EC109/Vector cells (Figure 5C-
F). However, there was a significant reduction in tumor size
and tumor weight in neutrophil-treated mice compared
with untreated controls, whereas tumors showed the most
significant delays when neutrophils were infused into the
mice injected with EC109/IL-17 cells (Figure 5C -F). At the
end of the observation period, the tumor tissues were sepa-
rated from the mice and used to evaluate CXCL2 and
CXCL3 expression, beneficial neutrophil infiltration and Ki-
67 expression via immunohistochemical analysis. Expect-
edly, CXCL2 and CXCL3 expression is much higher in the
tumors with overexpression of IL-17 compared to those
with Vector (Figure 5G and 5H).In addition, expression of
Ki-67 was remarkably reduced, and the level of human
MPOC cell infiltration was significantly increased in the
combined IL-17-overexpression and neutrophil-treated
group than in that of the other groups (Figure 5G and 5H).
These findings suggest that IL-17 itself might not regulate
tumor progression in the tumor-bearing host, but it can

stimulate CXCL2 and CXCL3 release to promote beneficial
neutrophil infiltration and activation at tumor sites and
thereby inhibit tumor growth.

Discussion

Neutrophils represent the most abundant innate immune sys-
tem cell population and play a critical role in immune response
and host defense against microorganism invasion.23 Recently,
studies have begun to emerge showing the significant influence
of neutrophils on the tumor microenvironment in a wide vari-
ety of human cancers.24 Neutrophils are overwhelmingly con-
sidered to promote tumor progression by increasing metastasis,
promoting tumor growth, immune suppression and enhancing
angiogenesis.25,26 However, neutrophils also have differential
states of activation/differentiation, suggesting that they can
convert to an anti-tumorigenesis (“N1-phenotype”) or a pro-
tumorigenesis (“N2- phenotype”) state. A recent study by Frid-
lender and colleagues indicated that the antitumor N1 neutro-
phils generated in the absence of TGF-b produced more
immuno-activating cytokines (e.g., TNF-a, MIP-1a, H2O2, and
NO) and chemokines, lower levels of arginase, and had an
enhanced ability to kill tumor cells in vitro and in vivo.27

While a recent series of reports have shown that an
increased neutrophil-to-lymphocyte ratio is associated with
poor outcome in patients with esophageal cancer,28 the study
reported here, to our knowledge, is the first to identify tumor-
infiltrating MPOC neutrophils as a favorable prognostic factor
in ESCC. Although the molecular mechanism underlying

Figure 2. Correlation between MPOC neutrophil infiltration and IL-17-producing cells in intratumoral areas of ESCC. (A) Immunohistochemical staining of MPOC cells
and IL-17C cells in the same tumor tissues (Upper panel: sample 1; lower panel: sample 2). Original magnification,£ 200. (B) Linear regression analyses suggest that there
is a significantly positive correlation between the densities of MPOC cells and IL-17C cells in ESCC tissues. (C) Increased infiltration of both MPOC cells and IL-17C cells
indicated better overall survival in ESCC patients.
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MPOC cell infiltration unknown and the prognostic value in
ESCC is unclear, MPO can catalyze the activity of the NADPH
oxidase complex and promote the production of hypochlorous
acid (HOCl) from hydrogen peroxide (H2O2), which are
involved in inducing tumor cell death by neutrophils.29 Thus,
these data suggested that MPO might favor the neutrophil-
mediated antitumor effect in ESCC. This notion is also sup-
ported by our results that the density of MPOC neutrophils
within the tumor tissues was inversely related to advanced dis-
ease stages in ESCC patients. Consistent with our present find-
ings, several previous studies have shown that high MPOC cell

infiltration was independently associated with prolonged sur-
vival in human colorectal cancer (CRC).15,18

Our previous studies found that IL-17-producing cells accu-
mulate within the tumor tissues of ESCC patients,19 where they
mediate an immune response against the tumor by attracting
and activating various immune cells to the tumor microenvi-
ronment, such as CD8C T cells, NK cells, and CD1aC
DCs.19,20 In this study, we further investigated whether neutro-
phils are also involved in IL-17-mediated antitumor immunity.
Interestingly, IL-17-producing cells exhibited a positive correla-
tion with MPOC neutrophil infiltration in the same tumor

Figure 3. IL-17 recruits neutrophils by stimulating tumor cell-derived CXC chemokine production in ESCC. (A) The supernatants of IL-17-treated EC109 cells (IL17_ EC109)
significantly increased the migration of neutrophils compared with IL-17 plus EC109 cell supernatant (IL17C EC109), EC109 cell supernatant, IL-17, or medium alone. Data
are presented from five separate experiments using one donor’s neutrophils. (B) Fold changes in CXC chemokine mRNA levels in IL-17-treated EC109 cells compared to
untreated EC109 cells were quantified by qRT-PCR. Data from three separate experiments are presented. (C) ELISA analysis showed that IL-17 stimulated EC109 cells to
secrete more chemokines CXCL2 and CXCL3. Data from three separate experiments are presented. (D) Silencing of CXCL2 and CXCL3, but not of CXCL4 or CXCL16 in IL-
17-treated EC109 cells attenuated the migration of neutrophils (siControl vs.siCXCL2, siCXCL3, siCXCL2CsiCXCL3, siCXCL4, or siCXCL16). Data are presented from three
separate experiments using one donor’s neutrophils. (E and F) Immunohistochemical analysis of the association between CXCL2/ CXCL3 expression and the number of IL-
17C cells or MPOC cells in 181 ESCC tumor samples. Representative examples of IL-17, MPO and CXCL2 or CXCL3 staining in the same tumor tissues are shown in (E). (F)
Statistical analysis shows a significantly positive correlation between IL-17 and CXCL2 /CXCL3 expression, and between CXCL2 /CXCL3 expression and the number of
MPOC cells. (G) Overall survival was significantly enhanced in IL-17high MPOhigh CXCL2high or IL-17high MPOhigh CXCL3high patients compared with IL-17low MPOlow CXCL2low

or IL-17low MPOlow CXCL3low patients. � P < 0.05, �� P < 0.01, ��� P < 0.001.
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microenvironment. Moreover, IL-17 was observed to induce
neutrophil migration into ESCC by enhancing tumor cell-
derived CXC chemokine levels, and subsequently, neutrophils
were activated by IL-17 and exhibited a cytolytic effect against
ESCC tumor cells though production of immuno-activating
cytokines such as ROS, MPO, TRAIL and IFN-g. These find-
ings reveal that IL-17 might exert an antitumor effect by pro-
moting a beneficial neutrophil-mediated immune response in
ESCC tumor nests.

IL-17-producing cells have been investigated in various
types of cancer, and IL-17 has been found to play a dual role in
tumor immunity.30 Kuang et al. reported that generation of IL-
17-producing cells in peritumoral stroma was promoted by
activated monocytes/macrophages in the same area, and their
levels were associated with poor prognosis in HCC patients.31

Conversely, in a study by Amicarella et al., the presence of
intraepithelial but not stromal IL-17C cells was positively asso-
ciated with a favorable clinical outcome by driving beneficial

Figure 4. IL-17 intensifies the antitumor activity of neutrophils against ESCC tumor cells by enhancing the expression of cytotoxic molecules. (A) LDH assays show that IL-
17 promotes the cytotoxicity of neutrophils against EC109 cells. Data are presented from three separate experiments using one donor’s neutrophils. (B) IL-17 increases
ROS production in neutrophils determined by flow cytometric analysis. The flow cytometry histogram plot for depicting ROS generation is shown on the left. The corre-
sponding mean fluorescence intensity (MFI) is presented on the right from three separate experiments using one donor’s neutrophils. (C) ELISA analysis shows that IL-17
significantly enhances the release of TRAIL and IFN-g but does not affect NE or TNF-a production from neutrophils. Data are presented from four separate experiments
using one donor’s neutrophils. (D-G) Flow cytometric analysis was conducted to evaluate the effect of IL-17 on the expression of MPO, CXCR1, and CXCR2 on neutrophils.
Data from four separate healthy donors’ neutrophils are presented. (D) The gating routine for CD16C neutrophils from healthy donors. (E-G) The dot plots represent the
MPOC cell subset (E), the CXCR1C cell subset (F) and the CXCR2C cell subset (G) gating on the CD16Cfraction, and the statistical analysis suggests that IL-17 can up-reg-
ulate MPO expression in neutrophils but does not affect CXCR1 or CXCR2 expression. � P < 0.05, �� P < 0.01, ��� P < 0.001.
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neutrophils and highly cytotoxic CD8C T cells into tumor nests
through IL-8 secretion, and CCL5 and CCL20 release.15 Our
present and previous study showed that increased density of
intratumoral IL-17-producing cell infiltration was positively
correlated with improved survival in ESCC patients by recruit-
ing and activating several antitumor immune cells including
CD8C T cells, NK cells, CD20C B cells, and MPOC neutro-
phils.19,20,32 These discrepant findings suggested that the rela-
tionship between IL-17 and tumor immunopathology is highly
reliant on context, including anatomic location, cellular source,
and the associated tumor microenvironment.

Neutrophil infiltration has been found to be closely associ-
ated with tumor progression in diverse types of cancer.24,33

Under different tumor contexts, neutrophils can be polarized
into either a pro-tumoral (N2) or an anti-tumoral (N1) pheno-
type,34 but the regulation mechanism of neutrophil plasticity in
the tumor microenvironment remains largely unknown. Our
current study shows that IL-17 may be an important mediator
in neutrophil recruitment and polarization in ESCC based on
the following findings. First, in addition to the significant corre-
lation between the number of IL-17-producing cells and the
MPOC neutrophil density in tumor tissues, the intratumoral
localization of both these two cell types was found to be associ-
ated with improved survival in ESCC patients. Additionally,
exposure of ESCC tumor cells to IL-17 leads to higher produc-
tion of several CXC chemokines that are known to be involved
in neutrophil recruitment. This induction of neutrophil trans-
migration was inhibited by silencing the expression of CXC
chemokines in ESCC tumor cells. Consistent with these in vitro

findings, a high degree of IL-17C cell infiltration was associated
with up-regulation of CXC chemokine expression in ESCC tis-
sues, and subsequently, more beneficial neutrophils infiltrated
into the tumors. Moreover, IL-17 significantly enhanced the
tumoricidal activity of neutrophil against ESCC tumor cells by
stimulating the productions of cytolytic molecules, including
ROS, MPO, TRAIL and IFN-g. Finally, overexpression of IL-17
was shown to favor tumor infiltration by MPOC neutrophils in
the ESCC mouse model, ultimately mediating xenograft tumor
eradication.

Our findings are supported by many other studies showing
that IL-17 could recruit neutrophils by increasing epithelial cell
or tumor cell-derived CXC chemokines including CXCL2 and
CXCL3.16,35 Although the mechanism underlying the promo-
tion of IL-17 on CXCL2 and CXCL3 production is unclear,
extensive studies have demonstrated that IL-17 exerts its effects
on the expression of chemokines through NF-kB and MAPKs
signaling pathways.36,37 To explore whether IL-17 enhances
CXCL2 and CXCL3 expression via NF-kB or MAPKs signaling
pathways, we used specific siRNA to inhibit NF-kB (NF-kB1)
or MAPK (p38) expression in the ESCC tumor cells (EC109
and KYSE30).However, we found that inhibition of NF-kB1 or
p38 did not affect the increase of CXCL2 and CXCL3 produc-
tion by IL-17 in EC109 and KYSE30 cells (data not shown).
These indicates that other mechanism should be investigated
underlying the impact of IL-7 on chemokines expression in
ESCC.

In the report by Kuang et al.,16 however, the peritumoral
neutrophils that accumulated via IL-17 activity were found to

Figure 5. IL-17 is involved in neutrophil recruitment and activation against ESCC tumor growth in vivo. (A) MTS assays indicated that overexpression of IL-17 does not sig-
nificantly affect ex vivo EC109 cell proliferation. Data from three separate experiments are presented. (B) IL-17 secretion from EC109/IL-17 cells or EC109/Vector cells was
detected by ELISA. Data from three separate experiments are presented. (C and D) Photographs of the EC109 cell xenograft model (C) and dissected tumors from nude
mice (D) (n D 6). (E) The tumor growth curves for each group are presented. IL-17 overexpression markedly reduced the ESCC tumor growth rate when the nude mice
were treated with human neutrophils via tail vein injection. (F) The weights of tumors from each group are shown. The final tumor weights were much lower in the group
with overexpression of IL-17 plus human neutrophil infusions. (G and H) Immunohistochemical analysis for quantification of IL-17 expression, CXCL2 and CXCL3 expres-
sion, MPOC cell infiltration, and the proliferation marker Ki-67 expression in the dissected tumors from nude mice. (G) Representative pictures of IL-17, CXCL2, CXCL3,
MPO and Ki-67 staining at tumor sites for each group are shown. Original magnification, £ 200. (H) The statistical analysis shows that CXCL2 and CXCL3 expression is
much higher in the IL-17 overexpressing group. The tumors from the IL-17 overexpression plus human neutrophil infusion group have higher MPOC cell infiltration and
lower Ki-67 expression. Data from six separate experiments are presented. �� P < 0.01, ��� P < 0.001; ns, no significance.
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secrete matrix metalloproteinase-9 (MMP-9), which in turn
stimulated proangiogenic activity in hepatoma cells and ulti-
mately fostered disease progression, whereas in our study IL-17
was shown to promote beneficial neutrophil migration into
intratumoral areas and to enhance the antitumor activity of
neutrophils, which ultimately induced tumor regression and
predicted a favorable prognosis. These conflicting effects
reported for IL-17 on neutrophils and tumor progression may
be a consequence of complicated immunoregulation in differ-
ent tumor microenvironments.30,38 Indeed, IL-17 may contrib-
ute to protective human tumor immunity by inducing Th1-
type chemokines and recruiting effector cells in ovarian cancer,
whereas IL-17 induces IL-6 production by tumor cells or
tumor-associated stromal cells and thus promotes tumor
growth via an IL-6–Stat3 pathway in melanoma and bladder
cancer.39,40 Similarly, tumor-associated neutrophils are shown
to have pro-tumorigenic or anti-tumorigenic functions,
depending on the presence of TGF-b in the tumor microenvi-
ronment.27 Therefore, based on the data in this study, we
hypothesize that there may be a fine-tuned collaborative action
between IL-17 and neutrophils in ESCC tumor microenviron-
ments that reroutes the neutrophil-mediated immune response
in an antitumor direction. Consistent with our findings, a
recent report revealed a promotive effect of Th17 on neutrophil
recruitment and activation in human colorectal cancer, which
was associated with prolonged survival in patients.15

Emerging evidence shows that targeting tumor-associated
neutrophils may be a strategy for antitumor therapy. Exploring
the mechanisms that selectively regulate the functional activi-
ties of neutrophils is critical for developing new neutrophil-tar-
geted treatment. Indeed, the positive contribution of IL-17 to
modulating neutrophil-mediated antitumor immune responses
should not be disregarded when developing more effective
tumor immunotherapy for ESCC.

Materials and methods

Cell line and culture

The ESCC cell lines EC109 and KYSE30 was obtained from the
Committee of the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China) and cultured at 37�C
in 5% CO2 in RPMI 1640 medium (Invitrogen, Shanghai,
China) supplemented with 10% fetal bovine serum (FBS; Gibco,
NY, USA) and 1% penicillin-streptomycin. A total of 1 £ 106

tumor cells were then harvested and placed in six-well plates
and treated with or without 50 ng/ml human IL-17 (Protein-
tech, Chicago, USA) for 24 h.

Patients and tissue samples

Paraffin-embedded tissue samples were obtained from 181
ESCC patients who underwent surgical resection at the Sun
Yat-sen University Cancer Center (SYSUCC) from October 21,
2002 to June 14, 2004. The follow-up data of the patients in
this study were more than five years, with a median of44
months (range: 3–87 months) of follow-up time. These patients
included 141 males and 40 females, with a median age of
56 years (range, 33–79 years). All of the diagnoses were

histologically confirmed by experienced pathologists. All of the
ESCC patients underwent curative surgical resection and none
of them received chemotherapy or radiotherapy before the sur-
gery. The clinical stage was determined according to the Ameri-
can Joint Committee on Cancer (AJCC) TNM staging system.
OS, which was calculated from the date of surgery to the date
of death or until the last follow-up, was used to determine the
prognosis of patients. This study was approved by the Research
Ethics Committee of Sun Yat-sen University Cancer Center.
Written consent was obtained from each patient.

Immunohistochemical analysis and evaluation

Consecutive 3-mm-thick sections were cut from the tissue sam-
ples for immunohistochemical analysis according to standard
protocols. In brief, the specimens were deparaffinized, rehy-
drated and washed followed by microwave antigen retrieval in
Tris-EDTA (pH 8.0). After endogenous peroxidase was blocked
with 0.3% H2O2, the sections were incubated with goat serum
to block non-specific binding and then incubated with primary
antibodies against human IL-17 (1:100, R&D Systems), MPO
(1:400, R&D systems), CXCL2 (1:300, PeproTech Inc.), CXCL3
(1:300, PeproTech Inc.), or Ki-67 (1:400, Cell Signaling Tech-
nology) overnight at 4�C. The slides were then serially rinsed,
incubated with HRP-conjugated secondary antibodies, visual-
ized with 3, 30-diaminobenzidine tetrahydrochloride and coun-
terstained with hematoxylin followed by washing, dehydration
and evaluation. For evaluating IL-17 and MPO staining, posi-
tively stained cells were manually counted in ten randomly
selected fields under high power 400 £ magnification (cells/
HPF). The average number of positively stained cells per HPF
was calculated as the density of IL-17C cells or MPOC cells.
For Ki-67 evaluation, the percentage of immunoreactive cells
among the total tumor cells was quantified. To assess CXCL2
or CXCL3 expression, the total immunostaining observed in
each specimen was scored using a semiquantitative immunore-
activity score (IRS) as described previously.41 Briefly, both
staining intensity and percentage of positively stained tumor
cells among the total tumor tissue were scored from 0–3. The
intensity was classified as “0” (no staining), “1” (weakly
stained), “2” (moderately stained) or “3” (well stained), and the
percent positivity was scored as “0” ( < 5%), “1” (5%–25%), “2”
(25%–50%), or “3” (�50%). Multiplication of the intensity and
percent positivity determined the final immunostaining score
(ranging from 0 to 9). The protein expression levels of CXCL2
or CXCL3 were classified as high when the final immunostain-
ing scores were ranged from 4 to 9; otherwise, the expression
levels were evaluated as low (final immunostaining scores
ranged from 0 to 3).

Neutrophil isolation and culture

Human peripheral blood from a total of 11 healthy donors were
collected and subjected to Ficoll density-gradient centrifuga-
tion. Neutrophils were then isolated from the pale-red granulo-
cyte and contaminated erythrocyte layers using a red blood cell
lysis buffer (Sigma-Aldrich, Atlanta, GA) according to the
manufacturer’s protocol. After confirming the cell purity
(>90%) by flow cytometry with human anti-CD16 antibody
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(BD Bioscience, San Diego, USA), neutrophils were resus-
pended in RPMI 1640 medium supplemented with 10% heat-
inactivated FBS and 100 �ıg/ml streptomycin plus 100 U/ml
penicillin. Thereafter, the cells were cultured with or without
human IL-17 (50 ng/ml) for no more than 48 h at 37�C in 5%
CO2 and used for subsequent experiments.

In Vitro neutrophil migration assay

A total of 2.5 £ 106 neutrophils were resuspended in 100 ml of
RPMI 1640 medium and added to the upper chamber of 24-
well transwell chamber system (3.0 um pore size, Corning,
NY). After incubation at 37�C for 4 h, the cells that had
migrated into the lower chamber were harvested and counted
using a hemocytometer. The migration assays were conducted
in the presence of IL-17 or culture supernatant from ESCC cells
or IL-17-treated ESCC cells in the lower chamber of the trans-
well chamber system. In some experiments, ESCC cells were
transfected with negative control siRNA, CXCL2 and/or
CXCL3 siRNA, CXCL4 siRNA, or CXCL16 siRNA before IL-
17 stimulation, and the culture supernatants were harvested for
migration assays.

Real-time quantitative PCR

The real-time quantitative PCR analysis was performed as pre-
viously described.41 Briefly, total RNA was isolated using TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA) from ESCC cells
that were treated with or without 50 ng/ml IL-17 for 24 h. The
mRNA expression levels of CXC chemokines and GAPDH (an
internal control) were measured using SYBR Green Master Mix
(Invitrogen, USA) in an ABI Prism 7900HT Sequence Detec-
tion System (Life Technologies, Carlsbad, CA, USA). The spe-
cific primers used are presented in Supplementary Table 2. The
relative expression levels of the target mRNA were calculated
and normalized to the GAPDH expression level using the com-
parative threshold cycle (2-€A€ACT) method.

Cytotoxicity assays

After culture with or without IL-17 for 24 h, the cytolytic ability
of neutrophils against EC109 cells was assessed using a Cyto
Tox 96 Lactate Dehydrogenase Assay Kit (Promega) according
to the manufacturer’s protocol. Effector neutrophils were added
to the target at an effector cell to target cell (E:T) ratio of 3:1,
10:1, or 30:1, and the cells were co-cultured for 12 h.

Flow cytometry analysis

The intracellular production of reactive oxygen species (ROS)
and MPO and the cell surface expression of CXCR1 and
CXCR2 were measured with flow cytometry. To determine
MPO expression, neutrophils cultured with or without IL-17
were stimulated by 50 ng/mL phorbol myristate acetate, 500
ng/mL ionomycin (Sigma-Aldrich) and 2 mM protein transport
inhibitors (GolgiStop, BD Biosciences) for 4 h. The cells were
then stained with human anti-MPO antibody (BD Bioscience,
San Diego, USA) in reagent from a Fixation/Permeabilization
Solution Kit (BD Pharmingen) according to the manufacturers’

instructions and evaluated on a Cytomics FC500 Flow Cytome-
ter (Beckman Coulter). To test CXCR1 and CXCR2 expression,
neutrophils were stained with human anti-CXCR1and anti-
CXCR2 antibodies (BD Bioscience) and then analyzed on the
flow cytometer. ROS were measured using the oxidation-sensi-
tive probe 20,70-dichlorofluorescein diacetate (DCFH-DA)
(Applygen, Beijing, China) according to the manufacturer’s
protocol. Briefly, neutrophils were treated with or without IL-
17 overnight and then loaded with DCFH-DA in serum-free
medium at 37 �C for 30 min. Then, the cells were washed with
PBS, and DCFH fluorescence emission was measured by flow
cytometry. The mean fluorescence intensity (MFI) data was
quantified using FlowJo software.

Enzyme-linked immunosorbent (ELISA) assay

Secretion of the chemokines CXCL2 ,CXCL3 and the cytotoxic
molecules neutrophil elastase (NE), TNF-related apoptosis-
inducing ligand (TRAIL), tumor necrosis factor-a (TNF-a), or
interferon-g (IFN-g) in the culture supernatants of neutrophils
cultured with or without IL-17 was examined using a commer-
cially available ELISA kit (4A Biotech Co., Ltd, Beijing, China)
according to the manufacturer’s protocol.

Generation of stable IL-17-overexpressing cell lines

Recombinant lentivirus carrying human IL-17 overexpression
plasmid (designated as LV-IL-17) or empty control vector (des-
ignated as LV-Vector) was purchased from GenePharma
(Shanghai, China). EC109 cells were cultured in 6-well plates
and infected with the lentivirus in serum-free RPMI 1640
medium supplemented with 5 mg/ml polybrene (Sigma-
Aldrich, USA). After 48 h, stable transformants were selected
with 5 mg/ml puromycin and cultured for further analysis. The
stable cell lines were designated EC109/IL-17 or EC109/Vector.

Proliferation assay

The proliferation rates of EC109/ IL-17 cells and EC109/Vector
cells were measured with MTS assays. The cells were seeded in
96-well plates at a density of 1,000 cells/well, and the growth
rate was assessed using an MTS cell proliferation kit (Promega,
USA) according to the manufacturer’s protocol.

Tumorigenicity assays in nude mice

Four-week-old female BALB/c nude mice were purchased from
Vital River Laboratory Animal Technology Co., Ltd. (Beijing,
China) and maintained under pathogen-free conditions in the
animal experiment center of Sun Yat-sen University (Guangz-
hou, China). The mice were randomly divided into 4 groups,
with six mice in each group, and subcutaneously injected with
a total of 5 £ 106 EC109/IL-17 cells (two groups) or EC109/
Vector cells (two groups) suspended in 100 ml of PBS contain-
ing 30% Matrigel Basement Membrane Matrix. When tumors
formed, one group of mice injected with EC109/IL-17 cells and
one group injected with EC109/Vector cells were treated with
1 £ 107 human neutrophils via tail vein injection twice per
week. Tumor growth was estimated every 7 days by caliper
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measurement, and tumor volumes were calculated as previ-
ously described.41 On day 32 after tumor cell implantation, all
mice were sacrificed, and tumors were harvested, photo-
graphed, weighed, fixed in formalin overnight, dehydrated and
embedded in paraffin. Tumor sections were then used to evalu-
ate human IL-17 expression, CXCL2 and CXCL3 expression,
Ki67-positive tumor cells and human MPOC neutrophil infil-
tration through immunohistochemical analysis. All animal
experiments in this study were performed according to the
institutional ethical guidelines for animal experiments and the
Guide for the Care and Use of Laboratory Animals (NIH publi-
cation Nos. 80-23, revised 1996).

Statistical analysis

All statistical analyses were conducted using SPSS version 20.0
or GraphPad Prism 5 software. The relationship between 2
groups was determined using Pearson correlation coefficient or
linear regression analyses. Survival curves were calculated using
the Kaplan-Meier method and compared using the log-rank
test. Student’s t-test or a Mann-Whitney U test was used to
compare the differences between subgroups. The results are
represented as the mean § SD. A two-tailed P value � 0.05 was
considered statistically significant.
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