Medicine

CLiNICAL TRIAL/EXPERIMENTAL STUDY

Mast Cells Comprise the Major of Interleukin 17-Producing
Cells and Predict a Poor Prognosis in
Hepatocellular Carcinoma

Jian-Fei Tu, MD, Hong-Ying Pan, MD, Xi-Hui Ying, MD, Jian Lou, MD, Jian-Song Ji, PhD, and Hai Zou, MD

Abstract: IL-17 and IL-17-producing cells have been found in many
types of human cancers and murine models. However, the source of
tumor-infiltrating IL-17 and IL-17-producing cells in HCC and the
prognostic values remain poorly understood.

A total of 57 HCC patients were enrolled in this study, and
immunofluorescence double stain was used to evaluate the colocaliza-
tion of CD3™ T cells, CD4™" T cells, CD56" NK cells, CD20" B cells,
CD68" Macrophages, and MCT ™" mast cells with IL-17. The prognostic
value of IL-17-producing cells was evaluated by Kaplan—Meier
analysis and Cox regression model.

MCT™ mast cells, but not other cells, were the predominant IL-17-
producing cell type. Overall survival analysis revealed that the increasing
intratumoral-infiltrated MCT ™" mast cells were significantly associated
with poor prognosis. Immunofluorescence double stain showed a positive
correlation between the number of MCT " mast cells and MCVs.

These findings indicated the major IL-17-producing cells in HCC were
MCT" mast cells and these cells infiltration may promote tumor pro-
gression by angiogenesis. Increased MCT ™" mast cells was associated with
a poor prognosis, indicating therapy targeting MCT™ mast cells might be
an effective strategy in controlling intratumor IL-17 infiltration and MCVs.

(Medicine 95(13):€3220)

Abbreviations: HBV = hepatitis B virus, HCC = hepatocellular
carcinoma, IL-17 = interleukin-17, MCT = mast cell tryptase,
MCT" = mast cell tryptase”, MCVs = mast cells microvessels.
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INTRODUCTION

O ver the past decade, much attention has been paid

on tumor-mediated immunosuppression.'* Despite the
generalized immunosuppressive status of cancer patients, many
malignancies are raised from chronic inflammation and inflam-
matory mediators produced by inflammatory cells are often
participated in.>* One of the most important components of
inflammatory cytokines associated with cancer has recently
been recognized as IL-17. The proinflammatory cytokine inter-
leukin (IL-17) has been identified as a crucial mediator in the
pathogenesis of diverse human tumors and is capable of being
pro- or antitumorigenic.>® IL-17 has been identified in various
tumors, including breast cancer,’ gastric cancer,8 colorectal
cancer,’ lung cancer,'® intrahepatic cholangiocarcinoma,11
and esophageal squamous cell carcinoma.'?

In general, IL-17-producing CD4™ T helper cells (known
as Th17 cells) are speculated as the major cellular source of
IL-17. However, other cell types including regulatory T cells,
v8T cells, NKT cells, NK cells, neutrophils, and eosinophils
have been reported to produce IL-17.'3'* Recently, mast cells
have been described to express IL-17 and even considered as
the main source of IL-17.'% Thus, in tumor, the net IL-17
expression may arise from a broad array of adaptive and innate
cells. Thus, to understand the complex tumor immune micro-
environment, it is important to define the cellular sources of
IL-17 in situ and evaluate their clinical and pathological
associations.

HCC is the fifth most common cancer and highly preva-
lent in the Asia-Pacific region, and due to the dissemination of
HBYV infections, its incidence is increasing worldwide.'® HCC
is characterized by progressive disease with a poor prognosis.'’
Over 80% of HCC cases worldwide have the background of
chronic hepatitis B and regenerative nodules and atypical
hyperplasia, the immunopathological processes leading to
HCC are associated with important changes to the quantity
and quality of lymphocyte subsets and inflammatory cytokines
in HCC. IL-17 and IL-17-producing cells have been reported
in previous studies and the high expression are correlated
with poor survival.*!8=2122 [n HCC tissue, IL-17 + cells or
IL-17 + cells were speculated as Th17'°2' and there are
different kinds of IL-17 4 cells too, such as IL-17—producin.
producing CD8 + T cells and IL-17-producing y3T cells.*?
So the source of IL-17 was controversial and did not limited to
Th17 cells.

Our aim is to provide the distribution, functional relevance,
the source, and predictive value of IL-17-producing cells in
HCC. We provide novel insights into the potential mechan-
ism(s) of IL-17 in the tumor microenvironment in patients with
HCC by evaluating the relationship between IL-17-producing
cells and microvessel density (MCV). We hope our
research could provide some clues to understand the tumor
microenvironment.

www.md-journal.com [ 1


http://dx.doi.org/10.1097/MD.0000000000003220

Tu et al Medicine * Volume 95, Number 13, April 2016
MATERIALS AND METHODS Statistical Analysis
. Immune cell subsets infiltrating into tumor tissue and the
Patients

Tumor and the corresponding peritumor tissues (at least
3 cm distant from the tumor site) were surgically obtained from
57 HCC patients who received curative resection between 2007
and 2010 at the Hepatobiliary Surgery of the Lishui Central
Hospital. The pathological diagnosis of HCC were confirmed
by an experienced pathologist under microscope through the
standard H.E. sections. None of the HCC patients had received
immunosuppressive drugs or chemotherapy before surgery.
Overall survival was defined as the interval between the dates
of surgery and death or the last follow-up. Liver tissues from 10
patients who received partial liver resection for benign disease
were used as normal control. All written informed consents
were obtained before the study. The study protocol was
approved by the ethics committee of the Lishui Central
Hospital.

Immunohistochemistry

Standard H&E staining was used to confirm the patho-
logical diagnosis. Paraffin-embedded, 4-lm-thick sections of
patient were selected for IHC analysis. Sections were dewaxed
and then subjected to heat-induced epitope retrieval with pre-
heated epitope retrieval solution (10 mM citrate buffer, pH 6.0).
Next, endogenous peroxidase activity was blocked and the
sections were incubated overnight with one of the following
primary mAbs: Goat anti-IL-17 (1:200, R&D Systems), MCT
(1:800, Abcam; UK). After incubation with HRP-conjugated
second antibody (Invitrogen, Carlsbad, CA) and development
with diaminobenzidine, sections were counterstained with
hematoxylin.

Negative control staining was carried out with cold PBS in
place of primary antibody.

Immunofluorescence

Sections were dewaxed and then subjected to heat-induced
epitope retrieval with preheated epitope retrieval solution
(10mM citrate buffer, pH 6.0). The primary Abs were anti-
bodies cocktail. Goat anti-IL-17 (R&D Systems) was used to
detect IL-17 4 cells, a panel of antibodies reactive with CD4,
CD20, CD57, CD68, CD34 (1/2 working solution, all from
Beijing Zhongshan Golden Bridge Biotech), CD4 (1:20;
Leica, Germany) and MCT (1:800, Abcam, UK) were used.
The sections were then incubated overnight in 4°C. In the next
day, a mixture of secondary antibodies (Alexa Fluor 488/568-
conjugated donkey anti-mouse or Cy3/Alexa Fluor 488 donkey
anti-goat [all from Invitrogen]) were applied and incubated in
37°C for 1hour. Nucleus were stained with DAPI (Vector
Laboratories). Images were captured under a fluorescence
microscope (Olympus BX51, Japan) coupled to a CCD camera
(Nikon DS-Ril) and analyzed by NIS-Elements BR 3.2
software.

Quantifying Immunostaining Parameters

Positive stained cells in normal, peritumoral, and intratu-
moral regions were manually counted. The method that identify
microvessels has been described in the previous paper.”
Briefly, only vascular endothelial cells or clusters of brown-
stained cells had clear boundaries with adjacent structures were
counted as microvessels. All the positive-staining cells and the
double-staining cells were manual counted by 2 independent
blinded investigators.
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corresponding peritumor and normal tissue were compared by
Student’s ¢ tests. Clinicopathological features between IL-17-
producing cells or MCT + mast cells were analyzed by chi-
square test. Correlations between microvessel density and
IL-17-positive cells were assessed by calculating the Spearman
correlation coefficient (r). The associations between IL-17-
producing cells and MCT + mast cells with OS were analyzed
using Kaplan—Meier curves and compared by the log-rank test.
Survival and Spearman correlation analyses were performed by
GraphPad Prism (ver. 5.00 for Windows; GraphPad Software,
San Diego, CA) and Student’s #-tests and chi-square test were by
the SPSS (ver. 16.0; SPSS Inc., Chicago, IL) software. P < 0.05
was considered as statistically significant.

RESULTS

Patients

The clinicopathologic characteristics of all patients were
summarized in Table 1. Of the 57 patients, male dominated the
majority (93%). The mean age was 50+ 9 years. As for AFP,
44% patients were >200 ng/mL, and the median value was 94.8
ng/mL. A total of 26 (45.6%) patients was HBV DNA possible.
Before surgery, 45 (79%) patients were suffered from abnormal
of liver function (ALT >40U/L). The pathology showed that
the most of HCC were moderately differentiated or poorly
differentiated (54/57, 94.7%). As for tumor size, 35 cases
were < 5cm and 24 cases were > 5 cm. The number of tumors
was counted at the same time and 29 cases had >1 tumor.

MCT* Mast Cells Were the Major Source of IL-17

The cell morphology of IL-17" cells was visualized by
immunohistochemistry. Both in tumor tissue and in normal
tissues, staining of IL-17-positive cells was shown as irregular
and different phenotypes, as described previously '° (Figure 1).
Ten samples of intratumor region and the corresponding peri-
tumor tissue from the entire cohort were randomly selected to
evaluate the distribution and phenotype of IL-177 cells. At first,
we colocalized IL-17 with the common immune cell markers,
such as CD4, CD20, CD56, CD68, and calculated the pro-
portion of IL-17" cells in each subset. CD4*IL-17" cells were
few and the majority of IL-17" cells were CD4-negative
(Figure 2, positive rate: 0.2—6.8%). This is consistent with that

TABLE 1. Clinicopathologic Characteristics of the Patients
With HCC

Characteristics Results
Male/female 53/4

Mean age £SD, y 50+9
Child—Pugh grade: A/B+C 42/15

Median AFP (IQR), ng/mL 94.8, IQR (10.4, 1629)
HBV DNA: positive/negative 26/31

Median ALT (IQR), U/L 70.5, IQR (43.75, 155.5)
Histologic grade: WD/MD or PD 3/54

Tumor size: <5/>5 cm 35/22

Tumor number:single/multiple 29/28

AFP = alpha-fetoprotein, ALT =alanine aminotransferase,
DNA = deoxyribonucleic acid, HBV =hepatitis B virus, HCC =
hepatocellular carcinoma, MD =moderately differentiated, PD=
poor-differentiated, WD = well-differentiated.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. IL-17-positive cells in HCC tissue showed different cell
morphologies. The squares indicate different examples (brown,
shown at 400x magnification). HCC = hepatocellular carcinoma.

CD4% Th17 cells account for a minority of the IL-17-producing
cells. CD20*IL-17" and CD56"IL-17" were barely identified
too (Table 2). As mentioned above, IL-17" cells have the
phenotypically distinct subset of IL-17" cells of irregular shape.
This suggested macrophages may have the potential of 1L-17-
producing population.®!> Unlike in rheumatoid arthritis or
gastric cancer, only 7.6% of IL-17" cells were CD68 positive
(Figure 3). However, the majority of IL-17-producing cells
remained unattributed in this study, and additional cellular
sources were sought. MCT and IL-17 were colocalized via
immunofluorescence (Figure 2 and Figure 4). The percentage of
IL-17" cells simultaneously stained with MCT was 25% to
85.2%, demonstrating that MCT™ mast cells were the key
source of IL-17 in HCC (Table 2). Finally, the distribution
of IL-17-expressing cells in peritumor tissue was also analyzed
and the results as the same in tumor tissue (date not shown).

Distribution of IL-17* Cells, MCT* Mast Cells, and
the Association With Clinicopathological Features

Immunohistochemistry of intratumor and peritumor
sample tissues from 57 patients and 10 normal liver tissues

was performed to further investigate the distribution of IL-17"
cells and MCT" mast cells. Interestingly, the significantly
increased numbers of IL-17" cells or MCT" mast cells were
not in intratumor tissue (6, range[0—68];1.4, range[0—10]), but
in peritumor tissues (11.5, range[0—112]; 4.3, range[0—12.5]),
and the normal tissue was the least (11.5, range [0—112]; 0.5,
range[0—2] P=0.0374, P < 0.0001, respectively) (Figure 4).

The chi-square test or fisher’s exact test was used when
appropriated to identify the association between clinicopatho-
logical features and MCT™ mast cell or IL-17" cells. Neither
MCT™ mast cell nor IL-17" cells in the intratumor tissues
correlate with any clinical characteristic assessed, including
sexual, tumor size, tumor multiplicity, degree of differentiation,
and vascular invasion (date not shown).

Increased Intratumoral IL-17-Producing Cell and
MCT + Mast Cell Predicted Poor Survival of HCC
Patients

The conventional clinicopathological features, such as
gender, age, AFP, HBV DNA, Child-Pugh grade, tumor size,
none of them could predict the overall survival in this study. The
patients with >1 tumor showed worse prognosis (P =0.0356).
As shown in Figure 5, there was a significant inverse correlation
between intratumoral MCT"' mast cell density and patient
survival (P =0.0023). Patients with higher intratumoral MCT ™"
mast cell density had significantly shorter OS than patients with
lower intratumoral MCT" mast cell density. As intratumoral
MCT" mast cell density, higher IL-17-producing cell predicted
poor OS too (P=0.0125).

Sexual, age, the size of the tumor, number of tumor, and
intratumoral IL-17-producing cell, MCT" mast cell density
were included in a multivariate Cox proportional hazards
analysis, we found that only intratumor MCT " mast cell density
(HR =2.897; 95% CI: 1.206—6.958; P =0.017) was the inde-
pendent prognostic factor (Table 3). Indicating that patients
with higher numbers of MCT™" mast cell density were nearly
3.1-fold more likely to die than those with lower ratios.

Positive Correlation Between IL-17-Producing
Cell and Microvessels Density

As a pro-inflammatory factor, IL-17 have been reported
promote tumor growth by fostering angiogenesis. To explore
the potential mechanism(s) of IL-17 accumulation in the HCC

FIGURE 2. Liver tissue samples (n=10) were stained for IL-17 (red and green) and indicated markers. Sections were counterstained
with DAPI. Markers of CD4 (red) and CD20 (red), CD56 (red) and CD68 (green), as well as MCT (red) are shown. Of note, except
MCT/IL-17 was the peritumor tissue; the others were HCC tissue. DAPI=4',6-diamidino-2-phenylindole, IL-17 =interleukin-17,

HCC = hepatocellular carcinoma, MCT = mast cell tryptase.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

www.md-journal.com | 3



Tu et al

Medicine * Volume 95, Number 13, April 2016

TABLE 2. Percentage of Double-Positive Cells Compared With IL-17" Cells in HCC Tissue

Cells of 10 Fields

Percentage of IL-17" Cells

Percentage of IL-17" Cells

N=10 (Mean) (Mean) (Minimum/Maximum)
CD4 analysis CD4*IL17T 7.8

CD4*IL17* 1.47 13.1 0/33.3
CD20 analysis CD20"IL17° 6.8

CD207IL17" 0.56 8.9 0/21.4
CD56 analysis CD56IL17 6.16

CD567IL17" 0.3 9.8 0/21.4
CD68 analysis CD68TIL17 5.57

CD68TIL17" 0.64 7.6 0/16.5
MCT analysis MCT IL17 4.2

MCTIL17" 2.25 54 25/85.2

HCC = hepatocellular carcinoma, MCT = mast cell tryptase.

microenvironment with poor prognosis, randomly selected 15
intratumor tissue form the entire cohort were performed for
IL-17-producing cell and microvessel density (MVD, CD34)
immunofluorescence double-staining (Figure 6A). The date
showed a significant correlation between IL-17" cells and
CD34" microvessels (P = 0.0006, > =0.6097, Figure 6B).

DISCUSSION

Emerging evidence indicates that the specific nature of
inflammation and the tissue context may determine the ability
of inflammatory response to facilitate or prevent tumor growth.
The present study showed that mast cells, but not T cells, were
the predominant IL-17-expressing cells in HCC tissues in situ
and their associations with the poor prognosis, finally the
possible mechanism. These data provide new insights into
the significance of proinflammatory response in human tumor
progression.

The cytokine interleukin (IL-17) is a proinflammatory
cytokine that was identified almost 2 decades ago. More
recently, IL-17-producing CD4" T cells have been shown to
be distinct from classical Th1 and Th2 cells, thus designated as
Th17 cells and described as the major source of IL-17. In HCC
tissue, IL-17" cells were usually recognized as Th17 cells.'3~2°
Zhang et al have been found that both in peripheral blood
mononuclear and tumor-infiltrating lymphocytes IL-17% cells
contained cells that did not express CD4 molecules and his part
of CD4-IL-17" cells in peripheral blood could be remarkable
proportions (20—40%).'%2! In this study, we found that CD4 "

IL-17" lymphocytes comprised only 13.1% of the IL-17-
expressing cells. Until lately, more and more researches
supported that IL-17 could be produced by other cell types
including regulatory T cells, yoT cells, NKT cells, NK cells,
neutrophils, and eosinophils.'*'* In murine HCC models,
IL-17-producing y8T cells were found and IL-17 produced
by which promotes tumor growth. In human HCC, IL-17-
producing CD8" T Cells were also been identified.

Mast cells have recently re-emerged as crucial effectors in
innate immune defense, as indicated by the production of a
variety of cytokines. Based on the recent description of IL-17
production by mast cells in gastric cancer® and esophageal
squamous cell carcinoma,'> we focused on the expression
and production of IL-17 by mast cells in HCC. The crucial
observation in our study was the colocalization of IL-17 with
MCT, a highly specific marker for mast cells in tissue. As
reported in gastric cancer and esophageal squamous cell car-
cinoma, mast cells, but not T cells, were the predominant
(~54%) IL-17-expressing cells in HCC tissues in situ. In
RA, up to 35% of IL-17-producing cells were CD68+,
suggesting that in RA this lineage can also contribute to
IL-17 production. However, in HCC, CD68 + macrophages
comprised only 7.6% IL-17-producing cells, almost equal to
B cells and NK cells.

The distribution of IL-17-producing cells in liver tissue
was quite different from previous studies. Yan et al and Zhang
et al found the levels of IL17+cells were significantly
increased in tumors when compared with corresponding

FIGURE 3. MCT (red) and IL-17 (green) double positive cells in HCC tissue. Mast cells highly express IL-17 in gastric cancer (merged in
yellow, right panel). IL-17 =interleukin-17, HCC = hepatocellular carcinoma, MCT = mast cell tryptase.
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FIGURE 5. Intratumor IL-17% cells and MCT™ cells predicts poor survival in HCC. (A) High intratumor IL-17* cells infiltration conferred a
significant high risk of death. (B) Patients with high MCT* cell intratumor had significant poorer survival than patients with low MCT™ cell.
IL-17 =interleukin-17, HCC = hepatocellular carcinoma, MCT " =mast cell tryptase™.

nontumor regions.'**° We found the highest number of IL-17-
producing cells and MCT +mast cells were in peritumor,
followed by intratumor and normal tissue. Our date were
consistent with Huang Yong’s opinion: there was a decreasing
trend from HCC, atypical hyperplasia to chronic hepatitis B
infection for the density of IL-17+T cells."® The probable
reason for this disagreement in each paper was the different
define of nontumor regions or peritumor and background
disease, such as different kinds of hepatitis virus infection
or not.

Until now, evidence of the exact role of IL-17-producing
cells in malignant tumors is controversial. As a newly found
proinflammatory fact, IL-17 promote tumor progression and
associated with the poor prognosis of patients. However, IL-
17+ T cells were also identified as antitumor cells. By stimu-
lating CXCL9 and CXCL10 production, IL-17+T cells
recruited effector T cells to the tumor microenvironment and
predicted a favorable prognosis. For HCC, the protumor activity
of IL-17 + T cells appears greater than antitumor activity. Two
clinical study performed by Zhang et al and Huang et al

TABLE 3. Univariate and Multivariate Analyses of Factors Associated With Overall Survival

Multivariate

Univariate
Variables P Value HR 95% CI P Value
Male/female 0.5727 NA NA 0.85
Age (y)(<50 vs >50) 0.3934 NA NA 0.65
Child—Pugh grade: A/B+C 0.3738
AFP (ng/mL)(<400 vs >400) 0.3795
HBV DNA: positive/negative 0.8918
Tumor size: <5/>5 cm 0.3198 NA NA 0.858
Tumor number:single/multiple 0.0356 NA NA 0912
IL-17-producing cell 0.0125 NA NA 0.385
MCT™" mast cell 0.0023 2.897 1.206—6.958 0.017

Univariate and multivariate analyses: Cox proportional hazards regression model.
CI = confidence interval, IL-17 = interleukin-17, HBV = hepatitis B virus, HR = hazard ratio, MCT " =mast cell tryptase, NA =not adopted.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 6. The positive correlation between IL-17-producing cell and microvessels density. (A) Colocalization between IL-17-producing
cell (green) and CD34™ vascular endothelial cells (red); (B) Spearman’s correlation coefficient analysis showed a positive correlation
between IL-17-producing cell and microvessels density. IL-17 = interleukin-17.

respectively reported that increased intratumoral IL 17-produ-
cing cell density was associated with high mortality and reduced
survival in patients with HCC,'®'® implying a promoting role
of IL-17 in tumor progression. A recent study also found
that high expression of IL- 17 and IL-17RE associated with
poor prognosis of HCC.'® Consistent with previous studies, we
observed both increased intratumoral IL 17-producing cell and
MCT + mast cells affected the prognosis.

Though the precise underlying mechanism is not yet
known, the ascending levels of IL-17-producing cells promote
tumor progression by stimulatin% tissue remodeling and angio-
genesis have been reported.>?**° Interestingly, the levels of
intratumoral IL-17-producing cells were strong positively cor-
related with microvessel density in HCC. So far as we known,
our finding was the first report in HCC. These data strongly
indicated that IL-17-producing cells inside tumor may promote
angiogenesis in HCC.

In summary, the present study demonstrated the phenotype
and distribution of IL-17-producing cells and their clinical
relevance, and particularly the prognostic value of intratumor
IL-17-producing cell and mast cell in HCC. Our data demon-
strate that mast cells occupied the most of IL-17-producing
cells, whereas CD4 + IL-17 4 lymphocytes were a small part of
them. Furthermore, we found that intratumoral IL-17 + cells
and intratumoral MCT + mast cells were correlated with worse
survival and the later was the independent prognostic factor.
Our results might provide a novel strategy for the rational
design of HCC therapies.
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