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Abstract

Background/Aim. Gastric cancer (GC) is fourth most
frequent malignant tumor worldwide, frequently diagnosed
at advanced stages with poor prognosis. The aim of study
was to determine expression of interleukin (IL)-32, pro-
inflaimmatory and angiogenic mediators in the tumor, peti-
tumor and healthy tissue, in patients with intestinal gastric
cancer and the relationship with the disease severity. Meth-
ods. The tissue samples of intestinal type of the tumor of
60 patients with GC were analyzed. Expression of IL.-32,
vascular endothelial growth factor (VEGEF), IL-17 and
CD31 were measured by immunohistochemistry. Results.
1L-32, VEGF and IL-17 expression as well as microvascular
density (MVD) were diminished in adjacent tumor tissues
compared with the tumor ones. Further, more intense ex-
pression of 11.-32 and VEGF and enhanced MVD were no-
ticed in patients with severe (TNM stages III and 1V) and
more progressive GC (lymph vessel invasion). Conclusion.
Higher expression of I1L-32, VEGF and intense MVD in the
tumor tissue of GC patients with detectable lymph vessel
invasion may be considered as a sign of the tumor’s malig-
nant progression. This indicates a protumorogenic and
proangiogenic role of I1.-32 in biology of intestinal type of
gastric cancer.

Key words:

stomach neoplasms; il 32 protein, human; anti-allergic
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Apstrakt

Uvod/Cilj. Karcinom Zeluca (KZ) &etvrti je najéeséi malig-
ni tumor Sirom sveta, Cesto dijagnostikovan u naprednim
stadijumima sa loSom prognozom. Cilj studije bio je da se
utvrdi ekspresija I11.-32, pro-inflamatornih i angiogenih me-
dijatora u tumoru, peritumoru i zdravom tkivu kod bolesni-
ka sa intestinalnim tipom KZ, kao i povezanost sa tezinom
bolesti. Metode. U studiji su analizirani uzorci tkiva intesti-
nalnog tipa tumora od 60 bolesnika sa KZ. Ekspresija inter-
leukina (IL)-32, vaskularnog endotelnog faktora rasta (engl.
vascular endothelial growth factor — VEGF), I11.-17 1 CD31 me-
rena je imunohistohemijskom metodom. Rezultati. Eks-
presija IL-32, VEGF-a i IL-17, kao i mikrovaskularna gusti-
na (engl. microvascular density — MVD) bili su smanjeni u peri-
tumorskom tkivu u poredenju sa tumorskim tkivom. Inten-
zivnija ekspresija 1L.-32 i VEGF-a i pojacana MVD bili su
registrovani kod bolesnika sa tezim (ITNM stadijumi IIT i
IV) i progresivnijim karcinomom Zeluca (prisutna invazija
limfnih sudova). Zaklju€ak. Veca ckspresija 11.-32, VEGF-
a 1 intenzivnija MVD u tumorskom tkivu bolesnika sa KZ i
prisutnom invazijom limfnih sudova moze se smatrati zna-
kom progresije maligne bolesti. Ovaj rezultat ukazuje na
protumorogenu i proangiogenu ulogu I1.-32 u biologiji inte-
stinalnog tipa KZ.

Kljuéne reéi:

Zeludac, neoplazme; il 32 protein, humani;
zapaljenje, medijatori; bolest, indeks teZine; faktori
rasta endotela krvnih sudova; imunohistohemija.
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Introduction

Gastric cancer (GC) is the fourth most frequent malig-
nant tumor and the second cause of cancer-related death
worldwide '. Lauren * classified gastric cancer in two major
forms: intestinal and diffuse type. Helicobacter pylori and
chronic inflammation are two primary causes of intestinal
gastric cancer . It is believed that persistent inflammation
induces mucosal atrophy and hypochlorhydria, thus increases
the risk for development of intestinal metaplasia, dysplasia
and finally intestinal type of GC *°. Late diagnosis and mild
or absent symptoms and clinical signs contribute to delayed
therapy and high mortality °.

Interleukin (IL)-32 is cytokine known to its involve-
ment in the pathogenesis of diverse allergic, infectious, can-
cerous, and inflammatory diseases " °. Moreover, this plei-
otropic cytokine has important role in various biological
functions such as cell differentiation, stimulation of
proinflammatory cytokines and cell death *'. It plays
important role in immunomodulation as well in tumor
biology ''. But, its precise role in this processes is still
unknown. IL-32 stimulates production of pro-inflammatory
cytokines including IL-8 and tumor necrosis factor (TNF)-a,
prostaglandin E2 and also stimulates macrophages to
produce pro-inflammatory factors '> "°. In line with this, IL-
32 and IL-8 are significantly expressed in patients with
estrogen receptor (ER)-positive tumors with detected lymph
nodes. It is believed that IL-32 promotes angiogenesis and
invasiveness via stimulation of pro-inflammatory cytokines
IL-8 and TNF-a and thus contributes to tumor metastasis '*.
The other study showed that IL-32 induces development of
distant and lymph node metastasis in patients with colorectal
cancer (CRC) and thus can be considered as the marker of
CRC metastasis "°. In opposite, previous study reported an
immunosuppressive role of IL-32, by inducing production of
anti-inflammatory cytokine, IL-10 and immunosuppressive
indoleamine 2,3-dioxygenase (IDO) '. It has been shown
that IL-32 expressed in various cancers suppresses cancer
cell growth by induction of apoptosis in cancer cells.
Moreover, antitumorigenic function of natural killer (NK)
cells is stimulated by IL-12 and IL-18, which further induce
IL-32 production that stimulates TNF-a synthesis thus
enharihiegeNiKe moddatedadmoptesisréssion. of this cytokine in
tumor and peritumor tissue in intestinal type of GC. The aim
of this study was to evaluate differences in expression of IL-
32 and proangiogenic and proinflammatory molecules,
VEGF and IL-17 as well as microvascular density (MVD) in
the tumor, peritumor and healthy tissue in intestinal form of GC.

Methods
Ethic approvals

The study was conducted at the Center for Abdominal
Surgery and the Center for Pathology, Clinical Center of
Kragujevac and the Center for Molecular Medicine and Stem
Cell Research, Faculty of Medical Sciences, University of
Kragujevac, Serbia. All patients gave their informed consent
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and research project was approved by relevant Ethics Com-
mittees of the Clinical Center of Kragujevac, Kragujevac,
Serbia, and the Faculty of Medical Sciences, University of
Kragujevac, Serbia. All research procedures were made ac-
cording to the Principle of Good Clinical Practice and the
Declaration of Helsinki.

Patients

The study included totally 60 patients with intestinal
form of GC. The cancer was diagnosed on the basis of gas-
troscopic and histopathological criteria. The study did not in-
clude patients with no well-defined pathology, no adequate
clinical document available or with previously diagnosed GC
who were treated with radiation and chemotherapy. Data
about age, gender, nuclear grade, well/moderate/poor differ-
entiation and clinical stage by TNM (tumor, nodes, and me-
tastasis) were recorded and analyzed in the study.

Immunohistochemical staining of VEGF, IL-32, IL-17
and CD31

The tissue samples of stomach from patients were fixed
in 10% buffered formalin, routinely processed, and embed-
ded in paraffin. Four-um-thick sections from paraffin blocks
were used for immunohistochemistry (IHC). IHC steps were
carried out at room temperature. After deparaffinization and
rehydration with graded ethanol, the sections were placed in-
to a pressure cooker in 10 Mm sodium citrate buffer (pH 6.0)
at full power for 20 min, followed by treatment with 3% hy-
drogen peroxide solution for 10 min. The primary mono-
/poli-clonal antibodies against VEGF (ab16883, Abcam,
Cambridge, UK, at a 1:200 dilution), IL-32 (ab37158, Ab-
cam, Cambridge, UK, at 10 pg/mL), IL-17 (ab79056, Ab-
cam, Cambridge, UK, at a 1:100 dilution) and CD31
(ab79056, Abcam, Cambridge, UK, at a 1:200 dilution) were
incubated for 60 min with the tissue sections in a humid
chamber, respectively and exposed to EnVision reagent (Da-
koCytomation, Glostrup, Denmark) for 30 min. The slides
were then sequentially incubated with the chromogen reagent
for 5 min, counterstained with Meyer’s hematoxylin, and
mounted. Negative control staining was performed by using
mouse IgGl isotype antibody. An Olympus microscope
(BX50 model) equipped with a digital camera was used to
prepare microphotographs with magnifications of %200 or
x400.

Immunohistochemistry scoring

All tissue specimens were investigated by two inde-
pendent pathologists. They used semi-quantitative modified
scoring system based on the percentage of tumor tissue
stained with IL-32 and intensity of staining " '°. The IHC
score was calculated by adding the percentage of positively
stained cells to the staining intensity. The percentage of posi-
tive cells ranged between 0 and 3: 0 — if less than 10% of
tumor cells were stained; 1 — if 10-25% of tumor cells were
stained; 2 — if 25-50% were positive; and 3 — if > 50% were
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positive. The staining intensity was scored as: 0 — negative
immunoreaction; 1 — weak intensity; 2 — moderate intensity;
and 3 — strong intensity. The sum of the two parameters var-
ied between 0 and 6.

VEGF scoring was based on the presence, intensity and
percent of positive cells, as previously described '**. Brown
or brown-yellow staining signals found in the cell membrane
or cytoplasm were considered to indicate VEGF im-
munopositivity. The negative controls were unstained. The
number of positive cells in 500 tumor cells was counted
within 3 randomly selected high power fields (x400). Four
grades were defined according to the percentage of positively
stained cells: 0 — no immunopositive cells; 1 — <25% im-
munopositive cells; 2 — 25-50% immunopositive cells; 3 —
> 50% immunopositive cells. Four grades were defined ac-
cording to color-staining intensity: 0 — no color; 1 — weak,
pale yellow; 2 — medium, brown; 3 — strong, dark brown.

Single endothelial cells or clusters of endothelial cells
positive for CD-31 were considered as a microvessel, by two
pathologists. At first, slides were examined at an original
magnification of x40. Three ,,hot spots* (areas with the high-
est MVD) from each slide were identified and these are pho-
tographed by a digital camera at an original magnification of
x200. The area of this histological field was 0.704 pm. MVD
(microvessel/HPF — high-power field) and number of mi-
crovessels were evaluated according to MVD of the
specimen that was estimated as a mean of MVD in three
histological fields.

Expression of IL-17 was localized in the cytoplasm of
mononuclear cells. Light-microscopic analysis was per-
formed by manually counting positively stained cells in 3
separate areas of intratumor regions under x400 high power
magnifications *'.

Statistical analysis

The data were analyzed using commercially available
SPSS 20.0 software. The results were reported as mean and
standard error (SE). In determining statistically significant
difference between the means of two groups it was used the
Student's #-test for independent samples if the data had nor-
mal distribution or Mann-Whitney U-test for data without
normal distribution. The Spearman's correlation evaluated
the possible relationship between the expression of IL-32 and
presence of lymphatic vessels invasion in GC. Strength of
correlation was defined as negative or positive: weak (-0.3 to
-0.1 or 0.1 to 0.3), moderate (-0.5 to -0.3 or 0.3 to 0.5) or
strong (-1.0 to -0.5 or 1.0 to 0.5). P-value of 0.05 was con-
sidered as statistically significant.

Results

Sixty adult patients, between 54 and 92 years of age,
with diagnosed and histologically confirmed intestinal form
of GC were enrolled in this study. There was significant dif-
ference in gender distribution: 47 men (78.33%) and 13
women (21.67%). Clinical and pathologic characteristics of
these patients are presented in Table 1. We have assessed

expression of IL-32, CD31, VEGF and IL-17 in the tumor,
peritumor and healthy tissue. Patients with GC were classi-
fied into two groups based on TNM stage of the disease:
[ +1I and III + IV. Further, patients were divided according
to the invasion of lymph vessels (+ and —). We analyzed values
of previously defined markers of interest between defined

groups.

Table 1
Baseline characteristics of patients with intestinal type
of gastric cancer (GC)

Characteristics Values
Gender (male/female), n 47/13

Age (years), mean (range) 75 (54-92)
TNMcClassification, (I and II/III and IV ), 27/33
Nuclear grade (I/II/111), n 5/41/14
il dlrntaion
Lymph vessel invasion (absent/present), n 10/50
Necsrosis (absent/present), n 21/39

TNM - tumor, nodes, metastasis; n — number of patients

1L-32 expression associated with lymph vessel invasion

We assessed expression of IL-32 cytokine in the tumor,
peritumor and healthy tissue of GC patients. Imunohisto-
chemistry data are illustrated in Figure 1C. The results ob-
tained from this experiment showed that 1L-32 was signifi-
cantly more expressed in the tumor tissue in comparison to
its expression in the peritumor tissue (p = 0.001; Figure 1a).
Patients with GC were divided into two categories on the ba-
sis of TNM stage of the disease: I + II and III + IV. There
was no significant difference in IL-32 expression between
defined groups (data not shown). Further, expression of IL-
32 was analyzed in patients divided into two groups, based
on the invasion of lymphatic vessels (+ and -). Expression of
IL-32 was significantly increased in patients with detected
lymph vessel invasion (p = 0.041; Figure 1b). The relation-
ship between IL-32 expression in the tumor tissue and the
invasion of lymphatic vessels revealed a moderate positive
correlation between IL-32 expression and presence of lym-
phatic vessels invasion (» = 0.364; p = 0.040).

Micro-vascular density associated with TNM system
and lymph vessel invasion

We analyzed MVD in the tumor, peritumor and healthy
tissue of GC patients. As the expression of molecule CD31
(PECAM-1) indicates the angiogenesis and the presence of
blood vessels, immunohistochemistry was carried out in the
tumor, peritumor and healthy tissue of all 60 patients with in-
testinal form of gastric cancer. Our results showed that MVD
was significantly higher in the tumor tissue in comparison to
the peritumor one of GC (p =0.001; Figure 2a). Next, pa-
tients were divided into two categories on the basis of TNM
stage of the disease: I + I and IIT + IV.
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Fig. 1 — IL-32 expression in the tumor, peritumor and healthy tissue of patients with intestinal gastric carcinoma (GC).

A) Significantly higher IL-32 expression in the tumor tissue in comparison to its expression in the peritumor tissue
(»p < 0.001); B) Patients with detected lymph vessel invasion had significantly higher expression of IL-32 compared
to patients without lymph vessel invasion (p = 0.041) (p values were assessed by the Mann-Whitney Rank Sum test);
C) Hemotoxilyne-eosin (H&E) staining of representative tumor and peritumor tissues and representative IL-32 staining
in the tumor, peritumor and healthy tissue of intestinal GC patients (x200 and x400 magnification).

Patients with TNM stages III+IV revealed signifi-
cantly higher MVD in the tumor tissue in comparison to pa-
tients with TNM stages I + II; (p = 0.018; Figure 2b).

Further, we divided patients on the basis of invasion of
lymph vessels (+ and -), and analyzed MVD in the tumor tis-
sue. MVD was significantly increased in the tumor tissue of
patients with detectable lymphatic vessels invasion
(p = 0.012; Figure 2c).

Pavlovi¢ M, et al. Vojnosanit Pregl 2020; 77(8): 816-825.

VEGF expression associated with TNM system and
lymph vessel invasion

Focus of our further research was based on analyzing
different proangiogenic soluble factors. Initially, we investi-
gated expression of VEGF, one of the main proangiogenic
molecules.
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Fig. 2 — Microvessel density (MVD) in the tumor, peritumor and healthy tissues of patients
with intestinal gastric carcinoma (GC).

A) CD31 expression was significantly higher in the tumor tissue in comparison to its expression in the peritumor tissue
(p =0.001); B) Patients with higher TNM stage (stage III +IV) had significantly higher expression of CD31 compared to
patients with lower TNM stage (stage 1+ II) (p = 0.018); C) Patients with detected lymph vessel invasion had significantly
higher expression of CD31 compared to patients without lymph vessel invasion (p =0.012) (p values were assessed by the
Mann-Whitney Rank Sum test); D) Representative CD31 staining in the tumor, peritumor and healthy tissues of patients

with intestinal GC (x200 and x400 magnification).

Results obtained from the experiment discovered that
VEGF was significantly more expressed in the tumor tissue
in comparison to the peritumor one of patients with GC
(» =0.001; Figure 3a).

Further, patients were divided into two groups based on
TNM stages of the disease: I+ II and III + IV. Patients with
TNM stages III + IV had significantly higher expression of
VEGF in tumor tissue compared to patients with TNM stages
I+1I (p=0.018; Figure 3b). Next distribution of patients
was created according to the existence of lymphatic invasion
and analyzed them for expression of VEGF. Expression of
VEGF was significantly higher in the tumor tissue with lym-

phatic invasion (p = 0.002; Figure 3c).

IL-17 expression associated with tumor necrosis

Analyses of the expression of IL-17 revealed that tumor
tissue had significantly higher expression of IL-17 in com-
parison to the peritumor tissue (p = 0.001; Figure 4a). Ac-
cording to presence of necrotic fields in the tumor tissue, pa-
tients were divided into two groups (+ and -) and analyzed to
the expression of IL-17. Results showed that IL-17 was sig-
nificantly higher expressed in the tumor tissue with detect-
able necrotic fields (p = 0.001; Figure 4b).
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Fig. 3 — Immunohistochemical analysis of VEGF in the tumor, peritumor and healthy tissues
of patients with intestinal gastric carcinoma (GC).

A) Significantly higher VEGF expression in the tumor tissue in comparison to its expression in the peritumor tissue
(p = 0.001); B) Significantly higher expression of VEGF in the tumor tissue of patients with TNM stages III + IV compared to
patients with TNM stages I + II (p = 0.018); C) Expression of VEGF was significantly higher in the tumor tissue of patients
with detected lymphatic invasion in comparison to patients with no detected lymphatic invasion (p = 0.002). P values were
assessed by the Mann-Whitney Rank Sum test; D) Representative VEGF staining in the tumor, peritumor and healthy
tissues of patients with intestinal GC (x200 and x400 magnification).
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Fig. 4 — IL-17 expression in the tumor, peritumor and healthy tissues
of patients with intestinal gastric cancer (GC).
A) Significantly higher expression of IL-17 in the tumor tissue in comparison to the peritumor tissue (p =0.001);
B) Significantly higher IL-17 expression in the tumor tissue of patients with detectable necrotic fields compared to patients
without detectable necrosis (p =0.001); C) Representative IL-17 staining in the tumor, peritumor and healthy tissues of
patients with intestinal GC (x200 and x400 magnification).
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Discussion

Gastric cancer is the fourth most common cancer
throughout the world behind lung, breast and colorectal can-
cers and the second major cause of cancer-related death *> %
Around 90% of all GCs are adenocarcinomas, created from
the glands of stomach mucosa **. According to Lauren’s
classification, there are two major histological types of GC:
intestinal and diffuse type °. Intestinal type of GC consists of
tubular or glandular metaplastic cell formations . It is more
frequent in elder males, with a lower TNM stage and a low
risk of lymph node metastasis *°.

IL-32 is cytokine known to its important biological
functions. Due to its proinflammatory function, IL-32 in-
duces production of different chemokines and pro-
inflammatory cytokines, including IL-13, TNF-a, IL-6, IL-8,
and macrophage inflammatory protein-2 (MIP-2) and
activation of the p38 mitogen-activated protein kinase
(MAPK), nuclear factor kB (NF-kB), and activator protein-1
(AP-1) signaling pathways >’. IL-32 plays role in genesis and
progression of GC. In the present study, we analyzed
expression pattern of IL-32 in the tumor and peritumor tissue.
We found significantly higher expression in the tumor tissue in
comparison to the peritumor one. Moreover, IL-32 expression in
the tumor tissue was significantly higher in patients with more
progressive GC (lymph vessel invasion). These results are in
line with previous studies claiming that IL-32 is higher in sera of
GC patients ** * and that IL-32 is linked to development of
Helicobacter pylori-associated GC *°. We obtained a positive
correlation between IL-32 expression in the tumor tissue and
disease severity (lymph vessel invasion), indicating its pro-
tumonvigmeicviede IL-32 facilitates angiogenesis trough induc-
tion of production of matrix metalloproteinase and VEGF
thus facilitating invasion and migration of tumor cells *'. Ac-
cording to these data, further step was focused on analyses of
MVD, proangiogenic and proinflammatory soluble mole-
cules in the tumor and peritumor tissue of GC patients. CD31
is one of the most useful markers for detection of MVD.
Platelet/endothelial cell adhesion molecule-1 (PECAM-1 or
CD31) has pleiotropic effects such as transendothelial migra-
tion of leukocytes and inflammation as well as endothelial
cell biology **. Moreover, CD31 plays important role in the
tumor biology in few ways. It is one of the most abundant
junctions set deep between endothelial cells thus supporting
the integrity of endothelial membrane and regulating leuko-
cyte migration and vascular permeability ****. We found in-
creased MVD in the tumor tissue in comparison to the peri-
tumor tissue. Moreover, MVD was significantly more ex-
plicit in patients with severe TNM stages III and IV and
more progressive disease (lymph vessel invasion). MVD
may be one of the important prognostic factors for GC pa-
tients and MVD value and lymph node metastasis represent
independent prognostic factors *°.

Analysis of VEGF expression revealed its higher ex-
pression in the tumor tissue in comparison to the peritumor
tissue of patients with GC, as well as more intense expres-
sion in patients with severe TNM stages III and IV and more
progressive disease (lymph vessel invasion). In line with this
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finding, tumors with lymph node metastasis were associated
with high VEGF-A, VEGF-B and VEGF-C, mRNA in lung
adenocarcinoma *°. The VEGF expression positively corre-
lates with GC progression (TNM stage, tumor size, positive
lymph nodes and lymphovascular invasion) *’.

As it is known that IL-32 promotes angiogenesis and in-
flammation, our further investigations were focused on ana-
lyses of proangiogenic and proinflammatory cytokine IL-17,
in the tumor and peritumor tissue of GC patients. The tumor
tissue had significantly higher expression of IL-17 in com-
parison to the peritumor tissue. Interestingly, we found in-
creased IL-17 in the tumor tissue with detectable necrotic
fields. Only a few studies evaluated IL-17 in GC, mainly de-
scribing IL-17 as promoter of cancer progression .

The selective process of metastasis requires active
cross-talk between tumor cells and peritumor tissue, which is
mediated by direct tumor cell-stromal cell contact or para-
crine cytokine and growth factor signaling *. The peritumor
environment should be fully taken into account in assessing
the process of the tumor progression. Therefore, our goal
was to evaluate the peritumor expression of IL-32, VEGF,
IL-17 and MVD. We found lower expression of IL-32,
VEGF and IL-17 as well as decreased MVD in adjacent tu-
mor tissues compared with tumor tissues. Most studies have
focused on the intratumor environment, and potential roles of
angiogenesis and immunomodulation in the peritumor envi-
ronment remain unclear. To our knowledge, this is the first
study investigating peritumor IL-32 in any localization. In
line with our findings, analysis of tumor and peritumor tis-
sues of eyelids revealed that VEGF and MVD are highly ex-
pressed in tumors *’. Interestingly, recent study revealed sig-
nificantly higher peritumor expression of VEGF in hepato-
cellular carcinoma *', opposite to our results. In the other
study, peritumor expression of IL-17 corresponded with a
significantly lower overall survival and maight be present as
independent prognostic factor in patients with intrahepatic

. . 42
cholangiocarcinoma ™.

Conclusion

In summary, increased local expression of IL-32, in GC
patients with detectable lymph vessel invasion may be consid-
ered as a sign of the tumor’s malignant progression and, conse-
quently, of a poor prognosis for patients. Increased IL-32, as
well as VEGF and MVD in severe and advanced gastric can-
cers, may indicate a protumorogenic and proangiogenic role of
IL-32 in intestinal type of gastric cancer. These observations
point at possible facilitating role of IL-32 in biology of intestinal
form of gastric cancer and its potential use as therapeutic target.
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