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Abstract

Interleukin-17 (IL-17) is a pro-inflammatory cytokine found in various cancers. Current evidence indicates that IL-17
plays a vital role in tumour initiation and progression in colorectal carcinoma (CRC) via binding with its receptor,
IL-17RA. However, the association between clinicopathological features and presence of IL-17 and IL-17RA protein
in primary CRC tissues remains unclear. This study also investigates the difference between the presence of IL-17
and IL-17RA in the paired tumour tissues versus adjacent normal tissues. The presence of IL-17RA and IL-17
protein in primary CRC tissues was determined by immunohistochemistry. Associations between clinicopathological
features and IL-17RA and IL-17 immunoreactivity, were analyzed by x2 tests. We found that both IL-17RA (p=
0.001) and IL-17 (p=0.025) in tumour cells of primary CRC tissues was significantly lower as compared to adjacent
normal tissue. Positive immunoreactivity for IL-17RA and IL-17 were detected in 51.0% and 16.8% of tumour
tissues, respectively. Furthermore, negative immunoreactivity of IL-17R was significantly associated with advanced
stage according to TNM classifier (p =0.027), high grade of tumour (p =0.019), increased depth of tumour invasion
(p=0.023) and vascular invasion (p =0.039). Positive IL-17 immunoreactivity was associated with advanced stage
(p=0.008) and lymph node metastasis (p=0.008). Thus, this study suggests that the loss of IL-17RA expression
occurs as tumour progresses and this may predict the aggressiveness of tumour whilst expression of IL-17 promotes
tumour progression and lymph node metastasis. Thus, loss of IL-17RA could be a useful prognostic biomarker for
tumour progression in CRC patients.
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Introduction more than 500,000 deaths every year [2]. Some patients re-

spond well with conventional therapies while others do not
Colorectal carcinoma (CRC) is the third most common human  respond [3]. Although CRC detection is possible through
cancer [1] with approximately one million new cases and  screening strategies with the advances in technology, CRC
development and mortality persist. Roughly, 50% of colorec-
tal carcinoma patients develop liver metastasis during their
lifetime and rarely survive longer than three years despite
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17" cells facilitate angiogenesis via stimulating vascular en-
dothelial growth factor (VEGF) production from tumour cells
[8].

IL-17 links innate and adaptive immunity [9] by participat-
ing in both innate and adaptive immunity during the physio-
logical or pathological processes in autoimmunity, allergy,
host defence and cancer [10, 11]. The presence of IL-17 has
been found in various cancers including breast cancer, lung
cancer, prostate cancer, glioma, skin cancer, hepatocarcinoma
and sarcoma [12]. Elevated IL-17 was reported in glioma [13],
lung cancer [14], colon cancer [15] and prostate cancer [16].
Pan et al. reported that IL-17 is associated with enhanced
angiogenesis and poorer survival in lung cancer [14] while
Cui and colleagues reported that IL-17 level correlated with
the severity of dysplasia in colon cancer [15].

IL-17 displays either pro-tumour or anti-tumour role in
various cancers [17]. Cumulative evidence points to IL-17
being involved in tumor initiation and progression in cancer
through suppression of anti-tumour immunity and promoting
tumour growth via AKT- dependent IL-6/JAK2/STATS3 [7].
Recent studies have shown that IL-17 plays a critical role in
modulating angiogenesis and production of a variety of pro-
angiogenic factors in cancer [18]. In CRC, IL-17 induces se-
cretion of angiogenic molecules including VEGF, matrix
metalloproteinase-9 (MMP-9) which promote tumour prolif-
eration and metastasis [19, 20]. In addition, IL-17 promotes
tumour initiation and progression through activation of
STAT3 pathway and ERK1/2 pathway. Another mechanism
of tumorigenesis facilitated by I1L-17 is through suppression of
anti-tumour immunity such as recruiting myeloid-derived sup-
pressor cells (MDSCs) and regulatory T (Treg) cells but
inhibiting CD8"* T cells infiltration [7, 20]. However, IL-17
can play a role in anti-tumour immunity by recruiting the
infiltration of IFN-y™" effector T-cells, NK cells [21] and, cy-
totoxic CD8* T cells into the tumour nests [22].

IL-17RA (130 kDa) is a type I transmembrane protein that
is widely expressed in various tissue such as brain, lung and
spleen [23] as well as myeloid cells and fibroblasts [24].
Ligation of IL-17RA by IL-17 activates the phosphorylation
of Mitogen Activated Protein Kinases (MAPK) and Nuclear
Factor-kB (NF-«kB) pathway to induce pro-inflammatory cy-
tokines in tissue homeostasis [25] and tumour cell prolifera-
tion, tumour growth and progression in cancer [12]. Various
tumour tissues including lung, osteosarcoma, prostate [26]
and stomach cancer showed high expression level of IL-
17RA [23]. However, to the best of our knowledge, there have
been no previous studies evaluating whether the presence of
both IL-17RA and IL-17 in primary CRC tissues is associated
with disease progression and other clinicopathological factors.

This study examines the presence of IL-17 and IL-17RA in
tumour and adjacent normal tissues of primary colorectal car-
cinoma by immunohistochemistry and their relationship with
clinicopathological features. This will provide information on
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the role of IL-17 and IL-17RA in CRC pathogenesis and their
possibility as potential prognostic biomarkers for tumour pro-
gression in CRC patients.

Materials and Methods
Patients and Specimens

A total of 147 formalin fixed paraffin embedded (FFPE) pri-
mary colorectal carcinoma tissues between 2006 and 2015
were obtained from Hospital Kuala Lumpur. Of these tissue
blocks, only 113 contained adjacent normal tissue. Adjacent
normal tissues in this study are the apparently non-cancerous
epithelium. The total number of stage I, II, Il and IV cases
were 22, 45, 77 and 3, respectively. The clinical stage of the
tumour was determined according to the TNM (for tumours/
nodes/metastasis) system from the American Joint Committee
on Cancer (AJCC). This study was approved by the Ethics and
Research Committee of the Malaysian Ministry of Health and
registered with National Medical Research Register NMRR-
12-435-11565). Clinicopathological data of these patients
were reported by qualified histopathologists and retrieved
from the electronic medical records of Hospital Kuala
Lumpur.

Immunohistochemistry

FFPE tissue sections of 4 pm thickness were dewaxed
with xylene and rehydrated with decreased concentra-
tions of ethanol. Heat-induced epitope retrieval (HIER)
step was performed for 20 min using a microwave in
boiled Tris EDTA buffer (1 mM pH 9) for IL-17RA or
boiled sodium citrate buffer (1 mM pH 7.6) for IL-17.
The samples were then left to cool to room temperature.
Next, endogenous peroxidase activity were blocked
using 3% H,0, and then 3% of bovine serum albumin
(BSA) containing 0.1% of sodium azide for 10 min and
1 h, respectively, followed by incubation with IL-17RA
antibody (1:200 dilution) for 1 h and IL-17 antibody
(1:50 dilution) for 2 h. Anti-IL-17R (sc-30175) and
anti-IL-17 (sc-7927) polyclonal antibody were purchased
from Santa Cruz Biotechnology, Inc. The peroxidase-
labeled polymer detection system was used as according
to the manufacturer’s instructions. Negative control sec-
tions which are those without incubation with primary
antibodies were processed in parallel. Positive immuno-
reactivity was visualized as yellow-brown colour by
using 3’-diaminobenzidine (DAB) chromogen solution
in the final step and the cell nuclei were counterstained
with hematoxylin. Evaluation of immunoreactivity for
IL-17 [27] and IL-17RA [18] was performed as de-
scribed previously.
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Evaluation of IHC Staining Results with IL-17 and IL-
17RA

IL-17 and IL-17RA positivity is defined as yellow-brown
colour mainly distributed in the tumour cells and adjacent
normal tissue cells. A semi-quantitative evaluation of pos-
itive immunostaining for IL-17 and IL-17RA was per-
formed by scoring 10 fields with the Olympus BX51 up-
right microscope under 100x magnification and scores
were based on two variable factors: the abundance of
the positively stained cells and the intensity of the stain-
ing. The abundance of stained cells was graded from 0 to
4 (0<5%; 1=6%-25%; 2=26%-50%; 3 =51%-75%; 4 =
76%-100%) and 0-4 (0=0%; 1=<25%; 2=26%-50%;
and 3>50%) for IL-17 and IL-17RA, respectively. The
intensity of stained cells was graded from 0 to 3 (0=
absent; 1 =weak; 2 =moderate; 3 =strong) for both IL-
17 and IL-17RA. The final score for IL-17 was obtained
by multiplying the score of the two variables and the
score varied from O to 12. A score greater than 8 was
categorized as positive whereas a score of 8 or less as
negative [27]. In contrast, the score for IL-17RA was ob-
tained by addition of the score of the two variables and
thus, the total immunostaining score ranged from 0 to 6.
A score greater than 2 was categorized as positive where-
as a score of 2 or less as negative immunoreactivity [18].

Statistical Analysis

Statistical analysis was performed using the SPSS statis-
tical software package (version 20.0; SPSS, Inc. Chicago,
Illinois, USA). The significant difference between expres-
sion of tumour tissues and adjacent normal tissue of pri-
mary colorectal carcinoma were determined by the
Wilcoxon signed-rank test which is a non-parametric test.
The positive rate of the IL-17 and IL-17RA in tumour and
adjacent normal tissue of primary colorectal carcinoma
were analyzed by x? tests. The correlation between ex-
pression of IL-17 or IL-17RA and clinicopathological pa-
rameters were also analyzed by x? tests. Differences were
considered significant at p-values less than 0.05.

Results

Expression of IL-17RA and IL-17 in Primary Colorectal
Carcinoma

In this study, immunohistochemical staining was used to eval-
uate the expression of IL-17RA and IL-17 in 147 and 143
primary tumour tissues of colorectal carcinoma, respectively.
For IL-17RA immunostaining, only 113 out of 147 tumour
tissues contained adjacent normal tissue. For IL-17, data for

immunostaining was only available for 143 tumour tissues
and 105 adjacent normal tissues due to poor staining in 4 of
the tumour tissues and 8 of the normal adjacent tissue. To
compare the expression of IL-17RA and IL-17 in primary
tumour tissue and adjacent normal tissue in primary human
CRC, the final scores of IL-17 and IL-17RA expression,
which were obtained from both the percentage of positive
cells and staining intensity in paired tumor and adjacent nor-
mal tissues were used to perform the Wilcoxon signed-rank
test. Data from this study showed that both IL-17 (p =0.025)
and IL-17RA (p=0.001) expression in the primary tumour
tissue was significantly lower compared to adjacent normal
tissue (Table 1). Both the expression of IL-17RA (Fig. 1)
and IL-17 (Fig. 2) were observed in the tumour cells. No
staining was observed in negative controls. x test showed that
the positive expression rate of IL-17 (p =0.40) and IL-17RA
(p=0.30) in primary tumour tissue was significantly lower
than adjacent normal tissue (Table 2).

Downregulation of IL-17RA Expression is Associated
with Progression of Tumour in Colorectal Carcinoma
Patients

The x” test was used in this study to evaluate the association
between clinicopathological features of CRC and IL-17RA or
IL-17 expression. The negative expression of IL-17RA was
significantly associated with advanced stage (p =0.027), high
grade of tumour (p =0.019), increased depth of tumour inva-
sion (p =0.023) and vascular invasion (p =0.018) (Table 3).
The positive expression of IL-17 was significantly associated
with clinicopathological features of CRC with advanced stage
(p=10.008) and lymph nodes metastasis (p = 0.008) (Table 4).

Discussion

In the present study, we found that the immunoreactivity of
IL-17RA was lower in CRC tissues compared to adjacent
normal tissue. Furthermore, we observed the loss of IL-
17RA protein in CRC is associated with several clinicopath-
ological features, such as stage and grade of tumour, depth of
tumour invasion and vascular invasion, indicating the clinical
significance of IL-17RA in CRC. Thus, negative expression
of IL-17RA is associated with advanced stage according to
TNM classifier, poorly differentiated tumour, and increased
depth of tumour invasion.

Interestingly, our findings with IL-17RA in CRC are not in
accordance with most other cancers including, gastric cancer,
non-small cell lung cancer (NSCLC) and osteosarcoma [23,
28, 29] where IL-17RA was overexpressed in these cancer.
Overexpression of IL-17RA was found to mediate tumour
invasion via p38 MAPK signaling pathway in vitro in
NSCLC [23]. In gastric cancer, high expression of IL-17RA
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Fig. 1 Representative immunohistochemical staining of the IL-17RA protein in colorectal carcinoma. (a) Tumour tissue. (b) Adjacent normal tissue.

(100x magnification)

associated with increased depth of tumour invasion as well as
lymph nodes and distant metastasis [28]. Furthermore, high
expression of IL-17RA is associated with poor overall survi-
vor in both NSCLC and gastric cancer.

However, a cross cancer analysis by Yan et al. [30]
revealed that IL-17RA deletion is a common event in
CRC patients and is associated with deletion of A20, a
negative regulator of NF-kB, WNT and JNK-c-Jun sig-
naling pathways. Various genes associated with tumour
proliferation, invasion and metastasis including VEGFA
were significantly upregulated in IL-17RA deleted tu-
mours. Furthermore, the expression of IL-17RA in im-
munohistochemistry staining decreases with advanced
stage [30]. Thus, our finding is consistent with the re-
port by Yan et al. [30].

In addition, this study demonstrated that negative ex-
pression of IL-17RA in tumour tissue of colorectal car-
cinoma was associated with vascular invasion. A previ-
ous study by Fujii et al. demonstrated that vascular
invasion is a strong indicator for aggressiveness of
CRC [31]. Thus, this indicates that down-regulation of

expression of IL-17RA in CRC probably aggravates tu-
mour progression and aberration of IL-17 signaling
pathway. Furthermore, it was reported that loss of IL-
17RA expression triggers aberrant cellular responses and
intracellular signaling pathways which consequently,
promotes tumour progression and thus aggravates the
disease [30]. Therefore, loss of expression IL-17RA in
CRC has an important impact on the pathogenesis of
CRC and reflects tumour progression in CRC.
Previously, Xie et al. reported that marked elevated
expression IL-17RA was found in CRC tissue as com-
pared to normal colon tissue [32] while our finding
showed otherwise. The discrepancy between our study
and others was because the presence of IL-17RA in
tumour cells in our study was detected by using immu-
nohistochemistry method while the previous study [32]
detected total IL-17RA expression in CRC tissue using
Western Blotting which would likely include stromal
components. In conclusion, our studies and that by
Yan et al. 2019 suggest that the role of IL-17RA in
CRC appears to be different from other cancers such

magnification)
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Table 1 Comparison of expression of IL-17RA and IL-17 in primary
tumour tissue versus adjacent normal tissue in primary human colorectal
carcinoma

N Tumour Tissue  Adjacent Normal Tissue P value

Mean+ SD Mean+ SD
IL-17RA 113 1.76+1.41 2.31£1.53 0.001*
IL-17 113 7.60+1.62 8.16+2.04 0.025%*

Abbreviations: SD, standard deviation
* p—values were estimated by Wilcoxon signed—rank test
" Statistically significant, p<0.05

as gastric cancer, non-small cell lung cancer (NSCLC)
and osteosarcoma [23, 28, 29]. Therefore, considerable
caution is needed in designing potential therapy
targeting IL-17RA in various cancers.

Expression of IL-17 is elevated in various cancer
including breast, hepatocellular carcinoma, esophageal
cancer, ovarian cancer and cervical cancer [33]. In
CRC, IL-17 is highly associated with tumour aggres-
siveness and progression. Elevated expression of IL-17
was reported significantly increased in CRC tumour tis-
sue compared with non-tumour tissue [8] and adenoma
tissue [15, 32]. In these studies, IL-17 in CRC was
mainly expressed by CD4* cells [8, 15] and macro-
phages [8]. Furthermore, IL-17 was reported to facilitate
metastasis in CRC via enhanced circulating tumour cells
motility [34]. In addition, IL-17 expression correlated
with angiogenesis in CRC via cancer cell-mediated
VEGF production [8]. On the other hand, Lin and col-
leagues found that positive IL-17 expression was asso-
ciated with early stage of CRC and well-differentiated
tumour tissue. Their immunohistochemistry staining
finding includes tumour cell, stromal cells and epithelial
cells [35].

In contrast, our study explores the association be-
tween clinicopathological features and tumour cells and
found that positive IL-17 expression is associated with
advanced stage of CRC. Our study reveals that IL-17 is
positively associated with lymph nodes metastasis. This
finding suggested that the autocrine activity of IL-17

produced by tumour cells may enhance the production
of MMP-9 to facilitate tumour metastasis [34, 36]. This
implies IL-17 expressed by tumour cells contributes to
tumour progression. The difference between our results
and those in other studies is likely due to the type of
cells that were examined. The expression of IL-17 in
tumour cells was our focus while other studies exam-
ined the IL-17 produced by immune cells and total IL-
17 production by tumour tissue including the stroma.

Although IL-17 expression was associated with ad-
vanced stage, IL-17 was under-expressed in tumour
cells as compared to the adjacent normal tissues. This
observation is in contrast to the typical prediction pat-
tern of IL-17 expression. This could be attributed to
chronic inflammation and cancer immunoediting in tu-
morigenesis of CRC. During chronic inflammation, in-
testinal epithelial cells increase IL-17 expression to re-
cruit immune cells as a host defense mechanism induc-
ing DNA modification and subsequent development of
tumour cells [37]. Subsequently, cancer immunoediting
takes place. The cancer Immunoediting hypothesis states
that the three components, elimination, equilibrium, and
escape, control growth of the tumour and shape tumour
immunogenicity. In the elimination phase, host immuni-
ty detects and destroys abnormal expressing IL-17-
tumour cells. However, rare tumour cells survive and
escape from this phase and proceed to equilibrium and
later in the escape phase, there is an increase in tumour
cells and expression of IL-17 also increases. Therefore,
as chronic inflammation precedes tumourigenesis and
later immunoediting takes place during tumourigenesis,
a decreased-then-increased pattern of IL-17 expression
occurs as seen in this study [38]. Taken together, these
results suggest that IL-17 expression in CRC by tumour
and non-tumour cells may have distinctive role in con-
tributing to tumour progression.

The observation that expression of IL-17RA is lost but
expression IL-17 increases in CRC tumour cells as the
tumour progresses is interesting. It is likely that even
though loss of IL-17RA occurs in the tumour cells, thus
inhibiting the direct stimulation of release of a variety of
proangiogenic factors by IL-17, tumour-secreted-1L-17

Table 2 Expression of IL-17RA

and IL-17 in Tumour Tissue and Clinicopathological IL-17RA 1IL-17
Adjacent Normal Tissues in pri- Features
mary human CRC Positive Negative p- Positive Negative p-
(%) (%) value (%) (%) value
Tumour Tissue 75(51.0) 72(49.0) 0.030%  24(16.8) 119(83.2) 0.040%*
Adjacent Normal Tissue  78(69.0) 35(31.0) 29(27.6) 76(72.4)

* p—values were estimated by X2 test
Statistically significant, p<0.05
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Table 3  Correlation between IL-17RA in colorectal carcinoma tissue
and clinicopathological features

Table 4 Correlation between IL-17 in colorectal carcinoma tissue and
clinicopathological features

Clinicopathological Features n® n® Negative Positive p- Clinicopathological Features n®  n® Negative Positive p-
value value

Age at Diagnosis 144 3 0.594 Age at Diagnosis 140 3 0.303

<60 22(46.8) 25(53.2) <60 40(88.9) 5(11.1)

>60 50(51.5) 47(48.5) >60 78(82.1) 17(17.9)

TNM staging 147 0 0.027* TNM staging 143 0 0.008*

Stage 1 6(27.3)  16(72.7) Stage 1- Stage 2 60(92.3)  5(7.7)

Stage 2- Stage 4 66(52.8) 59(47.2) Stage 3- Stage 4 59(75.6)  19(24.4)

Grade 147 0 0.019* Grade 143 0 0.648

Well 2(20.0)  8(80.0) Well 8(88.9) 1(11.1)

Moderate 67(50.0) 67(50.0) Moderate 108(82.4) 23(17.6)

Poor 3(80.0)  0(0) Poor 3(100.0)  0(0)

Tumour Invasion 145 2 0.023* Tumour Invasion 141 2 0.281

T.0 6(27.3)  16(72.7) T<2 20(90.9) 2(9.1)

T>2 66(53.7) 57(46.3) T>2 97(81.5) 22(18.5)

Lymph Nodes Metastasis 144 3 0.065 Lymph Nodes Metastasis 140 3 0.008*

NO 28(41.2) 40(58.8) NO 61(92.4) 5(7.6)

N=>01 43(56.6) 33(43.4) N=>01 56(75.7) 18(24.3)

Distant Metastasis 142 5 0.556 Distant Metastasis 138 5 0.446

MO 70(50.4)  69(49.6) MO 113(83.7) 22(16.3)

Ml 1(33.3)  2(66.7) Ml 3(100.0)  0(0)

Vascular Invasion 115 32 0.018* Vascular Invasion 113 30 0.548

No 28(40.6) 41(59.4) No 56(82.4)  12(17.6)

Yes 29(63.0) 17(37.0) Yes 35(77.8)  10(22.2)

ILI 94 53 0.141 ILI 91 52 0.141

No 7(63.6)  4(36.4) No 1090.9) 1(9.1)

Mild 27(44.3)  34(55.7) Mild 46(78.0)  13(22.0)

Moderate 0(0) 3(100.0) Moderate 2(100.0)  0(0.0)

Marked 10(52.6) 9(47.4) Marked 14(73.7)  5(26.3)

PLA 9% 51 0.231 PLA 93 50 0.101

No 11(55.0) 9(45.0) No 18(90.0)  2(10.0)

Mild 27(42.2) 37(57.8) Mild 47(77.0)  14(23.0)

Marked 8(66.7)  4(33.3) Marked 9(75.0) 3(25.0)

Site of tumour 143 4 0.067 Site of tumour 139 4 0.870

Right 34(58.6) 24(41.4) Right 46(83.6) 9(16.4)

Left 35(41.7) 49(58.3) Left 68(81.9) 15(18.1)

Mix 1(100.0)  0(0) Mix 1(100.0)  0(0)

Abbreviation: ILI, Intratumoral Lymphocytic Infiltration; PLA,
Peritumoral Lymphocytes Aggregates;

#Number of cases with the relevant clinicopathological data. Percentages
are calculated per cases with available data

® Number of missing cases as information was not available

indirectly promote metastasis and angiogenesis in tumour
via inducing stromal cells including fibroblasts [17] or
recruit myeloid-derived suppressive cells (MDSCs) [19]
and macrophages [25, 39] to produce a wide range of
molecules including VEGF and MMP-9.
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Abbreviation: ILI, Intratumoral Lymphocytic Infiltration; PLA,
Peritumoral Lymphocytes Aggregates;

#Number of cases with the relevant clinicopathological data. Percentages
are calculated per cases with available data

® Number of missing cases as clinicopathological data was not available
" Statistically significant, p < 0.05.Statistical analyses by x> test

“For 1 L-17, data for immunostaining was only available for 143 tumour
tissues and 105 adjacent normal tissues due to poor staining in 4 of the
tumour tissues and 8 of the normal adjacent tissue

* Statistically significant, p < 0.05.Statistical analyses by x2 test

*For 1 L-17RA immunostaining, only 113 out of 147 tumour tissues
contained adjacent normal tissue
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Conclusions

In conclusion, the present study demonstrates that loss of IL-
17RA expression in CRC is associated with advanced stage,
high grade of tumour, increased depth of tumour invasion and
vascular invasion. This differs from previous studies in gastric
and non-small cell lung cancer. Our results suggest that the
loss of IL-17RA expression occurs as tumour progresses and
may predict the aggressiveness of the tumour. Therefore, loss
of IL-17RA expression may potentially serve as a prognostic
biomarker for tumour progression in CRC patients. On the
other hand, the presence of IL-17 in tumour cells is associated
with lymph node metastasis. This finding is consistent with
previous reports on the ability of IL-17 to induce secretion of
angiogenic molecules including VEGF, MMP-9 which pro-
mote tumour proliferation and metastasis [19, 20]. It is likely
that IL-17 secreted by tumour cells affects cells in the tumour
microenvironment including stromal cells to promote tumour
proliferation and metastasis.

Compliance with Ethical Standards

Conflict of Interest These authors disclose no conflicts of interests.

References

1. Erreni M, Mantovani A, Allavena P (2011) Tumor-associated
Macrophages (TAM) and inflammation in colorectal cancer.
Cancer Microenviron 4(2):141-154. https://doi.org/10.1007/
$12307-010-0052-5

2. Pernot S, Terme M, Voron T, Colussi O, Marcheteau E, Tartour E,
Taieb J (2014) Colorectal cancer and immunity: what we know and
perspectives. World J Gastroenterol 20(14):3738-3750. https://doi.
org/10.3748/wjg.v20.114.3738

3. Sadanandam A, Lyssiotis CA, Homicsko K, Collisson EA, Gibb
W1J, Wullschleger S, Ostos LC, Lannon WA, Grotzinger C, Del Rio
M, Lhermitte B, Olshen AB, Wiedenmann B, Cantley LC, Gray
JW, Hanahan D (2013) A colorectal cancer classification system
that associates cellular phenotype and responses to therapy. Nat
Med 19(5):619-625. https://doi.org/10.1038/nm.3175

4. Misiakos EP, Karidis NP, Kouraklis G (2011) Current treatment for
colorectal liver metastases. World J Gastroenterol 17(36):4067—
4075. https://doi.org/10.3748/wjg.v17.136.4067

5. Jin W, Dong C (2013) IL-17 cytokines in immunity and inflamma-
tion. Emerg Microbes Infect. 2. https://doi.org/10.1038/emi.2013.
58

6. Punt S, Langenhoff JM, Putter H, Fleuren GJ, Gorter A, Jordanova
ES (2015) The correlations between IL-17 vs. Th17 cells and can-
cer patient survival: a systematic review. Oncoimmunology 4(2):1—
10. https://doi.org/10.4161/2162402X.2014.984547

7. Wu D, Wu P, Huang Q, Liu Y, Ye J, Huang J (2013) Interleukin-
17: a promoter in colorectal cancer progression. Clin Dev Immunol.
2013:436307. https://doi.org/10.1155/2013/436307

8. LiulJ, Duan Y, Cheng X, Chen X, Xie W, Long H, Lin Z, Zhu B
(2011) IL-17 is associated with poor prognosis and promotes an-
giogenesis via stimulating VEGF production of cancer cells in co-
lorectal carcinoma. Biochem Biophys Res Commun 407(2):348—
354. https://doi.org/10.1016/j.bbrc.2011.03.021

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Yu JJ, Gaffen SL (2008) Interleukin-17: a novel inflammatory cy-
tokine that bridges innate and adaptive immunity. Front Biosci
13(13):170-177. https://doi.org/10.2741/2667

Gu C, Wu L, Li X (2013) Cytokine IL-17 family: cytokines, recep-
tors and signaling. Cytokine 64(2):477—485. https://doi.org/10.
1016/j.cyt0.2013.07.022

Song X, Qian Y (2013) IL-17 family cytokines mediated signaling
in the pathogenesis of inflammatory diseases. Cell Signal 25(12):
2335-2347. https://doi.org/10.1016/j.cellsig.2013.07.021

Fabre J, Giustiniani J, Garbar C, Antonicelli F, Merrouche Y,
Bensussan A, Bagot M, Al-Dacak R (2016) Targeting the tumor
microenvironment: The protumor effects of IL-17 related to cancer
type. Int J Mol Sci 17(9). https://doi.org/10.3390/ijms17091433
Doroudchi M, Pishe ZG, Malekzadeh M, Golmoghaddam H,
Taghipour M, Ghaderi A (2013) Elevated Serum IL-17A but not
IL-6 in glioma versus meningioma and schwannoma. Asian Pac J
Cancer Prev 14(9):5225-5230. https://doi.org/10.7314/apjcp.2013.
14.9.5225

Pan B, Shen J, Cao J, Zhou Y, Shang L, Jin S, Cao S, Che D, Liu F,
Yu Y (2015) Interleukin-17 promotes angiogenesis by stimulating
VEGEF production of cancer cells via the STAT3/GIV signaling
pathway in non-small-cell lung cancer. Sci Rep. 2015. https://doi.
org/10.1038/srep16053

Cui G, Yuan A, Goll R, Florholmen J (2012) IL-17A in the tumor
microenvironment of the human colorectal adenoma-carcinoma se-
quence. Scand J Gastroenterol 47(11):1304—1312. https:/doi.org/
10.3109/00365521.2012.725089

Steiner GE, Newman ME, Paikl D, Stix U, Memaran-Dagda N, Lee
C, Marberger MJ (2003) Expression and function of pro-
inflammatory interleukin IL-17 and IL-17 receptor in normal, be-
nign hyperplastic, and malignant prostate. Prostate 56(3):171-182.
https://doi.org/10.1002/pros.10238

Murugaiyan G, Saha B (2009) Protumor vs antitumor functions of
IL-17. J Immunol 183(7):4169-4175. https://doi.org/10.4049/
jimmunol.0901017

Yang JZ, Li Y, Sun LX, Fang J, Kong LJ, Zhang JQ (2014)
Interleukin-17 receptor expression on vascular endothelial cells of
masses of skeletal extramedullary disease in myeloma patients.
Pathol Res Pract 210(9):586—590. https://doi.org/10.1016/j.prp.
2014.04.018

Ibrahim S, Girault A, Ohresser M, Lereclus E, Paintaud G, Lecomte
T, Raoul W (2018) Monoclonal antibodies targeting the IL-17/IL-
17RA axis: an opportunity to improve the efficiency of anti-VEGF
therapy in fighting metastatic colorectal cancer? Clin Colorectal
Cancer 17(1):e109—e113. https://doi.org/10.1016/j.clcc.2017.10.
003

Razi S, BaradaranNoveiry B, Keshavarz-Fathi M, Rezaei N (2019)
IL-17 and colorectal cancer: From carcinogenesis to treatment.
Cytokine 116:7—12. https://doi.org/10.1016/j.cyt0.2018.12.021
Yang B, Kang H, Fung A, Zhao H, Wang T, Ma D (2014) The role
of interleukin 17 in tumour proliferation, angiogenesis, and metas-
tasis. Mediators Inflamm. 2014:. https://doi.org/10.1155/2014/
623759

Amicarella F, Muraro MG, Hirt C, Cremonesi E, Padovan E, Mele
V, Governa V, Han J, Huber X, Droeser RA, Zuber M, Adamina M,
Bolli M, Rosso R, Lugli A, Zlobec I, Terracciano L, Tornillo L,
Zajac P, Eppenberger-Castori S, Trapani F, Oertli D, lezzi
G.(2017). Dual role of tumour-infiltrating T helper 17 cells in hu-
man colorectal cancer. 66:692—704. https://doi.org/10.1136/gutjnl-
2015-310016

Wu Z, He D, Zhao S, Wang H (2019) IL-17A/IL-17RA promotes
invasion and activates MMP-2 and MMP-9 expression via p38
MAPK signaling pathway in non-small cell lung cancer. 455(1—
2):195-206. https://doi.org/10.1007/s11010-018-3483-9

@ Springer


https://doi.org/10.1007/s12307-010-0052-5
https://doi.org/10.1007/s12307-010-0052-5
https://doi.org/10.3748/wjg.v20.i14.3738
https://doi.org/10.3748/wjg.v20.i14.3738
https://doi.org/10.1038/nm.3175
https://doi.org/10.3748/wjg.v17.i36.4067
https://doi.org/10.1038/emi.2013.58
https://doi.org/10.1038/emi.2013.58
https://doi.org/10.4161/2162402X.2014.984547
https://doi.org/10.1155/2013/436307
https://doi.org/10.1016/j.bbrc.2011.03.021
https://doi.org/10.2741/2667
https://doi.org/10.1016/j.cyto.2013.07.022
https://doi.org/10.1016/j.cyto.2013.07.022
https://doi.org/10.1016/j.cellsig.2013.07.021
https://doi.org/10.3390/ijms17091433
https://doi.org/10.7314/apjcp.2013.14.9.5225
https://doi.org/10.7314/apjcp.2013.14.9.5225
https://doi.org/10.1038/srep16053
https://doi.org/10.1038/srep16053
https://doi.org/10.3109/00365521.2012.725089
https://doi.org/10.3109/00365521.2012.725089
https://doi.org/10.1002/pros.10238
https://doi.org/10.4049/jimmunol.0901017
https://doi.org/10.4049/jimmunol.0901017
https://doi.org/10.1016/j.prp.2014.04.018
https://doi.org/10.1016/j.prp.2014.04.018
https://doi.org/10.1016/j.clcc.2017.10.003
https://doi.org/10.1016/j.clcc.2017.10.003
https://doi.org/10.1016/j.cyto.2018.12.021
https://doi.org/10.1155/2014/623759
https://doi.org/10.1155/2014/623759
https://doi.org/10.1136/gutjnl-2015-310016
https://doi.org/10.1136/gutjnl-2015-310016
https://doi.org/10.1007/s11010-018-3483-9

2298

Y.Chaietal.

24.

25.

26.

217.

28.

29.

30.

3L

32.

Ernst M, Putoczki T (2014) IL-17 Cuts to the Chase in Colon
Cancer. Immunity 41(6):880—882. https://doi.org/10.1016/;.
immuni.2014.12.004

Moseley TA, Haudenschild DR, Rose L, Reddi AH (2003)
Interleukin-17 family and IL-17 receptors. Cytokine Growth
Factor Rev 14(2):155-174. https://doi.org/10.1016/S1359-
6101(03)00002-9

Liu Y, Zhao X, Sun X, Li Y, Wang Z, Jiang J, Han H, Shen W,
Corrigan CJ, Sun Y (2015) Expression of IL-17A, E, and F and
their receptors in human prostatic cancer: comparison with benign
prostatic hyperplasia. Prostate 75(16):1844-1856. https://doi.org/
10.1002/pros.23058

Li YX, Zhang L, Simayi D, Zhang N, Tao L, Yang L (2015)
Human papilloma virus infection correlates with inflammatory
Stat3 signaling activity and IL-17 level in patients with colorectal
cancer. 10(2):e0118391. https://doi.org/10.1371/journal.pone.
0118391

Jiang Y, Li P, Yang S, Hao Y, Yu P (2015) Increased chemokine
receptor IL-17RA expression is associated with poor survival in
gastric cancer patients. 8(6):7002—-7008

Wang M, Wang L, Ren T, Xu L, Wen Z (2013) IL-17A/IL-17RA
interaction promoted metastasis of osteosarcoma cells. Cancer Biol
Ther 14(2):155-163. https://doi.org/10.4161/cbt.22955

Yan C, Huang WY, Boudreau J, Mayavannan A, Cheng Z, Wang J
(2019) IL-17R deletion predicts high-grade colorectal cancer and
poor clinical outcomes. Int J Cancer 145(2):548-558. https://doi.
org/10.1002/ijc.32122

Fujii T, Sutoh T, Morita H, Yajima R, Yamaguchi S, Tsutsumi S,
Asao T, Kuwano H (2014) Vascular invasion, but not lymphatic
invasion, of the primary tumor is a strong prognostic factor in pa-
tients with colorectal cancer. Anticancer Res 34(6):3147-3152
Xie Z,QuY, Leng Y, Sun W, Ma S, Wei J, Hu J, Zhang X (2015)
Human colon carcinogenesis is associated with increased

@ Springer

33.

34.

3s.

36.

37.

38.

39.

interleukin-17-driven inflammatory responses. Drug Des Devel
Ther 9:1679-1689. https://doi.org/10.2147/DDDT.S79431

Wu D, Wu P, Huang Q, Liu Y, Ye J, Huang J (2013) Interleukin-
17: a promoter in colorectal cancer progression. Clin Dev Immunol.
2013:436307. https://doi.org/10.1155/2013/436307

Tseng JY, Yang CY, Liang SC, Liu RS, Yang SH, Lin JK, Chen
YM, Wu YC, Jiang JK, Lin CH (2014) Interleukin-17A modulates
circulating tumor cells in tumor draining vein of colorectal cancers
and affects metastases. Clin Cancer Res 20(11):2885-2897. https:/
doi.org/10.1158/1078-0432.CCR-13-2162

LinY, XuJ, SuH, Zhong W, Yuan Y, YuZ, Fang Y, Zhou H, LiC,
Huang K (2015) Interleukin-17 is a favorable prognostic marker for
colorectal cancer. Clin Transl Oncol 17(1):50-56. https://doi.org/
10.1007/512094-014-1197-3

Qiu L, He D, Fan X, Li Z, Liao C, Zhu Y, Wang H (2011) The
expression of interleukin (IL)-17 and IL-17 receptor and MMP-9 in
human pituitary adenomas. Pituitary 14(3):266-275. https://doi.
org/10.1007/s11102-011-0292-5

Rizzo A, Pallone F, Monteleone G, Fantini MC (2011) Intestinal
inflammation and colorectal cancer: a double-edged sword? World
J Gastroenterol. 14;17(26):3092 — 100. https://doi.org/10.3748/wjg.
v17.i26.3092

Chow MT, Moller A, Smyth MJ (2012) Inflammation and immune
surveillance in cancer. Semin Cancer Biol 22(1):23-32. https:/doi.
org/10.1016/j.semcancer.2011.12.004

Riabov V, Gudima A, Wang N, Mickley A, Orekhov A,
Kzhyshkowska J (2014) Role of tumor associated macrophages
in tumor angiogenesis and lymphangiogenesis. Front Physiol 5:
75. https://doi.org/10.3389/fphys.2014.00075

Publisher's Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.immuni.2014.12.004
https://doi.org/10.1016/j.immuni.2014.12.004
https://doi.org/10.1016/S1359-6101(03)00002-9
https://doi.org/10.1016/S1359-6101(03)00002-9
https://doi.org/10.1002/pros.23058
https://doi.org/10.1002/pros.23058
https://doi.org/10.1371/journal.pone.0118391
https://doi.org/10.1371/journal.pone.0118391
https://doi.org/10.4161/cbt.22955
https://doi.org/10.1002/ijc.32122
https://doi.org/10.1002/ijc.32122
https://doi.org/10.2147/DDDT.S79431
https://doi.org/10.1155/2013/436307
https://doi.org/10.1158/1078-0432.CCR-13-2162
https://doi.org/10.1158/1078-0432.CCR-13-2162
https://doi.org/10.1007/s12094-014-1197-3
https://doi.org/10.1007/s12094-014-1197-3
https://doi.org/10.1007/s11102-011-0292-5
https://doi.org/10.1007/s11102-011-0292-5
https://doi.org/10.3748/wjg.v17.i26.3092
https://doi.org/10.3748/wjg.v17.i26.3092
https://doi.org/10.1016/j.semcancer.2011.12.004
https://doi.org/10.1016/j.semcancer.2011.12.004
https://doi.org/10.3389/fphys.2014.00075

	Loss of Interleukin-17RA Expression is Associated with Tumour Progression in Colorectal Carcinoma
	Abstract
	Introduction
	Materials and Methods
	Patients and Specimens
	Immunohistochemistry
	Evaluation of IHC Staining Results with IL-17 and IL-17RA
	Statistical Analysis

	Results
	Expression of IL-17RA and IL-17 in Primary Colorectal Carcinoma
	Downregulation of IL-17RA Expression is Associated with Progression of Tumour in Colorectal Carcinoma Patients

	Discussion
	Conclusions
	References


