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ABSTRACT

Background: Interleukin-17A is a proinflammatory cytokine that is produced by TH17 cells, and plays a dual role in tumor progression,
infectious diseases, and autoimmune disorders. Interleukin-17A is induced during colorectal tumorigenesis and angiogenesis, although
some studies have reported an anti-tumor effect as well. The aim of our study was to assess the prognostic role of interleukin-17A in
colorectal cancer and determine the potential mechanisms.

Methods: The GEO database was searched using the keyword “colorectal cancer”, and 10 datasets were identified that included inter-
leukin-17A mRNA expression and survival data of several colorectal cancer patient cohorts. The patients were stratified into the inter-
leukin-17A"" and interleukin-17A°" groups based on the median expression level.

Results: Higher interleukin-17A mRNA levels were associated with better overall survival rates and the early tumor stage, indicating a
protective role of interleukin-17A in colorectal cancer. Furthermore, interleukin-17A mRNA expression also correlated positively with that
of TNFS11, CCR6, and CCL20, indicating that the anti-tumor effect of interleukin-17A is likely mediated by enhancing tumor antigen
presentation by dendritic cells and recruiting the activated tumor-specific CD8* cytotoxic T lymphocytes. The IL-23 and STAT3 mRNA
levels were also significantly higher in the interleukin-17A"s" group, which points to an upstream regulatory role of IL-23/STAT3 axis.
Finally, the immune checkpoints PDCD1 (PD-1) and CD274 (PDL-1) were also positively correlated with interleukin-17A mRNA expres-
sion, indicating that interleukin-17A is a promising predictor of the immunotherapeutic outcome of PD-1/PDL-1 blockade in colorectal
cancer.

Conclusion: Interleukin-17A mRNA is a protective factor in colorectal cancer and a promising biomarker for assessing the prognosis and
immunotherapeutic response.
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CRC is often considered an immunogenic malig-

Colorectal cancer (CRC) is a common malignancy of the
digestive tract, and its incidence rate is steadily increas-
ing worldwide. It is estimated to become the third most
commonly diagnosed cancer in China." A greater under-
standing of the colorectal tumorigenic mechanisms and
the development of individualized treatment strategies
have improved clinical outcomes over the last 20 years.
Multiple factors such as poor diet, old age, genetic land-
scape and somatic mutations have been identified that
increase the risk of CRC.2 In addition, recent studies have
also associated the tumor microenvironment (TME) with
the progression and clinical outcome of CRC.® The TME
consists of tumor cells, stromal cells and the infiltrating
immune cells that produce large amounts of cytokines
with both pro- and anti-tumorigenic effects.* Due to this
highly complex and heterogenous immune landscape,
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nancy.*>® Colorectal cancer cells evade elimination by the
host immune system during the initial stages of tumor
growth and invasion.” Furthermore, the immune cells
infiltrating into the TME aggravate tumor progression by
promoting inflammation, stromal cell proliferation, vas-
cularization and metastases.® Although the rapid tumor
growth elicits an immune response characterized by the
recruitment and activation of CD8* cytotoxic T lympho-
cytes (CTLs) that release granzyme B and interferon-
gamma,® some immune cells and cytokines in the TME
demonstrate plasticity in terms of inhibiting and promot-
ing tumor growth.®

Given the crucial role of immune cells and inflamma-
tory factors in tumor development and progression, it is
essential to identify cytokine biomarkers that can predict
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patient prognosis and therapeutic effect." IL-17 com-
prises of a family of 5 pro-inflammatory cytokines, includ-
ing IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F,'2 that are
mainly secreted by CD4+ T-helper (Th17) cells, natural
killer cells, CD8+ T cells, neutrophils, macrophages and
dendritic cells (DCs).'®'* Th17 cells are a major infiltrating
immune cell type in tumors, and produce pro-tumorigenic
cytokines like interlukin-17A (IL-17A)."® Interlukin-17A
is regulated by several transcription factors such as
NFATc1, ROR and STAT3 that are in turn activated by
IL-23."6-"8 Studies have reported high levels of IL-17A in
the sera and tumor tissues of CRC patients, which cor-
relate significantly with worse prognosis.’”® It not only
enhances CRC cell proliferation but also promotes angio-
genesis by stimulating VEGF secretion from the tumor
cells.®® In contrast, some studies have reported an anti-
tumor role of IL-17A in CRC.?'22 Interlukin-17A activates
chemokines like CCR6 and CCL20 that are known to
recruit anti-tumor cytotoxic CD8+ T cells. In addition,
TNFSF11 (RANKL)-mediated tumor antigen presentation
by the DCs to cytotoxic CD8+ T cells is also dependent on
IL-17A.28 Furthermore, Karabulut et al** found no associa-
tion between IL-17 levels and the overall survival of CRC
patients. Therefore, the prognostic relevance of IL-17A in
CRC remains to be established. To this end, we assessed
the correlation between IL-17A mRNA expression and
prognosis of CRC patients from GEO datasets. In addi-
tion, we also determined the possible mechanisms under-
lying the inhibitory effect of IL-17A, as well as its ability to
predict the immunotherapy outcome in CRC.

MATERIALS AND METHODS

The relevant datasets in the GEO database were searched
using the keyword “colorectal cancer” by 2 investigators
independently. Any discrepancies were resolved following
a discussion with the team.

Main Points

Higher interleukin-17A (IL-17A) mRNA levels were associ-
ated with better overall survival rates and the early tumor
stage in colorectal cancer (CRC).

Interleukin-17A  mRNA expression correlated positively
with that of TNFS11, CCR6, and CCL20, indicating that the
anti-tumor effect of IL-17A is likely mediated by the acti-
vated tumor-specific CD8* cytotoxic T lymphocytes.
IL-23/STAT3 axis plays an upstream regulatory role of
IL-17A.

Interleukin-17A is a promising predictor of the immuno-
therapeutic outcome of PD-1/PDL-1 blockade in CRC.

The clinical information and IL-17A expression data were
extracted from 10 datasets by 2 authors independently.
The first author's name, country or region, publication
year, sample number, tumor stage, survival time, and sur-
vival status were recorded. The IL-17A mRNA expression
and survival data were analyzed using the “GEO2R" pro-
gram. The quality of the datasets was assessed accord-
ing to the Newcastle-Ottawa Quality Assessment Scale
(NOS), and the scores ranging from 6 to 9 indicated high-
quality studies.

Statistical Analysis

Interleukin-17A mRNA expression data were extracted
and expressed as metric variables. The median cutoff
was determined by Yoden Index according to the sur-
vival status, and the patients were stratified into the high
expression and low expression groups. The survival curve
was plotted using the Kaplan-Meier method. Hazard risks
(HRs) and 95% ClI were calculated using the Cox propor-
tional hazards model to measure the prognostic effect of
IL-17A mRNA. The heterogeneity of the pooled HR was
evaluated by the Cochran Q and I? test. The random-
effect model was used when P < .1 or I?> 50%, and the
fixed-effect model was employed when P> .1 or I2< 50%.
Publication bias was assessed by the Revman funnel
chart. The weighted mean difference and 95% CI were
used to express the effective level of measurement data.
P < .05 was considered statistically significant.

RESULTS

Study Characteristics

The initial search yielded 2357 relevant datasets, of which
2018 were retrieved after screening for the study type and
organism. After analyzing the clinical characteristics and
survival outcome, the GSE17538, GSE16125, GSE17536,
GSE17537, GSE38832, GSE39582, GSE75500,
GSE87211, GSE103479, and GSE71187 datasets were
selected that met the inclusion criteria (Figure 1). The
clinical characteristics of all included studies are sum-
marized in Table 1. The studies were conducted across
the United Kingdom, Italy, USA, France, China, and the
Netherlands, and all reported overall survival and IL-17A
MRNA expression. The NOS scores of the studies ranged
from 6 to 9, indicating the high quality of the results.

Overall Survival

The Kaplan—-Meier curves of all 10 datasets are shown in
Figures 2 and 3. Univariate analysis was performed on the
survival status and duration, and IL-17A mRNA expression,
and the forest plots of the HRs for overall survival (OS) are
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Figure 1. Flow diagram of the dataset selection process.

shown in Figure 4A. The fixed-effects model was used
due to lack of significant heterogeneity (2= 11%, P = .34).
Higher expression of IL-17A mRNA was associated with
longer OS (HR = 0.86; 95% Cl = 0.76-0.97; P = .01). The
sensitivity analysis was performed by excluding individual
studies that did not significantly alter the results, indicat-
ing reliability. Finally, the Revman funnel plot did not show
any significant publication bias (data not shown).

Tumor Stage

Eight datasets included information on the tumor stage.
The patients were stratified into early stages (I and Il) and
advanced stages (lll and 1V), and higher IL-17A mRNA lev-
els correlated to early stage of the disease (SMD = 0.28;
95% Cl = 0.18-0.39; P < .00001; Figure 4B). The fixed-
effects model was used due to a lack of obvious statistical

Table 1. Characteristics of Datasets for Pooled Meta-Analysis

heterogeneity (I?= 36%, P = .14), sensitivity analysis indi-
cated overall reliable results, and no significant publication
bias was detected across the 8 studies (data not shown).

Anti-tumor Mechanism

Ten datasets included the expression data of
TNFSF11 and CCR6-CCL20 mRNAs, which medi-
ate the anti-tumor effects of IL-17A. As shown in
Figure 4C,4D,4E, higher IL-17A mRNA expression was
associated with higher levels of TNFSF11 (SMD = -0.13;
95% Cl = -0.23, —0.02; P = .02), CCL20 (SMD = -0.64;
95% Cl = —-0.75, —0.53; P < .00001) and CCR6 (SMD =
—0.46;95% Cl = -0.57, —0.35; P <.00001). This strongly
indicates that the anti-tumor activity of IL-17A in CRC
is mediated by DCs expressing TNFS11 and the CCR6-
CCL20 chemotactic axis, which induce the engagement
of the CD8+ T cells. Sensitivity analysis indicated reliable
results and no significant publication bias was detected
(data not shown).

Regulation of IL-17A

IL-23 is essential for the differentiation of Th17 cells and
IL-17 secretion. In addition, the IL-23/STAT3/IL-17 axis
plays an important role in tumor progression and inflam-
mation. Ten datasets included the data of IL-23/
STAT3 expression, and higher IL-17A mRNA level was
associated with higher levels of both IL-23 (SMD =-0.23;
95% CI = -0.34, —0.12; P < .0001) and STAT3 (SMD =
—0.14;95% Cl=-0.25,-0.03; P=.009) mRNAs (Figure 5A
and 5B) as per the fixed-effects model. The Revman fun-
nel plot indicated a lack of any significant publication bias
across the 10 studies (data not shown). Taken together,
these findings suggest that IL-23 promotes IL-17 pro-
duction in the CRC tissues via the STAT3 pathway.

GEO Datasets Author Year Country Sample Size Stage Outcome Measures Quality Score
GSE103479  Allen W 2017 United Kingdom 156 11/11(84/72) oS 8
GSE16125 Reid JF 2009 Italy 36 I/1I/N1/IV(1/5/8/19) oS 6
GSE17536 Smith JJ 2009 USA 177 I/1I/NI/IV(24/57/57/39) oS 8
GSE17537 Smith JJ 2009 USA 55 I/I/NI/IV(4/15/19/17) oS 6
GSE17538 Smith JJ 2009 USA 244 I/1I/NI/IV(24/57/57/39) oS 8
GSE38832 Beauchamp RD 2014 USA 122 I/1I/11/1V(18/35/39/30) oS 7
GSE39582 Marisa L 2013 France 585 I/1I/11/1V(38/271/210/60) oS 9
GSE71187 Ning A 2017 China 189 1/1I/N1/1V(13/28/52/6) oS 8
GSE75500 vanden BroekE 2016 Netherlands 114 1/11(57/57) oS 8
GSE87211 HuY 2017 USA 363 NR oS 9

NR, not report; OS, overall survival.
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Figure 2. High mRNA expression of IL-17A in colorectal cancer patients was associated with a better prognosis. (A) Kaplan-Meier analysis
of dataset GSE16125. (B) Kaplan—-Meier analysis of dataset GSE17536. (C) Kaplan—-Meier analysis of dataset GSE17537. (D) Kaplan-Meier
analysis of dataset GSE17538. (E) Kaplan—-Meier analysis of dataset GSE38832. (F) Kaplan-Meier analysis of dataset GSE39582. IL-7A,
interleukin-17A.

Association of IL-17A mRNA and Immunosuppression

Given the dynamic tumor immune microenvironment,
IL-17A can elicit both cytotoxic and immunosuppres-
sive effects. Therefore, we also analyzed the expres-
sion of the major immunosuppressive molecules PDCD1
(PD-1) and CD274 (PD-L1). Nine datasets included the
data of PDCD1 and CD274 mRNA expression levels, which
correlated significantly with that of IL-17A (PDCD1: SMD

=-0.27;95% Cl = -0.38, -0.16; P < .00001; CD274: SMD
=-0.22;95% Cl=-0.33,-0.11; P<.0001) as shown in the
forest plots in Figure 5C and 5D. The fixed-effects model
was used as 2 < 50%. Revman funnel plot did not show
any significant publication bias (data not shown). Previous
studies show that overexpression of both PD-1 and
PD-L1 is independent factors associated with better
survival and response to immune checkpoint inhibitors
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Figure 3. High mRNA expression of IL-17A in colorectal cancer patients was associated with a better prognosis. (A) Kaplan-Meier analysis
of dataset GSE71187. (B) Kaplan-Meier analysis of dataset GSE75500. (C) Kaplan-Meier analysis of dataset GSE87211. (D) Kaplan-Meier
analysis of dataset GSE103479. IL-7A, interleukin-17A.

(ICls) in dMMR CRC. According to our findings, there-
fore, IL-17A mRNA level is a promising predictor of the
response to anti-PD-1 and anti-PD-L1 immunotherapy.

DISCUSSION

Colorectal cancer is a multifactorial malignancy with
complex mechanisms underlying its development and
progression.2®> The TME not only plays an important role
in CRC initiation and progression but also the efficacy of
chemotherapy and immunotherapy.?5?’ Cytokines and
chemokines mediate the interactions between the tumor
cells and immediate microenvironment,?® and are there-
fore potential prognostic and therapeutic biomarkers of

CRC and other tumors. The aim of our study was to assess
the clinical relevance of IL-17A mRNA levels in CRC using
data extracted from GEO datasets of several large patient
cohorts.

Interleukin-17A is a pro-inflammatory cytokine that is
associated with CRC progression, and regulates tumor cell
growth and differentiation, as well as the tumor immune
microenvironment.'? However, the predictive relevance of
IL-17Ain the clinical outcome and survival of CRC patients
is ambiguous at present.2® Chen et al*® showed that high
expression of IL-17A is a predictive marker of poor prog-
nosis in CRC patients, whereas Tseng et al®! found that
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A Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
GSE103479 -0.1684 0.4064 2.2% 0.85[0.38, 1.87] /T
GSE16125 0.0573 0.3619 2.8% 1.06[0.52,2.15] 1
GSE17536 -0.8916 0.3951 24% 0.41[0.19, 0.89] -
GSE17537 -0.393 0.7126  0.7% 0.68[0.17, 2.73] _
GSE17538 -0.4927 0.2174  7.9% 0.61[0.40, 0.94] -
GSE38832 -0.0111 0.1 37.1% 0.99[0.81, 1.20] Ld
GSE39582 -0.0987 0.1222 24.9% 0.91[0.71, 1.15] ki
GSE71187 -0.145 0.1807 11.4% 0.87[0.61, 1.23] -
GSE75500 0.0276 0.7296  0.7% 1.03[0.25, 4.30] -1
GSE87211 -0.3901 0.1939  9.9%  0.68 [0.46, 0.99] -]

Total (95% CI) 100.0% 0.86 [0.76, 0.97] [

Heterogeneity: Chi? = 10.15, df =9 (P = 0.34); 2= 11%
Test for overall effect: Z = 2.44 (P = 0.01)

B

0.005 0.1 10 200
Favours [experimental] Favours [control]

-

stage 1 Il stage III IV Std. Mean Difference Std. Mean Difference
_Study or Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
GSE16125 5.48626 0.30290187 6 5.4518981 0.26612872 27 1.4% 0.12[-0.76, 1.01] - 1
GSE17536 4.486568 0.47357025 81 4.2786148 0.26892872 96 12.4% 0.55 [0.25, 0.85]
GSE17537 3.9010142 0.25244838 19 3.8723558 0.3913972 36 3.7% 0.08 [-0.48, 0.64] N
GSE17538 4.3753128 0.496101 100 4.1678169  0.355476 132 16.3% 0.49[0.23, 0.75] -
GSE38832 4.2953079 2.03642623 53 4.3866948 1.92738176 69  8.8% -0.05 [-0.40, 0.31] -1
GSE39582 3.2086647 0.64333698 309 3.0934906 0.56147031 270 42.2% 0.19[0.03, 0.35] -
GSE71187 0.0636703 0.66272484 41 -0.2098863 1.02112243 58 7.0% 0.30[-0.10, 0.71] T
GSE75500 0.0808644 0.21161354 59 -0.0079091 0.22778907 55 8.2% 0.40[0.03, 0.77] —
Total (95% CI) 668 743 100.0% 0.28 [0.18, 0.39] *
Heterogeneity: Chiz = 10.92, df = 7 (P = 0.14); I2 = 36% 1 0 s o o5
Test for overall effect: Z = 5.22 (P < 0.00001) : :
C low expression high expression Std. Mean Difference Std. Mean Difference
_Study or Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
GSE103479 7.7184545 0.9877868 11 7.2069655 0.97864661 144 3.0% 0.52[-0.10, 1.14] T
GSE16125 5.5579575 0.41641933 16 5.5865016 0.28386352 19 2.6% -0.08 [-0.74, 0.59] —
GSE17536 7.7682451 0.75796557 73 7.9268591 0.68023524 104 12.6% -0.22[-0.52, 0.08] -/ T
GSE17537 8.1160678 1.21739016 27 8.1604382 1.37566142 28 4.1% -0.03 [-0.56, 0.50] I
GSE17538 7.9463891 0.60993605 126 8.0095718 0.54477696 106 17.0% -0.11[-0.37, 0.15] -/
GSE38832 10.2358628  1.3068977 80 10.5423379 1.36429302 42 8.1% -0.23 [-0.60, 0.15] -
GSE39582 7.242521 1.56242755 134 7.54271 1.30392179 451 30.5% -0.22[-0.41, -0.03] —=
GSE71187 0.3250718 0.95260452 12 0.2435944 1.13098118 40 2.7% 0.07 [-0.57, 0.72] -
GSE75500 0.4920417 0.43309682 72 0.5225476 0.37466585 42 7.8% -0.07 [-0.45, 0.31] -1
GSE87211 8.0285833 1.12158403 150 8.0703623 1.09437462 53  11.6% -0.04 [-0.35, 0.28] T
Total (95% Cl) 701 1029 100.0% -0.13 [-0.23, -0.02] L 4

Heterogeneity: Chi? = 6.70, df = 9 (P = 0.67); I?= 0% t + + +
Test for overall effect: Z = 2.35 (P = 0.02) ) }

D low expression high expression Std. Mean Difference Std. Mean Difference
__Study or Mean SD_Total Mean SD_Total Weight V, Fixed, 95% CI IV, Fixed, 95% CI

GSE103479 7.10976 0.440357 11 7.7810861 0.59576858 144 3.0% -1.14[-1.76,-051 —
GSE16125 8.92133 1.06055941 16 9.1935289 1.03186704 19 27% -0.25[-0.92, 0.41] _
GSE17536 10.7345123  1.2214944 73 11.4287513 1.0595749 104 12.6% -0.61[-0.92, -0.31] -
GSE17537 10.1912162 1.19172538 21 11.0105729 1.16100593 34 3.8% -0.69 [-1.25, -0.13]
GSE17538 10.6724944 1.21362624 126 11.4702856 1.03687157 106 16.7% -0.70 [-0.97, -0.43] -
GSE38832 11.640606 1.61665606 80 12.7540143 1.44559425 42  8.0% -0.71[-1.09, -0.32] -
GSE39582 8.8242804 1.61335905 134 9.8853508 1.47697472 451 30.5% -0.70 [-0.90, -0.51] =
GSE71187 0.6029248 1.06893687 12 0.8995945 1.00632873 40  28% -0.29 [-0.93, 0.36] - 1
GSE75500 -0.0094722 0.21007014 72 0.0565238 0.23531372 42  8.1% -0.30 [-0.68, 0.08] I
GSE87211 12.831176  1.4008992 150 13.6855906 1.39410021 53 11.7% -0.61[-0.93, -0.29] -
Total (95% Cl) 695 1035 100.0% -0.64 [-0.75, -0.53] *

Heterogeneity: Chiz = 8.71, df = 9 (P = 0.46); I = 0% T T
Test for overall effect: Z = 11.45 (P < 0.00001) ) )

E low expression high expression Std. Mean Difference Std. Mean Difference

__Study or Mean SD_Total Mean SD_Total Weight V, Fixed, 95% CI 1V, Fixed, 95% CI
GSE103479 1.9670255 0.27506237 1 2.036816 0.23558544 144 3.1% -0.29[-0.91, 0.32] _
GSE16125 7.4931994 0.43570903 16  7.6833205 0.40562122 19 2.6% -0.44 [-1.12,0.23] —
GSE17536 5.7648705 0.23947302 73 5.9583038 0.33856661 104 12.4% -0.64 [-0.94, -0.33] -
GSE17537 5.7389129 0.25377446 21 57121462 0.30701586 34 3.9% 0.09[-0.45, 0.64] - 1
GSE17538 5.7548608 0.27701929 126 59444984 0.32818213 106 16.7% -0.63 [-0.89, -0.36] -
GSE38832 6.4089611 1.03022913 80 6.9568733 0.76352971 42 8.1% -0.57 [-0.96, -0.19] -
GSE39582 3.8218076 0.49558575 134 4.0610923 0.56045012 451 30.9% -0.44 [-0.63, -0.24] -
GSE71187 0.0434499  0.7029139 12 -0.2065331 0.89696842 40 2.8% 0.29[-0.36, 0.93] -1
GSE75500 -0.0290833 0.20283725 72 0.0034762 0.18507997 42 8.0% -0.16 [-0.55, 0.22] I
GSE87211 11.501344 0.55723902 150 11.8349094 0.51604686 53  11.5% -0.61[-0.93, -0.29] -
Total (95% CI) 695 1035 100.0%  -0.46 [-0.57, -0.35] L

Heterogeneity: Chi = 15.70, df = 9 (P = 0.07); I? = 43% t
Test for overall effect: Z = 8.29 (P < 0.00001)

Figure 4. (A) Forest plots of studies evaluating hazard ratios of high IL-17A mRNA expression in colorectal cancer for overall survival. (B)
IL-17A mRNA expression level between early stage and advanced stage in colorectal cancer. (C) TNFSF11 mRNA expression level between
high IL-17A group and low IL-17A group. (D) CCL20 mRNA expression level between high IL-17A group and low IL-17A group. (E) CCR6
mRNA expression level between high IL-17A group and low IL-17A group. IL-7A, interleukin-17A.
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A low expression high expression Std. Mean Difference Std. Mean Difference
r Mean SD_Total Mean SD Total Weight 1V, Fixed. 95% Cl 1V, Fixed. 95% CI
GSE103479 3.2774436 0.29248856 11 3.4084708 0.30821993 144  3.0% -0.42[-1.04,0.19] B
GSE16125 6.7587413 0.57265547 16 6.7928011 0.73475406 19 26% -0.05[-0.72, 0.62] —
GSE17536 6.4261305 0.1343117 73 6.4607365 0.13933607 104 12.7% -0.25 [-0.55, 0.05] -/
GSE17537 7.2117514 0.22640563 21 7.3062232 0.32373426 34 3.8% -0.32[-0.87, 0.23] -
GSE17538 5.9541633 0.62026658 126 6.1847221 0.321721 106 16.7% -0.45[-0.72, -0.19] -
GSE38832 4.421447 1.22110922 80 4.5896548 1.13568448 42  82% -0.14 [-0.51, 0.23] I
GSE39582 3.6548117 0.19290112 134 3.7115184 0.21433933 451 30.6% -0.27 [-0.46, -0.08] —
GSE71187 -0.3946215  0.415463 12 0.2524804 1.28889048 40 2.7% -0.55[-1.21, 0.10] -
GSE75500 0.1321111 0.27308316 72 0.083881 0.26471302 42 7.9% 0.18 [-0.20, 0.56] N
GSE87211 9.8258193 1.24059777 150 9.8535245 1.16160922 53 11.7% -0.02 [-0.34, 0.29] -1
Total (95% Cl) 695 1035 100.0% -0.23 [-0.34, -0.12] 2
Heterogeneity: Chiz = 10.99, df = 9 (P = 0.28); I2 = 18% 1 0 5 o 0‘5 1
Test for overall effect: Z = 4.25 (P < 0.0001) ' ’
B Experimental Control Std. Mean Difference Std. Mean Difference
_ Study or Subgroup Mean SD_Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
GSE103479 10.0657909 0.38612585 11 9.8447443 0.45973656 144  3.0% 0.48 [-0.13, 1.10] B
GSE16125 7.2398413 0.61728048 16 6.8288368 0.49318289 19  24% 0.73 [0.04, 1.42]
GSE17536 4.5405932  0.276079 73 4.6482243 0.2065318 104 12.5% -0.45 [-0.75, -0.15] -
GSE17537 4.4282971 0.16679035 21 4.5089403 0.22775874 34  3.8% -0.38 [-0.93, 0.16] -
GSE17538 9.8092075 0.37056577 126 9.9064598 0.25125131 106 17.0% -0.30 [-0.56, -0.04] -
GSE38832 5.7221354 1.08085635 80 5.6709543 1.45183658 42 82% 0.04 [-0.33, 0.42] -1
GSE39582 3.0764056 0.40681668 134 3.1206808 0.38778127 451 30.8% -0.11[-0.31, 0.08] .-
GSE71187 -0.1439502 0.33699214 12 -0.028624 0.5070784 40  2.7% -0.24 [-0.89, 0.41] - 1
GSE75500 -0.1803194 0.27177765 72 -0.1682381 0.30830036 42 7.9% -0.04 [-0.42, 0.34] I
GSE87211 8.623096 0.61838792 150 8.6772094 0.49159976 53 11.7% -0.09 [-0.40, 0.22] T
Total (95% Cl) 695 1035 100.0% -0.14 [-0.25, -0.03] ¢
Heterogeneity: Chiz = 17.72, df = 9 (P = 0.04); I = 49% 2 1 0 1
Test for overall effect: Z = 2.60 (F = 0.009) Favours [experimental] Favours [control]
C low expression high expression Std. Mean Difference Std. Mean Difference
r r Mean SD Total Mean D Total Weigh IV, Fix % Cl IV, Fixed, 95% Cl
GSE103479 3.9302064 0.19999942 11  4.066659 0.22233385 144  3.1% -0.61[-1.23, 0.00]
GSE17536 7.1245403 0.21383401 73 7.1676107 0.21628981 104 13.1% -0.20 [-0.50, 0.10] -
GSE17537 6.7332181 0.13359282 21 6.7696756 0.2154118 34 4.0% -0.19 [-0.74, 0.35] - 1
GSE17538 6.9765936 0.27473854 126 7.1218746 0.22509686 106 17.0% -0.57 [-0.84, -0.31] -
GSE38832 5.078035 1.10779103 80 4.9912576 1.0956455 42  85% 0.08 [-0.30, 0.45] I
GSE39582 5.5776155 0.24585324 134 5.6541552 0.25977223 451 31.5% -0.30 [-0.49, -0.10] —a
GSE71187 0.0124118 0.74582663 12 0.016475 0.89770097 40  2.8% -0.00 [-0.65, 0.64] —
GSE75500 0.0554444 0.24201792 72 0.0429286 0.23403954 42 81% 0.05[-0.33, 0.43] A
GSE87211 8.904516 0.53228947 150 9.0882057 0.67922384 53 11.9% -0.32[-0.63, -0.00] -
Total (95% Cl) 679 1016 100.0% -0.27 [-0.38, -0.16] <
Heterogeneity: Chi? = 13.43, df = 8 (P = 0.10); I = 40% 1 0 = 0 0’5 1
Test for overall effect: Z = 4.89 (P < 0.00001) ’ :
D low expression high expression Std. Mean Difference Std. Mean Difference
r r n D _Total M D _Total Weigh IV, Fix % Cl IV, Fixed % Cl
GSE103479 4.5499282 0.36580171 11 4.5249895 0.41098237 144  3.1% 0.06 [-0.55, 0.67] —
GSE17536 6.218337 0.21193574 73 6.3642845 0.31306115 104 12.7% -0.53 [-0.83, -0.22] -
GSE17537 6.2554395 0.27969776 21 6.3337247 0.26777286 34  3.9% -0.28 [-0.83, 0.26] -
GSE17538 6.247765 0.23747363 126  6.370912 0.31366491 106 17.2% -0.45[-0.71, -0.18] -
GSE38832 6.7898523 1.15944794 80 6.9097071 1.11555288 42  84% -0.10[-0.48, 0.27] -1
GSE39582 5.1374416 0.38900964 134 5.1541281 0.34547924 451 31.7% -0.05[-0.24, 0.15] .
GSE71187 -0.1049154 0.57822094 12 0.173825 0.94545052 40 2.8% -0.31[-0.96, 0.34] I
GSE75500 -0.0933056 0.21511154 72 -0.0755714 0.22831185 42 81% -0.08 [-0.46, 0.30] - 1
GSE87211 6.3036753 1.01431739 150 6.5247868 0.85419181 53 11.9% -0.23 [-0.54, 0.09] -
Total (95% Cl) 679 1016 100.0% -0.22 [-0.33, -0.11] L 4
itv: Chi2 = = = - 12 = 399 t t t t
Heterogeneity: Chi? = 11.70, df = 8 (P = 0.17); I? = 32% 1 05 0 05 1

Test for overall effect: Z = 3.95 (P < 0.0001)

Figure 5. (A) IL-23 mRNA expression level between high IL-17A group and low IL-17A group. (B) STAT3 mRNA expression level between
high IL-17A group and low IL-17A group. (C) PDCD1 mRNA expression level between high IL-17A group and low IL-17A group. (D) CD274
MRNA expression level between high IL-17A group and low IL-17A group. IL-7A, interleukin-17A.
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patients with higher serum levels of IL-17A had a shorter
disease-free survival. Furthermore, Liu et al?’ showed that
IL-17 is associated with poor prognosis and promotes
angiogenesis in colorectal tumors by stimulating VEGF
secretion by the cancer cells. However, Lin et al*2 reported
better overall survival in patients with higher IL-17 expres-
sion. In our study as well, higher IL-17A mRNA levels were
associated with greater overall survival rates in 10 patient
cohorts, although the trend was not statistically signifi-
cant in 7 cohorts. Sharp et al®® showed that advanced
CRC stage was associated with elevated tumor levels
of IL-17, whereas we found that higher IL-17A mRNA
expression correlated to the early tumor stage. Thus, our
findings point to a protective rather than a tumorigenic
role of IL-17A in CRC. Our study is the first to investigate
the association between IL-17A mRNA and CRC progno-
sis based on the data of patients from all tumor stages
(except for the GSE103479 and GSE75500 datasets that
included only stage Il and Ill patients, and GSE87211 that
did not include tumor stage data). In contrast, the study
of Liu focused only on stage Il patients.?°

The aforementioned differences in prognostic relevance
can be attributed to the distinct detection methods. All
of the previous studies analyzed the in situ IL-17 protein
expression by immunohistochemistry that character-
ized tissue localization as well. For instance, Amicarella
et al?' found that an abundance of intraepithelial IL-17+
cells but not of stromal IL-17+ cells was associated with
improved prognosis. Our findings on the other hand are
based on the IL-17A mRNA levels in both tumor and stro-
mal cells. Furthermore, the ethnic and geographical dif-
ferences across the studies included in our meta-analysis
may also contribute to the discrepancy.

The mechanisms underlying the anti-tumor effects of
IL-17A are poorly understood. IL-17 promotes tumor
invasion by increasing MMP-9 expression and VEGF-
dependent angiogenesis,'® which is counterbalanced
by the recruitment of CD16+ neutrophils and antigen-
specific CTLs to the tumor tissues.?' This dual role of
IL-17A in the microenvironment of CRC is not completely
understood and maybe highly dynamic depending on the
state of the adaptive immune system.®* For instance, we
observed significantly higher levels of TNFSF11 (RANKL),
CCR6 and CCL20 in the IL-17AMe" versus IL-17A" groups.
RANKL and its cognate receptor RANK are expressed by
distinctimmune cells in the TME, especially the DCs,** and
present the tumor antigens to the CTLs. Our findings indi-
cate that IL-17A induces CCL20 and CCR6 in the tumor

tissues, which then recruit the tumor antigen-loaded DCs
to activate the anti-tumor CD8+ T cells.2® RANKL also
promotes the differentiation of the immature DCs to the
active DCs and is therefore vital for antigen presentation
and T cell activation.®8%” Taken together, IL-17A elicits an
anti-tumor response by activating the CCL20-CCR6 and
RANKL-RANK pathways.

IL-23 is secreted by tumor-associated immune cells and
promotes IL-17 production®® along with IL-21, IL-6, and
IL-1 via transcription factors such as NFATc1, ROR, and
STAT3."® Tang et al®*® showed that IL-23 is required for the
productionof IL-17 by y& T cells,and Richter et al*®affirmed
its significant role during colon carcinogenesis. We found
that both IL-23 and STAT3 mRNA expression levels were
significantly higher in the IL-17AMe" patient group, indi-
cating that IL-17 is modulated by the IL-23/STAT3 axis.
Finally, our findings also indicate that IL-17A upregulates
immunosuppressive molecules including PDCD1 and
CD274. Since PD-L1 expression in CRC tissues correlates
positively with the efficacy of ICls,*' patients express-
ing high levels of IL-17A mRNA in the tumors may ben-
efit more from PDCD1 and CD274 inhibitors. Thus,
IL-17 mRNA levels can predict the therapeutic outcome
of PD-L1/PD-1 blockade.

In conclusion, high levels of IL-17A mRNA in the CRC tis-
sues were associated with better survival and early tumor
stage and likely indicate a favorable prognosis. However,
since we only analyzed the IL-17A mRNA levels, and not
the expression and localization of IL-17A protein, we
cannot distinguish the function of tumor and stroma-
induced IL-17. Further multicentric prospective studies
are needed to verify the prognostic value of IL-17Ain CRC
patients.
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