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Background: Interleukin 6 (IL6) is both a pleiotropic cytokine and an immune-related gene. Interleukin
6 receptor (IL6R) is the receptor for IL6. It may be closely connected to the development of lung cancer.
This research aims to explore the prognostic value of IL6R and prevent overtreatment of patients with lung
adenocarcinoma (LUAD).

Methods: In this study, the expression of IL6R in tumor tissues and surrounding tissues was first analyzed
by immunohistochemistry in the Affiliated Hospital of Nantong University (NTU) cohort. Secondly, we
downloaded information from The Cancer Genome Atlas (TCGA) for the TCGA cohort and used this
information to explore the messenger RNA (mRNA) level of IL6R. We then used Kaplan-Meier survival
analyses, univariate and multivariate Cox analyses, nomogram models, and decision curve analyses to assess
the prognostic value of IL6R. In addition, we also analyzed immune cell infiltration and the signaling
pathways related to IL6R through Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes
(KEGG), and Gene Set Enrichment Analysis (GSEA).

Results: Through the data analysis of the NTU cohort and the TCGA cohort, it was found that the
expression of IL6R in normal tissues around the tumor was higher than that in tumor tissue, and was
positively correlated with the overall survival (OS) of LUAD patients. Additionally, low expression of IL6R
was found to be an independent predictor of poor prognosis among the patients in these two research
cohorts. Next, using GO, KEGG, and GSEA analyses, we found that partially infiltrated tumor immune
cells might be related to earlier staging and better prognosis of patients with LUAD. Finally, the study of the
3-5-year survival rate of LUAD patients through the nomogram showed that the expression of IL6R could
improve the accuracy of prediction to prevent the overtreatment of some LUAD patients.

Conclusions: In summary, our study indicated that the low expression of IL6R was associated with poor
prognosis among LUAD patients and that low expression of IL6R is a potential independent risk factor that

could provide a basis for strengthening postoperative classification management of such patients.
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Introduction

Lung cancer is recognized as the most common cancer
worldwide and is also one of the main causes of death in
patients with malignant tumors (1,2). Lung cancer can
be divided into non-small cell lung cancer (NSCLC)
and small cell lung cancer, of which NSCLC (i.e.,
adenocarcinoma, large cell carcinoma, squamous cell
carcinoma, etc.) accounts for the largest proportion of all
lung cancer patients, at approximately 85-90% (3). Lung
adenocarcinoma (LUAD) is the histological subtype with
the highest proportion of lung cancer (40%), followed by
squamous cell carcinoma (30%), and large cell lung cancer
(10%) (4). Although considerable progress has been made
in the diagnosis and treatment of lung cancer, the 5-year
survival rate of NSCLC patients after combination therapy
is still very low (approximately 15%). This is mainly due
to the higher recurrence and metastasis rates of the disease
(3,5). Although imaging examinations are increasingly used
for lung cancer patients, enabling treatment in a timely
manner, the recurrence and metastasis rates of patients
with NSCLC are still high. Therefore, new biomarkers to
improve the prognosis of patients with LUAD are needed.
Interleukin 6 (IL6) is a versatile cytokine that plays
vital roles in the proliferation and differentiation of B
lymphocytes, T lymphocytes, and hematopoietic stem
cells, as well as the central nervous system, inflammation,
rheumatism, autoimmune diseases, and tumor cell
growth (6,7). IL6 is also involved in immune regulation,
inflammation, and tumorigenesis (8). However, IL6 can
only conduct signal transduction by forming an IL6/
IL6R/glycoprotein 130 (gp130) hexamer complex with
its receptor, thereby exerting its biological role (9-11).
IL6R is an “intermediate molecule” that mediates the
formation of this hexameric complex. It binds to IL6 with
its corresponding structure in the extracellular domain and
then further couples to the extracellular domain of gpl30
and passes through gpl30. The intracellular domain of IL6R
transmits the signal of IL6 into the cell (12). The interaction
of IL6 and IL6R can induce the dimerization of gp130,
thereby activating signal transducer and transcription
activator 3 (STAT3)(13). However, IL6/STAT3 signal
activation has been shown to suppress p53-mediated
miR-34a expression (13). Another study found that IL6R
(rs4845626 and rs4329505) polymorphisms were associated
with a reduced risk of lung cancer among smokers and non-
smokers (14), and the interaction between epithelial growth
factor receptor (EGFR) and IL6R in multiple tumors has
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been discovered. EGFR mutations and overexpression are
known to contribute to the development of lung cancer,
with the signaling pathways of EGFR and IL6R having
a synergistic role in the occurrence and development of
this disease (15). Studies have shown that the expression
of IL6 is also closely related to the development of other
cancers. In patients with epithelial ovarian cancer, the
coexpression of EGFR and IL6R leads to a significant
reduction in the overall survival (OS) rate among these
patients (16). In patients with cholangiocarcinoma, IL6
causes abnormal methylation of the EGFR gene promoter,
ultimately leading to malignant proliferation and apoptosis
of cholangiocarcinoma cells (17). IL6R is also related to
the STAT?3 signaling pathway in hepatocellular carcinoma,
and plays an important role in regulating cell growth and
invasion (18).

So far, although the prognostic value of IL6R in
patients with lung cancer has been studied (19), however,
to date, little studies have evaluated the prognostic value
of IL6R in patients with LUAD at different stages and its
potential predictive significance in guiding the classification
management of such patients after surgery. For this
reason, the purpose of this study was to explore the value
of IL6R in predicting the postoperative survival rates of
patients with LUAD of different stages, to ultimately
prevent overtreatment of lung cancer patients. Here, we
explored the correlation between IL6R and the prognosis
of LUAD patients of different age, gender, smoking status,
and TNM stage through subgroup analysis. In addition,
we confirmed the advantages of IL6R for prognosis, and
constructed a new model regarding prognosis for the OS of
patients with LUAD. Finally, this study also analyzed IL6R-
related immune responses and signaling pathways through
Gene Ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways, and Gene Set Enrichment
Analysis (GSEA).

We present the following article in accordance with the
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-36).

Methods
Study coborts

Two groups of LUAD patients (NTU cohort and TCGA
cohort) were involved in this study. The NTU cohort
included 140 patients with LUAD diagnosed by pathological
paraffin sections. These 140 patients with LUAD had no
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history of chemotherapy or radiotherapy before surgery.
Between 2009 and 2011, 140 LUAD samples and 34 non-
tumor (normal) samples were collected from lung cancer
patients undergoing thoracic surgery at the First Affiliated
Hospital of Nantong University, Jiangsu Province. The
clinical data of these patients were retrieved from the
hospital medical records archives, and included gender, age,
smoking status, and tumor-lymph-node metastasis (TNM)
stage. All patients underwent lung cancer staging strictly
in accordance with the eighth edition of the TNM staging
system (20). OS was defined as the time from randomization
(in this case, surgery) to death from any cause (referring to
the time of the last follow-up). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). All patients received and signed written informed
consent. This retrospective research was authorized and
approved by the Clinical Research Ethics Committee of the
Affiliated Hospital of Nantong University (2017-K025).

TCGA cohort was downloaded from the TCGA
database (https://tcga-data.nci.nih.gov/), which was accessed
on November 1, 2019 (21). The patient inclusion criteria
for this study were the following: availability of clinical
data (including follow-up time, survival status, TNM
stage, gender, and age) and LUAD diagnosis determined
by pathological paraffin sections and available messenger
RNA sequencing (nRNA-seq) data on IL6R. Patients who
died on the day of surgery were removed from the study. A
total of 500 patients met these criteria and were selected for
follow-up studies.

Tissue chip, immunobistochemical staining, and evaluation
of immunobistochemical staining intensity

Formalin fixation and paraffin embedding were used
to pretreat the surgical tissue samples, followed by
the construction of tissue microarray (TMA) and
immunohistochemistry (IHC). "To construct the TMA, 2 mm
diameter cylindrical tissue was taken from each sample, and
the selected cylindrical tissue was collected into an array
block using the Unitma Rapid Radiation Tissue Microarray
Instrument (UT06; Unitma, Seoul, South Korea). Then,
each TMA specimen was cut into 4 pm tissue slices under a
pathological microtome and attached to microscope slides.
IHC staining was performed as previously described (22).
An anti-IL6R antibody (sc-373708; Santa Cruz
Biotechnology) was used as the primary antibody (1:100
dilution). Two professional pathologists blindly assessed the
proportion of IL6R positive samples and the intensity of
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IL6R IHC staining. The semiquantitative immunoreactivity
scoring (IRS) system was used as the assessment
standard (23). Finally, we used the intensity of IL6R THC
staining (0: negative, 1: weak, 2: moderate, 3: strong) and
the percentage of IL6R positive samples (0-100) to calculate
the semiquantitative H-score (0-300).

Immune infiltration analysis by CIBERSORT

In order to evaluate the relationship between IL6R
expression in the microenvironment of LUAD and tumor-
infiltrating immune cells, we used CIBERSORT (a method
for high-throughput characterization of the amount of
infiltration of different cell types) to evaluate the infiltration
of 21 different immune cell types from the high IL6R
expression group and the low IL6R expression group (24).

GO, KEGG pathway analysis, and GSEA of differentially
expressed immune-related genes (DEIRGs)

In order to analyze the functions of differential genes,
the R package clusterProfiler (software version 3.6.3;
R Foundation for Statistical Computing) was used for
enrichment analysis of GO functional annotation and
KEGG pathways. The significance threshold of a P value
<0.05 was considered to indicate a significant enrichment
result. In addition, we also analyzed the signaling pathways
related to IL6R expression through GSEA.

Statistical analysis

Nomograms and calibration curves were plotted using R
with the regression modeling strategies (RMS) package.
The relationships between the proportions of immune cell
types and survival were examined through Cox regression
analysis. The differences in OS among groups were tested
with the log-rank statistic using Kaplan-Meier plots.
With a false discovery rate (FDR) P value <0.05, the
log(fold-change) >1.0 or <-1.0 defined downregulated or
upregulated genes, respectively.

Results

Low expression of IL6R in tumor tissue was associated with
lower survival

First, we performed IHC staining of the samples in the NTU
cohort. After IHC staining, IL6R-positive staining mainly
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occurred in the cytoplasm and nucleus of LUAD and normal
tissue specimens (Figure 14 and Figure S1). Next, the analysis
of 500 tumor samples and 21 normal tissue samples around
the tumor in the TCGA cohort revealed that the expression
level of IL6R mRNA in tumor tissues was lower than that in
normal tissues (P<0.0001; Figure 1B). We then analyzed the
paired samples selected from TCGA cohort and found that
the expression level of IL6R mRNA in the tissue surrounding
the tumor was higher than that in the tumor tissue in the
same patient (P<0.0001; Figure 1C). Next, we randomly
selected 140 LUAD samples and 34 normal tissue samples
around the tumor from the Affiliated Hospital of Nantong
University NTU cohort and also found that the expression
level of IL6R in tumor tissue was lower than that in normal
tissue (P<0.0001; Figure 1D). Furthermore, in TCGA
cohort (P=0.003; Figure 1E) and the NTU cohort (P=0.011;
Figure 1F), patients with high IL6R expression showed better
OS than patients with low IL6R expression. It was worth
noting that the IHC staining results were also consistent with
the results shown in Figure 1D.

IL6R expression in patients with LUAD was an
independent risk factor

In order to further evaluate the prognostic value of IL6R
for LUAD patients, factors including IL6R expression, age,
gender, smoking status, and TINM stage were sequentially
incorporated into univariate and multivariate Cox regression
models. The results of the univariate analysis in TCGA
cohort is shown in Figure 24. In the univariate analysis, the
expression of IL6R (P=0.003), TNM stage (P<0.001), and T
and N (P=0.039 and P=0.030, respectively) were important
risk factors for OS.

Subsequently, all the important risk factors affecting
OS determined in the univariate analyses were used in
the multivariate analyses, and the risk factors for the
prognosis of LUAD patients were depicted in a forest
chart. From the data analysis of TCGA cohort, IL6R
expression was found to be an independent risk factor
for OS in these LUAD patients (P=0.011). In addition,
the TNM stage of TCGA cohort (P<0.001) was found to
be a potentially independent risk factor for OS in these
patients (Figure 2B).

The relationship between the expression of IL6R
and clinical parameters among patients with LUAD in
TCGA cohort is shown in Figure 2C. We selected clinical
parameters related to IL6R expression from Figure 2C for
survival curve analysis. Notably, the higher the expression
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level of IL6R was, the higher the overall prognosis of the
patients (Figure 2D,E,F;G,H,I). However, there were no
obvious correlations between the expression of IL6R and
other clinical parameters (i.e., male patients; stage II-IV
patients; or M1, N1, and N2 patients). The relationships
between IL6R expression and clinical parameters in patients
with LUAD are also shown in Tuble 1.

The results of the univariate analysis in the NTU cohort
are shown in Figure 34. In the univariate analysis, the
expression of IL6R (P=0.012) and TNM stage (P=0.003)
were important risk factors for OS. Subsequently, all the
important risk factors affecting OS determined in the
univariate analyses were used in the multivariate analyses,
and the risk factors for the prognosis of LUAD patients
were depicted in a forest chart. From the data analysis of
the NTU cohort (P=0.011; Figure 3B), IL6R expression
was found to be an independent risk factor for OS in these
LUAD patients. In addition, the TNM stage of the NTU
cohort (P=0.004) was found to be a potential independent
risk factor for OS in these patients. This was consistent with
the analysis results in the previous N'TU cohort.

The relationship between the expression of IL6R and
clinical parameters among patients with LUAD in the NTU
cohort is shown in Figure 3C. In the NTU cohort, IL6R
expression was related to age <65 (P=0.022), non-smoker
status (no) (P=0.012), and stage III (P=0.003). We then
selected clinical parameters related to IL6R expression from
Figure 3B for survival curve analysis. Notably, the higher
the expression level of IL6R was, the higher the overall
prognosis of the patients (Figure 3D,E,F). However, there
were no obvious correlations between the expression of
IL6R and other clinical parameters (i.e., age >65, smoker, or
stage I-1II and IV patients). The relationship between IL6R
expression and clinical parameters in patients with LUAD is
also shown in Table 2.

Comparison of prognosis of OS in patients with LUAD

In view of the results of the univariate and multivariate
analyses, a prognostic nomogram of the OS of LUAD
patients was produced for TCGA cohort (Figure 44) and
the NTU cohort (Figure 4B). The nomogram based on the
NTU cohort data and TCGA cohort data integrated almost
all risk factors, including TNM stage, IL6R expression,
gender, age, and smoking status. For each risk factor,
patients obtained some points, and the total score (that is,
the sum of the points obtained for each risk factor) was used
to predict OS. Therefore, a higher total score was related to
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Figure 1 The expression level of interleukin 6 receptor (IL6R) in lung adenocarcinoma (LUAD) and normal tissue samples and Kaplan-
Meier survival plots of LUAD patients. (A) Representative images of IL6R THC were taken at 5x (top) and 20x (bottom) magnifications.
The scale bars are marked in the lower right corner of the image; (B) IL6R mRNA levels in the tumor and surrounding tissues of The
Cancer Genome Atlas (TCGA) cohort; (C) IL6R mRNA levels in the paired samples of TCGA cohort; (D) the staining intensity of IL6R
IHC in the tumor and adjacent tissues of the Affiliated Hospital of Nantong University (NTU) cohort; (E,F) the survival curve of the high
and low expression of IL6R in 500 LUAD patients in TCGA cohort and the survival curve of the high and low expression of IL6R in 140
LUAD patients in the NTU cohort.
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Figure 2 The relationship between interleukin 6 receptor (IL6R) expression and clinical parameters in patients with lung adenocarcinoma
(LUAD) in the univariate and multivariate analyses and its influence on the overall survival of patients. (A) Single factor analysis and (B)
multivariate analysis of the relationship between IL6R expression and clinical parameters in LUAD patients in TCGA cohort; (C) the
relationship between IL6R expression and various clinical parameters; (D,E,E,G,H,I) survival curves of LUAD patients with different clinical

parameters and high and low expression of IL6R.
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Table 1 The relationship between IL6R expression and clinical parameters in patients with LUAD in TCGA cohort

Variables IL6R low (n=250) IL6R high (n=250) Total (n=500) P value

Age (years), n (%)

<65 125 (50.0) 112 (44.8) 237 (47.4)
>65 122 (48.8) 131 (52.4) 253 (50.6)
NA 3(1.2) 7(2.8) 10 (2.0) 0.268

Gender, n (%)

Female 122 (48.8) 148 (59.2) 270 (54.0)

Male 128 (51.2) 102 (40.8) 230 (46.0) 0.025
Stage, n (%)

[ 121 (48.4) 147 (58.8) 268 (53.6)

[ 61 (24.4) 58 (23.2) 119 (23.8)

Il 55 (22.0) 25 (10.0) 80 (16.0)

\Y; 10 (4.0) 15 (6.0) 25 (5.0)

NA 3(1.2) 5 (2.0) 8(1.6) 0.003
T, n (%)

T 70 (28.0) 88 (35.2) 158 (31.6)

T2 125 (50.0) 121 (48.4) 246 (49.2)

T3 25 (10.0) 14 (5.6) 39 (7.8)

T4 8(3.2) 10 (4.0) 18 (3.6)

NA 22 (8.8) 17 (6.8) 39 (7.8) 0.193
M, n (%)

MO 155 (62) 157 (62.8) 312 (62.4)

M1 10 (4.0) 13 (5.2) 23 (4.6)

NA 85 (34.0) 80 (32.0) 165 (33.0) 0.757
N, n (%)

NO 142 (56.8) 159 (63.6) 301 (60.2)

N1 40 (16.0) 46 (18.4) 86 (17.2)

N2 43 (17.2) 21 (8.4) 64 (12.8)

N3 2(0.8) 0(0) 2(0.4)

NA 23 (9.2) 24 (9.6) 47 (9.4) 0.019

IL6R, interleukin 6 receptor; LUAD, lung adenocarcinoma; TCGA, The Cancer Genome Atlas; NA, not applicable.

higher risk and poor prognosis. For TCGA (Figure 4C,D) The relationship between IL6R expression and tumor-
and NTU (Figure 4E,F) cohorts, the calibration curve of infiltrating immune cells

the 3- or 5-year survival probabilities between the predicted To screen differentially expressed genes, we used the

results of the nomogram and the actual observations showed median expression of IL6R to Classify the gene expression

a strong correlation. profiles of TCGA cases and found two sets of differential
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NTU cohort
A pvalue Hazard ratio B pvalue Hazard ratio
ILBR_group ~ 0.012 0.540(0.333-0.875) ———— IL6R_group 0.011 0.533(0.328-0.865) —F—
Gender 0.276 1.307(0.807-2.118) —— Gender 0.111 1.543(0.906-2.629) _
Age 0.300  0.784(0.495-1.242) _ Age 0321 0.783(0.483-1.269) ——
Smoke 0.684 1.111(0.670-1.842) —_—— Smoke 0709  0.901(0.519-1.562) ——
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Figure 3 Single-factor and multivariate analyses of the relationship between interleukin 6 receptor (IL6R) expression and clinical parameters
in lung adenocarcinoma (LUAD) patients and its impact on the overall survival of patients. (A) Single-factor and (B) multivariate analyses of
the relationship between IL6R expression and clinical parameters in LUAD patients in the NTU cohort; (C) the relationship between IL6R
and various clinical parameters; (D,E,F) survival curves of LUAD patients with different clinical parameters and high and low expression of
IL6R.

genes, as shown in Figure S2A,B. We aimed to determine divided into two groups, with 250 tumor samples in the
whether the tumor immune microenvironment of LUAD high expression group and 250 tumor samples in the low
patients with high IL6R expression was different from that expression group. We used the established computing
of LUAD patients with low IL6R expression. According resource, CIBERSORT, to explore the gene expression
to the expression of IL6R, 500 tumor samples were profile of the downloaded sample to determine the levels of
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Table 2 The relationship between IL6R expression and clinical parameters in patients with LUAD in NTU cohort
Variables IL6R low (n=84) IL6R high (n=56) Total (n=140) P value
Sex, n (%)

Female 31 (36.9) 19 (33.9) 50 (35.7)

Male 53 (63.1) 37 (66.1) 90 (64.3) 0.857
Age (years), n (%)

<65 49 (58.3) 32 (57.1) 81 (57.9)

>65 35 (41.7) 24 (42.9) 59 (42.1) 1
Smoke, n (%)

No 62 (73.8) 44 (78.6) 106 (75.7)

Yes 22 (26.2) 12 (21.4) 34 (24.3) 0.658
Stage, n (%)

| 39 (46.4) 33 (58.9) 72 (51.4)

I 28 (33.3) 14 (25.0) 42 (30.0)

M 15(17.9) 9 (16.1) 24 (17.1)

Y 2 (2.4 0(0) 2(1.4) 0.394

IL6R, interleukin 6 receptor; LUAD, lung adenocarcinoma.

21 immune cells. The CIBERSORT algorithm applied to
21 immune cell subtypes helped to evaluate the differences
in immune cell abundance levels between the high and
low IL6R expression groups (Figure 5). The infiltration
of memory B cells (P=0.012), resting memory CD4 T
cells (P<0.001), monocytes (P<0.001), M2 macrophages
(P=0.011), resting dendritic cells (P<0.001), activated
dendritic cells (P=0.002), resting mast cells (P<0.001), and
activated mast cells (P=0.004) in LUAD patients with high
IL6R expression was high, while the infiltration of these
cells in the low IL6R expression group was low. However,
the infiltration of activated memory CD4 T cells (P=0.001),
MO macrophages (P<0.001), and M1 macrophages
(P=0.033) in LUAD patients with low IL6R expression was
higher than the infiltration in the high IL6R expression
group. Significant differences were observed in resting
memory CD4 T cells, monocytes, MO macrophages,
resting dendritic cells, and resting mast cells between the
high and low IL6R expression groups. Compared with
the low IL6R expression group, the infiltration levels
of resting memory CD4 T cells, monocytes, resting
dendritic cells, and resting mast cells in the high IL6R
expression group were significantly increased (P<0.001).
However, compared with the low IL6R expression
group, the infiltration level of MO macrophages in

© Annals of Translational Medicine. All rights reserved.

the high expression group was significantly reduced
(P<0.001). We also assessed the possible correlations
between the 21 types of immune cells (Figure S3).
The generated heat map showed that the ratio of part of
the tumor-infiltrating immune cell subsets had a strong
correlation. Among them, gammadelta T cell had the
greatest positive correlation with CD8 T cell (Corr =1).
MO macrophage had the largest negative correlation with
resting mast cell (Corr =-0.4), and resting memory CD4
T cells also had the largest negative correlation with
CD8 T cells (Corr =-0.4). In order to further explore the
relationship between IL6R and the immune system. For
example, to evaluate the impact of key immune system
markers in survival analysis to take into account the level
of IL6R. We conducted statistical analysis and found that
among the 11 immune cells associated with IL6R found in
the previous analyses of this study, MO macrophages cells
and resting dendritic were significantly associated with
the 5-year OS of patients with LUAD. The remaining
immune cells had no significant correlation with the
prognosis of LUAD. Among them, the expression level
of MO macrophages was negatively correlated with the
S-year overall prognosis of patients with LUAD (P=0.012;
Figure 64), while resting dendritic cells was positively
correlated with the 5-year overall prognosis of patients

Ann Transl Med 2021;9(13):1057 | https://dx.doi.org/10.21037/atm-21-36


https://cdn.amegroups.cn/static/public/ATM-21-36-Supplementary.pdf

Sun et al. Low IL6R predicts poor prognosis for lung adenocarcinoma

Page 10 of 19

“[AIDIUT DOUIPYUOD % G Y3 SIUasaIdal ouI] [8ONI9A Y PUE ‘[Opoul [edpI a3 sjuasardal oul] Ae1d oy T, "sajel [eatains () 1ed4-¢ pue ()

1894~ ¢ J0J SoAIND uoneIqied wergowou onsoudord (;5]) {BAIIUT 2DUIPYUOD %, G6 Y3 SIUIsIdaT SUI[ [BONIIA 92 PUE ‘[2poul [eIPI A s1u2sa1dor our] A1 9 ], "SIkl [BAIAINS

(@) 1e24-¢ pue (D) Teah-¢ 10§ saaId uoneIqied werdowou snsousod ((1°D) ‘ssuaned (TyNT Jo dwodoIno [edrur)d 9y 11pald 01 1104od N TN 2y woly (d8e1s ANL], pue ‘ode

‘Topuad ‘smers gurjours Surpn[our) s10198] JSLI I9R0 pue (3ururels HE]) uolssaidxa Yo sererdorur reyy werdouwrou onsougord pajerouasd () syuoned Ty Jo awIomnno

[earut 1 301paxd 01 310700 YO I, Woy (95e1s WNL], pue ‘a8e ‘Topued Surpn[our) s10308] YSII Io1N0 pue ([A] YAYW) uoissaxdxa o] Suruiquiod urerdowou snsoudord

paielouon) A<v ‘e3ep 1I04oo N TN pue 1104oo A<UU,H\V SEJy oWOUar) J9due ) 9 T, UO paseq muﬁ@ﬁﬂ& A%D\Hv euroumnIesouspe MEH: jo weidouwou UUmOCMO.HQ YL ¥ Q.:—.MWWH

(%) SO paoipaid-weiBowoN JesA-G

(%) SO padipaid-welBowoN JesA-¢

0b 80 90 +¥0 <20 00 0L 80 90 ¥0 Z0 00

oo b 00

rco reo

Lyq @ | e

70 X vox

0 2 g

o % / o

Loo w - 908

r8'0 % r m.o%

ro'L r ot
| E

1’0 20 €0 0 S0 90 L0
Ajjgeqoud [eainins Jeak-g
€0 0 S0 90 L0 80
Ajgeqoud [eAIAINS Jedh-¢
'l L 80 90 ¥0 20 0O Z0- ¥0- 90- 80- |- Tl-

08¢ 09¢ 0¥¢ 0c¢ 00C 08L 09L O¥lL OClL 00l

Jojoipaid Jeaur

08 09 Oy 0 O

WITESS

1| oBejs

ON

G9<

MO ¥

00l 06 08 0L 09 0S oy 0€ 0C

Hoyoo NIN

sjulod [ejoL
| ebeyg
abeig
0
PEL
SOA
aows
G9s
aby
ubiy ¥l
dnoiby9T|
SUI0,
o ) julod

(%) SO paoipaid—weiBowoN JesA-G

(%) SO padipaid-wesBowop JeaA-¢

o.__‘ w.@ m.@ v.ﬁ_u NA@ o.@ o._r w.@ o.@ v.o N.m o.@
L oo L 00
) A)
@ @
< <
@ @
2 1 2
L0 & 700
& &
@ @
Lon & L ‘N
90 o 9 oO
@ al [
S 1 S
80 ._ 80
[d0 0wy wunt [ok PP ot
a 9)
1’0 20 €0 ¥'0 S0 90
Ajigeqoid [eAaIAINs Jeak-g
€0 70 S0 90 L0 80
Ajjigeqoid [ealaIns Jeak-g
43 3 80 90 ¥0 20 0 20~ v0- 90- 80-
10)01paid Jeaur
09l vl 0zl 00l 08 09 04 0C 0
sjulod [ejoL
Il 615 19818 obers
NERS 1| b1
oIEN J9pus
slewa
g9s
e aby
G9<
3 —
—_— dnosb 49|
0
00k 06 08 0z 00 05 O Og 0z OF 0O siod
Hoyod VOO L \4

Ann Transl Med 2021;9(13):1057 | https://dx.doi.org/10.21037/atm-21-36

© Annals of Translational Medicine. All rights reserved.



Annals of Translational Medicine, Vol 9, No 13 July 2021

with LUAD (P=0.043; Figure 6B).

Next, we divided LUAD patients into two different
clusters (high and low immune infiltration groups)
according to the level of immune cell infiltration. We
then analyzed the relationships between different immune
infiltration groups and the level of IL6R expression and
other clinical parameters. We found that IL6R expression
was positively correlated with tumor-infiltrating immune
cells, and the more tumor immune cell infiltration, the
earlier the clinical stage and the higher the 5-year OS. The

results were shown in Figure 7.

The differential expression of EGFR and KRAS in LUAD
patients in the IL6R high and low expression group and its
effect on the OS of LUAD patients

In order to explore the relationship between IL6R and the
lung cancer driver genes EGFR and KRAS and its impact
on the OS of LUAD patients in the high and low IL6R
expression groups, we analyzed the differential expression
of EGFR and KRAS in LUAD patients with high and low
IL6R expression groups and analyzed the effects of EGFR
and KRAS on the OS of LUAD patients with high and
low IL6R expression groups. The results showed that the
expression of EGFR in LUAD patients with low IL6R
expression was significantly higher than that in LUAD
patients with high IL6R expression (P<0.001; Figure 8A4).
However, no significant difference in KRAS expression was
observed in patients with LUAD with high and low IL6R
expression (Figure 8B). Then combined with the expression
level of IL6R and the Kaplan-Meier curve of the expression
levels of lung cancer driver genes EGFR and KRAS, the
results showed that EGFR and KRAS had no significant
difference in the survival of LUAD patients between the
IL6R high and low expression groups (Figure 8C,D).

GO, KEGG patbway analysis, and GSEA of DEIRGs

In order to further understand the functions of DEIRGs, we
used the cluster Profiler software package in R to carry out
functional and pathway enrichment analysis of DEIRGs.
The results of GO analysis showed that the biological
processes were enriched in neutrophil-mediated immunity,
neutrophil activation involved in immune response,
regulation of innate immune response, and positive
regulation of innate immune response (Figure 94). KEGG
pathway analysis showed that DEIRGs were mainly related
to several immune-related signaling pathways (Figure 9B).

© Annals of Translational Medicine. All rights reserved.
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GSEA showed that the two pathways positively related to
IL6R expression were the intestinal immune network for
immunoglobin A (IgA) production (P=0.007) and Th17
cell differentiation (P=0.019). The three pathways with
the strongest negative correlation were the p53 signaling
pathway (P=0.011), Staphylococcus aureus infection (P=0.015),
and the IL17 signaling pathway (P=0.026), as shown in
Figure 9C.

Discussion

Lung cancer is the most common cause of cancer-related
deaths worldwide (25). The development of EGFR
tyrosine kinase inhibitors (TKIs) has changed the clinical
management of lung cancer (25). However, the war on lung
cancer is still far from over. In this study, it was found that
the expression of IL6R in LUAD patients was significantly
correlated with OS, especially in clinical stage III patients.
Patients with high IL6R expression had a better prognosis
than patients with low IL6R expression.

IL6 is an important cytokine with multiple functions,
including regulating cell growth, differentiation, and
participating in immune responses (26-28). In the liver, it
has been shown to stimulate the expression of acute phase
proteins SAA and CRP (29). IL6R is the receptor of IL6
and exists in two forms, namely mIL6R and sIL6R (30).
The sIL6R was initially identified as a receptor involved in
IL6 anti-signal transduction, and was later identified as an
antiviral protein independent of IL6 (31-33). The genetic
polymorphism of IL6 and/or IL6R is related to respiratory
diseases, autoimmune diseases, and several types of cancer
(27,34). According to reports, the C allele of rs2228145 in
IL6R was associated with a decrease in serum IL6R levels
and lung function in asthma patients (35). Studies have also
shown that there is a correlation between rs2228145 and the
risk of rheumatoid arthritis in the Pakistani population (36).
In addition, it was reported that rs2228145 had a protective
effect on gastric cancer risk in patients without Helicobacter
pylori infection (8). An increasing amount of evidence has
shown that sIL6R forms a complex with sgp130/IL6ST in
the circulation to inhibit IL6 (37).

At present, a large number of studies have confirmed
that IL6R is related to tumors (15-18). Studies have even
shown that IL6 could be used as a prognostic biomarker
for cholangiocarcinoma, and IL6R could be used as a
therapeutic target for cholangiocarcinoma (38). However,
there are few studies on IL6R in LUAD. Therefore, we

conducted this study based on available data to explore

Ann Transl Med 2021;9(13):1057 | https://dx.doi.org/10.21037/atm-21-36
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Figure 8 The differential expression of EGFR and KRAS in lung adenocarcinoma (LUAD) patients in the high and low interleukin 6
receptor (IL6R) expression group and its effects on the OS of LUAD patients. (A) The differential expression of EGFR; (B) the differential
expression of KRAS; (C) effects of EGFR on OS of patients with LUAD in high and low IL6R expression groups; (D) effects of KRAS on OS

of patients with LUAD in high and low IL6R expression groups.

the prognostic value of IL6R in patients with LUAD. Our
study found that IL6R expression was significantly related
to TNM stage and OS in patients with LUAD. In addition,
GO, KEGG, and GSEA analyses showed that IL6R
expression was closely related to tumor immune responses
and certain signaling pathways, such as the IL17 signaling
pathway and the p53 signaling pathway, amongst others.
The IL17 molecular cytokine family includes 6 members,
namely IL17A, IL17B, IL17C, IL17D, IL17E, and IL17F.
At present, research on IL17 has been carried out in many
tumor types. For example, IL17A was found to promote
the proliferation of intestinal epithelial cells with deletion

© Annals of Translational Medicine. All rights reserved.

mutation of the tumor suppressor gene, APC, and promote
the occurrence of intestinal cancer (39). In a pancreatic
epithelial tumor model with Kras mutation, Kras mutation
could induce pancreatic epithelial cells to express the IL17A
receptor and recruit IL17A-expressing immune cells;
furthermore, the overexpression of IL17A significantly
accelerated the initiation and development of pancreatic
epithelial cell tumors (40). IL17B has also been reported
to be expressed in a variety of breast cancer cell lines and
human breast cancer pathological samples (41). Knockdown
of IL17B expression in breast cancer cell lines inhibited
the proliferation and invasion of these cells (41). However,

Ann Transl Med 2021;9(13):1057 | https://dx.doi.org/10.21037/atm-21-36
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from the current point of view, there are few studies on the
mechanism of IL17 in LUAD and the relationship between
IL6R and IL17 signaling pathways in LUAD. Therefore,
GSEA provided a basis for us to further study the
mechanism of IL17 in LUAD and the relationship between
IL6R and IL17 signaling pathways in LUAD. Overall, these
results demonstrate that the expression of IL6R may have
important clinical significance for the prognosis of patients
with LUAD.

Further work is needed to strengthen our research
results. First, recent and ongoing oncology studies have
attempted to establish correlations between disease-free
survival, progression-free survival, and other outcomes or
risk factors. Owing to the lack of follow-up information
on disease recurrence and disease progression in LUAD
patients, this research only described the correlation
analysis between IL6R expression and OS. Establishing
further correlations will require additional work, and our
future research will focus on filling these gaps, particularly
in terms of disease recurrence and progression. Second,
the influence of IL6R expression on the prognosis of
LUAD patients should be further verified in a prospective
multicenter clinical trial, which is essential to enhance
the reliability of the prognostic map on the basis of IL6R
expression. Third, the expression level of IL6R has not been
studied in suspected LUAD patients, which we will explore
in future research. Finally, the specific role of IL6R in the
occurrence and development of LUAD is still unclear,
and further studies are needed to clarify its underlying
mechanism.

In conclusion, this study determined that IL6R can
predict unsatisfactory prognosis among patients with
LUAD, and the detection of its expression level can enhance
the postoperative management of patients with LUAD
in different TNM stages. In addition, our prognostic
nomogram based on IL6R expression and other risk factors
significantly improves the accuracy of patient survival
prediction and can prevent overtreatment of patients with
LUAD.
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