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Abstract

Background: Tumor necrosis factor receptor 2 (TNFR2) promotes tumor cell
proliferation, activates immunosuppressive cells, and supports immune escape.
However, its role in non-small cell lung cancer (NSCLC) has not been reported.
Methods: Quantitative real-time PCR and Western blotting were used to evalu-
ate TNFR2 in three NSCLC cell lines (A549, H1299, H1975) and normal lung
epithelial cells (BEAS-2B). TNFR2 was evaluated in 71 tumor tissues and 25 adja-
cent normal lung tissues by immunohistochemistry and analyzed with respect to
clinical parameters.

Results: The messenger RNA and protein levels of TNFR2 were significantly
higher in A549, H1299, and H1975 cells than in BEAS-2B cells (P < 0.05) and
differed significantly between NSCLC tissues and adjacent normal lung tissues by
immunohistochemistry (P < 0.0001). TNFR2 is a independent prognostic factor
in NSCLC. There have significantly differences in overall survival
(OS) (P = 0.006) and disease-free survival (DES) (P = 0.000) of NSCLC patients
between TNFR2 low expression groups and TNFR2 high expression group.
Conclusion: TNFR2 is expressed in human NSCLC tissues and cell lines and is
related to poor prognosis. TNFR2 may represent a new auxiliary index for
patients with NSCLC.
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Introduction because of their different cytoplasmic domains. TNFRI sig-
naling pathways have been extensively characterized. They
mediate the cytotoxic effects of TNF and induce cell apo-
ptosis signaling pathways by activating the death domain
in its cytoplasmic region,* which may lead to potent antitu-
mor effects. However, compared to TNFR1, few TNFR2
signaling pathways have been elucidated. TNFR2 is pre-
dominantly expressed in T lymphocytes, myeloid-derived
suppressor cells, endothelial cells, myocardial cells, oligo-
dendrocytes, and thymic cells, with important roles in anti-
inflammatory processes and immune regulation. Reports of

Lung cancer is the most common malignant tumor with
the highest morbidity and mortality worldwide. It is esti-
mated that approximately 154 050 people will die of the
disease worldwide in 2018." Notably, human non-small cell
lung cancer (NSCLC) accounts for about 85% of all pri-
mary lung cancers.> With the recent development of
tumor immunotherapy, molecular pathways underlying
NSCLC progression have been explored and targeted drugs
have brought new hope to some patients with NSCLC.

However, the five-year survival rate is still very low at
approximately 18%." Therefore, it is necessary to identify
new and more effective therapeutic targets for NSCLC.
Both tumor necrosis factor receptor 1 (TNFR1) and
TNFR2 are receptors of TNF. These two receptors trigger
divergent signaling pathways upon interaction with TNF
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TNFR2 functions in tumor progression have recently
increased. TNFR2 has been found in various cancers, such
as ovarian,™® breast,” esophageal,’ myeloma,” and colorectal
cancer.'” TNFR2 is considered a tumor-promoting factor
and participates in tumor progression by promoting tumor
cell proliferation, activating immunosuppressive cells, and
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supporting immune escape. Hence, TNFR2 may represent
a potential target for cancer therapy.

Although a previous study showed that the loss of
TNFR2 results in TNF-associated tumor cell death and
tumor growth in a lung cancer mouse model, studies of
TNFR2 in human NSCLC are lacking."' In this study, we
evaluated the expression of TNFR2 in human NSCLC tis-
sues and cell lines and analyzed its relationship with clini-
copathological parameters and survival outcomes. These
results provide a basis for studies of the mechanism under-
lying the effects of TNFR2 in tumor progression. Addition-
ally, this study provides preliminary evidence of the role of
TNFR2 in human NSCLC and may contribute to the
development of new cancer therapies.

Methods

Cell culture

BEAS-2B cells were obtained from the Laboratory of
Lung Development and Diseases at Nankai University
(Tianjin, China). A549, H1299, and H1975 cell lines were
obtained from the Institute of Lung Cancer, Tianjin
Medical University General Hospital (Tianjin, China).
BEAS-2B cells were cultured in Dulbecco’s modified
Eagle medium and A549, H1299, and H1975 cells were
cultured in RPMI 1640 supplemented with 10% fetal
bovine serum (Gibco, Carlsbad, CA, USA) and antibiotics
in a 37°C incubator with a humidified atmosphere con-
taining 5% CO..

Quantitative real-time PCR

RNA was isolated using TRIzol according to the manu-
facturer’s instructions and reverse-transcribed into com-
plementary DNA using Moloney Murine Leukemia Virus
reverse transcriptase. Complementary DNA was amplified
by real-time fluorescence quantitative PCR to detect
expression levels. The expression level of TNFR2 was
determined using a SYBR Green Master Mix kit (Roche
Diagnostics, Indianapolis, IN, USA). The p-actin gene
was used as an internal control to correct the expression
of the target gene. The same reaction was performed
three times, and quantitative real-time (qRT) PCR results
were evaluated using the 27VVCT method. The primers
used in this study were as follows: TNFR2, forward 5'-

TTCATCCACGGATATTTGCAGG-3' and reverse 5'-
AGGCCAACCGTGGAAAAGATG-3'; B-actin, forward
5-AGGCCAACCGTGAAAAGATG-3 and reverse 5'-

AGAGCATAGCCCTCGTAGATGG-3'.
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Western blot analysis

Proteins were extracted from tumor cell lines. The protein
concentration was measured using a BCA Assay Kit
(Pierce Biotechnology, Rockford, IL, USA). Proteins were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and electroblotted onto Nitrocellulose
membranes (Millipore, Bedford, MA, USA). The mem-
branes were blocked with 5% skim milk for two hours at
room temperature and then incubated overnight at 4°C
with the primary antibody. Primary anti-TNFR2 (1:1000;
Proteintech Group Inc., Chicago, IL, USA) and B-tubulin
(1:1000; Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA) were used to probe the target proteins. Goat anti-
rabbit immunoglobulin G-horseradish peroxidase (1:5000;
Santa Cruz Biotechnology Inc.) was used as a secondary
antibody and incubated with the membrane for two hours
at room temperature. The bands were observed with an
electrochemiluminescence reagent. The intensity of the
protein bands on the scanned images was analyzed using
the Tanon GIS digital image analysis system (Tanon,
Shanghai, China). The cumulative TNFR2 level was quanti-
fied as the ratio of the band intensity of the target protein
to p-tubulin.

Tissues and patients

Paraffin-embedded tissues (71 NSCLC and 25 adjacent
normal tissues) were acquired for immunohistochemistry
(IHC) from patients who underwent surgery from January
2006 to December 2010 at Tianjin Medical University Gen-
eral Hospital. The ethics committee and review board
approved the study. Patients were not administered radio-
therapy, chemotherapy, or immunotherapy prior to sur-
gery. Patient information is shown in Table 1.

Immunohistochemistry (IHC)

After paraffin tissue sectioning, samples were placed in an
oven at 55°C for 60 minutes. The dried tissue sections were
dewaxed into water. The dewaxing process was as follows:
xylene, 10 minutes; xylene, 10 minutes; absolute ethanol,
10 minutes; anhydrous ethanol 10 minutes: 95% ethanol
10 minutes; 95% ethanol 10 minutes; 85% ethanol
10 minutes; 70% ethanol 10 minutes; and tap water. The
antigens were then recovered by high-pressure heating with
citrate buffer (Maixin Biotechnology Development Co.,
Ltd., Fuzhou, China) and 3% H,O, for 10 minutes, blocked
with 5% normal goat serum (NGS) at room temperature for
one hour, and incubated with a NGS-diluted TNFR2 anti-
body (dilution, 1:300; Proteintech Group Inc.) overnight at
4°C. NGS was used as a negative control. Samples were
incubated with biotin-labeled goat anti-mouse/rabbit

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



Y.W. Zhang et al.

Table 1 Association between TNFR2 expression level and clinicopatho-
logical characteristics of NSCLC

TNFR2

Clinical parameters Cases (high) (low) P
Age (year) 71 25 46

<65 43 16 27

> 65 28 9 19 0.662
Gender

Male 41 16 25

Female 30 9 21 0.432
Tumor size

<5cm 63 23 40

>5am 8 2 6 0.521
Histological type degree

Squamous 25 7 18

Adenocarcinoma 41 17 24

Other 5 1 4 0.411
Clinical stage

7l 51 13 38

v 20 12 8 0.006*
Regional lymph node involvement

No 45 11 34

Yes 26 14 12 0.012*

*P < 0.05 indicates statistical significance. NSCLC, non-small cell lung
cancer; TNFR2, tumor necrosis factor receptor 2.

immunoglobulin G (Maixin Biotechnology Development
Co., Ltd.) for 15 minutes the next day and then incubated
and developed using diaminobenzidine solution (Maixin
Biotechnology Development Co., Ltd.). Hematoxylin was
used for counterstaining for two minutes and neutral gum
was used for sealing. Two pathologists blindly analyzed any
discrepancies to avoid bias. Positive cells were scored based
on percentages as follows: 0 = 0%, 1 = < 25%, 2 = 26-75%,
and 3 = > 75%. Staining was ranked by intensity as follows:
0 = no staining, 1 = weak staining, 2 moderate staining,
and 3 = intense staining. Finally, TNFR2 expression was
evaluated by the product of the percentage of positive cells
and the intensity of staining. TNFR2 expression was divided
into two categories: low (< 4) and high (= 4).

Statistical analyses

SPSS version 23.0 (IBM Corp., Armonk, NY, USA) was
used for statistical analyses. Chi-square tests were used to
analyze the correlation between TNFR2 and clinical
parameters. Kaplan-Meier curves were drawn, and log-
rank tests were used to verify the relationship between
TNFR2 expression and prognosis. A Cox proportional haz-
ards regression model was used to identify factors affecting
the OS and DEFS rates in NSCLC. P < 0.05 indicated a sta-
tistically significant difference.
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Results

Tumor necrosis factor receptor 2 (TNFR2)
expression in human non-small cell lung
cancer (NSCLC) cell lines and tissue
samples

TNFR2 messenger RNA (mRNA) and protein expression
levels were assessed by qRT-PCR and Western blotting,
respectively. According to gqRT-PCR analysis, the expression
levels of TNFR2 mRNA in human NSCLC cell lines, includ-
ing A549, H1299, and H1975, were significantly higher than
those in the normal human lung epithelial cell line, BEAS-2B
(Fig 1a) (P < 0.05). The average relative levels of TNFR2
mRNA expression in the human NSCLC cell lines A549,
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Figure 1 Expression of tumor necrosis factor receptor 2 (TNFR2) in
human non-small cell lung cancer (NSCLC) cell lines (A549, H1299,
H1975) and normal lung epithelial cells (BEAS-2B) was analyzed by (a)
real time-PCR at messenger RNA (mRNA) level and (b) Western Blot
analysis at protein level and mean of triplicate assays. * P < 0.05.
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H1299, and H1975 were 0.9237 + 0.1302, 1.322 £ 0.07141,
and 0.4297 + 0.02441, respectively, which were significantly
higher than that in the BEAS-2B cell line (0.2 £ 0.005774)
(P < 0.05). Furthermore, Western blot analysis indicated that
compared to the normal human lung epithelial cell line, the
TNFR2 protein expression levels in human NSCLC cell lines
were much higher (Fig 1b) (P < 0.05).

Additionally, 71 primary human NSCLC specimens
were collected to evaluate the expression of TNFR2 in
cancer tissues by IHC. Both adenocarcinoma (ADC) and
squamous cell carcinoma (SCC) cells from paraffin-
embedded NSCLC tissues exhibited deep staining. TNFR2
expression was detected predominantly in cell membrane
and cytoplasm (Fig 2a), but weak staining was also
observed in cancer stromal cells. TNFR2 expression was
detected in both lung ADC (Fig 2c¢,d) and lung SCC
(Fig 2e,f) tissue samples by IHC. The rate of high TNFR2
expression in all 71 primary human NSCLC specimens
was 35%. However, TNFR2 expression in 25 adjacent
normal lung tissue samples was very low: 6 cases showed
low expression while the remaining 19 showed negative
expression (Fig 2b).

Y.W. Zhang et al.

Correlation between TNFR2 expression and
clinical parameters in patients with NSCLC

As shown in Table 1, high TNFR2 expression was associated
with tumor stage (P = 0.006) and lymph node metastasis
(P =0.012). Based on TNFR2 expression, 71 NSCLC speci-
mens were divided into two groups: low (n = 46) and high
(n = 25) expression. Eight out of 46 patients in the low
TNFR2 group were classified as stage III/IV, which was signif-
icantly lower than the proportion in the high expression group
(12 of 25 patients, P = 0.006). Twelve out of 46 patients in the
low TNFR2 group had lymph node metastasis, which was sig-
nificantly lower than the proportion in the high TNFR2 group
(14 of 25 patients, P = 0.012). However, differences in age,
gender, and tumor size between the two groups were not sig-
nificant. These results confirm associations between TNFR2
and clinical stage and lymph node metastasis.

TNFR2 protein expression predicts NSCLC
survival

TNFR2 was positively associated with poor prognosis. In
patients with NSCLC with high TNFR2 expression, the
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Figure 2 Expression of tumor necrosis factor receptor 2 (TNFR2) in (@) human non-small cell lung cancer (NSCLC) specimens and (b) adjacent normal
lung tissues. (c) High and (d) low expression (x200) in lung adenocarcinoma and (e) high and (f) low expression (x200) in lung squamous cell carci-
noma, respectively.

440 Thoracic Cancer 10 (2019) 437-444 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



Y.W. Zhang et al.

1.0

0.8 4

0.6

0.4 4

Overall survival rate

0.2

0.0 4

T T T T T
0 20 40 60 80

Time after surgery (months)

T
100

Prognostic value of TNFR2 in NSCLC

1.0+

0.8

0.6

0.4

Disease-free survival rate

0.2+

0.0

T T T T T T T
o 20 40 60 80 100 120

Time after surgery (months)

Figure 3 High tumor necrosis factor receptor 2 (TNFR2) expression was associated with shorter survival time in non-small cell lung cancer (NSCLC)
patients. (a) Overall and (b) disease-free survival in tumor tissues of NSCLC patients with high and low TNFR2 expression was calculated using

Kaplan—-Meier survival analysis. *P < 0.05.

mean OS and DFS were 29 and 15 months compared to
64 and 47 months for patients with low TNFR2 expression,
respectively. Survival rates were estimated using the
Kaplan-Meier method and differences were compared
using a log-rank test. Differences in OS (P = 0.006) and
DEFS (P = 0.000) (Fig 3) between the two groups were sig-
nificant (Fig 2).

We assessed whether TNFR2 expression is an indepen-
dent prognostic factor for OS or DFS by univariate and mul-
tivariate Cox regression analyses (Tables 2-3). Univariate
analysis showed that the key indicators of poor OS were
clinical stage, lymph node metastasis, and TNFR2 expres-
sion. Multivariate analysis confirmed that TNFR2 (hazard
ratio [HR] 2.332, 95% confidence interval [CI] 1.057-5.144;
P =0.036), clinical stage (HR 0.039, 95% CI 0.014-0.106;
P =0.000), lymph node metastasis (HR 1.142, 95% CI
0.382-3.413; P =0.000), and adenocarcinoma subtype

(HR 0.244, 95% CI 0.064-0.926; P =0.039) were

independent predictors of OS. In addition, the results of the
univariate analysis confirmed that the key predictors of poor
DEFS included clinical stage, lymph node metastasis, and
TNFR2 expression. The results of multivariate analysis
showed that TNFR2 (HR 4.487, 95% CI 1.761-11.431;

P =0.002) and clinical stage (HR 0.028, 95% CI
0.009-0.089; P =0.000) were independent predictors
of DFS.

The univariate and multivariate Cox regression analyses
further indicated the significant function of TNFR2 as an
independent prognostic factor in NSCLC. The results fur-
ther revealed that high TNFR2 expression was associated
with poor prognosis in patients with NSCLC.

Discussion

Tumor necrosis factor-o (TNF-a) binds to TNFRI1 to pro-
mote cytotoxicity and TNFR2 to promote survival. A series

Table 2 Univariate and multivariate analyses identified factors affecting OS of patients with NSCLC

Univariate analysis

Multivariate analysis

Clinical parameters HR 95% Cl P HR 95% ClI P
TNFR2 2.371 1.135-4.953 0.022* 2.332 1.057-5.144 0.036*
Gender 1.050 0.530-2.079 0.890 0.521 0.236-1.153 0.108
Age (year) 0.908 0.455-1.816 0.787 1.203 0.541-2.677 0.650
Tumor size 2.195 0.907-5.312 0.081 1.425 0.466-4.360 0.535
Clinical stage 0.078 0.036-0.167 0.000* 0.039 0.014-0.106 0.000*
Regional lymph node involvement 0.229 0.113-0.465 0.000* 1.142 0.382-3.413 0.000*
Histological type degree

Adenocarcinoma 0.643 0.189-2.187 0.480 0.244 0.064-0.929 0.039*

Squamous 0.684 0.195-2.405 0.554 0.906 0.243-3.375 0.883

*P < 0.05 was considered statistically significant. Cl, confidence interval; HR, hazard ratio; NSCLC, non-small cell lung cancer; OS, overall survival.
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Table 3 Univariate and multivariate analyses identified factors affecting DFS of patients with NSCLC

Univariate analysis

Multivariate analysis

Clinical parameters HR 95% Cl P HR 95% ClI P
TNFR2 3.724 1.612-8.602 0.002* 4.487 1.761-11.431 0.002*
Gender 1.021 0.516-2.203 0.952 0.483 0.220-1.059 0.069
Age (year) 0.885 0.443-1.768 0.729 1.041 0.470-2.301 0.922
Tumor size 1.911 0.789-4.631 0.151 1.413 0.469-4.260 0.539
Clinical stage 0.073 0.034-0.160 0.000* 0.028 0.009-0.089 0.000*
Regional lymph node involvement 0.239 0.119-0.479 0.000* 0.810 0.296-2.217 0.681
Histological type degree

Adenocarcinoma 0.781 0.229-2.666 0.694 0.277 0.072-1.067 0.062
Squamous 0.783 0.223-2.751 0.702 1.444 0.375-5.561 0.594

*P < 0.05 was considered statistically significant. Cl, confidence interval; DFS, disease-free survival; HR, hazard ratio; NSCLC, non-small cell lung

cancer.

of studies have shown that TNFR2 plays important roles in
the development and progression of various types of
tumors, including breast, esophageal, cervical, ovarian, and
colorectal cancers, myeloma, cholangiocarcinoma, and
non-Hodgkin’s lymphoma.”'®*™* A previous study
showed that tumor growth is significantly reduced in
TNFR2 knockout Lewis lung cancer mice;'' it is possible
that TNF signaling increases tumor and endothelial cell
death via TNFR1 and not via TNFR2. However, to our
knowledge, the role of TNFR2 has not been evaluated in
human NSCLC tissues and cell lines.

In this study, we analyzed TNFR2 expression in human
NSCLC cell lines for the first time. We detected TNFR2
expression in three human NSCLC cell lines. TNFR2
expression levels in the human NSCLC cell lines A549,
H1299, and H1975 were approximately 4.6, 6.61, and 2.15
times higher at the mRNA level and 3.1, 4.99, and 2.69
times higher at the protein level than in the BEAS-2B cell
line, respectively. Compared to the BEAS-2B cell line,
TNFR2 expression levels in human NSCLC cell lines were
significantly higher at both the mRNA and protein expres-
sion levels. These results suggest that TNFR2 plays an
important role in human NSCLC progression.

To further verify the expression of TNFR2 in human
NSCLC, we examined its expression in human NSCLC tis-
sues. Immunohistochemical staining showed that TNFR2
is mainly located in the cytoplasm and membranes, and
weak staining was observed in cancer stromal cells. These
results provide the first evidence of the expression of
TNFR2 in human NSCLC tissues. Additionally, the tumor
stromal localization of TNFR2 is consistent with previous
results concerning TNFR2 expression in regulatory T cells
(Tregs). We then analyzed the relationship between
TNFR2 expression and clinical parameters and prognosis
in patients with NSCLC. We found correlations between
TNFR2 expression and both clinical stage and lymph node
metastasis.
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To examine the prognostic significance of TNFR2
expression in human NSCLC, we constructed OS curves.
Unsurprisingly, we found that higher TNFR2 expression in
human NSCLC tissues indicates a shorter survival time. In
patients with NSCLC with high TNFR2 expression, the
mean OS and DFS were 29 and 15 months compared to
64 and 47 months for patients with low TNFR2 expression,
respectively. Hence, TNFR2 may be a new auxiliary indica-
tor for predicting the clinical prognosis of patients with
NSCLC.

Recent advances in high-throughput sequencing technol-
ogy and a greater understanding of tumor cell biology have
led to the development of targeted therapies for human
NSCLC."*""” We found that TNFR?2 is expressed in human
NSCLC tissues and cells, and its expression is significantly
correlated to poor prognosis. Thus, we speculated that
TNFR2 may be involved in several signaling pathways to
promote malignant biological behavior, such as prolifera-
tion, migration, and angiogenesis. However, further studies
are needed to explore the molecular mechanisms by which
TNFR2 promotes cancer progression.

A recent study showed that the level of TNFR2
expressed by Tregs is significantly higher than that of con-
ventional T cells in the peripheral blood of patients with
lung cancer, and TNFR2 levels on Tregs are associated
with the number and activity of Tregs, as well as lymphatic
invasion, distant metastasis, and a more advanced clinical
stage.”® Tregs have a central role in regulating tumor-
specific immune responses.'**' TNFR2 stimulates the acti-
vation and proliferation of Tregs, thereby reducing the
ability to resist tumor immune responses, affecting the pro-
motion of tumor cell survival and tumor growth.>”** Chen
et al. and Torrey et al. both found that blocking TNFR2
may enhance the antitumor immune response and directly
kill tumor cells.”>” In this study, we detected TNFR2
expression in human NSCLC cells and tissues. The expres-
sion level of TNFR2 in human NSCLC was associated with
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advanced clinical stage and lymph node metastasis, as well
as poor prognosis. The expression of TNFR2 in cancer cells
and Tregs indicates that TNFR2 may be a new target for
human NSCLC and a novel checkpoint for immunother-
apy. TNFR2 inhibitors may be able to improve the efficacy
of chemotherapy and radiation therapy in patients with
NSCLC and prolong survival.

However, because the tissue samples in this experiment
were obtained from patients in Tianjin, the experimental
data were clearly regional. The number of samples was rel-
atively small; accordingly, the results may not be generaliz-
able to all patients with NSCLC. Multi-center experiments
are needed to expand the sample size and validate our
results.

In conclusion, we detected the expression of TNFR2 in
human NSCLC cells and tissues and found that higher
TNFR2 expression in human NSCLC leads to a more
advanced clinical stage and shorter survival. These findings
suggest that TNFR2 inhibitors may be effective for patients
with NSCLC and have the potential to become a new adju-
vant therapy. Our results suggest that TNFR2 is a useful
prognostic marker for patients with NSCLC. Because the
antitumor function of TNFR2 is not fully resolved, a dee-
per understanding of its mechanism of action may be use-
ful to establish effective tumor immunotherapies.
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