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Clinical significance of tumor necrosis factor receptor 2 in middle
and lower thoracic esophageal squamous cell carcinoma
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Abstract. High expression and role of tumor necrosis factor
receptor 2 (TNFR2) in cancer progression and prognosis
has been reported in several types of tumors. However, its
role in esophageal carcinoma (EC) remains unknown. In
the present study, TNFR2 expression in middle and lower
thoracic esophageal squamous cell carcinoma (ESCC) was
detected using immunohistochemistry (IHC). Chi-square test
revealed that TNFR2 was positively correlated with invasion
depth, advanced clinical stage and low differentiation degree.
Furthermore, survival analysis revealed that TNFR2 was posi-
tively correlated with poor overall survival (OS). Moreover,
univariate COX regression analysis revealed that clinical
stage, lymph node involvement, and invasion depth can affect
the OS of ESCC patients, while multivariate COX regression
analysis revealed that lymph node involvement and invasion
depth can affect the OS of ESCC patients. In middle thoracic
ESCC patients, TNFR2 was positively correlated with inva-
sion depth, advanced clinical stage and poor OS. Furthermore,
univariate and multivariate COX regression analysis both
revealed that clinical stage, lymph node involvement, and
invasion depth can affect OS. In lower thoracic ESCC patients,
TNFR2 was positively correlated with low differentiation
degree. Furthermore, the positive correlation of TNFR2 with
poor OS did not reach statistical significance. In addition,
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univariate COX regression analysis revealed that only lymph
node involvement could affect OS. All the results suggest that
TNFR2 can play an important role in the progression and poor
prognosis of ESCC patients. Moreover, the role of TNFR2 in
the prognosis of middle thoracic ESCC patients was earlier
and stronger than in lower thoracic ESCC patients.

Introduction

Esophageal carcinoma (EC) is one of the most common malig-
nant tumors worldwide, which is eighth in incidence and sixth
in leading cause of cancer-related deaths (1,2). Esophageal
squamous cell carcinoma (ESCC) accounts for nearly 90% of
EC cases in developing countries, especially in China (2). It
is usually characterized by insidious early symptoms, lack of
specific markers for diagnosis and evaluating prognosis, and
poor prognosis (3). Despite its improvement in early detection
and treatment in recent years, the overall survival (OS) of
advanced ESCC patients remains poor, with a <30% five-year
survival rate in China (4). Hence, it is necessary to find more
efficient targets that can be used for the diagnosis and treat-
ment of ESCC patients.

According to the different locations of primary cancers,
ESCC can be divided into four types: Cervical ESCC, upper
thoracic ESCC, middle thoracic ESCC, and lower thoracic
ESCC (5). The incidence of cervical and upper thoracic ESCC
is much smaller than that of middle and lower thoracic
ESCC (6). Moreover, the biological behavior of cervical and
upper thoracic ESCC is closer to head and neck squamous cell
carcinoma, rather than ESCC (5,7,8). Hence, studies on middle
and lower thoracic ESCC would be more meaningful for EC
research.

Tumor necrosis factor receptor (TNFR) is composed of
two members: tumor necrosis factor receptor 1 (TNFR1) and
tumor necrosis factor receptor 2 (TNFR2). TNFRI1 is widely
expressed in different kinds of cells, and can mediate apoptosis
induced by tumor necrosis factor-a (TNF-a) (9). Different to
TNFRI1 due to the lack of a cytoplasmic death domain (DD),
TNFR2 cannot activate the apoptotic machinery of cells, but
can play important roles in bone healing, anti-inflammation
and immune regulation through binding to TNF-a (10-12).
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In recent years, with deeper and more extensive studies on
cancer, the high expression and promotion roles of TNFR2
have been reported in several types of tumors, such as ovarian
cancer (13,14) and breast cancer (15). However, the clinical
significance of TNFR2 in EC remains unknown.

In the present study, TNFR2 expression was detected in
431 tissue specimens obtained from ESSC patients by immu-
nohistochemistry (IHC) staining, and the positive correlation
of TNFR2 with the progression and poor prognosis of the total
cases was proven. Next, the clinical significance of TNFR2 in
middle and lower thoracic ESCC was studied. Finally, COX
regression analysis was performed to confirm the factors that
can affect the prognosis of ESCC patients.

Materials and methods

Collection of tissue samples. Approved by the Ethics
Committee of the Affiliated Hospital of Jining Medical
University (Jining, China), we retrospectively selected
431 primary ESCC specimens from EC patients who had
surgical removal from 2008 to 2014 in Affiliated Hospital of
Jining Medical University. The inclusion criteria and exclusion
criteria of this study were simple: i) patients with middle or
lower ESCC; and ii) patients did not receive chemotherapy,
radiotherapy or immunomodulatory therapy before surgery.
Follow-up of outpatients was performed by telephone and the
ending time was December, 2016.

IHC staining and scoring. ESCC wax samples were collected
and cutinto slides of 4 ym thickness for hematoxylin and eosin
(H&E) staining. After H&E staining, tumor regions were
marked under microscope and tumor tissues were taken
away using a trocar. Then many tumor tissues from different
samples were embeded into one paraffin block. The paraffin
block were cut into 4 ym thickness and deparaffinized in
xylene and rehydrated in graded ethanol, then boiled in
10 mmol/l citrate buffer (pH 6.0) for 3 min at 100°C for
antigen unmasking. Then the sections were immersed in 3%
H,0, for 10 min to block the endogenous peroxidase and in
goat serum blocking solution for 15 min to block non-specific
antigens. After incubated at room temperature for 2 h in
primary antibody of TNFR2 (1:400; Proteintech Group
Inc., Chicago, IL, USA), sections were washed with PBS
and incubated in HRP goat anti-rabbit/mouse IgG polymer
(Maixin Biotechnology Development Co., Ltd., Fuzhou,
China) at room temperature for 30 min. Finally, slides were
stained with 3,3'-diaminobenzidine and counterstained
with hematoxylin. The scoring process was performed by
two independent pathologists who were blind to clinical
parameters and clinical outcomes of patients. The percentage
of stained cells was evaluated at x400 magnification in at
least 5 random fields. The proportion score represented the
estimated fraction of positive staining tumor cells (0<25%;
26%<1=<50%; 51%=<2<75%; 3>75%). The intensity score
represented the estimated average staining intensity of posi-
tive tumor cells (0, negative; 1, weak; 2, moderate; and 3,
strong). The expression level of TNFR2 was evaluated using
the product of proportion score and intensity score at five
fields and mean value was obtained (<4 as low expression,
>4 as high expression).
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Figure 1. TNFR2 expression in ESCC tissue. (A) TNFR2 expression
in non-tumor esophageal tissue; (B) negative expression of TNFR2 in
ESCC tissue with high differentiation; (C) weak expression of TNFR2 in
ESCC tissue with high differentiation; (D) moderate expression of TNFR2
in ESCC tissue with low differentiation; (E) high expression of TNFR2
in ESCC tissue with low differentiation. TNFR2, tumor necrosis factor
receptor 2; ESCC, esophageal squamous cell carcinoma.

Statistical analysis. SPSS 11.0 software (SPSS, Inc., Chicago,
IL, USA) was used for statistical analysis. The association
between the expression of TNFR2 and clinical parameters
was analyzed using the Chi-square test. Survival curves were
drawn using the Kaplan-Meier method and compared using
the log-rank test. Cox's proportional hazards regression model
was performed to identify factors which can affect the OS of
ESCC patients. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

In the total cases, TNFR2 was positively correlated with
invasion depth, advanced clinical stage, low differentiation
degree and poor OS. A total of 431 specimens from different
ESCC patients were collected and stained using IHC to
detect TNFR2 expression, higher than non-tumor esopha-
geal tissues (Fig. 1). All ESCC cases were divided into two
groups including low expression of TNFR2 group and high
expression of TNFR2 group. As shown in Table I, in the
low expression of TNFR2 group, only 119 out of 192 cases
had an invasion depth greater than the muscularis, which
was much less than 187 out of 239 cases in the high expres-
sion of TNFR2 group, and the difference was statistically
significant (P<0.001). Furthermore, 129 out of 192 cases were
at stage III, which was much less than 184 out of 239 cases
in the high expression of TNFR2 group, and the difference
was statistically significant (P=0.03). Moreover, 88 out of
192 cases has a low differentiation degree, which was much
less than 143 out of 239 cases in the high expression of
TNFR?2 group, and the difference was statistically significant
(P=0.005). Otherwise, there was no significant difference
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Table I. Correlation of TNFR?2 with clinical parameters of the patients with total ESCC.
TNFR2
Clinical parameters Cases Low (192) High (239) P-value
Age
<60 195 92 103 0.331
>60 236 100 136
Sex
Male 245 106 139 0.558
Female 186 86 100
Invasion depth
<Muscularis 125 73 52 <0.001¢
>Muscularis 306 119 187
Tumor size
<4 cm 271 115 156 0.271
>4 cm 160 77 83
Tumor location
Lower 152 72 80 0418
Middle 279 120 159
Clinical stage
/I 118 63 55 0.030*
11 313 129 184
Differentiation
Low 231 88 143 0.005*
Moderate/high 200 104 96
Lymph node involvement
No 222 99 123 0.984
Yes 209 93 116

“P<0.05. TNFR2, tumor necrosis factor receptor 2.

in age, gender, tumor size, tumor location and lymph node
involvement between these two groups. In addition, in the
low expression of TNFR2 group, follow-up was performed
for 115 cases. A total of 53 cases died during the follow-up
period, and the survival rate was 53.91%. In the high expres-
sion of TNFR?2 group, follow-up was performed in 113 cases.
A total of 77 cases died during the follow-up period, and
the survival rate was 31.86% (Fig. 2A). The Kaplan-Meier
analysis revealed that OS in the high expression of TNFR2
group was worse, compared with that in the low expression of
TNFR?2 group, and the difference was statistically significant
(P=0.003; Fig. 2B).

In middle thoracic ESCC patients, TNFR2 was positively
correlated with invasion depth, advanced clinical stage and
poor OS. The middle thoracic esophagus is the most common
location of ESCCs. The 279 middle thoracic ESCC cases
were divided into two groups: Low expression of TNFR2
group (n=120) and high expression of TNFR2 group (n=159).
As shown in Table II, in the low expression of TNFR2 group,
only 73 out of 120 cases had an invasion depth greater than the
muscularis, which was much less than 127 out of 159 cases
in the high expression of TNFR2 group, and the difference

was statistically significant (P=0.001). Furthermore, 77 out
of 120 cases were at stage III, which was much less than
125 out of 159 cases in the high expression of TNFR2 group,
and the difference was statistically significant (P=0.01). In
low expression of TNFR2 group, follow-up was performed
in 65 cases. A total of 27 cases died during the follow-up
period, and the survival rate was 58.46%. In the high expres-
sion of TNFR2 group, follow-up was performed in 75 cases.
A total of 52 cases died during the follow-up period, and the
survival rate was 30.67% (Fig. 2C). The Kaplan-Meier anal-
ysis revealed that OS in the high expression of TNFR2 group
was worse than that in the low expression of TNFR2 group,
and the difference was statistically significant (P=0.002;
Fig. 2D).

In lower thoracic ESCC patients, TNFR2 was positively
correlated with low differentiation degree. Lower thoracic
esophagus is the second common location of ESCCs. The
152 lower thoracic ESCC cases were divided into two groups:
low expression of TNFR2 group (n=72) and high expression
of TNFR2 group (n=80). As shown in Table III, in the low
expression of TNFR2 group, only 33 out of 72 cases had a
low differentiation degree, which was much less than 52 out of
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Table II. Correlation of TNFR2 with clinical parameters of patients with middle thoracic ESCC.

TNFR2
Clinical parameters Cases Low (120) High (159) P-value
Age
<60 126 56 70 0.716
>60 153 64 89
Sex
Male 212 91 121 0.959
Female 67 29 38
Invasion depth
<Muscularis 79 47 32 0.001*
>Muscularis 200 73 127
Tumor size
<4 cm 175 71 104 0.318
>4 cm 104 49 55
Clinical stage
/I 77 43 34 0.01*
III 202 77 125
Differentiation
Low 146 55 91 0.07
Moderate/high 133 65 68
Lymph node involvement
No 154 69 85 0.544
Yes 125 51 74
“P<0.05. ESCC, esophageal squamous cell carcinoma; TNFR2, tumor necrosis factor receptor 2.
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statistically significant (P=0.459; Fig. 2F).

COX regression analysis of factors which can affect OS of
ESCC patients. In order to further investigate the potential
factors that can influence the prognosis of patients, COX
regression analysis was performed. In the total cases, the
univariate COX regression analysis revealed that clinical stage,
lymph node involvement, and invasion depth could affect the
OS of ESCC patients, and the difference was statistically
significant (P=0.01, <0.001 and 0.001). The multivariate COX
regression analysis revealed that lymph node involvement and
invasion depth could affect the OS of ESCC patients, and the
difference was statistically significant (P<0.001 and 0.048;
Table IV). In middle thoracic ESCC patients, the univariate
COX regression analysis revealed that clinical stage, lymph
node involvement, and invasion depth could affect the OS of
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Figure 2. Survival analysis of total cases, middle thoracic ESCC cases and
lower thoracic ESCC cases. (A) Comparison of OS among the different
groups of the total cases; (B) comparison of survival rates among the different
groups of the total cases; (C) comparison of OS among the different groups
of middle thoracic ESCC cases; (D) comparison of survival rates among
the different groups of middle thoracic ESCC cases; (E) comparison of OS
among the different groups of lower thoracic ESCC cases; (F) comparison
of survival rates between the different groups of lower thoracic ESCC cases.
OS, overall survival; ESCC, esophageal squamous cell carcinoma.
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Table III. Correlation of TNFR2 with clinical parameters of patients with lower thoracic ESCC.

TNFR2
Clinical parameters Cases Low (72) High (80) P-value
Age
<60 69 36 33 0.329
>60 83 36 47
Sex
Male 33 15 18 0.846
Female 119 57 62
Invasion depth
<Muscularis 46 26 20 0.159
>Muscularis 106 46 60
Tumor size
<4 cm 96 44 52 0.736
>4 cm 56 28 28
Clinical stage
/1 41 20 21 0.857
III 111 52 59
Differentiation
Low 85 33 52 0.022*
Moderate/high 67 39 28
Lymph node involvement
No 68 30 38 0516
Yes 84 42 42

“P<0. 05. ESCC, esophageal squamous cell carcinoma; TNFR2, tumor necrosis factor receptor 2.

Table IV. Univariate and multivariate analysis identify factors influencing the overall survival of patients with total ESCC.

Univariate analysis

Multivariate analysis

Variable HR 95% CI P-value HR 95% CI P-value
Sex 0.845 0.566-1.284 0.430

Age 1.107 0.784-1.562 0.564

Clinical stage 0.585 0.389-0.881 0.010° 0.586 0.205-1.679 0.320
Differentiation degree 1.133 0.803-1.598 0477

Location 0.999 0.702-1.423 0.996

Size 1.069 0.747-1.528 0.717

Lymph node involvement 0.459 0.32-0.659 <0.001* 2.058 1.43-2.961 <0.001¢
Invasion depth 0.511 0.339-0.77 0.001* 2.882 1.007-8.245 0.048*

“P<0.05. HR, hazard ratio; CI, confidence interval; ESCC, esophageal squamous cell carcinoma.

ESCC patients, and the difference was statistically significant
(P=0.026,0.012, and 0.002). The multivariate COX regression
analysis revealed that clinical stage, lymph node involvement,
and invasion depth could affect the OS of ESCC patients, and
the difference was statistically significant (P=0.013, 0.031,
and 0.001; Table V). In lower thoracic ESCC patients, the
univariate COX regression analysis revealed that only lymph

node involvement could affect the OS of ESCC patients, and
the difference was statistically significant (P<0.001; Table VI).

Discussion

ESCC is a type of cancer that originates from esophageal squa-
mous epithelial cells. Its pathogenesis is not only hereditary,
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Table V. Univariate and multivariate analysis identify factors influencing the overall survival of patients with middle thoracic

ESCC.

Univariate analysis Multivariate analysis
Variable HR 95% CI P-value HR 95% CI P-value
Sex 0.817 0.488-1.369 0.443
Age 0.889 0.573-1.380 0.600
Clinical stage 0.55 0.325-0.93 0.026* 0.202 0.057-0.713 0.013*
Differentiation degree 1.186 0.764-1.84 0.447
Size 1.188 0.747-1.888 0.467
Lymph node involvement 0.559 0.356-0.878 0.012* 1.656 1.048-2.617 0.031*
Invasion depth 0415 0.239-0.721 0.002* 9.932 2.673-36911 0.001*

“P<0.05. HR, hazard ratio; CI, confidence interval; ESCC, esophageal squamous cell carcinoma.

Table VI. Univariate analysis identify factors influencing the
overall survival of patients with lower thoracic ESCC.

Univariate analysis

Variables HR 95% CI P-value
Sex 0.893 0.433-1.839 0.758
Age 1.607  0.92-2.808 0.096
Clinical stage 0.647 0.337-1.242 0.191
Differentiation degree 1.064 0.608-1.861 0.828
Size 0.899 0.51-1.584 0.712
Lymph node involvement 0333 1.181-0.612  <0.001*
Invasion depth 0.687 0.369-1.277 0.235

*P<0.05. HR, hazard ratio; CI, confidence interval; ESCC, esophageal
squamous cell carcinoma.

but can be induced by unhealthy lifestyles, such as eating
food that contains nitrite, drinking, smoking and so on (16,17).
Hence, its incidence in males is significantly higher than that
in females (18). In the present study, the number of enrolled
males (n=245) was greater than females (n=186), which is
consistent with the incidence of ESCC between different
genders. According to different location of primary cancers,
ESCC can be divided into four types. Middle thoracic ESCCs
are tumors that range from the azygos vein to the inferior
pulmonary vein and its incidence ranks first. Lower thoracic
ESCCs are tumors that range from the inferior pulmonary
vein to the lower esophageal sphincter and its incidence ranks
second (5). In these 431 cases, middle thoracic ESCC cases
(n=279) were greater than lower thoracic ESCC cases (n=152).
This is consistent with the different incidences of middle and
lower thoracic ESCCs (6).

TNFR?2 protein is encoded by the tumor necrosis factor
superfamily 1B (TNFRSF1B) gene, which weights 75 kDa (19).
Its high expression and potential in maintaining the malignant
biological behaviors of cells, metastasis (20), invasion (21)
and proliferation (22) have been reported in several types of

tumors. Moreover, it was found that TNFR?2 could promote
the transformation of resident fibroblasts to cancer associated
fibroblasts (CAFs) (23). Furthermore, it is well-known that
CAFs can contribute to migration, invasion and metastasis, and
even prevent differentiation and induce the stemness of tumor
cells (24,25). In the present study, the investigators attempted
to confirm the clinical significance of TNFR2 in ESCCs. In the
total cases, it was found that TNFR2 was positively correlated
with invasion depth, advanced clinical stage and low differen-
tiation degree. In middle thoracic ESCC samples, it was found
that TNFR2 was also positively correlated with invasion depth
and advanced clinical stage. The correlation of TNFR2 with
differentiation did not reach a statistical significance, but a
positive trend was found. This supports the results from the
study of the total cases. In lower thoracic ESCC samples, a
positive correlation between TNFR2 and low differentiation
was also found, and this supplied further support to the roles of
TNFR?2 in differentiation. All these results confirm the role of
TNFR2 in ESCC progression, and are consistent with the roles
of TNFR2 in the malignant biological behaviors of tumor cells,
such as in promoting migration, invasion, preventing differen-
tiation and inducing stemness, as previously reported (20-25).

The roles of TNFR2 in prognosis have been reported
by several researchers, but the results were inconsistent.
Heemann C and Nakamura N reported that the circulating
level of TNFR2 was associated with poor outcome of patients
with peripheral T-cell non-Hodgkin lymphoma and diffuse
large B-cell lymphoma (26,27). However, in 2005, Mestiri
S reported that the 196R-TNFRII allele revealed a significant
association with increased OS and disease-free survival in
breast carcinoma patients (28). In the present study, regard-
less of whether it pertains to the total cases or middle thoracic
ESCC patients, the result revealed that TNFR2 was positively
correlated with poor OS. This is consistent with the reports of
Heemann C and Nakamura N, and was in line with the roles of
TNFR2 in the malignant behaviors of tumor cells, which was
previously reported. However, this was not consistent with the
report of Mestiri S. This can be explained by the differences in
tumor origin or races. Moreover, the difference in OS between
the two groups began vary early, which was nearly from six
months. Otherwise, in lower thoracic ESCC patients, although
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the prognosis of patients in the high expression of TNFR2
group was poorer than in the low expression of TNFR2 group,
the difference was not significant. Particularly at the early
period (before 46 months), there was nearly no difference in
OS between the two groups, and the difference was mainly
found at the late period (46 months later). This suggests that
the role of TNFR2 in the prognosis of lower thoracic ESCC
might be weaker and later than that of middle thoracic ESCC.

ESCC is a rapidly evolving disease, and its prognosis can be
affected by clinical stage, tumor size, lymph node involvement,
and so on. Advanced clinical stage usually leads to more malig-
nant behaviors in tumor cells or longer time intervals in cancer
progression, and this can often result in poor prognosis (29,30).
Lymph node involvement and deeper invasion usually imply
the stronger invasion ability of tumor cells, and are commonly
used as criteria for evaluating for clinical stage and progres-
sion (31-33). In the total cases, the univariate COX regression
analysis revealed that clinical stage, lymph node involvement,
and invasion depth could significantly affect the OS of ESCC
patients. Moreover, the multivariate COX regression analysis
revealed that both lymph node involvement and invasion depth
could significantly affect the OS of ESCC patients. This suggests
that clinical stage, lymph node involvement, and invasion depth
can be treated as independent prognostic factors of ESCC. For
middle thoracic ESCCs, clinical stage, lymph node involvement
and invasion depth were proven as independent prognostic
factors. However, in lower thoracic ESCCs, only lymph node
involvement could significantly affect the OS of ESCC patients.
This might be attributed to the reason that lower thoracic ESCC
was closely adjacent to esophageal and cardiac lymph nodes,
making it easier for lymph node involvement, or attributed to the
limited specimens in the present study.

Another TNFR, TNFR1 is not studied in this paper. Its role
in tumor has been reported previously. Zhao Y reported that
downregulating TNFR1 could suppress growth of breast cancer
cells (34). But, You BR reported that down-regulation of TNFR1
suppressed apoptosis in TNF-a treated lung cancer cells (35). In
view of different roles of TNFRI in different types of tumors, it
is hard to predict the clinical significance of TNFR1 in ESCC.
The role of TNFRI in tumor progression and prognosis still
needs our later study.

Of course, there are also some limitations in our study. All
cases in our study are mainly from nearby areas, so the data
is regional and the result is limited. Multi-center study would
supply more universal results. In addition, we only showed
clinical significance of TNFR2 here, no cell and animal
experiments was performed. Further experiments on cell,
animal and molecular levels would enrich our undersatanding
about roles of TNFR2 in ESCC.

In conclusion, the clinical significance of TNFR2 in middle
and lower thoracic ESCCs was confirmed, which enriched our
knowledge on the roles of TNFR2 in tumors. TNFR2 might
be used as a good prognostic factor of ESCC. Moreover, it can
also be used as a therapeutic target. As our deeper study, more
efficient target drug forTNFR?2 is also possible. Of course, this
still needs hard work.
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