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Background: At present, there is no effective targeted therapy for esophageal squamous cell carcinoma (ESCC), and it is ur-
gent to find new targets for the treatment of ESCC. TRAF4 has been regarded as a cause of carcinogenesis due
to overexpression in many cancer types and participation in multiple signaling pathways. However, there are
few studies on TRAF4 in ESCC worldwide. Its expression in ESCC and whether it affects the prognosis of pa-
tients still remain unclear.

Material/Methods: We detected the expressions of TRAF4, ki-67, and p53 in 100 cases of ESCC and 80 cases of adjacent normal
esophageal squamous epithelium tissues by immunohistochemical technique. We further explored the rela-
tionship between TRAF4 and ESCC and its prognosis through statistical analysis.

Results: TRAF4 was highly expressed in ESCC tissues and was mainly expressed in the cytoplasm. Overexpression of
TRAF4 in ESCC was also associated with high expression of ki-67 and p53 (P<0.05). We also found that patients
with high expression of TRAF4 had significantly lower OS than in patients with low TRAF4 expression (P<0.05).
Overexpression of TRAF4 was an independent risk factor affecting the prognosis of patients (P<0.05).

Conclusions: We found that TRAF4 was highly expressed in ESCC tissues and was mainly expressed in the cytoplasm of can-
cer cells. Overexpression of TRAF4 was an independent risk factor affecting the overall prognosis of patients.
The results indicated that TRAF4 may become a new target for the treatment of ESCC in the future.
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Background

According to epidemiological statistics, China is a high-incidence
area of esophageal squamous cell carcinoma, which is more
common in men over 40 years old. Treatment of esophageal
cancer is mainly early surgical treatment, but many patients
diagnosed at later stages have high morbidity and mortality
rates and have lost the opportunity for early surgery, and there
is still no effective targeted therapy [1]. Esophageal cancer is
more common in people with adenocarcinoma in Europe and
the Americas. Most studies on esophageal cancer are mainly
based on adenocarcinoma. It is urgent to find new targets for
the treatment of esophageal squamous cell carcinoma.

Tumor necrosis factor receptor-related factor (TRAF) is an im-
portant intracellular signaling proteins of tumor necrosis factor
receptor (TNFR), which activates the transcription factor NF-xB
and JNK pathway by adjusting a variety of signal transduction
pathways, such as the IL-1/Toll-like receptors, so as to regu-
late cell proliferation, differentiation, apoptosis, immune and
inflammatory reaction and so on [2-4]. In 1994, Rothe et al.
first discovered 2 proteins specific to TNFR binding in mouse
cytotoxic T cell lines and named them TNFR1 and TNFR2. So far,
7 different TRAFs have been found [5]. These molecules share
some structural properties. It mediates the interaction of TRAFs
molecules, receptors, and corresponding signal proteins in cells
through the homologous domain of its own carboxyl radicals.
The signal is transmitted downstream through the interaction
between DNA and protein through the ring finger/zinc finger
domain contained in the amino terminal [6]. Among many
family molecules, TRAF4 is the only one found in the nucleus,
which may be related to some primary tumors and metastases.
However, whether TRAF4 is mainly expressed in the nucleus or
cytoplasm in tumor tissues has been controversial [7]. Unlike
other family members that regulate immune and inflamma-
tory responses, TRAF4 has been shown to be involved in the
development and progression of multiple tumors [8,9]. TRAF4
is also expressed during embryonic development and is a key
molecule in the process of individual development [10]. In re-
cent years, studies around the world have found that TRAF4 is
often highly expressed in breast cancer, lung cancer, colorec-
tal cancer, and other tumors, and also affects the survival and
prognosis of patients [11].

We predicted the expression of TRAF4 gene in esophageal can-
cer in advance through bioinformatics analysis. Our results sug-
gest that the expression of TRAF4 in esophageal cancer and
normal tissues may be different (Figure 1A, 1B). Therefore,
we used immunohistochemistry to detect the distribution
and expression of TRAF4 in esophageal squamous cell carci-
noma and adjacent tissues, and performed statistical analysis
of the correlation between OS and clinical features. To inves-
tigate the expression and association of TRAF4 in esophageal
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squamous cell carcinoma, we also studied the relationship be-
tween TRAF4, ki-67, and p53 expression.

Material and Methods

Patients and specimens

We collected 100 tissue samples of esophageal cancer pa-
tients from Anhui Provincial Hospital from January 2008 to
December 2012, and made tissue chips. Specimens were ob-
tained from 74 male and 26 female patients, ages 48-82 years
(mean age 65.3 years), all based on pathological confirmation
of a clear diagnosis of ESCC. None of the patients had received
radiotherapy, chemotherapy, or immunotherapy. These tissues
were from patients undergoing esophagectomy. Among them,
80 patients had corresponding specimens of cancer and adja-
cent normal esophageal squamous epithelium tissues, num-
bered 1-80. The remaining 20 cases had only esophageal can-
cer specimens, numbered 80-100. The clinicopathological data
on sex, age, tumor size, lymphatic metastasis, and TNM stage
of all patients were collected from the case management sys-
tem of the medical records room of Anhui Provincial Hospital.
Follow-up lasted until July 2017. The study was approved by
the Anhui Provincial Hospital Ethics Committee and all pa-
tients signed a written informed consent form.

Tissue chip manufacturing steps

The pathological tissue wax block was selected from the
Pathology Department, and the conventional pathological sec-
tioning was followed by HE staining. We invited the patholo-
gist to locate the tumor tissue in the wax block. We used a US
Beecher array instrument to make a hole (2 mm in diameter)
on the blank wax block, and then accurately removed the de-
sired tissue at the corresponding position of the tissue wax
block according to the precise range drawn on the HE-stained
section. After that, we put the desired tissue in the hole of
the blank wax block, the number of the tissue placed in each
hole was recorded in detail, and the above operation was re-
peated. Each specimen was taken from a single piece of can-
cer and adjacent tissues (3—5 cm from the cancer tissue) to
make an array block. We used a microtome to slice continu-
ously. After that, routine HE staining was performed, and 2 pa-
thologists checked whether each of the chips was consistent
with the design. Then, we assessed the qualified slice lines by
immunohistochemistry.

Immunohistochemistry
The levels of TRAF4 were assessed by immunohisto-

chemistry. Mouse anti-human TRAF4 monoclonal anti-
body was purchased from Santa Cruz (USA) diluted 1: 100.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

LiP-C etal.:
Expression and association of TRAF4 in esophageal squamous cell carcinoma
© Med Sci Monit, 2019; 25: 2368-2376

A Hu Esophagus Statistics
Over-expression gene rank: 3667 (in top 30%) P-value: 0.031
Reporter 202871_at v t-Test: 1.944
Fold change: 1.255
25

log2 median-centered intensity
P
Il

Esophagus (17) Esophageal squamous cell carcinoma (17)

B Hu Esophagus 2 Statistics

P-value: 1.26E-6
t-Test: 4.944
Fold change: 1.347

Over-expression gene rank: 2656 (in top 15%)
Reporter] 202871_at v|

1.0

o
v
Il
T

|

|
(=}
v

I

T

-1.0 -

log2 median-centered intensity

Esophagus (53) Esophageal squamous cell carcinoma (53)

Figure 1. Oncomine database prediction results. (A) TRAF4 is related to the ESCC organization (P=0.031). (B) TRAF4 is related to the

ESCC organization (P<0.001).

The immunohistochemistry kit and DAB chromogenic reagent
are all products of Zymed Co. (USA). Immunohistochemical
staining was carried out according to the instructions of the
SP kit. The tissue chips were oven-dried overnight at 70°C. After
routine dewaxing and hydration, 3% hydrogen peroxide was
used to block endogenous peroxidase for 15 min. After rinsing
with PBS, we then put it in citrate buffer, performed antigen
retrieval by microwave or high pressure for 15 min, cooled it
at room temperature, and treated it with normal goat blocking
serum for 15 min at room temperature, and then an antibody
was added at room temperature for 2 h at 4°C overnight.
Then, we added biotin-labeled secondary antibody, incubate
it for 15 min at room temperature, stained it with DAB, rinse
it thoroughly with water, and stopped the reaction with he-
matoxylin. Positive and negative controls were set during the
staining process, and the negative control was replaced with
PBC instead of the primary antibody. The same immunobhisto-
chemical method was used to detect the expression of ki-67
and p53 in cancer and adjacent tissues.

Determination of immunohistochemical results

We used positive range and intensity to analyze TRAF4 expres-
sion. The staining intensity scores were as follows: 0 (negative
staining), 1 (weak staining, light yellow), 2 (moderate staining,
yellowish brown), 3 (strong staining, brown). We used positive
staining cells as a percentage of field of view to assess positive
staining range: 0 (negative), 1 (positive rate <25%), 2 (positive
rate 26-50%), 3 (positive rate 51-75%), and 4 (positive rate
75-100%). The final score was determined by multiplying the
intensity score and the positive range. By observing at least
5 high-power fields and scores, a total score >4 was consid-
ered high expression. Ki-67 and p53 expression was quanti-
fied by using a visual grading system [12]. In this experiment,

the p53 and ki-67 positive criteria were judged as: 0 (nega-
tive staining), 1 (<10% positive for diseased cells), 2 (10~50%
positive for diseased cells), and 3 (>50% positive for diseased
cells); 0 and 1 points are negative, and 2 and 3 points are pos-
itive [13]. All results were evaluated by 2 pathologists who
were blinded to the experiment.

Statistical analysis

Statistical analyses were performed with SPSS version 22.0
software (IBM, Armonk, NY). Differences between groups were
compared using the x? test. The relationship between TRAF4
expression and clinicopathologic characteristics and progno-
sis were explored by Kaplan-Meier survival analysis and log-
rank test. Correlation analysis between the 2 variables was
performed by using Spearman’s rank correlation analysis, and
among multiple factors using Cox regression. P<0.05 was con-
sidered to indicate a statistically significant difference.

Results

Expression and localization of TRAF4 in esophageal cancer
and adjacent tissues

After immunohistochemical staining of the tissue microarray,
we obtained 80 pairs of cancer tissues and corresponding
adjacent normal esophageal squamous epithelium tissues,
as well as 20 separate esophageal cancer tissues. During the
operation, there were no squamous epithelium in 5 adjacent
tissues. The results showed that although TARF4 is expressed
in the nucleus and cytoplasm of esophageal cancer cells at
the same time, but it is mainly expressed in the cytoplasm
(85% vs. 44%). The expression of TRAF4 in the cytoplasm of
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Table 1. (A) Difference of TRAF4 expression level in cytoplasm between esophageal squamous cell carcinoma and adjacent normal
tissues. (B) Difference of TRAF4 expression level in nucleus between esophageal squamous cell carcinoma and adjacent
normal tissues.

TRAF4 expression level in cytoplasm

High rate
ESCC tissues 85 15 100 85%
Adjacent normal tissues 16 59 75 21%

ESCC tissues 44 56 100 44%

A 4 6 5 e # 7k
SRS s e B AR P
| SR G Mg 808, st e Togum B
Normal tissue RRNLY' D EMETIINC o THEBMOR L ASTIET MRG0T N

Figure 2. Immunohistochemical staining of esophageal cancer and adjacent tissues at 200x magnification. (A) TRAF4 was
overexpressed in the cytoplasm of esophageal cancer cells. (B) TRAF4 is under-expressed in the adjacent normal tissues.

esophageal cancer cells was significantly higher than in adja- Table 1B). The results show that TRAF4 is highly expressed in
cent normal tissues (85/100 vs. 16/75, x?=71.2, P<0.01 Table 1A, ESCC, and is mainly expressed in cytoplasm.

Figure 2A, 2B). In addition, the expression of TRAF4 in the nu-

cleus of esophageal cancer cells was significantly higher than

in adjacent normal tissues (44/100 vs. 6/75, x?=27.2, P<0.01,
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Figure 3. We performed immunohistochemistry and HE staining of ESCC sections at the same position under the same conditions.
(A) TRAF4 was overexpressed in esophageal cancer cells. (B) Under the HE staining, the esophageal cancer tissue
was deeply stained and the cell morphology was abnormal. (C) ki-67 was overexpressed in esophageal cancer cells.

(D) p53 is overexpressed in esophageal cancer cells.

Relationship between high expression of TRAF4 in
cytoplasm of esophageal carcinoma and expression of ki-
67 and p53

To explore the relationship between the expression of TRAF4
and ki-67 and P53 in esophageal cancer tissues, we seri-
ally sliced the tissue chip to obtain high-quality serial sec-
tions for immunohistochemistry under the same conditions.
Immunohistochemical staining results showed that TRAF4 was
highly expressed in ESCC tissues, and ki-67 and p53 were highly
expressed in serial sections of the same site (Figure 3A-3D).
We performed Spearman correlation analysis, and the results
showed that high expression of TRAF4 in esophageal cancer tis-
sues is often accompanied by high expression of ki-67 (r=0.512,
P<0.01, Figure 3C) and P53 (r=0.234, P<0.05, Figure 3D). Our
bioinformatics prediction by using the GEPIA website (TCGA
data) also supports our results (Figure 4A, 4B).

We further explored the relationship between the expression
of TARF4, ki-67, and p53 and clinicopathological features in
esophageal cancer tissues. High expression of TRAF4 in ESCC
tissues was associated with sex (P=0.048). The high expres-
sion of ki-67 in esophageal cancer tissues is usually accom-
panied by lymphatic metastasis and higher TNM staging. High
expression of p53 was also positively correlated with TNM
staging. However, we did not find a relationship between the
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expression of TRAF4 in ESCC tissues and age, tumor size, lymph
node metastasis, TNM stage, or pathological stage (Table 2).

Relationship between expression of TRAF4 in esophageal
cancer tissues and patient prognosis

We found that the overall survival (OS) of patients with high
expression of TRAF4 was significantly lower than that of pa-
tients with low expression of TRAF4 by Kaplan-Meier survival
analysis and log-rank statistical test (95%Cl 23.337-37.763
vs. 44.409-78.546, P<0.01, Figure 5A). Patient sex, tumor size,
lymph node metastasis, and TNM staging were also associ-
ated with OS (P<0.05, Figure 5B-5E). However, there was no
association between patient pathological staging and patient
0S (P>0.05, Figure 5F). Our further Cox multivariate analysis
suggested that overexpression of TRAF4 was closely associ-
ated with patient prognosis, and it was an independent risk
factor for OS in patients with esophageal squamous cell car-
cinoma (Table 3).

Discussion

Since it was first discovered in human breast cancer tissues in
1995, TRAF4 has been regarded as an oncogene due to over-
expression in many cancer types and is thought to be involved
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Figure 4. Retrospective analysis of the database. (A) The expression of TRAF4 in esophageal cancer was associated with p53.
(B) The expression of TRAF4 in esophageal cancer was associated with ki67.

Table 2. The relationship between TRAF4, ki-67 and p53 expression and the clinicopathologic features in 100 ESCC patients(cases).

. <5 56 46 10 31 25 36 20
Tumor size 0,005 0.944 oo 0.353  0.553 rorrrrroooooeeeeeees 0.668 0.414
(cm) 55 29 24 5 18 11 16 13
. Yes 54 49 5 39 15 34 20
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metastasis No 45 35 10 22 23 28 17
— il 46 37 9 2 24 33 13
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in carcinogenesis by participating in multiple signaling path-
ways. Camilleri et al. performed immunohistochemical analy-
sis of pathological specimens from 623 patients with 20 dif-
ferent tumor types, and found that TRAF4 was overexpressed
in various tumor cells such as breast cancer and lung adeno-
carcinoma, liver cancer, and colon cancer, including lung ade-
nocarcinoma. Overexpression of TRAF4 was observed in 60%
of tissues (82 of 137). TRAF4 may play an important role in
most tumor proliferation signaling pathways [14]. In China,

the prevalent type of esophageal cancer is squamous cell car-
cinoma [15]. However, there are few studies on TRAF4 over-
expression in esophageal squamous cell carcinoma and the
relationship with patient prognosis. In the present immuno-
histochemistry study of 100 patients with esophageal cancer,
we found that TRAF4 is mainly localized in the cytoplasm, and
only a small amount is expressed in the nucleus. By comparing
80 pairs of cancer tissues with corresponding adjacent tis-
sues, we found that the expression of TRAF4 in esophageal
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Figure 5. Kaplan-Meier analysis of overall survival (OS) of patients with esophageal squamous cell carcinoma (ESCC). (A) OS curve
of patients with ESCC based on TRAF4 expression in tumor tissues; (B) OS curve of patients with ESCC based on sex;
(€) OS curve of patients with ESCC based on tumor size; (D) OS curve of patients with ESCC based on lymphatic metastasis.
(E) OS curve of patients with ESCC based on TNM stages; (F) OS curve of patients with ESCC based on pathological grading.
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Table 3. Univariate and multivariate analysis of factors associated with OS.

Univariate analysis

14.111-23.889

Multivariate analysis

0.023-0.417

squamous cell carcinoma was significantly higher than that in
normal squamous epithelium. This indicates that overexpres-
sion of TRAF4 is closely related to the occurrence of esopha-
geal squamous cell carcinoma.

However, the mechanism by which TRAF4 promotes tumorigen-
esis remains unclear. Liu et al. found that TRAF4 overexpressing
HCC cell line promotes phosphorylation of Akt and induces HCC
cell migration and invasion by activating the PI3K/Akt signaling
pathway [16,17]. Yang et al. also found that TRAF4 promotes
the growth, invasion, and migration of oral squamous cell car-
cinoma cells through the Wnt-B-catenin signaling pathway [18].
These studies indicate that TRAF4 participates in the develop-
ment and progression of multiple tumors in a variety of ways.
Therefore, in this study, we compared the expression of TRAF4,
ki-67, and p53 in ESCC tissues in the same tissue site and under
the same experimental conditions. The results show that high
expression of TRAF4 in esophageal squamous cell carcinoma is
accompanied by high expression of ki-67 and p53. Further big
data correlation analysis also supports our experimental re-
sults. Ki-67 is a common indicator of clinical tumor pathology.
A high ki-67-positive rate is often accompanied by accelerated
tumor growth, poor tissue differentiation, and poor prognosis.
Although the p53 gene is a tumor-suppressor gene, it is mutated
in tumor tissues, thereby exhibiting overexpression of p53 pro-
tein in malignant tumors. Many studies have reported that high
expression of ki-67 and p53 often indicates poor prognosis in
patients. Therefore, high expression of TRAF4 may lead to the
poor prognosis of patients by promoting the growth and prolif-
eration of tumor cells and by inhibiting cell apoptosis. The sta-
tistical results also showed that the expression of TRAF4 was
related to sex. The expression of TRAF4 in ESCC tissue of male
patients was significantly higher than in female patients. This
is also consistent with the epidemiological status of the major-
ity of male patients with esophageal squamous cell carcinoma.

In recent years, some scholars have found that changing the
expression level of TRAF4 by gene vector can affect the malig-
nant behavior of cancer cells. For example, Jiang used small in-
terfering RNA (siRNA) to silence the expression of TRAF4 gene
in esophageal cancer cell Eca-109, and found that the inhibi-
tion rate, apoptosis rate, and caspase-3 activation rate of pro-
liferation in the silent group were increased (P<0.05), and the
proportion of cells in GO/G1 phase was significantly higher
than in the control group (P<0.05) [19]. Yao also found that
silencing TRAF4 inhibits osteosarcoma cell growth in vivo and
in vitro, consistent with these findings [20]. In addition, some
studies have found that downregulation of TRAF4 levels has
an effect of inhibiting the progression of non-small cell lung
cancer [21]. Coincidentally, Zhang found that the proliferation
ability of MDA-MB-231 cells was enhanced by the overexpres-
sion of TRAF4 in breast cancer cells, and the proportion of cells
in S phase was increased [22]. The above results indicate that
targeting silencing of TRAF4 can inhibit the growth of malig-
nant tumors, and the expression of TRAF4 can affect the oc-
currence and development of tumors.

Through further Kaplan-Meier and log-rank statistical tests,
we found that the overall survival (OS) of patients with high
expression of TRAF4 in the cytosol was significantly lower than
that of patients with low expression of TRAF4, and the Cox
multivariate analysis suggests that TRAF4 is an independent
risk factor affecting overall patient survival. These results sug-
gest that TRAF4 is involved in the development of esophageal
squamous cell carcinoma. The high expression of TRAF4 sug-
gests a poor overall prognosis. Targeted silencing of TRAF4
may benefit patients with advanced esophageal squamous
cell carcinoma. In the future, TRAF4 gene knockout and inhi-
bition of TRAF4 expression may promote apoptosis of esoph-
ageal cells, and inhibit proliferation and distant metastasis.
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We were not able to deeply study the specific mechanism by
which TRAF4 affects the prognosis of patients. In the future,
we will collect specimens and expand the sample size of the
experiment. Further research is needed on the mechanism of
TRAF4 in the occurrence and development of ESCC.
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