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High TNF-a and/or p38MAPK expression predicts a
favourable prognosis in patients with T,N,M, hepatocellular
carcinoma: An immunohistochemical study
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Abstract. Tumour necrosis factor a (TNF-a) and p38
mitogen-activated protein kinase (p38MAPK) serve an impor-
tantrole in regulating tumour cell apoptosis. However, a limited
number of studies have investigated the predictive value of both
TNF-a and p38MAPK in hepatocellular carcinoma (HCC).
An integrated bioinformatics analysis was initially performed
using two datasets available from the Oncomine™ database to
determine the association between TNF-a and/or p38MAPK
expression and prognosis of patients with HCC. Subsequently,
TNF-a and p38MAPK expression in tissue samples from
83 patients with HCC classified as T ,N;M,, using the
Tumour-Node-Metastasis (TNM) staging system, was investi-
gated using immunohistochemistry. The associations between
clinicopathological characteristics and different TNF-a and
p38MAPK expression levels in HCC were investigated using
the y* test. Kaplan-Meier and Cox univariate/multivariate
survival analyses were performed to explore the predictive
significance of TNF-a and/or p38MAPK expression in patients
with HCC. Using the Oncomine™ database, it was revealed
that TNF-a and/or p38MAPK expression was not significantly
associated with overall survival (OS) or disease-free survival
(DFS) rates; however, TNF-a and p38MAPK expression levels
were positively associated (P<0.05), and high p38MAPK
expression was significantly associated with low aspartate
aminotransferase levels (P<0.05). Compared with low expres-
sion levels of TNF-o and p38MAPK together, high expression
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of TNF-a alone, p38MAPK alone and TNF-a and p38MAPK
together were significantly associated with improved OS and
DFS rates (P<0.05). Additionally, multivariate Cox regression
models suggested that high expression levels of TNF-a alone,
p38MAPK alone, or TNF-a and p38MAPK together in the
HCC microenvironment were independent predictive factors
for OS and DFS rates (P<0.05). Patients with T,N,M, HCC with
high TNF-a and/or p38MAPK expression had a significantly
lower risk of recurrence and mortality compared with patients
with low TNF-a and p38MAPK expression. Consequently,
TNF-a and p38MAPK could serve as predictive biomarkers
or potential therapeutic targets for T,N,M, HCC treatment.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumour types worldwide and has the highest
incidence rates of all types of cancer (1). In general, HCC
development is silent and is, therefore, usually diagnosed only
when it reaches the late stage of disease (2,3). Although HCC
treatment has made marked progress with the development of
modern medical science and technology, there are a limited
number of effective treatment options. Surgical resection
and liver transplantation remain the first choices for treating
HCC (4). The 5-year survival rate following hepatectomy can
reach 50-70% (5-7), but >70% of patients with HCC following
surgery will have tumour recurrence (8). Therefore, identifying
effective predictors of recurrence and metastasis following
HCC surgery is important for guiding postoperative treatment
and improving patient prognosis.

In previous years, tumour necrosis factor-a (TNF-a),
interleukin (IL)-6, IL-17, IL-10 and other cytokines associ-
ated with inflammation or immunity have received extensive
attention. These cytokines can promote and/or inhibit tumour
development (9), and they are important for evaluating the risk
of recurrence and long-term survival following HCC surgery.
Among these, TNF-a is a pro-inflammatory cytokine that has
a variety of biological activities and is produced primarily by
macrophages and monocytes (10). TNF-a serves an important
role in tumour development and progression. Moore et al (11)
reported that TNF-a serves a role in promoting skin cancer
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development; however, Joseph et al (12) identified that TNF-a
can cause damage to tumour vascular endothelial cells,
resulting in blood vessel rupture, dysfunction or thrombosis.
Effects such as these can block local blood flow to the tumour
tissue and cause haemorrhage or hypoxic necrosis. These
conflicting studies suggest that the role of TNF-a. in tumours
needs to be investigated further. Nevertheless, the conclusion
that TNF-a is associated with tumorigenesis, development,
recurrence and metastasis is consistent.

The mitogen-activated protein kinase (MAPK) family
is an important signal transduction system in cells. This
family includes extracellular signal regulated protein kinase,
p38MAPK and c-Jun N-terminal kinase (13). The p38MAPK
signalling pathway is an important part of the MAPK cascade
and leads to different biological functions by mediating
signal transduction (14). There is evidence that TNF-a can
activate MAPK kinase kinase (MAPKKK) and ultimately
activate p38MAPK and induce apoptosis (15). Furthermore,
Meldrum et al (16) reported that p38MAPK can induce
apoptosis by increasing TNF-a expression. In addition,
Valladares et al (17) revealed that p38M APK-mediated TNF-a
induced apoptosis and cell cycle arrest in rat embryonic brown
adipose tissue. The aforementioned studies indicate that
TNF-a and p38MAPK are involved in apoptosis regulation
and possibly tumour inhibition. TNF-a induces apoptosis
by activating p38MAPK, and p38MAPK enhances TNF-a
expression to induce apoptosis, which constitutes a positive
feedback pathway.

The present study used an integrated bioinformatics
analysis based on two datasets available from the Oncomine™
database (www.oncomine.org) to determine the association
between TNF-a and/or p38MAPK expression and prognosis
in HCC samples. TNF-a and p38MAPK expression was
investigated in patients with HCC, alongside the associations
between TNF-a and p38MAPK expression and clinicopatho-
logical characteristics and prognosis.

Materials and methods

Oncomine™ database. Oncomine™ is a bioinformatics
database with an abundance of collected and standardized
DNA microarray data. As an analysis platform, Oncomine™
facilitates functional discovery using genome-wide expression
analyses (18,19). The present study used the Oncomine™
database to collect data on TNF-a and p38 gene abundance
values and HCC prognosis. By searching ‘Gene: TNF (Search:
TNF-alpha) or MAPK14 (Search: p38)’; ‘Cancer Type:
Hepatocellular Carcinoma’; and ‘Clinical Outcome: Survival
Status or Recurrence Status’ and setting ‘P-value: <0.0001%;
‘Fold Change: 2’; and ‘Gene rank: = top 10%’, two datasets
were obtained: Guichard Liver and Guichard Liver 2. A total
of 74 samples in the Guichard Liver dataset had complete
follow-up data, whereas 25 samples in the Guichard Liver 2
dataset had complete follow-up data. More importantly, none
of these data had detailed Tumour-Node-Metastasis (TNM)
staging (20). The data were divided into high and low TNF-a-
and p38MAPK-expression groups on the basis of the median
of the abundance values. SPSS software (version 19.0; IBM
Corp., Armonk, NY, USA) was used to perform the survival
analysis.
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Patient information. Paraffin-embedded specimens that
had been surgically removed from 83 patients with HCC
between January 2000 and December 2012 at the Department
of Hepatobiliary and Pancreatic Surgery of The Affiliated
Hospital of Qingdao University (Qingdao, China) were
retrospectively collected. The patients included 67 males and
16 females with a mean age of 55.8 years (range, 31-83 years).
The inclusion criteria were as follows: i) Postoperative patho-
logical diagnosis of HCC, and ii) T,N M, stage. The exclusion
criteria were as follows: i) Anticancer treatment prior to
surgery, ii) serious complications or death within 30 days
following surgery or iii) unavailable follow-up information.
The study was approved by the Ethics Committee of The
Affiliated Hospital of Qingdao University. Written informed
consent was obtained from all patients.

Immunohistochemistry. Immunuohistochemistry (IHC)
was performed as described previously (21). Briefly,
paraffin-embedded specimens obtained from patients with
HCC were cut into 4-um-thick sections. Paraffin was removed
with xylene (Shanghai Macklin Biochemical Co., Ltd.,
Shanghai, China) for 15 min and the sections were rehydrated
through a graded alcohol series (anhydrous ethanol I, 5 min;
anhydrous ethanol I1, 5 min; 95% ethanol, 3 min; 90% ethanol,
3 min; 80% ethanol, 2 min; and 70% ethanol, 2 min) (Shanghai
Macklin Biochemical Co., Ltd.). Following antigen retrieval
with citrate buffer (10 mM, pH 6.0), endogenous peroxidase
activity was blocked with 3% hydrogen peroxide for 10 min.
Subsequently, the paraffin slides were stained with anti-TNF-a.
(1:100 dilution; catalogue no. Ab6671; Abcam, Cambridge,
MA, USA) or anti-p38 (1:50 dilution; catalogue no. Ab197348;
Abcam) primary antibodies at 4°C overnight. The MaxVision
kit (Fuzhou Maixin Biotech Co., Ltd., Fujian, China) was used
to detect primary antibodies, and the colour was developed
using 3,3'-diaminobenzidine chromogen substrate. The slides
were counterstained with haematoxylin for 1 min, cleared in
water and mounted with neutral balsam.

IHC evaluation. As described previously (21), two pathologists
at the Affiliated Hospital of Qingdao University (Qingdao,
China) who had been blinded to the clinical data interpreted
the results simultaneously. Under a light microscope, mark-
edly stained cells exhibited brown staining in the cytoplasm.
Overall, 10 fields were observed under high magnification
(magnification, x400), and the degree of immunostaining was
reviewed and scored according to the intensity of staining and
the percentage of immunoreactive cells. Staining intensity
was graded according to the following criteria: Cells without
staining were scored as 0, whereas that stained light yellow,
yellowish brown and brown were scored as 1, 2 and 3 points,
respectively. The extent of immunoreactivity was graded
as follows: <5%, =5%, =26%, =51% and =75% were scored
as 0, 1, 2, 3 and 4 points, respectively. The two scores were
summed, and a total score of <4 represented low expression,
whereas >4 represented high expression. All patients were
divided into high- and low-expression groups according to the
THC score results. Patients with high expression levels of both
TNF-a and p38MAPK were included in the high-expression
group, whereas those with low expression of both TNF-a and
p38MAPK were included in the low-expression group. Patients
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P3SMAPK high

Figure 1. TNF-a and p38MAPK expression levels detected using immunohistochemistry. (A) Low expression and (B) high expression of TNF-a in the
hepatocellular carcinoma microenvironment (magnification, x100 and x400). (C) Low expression and (D) high expression of p38MAPK in the hepatocellular
carcinoma microenvironment (magnification, x100 and x400). TNF-a, tumour necrosis factor-a; p38MAPK, p38 mitogen-activated protein kinase.

with high TNF-a and low p38MAPK expression and patients
with low TNF-a and high p38MAPK expression were included
in the TNF-a high-expression group and the p38MAPK
high-expression group, respectively. Representative images
are presented in Fig. 1.

Statistical analysis. All statistical analyses were performed
using SPSS software (version 19.0; IBM Corp.). The ¥ test,
continuous correction % test or Fisher's exact test was used
to analyse the association between TNF-o or p38MAPK
expression and the clinicopathological characteristics. The
association between TNF-a and p38MAPK expression was
determined by Pearson's contingency analysis. The data
were censored at the last follow-up (March 2017) for patients
without recurrence, metastases or mortality. Disease-free
survival (DFS) and overall survival (OS) rates were assessed
using Kaplan-Meier curves. The log-rank test was used to
compare TNF-o and/or p38MAPK expression with recurrence
and survival. The Cox proportional hazards model was used
to screen variables for unilateral and multivariate analyses of
HCC prognosis. A two-tailed P<0.05 was considered to indi-
cate a statistically significant difference.

Results

TNF-a/p38MAPK expressionin HCC and clinicopathological
characteristics. By reference to the Oncomine™ database,
TNF-a and p38MAPK exhibited high expression rates in
the HCC samples. TNF-a and p38MAPK were positively
expressed in 50.51 (50/99) and 50.51% (50/99) of the samples,
respectively.

In the T,N,M, HCC tissues, TNF-a and p38MAPK were
distributed in a diffuse manner and were present primarily
in the cytoplasm of the tumour cells (Fig. 1). TNF-a and
P38MAPK were highly expressed in the HCC microenviron-
ment. TNF-a and p38MAPK were positively expressed in
62.65 (52/83) and 69.88% (58/83) of the samples, respectively.

The association between TNF-a/p38MAPK expression in
the HCC microenvironment and various clinicopathological
characteristics of the patients with HCC were analysed using
the % test as presented in Table I. High p38MAPK expression

in the HCC microenvironment was significantly associated
with low aspartate aminotransferase (AST) levels (P=0.026;
Table I). However, no significant associations were observed
between TNF-a or pP38MAPK expression and the other clinico-
pathological features. Pearson's contingency analysis indicated
a positive association between TNF-a and p38MAPK expres-
sion (r=0.253; P=0.021; Table II).

Survival analysis. Using the Oncomine™ datasets, it was iden-
tified that the average follow-up time was 33.19+20.64 months
(range, 1.0-60.0 months), and the 1-, 3- and 5-year OS rates
were 83.84, 45.45 and 24.24%, respectively. The DFS rates at
1, 3 and 5 years were 70.00, 29.30 and 16.16%, respectively.
A Kaplan-Meier analysis of 99 HCC samples indicated that,
compared with the other expression categories, high TNF-a
and p38MAPK expression levels were not significantly associ-
ated with higher OS or DFS rates (P>0.05; Fig. 2A and B).
Furthermore, compared with HCC samples with low expres-
sion of both TNF-a and p38MAPK, the samples with high
expression of either TNF-a or p38MAPK, as well as those
with high expression of both TNF-a and p38MAPK, were
not significantly associated with improved OS and DFS rates
(P>0.05; Fig. 2C-H).

However, in the tissues from patients with T,N M, HCC,
the average follow-up time was 44.85+24.11 months (range,
4.0-114.5 months), and the 1-, 3- and 5-year OS rates were 90.36,
66.27 and 31.33%, respectively. The DFS rates at 1,3 and 5 years
were 53.01, 36.14 and 19.28%, respectively. A Kaplan-Meier
analysis of 83 patients with T,N,M, HCC indicated significantly
improved OS (P=0.003) and DFS (P=0.027) rates for the group
with high levels of both TNF-a and p38MAPK expression
compared with the other groups (Fig. 3A and 3B). On the basis
of these results, another Kaplan-Meier analysis was performed
using 83 patients with T,N,M, HCC. Patients with high expres-
sion levels of both TNF-a and p38MAPK had higher OS
(P=0.002) and DFS (P=0.004) rates compared with patients with
low expression levels of both TNF-a and p38MAPK (Fig. 3C
and D). Furthermore, the patients with high TNF-a expression
alone had improved OS (P=0.012) and DFS (P=0.012) rates
compared with patients with low expression levels of both
TNF-a and p38MAPK (Fig. 3E and F). The patients with high
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Table I. Association between TNF-a/p38MAPK expression and clinicopathological characteristics.
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TNF-a p38MAPK

Parameter n (%) High Low P-value High Low P-value

Sex 0.989* 0.846°
Male 67 (80.7) 42 25 46 21
Female 16 (19.3) 10 6 12 4

Age, years 0.803* 0.567¢
<50 20 (24.1) 13 7 15 5
>50 63 (75.9) 39 24 43 20

Alcohol abuse 0.835% 0.268*
Yes 23 (27.7) 14 9 14 9
No 60 (72.3) 38 22 44 16

HBYV infection 0.919° 0.169°
Yes 74 (89.2) 47 27 54 20
No 9 (10.8) 5 4 4 5

TBIL level, pmol/l 0.684° 1.000°
<22 72 (86.7) 44 28 50 22
>22 11 (13.3) 8 3 8 3

ALB level, g/l 0.530° 0.169°
<35 9 (10.8) 7 2 4 5
>35 74 (89.2) 45 29 54 20

ALT level, U/l 0.722¢ 0.542°
<60 68 (81.9) 42 26 49 19
>60 15 (18.1) 10 5 9 6

AST level, U/l 0.803* 0.026*
<42 63 (75.9) 39 24 48 15
>42 20 (24.1) 13 7 10 10

PLT level, x10° cells/l 0.3042 0.467°
<100 19 (22.9) 10 9 12 7
=100 64 (77.1) 42 22 46 18

Liver cirrhosis 1.000° 0.871°
Yes 9 (10.8) 6 3 7 2
No 74 (89.2) 46 28 51 23

AFP level, ng/l 0.779* 0.257*
<400 63 (75.9) 40 23 42 21
>400 20 (24.1) 12 8 16 4

Child-Pugh grade 1.000¢ 0.301¢
A 82 (98.8) 51 31 58 24
B 1(1.2) 1 0 0 1

Tumor size, cm 0.363° 0.231°
<5 76 (91.6) 46 30 55 21
>5 7(8.4) 6 1 3 4

Tumor margin, cm 0.530° 0.089°
<2 74 (89.2) 45 29 49 25
>2 9(10.8) 7 2 9 0

Pathological differentiation 0.694° 0.377°
High 8 (9.6) 4 4 4 4
Middle and low 75 (90.4) 48 27 54 21

Microvascular tumor thrombus 0.722* 0.991°
Yes 15 (18.1) 10 5 11 4
No 68 (81.9) 42 26 47 21
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TNF-a p38MAPK
Parameter n (%) High Low P-value High Low P-value
Capsule invasion 0.470° 1.000¢
Yes 76 (91.6) 49 27 53 23
No 7(84) 3 5 2

"Pearson's %> test; *Continuity correction by > test; “Fisher's exact test. TNF-a,, tumor necrosis factor o; p38MAPK, p38 mitogen-activated
protein kinase; HBV, hepatitis B virus; TBIL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

PLT, platelet; AFP, a-fetoprotein.

p38MAPK expression alone had higher OS (P=0.005) and DFS
(P=0.004) rates compared patients with low expression levels of
both TNF-a and p38MAPK (Fig. 3G and H).

In addition, multiple univariate and multivariate Cox
proportional hazards analyses were performed, including
analyses of the high TNF-a only, high p38MAPK only, and
high TNF-a and p38MAPK expression groups. The multivar-
iate analysis of the TNF-a-expression group indicated that no
hepatitis B virus infection (P=0.019), platelets >100x10° cells/1
(P=0.031) and high TNF-a expression (P=0.0497) were
independent predictive factors for an improved OS rate
(Table III). Tumour size <5 cm (P=0.044), no microvascular
tumour thrombus (P=0.010) and high TNF-a expression
(P=0.005) also independently indicated an improved DFS
rate (Table IV). Furthermore, the multivariate analysis of the
p38MAPK-expression group identified that high p3SMAPK
expression (P=0.004) was an independent predictive factor
for a higher OS rates (Table III). No microvascular tumour
thrombus (P=0.031) and high p38MAPK expression (P=0.003)
were independent predictive factors for a higher DFS rates
(Table IV). In addition, the multivariate Cox regression model
of the TNF-a and p38MAPK-expression group (both low vs.
both high) revealed that no microvascular tumour thrombus
(P=0.025 and P=0.011, respectively) and high TNF-a and
p38MAPK expression (P=0.001 and P=0.002, respectively)
were independent indicators for improved OS and DFS rates
(Tables III and IV, respectively).

Discussion

In the present study, datasets from the Oncomine™ database
were used to demonstrate that TNF-a and/or p3SMAPK
expression was not significantly associated with OS and DFS.
However, there was no detailed TNM staging information in
the Oncomine™ datasets; therefore, additional patients were
screened according to their TNM stage and only patients
with T,N,M, HCC were selected. A positive association
between TNF-a and p38MAPK expression in the HCC
tumour microenvironment was revealed. p38MAPK expres-
sion was negatively associated with AST levels. In addition,
OS and DFS rates were significantly improved in patients with
T,N,M, HCC with high expression levels of both TNF-a and
p38MAPK in the tumour microenvironment compared with
patients in the other groups. On the basis of these results, a

Table II. Association between the expression of TNF-a and
p38MAPK.

TNF-a Pearson's contingency
p3SMAPK High Low Coefficient P-value
High 41 17 0.253 0.021

Low 11 14

TNF-a, tumor necrosis factor a; p38MAPK, p38 mitogen-activated
protein kinase.

pairwise comparison was conducted. It was revealed that the
OS and DFS rates of patients with T,N,M, HCC with high
TNF-a and/or p38MAPK expression were improved compared
with those of patients with low TNF-a and p38MAPK expres-
sion. In addition, a multivariate survival analysis indicated
that high expression levels of TNF-a only or p3SMAPK only,
as well as both TNF-a and p38MAPK, in the T,N,M, HCC
microenvironment were independent predictive factors for OS
and DFS rates.

TNF-a was identified in the 1970s as a cytokine secreted
by immune cells that inhibits tumour cell growth and induces
degenerative changes in tumours (22,23). There is evidence
that TNF-a can promote p38MAPK signalling pathway acti-
vation (24,25). More notably, Sabio and Davis (26) indicated
that MAPK activation by TNF-a can also increase TNF-a
expression in target cells. These studies support the conclusion
of the present study that TNF-a and p38MAPK are positively
associated in the HCC tumour microenvironment (r=0.253;
P=0.021). Additionally, Ichijo et al (15) indicated that
TNF-a can induce apoptosis through activating p38MAPK,
which may affect the prognosis of patients with cancer.
Meldrum et al (16) also suggested that pP38MAPK can induce
apoptosis by enhancing TNF-a expression. Therefore, it can
be hypothesized that TNF-a and p38MAPK are involved in
apoptosis regulation and may thus have inhibitory effects on
tumours. However, the mechanism through which TNF-a
and p38MAPK induce apoptosis and further inhibit tumours
remains unclear and requires further investigation.
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Figure 2. Predictive value of TNF-a and/or p38MAPK expression in the Oncomine™ database hepatocellular carcinoma samples. Kaplan-Meier overall
survival and disease-free survival analysis of the different samples stratified according to the specific expression category: (A and B) both high vs. all others,
(C and D) both high vs. both low, (E and F) TNF-o high vs. both low, (G and H) p38MAPK high vs. both low. TNF-a, tumour necrosis factor-a; pP38MAPK,

p38 mitogen-activated protein kinases.

Ithas been suggested that TNF-a released by host and tumour
cells is an important factor in the initiation, proliferation, angio-
genesis and metastasis of various types of cancer, and that it has
a promoting effect on tumours (27,28). These suggestions were
derived through investigation of the inhibitory effect of TNF-a
on tumour cell apoptosis induced by nuclear factor-xB; however,

the cytokine network in the body is a complex system. TNF-a
does not exert its effects on tumours through a single pathway,
but rather through multiple signal transductions. For example,
Ichijo et al (15) and Donnahoo et al (29) identified that TNF-a
can also promote apoptosis in tumour cells by interacting with
p38MAPK. In the present study, the TNF-a/p38MAPK/TNF-a



4954

A TNF-a and p38MAPK
100+ =i |ow and low
= L == high and low
< 807 | S low and high
g 60- —+— high and high
E —
=
g 40+
e
g 204 —-|
| P=0.003
hd L) L L) L) T L)
0 20 40 60 80 100 120
Time (months)
C
TNF-a and p38MAPK
1004
e low and low
& 807 — high and high
S 60~
g S —————————
w404
E 204
3 | P=0.002
- L L) L L] I L)
0 20 40 60 80 100 120
Time (months)
E TNF-a and p38MAPK
100~ == |ow and low
a? 80~ == high and low
®
>
2 60+
e
=5 —
40
o
o 204
© | p=0012
- L) L] L) L] L) L)
0 20 40 60 80 100 120
Time (months)
TNF-a and p38MAPK
G 100+
—_ == low and low
o
3_‘-"- 80 low and high
(1]
2 60+
<
3
40+
s
g 204
© | p=0.005
- L L) L L) L] L
0 20 40 60 80 100 120

Time (months)

ONCOLOGY LETTERS 17: 4948-4956, 2019

B TNF-u and p3SMAPK
€ 100+ == |ow and low
= =i= high and low
g 80+ low and high
c ——high and high
3 60 g 9
@
£ 404
@
g 204
@
8 P=0.027
[=] 0 T L) 1
(] 20 40 60
Time (months)
D
TNF-a and p38MAPK
3_“‘.‘ 1007 =i |ow and low
S 80+ —— high and high
c
7 604
®
& 401
§ 20+
@ P=0.004
E : - L] L] 1
0 20 40 60
Time (months)
F TNF-a and p38MAPK
< 1004
?._?; =i |ow and low
5 80+ = high and low
c
7 60~
']
£ 404
g
o 20+
-1
1]
D : L L] L)
0 20 40 60
Time (months)
H TNF-a and p38MAPK
F 100- s p3
— == low and low
o
% 50 low and high
7 60+
@
£ 40-
@
g 20+
E : Ll L] 1
0 20 40 60

Time (months)

Figure 3. Predictive value of TNF-a and/or p38MAPK expression in patients with T\N,M, hepatocellular carcinoma. Kaplan-Meier overall survival and
disease-free survival analysis of the different tissues stratified according to the specific expression category: (A and B) both high vs. all others, (C and D) both
high vs. both low, (E and F) TNF-a high vs. both low, (G and H) p38MAPK high vs. both low. TNF-a, tumour necrosis factor-o; p38MAPK, p38 mitogen-acti-

vated protein kinase.

signalling pathway was investigated, which has not been widely
studied to date. However, the current study has indicated that
patients with T,N,M, HCC with high TNF-a and/or p38MAPK
expression had improved OS and DFS rates compared with the
patients with low expression of both TNF-a and p38MAPK
(P<0.05). In addition, a multivariate survival analysis revealed

that high TNF-a and/or p38MAPK expression in the T,N,M,
HCC microenvironment was an independent predictive factor
for OS and DFS (P<0.05). Therefore, to obtain improved OS
and DFS rates, individualized treatment plans may be developed
for patients with T,N,M, HCC on the basis of postoperative
TNF-a and p38MAPK expression levels. Then, according to
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Table III. Multivariate analysis of variables potentially associated with overall survival (Cox regression model).
Variable HR (95% CI) P-value
TNF-a

HBYV infection (no vs. yes) 3.296 (1.212-8.967) 0.019

PLT level (<100 vs. =100x10° cells/1) 0.417 (0.188-0.921) 0.031

TNF-a (both low vs. TNF-a high) 0.461 (0.213-0.999) 0.0497
p38MAPK

p38MAPK (both low vs. p38MAPK high) 0.332 (0.157-0.702) 0.004
TNF-o and p38MAPK

Microvascular tumor thrombus (no vs. yes) 2.863 (1.141-7.185) 0.025

TNF-o and p38MAPK (both low vs. both high) 0.251 (0.108-0.588) 0.001

HR ,hazardratio; CI,confidence interval; TNF-a, tumor necrosis factor a; HBV, hepatitis B virus; PLT, platelet; p38MAPK, p38 mitogen-activated

protein kinase.

Table IV. Multivariate analysis of variables potentially associated with disease-free survival (Cox regression model).

Variable HR (95% CI) P-value
TNF-a
Tumor size (<5 cm vs.>5 cm) 2.340 (1.022-5.356) 0.044
Microvascular tumor thrombus (no vs. yes) 2411 (1.235-4.707) 0.010
TNF-a (both low vs. TNF-a high) 0.621 (0.444-0.869) 0.005
p38SMAPK
Microvascular tumor thrombus (no vs. yes) 2.057 (1.068-3.964) 0.031
p38MAPK (both low vs. p38MAPK high) 0.372 (0.193-0.716) 0.003
TNF-a and p38MAPK
Microvascular tumor thrombus (no vs. yes) 2.500 (1.230-5.079) 0011
TNF-a and p38MAPK (both low vs. both high) 0.337 (0.166-0.681) 0.002

HR, hazard ratio; CI, confidence interval; TNF-c., tumor necrosis factor o; p38MAPK, p38 mitogen-activated protein kinase.

the specific circumstances, a recombinant human TNF-a or
p38MAPK activator could be injected into the liver of patients
with T,N,M, HCC. Van Horssen et al (30) identified that the
topical use of TNF-a in combination with chemotherapeutic
drugs can produce potent antitumour effects. However, relevant
clinical trials should be designed to verify this treatment concept
to further benefit patients with T,N,M, HCC.

In summary, the results of the present study have revealed
a positive association between TNF-a and p38MAPK expres-
sion in the T,N,M, HCC microenvironment. It was also
identified that high TNF-a and/or p38MAPK expression is
an independent predictive factor of OS and DFS rates and
that patients with T,N,M, HCC with high TNF-a and/or p38
MAPK expression have a favourable prognosis. TNF-o and
p38MAPK could act as predictive biomarkers or potential
therapeutic targets for treatment patients with T,N M, HCC.
Importantly, the results from the present study indicate that
patients with T,N M, HCC with low TNF-a and p38MAPK
expression require more frequent follow-up observations. It
should be noted that the present study is a single-centre study
with a small sample size, and more conclusive results may be

obtained by including more patients. In addition, the treatment
for patients with T,N,M, HCC with low TNF-a and p38MAPK
expression also requires validation in future studies.
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