L))

Check for
updat

Original Article

The high expression of TNF-a and NF-kB in tumor microenvironment
predicts good prognosis of patients with BCLC-0-B hepatocellular
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Background: In hepatocellular carcinoma (HCC), inflammatory factors play an important role, but their
effects on the prognosis of patients with HCC are still not very clear.

Methods: Immunohistochemical staining was used to detect the expression of tumor necrosis factor-
alpha (TNF-a) and nuclear factor-kappa B (NF-kB) in tumour tissues of Barcelona Clinic Liver Cancer-
0-B stage (BCLC-0-B) patients with HCC. The relationship between TINF-a and NF-kB expression and
clinicopathological features was analysed by 3’ test. Kaplan-Meier analysis and the log-rank test were used to
compare the prognoses of TNF-a and NF-«kB high and low-expression groups among HCC patients. The
Cox proportional hazard model was used to analyse HCC prognosis by univariate and multivariate analysis.
Results: Patients with HCC had significantly longer survival times in the TNF-a/NF-kB high-
coexpression group (P<0.05). High expression of TNF-a and NF-kB is an independent prognostic factor
predicting postoperative survival and recurrence in patients with HCC (P<0.05).

Conclusions: High expression of TNF-o and NF-«B in the HCC microenvironment can predict survival,
and patients with high expression have longer survival times and slowing the recurrence time than those in

the low-expression group.
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Introduction cancer death in men and women (3). In recent years, the

. . . . . incidence and mortality of liver cancer in China have been
The main pathological type of primary liver cancer is

hepatocellular carcinoma (HCC) (1). As one of the most rising, seriously threatening the health and lives of our

common malignancies in the world, liver cancer has become people (3). Although in recent years, surgical resection,

the fourth leading cause of cancer death in the world, and ablation treatment, liver transplantation and other methods

it is the second leading cause of male cancer death in the have made some progress in the treatment of HCC, the
world (2). In China, liver cancer has become the third prognosis of HCC patients is still poor due to its high
most common tumour and the fourth leading cause of recurrence rate and mortality. Therefore, studying factors
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that influence survival and recurrence in patients with HCC
is important to improve patient survival.

In recent years, an increasing number of studies
have shown that inflammatory factors in the HCC
microenvironment play an important role in the
development of HCC. Many inflammatory factors are
present in the microenvironment of HCC, such as tumor
necrosis factor-alpha (TNF-a), IL-1, and IL-6. The
interaction between hepatocytes and inflammatory factors
leads to changes in the microenvironment, which are
crucial in the early and late stages of HCC. Among these
factors, TNF-a is mainly produced by activated monocyte-
macrophages, endothelial cells, and lymphocytes, and it
exhibits biological activity by binding to soluble TNF-
binding receptors ('NFR1 and TNFR2) (4). TNF-a
binds to its cell membrane receptor and activates
intracellular downstream signalling pathways, including
proapoptotic pathways induced by caspase-8 interaction
with Fas-associated death domain (FADD) and the cIAP-
1 and TRAF? interaction-induced resistance apoptotic
pathway (5-8).

However, many controversies remain in the research
reports on TNF-o. TNF-a often exhibits opposite biological
functions during tumorigenesis and development (9,10).
TNF-a was initially discovered to be the most effective
anticancer cytokine. Local, high-dose TNF-a treatment of
tumours can selectively destroy tumour tissue blood vessels,
thereby exerting anti-tumour effects (11). In the process of
tumour treatment, serum TNF-o was found to be negatively
correlated with tumour area and tumour number (12).
In addition, other studies have shown that diclofenac can
cause mild apoptosis in HepG2 cells, but this effect can be
greatly enhanced by TNF-a (13). Interestingly, however,
studies have shown that in the early stages of HCC, loss of
TNFRI1 signalling in mice reduces the development of liver
cancer (14). In the late stage of HCC development, anti-
TNF-a treatment can inhibit the progression of HCC (15).
These studies indicate that TNF-a is involved in the
development of HCC. Overall, the mechanism of action of
TNF-o in the progression of HCC is unclear but appears to
be very important. These previous studies also suggest that
it is necessary to further examine the effects of TNF-a on
the survival and prognosis of patients with HCC. Nuclear
factor-kappa B (NF-«B) dissociates from IKB after receiving
the appropriate stimuli (such as TNF-a) and enters the
nucleus to affect the expression of apoptosis-related genes
(8,16), thus mediating the invasion and spread of tumour
cells. To further investigate the relationship between
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TNF-a and NF-«B levels in the HCC microenvironment
and postoperative recurrence and survival in patients
with HCC, we used immunohistochemical methods to
identify HCC tissues from 81 patients with HCC who
met the inclusion criteria. The levels of TNF-a and NF-
kB were detected, and the intrinsic relationship between
these factors and clinicopathological features was analysed.
The risk factors for recurrence and survival after HCC
operation were explored, and the results may provide a

basis for estimation of postoperative recurrence in patients
with HCC.

Methods
Background information

A total of 81 paraffin-embedded specimens from Barcelona
Clinic Liver Cancer-0-B (BCLC-0-B) HCC patients who
underwent surgical resection in our hospital from January
2000 to December 2012 were collected. There were 65
males and 16 females, with an age range of 31-83 years and
a median age of 56 years. The detailed inclusion criteria
are as follows: (I) patients diagnosed with BCLC-0-B HCC
for the first time; (II) no anticancer treatment and radical
hepatectomy before surgery; (III) follow-up information
available; (IV) no autoimmune diseases, other malignant
tumours or severe heart, lung, kidney or blood diseases; (V)
clinical, pathological, surgical and other related data intact.
Patients with non-tumour related deaths were excluded (see
Figure 1 for details). All wax block sections were reviewed by
two independent, experienced pathologists. This study and
related use of the patients’ samples were approved by the
Ethics Committee of The Affiliated Hospital of Qingdao
University, and all the participants gave informed consent
before taking part.

Immunobistochemistry and scoring standards

All 81 wax specimens were serially sectioned to a thickness
of 4 pm. TNF-a and NF-«xB were measured using
immunohistochemistry, and rabbit anti-human NF-«xB
and TNF-a antibodies were purchased from Abcam, USA.
Two pathologists, who were blinded to the clinical data,
interpreted the results simultaneously. If the interpretations
were different, the results were discussed with a third party
until a consensus was reached. Under an optical microscope,
positively stained cells displayed yellow or brown coloring
in the cytoplasm. A total of ten fields were observed under
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Patients diagnosed with BCLC-0-B HCC for the first time

(112 patients)

Exclude patients with incomplete follow-up

information (3 patients)

Figure 1 Detailed description of the patient’s inclusion criteria.

high magnification (x400), and the percentage of positive
cells was calculated. Cells without coloring scored 0, while
those displaying light yellow, brown and tan scored 1, 2
and 3 points, respectively. A second score was obtained by
determining the percentage of positive cells: <5%, >5%,
>26%, 251% and 275% scored 0, 1, 2, 3 and 4 points,
respectively. The two scores were summed, and a total of
<4 represented low expression levels, while a score of >4
represented high expression levels. All patients were divided
into high or low groups according to the results from the
IHC. Patients with high expression levels of TNF-a and
NF-«B were classified as the high expression group, while
those with low expression levels of TNF-o and NF-«B,
high TNF-a and low NF-«B, or low TNF-a and high NF-
KB expression levels were designated as the low expression
group. Additional, serum aspartate aminotransferase (AST)
level are lower than or equal to 42 U/L was considered
low group, serum AST level are higher than 42 U/L was
considered high group.

Follow-up

All 81 patients with HCC were followed up by outpatient
visit, telephone or letter to observe postoperative recurrence.
The follow-up plan was every 3 months until 2 years after
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Exclude preoperative anticancer treatment patients

(26 patients)

Exclude patients with
severe heart disease
® (2 patients)

Finally, 81 patients with BCLC-0-B stage HCC
were selected. The clinical, pathological, and
surgical data of all patients were intact.

surgery, every 6 months between 2 and 5 years, and review
every 1 year after 5 years. The review included liver function,
AFP, abdominal ultrasound, and chest radiograph; if necessary,
enhanced CT or MRI, needle biopsy and other tests were
performed. Recurrence was defined as new lesions in the
liver or outside the liver as confirmed by imaging studies or
biopsy. Disease-free survival (DFS) time was defined as the
time from the date of surgery to the time of recurrence or
follow-up. Overall survival (OS) time is defined as the time
from the date of surgery to the end of follow-up or death.
Both DFES and OS were calculated on a monthly basis. The
deadline for follow-up was March 2017.

Statistical analysis

Statistical analysis was performed using SPSS 24.0
software. Pearson’s Chi-square test, continuous correction
Chi-square test or Fisher’s exact test was used to compare
clinical pathological categorical variables. Survival curves
were described using the Kaplan-Meier method and
DFS and OS were compared using a log-rank test. Cox
regression analysis and Cox proportional hazard models
were used to calculate prognostic values for different
variables. All statistical tests were bilateral and significant
P values <0.05.
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Figure 2 Immunohistochemical images showed high and low expression of TNF-a (A) and NF-«B (B) (magnification, x400). TNF-a, tumor

necrosis factor-alpha; NF-«B, nuclear factor-kappa B.

Results

Clinical pathological features and expression of TNF-a
and NF-kB In HCC tissues, TNF-a is mainly found in the
cytoplasm and nucleus of tumour cells, and NF-kB is mainly
expressed in the cell membrane and cytoplasm of tumour
cells (Figure 2). The relationship between the expression of
TNF-o and NF-xB and clinicopathological variables was
analysed by i’ test. The results showed that the expression
of TNF-a and NF-kB in HCC patients was not related to
clinicopathological variables (1able I).

Survival analysis

Survival analysis was performed in 81 patients with HCC
using Kaplan-Meier analysis. The median survival time of
the TNF-a/NF-«kB high-coexpression group was 76 months
(95% CI, 34.167-117.833), and the median survival time
of the low-expression group was 40.6 months (95% CI,
15.645-65.555). Kaplan-Meier analysis of the relationship
between the expression of TNF-a and NF-«B and OS after
surgery showed that the median OS (76 vs. 40.6 months,
P=0.042, Figure 3) in the high expression of TNF-o/NF-
kB group were significantly longer than low expression of
TNF-0/NF-xB group.

The median DFS time was 35.3 months (95% CI, 0.142—
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70.458) in the high-expression group and 10.2 months (95%
CI, 7.275-13.125) in the low-expression group. Kaplan-
Meier analysis was used to compare the postoperative
DEFS of the TNF-o/NF-«xB high-coexpression group and
the low-expression group. The median DFS (35.3 vs.
10.2 months, P=0.075, Figure 4) in two group showed no
significant difference.

Based on the high and low levels of TNF-o and AST, we
divided 81 patients with HCC into four groups for Kaplan-
Meier analysis. The median OS (37 vs. 76 vs. 32.1 vs. 36.8
months, P=0.03, Figure 5) in four groups showed that
patients with high expression of TNF-o and low-level AST
had the longest survival time compared with other groups.

The difference was statistically significant.

Univariate and multivariate Cox proportional hazard
analysis

Factors that may affect patients’ postoperative recurrence
and survival were included in the Cox proportional hazard
model for univariate and multivariate analysis. The results
of multivariate analysis showed that AST level (HR 2.251,
95% ClI, 1.135-4.463, P=0.020, Table 2) and differentiation
level (HR 2.518, 95% CI, 1.274-4.977, P=0.008, Table 2)
were independent risk factors affecting overall patient
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Table 1 Association between TNF-a/NF-«B expression and clinicopathologic characteristics

TNF-a and NF-«xB

Parameters All cases X P
Low High
Gender 0.03 0.863%
Male 65 35 30
Female 16 9 7
Age (y) 0.345 0.557%
<50 20 12 8
>50 61 32 29
Alcohol abuse 0.001 0.980°
Yes 22 12 10
No 59 32 27
Tumor size (cm) 0.174 0.676°
<5 63 35 28
>5 18 9 9
Tumor margin (cm) 0.000 1.000°
<2 72 39 33
>2 9 5 4
Pathologic differentiation 0.029 0.866°
Middle and low 62 34 28
High 19 10 9
Microvascular tumor thrombus 0.435 0.510°
No 66 37 29
Yes 15 7 8
Liver cirrhosis 0.076 0.783°
No 72 40 32
Yes 9 4 5
Child-Pugh grade — 0.457°
A 80 44 36
B 1 0 1
Capsule invasion 1.117 0.291°
No 6 5 1
Yes 75 39 36
AFP level (ng/L) 0.345 0.557°
<400 61 32 29
>400 20 12 8
ALB level (g/L) 0.972 0.324°
<35 9 3 6
>35 72 41 31

Table 1 (continued)
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TNF-o and NF-«xB

Parameters All cases b P
Low High
ALT level (U/L) 1.522 0.217¢
<60 66 38 28
>60 15 6 9
AST level (U/L) 0.930 0.335%
<42 61 35 26
>42 20 9 11
PLT level (10%/uL) 0.128 0.721°
<10 19 11 8
>10 62 33 29
TBIL level (umol/L) 1.654 0.198%
<22 70 40 30
>22 11 4 7

2 Pearson’s x2 test; °, continuity correction by x2 test; °, Fisher’s exact test; TBIL, total bilirubin; ALB, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; PLT, platelet; AFP, a-fetoprotein; TNF-a, tumor necrosis factor-alpha; NF-«B, nuclear

factor-kappa B.

10 - High expression of TNF-a and NF-kB

-"'L Low expression of TNF-a and NF-xB

0.81 _\—L\_L-_“_

0.64

0.4

Overall survival

0.24

0.0

0 20 40 60 80 100 120
Survival time (months)
Figure 3 Kaplan-Meier OS analysis of high expression and low
expression groups of TNF-a and NF-kB. TNF-a, tumor necrosis
factor-alpha; NF-kB, nuclear factor-kappa B; OS, overall survival.

survival. The expression levels of TNF-a and NF-«xB
(HR 0.438, 95% CI, 0.221-0.865, P=0.018, Table 2) was
independent prognostic factors affecting overall patient
survival after surgery. Similarly, tumour diameter (HR
3.117, 95% CI, 1.716-5.659, P<0.001, Table 3) and
microvascular tumor thrombus (HR 2.350, 95% CI, 1.229-
4.493, P=0.01, Table 3) were independent risk factors
for postoperative recurrence, and PLT level (HR 0.499,
95% CI, 0.277-0.897, P=0.02, Table 3) and expression
levels of TNF-a and NF-«B (HR 0.569, 95% CI, 0.334-
0.970, P=0.038, Table 3) were independent prognostic
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Figure 4 Kaplan-Meier DFS analysis of high expression and low
expression groups of TNF-a and NF-kB. TNF-a, tumor necrosis
factor-alpha; NF-kB, nuclear factor-kappa B; DFS, disease-free survival.

factor affecting postoperative recurrence.

Discussion

Most patients with HCC are asymptomatic in the early
stages and have reached an advanced stage or metastasis at
the time of diagnosis. The effects of surgery, radiotherapy
and chemotherapy are not significant at that stage. In recent
years, an increasing number of studies have shown that
inflammatory factors are inseparable from the development
of HCC (17-19).
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Figure 5 Kaplan-Meier OS analysis of different types stratified
by TNF-a and AST. OS, overall survival; TNF-o, tumor necrosis

factor-alpha; AST, aspartate aminotransferase.

In the current research, we demonstrated that patients
with high expression of TNF-a and NF-«B in HCC tissues
had longer survival times than those with low expression
of TNF-a and NF-kB. The survival difference between
these two groups was statistically significant (P<0.05,
Figure 3). TNF-a has been demonstrated to be an anti-
tumour cytokine and to activate NF-«xB formation (20,21).

The HepG2 cell line, when treated with miRNA-491_5p,
showed sensitivity to TNF-a and increased apoptosis (22).
Interestingly, studies have shown that transfection of the
human TNF-a gene into mice results in a significant
increase in the number of hepatic metastases, demonstrating
higher metastatic potential and mortality (23,24). These
studies have shown a close relationship between TNF-a
and NF-«B and confirmed that TNF-a plays a dual role
in the development of tumours. Multidrug resistance
2 (Mdr2) gene knockout mice inhibit the progression of
HCC by inhibiting TNF-a or NF-«B in the late stage of
tumour development (15). Related studies have also shown
that the elimination of the IkappaB kinase (IKK) subunit
NF-xB essential modulator NEMO, also known as IKKy)
can prevent the activation of NF-«B, thereby preventing
tumour progression (25). Moreover, NF-kB is over-
expressed in primary HCC tissues, and its level there is
significantly different to that in normal liver tissues adjacent
to the cancer (26). These studies mainly indicate the anti-
tumour apoptosis effect of NF-«xB. Although both TNF-a

Table 2 Univariate and multivariate analysis of variables with overall survival

Variable

Gender (female vs. male)

Age (y, <50 vs. =50)

Alcohol abuse

Tumor size (cm, <5 vs. =5)

Tumor margin (cm, <5 vs. =5)
Differentiation (high vs. middle and low)
Microvascular tumor thrombus (yes vs. no)
Liver cirrhosis (yes vs. no)

Capsule invasion (yes vs. no)

AFP level (ng/L, <400 vs. >400)

ALB level (g/L, <35 vs. >35)

ALT level (U/L, <60 vs. >60)

AST level (U/L, <42 vs. >42)

PLT level (10*/uL, <10 vs. >10)

TBIL level (umol/L, <22 vs. >22)

TNF-a and NF-«B (low vs. high)

Univariate Multivariate

HR (95% CI) P value HR (95% ClI) P value
0.751 (0.314-1.792) 0.518 - -
1.048 (0.508-2.160) 0.899 - -
1.240 (0.628-2.449) 0.536 - -
1.812 (0.915-3.588) 0.088 - -
0.346 (0.083-1.439) 0.144 - -
2.268 (1.157-4.445) 0.017* 2.518 (1.274-4.977) 0.008*
1.867 (0.883-3.947) 0.102 - -
1.604 (0.624-4.123) 0.327 - -
0.853 (0.262-2.781) 0.793 - -
0.903 (0.427-1.910) 0.790 - -
1.755 (0.537-5.740) 0.352 - -
1.383 (0.656-2.918) 0.395 - -
1.897 (0.973-3.699) 0.060 2.251 (1.135-4.463) 0.020*
0.505 (0.255-1.004) 0.051 - -
1.646 (0.720-3.763) 0.237 - -
0.507 (0.260-0.988) 0.046* 0.438 (0.221-0.865) 0.018*

*, P<0.05, statistically significant. HR, hazard ratio; Cl, confidence interval; TNF-a, tumor necrosis factor-alpha; NF-«xB, nuclear factor-
kappa B; TBIL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PLT, platelet; AFP,

a-fetoprotein.
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Table 3 Univariate and multivariate analysis of variables with disease-free survival
Univariate Multivariate

Variable

HR (95% Cl) P value HR (95% Cl) P value
Gender (female vs. male) 0.663 (0.335-1.310) 0.237 - -
Age (y, <50 vs. =50) 1.079 (0.592-1.967) 0.804 - -
Alcohol abuse 1.353 (0.775-2.364) 0.288 - -
Tumor size (cm, <5 vs. =5) 2.441 (1.387-4.297) 0.002* 3.117 (1.716-5.659) <0.001*
Tumor margin (cm, <5 vs. =5) 0.376 (0.136-1.044) 0.06 - -
Differentiation (high vs. middle and low) 1.784 (0.990-3.215) 0.054 - -
Microvascular tumor thrombus (yes vs. no) 1.808 (0.975-3.352) 0.060 2.350 (1.229-4.493) 0.01*
Liver cirrhosis (yes vs. no) 1.121 (0.509-2.470) 0.777 - -
Capsule invasion (yes vs. no) 1.052 (0.380-2.910) 0.922 - -
AFP level (ng/L, <400 vs. >400) 1.216 (0.677-2.187) 0.513 - -
ALB level (g/L, <35 vs. >35) 1.788 (0.714-4.479) 0.215 - -
ALT level (U/L, <60 vs. >60) 1.548 (0.819-2.928) 0.178 - -
AST level (U/L, <42 vs. >42) 1.688 (0.946-3.012) 0.076 - -
PLT level (10*/uL, <10 vs. >10) 0.536 (0.301-0.955) 0.034* 0.499 (0.277-0.897) 0.02*
TBIL level (umol/L, <22 vs. >22) 1.816 (0.917-3.593) 0.087 - -
TNF-a and NF-«B (low vs. high) 0.625(0.370-1.056) 0.079 0.569 (0.334-0.970) 0.038*

*, P<0.05, statistically significant. HR, hazard ratio; Cl, confidence interval; TNF-a, tumor necrosis factor-alpha; NF-«xB, nuclear factor-kappa B;

TBIL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PLT, platelet; AFP, a-fetoprotein.

and NF-«xB can promote tumour progression, based on
our analysis, patients with high expression of TNF-o and
NF-«kB have longer survival times. This effect may occur
because high expression of TNF-a and NF-«B is associated
with the activation of certain anti-tumour pathways. The
mechanism of action between TNF-a and NF-«B is not
fully understood. thus, research addressing inflammatory
factors in the tumour microenvironment of HCC requires
further exploration.

Our study showed that high expression of TNF-a and
NF-«B in the microenvironment of HCC patients was an
independent prognostic factor affecting postoperative survival
(HR =0.438, P=0.018, Tible 2) and recurrence (HR =0.569,
P=0.038, Table 3). Although studies have shown the effects
of TNF-a and NF-kB in tumours (12,26), no relevant
studies have previously reported on such phenomena
in HCC, and through our research, patients with high
expression of TNF-a and NF-«B have been shown to
have longer survival times. This result corresponds to our
conclusion that high expression of TNF-a and NF-«B is
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an independent prognostic factor affecting postoperative
survival and recurrence in patients. Moreover, we believe
that further study of the expression and mechanism of
TNF-a and NF-kB in the microenvironment of HCC can
provide a new method of treatment for HCC patients.
Related studies have shown that AST levels can be
an independent risk factor for HCC (27), elevated AST
levels are significantly associated with HCC (28), and AST
levels are associated with HCC progression, with higher
levels corresponding to more advanced progression (29).
Our study also showed that high expression of AST is an
independent risk factor for postoperative survival in patients
with HCC (HR =2.251, P=0.02, Tuble 2), and the risk of
postoperative death in patients with high AST expression is
2.251 times higher than that of patients with low expression.
Serum AST is released from damaged hepatocytes into
the blood, and their activity has been widely recognized
as a marker for the detection of hepatitis, which further
suggests the importance of inflammatory factors in HCC
microenvironment. Therefore, we suggest that AST can

Transl Cancer Res 2019;8(2):532-541
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be used not only as a monitoring indicator for early HCC
but also early treatment to reduce the degree of tumour
malignancy. The regulation of AST after surgery is also a
means to prevent recurrence and improve patient survival
time. Studies have also shown that injection of anti-tumour
drugs into animals with induced HCC can cause a linear
increase in serum TNF-o and a dose-dependent decrease
in serum AST concentrations (30), which is consistent
with our findings. Both high TNF-a and low AST levels
are beneficial for postoperative patients. In addition, the
treatment of an HCC rat model with B-carotene can lead
to increased levels of TNF-a and decreased AST levels
in rats (31), which further confirms our conclusion. We
divided 81 patients with BCLC-0-B HCC into four groups
according to the high and low levels of TNF-a and AST.
The effects of TNF-o and AST on the prognosis of patients
were further analyzed. The results showed high expression
of TNF-o and low-level AST patients with HCC have
the best survival time, and the difference was statistically
significant (P=0.03, Figure 5), which further validates
our conclusions, and we will go deeper into the study of
inflammatory factors in future studies.

The inflammatory factors in the microenvironment of HCC
play an important role in the development of HCC. We have
investigated the inflammatory factors in the microenvironment
of HCC to prove that high expression of TNF-a and NF-xB
can confer longer patient survival time. In subsequent studies,
we will increase the sample size to further confirm the relevant
conclusions and further explore the mechanism by which
inflammatory factors affect tumour development.

Conclusions

According to our research, the expression of TNF-a
and NF-«kB in the HCC microenvironment is related to
postoperative survival, and high expression of TNF-a
and NF-«B can prolong patient survival time. This study
can provide some guidance and treatment advice for
postoperative survival and recurrence in HCC patients.
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