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Abstract: Objective: To study the relationship between interleukin (IL)-13 and nuclear factor kappa-light-chain-en-
hancer of activated B cells (NFKB) expressions in tumor tissue and the recurrence of hepatocellular carcinoma
(HCC) after hepatectomy. Methods: The expressions of IL-13 and NFkB in tumor tissues of 92 patients with HCC
were measured using immunohistochemical staining. The correlations between IL-13 and NFKB expressions with
clinical factors and postoperative recurrence were analyzed. Results: Compared with the low expression group,
the disease-free survival (DFS) of HCC with high expression of IL-1 and NFkB was more significantly prolonged
(P < 0.05). NFKkB is a key molecule in the downstream signaling pathway of IL-13, and the expression of IL-1p and
NFkB is positively associated with serum total bilirubin (TBIL). IL-13 and NFkB levels and platelet (PLT) levels were
independent risk factors for postoperative recurrence of HCC (P < 0.05). Conclusions: The low expressions of IL-1[3
and NFkB in HCC tissues are an independent risk factor for the recurrence of HCC after hepatectomy, but a high

expression can significantly prolong DFS.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignancies worldwide. The
incidence of liver cancer in China ranks fourth
among malignant tumors, and its mortality rate
ranks third among malignant tumors [1], which
seriously threatens the health and safety of
people. There are many therapies for liver can-
cer, but its high recurrence rate is a key factor
limiting the therapies’ efficacy [2]. Therefore, it
is an urgent problem to study the prediction of
postoperative recurrence indicators of hepato-
cellular carcinoma and to find a treatment
method to prevent recurrence, so as to improve
the overall survival rate of patients with liver
cancer.

Inflammation and fibrosis of the liver are impor-
tant factors in promoting the development of
HCC. The interleukin (IL)-1 family has 12 factors
which are mainly pro-inflammatory cytokines
including IL-1a and IL-1B. IL-1B is an important

pro-inflammatory factor, which not only pro-
motes the metastasis of renal cell carcinoma
[3] and lung cancer [4], but also enhances the
invasiveness of the human HCC cell line
MHCC9O7-H in vitro [5]. IL-13 promotes tumor
angiogenesis by inducing vascular endothelial
growth factor (VGEF) expression [6]. Moreover,
IL-1B3 can induce endothelial cells and tumor
cells to express adhesion molecules, promote
the adhesion of tumor cells to endothelial cells,
and cause distant metastasis of tumor cells [7].
Okamoto et al. studied the relationship between
IL-1B and matrix metalloproteinase (MMP)-3
gene polymorphisms and the prognosis of hep-
atitis C virus (HCV)-associated HCC. It was
found that the simultaneous presence of the
IL-1B-34T allele and the MMP-3-5A allele was a
risk factor for poor prognosis [8]. However, it
has been reported that IL-13 can also exert and
anti-tumor effect and inhibit the growth and
metastasis of tumors by activating a cluster of
differentiation (CD)4+ and CD8+ T cells, and
producing IL-2, IL-4 and interferon (IFN)-y [9]. A
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Figure 1. Expression of IL-13 and NFkB in HCC tissue (x 400).

Table 1. Correlation between IL-13 and NFkB sues were measured using immunohistochem-
expression istry. The relationship of the expressions of the
two factors to clinicopathological factors, as

- NFKB  Correlation )
Characteristics —————— - P well as the effects to postoperative recurrence
High Low coefficient
- of HCC, were analyzed.
High 50 19

IL-1B 0.301 0.004* .

Low 9 14 Materials and methods
Spearman’s x? test; “P < 0.05, statistically significant
IL-1B, interleukin-1B; NFkB, nuclear factor kappa-light- Study population

chain-enhancer of activated B cells.
A total of 92 paraffin-embedded specimens of
HCC patients who underwent surgical resection

possible reason is that IL-1f plays a different in our hospital from January 2000 to December

role in different tumors and different microenvi- 2012 were collected. There were 75 males and
ronments. It is this uncertainty that prompted 17 females, with an age range of 31-83 years
us to do further research. and a median age of 56 years. Inclusion crite-

ria: (1) pathological diagnosis of hepatocellular

The nuclear factor kappa-light-chain-enhancer carcinoma without distant metastasis; (2) no

of activated B cells (NFkB) pathway is an impor- radical hepatectomy or any anticancer treat-
tant and classical downstream signal of IL-10. ment before surgery; (3) exclusion of autoim-
In order to study the relationship between the mune diseases, other malignant tumors or
simultaneous expression of IL-1B and NFkB in severe heart, lung, kidney or blood disease; (4)
the HCC microenvironment and the postopera- complete clinical, pathological and surgical
tive recurrence of HCC, the expression levels of data; (5) exclude patients with non-tumor relat-
IL-1B and NFkB in 92 cases of HCC tumor tis- ed deaths.
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Table 2. The clinicopathological characteristics in the Low and High groups of IL.-13 and NFkB

Characteristics Low High T/x? Test P

Gender, male/female 35/7 40/10 0.168 0.682
Age (y) 55.0+9.9 55.5+9.6 -0.223 0.824
AFP (ng/L) 305.8 +471.9 279.0 £454.8 -0.091 0.928
ALB (g/L) 38.2+3.3 389+4.4 -0.816 0.416
ALT (U/L) 51.8 + 32.6 50.1 + 40.0 0.222 0.824
AST (U/L) 41.0+28.9 40.6 + 34.3 0.059 0.953
PLT (10°/L) 143.4 £ 56.8 139.2+62.5 0.330 0.742
TBIL (umol/L) 14.7 £ 5.2 175+ 6.7 -2.209 0.030"
Tumor number, single/multiple 39/3 49/1 1.452 0.228
Tumor size (cm) 39+14 3.8+1.6 0.168 0.867
Tumor margin (mm) 9.4 +13.6 11.8 + 14.3 -0.811 0.420
Differentiation, high and middle/low 36/6 48/2 3.042 0.081
Microvascular invasion, yes/no 6/36 10/40 0.519 0.471
Capsule invasion, yes/no 24/18 35/15 1.640 0.200
HBV infection, yes/no 38/4 44/6 0.144 0.704
Liver cirrhosis, yes/no 3/39 8/42 1.701 0.192
Child-Pugh grade, A/B 40/2 49/1 0.552 0.458

“P < 0.05, statistically significant. IL-1B, interleukin-1B; NFkB, nuclear factor kappa-light-chain-enhancer of activated B cells;
AFP, ao-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PLT, platelet; TBIL, total

bilirubin; HBV, hepatitis B virus.

Immunohistochemistry and scoring criteria

All 92 wax specimens were serially sectioned to
a thickness of 4 ym. IL-13 and NFkB were mea-
sured using immunohistochemistry, and the
anti-IL-1pB and anti-NFkB were purchased from
Abcam, USA. Two pathologists read the film
without knowing the patients’ clinical data. If
there was any disagreement, a third person
read the film to discuss the judgment. Under an
optical microscope, a comprehensive judgment
was made based on the staining intensity and
the number of positive cells. The result was
judged by randomly selecting 10 high power
lens for each slice, and the score was assigned
according to the intensity of dyeing (no color-
ing-0 points, light yellow-1 point, brown yellow-2
points, brown-3 points) and the number of posi-
tive cells was counted as the percentage of
similar cells (£ 5% of O points, 6%-25% of 1
point, 26%-50% of 2 points, 51%-75% for 3
points, = 76% for 4 points). The result was
judged based on the sum of the two kinds of
scores. The scores < 4 points were judged as
low expression, and the score > 4 points were
judged as high expression. Cases with high
expression were classified as simultaneous
high expression of IL-13 and NFkB, and the
remaining cases were classified as being in the
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low expression group, including a single low
expression or simultaneous low expression.

Follow-up of cases

All the cases were followed-up in the form of
outpatient visiting, telephone, or letter. The fol-
low-up plan was: review every 3 months within
2 years after surgery, every 6 months between
2 years and 5 years; review every 1 year after
5 years. The review included liver function,
o-fetoprotein  (AFP), abdominal ultrasound,
chest radiograph, and enhanced CT or MRI.
Needle biopsies were done when necessary.
Recurrence was defined as: imaging studies or
biopsy confirmed new lesions in the liver or out-
side the liver. Disease Free Survival (DFS) was
defined as the time from the date of surgery to
the time of recurrence or follow-up. Overall
Survival (OS) was defined as the time from the
date of surgery to the time of death or follow-
up. Both DFS and OS were calculated on a
monthly basis and the follow-up deadline was
March 2017.

Statistical analysis
The statistical analysis was performed using

SPSS 24.0 software. The correlation between
the clinicopathological factors and the expres-

Int J Clin Exp Pathol 2018;11(12):6002-6009
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Figure 2. Kaplan-Meier survival plots comparing OS and DFS for patients stratified as IL-13 and NFkB high and low
groups. A. DFS of patients in the high group was longer than that in the low group (P = 0.023, log-rank test); B. There
is no difference in the OS of patients in the high and low groups (P = 0.144, log-rank test).

sions of IL-13 and NFkB were analyzed with a so we classify the cases with simultaneous
t-test for the measurement of the data and an high expression of IL-13 and NFkB as the high
x? test for counting the data. The correlation expression groups, indicating that the pathway
between IL-13 and NFKB expression was tested is activated. The rest of the cases are classified
using Spearman’s test. The survival analysis as the low expression groups. By comparing the
was performed using a Kaplan-Meier analysis, baseline data, it was found that the expres-
and the two-sided log-rank test was used to sions of IL-13 and NFKB were positively corre-
compare the relationship between the expres- lated with serum total bilirubin (TBIL) levels
sions of IL-1p and NFkB and the postoperative (Table 2).

recurrence. The univariate analysis was per-

formed using the Cox regression model. The Prognosis of HCC patients in the high and low
factors that were statistically significant in the groups

univariate analysis were brought into the multi-
variate Cox proportional-hazards analysis.
Bilateral P values < 0.05 were considered to be
statistically significant.

The 1-, 3-, and 5-year DFS rates were 48.9%,
32.6%, and 27.2%, respectively, and the medi-
an DFS was 11.7 months (95% Cl: 4.3-19.1).
The median DFS of the IL-13 and NFkB high and

Results low expression groups was 22.2 months (95%

Cl: 0.0-48.1) and 9.3 months (95% CI: 6.1-
Expressions of IL-13 and NFkB in HCC tissue 12.5), and the 1-, 3- and 5-year DFS rates

were 58.0%, 44.0%, 38.0% and 38.1%, 19.0%,
IL-1B and NFKB are mainly located in the cyto- 14.3% respectively. The DFS of the high expres-
plasms of tumor cells, which are brown-yellow sion group was significantly longer than that of
granules. A low expression of the cytoplasm the low expression group, and the difference
has weak staining, but a high expression has between the two groups was statistically signifi-
diffuse or scattered brown-yellow granules cant (x? = 5.137, P = 0.023) (Figure 2A).
(Figure 1).

The 1-, 3-, 5-year OS rates were 90.2%, 63.0%,
There is a positive correlation between IL-13 and 52.1%, respectively, with a median OS of
and NFkB expression in the high-low expres- 67.3 months (95% Cl: 45.5-89.1). The median
sion group of single factor (Table 1). Both are OS of the IL-13 and NFkB high and low expres-
key molecules in the same signaling pathway, sion groups was 76.0 months (95% CI: 61.4-
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Table 3. Univariate and multivariate analysis of variables with disease-free survival

Variable

Gender, male/female
Age (y, <50 vs. 2 50)

AFP (ng/L, <400 vs. > 400)
ALB (g/L, < 35 vs. > 35)

ALT (U/L, £60 vs. > 60)

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

PLT (10°%/L, < 100 vs. > 100)
TBIL (umol/L, £ 22 vs. > 22)
Tumor number, single/multiple
Tumor size (cm, <5 vs. > 5)
Tumor margin (cm, <2 vs. > 2)
Differentiation, High vs. Middle and Low
Microvascular invasion, yes/no
Capsule invasion, yes/no

HBV infection, yes/no
Liver cirrhosis, yes/no
Child-Pugh grade, A/B

I-1B and NFkB (Low vs. High)

Univariate Multivariate
HR (95% Cl) P value HR (95% Cl) P value
0.686 (0.359-1.309) 0.253
1.193 (0.709-2.009) 0.506
1.495 (0.888-2.517) 0.131
0.714 (0.326-1.562 0.399

)
1.855 (1.055-3.261)
2.145 (1.289-3.568)
1.875 (1.110-3.166)
1.713 (0.897-3.270)
2.666 (0.962-7.383)
1.924 (0.914-4.051)
0.445 (0.178-1.110)
1.216 (0.526-2.812)
1.720 (0.955-3.100)
1.246 (0.500-3.104)
1.196 (0.546-2.619)
1.228 (0.609-2.476)
1.292 (0.316-5.284)
0.578 (0.358-0.935)

0.032"  1.477 (0.673-3.244) 0.331
0.003" 1.637 (0.807-3.317)  0.172
0.019"  0.529 (0.302-0.926) 0.026"
0.103
0.059
0.085
0.082
0.648
0.071
0.637
0.655
0.567
0.722
0.025"  0.555(0.342-0.901) 0.017"

“P < 0.05, statistically significant. AFP, a-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; PLT, platelet; TBIL, total bilirubin; HBV, hepatitis B virus; IL-18, interleukin-1p; NFkB, nuclear factor kappa-light-chain-

enhancer of activated B cells.

90.6) and 37.0 months (95% Cl: 21.3-52.7)
respectively, and the 1, 3, and 5-year OS rates
were 88.0%, 68.0%, 62.0% and 82.9%, 57.1%,
40.2% respectively. The OS of the high group
was longer, but the difference between the two
groups was not statistically significant (x* =
2.135, P = 0.144) (Figure 2B).

The univariate and multivariate COX analysis
of DFS

A univariate analysis showed that the IL-13 and
NFkB levels, the alanine aminotransferase
(ALT) levels, the aspartate aminotransferase
(AST) levels, and the platelet (PLT) levels were
risk factors for DFS, and the difference was sta-
tistically significant (P < 0.05; some univariate
analysis data was cited from the previous arti-
cle published by our team [10], Table 3). A mul-
tivariate analysis of the above factors showed
that the IL-13 and NFkB levels and the PLT lev-
els were independent risk factors for postoper-
ative DFS. A further analysis of the hazard ratio
(HR) values revealed that the effect of the IL-13
and NFkB levels for DFS is greater than the
effect of the PLT level (Table 3).

6006

Discussion

We found that the expressions of IL-13 and
NFkB are positively correlated, and a high
expression of IL-1B and NFkB can reflect the
activation status of this pathway to a certain
extent. The expressions of IL-13 and NFkB are
positively correlated with the level of TBIL. The
average follow-up time of this study was more
than 7 years, and it was found that the DFS was
significantly prolonged in the IL-13 and NFkB
high expression groups. But the OS in the high
and low expression groups was not significantly
different. The COX regression analysis found
that low expressions of IL-13 and NFkB and the
PLT levels were independent risk factors for the
postoperative recurrence of HCC.

IL-1B was the first interleukin to be discovered,
and its initial function was mainly to participate
in the inflammatory response as an endoge-
nous heat source. IL-1B is produced and
released by many different immune and non-
immune cells, all of which respond rapidly to
inflammatory signals, and IL-1p plays arole as a
signal amplifier [11]. Numerous studies have

Int J Clin Exp Pathol 2018;11(12):6002-6009
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found that IL-13 has both tumor-promoting and
anti-tumor effects. It has been reported that
high levels of IL-1( in body fluids are associated
with a poor prognosis, tumorigenesis, and inva-
sion in cancer patients [12, 13]. The key mech-
anism by which IL-13 promotes tumor develop-
ment is to drive non-specific chronic inflamma-
tion, activate endothelial cells, and promote
tumor angiogenesis [12, 14, 15]. However,
Allen et al. reported that IL-13 has protective
effects in chemical colitis and colon cancer
mouse models [16]. In myeloma-resistant T cell
receptors (TCR), transgenic severe combined
immunodeficiency (SCID) mice were injected
with myeloma cells, neutralizing IL-1 results in a
decrease in IFN production in tumor-specific
Th1 cells and attenuating macrophage infiltra-
tion and tumor growth [17, 18].

IL-1B binds to IL-1R on the cell surface and acti-
vates E3 ubiquitin ligase TRAF6, which catalyz-
es the binding of the non-anchored K63 polyu-
biquitin chain to the TAB2 subunit in the TAK1
kinase complex, resulting in TAK1 activation,
and TAK1 will activate NF-kB ultimately by the
phosphorylating of IKKB [19-21]. We found that
the expression of IL-13 and NF-kB in HCC tis-
sues is positively correlated. According to the
results of immunohistochemistry, in the case of
the high expression of both, it can be consid-
ered that the signaling pathways of IL-13 and
NF-kB in cancer tissues are activated to some
extent. If both are low expressed or one of them
is low expressed, the pathway is considered to
be inactive. The downstream pathway of IL-13
is not only the NF-kB pathway [22, 23]. Mean-
while NF-kB also accepts multiple sources of
signaling [24-26]. Perhaps there is no positive
result, if only one of the two factors is analyzed
for its effects on prognosis.

We analyzed IL-13 and NF-kB together and
found that the DFS of the high expression
groups was significantly prolonged. It indicated
that the activation of this pathway may play a
role in inhibiting the recurrence of HCC.
However, we also found that IL-13 and NF-kB
co-expression had no significant effect on the
0S. When comparing the baseline data of the
high and low expression groups, the average
value of TBIL in the IL-13 and NF-kB high expres-
sion group was significantly higher than it was
in the low expression group. Regardless of the
cause of liver fibrosis or liver cancer, there is a

6007

different degree of TBIL elevation. And the
inflammatory response induced by the co-
expression of IL-1B3 and NF-kB may cause
edema or increase the permeability of the cap-
illary bile duct, leading to a release of bilirubin
into the blood.

Cox analysis of DFS found that IL-1 and NF-kB
low expressions (HR = 0.555) and PLT > 100 x
10°%/L (HR = 0.529) were independent risk fac-
tors for the postoperative recurrence of HCC.
According to the comparison of HR values, the
effect of IL-1B and NF-kB low expressions on
recurrence was more significant than the PLT
level. Numerous studies have reported a signifi-
cantincrease in postoperative recurrence rates
in HCC patients with platelet counts < 100 x
10°%/L [27-29]. We did not find a correlation
between IL-13 and NF-kB expression and serum
PLT levels (P > 0.05, Table 2). The possible rea-
son is that it is difficult for the expression levels
of IL-1B and NF-kB in local tissues to affect the
level of PLT in the whole circulatory system. The
effect of IL-1 and NF-kB expressions on prog-
nosis is mainly postoperative recurrence.

In summary, the low expressions of IL-13 and
NF-kB in hepatocellular carcinoma are an inde-
pendent risk factor for DFS, but they have noth-
ing to do with OS. The expressions of IL-13 and
NF-kB were positively correlated with serum
TBIL levels.
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