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Abstract. — OBJECTIVE: To study the asso-
ciation of inflammatory factors and hepatocar-
cinoma stem cells of induced liver cancer rats.

MATERIALS AND METHODS: 30 SD male
healthy rats were selected. 10 rats were giv-
en water as normal control group. 10 rats only
were implemented laparotomy as sham opera-
tion group. The remaining 10 rats were the liv-
er cancer model group and treated with dieth-
yInitrosamine (DEN) to induce liver cancer. Re-
al-time quantitative PCR was used to detect the
related inflammatory factors in HCC tissues, in-
cluding interleukin-6 (IL-6), monocyte chemoat-
tractant protein-1 (MCP-1), transforming growth
factor-B1 (TGF-B), human interleukin-1a (IL-1a),
human interleukin 18 (IL-18) and levels of hepa-
tocarcinoma stem cells indicators CD90, CD133,
Alpha-fetoprotein (AFP). Correlation analysis
was used to analyze the correlation between in-
flammatory factors and hepatocarcinoma stem
cells markers CD90 and CD133.

RESULTS: The expression levels of IL-6, MCP-
1 and TGF-B of HCC tissues in liver cancer mod-
el group were significantly higher than those in
the control group and the sham operation group.
The expression levels of CD90 and CD133 of
tissues in the liver cancer model group were
significantly higher than those in the control
group and the sham operation group. The dif-
ferences were statistically significant (p<0.001).
By inhibiting related inflammatory factors, the
growth, migration and invasion of liver cancer
cells were significantly inhibited, and apopto-
sis was promoted. Correlation analysis results
showed that the expression changes of IL-6,

MCP-1 and TGF-B were significantly positive-
ly correlated with CD90 up-regulation (p<0.05),
while the expression changes of IL-6, MCP-1 and
TGF-B were significantly positively correlated
with CD133 up-regulation (p<0.05).

CONCLUSIONS: The inflammatory factors IL-
6, MCP-1 and TGF-B are closely related to hepa-
tocarcinoma stem cells, which plays an import-
ant role in promoting the occurrence and deteri-
oration of liver cancer.
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Introduction

Liver cancer is a common invasive cancer with
high recurrence rate and heterogeneity', which is
generally more common in males®. Liver cancer
is also the second most common cause of cancer
deaths worldwide. The ratio of mortality to inci-
dence of liver cancer is 0.95, which indicates a
poor prognosis®. Generally, liver cancer lesions
can be completely removed when detected in the
early stage. However, because the early symp-
toms of liver cancer are not evident, the disease
is already in the deterioration stage when it is
discovered.

Cancer stem cells have been defined as a small
part of cancer cells in vivo of tumors that exhibit
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self-renewal and differentiation. Differentiation
of cancer stem cells may contribute to tumor
initiation, metastasis, recurrence, and drug resis-
tance*s. Cancer stem cells have been proposed as
the initial cells of cancer and have been verified
to be important causes of chemotherapy drug
resistance and cancer recurrence®.

Inflammation has been recognized as sign of
cancer and is known to play an important role in
the deterioration and progression of most tumors,
even those that have no visible signs of inflamma-
tion and infection’. Kupffer cells are macrophages
that are resident in the liver and play a key role in
maintaining liver function. The special functions
and metabolism of Kupffer cells suggest that they
are attractive targets for the treatment of hepatic
inflammation and related diseases, including can-
cer and infectious diseases®. Kupffer cells release
Interleukin-6 (IL-6), monocyte chemoattractant
protein-1 (MCP-1), transforming growth factor-f3
(TGF-PB) and other inflammatory factors to in-
volve response when Kupffer cells participate in
the immune response’!'; besides, inflammation
plays a decisive role in tumor deterioration'*".
Inflammatory factors participate in the self-re-
newal of tumor stem cells and transformation
of epithelial-mesenchymal, which promotes the
deterioration of tumors'*".

The development of medical technology brings
new treatments for liver cancer, but the prognosis
is still not satisfactory. If the relationship between
inflammatory factors and hepatocarcinoma stem
cells can be found, it may provide new directions
for treatment of liver cancer in clinic. Therefore,
this study aimed to understand the changes of
inflammatory factors and hepatocytes of rats by
induced liver cancer.

Materials and Methods

Materials and Reagents

SD male rats were purchased from Wuhan
Yun Kuan Diagnostic Reagent Research Institute
Co., Ltd (Wuhan, Hubei, China), and Human
hepatoma cell line Hep G2 was from Wuhan
Yipu Biotechnology Co., Ltd (Wuhan, Hubei,
China). Phosphate buffered saline (PBS) was
purchased from Shanghai Zhonggiao Xinzhou
Biotechnology Co., Ltd (Shanghai, China). Pri-
meScript RT reagent Kit reverse transcription kit
was purchased from Beijing winter song Boye
Biotechnology Co. Ltd (Beijing, China). Dieth-
ylnitrosamine (DEN, 0.95 g/ml) was purchased

from Shanghai YuanMu Biological Technology
Co. Ltd (Shanghai, China). TRIzol reagent was
purchased from Changsha Daerfeng Biotechnol-
ogy Co., Ltd (Changsha, Hunan, China). SYBR
Green kit was purchased from Beijing Jiehui
Bogao Biotechnology Ltd (Beijing, China). Re-
al-time quantitative PCR instrument was pur-
chased from Beijing Jiamei Qianyuan Biotech-
nology Co., Ltd (Beijing, China). SimpliNano
micro spectrophotometer was purchased from
Jiangsu Bomeida Life Science Co., Ltd (Suzhou,
Jiangsu, China). Apoptosis kit (Shanghai Yanqi
Biological Technology Co., Ltd (Shanghai, Chi-
na).), T10% fetal bovine serum (FBS; Shanghai
So-Fe Biomedical Co., Ltd., Shanghai, China),
Dilbecco’s Modified Eagle’s Medium (DMEM)
medium (Qingdao Jisskang Biotechnology Co.,
Ltd. (Qingdao, Shandong, China)), Transfection
reagent Lipofectamine TM2000 (US Everbright
Inc.,Suzhou, Jiangsu, China), CCK8 kit (Shang-
hai Jingkang Biological Engineering Co., Ltd.,
Shanghai, China), UV spectrophotometer (Bei-
jing Jiayuan Industrial Technology Co., Ltd.,
Beijing, China), BD flow cytometer (Shanghai
Binzhi Biological Technology Co., Ltd., Shang-
hai, China), transwell chamber (Shanghai SunBio
Biomedical technology Co., Ltd., Shanghai, Chi-
na), Reverse transcriptase (Shanghai Shifeng Bi-
ological Technology Co., Ltd., Shanghai, China),
Microplate reader (Beijing Image Trading Co.,
Ltd., Beijing, China), B-catenin, cyclin D1, c-myc
primary antibodies (K000226M, bs-0623R-1, bs-
4963R-1, Shanghai Zhenyu Biological Technolo-
gy Co., Ltd., Shanghai, China), HRP-labeled goat
anti-mouse secondary antibody (LD-BJ-101891,
Shandong Lvdu Bio-Sciences & Technology Co.,
Ltd, Binzhou, Shandong, China). Various primers
were synthesized by Zhongmei Taihe Biotechnol-
ogy co., LTD. (Beijing, China).

Methods

Establishing Rat Model of
Induced Liver Cancer

Since DEN is highly toxic to humans and
animals, even low-dose injections or oral ad-
ministration can cause severe liver damage. Its
tumorigenic cycle is short, and its pathological
process follows the general development of hu-
man liver cancer'®, so rat model of liver cancer
was established using DEN. There were 30 SD
male healthy rats, 2 to 3 months, with a weight
of 170-250 g. The rats were in good health with
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no abnormalities. Ten rats were randomly includ-
ed in normal control group. The normal control
group was given water. Ten rats were divided into
sham operation group and given generally water.
The remaining 10 rats were included in liver can-
cer model group. Rats in the liver cancer model
group were given water with a mixed concen-
tration of 0.01% DEN solution for 6 consecutive
days, and then given water for one day until the
formation of liver cancer by inducing cancer at
the 24th week. The rats were decapitated without
anesthesia, and then the liver was removed by
laparotomy. If the liver has scattered gray-white
nodules, scattered blood spots on the surface,
and the liver is darker, it is a successful model.
This liver was refrigerated at 80°C for later use.
The investigation was approved by the Hospital
Animal Ethics Committee. The operation process
was strictly in accordance with the guidelines
for surgical care and use of experimental ani-
mals (People’s Health Publishing, 2008 revision,
ISBN: 9787117105071).

Detection of Inflammatory Factors in
HCC Tissues and Expression Levels in
Hepatocarcinoma Stem Cells Marker By
Quantitative Real Time-PCR

Total RNA in HCC tissues was extracted by
TRIzol strictly according to the instruction. De-
tect the concentration and purity of total RNA by
UV spectrophotometer, take RNA with OD260/
0OD280 ratio between 1.8 and 2.0, and perform
reverse transcription of total RNA using reverse
transcription-fluorescence quantification kit ac-
cording to the instructions. The cRNA was syn-
thesized using reverse transcriptase and oligonu-
cleotides according to the operating instruction.
Transcription reaction system (20 pulL) was 4 pL
of buffer, 2 pL of reverse transcriptase, 2 pL of
total RNA and 12 uL of de-RNase-Free water.
Reaction conditions were water bath at 42°C

Table I. Primers sequence.

for 1 hour and water bath at 95°C for 5 minutes.
Amplification and quantification were performed
using a PCR instrument with GAPDH as internal
reference. According to the operating instruc-
tions, use relevant specific primers and use SYBR
Green kit to quantitatively detect the expression
levels of related inflammatory factors and liver
cancer stem cell indicators released by Kupffer
cells in real-time quantitative PCR. The PCR re-
action system (20 uL) was 0.4 uL of the upstream
primer, 0.4 uL of the downstream primer and 0.5
uL of the miR. The rest was filled with ddH,O.
Reaction conditions: pre-denaturation at 95°C for
30 s, 95°C for 5 s, and 60°C for 30 s for a total of
40 cycles. 3 multiple pores were set up for each
experiment and the experiment was repeated 3
times. The results were analyzed using the rel-
ative quantitative method. Relative expression
was calculated using 24T, The above operations
were carried out in strict accordance with the
instructions. The primer sequences were reported
in Table I.

The Detection of Inflammatory Factors
and Relative Protein Expression Levels
of Liver Cancer Stem Cell Markers by WB
The lysed cells were collected and transferred
to a centrifuge tube, centrifuged at 12000 x g for
10 min at 4°C, and the supernatant was collected
as a protein sample. The protein concentration
was measured by bicinchoninic acid (BCA) meth-
od, and the protein sample was diluted by adding
Lysis buffer to prepare 20 mg/ml protein. 8.00%
separation gel and 5.00% laminated gel were pre-
pared before sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) electro-
phoresis, then transfer to PVDF membrane. Add
B-catenin, cyclin D1, c-myc (1:1000) primary an-
tibodies, internal reference B-actin (1:3000), and
block overnight at 4°C. Add horseradish perox-
idase (HRP)-labeled goat anti-mouse secondary

Human Interleukin-la (IL-1o)
Human Interleukin-1§ (IL-1B)

Genes Upstream primers Downstream primers
IL-6 5>-TAGTCCTTCCTACCCCAACTTCC-3’ 5 TTGGTCCTTAGCCACTCCTTC-3’
MCP-1 5-ATGCAGGTCTCTGTCACGCTTCTGGGC-3*  5-CTAGTTCTCTGTCATACTGGTCAC-3’
TGF-B 5’-GCTAATGGTGGACCGCAACAAC-3 5’-CACTGCTTCCCGAATGTCTGAC-3

5~ AGACCATCCAACCCAGATCA-3
5’-GACCTGTTCTTTGAGGCTGACA-3’
CD90 5-GCTGGATGGGCAAGTTGGT-3

CD133 5’-CCAGCGGCAGAAGCAGAACGA-3
Alpha-fetoprotein (AFP) 5’-GTCCCTCCACCATTCTCTGA-3
GAPDH 5-TGCCACTCAGAAGACTGTGG-3’

5 TGATGAACTCCTGCTTGACG-3’
5’-CTCATCTGGACAGCCCAAGTC-3
5-TGACAGCCTGCCTGGTGAA-3
5’-GTCAGGAGAGCCCGCAAGTCT-3’
5’-GGTCTTTGCAGCACTTCTCC-3’
5-TTCAGCTCTGGGATGACCTT-3
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antibody (1:5000), incubate for 1 h at 37°C, rinse
3 times with Tris-Buffered Saline and Tween-20
(TBST) for 5 min each. Then, develop in a dark
room, absorb excess liquid from the membrane.
Enhanced chemiluminescence (ECL) was used
to develop. The protein bands were scanned, and
the gray values were analyzed using Quantity
One software (Molecular Devices Corp, The Bay
Area, CA, USA).

Cell Culture and Transfection

Transfect liver cancer cell line into DMEM
medium containing 10% fetal bovine tissue and
penicillin-streptomycin mixed solution. The
growth conditions should be 37°C and 5% CO, in
a cell incubator. Cells were seeded into a 6-well
plate to achieve a cell density of 60% to 70%.
The cells were separated into 4 groups: IL-6 in-
hibition group (IL-6 siRNA), MCP-1 inhibition
group (MCP-1 siRNA), TGF-$ inhibition group
(TGF-B siRNA), and Control group (no-load plas-
mid). All siRNA plasmid vectors were purchased
from Shanghai Yingbio Technology Co., Ltd.
(Shanghai, China). Each group of inflammatory
factor inhibitors was transfected into liver cancer
cells using Lipofectamine™ 2000. IL-6, MCP-1,
TGF-B inhibitors were mixed with 200 pl of FBS-
free medium at room temperature for 15 minutes.
The mixed lipo2000 was then incubated with
IL-6, MCP-1, TGF-B inhibitors for 30 minutes at
room temperature. After washing with PBS, the
cells were treated with a mixture kept in FBS-
free medium and incubated for 6 hours. After
changing the medium, the cells were further cul-
tured for 48 hours before being collected.

Detection of Cell Proliferation

The transfected Hep G2 cells were made into
suspensions, 100 ul/well of cell suspension was
seeded into 96-well plates, and three replicates
were set in each well. Cell proliferation was de-
tected at 24 h, 48 h, 72 h, and 96 h. Add 20 uL
Cell Counting Kit reagent (CCK-8) to each well
2 h before the end of culture, place in a 37°C
cell incubator, with 5% CO,, and measure the
absorbance at 490 nm using a fully automatic
microplate reader after 2 h. The experiment was
repeated three times.

Detection of Cell Migration and Invasion

Trypsinize cells first, then resuspend cells in
serum-free medium. Take 200 pL of the resus-
pension, perform the migration assay, and place
approximately 5 x 10 cells in the upper chamber.

Take 200 pL of the resuspension for invasion
experiments, containing approximately 5 x 10*
cells, and add 1 m of FBS-containing medium
to the lower chamber of the 6-well plate. After
24 hours of routine incubation, the cells in the
upper chamber of transwell were wiped off with
a cotton swab. Cells that migrated to the lower
chamber were stained with 4% paraformaldehyde
and stained with 0.1% crystal violet. After the
transwell microscope. The experiment was re-
peated three times.

Apoptosis Detection

The apoptosis detection kit was used to detect
the apoptosis of the cells in accordance with the
instructions. BD flow cytometry was used to de-
tect cells that had been transfected for 48 h and
stained with AnnexinV, propidium iodide (PI) in
the 6-well plate. The experiment was repeated 3
times.

Statistical Analysis

Statistical analysis was performed for data
using SPSS 21.0 (Asia Analytics Formerly SPSS
China). The measurement data were expressed
as mean number + standard deviation (x = SD).
The measurement data were compared by #-test
between two groups. One-way ANOVA followed
by LSD-¢ test was used for multiple comparisons.
Pearson correlation analysis was used to analyze
the correlation between inflammatory factors and
liver cancer stem cell markers. The difference
was statistically significant with p<0.05.

Results

Expression Levels of Inflammatory
Factors in Each Group Tissues

The expression levels of related inflammatory
factors in rats HCC tissues were detected by quan-
titative PCR. The results showed that [L-6 expres-
sion in the control group, sham operation group
and liver cancer model group were (0.83%0.04),
(0.85+0.05) and (74.38+7.18), respectively. MCP-
1 expression levels in the control group, sham
operation group and liver cancer model group
were (2.74+0.21), (2.73+0.20) and (76.27+8.49),
respectively. TGF-f expression levels in the con-
trol group, sham operation group and the liver
cancer model group were (1.48+0.37), (1.47+0.36)
and (5.98£1.12), respectively. IL-la expression
levels in the control group, sham operation group
and liver cancer model group were (1.1940.28),
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(1.18+0.28) and (0.97+0.19), respectively. IL-1B
expression levels in the control group, sham op-
eration group and liver cancer model group were
(1.87+0.35), (1.86+0.35), (2.10£0.24), respective-
ly. The expressions of IL-6, MCP-1 and TGF-f in
the liver cancer model group were significantly
higher than those in the control group and the sh-
am operation group and the differences were sta-
tistically significant (all p<0.001). However, there
was no significant difference in the expression
levels of IL-1a and IL-1p between the groups, and
the differences were not statistically significant
(all p > 0.05). There was no difference between
the control group and the sham operation group
(p > 0.05). See Figure 1 for details, which indi-
cates the condition of [L-6, MCP-1, and TGF-f in
liver cancer.

Expression Levels of Hepatocarcinoma
Stem Cells Marker of Each Group
in Tissues

The expressions of CD90 in the control
group, sham operation group and liver can-
cer model group were (1.18+0.02), (1.19+0.02),
(54.38424.48), respectively. The expressions of
CD133 in the control group, sham operation group
and liver cancer model group were (5.37+1.27),
(5.36+1.27), (25.474£8.39), respectively. The ex-
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Figure 1. The expression levels of inflammatory factor in
the tissue in the tissue. The expressions of IL-6, MCP-1, and
TGF-B in the liver cancer model group were significantly
higher than those in the control group and the sham operation
group (p <0.001), while there was no significant difference in
the expression levels of IL-1o and IL-1p between the groups
(p>0.05). There was no difference between the control group
and the sham operation group (p> 0.05) Note: * indicates
comparison with the liver cancer model group (p<0.05).
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Figure 2. Expression levels of liver cancer stem cell mark-
ers in each group of tissues. The expression levels of CD90
and CDI133 in liver cancer model group were significant-
ly higher than those in control group and sham operation
group. There was no significant difference in AFP between
the groups (p> 0.05), and there was no difference between
the control group and the sham operation group (p> 0.05).
Note: * indicates comparison with liver cancer model group
(p <0.05).

pressions of AFP in the control group, sham op-
eration group and liver cancer model group were
(1.38+0.14), (1.37+0.13), (1.45+0.28), respectively.
The expression levels of CD90 and CDI133 in the
liver cancer model group were significantly high-
er than those in the control group and the sham
operation group and the differences were statisti-
cally significant (all p<0.001). There was no sig-
nificant difference in AFP among the groups and
the difference was not statistically significant (all
p > 0.05). There was no difference between the
control group and the sham operation group (all
p > 0.05). See Figure 2 for details, which shows
CD90 and CD133 in liver cancer.

Relative Protein Expression Levels of
Inflammatory Factors in Each Group

The relative protein expressions of IL-6 in the
control group, sham operation group and liver can-
cer model group were (0.24 £+ 0.03), (0.23 + 0.02),
(0.89 + 0.05), respectively. The relative protein ex-
pressions of MCP-1 in the model group were (0.17
+0.02), (0.18 = 0.02), and (0.43 + 0.03), respectively.
The relative protein expressions of TGF-f in the
control group, sham operation group, and liver can-
cer model group were (0.24 + 0.03), (0.23 + 0.03),
(0.62 + 0.04), respectively. The relative protein ex-
pressions of IL-1a in the control group, sham opera-
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tion group and liver cancer model group were (0.16
+0.02), (0.15 £ 0.02), (0.17 + 0.03), respectively. The
relative protein expressions of IL-1B in the control
group, sham operation group and liver cancer model
group were (0.21 £+ 0.03), (0.22 + 0.02), and (0.23 +
0.03), respectively. The relative protein expressions
of IL-6, MCP-1, and TGF-B in the liver cancer
model group were significantly higher than those in
the control group and the sham operation group (p
<0.001), while there was no significant difference
in the relative protein expression levels of IL-la
and IL-1B between groups (p> 0.05). There was no
difference between the control group and the sham
operation group (p> 0.05). Figure 3 presents the
relative protein levels of IL-6, MCP-1 and TGF-f in
liver cancer.

Relative Protein Expression Levels
of Liver Cancer Stem Cell Markers in
Each Group

The relative protein expressions of CD90 in
the control group, sham operation group and liver
cancer model group were (1.23 + 0.21), (1.22 +
0.21), and (3.24 £ 0.56) respectively. The relative
protein expressions of CD133 were (0.35 = 0.22),
(0.36 = 0.22), and (1.20 + 0.47) respectively. The
relative protein expressions of AFP in the control
group, sham operation group, and liver cancer
model group were (2.45 + 1.03), (2.44 = 1.03),
(2.46 £+ 1.02) respectively. The relative protein ex-
pression levels of CD90 and CD133 in liver can-
cer model group were significantly higher than
those in control group and sham operation group
(p<0.001). There was no significant difference in

AFP between the groups (p> 0.05), and there was
no difference between the control group and the
sham operation group (p> 0.05). Figure 4 shows
the relative protein levels of CD90 and CD133 in
liver cancer.

Relationship Between Inflammatory
Factors and Tumor Size and
Tumor Weight

By observing the relationship between inflam-
matory factors, tumor size, tumor weight, it was
concluded that inflammatory factors are closely
related to tumors (p <0.05). It can be seen in
Table II that inflammatory factors are closely
related to tumors.

Cell Transfection

After transfection, related inflammatory fac-
tors were significantly decreased (p <0.05), in-
dicating that transfection of inflammatory factor
inhibitors was successful (Figure 5).

Observation of the Growth of Liver
Cancer Cells at Different Time Periods
The growth of liver cancer cells was signifi-
cantly inhibited after transfection with inhibitors
(p <0.05; Figure 6) for details. It indicated that the
growth of liver cancer cells was significantly in-
hibited after inflammatory factors were inhibited.

Observation of the Migration and
Invasion of Liver Cancer Cells

The migration and invasion of liver cancer
cells were significantly inhibited after transfec-

1.0

0.8

0.6

0.4+

0.2+

0.0-

Relative protein expression level

IL-6 MCP-1 TGF-§ IL-1a IL-1B

Hm Control group
B3 mock surgical group
B3 Liver cancer model group

Figure 3. Relative protein expression levels of inflammatory factors in each group. A, The relative protein expressions of IL-
6, MCP-1, and TGF-p in the liver cancer model group were significantly higher than those in the control group and the sham
operation group (p<0.001), while there was no significant difference in the relative expression levels of proteins of IL-1a and
IL-1Bbetween the groups (p> 0.05). There was no difference between the control group and the sham operation group (p>
0.05). Note: * indicates comparison with the liver cancer model group (p<0.05). B, Western blot of relative protein expression

levels of inflammatory factors in each group.
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mm Control group
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Relative protein expression level

CD9%0 CD133 AFP

Figure 4. Relative protein expression levels of liver cancer stem cell markers in each group. A, The relative protein expression
levels of CD90 and CD133 in the liver cancer model group were significantly higher than those in the control group and the
sham operation group (p<0.001). There was no significant difference in AFP between the groups (p> 0.05), and there was no
difference between the control group and the sham operation group (p> 0.05). Note: * indicates comparison with liver cancer
model group (p<0.05). B, Western blot of relative expression levels of hepatoma stem cell markers in each group.

Table II. Relationship between inflammatory factors and tumor size and tumor weight.

N IL-6 (pg/ml) P MCP-1 (pg/ml) P TGF-$ (pg/ml) P
Tumor size (cm) <0.001 <0.001 <0.001
<3 8 25.24+3.52 63.24 +£5.20 36.28 £3.59
>3 22 37.59 +4.29 78.13 £ 6.23 46.15+4.77
Tumor weight (g) <0.001 0.002 <0.001
<5 13 21.42 +£2.67 56.13 +4.67 33.32+£3.25
>5 17 32.13+3.24 62.14 +£5.24 40.24 £4.53

A 33 B 3
EJ Hm |L-6 inhibition group %50 = MCP-1 inhibition group
5 =1 Control group H = Control group
B w5 40
o 20 4
£ S 30
x 3
o ¢
210 220
K] =
° 2 10
@ <
= g o
IL-6 inhibition group Control group = Q <
\O° ‘00
K &
o &
C o -@% &
iy &
< = TGF-B inhibition group cgf‘
-
° =3 Control group «
o
2
2
2
»x
o
o
2
=4
]
2o
Q R
Q@" &
o >
& &
© of
o o
&
&
,\0

Figure 5. Transfection of cells. A, The relative expression of IL-6 in the IL-6 inhibition group was significantly lower than
that in the control group (p<0.05). Note: *indicates comparison with the control group (p<0.05). B, The relative expression of
MCP-1 in the MCP-1 inhibition group was lower than that in the control group (p<0.05). Note: *indicates comparison with the
control group (p<0.05). C, The relative expression of TGF-f in the TGF-f inhibition group was lower than that in the control
group (p<0.05). Note: *indicates comparison with the control group (p<0.05).
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Figure 6. Growth of liver cancer cells at different time
periods. The growth of hepatocellular carcinoma cells in the
IL-6 inhibition group, MCP-1 inhibition group and TGF-$
inhibition group was significantly inhibited (p<0.05).
Note: a represents the comparison with the IL-6 inhibition
group (p<0.05); b represents the comparison with MCP-1
inhibition group (p<0.05); c indicates comparison with
TGF-B inhibition group (p<0.05).

tion with inhibitors (p <0.05). Figure 7 shows
that the migration and invasion of hepatocellular
carcinoma cells are significantly inhibited after
inflammatory factors are inhibited.

Observation of the Apoptosis of
Liver Cancer Cells

Apoptosis of HCC cells was significantly
increased after transfection with inhibitors (p
<0.05). It can be seen in Figure 8 that the inhibi-
tion of inflammatory factors promotes the apop-
tosis of liver cancer cells.

Correlation between Related
Inflammatory Factors and
Hepatocarcinoma Stem Cells Marker

The results showed that 1L-6 was positively
correlated with correlation of CD90 (r=0.835,
p<0.05), MCP-1 was positively correlated with
correlation of CD90 (r=0.677, p<0.05) and TGF-f3
was positively correlated with correlation of
CD90 (r=0.766, p<0.05; Figure 9).

IL-6 was positively correlated with correlation
of CD133 (1=0.699, p<0.05), MCP-1 was positive-
ly correlated with correlation of CDI33 (r=0.700,
p<0.05) and TGF-B was positively correlated with
correlation of CD133 (r=0.772, p<0.05; Figure 10).
The two figures show that inflammatory factors are
closely related to liver cancer stem cell markers.

Discussion

Liver cancer remains one of the most prevalent
and deadly cancer types in the world"”. 782,000
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Figure 7. Migration and invasion of liver cancer cells. A, Hepatoma cell migration in the IL-6 inhibition group, MCP-1
inhibition group, and TGF-f inhibition group were significantly inhibited (p<0.05). Note: * indicates comparison with the
control group (p<0.05). B, Invasion of hepatocellular carcinoma cells in the IL-6 inhibition group, MCP-1 inhibition group and
TGF-p inhibition group was significantly inhibited (p<0.05). Note: * indicates comparison with the control group (p<0.05).
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Figure 8. Apoptosis of liver cancer cells. Apoptosis of hepatocellular carcinoma cells in IL-6 inhibition group, MCP-1
inhibition group and TGF-f inhibition group increased significantly (p<0.05).

people are diagnosed with liver cancer each year
and 746,000 people die from this disease, ac-
counting for 5.6% of all new cancer cases and
9.1% of all cancer deaths worldwide'®. The main
cause of liver cancer is the infection of hepatotro-
pic virus®.

The IL-6 signaling pathway is harmful to the
liver and may eventually lead to the develop-
ment of liver tumors*. MCP-1 plays a key role
in the recruitment and activation of monocytes
during inflammation. Elevated serum level of
MCP-1 in various cancer patients is associated

with cancer progression. TGF-f is a central reg-
ulator of chronic liver disease and is involved in
and contributes to all stages of the disease, from
initial liver damage to inflammation and fibrosis
to cirrhosis and hepatocellular carcinoma. In
this study, 1L-6, MCP-1, and TGF-B were ab-
normally up-regulated in liver cancer tissues, so
we speculated that the up-regulation of inflam-
matory factors may be related to tumorigenesis.
Therefore, inflammatory factors were inhibited
from observing observe the biological effects on
liver cancer. The results showed that the inhi-
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Figure 9. Correlation between inflammatory factors and CD90. A, Pearson correlation analysis between IL-6 and CD90.
IL-6 and CD90 were positively correlated (r = 0.835, p<0.05). B, Pearson correlation analysis between MCP-1 and CD90.
MCP-1 and CD90 were positively correlated (r = 0.677, p<0.05). C, Pearson correlation analysis between TGF- and CD90.
TGF-B and CD90 were positively correlated (r = 0.766, p<0.05).
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Figure 10. Correlation between inflammatory factors and CD133. A, Pearson correlation analysis between IL-6 and CD133.
IL-6 and CD133 were positively correlated (r = 0.699, p<0.05). B, Pearson correlation analysis between MCP-1 and CD133.

MCP-1 and CD133 were positively correlated (r = 0.700, p<0.05).

TGF-B and CD133 were positively correlated (r = 0.772, p<0.05).

bition of IL-6, MCP-1 and TGF-f significantly
inhibited the growth of liver cancer cells and
promoted apoptosis.

The inflammation is the body’s response to
harmful stimuli such as infectious, physiolog-
ical or chemical stimuli. It releases various
inflammatory mediators through immune cells,
and inflammatory mediators can cause cell pro-
liferation, genome instability, angiogenesis, an-
ti-apoptosis, invasion and metastasis?. Inflam-
matory processes can regulate the progress of
cancer, inhibiting or stimulating its growth.
The activity of inflammatory cells and the type
and level of inflammatory regulators affect the
balance between their tumor-promoting and an-
ti-tumor effects??. The tumor microenvironment
is mainly coordinated by inflammatory cells
and is an indispensable participant in the tumor
process, promoting tumor cell proliferation, sur-
vival, and migration®. In some types of cancer,
inflammatory conditions exist before the malig-
nant changes®. All explain that inflammatory
factors may be related to the occurrence and
progression of liver cancer.

CD133 is a well-characterized cancer stem
cell marker that is involved in tumor cell pro-
liferation, metastasis, tumorigenesis and re-
currence, and chemical and radioresistance.
CD90 is a marker of hepatocellular carcinoma

C, Pearson correlation analysis between TGF-f and CD133.

stem cells with tumorigenic activity®’, and is
found in blood samples from 91.6% of liver
cancer patients?®. In this study, it was found
that CD90 and CD133 were upregulated in liver
cancer. Pearson correlation analysis was used
to analyze the relationship between relevant
inflammatory factors and liver cancer stem cell
markers, and the results showed that inflam-
matory factors were positively correlated with
liver cancer stem cell markers. According to
previous study, IL-6-mediated signal transduc-
tion enhances CD133 expression and promotes
the progression of hepatocellular carcinoma?’.
Moreover, it is suggested that there may be a
close relationship between IL-6 and CD133. In
a study by Rawal et al*, secretory factors such
as TGF-B from leading endothelial cells may
enhance the expression of CD133 and provide
an aggressive epithelial-mesenchymal transi-
tion phenotype for hepatitis B virus-induced
hepatitis B protein-infected liver cancer cells.
This indicates a close correlation between in-
flammatory factors and liver cancer stem cell
markers. Therefore, we speculated that the
up-regulation of inflammatory factors activat-
ed liver cancer stem cell markers, thereby pro-
moting the occurrence and progression of liver
cancer. However, the specific mechanism has
not yet been known.
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Conclusions

In summary, inflammatory factors in rats with
induced liver cancer are closely related to liver
cancer stem cell markers. Inflammatory factors
may also have an effect on the biological mecha-
nism of liver cancer cells.
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