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Introduction

Hepatocellular carcinoma (HCC) is the main histological 
subtype of liver cancer, accounting for 90% of primary liver 
cancer, and is the second leading cause of cancer-related 
deaths worldwide (1). The treatment methods for early 

HCC include surgical resection, percutaneous liver tumor 
ablation, and liver transplantation, but for advanced HCC, 
the curative effect of these methods is limited, so the 5-year 
survival rate of advanced HCC is extremely low (2). The 
poor prognosis of HCC is related to the high recurrence 
rate and metastasis rate of HCC (1). Therefore, it is of 
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great significance to explore the mechanism of metastasis 
regulation and seek new treatment methods for improving 
the prognosis of patients. 

Studies have found that the high expression of 
interleukin-8 (IL-8) in the serum of patients with 
HCC is related to the poor prognosis of the patients, 
which has caused more attention to the potential of 
IL-8 as a biomarker for patients with HCC (3,4). IL-8 
is a chemotactic cytokine, which can activate several 
downstream signaling pathways after binding to its receptor 
C-X-C chemokine receptor 1 (CXCR1) or CXCR2, thus 
having a certain impact on the angiogenesis and metastasis 
of tumor (5). In HCC, studies have shown that IL-8 is 
related to tumor cell epithelial-mesenchymal transition and 
cancer cell invasion of blood vessels (6,7).  

Of note, one of the mechanisms by which IL-8 regulates 
tumor metastasis is to regulate the expression of matrix 
metalloproteinase (MMP) (8). MMPs can destroy the 
extracellular matrix, reduce the connection between cells 
and promote tumor cell invasion and migration. MMP9, 
a gelatinase, is one of the most studied MMPs in the 
mechanism of HCC metastasis (9). It is overexpressed 
in HCC and is closely related to the local and remote 
metastasis of tumor cells, the reduction of apoptosis, and the 
increase of angiogenesis (9). A study by Zarogoulidis et al. 
has found that IL-8 can enhance the expression of MMP9 
to promote tumor metastasis activity (8). Although both 
IL-8 and MMP9 are closely related to the poor prognosis of 
HCC, it is unclear whether IL-8 regulates the metastasis of 
HCC by regulating the expression of MMP9. Therefore, we 
sought to clarify the causal role of IL-8 and MMP9 in HCC 
metastasis. We present the following article in accordance 
with the ARRIVE reporting checklist (available at https://
tcr.amegroups.com/article/view/10.21037/tcr-22-37/rc).

Methods

Animals 

A total of 79 BALB/C nude mice (18–25 g) were purchased 
from Shanghai Slack Laboratory Animal Co., Ltd. [SCXK 
(Shanghai) 2007-0005, Shanghai, China]. All mice were 
housed in a specific pathogen-free (SPF) animal facility, 60–
65% humidity, 12-hour light-dark cycle, at 25 ℃, with free 
access to water and food, and begin the experiment about  
1 week after acclimatization. All the animal experiments were 
performed in strict accordance with the recommendations in 
the Guide for the Care and Use of Laboratory Animals by 

the National Institutes of Health and approved by the Ethics 
Committee of Experimental Animals of Zhejiang Chinese 
Medical University (approval No. ZSLL-2019-186). 

Establishment of an orthotopic implantation mouse model 
of HCC

Human HCC cells HCCLM6 obtained from the Chinese 
Academy of Sciences Cell Bank were cultured in Dulbecco’s 
modified Eagle medium (DMEM) (10569010, Thermo 
Fisher, USA) containing 10% fetal bovine serum (FBS) 
(10091, Gibco, USA) and 1% penicillin-streptomycin 
(15140-122, Gibco, USA) in 37 ℃, 5% CO2 incubator 
(Forma Steri-Cycle, Thermo Fisher, USA). HCCLM6 cells 
stably expressing the green fluorescent protein (GFP) were 
constructed as previously described (10).  

BALB/C nude mice were anesthetized with an 
intraperitoneal (i.p.) injection of 45 mg/kg pentobarbital 
sodium (P-010, Sigma Aldrich, USA) followed by 
subcutaneous inoculation of tumor cells. Briefly, HCCLM6 
cells (1×107) were subcutaneously inoculated into the ventral 
forearm of BALB/c nude mice (n=2). Four weeks later, 
mice were put to death by cervical dislocation, the tumor 
tissue was separated and cut into tumor tissue blocks of 
approximately 2 mm × 2 mm × 1 mm with ophthalmological 
scissors for use. 

After anesthesia, the mice were taken to the supine 
position, and the skin was cut layer by layer with tissue 
scissors to expose the liver. A 3-mm incision was made in 
the middle of the left lobe of the liver as the transplantation 
site. The prepared tumor tissue was carefully inserted into 
the mouse liver. Finally, the abdominal cavity was sewn 
layer by layer and the wound was disinfected. 

To evaluate the role of IL-8 in the model, mice were 
randomly assigned to 2 groups, 7 mice in each group. One 
day after HCC transplantation in mice, mice in the control 
group were administered i.p. with normal saline every day, 
0.1 mL/time, once a day; Mice in the IL-8 group were 
administered i.p. with exogenous IL-8 (1 μg/mouse) every 
day. All mice were given drugs continuously for 4 weeks. 
After 4 weeks, the mice were killed by cervical dislocation, 
and the liver and lung were isolated. 

To evaluate the effects of protein kinase C (PKC) 
inhibitors (HY-12048, MedChemExpress, USA) and 
ERK1/2 inhibitors (HY-12028, MedChemExpress, USA) 
on tumor metastasis in an orthotopic implantation mouse 
model of HCC, the mice were divided into 3 groups with 
7 mice in each group. One day after HCC transplantation 

https://tcr.amegroups.com/article/view/10.21037/tcr-22-37/rc
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in mice, mice in the IL-8 group were administered i.p. 
with exogenous IL-8 (1 μg/mouse) every day. Mice in 
IL-8 + PKC inhibitors group were administered i.p. 
with exogenous IL-8 (1 μg/mouse) and PKC inhibitors  
(5 mg/kg/mouse) every day. Mice in IL-8 + ERK1/2 
inhibitors group were administered i.p. with exogenous IL-8 
(1 μg/mouse) and ERK1/2 inhibitors (10 mg/kg/mouse)  
every day. All mice were given drugs continuously for 
4 weeks. After 4 weeks, the mice were killed by cervical 
dislocation, and the liver and lung were isolated. 

In vivo colonization assay

Liver metastasis model: after anesthesia, the left upper 
abdomen of mice was cut open, and the spleen was pulled 
out from the abdominal cavity with tweezers. Then 
HCCLM6 cells (5×106/well) were slowly injected into the 
spleen by syringe. After injection, the spleen was sent back 
to its original position, and a 75% alcohol cotton ball was 
used to compress the needle eye, and finally, the wound was 
sutured. Lung metastasis model: HCCLM6 cells (5×106) 
were resuspended with serum-free DMEM and then 
injected into mice through the tail vein.

The mice of the above two models were divided into 
two groups: the control group and the IL-8 group, with  
7 mice in each group, a total of 28 mice. Mice in the control 
group were administered i.p. with normal saline every day, 
0.1 mL/time, once a day. Mice in the IL-8 group were 
administered i.p. with exogenous IL-8 (1 μg/mouse) every 
day. All mice were given drugs continuously for 6 weeks. 
After 6 weeks, the mice were killed by cervical dislocation, 
and the liver and lung were isolated. 

Liver metastasis model mice were divided into the IL-8 
group and the IL-8 + MMP9 inhibitor group, with 7 mice 
in each group. Mice in the IL-8 group were administered 
i.p. with IL-8 (1 μg/mouse) every day, 0.1 mL/time, once 
a day. Mice in the IL-8 + MMP9 inhibitor group were 
administered i.p. with exogenous IL-8 (1 μg/mouse) and 
intravenously injected with MMP9 inhibitor (20 mg/kg, 6 
days/week; 444293, Merck, German) every day. All mice 
were given drugs continuously for 6 weeks. After 6 weeks, 
the mice were killed by cervical dislocation, and the liver 
and lung were isolated. 

Hematoxylin and eosin (H&E) staining

The collected liver and lung tissues were fixed in 4% 
paraformaldehyde (P0099, Beyotime, China), and then 

embedded in paraffin to make 5-μm sections. After the 
sections were deparaffinized and hydrated, they were 
stained with hematoxylin and eosin using an H&E 
staining kit (C0105, Beyotime, China) according to the 
manufacturer’s protocol. After the sections were dehydrated 
and transparent, they were sealed by neutral balsam (G8590, 
Solarbio, China). The metastasis foci were measured under 
a microscope (BX53M, Olympus, Japan). 

Count of circulating tumor cells (CTCs)

When the mice were sacrificed, blood was taken from the 
heart and collected into the anticoagulant tube, and then 
the number of CTCs in the whole blood was measured by 
flow cytometry (DxFLEX, Beckman, USA). 

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) 

Total RNA was extracted using the RNA simple total RNA 
extraction kit (DP419, TIANGEN, China) following 
the manufacturer’s instructions. Purified RNA was 
reverse-transcribed by TIANScript Ⅱ RT Kit (KR107, 
TIANGEN, China) and detected by Fast Start Universal 
SYBR Green Master (4913850001, Roche, Germany) 
on the Real-Time PCR Detection system (CFX96, 
Bio-Rad, USA). The relative expression levels were 
calculated by the 2−ΔΔCT method, and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used to 
normalize the gene expressions. The sequences of 
the primers are listed as follows: MMP9, forward: 
5'-CAAGCTGGACTCGGTCTTTGA-3'; reverse: 
5'-GCCTGTGTACACCCACACCT-3' and GAPDH, 
forward: 5'-CTCTCTGCTCCTCCTGTTCGACAG-3'; 
reverse: 5'-GTGTAATCATATTGGAACATGTAG-3'. 

Immunohistochemistry (IHC)

IHC was performed with the help of the IHC Kit 
(E-IR-R221, Elabscience, China). Briefly, the sections 
needed to be placed in Dewaxing/Antigen Retrieval Buffer 
for heating. Then the sections were soaked in SP Reagent 
B Peroxidase Blocking Buffer to eliminate endogenous 
peroxidase activity. After the sections were blocked by 
5% BSA (E661003, Sangon, China), they were incubated 
with the primary antibody anti-MMP9 (ab283575, Abcam, 
UK) at 4 ℃ overnight, followed by secondary antibody 
incubation (ab97051, Abcam, UK). Subsequently, the 
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sections were reacted with DAB color solution (DA1010, 
Solarbio, China), hematoxylin buffer. After re-bluing 
treatment, the expression of MMP9 was observed under a 
microscope. 

Cell grouping and treatment

Cell experiments were divided into three parts, there were 
three groups in the first part: blank group (HCCLM6 cells 
were normally cultured), IL-8 treated groups (HCCLM6 
cells were treated with 15 or 30 ng/mL IL-8 for 24 hours). 
And in the second part, HCCLM6 cells were treated with 
15 ng/mL IL-8 for 0, 15, 18 and 36 hours, respectively. 
In the third part, there were four groups as follows: blank 
group (HCCLM6 cells were normally cultured), IL-8 group 
(HCCLM6 cells were treated with 15 ng/mL IL-8 for  
24 hours), IL-8 + PKC inhibitors group (HCCLM6 
cells were treated with 15 ng/mL IL-8 and 20 μM PKC 
inhibitors for 24 hours) and IL-8 + ERK1/2 inhibitors 
group (HCCLM6 cells were treated with 15 ng/mL IL-8 
and 10 μM ERK1/2 inhibitors for 24 hours). 

Western blot

Total protein was extracted by RIPA lysis buffer (R0010, 
Solarbio, China), and qualified by BCA protein assay kit 
(BI-WB005, Sbjbio, China), separated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and then electrically transferred onto PVDF membranes 
(AR0136-02, Boster, China). After being blocked by 5% 
BSA, the membrane was cultured with primary antibodies 
overnight at 4 ℃. The primary antibodies were as follows: 
anti-MMP9, anti-p-PKC (ab109539, Abcam, UK), anti-
PKC (ab179521, Abcam, UK), anti-ERK1/2 (ab184699, 
Abcam, UK), anti-p-ERK1/2 (ab278538, Abcam, UK), anti-
β-actin (ab8226, Abcam, UK) and anti-α-tubulin (ab7291, 
Abcam, UK). After washing with TBST buffer, membranes 
were incubated with goat anti-rabbit (ab6721, Abcam, UK) 
or goat anti-mouse (ab205719, Abcam, UK). The relative 
intensity of the protein bands was visualized by the ECL 
luminescence kit (PE0010, Solarbio, China) on the iBright 
FL1500 Imaging System (A44115, Invitrogen, USA). 

Statistical analysis

Statistical analysis experimented with GraphPad Prism 8.0. 
The measurement data were expressed by mean ± standard 

deviation. One-way ANOVA was used for multiple group 
comparisons. Differences with P<0.05 were considered 
statistically significant. 

Results

IL-8 promotes tumor cell metastasis to the liver and lung 
in the HCCLM6 orthotopic HCC mouse model

To evaluate the effect of IL-8 on the metastasis of HCC cells 
in vivo, we established a mouse model of orthotopic HCC 
metastasis, and the successful mice were treated with normal 
saline or IL-8 respectively. As shown in Figure 1A-1C,  
the number of liver metastasis and lung metastasis in the 
IL-8 group was significantly higher than that in the control 
group (P<0.01). Moreover, flow cytometry analysis showed 
that IL-8 increased the population of CTCs in model mice 
(Figure 1D, P<0.01).  

IL-8 promotes tumor cell metastasis to the liver and lung 
in vivo colonization mouse model

To further study the effect of IL-8 on metastatic 
colonization of HCC cells, we established a liver metastasis 
model and lung metastasis model respectively and treated 
mice with normal saline or IL-8 respectively. The liver 
metastases foci in liver metastasis model mice treated with 
IL-8 were significantly higher than that in liver metastasis 
model mice treated with normal saline (Figure 2A,2B, 
P<0.01). Similarly, the treatment of IL-8 can promote the 
increase of lung metastasis foci in lung metastasis model 
mice (Figure 2C, P<0.01). 

IL-8 promotes tumor cell metastasis to the liver and lung 
by increasing the expression of MMP9

We detected the expression of MMP9 in tumor tissues of 
mice with orthotopic HCC by qRT-PCR and found that the 
tumor tissues of mice in the IL-8 treatment group expressed 
more MMP9, compared with the control group (Figure 3A, 
P<0.01). The results of IHC also showed that the orthotopic 
HCC model mice treated with IL-8 expressed more MMP9 
than the original HCC model mice treated with saline 
(Figure 3B, P<0.01). Based on these results, we administered 
IL-8 or IL-8 combined with MMP9 inhibitors to liver 
metastasis and lung metastasis model mice, respectively, 
to observe whether the metastasis-promoting effect of 
IL-8 is related to the expression of MMP9. As shown in 
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Figure 1 IL-8 is associated with HCC metastasis. (A) Representative livers from the orthotopically implanted mice. Black arrows: metastatic 
foci. (B) Number of liver metastases was estimated with H&E assays in the orthotopically implanted mice. (C) Number of lung metastases 
was estimated with H&E assays in the orthotopically implanted mice. (D) The number of GFP-labelled CTCs was measured by flow 
cytometry from whole-blood samples of orthotopically implanted mice. Data are presented as mean ± SD. **, P<0.01, compared with the 
control group. H&E, hematoxylin-eosin; GFP, green fluorescent protein; CTCs, circulating tumor cells; SD, standard deviation; HCC, 
hepatocellular carcinoma.
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Figure 2 The roles of IL-8 in metastatic colonization of HCCLM6 cells in vivo. (A) Representative views of the liver metastasis model that 
was established by injecting HCCLM6 cells directly into the spleen of nude mice. (B) Hematoxylin/eosin-stained images and the number 
of liver metastases of liver tissues isolated from mice as indicated. Scale bars =400 μm. (C) The lung metastasis model was established by 
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lung tissues isolated from mice as indicated. Scale bars =400 μm. Data are presented as mean ± SD. **, P<0.01, compared with the control 
group. IL-8, interleukin-8; HCCLM6, hepatocellular carcinoma LM6; SD, standard deviation.

Control       IL-8

cm

Control                           IL-8

Control                                           IL-8

Control                                         IL-8

Lu
ng

 m
et

as
ta

se
s

10

8

6

4

2

0
Control       IL-8

Li
ve

r 
m

et
as

ta
se

s
8

6

4

2

0

**

**

0     80   160 240  320 400 μm 0     80  160  240 320  400 μm

0    80   160 240  320 400 μm 0    80   160 240  320 400 μm

A B

C



Translational Cancer Research, Vol 11, No 7 July 2022 2055

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(7):2050-2060 | https://dx.doi.org/10.21037/tcr-22-37

Figure 3C-3E, MMP9 inhibitors significantly reversed IL-
8’s promotion of tumor metastasis in liver metastasis model 
mice and lung metastasis model mice (P<0.01). 

IL-8 promotes the expression of MMP9 in HCCLM6 cells 
through PKC/ERK1/2 signaling pathway

To explore the molecular mechanism of IL-8 regulating 
MMP9, we conducted cell experiments. Consistent with the 
results of animal experiments, IL-8 promoted the mRNA 
and protein levels of MMP9 in HCCLM6 cells, and the 
higher the concentration of IL-8, the higher the expression 
level of MMP9 (Figure 4A,4B, P<0.01). Then we selected 
15 ng/mL IL-8 to treat HCCLM6 cells and found that with 

the increase of treatment time, the expression of p-PKC 
and p-ERK1/2 increased, while the expression of PKC 
and ERK1/2 decreased (Figure 4C). However, after using 
PKC inhibitor and ERK1/2 inhibitor, IL-8’s promotion 
of MMP9 mRNA and protein levels was reversed  
(Figure 4D,4E, P<0.05). 

PKC inhibitor or ERK1/2 inhibitor reversed the effect of 
IL-8 on tumor metastasis in orthotopic HCC metastasis 
model mice

To verify that IL-8 promotes tumor metastasis through the 
PKC/ERK1/2 signaling pathway, we administered IL-8 
combined with PKC inhibitors or ERK1/2 inhibitors to 

Figure 3 The pro-colonization role of IL-8 is related to the activation of MMP9. (A) The expression levels of MMP9 in the liver 
tissues of the orthotopically implanted mice were detected by using a qRT-PCR assay. (B) The expression of MMP9 was verified by the 
immunohistochemical staining. Scale bars =100 μm. (C) Representative views of the liver metastasis model by injecting HCCLM6 cells 
directly into the spleen of nude mice. Mice (n=7/group) were treated with IL-8 (1 μg/mouse/day, i.p.) or IL-8 + MMP9 inhibitor (20 mg/kg,  
6 days/week, i.p.) for 6 weeks. (D) Hematoxylin/eosin-stained images and the number of liver metastases of liver tissues isolated from the 
IL-8 + MMP9 inhibitor-treated mice as indicated. Scale bars =400 μm. (E) Hematoxylin/eosin-stained images and the number of lung 
metastases of lung tissues isolated from the IL-8 + MMP9 inhibitor-treated mice as indicated. Scale bars =400 μm. **, P<0.01, compared 
with the control group or IL-8 group. IL-8, interleukin-8; qRT-PCR, quantitative real-time polymerase chain reaction; MMP9, matrix 
metallopeptidase 9; HCCLM6, hepatocellular carcinoma LM6; IOD, integral optical density; SD, standard deviation. 
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orthotopic HCC model mice. As shown in Figure 5A,5B, the 
number of liver and lung metastases in model mice injected 
with PKC Inhibitor and ERK1/2 inhibitor was significantly 
reduced (P<0.01). In addition, compared with the IL-8 
group, the expression level of MMP9 in tumor tissues of the 
IL-8 + PKC inhibitor and IL-8 + EKR1/2 inhibitor group 
was also inhibited (Figure 5C,5D, P<0.05).

Discussion

Tumor metastasis is the main cause of death of various 
tumors. It can be divided into two major steps, namely, the 
spread of tumor cells from the site of cancer in situ to the 
remote tissues and the adaptation of the tumor cells to the 
microenvironment of the remote tissues and their successful 
colonization growth (11). Therefore, in this study, we 

constructed an orthotopic implantation model and in vivo 
colonization model, and conducted in vitro experiments 
to comprehensively explore the mechanism of IL-8 in the 
metastasis of HCC. 

In our study, in the orthotopic implantation model, 
IL-8 not only significantly promoted the intrahepatic 
and lung metastasis of cancer cells but also increased the 
number of CTCs. CTCs refer to tumor cells that leave the 
primary tumor focus and enter the blood circulation and 
are also considered as precursors of various types of cancer  
metastasis (12). A large number of research results show 
that growth factors and chemokines [IL-8, vascular 
endothelial growth factor (VEGF) and basic fibroblast 
growth factor (bFGF)] secreted by tumor cells can induce 
the pre-metastatic organs of the primary tumor to form a 
pre-metastatic niche conducive to the spread and survival 

Figure 4 Expression of MMP9 in IL-8 treated HCCLM6 cells. (A) Relative mRNA expression of MMP9. (B) Relative protein expression 
levels of MMP9 in IL-8 treated HCCLM6 cells. (C) Western blots show phosphorylated PKC, phosphorylated ERK1/2, and total proteins 
of PKC or ERK1/2 at the indicated times. α-tubulin was used as a loading control. (D) The PKC inhibitor chelerythrine chloride (20 μM) 
and ERK1/2 inhibitor PD98059 (40 μM) significantly decreased the mRNA levels of MMP9 in IL-8-treated HCCLM6 cells. (E) Western 
blot assay was used to assess the protein expression levels of MMP9 in IL-8-treated HCCLM6 cells. The data are presented as mean ± SD. 
*, P<0.05; **, P<0.01, compared with the blank group. MMP9, matrix metallopeptidase 9; IL-8, interleukin-8; HCCLM6, hepatocellular 
carcinoma LM6; PKC, protein kinase C; ERK1/2, extracellular regulated protein kinases 1/2; SD, standard deviation. 
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Figure 5 Effects of PKC and ERK1/2 inhibitors on pro-colonization induced by IL-8 in the orthotopically implanted mice. (A) 
Representative images of live tissues in the orthotopically implanted mice that were treated with PKC and ERK1/2 inhibitors. (B) 
Hematoxylin/eosin-stained images and the number of metastases of liver or lung tissues isolated from the PKC and ERK1/2 inhibitors 
treated mice as indicated. Scale bars =400 μm. (C) MMP9 expression of live tissues was measured by qRT-PCR in PKC and ERK1/2 
inhibitors-treated orthotopically implanted mice. (D) MMP9 expression of live tissues was measured by immunohistochemical staining in 
PKC and ERK1/2 inhibitors-treated orthotopically implanted mice. Scale bars =100 μm. Data are presented as mean ± SD. *, P<0.05; **, 
P<0.01, compared with the IL-8 group. PKC, protein kinase C; ERK1/2, extracellular regulated protein kinases 1/2; IL-8, interleukin-8; 
IOD, integral optical density; MMP9, matrix metallopeptidase 9; qRT-PCR, quantitative real-time polymerase chain reaction; SD, standard 
deviation. 
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of tumor cells, thus promoting the colonization and 
proliferation of CTCs in the pre-metastatic organs, and 
finally forming metastatic lesions (13,14). On the other 
hand, CTCs can also be induced by IL-8 for “tumor self-
seeding”, that is, they can be colonized in situ tumors 
and accelerate the growth of in situ tumors (15). In the 
colonization experiment, the liver metastasis and lung 
metastasis of mice injected with HCCLM6 cells through 
the spleen and tail vein were deepened after being treated 
with IL-8, which means that HCCLM6 cells escaped 
immune surveillance and completed colonization with the 
help of IL-8. 

We found that IL-8 exerts a metastatic effect by up-
regulating the expression of MMP9 in tumor tissues. MMP9 
can cleave type IV collagen and gelatin, which facilitates 
the invasion of cancer cells (16). Therefore, Reis et al. 
used MMP9 and IL-8 as prognostic indicators for bladder 
cancer (17). The regulatory effect of IL-8 on MMP9 has 
been verified. Shiau et al. found that human papillomavirus 
(HPV) up-regulates MMP9 by inducing the expression of 
IL-8 in lung cancer cells, thereby promoting the metastasis 
of lung cancer cells (18). Jovanović et al. reported that 
IL-8 stimulated the migration and invasion of trophoblast 
cells by increasing the levels of MMP9 and integrins 
alpha5 and beta1 (19). In addition, Yu et al. showed that 
the activation of IL-8 in HCC can promote the formation 
of an inflammatory microenvironment, and stimulate the 
expression of downstream VEGF and MMP9, increasing 
the invasion potential of tumor cells (7). This meant that 
the regulation of MMP9 by IL-8 in HCC is likely to be 
related to the inflammatory tumor microenvironment.  

IL-8 is a pro-inflammatory factor and a chemotactic 
factor of leukocytes, while neutrophils are the largest 
number of leukocytes in the blood. In addition, neutrophils 
are also the most abundant source of MMP9 in vivo. 
It is found that neutrophils recruited by IL-8 infiltrate 
into tumor tissues play a role in promoting tumor by 
enhancing the expression of MMP9, and recruiting new 
pro-inflammatory cells into the tumor microenvironment 
by releasing CXCL1 and CXCL6, thus forming an 
inflammatory tumor microenvironment (20,21). We noticed 
that Chakrabarti et al. found that IL-8 mediated MMP9 
release from neutrophils through binding to CXCR2, which 
involved PKC/ERK1/2 signaling pathway (22). Therefore, 
we speculate that the up-regulation of MMP9 by IL-8 in 
HCC may also involve the activation of the PKC/ERK1/2 
signaling pathway. PKC is an important kinase in cells, 
which can activate its downstream ERK signaling pathway 

by phosphorylation (23). MMP9 has also been proved to 
be a downstream effector protein of the ERK signaling 
pathway (24). Hah et al. reported that PKC-dependent 
ERK activation promoted the expression of MMP9 in HCC  
cells (25). In our study, the promoting effect of IL-8 on 
MMP9 expression was reversed by PKC inhibitor and 
ERK1/2 inhibitor, indicating that IL-8 regulates MMP9 
expression via PKC/ERK1/2 signaling pathway. 

Conclusions

In summary, this article showed that IL-8 upregulates the 
expression of MMP9 by activating PKC/ERK1/2 signaling 
pathway, thus promoting the metastasis and colonization 
of HCC cells. The results of this study may provide a new 
perspective on the pathogenesis of HCC metastasis. 
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