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Background: Primary liver cancer (PHC) stands as one of the most prevalent malignant diseases in clinical settings. Studies
have indicated that transcatheter arterial chemoembolization (TACE) treatment exhibits superior clinical outcomes, potentially
increasing the complete necrosis rate in patients with PHC. A correlation exists between the clinical outcomes of TACE surgery
and the process of epithelial-mesenchymal transition (EMT), yet the underlying mechanism remains a mystery. Hence, it is
crucial to investigate the impact and mechanism of EMT on hepatocellular carcinoma (HCC).

Methods: Retrospectively, patients with advanced liver cancer who underwent TACE were selected and categorized into two
groups based on the assessment of clinical efficacy: the effective group and the ineffective group. The expression levels of nu-
clear factor-kappa B (VF-xB), matrix metalloproteinase 9 (MMP9), Ki-67, B-cell lymphoma-2 (Bc¢l-2), Bcl-2-associated X (Bax),
Vimentin, E-cadherin, and N-cadherin in tumor tissues were evaluated using reverse transcription-polymerase chain reaction
(RT-PCR). In vitro, Huh7 cells were cultured, and lentivirus infections were utilized to inhibit the overexpression of NF-<B and
MMP9. The determination of EMT and cell viability was conducted through Cell Counting Kit-8 (CCK-8) assays, RT-PCR, and
Western blot.

Results: Sixty patients diagnosed with advanced liver cancer were selected for the study. Based on their clinical outcomes, 30
patients with advanced hepatocellular carcinoma were categorized into the effective group, while the remaining 30 patients were
categorized into the ineffective group. The results of the Western blot analysis indicated that, in comparison to the effective group,
the expression levels of NF-xB, MMP9, Ki-67, Bcl-2, Vimentin, and N-cadherin were significantly higher in the tumor tissues of
the ineffective group. Conversely, the expression of Bax and E-cadherin was notably lower in the effective group. Following
the individual knockdown of NF-<B and MMPY, the cell experiments revealed a remarkable decrease in the expression levels of
Ki-67, Bcl-2, Vimentin, and N-cadherin, whereas the expression of Bax and E-cadherin showed significant elevation (p < 0.05).
Furthermore, there was a significant increase in cell viability and a decrease in cell apoptosis after the knockdown of NF-<B and
MMP9.

Conclusions: The NF-xB/MMP9 signaling axis serves as a pivotal regulator that fosters proliferation and impedes apoptosis in
Huh7 cells by modulating the process of EMT.
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Introduction cancer in terms of incidence, posing a significant threat to

patients’ lives and health. Diagnosis for the majority of

Primary liver cancer (PHC) stands as one of the most
prevalent malignant diseases observed in clinical settings,
with hepatocellular carcinoma (HCC) representing the pre-
dominant pathological subtype [1]. The incidence of HCC
is notably higher in China due to the widespread prevalence
of hepatitis B virus infection compared to the international
average. Epidemiological studies have underscored that in
China, HCC ranks second only to lung cancer and gastric

liver cancer patients typically occurs during the middle to
late stages of the disease as early-stage liver cancer often
presents with subtle symptoms [2,3].

Transcatheter arterial chemoembolization (TACE) is
a commonly employed method in clinical practice for pa-
tients with inoperable HCC [4]. Studies have demonstrated
the favorable clinical outcomes of TACE, resulting in an
increased complete necrosis rate of up to 50.2% among pa-
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tients with primary liver cancer [5]. Despite these promis-
ing results, a portion of patients fail to benefit from TACE.
The objective remission rate (ORR) following TACE stands
at 45%, indicating that 55% of patients do not experience
relief despite undergoing this treatment [6]. Identifying
the specific mechanisms responsible for the inefficacy of
TACE in patients with primary liver cancer is essential to
enhance the effectiveness of clinical treatment.

Studies have established a correlation between the
clinical outcomes of TACE surgery and the phenomenon
known as epithelial-mesenchymal transition (EMT) [7].
EMT plays a crucial role in tumor invasion and metasta-
sis [8-10]. Moreover, extensive research has emphasized
EMT as a primary regulator influencing the growth, inva-
sion, and metastasis not only in liver cancer but also in
prostate cancer and colon cancer [11-13]. Concurrently,
numerous studies have highlighted a strong correlation be-
tween the therapeutic efficacy of TACE in patients with
PHC and their levels of EMT. EMT has been identified to
stimulate the proliferation, migration, and invasion of hepa-
tocellular carcinoma cells, ultimately diminishing the clini-
cal therapeutic efficacy of TACE [14]. However, consensus
is lacking regarding the specific molecular mechanism gov-
erning the occurrence and progression of tumor cell EMT
in PHC [15].

Matrix metalloproteinase 9 (MMP9), by degrading the
extracellular matrix, plays a role in accelerating tumor inva-
sion and EMT [16]. Both nuclear factor-kappa B (NF-xB)
and MMP9 have been associated with EMT in malignant
tumor tissues [17]. A previous study has affirmed NF-«<B
as an upstream regulator of MMP9, and the NF-xB/MMP9
signaling axis as a principal factor contributing to the on-
set and progression of chronic inflammatory diseases [18].
Nonetheless, there remains uncertainty about whether NF-
xB and MMP9 mutually regulate each other in PHC tumors
and the specific regulatory mechanisms governing EMT.

This study hypothesized that the NF-xB/MMP9 sig-
naling axis within hepatocellular carcinoma cells might ef-
fectively enhance tumor cell proliferation, elevate EMT
levels, suppress cell apoptosis, and consequently facilitate
the onset and progression of tumors.

Materials and Methods

Reagents

Dulbeccos modified eagle medium (DMEM)
(No.12800017, Gibco BRL, Grand Island, NY, USA)),
Fetal Bovine Serum (Hyclone Company, Logan, UT,
USA, Catalog No.: SH30396.03), and phosphate buffer
solution (PBS) supplemented with penicillin-streptomycin
(Hyclone, Logan, UT, USA, Catalog No.: SH30256.01)
were utilized for cell cultivation. Cell viability was
assessed primarily using the Cell Counting Kit-8 (CCK-8)
(Solebo Technology Co., Ltd., Shanghai, China, Catalog
No.: CA1210).
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For the reverse transcription-polymerase chain reac-
tion (RT-PCR) technique, a reverse transcription kit (Takara
Company, Liaoning, China, Catalog No.: RR047A) and
gPCR Kit (Takara Company, Liaoning, China, Catalog
No.: RR430B) were employed. In the Western blot analy-
sis to determine protein expression, Anti-E-Cadherin (Ab-
cam, Cambridge, UK, Catalog No.: ab40772, 1:2000 di-
lution), Anti-N-Cadherin (Abcam, Cambridge, UK, Cata-
log No.: ab76011, 1:2000 dilution), Anti-Vimentin (Ab-
cam, Cambridge, UK, Catalog No.: ab92547, 1:2000 di-
lution), and Anti-glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) (Abcam, Cambridge, UK, Catalog No.:
ab8245, 1:2000 dilution) antibodies were utilized. Sec-
ondary antibodies included goat anti-rabbit IgG H&L
(horseradish peroxidase, HRP) (Abcam, Cambridge, UK,
Catalog No.: ab205718) and goat anti-mouse IgG H&L
(HRP) (Abcam, Cambridge, UK, Catalog No.: ab205719).

Clinical Researches
Patients Selection and Sample Collection

Retrospectively, we collected primary liver cancer
(PHC) patients who underwent TACE treatment at our hos-
pital. Inclusion criteria for PHC patients were as follows:
(1) Patients meeting the diagnostic and treatment criteria for
PHC [19]; (2) Confirmed diagnosis via histopathology and
imaging; (3) Karnofsky functional status score (KPS) >60;
(4) Tumor-Node-Metastasis (TNM) stage Ila to I1Ib; (5) No
contraindications for TACE operation; (6) Informed con-
sent obtained from all patients; (7) Complete clinical and
imaging data available before and after the operation.

The exclusion criteria for PHC patients were as fol-
lows: (1) Estimated survival time of less than 6 months;
(2) Presence of immunosuppression; (3) Coagulation dys-
function or active gastrointestinal bleeding; (4) Hepatic and
renal insufficiency; (5) Previous history of targeted drug
therapy or radiotherapy; (6) Presence of malignant tumors
in other body parts.

TACE Operation

Patients diagnosed with PHC underwent TACE treat-
ment post-admission. The chemotherapy regimen involved
GEMOX, comprising gemcitabine administered at a dosage
of 800 mg to 1000 mg per square meter (m?) and oxali-
platin at a dosage of 85-100 mg/m2. The procedure in-
volved hepatic artery embolization with the concurrent in-
jection of chemotherapeutic agents. Injections were admin-
istered monthly and repeated thrice. Subsequently, tumor
tissue was obtained via hepatocyte puncture after the third
injection and stored for subsequent detection.

Efficacy Evaluation

Abdominal magnetic resonance imaging (MRI)
(Tangshan Ruijian Technology Co., Ltd., Tangshan, China)
examinations were conducted both before and after the
treatment. The therapeutic efficacy was evaluated based on


https://www.discovmed.com/

668

Table 1. Primer sequence of each mRNA.

mRNA Sequence
NF-xB F 5CCTTCCTCATCCCATCTTTGAC3’
R 5’ACCTCAATGTCCTCTTTCTGC3’
MMP9 F 5’GCCACTACTGTGCCTTTGAGTC3’
R 5’CCCTCAGAGAATCGCCAGTACT3!
Ki67 F 5’GTAGAAGAGGAACCCAGCAGGAGA3’
R 5’GCTTTGCCAGCAGTCAGTGATTC3!
Bax F 5’AGAGGGCCCATCACTGAGAA3’
R 5’CTCCGCCCCATAGTTACCTG3’
Bel2 F 5’ ATAGCTGTTGCCCACTCGAC3'

R 5’ ATCTATGCCCAACAGGCCAC3’

. F 5’CCAGCTACTAGAGAGGCTG3/
E-cadherin
R 5CACAGGTGCTTTGCAGTTCC3’

. F 5’TGAAGTCCCCAATGTCTCCA3’
N-cadherin
R 5GCATCATCATCCTGCTTATCC3’

F 5TCAGACAGGATGTTGACAAT3’

- )
imentin R 5’GACATGCTGTTCCTGAATCT3’

F 5GAACGGGAAGCTCACTGG3’

GAPDH
R 5’GCCTGCTTCACCACCTTCT3’

vibtp-0.oy F 5 GGACTCGGTCTTTGAGGAGCS
% R 5’ AGCCAGTTTGCCGGATACAAACTGGTATTC3

si-MMP-9 F 5’ACCCTGGGGAAGGAGCCAGTTTGGCCGAA
AGUUUCACCAATACTGTTCTGGAGGAAA3’
R S’TTTCCTCCAGAACAGTATTGGTGUUUCTTT
CGGCCAAACTGGCTCCTTC3!

g F 5 CACTGTAACTGCTGGACCCAAGGY
SR R 5/CGCCTCTGTCATTCGTGCTTCC

NF-xB F 5’ GACTAGACGGAAGCACGCACAAG3’
-kB-ov
a R 5’GCACGCAGTAGGGATACACACAG3’

NF-kB, nuclear factor-kappa B; MMP9, matrix metalloproteinase
9; Bax, Bcl-2-associated X; Bcl-2, B-cell lymphoma-2; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

the criteria outlined in the Efficacy Evaluation Criteria of
Solid Tumors Version 1.1 (RECIST Version 1.1, National
Cancer Institute of USA) [19]. The evaluation involved
grading according to changes observed in the size of target
lesions before and after the treatment. Therapeutic effec-
tiveness was categorized as follows: Complete Remission
(CR), denoting the disappearance of target lesions and a
reduction of the short diameter of all pathological lymph
nodes (including both target and non-target nodules) to
10 mm or less; Partial Remission (PR), indicated by
a minimum of 30% reduction in the total diameter of
target lesions compared to the baseline level. Disease
Progression (PD) is identified when there’s a 20% increase
in the diameter of target lesions compared to the smallest
sum measured throughout the study, with an absolute
increase of at least 5 mm. The presence of new lesions also
qualifies as disease progression. Disease Stability (SD) is
characterized by a reduction in target lesions that doesn’t
meet the criteria for PR or an increase that doesn’t meet

the criteria for PD. As per the efficacy criteria of TACE,
patients with PHC were categorized into two groups: the
CR PR group (indicating effective treatment) and the SD
PD group (representing ineffective treatment).

Cell Culture

The human hepatoma epithelial cell line HuH7 (ob-
tained from the Shanghai Cell Bank of the Chinese
Academy of Sciences, Shanghai, China, Catalog No.:
CTCC-003-0019) [19] was inoculated into 6-well plates
and maintained at 37 °C in a 5% CO cell incubator. The
DMEM medium was replenished every 24 h. Short tandem
repeat (STR) validation and mycoplasma testing were con-
ducted and validated.

Real-Time PCR

Total cellular RNA was extracted using the Tri-
zol reagent (R0016, Beyotime Biotechnology, Shanghai,
China). A total of 2 ug RNA was utilized for cDNA synthe-
sis in a 20-puL reaction using a Reverse Transcription Kit.
Equal amounts of resulting cDNA were used for PCR under
the following conditions: initial denaturation at 95 °C for 10
min, followed by 40 cycles of 95 °C for 15 s and 60 °C for
1 min, and a final extension step at 72 °C for 5 min. Each
sample was analyzed in triplicate, and the 2~24CT method
was employed for quantitative assessment, with GAPDH
serving as the internal control. Real-time PCR primer se-
quences are detailed in supporting Table 1. GraphPad Prism
v7 (GraphPad Software, San Diego, CA, USA) was used to
generate histograms.

Lentivirus Infection
Overexpressed Lentivirus Infection

The NF-xB-ov and MMP9-ov overexpression
Lentivirus vectors were developed by Shanghai Jima
Biology Co., Ltd. (Shanghai, China). Pre-test results
indicated an infection efficacy of 2 x 107 TU/mL (MOI
= 20) for NF-kB-ov and 1 x 107 TU/mL (MOI = 10)
for MMP9-ov. Huh7 cell lines were seeded at a density
of 2 x 10° cells/mL in 24-well plates and cultured in a
constant temperature cell incubator. Subsequently, the
culture medium was replaced according to the transfection
system, and the respective lentivirus was introduced for
cell infection, following which the cells were incubated at
37 °C. The cellular status was assessed after 8-12 h, and
fresh medium was substituted. The infection efficiency
was evaluated using the qRT-PCR technique.

siRNA Silencing Transfection

Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA,
USA) was employed for transfecting small interfering RNA
(siRNA). siNF-xB and siMMP9 were developed by Shang-
hai Jima Biology Co., Ltd. (Shanghai, China). A total of
5 x 10° Huh-7 cells were transfected with 20 nM siRNA
using LTX reagent (Invitrogen Carlsbad, CA, USA) accord-


https://www.discovmed.com/

Fig. 1. The efficacy evaluation by MRI imaging based on com-

parisons between before and after treatment. (A) The effective
response before treatment (n = 30). (B) The effective response af-
ter treatment (n = 30). (C) The ineffective response before treat-
ment (n = 30). (D) The ineffective response after treatment (n =

30). MRI, magnetic resonance imaging.

ing to the manufacturer’s protocol. After 12 h, the culture
medium was replaced, and subsequent experiments were
conducted after 24 or 48 h.

Cell Counting Kit-8 (CCK-8)

Cells were plated onto 96-well plates and cultured for
0,1, 2, 3, 4, and 5 days, respectively. The absorbance was
measured using the BioTek 800 TS Enzyme Labeler (800
TS, Agilent BioTek, Norgen, NU). The absorbance at 450
nm of the Cell Counting Kit-8 (CCK-8) solution (Solebo
Technology Co., Ltd., Shanghai, China, item No.: CA1210)
was assessed to calculate the cell growth rate.

Western Blot

The cells were lysed using radioimmunoprecipita-
tion assay (RIPA) buffer (iNtRON Biotechnology, Seoul,
Korea), supplemented with phosphatase and protease in-
hibitor cocktail (Thermo Scientific, Rockford, IL, USA).
The Pierce™ BCA assay (Thermo Fisher Scientific, Rock-
ford, IL, USA) was utilized to quantify protein concentra-
tions. Subsequently, equal amounts of protein (10 pg) from
each sample were subjected to electrophoresis on 8—15%
SDS-polyacrylamide gels. The separated proteins were
transferred onto a polyvinylidene difluoride (PVDF) mem-
brane (ATTO Co., Ltd., Tokyo, Japan). Following this,
the membrane was incubated with primary antibodies, fol-
lowed by incubation with a conjugated secondary antibody
tagged with peroxidase.

The obtained proteins were detected using the electro-
chemiluminescence (ECL) detection system (Bio-Rad Lab-
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Table 2. Demographic, clinical profile of study population
and comparison between CR+PR group and SD+PD group.
CR+PR group SD+PD group ¢

.V

Parameters al/x?  p.val
(n=30) (n=30)

Age, years 56.43 £6.59 5583 +7.65 0325 0.746
Male (%) 17(56.7%)  20(66.7%) 0.635 0.426
Tumor size (cm) 4.31 £1.23 523 +0.87 -3.330 0.002
ECOG 1.73 £ 0.58 1.10 £ 0.31 527 <0.001
KPS 7283+ 642 64.83 £556 5.159 <0.001
TNM stage 0.410 0.938

Ila 10

1b 6

IlTa 10 10

1Ib 4 5

CR, Complete Remission; PR, Partial Remission; SD, Disease Sta-
bility; KPS, Karnofsky functional status score; ECOG, Eastern Co-
operative Oncology Group; TNM, Tumor-Node-Metastasis; PD,
Disease Progression.

oratory, Hercules, CA, USA), and subsequently analyzed
with the Image Lab 4.1 software (Bio-Rad Laboratory, Her-
cules, CA, USA). The densitometry readings of the protein
bands were normalized by comparing them with the expres-
sion of GAPDH as a control, utilizing the ImageJ software
program (U.S. National Institutes of Health, Bethesda, MD,
USA).

Statistical Analysis

Statistical analysis for this study was conducted us-
ing SPSS version 26.0 software (SPSS Inc., Chicago, IL,
USA). Data were presented as means + standard devia-
tion (SD). A Student ¢-test was performed for comparisons
between two groups, while comparisons involving three
or more groups were analyzed using one-way Analysis of
Variance (ANOVA) followed by the Tukey-Kramer Hon-
estly Significant Difference (HSD) test. Chi-square analy-
sis and Student #-test were utilized for comparisons between
two groups. A significance level of p < 0.05 was consid-
ered statistically significant.

Results

Comparative Analysis of Basic Clinical Information
before Treatment between the Two Groups

A total of 60 patients diagnosed with advanced
PHC and treated with TACE were included in this study.
Fig. 1A,B illustrated the MRI characteristics of patients
who exhibited effective treatment, while Fig. 1C,D demon-
strated the MRI features of patients with ineffective treat-
ment. These patients were divided into two groups based
on the assessment of clinical efficacy: the effective group
(30 patients) and the ineffective group (30 patients). Table 2
presented the comparison between these two groups. There
were no statistically significant differences observed in age,
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Fig. 2. The mRNA expression detection between groups. (A) The expression of NF-xB in CR+PR group and SD+PD group. (B) The
expression of MMP9 in CR+PR group and SD+PD group. (C) The expression of Ki-67 in CR+PR group and SD+PD group. (D) The

expression of Bax in CR+PR group and SD+PD group. **p < 0.01.

gender, or TNM stage between the two groups (p > 0.05).
The tumor size in effective group was significantly smaller
than that in ineffective group, and the Eastern Cooperative
Oncology Group (ECOG) score and KPS score in effective
group were significantly higher (p < 0.05).

Comparative Analysis of Gene Expression Detected
by RT-PCR

RT-PCR analysis indicated significantly elevated lev-
els of NF-xB and MMP-related mRNA expression in tu-
mor tissue from the ineffective group compared to the effec-
tive group (p < 0.01, Fig. 2A,B). Furthermore, the expres-
sion of the proliferation-related gene Ki-67 was markedly
higher in the ineffective group than in the effective group
(p < 0.01, Fig. 2C). Conversely, the expression of the
apoptosis-related gene Bcl-2-associated X (Bax) was sig-
nificantly lower in the ineffective group compared to the
effective group (p < 0.01, Fig. 2D).

The expression of B-cell lymphoma-2 (Bc/-2) was no-
tably higher in the ineffective group compared to the effec-
tive group (p < 0.01, Fig. 3A). Moreover, the expression
levels of Vimentin and N-cadherin, both associated with
EMT, were significantly elevated in the ineffective group in
contrast to the effective group (p < 0.01, Fig. 3B,C). Addi-
tionally, the expression of E-cadherin was markedly lower
in the ineffective group compared to the effective group (p
< 0.01, Fig. 3D).

The observed trends highlight a significant upregu-
lation of proliferation-related genes, a notable decrease in
apoptosis-related genes, and a substantial elevation in EMT-
related gene expression levels within liver cancer tissues
of the ineffective group compared to the effective group.
Concurrently, there was a considerable increase in the ex-
pression of NF-xB and MMP-related mRNA. These find-
ings strongly suggest a plausible correlation between NF-
xB, MMP, and EMT in hepatocellular carcinoma cells.

Effects of Knocking Down NF-xkB and MMP9 on
Proliferation, Apoptosis and EMT of Hepatoma Cells

The CCK-8 test demonstrated a notable decrease in
Huh?7 cell viability subsequent to NF-xB and MMP9 knock-
down (p < 0.05, Fig. 4A). RT-PCR results revealed a sig-
nificant reduction in the expression of NF-xB and MMP9
in Huh7 cells following NF-xB knockdown (p < 0.05,
Fig. 4B,C). Additionally, the assessment of proliferation-
related gene Ki-67 and apoptosis-related gene Bax expres-
sion via RT-PCR indicated a marked decrease in Ki-67 ex-
pression (p < 0.05, Fig. 4D,E).

Following the knockdown of NF-xB and MMP9
genes, EMT-related protein expressions in Huh7 cells were
assessed via Western blot analysis. The results exhibited
significantly reduced levels of Vimentin and N-cadherin ex-
pressions compared to the control group, while E-cadherin
expression notably increased (p < 0.05, Fig. 5). These find-
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ings indicate that upon NF-xB and MMP9 knockdown, the
proliferation rate of Huh7 cells decreased, apoptosis levels
increased, and the extent of EMT was notably diminished.

Effect of NF-kxB/MMP9 Signal Axis on Proliferation,
Apoptosis and EMT of Hepatoma Cells

The CCK-8 assay revealed that the combination of
NF-xB knockdown and MMP9 overexpression did not sig-
nificantly alter cell activity. However, when NF-xB was
overexpressed alongside MMP9 knockdown, a notable de-
crease in cell viability was observed (p < 0.05, Fig. 6A).
Additionally, the mRNA expression of NF-xB exhibited a
significant decrease upon NF-xB knockdown in combina-
tion with MMP9 overexpression, whereas its expression in-
creased upon NF-xB and MMP9 overexpression (p < 0.05,
Fig. 6B).

The expression of MMP9 mRNA notably increased
upon NF-xB knockdown combined with MMP9 overex-
pression, whereas it significantly decreased upon NF-xB
overexpression in conjunction with MMP9 knockdown (p
< 0.05, Fig. 6C). Ki-67 and the apoptosis-related gene Bax
expression were evaluated using RT-PCR. The findings in-
dicate no significant difference in Ki-67 expression com-

pared to the control group. However, upon overexpres-
sion of NF-xB accompanied by MMP9 knockdown, Ki-67
expression in Huh7 cells markedly decreased (p < 0.05,
Fig. 6D).

After knocking down NF-kB and overexpressing
MMPY, Bax expression did not significantly differ from
the control group. However, a sharp decline in Bax ex-
pression was observed in Huh7 cells following the over-
expression of both NF-xB and MMP9 (p < 0.05, Fig. 6E).
The Western blot results revealed no significant difference
in the expression levels of EMT-related proteins Vimentin
and N-cadherin between the NF-xB knockdown combined
with MMP9 overexpression group and the control group.
However, there was a significant decrease in the expres-
sion of Vimentin and N-cadherin in Huh7 cells when NF-
kB was overexpressed alongside MMP9 knockdown (p <
0.05, Fig. 7).

Discussion

Combining clinical sample analysis with fundamen-
tal cell experiments, this research elucidated the effective
role of the NF-«xB signaling axis in promoting liver can-
cer proliferation. The occurrence and progression of EMT
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significantly correlate with the invasiveness of hepatocel-
lular carcinoma. EMT refers primarily to the morpho-
logical transition of epithelial cells, altering from a com-
pact, cobblestone-like state to an elongated, fibrous cell-
like state. This transformation results in the loss of cell po-
larity, weakened cell adhesion, increased motility, disrupts
cell-cell junctions, facilitates cell movement and migration,
thereby augmenting the invasiveness and metastatic poten-
tial of tumor cells [20-22].

The presence of EMT in liver cancer correlates with
the tumor’s invasive potential. A survival analysis con-
ducted on liver cancer patients revealed a direct relation-
ship between elevated EMT levels and diminished survival
times, poorer therapeutic outcomes, and bleaker prognoses
[23,24]. This study assessed the expression of EMT-related
proteins in tumor tissues from two distinct patient groups
based on the effectiveness of liver cancer treatments. The
findings indicated notably higher levels of N-cadherin and
Vimentin expression in tumor tissues of patients who expe-
rienced ineffective treatment compared to those in the group
with effective treatment.

Hence, this study posits a strong association between
the level of EMT in liver cancer cells and the clinical ther-
apeutic outcomes observed in patients with this condition.

Significantly elevated levels of NF-xB and MMP9 expres-
sion were noted in tumor tissues of the ineffective treatment
group in contrast to the effective treatment group. Con-
sequently, these findings underscore the potential signifi-
cance of NF-xB and MMP?9 in regulating EMT within hep-
atocellular carcinoma cells.

NF-xB, recognized as a conventional signaling
molecule, plays pivotal roles in cell proliferation, apoptosis,
immunological responses, and stress management [25]. Re-
search has demonstrated that NF-xB activation contributes
to the upregulation of chemokines, inflammatory proteins,
and anti-apoptotic factors (such as Bcl-2), thereby fostering
tumor cell proliferation, enhancing migration, and imped-
ing apoptosis [26]. Moreover, studies have indicated that
NF-xB activation elevates the expression of chemokines,
inflammatory factors, and anti-apoptosis factors (specifi-
cally Bcl-2), promoting tumor cell proliferation and migra-
tion while inhibiting apoptosis occurrence [27]. Further-
more, NF-xB exhibits a distinct influence on tumor tissue’s
EMT [28]. Upon activation, NF-xB has been observed to
stimulate Vimentin production in cells, thereby facilitating
the onset of EMT [29].

MMP9, the matrix metalloproteinase (MMP) with
the largest molecular weight among its family of protein
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molecules, plays a pivotal role in type IV collagen degra-
dation [30]. Its activity induces extracellular matrix (ECM)
breakdown and remodeling in vivo. Studies have specif-
ically highlighted increased MMP9 expression in various
tumor illnesses such as esophageal cancer, cervical cancer,
and rectal cancer, correlating closely with tumor cell migra-
tion and invasion [31]. On one hand, MMP9 functions by
degrading the extracellular matrix, leading to an accumula-
tion of growth-promoting factors around cancer cells. This
action aims to hinder apoptosis and promote the prolifera-
tion of tumor cells.

On the other hand, MMP9 exhibits a close association
with tumor invasion, metastasis, and angiogenesis [32]. Si-
multaneously, MMP9 plays a significant role in promoting
the occurrence of EMT within tumor cells [33]. To assess
the impact of NF-xB and MMP9 on hepatocellular carci-
noma, cell experiments were conducted using the Huh7 cell
line, employing lentivirus infection techniques to suppress
NF-xB and MMP9 expression. The findings reveal a no-
table decrease in Huh7 cell proliferation, a significant in-
crease in apoptosis, and a marked reduction in EMT lev-
els upon the suppression of NF-xB and MMP9. This study

provides evidence that NF-xB and MMP9 actively promote
hepatocellular carcinoma cell proliferation, hinder apopto-
sis, and contribute to the initiation and progression of EMT.

Research indicates a reciprocal regulatory relationship
between NF-xB and MMP9. NF-«B can directly augment
MMP9 expression by binding to its promoter region, as ob-
served in various studies [34]. Strong associations have
been unveiled between the NF-xB/MMP9 signaling axis
and the emergence and progression of chronic inflamma-
tory disorders like atherosclerosis and endometriosis [35].
Concurrently, investigations have highlighted the close cor-
relation between heightened NF-xB and MMP9 expression
and tumor invasiveness [36]. Nevertheless, whether NF-xB
and MMP9 interact in the regulation of tumor EMT remains
unknown, and no pertinent research reports currently exist.
In this study, alterations in cellular functionality were ob-
served by simultaneously knocking down MMP9 and over-
expressing NF-xB. The results demonstrated a significant
reduction in EMT, an increase in apoptosis, and a signifi-
cant inhibition of cellular activity.

Conversely, when examining the cellular responses
subsequent to NF-xB knockdown in conjunction with
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MMP9 overexpression, no significant alterations in cell
proliferation, apoptosis, or EMT levels were observed. The
findings demonstrate that with suppressed cell activity, in-
creased apoptosis, and reduced EMT levels, the combined
effect of NF-xB knockdown and MMP9 overexpression
yielded no substantial changes in cell functionality regard-
ing proliferation, apoptosis, or EMT levels. Therefore, this
study suggests that within hepatocellular carcinoma cells,
NF-«B facilitates cell proliferation, inhibits apoptosis, and
fosters EMT transformation by upregulating the expression
of MMP9.

However, there are notable limitations in this study.
The exploration of the NF-xB/MMP?9 signaling axis and its
impact on Huh7 cell function, activity, and EMT was con-
ducted in vitro, which may not entirely replicate the com-
plex in vivo conditions.

Conclusions

Throughout the treatment of advanced liver cancer pa-
tients, elevated EMT levels correlate with increased cell
proliferation and reduced apoptosis, resulting in poorer
therapeutic outcomes. Moreover, tumor tissues from
patients with ineffective treatment display significantly
heightened expression of NF-xB and MMP9. The upregu-
lation of NF-xB/MMP9 actively fosters Huh7 cell prolifer-
ation, impedes apoptosis, and facilitates the onset and pro-
gression of EMT, ultimately contributing to tumor progres-
sion.
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