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Abstract Objective INF2 is a member of the formins family. Abnormal expression and regulation of INF2 have been

associated with the progression of various tumors, but the expression and role of INF2 in hepatocellular carcinoma (HCC) remain
unclear. HCC is a highly lethal malignant tumor. Given the limitations of traditional treatments, this study explored the expression
level, clinical value and potential mechanism of INF2 in HCC in order to seek new therapeutic targets. Methods In this study, we
used public databases to analyze the expression of INF2 in pan-cancer and HCC, as well as the impact of INF2 expression levels on
HCC prognosis. Quantitative real time polymerase chain reaction (RT-qPCR), Western blot, and immunohistochemistry were used to
detect the expression level of INF2 in liver cancer cells and human HCC tissues. The correlation between INF2 expression and
clinical pathological features was analyzed using public databases and clinical data of human HCC samples. Subsequently, the
effects of INF2 expression on the biological function and Drpl phosphorylation of liver cancer cells were elucidated through in vitro
and in vivo experiments. Finally, the predictive value and potential mechanism of INF2 in HCC were further analyzed through
database and immunohistochemical experiments. Results INF2 is aberrantly high expression in HCC samples and the high
expression of INF2 is correlated with overall survival, liver cirrhosis and pathological differentiation of HCC patients. The
expression level of INF2 has certain diagnostic value in predicting the prognosis and pathological differentiation of HCC. In vivo and
in vitro HCC models, upregulated expression of INF2 triggers the proliferation and migration of the HCC cell, while knockdown of
INF2 could counteract this effect. INF2 in liver cancer cells may affect mitochondrial division by inducing Drp1 phosphorylation and
INF2 is highly

expressed in HCC and is associated with poor prognosis. High expression of INF2 may promote HCC progression by inducing Drpl

mediate immune escape by up-regulating PD-L1 expression, thus promoting tumor progression. Conclusion

phosphorylation and up-regulation of PD-L1 expression, and targeting INF2 may be beneficial for HCC patients with high

expression of INF2.
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Primary liver cancer, a malignant cancer, of
which  75%-85% of
carcinoma (HCC), is the sixth most common cancer

cases are hepatocellular

and the third leading cause of cancer-related deaths
worldwide!". Although the causes of HCC, including
obesity, excessive alcohol

cigarette  smoking,

consumption, and hepatitis virus infection, are
preventable, the 5-year survival rate of patients with
HCC is far less than 20%?*. Advances in systemic
therapy have resulted in remarkable therapeutic
and HCC
recurrence can develop after treatment, leading to
high mortality in HCC*, Therefore, identification of

new therapeutic targets for HCC treatment is urgently

efficacy. However, chemoresistance

required.

The liver, the major metabolic organ, regulates
whole-body energy-related metabolism, including
glucose, fatty acids, and amino acid metabolism.
Notably, these metabolisms mainly occur in the
mitochondria, which are abundant in the liver to
ensure energy homeostasis™. Mitochondria, the cell
powerhouses, are intracellular double membrane-
bound structures that play multiple roles in energy
metabolism and cellular homeostasis, including in the
regulation of oxidative stress, signal transduction,

CSTR: 32369.14.pibb.20240151

metabolism, and cell apoptosis susceptibility, forming
a complex organelle network in cytosol, which is
balanced via the molecular events of dynamic fusion

[6-9]

and fission Mitochondrial dysfunction plays a

crucial role in tumor transformation, and

mitochondrial dynamics have been identified as key
therapeutic targets for the treatment of cancer'®.
Inverted formin 2 (INF2) is a vertebrate formin
protein involved in actin-related and microtubule-
related processes. In mammalian cells, there are two
isoforms of INF2 that differ in their C-terminal
ER-binding prenylated (CAAX)
isoform and the cytoplasmic nonCAAX isoform.
INF2-CAAX induces actin filaments that may drive
INF2
mutations can lead to Charcot-Marie-Tooth disease.
Suppression of INF2-nonCAAX in tissue culture cells
can cause Golgi dispersal'™'"!, Moreover, increasing
evidence indicates that the abnormal expression and
regulation of INF2 are associated with human cancers.
For example, previous studies have shown that
dysregulation of SPOP-mediated INF2 ubiquitination
promotes mitochondrial fission, triggering prostate
cancer!'?. INF2 is overexpressed in basal-like breast
cancers, and is important for the maintenance of cell

sequence: the

initial mitochondrial constriction, whereas
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shape, migration, invasion, and proliferation!"*!. INF2
is upregulated
carcinoma

in glioblastoma and endometrial
while knockdown of INF2
significantly reduces the migration of glioblastoma

tissues,

cells and endometrial cancer cell migration in most
studied cell
suggested that INF2-mediated mitochondrial fission

lines!"*"*!.  Additionally, one study
plays a suppressive role in colorectal cancer, and IL-2-
based INF2-related

mitochondrial fission, triggering colorectal cancer cell

therapy  could increase
apoptosis''®. Although INF2-related functions have
been studied in several cancers, the role of INF2 in
HCC remains unclear.

Here, we found that the mRNA level of INF2
was higher in HCC samples from the database of The
Cancer Genome Atlas (TCGA), as well as the protein
level of INF2 in HCC patient’ tissues tested by
immunohistochemistry (IHC) assay. High INF2
expression in clinical HCC samples is associated with
poor survival, and the high expression level of INF2
in HCC tissues is significantly related to liver
cirrhosis and pathological differentiation from our
clinical HCC tissues. Moreover, overexpression of
INF2 (hereafter referred to INF2-CAAX) promoted
the proliferation and migration of liver cancer cells,
while INF2 knockdown significantly inhibited this
phenomenon. Mechanistically, INF2-CAAX may play
an oncogenic role in liver cancer via Drpl-mediated
mitochondrial hyper-division. In summary, our results
suggest a vital role of INF2 in the proliferation and
migration of liver cancer cells; targeting INF2 may be
a potential treatment strategy for HCC patients with
high expression of INF2.

1 Materials and methods

1.1 Data collection

INF2 RNA
clinicopathological characteristics were obtained from
TCGA. Differential
analyses were performed using R software (version
4.2.1). TIMER2
Resource, version 2) web (http://timer. cistrome. org/)

levels and associated

expression and prognostic

(Tumor Immune Estimation
was used to examine INF2 gene expression among

specific tumor subtypes and to investigate the
relationship between INF2 expression and immune
infiltrates in HCC. In addition, we obtained boxplots
of INF2 expression in different tumor subgroups

according to clinicopathological characteristics from

the UALCAN database (http://ualcan. path. uab. edu).
Welch’s t-test was used to evaluate differences.
1.2 Clinical specimens

The 69 pairs of human HCC tissue samples
included in the study were collected and diagnosed
with  HCC by the Ningbo
Diagnosis Center. Fifty formalin-fixed human HCC

Clinical Pathology
tissue samples were obtained from the Ningbo
Clinical Pathology Diagnosis Center. The remaining
19 pairs of fresh human liver cancer tissue samples
were obtained from Ningbo Medical Center of
LiHuiLi Hospital. All patients signed an informed
consent form before using the clinical materials.
Clinical HCC samples were collected with the
permission of the Thospital’s Human Ethics
Committee (KY2020PJ135) and were limited to
laboratory research.

1.3 Immunohistochemistry (IHC)

Fifty pairs of formalin-fixed HCC tissues were
embedded in paraffin and cut into 4 pum sections.
Paraffin sections were stained for IHC to detect target
protein expression. Paraffin sections were soaked
sequentially with xylene and different ethanol
concentrations to deparaffinize and rehydrate. Next,
the antigen was retrieved at a high temperature using
sodium citrate diluent. Finally, the slides were
incubated with an anti-INF2 antibody (1 : 50,
ABclonal, USA, Cat NO: A10038) or anti-PD-L1
antibody (1 : 1 000, proteintech, China, Cat NO:
28076-1-AP) at 4°C, and the secondary antibody was
incubated with the standard avidin-biotin-labeled
peroxidase complex method. DAB staining was used
for target protein and nucleus

staining, were

counterstained with hematoxylin. Images were
acquired using an upright microscope system (Nikon,
Japan) after coverslipping. Two pathologists scored
the positive degree of IHC staining and divided the
patients into three groups with different scores. The
immunohistochemical score was the sum of the
staining intensity score and positive cell percentage
score. Dyeing intensity score: no color, 0 points; light
yellow, 1 point; yellow, 2 points; brown-yellow,
3 points. The percentage of positive cells: 0%—10%,
0 points; 11%-25%, 1 point; 26%—-50%, 2 points; 51%
~75%, 3 points; 75%-100%, 4 points. According to
the immunohistochemical score, a total score of 0
classified as negative, 1-2 classified as low positive,

3—4 classified as positive, and 5-7 classified as high



2025; 52 (1) B, % BREA2 (INF2) SREFURARFURFRtFARELRE 197
positive. TGGCCTTCCGTGTTCCTA-3" and reverse, 5'-CCC-

1.4 Western blot (WB)

Total cell proteins were lysed using RIPA buffer
containing protease inhibitors (Solarbio, China). The
protein extract was harvested and quantified by
bicinchoninic acid assay (BCA) analysis (Beyotime,
China). The protein extract was separated using 10%
SDS-PAGE and transferred to a polyvinylidene
fluoride (PVDF) membrane (Millipore, USA). The
membrane was incubated with a high affinity anti-
INF2 antibody (1 : 1 000, ABclonal, USA, Cat NO:
A10038), and then incubated with a secondary
antibody conjugated with horseradish peroxidase
(HRP) (1 1 000, Cell Signal Technology, USA). All
quantifications were normalized to the protein level of
the endogenous control, GAPDH (cat#A19056,
Abclonal, China). After washing, the signal was
detected using a chemiluminescence system (Bio-Rad,
USA) and analyzed using ImageJ software.

1.5 Plasmid construction and transfection

INF2 cDNA was obtained from the total RNA
sequences of HepG2 cells using specific primers and
sub-cloned into the PCDH-Myc vector to construct
the pCDH-Myc-INF2 plasmid. For lentiviral
short hairpin RNA (shRNA)
sequence targeting INF2 was sub-cloned into PCDH-
GFP-shRNA vectors. All constructs were verified by
DNA sequencing.

knockdown, the

Transfections were performed using Lipo6000
TM transfection reagent (Beyotime, China, Cat No:
C0526) according to the manufacturer’s instructions.
Liver cancer cells were seeded in a 6-well plate and
transiently transfected with 3 pg of pCDH-Myc-INF2
and shINF2 (INF2 knockdown) or an empty vector.
1.6 RT-qPCR

According to the kit instructions, total RNA was
extracted from HepG2 cells by RNA Easy Fast Tissue/
Cell Kit (Catalog: DP451, Tiangen, Beijing, China).
RNA quality was measured using a SpectraMax®
QuickDropTM (Molecular Devices, Sunnyvale, CA,
United States). Next, reverse transcription of 1 ug of
total RNA was performed using the FastKing gDNA
(Catalog: KR118-02,
Tiangen, Beijing, China). The following primer pairs

Dispelling RT  SuperMix

were applied for the quantitative real time polymerase
chain reaction (RT-qPCR): INF2 forward, 5'-CTCT-
GGCCGTTGCCTCAC-3' and reverse, 5-GCGTTG-
ATCACGCTAAGCAG-3'; GAPDH forward, 5'-CA-

TCAGATGCCTGCTTCA-3". RT-gPCR reactions
were prepared with Real Universal SYBR Green
Premix (Catalog: FP201, Tiangen, Beijing, China)
following the manufacturer’s instructions. Reactions
were carried out and datas were analyzed using a
LightCycler96 (Roche, Mannheim, Germany). The
2744 method was used to analyze the expression of
INF2. The

independently repeated three times. GraphPad Prism 7

the target gene experiment was
software was used for graphing and statistical
analysis. Student’s #-test was used for statistical
analysis.
1.7 Cell culture

The human liver cancer cell lines HepG2 and
Huh7 with a short tandem repeat (STR) identification
certificate were obtained from the Shanghai Institute
of Biochemistry and Cell Biology, Chinese Academy
of Sciences. The cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM, Meilunbio, China,
Cat No: MAO0212-2) containing 10% fetal bovine
serum (FBS, Standard Quality, OriCell, China, Cat
No: FBSST-01033) and 1% penicillin/streptomycin
(Catalog: 15140-122, Gibico). All cells were cultured
in a humidified incubator at 37°C with 5% CO,.
1.8 Colony formation assay

For the colony formation assay, transfected cells
were seeded into 6-well plates at a density of 1 000/
well and maintained in DMEM containing 10% FBS
for two weeks. After being fixed with methanol, the
cells were stained with 0.1% crystal violet for 30 min,
and the colonies were imaged and counted.
1.9 Methyl thiazolyl tetrazolium (MTT) assay

For the MTT assay, transfected cells were seeded
into 96-well plates at a density of 2 000/well. At 24,
48, 72, and 96 h after seeding, cell viability was
measured using the MTT Cell Proliferation and
Cytotoxicity Assay Kit (Solarbio, China) according to
the manufacturer’s instructions. Briefly, each well
was added with 10 ul MTT solution, and the plate was
incubated at 37°C for 4 h in the dark. The absorbance
was measured at 490 nm using a microplate reader
(Tecan, Switzerland).
1.10 Wound-healing assay

The cells were seeded in a 6-well plate at a
density of 2x10°/well. Two hours prior to scratching,
cells were treated with 5 mg/L mitomycin C (58146,
Sigma) to control for differences in proliferation.
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Scratches were produced at the tip of a sterile 200 pl
pipette, and the floating cells were cleaned with 1x
saline (PBS).
photographed at 0, 24, and 48 h after scratching using

phosphate  buffer Scratches were
an inverted microscope.
1.11 Transwell migration assay

Cell migration was analyzed by Transwell. Using
a 24-well Transwell chamber, 500 pl culture medium
containing 10% fetal bovine serum was added to the
lower chamber, and 5x10* cells were placed in 150 pl
serum-free medium. After incubation at 37°C for 48 h,
the cells on the upper surface of the membrane were
scraped off. Invasive cells on the membrane surface
were fixed with paraformaldehyde and stained with
0.5% crystal violet (Solarbio, China). Less than
5 random 200xmicro-visual fields/hole
photographed and counted using a Nikon inverted
microscope.
1.12  Cell cycle assay

were

3x10° cells were collected, and washed with
PBS. The DNA staining solution and permeabilization
solution were added to the cell suspension, mixed
well, and allowed to stand away from light at room
temperature for 30 min. Cells were assessed by flow
cytometry (Becton Dickinson, USA), and the cell
cycle was analyzed using the Cell Quest ModFit
software.
1.13 In vivo xenograft assay

We examined the effects of INF2 overexpression
or knockdown on HCC growth and metastasis in vivo
xenograft assay. Four- to six-week-old NOD-SCID
mice (strain No. T001492, Nanjing, China) were used
to study the role of xenografted cells in a living
organism. After one week of feeding under suitable
conditions, four mice were randomly assigned to each
group. Huh7 cells stably expressing control, INF2-
OE, or shINF2#3 were injected subcutaneously into
mice. The tumor size was measured with vernier
calipers every 4 d, and the volume was calculated as V'
=(lengthxwidth?)x1/2. On the 20th day after injection,
the mice were euthanized, and the subcutaneous
tumors were isolated and photographed. All animal
procedures were performed according to protocols
approved by the Animal Care Committee of Ningbo
University (AEWC-NBU20210295).
1.14 Statistical analysis

Analyses were performed using the SPSS
software (version 20.0; SPSS, Inc., USA). Student’s

paired t-tests were used to analyze the statistical
significance of the differences between HCC and
paratumor tissues. One-way analysis of variance
(ANOVA) was used to determine the statistical
significance of the differences among the different
experimental groups. P<0.05 was considered to
indicate statistical significance.

2 Results

2.1 INF2 is upregulated in HCC and associated
with poor prognosis

We applied the TIMER2 approach to analyze the
expression levels of INF2 across various cancer types.
The expression levels of INF2 in the tumor tissues of
bladder (BLCA),
cholangiocarcinoma (CHOL), esophageal carcinoma

urothelial carcinoma
(ESCA), head and neck squamous cell carcinoma
(HNSC), kidney renal clear cell carcinoma (KIRC),
kidney renal papillary cell carcinoma (KIRP), liver
hepatocellular carcinoma (LIHC), stomach
adenocarcinoma (STAD), thyroid carcinoma (THCA),
uterine corpus endometrial carcinoma (UCEC) were
higher than those in the corresponding normal tissues
(Figure la). Furthermore, we explored the expression
levels of INF2 in HCC and normal tissues using the
TCGA databases. Similarly, the expression level of
INF2 in HCC tissues was higher than that in the
normal liver tissues (Figure 1b, c). In addition, the
expression of INF2 in human liver hepatic stellate cell
line LX-2 cells and human liver cancer cell lines
HepG2, PLC and Huh7 cells was detected by RT-
gPCR. The results showed that INF2 was highly
expressed in human liver cancer cell lines compared
with the human liver hepatic stellate cell line LX-2
cells (Figure S1).

Considering that there are no public databases
for the protein level of INF2 in HCC, we investigated
its protein expression profiles in HCC using WB to
detect the protein level of INF2 in 19 pairs of HCC
and its corresponding paratumor tissues. Although a
high protein level of INF2 was observed in HCC
tissues, due to the limited number of patients, the
difference was not statistically significant (Figure 1d).
Since fresh tissue samples came from hospitals and
were limited by the amount of surgery, the number of
specimens was extremely difficult to accumulate. To
address this issue, we collected formalin-fixed tissue
specimens originating from the Pathology Diagnostic
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Fig.1 INF2 is upregulated in HCC and is associated with poor prognosis

(a) The expression status of the /NF2 gene in different cancers or specific cancer subtypes was analyzed through TIMER2. TPM: transcripts per
million. (b) TCGA database analyses showed a higher level of INF2 in HCC tissues than that in normal tissues. (c) INF2 expression is higher in HCC
than that in paired normal tissues. FPKM: fragments per kilobase of transcript per million mapped reads. (d) WB analyses of the expression of INF2
in HCC and corresponding paratumor tissues at protein level (n=19). GAPDH was tested as a loading control. Data are presented as mean+SEM. (e)
Representative images of IHC staining demonstrated the different expression levels of INF2 in HCC tissues. Score analysis of IHC staining showed a
higher expression of INF2 in HCC tissues (#n=50) than in paratumor tissues (n=50). ns, no significance; *P<0.05; **P<0.01; ***P<0.001. P:
paratumor tissue; C: cancer tissue. (f) Survival curves from the TCGA-LIHC cohort showed that HCC patients with high INF2 have shorter overall

survival (P=0.018).

Center in 2021. To expand the sample size and further
verify the differences in the expression of INF2
protein in liver cancer tissues, IHC staining of INF2
protein was performed in a total of 50 HCC and
corresponding paratumor tissues. INF2 staining
showed different shades of brownish yellow and was
mainly located in the cytoplasm of HCC and

paratumor tissues, and a small amount was located on
the cell membrane. Compared with HCC tissues,
INF2 was weakly expressed or not expressed in the
corresponding paratumor tissues. [HC staining results
showed that the expression level of INF2 in HCC
tissues could be classified into three types: negative,
low positive, and positive. Among the 50 HCC
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tissues, 7 (14%) were negative for INF2 expression,
33 (66%) had low expression of INF2, and 10 (20%)
were for high expression (positive) for INF2. In HCC
tissues, the positive expression rate of INF2 was 86%
(43/50), whereas that in paratumor tissues was only
46% (23/50), and the difference was statistically
significant. The expression level of INF2 in HCC
than that in
corresponding  paratumor tissues (Figure le).
Furthermore, the Genomic Data Commons (GDC)
TCGA database analysis showed that high INF2
expression was associated with poor HCC prognosis
(P=0.018) (Figure 1f). Therefore, INF2 may be a
highly specific biomarker of HCC.

tissues was significantly higher

2.2
clinical pathological features of HCC

First, we used UALCAN the
relationship between INF2 transcript expression and
various clinical features of HCC. The results showed
that /NF2 mRNA in HCC samples was up-regulated
in cancer stage 4, nodal metastasis status N1, TP53

The Association of INF2 expression with

to analyze

mutations, and advanced age (Figure 2a—f). Based on
the expression level of INF2 in HCC, we analyzed the
correlation between protein expressions of INF2 and
clinicopathological features, including patient’s
gender, age, liver cirrhosis, HBV DNA, a-fetoprotein

(AFP) level, differentiation degree, and TNM stage.
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Fig. 2 Expression of INF2 transcription in different clinical characteristics of patients with liver hepatocellular carcinoma

(LIHC) via UALCAN

(a) Correlation of INF2 transcription with different cancer stages. (b) Correlation of INF2 transcription with different cancer grades. (c) Correlation of

INF2 transcription with different nodal metastasis status. (d) Correlation of INF2 transcription with different TP53 mutation status. (¢) Correlation of

INF2 transcription with different patient’s age. (f) Correlation of INF2 transcription with different histological subtypes. In all panels, *P<0.05; **P<
0.01; ***P<0.001. (g) Correlation of INF2 with TIMP1. (h) Correlation of INF2 with LOX. (i) Correlation of INF2 with LOXL2. TPM: transcript per

million.
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The comparative method was the chi-square test, and
P<0.05. The results are summarized in Table 1. We
found that the expression level of INF2 is closely

related to liver cirrhosis (y’=4.816, P=0.041) and
pathological differentiation (y’=14.579, P=0.007).

Table 1 Association of INF2 expression with clinical pathological features of HCC

Variables Number INF2, n (%)
Negative Low High r Prvalue
Gender 2.121 0.176
Male 40 7(17.5) 25 (62.5) 8(20.0)
Female 10 0(0.0) 8(80.0) 2(20.0)
Agelyears 0.173 0.912
<50 10 1(10.0) 7 (70.0) 2(20.0)
=50 40 6 (15.0) 26 (65.0) 8(20.0)
Liver cirrhosis 4.816 0.041
Yes 40 4(10.0) 26 (65.0) 10 (25.0)
No 10 3(30.0) 7(70.0) 0(0.0)
HBV-DNA1 0.737 0.691
Negative 26 4 (15.4) 18 (69.2) 4(15.4)
Positive 24 3(12.5) 15 (62.5) 6(25.0)
AFP level/(ug- L") 0.489 0.780
<400 32 5(15.6) 20 (62.5) 7(21.9)
>400 18 2 (11.1) 13(72.2) 3(16.7)
Tumor number 0.073 0.789
Single 44 6(13.6) 29 (65.9) 9(20.5)
Multiple 6 1(16.7) 4 (66.7) 1(16.7)
Tumor size/cm 0.183 0913
<5 22 3(13.6) 4 (63.6) 15(22.7)
>5 28 4(14.3) 19 (67.9) 5(17.9)
Differentiation 14.579 0.007
Poor 8 0(0.0) 3(37.5) 5(62.5)
Poor-moderate 9 2(22.2) 6 (66.7) 1(11.1)
Moderate 28 3(10.7) 21 (75.0) 4(14.3)
Moderate-high 5 2 (40.0) 3(60.0) 0(0.0)
Liver capsule invasion 2.240 0.831
Yes 4 0(0.0) 4 (100.0) 0(0.0)
No 46 7(15.2) 29 (63.0) 10 (21.7)
Microvascular invasion 0.097 0.952
Yes 28 4(14.3) 18 (64.3) 6(21.4)
No 22 3(13.6) 15 (68.2) 4(18.2)
TNM stage 0.073 0.789
I-1I 44 6(13.6) 29 (65.9) 9(20.5)
1I-1v 6 1(16.7) 4 (66.7) 1(16.7)

Cirrhosis is a major risk factor for liver cancer.
Mitochondrial dysfunction not only runs through the
entire process of chronic liver disease, cirrhosis, and
liver cancer, but also accelerates the malignant
transformation of liver cirrhosis. In liver cirrhosis,
irritants such as ischemia, hypoxia, and endotoxemia

can lead to mitochondrial dysfunction, which in turn
death, death-related
inflammation, immune response, fibrosis, and further

leads to programmed cell
aggravation of liver cirrhosis. This vicious circle leads
to liver cancer!'”). In view of the correlation between
the expression level of INF2 in liver cancer tissues
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and cirrhosis, we further verified the relationship
between INF2 expression and a series of fibrosis
markers through literature review and R language
analysis, and found that the expression of INF2 was
positively correlated with TIMP1 (P<0.001), LOX
(P<0.001) and LOXL2 (P<0.001)"¥ (Figure 2g-i). A
thorough study of the mechanism by which abnormal
INF2 expression in liver cancer induces liver cirrhosis
may be helpful for effective anti-fibrosis therapy and
prevention of liver cancer.

2.3 Knockdown of INF2 inhibited the
proliferation and migration of liver cancer cells
in vitro may via suppressing the Drpl-mediated

mitochondrial fission

constructed stable INF2 overexpression (INF2-OE,
hereafter) and knockdown liver cancer cell lines using
the same vector system. Transfection efficiency was
detected by WB and RT-qPCR, and shINF2#3 was
selected because it had the highest knockdown
efficiency (Figure S2).

Colony formation assays showed that colony
formation efficiency increased dramatically in INF2
overexpressed liver cancer cells, whereas INF2
knockdown inhibited this effect (Figure 3a). Flow
cytometry analysis showed that the proportion change
of the G1 phase was not consistent between the two
INF2-knockdown liver cancer cell lines compared to
the control group. However, the proportion of cells in
the G1 phase in the shINF2 group was always higher

To evaluate the role of INF2 in HCC, we
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Fig. 3 Effect of INF2 expression on proliferation and migration of hepatoma cells
(a) Colony formation assay showed that overexpression (OE) of INF2 promoted hepatoma cell growth, and shINF2 inhibited the growth of hepatoma
cells. (b) Flow cytometry analysis showed that the percentage of the G1 phase decreased in INF2 overexpression cells, which increased in shINF2
cells. (c) Methyl thiazolyl tetrazolium (MTT) assay revealed that cell growth was increased in INF2 overexpression cells, which decreased in shINF2
cells. (d) Migration assay suggested that the migration ability of hepatoma cells was increased after overexpression of INF2, compared to control
cells. And the shINF2 decreased the migration ability. (e) Representative micrographs of the wound healing assays. Hepatoma cells were treated with
mitomycin C, and cell monolayers were scratched with sterile 200 pl pipette tips. Images were taken at 0 h and 48 h after scratching. (f) Relationship
between INF2 expression level and Drpl phosphorylation in hepatoma cells. EV, empty vector. Data are presented as mean+SEM. In all panels, ns, no

significance; *P<0.05; **P<0.01; ***P<0.001.
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than that in the INF2 overexpression group (Figure
3b). MTT assay was used to examine the effect of
INF2 expression on the growth of liver cancer cells at
different time points. The results revealed that high
INF2 expression promoted the growth of liver cancer
cells. In contrast, shINF2 inhibited the growth of the
liver cancer cells (Figure 3c). Compared with the
INF2 overexpressed liver cancer cells, knockdown of
INF2 dramatically suppressed the migration of liver
cancer cells (Figure 3d, e). A recent study found that
aberrantly high expression of INF2 induces the
occurrence and progression of endometrial cancer by
activating Drpl-mediated mitochondrial hyper-fission
by increasing the phosphorylation of Drp1-Ser616 and
decreasing the phosphorylation of Drpl-Ser637!".
Consistent with these findings, we also found similar
results in INF2 overexpressed liver cancer cell lines
(Figure 3f).

(@ , . (b)

2.4 INF2 facilitates the growth of liver cancer
cells in vivo

To further confirm the proliferation promoting
role of INF2 in HCC in vivo, we utilized in vivo
xenograft assay to evaluate the effects of INF2
overexpression and knockdown on the growth of
HCC growth. Huh7 cells stably expressing control,
INF2-OE, or shINF2#3 were injected subcutaneously
into nude mice. Tumor size was monitored every 4 d
after cell injection. Twenty days after the tumor
transplantation, the mice were euthanized. Then, the
tumors were dissected, weighed and photographed
(Figure 4a). The
reduction in tumor volume and mass in the INF2

results showed a significant

knockdown group compared to the control group. In

contrast, tumor volume and weight increased

significantly
(Figure 4b, c).

in the INF2 overexpression group
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Fig.4 INF2 facilitates the growth of HCC in vivo

(a) Huh7 cells with stable expression of control, INF2-OE, or shINF2#3 were transplanted into female athymic nude mice. Tumors were stripped out

and photographed 20 d later. (b) Tumor is measured with a ruler every 4 d, and the tumor volume was calculated using the formula: V= (lengthx

width?)x1/2. (c) The tumors were weighed. Data are presented as mean+SEM.

2.5 The diagnostic value of INF2 in HCC

To explore the diagnostic value of INF2 in HCC,
the receiver operating characteristic curve (ROC) was
mapped. INF2 was highly accurate in predicting the
prognosis of HCC (AUC=0.660, CI=0.597-0.722,
Figure 5a), pathological differentiation (4UC=0.705,
CI=0.528-0.882, Figure 5d). The ability to predict the
prognosis of liver fibrosis and prothrombin time was
poor (Figure 5Se, f). These results show that INF2 has
predictive value for the diagnosis and staging of HCC
(Figure 5).

2.6 INF2 expression associated with tumor
immunity in HCC

Mitochondrial fission induces immune escape in
by decreasing MHC-I
expression. Furthermore, inhibition of mitochondrial

solid tumors surface
fission with Mdivi-1 upregulates MHC-I expression in
cancer cells and enhances the efficacy of adoptive
T-cell therapy in patient-derived tumor models™.
Given the immune tolerance and treatment resistance
of clinical HCC treatment, we further explored the

relationship between INF2 expression and immune-
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Fig. 5 ROC curve analysis was performed to evaluate the predictive value of INF2 in HCC

(a) ROC curve analysis was performed to evaluate the predictive value of INF2 for HCC diagnosis. (b) ROC curve analysis was performed to

evaluate the predictive value of INF2 for AFP status. (¢) ROC curve analysis was performed to evaluate the predictive value of INF2 for pathologics.

(d) ROC curve analysis was performed to evaluate the predictive value of INF2 for histologic grade. (¢) ROC curve analysis was performed to

evaluate the predictive value of INF2 for fibrosis ishak score. (f) ROC curve analysis was performed to evaluate the predictive value of INF2 for

prothrombin time. TPR: true positive rate; FPR: false positive rate.

related signals. TIMER2.0 database was used to
analyze INF2 mRNA expression and the six
categories of immune cells. The results revealed that
INF2 mRNA expression positively correlated with B
cells (R=0.194, P<0.001), CD4+T cells (R=0.315, P<
0.001), macrophages (R=0.286, P<0.001), neutrophils
(R=0.360, P<0.001), and dendritic cells (DCs) (R=
0.356, P<0.001) (Figure 6a). Subsequently, we further
investigated the connection between the INF2 gene
level and the degree of 24 immune cells infiltration
using ssGESA. The results demonstrated that INF2
mRNA expression was positively correlated with
NKCDS56bright cells (R=0.403, P<0.001),
macrophages (R=0.305, P<0.001), T cells (R=0.142,
P<0.01), THI cells (R=0.117, P<0.05), TH2 cells (R=
0.108, P<0.05) (Figure 6b). This is similar to the
results of the Timer database. In addition, the R
language platform was used to analyze the correlation

between the expression levels of INF2 and PD-L1 in
hepatocellular carcinoma in the TCGA database, and
it was found that INF2 was positively correlated with
PD-L1 expression (Figure 6¢). Similarly, [HC analysis
of 50 clinical HCC tumor samples showed that INF2
expression levels were positively correlated with PD-
L1 at the protein levels (R=0.4423, P<0.01) (Figure
6d). Therefore, speculate that INF2, as a
carcinogenic protein in HCC, may up-regulate PD-L1
and down-regulate MHC-I expression by regulating
mitochondrial fission, resulting in a poor prognosis of
HCC. The specific mechanism remains to be further
studied (Figure 6e). The
mitochondrial ~dynamics disorders and tumor
immunity suggests that combining mitochondrial
fission inhibitors with immunotherapy may have
unexpected effects.

w¢e

cross-talk  between
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Fig. 6 The correlation between INF2 expression level and tumor immunity

(a) INF2 expression is associated with immune cell infiltration. (b) The expression level of INF2 was positively correlated with the infiltration level

of Thl lymphocytes, Th2 lymphocytes, T cells, B cells, and other immune cells. (c) INF2 was positively correlated with PD-L1. (d) Representative
IHC images of INF2 and PD-L1 in HCC tissues (#=50). The correlation analysis of INF2 and PD-L1staining in HCC tissues (P<0.01). (e) Potential

work model of elevated INF2 in HCC. TPM: transcript per million.

3 Discussion

Although accumulating evidence indicates that
the crosstalk between
mitochondrial dynamic fusion and fission plays a vital
n**> the

underlying mechanism of this crosstalk and the

liver cancer cells and

role in HCC occurrence and progressio

unique target to mitochondrial dynamic fusion and
fission in HCC are not completely known. Here, we
demonstrated that the mitochondrial fission related
protein INF2, is significantly overexpressed in HCC
samples from TCGA data and clinical HCC patients’

tissues, resulting in poor survival and low
pathological differentiation. Moreover, upregulated
INF2 promoted the proliferation and migration of
liver cancer cells, which was inhibited by shINF2.
Therefore, our results suggest that a specific target of
INF2 may be a potential treatment strategy for
patients with HCC with high INF2 expression.
Structurally, INF2 is a member of the formin
family, which function is as an actin assembly factor.
INF2 has

polymerization, as well as having both direct or

Therefore, multiple effects on actin

indirect effects on microtubule dynamics, playing
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roles in cytokinesis, cell motility, mitochondrial
fission, ER-to-mitochondrial calcium transfer, vesicle

trafficking, and Golgi structure!'*",

Intriguingly,
compared to its detailed downstream function, the
upstream regulation of INF2 is limited. One well-
known regulation is the autoinhibited regulatory
model via the interaction of its own N-terminal
domain DID and DADM"!. One previous study found
that the post-translational modification of INF2,
SPOP-mediated

reduces INF2 localization

non-degradative  ubiquitination,
in the ER and thus
abrogates its ability to facilitate mitochondrial
fission!'?, Recently, another related study found that
FBXO7 acts as a tumor suppressor in endometrial
cancer by inhibiting the INF2-Drpl axis, which is
through
ubiquitination and degradation of INF2. Drpl

associated with mitochondrial fission

phosphorylation regulates mitochondrial dynamics
that Drpl  Ser616
mitochondrial  fission,

phosphorylation  promotes
Drpl  Ser637
phosphorylation has the opposite!'®). Herein, we found
that the proportion of Drpl Ser616/637 increased in
the INF2 overexpression group, but decreased in the
INF2 knockdown group (Figure 3f). Therefore, INF2
in liver cancer cells may affect mitochondrial fission

while

by recruiting Drpl or inducing Drpl phosphorylation,
thereby promoting tumor progression.

The correlation between INF2, mitochondrial
dynamics and tumor immunity suggests that the INF2-
related signal in HCC should be detected, and further
studies are required. Given the efficacy of suppression
of INF2 and that there is no molecular compound
targeting INF2, we suggest high-throughput screening
of compounds using gene expression modulation by
small molecules (GEMS) technology, where reduced
luciferase INF2 reporter activity was measured to
identify compounds that lower INF2 transcript levels.
Thus, the efficiency of selected compounds in
inhibiting INF2 in different cancer cell models need to
be determined. In addition, E3 ligase targeting to
INF2, which is responsible for its degradation, is also
urgent to be found by the method of yeast two-hybrid
or affinity purification and mass spectrometry (AP-
MS). Additionally, it may be an effective way to find
the special miRNA targeting INF2 by using miRNA
microarray analysis.

4 Conclusion

INF2 is
expressed in HCC and is associated with liver

In conclusion, abnormally highly
fibrosis, poor tumor differentiation, and even poor
prognosis. High expression of INF2 promotes HCC
proliferation in vivo and in vitro, which may be
achieved by inducing Drpl phosphorylation and
upregulating PD-L1 expression. Targeting INF2 may
be a potential therapeutic strategy for HCC, and
further studies are needed to confirm it in the future.

Supplementary Available online (http://www.pibb.ac.
cn, http://www.cnki.net ):

PIBB 20240151 Figure S1.pdf

PIBB 20240151 Figure S2.pdf
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