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Abstract

Background and Aims: Although activation of hepatic
stellate cells (HSCs) plays a central role in the development
of liver fibrosis, the mechanism underlying the activation
of HSCs remains unclear. Keratin 17 (KRT17), a member
of the intermediate filament family, can regulate tumor cell
proliferation and migration. The current study aimed to
elucidate the role of KRT17 in the activation of HSCs and
the mechanisms underlying liver fibrosis. Methods: The
expression of KRT17 was determined using immunohisto-
chemistry in tissue microarray. Western blotting and gRT-
PCR assays were used to determine the KRT17 expression
in fibrotic liver tissues obtained from human subjects and
mice. LX-2 cells were treated with TGF-B1 recombinant pro-
tein and adipocyte differentiation mixture (MDI) mix to in-
duce and reverse LX-2 cell activation, respectively, in order
to explore the correlation between KRT17 and HSC activa-
tion. Additionally, cell proliferation and migration abilities of
LX-2 cells transfected with KRT17-overexpressing plasmid
or small interfering RNA were determined using CCK-8, flow
cytometry, Transwell, and wound healing assays. Finally,
rescue assay was used to explore the role of KRT17 in HSC
activation and epithelial-mesenchymal transition (EMT).
Results: The expression of KRT17 was higher in the hu-
man and mouse fibrotic liver tissues than in healthy liver
tissues, and it was positively correlated with HSC activa-
tion. Upregulated KRT17 enhanced proliferation, migration,
HSC activation and EMT in LX-2 cells, while knockdown of
KRT17 reversed these effects. TGF-B1 recombinant protein
accelerated KRT17-mediated EMT, HSC activation and pro-
liferation, while TGF-B1 inhibitor counteracted the effect of
KRT17 in vitro. Conclusions: KRT17 promoted HSC activa-
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tion, proliferation and EMT in hepatic fibrosis probably via
TGF-B1 signaling, and KRT17 might serve as a therapeutic
target for the treatment of liver fibrosis.
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Introduction

Hepatic fibrosis, as a consequence of persistent liver dam-
age induced by multiple etiologies, including viral hepatitis,
cholestatic liver diseases, alcoholism, metabolic disorder
and autoimmune conditions,!2 is a protective wound-heal-
ing response featuring extracellular matrix (ECM) deposi-
tion generated by activated hepatic stellate cells (HSCs).34
The incidence of hepatic fibrosis is increasing rapidly across
the world.> HSCs have generally been corroborated to be
the main source of ECM-producing myofibroblasts, inde-
pendent of its etiology.® Increasing evidence shows that
during the process of hepatic fibrosis, HSCs, which contain
retinal lipid droplets, obtain a myofibroblast-like pheno-
type and transdifferentiate into myofibroblasts, and pos-
sess contractile, proliferative and fibrogenic properties.”:8

This process is known as HSC activation, and it leads
to the ECM hyperplasia characterized by the expression
of a-smooth muscle actin (a-SMA), type I collagen alpha
1(Collal), and type III collagen alpha 1 (Col3a1l).%:10
Notably, liver fibrosis progresses gradually and is revers-
ible.11 However, repeated injuries can lead to fundamental
remodeling of hepatic architecture and the destruction of
healthy liver function by orchestrated signaling networks.12
They can ultimately result in more serious liver patholo-
gies, including cirrhosis, liver dysfunction, and end-stage
hepatocellular carcinoma (HCC), which is difficult to reverse
and causes severe morbidity worldwide.13:14 So far, we have
witnessed enormous progress in understanding the patho-
genic mechanisms underlying hepatic fibrosis. However, we
are yet to uncover the complicated mechanisms that can
provide new insights into this disease to treat it effectively.

Epithelial-mesenchymal transition (EMT) is a multistep
and dynamic process, during which phenotypic character-
istics of epithelial cells, including intercellular adhesion and
cell polarity, are lost.15 It is also noteworthy to mention that
they transform into mesenchymal cells, such as fibroblasts,
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and acquire migratory and invasive properties.16 Recent re-
search suggested that EMT plays an important role in wound
healing and liver fibrosis.1” HSCs in the liver can facilitate
their transformation into myofibroblasts and accelerate the
proliferation of HSCs via EMT, thus contributing to hepatic
fibrogenesis through the deposition of ECM in the liver.18
Among numerous mediators concerned with the initiation
of EMT and fibrogenesis, TGF-B1 is a critical multifunctional
cytokine that is produced by injured hepatocytes and plays
pivotal roles in the activation of HSCs and their transfor-
mation to myofibroblasts.1920 The fibrogenic activation of
HSCs by TGF-B1 stimulates self-expression and that of the
other cytokines, consequently exacerbating liver fibrosis.?!
TGF-B1 also favors the EMT of HSCs actions to aggravate
liver fibrosis, which is characterized by the increased pro-
duction of collagen and ECM by HSCs.22

Keratin 17 (KRT17) is a type I keratin protein with a mo-
lecular weight of 48 kDa.23 It belongs to the intermediate
filament family and contains four transmembrane domains
that make up the cytoskeleton,24 which is critical for cell pro-
tection and structural support.?> It was found that KRT17 is
generally distributed in epithelial basal cells and cutaneous
appendages.26 It can be induced in the environment follow-
ing intense inflammation, thereby protecting epithelial cells
from damage or physical stress and maintaining their integ-
rity.2” An increase in KRT17 expression was observed in sev-
eral malignant epithelial tumor tissues and it may function as
a diagnostic marker for diseases such as breast carcinoma,
skin squamous cell carcinoma, and gastric cancer. KRT17
is strongly related to tumorigenesis and poor prognosis of
these cancers.28:2° Furthermore, the occurrence of EMT is
shown to be closely associated with the overexpression of
KRT17, implying a significant role of KRT17 in boosting actin
reorganization, proliferation, migration, and the formation of
the malignant phenotype in carcinoma cells.3931 Nonethe-
less, the answer as to whether KRT17 affects EMT and ac-
tivates HSCs in liver fibrosis remains elusive. Similarly, the
regulation of KRT17 expression in hepatic fibrosis is not well
understood. Therefore, to improve the early diagnosis and
treatment of hepatic fibrosis, uncovering the role of KRT17 in
liver fibrosis seems necessary.

In the current paper, we explored the role of KRT17 in
liver fibrosis both in vivo and in vitro. We found that KRT17
was upregulated in liver fibrosis. Mechanistically, in hepatic
fibrosis, KRT17 promoted the activation of HSCs by induc-
ing EMT, probably via the TGF-B1 pathway. These findings
indicate that KRT17 is a valuable indicator and possibly a
regulatory biomarker of liver fibrogenesis.

Methods
Animals and induction of hepatic fibrosis

C57BL/6 mice (male, 8 weeks-old) were obtained from the
Experimental Animal Center of Nantong Medical University.
To establish animal models of hepatic fibrosis, we randomly
divided the mice into control and fibrosis groups (10 mice
per group). The fibrosis group of mice were administrated
with 25% carbon tetrachloride (CCl,) diluted with olive oil
(5 pL/g weight) via intraperitoneal injection biweekly for
8 weeks. The control group of mice received olive oil with
equal volume intraperitoneally for the same treatment time.
All mice were anesthetized at 24 h after the final injection,
then liver samples were extracted to confirm the successful
construction of a fibrosis model and for further analysis. All
animal experimental protocols were assessed and author-
ized by the ethics Committee of the Affiliated Hospital of
Nantong University.
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Human liver specimens

Coupled specimens of fibrotic and corresponding normal hu-
man liver tissues were obtained from 16 HCC patients who
received surgical operation in the Affiliated Hospital of Nan-
tong University in 2020. Fibrotic liver tissues were excised
from para-carcinoma tissues. The protocols for the collec-
tion of HCC tissues was authorized by the ethical review
committee of the Affiliated Hospital of Nantong University.
The age of patients ranged from 25 to 70 years, among
them were 9 male and 7 female patients. Every patient had
been informed and signed an informed consent form. Liver
specimens were immediately frozen in liquid nitrogen after
surgical resection.

Hematoxylin and eosin staining

Fresh hepatic tissues were excised from mice, and after
fixing in 4% paraformaldehyde for 24 h, they underwent
graded ethanol dehydration and paraffin embedding. Sliced
hepatic tissues at 5-pym thickness were dewaxed and rehy-
drated, followed by hematoxylin and eosin (H&E) staining
to observe histopathological changes in the fibrotic tissue
using light microscopy (H&E, #E607318-0200; BBI Life Sci-
ences, Hong Kong, China).

Sirius red and Masson staining

Liver tissues were also cut with a microtome, and Sirius red
and Masson dye staining were employed to determine col-
lagen deposition and fibrosis extent. Liver specimens were
acquired under an optical microscope (Olympus Opticals,
Tokyo, Japan). Five fields from each liver sample were ran-
domly selected, and the positive red-stained area was semi-
quantitatively measured using Imagel] software.

Construction of tissue microarray and immunohisto-
chemical staining

Tissue microarray (TMA) containing 116 para-carcinoma liver
tissues was generated from samples collected from HCC pa-
tients at the Affiliated Hospital of Nantong University (Nan-
tong, China). Then, cirrhotic and normal liver tissues were
obtained for TMA from 60 patients with follow-up data, in-
cluding 25 cirrhotic and 35 non-fibrotic patients. The 116 ad-
jacent human liver tissues and sliced mice liver sections were
fixed in 4% paraformaldehyde and embedded with paraffin
(5-pm thick) according to an immunohistochemical staining
protocol for histopathological evaluation. Briefly, after depar-
affinization in xylene and hydration in an ethanol gradient,
liver tissue slices were incubated in sodium citrate buffer
for 20 m for antigen retrieval. Then, 3% hydrogen peroxide
(H,0,) was applied for 20 m to block the endogenous per-
oxidase activity of the sections. A 10% goat serum was em-
ployed to seal up the nonspecific sites by incubating for 1 h at
room temperature. After that, the slides were incubated with
primary antibody against a-SMA (1:200, ab124964; Abcam,
Cambridge, UK), Collal (1:200, ab34710; Abcam), Col3al
(1:500, ab6310; Abcam) and KRT17 (1:200, ab109725; Ab-
cam) at 4°C for 24 h. After rinsing three times, the slides
were incubated with biotinylated secondary antibody at room
temperature for 1 h. This was followed by staining with 3,
3’-diaminobenzidine tetrahydrochloride (DAB) to visualize
KRT17, a-SMA, Collal and Col3al expression. All the sec-
tions underwent counterstaining and dehydration. Finally, a
microscope was used to observe areas positive for KRT17,
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Table 1. Primer sequences used for RT-qPCR

Gene Forward primer (5'-3’) Reverse primer (5'>3’)
Mouse
KRT17 GTTTACCTCCTCCAGCTCTATC GTAGCAGCTGGAATAACTGTTG
a-SMA CGGGAGAAAATGACCCAGATT AGGGACAGCACAGCCTGAATAG
Collal GGAGAGTACTGGATCGACCCTAAC ACACAGGTCTGACCTGTCTCCAT

GAPDH TGTTCCTACCCCCAATGTGTCCGTC
Human
KRT17 GGTGGGTGGTGAGATCAATGT
a-SMA AGGCACCCCTGAACCCCAA
Collal CCCGGGTTTCAGAGACAACTTC
Smad?2 CCGACACACCGAGATCCTAAC
E-cadherin GCTGGACCGAGAGAGTTTCC
N-cadherin GGGAAATGGAAACTTGATGGCA
Vimentin CGAAACTTCTCAGCATCACG
Snaill TCGGAAGCCTAACTACAAGCGA
GAPDH AATGGGCAGCCGTTAGGAAA

CTGGTCCTCAGTGTAGCCCAAGATG

CGCGGTTCAGTTCCTCTGTC
CAGCACCGCCTGGATAGCC
TCCACATGCTTTATTCCAGCAATC
GAGGTGGCGTTTCTGGAATATAA
CAAAATCCAAGCCCGTGGTG
CAGTTGCTAAACTTCACTGAAAGGA
GCAGAAAGGCACTTGAAAGC
AGATGAGCATTGGCAGCGAG
GCCCAATACGACCAAATCAGAG

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

a-SMA, Collal and Col3al, and immunoreactive cells were
quantified using Image] software.

Cell culture and treatment

Human immortalized HSCs (the LX-2 cell line) were cultivat-
ed in complete Dulbecco’s modified Eagle’s medium, which
contained 10% fetal bovine serum and 1% penicillin-strep-
tomycin (NCM Biotech, Suzhou, China) in an incubator with
5% CO, at 37°C. HSC activation was induced by applying
recombinant human TGF-B1 (abs04204; Absin, Shanghai,
China). When the LX-2 cells’ density grew to 80%, they
were serum starved for 12 h before 10 ng/mL TGF-B1 treat-
ment. To reverse LX-2 cell activation, they were treated by
adipogenic differentiation mixture (MDI; Sigma, St. Louis,
MO, USA) for 48 h, which was made up with 0.5 mM isobu-
tylmethylxanthine, 1 uM dexamethasone and 1uM insulin.32

Immunofluorescence staining

For immunofluorescence staining, LX-2 cells were inoculated
on 24-well plates and cultured in a 37°C incubator. The LX-2
cells were then fixed in 4% paraformaldehyde for 30 m before
treatment with 0.5% Triton X-100 for 20 m at room tempera-
ture, then blocked with 1% bovine serum albumin for 1.5 h
to avoid unspecific staining. Next, the cells were probed with
anti-rabbit KRT17 (1:500) and anti-rabbit a-SMA (1:500) di-
luted in 1% bovine serum albumin at 4°C overnight, followed
by peroxidase-conjugated secondary antibodies (1:200) in
the dark for 2 h at 37°C. Finally, the nuclei counterstaining
was carried out by applying DAPI and the fluorescence was
captured using upright fluorescent microscope.

Cell transfection

LX-2 cells were cultured in six-well plates the day before
transfection. When the cells were approximately 70% con-

fluent, the medium was converted to serum-free medium in
order to transfect with KRT17 overexpressing plasmid and
its empty control vectors (TransSheep Bio Co. Ltd, Shang-
hai, China), small interfering RNA (siRNA) targeting KRT17
(KRT17-siRNA) and its negative control siRNA (siCtrl). Over-
expression or knockdown of KRT17 was conducted by applying
Lipofectamine 2000 transfection reagent (Invitrogen, Shang-
hai, China) to LX-2 cells. The KRT17-siRNA and siCtrl were
projected and synthesized by Genechem (Shanghai, China).
Sequences of the siRNAs used are as follows: KRT17-ho-
mo-762 siRNA (sense, 5'-GGUGGGUGGUGAGAUCAAUTT-3’
and antisense, 5’-AUUGAUCUCACCACCCACCTT-3"), KRT17-
homo-461 siRNA (sense, 5'-GCCAGUACUACAGGACAAUTT-3’
and antisense, 5’-AUUGUCCUGUAGUACUGGCTT-3"), KRT17-
homo-531 siRNA (sense, 5'-CCUGCUACAGAUUGACAAUTT-3’
and antisense, 5’-AUUGUCAAUCUGUAGCAGGTT-3’), nega-
tive control siRNA (sense, 5’-UUCUCCGAACGUGUCAC-
GUTT-3’ and antisense, 5'-ACGUGACACGUUCGGAGAATT-3").
The serum-free medium was substituted for complete Dul-
becco’s modified Eagle’'s medium at 6 h post-transfection.
Cells were harvested after 48 h to confirm the transfection
efficiency by real-time quantitative polymerase chain reac-
tion (RT-gPCR) and western blotting. Post-transfected LX-2
cells were harvested for further analysis.

RNA extraction and RT-qPCR

Total RNA from frozen liver tissues or LX-2 cells was ex-
tracted by TRIzol reagent (Ambion, Austin, TX, USA), and
the concentration of RNA was detected by Nanodrop 8000
(Thermo Fisher Scientific, Waltham, MA, USA). The first-
strand cDNA synthesis kit (Vazyme, Nanjing, China) was
purchased to reversely transcribe RNA. Subsequently, the
RT-gPCR experiment was carried out using a SYBR Green
PCR Kit (Qiagen, Hilden, Germany) on a Roche Light Cy-
cler 480 system (Roche Holding AG, Basel, Switzerland) to
quantify the mRNA expressions. GAPDH was regarded as an
endogenous reference gene. Primer sequences were pur-
chased from Sangon Biotech (Shanghai, China). The primer
sequences are listed in Table 1.
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Western blot analysis

Cells were lysed in RIPA lysis buffer (Beyotime, Jiangsu,
China), then the cell lysate underwent 12,000 rpm centrifu-
gation at 4°C for 10 m to collect the supernatants. The su-
pernatants were boiled at 100°C for 15 m in a 5x sodium
dodecyl sulphate loading buffer to obtain protein samples.
Proteins were separated on SDS-PAGE and electro-trans-
ferred to polyvinyl difluoride membranes (Millipore, Burl-
ington, MA, USA). Followed by application of tris-buffered
saline with Tween-20 containing 5% skim milk to block the
membranes at room temperature for 1.5 h and incubated
with diluted primary antibodies against a-SMA (1:10,000,
ab124964; Abcam), Collal (1:1,000, ab34710; Abcam),
phospho-Smad2 (1:1,000, 3108P; Cell Signaling Technol-
ogy, Danvers, MA, USA), Smad2 (1:1,000, 5339P; Cell
Signaling Technology), KRT17(1:1,000, ab109725, Ab-
cam), E-Cadherin(1:1,000, 24E10, Cell Signaling Technol-
ogy), vimentin (1:1,000, D21H3; Cell Signaling Technol-
ogy), Snaill (1:1,000, C15D3; Cell Signaling Technology),
Smad4 (1:1,000, D3M6VI Cell Signaling Technology) and
GAPDH (1:5,000, 6004-1-Ig; Proteintech, Rosemont, IL,
USA) at 4°C for 24 h. After washing with TBST for three
times and incubating with species-specific antibodies for
100 m at room temperature, target bands were visualized
by a bioimaging system (Bio-Rad, Hercules, CA, USA) using
an enhanced chemiluminescent kit (NCM Biotech, Suzhou,
China). GAPDH was employed as the internal reference, and
finally protein bands were quantified by Image J software.

Cell proliferation assay

LX-2 cells were added to 96-well plates containing 3x103
cells per well after transfection with KRT17 overexpressing
plasmid and KRT17-siRNA and both their controls for 48 h.
Cell vitality was measured by the Cell Counting Kit-8 (CCK-
8; Vazyme) at 0, 1, 2 and 3 days. Each well was given a 10
uL aliquot of CCK-8 and cultured in incubator at 37 °C for 4
h before detection. We determined the absorbance at 450
nm on an automated microplate reader (Bio-Rad).

Cell cycle analysis

The Cell Cycle Analysis Kit (Solarbio, Beijing, China) was
used to examine cell cycle. Transfected LX-2 cells were col-
lected and washed with pre-cooled phosphate-buffered sa-
line three times, then they were fixed with 70% cold etha-
nol at 4°C overnight. LX-2 cells were washed by pre-cooled
phosphate-buffered saline once again after centrifugation,
resuspended with 100 pL RNase A at 37°C to avoid light for
20 m and stained with 200 pL propidium iodide (PI) on ice
for 20 m. We employed a flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA) for cell cycle analysis, then cell
cycle distributions were quantified by ModFit software pack-
age (Verity Software House, Topsham, ME, USA).

Wound healing and Transwell assays

Wound healing and Transwell assays were conducted to
affirm cell migration. In wound healing assays, transient
transfected LX-2 cells (5% 10> per well) were added in a six-
well plate and cultured in a 37°C incubator. Until they were
completely confluent, scratches were created with a 200 pL
pipette tip, then the medium was replaced with serum-free
medium after washing cells with phosphate-buffered saline
three times to remove non-adherent cells. The images of
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wound areas were photographed at 0 and 24 h under a mi-
croscope after scratches were generated. The cell migration
rate was quantified by GraphPad Prism 8.0.2 software. For
the Transwell assay, 200 pL cell suspensions in serum-free
Dulbecco’s modified Eagle’s medium containing transfected
cells (5x10% cells) were inoculated to the upper chamber
of the Transwell insert (8-um pore size; Corning, Corning,
NY, USA). The lower chamber was inoculated with 600 pL
of 20% fetal bovine serum Dulbecco’s modified Eagle’s me-
dium. At 24 h post-incubation, the unmigrated cells were
cleaned with a swab and migrated cells were then fixed in
4% paraformaldehyde and stained with 0.1% crystal vio-
let for 15 m at room temperature. Three randomized views
were photographed under an upright microscope and the
migratory cells were counted and quantified by the Graph-
Pad Prism 8.0.2 software.

Statistical analysis

The values in our analysis are shown as the mean+standard
error (SE). All values were obtained from at least three in-
dependent assays. Statistical analyses were conducted with
GraphPad Prism 8.0.2 software for Windows. Two-tailed
Student’s t-test was conducted to compare the differences
between two groups. A p value less than 0.05 was recog-
nized to be statistically significant.

Results

KRT17 was upregulated in human and mouse liver
fibrotic tissues

To explore the role of KRT17 in the development of liver
fibrosis, we first measured the expression of KRT17 in hu-
man and mouse liver fibrotic tissues. In cirrhotic tissues
(n=25) from TMA, the expression of KRT17 was higher than
the healthy liver tissues (n=35) from TMA, as measured us-
ing immunohistochemistry and gRT-PCR assays (Fig. 1A and
1B). The same result was obtained when KRT17 expression
was measured using RT-qPCR and western blotting (Fig. 1C,
D). Similarly, the expression of a-SMA, a marker of HSC
activation, was significantly higher in liver fibrotic tissues
compared to the healthy liver tissues (Fig. 1C, D). Next,
we successfully established a mouse model of liver fibrosis
by injecting CCl, intraperitoneally and verified by means of
H&E, Sirius red, and Masson'’s trichrome staining (Fig. 1E).
The immunohistochemical staining revealed that the con-
comitant expression of KRT17, a-SMA, Collal, and Col3al
along the fibrotic septa were higher in CCl,-injected livers
than the control ones (Fig. 1F). Meanwhile, we also found
that the expression of KRT17, a-SMA, and Collal increased
in CCl,-treated mice (Fig. 1G, H). Collectively, our results
indicated that KRT17 is associated with HSC activation and
collagen deposition, which suggested that KRT17 contrib-
uted to the progression of hepatic fibrosis.

KRT17 was elevated in TGF-B1-activated LX-2 cells
and restored after MDI treatment in vitro

The expression of KRT17 in liver fibrotic tissues was corre-
lated with a-SMA, and we, therefore, explored the relation
between KRT17 expression and HSC activation in vitro. LX-2
cells were treated with different concentrations of TGF-1 re-
combinant protein for 24 h to induce the activation of HSCs.
Following the treatment, it was observed that the expres-
sion of a-SMA and Collal was elevated in a dose-depend-
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ent manner (Fig. 2A). Thus, a concentration of 10 ng/mL of
TGF-B1 was used in the following experiments. After stimu-
lation with 10 ng/mL of TGF-B1 for the indicated periods,
the mRNA and protein levels of a-SMA and Collal in LX-2
cells were detected as early as 6 h and they subsequently
increased and peaked at 24 h. Interestingly, KRT17 mRNA
and protein levels were unchanged until 24 h of TGF-B1
treatment, which further suggested that KRT17 expression
increased in the later stages of HSC activation (Fig. 2B, C).
To further affirm the dynamic change in KRT17 expression
during the activation of HSCs, we conducted immunofluo-
rescence mono-staining of KRT17 and a-SMA in LX-2 cells
treated with TGF-B1 for 0 and 24 h. It was observed that
the fluorescence intensities of KRT17 (green) and a-SMA
(red) were enhanced at 24 h of TGF-1 treatment (Fig. 2D).
Previous studies have found that myofibroblasts can be re-
verted to quiescent hepatic stellate cells upon treatment
with MDI.32 We, therefore, incubated LX-2 cells with MDI af-
ter TGF-B1 treatment. Compared to treatment with TGF-B1
alone, the protein levels of a-SMA and Collal were lower in
LX-2 cells treated with MDI and TGF-1, demonstrating that
the activated LX-2 cells were reverted successfully by MDI
in vitro. Consistently, KRT17 protein expression was also
restored in cells treated with MDI (Fig. 2E). Taken together,
these data indicated that KRT17 was positively correlated
with the activation of HSCs in vitro.

KRT17 promoted the proliferation and migration of
LX-2 cells

Considering the increased KRT17 expression in liver fibrotic
tissues and its correlation with HSC activation, we won-
dered whether KRT17 contributed to HSC proliferation and
migration. Gain- and loss-of-function analyses were carried
out using KRT17-overexpressed plasmid and siRNA target-
ing KRT17 (KRT17-siRNA), respectively (Fig. 3A). Results of
the CCK-8 assay demonstrated that the overexpression of
KRT17 promoted the proliferation of LX-2 cells, while knock-
down of KRT17 inhibited it (Fig. 3B). To elucidate the un-
derlying mechanism of KRT17-induced increase in LX-2 cell
proliferation, we analyzed the cell cycle phase distribution
using flow cytometry. The results showed that the overex-
pression of KRT17 decreased the cells in the G1 phase com-
pared to control, while knockdown of KRT17 induced G1
arrest more prominently compared to the negative control
(Fig. 3C, D). Next, cell migration analysis was conducted to
explore the impact of KRT17 on the migratory potential of
LX-2 cells. Results from the Transwell assay demonstrated
that LX-2 cells transfected with KRT17-overexpressed plas-
mids or siRNA displayed notably increased or reduced mi-
gration ability, respectively, compared to the control cells
(Fig. 3E, F). In addition, results from the wound healing
assay showed that compared with control groups, overex-
pression or knockdown of KRT17 led to a higher or lower
wound closure rate, respectively, in LX-2 cells (Fig. 3G, H).
Collectively, these results suggested that KRT17 enhanced
the proliferation and migration of LX-2 cells.

KRT17 promoted EMT and the activation of LX-2 cells

It has been previously reported that HSCs can differentiate
into collagen-producing myofibroblasts via EMT. We wanted
to check whether KRT17 is involved in EMT and HSC activa-
tion. We checked the expression of EMT-related genes and
a-SMA in LX-2 cells after overexpression or knockdown of
KRT17. The results unveiled that the expression levels of
E-cadherin, an epithelial cell marker, were downregulated in
LX-2 cells transfected with KRT17-overexpressing plasmid,
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while those of a-SMA and the mesenchymal cell markers N-
cadherin, vimentin, and Snaill were upregulated (Fig. 4A,
B). Also, knockdown of KRT17 reduced the expression of
a-SMA, N-cadherin, vimentin, and Snaill, and upregulated
that of E-cadherin (Fig. 4C, D). These results demonstrated
that KRT17 induced EMT and HSC activation.

KRT17 promoted HSC activation via EMT in a TGF-81-
dependent manner

We demonstrated that the expression levels of EMT-related
proteins N-cadherin, vimentin, and Snaill were upregulated
in LX-2 cells treated with TGF-B1 recombinant protein in
a time-dependent manner (Fig. 5A), and KRT17 regulated
EMT (Fig. 4). Since the TGF-B1 signaling pathway plays a
pivotal role in EMT progression, we speculated that KRT17-
induced HSC activation may correlate with TGF-B1-induced
EMT. LX-2 cells were treated with LY2109761, a selective
TGF-B1 receptor type I/II (TBRI/II) dual inhibitor, for 24
h after transfection with KRT17-overexpressing plasmid or
an empty plasmid as control. The results showed that the
upregulated a-SMA, EMT-related proteins, and p-Smad?2 in-
duced by KRT17 were counteracted in LX-2 cells treated with
LY2109761 (Fig. 5B, C). Our findings implied that TGF-f1
inhibitor partially mitigated the effect of KRT17 on EMT and
HSC activation. When we transfected LX-2 cells with siRNA-
KRT17 and siRNA-NC before treatment with TGF-B1 for 24
h, we found that knockdown of KRT17 significantly inhibited
EMT and the activation of HSCs induced by TGF-B1 (Fig.
5D, E). Given that KRT17 promoted LX-2 cell proliferation
and TGF-B1 also triggered HSC proliferation, we suspected
KRT17 could induce proliferation of LX-2 cells depending on
TGF-B1 signaling. We found that the proliferation of LX-2
cells was prominently impaired in LY2109761-treated cells
expressing high levels of KRT17 (Fig. 5F). Collectively, these
results indicated that KRT17 facilitated HSC activation via
EMT in a TGF-B1-dependent manner, and the proliferation of
HSCs induced by KRT17 was also TGF-B1l-dependent.

Discussion

Liver fibrosis progresses with the accumulation of ECM pro-
teins and gradually destroys the normal architecture of the
hepatic parenchyma, ultimately leading to hepatic dysfunc-
tion and more severe consequences.3:12 For a long time, liv-
er fibrosis was considered intractable because anti-fibrotic
drugs exhibited poor patient outcome.33 Upon liver damage,
gHSCs transdifferentiate into collagen-producing myofibro-
blasts that produce ECM and contribute to liver fibrosis.34
Hence, suppressing the activation of HSCs has been pro-
posed as a treatment for recovery from liver fibrosis.35:36
Nevertheless, the underlying molecular mechanisms of this
disease and the potential targets for treatment have not
been studied in-depth. In the current paper, we focused on
the expression and the role of KRT17 in hepatic fibrosis. The
results revealed that KRT17 was upregulated in CCl,-medi-
ated mouse fibrotic liver tissues, human fibrotic liver sam-
ples, and TGF-B1-activated LX-2 cells, while it was restored
to normal levels after LX-2 cells were inactivated using MDI.
The expression of KRT17 was consistent with the markers
of activated myofibroblasts (a-SMA and Collal). Further-
more, higher expression of KRT17 facilitated proliferation,
migration, and activation of HSCs, mediated by EMT via
TGF-B1 signaling. The current study reports pioneering re-
sults revealing the role of KRT17 in hepatic fibrosis. These
findings imply that KRT17 exerts a regulatable function in
liver fibrosis and may serve as a potential biomarker for the
treatment of hepatic fibrosis.
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KRT17, a member of the epithelial keratin family, is in-
volved in multiple biological processes,37:38 such as cell
growth and skin immune response, and is inducible under
trauma, epidermal oxidative stress, chemical stimulus, and
other pathological conditions.38 Similarly, upregulation of
KRT17 and its pro-oncogenic properties have been shown to
positively regulate cancer cell growth, migration, and inva-
sion in several tumors.303° Recent studies have confirmed
the involvement of KRT17 in EMT, which can lead to malig-
nancy in tumor cells by inducing invasion and migration.3!
However, the role of KRT17 in hepatic fibrosis is still un-
known. In our study, KRT17 expression was upregulated in
mouse and human fibrotic livers and correlated with a-SMA
expression, which may imply a potential role of KRT17 in
HSC activation and EMT. To elucidate the effect of KRT17
on HSCs in-depth, we transiently overexpressed or knocked
down KRT17 in LX-2 cells. The results demonstrated that
KRT17 overexpression increased LX-2 cell proliferation and
migration abilities. Forced expression of KRT17 boosted
EMT and HSC activation, along with an increase in the lev-
els of mesenchymal markers (N-cadherin, vimentin, Snaill,
and a-SMA) and loss of epithelial biomarkers (E-cadherin)
in LX-2 cells. Knockdown of KRT17 inhibited these effects.
Thus, we speculated that KRT17 may facilitate hepatic fibro-
sis by regulating EMT and HSC activation.

TGF-B1 is recognized as a potent pro-fibrogenic cytokine
involved in myofibroblast activation.4? HSCs seldom express
TGF-B1 under normal conditions but upon liver injury, its
expression increases. Previous research has shown that
TGF-B1 also participates in EMT induction, thus facilitating
fibrogenesis by promoting the activation of ECM-produc-
ing interstitial cells.?2 Consistent with our findings in vivo,
KRT17 expression was higher in TGF-B1-treated LX-2 cells
in a dose- and time-dependent manner, in vitro. To con-
firm the relation between KRT17 and HSC activation, we
blocked TGF-B1 signaling using its inhibitor LY2109761 after
overexpressing KRT17 in LX-2 cells. We found that forced
expression of KRT17 reinforced phosphorylation of Smad2,
the effector of the TGF-B1 signaling pathway,*! accompa-
nied by elevated expression of a-SMA, N-cadherin, vimen-
tin, and Snaill, which was partially relieved by LY2109761.
Likewise, inhibition of KRT17 suppressed EMT and the ac-
tivation of HSCs, and these effects were rescued follow-
ing treatment by TGF-B1. Taken together, KRT17 activates
HSCs via EMT during liver fibrosis, at least in part, through a
TGF-B1-dependent mechanism. Several studies have shown
that, in addition to the TGF-B1 signaling pathway, the Wnt
pathway is also activated in hepatic fibrosis both in vivo and
in vitro, which contributes to the progression of the disease
by activating HSCs and EMT.42-44 Because KRT17 can ac-
tivate the Wnt pathway and upregulate its core effectors
such as B-catenin, C-myc, and CyclinD1 in some diseases,3°
we speculate that the Wnt pathway plays a critical role in
promoting the effects of KRT17 on EMT and HSC activation.
However, further studies are warranted to elucidate the ex-
act mechanisms.

To sum up, multiple lines of evidence from our current
study suggest that KRT17 may mediate EMT and the acti-
vation, proliferation, and migration of HSCs by increasing
TGF-B1 signaling, consequently accelerating the progres-
sion of hepatic fibrosis. To the best of our knowledge, our
study is the first to report the regulatory function of KRT17
in hepatic fibrosis. However, our study has a few shortcom-
ings. First, the smaller sample size of 10 C57B/L6 mice
per group may have influenced the results. Further studies
should be performed using a larger sample size. Second, al-
though the role of KRT17 in liver fibrosis demonstrated in in
vitro studies cannot be extrapolated to real-life, the use of
in-depth technologies, such as KRT17 knockout mice mod-
els, are requisites to explore the comprehensive mechanism
of KRT17 in vivo. Finally, the specific mechanism underlying

the regulation of TGF-B1 by KRT17 is poorly understood and
other signaling pathways that may be involved remain to
be explored.

Looking ahead, KRT17 is involved in the critical processes
in the progression of liver fibrosis and is a promising can-
didate for anti-fibrotic therapies. We aim to further inves-
tigate the intricate role of KRT17 in liver fibrosis and the
development of anti-fibrotic therapies.

Conclusions

KRT17 was significantly overexpressed in liver fibrosis and
restored during its reversal. KRT17 induced EMT and there-
by aided in the activation, migration, and proliferation of
HSCs, partially via the TGF-B1 signaling pathway. There-
fore, KRT17 may be a potential biomarker and target for the
treatment of liver fibrosis.
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