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The Kruppel-like factor 4-signal transducer and activator
of transcription 5A axis promotes pancreatic fibrosis in
mice with caerulein-induced chronic pancreatitis
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Abstract: Pancreatic fibrosis (PF) is a hallmark of chronic pancreatitis (CP), but its molecular mechanism remains
unclear. This study was conducted to explore the role of Kruppel-like factor 4 (KLF4) in PF in CP mice. The CP
mouse model was established using caerulein. After KLF4 interference, pathological changes in pancreatic tissues
and fibrosis degree were observed by hematoxylin-eosin staining and Masson staining, and levels of Collagen I,
Collagen Ill, and alpha-smooth muscle actin, inflammatory cytokines, KLF4, signal transducer and activator of
transcription 5A (STAT5) in pancreatic tissues were measured by enzyme-linked immunosorbent assay, quantitative
real-time polymerase chain reaction, Western blot assay, and immunofluorescence. The enrichment of KLF4 on
the STAT5 promoter and the binding of KLF4 to the STAT5 promoter were analyzed. The rescue experiments were
performed by co-injection of sh-STAT5 and sh-KLF4 to confirm the regulatory mechanism of KLF4. KLF4 was
upregulated in CP mice. Inhibition of KLF4 effectively attenuated pancreatic inflammation and PF in mice. KLF4
was enriched on the STAT5 promoter and enhanced the transcriptional and protein levels of STAT5. Overexpression
of STATS reversed the inhibitory role of silencing KLF4 in PF. In summary, KLF4 promoted the transcription and
expression of STAT5, which further facilitated PF in CP mice.
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Introduction

Chronic pancreatitis (CP) is a pancreatic fibrosis (PF)
syndrome associated with genetic, environmental, and/
or other risk factors, characterized by pathological fea-
tures, including PF, acinar injury, pancreatic calcifica-
tion, exocrine and endocrine dysfunction [1]. Pancre-
atic fibrosis (PF) is one of the most typical pathological
hallmarks of CP in response to substantial injury or
pressure, characterized by excessive deposition of ex-
tracellular matrix (ECM) and collagen fibers [2]. In the
CP microenvironment, there is an inseparable relation-
ship between PH and pancreatic inflammation as inflam-
matory mediators [e.g., tumor necrosis factor-alpha

(TNF-a) and some ILs] produced by infiltrating inflam-
matory cells, can transform pancreatic stellate cells from
fat-storing cells to myofibroblast-like cells, leading to
fibrosis [3, 4]. The incidence and prevalence of CP is
rising due to increasing awareness and improved imag-
ing modalities and no curative treatment is available [5,
6]. For this reason, it remains necessary to explore
novel molecular biomarkers for PF to extend treatment
options for PF.

Kruppel-like factor 4 (KLF4), a zinc-finger transcrip-
tion factor of the KLF family, plays physiological func-
tions in various tissues and organs, including the pan-
creas [7, 8]. Of note, KLF4 can either activate or repress
inflammatory signals and thus participates in inflamma-
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tory disorders, such as esophageal epithelial inflamma-
tion, nephritis, and atherosclerosis [9—11]. Meanwhile,
KLF4 recruitment is potent to accelerate chronic wound
healing [12]. Besides, KLF4 can directly promote the
expression of profibrotic genes, such as transforming
growth factor-p (TGF-B) and connective tissue growth
factor (CTGF), contributing to organ fibrosis [13, 14].
Most significantly, KLF4 is noted to be upregulated in
mice with acute pancreatitis and promote the progression
of pancreatitis [15]. However, its role in PF remains
unknown.

On another note, KLF4 has a transcriptional active
domain and an inhibitory domain, which can change the
positive and negative regulation of its downstream target
genes [16]. Signal transducer and activator of transcrip-
tion 5A (STATS), one of the best-characterized members
of the STAT family, can be activated by plenty of cyto-
kines and growth factors, and persistent activation of
STATS is prone to chronic inflammation [17]. Intrigu-
ingly, inflammatory stress triggers the overproduction
of STATS and STATS ablation attenuates pancreatic
inflammation and fibrosis in the animal model of CP
[18]. Moreover, the JASPAR database predicted the
binding of KLF4 to the STATS promoter, suggesting the
role of KLF4 in the transcriptional activation of STATS.
Nonetheless, it is unclear whether KLF4 promotes PF
by activating STATS in CP.

Taking the aforementioned evidence into consider-
ation, it is reasonable to hypothesize that KLF4 partici-
pates in the development of PF in the context of CP by
regulating STATS. The caerulein model is the most
frequently used model of CP and can cause PF [19]. In
the current study, we established the model of CP using
injections of caerulein and strived to explore the mo-
lecular mechanism PF in the context of CP.

Materials and Methods

Establishment and treatment of the pancreatitis
mouse model

All animal experiments got the approval of the Animal
Care and Use Committee of Chengdu First People’s
Hospital and followed the Guide for the Care and Use
of Laboratory Animals [20]. C57BL/6J mice (6—8 weeks,
male) were procured from Beijing Vital River Labora-
tory Animal Technology Co., Ltd. (Beijing, China, li-
cense No: SCXK (Beijing) 2019-0009). According to a
prior study [21], Caerulein (MedChemExpress Co., Ltd.,
Monmouth Junction, NJ, USA) was dissolved in sterile
saline and intraperitoneally injected into CP mice (twice
every day, with an interval of 8h for consecutive 14 days,
at a concentration of 250 ug/kg). Healthy control (sham)
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mice were intraperitoneally injected with an equal vol-
ume of sterile saline, and the injection times were the
same as those in the model group. After 14 days, each
mouse was euthanatized (200 mg/kg pentobarbital so-
dium, i.p.) to remove pancreatic tissue, which was
quickly frozen in liquid nitrogen later. There were 12
mice per group, with 6 ones used for histological stain-
ing and the remaining 6 ones used for tissue homogenate
to measure levels of genes and proteins.

Lentivirus-packaged short hairpin (sh) RNA of KLF4
(sh-KLF4), pcDNA3.1-STATS overexpression vector
(0e-STATS), and their controls sh-NC and pcDNA3.1
empty vector (oe-NC) were provided by Hanbio Bio-
technology Co., Ltd. (Shanghai, China). Mice were in-
traperitoneally injected with 200 ul viruses on the 1st
day of the 14-d caerulein injection (virus titer = 1.0 X
10'0 virus genomes/ml).

Histological staining

Pancreatic tissues were fixed in 10% neutral buffered
formalin, dehydrated with ethanol, and embedded in
paraffin for regular histological examination. Paraffined
tissues were cut into 5 um sections, followed by hema-
toxylin-eosin (H&E) and Masson staining, and immu-
nofluorescence. H&E-stained sections from each group
were observed at 4-5 random visual fields and subjected
to blind scoring according to histological parameters,
including edema, inflammatory cell infiltration, acinus
necrosis, acinus atrophy, and fibrosis [22], with the scor-
ing criteria shown in Table 1. Masson staining was used
to evaluate collagen deposition, and the fibrosis area was
quantified by Masson’s staining area in ImageJ software.
The percentage of fibrosis area was calculated as the
ratio of fibrosis area to the entire pancreas area. The
immunohistochemical fluorescence staining was con-
ducted to determine the expression of KLF4 (1:1,000,
ab214666, Abcam) and STATS (1:1,000, ab32043, Ab-
cam) in pancreatic tissue. The area of positive expression
was calculated using ImageJ software.

ELISA

The contents of pancreatitis-related inflammatory cy-
tokines were determined using ELISA kits. According
to the manufacturer’s protocol (R&D System, Inc., Min-
neapolis, MN, USA), levels of TNF-a (MTAO00B), IL-1P
(MLBO00C), and IL-6 (M6000B) in pancreatic tissues
were measured and the concentration was presented as
pg/mg protein.

Quantitative real-time polymerase chain reaction
(qRT-PCR)
The total RNA was extracted from pancreatic tissues
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Table 1. Histopathologic scoring system of chronic pancreatitis

Histology Score Definition
Inflammatory cell infiltration 0 no infiltrate
1 mild infiltrate
2 moderate infiltrate
3 severe infiltrate
Perilobular fibrosis 0 Absent
1 Mild
2 Moderate
3 Severe
Interlobular fibrosis 0 Absent
1 Fibrosis between 2 and 3 lobules
2 Fibrosis between < 50% of lobules
3 Fibrosis between > 50% of lobules
Intralobular fibrosis 0 Absent
1 Fibrosis limited to 1-2 lobule (s)
2 Fibrosis in < 50% of lobules
3 Fibrosis in > 50% of lobules
Acinar atrophy 0 Absent
1 Focal atrophy in 1-2 lobule (s)
2 Focal atrophy in < 50% of lobules
3 Focal atrophy in > 50% of lobules

using the TRIzol reagent and reverse-transcribed into
the complementary DNA using a reverse transcription
assay kit (Takara, Kyoto, Japan). The mRNA level was
determined by qPCR using the SYBR Green Master Mix
(Toyobo Co., Ltd., Osaka. Japan). With GAPDH as the
internal control of mRNA, the relative expression amount
was calculated according to the 2-22Ct method [23]. PCR
primers are shown in Table 2.

Western blot assay

The total protein was extracted from the homogenate
of pancreatic tissue and protein concentration was quan-
tified using the bicinchoninic acid kit (Invitrogen,
Waltham, MA, USA). Subsequently, the protein sample
was separated using sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and transferred onto polyvi-
nylidence fluoride membranes (Millipore, Billerica, MA,
USA), followed by 1 h blockade with 5% skim milk.
Next, the membranes were incubated with primary an-
tibodies at 4°C overnight, washed thrice with TBS with
Tween-20, and incubated with secondary antibody IgG
(1:2,000, ab205718, Abcam, Cambridge, MA, USA) at
20°C for 90 min. Eventually, Western bands were quan-
titatively analyzed using ImageJ version 1.52 software.
Primary antibodies included: KLF4 (1:1,000, ab214666,
Abcam), STAT5 (1:1,000, ab32043, Abcam), Collagen
I (1:1,000, ab260043, Abcam), Collagen III (1:5,000,
ab7778, Abcam), alpha-smooth muscle actin (a-SMA,
1:1,000, ab5694, Abcam), and GAPDH (1:10,000,
ab181602, Abcam).

Table 2. Information of PCR primers

Gene Sequence (5°-3”)
KLF4 F: GAAGCGACTTCCCCCACTTCCCG
R: GGATGAAGCTGACGCCGAGGTG
STATS F: GCGGGCTGGATTCAGGCCCAGCA
R: GGTGCTCCGCCTTCTTCTGCAGCT
GAPDH F: ATGCTGCCCTTACCCCGGGGT

R: TTACTCCTTGGAGGCCATGTAG

F: CCCCACCTGCCCAGTGAGTATCT
R: AATGTCTCTCTGTCAACCGTGCT

STATS5 promoter

Chromatin immunoprecipitation (ChlP) assay

The ChIP assay was conducted according to the in-
structions of the ChIP assay kit (Thermo Fisher Scien-
tific, Waltham, MA, USA). Pancreatic tissues were lysed
using radioimmunoprecipitation assay buffer (Sigma, St.
Louis, MO, USA), fixed with 1% methanal to crosslink
DNA and protein, and processed with ultrasonic treat-
ment to fragment DNA. Then, chromatins were incu-
bated with antibodies against KLF4 (ab214666, Abcam)
and IgG (ab172730, Abcam) at 4°C overnight and puri-
fied using a fragmented DNA purification assay kit (In-
tron Biotechnology, Seoul, Korea), followed by RT-
qPCR analysis. The primer of the STATS promoter is
shown in Table 2.

Dual-luciferase assay

The binding site of KLF4 to the promoter sequence
of STATS was predicted on the JASPAR database (http://
jaspar.genereg.net/) [24]. The promoter sequence of
STATS containing the binding site with KLF4 was in-
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serted into luciferase reporter vectors (Promega, Madi-
son, WI, USA) to construct the STATS promoter wild-
type plasmid (STAT5-WT). Likewise, the promoter
sequence of STATS containing the mutant binding site
was inserted into the vectors to construct STATS5-mutant
type (MUT). The above plasmids were co-transfected
with oe-KLF4 or oe-NC into 293T cells (ATCC, Manas-
sas, VA, USA) using Lipofectamine 3000. After 48 h,
the luciferase activity was analyzed using a dual-lucif-
erase reporter gene assay kit (Promega).

Statistical analysis

Data statistical analysis and graphing were conducted
by SPSS21.0 statistical software (IBM Corp., Armonk,
NY, USA) and GraphPad Prism 8.0 software (GraphPad
Software Inc., San Diego, CA, USA). Data complied
with normal distribution and homogeneity of variance.
Data between two groups were analyzed by the ¢ test,
and data among multiple groups were analyzed by one-
way or two-way analysis of variance (ANOVA), fol-

Inflammatory infiltrate

lowed by Tukey’s multiple comparison test. Data of
histological scoring in two panels were analyzed by
Mann-Whitney test and in multiple panels were analyzed
by Kruskal-Wallis test. A value of P<0.05 was indicative
of statistical significance, and a value of P<0.01 was
indicative of highly statistical significance.

KLF4 is upregulated in pancreatic tissues of CP
mice

The CP mouse model was established through the
injection of caerulein. Pancreatic tissues of CP mice
presented evident inflammatory cell infiltration, acinus
degeneration (granular or vacuolar-like), and acinus
atrophy (P<0.01, Fig. 1A). Levels of TNF-a, IL-1p, and
IL-6 were increased (P<0.01, Fig. 1B). Furthermore,
KLF4 was found to be highly expressed in pancreatic
tissues of CP mice (P<0.01, Figs. 1C-E).
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Fig. 1. Kruppel-like factor 4 (KLF4) is upregulated in pancreatic tissues of chronic pancreatitis (CP) mice. The CP mouse model
was established by injection of caerulein. A: Pathological changes in pancreatic tissues (representative images) were observed
by hematoxylin-eosin (H&E) staining; B: Levels of tumor necrosis factor-alpha (TNF-a), IL-1f, and IL-6 in pancreatic
tissues were measured by ELISA; C—D: KLF4 expression levels in pancreatic tissues were determined by quantitative real-
time polymerase chain reaction (QRT-PCR) (C) and Western blot assay (D); E: KLF4 positive expression was determined
by immunofluorescence. n=6, data were presented as mean + SD. Data in panel A were analyzed by Mann-Whitney test,
and data in panels B, C, D, and E were analyzed using the ¢ test. **P<0.01.
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KLF4 inhibition alleviates inflammation in CP mice

To explore the role of KLF4 in CP, KLF4 expression
was reduced in pancreatic tissues using lentivirus-pack-
aged sh-KLF4 (P<0.01, Figs. 2A—C). After KLF4 inhibi-
tion, the pathological changes in pancreatic tissues were
lessened (P<0.05, Fig. 2D), and levels of TNF-a, IL-1,
and IL-6 in pancreatic tissues were decreased (P<0.01,
Fig. 2E), which suggested that KLF4 inhibition allevi-
ated inflammation in CP mice.

KLF4 inhibition alleviates PF in CP mice

Meanwhile, after KLF4 inhibition, the fibrosis area in
pancreatic tissues was reduced (P<0.01, Fig. 3A), and
levels of Collagen I, Collagen III, and a-SMA were sig-
nificantly decreased P<0.01, Fig. 3B). Above all, KLF4
inhibition alleviated PF in CP mice.
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KLF4 enrichment on the STAT5 promoter promotes
STATS5 transcription and expression

As a transcription factor, KLF4 can regulate the tran-
scription of downstream target genes. Inflammatory
stress robustly increases STATS expression and activity,
and STATS inhibition helps to alleviate pancreatic in-
flammation and fibrosis in CP mice [18]. Therefore, we
speculated that KLF4 may regulate STATS expression
to participate in the progression of pancreatitis. The
JASPAR database (http://jaspar.genereg.net/) predicted
that KLF4 can bind to the STATS promoter (Fig. 4A).
Through the ChIP assay, KLF4 was observed to be en-
riched on the STATS promoter (P<0.01, Fig. 4B). In the
dual-luciferase assay, KLF4 overexpression vector can
effectively increase the relative fluorescence of STATS-
WT but cannot affect the relative fluorescence of STATS-
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Fig. 2. Kruppel-like factor 4 (KLF4) inhibition alleviates inflammation in chronic pancreatitis (CP) mice. CP mice were intraperi-
toneally injected with lentivirus-packaged sh-KLF4, with sh-NC as the control. A—B: KLF4 expression levels in pancreatic
tissues were determined by quantitative real-time polymerase chain reaction (QRT-PCR) (A) and Western blot assay (B); C:
KLF4 positive expression was determined by immunofluorescence; D: Pathological changes in pancreatic tissues (repre-
sentative images) were observed by hematoxylin-eosin (H&E) staining; E: Levels of tumor necrosis factor-alpha (TNF-a),
IL-1pB, and IL-6 in pancreatic tissues were measured by ELISA. n=6, data were presented as mean = SD. Data in panels A,
B, C, and E were analyzed using one-way analysis of variance (ANOVA), followed by Tukey’s multiple comparison test.
Data in panel D were analyzed by Kruskal-Wallis test. *P<0.05, **P<0.01.
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Fig. 3. Kruppel-like factor 4 (KLF4) inhibition alleviates pancreatic fibrosis (PF) in chronic pancreatitis (CP) mice. The CP mouse
model was established by intraperitoneal injection of caerulein and injected with lentivirus-packaged sh-KLF4 to inhibit
sh-KLF4 expression. A: Fibrosis area in pancreatic tissues was observed by Masson staining; B: Levels of Collagen I, Col-
lagen 111, and alpha-smooth muscle actin (a-SMA) were determined by Western blot assay. n=6, data were presented as mean
+ SD and analyzed using one-way analysis of variance (ANOVA), followed by Tukey’s multiple comparison test. **P<0.01.
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Fig. 4. Kruppel-like factor 4 (KLF4) enrichment in the signal transducer and activator of transcription 5SA (STAT5) promoter pro-
motes STATS5 transcription and expression. A: The JASPAR database (http://jaspar.genereg.net/) predicted the binding of
KLF4 to the STATS promoter; B: The enrichment of KLF4 on the STATS promoter was determined by ChIP assay, with IgG
as the control; C: The binding relationship between KLF4 and the promoter sequence of STATS was tested by the dual-lu-
ciferase assay; D-E: STATS expression levels in pancreatic tissues were determined by quantitative real-time polymerase
chain reaction (QRT-PCR) (D) and Western blot assay (E); F: STATS5 positive expression was determined by immunofluo-
rescence. n=6, data were presented as mean + SD. Dada in panels B and C were analyzed using two-way analysis of variance
(ANOVA) and data in panels D, E, and F were analyzed using one-way ANOVA, followed by Tukey’s multiple comparison
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MUT (P<0.01, Fig. 4C). In addition, after KLF4 inhibi-
tion, the transcriptional and protein levels of STATS were
both markedly decreased in pancreatic tissues of CP mice
(P<0.01, Figs. 4D-F). Above all, KLF4 bound to the
STATS promoter and promoted the transcription and
expression of STATS.

STATS overexpression partly reverses the inhibitory
effect of KLF4 inhibition on PF in CP mice

At last, we confirmed the above mechanism via the
rescue experiments with oe-STATS and sh-KLF4. After
injection of lentivirus-packaged oe-STATS, the expres-
sion levels of STATS were upregulated in pancreatic
tissues (P<0.01, Figs. 5A—C). Compared with the CP +
sh-KLF4 + 0e-NC group, PF was aggravated (P<0.05,
Figs. 5D and E), along with increased levels of Collagen
I, Collagen III, and a-SMA (P<0.01, Fig. 5B), and
TNF-a, IL-1B, and IL-6 (P<0.01, Fig. 5F) in pancreatic
tissues in the CP + sh-KLF4 + 0e-STATS group. These
findings suggested that STATS overexpression partly
reversed the inhibitory effect of KLF4 inhibition on PF
in CP mice.

Chronic pancreatitis (CP) is a progressive inflamma-
tory disorder in the pancreas with increasing incidence
worldwide and results in irreversible organ damage
through the process of pancreatic fibrosis (PF) [1]. PF is
associated with the damage caused by increased ECM
and collagen fibers, but its molecular mechanism remains
unclear [25]. A better understanding of PF underlying
mechanism is beneficial to provide alternative treatment
options and improve the prognosis of CP patients. In this
study, we used the caerulein-induced CP model to ex-
plore the molecular mechanism of PF and uncovered that
KLF4 and STATS5 were upregulated in CP mice and
KLF4 activated STATS transcription and protein levels,
thus promoting PF.

KLF4 emerges as a crucial regulator of inflammatory
disorders and wound healing [12, 26]. For instance,
KLF4 activates nuclear factor-kappa B to enhance
esophageal epithelial inflammation [10], and KLF4 fa-
cilitates the transformation of myeloid-derived suppres-
sor cells into fibrocytes to accelerate wound healing of
pressure ulcers [27]. Intriguingly, inhibition of KLF4
boosts the proliferation of pancreatic acinar cells and
suppresses inflammation, thus retarding the progression
of acute pancreatitis [15]. In this study, the caerulein
treatment induces inflammatory cell infiltration, acinus
degeneration, and atrophy, increased levels of TNF-a,
IL-1B, and IL-6, and upregulated the expression levels

of KLF4, whereas KLF4 knockdown attenuated the
above histopathological changes and inflammatory re-
sponses in CP mice. In addition, PF is characterized by
collagen deposition that is reflected by elevated levels
of Collagen I and Collagen III [28]. a-SMA is a marker
of the activation of pancreatic stellate cells and a-SMA
production increases the secretion of collagens to play
avital role in the process of PF [29]. In caerulein-induced
CP mice, levels of Collagen I, Collagen III, and a-SMA
were decreased by KLF4 knockdown. In agreement with
our results, KLF4 upregulates the expression of profi-
brotic genes secreted from tubular epithelial cells, such
as TGF-B, CTGF, and a-SMA, leading to renal fibrosis
[30], whereas KLF4 depletion buffers fibrocyte genera-
tion in parallel to decreased levels of Th2 cytokines in
mice with asthma, contributing to attenuating lung fibro-
sis [31]. Altogether, our findings suggested that inhibi-
tion of KLF4 attenuated both inflammatory responses
and PF in caerulein-induced CP mice.

KLF4 is able to transactivate the transcription of
downstream targets by binding to the gene promoters
[32, 33]. Abnormal activity of STATS has been found in
a variety of inflammatory environments, such as athero-
sclerosis, cardiac inflammation, and airway inflammation
[34-36]. The Janus kinase/STATS5 pathway plays a role
in mediating chronic inflammation and wound healing
in gastrointestinal diseases [37]. Loss of STATS has been
demonstrated to alleviate inflammatory reactions and PF
in CP mice by enhancing neutrophil infiltration [18].
First, our bioinformatics and experimental data con-
firmed the binding of KLF4 to the STATS promoter.
Then, the transcriptional and protein levels of STATS in
pancreatic tissues were both declined after KLF4 inhibi-
tion in CP mice, suggesting that KLF4 may bind to the
STATS promoter to enhance both the transcription and
translation of STATS. Furthermore, our rescue experi-
ments showed that STATS overexpression partly reversed
the inhibitory effects of silencing KLF4 on inflammation
and PF in CP mice. In agreement with our results, STATS
inhibition reduces ECM deposition and expression of
profibrotic genes in mesangial cells, thus ameliorating
renal fibrosis [38]. In addition, STATS is likely to induce
TGF-B1 to function in liver fibrosis [39] and TGF-B1
can activate the phosphorylation of JAKI1, STATI,
STAT3, STATS, Smadl, Smad3, and Smad5 in alveolar
epithelial cells [40]. In this regard, we speculated that
TGF-B might be a downstream effector of the KLF4-
STATS axis. However, the interaction between STATS
and TGF-p in pancreatic tissue is complex and warrants
more experiments to validate their regulatory relation-
ship. Moreover, KLF4 has also been shown to directly
transactivate TGF-B1 in cardiac myofibroblast differen-
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Fig. 5. Signal transducer and activator of transcription SA (STATS) overexpression partly reverses the inhibitory effect of Kruppel-like
factor 4 (KLF4) inhibition on pancreatic fibrosis (PF) in chronic pancreatitis (CP) mice. CP mice were intraperitoneally in-
jected with lentivirus-packaged pcDNA3.1-STATS overexpression vector (oe-STATS), with empty vector (oe-NC) as the control,
followed by rescue experiments with sh-KLF4. A: mRNA levels of STATS in pancreatic tissues were determined by quantitative
real-time polymerase chain reaction (QRT-PCR); B: Protein levels of STATS, Collagen I, Collagen 111, and alpha-smooth muscle
actin (0-SMA) in pancreatic tissues were determined by Western blot assay; C: STATS5 positive expression was determined by
immunofluorescence; D: Pathological changes in pancreatic tissues (representative images) were observed by hematoxylin-
eosin (H&E) staining; E: Fibrosis area in pancreatic tissues was observed by Masson staining; F: Levels of tumor necrosis
factor-alpha (TNF-a), IL-1pB, and IL-6 in pancreatic tissues were measured by ELISA. n=6, data were presented as mean + SD.
Data in panels A, C, and E were analyzed by one-way analysis of variance (ANOVA), and data in panels B and F were analyzed
by two-way ANOVA, followed by Tukey’s multiple comparison test. Data in panel D were analyzed by Kruskal-Wallis test.
*P<0.05, **P<0.01.
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tiation [41], suggesting that the KLF4 may also partici-
pate in the exacerbation of CP in a STATS-independent
manner.

To conclude, our study for the first time validated the
profibrotic role of the KLF4-STATS5 axis in caerulein-
induced CP mice, which provides potential targets for
the diagnosis and treatment of PF. However, our findings
were all obtained from animal experiments, lacking
validation from clinical data, so it takes a long period of
time to apply our theoretical knowledge to the clinic.
Besides, we did not further investigate the cell type by
which KLF4 function in CP and specific pathological
features that KLF4 regulates. Moreover, since we only
explored STATS as a downstream target gene of KLF4,
whether other downstream targets of KLF4 play a role
in PF remains to be investigated. Since the CP model
was established by caerulein, the differences between
caerulein-induced CP mice and CP in the clinic may
affect the reliability of our findings. In the future, more
studies are essential to further investigate the role of
KLF4 in PF through the establishment of more CP mouse
models with other drugs and treatments and further in-
vestigate the regulatory relationship between KLF4 and
STATS.
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