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ARTICLE INFO ABSTRACT

Keywords: Peroxiredoxin 1 (Prx1) is an antioxidant protein that may promote the carcinogenesis in oral
Peroxiredoxin 1 leukoplakia (OLK). To investigate the effect of Prx1 on the oral mucosal epithelium of OLK, we
Oral leukoplakia generated a Prx1 conditional knockout (cKO) mouse model. The mRNA and gRNA were generated

CRISPR-Cas systems

Gene knockout technique using the clustered regularly interspaced short palindromic repeats/CRISPR-associated protein 9

(CRISPR/Cas9) technique. An infusion cloning method was used to construct a homologous
recombination vector. To obtain the FO generation mice, fertilized eggs of C57BL/6J mice were
microinjected with Cas9 mRNA, gRNA, and a donor vector. Polymerase chain reaction (PCR)
amplification and sequencing were used to identify F1 generation mice. Using the cyclization
recombination-enzyme-locus of the X-overP1 (Cre-loxP) system, we created a Prx1 cKO mouse
model, and the effectiveness of the knockout was confirmed through immunohistochemistry. We
examined the influence of Prx1 knockout on the occurrence of OLK in mice by constructing a
model of tongue mucosa carcinogenesis induced by 4-nitroquinoline-1-oxide (4NQO). Prx1
modification was present in the F1 generation, as evidenced by PCR amplification and
sequencing. Prx171°%/M9%; Cre 4 mice exhibited normal growth and fertility. Inmunohistochemical
analysis revealed that tongue epithelial cells in Prx17°1°% Cre + mice displayed a distinct
deletion of Prx1. An examination of the heart, liver, spleen, lung, and kidney tissues revealed no
visible histological changes. Histological analysis showed a reduction in the occurrence of the
malignant transformation of OLK in the tongue tissues of Prx1719%/9X: Cre 4 mice. Ki67 immu-
nostaining showed that Prx1 knockout significantly inhibited cell proliferation in the tongue
epithelial. Our research developed a conditional knockout mouse model for Prx1. The obtained
results provide insights into the function of Prx1 in the development of oral cancer and emphasize
its potential as a therapeutic target for precancerous oral lesions.

1. Introduction

Peroxiredoxin 1 (Prx1) is an essential antioxidant enzyme that plays a crucial role in maintaining redox homeostasis. It is
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predominantly localized in the cytoplasm of mammalian cells and widely expressed in diverse tissues and organs [1]. Research has
indicated that Prx1 levels are increased in malignant conditions, such as oral, esophageal, lung, and colorectal cancers [2,3]. Moreover,
it is closely associated with tumor cell proliferation, apoptosis, senescence, invasion, metastasis, and prognosis [2,3]. In our previous
study, we found a notable rise in the levels of Prx1 in head and neck squamous cell carcinoma (HNSCC) by analyzing the Cancer
Genome Atlas program database. Furthermore, we observed a strong correlation between high Prx1 expression and clinical staging,
tumor histological grading, and patient prognosis [4]. Similarly, we observed a significant rise in the expression of Prx1 in oral leu-
koplakia (OLK). Whether Prx1 is important in the malignant transformation of OLK remains unknown, and the mechanism associated
remains unclear.

In previous studies, we have found that nicotine may promote the development of oral precancerous lesions by Prx1 and its binding
proteins [5-7], and prx1 may play a crucial role in the initiation and progression of OLK by regulating the mitogen-activated protein
kinase signaling pathway and suppressing apoptosis [7,8]. However, these studies were performed in vitro, as well as in vivo in
Prx1™/~ mice. Prx1 ™/~ mouse embryos display an embryonic-lethal phenotype and they were difficult to obtain by crossing the
prxl” ~ mice. With the cyclization recombination-enzyme-locus of the X-overP1 (Cre-loxP) conditional knockout technique, it is
possible to circumvent the embryonic lethal phenotype of conventional Prx1 knockout mice.

In the present study, we constructed a Prx1 conditional knockout (cKO) mouse. Using this novel animal model, we investigated the
role of Prx1 in OLK carcinogenesis. We found that the Prx1 cKO in the oral mucosa epithelia inhibited cell proliferation and caused a
substantial decrease in the incidence of oral cancer. The findings of the present will facilitate future research focusing on the devel-
opment of therapies targeting Prx1 to prevent and treat precancerous lesions.

2. Materials and methods
2.1. Generation of Prx1 cKO mouse model

Using the Cre-loxP system, we generated a Prx1 ¢KO mouse model. The C57BL/6J-Prx119%/+ (F1 generation mice) were designed
and provided by the Shanghai Model Organisms Center, and KRT14-cre (K14-Cre) mice (JAX stock #004782) were procured from
Jackson Laboratory [9]. Subsequently, homologous recombination was used to modify the Prx1 gene. Briefly, clustered regularly
interspaced short palindromic repeats (CRISPR)-associated protein 9 (Cas9) mRNA was obtained through in vitro transcription with
mMESSAGE mMACHINE T7 Ultra Kit (Ambion, USA) according to the manufacturer’s instructions (Fig. 1A). Two gRNAs targeted to
delete exon 3 were in vitro transcribed using the MEGAshortscript Kit (ThermoFisher, USA). The gRNAs sequence (5-3) were
TCAGGGTGAGATCCAGTAGCAGG and TTAATGTATAATAAGTCTTTGGG. The infusion cloning method was used to construct a donor
vector for homologous recombination. The donor vector consisted of a 5" homologous arm measuring 3.0 kb, a flox region measuring
0.9 kb, and a 3' homologous arm measuring 3.0 kb (Fig. 1B). The 5" and 3' homologous arms were designed to flank the flox region,
which was the target site for modification (Fig. 2). To obtain FO generation mice, the fertilized eggs of C57BL/6J mice were injected
with Cas9 mRNA, gRNA, or a donor vector. Polymerase chain reaction (PCR) amplification was used to identify positive FO mice, which
were then bred with C57BL/6J mice to produce positive F1 mice. The positive F1 mice were identified using PCR amplification and
sequencing. Homozygous knockout Prx11°/°X mice were obtained by selfing F1 mice. To eliminate Prx1 from tongue epithelial cells,
Prx189%f9X ;mice were bred with K14-Cre mice to generate Prx119%/f°%; cre 4 mice (Fig. 3).

2.2. OLK carcinogenesis induction and sample collection

The animal experiments conducted herein were approved by the Ethics Committee of the Beijing Stomatological Hospital (No.
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Fig. 1. Schematic diagram of Prx1 conditional knockout mouse construction. (A) Schematic diagram of Prx1 gene modification. (B) Schematic
diagram of homologous recombination plasmid.
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Fig. 2. Schematic diagram of identification strategy for FO and F1 generation mice.
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Fig. 3. Schematic diagram of mating.

KQYY-202202-003) in conformance with the ARRIVE guidelines. This present study involved a group of 40 mice, aged between 6 and 8
weeks, with a weight range of 16-20 g. Each group consisted of 20 ¢KO mice (Prx171°%1°%: Cre-+) and 20 control mice (Prx11°%/19%) The
study was divided into four categories according to the usage of 4-nitroquinoline 1-oxide (4NQO), with ten mice in the Prx1fox/flox
group and ten mice in the Prx1719%/1°%; Cre + group fed with a regular diet. The 4NQO + Prx11°%/19% group consisted of ten control mice,
whereas the 4NQO -+ Prx11°/f°%: Cre + group comprised ten cKO mice. The 4NQO + Prx1719%/1% group and 4NQO + Prx1719%/f1°%: cre
+ group were administered a dosage of 100 mg/kg of the 4NQO solution for 12 weeks. After 12 weeks, the 4NQO solution was replaced
with purified water. All mice were weighed every two weeks. After 24 weeks, the mice were euthanized and their tongues, hearts,
livers, spleens, lungs, and kidneys were collected for histological examination.

2.3. PCR analysis

DNA was extracted from mouse tongue tissues using the alkali lysis method. Polymerase chain reaction was performed using the
extracted DNA as a template. Briefly, the PCR reaction mixture consisted of 2 pL specific paired primers for amplification, 10 pL 2 x
Taq PCR StarMix (Dye) (GeneStar, China), 4 pL of DNA template, and 2 pL sterile water. Amplification products were analyzed by
electrophoresis on 1.5 % agarose gels and visualized by using GelRed staining. Genotype identification of FO and F1 generation mice
was performed by PCR amplification using primers I, II, III, and IV. Genotype identification strategies for FO and F1 mice are shown in
Fig. 3. The X-overP1 (loxP) locus was detected by PCR amplification using primers P1 and P2. The K14-Cre transgene was detected by
PCR amplification using the primers P5 and P6. The primer sequences used in the present study are listed in Table 1.
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2.4. Sanger sequencing

The sequencing reaction mixture was prepared by combining the PCR product, DNA polymerase, primers, and fluorescently
labelled dNTPs. Sanger sequencing was performed using an automated DNA sequencing system. Electropherogram data generated by
the sequencer were used for subsequent analysis. The obtained DNA sequence was compared with known reference sequences to
identify variations.

2.5. Hematoxylin and eosin staining

To observe the morphology of the tongue, heart, liver, spleen, lungs, and kidneys tissues, tissue slices of tissues were prepared as
described previously and stained with hematoxylin and eosin. Briefly, the sections were dewaxed thrice in xylene for 10 min. The
sections were soaked in 100 %, 95 %, or 75 % ethanol each for 5 min each. Finally, the sections were washed twice with purified water
for 5 min each, and subsequently treated with hematoxylin for 8 min. After rinsing with distilled water, the samples were separated
using 0.5 % ethanol hydrochloride and bluing with 0.5 % ammonia for 10 s. Then the sections were washed slowly with distilled water
for 10 min and counterstained with for 1 min. Subsequently, the sections were subjected to two rounds of dehydration in 95 % ethanol
for 5 min each, followed by two rounds in 100 % ethanol for 5 min each, and, finally, three rounds in xylene for 10 min each. Sealing
was performed using resin containing neutral gum.

Hematoxylin and eosin-stained sections of mouse tongue tissue were observed and evaluated by professional pathologists under
double-blind conditions. Tissue lesions were assessed according to the classification criteria provided by the WHO Health Organization
(2017). The results were classified as follows: normal, mild dysplasia, moderate dysplasia, severe dysplasia, and oral squamous cell
carcinoma (OSCC).

2.6. Immunohistochemistry

Immunohistochemistry was conducted to examine the expression of the Prx1 and Ki67 in tongue tissues. Briefly, the sections were
dewaxed using xylene and gradient alcohol, and then the antigens were repaired using an ethylenediaminetetraacetic acid antigen
buffer (Maixin, China). Thereafter, the sections were incubated with 3 % hydrogen peroxide for 15 min and 10 % goat serum (Nakasugi
Jingiao, China) for 30 min at 37 °C. Next, the sections were exposed to anti-Prx1 antibodies (Abcam, USA) and anti-Ki67 antibodies
(Maixin, China), respectively. And the sections were incubated overnight at a temperature of 4 °C. Prx1 and Ki67 expression was
detected by performing diaminobenzidine (Maixin, China) staining after incubation with the respective horseradish peroxidase.

2.7. Statistical analysis

GraphPad Prism 8.0 software was utilized for conducting all data analyses. The findings were presented as the average plus
standard deviation. The data was analyzed using a one-way analysis of variance, and then Bonferroni’s post hoc test was conducted for
multiple comparisons. A P value below 0.05 was regarded as statistically significant.
3. Results
3.1. Homologous recombination plasmid digestion identification

Digestion of the homologous recombinant vector was performed using linearized electrophoresis. The BgIII digestion identification
revealed band sizes of 6727 bp, 3261 bp, 1630 bp, and 1147 bp, which matched the theoretical band sizes. A theoretical band of 123 bp
was not observed, possibly because of low product yield (Fig. 4A).

3.2. Acquisition of homologous recombinant positive FO and F1 generation mice

Homologous recombinant positive FO and F1 mice were obtained using PCR amplification. The 5 arm of the homologous
recombinant-positive genomic DNA should yield a 4.2 kb fragment, while the negative genomic DNA should yield a 7.4 kb fragment.

Table 1

Primers used in the present study.
Primer Sequence 5-3' Primer type
I TCAGTTCTTGCTCGCTCTCATCAT Forward
I CAACCCACTATACCTAACTGC Reverse
I TGAACTCAAAGACATCCTC Forward
v AAGCCTTAAAAACCCAAAATACAT Reverse
P1 GGGGCATTGTTAGAGACTTTCACT Forward
P2 ACTGTTTCTTCTTTGGTTTGCTAA Reverse
P5 AACTTGTGATTTTCCTGCTTCT Forward
P6 TATACCTTTAATCCTACCTACTCA Reverse
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Fig. 4. Identification of homologous recombinant vector and FO and F1 generation mice. (A) Identification of homologous recombinant vector
through enzyme digestion and linearized electrophoresis image. (B) PCR identification electrophoresis image of homologous recombination positive
FO generation mice. (C) PCR identification electrophoresis image of homologous recombination positive-F1 generation mice. (D) GeneRulerTM 1 kb
DNA Ladder. B: BgIII enzyme digestion identification result; Numbers: generation mouse numbers; M: 1 kb DNA marker.
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Fig. 5. PCR identification sequencing alignment results of F1 generation mice. (A) 5 homologous arm identification was performed by sequencing
two PCR products, labelled 1 and 2. (B) 3' homologous arm identification was performed by sequencing two PCR products, labelled 3 and 4. Sbjct:
the target sequence (Prdx1-eCKO1 Recombinated Genomic DNA sequence); Query: the sequencing result. Highlighted marks: the loxP sequence.
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Similarly, the 3’ arm of the homologous recombinant-positive genomic DNA should yield a 4.6 kb fragment, and the negative genomic
DNA should yield a 7.8 kb fragment. Mouse numbers 1 and 4, identified as FO generation mice with positive double-arm homologous
recombination, are shown in Fig. 4B via long-fragment PCR electrophoresis. The PCR electrophoresis results for the 5' and 3' arm PCR
identification in the F1 generation mice are shown in Fig. 4C. Positive mice identified by PCR were mouse numbers 2, 3, 38, 40, and 41.

The PCR products of the F1 generation-positive mice were subjected to four sequencing reactions. In the sequencing results of No.2
sequencing reactions for the 5" arm identification, the highlighted region corresponds to the loxP sequence. Similarly, in the sequencing
results No.3 for the 3' arm identification, the highlighted region corresponds to the loxP sequence (Fig. 5). These results indicated the
successful filtering of homologous recombinant-positive FO and F1 generation mice.

3.3. Acquisition of Prx1/fo%: cre 1 mice

The Prx1719%f1%; Cre 4+ mice and their controls were generated by mating of mice using the approach depicted in Fig. 3. Table 2
provides the band sizes corresponding to the genotypes of the fetal mice by PCR, and the representative identification results are shown
in Fig. 6AB. Genotype of No.2 was Prx119f1% Cret | genotypes of No.5 and No.6 were Prx11°/*: Cre+, genotypes of No.3 and No.4
were Prx119¥/9% and the genotype of No.1 was wild type (WT). Immunohistochemical detection of Prx1 expression was performed in
the tongue tissues of mice with genotypes Prx1719%/f19* and prx1710%/f1oX; Cre | The results showed that Prx1 expression was positive and
exhibited a diffuse distribution in the tongue epithelium of mice with the Prx1719/1° genotype. In contrast, the tongue epithelium of
Prx110¢/floX; cre | mice showed no expression of Prx1, suggesting the successful construction of Prx1 ¢KO mice (Fig. 6C).

3.4. Prx1 knockout reduces the carcinogenesis rate of OLK

During the experiment, the trends in body weight changes in the mice were recorded. As shown in Fig. 7, except for the control
group, in which the body weight of the mice remained relatively stable, the body weights of mice in the other groups showed an initial
increase, followed by a decrease. After 12 weeks of 4NQO administration in drinking water, the body weights of mice in all groups
started to decrease gradually as the tongue tissue lesions worsened. There were no significant differences in body weights between the
groups (P > 0.05). We also carried out histological examination of the heart, liver, spleen, lung, and kidney from mice. No histological
changes were observed for the heart, liver, spleen, lung, and kidney, for all groups (Fig. 8).

The tongue mucosa of 20 mice in the Prx171°/f9% group and Prx17°%/f°% group: Cre+ was normal, while eight mice in the 4NQO +
Prx119%f9X o16up and six mice in 4NQO + Prx11°/f9% group: Cre + developed into carcinoma. These results suggested that Prx1
knockout of Prx1 may suppress the occurrence of OSCC (Fig. 9AB, Table 3). We evaluated the Ki67 positive cell rate to examine the
proliferation in the tongue epithelium. It was manifested that the positive rate of Ki67 in the 4NQO + Prx1%°¥/1X group: Cre+ was
significantly decreased compared to the 4NQO + Prx11°%/f1%X group (P < 0.01, Fig. 9CD).

4. Discussion

Human Prx1 gene is located on chromosome 1 (1p34.1) and is primarily found in the cytosol. However, it has also been observed in
the nucleus, plasma membrane, and centrosome [10]. Prx1 functions as an antioxidant enzyme, controlling the levels of reactive
oxygen species (ROS) within cells [11,12]. Under conditions of heightened oxidative stress, Prx1 undergoes structural change,
resulting in the formation of a durable and condensed decameric structure. This structure serves as a molecular companion to control
cellular growth and programmed cell death, while also preserving the cellular redox balance [2,13]. Studies have indicated that there
is a significant level of Prx1 exhibits significant expression in different types of tumors, such as HNSCC [14], non-small-cell lung cancer
[3], triple-negative breast cancer [15], esophageal cancer [16], CRC [4], and many others [17]. Prx1 is closely associated with tumor
cell proliferation, apoptosis, senescence, invasion, metastasis, and prognosis [2]. Consistent with these findings, our research has
demonstrated elevated expression of Prx1 in OSCC and OLK tissues and cells [8,18]. We also investigated the influence of nicotine, a
known risk factor for oral cancer, on OSCC and found that nicotine stimulated an increase in ROS levels and enhanced Prx1 mRNA and
protein expression [5,19]. These findings suggested that Prx1 plays a crucial role in the development and progression of oral cancer.
However, the exact mechanisms by which Prx1 exerts its affects in OLK remain unclear, highlighting the significance of studying its
function in detail.

In our previous study, we successfully generated Prx1 "/~ mice to investigate the molecular mechanism of Prx1 in OLK and OSCC,
Table 2
Location of genotype-specific primer bands.
Primer Genotype Location
P1. p2 WT 294 bp
Prx1flox/+ 294 bp; 347 bp
Prx flow/flox 347 bp
P5. P6 WT 1365 bp
Cre-Cre+ 1473 bp
522 bp

WT: wild type.
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Fig. 6. Identification of Prx1 1°/f°%:Cre 4 mice. (A) To identify the Prx1 gene in mice. WT: one band of 294 bp; Heterozygous: two bands of 294
and 347 bp, respectively; Homozygous: one band of 347 bp. (B) Cre activity PCR identification conditions. With Cre activity: 522 bp; no Cre activity:
1473 bp; wild type: 1365 bp. (C) Immunohistochemical staining was used to detect the expression of Prx1 in mouse tongue mucosa.
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and the findings revealed that Prx1 indeed promotes the progression of tongue precancerous lesions, as evidenced by increased cell
apoptosis in Prx1*/~ mouse tongue precancerous lesions [20]. However, whole-body Prx1 gene knockdown mice exhibited certain
phenotypes, including premature aging, altered body composition (such as obesity), and coarse and oily fur, indicating systemic
symptoms after Prx1 suppression. Neumann et al. revealed that Prx1 knockout mice displayed pronounced hemolytic anemia [21,22]
and various malignant cancers, such as lymphomas, sarcomas, and carcinomas, leading to a reduced lifespan [23]. In different
inflammation disease models, Prx1~/~ shows conflicting results [24]. Prx1 enhances cerebral ischemia-reperfusion injury by acti-
vating inflammation and apoptosis [25], and it initiates inflammation in the ozone-exposed lungs [26]. Prx1 deficiency, however,
aggravates pulmonary inflammation and fibrosis in a bleomycin-treated model [27]. Studies using Prx1-knockout mouse models have
also shown that Prx1 is involved in the maintenance of stemness in mouse embryonic stem cells by suppressing ROS/JNK-induced
neurogenesis [28], modulation of cellular senescence in mouse embryonic fibroblasts [29]. In contrast to traditional gene knock-
down methods, cKO mice generated using CRISPR/Cas9 technology enable precise spatiotemporal control of gene expression, thus
overcoming some of the limitations associated with systematic gene knockout, wherein essential genes may cause embryonic lethality.
cKO mice offer a valuable tool in modern biological science, allowing for the selective targeting of gene knockouts in specific tissues or
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Fig. 8. Histopathological analysis of heart, liver, spleen, lung, and kidney in each group (200 x magnification).

at specific developmental stages, thereby enabling more accurate functional analysis of target genes.

To further understand of the role of Prx1 in OLK, it is imperative to develop a mouse model with conditional gene knockout of Prx1.
In the present study, we employed CRISPR/Cas9 methodology to fabricate the Cas9 mRNA and gRNA. A homologous recombination
vector was constructed using an infusion cloning method. To obtain the FO generation mice, fertilized eggs of C57BL/6J mice were
microinjected with Cas9 mRNA, gRNA, and a donor vector. PCR amplification and sequencing were used to identify the F1 generation
mice with positive results. Using the Cre-loxP system, we successfully inserted loxP sequences flanking the Prx1 gene exon, leading to
specific Prx1 gene knockout in the ectoderm of Prx1719f°% cre 4 mice.

The main objective of the present study was to investigate the role of Prx1 in the oral epithelium. To achieve this, we employed
CRISPR/Cas9 technology and utilized K14-cre mice to selectively knock out the Prx1 gene within the tongue epithelium of mice. The
utilization of different Cre mouse models allows for conditional gene knockout in specific tissues, facilitating the investigation of gene
function in a tissue-specific context [30,31]. In K14-Cre mice, the Cre recombinase is produced by the regulation of the human K14
promoter [32]. The promoters of K14 and K5 in humans have proven to be valuable for directing transgene expression to the actively
dividing basal layer of the mouse epidermis and the outer root sheath of the oral epithelia, hair follicles, and esophagus [33,34]. By
inserting loxP sequences flanking the Prx1 gene exon, we were able to successfully create Prx1 knockout in the ectoderm and its
derivatives, including the skin, dental epithelium, and oral ectoderm [9]. In the present study, Prx11o¥/10%; Cre 4 mice appeared
healthy and fertile, developed normally, and had a normal life span. Inmunohistochemical results showed that Prx1 expression was
positive and exhibited a diffuse distribution in the tongue epithelial tissues of Prx179fl9X mice. In contrast, no Prx1 expression was
observed in the tongue epithelium of Prx17°/fl°%; Cre + mice, confirming the successful construction of Prx1 knockout mice.

To further investigate the influence of Prx1 on oral cancer using the cKO mouse model for Prx1, we used a mouse model induced by
4NQO, a potent carcinogen known to induce oral cancer in rodents. During the observational period, there was no difference in the
growth of body weight and histological structure of major organs. Pathological examination of tongue tissues in each group revealed
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Fig. 9. Prx1 knockout reduces the carcinogenesis rate of OLK. (A) Macroscopic observation of mouse tongue tissue in each group. (B) Representative
histopathological lesions of mouse tongue tissue (200 x magnification). (C) Immunohistochemistry staining of the proliferation marker Ki67 in each
group (200 x magnification). (D) Violin plot of the positive rate of Ki67 in each group. **P < 0.01.

Table 3

The pathological diagnostic results of mice in each group.
Groups N Normal Mild and moderate dysplasia Severe dysplasia 0scC
Prx1 1%/ group 10 10 0 0 0
Prx17o¥/f°%: Cre + group 10 10 0 0 0
4NQO + Prx1o¥/foX groyp 10 0 1 1 8
4NQO + Prx11°¥/°%: Gre 4+ group 10 0 3 1 6

OSCC: oral squamous cell carcinoma.

that Prx1 knockout reduced the progression of tongue precancerous lesions in mice and alleviated their severity. The protein Ki67 has
been confirmed as a molecular marker for proliferating cells in OPMDs and OSCC [35]. Ki67 immunostaining showed that Prx1
knockout significantly inhibited the cell proliferation in the tongue epithelium. These findings indicate a potential role of Prx1 in
promoting tongue cancer progression and support its significance as a target for intervention strategies.

The successful construction of the Prx1 ¢KO mouse model herein provides a solid foundation for future investigations into the
functional role of the Prx1 gene and its correlation with oral precancerous lesions occurrence, and development. Whole-body Prx1
gene knockdown affects lifespan, Prx1 cKO mouse allows for the study of the long-term effects of postnatal loss of Prx1, as well as the
role of tissue-specific loss of this gene during development. However, potential limitations of Prx1 cKO may require a longer obser-
vation period in experiments. Further studies using this mouse model will shed light on the underlying mechanisms by which Prx1
contributes to OLK progression, potentially unveiling new therapeutic targets and strategies for disease management.

5. Ethics declarations

All animal experiments in this study were performed under the guidelines and with the approval of the Ethical Committee of the
Beijing Stomatological Hospital (No. KQYY-202202-003).
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