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ABSTRACT. Inflammatory bowel disease (IBD) is classified into two types: Crohn’s disease and
ulcerative colitis. In IBD, the imbalance between the pro-inflammatory and anti-inflammatory
cytokines prevents recovery from the inflammatory state, resulting in chronic inflammation in the
colon. The mitotic spindle positioning protein (MISP) is localized to the apical membrane in the
colon. In this study, we observed increased expression of MISP in the intestinal epithelial cells in
dextran sulfate sodium (DSS)-induced colitis in mice. MISP-deficient mice receiving DSS showed
significant exacerbation of colitis (e.g., weight loss, loss of the crypts). The intestinal epithelial cells
J. Vet. Med. Sci. of the MISP-deficient mice showed a trend towards decreased cell proliferation after DSS treatment.

Reverse transcription followed by quantitative polymerase chain reaction revealed that the
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expression levels of Tgfb1, an anti-inflammatory cytokine, were significantly reduced in the colon of
doi: 10.1292/jvms.22-0483 MISP-deficient mice compared with the wild-type mice regardless of DSS treatment. These findings
indicate that MISP may play a role in the recovery of the colon after inflammation through its anti-

. inflammatory and proliferative activities, suggesting that MISP may be a new therapeutic target for
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Inflammatory bowel disease (IBD) is an intractable bowel disease classified into two types: Crohn’s disease (CD) and ulcerative
colitis (UC). CD can affect any part of the intestine (primarily the ileum and colon), and the affected area is diffuse. On the other hand,
UC only affects the colon (initially the rectum), and the affected area is not diffuse. The clinical symptoms of CD are chronic diarrhea,
weight loss, fatigue, and anorexia; those of UC are bloody stools and diarrhea [1, 31, 34]. Inflammation of the intestinal mucosa
has been reported to greatly increase the risk of inflammatory carcinogenesis [8]. Although the causes of IBD are poor understood,
a population-based study has suggested that the two forms of IBD have common genetic predispositions and triggers [3]. Genome-
wide association studies (GWASs) have identified several IBD-associated genes, such as HLA class II histocompatibility antigen,
DR alpha chain (HLA-DR) [27], Janus kinase 2 (JAK?2), signal transducer and activator of transcription 3 (STAT3) [33], interleukin
10 (IL-10), Fc gamma receptor Ila (FCGR2A), and solute carrier family 26 member 3 (SLC26A43) [2]. Furthermore, recent GWASs
have identified and validated approximately 200 loci associated with IBD, with the majority being shared by CD and UC [29, 36].
High-density genotyping, targeted sequencing studies, whole-exome sequencing and whole genome sequencing studies have identified
the approximately 20 causal genes. Importantly, these studies have revealed key biological functions in the pathogenesis of IBD,
including microbial recognition, autophagy, cytokine signaling, and intestinal epithelial barrier function [28].

Mitotic spindle positioning protein (MISP) is an actin-bundling protein with multiple actin-binding sites [19]. Early studies reported
that MISP plays roles in both mitotic progression and spindle positioning [22, 39]. According to the Human Protein Atlas (http://www.
proteinatlas.org), MISP is predominantly expressed in the intestinal apical membrane [32]. Morales et al. confirmed this in mice and
showed that MISP was highly localized to the microvillar rootlets at the brush border. They also showed that MISP stabilizes and
elongates the rootlet end of the core actin bundles of the microvillus [25]. Thus, MISP might contribute to the maintenance of the
intestinal mucosa or to the pathogenesis of IBD. However, the role of MISP in preclinical models of colitis has not been reported. In
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this study, we generated Misp knockout (KO) mice. Misp KO mice were healthy and exhibited no histological abnormalities in the
intestines. Furthermore, we used the DSS colitis model, which is very popular in IBD research, to determine the contribution of MISP
to pathological intestinal inflammation. Misp KO mice showed more severe symptoms than wild-type (WT) controls.

MATERIALS AND METHODS

Ethical statement

All animal experiments complied with the ARRIVE guidelines and were performed in accordance with the Act on Welfare and
Management of Animals in Japan. The research was conducted according to the Regulations for the Care and Use of Laboratory
Animals of Kitasato University. Animal experimentation protocol was approved by the President of Kitasato University through the
judgment by Institutional Animal Care and Use Committee of Kitasato University (Approval ID: 20-039). A humane endpoint was
applied when the mice were moribund by 20% weight loss or severe anemia.

Animals

Misp KO mice were generated by CRISPR/Cas9-mediated genome editing [21]. The crRNA sequence
was designed to target the mouse Misp gene on exon 2 (NCBI accession number: NM 030218.2) as follows:
5'-UUCCUUCAUUGGUGACGUGAGUUUUAGAGCUAUGCUGUUUUG-3'". The crRNA and tracrRNA were artificially synthesized
(Fasmac, Tokyo, Japan). The recombinant Cas9 protein (60 ng/mL, New England Biolabs, MA, USA), crRNA (0.61 pmol/mL), and
tractrRNA (0.61 pmol/mL) were introduced into fertilized eggs of FVB/NJcl mice (purchased from CLEA Japan, Tokyo, Japan) by
microinjection. Two-cell stage embryos were implanted into pseudopregnant mice, and the pups were obtained. The introduction of the
null mutation was detected by DNA sequencing using the following primers: forward, 5'-GAACCCCACCAGGCATCAA-3'; reverse,
5'-GGATTCTGCCTGGGTCTGAC-3". The resulting founder mice were backcrossed to FVB/NJcl mice for three generations. The
heterozygous mice were crossed to produce homozygous mice. Animal facilities were air-conditioned, and the mice were maintained
at 22 + 2°C with 40-60% relative humidity under a 12-hr light/dark cycle. Standard laboratory feed CE-2 (CLEA Japan) and tap
water were provided ad libitum.

DSS-induced colitis

Colitis was induced in 8-week-old male WT and Misp KO mice (n=4 per group) by treatment with 3% (w/v) DSS (36,000-50,000
Da; MP Biomedicals, Santa Ana, CA, USA) supplied in drinking water for 5 days. Two days after suspending DSS administration (day
7), all mice were euthanized with inhalation of an overdose of isoflurane. Colitis symptoms were evaluated daily using the disease
activity index (DAI), a method of assessing DSS enteritis symptoms (Table 1) [7, 12]. Three scores consisting of the rate of weight
loss, stool characteristics, and intensity of bloody stools were summed to evaluate colitis. Similar pathological changes have been
observed in the proximal and distal colon after DSS treatment, although less local inflammation has been reported in the proximal
colon [23]. In this study, the colon was divided into three sections (proximal, middle, and distal colon) for molecular biological analysis
and histological changes from the one mouse; the proximal colon was used for RT-qPCR, the middle colon for Western blot analysis,
and the distal colon for histopathological analysis.

Histopathological analysis

The collected distal colon samples were fixed in 10% formalin overnight at 4°C and embedded in paraffin. Paraffin-embedded
samples were sectioned at 3 pm thickness and stained with hematoxylin and eosin (HE). HE-stained sections were imaged by light
microscopy. The length of the muscularis mucosa was measured by ImagelJ software and used as a reference for tissue fragment length.
The length of the remaining intramucosal crypt was measured and the crypt loss rate (%) was calculated. These measurements were
performed using Imagel software [30].

Immunofluorescent (IF) staining
The paraffin-embedded colon was sectioned at 5 pm thickness. Antigen retrieval was performed by incubation for 45 min at 98°C in
an antigen retrieval reagent (Immunosaver; Nissin EM, Tokyo, Japan). For blocking nonspecific binding, the sections were incubated
with 5% goat serum and 0.1% Triton X in phosphate buffered-saline (PBS) for 1 hr at room temperature. After blocking, the sections
were incubated with rabbit polyclonal anti-MISP antibody (1:100, 26338-1-AP; Proteintech, Rosemont, IL, USA) at 4°C overnight.
Next, the sections were incubated with Alexa Fluor 488-conjugated goat anti-rabbit IgG secondary antibody (1:1,000, A11034;
Cell Signaling Technology, Danvers, MA, USA) for 30 min at room temperature. Sections were mounted with ProLong Diamond
Antifade Mountant with DAPI (Thermo Fisher Scientific, Waltham,
MA, USA). The samples were imaged using an LSM 710 confocal
Table 1. Disease activity index (DAI) score microscope (Carl Zeiss, Oberkochen, Germany).

Score Body weight loss (%) Stool consistency Bleeding

0 1> Normal No bleedin, . .
s & Preparation of sections from paraffin-embedded samples and
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3 10-15 mentioned. To inactivate endogenous peroxidase, the section was
4 incubated with 3% hydrogen peroxide (H,0,) for 30 min. After

Immunohistochemical (IHC) analysis

15< Diarrhea Gross bleeding
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blocking for 30 min with 10% normal goat serum, the section was incubated with rabbit polyclonal anti-MISP antibody (1:250,
26338-1-AP) or rabbit monoclonal anti-Ki-67 antibody (418071, Nichirei Biosciences, Tokyo, Japan) overnight at 4°C. Sections were
reacted with peroxidase-conjugated anti-rabbit IgG polyclonal antibody (418261, Nichirei Bioscience) for 30 min, and stained with
3,3-diaminobenzidine (DAB; 040-27001, Wako, Tokyo, Japan). The intensity of DAB staining was measured with Image] software,
and the percentage of positive cells was calculated.

Western blot analysis

Colon tissues from WT mice induced colitis and from 9-week-old WT and Misp KO mice treated with tap water were collected
and lysed with RIPA buffer. Samples were thermally denatured with 2% sodium dodecyl sulfate (SDS) and 5% 2-mercaptoethanol,
electrophoresed on SDS-polyacrylamide gels, and transferred to hydrophobic polyvinylidene fluoride membranes (PALL, Port
Washington, NY, USA). In order to block non-specific binding, the membranes were incubated in Bullet Blocking (Nacalai Tesque,
Kyoto, Japan) for 5 min at room temperature. Membranes were incubated with rabbit polyclonal antibody against MISP (1:1,000,
26338-1-AP) or mouse monoclonal antibody against GAPDH (1:5,000, HRP-60004, Proteintech) at 4°C overnight. Thereafter, the
membranes were incubated with horseradish peroxidase (HRP)-conjugated goat antibody against rabbit IgG (1:1,000, #7074, Cell
Signaling) for 1 hr at room temperature. After incubation of the membrane with ECL prime Western Blotting Detection Reagents
(Cytiva, Marlborough, MA, USA), imaging was performed using an Omega Lum C imaging system (Gel Co., San Francisco, CA,
USA).

RNA extraction and RT-gPCR

RNA was extracted from the proximal colon using TRI reagent (Molecular Research Center, Cincinnati, OH, USA). cDNA synthesis
by reverse transcription of the extracted RNA was performed using ReverTra Ace (TOYOBO, Osaka, Japan). Quantitative PCR (qPCR)
was performed using THUNDERBIRD® SYBR gPCR Mix (TOYOBO) and the Eco Real-Time PCR system (Illumina, Wilmington,
MA, USA). The PCR primer sequences are shown in Table 2.

Statistical analysis

Data are expressed as the means + standard deviation. Welch’s #-test was used to analyze differences in body weight change rate, crypt
damage rate, and western blot analysis results between the two groups. Mann-Whitney U test was used to analyze differences in DAI
scores between two groups. Conover Iman test was used to analyze differences in mRNA expression levels, and immunohistochemical
results among multiple groups. A P value smaller than 0.05 was considered to indicate a statistically significant difference. All statistical
analyses were performed using Python (v3.8).

RESULTS

MISP expression in a mouse model of colitis

We investigated the expression of MISP in DSS-induced colitis model. Consistent with previous reports [25, 32], IF and IHC staining
showed that MISP was expressed predominantly in the apical membrane of the colon in WT mice after vehicle or DSS treatment (Fig.
1A, 1B). The staining intensities of MISP in the intestinal crypt cells in DSS-treated WT mice were significantly higher than those in
control WT mice (Fig. 1C). Consistently, western blot analysis revealed a significant upregulation of MISP expression in the colon
samples from WT mice treated with DSS (Fig. 1D, 1E).

Production of MISP-deficient mice with CRISPR/Cas9 system

We generated the Misp KO mice carrying a 5-base deletion in exon 2 of Misp using a CRISPR/Cas9 system. This deletion leads to
frame-shift mutations and pre-mature stop codon (Fig. 2A). Western blot analysis confirmed the ablation of MISP expression in the
colon from Misp KO mice (Fig. 2B). Misp KO mice were healthy and exhibited no histological abnormalities in intestines (Fig. 2C).

Misp KO mice subjected to DSS-induced colitis

To investigate the functional role of MISP in colitis, we subjected Misp KO mice to DSS-induced colitis. DSS-treated WT mice
showed no significant weight loss, while DSS-treated Misp KO mice exhibited marked weight loss starting on day 5, resulting in a

Table 2. Sequences of primers used for RT-qPCR

Core Forward primer Reverse primer Accession No. TEIS S

name (bp)
Gapdh 5'-CGACTTCAACAGCAACTC-3' 5'-GCCGTATTCATTGTCATACCAG-3' NM_001289726.1 106
Il-1b 5-TGGGCCTCAAAGGAAAGAAT-3’ 5'-CAGGCTTGTGCTCTGCTTGT-3' NM_008361.4 216
1-6 5'-ACAACCACGGCCTTCCCTACTT-3' 5'-CACGATTTCCCAGAGAACATGTG-3' NM_031168.2 129
Tnfa 5'-ACCCTCACACTCAGATCATCTTC-3’ 5'-TGGTGGTTTGCTACGACGT-3' NM_013693.3 71
1-10 5'-TTTCTCCCCTGTGAAAATAAGAGCA-3" 5-GACACCTTGGTCTTGGAGCTTATTA-3' NM 010548.2 78
Tgfbl 5'-TGCTTCAGCTCCACAGAGAA-3’ 5'-TGGTTGTAGAGGGCAAGGAC-3' NM_011577.2 182
Wnt5a 5'-CATGTCTTCCAAGTTCTTCCTAATG-3' 5'-GATACAAGTGGCAGAGTTTCTTCTG-3" NM 009524.4 200
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Fig. 1. Alteration of mitotic spindle positioning protein (MISP) expression in a dextran sulfate sodium (DSS)-induced colitis model. (A, B)
Representative images of immunofluorescent (IF) (A) and Immunohistochemical (IHC) (B) staining for MISP with distal colon samples from
mice treated with vehicle or DSS (A: Scale bars, 100 um, B: Scale bars, 200 pm). (C) Comparison of 3,3-diaminobenzidine (DAB) staining
in [HC staining for MISP in intestinal colon samples treated with vehicle or DSS (n=3 [vehicle group] and 4 [DSS group]; *, P<0.05). (D, E)
Comparison of MISP expression levels in mid colon samples treated with vehicle or DSS by western blot analysis (n=3 per group; *, P<0.05).
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WT ACCACTGCCGTCACTGCACCAATGAA TTAVTAPMKEVTLEKSFHVSPAR

Ko ACCACTGCCGTCA--—~—~ CCAATGAA TTAVITNEGSDPGEVFPCFPS*
5bp deletion | Frame-shift and pre-mature stop codon
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Fig. 2. Generation of mitotic spindle positioning protein (Misp) knockout (KO) mice using the CRISPR/Cas9 System. (A) Gene structure diagram
of Misp. The boxes indicate the exons, and the lines connecting boxes are the introns. Grey areas in the boxes indicate coding regions, and
white areas in the boxes indicate noncoding regions. KO mice have 5 bp deletion in the exon 2, which might lead to frame-shift mutations and
pre-mature stop codon (described as gray font). (B) Western blot analysis confirming the MISP deletion in Misp KO mice. (C) Representative
images of colon tissues from wild-type (WT) and Misp KO mice. Scale bars, 200 pm.
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17.5% weight loss on day 7 (Fig. 3A). DSS-treated Misp KO mice also started to show loose stools, diarrhea, and bloody stools on
day 6. Accordingly, DSS-treated Misp KO mice showed a significant increase in DAI scores after day 5. In contrast, DSS-treated
WT mice showed no severe clinical symptoms and, consequently, their DAT scores remained almost at normal levels throughout the
observation period (Fig. 3B). The extent of histological damage in colon tissues was strikingly different between the two groups. In
DSS-treated WT mice, ulcers were partially observed with inflammatory cell infiltration and structural disruption of the crypts only
in the ulcer area. In Misp KO mice treated with DSS, extensive pathological changes were observed, including goblet cell reduction
and diffuse ulcers. In addition, Misp KO mice showed a complete loss of crypts in a wide area of the distal colon compared with WT
mice (Fig. 3C). The mean ratio of crypt loss in the Misp KO mice was 65.1%, significantly elevated compared with the 33.4% loss
seen in the WT mice (Fig. 3D). To investigate the cause of this difference in crypt loss, we first evaluated cell proliferation in the
crypts by IHC. Ki-67 positive cells were found in the crypts, and DSS exposure significantly increased Ki-67-positive cells in WT
and Misp KO mice. There was no difference in the abundance of Ki-67 positive cells between WT and Misp KO mice receiving tap
water. However, among the DSS-treated mice, there was a trend of decrease in Ki-67-positive cells in Misp KO mice compared with
WT mice (Fig. 3E, 3F).

Effect of MISP deficiency on pro- and anti- inflammatory cytokines and tissue repair in DSS-induced colitis model

Next, we examined the expression levels of pro-inflammatory and anti-inflammatory cytokines, //-1b, II-6, Tnfa, Il-10, and Tgfb1, in
the colon. Transcript levels of /I-1b, 1I-6, and Tnfa were highly elevated in mice treated with DSS regardless of the presence of MISP
(Fig. 4A—C). In contrast, the level of //-10 was unaffected and the level of Tgfb! was downregulated, respectively, upon DSS treatment
in WT mice. MISP-deficient mice exhibited reduced levels of //-10 and Tgfb1, and consequently no further downregulation of //-10 in
response to DSS treatment. The expression levels of 7gfb! in Misp KO mice were significantly lower than those in DSS-treated WT
mice (Fig. 4D, 4E). The TGF-p pathway has been shown to promote crypt budding in wound epithelium in synergy with WNT5A
[24]. Therefore, we examined the expression level of Wnt5a in the colon. Interestingly, in vehicle treated animals, MISP-deficient
mice showed a significant decrease of Wnt5a compared to WT mice, however, there is no significant difference between groups in
DSS treated animals (Fig. 4F).

DISCUSSION

In the present research, we examined the function of MISP in colitis using a mouse model of DSS-induced colitis. We first examined
the changes in the localization and expression levels MISP upon DSS treatment in mice. In vehicle or DSS treated animals, MISP
expression was observed in the apical membrane. In addition, MISP expression in the colon was significantly elevated in DSS-treated
animals. In Misp KO mice receiving tap water, no obvious symptoms were detected. Colitis induction by DSS exposure resulted in
significant increases in weight loss and DAI scores in Misp KO mice compared with the WT mice. Moreover, extensive crypt loss
was noted in Misp KO mice relative to the WT mice. Our results indicate that MISP is upregulated in response to colitis and helps in
the preservation of colon homeostasis. Accordingly, MISP deficiency exacerbates colitis.

PLK1 regulates mitosis by phosphorylating downstream targets [6]. Decreased expression of PLK 1 causes disruption of the balance
between proliferation and apoptosis of intestinal epithelial cells in sepsis, leading to an impairment of the barrier function of the
intestinal mucosa [4]. MISP is a substrate of PLK1 and is required for correct mitotic spindle positioning. Knockdown of MISP in
Hela cells interferes with mitosis by causing spindle misorientation and spindle activity checkpoint-dependent delay in metaphase-
to-anaphase transition [39]. To examine whether MISP deficiency exacerbates intestinal tissue damage by delaying tissue repair, we
evaluated the expression of Ki-67, a marker of cell proliferation. The results suggest that cell proliferation in the crypts is reduced in
Misp KO mice compared with the WT mice.

Intestinal stem cells are located at the base of the crypts and function to repair the mucosal layer after injury by continuously
regenerating the mucosa to maintain normal intestinal homeostasis. Dysfunction of intestinal stem cells disrupts the mucosal barrier,
allowing luminal contents to invade the mucosa [10, 11, 37]. DSS treatment is thought to induce damage to the barrier function of
the intestinal mucosa [5], and Misp KO mice show a tendency to suppress colon stem cell proliferation, suggesting that they may
have been more significantly affected by the DSS-induced damage compared with the WT mice. MISP also binds to actin filaments
in the cytoplasm and localizes to the plasma membrane, suggesting that it is involved in the formation of the cytoskeleton [39]. In
the colon, MISP is expressed on the apical membrane of colonic epithelial cells, suggesting that MISP deficiency itself may affect the
barrier function of the colonic mucosa.

In IBD, an imbalance between pro-inflammatory and anti-inflammatory cytokines has been reported to inhibit the convergence of
inflammation causing prolonged disease and tissue damage [26]. Therefore, we examined mRNA expression levels of cytokines in the
colon. The cytokines measured were indicators of Th2 (/I-10), Treg (/I-10, Tgfb1), and Th17 (II-6, Tgfb1) cells, and of innate immune
responses (/I-1b, Tnfa) [38]. The expression of the inflammatory cytokines //-1b, Il-6, and Tnfa increased by DSS treatment, suggesting
that the inflammation in the colon caused by DSS treatment is reflected in the mRNA expression levels. However, no differences were
detected in the expression levels of these cytokines between WT and Misp KO mice treated with DSS. Accordingly, our results suggest
that inflammatory cytokines are not responsible for the malignant transformation of DSS-induced colitis caused by MISP deficiency.

The anti-inflammatory cytokines IL-10 and TGF-f are produced by Treg cells and are protective against colitis [15, 16]. Treg cells
have been found to be decreased in the peripheral blood of IBD patients [9]. In several IBD models, transplantation of Treg cells
has been found to control inflammatory lesions. It has been reported that alterations in the balance between Foxp3"™ CD4" Treg cells
and T effector cells in the intestinal microenvironment contribute to the pathogenesis of IBD [35]. Pancreatic ductal adenocarcinoma
tissues with high MISP expression show significantly increased infiltration of follicular helper T cells, Treg, activated natural killer
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Fig. 3. Effect of mitotic spindle positioning protein (MISP) deficiency in mice with dextran sulfate sodium (DSS)-induced colitis. (A, B) Compari-
son of body weight changes (A) and disease activity index (DAI) scores (B) in wild-type (WT) and Misp knockout (KO) mice in DSS-induced
colitis model (n=4 per group; *, P<0.05; **, P<0.01). (C) Representative pathology images of the colon samples from WT and Misp KO mice
treated with DSS. Scale bars, 200 pm. (D) Comparison of the rates of crypt damage in the colon samples from WT and Misp KO mice treated
with DSS (n=4 per group; *, P<0.05). (E, F) Representative images of Immunohistochemical (IHC) staining for Ki-67 (E) and comparison of the
rates of Ki-67 positive cells in WT and Misp KO mice treated with vehicle or DSS (F) (n=3 per group of vehicle-treated mice; n=4 per group of
DSS-treated mice; #, P<0.1; *, P<0.05; ***, P<0.001). Scale bars, 200 um.

(NK) cells, and M0 macrophages, and decreased infiltration of activated CD4" memory T cells, CD8+ T cells, resting NK cells,
monocytes, M2 macrophages and neutrophils. This suggests that MISP has a specific role in limiting and inhibiting T cell activation.
[14]. The expression levels of 7/-10 and Tgfbl were significantly reduced in Misp KO mice compared with WT mice treated with
vehicle (control groups), and the expression levels of 7gfbl in Misp KO mice were also lower than those in WT mice receiving DSS
(colitis groups). These results suggest that MISP expression might be involved in Treg infiltration. IL-10 receptor and its downstream
signaling pathways are thought to play critical roles in regulating intestinal homeostasis and immunity. Polymorphisms in these genes in
innate immune cells have been linked to dysregulation of mucosal immune tolerance and early onset of IBD [27]. IL-10 is recognized
by macrophages and alleviates DSS-induced colitis by suppressing the production of nitric oxide and reactive oxygen species [20].
IL-10 KO mice exhibit spontaneous colitis development, resulting in anemia and growth retardation [17]. The reduced levels of 7I-10
expression in Misp KO mice in the absence of DSS treatment suggest that it potentially increases susceptibility to DSS-induced colitis.

The TGF-p family consists of five different isoforms (TGF-B1 to B5), which suppress cytokine production by inhibiting macrophage
and Thl cell activity [38]. TGF-B1-deficient mice show inflammatory phenotypes in multiple organs, including the colon, within weeks
of birth [18]. However, the low levels of TgfbI expression in Misp KO mice had no effect on the expression of pro-inflammatory
cytokines in the colitis model in this study. Loss of TGF-f signaling in the intestine increases susceptibility to ulcerative colitis,
suggesting that TGF-f signaling is an important determinant of tissue injury in inflammatory diseases [13]. This is consistent with
the significantly decreased levels of 7gfb! in the colon of Misp KO mice, which exhibited severe symptoms in response to DSS-
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Fig. 4. Effect of mitotic spindle positioning protein (MISP) deficiency on pro- and anti-inflammatory cytokines and tissue repair in dextran sulfate
sodium (DSS)-induced colitis model. (A—E) Messenger RNA levels of pro-inflammatory cytokines /I-1b (A), 1I-6 (B), and Tnfa (C); and anti-
inflammatory cytokines 7/-70 (D) and Tgfb! (E); and Wnt5a (F) in wild-type (WT) and Misp knockout (KO) mice with and without DSS-induced
colitis (n=3—4 per group; *, P<0.05; **, P<0.01; *** P<0.001).

mediated colitis induction, and with the increased expression of MISP in WT mice upon DSS treatment. It has also been shown that
regeneration of lost crypts requires WNTSA signaling, one of the non-classical Wnt signaling pathways, and that WNTSA promotes
crypt regeneration in the repair of colonic injury by activating the TGF-P pathway [24]. Interestingly, Wnt5a expression was also
decreased in Misp KO mice upon vehicle treatment, suggesting a potential loss of tissue repair capacity. The decreased expression of
Tgfbl in Misp KO mice upon DSS treatment may have decreased TGF-f pathway-dependent WNTS5A-mediated colonic crypt repair
and exacerbated crypt loss.

In conclusion, MISP acts in the repair of damaged crypts in the colon, and its loss suppresses the repair of colonic epithelial
damage caused by DSS treatment, resulting in aggravation of colitis. MISP exhibited a protective effect against colitis by regulating
the expression of anti-inflammatory cytokines (//-10, Tgfb1) but not inflammatory cytokines (/I-6, Il-1b, Tnfa), and promoting tissue
repair by regulating WNT5A expression. These findings may facilitate the development of therapies targeting the imbalance between
pro-inflammatory and anti-inflammatory cytokines and tissue damage in IBD.
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