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ABSTRACT

Background: Mesenchymal stem cells (MSCs) have been investigated as therapeutic agents
for inflammatory bowel disease (IBD). Stimulation of MSCs with pro-inflammatory cytokines
is an approach to enhance their immunomodulatory effects. However, further investigation is
required to support their application in immune-mediated disorders and companion animals.
Objectives: This study aimed to assess the therapeutic effect of tumor necrosis factor (TNF)-
a-stimulated feline adipose tissue-derived MSCs (fAT-MSCs) in a dextran sulfate sodium
(DSS)-induced colitis mouse model.

Methods: Colitis mice was made by drinking water with 3% DSS and fAT-MSCs were injected
intraperitoneally. Colons were collected on day 10. The severity of the disease was evaluated
and compared. Raw 264.7 cells were cultured with the conditioned medium to determine
the mechanism, using quantitative real-time polymerase chain reaction and enzyme-linked
immunosorbent assay.

Results: TNF-a-stimulated fAT-MSCs more improved severity of DSS-induced colitis in
disease activity, colon length, histologic score, and inflammatory cytokine. In sectionized
colon tissues, the group comprising TNF-o-stimulated fAT-MSCs had higher proportion of
CD11b"CD206" macrophages than in the other groups. In vitro, TNF-a-stimulation increased
cyclooxygenase-2 (COX-2) expression and prostaglandin E, (PGE,) secretion from fAT-MSCs.
The conditioned medium from TNF-a-stimulated fAT-MSCs enhanced the expression of
interleukin-10 and arginase-1 in LPS-activated Raw 264.7 cells.

Conclusions: These results represent that TNF-a-stimulated fat-mscs ameliorate the
inflamed colon more effectively. Furthermore, we demonstrated that the effectiveness was
interlinked with the COX-2/PGE, pathway.

Keywords: Colitis; mesenchymal stem cell; Inflammatory bowel disease; tumor necrosis
factor (TNF)-a
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic enteropathy characterized by persistent or
recurrent gastrointestinal signs, such as vomiting, diarrhea, anorexia, and weight loss. The exact
cause of IBD remains unknown; however, various factors, including genetic, environmental, and
microbiome, are suspected to be involved [1,2]. Idiopathic IBD is a common histopathologic
diagnosis in cats with chronic enteropathy [3]; however, its prevalence remains undetermined.
Chronic enteropathy in cats requires medication such as antibiotics, glucocorticoid and
immunosuppressant, diet control, and frequent visit, and it is difficult to treat even in these
trials. One study suggested that cats with chronic enteropathy partly benefited from the
injection of allogenic adipose tissue-derived feline adipose tissue-derived mesenchymal stem
cells (fAT-MSCs). However, the small population limited the evaluation of the therapeutic effect
of mesenchymal stem cells (MSCs) [4]. Despite the constantly developing treatments for IBD,
further investigations are required to identify an effective treatment regimen [5,6].

Macrophages play vital role in regulating inflammatory response and protecting the host.
By secreting cytokines, such as interleukin (IL)-1 and tumor necrosis factor (TNF)-a,

M1 macrophages induce inflammation, by contrast, M2 macrophages promote anti-
inflammation by secreting IL-10 [7]. Thus, the role of M2 macrophages in inflammatory
diseases is gaining interest.

For more than 40 years, MSCs have been investigated, and strategies to enhance their
effectiveness have also been investigated. Notably, MSCs have been studied in various
immune-mediated inflammatory diseases, including IBD, osteoarthritis, atopic dermatitis,
and encephalomyelitis [8-11]. The anti-inflammatory function of MSCs is attributed to their
immunomodulatory effects from secreting molecules [12]. Inflamed tissue is characterized by
hypoxia, a high concentration of inflammatory cytokines, and bacteria. Transplanted MSCs
can modulate inflammatory responses and promote regeneration in such environments.
Consequently, methods to enhance the therapeutic effect of stem cells using pre-conditioning
with hypoxia, pro-inflammatory cytokines, and pattern recognition receptor ligands have been
investigated. Among these, pro-inflammatory cytokines have been proven to be convenient
[13]. TNF-o is the most commonly used pro-inflammatory cytokine for pre-conditioning MSCs
[14-16]. However, we lack studies on the priming of fAT-MSCs with TNF-q.

MSCs could be treatment option for colitis [6,11-13] owing to their ability to modulate
inflammatory response and repair the impaired tissue. Therefore, we aimed to demonstrate
the anti-inflammatory ability and therapeutic potential of fAT-MSCs by pre-treating them with
TNF-o and injecting them into the dextran sulfate sodium (DSS)-induced colitis mouse model.

MATERIALS AND METHODS

Isolation and characterization of fAT-MSCs

During ovariohysterectomy, feline adipose tissues from healthy cats were harvested at the
Seoul National University Veterinary Medical Teaching Hospital. All procedures were approved
by the Institutional Animal Care and Use Committee of Seoul National University (protocol
No. SNU-190411-10). Adipose tissue was washed thrice in Dulbecco’s phosphate-buffered
saline (DPBS) (PAN-Biotech, Aidenbach, Germany) with 1% penicillin-streptomycin (PS;
PAN-Biotech), cut into small pieces, and digested with collagenase type 1A (1 mg/mL; Sigma-
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Aldrich, USA) for 1 h at 37°C. The enzyme was inactivated by Dulbecco’s modified Eagle’s
medium (DMEM; PAN-Biotech) containing 20% fetal bovine serum (FBS; PAN-Biotech). The
mixture was centrifugated at 1,200 rpm for 5 min. The pellets were filtered using a 70-um
Falcon cell strainer (Fisher Scientific, USA) and centrifugated at 1,200 rpm for 5 min. By using
red blood cell lysis buffer (Sigma-Aldrich), red blood cells in the pellets were lysed for 5 min
at 25°C and centrifugated at 1,200 rpm for 5 min. The pellets were resuspended in DMEM
containing 20% FBS and 1% PS, and transferred to 150-mm dishes at a density of 3,500 cells/
cm?. Transferred cells were incubated in DMEM containing 20% FBS at 37°C in a humidified
atmosphere of 5% CO,, and the medium was changed every 2-3 days until it reached 70%
confluency. In this experiment, isolated fAT-MSCs at passage 3—4 were used.

Cells were characterized using flow cytometry using antibodies against several stem

cell markers; CD29-FITC (BD Biosciences, USA), CD34-PE (BD Biosciences), CD44-

FITC (Invitrogen, USA), CD45-FITC (BD Biosciences), and CD90-PE (BD Biosciences).
Cellular differentiation was confirmed by the StemPro Adipogenesis, Chondrogenesis,
and Osteogenesis Differentiation Kits (Gibco/Life Technologies, USA) in accordance with
manufacturer’s instructions.

TNF-a-stimulation

The fAT-MSCs were spread in six-well plates (5 x 10° cells/well) and cultured in DMEM medium
supplemented with 20% FBS and 1% PS. After 24 h, the cells were stimulated with 50 ng/mL
feline TNF-o (Kingfisher Biotech, USA) for 24 h. The vitality of the cells was evaluated using the
D-Plus CCK Cell vitality Assay Kit (DonginLS, Korea) after three DPBS washes.

RNA extraction, cDNA synthesis, and quantitative reverse transcription
polymerase chain reaction (qRT-PCR)

RNA was collected from fAT-MSCs and RAW 264.7 cells using the Easy-BLUE Total RNA
Extraction Kit (iNtRON Biotechnology, Korea). Using the LaboPass M-MuLV Reverse
Transcriptase Kit (Cosmogenetech, Korea), cDNA was synthesized. qQRT-PCR was used to
examine the cDNA samples using AMPIGENE qPCR Green Mix Hi-ROX with SYBR Green Dye
(Enzo Life Sciences, USA). The mRNA expression levels were quantified using glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as the positive control. Table 1 contains a list of the
primer sequences utilized in this study.

Enzyme-linked immunosorbent assay (ELISA)

The cell-conditioned medium was obtained from fAT-MSCs, TNF-a-stimulated fAT-MSC
(24 h), and TNF-a- and NS-398-stimulated (5 uM; Enzo Life Sciences) fAT-MSC (48 h)
incubated in six-well plates at a density of 5 x 10* cells/well. Following the manufacturer’s

Table 1. Sequences of PCR primers used in this study

Gene Forward (5'-3") Reverse (5'-3")
MGAPDH AGTATGTCGTGGAGTCTACTGGTGT AGTGAGTTGTCATATTTCTCGTGGT
mArgl AACACGGCAGTGGCTTTAAC GTCAGTCCCTGGCTTATGGTT
miL-10 TGGCCCAGAAATCAAGGAGC CAGCAGACTCAATACACACT
mliL-6 AGTTGCCTTCTTGGGACTGA TCCACGATTTCCCAGAGAAC
miL-1B TGGACCTTCCAGGATGAGGACA GTTCATCTCGGAGCCTGTAGTG
fGAPDH AGGTCGGTGTGAACGGATTT GCCGTGGGTGGAATCATACT
fcox-2 CGATTCAGTCTCTCATCTGCAATAA TCAGTTGAACGTTCTTTTAGCAGTA
fTGF-B CCAACAAAATCTATGAGAAAGTCCA TATTGCTGTATTTCTGGTACAGCTC
fHGF ATTCCATGGGATTATTGTCCTATTT TTCAAACTAACCATCCATCCTACAT

PCR, polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Argl, arginase T; IL, interleukin; COX-2, cyclooxygenase-2; TGF,
transforming growth factor; HGF, hepatocyte growth factor.
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instructions, a prostaglandin E, (PGE,) ELISA kit (Enzo Life Sciences) was used to determine
the concentration of PGE, present in the cell-conditioned medium.

Culturing RAW 264.7 cell with conditioned media from fAT-MSCs

RAW 264.7 cells obtained from Korean Cell Line Bank were seeded in six-well plates (5 x 10° cells/
well) for 24 h and then stimulated with lipopolysaccharide (LPS) for 6 h. Cells were washed thrice
with DPBS and incubated with the conditioned medium supplemented with 10% EBS for 48 h.

DSS-induced colitis mice

Six-week-old male C57BL/6] mice were acquired from Nara Biotech (Korea) and maintained
in regulated temperature, humidity, and light cycle conditions. Mice were randomly divided
into four groups (n = 4 for the control group and n = 6 for the DSS, DSS with fAT-MSC, and
DSS with TNF-a primed fAT-MSC). Colitis was induced by adding 3% DSS (36-50 kDa;

MP Biomedicals, USA) to drinking water ad libitum from days 0—7. On day 1, mice were
intraperitoneally injected with 200 puL DPBS, 2 x 10° fAT-MSCs, or TNF-a-primed fAT-MSCs
diluted with 200 pL DPBS. The water was changed on day 8, and the mice were euthanized on
day 10. All procedures were approved by the Institutional Animal Care and Use Committee
of Seoul National University, and the protocols were carried out in accordance with approved
guidelines (protocol No. SNU-211207-5).

Evaluating colitis severity

The disease activity index was evaluated daily by scoring the body weight loss (scores 0—4:

0, none; 1, < 10% loss of the initial body weight; 2, 10%-15% loss of the initial body weight;
3, 15%—-20% loss of the initial body weight; 4, > 20% loss of the initial body weight), stool
consistency (scores 0—4: 0, none; 2, mild diarrhea; 4, moderate to severe diarrhea), rectal
bleeding (scores 0—4: 0, none; 2, mild bleeding; 4, moderate to severe bleeding), and general
activity (scores 0—4: 0, none; 2, mildly depressed; 4, moderately to severely depressed).

Histological analysis

Colon tissues were fixed in 10% formalin, embedded in paraffin, and sectionized at 4 pm.
The sections were stained with hematoxylin and eosin. A total of 20 fields per group were
selected randomly and evaluated in blind manner. The histologic score was calculated

based on the infiltration of inflammatory cells (scores 0—4: O, no infiltration; 1, infiltration
around crypt basis; 2, infiltration reaching to lamina muscularis mucosa layer; 3, extensive
infiltration reaching the muscularis mucosa with abundant edema; 4, infiltration of the
submucosa layer) and damage to the epithelium (scores 0—4: 0, normal; 1, loss of goblet cells;
2, loss of goblet cells in large areas; 3, loss of crypts; 4, loss of crypts in large areas).

Western blot analysis

Using the PRO-PREP Protein Extraction Kit (iNtRON Biotechnology), total proteins were
isolated from colon tissues. The proteins were quantified with the BCA assay. Approximately
20 pg of samples were loaded onto SDS-PAGE and immunoblotted with antibodies against
beta-actin (1:500; Santa Cruz Biotechnology, USA) and IL-1B (1:100; LSBio, USA).

Immunofluorescence analysis

Paraffin-embedded colon tissues were cut into 4-pum thick sections. Sections were
deparaffinized, rehydrated, and antigen retrieval was done in 10 mM citrate buffer. Sections
were washed and blocked with a buffer comprising 5% bovine serum albumin and 0.3%
Triton X100 for 1 h. The sections were incubated with CD11b-PE (1:100; Santa Cruz

https://doi.org/10.4142/jvs.23106 4/13
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Biotechnology) and CD206-FITC (1:100; Biolegend, USA) antibodies at 4°C overnight. The
sections were washed thrice and mounted in Vectashield mounting medium containing

4', 6-diamidino-2-phenylindole (DAPI; Vector Laboratories, USA). The sections were
examined under an EVOS FL microscope (Life Technologies, Germany), and the number of
immunoreactive cells was counted in 20 random fields per group.

Statistical analyses

Data are presented as the mean + SD. Mean values from each group were compared using
the t-test and one-way analysis of variance (ANOVA) using GraphPad Prism v.7.01 software
(GraphPad Software, USA). pvalues < 0.5 were considered statistically significant.

RESULTS

Characterization of fAT-MSCs

The cells isolated from feline adipose tissue displayed a fibroblast-like morphology. Flow
cytometric analysis revealed that cells had a high expression of MSC markers, such as

CD29, CD44, and CD90, and low expression of hematopoietic markers, including CD34 and
CD45 (Fig. 1A). Subsequently, cells were differentiated in to adipocytes, chondrocytes, and
osteocytes (Fig. 1B).

00 =
0 CD9 CD44 CcDo0
260

200
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200 o

150 5

100 100 ~

Adipogenesis Chondrogenesis Osteogenesis

Fig. 1. Characterization of fAT-MSCs. (A) Analysis of surface markers of fAT-MSCs using flow cytometry. (B)
Adipogenesis; intracellular lipid vacuoles were stained pink with Oil Red O. Chondrogenesis; proteoglycans were
stained with Alcian Blue. Osteogenesis; fAT-MSCs were stained positive for calcium deposits using 1% Alizarin red.
fAT-MSC, feline adipose tissue-derived mesenchymal stem cell.
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Immunomodulatory factors expressed by TNF-a-stimulated fAT-MSCs
TNF-a-stimulation for 24 h significantly increased the degree of cell proliferation compared
with that in the non-stimulating group (Fig. 2A). The TNF-a pre-treated fAT-MSCs exhibited
a significantly higher expression of TGF-3 and cyclooxygenase-2 (COX-2) genes than that of
non-treated fAT-MSCs. Contrary to the non-significant increase in HGF expression in fAT-
MSCs, these levels were increased when fAT-MSCs were pre-treated with TNF-a (Fig. 2B).

TNF-o-stimulated fAT-MSCs ameliorate DSS-induced colitis

TNF-o-stimulated fAT-MSCs administered intraperitoneally reduced body weight loss and
disease activity index over 10 days compared with that in phosphate-buffered saline (PBS)-
treated mice. On the other hand, there was no significant difference between PBS-treated
group and fAT-MSCs group (Fig. 3A and B). On day 10, the mice were euthanized, and their
colons were collected for analysis. Unlike fAT-MSCs group, TNF-a-stimulated fAT-MSCs
group showed improvement in colon length shortening when compared to the PBS-treated
group (Fig. 3C). Histological examination revealed that both fAT-MSCs and TNF-a-stimulated
fAT-MSCs groups had lower histological scores than that of the PBS-treated group.
Furthermore, the TNF-a-stimulated fAT-MSCs group revealed a significant reduction in the
histological score compared with that in the fAT-MSC group (Fig. 3D). TNF-a-stimulated
fAT-MSCs group exhibited a decreased inflammatory response by reducing IL-1p levels in the
colon compared with that in the PBS- and fAT-MSC treated groups (Fig. 3E).

Alteration in PGE2 levels, secreted by TNF-a-stimulated fAT-MSCs with and
without NS-398 treatment

The efficacy of COX inhibitor, NS-398, in inhibiting COX-2 expression was monitored by
measuring COX-2 gene expression in fAT-MSCs and PGE, levels in the conditioned medium
derived from fAT-MSCs, fAT-MSCs with NS-398, TNF-a-stimulated fAT-MSCs, and TNF-a-
stimulated fAT-MSCs with NS-398 using PGE, ELISA kit. In TNF-a-stimulated fAT-MSCs,

TGF-B HGF
c 2.0 - x - 2.5+
kel Rl NS
2 15- 2 207
< 3 <5 151
Z % 101 Z35
e o IS ® 1.0
£ 051 £ 051
e e
0- 0
Control TNF-a Control TNF-o

Fig. 2. Immunomodulatory effects of TNF-a-stimulated fAT-MSCs. (A) Cell viability of non-stimulated and TNF-a stimulated fAT-MSCs. (B) Increased gene
expression of COX-2 and TGF-f. Results are presented as means + SD.
TNF, tumor necrosis factor; fAT-MSC, feline adipose tissue-derived mesenchymal stem cell; COX-2, cyclooxygenase-2; TGF, transforming growth factor; NS, not

significant.

**p < 0.01, ***p < 0.001. NS indicates not statistically significant.
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days. (C) Colon length was evaluated on day 10. (continued to the next page)
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Fig. 3. (Continued) (D) H&E staining of the colon section and the histological score was calculated. (E) IL-1B levels in the colon were evaluated using western blot
analysis. Results are presented as means = SD.

fAT-MSC, feline adipose tissue-derived mesenchymal stem cell; DSS, dextran sulfate sodium; PBS, phosphate-buffered saline; TNF, tumor necrosis factor; DAPI,
4', 6-diamidino-2-phenylindole; H&E, hematoxylin and eosin; IL, interleukin; NS, not significant.

*p < 0.05, **p < 0.01, ***p < 0.001, ***p < 0.0001.

COX-2 gene expression was increased, COX-2 expression was markedly decreased in the
additional NS-398 treatment groups (Fig. 4A). PGE, levels were considerably increased in
TNF-a-stimulated fAT-MSCs conditioned medium. Additional NS-398 treatment reduced
PGE, levels in the fAT-MSCs and TNF-a-stimulated fAT-MSCs groups (Fig. 4B).

TNF-a stimulated fAT-MSCs induce M2 macrophage polarization via the COX-2/
PGE, pathway

To identify the role of PGE,, Raw 264.7 cells were incubated in the fAT-MSCs conditioned
medium pretreated with TNF-a or NS-398 after LPS stimulation for 6 h (200 ng/mL). The
levels of M2 macrophage-associated factors, IL-10 and arginase-1, were elevated in the TNF-
a-stimulated fAT-MSCs-derived conditioned medium compared with other groups. However,
the additional NS-398 treatment decreased the levels of these factors when compared to

the only TNF-a-treated group. Conversely, the levels of IL-1p, related with M1 macrophage-
associated factors, were rather increased in TNF-a-treated group compared with naive fAT-
MSCs group. IL-6 levels were not significantly altered in all fAT-MSCs-treated groups (Fig. 5).

TNF-a stimulated fAT-MSCs increased the number of M2 macrophages in the
inflamed colon

Given that the cytokines (arginase 1 [Argl], IL-6, IL-1f, and IL-10) modulated in the above
results are mainly secreted from macrophages, we further investigated whether fAT-MSCs or

https://vetsci.org https://doi.org/10.4142/jvs.23106 8/13
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related factors in LPS-activated Raw 264.7 cells incubated with the conditioned medium. Results are presented as means + SD.

TNF, tumor necrosis factor; fAT-MSC, feline adipose tissue-derived mesenchymal stem cell; LPS, lipopolysaccharide; IL, interleukin; Argl, arginase 1; NS, not
significant.

“p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. NS indicates not statistically significant.
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Fig. 6. TNF-a stimulated fAT-MSCs induced M2 macrophage polarization in the inflamed colon. Immunofluorescence
staining of colon tissue sections using CD11b- and CD206-specific antibodies, and numbers of CD11b- and CD206-
positive cells were calculated (scale bar = 400 pm). Results are presented as means + SD.

TNF, tumor necrosis factor; fAT-MSC, feline adipose tissue-derived mesenchymal stem cell; DAPI, 4', 6-diamidino-
2-phenylindole; PBS, phosphate-buffered saline; NS, not significant.

*p < 0.05, ****p < 0.0001. NS indicates not statistically significant.
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TNF-o-stimulated fAT-MSCs could alter macrophage phenotypes in inflamed colon tissue.
Immunofluorescence analysis revealed that the number of CD11b*CD206* M2 macrophage
was increased in both fAT-MSCs and TNF-a-stimulated fAT-MSCs groups; however, the
numbers in the TNF-a-stimulated group were significantly increased (Fig. 6).

DISCUSSION

In this study, we enhanced the effectiveness of fAT-MSCs by stimulating with TNF-a, and
elucidated the associated mechanisms in DSS-induced colitis mice.

We demonstrated that TNF-o-stimulation increased the proliferation of fAT-MSCs and the
immunomodulatory factors, such as TGF-B and COX-2. TGF-f has an immunosuppressive effect,
polarizes M2 macrophages, and aids in the homeostasis of peripheral CD4*CD25* regulatory T
cells [1719]. COX-2 directs anti-inflammatory response by increasing regulatory T cells [20].

In colitis mouse model, the naive fAT-MSCs group had no significant effect. However, the
TNF-o-stimulated fAT-MSCs group ameliorated colitis by altering the body weight, colon
length, and DAI. The naive fAT-MSCs group also improved histological scores compared with
that of the PBS group, but the scores of the TNF-a-stimulated fAT-MSCs group were relatively
higher. TNF-a-stimulated fAT-MSCs group also had a lower concentration of IL-1f in the
colon than that in the naive fAT-MSCs group. To determine the underlying mechanisms,

we focused on the significantly increased expression of COX-2, which regulates the

immune response. The COX-2/PGE, pathway is associated with reducing the inflammatory
environment by down-regulating pro-inflammatory cytokines and increasing regulatory T
cells [20,21]. COX-2 inhibition blocks M2 macrophage differentiation [22]. Furthermore,
PGE, inhibits pro-inflammatory secretion by LPS-activated macrophages [23]. Therefore, we
evaluated whether TNF-a-stimulated fAT-MSCs affect M2 macrophages polarization in vitro.
We confirmed that TNF-o-stimulated fAT-MSCs secrete more PGE, than naive fAT-MSCs, and
NS-398 inhibit COX-2 gene expression and PGE, secretion in the conditioned medium using
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qRT-PCR and ELISA. M2 macrophage-related factors, IL-10 and arginase-1, were significantly
increased in TNF-a-stimulated fAT-MSCs group when compared to the naive fAT-MSCs
group. Their expression was decreased in TNF-a-stimulated fAT-MSCs group with NS-398
treatment. M1 macrophage-related factors, IL-6 and IL-1B, were not decreased, instead IL-1
was increased in TNF-o-stimulated fAT-MSCs group when compared to the naive fAT-MSCs
group. These results suggest that PGE, secreted by TNF-a-stimulated fAT-MSCs is at least
partly involved in inducing M2 macrophage differentiation.

Macrophages are present throughout the gastrointestinal mucosa and smooth muscle layer of
the intestine [24,25]. Eissa et al. [26] demonstrated that macrophages play a major role in the
treatment of colitis. Macrophages are classified into M1 and M2 macrophages based on their
activation state, and studies revealed that M2 macrophages are closely related to improving
colitis [8,27,28]. Our immunofluorescence findings revealed that markers of M2 macrophages
in the colon tissue sections from DSS-induced colitis mice were highly expressed in both
naive fAT-MSCs and TNF-a-stimulated fAT-MSCs groups compared with that in the PBS
group; notably the increase was prominent in the TNF-o-stimulated fAT-MSCs group.

Our study has the following limitation: macrophage related other factors, such as Ym1 and
FIZZ 1 [29], secreted from TNF-a-stimulated fAT-MSCs may also direct polarization of M2
macrophage in DSS-induced colitis mice. Further research is required to verify the effects on
M2 macrophage polarization. Nonetheless, these findings provide ground to enhance stem
cell therapy for feline IBD patients through cytokine pre-conditioning.

We demonstrated that TNF-o-stimulation ameliorates inflammation in the colon more
effectively than naive fAT-MSCs. Our findings suggest that TNF-o-stimulation activates the
COX-2/PGE, pathway and plays a crucial role in promoting M2 macrophage polarization (Fig. 7).

CD206 ™
e o Argl A
o IL-10
® P ) @ e o Macrophage
‘ o
TNF-a

M2 macrophage

Decrease
inflammation

d

Colitis mouse model

Fig. 7. Schema of TNF-a stimulated fAT-MSCs action in this study. TNF-a stimulation increased COX-2/PGE,
pathway in the fAT-MSCs. Secreted PGE, induced polarization of macrophage into M2 phenotype and decreased
inflammation in DSS-induced colitis mouse model.

TNF, tumor necrosis factor; fAT-MSC, feline adipose tissue-derived mesenchymal stem cell; COX-2,
cyclooxygenase-2; PGE,, prostaglandin E,; DSS, dextran sulfate sodium; Argl, arginase 1; IL, interleukin.
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As we know, therapeutic effect of TNF-a-stimulated fAT-MSCs in a DSS-induced colitis mouse
model has been confirmed in this report for the first time.
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