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The Therapeutic Efficacy of Tonsil-derived Mesenchymal Stem Cells in Dextran Sulfate
Sodium-induced Acute Murine Colitis Model

Eun Mi Song, Sung-Ae Jung, Ko Eun Lee, Ji Young Jang, Kang Hoon Lee, Chung Hyun Tae, Chang Mo Moon, Yang-Hee Joo,
Seong-Eun Kim, Hye-kyung Jung and Ki-Nam Shim

Department of Internal Medicine, Ewha Medical Research Institute, Ewha Womans University School of Medicine, Seoul, Korea

Background/Aims: Mesenchymal stem cells (MSCs) are multipotent progenitor cells currently under investigation for its efficacy as
the treatment for inflammatory bowel disease. In this study, we evaluated the efficacy of tonsil-derived mesenchymal stem cells
(T-MSCs) as a novel source of mesenchymal stem cells and traced their localization in a murine model of acute colitis induced by
dextran sulfate sodium (DSS).

Methods: C57BL/6 mice were randomly assigned to the following three groups: the normal control group, DSS colitis group
(DSS+phosphate buffered saline), and T-MSC group (DSS+T-MSCs, 1x10°). The severity of colitis was assessed by determining the
severity of symptoms of colitis, colon length, histopathologic grade, and levels of inflammatory cytokines. T-MSCs labeled with PKH26
were traced in vivo.

Results: The T-MSC group, compared with the DSS colitis group, showed a significantly lower disease activity index (11.3£1.5 vs.
8.3+1.9, p=0.015) at sacrifice and less reduction of body weight (-17.14£5.0% vs. -8.1+6.9%, p=0.049). In the T-MSC group, the histo-
logic colitis score was significantly decreased compared with the DSS colitis group (22.6+3.8 vs. 17.0£3.4, p=0.039). IL-6 and IL-13,
the pro-inflammatory cytokines, were also significantly reduced after a treatment with T-MSCs. In vivo tracking revealed no PKH26-la-
belled T-MSCs in the colonic tissue of mice with acute colitis.

Conclusions: In the acute colitis model, we demonstrated that the administration of T-MSCs ameliorates inflammatory symptoms
and histology. Moreover, the anti-inflammatory activities of T-MSCs were independent of gut homing.

(Korean J Gastroenterol 2017;69:119-128)
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3. S=4d

il

Ao AgH vheAs A4 RS A QS dextran
sulfate sodium (DSS)E ©o]&3ste] 34 AES st

ouwu=w Ira
4 AL 3% DSS (MP biochemical, Irvine, CA, USA)

FHL 3 797 BGAA FEhEon DSS B 3
TMSCE ZJste] 1 LS Frelgich T-MSCO| AR
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D1 D7
I ]
o~ | 1
Normal control (n=10 Water |
o D3 Fig. 1. Induction of acute colitis. Acute colitis was
o 3 induced by 3% DSS treatment for 7 days. T-MSC was
DSS colitis (n=11) injected intraperitoneally on day 3 after an induction
D3 of acute colitis. PBS only was administered as a
'l control in the DSS colitis group. DSS, dextran sulfate
T-MSC (n=12) '@ | 3%DSS po + T-MSC 1108 P | sodium; T-MSC, tonsil-derived mesenchymal stem
cell; PBS, phosphate-buffered salilne.
._QT—]'% 1—{1_“_)5]'7] 9—]5]'0:] Zé/ﬂ'i’-, Xo]'%ﬂ KH_%TT_LEI]- H]Iﬂ_ l"‘i-ﬁ 3]— Table 1. Primer Sequences of the Reverse Transcription Polymerase
93\]:]_ ;g}b]_ EH_JZ_“:_I_]“S—_ D]——?—‘}_\_Oﬂ 0-1]]:1'6‘:]_— ;vq j(]_l}__ A] B—g_é_]_x] %];% Chain Reaction (real time—PCR)
BESE B ARS AT 2OR AYT 4G drPe Seduence
APDH F 5-TGATGACATCAAGAAGGTGGTGAAG-3’
DSSE Y =l o7 Aol DSSE FYS sk ° Ri'—T?)CT?’G(()SA(SGCgAT(f'I?AGGGGC(?AT—S ’
T-MSCZ 2= /\]33,4@ T-MSC Fo]+3} v|ws} IL-6 F 5’-CCGGAGAGGAGACTTCACAG-3'

SOt
2
ok
£
>

Ao T-MSC2Q] Fof UH7H3<ﬂ° phosphate buffered saline
(PBS)E Eofstelrkrig 1) 4 FEL fEoHs 79 F
oF AlT H3}, HO| &7, Holuf hEofA K3tH 0w T
% 9§55 g9t mfjd AH 24 XX (disease activ-

y index, DADNE 2438}t nfoa ol on =7|7}
B4 % 478 0l SV Bl B BE A%
ol 7 2ol 2o, o) el Ul B
A &

4, ZZ|St™ W7t

AEE o 2242 10% 2T 14 & AwkAQl ut
2t & 7H59] hematoxylin-eosin FA-& A] B3}
ZA A Q] A2 Zh7 19159 27 A, LR 2 A

o] Ao thsto] o]FojFom ojde] HilH Z

AskA Aol A4 AA(histologic colitis scoring  sys-

tem)E Tt ZF AAY 959 A%, A5 W9l &

(crypt) &4 ZJE, ;ﬁ*ﬂ e &4 HRA(%E F7Esto]
=

5. M | 7] MES| HIAAX =1
Az Ao FZA Ato|E7Felel IL-6, TNF-a, IL-13
L-173} AE7Felel KC, MIP-29] X5 AA|7F 2334
9H-S-(real-time polymerase chain reaction) H'H< &
of Z7steltt. x4 AAl= -70°C AL dsilo] 2
7 A A7k Beidet. vk~ g 20| Easy-BLUE™
(Intron biothechnolgy, Korea) 1 mLE 91, A H& &
o]7]ef chloroform (Sigma, St. Louis, Missouri, USA) 200 nL
£ 23, AlIA &8=0] £ (vortexing)stlth. A=A 2-3
EZF A]eh 3of 12,000 rpm (4TC)02 108-7F Y4l Bejst

tel E7t

> Ot pe owa

R 5’-TCCACGATTTCCCAGAGAAC-3’

TNF-alpha F 5’-ACGGCATGGATCTCAAAGAC-3’

R 5’-AGATACCAAATCGGCTGACG-3’
IL-17 F 5’-TCCCTCTGTGATCTGGGAAG-3’

R 5’-CTCGACCCTGAAAGTGAAGG-3’
IL-103 F 5-GAGCCCATCCTCTGTGACTC-3'

R 5-TCCATTGAGGTGGAGAGCTT-3'
KC F 5'- CAATGAGCTGCGCTGTCAGTG-3’

R 5’- CTTGGGGACACCTTTTAGCATC-3’
MIP-2 F 5’- CCAAGGGTTGACTTCAAGAAC-3’

R 5’- AGCGAGGCACATCAGGTACG-3’

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL, interleukin;
TNF, tumor necrosis factor; KC, keratinocyte chemoattractant; MIP,
macrophage inflammatory protein.

S A= S 2e EHo| ol of7]d E89] isopropanol
(Sigma)S Y1l AE E%(invert mixing)dt Fof AL

=

5EZF HFX| 3t 3of] ThA] 12,000 rpm (4C) O & 1087F U4
l‘%ﬂﬁ}‘}i\:}. 1\1] AA|(pellet)7} Ho|H 75% ethanol®
2~39¥ MH3tE Tof Ao TE]1l, nuclease free water2
AAXNE =9 T nano-dropl. & RNAEEE 4359} o|&

2 ug AEFe] RNAS} oligo dT primer 0.5 ugS ¥l 70Coj
1087 & & o§7]o] M-MLV RT (Molony Murine Leukemia
Virus Reverse Transcriptase) (Promega, Fitchburg, Wisconsin,

)
>~ l‘>

USA) 200 unit, rRNasin Ribonuclase inhibitor (Promega)
25 unit, bxRT buffer®} 2 mM<2] dNTPES 417, nuclease
free water® 25 pLE 92 & 42Co|A 608 & & 95
CollAq 6EZE & Fof 4Cof Eaehqich §4%€ cDNA 0.1
ngS F30 5 2X Power SYBR Green PCR Master mix
(Applied Biosystems, Waltham, MA, USA)e} Z+7+9] pri-
mer setS ©]-83}%] 7000 Real time PCR system (Applied
Biosystems)& 5010 ®ASIGITE 2 AP o)A AME-SH= pri-
By gzsiglon, 22 ¢

mer= Macrogen (Korea)AF&
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71ge 3 13} ZH(Table 1). ZF PCR ¥H3-2 95°Cof|4] 10
20 o] WA 9 & 96 Cof|A] 162, 60 CoflA 181t 40%]
HhEsto] =2Y5kGinh PCR W $2 ¥ melting curve 23
= ot AR S50 S RISkl A A
o Y BAS 9Jote] A (house keeping) FHARRI glycer-
aldehyde-3-phosphate dehydrogenaseS ©|-&95l91, A
A G wdHe 24 grog AT

6. M R 7| ME| ME XHZAM 29 = (Hx

S F7] MZE2 Al W X F=H)

PKH26 red fluorescent linker MINI kit (Sigma-Aldrich)
2 olg3tel T-MSCE] A W A8 9110 Thstel otk
o 3ge ER vlsstd WA AE E592x107
cells/mL)¥} 9% %L@,q(éb(lO’6 M PKH25)S &3lsto] mjzle
ol-g-sto] 2 AUt Aol 5EXF WA & FU 7Y

L

S AolA ThAl 121 WA o] ARk 10:27F
Y4 #2400 g, A3t AE F LT S| wiAl
He WAe 33 RHESH § HFZ R nhpLof Fops
9Jsto] 2 mL PBS o] A c}t A 3UA o] PKH262 2
EARE T-MSCE vh-220] U2 7 64 F U 8LA | vp
=

S A A L OJ3) HFAl O 2 ZZ] 8. o19] Z Ao X
le} o = B =)

O l—= L-"T1= TtMR

[e)
r

{

indole (Vector Laboratories, Burlingame, CA, USA)7} &
¥ VECTASHIELD® 3122 & dof §33n|%(Olympus
fluorescence microscope, Tokyo, Japan)o. & 343140
] Z}i2(Moticam pro camera, Hongkong)2 AHIS #4

st

7. SHEA

7 Ag]l+= SPSS for Window 21.0 version (SPSS Inc.,
Chicago, IL, USA) Z2IHE o] gl on, HAF Ait=
gt EEAAE E7]0F At 7Ee] Kol HighA
= % HH o g Mann-Whitney U HA2 AlPte] p

= HES o
#hol 0.05 ofstd A5 SAGHA o7 fofgtrtal WS
Z2

1. 24 Y 2YON T-MSC X2 =1
TMSCE 34 49 2l DSs Kol 3] 7 v

%4 WAOR Folelgith. DSS Kol 4UsRE thiel uf
27k APA Y A El AL B AF P
SOl A% A9 B4 HAT 94 S DAIR B7tol
GRS W) TMSC Kolol ofdte] A9 F49] o3t Lol
TEE TH11.3+1 vs. 8.3x1.9, p=0.015; Fig. 2A, B). E3l,

20| 5. 0teA9 8¢ DSS HY ZHUM H= R SUE &7| MZ Xz =1}

A 5
-o~ Normal
T-MSC 1x10° - DSS+PBS

10- ¥ DSS+T-MSC
<
a

5-

o

D1 D2 D3 D4 D5 D6 D7 D8

B

DAl
)
i

—- Normal
201 -8 DSS+PBS

-+ DSS+T-MSC
101

-101 }*

20°p1 p2 D3 D4 D5 D6 D7 D8

Weight loss (%)

Fig. 2. Effect of treatment with T-MSCs on inflammatory symptoms.
T-MSC ameliorated the inflammatory symptoms assessed by the
DAl in DSS-induced acute colitis. (A) The difference of DAl between
the T-MSC group and the DSS colitis group assessed daily was
maximized by day 8. (B) The mean DAI of the T-MSC group on day
8 was significantly lower than that of the DSS colitis group
(11.3£1.5vs. 8.3+1.9, p=0.015). (C) The reduction of body weight
at sacrifice was attenuated with T-MSCs treatment (-17.1+5.0% vs.
-8.1£6.9%, p=0.049). Data are presented as the meantSEM
(*p<0.05). T-MSCs, tonsil-derived mesenchymal stem cells; DA,
disease activity index; DSS, dextran sulfate sodium; PBS, phosphate-
buffered salilne.

4 Ad e oA g VIR BRI HFA AF
TAE T-MSC Fofof| 2Jsto] Aste] 9 rh(-17.146.0% vs.

0o

1+6.9%, p=0.049; Fig. 2C).
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B 30-

20 -

10 4

Histologic colitis score

Fig. 3. Treatment with T-MSCs reduced the colonic damage microscopically. (A) The induction of acute colitis showed an extensive infiltration of
inflammatory cells, crypt damage, edema, and ulceration. Treatment of T-MSCs reduced the infiltration of inflammatory cells and extent of disease.
(B) The histologic colitis score was significantly reduced after T-MSCs treatment (*p<0.05). DSS, dextran sulfate sodium; PBS, phosphate-buffered sal-
ilne; T-MSC, tonsil-derived mesenchymal stem cell.

AE 8dA ol vf-AE SAsto] WA A el ol== 3. T-MSC F0{0f| QIEP 34 MOIEFII A AHZFIR19] H3}
) =]

o] dolE ZAstlet. HAdollAl Hat 86.5+12.0 mmo] DSS| olgte] GrE Aol mEoA T-MSCe| X5 A}
A" Adolof gl DSSE Foidt FE dixtolAl= o] 7] || djslo] Eo}gj_x} Y23t A 22 A =4
53.7+7.1 mm=& Ado|7} ZZFOFE} p< 01). T-MSC2] Fof9 ApolE7folT} AR FlS AA|7F Z3Fa A AERS-S B3]
oJste] 9] el oJste] & JZo] @2 THE= 2489t Th1¥} Th17 32 Ale]E7}1219l TNF-a, IL-6,
2E Helov FAXCR 4*}% OFQITHB3.7+7.1 mm IL-1B and IL-172 DSSE 24 A4do] 45H A4 tzx
vs. 59.9+4.1 mm, p=0.088). A B 271E A4S HtkFig. 4). T—MSCQ] Eojo]

>

(
olsfo] IL-69} IL-1B% g HetolAl S-2J8lA 2Aastoch
(IL-6, p=0.007; IL-1B, p=0.049; Fig 4A, C). TNF-a X

ZATAE A5 AAE olgstol T-MSC7F 24 Fdel & w3k T-MSC Fofof ojote] grastglo A onj=
ot fEE A5 A4S TAAT|=A] GotEoteh L9R-et A HFig. 4B). IL-17 X% A 227 T-MSC Foj
YA digellA AAE 242 Aol 2ARF Y 952 AA oA 2 Xpel7h glithFig. 4D).

A i A F55 959 W, Ao &4 9 A4 AR7}el KC (CXCL1)¥} MIP-1 (CXCL2) ¥3F Z¢o] &
Aol 71x3to] FrRsATh w4 ol fE vh-LolA T upeaol g & oA 27t Ado] Btk Ad &
g e, skt A BS LS5 g5l BEEHS LT27 T-MSC BEoj3-S B watdL u Soujet xjo|& vt
onf el AT AES] AT, Aok EA B MlEe] & AY S giglon T-MSCY| Folo] ot MIP-27} tha
Aol FHiEof UGlaL A Aol ek Fol= A2 Al Zasie Ago] B QItHp=0.081; Fig. 4F).

Haok ZY diztel vlste] T-MSC Foltd d5 M=

WEL 4, A5 W99 A4 A Aok &40 43t 5 A% 4 T-MSCQ MA| W f1x] 3%

of 941 sddo] AR 248 A5 AAR B 71sto] AR Yol A T-MSCO] ZH& $IXof] tiste] dobriy] 9let
HQLES W T-MSC FojatolA A9 tizwtol wiot o7t & o] PKH26 33 24 & FAJSE T-MSCE A4 upSAol 34
OJSHA| AEYTH22.6+3.8 vs. 17.0+3.4, p=0.039; Fig. 3). ZFodo. 0wl nlo Ao ZH Eoldlolr) Eo] 5] o] mpl

Eas=c] 2,4/\]?4 PKH26°.2 3#Al" T-MSC (T-MSC-PKH26)

Vol. 69 No. 2, February 2017



124 420] 5 01229 g4 DSS &Y ZHNM H: R4 7Y &7| MZo Xz it
A -6 B TNF-
800,000 4,000 -
f
S s -T-
(7] —
§ 600,000 % 30004
<8 S5
Z 6 400,000 2 5 2,000+
IS o a5
o€ Ee
B 200,000 o 2 10004 a
I:Cm‘:) - o} e’ o
e *k @ et
0 . T 0 Y T s S
N =) O ] 9]
&‘&% L o e"‘&% Ry &
< ¢ < S
N ) §
C I-1B D 17
8,000 10,000 -
c
s T 2 8,000 _
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Fig. 4. The effect of T-MSCs on the expression of pro-inflammatory cytokines, IL-6, TNF-a, IL-1[3 and IL-17 and chemokines, KC, MIP-2. The
mRNA expression of inflammatory mediators was measured in the colonic mucosa by real-time PCR. The level of IL-6 (A) and IL-1(3 (C) was
reduced significantly in the colonic mucosa after a treatment with T-MSCs compared with the DSS colitis group. The level of TNF-a (B), IL-17
(D), KC (E), and MIP-2 (F) were not different between the two groups. Data are presented as the mean+SEM. (*p<0.05, **p<0.01). T-MSCs,
tonsil-derived mesenchymal stem cells.

of 912 g 2R AvlgaoR BBk 34 FEol -,

Seeg] RS Ao o 222 HARIES ] T-MSC-PKEZ6

AL AR okt B o] fEEA ghe B 0k HT @3 FUBIA F7] MEE ol AR} vl

2ol TMSCPKHZ6S] S F439E o oA b 2 o 488 ARsk B Aol A ge A7 Aw

Hol 4 WATA skrhFig. 5) ho GIek P A, obd A Al A 83t 918
A= o
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DAPI

PKH26
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Fig. 5. Fluorescent microscopy analysis of T-MSC labeled with PKH26. The localization was measured 5 days after intraperitoneal injection.
Microscopic examination revealed no distribution of red colored T-MSC-PKH26 cells in the colon of mice with acute colitis. In merge images,
nuclei were stained with DAPI (blue). Original magnificationx200. T-MSC, tonsil-derived mesenchymal stem cell; DSS, dextran sulfate sodium;

PBS, phosphate-buffered salilne.
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