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crev |COSL expression in human bone
marrow-derived mesenchymal
stem cells promotes induction of
regulatory T cells
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INF-y  TLRs
TNF-a  LPS
—_—
Unstimulated Inflammatory / Tissue Stimulated
environment / damage
MSC Do (L& MSC
PGE2 IL-8
TGFR HGF
COX-2 | HLA-G
PGEZ | IDO HLA-GS PGE2 10O
PGE2 | IDO TGFR HLA-GS 1ICOSL TGFB Do IL-6 DO | TGFB PGE2 HLA-GS
Monacyte Dendritic cell T cell Macrophage Breg cell Nk cell
Maturation inhibition Praliferation inhibition ICOSL-ICOS interaction l Immunomodulation J’
Reduction of IL-1, CD40, TNF-a Apoptosis IL-10 production IL-10 production
T cell inhibition Inhibition of IgE production  NKreg cell
(CDT3*NK call)
M2 Macrophage Immunomodulation
IL-10 production
Immunomodulation

IL-10 production

Immunomodulatory mechanisms of mesenchymal stem cells and their therapeutic applications

Don K. Lee, Sun Uk. Song

Cellular Immunology 326 @018(B8=6
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Human bone marrowgerived
clonal mesenchymal stem cells
decrease the initial C=eactive
Human Bone Marrow-derived Clonal Mesenchymal Stem Cells & protein.RP@ve' in patients
Decrease the Initial C-Reactive Protein Level in Patients With .

with moderately severe to

Moderately Severe to Severe Acute Pancreatitis
severe acute pancreatitis

The pathophysiclogic mechankm of acute pancres- and haseline characteristics of the patients were similir
titis: (AP) invelves autodigestion after activation of across groups (Supplementary Table 1). During the study

|:||0IAI-

Ol A Human Bone Marrow=

Derived Clonal
Mesenchymal Stem Cells
Inhibit Inflammation and
Reduce Acute
Pancreatitis in Rats

GASTROENTEROLOGY 2011:140.998-1008 ‘Gastroentorology 20231641 17-1 X0

Human Bone Marrow-Derived Clonal Mesenchymal Stem Cells Inhibit
and Red Acute titis in Rats

KYUNG HEE JUNG.” SUN U. SONG,* TAGGHEE Y1, MYUNG-SHIN JEON,* SANG-WON HONG,” HONG-ME| ZHENG,*
HEE-SEUNG LEE," MYUNG-JOO CHOL* DON-HAENG LEE.® and SOON-SUN HONG*

Seonces, 1 D, G

it Uiversiy, Sehaung-dong, g,

Incheon, fepusic of Kersa

See editorial on page 779.

BACKGROUND & AIMS: Acute pancreatitis (AF) has
a high mereality rate; repetitive AP induces chronic AP
and pancreatic adenocarcinema, Meseachymal stem cells
{MSCs) have immunoregulatory effects and reduce inflam-
mation. We developed a protocol to solate human bone

17%-30% of those with severe Al die.! Despite improve-
menes in intensive care rearment during the past fow
decades, the death rate for AP has not declined signifi-
cantly? Intra-acinar cell activation of digestive enzymes
such as erypsinogen is thought to be the riggering evene
of the disease, resulting in interstitial edema, vacuoliza-
r cell death* The
logic changes also are responsible for stimul

of infl tory cytokines such as interleu.

ton, inflammation, and acis

wmarrow-derived clonal MSCs (heMSECs
aspirate and investigated the effects of these cells in rar
models of mild and severe AP. METHODS: Mild AP was
induced in yawley rars by 3 intraperitoneal injec-
rions of cerulein (100 pg/kg), grven ar Zhour intervals;
severe AP was induced by intraparenchymal imjection of 3

s were labeled with
tetramethylindo-carbocyanine
;\fnhlumlv m\L administered to rats lemu\.h the tail vein.
RESULTS: heMSCs underwes
tipotent capacit
ter numbers of

functions. €

ors and cytokines in rars with mild
suppressed the mixed hmphocyre
action and increased expression of Foxp3® fa marker of
regulatory T cells) in culrured rar lymph node cells. Rv\
with mild or severe AP thar were given infusions of
had reduced numbers of CD3* T eells and increased expres
sion of Foxpd* in pancreas tissues. CONCLUSIONS:

MSCs reduced inflammation and damage to pancre-
atic tissue in a rat model of AP; they reduced levels of
cyrokines and induced numbers of Foxp3* regulatory T
cells. heMSCs might be developed as a cell therapy for
pancreatitis.
Keywonls: TC
tory Disorders.

and severe AP

CM-Dil; Stem Cell Therapy; Inflamma

A\m\' pancreatins (AP) has an incidence of
marely 40 cases per 100,000 aclults per year, Overall,
abour 20% of patients with AP have a severe course, and

Kin (IL-1B, 114, 1LS, 16, 1L-10, incerfer
(IFN-y), and tumor necrosis factor-a (TNFoa) § '
rophages and lymphocyres. Finally, these cytokities crig-
gor inflammarory cascades that lead to systemic inflam-
marory response syndrome, multiorgan failure, or death
Despite various experimental and clinical tests of poten-
tial drugs, only a few available pharmacologic options for
ereating AP have been used *

new stem cell thepics have rised the
Mesenchymal stem

¢ potential® Another fundame
°s is their potent immunosuppressiv
have attracted much atrention in the context of novel
therapeutic. strategies for tissue repaic and immuno-
modulation. Although can be isolared from adult

linial applicasions they are isolaced from bone marrow
(BM).” Recent work has ascribed porent tissue rege
d ILlnunJ!ur\ effects to BM-derived

isease in ischemia/teperfusion inju
cd arthricis, and acure renal falure® 10

Abbroviations e n TS paper. AP, scuta pancroatil: BN, booe
marrow: CM-Dii, CM-1.1" dioctadecyl 3, tetramethylindo-carbocya:
nine perehioride: FISH. fluorescenc In sku hybiidization: Faxp3, fork.
head box P 3; hcMSCs, human clonal bone martow=derived mesen.
chymal stem cells: IFN, imerferon: IL. interleukin: MLR. mixed
ymphocyte reaction: MPD, myloporaxidase: PEMG, peripheral blood

mononuclear coll; PCR, polymerase chain mcum TCA, sodium taw-
rocholate; TGF,
©2011 by the lv:'a Mma
001650855

0110 1053/} r,umznm 11047

GASTROENTEROLOGY
2011:140:998F008

2011

digestive enzymes. After the activation of acinar cells, che-
mokines promote the aggregation of helper T calls and
phages This induces the prod, of infl ¥
cywkines (intedeukin [IL}-18, IL4, IL-5, L6, 1L-10, inter-
feron-y, and tumor necrosis factor-a), thereby triggering
inflammatory ciscades and leading to systemic Inflamma-
tory response syndrome, multiorgan failure, and, in some
cases, death ™
New stem cell \hravlrs for AP have emerged bated on
the sbove mechanism. ~ In vive, buman bone marrow-
dertved conal mesenchymal stem cells (hcMSCs) affect
histomorpholoy, amylase and lipase levels, and inflamma-
tory cell in rats with
Hypothesizing that heMSCs could improve the outcomes of
AP In humans, we perfonmed this first in-human study 1o
evahuate the safety and efficacy of heMSCs isolited using the
subfractionation culturing method, a protocol for their
highly efficient isolation and expansion (Figure 14 and B)"
We conducted a randomized doubleblind, placebo-
controlled, paralld group, proof-of-concept study from
April 2020 to March 2022. We enrolled patients aged 19—
75 years with moderately severe 1o severe AP hased on the

period, no AEs were related to the study drug leading to
dropout of patients. Grade > 3 AEs occurred in 1 patient in
each group, both of whom died due to worsening of septic
shock without lmprovement of AP and organ filure, which

not deemed to be related to the study drug Other re-
ported AEs induded hyperglycemis, generalzed edema, and
unticaria, all of which were mild or moderste (grade 1 or 2)
(Supplementary Table 2).

InS patients with argan Bilure (heMSC group, 3; placebo
group, Z), heMSCs induced a greater reduction in the MMS
relative to baseline (-133 £ L15vs 050 £ 0.71) at day 7,
although the intergroup difference was not significant (P
.224). In 31 patients with a CTSI > 4 (heMSC group, 18;
placebo group, 13), heMSCs did not induce an intergroup
difference in the mean CTSI change 3t day 28 from haseline
(106 £ 143 v =146 £ 185, P = 507). heMSCs significantly
reduced the circulating CRP level at day 1 (<122 x 474 vs
300 £ 462, P = 011), day 2 (-2.93 2 780 vs 321 & 7.66,
P=024) and day 3 (487 £ 9.25 s 1522 B84, P= 048)
(Figure 1D).

To the best of our knowledge, this is the first random-
tzed controlked study of the safety and efficacy of heMSCs
in AP, of heMSCs was safe and

Atanta dassification.” Exclusion criteria were hype

tivity 10 study drugs or their components (bovine serum
and dimethyl sulfoxide), >72 hours after onset of organ
failure, chronic pancreatitis, and history of malighant tu-
mors within § years. Organ failure was defined as a
modified Marshall score (MMS) > 2 in at Jeast 1 of the

well tolerated without AEs reated to the study drug.
heMSCs caused a greater reduction in the MMS compared
with placebo, suggesting they can reduce the severity of
organ failure in the acute phase of moderately severe to
severe AP. In contrast, there were nosignificant intergroup
in the mean change in CTSI at day 28 This may

respiratory, renal, and systems. Moderatel
severe and severe AP were defined a5 persistent organ
failure or a computed tomography severity index (CTSI) of
>4 (Supplementary Methods)**

Patients with moderately severe to severe AP were
randomly assigned 1o the heMSC (SCM-AGH; SCM Life-
sclence Inc, Incheon, Korea) or placebo group at a 1:1 ratia
according 1o 3 stratified randomization method. Three doses
of heMSCs (1 10% cells/kg at a rate of 3-45 ml/min) or
plcebo was adminktered intravenously on days 0-2 From
the date of allocation, conventional trestments such as fluid
therapy, nutritional suppart, and antiblaties were allowed.
Adverse events (AFs) were evaluated for 90 days after the
date of assignment (Figue 1€} The outcomes evaluated
included AEs dassified acarding to common terminol
criteria for AEs, the change from bassine MMS on day 7 in
patients with ongan Gilure (n = 5) or CTS] on day 28 in pa-
tients with 4 CTS| > 4(n = 31) and qupsrrm baseline in
the level of circulating C-reactive protein (CRP)"

Thirty-six patients were randomly ascigned to the

be because of an unclear effect on pancreatic necrosis, a
short duration of effectiveness, or the wide interval in CTSI
scores, which may not reflect heMSC efficacy. Therefore,
Larger-scale clinical studies are needed to optimize heMSC

fon and to & their effi-
cacy for AP.

CRP enables early assessment of pancreatitis severity
and is assochated with mortalky in patients with AP. The
circulating CRP l:vd Is associsted with the severity and
prognosis of AR’ In this study, heMSCs significantly
decreased the initial circulating CRP level at days 1-3,
inferring ameboration of the early inflammatory response

Abbrovistions usmd In Bk paper: AE, sdwrse event AP, scue pancres-
s CRP. cTa,
=

Vi, IS s i s

19 Most curent artcte
© T2 by s AGA buthute.
0016-5086536.00

BeMSC (n = 21) or placebo (n = 15) group.

GASTROENTEROLOGY
2023 164:1317F320
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Safety assessment
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n 7 6
700 66.70
Arm1ZErm2@ifference® 0.033
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1X} SN HWIIX|E @ASI SB00

A8lZ2| 123 EASISE0 $ME 57.60
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