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GASTROENTEROLOGY 2011;140:998 -1008

Human Bone Marrow-Derived Clonal Mesenchymal Stem Cells Inhibit
Inflammation and Reduce Acute Pancreatitis in Rats

KYUNG HEE JUNG,* SUN U. SONG,* TACGHEE YI,* MYUNG-SHIN JEON,* SANG-WON HONG,* HONG-MEI ZHENG,*
HEE-SEUNG LEE,* MYUNG-JOO CHOI,* DON-HAENG LEE,® and SOON-SUN HONG*

“Department of Biomedical Sciences, *Clinical Research Center, SInternal Medicine and NCEED, College of Medicine, Inha University, Sinheung-dong, Jung-gu,

iIncheon, Republic of Korea

See editorial on page 779.

BACKGROUND & AIMS: Acute pancreatitis (AP) has
a high mortality rate; repetitive AP induces chronic AP
and pancreatic adenocarcinoma. Mesenchymal stem cells
(MSCs) have immunoregulatory effects and reduce inflam-
mation. We developed a protocol to isolate human bone
marrow- derived clonal MSCs (hcMSCs) from bone marrow
aspirate and investigated the effects of these cells in rat
models of mild and severe AP. METHODS: Mild AP was
induced in Sprague-Dawley rats by 3 intraperitoneal injec-
tions of cerulein (100 pg/kg), given at 2-hour intervals;
severe AP was induced by intraparenchymal injection of 3%
sodium taurocholate solution. heMSCs were labeled with
CM-1,1"-dioctadecyl-3,3,3' -tecramethylindo-carbocyanine
perchloride and administered to rats through the tail vein.
RESULTS: hcMSCs underwent self-renewal and had mul-
tipotent differentiation capacities and immunoregulatory
functions. Greater numbers of infused hcMSCs were de-
tected in pancreas of rats with mild and severe AP than of
control rats. Infused hcMSCs reduced acinar-cell degenera-
tion, pancreatic edema, and inflammarory cell infiltration in
each model of pancreatitis. The heMSCs reduced expression
of inflammartion mediators and cytokines in rats with mild
and severe AP. hcMSCs suppressed the mixed lymphocyte
reaction and increased expression of Foxp3* (a marker of
regulatory T cells) in cultured rat lymph node cells. Rats
with mild or severe AP that were given infusions of hcMSCs
had reduced numbers of CD37 T cells and increased expres-
sion of Foxp3*™ in pancreas tissues. CONCLUSIONS:
hcMSCs reduced inflammation and damage to pancre-
atic tissue in a rat model of AP; they reduced levels of
cytokines and induced numbers of Foxp3* regulatory T
cells, hcMSCs might be developed as a cell therapy for
pancreatitis.

Keywords: TCA; CM-Dil; Stem Cell Therapy; Inflamma-
tory Disorders.

10%-30% of those with severe AP die.! Despite improve-
ments in intensive care treatment during the past few
decades, the death rare for AP has not declined signifi-
cantly.? Intra-acinar cell activation of digestive enzymes
such as trypsinogen is thought to be the triggering event
of the disease, resulting in interstitial edema, vacuoliza-
tion, inflammation, and acinar cell death.* These patho-
logic changes also are responsible for stimulating the
production of inflammarory cytokines such as interleu-
kin (IL)-1B, IL-4, IL-5, IL-6, IL-10, interferon gamma
(IFEN-y), and tumor necrosis factor-a (TNF-a) from mac-
rophages and lymphocytes. Finally, these cytokines trig-
ger inflammatory cascades that lead to systemic inflam-
matory response syndrome, multiorgan failure, or death.#
Despite various experimental and clinical tests of poten-
tial drugs, only a few available pharmacologic options for
treating AP have been used.’

To this end, new stem cell therapies have raised the
possibility of improving AP repair. Mesenchymal stem
cells (MSCs) are multipotent and differentiate into a
range of cell types and are being tested for their regen-
erative potential® Another fundamental property of
MSCs is their potent immunosuppressive activities that
have arcracted much attention in the context of novel
therapeutic strategies for tissue repair and immuno-
modulation. Although MSCs can be isolated from adult
adipose tissue, fetal tissues, and neonatal tissues, in most
clinical applications they are isolated from bone marrow
(BM).” Recent work has ascribed potent tissue regenera-
tion, repair, and anti-inflammarory effects to BM-derived
MSCs in various inflammation-based diseases such as
kidney disease in ischemia/reperfusion injury, collagen-
induced arthritis, and acute renal failure.8-10

Abbreviations used in this paper: AP, acute pancreatitis; BM, bone
marrow; CM-Dil, CM-1,1'-dioctadecyl-3,3,3'-tetramethylindo-carbocya-
nine perchloride; FISH, fl 1ce in situ hybridization; Foxp3, fork-
head box P 3; hcMSCs, human clonal bone marrow-derived mesen-
chymal stem cells; IFN, interferon; IL, interleukin; MLR, mixed
lymphocyte reaction; MPO, myeloperoxidase; PBMC, peripheral blood

cute pancreatitis (AP) has an incidence of approxi-
martely 40 cases per 100,000 adults per year. Overall,
about 20% of patients with AP have a severe course, and

mor | cell; PCR, polymerase chain reaction; TCA, sodium tau-
rocholate; TGF, transforming growth factor; TNF, tumor necrosis factor.
© 2011 by the AGA Institute
0016-5085/$36.00
doi:10.1053/j.gastro.2010.11.047
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Human Bone Marrow-derived Clonal Mesenchymal Stem Cells | ®
Decrease the Initial GC-Reactive Protein Level in Patients With
Moderately Severe to Severe Acute Pancreatitis

he pathophysiolegc mechaniem of acute pancrea-

tts [AF]) involves autodigestion after activation of
digestive enzymes. After the actvation of acinar cells, che-
mokines promote the aggregation of helper T celk and
macrophages.” This induces the production of nflammatory
cytokines [intedeukdn [IL}-14, IL-4, IL-5, IL-6, IL-10, inter-
feron-y, and tumor necresis factor-z), thereby riggenng
inflanmatory cascades and leading to systemde inflamma-
tory response syndrome, multiorgan falure, and, in some
cazes, death. ™

Mew stem cell therapies for AP have emerged hased on
the above mechanism ™ In vive, human bone marrow-
derived donal mesenchymal stem cells [heMSCs) affect
histomaorphol ogy, amylase and Hpase levels, and inflamma-
tory cell propagation in mts with necrotizing pancreatids”
Hypothesizing that heMSCs could improve the outcomes of
AP in humans, we performed this first in-human study to
evaluate the safety and efficacy of heMSCs fzolated uzing the
subfractionation culturing methed, a protocol for their
highly efficient {sslation and expansion [Figure 14 and 5"

We conducted a randomized, doubleblind, placelo-
controlled, paralld group, proofof-concept study from
April 2020 to March 2022 We enrolled patients aged 19—
75 years with moderately severe to severe AP hazed on the
Atlanta dassification.” Exclusion criteria were hypersensi-
thvity to study dregs or thelr components [bovine serum
and dimethy] sulfoxide], =72 hours after onset of organ
fallure, chronic pancreatitis, and history of malignant tu-
mars within 5 years. Organ fallure was defined as a
madified Marshall score [MMS) = 2 in at least 1 of the
respiratory, renal, and cardiovascular systems. Moderately
severe and severe AP were defined as persistent organ
failure or a computed tomography severity index [CTS) of
>4 [Supplementary Methods]™*

Patents with moderately severe to severe AP weme
randomly assigned to the heMSC [SCM-AGH: SCM Life-
solence Ine, Incheon, Korea) or placebe group at a 1:1 rato
according to a stratified randomization methed Three doses
of heMSCs [1 = 10% cellsfkg at a rate of 3-4.5 mL/min) or
placebs was administered intravencusly on days -2 From
the date of allscation, conventional teatments such as fhuld
therapy, nutritional support, and antibiobes were allowed
Adverse events [AES) were evaluated for 90 days after the
date of assignment (Figure 10} The outcomes evaluated
included AEs classified aording to common terminelogy
criteria for AEs, the change from haseline MMS on day 7 in
patients with organ Gilure (n= 5) or CT3] on day 28 in pa-
tents with a CTS1 = 4 (n = 31), and changes from hazeline in
the level of circulating C-reactive protein [CRP)™

Thirty-six patents were randomly assigned to the
heM&E [m = 21) or placebe (n = 15) group Demographic

and haseline characteristics of the patients were zimilar
across groups [Supplementary Table 1). During the study
period, no AEs were related to the study drug leading to
dmpout of patents. Grade > 3 AEs occumred in 1 patent in
each group, both of whom died due to worsening of septic
shiosck without improvement of AP and organ filure which
was not deemed to be related to the study drug Other re-
ported AEs included yperglycemia, generaltzed edema, and
urticaria, all of which were mild or moderate (grade 1 or 2)
[Supplementary Table 2}

In 5 patents with organ filure (heMSC group, 3; placebo
group, 2], heMSCs induced a greater reduction in the MMS
relative to baseline (-133 + 115 vs 050 £ 0LT1]) at day 7,
althowgh the intergroup difference was not slgnificant (P =
Z24). Im 31 patents with a CTS1 = 4 [heMSC group, 18;
placebe growp, 13), heMSCs did not indwce an intergrowp
difference in the mean CTSI change at day 28 from haseline
(106 + 143 va-146 + LBE = 507). heMSCs significantly
reduced the circulatng CRP level at day 1 [-1.22 + 474 vs
300 + 462, P = 011), day 2 -2.93 + TBO w 321 + T66,
P=024) and day 3 (487 £ 9.25 vs 1.52 + B.B4, P= 048
[Figure 100

To the best of our knowledge, this is the first random-
ized controlled study of the safety and efficacy of heMSCs
im AP. Intravenous admintstraton of heMSCs was safe and
well tolerated without AEs related to the study drsg.
heMECs caused a greater reduction in the MMS compared
with placebs, suggesting they can reduce the severity of
organ failure in the acute phaze of moderataly severe to
severe AF. In contrast, there were nosignificant intergroup
differences in the mean change in CTS1at day 28 This may
be because of an unclear effect on pancreatic necrosis, a
short duration of effectivensss, or the wide interval in CTSI
seores, which may not reflect heMSC efficacy. Therefore,
larger-scale clindeal studies are needed to optimize he MSC
admindstration and to demonstrate their therapeutic effi-
cacy for AP

CRP enables early assessment of pancreatitis severity
and iz assoctated with mortality in patients with AP. The
circulating CRP level is assoclated with the severity and
prognosis of AR In this study, heMSCs significantly
decreased the inital circulating CRP level at days 1-3,
inferring amelioration of the early inflammatory response

AbtvevBlions used in Bk paper: AE, S0Wss ovent; AP, S0ULS Dancrod-
1ix TRF, Croad e Deoising CTSL OOt s 1o oragity S0 ety ndoo
hoMSC, human bone mare wdedved chnal mesencitmal siem cel; 1L
Elesboukiy MMWE modfled Maeshall so0mm.

) Most current arlokn
= 23 by T AGA Instliuie.
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Human bone marrow-derived
clonal mesenchymal stem cells
decrease the initial C-reactive
protein(CRP) level in patients
with moderately severe to
severe acute pancreatitis
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Efficacy Evaluation

1Al
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NI HBRO| 125X EASI-50 H|

UESF(12) 2 KBS (22) 2t
oo 3jo

123 EASI-50 AzIe| EA|1X [2|st XI0] i3 =tol
VY 28 RO MFE (X2 5x10° cells/kg)

Arm1 (N=10) Arm2 (N=10)
(228 (M2
Achieved EASI-50 at Week 12
n 7 6
% 70% 66.7%
Arm1-Arm2(difference) 0.033
P-value for the difference 0.8760

EASI-50
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SCM-AGH Placebo
(N=36) (N=35)
Achieved EASI-50 at Week 12
n 19 11
% 57.6% 32.4%
P-value for the difference
Odds ratio for SCM-AGH to placebo 3.458
from logistic regression
EASI : HH STt EHHE BSAS| HES0| 7|8 A2k £2 OtELD| I|FFHe| WIL X|E  P-value :P-valueZt 0.05ELCt ZOH AHS| A2 ZutJ} ofl, SHXHCE Ro|0fet At
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24%
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SCM-AGH Placebo
(N=36) (N=35) p-value
Achieve EASI-75 at Week 12
n 6 2 0.121
% 18.2% 5.9%
Achieve EASI-75 at Week 16
n 9 4 0.371
% 26.5% 12.1%
Achieve EASI-75 at Week 20
n 12 5 0.079
% 35.3% 16.1%
Achieve EASI-75 at Week 24
n 13 6 0.069
% 38.2% 18.2%
*p<0.05
=
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25 —o—SCM-AGH 9ot - SCM-AGH Placebo
AR p-value
! 1 (N=36) (N=35)
o/ Achieve EASI-90 at Week 12
n 4 2 0.371
20 % 12.1% 5.9%
Achieve EASI-90 at Week 16
n 4 1 0.174
% 11.8% 3%
15 Achieve EASI-90 at Week 20
N §) 2 0.170
O % 17.6% 6.5%
10 Achieve EASI-90 at Week 24
N 8 2
% 23.5% 6.1%
*p<0.05
> = N~ { O 4 OI =2
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Efficacy Evaluation

SCM-AGH Placebo
(N=36) (N=35) p-value

IGA score (decreased by 2 points or more) at Week 12

% 18.2% 2.9%
IGA score (decreased by 2 points or more) at Week 16

% 20.6% 3%
IGA score (decreased by 2 points or more) at Week 20

n 7 4 0.409

% 20.6% 12.9%
IGA score (decreased by 2 points or more) at Week 24

n 9 3 0.064

% 26.5% 9.1%

*p<0.05
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SCM-AGH

Placebo

, 0F(Clear, Ht g12), 18 (Almost Clear, {2

(N=36) (N=35) p-value
IGA score of O or 1 at Week 12
n 3 0 0.072
% 9.1% 0%
IGA score of O or 1 at Week 16
% 14.7% 0%
IGA score of O or 1 at Week 20
n 6 2 0.170
% 17.6% 6.5%
IGA score of O or 1 at Week 24
% 23.5% 6.1%
*p<0.05
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SCM-AGH Placebo
43 83 12% 163 (N=36) (N=35) p-value

BSA% score from Baseline to Week 4
Mean(SD) -13.855 (53.086) -9.529 (32.633) 0.6798
Min, Median, Max -85.21,-15.141, 263.64 -66.22,-7.619, 72.61

BSA% score from Baseline to Week 8
Mean(SD) -32.975 (33.996) -21.085 (35.468) 0.1538
Min, Median, Max -91.18, -28.489, 68.18 -95.95, -23.256, 88.89

BSA% score from Baseline to Week 12
Mean(SD) -37.195 (35.455) -18.526 (36.353) m
Min, Median, Max -98.53,-39.710, 48.08 -95.95, -12.243, 80.77

BSA% score from Baseline to Week 16
Mean(SD) -44.472 (32.984) -26.548 (35.210) m
Min, Median, Max -95.24,-41.203,17.37 -95.95, -32.558, 80.77

*p<0.05
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Thanks for watching

SCM Lifescience ADT2002 Phase | &I
Publication of clinical trial results
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