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ZINRMEM B G ST . MR B SRR BARNE R E A ISR M By B S, AR AR By K 4R 4k,
A% fe T oa B4t & Mk By (hPSC-islets) 3238 £ T VA 7= A KPR 40 J R IR, ) Mk By A3 AL IR A3 64 tm ok
B 1% I T 1B R IR 6 K R AU AT T F 40 1 3K, ARIE T hPSC-islets# 1L R w8 B L0657 1B 4%
Frgi 64 s RIS, FE AT T 206 7 7 K 16 69 KU 5 ik .
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The Current Status and Challenges of the Application of Pluripotent Stem
Cells in the Treatment of Type 1 Diabetes Mellitus

ZHOU Lipeng', JIN Xueer', JI Meng**, QI Nianmin?, WU Yuehong'*
("College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China;
*Asia Stem Cell Therapeutics Co., Ltd., Hangzhou 310018, China)

Abstract Diabetes is a category of chronic metabolic diseases characterized by prolonged elevation of
blood glucose levels. It is mainly classified into TIDM (type 1 diabetes mellitus), type 2 diabetes mellitus, gesta-
tional diabetes mellitus, and other specific types of diabetes. Among these, the core pathological feature of T1IDM
is the absolute deficiency of insulin due to immune-mediated destruction of B-cells. Therefore, patients with T1DM
require lifelong exogenous insulin therapy. Islet transplantation holds promise for enabling diabetic patients to
achieve freedom from exogenous insulin therapy. However, the severe shortage of donor islets has prompted the
exploration of alternative cell sources. hPSC-islets (human pluripotent stem cell-derived islets) can theoretically
provide an unlimited cell supply, offering a new source for islet transplantation. This article provides a detailed ex-
planation of the pathogenesis of type 1 diabetes mellitus, reviews the differentiation strategies of hPSC-islets and
the progress of clinical trials for treating type 1 diabetes mellitus, and analyzes the risks and challenges associated
with this therapeutic approach.

Keywords  pluripotent stem cells; type 1 diabetes mellitus; pancreatic 3 cells; clinical translation
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e G KRR R ILEE LS R,
SRR IF B A0 7T 1B B 2 19654F, Geptshil
TERE 2 R ) T D AR PR R AT 0 B A A
T, RIS A7 AE 2 3 1R SRR, DR AE DA (1)
W75 s TIDMAEFR A <G s - FPERE R Bl 3 2
CEDFHEIRE . PANNL IR & — AR R R R
— J5 TS BT 0 IR B S BRI A S PR, 5
— 77 T J B T4 B PR 40 A B 1 S S A 3 e AR
JoTH, B LA B L RUBE SR 41, TIDMA i 607
Gy BRI i A OG B, RIS R R AE L h i E A
&, BT RE G| R UM S A M B I AR T F5 B
NI B B i B B R

BT R S R Bk, TIDM B R 2
LG P2 MR RR B FIR T, IRTT T AR T
AE R, RS IR A G BEAT R T
BRI AH . an R i A, B R G = A0
H ) @ R KA RORE, LR AN AR B AR . dh
AR B D), R T AR AR B AN,
F 2 1] B RIR & V6 YT IR ERE IR P 23 B AR B AE =5 25
HAEMAET I,

b b R 97 Bk A 4> (International Diabetes Fed-
eration, IDF) 58 11 CHE IR 955 BB Y BLd oo, 4R AR
W PRI B R 48 11.11%, (AAEE B35 X 5
WO ZE 5 AR A USON B SRR 26 (11.46%) =1 T iU
A (10.21%)FURIEN E K (7.47%), AR IR X
SR R JE AR A (19.91%), Pl A sk K 4 h 78
HFRYN E XK P, TIDMAE S b RS (1) B 2 A, 1
AT ERHE FAE 2 H 2 R S KBS, f£5
N B S8 PR 53973 9 1 5%~15%, H ZR IR MG
N B KL 15 2% HEkiE, 20254E 2 KE 950/
TIDM#E# , it 20404E TIDMEH ANECN 1 47077,
TIDMA HIEZAER N ARAE A 6T 77 %, b
PRIV B 1R 3 R 45 6 22 FhgE o T A 4 5 IR A2
S, ELEE PR IO RE . NIRRT T
R AR TE T DL R S R R Y, SR, AR
B 3R S M AR 4 o) AR R e, R S RS AR b
PRIGIGIT B — R A%, fAE bR pa sk, e /Rm
Fo R Jo A TR IR S B s,

FA M AR B PUE R e, R RGN
WK T 2 JCACHH SEmE o AR T4 (Rl FE R T
21 B ) 1) S ) = TR G G s T R ZH 2B B T
R, L2 APk OUE 2 Ul PR ARG P 1 BHIF 5L, (H 32 22

BB SCRAE R 0, B P R J2 140 B 1) SR s e
AR R AR & T A RCRE  BH S R 2
B L TR AF [F7 1 A AL Py [ 11T, e i 3 If 40
o 1 B A BT 52 R DR 47 JB B 40 B ) 7 SR AE BN A
AU A RARR (1) 5 3, AR FL I PR A4 77 T 47 T i
TAL B EE AR M D PUE R SRR AL,
AN Z Be T4l (human pluripotent stem cells, hPSCs)
RE A% U5 U5 AN DT L DAy R 55 % AL BRI ) e 11 R B 4 i
MARTAS Efifg ke 1 HEAR T Bk 0] R 0T e Ak, AT
I3 AAR Z8 Ry TR G B AR TG i G S e ik it i g S A
M SR AL T B & T L
HIERE X ERRsHEg a7 1. Bk, 2 6ae+4000
SR ) 8 B 20 B AN OB 58 N 3R B Ao s S 1k
J7 iRt 7 E R B ARYE , RN A IR 1E T T
7 AR’ AT .

S WP SCs R YA (1) 15 5 20 i Dy 0% bR s Vi o7 e
K T HTINAE, X — IR YT SRS A 258 % E I R
575 EEXT TIDM AR A RN T AREEIRKE N
TIDM B RIHEALE 5B 0T 7T N R, KGR
hPSCsk I g 5 240 I (1 70 A0 SR Wl PRAE 703 g J
T 1) PR 5 Bk o

1 TiIDM
1.1 T1IDMA %K B

TIDMEH 73 N =B B, 55— B BeR BNk
R AR BT AR B G R IR , (H T I R
AR, BB BON BAI R ) B g%, T Lt IRE AR Y
ZAEL, IR TREIRATIA, K2 H 8 7 5 = Bobk
LWk, SRR AN CBl Sk RARIR, HEFEREE
“ZZ (IR ZIR ZEAAERE )R
PO, XEF TIDM BRI HLEIAAAE R 0 — =&
£ TIDMIG PRAEIR A, g 5 o A7 75 B B i A8 1
SRRV, BIRE 2 e U IR B 121, R AR K
WE RN, BRI 2 5E A Z PR A R R I a i, B
B R ) BAI AN B 25 FRAE RE ) 2. AR FUX TIDM
G THEAR A MTR I, 4170% 0 B S e e =
Jil 5 25 22250, 30T 20% 1 B A 1 R B A AE IE,
T J0 F 5% 2 J % P A 249 1% H B0 98 R

TIDMH & @&l f2 E 2\ CD8™ T4IjiE.
CD68™ ELIE 21 il Fl CD4* T4l 25 3L F A5 25, #E4K
RSN R IER T, 85 o2 i 25 7 s
ST 9 B 2% 43 A R B A G B R AR S 2 R L, B4
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Mo & AR A EE TS, B S PR (RS R
. BRRMAREG ) BB UE I, B S PEgsk
V5T 5 AR B2 45 P BB SOIR A i 5 . AL BRI
2, W3 B SRR R CD4A” TR A v Y
B, FFEOE AT UTECIRAS 1 CD8 T4H A B4H i, Jik
By B B ORI S e AR A o 4R, TR 28 Hh e AR BT
AN, CD5* B4HMU/E TIDME & Ry 18 Hofr ik
FasLW AN NP eSS B & o s Y. T4
% -o(interferon-o, TFN-ou)8 i 18 15 28 S A1 A J5 9 B2
WU, 7 T1DMSE R F02 s B R R AR T 21,
B2 i JEK e Jo AT AAT 2H 23 RO B A 4 HE 2  T AR
IFN-o, AT 1 SO PRI PR B I i, Xk — 3
TR AL T AR AP [(human
leukocyte antigen class I, HLA 1)Z84r ¥ 4l [A ¥
AR 7R, A SRR B, BA%
15 (natural killer, NK)4H g A1 T4 i >k 241453 56 47 270
BE & R PANML RS , RS2 PAMLAE D RE Ak 5%
EORIIE 7, 9 HAE TIDM AR [ B 5 2548 HT i Rl B
[FII, AT 65 Jetifh bm B 2 A1 HLA X 33 (B
IDDM 147 50 )2 T Z I EAE ) Bk e R &, Al EdR
ft 7 29— FE T1DM & m XS 118 4% ) JdebE B,
T1DM 35 4 N 52 401 158 & 1R A 40 W 4 52 1 HL A 1
Ko FRIBKVT i, X — IG5 TSR
KA, TR RE A & [ B HECDST TAH M A 5 1 B4 A
B B, 22 BRTIR, TIDMPR IR ML Z — AN
WiAe 5 BRI R R ik, A S BRI RGIE
1.2 TIDMHEIT AR

H A7, TIDMAEH T2DM & A 697 77 308
JoR & R B ATV, AR TR Bl 2 B A TR AR MR
By SRR IRV . H T4 251 1A
ARG IS SR BN RENE P %97
AELES R 7™ EE AR AR XU B % 25 2 1 Hh B i
TR X A ] R BAOER, F e e 3 48 1) ST Ak
JBR 2, MR H 2 E ST, £ o d AR e T
EAWRRALY . AR REIX &L LA
TCLGTER IR 2 2, AR (B 1 152 4% (continuous
glucose monitor, CGM)H& {1 ML HE £ 48 Sy AN ARy 5
T B R B ORI Mg B (RS & &, A7
HE4E EI ., 70 i A g, KA A &
S, MELATIZ N . FER S R B AR E ik R
AN, BT B 258 TIDMYG T $2 4t 1 M 78 56w o

LN — 4] %0 B i [7) % 12 25 1 2401171 (sodium-glucose
cotransporter 2 inhibitor, SGLT2i) |, SGLT24 1%
PR 53 A0 T B AT S /N R O B T AN, £ 9T
RS /INER IR £190% 1 &7 4, SGLT2iil i 1%
18 T 1 5 L 26 110 R A, R Aol et 7 e
PR PRIBHE S, SEIR AR MR & 2% ARt 1 (1) TR 4 1) 71
T BAZE 24t Al R B 2 B, SGLT2i ] A 24 FE 1K
TIDM & # HbA 1c/K-P-HAREE | e BB LRI 77,
R A it A K 975 BiDE 2 A 5 (diabetic ketoacidosis,
DKA) RS F 5, o7z B R B AT 5 22 A PE R
ﬁﬁ[38—40]0

) () Fo /S5 o gl o 2 LY T B PR s R 152 A8,
D SR ATIE I 2 19734F, Kemp 25 HURk T 70 85 i 52 8 H.
BRI IR, JRR A B G sh i a4
W78 9 NAA g B # M I ) 20 R B B0 1 2R Al
T 19774 R Dy s B 9 TIDMUER 35 ik i i 121, aX
ST G P A A e S A A R IR R R, AR IR
20177 %% (Edmonton protocol)**), M 2 AMLA4 i figt
73 8 IR 8 ) % i g £ 1) ) 4, S B TR
FoHE B BN, Bl DL 2% B S e f ] 7 3k S IR i
RIAT.

BRI R BT TR, RS R N o B
T1DMAHE G AR L0 1) 8 52 it 18 a7 77
i, ) BB AT AN TR S AR R By 2
SR, Tk = Ed I N R IR IR iy, HLIRIFh AR 2
T 75 K R S e A0 25, NSO AR TR & # M AE
i R FH A 52 3815 22 B 7[R B, A1 i 5 2
BV IRTCIR AU R R PAT A i A= BE T BE, B4
[R5 HE AT 2 TIDM &3 BRAR 3R )7 5 20148, B4l
LB AT VEAE R R LT AR W] RE BN BE SR i 16
STHT A B2, R AELIR S W R HE P IR e s 2 R
T T 2 4 i 8 38 o AU M Jk I 25 1 75 SR 10,
9 R AR IR 5 o e HE e B BR ], hPSCsH H 3L
I A I i 5 1 2R 0 1R AR RE T R B AT
AL TR (R D).

2 hPSC-islets
2.1 hPSCs

hPSCs B A H FF 8 X £ 11 73 g g, w4
KRB NIZ . J e Z AN 2 I R 2
M, EE 5 8 ARG T-41 i (human embryonic stem
cells, hESCs) I A\ 1755 % g T4 il (human induced
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Table 1 Treatment methods and challenges for TIDM
AT R T T SRNE Jei PR S 3R
Treatment types Treatment modalities Treatment strategies Limitations References
Exogenous insu- Subcutaneous injection Supplement exogenous insulin to main- Frequent injections, cumbersome [33-34]
lin replacement tain blood glucose within the near-normal  operation, higher risk of hypogly-
therapy range cemia, and frequent blood glucose
monitoring are required
Insuli infusion system Continuous basal insulin infusion via cath- ~ High cost, cumbersome daily [35-36]
eter, wireless connectivity to an insulin maintenance, infection risk at the
pump, and individualized dosing based on  puncture site, and discomfort with
CGM data for glycemic control prolonged wear
Cell replacement  Allogeneic islet transplan- By transplanting functional islet tissue, Scarcity of donor islets and long- [45-47]

therapy tation

patients can recover physiological and

term immunosuppression

autonomous insulin secretion and blood

glucose regulation
HPSC-derived islet cells

(under clinical investiga-

tion) nology to restore physiological glycemic

regulation

Generation of unlimited, standardized
functional islet cells via stem cell tech-

Insufficient functional maturity and ~ [48]
potential risks of tumorigenicity
and immune rejection

pluripotent stem cells, hiPSCs)"*"', hESCs4H ffl KI5 T
LI L S VR iR ) Y 4L 4], A AR A A TG PR 1
JEIRE ST, HARFEAR MR B, fhdm g )\ ik
g4 % 5 [F 1~ 4(octamer-binding transcription factor
4, OCT4). MEHlvkE X Y &5 3K F 2(SRY-box
transcription factor 2, SOX2). Kriippel#f X+
4(Kriippel-like factor 4, KLF4)F1-5 &4 il & Jee JE 4]
(myelocytomatosis oncogene, MY C) U /MEF 32 [ F
B, A4 B A A BEJJ T hiPSCs™, (B 5
hESCsAHH ELREA VS S AC B 1) @, AR o B
e, AR, FIF hiPSCs7r 46 H B A B I b 1
RE P MR I 40 B O o T R
2.2 hPSC-islets 7> X 3R &

hPSCs 1)K I A HE 1l 8 o e P 440 L ™ 2 42
BETH AR . 20014F , AssadyZs Bk B hESCs 1]
DATEARSN B R A R r= A R I 2= A L, 9128 ik
T hESCsF3 46y N BAH it 55 H Al 77 4% 48 Mt 185 2% 11998
ft. Lumelsky%s PIZERTF0H &I, I /N B ESCs 1]
S5 5 53 A 2K IR B 3 AR A R R P T Y 2 A
T, TX LA i RE T R S AR 5 AL, I AT i N 4 B
I, K FLRE A PRI /N AR N I, 4 i 131 A
TR A T YRR R € 1R S A 2S5 K 5 1)
fiE. 20054F, D’ AmourZEPV R ILhESCstA #h 734k, AT 4%
PEAR, Ha o= s A 3E H ARl &R, X ERAG
THEFTHERE , TOIE IR N IR E AT A AR B I A

TRALY) — R4 . AR IR — 8] R, A FTR]
FH 5 7 0% 25 A(activin A, 100 ng/mL)#48 Nodal
55, a7 AR (IR 4ERF 2 RE ML PI3K
TR, IR hESCsim . [F20 Hi ik & o e Y
PWHEJZ (SOX17 YA LE 3% 80% LA L) RIS %25 W]
B AR T N IR 2 1 A 4 B SR T bR ) CXCR4, I
| FH 5% 63005 40 B 43 1% (fluorescence-activated cell
sorting, FACS)FE AN 4l fE i3t — BHE T+, RIRIRSEN
WRZATESR B BE [ A EMIUE A IRZE
S e RS, 20064F , D’ AmourZs PO T —Fp Ly
By 77 3, I AR AU A P g 2 B AR G, TS DA B
1% I Fr L4 H Hedgehog {5 5 LA 118 S B ) JR A% 75
YR+ — 48 M [FJ5R 7 & 1(pancreatic and duodenal
homeobox 1, PDX1)%1A, 5|5 hESCs4i < JJ; HA
BRI ERARZ . MIENRZE. BEIRAE.
PN 3 WA REL 200 SR B 2 I )RR AT Ak, SR T SZ 4 SR
R IR s, o3 A0 BT 73 48 i GSIS(glucose-
stimulated insulin secretion)IJAEM 55, 1X— “ThHHEA
JSCR ] R AR A AT e 1 AU T I B A% OBk . R
AAE EIRRIPR, (HAZA 78 5 IE ARSI I K &
SRECPY 70 WA MG, R I ST A M o0 4 5 150 5 Th g
WA TR A (B ).

FET FR T B AGHESE | 5 SR T8 0 it
TAZAII A E . 20084 ViaCytehff 7T # Kroon 27
PR KR T hESCs BRI IR JEZ RN /N B, FEAE AR
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Stagel Stage2 Stage3
Monolayer
S NN [
! ActivinA | { FGF7/KGF | {
i i H i LDNI 1 : LDN193189
{ croso1 | ey AN9% D AR g,%
&_.V.v_ezs.sz_. A O 6 S
e L. Wnt-C59
P ZnSO
Pluripotent Definitive Primitive gut Posterior Pancreatic ~ Pancreatic endocrme PSC-islets
stem cells endoderm tube foregut progenitors progenitors

/

RA: MR35 TR; FGF7: B4 AR K IR 77, T3: =R IR R 20 %; FSK: 4@ = il Ak, Nad: JHEL IR RS — A% 7K, CHIR99021. SB431542,
Wnt-C59. LDN193189, SANT-1. TPB. Xxi. Repsox. ISX9. R428. ZnSO,A/MLiFE S /Ny Tik7 .
RA: retinoic acid; FGF7: fibroblast growth factor 7; T3: triiodothyronine; FSK: forskolin; Nad: nicotinamide adenine dinucleotide; CHIR99021,
SB431542, Wnt-C59, LDN193189, SANT-1, TPB, Xxi, Repsox, ISX9, R428 and ZnSO, are small-molecule reagents for differentiation induction.

El ZaeT@pmskiRMRSApS I REER

Fig.1 Schematic of pancreatic islets B-cell differentiation from pluripotent stem cells

P J] 3~4 F SRR T At , AT A A 4 W s 1
Sy 20 WA A EL TSy B FOR A B R 35 5 1 v L BEE o
B J5 SchulzZ5 P55 AR T I T Bl v 4 R 7%
IR AT 7T IPEC-01 i1l . PRk, e fEAA 4 B
A BRI REEBA AR, LA AR NI K 1 e AR, Ak
R TR ) B, 20 14451 Z s HUAS T 5 1 3k
J& , Pagliucas P R 4L 1L 4% Wat. activinFlIH 3 iR
SR PRI VURN R 7, AL T — P T &,
I3 JE BIE H 7E28~35 d, 1l = 4ED) BT IR R A,
TE R AH A o B m] A5k I 55% 1 PDX1Y/NKX6.1°
FLRIEAM, SC-PA% O DI RE A 5 Eb ATk £1]33%42%,
RN A T TR RSV R A A . [ H, Re-
zania % OO T T S BRI AR RS BB B4k
&, WA ALKSHIHIF]. BMPHIGIF] HARER
B AINotch#HI T 53, £227~43 d, AT 40 iR
AN A AR, FERIH AXLAN I R428FK &
PUAATIE B AAZ O T MAFA R RIE , S & A R
(10 o5, AR %y 200 i v R B 2R BH P ZR W]k 50% A, AR
BRI -E I B 40 M E 40 d PN ] 30 BE B PR . T I3
T ¢ [ s 48 7~ SC-BAH L F 2 25 G STS M B2 AT 55 F il
NS, 1 BARE — 2 W & oK e A s, AtbE
ST EARAGSE B T 7
WS, 234 J7 & BIARAL U ) i JE A 40 i FH
3 VA2 PR RS TE TR % 7 T AR 2R o Russ %5 SRR 1
TGN 3 A i T LY o2 T 802 R g M L
ok v 0 ) R, e R R R I Y B 2 R

BMPHIIl 57 FF 48 FH A B B AL 3, FREGA 1 B 38 e A
KA - (epidermal growth factor, EGF) 1 i JE ik
20 o 4= K A7 (keratinocyte growth factor, KGF), A
A AS0RE G BB P S5 WA AR R TR B, AT i v TS
T PDX1'NKX6. 1" JiR B AH A A, PR 1 0k 2]
PRI L190%. XK B N IAREAL IR BT 2
FEEES, S REER SR EEARE 2. £ 1T
ZAE L, 20194 Nairs a5 73 B A Rl 24 1 BAEAH
J, 2R SR AT BB 5 RN AR AT P 73 4 i
(PIER AR, B v Fme LS [R) 4 2 B BE IR RE . 2021
SF Lius ST 1 iRy 204 BB i AL 41 P (pancreatic
progenitor, PP) 3DAEHEI 7%, I AR A6 P 73 WA A
AHRR. R R A S D RENE BAH L 3 AL B, dc 2%

SEIL T AN [E) SRJR AT hPSCs g 204 il BT AE . Hogrebe
R, 2D TR R LR A 2R3 &
1 (filamentous actin, F-actin)} Yes# <& [ (Yes-
associated protein, YAP)¥i B8 T-40 Utz A, #iii w2
JG% 3(neurogenin 3, NEUROG3)3 i H:BH Bt P 43
534, FIH latrunculin A7E N 73 WA 0 A AR GG B B L 1
fiff 2R F-actinZf il 5 28, fif#BRk YAPXI NEUROG3 (#1477

i, 8PN 7 i A RE e R R B, D AE B R B 77
R RE AR SC-PARL, 52 fa 4k 1 LR -
20224 Ma%s il /Ny T E VIR L, KKIUBETIR

&f #4)35k (bromodomain and extra-terminal domain) /7]
M I-BETISIRERS iR, MLy 4 i hPSCs /AL
K MPDX 1 NKX6. 1 R A, MITE 73 4k i 7 v
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SCHL T AL AR, DR A0 B R A
FRIRAL T R RN

PA_F 3 i g AR 4 RS HE T % . BE FRAR R L
ARRRAL T34 5 O BEIA T (AR AL, hPSCs RIS 5 24
MEFELERE . DhRENEAN AT LSS5 S T 5
B, ANARHBE T HoRIER, JFHES 17 izrik
MBI M ARG B o

3 hPSC-isletsliE &N A izt &
3.1 hESC-isletsllfa /R N A i 3R it @

20084 Kroon% BHIHH 58 1 ¢CUE S 38 i PY By B
G4k 75 %€ NhESCs 3R 9 i Py IE )2 4, 3@ it /I B
Bt 2R BRI 7 U 5x10%~1x1074
F GBI /N BRUIE T 43 Sy 4 I R A 5 3R 4y
WA, HIhEES RS 2. 20134F Bruins )
IR A hESCs b %8, TR ITRE M AT 41 L R 2
il £ LA K T 2 1 B A B X R A Th RE s,
I0AIE Theracyte KA B34 B 1A AME, R IAHAN M 7E
22 B PO T E e o B AT R R Ak e AR
SN B 2 A A, 34N T N IR DR, %
AT G B B, A R T MM 7 V2 B PR B Ak 2
BETRAL IR BERE A 1 T AT R AR (F2) . 20184
Saber&s 5518 1 hESCsAT A= 0 J5R B AH 40 B A P 40
S ARLE /DN SRR P P o B THRE R M TR 3, PR FUEE R 5

Cell delivery

PSC-islets

[
L3 ;J’
W
e )
— \ \L/

Micro-encapsulation

/¥
A
4

l :
— ] N
Iy
% T §Hw

e e e e e o

! Quality assessment of PSC islets

& FVENBIEF, 45 5 Rom i gRont 56 DU I B4 B ) 4
P BTG AR IR A, 18 3P0 5 3 52 0 hESCsfiT
A 2t A T L e, RV JS B i D e
TR, SR hESCs /M0 2 B0 A 38 -LIT B, T I
5575 LA 2 BT RE PRI o X L 25 BN T4
FTIETERE RIS I AR S P HR o) 14 ) 22 S it T A 9
A

ViaCyte/A @] CLZE T1DM -4 i 7 32 A2 17
TSR, KRR IR R IR YT, JFERS
W RSN YR AY p I RS B D e Y. 1A ]
FE 20144415 TIDMIT K 158 — AR e B 4 iy T
P (VC-01 5 477 b, kAL 4 F5N “PEC-Encap”)(VE
M5 : NCT02239354. NCT04678557). %% B 41
A KJE T CyT49 hESCs[PI iR A IR Z 4H L (PEC-01),
HAE @R R VF R AAE TR BEN , [FIIS BHA% 40 %
Y, AT RS A 38 PEC-01 432 S e Wik . BEig
b B TO R A S AR, RS B, B
FEMARZ ™ i A2 5 7] LA A TIDMER & IF 224
YERFPIAEDY, AZT AL S AR A A SR, B T
4 00073 A S B A4 ., 200 e 20 TG 28 24 S 3 2
B, RPN B IR, BEG A RER  JR AR
KB BN IRt R R 2021, S T B W 4
WIAFIE 5 R, F 6T /N e B A N S T
B, VBT s W I IS URE A . F 50 W 5% 31 2%

Transplantation surgery (TIDM)- - - - - - — - < O\

-1 Hepatic portal vein
1

Brachioradialis muscl

V4

Sub-anterior rectus sheath,

1
1
I« Morphology « Biosafety :
: *  Identity e Purity 1
1 Viability *  Potency :
'\ *  Functionality (in vitro) 1

S e e e s o e e

Macro-encapsulation

E2 ZaeTLRARRIREIR e iR m R R EE

1
1
1
1
1
1
1
1
1
1
: Subrenal capsule
1
1
1
1
1
1
I
1
1
!

y

~

\
{ Follow-up monitoring SWooosoo==?
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Fig.2 Schematic of strategies for treating diabetes with pancreatic islets derived from pluripotent stem cells
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YT 2 AP L T A2 PE R ORI B L Bl B
PEC-0140 I 7EAE N J5 26 J8 N 1735 /0 1k o B i
7 W SN PR J B R O IR I, 240 35% I ik ik 2 A
et 64 A Ja R B 03 CRE I RE 71, H B Mk Ak
T H bRy B P e ) 2 2 S K

Vertex T 20224F 7 H PLZ) 3.242. 3 0B 4 1E 20
W ViaCyte, &34 BN H 42 %1 /4 A Vertex Phar-
maceuticalsA & . 7E 20234 E i, FDAC A4 A]
% B BIERHT I VX-264 15 3hilk KR 56 G35
NCTO05791201). VX-26472&— 2K T4 il /L= A 1
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PRyy a8t , FLA 7R AN 75 A0 S e 40 7] B 4%
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Vertex /A 7 #F 71 # ReichmanZs " it VX-880HF 7% i
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AR ZH (8 103N L), it F 1158 Bk M TIDMUER:
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FERESZIBYT JE R ) CRE, TG ™ FAR AR S 1 R A
1044 B8 78— Ja eI &5 AT, AR 9T & =4
s PRI AE B D SR I TR E A R S . SRR R
PR GH B R 55 7 9 TR TIDMUR 3 1% 5 Th g, ok
T ARG RS A AR R R, M S A0 PR R R
BTN ISR, R SCRIT R KRR K
BRI 7 G5 - NCT04786262)
3.2 hiPSC-isletsllfa R Nz FA fff 3R i

20244 Wang %5 Vg IR JF & 1 — B i hiPSCsAiT
2B R B A VG TT TIDMA RS, 13056 1 hiPSCs H
AR TG 07 TR) 78 03 T4 B AL 2 B g AR A B, RSB
B A IS R TE B 5 40 M % (CiPSC-islets), £160% B
YHM. 10% ofEAH MO AI10% SAF 2 Jf A J 1 R /N 3
AR U s PR AT 22 400 Hh i 5 4 e FE i 22 244
Fa B B RE /N B, A R BT ol e PR R S PR o 3
I ENURTE SRS %, K19 843 TEQ/kglHI i &

Y i1 FB A TIDMI 25 % Lotk B R ik, VR IT
S TR) A FH B 2 400 1) S0 Atk v BE W] L W R IR R R R
Je e dERe. RIEWRN, BHEHIMRMERR R
FTORFNEIFLE NI, @ —ER R, ZEEE
oM G 75 R S ILRFEE IR 8 3 a7, 120 d il 2
AIREAL I 21 45 1 (glycated hemoglobin Alc, HbAlc)
(— Tl &7 35 MBS I 48 A5 VB B 22 5.37%, JF4E+F
TEAERE R VG (<5.7%), B R MOT J5 =5 i ik AR
SELE 407.1~721.6 pmol/L, 71 % 2 HE i #2156 (oral
glucose tolerance test, OGTT) .7 3 MUHH N & Pk
1E%, 2 hIfUBE % 2 83~87 mg/dL, MUBEFEAR &3 203,
P 5 oA HH 7™ R AR I B =4, R P AR LR BB
RIS Fw B ERK . WIS GRS
ChiCTR2300072200). X5 HI2BAEH T CiPSC-islets
BT A S e 4t . % BN TR M B R A
BH A IR 2 70K [ RGB-5088 (11 AR 1 56 H1 1% T
20264F 1 H 29 H 3R E K 24 i 7 25 i 8 PFH 0 (Center
for Drug Evaluation, CDE)1E X #E#E, AR A 140K
FENE PRI SBAT &) 2 2% 77 b B

WufE PR IE 7 — T E R IR T4 M AT A 1
Ji B 4 21 (B-islets) B HE IR 70, I 28 i 28 BF 11 %
Jik R M 1] — 44 59 % H A T2DMIR 53 1k 53 1A Py i
1203 il 5 24 B 1) [ K E-islets, 27 RO TG 45
CHK. S Z A HbA 1c/K T, A8 2 I 7] A AR S5 26
—AMNAEE—R, RAEHE 2NN HEA R, E
R=AH K, BILEE 120 @it 274N H 1EE
VioN, IRTT R AeVERLF, MR, BEIGIT
ST 160 AR 7P S 2 PG, HbA e MIEZE 6.6% % 2 5
85JE 1) 5.5%A1 116 (1] 4.6%, A J& 1115 FH A5
JRE R, JREug D ie H OIRFER R 250, RE=IEC
Jk P 251 7K 3F- (0.68 nmol/L) A% A Bl (0.23 nmol/L)
P 73R, W IRUESE T S A 0 5 1)
RESZ B T I PRANAEL , ¥R T 1o 5 A2 AL 10388 EAE
AR B R VR T RS R SR AL T OGO (RS
NCT05294822).

2025 W HOR S R e Ak — TR . b
ARG R IT (B B 1/1b), B 72 1FAS 544 iPSCs
11t SRR PO FBR 5% 40 i OZ Tx-410F5 K 7697 TIDM R
H A I AE H AR RS M A OV
(%7 : JRCT2053240146), I3k13 | H AT FLIT
RIS FF (R B4 5 - TP24ym0126125)7, 77 &
OZTx-410 1) 4H i AU T 50 # K 2% iPSCAH Mt 5% e
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Table 3 Clinical trial of hiPSC-islets transplantation therapy for diabetes
i AR 4 = TN ZHFERE AR ABRLEAL L5 BEVIR T/ FRPIRIRAE R S5 S0/ R
Clinical number  Institution Number of Cell source Transplanta-  Cell dose Follow-up Preliminary clini- References/source
participants tion site time /months  cal results
ChiC- Tianjin First 3 Autolo- Below the 19 843 IEQ/kg 12 Achieved insulin  [73]
TR2300072200 Central Hospital, gous anterior rectus independence
Peking Univer- sheath at 75 days post-
sity School of transplant and
Basic Medical maintained it for
Sciences, et al one year
NCT05294822 Shanghai Chang- 1 Autolo- Percutaneous  1.2x10° IEQ 27 Significant [75]
zheng Hospital, gous transhepatic improvement in
et al portal vein glycemic control
at 2 weeks post-
operatively, with
gradual discontin-
uation of insulin
and medications
by 11 weeks
jRCT2053240146 Kyoto University 3 Allogeneic  Subcutaneous / / No major safety  https://jrct.mhlw.
Hospital iPSCs- injection concerns observed go.jp/latest-detail/
derived in one patient jRCT2053240146
islet cells within 1 month

post-transplant

[ RATF. IEQ: il &,

/: not disclosed. IEQ: islet equivalent.

(CiRA)FZAE A I R 2% iPSCs, 1 Orizuru Therapeutics
NFEAEFE Rl AR iPSCHM A R 5 0 fi AR 9 43 1l
Y M (iPICs) 4 T RE BT DA HUIE 15 R AR S5 44 (1) i 1
YA, MR T NN, B ARG
FBRARTFAR AR o Z ARG TR = 42 il 5 28 7 W 3
5y FLEE A ™ AR R ) TIDM R AT R4, &
BREERE 4025 . H2001450H12 F U
B2BIT otk B F 20254E 00 7E BT OK 22 B B il
RGN D) IR N, AR S R 52 G g% 4
HIFNEST, HEE TSP B 2 KA FAE B .
FRHE H R R 22 EE BE20254E4 H 15 H R AT H M e, %
G —N H AR R I K 22 4 [l {1, AT 55 A1 BA L i
HIFEE BB E R, JE AT N — R R
ARV, BE G 4k SR IO FAE K 2 4
PESHI0T7 24 W, 604 1 5 2 AR A R4 i AN
G Th R FFEFR(R3)-

4 hPSC-islets;& 7T HIXUBE Sk
hPSC-isletsy i3: (KIHF 70 B R IR 448 T 8

R 5 20 R SRR S 1, A R e G S R

AL 100 0, B K M Bh T 40 7 RS R

IERE . BRI R T B I 7 hPSC-isletsy v i
T 0, ABZI TR N SERR =G 1A iz N, AT 75 o
Mze 4=tk Thaetk & s HE R 55 2 ERwhG .

156, hPSC-isletsyT 2 32 ELA7 1L B0 1 F 4l 5
P i S 2z A ) . Movahed 5 U7 HY AR B (1) R 29
Tt i B B0m KBS, B =i ik, JER
B 25 (R g BB R AT T 51N B R SR B RS R
G0, LIRE S b BR AR LA i . 2 AT I8 AT d ik
W N AR EY . B KR TR, W7
JE TN AE H bR M i R 0204k, S H 4
alith, J R R AR EVI(UCDA9a) 45 A HEER /) 1555
FARE % H g,

Hxk, Bt G pAI R A2 1% 25 LA S hPSC-islets
LI ee A 0T B8 RS V6 TT AR e AR F B0 %%
TR SRR Y R AT £ B R A, 1
DA A7 P BAR I 2 b T A IR, X
DI il i S I3 8 50 (81820, e b d e 1) B, T A
W 9E— 7 TR AV B g (2 4. sk
3DEEFAE R DLSCE IR, 55— 5 Ha@ i AR
PR BN T S AR 3 BT RS BRI, &5
A G SR . AR A T R A,
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