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in maintaining euglycemia. Insufficient secretion or deficient usage of insulin is the main cause of
diabetes mellitus (DM). Drug therapy and islets transplantation are classical treatments for DM.
Pancreatic B cell replacement therapy could help patients to get rid of drugs and alleviate the problem of
lacking in transplantable donors. Pancreatic -like cells can be acquired by cell reprogramming
techniques or directed induction of stem cell differentiation. These cells are proved to be functional both
in vitro and in vivo. Some hospitals have already performed clinical trials for pancreatic B cell
replacement therapy. Functional pancreatic p-like cells, which obtained from in vitro pathway, could be
a reliable source of cell therapy for treating DM. In this review, the approaches of obtaining pancreatic 3
cells are summarized and the remaining problems are discussed. Some thoughts are provided for further

acquisition and application of pancreatic B cells.
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(glucagon) Y o 401, 73 WA % (insulin) ¥
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/b Z ik (pancreatic polypeptide, PP)
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Federation, IDF) 2021 4F %8, 2 ERAAE A
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THERRE LR, XX FER . fham
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B2 R AT I B A MR PR RS T —E i
T (1),
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Figure 1  Acquisition of pancreatic B cells.
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TR 2 (Rapamycin) FLAFERHT (Daclizumab)
BT BA B A EE T b B B == X i o i
TronEdii, (H S A — B AnE AT ikAs
DITEIGIRT iz ia M. BT S B AR E ARG —4F
HEAFPRIRE] 95%-98%, RS 80%HY A MUBETT
P, L IMZLE T (glycosylated hemoglobin,
HbAlc) FEAR, #45 fE Al LA B 1 5 R 1Y
M2 <7 B2 M A S A R RE SN (instant
blood mediated inflflammatory reaction, IBMIR),
B i HE s 0 AT D U35 5 e A AR SR B [R) A
Rl S RRAE AR . b2 W4 & 5% 4 i
1697 5507 M ARk s 1 40 M B AR 0 55 Fh RS Al
Fi AR U A 5 A 4 A e e i) 01
2.2 MRRRTRAE

ESCs & 2 I T A 41 A P 1 v B2 R Ak 4t
i, EA 2 e e @ EHEE 1Y, tehi
FIBFFE IR AR SNE SR ) ESCs AT LA A & 1k A ik
BRI (insulin-producing cells, IPCs), 1H
RRCERARME™Y, Kubo %PV Kahan P77 4
ST ESCs 3745 TR NIRZ4AME (pancreas
endodem cells, PECs), D’Amour 2528 55—~
¥ ESCs /b haRik B ApEbn S+ =35
[F]J £ 1 (pancreas duodenal homebox 1, PDX1)
AP & HEH 6.1 (NK homeobox factor 6.1,
NKX6.1) A B N i 40 e (& 1) il ad
Pagliuca 2™ Rezania 25PN <7 (RSN 1k
T EBATHI DI R IAR B A1 REAS AT LA i i 5 7
BEARIOITE o W 5y 2R, T L 3k S 240 7 A% A 3]
DM /B A 2 5 AT D0 H e RS
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[F] f) S W 2014 421 2021 4R FF G T I AR IR
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NI ZERE ST, Nair 2052 A
24 i 4> %8 R (fluorescence activated cell
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sorting, FACS) WHARSNEE SRR BEAE B AL
MR T H R AR R AR BB IR ARG T IREHAF Y B
FEARME, UEI] T AR B B RE 4 i A SR AR X L
BN o3k B B R 2 A R 2R A I T R Y
Y fBAT BRI — RSO T T 4n A
SRR B 4ififl (stem cell-derived beta cells, SC-BC)
AR B AR a5 A AR AL, ddhn 17—
BAEH SR F Mg E AR . TGF-p i
HIPEIE FE AR & B A T4 ) B 4n i ok A
HOROCHAE R, (BT B4R AR & 3R ST
REMY IR E I EA Z R AT 68 . TGF-B & T
¥ SMAD2/SMAD3 B#{IG I, #f 22 HEJ 5 R 1
STIAFAERIT B AN A R 4E Ry HERBOS
SMAD3 I 243 B AT AE T REDY
Velazco-Cruz %MWL 44k SR VR
TEAL R ZARFEILE 5 7657 (activin receptor-like
kinase 5 inhibitor, ALKSi) #li| TGF-p i % j:
ESCs ZMb>h B FEAH IR A B 551, (HRAE RS
TN 3 D0 210 it 5 R 2 4 ] TGF-P 8 (64 (15 4 i
[ 19 5 2 3 WA RE T B o ek T oAby S v
ALKSi fZE &I 0], Velazco-Cruz ZE4k15 T £
ik B A bR H A R RS 3R S I T RE Y
SC-BC. Balboa U e Zr b i) f5c J LB BE 1)
BEFR AP ISINAVIRIR R T3 . N-& B e iR
(N-acetyl-L-cysteine) FIHEAHLIGFEAE MG
P (aurora kinase) ZM447439, %54 6 JiRIHE
FRARAT T HAT BRI 2 40 WA RE ) B D RE A4
) BT 42 3 D 0 B 5 B T 4 R TR (stem
cell-derived islets, SC-islet), #R1f, f#F ESCs
AT S 36 BT TR I 1) 48 3 4 1802 FR ) FLAAF 5 gk —
AR N FIE A N AU 1 DG S n) R
23 ANESZEETHRE
MR 24 i B G A2 TR Y iPSCs AT AR 4
Mkt ESCs TG EERR ] ; B E 85 3 5
YA PT LA— RERRIE A o e i HE T 1 [ A
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i R E A B ARPY . i RNA (microRNA,
miRNA) P4 )70: wT LIRSS PDXI
NKX6.1, BREZR (insulin, INS) S5 BRARFIEE
AP AERR R An e (B 1), {H2 i ix sk
BOARGRAT F0 200 I A JBR 05 2R 0 MR B 1) 5 IR T IE
BB B AL, H Al A AT o 40
AR, 5 ISR PR A 25 2044 AT BB {175 iPSCs
BRI, WAl RETE RS S B A B
PE KA, A RS A S E A 5 9 R A
SR AR AR DA o S R R A S DR A B Aok
i A AR (RO = g el AR iPSCs
B AR R 4 Manzar 259958 ] = 444 52
28 (3D bio-scaffold) £55% T TIDM & & AR 41l
UG iPSCs Fxf HohAT 2 BB AL IS 345 T
BUARY B A, iPSCs 7EARIF BRI RIE A
YER F& i ERNIR)E (definitive endoderm) . f&
Hi## (posterior foregut). ik AR A4 40 M 1 B B
ZJ5 , A Noggin FI4EH R i) [7] i 40 ) TGF-B
i 5 K Notch 38 B (5 734k Sy B N 53 06 iy
VA 240 0 5 e I 3 3o A O IR 25 2 1 R S M S
JE Tl % (nicotinamide). HURIRE T3. S
ZHAEKETF 1 (insulin-like growth factor 1,
IGF-1) SF{edt B 4n st ; FWist 481 1
S5-RJ A= -2- Wi A AT (5-Aza-2'-deoxycytidine,
5-Aza-DC) WI#EFH T 25 FH Ak A 38 D el 562 Jie 1%
F O UM 4 43 A B L Du LR WP A4
FH) SC-PC A EIAE AN R K2 DM BRIA P,
WAL T H N PR IR B R A 0 b, B T I AR
FERMEOL . X — LI Y M UER] T A Z BT 41
JELH T RYA T AT BB, il R A st 1
2.4 FRIRERFRIRAA

2.4.1 [EFEFETZMEE (mesenchymal stem cells,

MSCs)
MSCs W HfEHEH 7B T4l (bone marrow
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mesenchymal stem cells, BMSCs) . Jfir 8] 78 it
T2l 4 (umbilical cord mesenchymal stem cells,
UC-MSCs) . Jig & |] 72 51 T 4 M (placental
mesenchymal stem cells, PMSCs) #Jg s 8] 78 5t
T-4ififl (adipose-derived stem cells, ADSCs) %,
FEF ESC Al iPSC H B0 MU B IR, o s 5t
PR LRE Y 775 7E MSCs it 5 PdxL, #1450
% 3 (neurogenin-3, Ngn3) . At X} & 4 (paired box
4, Paxd) 5N E 3 iz F A R g i 1) - B ml DA
AT IPCs™ ) (& 1), A3 PG 1] 7o 5 T 4
i (Wharton’s jelly mesenchymal stem cells) .
BMSCs Fll ADSCs S57EMRIPEJE si il . (2B
B ZR PR 4 (extendin-4), HIEZH A (activin A)
SRS W Ab PR RT DAAS B 43 0 R 15 2R RN SR A TR
Ji AH ¢ e SR 7 19 B S AE 4 D (islet-like
cells)! #3520 i 1 1) RE th 7E S A AL Y
R TGRS0 SR, MSCs Bl P ik
J2 G 3 A AR RS IPCs IIRCRBI AR T
ESCs 1 iPSCs, i RAKHUHEZ ] MSCs SR AY
Thie B AEAN ST A0 i B A A Re gt — 2
R, (A —4R RS, B TR dn R
IRIT AN IR , MSCs i& 7] LLid b 84 & A
BB, MOS0 B AR MG S RN AE OAR B R AR
R AAERTT DM IIEE, F15E MSCs [yiX st
W FE AL AR K I R I AE A 72,
2.42 FFAE4AAE

JHJE AR IR AR & & o R Aok B T N IR
J2, DR 4 AR R A0 A 2 AR B REJR AR B2
FL A RLAF AR, B S PDX 7 SR i
R F IR E M B Al iy th e 4+ 72 rh & 45
SRR TERL ARG, AR 3 A
e SR T BT K AR A I IR b R A 48
(liver epithelial progenitor cells, LEPCs) H3ik
Pdx1 FL 3RS T PDX1TAIANA, AbFE S A% 41 Bt
WA DL ik Ngn3. Nkx6.1. NeuroD 45 B 41 Jii 4%
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fEFE (Kl 1), PDX1f% LEPCs 7 sy 15 7% 3
oh IR 25 FFE R 400 B b 5 0 Ak o AT 9 5 3R 00 0k
Difery e B 4, 7ERHEE DM /NEIAN G
A LUAT S0 A e O IR 2500 %R 5T Sk A
YR B AN R R ARt TR, B feRE
WA — D4R, PR A {20 i Ay
e 1 2 A Il Rt A5 T Dt . BT, Chang 2508
T 2o B B AR 1) Dt A U 240 L PN [ k32 AL PaxL
Al Ngn3 FEH, XML R TEA
GLP-1. exendin-4 I /NRATAE A K H 1 — 5
& (homodimers of platelet-derived growth factor-A,
PDGF-AA) W@t gesih, Wm0
B BRCR, XSS FANRR IR B AR L 7E
FEAE ] DM /)N A N IR AT K HERE OB () 2 e
Yang S5O SR AR B 19 3k AR 1A A X R
AR T E G FERAT T IPCs, ki3 IPCs 1]
DA 5 5 bR s JE R R Ak B2 J K 3 (urocortin
3, Ucn3) e/ LAY MBE 1 RE J) . Yang %5
I — 7 AR T B AR 5 | A SR S A
SEW L R, I HE AR N E g R T
obE e 1 A R AR R ) e HE R R, A
IR FEEE R, FEIE A T 240 0 EL A e ) 43
AL T PN B = S S 08 it v Pt | D R o
AR BT . BEAh, Wnt {5538 E A3
T A3 A S R v X JHE I 240 1 7 2 038t A4 48 1
WA B T SC R R R B FEAN A, (ko
A 200 6 4 00 A R L 4 B FOP 5 A
T B AR AR N RS A7 16 R A RS A
RE Y K HEPT

JFAMEE R FGREE . BB . IFES
L, FH M TE R B A i S 41 200 4 i v A7
A PDX1THIANNE, HAE—E &M F Aok
SRR B REAARY, A #5535 ] Kubota’s Kf
FEHE IR JE R AR | R AR e T A
T, HEdgERR. f4E C Hihs
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W5 S AL IS B T R LA AR B 0 2 A I S R A
J1l> ) Hickey Z£1%VF1 Wang %513z F i
FARTENRFE bR 40 i b 223K Pdx1, MafA. Ngn3
SEILN, RHERAS T INSTRY B RRANIE (B 1)
AT T O T R, AR AS B 20 B ] B S A
gk i Al 200 B AT, LA A R B R U
WA R TIRE , 5 B AN A LT RE AL .
AR 2 i 2o 7 RS R B (insulin-
promoter) YXZff# Cherry-expression H#E [ f7
MR, GGk H THIN Noggin, #liil ERK F
Hedgehog 15 5 il #& 19 & 14F, w LI 45 3
PDX17/NKX6.1°1) IPCs, F H:AHi ] DM B &l
/N ERAA P AT DA 25 B /N R DML R,
B AR T8 T 3 A T s AR A B )
b2 S ik, R4 T et IF HOR
Fik o RS EY, HIRSMRIIEE B
A SR AL T N R R B (0 i . AR IS ST
e, I SRR IR S B A TR
B A5 AT, BE— 2D ARk B 0 4r i e ik
2.4.3 FRARZEAE

B AR JB R T /R A A B EL A R o A T
REFIMIEBE 7, A S R RE AR B 4N
I ) 0 A0 00 3 e e TR EE A B R SR B4
i G B e DR ) el 6k B O B A Sk [ NGN3
(AT T DA S BB AR 5 A B 1) B AN PR )
b5 R R R 96 40 B ) T LS F STAT3 I
MAPK {5538 % F 30 534515 NGN3'/
INSTH B REZR T (1), B N AY o 4R AN &
UMM B IE S AT LARE 434k ok B Ao, BT H
AR TRFEZAN, GLP-1 2. y-2 3
TR (y-aminobutyric acid, GABA) FIH & & th
Z 5 0E 0k o UM B ANAE LT IR F A
FERE S S T — R R AN R AN
HARBUCREEAR B AR T ok IR
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H a0 A IR R i AR RE ), AR
AIRZH B ISR N 7 I AR, T H A
PR R ARRE , XSO SRS B M iE 2
F e B A Y 434k B T RETS 7Y Sl ad Poxd
Ngn3 il MafA [ 507 238 AT DATE /N [ 5 3R
1% b R AH R R B AT (B 1), B
FAt TSI 1 SR EE o0k, (HAZBRT i 40
JifL 2 T b s R 28 [R5 G0 5 sk I F- 2 (caudal-type
homeobox protein 2, CDX2) AJFELEE 15431k FF
RIE4, SR MEARDY, #ik B A s Sk
R 2o 2 3K R AR AT LA i Rt 5 5 1 A i o 1k
g INSTHAAL, I HAT RAARAS R 0B 5 3R S
G/ N E 5% S (N D 7B ] RS
i HL 2 AR IBURN 5 e AL i e m R AS 1 Bk B 22 1Y
2.5 BRIRRERE

KAE RTEMRIMNE RS AR A ZHE
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Figure 2 Generation of islet organoid.
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T B JBR B2 R A% AL A A A0 I AN 2SN 43
HH JELAE PN ) Z2 R A L, AR S MBS HL T AR IR 5 1)
S M ZH BORR 2 WA D B 5 G SRz FH2E D TR T B
iPSCs NIE N & i 1 PD-L1 3Rk, /]
DMEFSARE] DM /N B4 PN 04 5 S 2% B A0 o
Kl st /N DM REREY S = 4iks
Fr M0 5 T 2 1 5 S A B 1 45 1 G B R T
B TAEGE A A 3R (self-aggregation) ™ *7F)
IKEEH AL ik 22 Ah, B S 41 3D
A= PFTERPORER B A HR  (organs-on-chips)™!
WHEsh 7RSS RAEMR R R, HAT, B
Kt B B R SRR AR T T AL S 4 5 40 A i 21
2 R e A5 L R A T Re UE— 2 1) LS AR
SV, 5 IR G ey B2 = S AR R A T R R] RN
A A R R i ] R

3 mARARBT MR GRS B
7 %

PRANRECIRE B 4NM B 23 BUS T [ Btk
PERE (LR Q0] K S0 1 i 2 4 50 g T
IR, AFAEAR Z2ME s Fn R, 3 A AR 20T
G A A R S [ R AL T 19 v A
3.1 THHAEKIR B AR TN BE R B ER

HAR HATARAMREUY SC-BC 1T LI k4t K
ZHRE R B AR BT, (HXIEAE
W HA B I RE A 58 4, D RE BB B
it 3 Ao X X T 2 A R %) 2 25 e A R
FAPWALEI Il ANIREREEXT B A A
AFERHEE, XS A AR EE L SC-BC
FoAH SR P 58 R A T RE AL SRR P41, B
FELI P ) 25 RUESE, BB AEENARN 6 N IR
SC-BC AMYEA B Horihae Sy, 1 H 5K
FE AL J5 AR ek 5 2 B AN i il b s
WOF X ARE A I G REHEIR T SC-BC &
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FEDREMIIFIA], T HAEAAR P 0 53 A0 BTy )
WXE L SERE N . B T ORI E 2 Ak,
HEY) Y TR L2 2 SC-BC B J5 A7 1%
IRE R AHEDY . ECs BIfE S5 B 4 & .
WaBE . AR R AESCERE Y, AR AR
S G Y Vegfa mRNA 7] LA R TH )
I PR BE IR I B Anl i R0
3.2 GEMEBLZEIXE

Z He T 240 M 5 A 58 K 0 18 R 58T F 22 1) 43
fhighe, XEARHAT DA RSN RECRE B 21
ML -2, R[] EEo s R 1 e & A R
. ANieSE ESCs if 2 iPSCs, TE[H] B 451k
(R 1k A PP T HE LR B 100% 890 BCE , i B
%) 208 0 1T e AT £ AR o B A B0 M R R oA 4
Ml b, il iPSCs R E SR IR
FH c-Myc U a2k AR in T iPSCs iR (1)
PR 790 f A 3% 2R 1 200 B % 43 AL 3R I B
21 L N V)3 A BOR R il . AR R R A A
N7 Sy W€ TRE S & I NPT 2
LD, BB 2RI T R 80E LK
FEAE LUE T WS T4 ) 0 A 15 RS I AE b
Az B R R AL BR U208 B TR AR B A AL
ZA, WS B A ek R Ak SR A s
FoAR DTS AT RE 42 =y il H B A B E DI RE
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