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Abstract

Diabetes is a multifactorial disease affecting an increasing number of patients worldwide. Di-
abetes is divided into type 1 and type 2. Type 2 diabetes mellitus (T2DM) is a metabolic disorder
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characterized by impaired islet sensitivity and relatively insufficient insulin secretion. Type 1 di-
abetes mellitus (T1DM), the most common autoimmune disease in young patients, is characte-
rized by functional impairment of beta cells in the pancreas, absolute deficiency of insulin secre-
tion, and the body becoming hyperglycemic. Exogenous administration does not mimic endogen-
ous insulin produced by a healthy pancreas. Islet allotransplantation has become a therapy for
long-term reconstruction of normal glycemic regulation in patients. However, there are many
problems, such as the serious shortage of donors, the inability of the transplanted cells to survive
in vivo for a long time, and the need to take immunosuppressants for a long time after transplan-
tation. The induction differentiation of stem cells into B cells is one of the effective methods to
solve the above problems and is used in the treatment of type 1 diabetes. However, there are still
many unanswered questions that need to be addressed before stem cells can be used to treat di-
abetes in the clinic. Here, we discuss the ways in which insulin-producing cells (IPCs) can be de-
rived from different precursor cells, as well as the current research progress and problems and
challenges facing stem cell therapies for diabetes.
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1. 518

B PRI (DM) & — AN A BRVE R e I 8, Sema s A th it 4 a2 N, i LR ZRIETE BT[] [2]. #ER
58 1 BURE LRI (TIDM) A 2 B RI% (T2DM), % ILIY) T2DM & — R R Thae a0, JLARAE 2
Sy RUBYEZ B, RS R WAMERTAN A s 1T TIDM 2Ry B A0 H & G MR FT e, RINBER RANA
A, BN RIEAT IR B R B AR3] [4] [5]. BEREIE—RIIMLEEE, WalOMERR. KB, BE
1% o 25 Bl B I AR ERE SRR (HHNC) B 58 s A 2L 2525 [6] [ 7]

T, EEANIERERETE, LR — M RO6 70 RIs 7%, DAREGbE R & H IR
FEGI AT [8]. — MK &, JBe i R AT DL TR R a7, (R TT ARG IR B — e MEIER .
it 5 R AR R — PR AT R IR K UG TR RO B J7VE[9] [10]. A 1966 4FHEAT 1 55— IREARFSHE IR, 3
2015 At SIS T 44 B 2 T A A (1 BRI R R AR S il o) [11] [12]. Shapiro &8 A 1 2Y
B PRI B TR JE 0% () S A PR A B S5 3RS T RS B By 2. i EL, 7R R AR SR B R o AN
LML R FK T IE[13]. fEEMHEZ B, BEERARARS G T RSBEIAER, L
A5 (1) TIDM 38 75 R B B A T4 J SE B 1 g i 3= b it 25 [14] [15] [16] .

SR, B B IR YT R R AT E VR 2 R . AT BN 2 R AR N KA TG R . B e T i
R S 7R o Gn AR RO G ), ST A T A AR A N, DLAEREHE17] [18] [19].

THRTE SRR B 4, 7E— R bR MAA A G R A5 08, LIVRIT R IR . H
MANKZ e TAMA EH T HAERZLKR, CEXAR M40 740 Ui & 2248 A1 L (IPCs) B T IR A
FCo ARG AR fi I 40 P P SRR 2 B R R G T4 L (ESCs) i 5 22 RE T- AL (iPSCs)) Fl AR T-4H i . 2471
A2 B \PCs SRS 5 B TR F IR R B 10738, e X2 d, CERt T2 E S
FEARAME R IPCs [20] [21] [22] [23].
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FEXRERR A, BATT I T A FIRIE T4 MU 5 00t BB 2 3R A A S 6 7 o AR LRI RIE T
TEAMLIRTT B BOR S IR S 677 IR r I e 1 2 A A6 B FLA i) R B A o

2. AEIRIET 45 1L R S =4 R 4R
2.1. [ERsT4mAa

JRRG T4 EA BRI teigfe, oTCA AR KRR, ESCs BFEATA I Z M4, HARZMm
B BAMRIEAR T LLEATAE H R ARAME T A& A AR AT LA A A [F] 1 2R (1 40
[24] [25]. IXEETF-4HMIAE 20 T2 AR AN 21 tH2CH) 8 B Tt 7. AR B, WEFN R B TR e 73
VIR SR G F[26]. Thomson %5 AT 1995 415 {7 & th ARG T4 fL(ESCs) [27]. {EBE)E BT
VR G 40 A 2 7 tH JEBR M BB R A0 B IR TE B R R, BRI AEAR SN b R 2 P Y ) A A P 28]

[KIG, ESCs RAMF T 40 BUEE 5 2 7 WA BV T S RO =& — MR A B i 2= d, &
ZARIE T % M ESCs AE K IPCs 19 759%[29] [30] [31] [32] [33]. 8%, M ESCs F=A:Thfg it IPCs [#)J7 & 4E
FET R AR AN R E « AR R & OSBRI BL s € TR NI JZ(DE) J5 4678 (PGT). JBfiRsH
YA (PP) N 4 HAHEL AT i (EP) AR B (W 9 - b AN IR A R B o 383 76 RN B B A [ 0 4 it PR -7 R
SR SRS BN S 5 A BN R S T IE S, R B ANAR[29] [34]. BB T RRAE T RE
% I\ ESCs £ S FIRE T2 PRI 10 N 73 WA 3= RIS 20 M, L2 23 Ao A 1 4 ol 3 3R 3806 v A8 e e B2 [29]

AFTRA S, LR A X SR e, DU LR, R LA SR MBI 2k N 5, T LA
EWKE, TERADIRerI4M[32] [35] [36].

PACII 77 AR T IR IR AR, SRR e A TR A B G B R B /N B, TR P JVR 2 4 i A P R
Dhor iy B RELHIL, Remm S5 B S 00K RS AR 2T R R, R 4E5E IR MR A M Fa S Kk 3 4
H 371 W H AR R TR BN A0 2] B 4HM /A I FRIER T, BT 45 78 R IR A3 A i 7 A A T 4
BE, AUHE SC-B M. o 4HM. =IE PN 2 WAL HRLRN 41 B A7 2E (1) B M 4% (SC-EC) 41 i [38] -

B, LRWFF OIS ESCs B LN IPCs 138 71, H T 5 R IR BRI B o010 7= 2R
B REANBL AT 1, X Rl b N REE AT

22. ARBSZRETAR

5 ESCs WAL HIFINT, 55 % Be T4 M (iPSCs) IR Fi bk b 2 ik N 13X — 4tk . iPSCs Hi #4441 fd 5
FE, 5 ESCs —HEEA MU /2L AE F1[39]. iPSCs Y5 H AR AKZRM, ARXS T RG240 i b 1
M B ) 4 SRR 0 [40] [41]. M IPSCs P4 IPCs /2t T4 2 5 AR R B HI4F 215 5 B B IR AR FURLE
RN R EANARAT AR iPSCs RefS i U IR I 14 9 R B TEAR SN A g R R A%, (R TR
HA LA [42] 0 H—LEARAM U IBIR B A 7 S8 AT T 2 N BB I 45 5 [43] [44] [45].

SR SRIR ) iPSCs T IE B ZE AR SMFE 7855908 IR A Jod AL ) A0 31 A 21 2% 7 LB A B RAE %, hiPSCs 1]
DSRIR T sz, BT DUORIE M PR &3 . Rk, MBE IR 88 & 774 iPSCs I el 1k
KINHR . BFEHREFME iPSCs mT LAvE Al H BT FANMIGE T H I BEAS, aifeie e, @I 5w
RS LRI TR R R AL A 46 9T T4 ik~ & [46] [47] [48] [49].

BE3E 3 — AR FT, iPSCs fTAE B AL T A AR sk, e R AR AE 4 M 0 I N T )
ROCK 7], i &% 2k A3 Wb (145 25 52 M [50] [51]. 385 % Ja B Bk 4t 257 58 2, 45 S amzh i 3h
AR FE W, 8T RS b A E A I SR A [52] [63]. B ERSEM B AT WNTA 55, 4
TRAR U 5 B0 K 114 J 5 2R 40 WA AR v R R A S A R [54]

[FFf, iPSCs 75 570 1L Ek IPCs Al ESCs 53 704k & IPCs A7 7EAH R il 8, A0 38R AR AN AL ) B A
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MAETEARTETE. AR RETA0I AL TR 1 B 400G A TR I 2
2.3. RRiET-4Hpa

2.3.1. BFERTFHAE

)78 5 T 40 L (MSC) 2 ARG I 2 REAH AN, AA7E T A e 20 5 50 UCHERE i BE h e R i
MF2A, AER—REA R4S 2 il diin, S9780%, BEDRMN, JE/FmE, XL
it R A 22 R o 44 e s 17 76 5 40 B [55] [56] [57] [58]. [ FRBE g 1A £ BE k& MSC [bR& . R4
AP, XL BTS2 FIAIARIE R, GoARIT AN B ANAE. Bauie. UURANAE. RRET 4R
ORI BB LA . #0284 RN 2 57 240 A2 [59] [60] [61].

MSC EA KB AT B DR SR P 43 i R 2 o SX A e MSC Rl TR 7 B8 R 1) 2 ZEH L. AT
FEH, REASFHLMITER MSC B /b B A A BT BT IPCs. H—NRIAIR S = A8
FIANSE A /34 IPCs il it 70 BAT sl i 0 . JHEEAZ AT B 3R ok B8 1) 5 7 35 v 135 9 K U i
MSC(BM-MSC) 345 11[62] [63]. L K&k 8] 4 M A7 4 MSC (WJI-MSC) S 25 7 3R 15 FlsE 7%, IkAhe
X RCARAR B AU LT IR . 5 BM-MSC #HEL, 234bif) WI-MSC A JRRAR A+ 48 7 [ JEHE 1
(Pdx-1)- k& Z /1WA HN C ik mRNA RIAMHE i, RIAHRH WI-MSC 731 IPCs HA LT 1k & =5
WREE[64]

R T AR PRI RR S B A Ak, MSC i ik 43 4 i 20 B R 7 A AR A DR R B FE A YRR R S B
YHI[65] [66]. MSC ik B i ik o2 115 CRAP X LA . X P G 15 B A & MSC R FE L Bubs R 1
FH ) EN LB ——E i S, MSC AT LARS IE TIDM 7= A= fE I R AR B4 i 1 5 S PRI
[67]. MSC By REEFE LR REST: 1) 0] T A0 B 22 73 2R BT R SR, 2) SR 5%
Y11 43 A AN (3) BAFR AR st i 7 03] B 4 et 5 [68] [69] [70]. RIt, AATIAA MSC 1) 6o 28 1 1 4 1k
FHEB5% MSC ¥RY7 ) TIDM F1 T2DM g3 ol 82 21 () Pk 524 F 22 6 B[ 71]

1) BANBRERT40

FSC N JBE R EH AN KRR IR 38 0 2E f: A W IR AR P 23 W IR, 23 ) L RS IR TR S RN TG . iR
P5 T VS5 5 10 R T O R0 00 P 5 A Sk ST B JEL L [72] [73] SR, B0 SR AT S AN N\ S i o A7 ] AG )
IR R T 200, XL 2 B AU AR AE Sl ARSI AIAR B T R W U S PR 4
H.(PDL)JEHAE R AE M 25 SR I SCRE[74] o SR, BRI ARS8 HR B4 5 th B0 T P9 20 b A 3 A T
WR[75] [76]. a2, FNJRIRT-4HMLR BAFAE T A AT 2 . S a4l RNA WP s A2 T4
il B A i A TR B B A RN S IR A4 I ) BhAS HE DR 2R A8 A, A) R i/ i S A B 1) 3 A28, ) B
B 2 P A BTl 2 I o

2) BT

MERR U, R E R AR A B AR Ja, RN AR IR B A [ R R [77] [78]. B
JERR AR R 2 I B BB AN 348 b B P A BT B (0 2, R HLCUE RIE[79] [80]. MRS Lz
A ATEARANEE T HE I 3D K 7% R G by ik Itk — D oA DR tE R R 41 41 [81]. WEFLR M, CK19+3F
P73 WA JB R R A0 B T DATE A AR 5340k B 4l [82] .

23.2. RERBMEEEMMETRTHE

FEAR R ZE A, £ ToAILA TR0 R 7 PRI [83] [84]. Sk Ml Fi RIS EH
FHPEAR AL TR, ATRL K0y IPCs MR By FEAH A% [85] . & VIE WIAE MRAE B8 1 (1 AR 23
B IR & A AEAN R AR AROD B A B PE R S AT AE AL A A(NIP) . X L8 NIP o T 4H IR ARFAE
I HREMSLE ARSI A BAT AR S 73 WA B 736 R R ) 24 L [86]
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2.3.3. FFRETF4REasT L

JHF WA e 2 08 T R B VR JE o I RT R R X S R IR B VR 5| R T — AN AER A I, BT Bk -4
WA R RN Y R4l . LI SR B, N EIR ) LIFF 40 MR R L Bl 441 i e 1% e 175 5 PR 4 R
S S IR T K2R YR FE N IPCs [87] [88] [89] [90]. 1AM EHi=E ., XELATAN AT LR IPCs (EAE N BE
PRIF/IN BRAAR N J5 0T DA CSCE e W% o SR, U 0 Jl g e 2 2 P R AT SRR A, 3RA311 IPCs 1R AT g 2 AR Bk
A B FEAHAR[91].

3. FAMRBTRH R

BREARTET M, TR T, FN RVFE IR, AT EBEIIRe. (%
OB, N AR A2 R K BERR AR, KB RAF B EMIAH I 5 R IR JRR IR 45 R AL A o
FERBACA 1T EL IR 2544 A R T R A #7220 R 5 &4 L A1 4D 286 PR [92] [93]

IR e F T 4 LA U oK. MUREE. AT BRI 3 4%

YR E B — POl S R AR K I B T A SR AR R MR . RIS OK B R IR = 1E
A BRI R I B2 L SR B A 1) 2 T ) R T P K AR R 2 o B I T IR IR T 2R & P R e 3 5
RS BEAT ), e AR B TR TR 3R £ — 1 (PEG) [94]-[99] -

TR B A B K S 20 B B ZH SR N BRTE R /K B IR R B 010010 FfUise B Ak AR B P ) 3 2 R i
S BRI A I, AEYIAR B A RIS P L 20 [101] . Z P AEYIAH B R AV O T IR
H, BIRIEE A F4E5. BURME. R, BIRSE, [EEfR S 80eil. B2 m s HIAE
VURARE, TR H AN S AL AP 55 P 200 L Rl 5 S A P gk 2 8 2 300 S v P P A A 25 [102] [103] [104]

AT BN — MR, EIE DR vE AL S5 R A AR A s AL S5 T B AT 2 R A . el
R AR S LIS T AR IR T BN FRA T R ZE AR . 32— AR R (1 77
2%, e LA B BT 2O i AL i S ke S RORS A ], A TR S I sl B AR . BTRA, AEATE
BARTER BB TR BRI BRI T, ARG T & E B R[105] [106] [107]. £
A BB K FO AT REE SO A RAR AL SRS R . BT, AR ADIT B R GRIm SR BT AT BN R
ST T B A HRAN S AR 4T I [108] [109] [110].

%3 RGO T R TR RS R A I MR % I A SR B R P A B S (AL AL 8 1) SRRV R 1) B
FV A TC B o 1K 2 BRI A K R P I R 2 240 (L 7 A R A A B, AR 3 B30 M v 7 AR R T R ke 2k
[111]-[116].

4. BENRERKN

THARATA 4 (1 B UG RN 1) 55— A B ZREAG 2 B e T . B H TR sz i 25
VRIS R Fp AR M S . XSG ReA RIVER, AR, wr st . S AR, AL
ST A, ARG b R R S R () KUK [117] [118] [119]. RS R v iPSCs AT,
TR CARS b [ M SRR i HE R . SR, AR AR P X RN B AR B DT AR, R A KT RE
TE 55 HA A A RE R 9 PR A A T 2

Nk, HRTIEEBST HLA . XSRS IE 4TI 2, XS i R 2 b A o Bhik LAUT RS K Z 3N
B AR EER LD T UCEC P 7 A R AR, LR VAR B b TE ORI IR AN SZ Ak 2 [ AT RS 1
M 4R a7 58 )32 U8 FH [120] [121] [122].

WY T 407 iERER T — M E WS IiJ7iE, T DUES X RIF AR 0 it 2, HER
TR S IETEREAT I &% . TIDM B3 B RRES D& UE B 13X Fp oy v TR 7 5 fil 22 4 VE[123)

DOI: 10.12677/bp.2021.114013 113 AWt i


https://doi.org/10.12677/bp.2021.114013

[124].
TP T I 52 1R SR W 5 S0k e MO SR A L (RIS AR, i an [a) SR 4R (MSC), HEA A A
HIREPE, BLHE MU A2 B DA a2 I SR o (R, RS MSC AL RIFAETR MM YATE R . 1A
[A] ) S B AR T o S RAT IR, AUNER, KRR, AIEEAE AR R K, £S5 MSC KI3L[R %
AT E I T M T 4R B AR A2 28 4 M R 1 = A ke B 1 S HE R [125]-[130]
Ty F KT U G2 N IR R R R R R T B R A N 2R 22 B 41 i = AR A 9% iR 1 [131]
[132].

5. FAMaTTERFHIEME. Bk

SR A AT T ORI T, ARG 7 05 R 0 S AT A T R R B o

-5 T oA B A BLAEAE DL REFI PR AR -

Yo, HFER B AN REARXT SIHE, W] A hPSCs R 4h7= 4= ThEE o A B FESTIML; T-4HARiF
SOWRCRBAL, AT & T4 3o ReE; Ry N IPCs %2 H St Wit . B Sk’
R A TG ) — > S ) R, b 2 R I A8 SRR IR AR A O 855 v 5 R A A0 B A0 R AR TR A DG R B i
[133] [134] [135] [136].

FR, A A B n) . ESCs N FH T 40 M VA 7 5 PRI A7 7E T 1 B g (1 i 72 U, XS B ]
RE R AEMGIRIRE o BbAh, —2eiE0 R B ESCs X HURMRA W /- i A E I [137]. FARIATT — BB AR,
H ik e AE 5 3 22 BT 4 IR AR AT 58 AR AE LS A — N N B RIS PTRE, A SR G2 AR A0 B ] e 5%
[137] [138] [139]-

wE, BROWERES, MOARR R, USRS ) 8k I 8] N HE DL [140] [141].

6. &it

B TR A TR R — R RAT A 5 R B ARV T ik, JEHEXT T TIDM. 1E4n
ARERIR T SE RN, TR R i 22 25 A AT T AT 1 B KR fE, (S PR A5 B ) S
JSEE R B 2R WA RSN T AT RE e EPEOR TR I B HE e, I SCVFE IR A He, AT SRR AE D RE -
SRT, T R R BATIIRAFAE RIS A B B BR 1, ARG 7R R Bl R B 45 R AT AN N, 38
AR I MR RS 5 B — Dl o, BT 406 7 0 R AR AT w] 1]
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