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Advances and Challenges in Hypoimmunogenic Islet $-Cells
for Diabetes Therapy

LIU Qingqing', ZHOU Zelin', KE Minxia**, 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 mellitus is a chronic endocrine and metabolic disorder characterized by persistent hy-
perglycemia. Prolonged hyperglycemia can lead to severe chronic complications, seriously impacting patients’ qual-
ity of life and posing a major threat to their health and well-being. The pathogenic mechanisms underlying diabetes
and its complications are complex. Current therapeutic strategies primarily focus on glycemic control, yet achieving
a definitive cure remains challenging. In recent years, cell-based therapies have emerged as a novel direction for
diabetes treatment. Both donor islet transplantation and human pluripotent stem cell-derived islet B-cells therapies
have demonstrated potential in stabilizing blood glucose levels in clinical trials. However, immune rejection trig-
gered by allogeneic transplantation remains a major obstacle in cell-based therapies. This review summarizes the
detrimental effects of diabetes and its complications, discusses advancements in current therapeutic approaches,
and highlights recent progress in the development of hypoimmunogenic islet B-cells for diabetes treatment. The aim
of this review is to provide theoretical insights and references for related research fields, ultimately promoting the
clinical translation and application of cell-based therapies for diabetes.
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B PRI A& — P LAAS M 7 0 SR SRR AIE 1R P 23 T
AUV, HH T 19 5 22 40T BOF G AS A2 17 5] A2 AL
PR A BRI A AL ™M BB R 2 I
LIS MR 2 —, A BRPE PR fE R 2 IR IE
WK O HE RN AN TEREIE . 202544 H
7H , E BrbE K99 BE ¥ (International Diabetes Federa-
tion, IDF) & A 1 ¥ I(IDF Diabetes Atlas (11th
edition) !, 4 or H AT 4Bk 20~79 % B BE R I
1L 5.8912 5 20244 h [EHE RS & 1K 1.4842, &
HAE A BEREIE B A Bk DA Ol 15
1 TG, X — U5 2008 % 20253X 1 7T4R (A4 K T
338%, M PRI I R AR 25 A ER A BT R BRI 1 4H.

F P A 5 T A 40 21 (World Health Organization,
WHO)BE IR 73 B bR 1F , W5 IR £ 0] 73 A B
VORISR . 1 B BE JR 9% (type 1 diabetes mel-
litus, TIDM). 2245 JRI (type 2 diabetes mellitus,
T2DM). HARRFERISAINE JRIp SR RHE PRI (gesta-
tional diabetes mellitus, GDM)%§“, T1DM&—F H
iR & PAH 0l 52 H £ S R BRI R e 2k, K
[ 55 3 (insulin, INS)Zr WAZE XS AN 2 1 51 18 PEAR
BHEZR . T2DMIN S Ay s L, 3 20 H ik b 211K
PUFECINS 73 WARH XA 2 B BB R Y. GDM A2
FRAEMEORIA 1 OR AL B2 BIOWE R, A B —
P B A B2 e B A LR ST, R YE WHO
oy BURRAE, FEk R ARE PR 3 AL SRR R R
JRRBR AN 53 WA TR AH DGR PRI« 25 215 VS
PRI =R o B R A8 5 K A T 18 ey TR
A, FEWAKI G RRE IR B PRI EL, "I
FEHGZIREIEE, 9K — RIINEIRRE I RAE. B
PRI TR AN B &, S 4 A0, A7 I AORE I
7 9 AR, AR R R VR T AL

B PR AT ST I R P L SR TP, R
BERBREEEFAEE = RKEE AR, Xt
FE ST IR T 350 J T < b 4 ) i < RLVR T,
TCVE R PAI I B AT YE D e R . B AR IR
HIHEE BRI 16 TT SRS O ML S 25T 108 25
2 3] g Ji 550 S R AR R SRTT, AR R B )
1 IRPS HIEAREZE 5 % NG A () 0 P i = R S e
Rk — 2R R, MM TT JuRE PRIGIE ST 7 R A a1
EX T 4 B o A S IR S A A
SCIL D ReMEBA B S A, RSk MRS HLE
H F MR ST, NiE @R RS 1 R4

AR,
IR, TAIE AR, KA 2 2 6 T 411 (plu-
ripotent stem cells, PSCs) I 78, RN F A 2= 240

stem cells, ESCs) 5% £ fig 141l (induced pluripo-
tent stem cells, iPSCs)# K. PSCsH]7EARSMECFRY™
WEIE A N 2 R T R 2R AL, an AR (3R b
0OV SO JULEH P TR gt e 4 U8 DA AR D) R
O ML T8 MR AR T3 555 19 YR 7w 1 i 1) (A4 4 fif
TR e R AL IR AR T R . IPSCsil I [F) A2 i
P BT NTUAHE 7 (0 Oct4. Sox2. c-Myc. KIf4), A]
KL E A N B ESCsTEas . A KR I AR AR
ZRetEbR IO I 2 Be T4 TiPSCs 3 25k
VT 2R AR AL, ] A 38E ESCsAH I A8 2 i)
L, JF H L2 R iy T 18] 78 )53 41 Y (mesenchymal
stromal cells, MSCs), K4 32 08 iE . X114
B PRI B, BT B AR T R S , il TR
TS0 SRR B 58 S A 1 JBR B B L 2 1 9 24 i F 5
Bt ZIT BT IjFE S S g% HE R S OBk
ik, X HESI B PR A0 BTG T B K e B G H L

KB AE R G IR RE R B R AL AT
IT 598 S LR BRA% B8 e 250 20 M 76 o7 3k 4 i
Wk . SCEVEANNA | PSCsAE MRtk G % 1 5 Al
PR o ) R BRI S Pk, JFREE TR
925 Do 1 i 5 A B () SRR SR T o B IR R G IR IR,
ARG AE 9 T A R 5 AR B A2 e 4 1 HL AT
AR A, NHESIBE PR 40 G TT HR I K J&
I 2 ST RO VR B AR L B AR R

1 BERFB AR RINE AT RS
1.1 HEREHZ TR R H L E

BE PRI )RR WL ) 2 R = A EAE R, Hop
TIDMMIAZ O R IR 2 B B fa ) R G000 g & B4
O PRI S PR IR, LI R U R 38 A 5 PR BT R A A R
FIFLEER, SEE RG K. CDS" T4 iuiEd
L3 WORLEE BAY S BARRR I B R A, AN
Th1/Th1740HL i) 5 5 H Ak -5 8 754 T4 (Treg) )
DIREERRG , 2T RUE 2 AT ; BAMIA IR ¥ 2 FAS-
FASLA SBT3 S S AL BL iS22 B
ST, A FEUR S R40 6= ", T2DMIP)
FU BRI e 1 2 K 5 BAT B Th e Rt 1), JiR
B RIPTRI A AL S RS SN RE R
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B, S BURR I 32 N REAT RS 2 4 20 B 1) S FBRORUR F
7E T2DMH, BAH A 25 7 A0 2 i 5 25 70 WA BF (1) A% o
Bl —o X—IRE 2R I m . et
FUC SRR B SRR T, TR AT BE R 2 J5R & B2 i
B R R R R D RE AR & (W BR 5 3= A S 23 T
REJT), FFBM AR SRS, H 2 Ay H AR
(Y P 23 A (Tt oo P S R )P 2 IS LA -
2 MR B AR SLEE R SR . R, PR
S AAE RT3 A% BA I D RERRAT, 51 AT 2%
1 5 383 % 5 T 55 DR 3% U)o o R W 38 A A8 T i Rl X —
TR, Hrb R B g i 2% 40 WA FH T2 1) A v )
Ro WEUR A BEAA I A BER S 2 Rk AR, BB B4
WEER 2= S F I, X o HEFSULRE
i, 714 GDM" . KRS BN PR A& — 43 D5 B
FRVRE RO LAY, FLR R AL 2 FF, 0o AL BRI . R
PRI BERRE . AYIERSEZ RN,

W PR 1) R A T8 A B — R AR I 514
M5 AR AL, B R I FE ACRE IR 2R AR &, — B
FERRESE I ROR A AR, 25 BB = B ML
R, e B L& B ARG OO AT 2
W PRI I RCRE 735 100 22 i, A4t HE R0 308 67 1T AS
M), FE50 N BE RS LR (diabetic cardiomyopa-
thy, DC). H /K75 ¥ JEE 5 3% (diabetic retinopathy,
DR). i JR 77 JE [ 4 £ 995 4% (diabetic peripheral neu-
ropathy, DPN). #¥ & /1597 (diabetic foot ulcers,
DFU). 1K J% 57 (diabetic nephropathy, DN)F1##
PRI B R FA E (diabetic osteoporosis, DO)5E (3
1)o IXELIGPEPIG 1 555 OFP k778 — N A A, d& Al
BRIt & BF i Bl RS0 B ARl I Wi J L g
RUBE PRI I RIE B R R BILE, A HIB T SR 2 B
LY
1.2 BERHIBIETT FR

& G0 B W% PRI ROREIR T A — E R b
B 1B RER (R A R BRI (R ). H
ik B 24 COTR i R A R IR, BRRAS
s, ARMPEE LS, BAAEFERE S
RO R R . IR B S T IE S AR T
AT, B AT Sk o R B AR HT, (H2 R T
FEHRIEMK KM ER AL . BRER T 19214
BRI, b7 5 A JER iR o S EHH FLAT B A E FH )
Vi, F BB I TR TR R R B 1z
Wedm MRS R, HIHAMEA SIS IR 3] 1 IESE.

192247 Ji & 2 U W8 IR s 1838 i 0y 21 B
MFEVE R B30 T & VSR 1 BURE R s s I 2R
A7 5 F B, R RE R v R 4% UBE /K F, &0 T I
SRR S AR IR IXURS: DA R i IR FOU A= B 4 il B 2R
WREE . FAh, Mg 2 AR AR R B Al DL K 2 4
PRGN E L, (AR, R R BRI B R
FER, RIAE TS R e 5 ANVE, #2717 iRdTE
RN AE TG . NSV IR ) 2% B N R
By P B B 2 AN A 2507 UM B, R
KM = T B8 R 82 BRI SR AR i & . (H
FH T~ AR R & 2R VA 7 M LUK AE DT I A4 9 SEBR a5 oK
2525 )5 A AME DL AT B 5| RARMBESSEA 2, B
FFAT— HAER R ARG IT T2

ik 82 ALY W R 7 8 TR 42 11 A P S A5 SR 291,
B — B A T LA RZ A S
TREHE, BB CERE &M T HTIRKE
JrPT, AHARE R, 2023466 28 H, — kK [FIAp FAk
Ji 15 4 T i —— Lantidra, A{IN3A53E EH A 525 5
W B R (FDAEHE , IE3R i - FiaI7 s 178
B PRI B35 P8, Lantidra I SRR 6 35 40 Mo v6 T 7 70
PRI TSI R R R, A Bk 3Gk
o o N e N ) D S i b A 1 1 S
YRIT RIS IO PR T AT o SR, ok S R ARLAT T e v 2
PRlR : FARMICKE . FEHE f5 i 885, DAA R
DA S HE R 7R A A IR G e ) 77 &5 o I 4 i)
BIBAAGE LA R — B R A2 R .

TR PRI I RIE B e KRR S EURE, R
FIA V)R EI KB BERE IR REA RGNS
JTIRME . ARk, ARG TR N AR R AT
HAR, &2HAHE . ZHABEEAT ARIMES
TAH o1 o T REVE R 5 pAR A, B A R B &R
Sy DIRE, IR R S = B FT A, [l IR
HAE .

2 PSCsiTHBIR DM ARHRSIIG
RRZA
2.1 PSCsTTHERIBRSMAR

[ Fofr S5 A Pl 5 R A A — P LA B 0 (0 SR s o7
2, (HRZ IR T AR B S, H AT, BF R IE SRR
FH 22 B8 T4 434, 14 JBE 5 240 I 5 A% 5 it A Sk
AIETT IR 2 AN HE B s o 530000 2 e T4
JHOAT A 1 i R PR S J2 240 e o i AL 400 i ke 10 2 i PR
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Table 1 Pathogenic mechanisms and therapeutic strategies for diabetic complications
FHRAE BRI TRTT AN 2R
Complications Pathogenic mechanisms Therapeutic strategies References
Diabetic cardiomy- Hyperglycemia-induced aberrant glucose and fatty acid me- Glycemic and blood pressure control;  [2,29-30]

opathy

Diabetic retinopathy

Diabetic peripheral

neuropathy

Diabetic foot ulcers

Diabetic nephropathy

Diabetic osteoporosis

tabolism in cardiomyocytes; accumulation of ROS (reactive
oxygen species), leading to myocardial cell injury; elevated
levels of pro-inflammatory cytokines (e.g., TNF-a, IL-6),
triggering myocardial inflammation; myocardial interstitial
fibrosis, resulting in impaired cardiac function; abnormal mi-
tochondrial energy metabolism and reduced ATP production
Hyperglycemia-induced aberrant retinal glucose metabo-

lism and accumulation of AGEs (advanced glycation end-
products); intraretinal ROS accumulation, causing microvas-
cular damage; elevated levels of pro-inflammatory factors
(e.g., VEGF), inducing retinal inflammation; hyperglycemia-
activated PKC via increased DAG (diacylglycerol) synthesis,
leading to retinal microvascular damage and neurodegenera-
tion

Chronic hyperglycemia leads to overactivation of the polyol
pathway and accumulation of AGEs; buildup of ROS, result-
ing in nerve fiber damage; elevated levels of pro-inflammatory
cytokines (e.g., TNF-a, IL-6), triggering neuroinflammation;
nerve fiber demyelination and axonal degeneration
Hyperglycemia-induced impairment of wound healing; micro-
vascular and macrovascular complications leading to circula-
tory disorders; sensory neuropathy resulting in reduced foot
sensation; impaired immune function increasing susceptibility
to bacterial infections

Early stages (I-II): hyperglycemia-induced increased glomeru-
lar filtration rate; intra-glomerular ROS accumulation causing
basement membrane and podocyte injury

Intermediate stage (I1I): elevated pro-inflammatory cytokines
(e.g., TNF-a, IL-6) triggering glomerular inflammation
Advanced stages (IV-V): glomerulosclerosis and tubulointer-
stitial fibrosis

Hyperglycemia disrupting bone metabolism, leading to
decreased bone mineral density; elevated pro-inflammatory
cytokines (e.g., IL-1, IL-6) suppressing osteogenesis; aberrant
levels of insulin and bone metabolism-related hormones (e.g.,
osteocalcin)

use of SGLT2 inhibitors and GLP-1
receptor agonists; antioxidants (e.g.,
alpha-lipoic acid)

Glycemic and blood pressure control;
anti-VEGF therapy; laser photo-
coagulation; antioxidant and anti-

inflammatory agents

Glycemic control; antioxidants (e.g.,
alpha-lipoic acid); analgesic agents
(e.g., pregabalin); neurotrophic drugs

Glycemic control; improvement
of blood circulation; anti-infective
therapy; foot care and off-loading

measures

Glycemic and blood pressure control;
use of ACE inhibitors/ARBs; SGLT2
inhibitors; GLP-1 receptor agonists

Glycemic control; calcium and vita-
min D supplementation; bisphospho-
nates; anti-RANKL antibodies (e.g.,

denosumab)

[31-33]

[34-36]

[37-39]

[40-41]

[42-44]

I 981, 1T 20144, i g i Al SE PR R 44 [ A T
fie, MELTON [41 b\ U2 F 22 /N o3 FA5E4UAAR N 2 AL A
5i, JFR H—Frfeis 3 2 ae T A AEAR S A 7
Z, 13 3 B % X i 250 B 34 25 A HE TR R 1) g
By 2, ik Rl B R B TE UR FE B S TheE . [R4F
REZANIAZE U R 7 —/ B B 7 &, Be 3 80
4 hESCsHe At 7= A Jk B 2R 4B, 0 A2 B0
EPRORIEUS Bl S 270, LT AR RS T
FITE . EASEE &, HOGREBEZ: YT & —Fhigh

RSB B 7%, T AR EZ R4 fiT
A 1) g Hi P M (SC-BAH L), X LC2H Ff 75 7] 6 F I
AWK EE R . H5EIFE TR RAL, SC-pA
SO0, JF T T DR RGA R BREL, LR
B 70 WA Ty B AL i A R 0 2 R W R S Mk I 2R O
(glucose-stimulated insulin secretion, GSIS)SZ 56 11445
FIIE. H AT, F FHhPSCSHEAUAR N /e, 2 AN
FLIA BN C DR D RE Rl R 26 W S 2 TR
FR i 5 AR 743, I OB EA WAL . FRE
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X8 LA 78 20 B2 4K 7 E 2 #2453 21 hCiPSC(human
chemically induced pluripotent stem sell), 3 — 44 1Z4H
P RE 171375 20 A N B 0L (hCiPS Cislets), 11E W] AR
YRYT VIR PRI A 5 o A I 70 B R B 2 R XS
BRAEIR T U, B A LA ST I R 2%, 48
o2 PRI AR R BT B, K i e il 22 R AR
JULRTHES T | 15 R %A R i 8 = 40 L P T e A
A~ G MEALPY, Ak, BRI 2 it
I A A SIS A R 32 ] X /0%
2.2 PSCs{TH IR SRR IR R 1L

B 50 W R 1R 4 TR AR T L NI IR AL
L3 S mE AT 2 e 40 I E 7] 23 A0 A0 R A i
M. R2IE T VIR RIS K ocs it . 40
R I 7 i 3 NI PR 4 40 M 23 A B AR 1wl AT 1
FROAL T B IGAE . ViaCytelll B T T 41 i 74k 1 i
By A0 M W] AE AR N ZhBEAFIE , IO 1 e Oy ¢
B TR, Vertex U L 2597 58 E 1 Dhe
PEYR R AT RetE , S TAT LS . ARTEAL R

J# . CRISPR Therapeuticsifi i 45 & 3 K g i £ AR A
BERIBIGIT T RE T SR e AR . i e S HE
VCTX21047 ¥:F Fl CRISPR 3 [K] g 5 4 ARAS i T4
o AR I FEA b o34 T RSP R T AT i A RS R NN
A, X JEEERE IR a2, Sernova Cell Pouch
200 PSR 5 AR R B, O A4S R e i S
172 R S AL 1, ROR AT BEZS S 1PSCHIR, fif ik
PR R R A . AR, o R T4 M a7 OB SR IR
U I T S G IR A T TS T R ke . o,
J6 TR 2 X e ek 2% [ DA 345 ] 5 14 B i PR A
BEFRES  MR-12-23-017130), %40 —
HIEpRE.

T 24 M AT A= ) JBR 5 240 ¥ T R SR i AR E
G PR R, (R THII 22 OGPk K, B4 Ho % 20
ek ARG« 355 (R i I SRR . AR LA AN 2
AL A P A vy B K 22 PR 4. oK
W G e HM G T BB AT R HE ) (1 32 BG4
AR B R G BB B AR AL 7 2 BCh 24 T R i 5T

®2 BRBMEBEIGTTHERBIIERIRLE
Table 2 Clinical trials of islet cell transplantation for treating diabetes
GIR AR 40 eV T RE W B REE R I PR 2 5
Organization/name Cell source Indication Trial phase  Key progress NCT number
ViaCyte Embryonic stem  T1D Phase /11 Physical encapsulation device eliminates the need for ~ NCT02239354
PEC-Encap (VC-01)  cells immunosuppression but shows insufficient vascular- NCT04678557
(pancreatic ization, leading to cell hypoxia, delayed functional
endoderm cells) maturation, and some fibrotic responses; increased
C-peptide levels, reduced insulin requirements, and
decreased glycemic fluctuations observed in patients
ViaCyte Embryonic stem  T1D Phase [ Semi-permeable encapsulation device allows vascu- NCT03162926
PEC-Direct (VC-02)  cells Phase I/I1 lar ingrowth but requires immunosuppression; some NCTO03163511
(pancreatic patients showed improved insulin secretion
endoderm cells)
CRISPR Therapeu- Embryonic stem  T1D Phase [ CRISPR/Cas9 gene editing to promote immune eva- NCT05210530
tics cells Phase I/I1 sion and cell survival; cells encapsulated in a durable, NCT05565248
(VCTX210/ (pancreatic retrievable, perforable device; specific clinical data
VCTX211) endoderm cells) not yet disclosed
Vertex Embryonic stem  T1D Phase 111 Three out of six patients achieved insulin indepen- NCT04786262
VX-880 cells dence with HbA1c<7%; some patients reduced
(pancreatic exogenous insulin usage; requires long-term immuno-
endoderm cells) suppression
Vertex Embryonic stem  T1D Phase I/I1 Similar to VX-880, utilizes a novel encapsulation NCT05791201
VX-264 cells device to protect implanted cells from immune attack
(pancreatic islet while allowing nutrient/oxygen exchange, avoiding
beta cells) long-term immunosuppression; specific clinical data
not yet disclosed
Sernova Cell Pouch Donor islets T1D Phase /11 The Cell Pouch device promotes vascularization and NCT01652911
cell survival; preliminary results indicate functional NCT03513939

improvement
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3 REIEIRE MR BPLHARIETT HERTRAYR
B SRR R

4 R0BE PR P 41 YR T T I (A% 0 7 G 2 B A
Y51 2 B S R R N —— X — i B
TG 9% A0 BRI Bty R Bl 28E BT R Rk MA
RGO, A FEUR S DIREE k. K, ATHN
KNS TR B RS M R AR I S HE S 0] R RN SR
W, R AE B SRS T 2w 0 DL = 2R S R
PERESBANAE . (1) B TREACE AR S : 18
b0 N B AT NS B4 iaHT 5 (human leukocyte
antigen, HLA)KE [N 9 500 3 55 256, SR BRI IR
¥e4k; (2) MSCs7 b 115k B3 B FFHMSCs RIRIC %
9 1 2 55 43 WA T Re , PR R3S g% LB R (3)
PSCs3E [7] 73 A0 N & AN AR - 45 4 SE R g B 5 20 Ak
AR, A m AL A 7 <3 F 2840 2
3.1 REHRAIHkAR K B xSRBS

G HE ST A2 A A T B R BE 22 B R A
WitE T 5 RGO N AR PUR , SIS T4, B
SR A7 (natural killer, NK)ZH i Kz 505 40 i 25 1) 5
% N, SRR Y. Har, mrE ik
FH G 2 455 R 2 R DL R R R G B R
ST B, A AW S R G0 D e R B v
JORE BT i) B RS g % E T A Y B 8 ) g iR
5 Bri AL, AT R o R a] 1 e 2 TR 4 SR s 2
PEOCHBE ARG . AR LR R U 75 & e AR [
SRR ) e R RERG , A @ HLAR
Y11 B AR ) SRR H 928 o 200 i 2 5 . R A
S0 S e HE R SO L TP . NKA e B Wi
O L 25 4 25 A0 B P R DR B0 o T4 A o R 4
PG T 7, A2 PR, F A SR
PETAH ML (CD8 T4 4B TR (CD4" THAE).
CD8* T4 M B 511 28 FL 2= 7E B0 410 M 5 7 i AL IE
SRR D R N A0 5 S LR T O, CD4Y TN 4
WA LR - R 45 S L, TR R B T4 A B
RIFFEAF R TRE . HoH Th1 43 W IFN-y30E B b
YL, A S UiE s, Th2 5 WhIL-4/IL-5/1L- 1342 1
PRV G2 101 NKZH AR S R B0 9% 58 G I D B 20
Y1 H, e Ik 4 AR B AR AN 23 e A B R -4 7 5
X R R 48 B P AR HE R OB 102 W 2 i o )
WAL 2 N (W TNF-a. IL-1B). 5358 K40 5 34

T & N G R, IR A PR A 4 T
(antibody-dependent cellular phagocytosis, ADCP)
Je S VE R 2R, 540 B S hE A DR Bl 3 280
RS ) ) A S A e e HE R 100 AT R I K
92 JEIE s SR AR T HLA R GRS 5 s
B TP R0 R0 SRS 0 45 i i 5 K g
B R B2M . CHITAEDRAMH] 2 i HLA-12E A1
11284 12215, FHWTCDS8" T4HMIAICD4" T4 A i) B
BRI 457 [R] B 3 Ak P VR T 43 DA ) A
Y0 S T0 IS AL 5208, (EA37E 42, HLA-128
I3 F IR 58 4 i S 2> firh i NK AT 1 < 2k 5 3R R 5
BLIY e Dy et 7838 TR 1 RS T g 5 SR I - I e
I PR 2 3t HLA-A/B/3EH, AR ¥ HLA-CEE[H, $
NK I A AN TH R 25 U0, Bl 7E Rl B B2 M3 IR 1 RiT
BF, EREMIEL M HLA-EELHLA-G1 > T 1] 4>
)5 NKH i 3% 18 400 ] 1% 52 /4 CD94/NK G2 A 5L
ILT2(LIR) &5 &, AL HiE 5, %K% fe
R IR NK 4T i 1) 3% 4 1 72
3.2 AR SRR R R MR 5 pLH AR

VE R WG IR LA T7 &, BEAR I 5 AR
92 JEME S B AR T B2M. CIITAR CD473E A
S 4 3 R 2 SO A A S A R R A
SN T MDA S 7, HUZE VY] ] CRISPR/Cas9
35 DR 2 B 3R AE B2MOFN CIITAFE R 3%, FA) A8 95
B RIE CD47, 2415 B HLA-UF HLA-115> T BR
Hid 33k CDA7 R b e i PR 1R & B2 A (B 1) DA
B A2 7 (WT)- ik 5 B4 5 XU 5 (double knockout,
DKO)-Ji & AN A /E Xt ], ThEEIIESS R E 0, T4
HLRE A R FE W= 5 BT, 1 NK 40 A A g 41
HLX DK O- g i AR MU R B H A A 2, AHELZ T, 1%
G S i I B ) LR AL A S ) S e 4 i
Tt B G A Tk 3% T . NKZH A DL A [ 0 40 e ) 25
i (B ). SR v gnts o, SR AT R & 5
LT KR40 8 KA, MR, B AR YR B 7
1 PR R
3.3 [EIFERTFAAEMSCs)RIR K % 7% & 14 iR
B pLa AR

FHEE TR 5, MSCs LA RIRMK fu g% J5 ok
MG AT IhRe, Ao WRE AR FRp R4
(i) 78 )53 41 g (MSCs)7E 7R 4 AT B AR 1 8 i 1k
B P R AR I L G2 D B S 1 i . o A i
FiARF R MSCs 1 1#) B2MZEEH , T HIH| HLA-I2E 51
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ik, MM CDS TAH M KR B A s TR N2
FFEFE TS IR 1(PD-L13EA , i %A PD-L14y 1, i
HE5 TR R TZR(PD- )4 &, 3 —
Mﬂlﬁ%ﬂcm* TANRIE b, 23 B S 2 1 I (1]
2)o FIEE AR S JE M MSCaE— 25 70k ik 5 B4
J, FEAE BRI RAR N G, e MR, Sk
WRIRAE SR U, BT MSCsH PRI L RE 1 AE
Bt 7t 4 In) B EL T 14 KPS Cs
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Islet isolation
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CD4" T4t . NKZH AT E W4 .

After isolating primary islets from donor pancreases, the cells were modified to knockdown HLA class I/II molecules and overexpress CD47, success-

fully generating hypoimmunogenic islet B-cells capable of evading attacks from CD8" T cells, CD4" T cells, NK cells, and macrophages.
Bl R & S A sRIRR S p AR SR R B E

Fig.1 Schematic of the hypoimmunogenic primary islet B-cells engineering strategy

HLA-II . i . .
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MSCsZ i I HLA-1287 1 Ri35 Hid FAPD-L19) 1), 20 20 (O R S e e 5 BAT I, mT 442 B I b S RE AR CD8” TA XL il
Genetically modified MSCs with eliminated HLA class I expression and overexpressed PD-L1 were further differentiated into hypoimmunogenic islet
B-cells, which not only exhibited blood glucose-lowering function but also evaded attacks by CD8" T cells.

E2 RREMSCsKIRERSpAMEIDE R R EE

Fig.2 Schematic diagram of construction strategy of hypoimmunogenic MSCs-derived islet B-cells
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Four strategies: (D knocked out HLA-I related genes and overexpressed PD-L1, evading CD8" T cells; @ knocked out HLA-I and HLA-II related genes
and overexpressed CD47, evading CD8" T cells, CD8" 4 cells, and NK cells; 3 knocked out B7-H3, CD155 and HLA-I related genes; evading CD8" T
cells and NK cells; @ classic HLA-I molecules knockout, retaining HLA-A2, evading CD8" T cells and NK cells.

E3 {R%EPSCsKIRR S MM R REE

Fig.3 Schematic of the construction strategy for hypoimmunogenic PSCs-derived islet p-cells
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