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Figure 1 Generation of islet B-like cells in vitro from different cell sources. A: The embryonic stem cells (ESCs) derived from the inner cell mass of
blastocysts and the induced pluripotent stem cells (iPSCs) reprogrammed from adult cells are the two common sources for generating islet B-like cells
in vitro. Through stepwise differentiation, ESCs/iPSCs are induced into islet B-like cells via various growth factors and signaling pathway regulators.
B: The embryonic pancreatic progenitor cells can be grown in Matrigel in vitro to form pancreatic organoids, which often exhibit branched morphology
with various differentiated cell types (left). In vivo, both duct cells and acinar cells from the adult pancreatic exocrine tissue can transdifferentiate into
islet endocrine cells under injury. In vitro, duct cells can form pancreatic organoids that contain a majority of exocrine duct cells and rare endocrine -
like cells (right). C: The adult pancreatic islet stem/progenitor cells in the adult mouse pancreas can be isolated, cultured, and expanded to form islet
organoids that contain all endocrine cell types with about 80% being functional B cells
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T A I 2R g 2 U250 IR g i 2 e
FE IR AR YR A0 T T R
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FERAE /N BRI R I T — AT 4RSS i, X
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FARid, ANFRIE TR B P 20 A A B A R R [
¥ F Procr-CreER;R26-confetti/)N iR 34T = A~ H HIR A
W AREE, GEREIR, AR/ U B Procr A M 7E £
P IR AR B R A T R e B T G R, HoRe = AL
HAFh N b aifie, Feun 7 HIGEM e ). 46
Scavuzzos N HIByrmes2 A7 E 14,505 /N B 10 J5
Ji B 20 00 BB 2 A R, R BN en3 i P 4
WG RGN AT — AN R S Proer AUARAIXT ., BA
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Hoxa5%. TEMRIGIIRIBRARE, Ngn3' A2 WART A4
A REARR I — Pl 4HROIR S R AL, B R 28
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B A ) — AN B AT RELE T3S K AR 58 LR MKOR PR FF
TAHAM R, EAIARRIENgn3, (EAKIBLRE T
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Crefr TN R/REE LR SCH TR — WA, WAEE
Procr [ & 21 i 2 R BB SN gn3 " A 43 WA Al A4 40 i 1) 5
11301

Wang25 NN ProcrfiF 48 fiL M/ B A4 A 43 B
HREFAEN TEFURH, FHAERE TR R RIS i N R 4
MI(BE1C), iZ%FLEE 7Rk R W 98 T Procr i 5 40 f
SLRETE R, Bi9R28 KRG, JRE AR, K
M E T HRBEACHRARER, HE =55, R
WG, RERARIELZEEN. FR, ELISAZSHT R,
22 1ok 78 A B U I s B R IR B S R A CRR I
Iy WIS B TR IR B A Wb R 25% F140%. A R
A&, IR EFR BN R B, K240 2 BAT A,
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20 I P 23 A AU TS T DL S B A e S 2 M R ik
. XL E BT BIBHAE 200K IREFFAEKCIRE
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MERS 2 1238, (ERSAE S5 R0 S 88 ) B0 e R
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/N SRR IR L LI R 5 2R KT B I S A 22

It & SR 4 T P A B A R 5 2~ T RO
Wk L, AW E A LA X 2T AR, TTAAE AN
JE A B R P AN HE BT A 7 4. Wang S AP0 oy
f¥1— %= M Procr 4l il 73 1 45 21 A 73 WA 200 L 1) T 28 A,
T8 T NAER SN SRAT PAR I O BB . T AT 40 A2
P B B R B SRS MERE R I AE I O 2 IR
R U A0 % B T A M SRS B R A
A REFCIE 1 AR AT A A2 R B e B AR A 4R R )
VR ERE R R, AT R R e A
M H PRSI AN TR, AT AL T4 i

EERRP
SARBIRAIESR

F Wi L, B o A ) AR L R AR AR AT
REHS S A S D IR, X P A sTiR g R 5 b
MR AR TR B 2 (1 SLIS I TUOR 1 .

5 RREE
To18 s LAESCs/iPSCs. i ik 2H 2R 41 i 3 A2 JiR 5% 1l
RT4if e s, PLEZBT ALy sel 7 Ek

AP FRAS B B 2R 40 WA RE 71 1 2R BT i B B 2 s
BERD). 6% 20 TCE NIRRT R R OTER L
KB T oTmk, RBIERICIE—— V. SR, 7 H AT
PR R E R R R, RIRAELESE — LR (1 ]
PRI ES I R A T B I TR 1R 5 S A
TARNFEAE, 5B e 5 10 5 2 WK R
Wi 2 e ) 2 (B8 A W R () 22 8. b4, FESERRIRSIE
M H, ESCs/iPSCsHIEUR RS« 2851 I 1 A9 B
I3~ B RTINS R DL R A S A7 1 R A i)
AT A ffp ke, RREEE— 20 LR B R A E AR IR R R
FEABERESMSEHMME, 4G 2 77 TH i a8 75 2
At fEU(E3).
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O o AR SRR

B2 5 BN RUBE S Proc BRAA T/ AH AR NI AE A SME FR RAFIR B R A8 B . A/ BRUBRARZLZA ey, R S5 e b WA BRI AH RN A 2

U, USRS E 1%, i B E AR 773X, mT DA B i AR b 2325 sl it SRR, A IR bR
Procr& S UAT/AH A0, AEIE B b 5 N B3R 5715 51 B Procr 4 I BE T B 1B 15 2K 28 Y. IX LSRR B n] DU A4
SEIECRY 1, AR IRANR, AT LB A A B IR (8] L (IR AR B RIS 2 B 2R 2 B IR B RS . RO IR 1 22
B EL S DR VE BN, RENS7E AR P SORE RIS 5 0 WA B 3R, R RETERSAR S AE R A ASE B R T BE . D5 T 2B PR S5/
B, P R 2 R

Figure 2 Isolation of mouse pancreatic islet Procr adult progenitor cells for islet organoids culture in vitro. In mouse pancreatic tissue, islets are
embedded among exocrine acinar and ductal tissue, accounting for only 1% of the total pancreatic cells. Islets can be separated from the pancreas by
perfusion. Using the membrane surface marker Procr, the adult islet progenitor cells are enriched by fluorescence-activated cell sorting (FACS),
followed by coculturing with endothelial cells in Matrigel to form islet organoids. The number of the organoids can be expanded by passaging, and the
maturity can be induced in any passage by prolonged culture and a series of high and low glucose stimulation, etc. The mature organoid contains
functional B cells that can secrete insulin in response to glucose stimulation, and reverse diabetes phenotype in type I diabetic model mice upon
transplantation
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- SREMRIEE é
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Figure 3 Optimization of islet organoid culture. Firstly, vascularization provides better oxygen and nutrient uptake and other stimulative signals for
the organoid cells, improving the organoid’s post-transplantation survival rate. Secondly, using a synthetic matrix that contains no bioactive materials
improves the controllability of the matrix and the safety of the organoids. Thirdly, allogeneic graft rejection by the recipient should be avoided when it
comes to the transplantation of islet organoids. Besides the current immunosuppressive drug therapy, optimizing methods include co-transplantation

with immune regulatory cells, use of encapsulation technologies and gene-editing to alter the immunogenicity of the organoid cells, etc.

51 Xk miiie

TR R R AT, R MR
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(RI7K BRI 73 BB, HEIR DB AR, (A A A PAH
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JRIEIEE SR, YoungbloodZs A\ FIPLGFIPEG- T fcitf:
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S E AR T, LA R (K 2 W R IR IR B R T
Tregf LR YT H B G250 AT BT S 2 HE e v i) v
SV FE B R ERE ST NRAR T, o Treg 5 5 3L
[FFE I A] LUE KR G2, IR B & Sy b
BRI /N BB gt o0,

[] 78 5T 141 ffd (mesenchymal stem cells, MSCs)
WHRIZFITMIEE S, MSCshg s W ir ol g & 2

149



P 55 B B 2% B TU Rt e

T PUNMIANGE B S8 B HIRE IR T ik

Table 1 Methods of generating B-like cells and islet organoids
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Diabetes mellitus is a major public health issue and has an increasing pandemic prevalence. There is no existing treatment or
medication that can cure the disease. Clinical islet transplantation has the potential to cure diabetes, yet the profound donor shortage
hinders the widespread implementation of this therapy. Therefore, generating {3 cells in vitro represents an area of increasing interest.
Advances in stem cell culture have made it possible to derive in vitro 3D tissues, called organoids. Organoid technology can be used
to model organ development and diseases, and it also opens up new avenues for regenerative medicine, providing a new cell source
for islet transplantation. Here, we describe current efforts aimed at generating B-like cells and islet organoids using embryonic stem
cells, induced pluripotent stem cells, transdifferentiated cells, and adult stem cells. In addition, we discuss the remaining hurdles and
optimization strategies for the clinical application of islet organoids.
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