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ABSTRACT: Human embryonic stem cells can be expanded indefinitely in the undifferentiated state and still retain the capacity for
multilineage differentiation, which make hESCs are the perfect replacement resources for the cell-based treatments for Diabetes mellitus.
In recent years, although there are many successful reports on production of insulin-positive cells from human embryonic stem cells, there
are still many defects in the insulin-producing cells derived from hESCs, such as low efficiency of cell induction, and these cells were not
able to produce increased insulin in response to a glucose load or induced diabetes, a crucial element of glycaemic control. This article

will focus on various efforts and attempts in the aspect of improving the efficiency of inducing human embryonic stem cells into

insulin-positive cells and obtaining mature 3-cell function in insulin-positive cells.
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Fig.l A proposed differentiation protocol for the generation of Bcells from embryonic stem cells. Manipulating the 51gna11ng cascades as shown is

predicted to drive differentiation along the sequence of ES, embryonic stem cells; ME, mesendoderm; DE, definitive endoderm; PF, posterior foregut; PE,

pancreatic endoderm; IP, islet precursors; BC, insulin-expressing Bcells. CN/NFAT, Calcineurin/NFAT. The role of PI3K and BMP pathway during

specific time-points is ambiguous (see question marks). %11

JEERR 22 SRR M 26 rh B P AR R, B AS A TR S R I A )
F AL R T IR s R 25 A0 i b, TR RS R AR 1Y
55 ,PDX1 X RETA T A A ARG . AT WE 5 a5 T DL R e By
E 2 RS I 5 0 IR A G R 1 63512, PDXT S B 119 876
AR SRR B HR Ab 0 Se e S 1, 3302 A S5 T A P 23 WA
FOE R AR PE L, I Ngn3 Nkx6. 1.Is11 il Pax6 45,
PDX1 235 BIANAL B BRARFH NN, BT 280 s A A9 % 7 324
kA F AR AN, PDX1 RE(EiE FHABEIR & B LSS B
ROTUWRIEER B AN AL
1.2.2 NGN3 NGN3 J& Fo M IR IE - 5 - BRIEEE 5 B F Kk
”'”ﬁ‘E 5 Nkx2.2 Pax4 F1 insulin £ 5 8 788 T 204409 E &
SEA g R R & F A PDX 1+ 41 [f) P 430
YA o Th B S P SR s I A B B A AR R T
brak, B fESE AR s B AL BfE . Ngn3 HEEA T
JER R PN 43I T AR, R MR P9 43 A T PR 200 L 5 S A, BB
A R AR T AT ) P 43200 L 2R E ) Ak , AR 200 0 431k

IR ™, NGN3 25k 13X M 3l 578 A0 TR AR i 4 7 2
RO PAZ LS

Ptfiat HNF6
GATA4 HNF1p
Mistl Sox9
. Nr5a2 Foxa2
[
‘ Acinar Duct

a4

- 09099

® -

1.2.3 Pax4 Pax4 BHJE Pax FKEH M —, J&F i AE it it
FRANEIEEE AL L AR SR F R k. X —KR T2 5
AN SAE F R BT, EMRR R B R o 40 i 4
Ak, T, T AR T A AR . R R B T
FErf Pax4 J&t Ngn3 TR, ARG MG S 5
5 PDX1-NGN3-Pax4 {554, Pax4 FER YR T 4 g 5
B ANAIE T oAk B S AN M R T B 4 TR B AGVE 1Y, Pax4
AR B AN B T TR N B RS TR A A
DL B AN AY BT AT . B AL T A ALid AR R, Paxd
BB = K Rl AR B ANAR I o ANARAN PP 405 L™,

1.2.4 MafA MafA RJJ LIRSS 2T 24 PR 988 988 SE 18 R JR A A SEH
—A A SRR P RS AN H SE . MafA R FURFRR
5 B AN, TE B AR B e s & T E
B 19 ) 3h X3 AR <P IR 45 20 44 RIPE3b [, E S —Fs@ 50
SR R 7 R 5 R A 3Rk . MafA 38 GEY N Nkx2.2,
Glut2 J 5 2 g e oA 22 A AE K 3R 1) mRNA ik, JBER B
AR A BT BERIAERFER A T MafA 28 (19 1 5 2 1kW,

Arx
-Pax4 MafB
-Nkx2.2 Pdxl Arx Brnd
e 3 PP a

\t/
/3

1° MPC 2° MPC Bipotent Endocrine  Endocrine Immature B B
(Tip) progenitor  progenitor precursor
(Trunk)

Mnx1 Pdx1© Pdx1©© Ngn3H Mnx1 Pdx1™ Pdx1™
Pdx1 Ptf1a'® SoxgH! Mytl Mytl Mnx1 Mnx1
Ptf1alo Sox9lo Nkx6.1 Isletl Islet1 Nkx6.1 Nkx6.1
Sox9 Nkx6.1 HNF1pH NeuroD NeuroD NeuroD NeuroD

; HNF6 i 1A1 Nkx2.2 Nkx2.2
Nkx6.1 HNF1p® avirn s <7 MafB MafA
HNF1B GATA4 G';’_‘I?A & ~ms MafA Pax4
HNF6 NrSa2 o Paxa Foxal
Foxa2 :Eg; Snail2te Foxa2
GATA4 i

Snail2

GATASG

Fig.2 Important transcriptional regulators expressed at each stage of pancreas development. -Pax4 and -Nkx2.2 indicate that € -cells develop in the

absence of Pax4 and Nkx2.2
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