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WE k& F 4945 3 B F A Mnx1(motor neuron and pancreas homeobox 1). Pdx1(pan-
creatic and duodenal homeobox 1). Ngn3(neurogenin 3). Grg3(groucho-gene-related gene 3).
Nkx2.2(NK2 homeodomain 2). Nkx6.1(NK6 homeodomain 1). MafA(v-maf musculoaponeurotic fibro-
sarcoma oncogene homolog A)%. fEiX L 45F B F P, PAx1xHRF Ak BLail k3 A B 4 5B 4m i
B ) REAT K AEAE A Ngn3 AL IR MR AR 40 i @) 1 43k 40 i 516, Minx1. Nkx2.2. Grg3#RiEB4m e
9 &AL, 3B BLm oA A atm B, Nkx6. 198 Bam it 6438 78 4m o-A; MafA B A7 Pém s 514, f2 1% £y
FERe AR R YR EREA., HRXATHFTEREROELERFETEWHXZ.
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Transcription Factors Related to Islet Development

Xing Xiaojuan, Xiao Mei, Dan Huiguo, An Lilong*
(Department of Animal Science, Agricultural College, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract
pancreas homeobox 1), Pdx1 (pancreatic and duodenal homeobox 1), Ngn3 (neurogenin 3), Grg3 (groucho-gene-
related gene 3), Nkx2.2 (NK2 homeodomain 2), Nkx6.1 (NK6 homeodomain 1), MafA (v-maf musculoaponeurotic

fibrosarcoma oncogene homolog A) and so on. Among these transcription factors, Pdx1 plays a critical role in the

The development of islet is regulated by several transcription factors: Mnx1 (motor neuron and

formation of pancreatic bud, B cell maturation and maintenance of  cell function; Ngn3 expression drives pancre-
atic progenitors towards endocrine cells; Mnx1, Nkx2.2, Grg3 ensure B cell phenotype, inhibiting the differentiation
of B cells to a cells; Nkx6.1 regulates the proliferation and differentiation of B cells; MafA is B cell-specific and
plays an important role in the synthesis and secretion of insulin and glycometabolism. Abnormal transcription fac-
tors have a very close relationship with the incidence of diabetes. Therefore, to explore the role of these transcrip-
tion factors during islet development is important to the treatment of diabetes.

Key words pancreatic endocrine progenitors; islet; differentiation; transcription factor; diabetes
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Hf, ol 3 A R v TR 25 (glucagon)  BAH I 43 Wk ik
Z(insulin). &4 il 53 W ghrelin, PP il 43 404 il %2
Jik(pancreatic polypeptide, PP). &40 ffd 73 ws A KA 2=
(somatostatin), g & P & ZH 1 41 i 1) P 40 6 D e T
TYERFHUAR IR B I A E N 2. AR N
HMITIT I, A5 B IR H R AR R v, sk A
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¥ Mnx1. PdxI. Ngn3. Grg3. Nkx2.2. Nkx6.1.
MarfA %5 52 Wi JB& 11t P 43 W06 200 i 1 38 58 F0 23 4 (R 1)
L DR Rl R AR B N T UE 17— 282 S5 PR ke 2 T
FEURR SR e K BE M R A RS PRI, a0 Pdx-1
BE DR R 58 A ] B4 8 1A 0 AL B PR Jp (maturity-
onset diabetes of the young 4, MODY4), X #4 s [X -1
(A AT R ANERHAT W 150 PR 204 T 40 i va 97
MIERIVEYT o AN SCE SR 55 R 5 R A G — L8
e R 1.

1 Mnx1/Hb9

Mnx 12 Mo 135 DR 9 A% 1) [ J5EHE 5 o PR 7, g
(e IZ B P 1) AR IR I R o AEPdx 13 IE
I, Mnx RIS TR IR R . BEE BRZE B
Ji, Mnx 1IN, sEARAERA I P &Ik, /I
Sl M 1 DALt B R ok s, R K [ Minx 1 L
B 5 (I AT 55, i IR MY 454 FMnx 14" 58

41 PR e 3 0, Wendik &5 PV 4 BE 25 £ ff) Mnx 1
FEDR I, VR i v B B 2% 1 2 0 R el L A R 2k, i
JBE R R TE 25 T8 B I R 52 31 5% W, IX S8 I 4[] B R
B LA 5 IR AN B 2 5A FMinx 155 B 43 AL A A
Ko 20114F, Dalgin®EChe Bt 5 a4 4 S P pi Y, ia
FIMO(Morpholino) Pl g B 125 iF 5 Mo 135 K% A
YU R B W i R Mnx IR R, B A
23 WA RH 40 K. 2 Ik ghrelinl A= K 90025 1 40 o %k
KRR AEAR AR, 1T TR B 2 ) Al B T i A
B, EOR 0921%~23% [ 92%~4%. %, Fik
JBR v MW 2% 0 A0 T L A A B B 0, B 15%~16% Tt
H22%~24%. T34k, AT UE SEMnx LiE i 7E H T
RA(retinoic acid)f5 5 ]~ WAL A P J-wh+H 41 1o 43
b R B e, i Mnx LI T 6 J5, BAH 40 ks 71k ok
o4 . H T AL, Minx 1 ELAT A A 20 WA AEL 40 i 1 B
Ak, R 7] gt S (R RE D, AT A o i
B o B30 R4

F1 RERBEHEXERETFORRER

Table 1 Researches of transcription factors related to islet development

He e Ay FHIR AR IE I ] J 45 52 0 ] e AH YRR R AR J5 ok B 1R R B B
Transcription  Initial stage and . Islet development after the corresponding =
. . Function . References
factor duration of the expression gene mutation
Mnx1 Expressed earlier than Pdx1, Promoting the differentiation of The number of B cells expressing insulin 3]
finally only expressed in endocrine progenitors to f cells decreases, whereas the number of Bcells
cells and ensuring an appropriate expressing glucagon raises
balance of o and f cells
Pdx1 Started at E8.5, with the deve- ~ Regulation of pancreatic bud In Pdx1-null animals, Ngn3" endocrine pro- [4]
lopment of pancreas, finally formation, insulin gene transcript  genitors can’t be observed after E9.5
only expressed in 3 cells -tion, maturation and secretion of
insulin granules
Ngn3 Started at E9.5, peaked during  Promoting the differentiation of In the absence of Ngn3, pancreatic progenitors  [5]
E13.5-15.5 and decreased pancreatic progenitors to endo- can’t differentiate to all endocrine cell types
after E15.5 crine cells
Grg3 Initially expressed in the pan- ~ Promoting the differentiation In Grg3™" animals, pancreas is short of almost  [6]
creatic epithelium at E12.5, endocrine progenitors to all endo  all endocrine cell types
highly expressed in many -crine cell types and preclud-
endocrine cells immediately ing B cells from converting to o
after Ngn3 expression cells during the process of f cell
maturation
Nkx2.2 Expressed persistently in Promoting P cell differentiation In Nkx2.2-null mice, the endocrine pancreas [7]
early pancreatic bud cells, and maintaining B cell identity is abnormal, completely lacking insulin-
finally only expressed in a, B producing B cells and reducing numbers of o
and PP cells and PP cells, however, increasing numbers of
ghrelin-positive cells
Nkx6.1 Expressed in almost all epi- Regulation of the proliferation The number of functional f cells decreases [8]
thelial cells of pancreatic bud  and differentiation of 3 cells
during development period,
ultimately expressed only in
mature 3 cells
MafA B cell-specific, initially The only activator promoting en- ~ The morphology and structure of islet are nor-  [9]

expressed at E13.5 and
increased gradually

docrine progenitors to eventually
differentiate to § cells and regula-
tion of the gene expression related
to the synthesis and secretion of
insulin and glycometabolism

mal at birth. But with age, glucose-stimulated
insulin secretion and islet organizational struc-
ture gradually become abnormal
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2 Pdx1 RIPAI M. 53 4h, SE AT R ENgn3 L8 Rk T

Pdx 12 JiR i & & I FE o () 3 22 3% 8 1, Pdx1
(1) 1 5 3028 55 9 M AR BAN R 1E T e RN e 2
LA . Pdx 1R A 7R /N BUES.S 1 A JVR 22 41 i
Ky 2, 76N & & 591, Pdx 1AE P43 WA 4 LR A1k 43
WA WIS K, A IR K G, Pdx 1R I B 2%
I BRAEBAN P, A i 8 i 02 35 S R ik 1 = 2 [
o Pdx1HEM L &5 55 JBE I 28 Ik DA B s A 28 X A3
W SO R, BB R ARIAAKCE . i H, R
FmRNAFSEACEAAR 1S LT, Pdx 11 & Rk g
AN ) I A . YA, Px KB B 2 o 184
B 53 A (R R AR AR TR PRS0 B A 20 S5 vl 1
FIHIF 92, KoyaZ: U f 41 L (1 Pdx 1 £ [ 8 i v 5
NN, R BLSN (RPAx R 11 BE A B F 1 B it 434
A TG A oA R TR B 2R s A e, I e ATk
[A] BTG T B IR AR B 22 S B0 il . B4k, Burlison
SR E R IR R B 9.5K i, Pdx 1 N B 2% 18 /) B A
PV Z A BN gn3BH 1 40 f, 1K BT A 114 N 20 il 4
Jeadt 2k, IS5 BO0BE PRI I R AR o [FIFE, Kimmel 550
I FHMOJE P i 53 v 0 9 BAE 1 #8 JU fifs v () Pl 1355 A
[FIThRE, KL 32Notch{s 5 17 1 P 43 WA AHL 41 i 434k
I BAT L B AR FFPAx L IF T

3 Ngn3

Ngn3J& JT-bHLH(basic helix-loop-helix) % & &
1, Ngn3 32 275 IR I 1) i R 22 RGN i)
BRI . Ngn3wmi bR i)/ BAE IR G & 7 1 Fe rh ik
A B R A 3 WAL AN D, AN RE AR BT A BRI Y A
MY, WA R AE BRI . FENgn 3R/ B,
W 3 Wk R B AR G 11 36 DA B 45 Pax4(paired box gene
4). Nkx2.2. NeuroDI(neurogenic differentiation 1)+
MafA. Rfx6(regulatory factor X 6)%5 1) 3¢ 18 #l A A il
REEZ A0, AN WA ST R TR WA R A Ak, 3R
I Ngn3Jy N 73 W 4 il iy iz vk € S5 K. Miyatsuka
SEUSIN, Ngn3atad i i 1A 22 73 R 00 e At 2
4 * [FJcdknla(cyclin-dependent kinase inhibitor 1a),
WA G0 0 2K 25 93 2 BE D E N 0 AL R . {HNgn3
SUJE 18 TR AR AEL 440 i 1) P 2703 40 M o A ) o L P —
A, FEASRRAL A A0 e 1) o 10k BRI BA L.
AWTFCUER, HINgn3 55 (1 A 70V 40 i K8 70 2 e
e LRH 25 BH PR 1R ot 10, 3 38 W) 7 2ENkx6.1F1MafA
81 S5 IR 115 2 Ngn3 BT 1A 20 WA RHL 40 0 4 oy e

P 3 AL 4 T, {H Miyatsuka 50205 50 B3 1 i 5
I ot A Ngn3, AN JBE 5 41 i Ngn3 ) A SR
o BEAh, Wang5 U F Ngn3 55 K BN 7 s IE
SETARIE R AR BEAAE T, O 5 41 M Rk [HNgn3
LA (I A B 5 40 P s A RN 4 5 JBR I 40 i T i 1A A
Mo x4, A3 BINgn3 7 /N B P9 i

i B L

4 Grg3/Tle

Grg3 it i 5 L 461 5 F-Groucho 5 1 1) — 01
Grg3 MR IETFLATE12.5, X R b 52 40 i i A AT
/K TV IIGrg3 & ik, B #INgn3 ) £ ik {5 1F )5, Gre3
A RKERIET W WAHA T MetzgerdF % I
E15.5 Ngn3™ JiE I A 8 K 12 Grg3, i B Gre3 1 £ 1A
MAINgn3 . Grg3 (1) 3 i5 g W (L i Lk i Ngn3 i A
3 UARE A 3 A% R BT AT TR P9 i e S 2 . ) R
YUARLL, Grg3 " B kA J LT 2> BT A7 18 1A 0 0 4
KM, BRI ER . s A AR 7 e KT
1D T90% LA L, PPAI A/ 1 86%, {H IR B A5 it
RIS 1. P38k, Metzger ORI T4 54 Bt
PRAS I A% T Grg3 i 2Rk, Al &5 1 2R, ME15.5%)
HAR XA KB TR, JLT A R fu 4l Fr kR ik
Grg3, i 215 Grg3 1) HAth 288 B 1) P J3- 906 4t i 4 5 7
Wk 2 (41%~67%521%~37%) . X 8L &5 B W],
BN L R, Grg3 ENS R UE BYN a2 784, Jl)
HIBAN L A3k A adi e . AP, Papizan®E I 52,
Grg3 5 Nkx2.255 4% 55 R -1~ 3L [A] /5 H R A DR B4 1 1)
Eit

5 Nkx2.2

Nkx2.20] fgJENgn31)— > N UFAEIE R . Nkx2.2
T LR 2 20 i rh R 2R 3R A, S SR BT A Y 2 WA T
o BRIPPAN g F ik, 34 L H A K I w /N B
Niox2. 204 5 BUA 53 106 198 I 16 40 B 20 1 2E i, B
1 i 58 Ak, o RIPPAN L ¥ 50 28198/, ghrelin
BH P 240 i 1 0B 39 n, S0 M £h = R =2 5% . [ N,
A 53 W R B 1R R B IE HSY, BT, Papizan®E UK
B, Nkox2. 2 TN(tinman) X % B2 A 1K) 431k A1 22 R4 (1)
YrirHE HERER . 5B Nee2. 225 K AR, TN
X 5 AR 5 S BAN M F5ORN g 5 25 R 9D, ol i RN
Tt e MR 25 ) 2 IA S5, i R 2 ORI AR KA 2
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(1) 22 3K 7K S K %2 3 52 . Papizan UM Nkx2. 271
Arx(Aristaless homeobox gene)Jt 4% 4¢ 2 BTCO4H i &=
FlaTC140 i R, & BLaTC 140 i b Arx (f) 5% 56 15 v
B EE SR, T BTCO4N JLH 65% Arxif)fs 565 2 FH .
7EBYN Mo, Nkx2. 2[TNIX. fE 1 # Grg FTHDAC1 45
A B AL A8 31 b, T3 Arx () Rk .
Nkx2. 2/ TNIX KA SEAZ 5, B HLHRE 17) ol i 4 A e
4k

6 Nkx6.1

Niox6. 155 TR i B 00 2l 4 B 3K 5 ) &2 48 7w
Nkx6. 10 B4 B B~ 28 A 43 AL R I fig b 45 o 92
(A T o r BB 4 35 TR/ BNk 6. 11 28 54 1) 50T g
PEBAN i £ 2>90% LA L, 1y HiAth 21 78 Jie &% 440 P 1
B RS2 B 0] B0 5™, Schisler:9% B, Nkx6.1
2 BN 22 1) B A% ) RSB A 6 R o B % 44
A B o BRBE A 3 HT 45 REOR, Nkx6. 181
WAV 22 Y b 240 0 90 B 1 (o 4 i R B A A2
Bl. B2)JAE . 5 YeNkox6. 111 i 55 56 G SGALIY)
JBR S AH T, GBI 0 0 H G0 T 31%48%. 3
WFFCUESE, R ARBAN I 1 (1) Nkx6.1/E X Hnfl a(hepatic
nuclearfactor 10) )2 iA (Hnflaff) 1A & A4 F 4 il
FHMODY3)#E 47 I #2017, Donelan5!" % I, Hnflo
A NKx6. 1) 45 A A7 15, Nkx6.145 547 5k A2 58 4%
S BEARBAN T Hnf 1o 3 1 1R3E PE . 5 1E % BTC3P
A ML AH EE, S BTC3BAN ML (e e T FE AL [FINkx6.1 45
B AL SO Hnf 1o 8l 1 135 P B AR T 50%.  UE4h,
Donelan%5 A K HUNkx6. 13 R 7EBAN it JR ok ik (%
YUY R Bz 1) 5 1533k — 2D AIE SENkx6.1 52 5 i #5Hnf 1ot
)220k, 50k 2H LL e, NIT1PZH i Nkx6. 1) i
FISAFHnf o) 20k B 39 0 T 345, 1 FHsiRNAKE 7
Hb 5 BRNkx6.1 5, Hnflafl) % ik & N A7 15 % K7 1
20%.

7 MafA

MafA & v-maf i Ji 5 DX 500K (K R 01, A E— %5
FAFAE TR B BAN N 1 e S IH 1o AER IR T J I 31,
MafA 5 MafBIE [F] 45k 1B & 22 BH PRI BN M, il 7t
JEN AR, X MafAZRIE R4 ML, 25T =
TG ARG S A DG R ) 35 - Matsuoka
SEURA TN, MafA S ME— BERE A 7 A A A0 L 5 25 704k
N BAR L PR B TR e A ATT R MafA Tk DY e BeaTCo

Y i R, RT-PCRM AT 245 R WoR, 159 [ aTCoA il 5=
AN IR MafA L B B 25, 115 5747 K B MafA [ aTC6
41 g R e R I 2R ZK T R 5 22 1T mRNA.
NishimuraZ5 V& B, MafA%E D5 R /s §LUBE A 45 53 1)
B J R R o IR /N B HE AR I B B TR S A4
T A B A A 8 1A K, T 4 B ) R B 3% 4
WA Jige By ZH 2R 25 K I e o T HL, Maf A PRk %
/IN BRI % v Jige B 2% R4 25 B A 5k 1-2(glucose trans-
porter isoform-2, GLUT2)(#) %A 1) [, XLEHLR
FE7R, MafA G W JBE & 25 205, 0] i 5 B4
(4386 55 A7 OCEE T . 9 4h, MafA SR F T
JB B 22 R IE AN K, (B S5 AN S BRI
F SR - Pdx LRI Beta2 B A4, 0 A6 Sl 25 (1 Jok 1
Z 4. MatsuokaZ5U"HR i, Pdx1H1Beta2 i) 14 3
BN TE A T MafA, B AT AE ([ MafA L JiE ) 2%
o D 2

gi b, W2 RN T H5EENRE . Rk
(1) LRI T BE M e AR 2 DI G R 1Tk, A
AT 5 105 8% 7 R R P DR it 2 3% TR 10 e a1 4
JRLE ) 4344 DA B TR, ECOHE A IR B 35 40 A A WL 434
Shy 1 B 2% ISR I 2R WA AN MY, X AE R PRI VR T T
R T ERME S 546, BEBENEERTZ
B R FAER 2 R R R A I 45 AL, W H —Fh
s R T A e f AR P A M AR T #h 15 -5 40 4k Ay B RA
(). Befs 2 AP R 1 e 5 25 20 b il e, DTk, H W
()85 FH 5 38 A2 i T U O B P 2 o DR - 2 e Bt
J, A8 3L 5 ) 2 A K A I BAT L. Zhou S5O A,
B & Pdxl. Ngn3FMafAR) 2 20 7906 75 7 N\ RAE
B R 995 /1N BT R 2H 27, 20% J 24 147 T 948 40 L o ¢
SBRE AN D, 3 W B By 22, 20124F, AkinciZERIH #
Pdx1. Ngn3FIMafA%% e 31| Jg [l 40 Jfl 52 AR42J-B13,
T0%AH I 7344 1k BAH I, 71 246 65 I, 53 Wl e B
2o b, H WA s H s A A 21
040 M5 T o0 A R S BRE AR Mo /N e AR
N4 Pdx 1 F1Nhkoc6. 155 D5 L 5 G N i JFF 1) 70 031 41 i,
Pdx 15 Nkx6. 1B RIVE F R ke A i 18] 76 5+ 41
155 T o4k ok JE S BAE AN . (H LA 5 S T 1 1
By 25 7 W 40 ik B IR VA TT IR EER, e T i vr 2
(i) (1) H R, R 5 i R K AR p A i s 5 o Ik
B 25 0 WA A M Ik 5 e () 3 e, G 20 7 WILARI v AN T
2, 175 T TE B ML) L RAR, HARE; QAN T
NIXECEE SR -, 275 2 i 4 R FAb R 9 A, X8
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BATFE A TE; Q) M 1 JB B 25 70 Wh 4 i e 5
FIFE B e Bl ? R &, IS AR ? XK
AT 1o BARAF AR U AN A, (AR B
BRI AWr D« WEFTRIAWIR AN, XL ) i H 2
TR D, 25 A tH TR PR S8 8 T R o
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