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ISLTAZ R EF1T AR 2 FHLHI R R

i e BA AT
(R R = IR B KR, B9 650118)

WE KB ZEIET4 4% E-1(insulin gene enhancer binding protein-1, ISL1):2 —FF-4-# A
LIMifé,—‘ #) 3% Fa —~HD(homeodomain) 4 #) 3% 69 45 K B T, CAGER 46 IR T % #9153 5@ b Ae A 4 it

. EEFALmMICT, ISLIREE $ /N4 R B T48 ZAF A AT #4845 Yo 2 B R A A ALt dm i
éﬁh\ﬁ{’n Wb At EMEmAR Y, ISL1E i %506 4a i0 3 58 Fr dE 4% A B Akt o i 42 5%
Ko JE 0 KA A B P AR . 2 L ERISL1 AL 693845 W %4 fT % ”ﬁémﬂﬁiﬂﬁﬁﬁﬂﬂ‘?’ﬁ’ﬁi
mpa Ak, it iEAS . 12 LR, @it AT, AR MmIEF, ISL16) & AT REF &A1 5
1z, 35 RE 65T thFIAE A 2 tm e £ oy 342 7= A AR R 64 %A, B AR HISL1Zh GEAR X 69 & & =
15 i34, BT B F LR F An sk R 09 K R RAIE, 3t — T HE A R AR A, 5T A 3T
BIFA . e RS BT R AR IR

KHEIR)  ISLI1; ZHARIG5HE; 4HHu 5 1h; AR T A%

Research Progress on Molecular Mechanism of ISL1 Regulating
Cell Biological Behavior

NI Xiaomei, MA Li, SHI Qing*
(Department of Clinical Laboratory, the Third Affiliated Hospital of
Kunming Medical University, Kunming 650118, China)

Abstract ISL1 (insulin gene enhancer binding protein-1), a transcription factor containing two LIM do-
mains and one HD (homeodomain), has been proven to regulate a variety of signaling pathways and biological
processes. In normal tissue cells, ISL1 can precisely regulate the expression of target genes by combining with
multiple transcription factors to promote cell differentiation, proliferation and other biological processes. In tumor
cells, ISL1 plays an important role in the occurrence and development of cancer by affecting cell proliferation and
metastasis as well as other cellular processes. This article reviews how the regulatory network involved in ISL1 af-
fects cell proliferation and tumorigenesis; cell differentiation; cell migration, invasion and metastasis; apoptosis. In
different cells, the expression of ISL1 is regulated by different signal proteins and cooperates with different mol-
ecules, which has a corresponding impact on the cell biological process. By exploring the proteins and signal path-
ways related to the function of ISL1, it is possible to reveal the rules of tissue development and the occurrence and
development of diseases, and to provide a theoretical basis for further mechanism research, as well as a theoretical
basis for the development of new drugs and clinical diagnosis.

Keywords ISL1; cell proliferation; cell differentiation; cell apoptosis; cell metastasis

ek F3%: 2020-11-30 P2 H #: 2021-05-17

X E ARG S 81760426) Bt B IR

HEIEF . Tel: 18213598175, E-mail: shigiong@kmmu.edu.cn

Received: November 30, 2020 Accepted: May 17,2021

This work was supported by the National Natural Science Foundation of China (Grant No.81760426)
*Corresponding author. Tel: +86-18213598175, E-mail: shigiong@kmmu.edu.cn



{5 /g4 ISLU R A AL 2247 D i 2 T BT FE ok Fe

1659

LIM-[] 545 #4358 (LIM-homeodomain, LIM-HD)

WA RS RS M e R T 10— T4, B Ew
AN R PG BN -3 25 2 JD 2 R A 2 2R 1 LIML 5 A 3%
A=A [FR S AL ek o [R]85 ey Ja8 5 2 e TR 0 74 12
DNAFA 45 &, MLIMEE IR T 22 5E A R-E A
JFURA ELAF ], LIM-HD 2 F FILIM&S #4352 3 LIM-
HDF % ) S8, e AT 737 N A3 8] AH HAE H
SMAIX —IRe. ERALIME & &N, LIM
£ K380 AT UL S HDAH LA HI LARH IR S DNAZS &,
5 55 —F i A 5T AAH ELAE RIS 1 X AR, [FI oy
PIFREE B AL T 5DNARISS G bLss, AT
HEZ BN RE G, LIM-HD & A 1E JLE 48
fdrizh K EREEN, JFHS 52 AT MAN
R R B ISR, f55 Z 581454 5 H-1(insulin
gene enhancer binding protein-1, ISL1), —/> LIM-HD
FIER O E, T 1990448 K I, AN N2 5 H
By AL DG 0 T oo 4 S I e s IR 0. LA A
PN TE R A 2 PN LIMEZS # 38(LIM T FILIM2),
FEH O XA — N RIJR S IR HD), ISL14 FH 3R
TR P i A, R RAE A e R A L AR
KM EMEN R T, MEEAESE, RIEE . a4
Z14h, ISL1AE 2 M2 23 b 30k 3= B2 A (http://
www.genecards.org). FHIHF U, B2 500F
IR BB T ABR R A A 4 PR R A,
A2 54 KEERMH R, MR, ERKEME
WA A AR IR AR, e A, RRR R 2 (R R FE K
D, ISLIFER R . B MR LR, 3L
JidRE A BRAN IR AT IR E A ik LR R A A e
ot A 20,

ISLIFEREZ P AL ) R HRIE, 252
FOEIR HR AR, RES 5 5 3 1R R %%
B DRI T FRURS A R 2008 O R 5 2 e e PR 7 O A
HAR RSB, G JLAE R B, ISLTA] BLd i 3
LIM&S R 3ORIAS 7] 1) 2 5 5 AH EL A P, 7 2 A
MEHIAEM 247 Dy Bilan, A 05T IEBIISL1I AL AT
DA 1 20 B 4 5, AT LA ) 4 e 3 S22, ] e
AT FEE I, ISLTEL AT LA 28 48 i 7 T~ B /] PAAT
il A M R TR R R, FEAN R B AR SR,
ISL 1N 4 i A= 1 A BERE AT AN A (R 52 mid, A8 A ISL14E
ANTR] ) 248 B B2 AN TR I 23 52 an ] A 4 AR W) 22 D E I
We? A LRiR g RIgsE . 7k i, W1
S Wyl B b ORI S TSLUAH FLAE FI ) 2 1

AR S 5 (015 5l B, SRR T EA T i i iz te s
Yt R, T e ROT AR 2 Wiy IR TT HEs 4
(SENNIRIER

1 ISL154HAatE5E 0 K T

K EE B FEAIE A, ISL1A {2 13k 4 g 48 5 A e
(IE ] . ZHUSEPOE A375 5 (0 208 40 i & b i ik
ISLUEHE T 40 B N Go/G AE NSHA, Mgt 1 41
WA [FIRE, 7 = FIMEFLIE 40 ZRMDA-MB-23 11
MDA-MB-468 1 e X ISL1 A2 2E 1 41 i fr 38 41,
BEAh, i FIATISLI A B 40 I N R 20 a4 5 48 5, 1
ISL THE DR g B i) N 55 o Jk PR 2 24 e 3 )

ISL1AT A 1t 24 i J&] 30 2 3 B DR i ik o ISL
78 )7 R 1 J& (gastric cancer, GC)H 28 i & K18,
ISL UL 5408 A A& (B 1(cyclinB1, CCNBI). 4
Jitl & 1 2 FIB2(cyclinB2, CCNB2)Flc-myc3& [N J &)
T E T FRIRTF A A A, S E N
A AL RN CONBIEE R i 55 i 06 R T TiE+46 211+48,
CCNB2E [H] % 3% 2 0 55, 1 0589 % -8 7 Flc-myc 3k
Bl ah m BiE-1 856 F-1 852([1A), G 11X
U B R TEGCAI AL A R IA, AT A2 32E GC M i 38 5
LEVETY ORI B IR A &, (2 3EGCHH i J& 1 %% 4, 4
ISLIFERI YRR S5, 1% B3 IR ) ik /K P BRAI, 40
B Yk 0 S HISL 15 PRt Bk W il k2> T MIKIN28
FIMGC8034H Jfd 1) v [ J¥ Jit, ISL ek 5 38 T s 24
L1 366 5 e 0 K KR v, 70 U iR S b A A A 2
(patient-derived tumor xenograft, PDX)™ &7~ , ISL1
G ORT IR AR AR, PR ISLUE 3E 1 4t
JE 39 B 1 55 e 980 400 M 398 5 AH 0% 3 Rl (eyelinD I cy-
clinBMc-myc)lf) R iEk>), fFEIEHMERG K E i
Fh TSI AR 3k 42 il 41 S 3 2 1 28 IR 3Rk R 1
P B AU, JF B RSB E TR B
It b T 2,

ISL1E v] LA 5 HoAth 25 (1 AH B AR FH ok R 15 48 g
FMAER G ERE . Bl o 7SR B, TE AR 4 BRI i
Je "PISL15 GATA3AH AR H, EA13E R 45 & I 0 [
R T 200 A OG5 TR f Rk 5y A I AR I,
ISL 12— o 22 1Y) b A i 5 AR B B o 1 PR, G
T B i Sset7/9Mpdx-17 5 & & W) 1E ¥ 5 K
AR 5L K -F i $ cyclinD1, e SEpan g 5E . 75
ZE AW, set7/9(3 eyclinD1 5 2 ¥ X 41 2 4
H3K4= H AL )8 pdx-1FTISL1, 1M pdx-1 04 3
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(A) — — —
+1 +46 +48 -89 -87 +1 -1 856 -1 852 +1_
CCNBI CCNB2 c-myc

(B)

Histone

cyclinD1 promoyer

cyclinD1 mRNA cyclinD1 protein

A: ISLI/ECCNBI. CCNB2X:R A 3 F Fle-myc BRI 58 F 45 &AL s IR, B: ISL1/set7/9/pdx-1 5 G g cyclinD 1 38 B K]
A: the binding sites of ISL1 on CCNBI, CCNB2 gene promoters and c-myc gene enhancers; B: ISL1/set7/9/pdx-1 complex promotes cyclinD1 expres-

sion.

1 ISLMEHLRAEIETEIR X E E R RIA

Fig.1 ISL1 promotes the expression of cell proliferation-related genes

RNA pol I 5cyelinD1J5 5 ¥ 45 & (E1B), HA1ISL1
FEISL1/set7/9/pdx-15 &4 f5 < B 1) IR -1~

B4, ISL1E I 2 505 53 B Ok i a2k 41 i 29 5
A RO N S 6 45 SR B, ISL1 it A IR E
#F %Ik 298 (non-Hodgkin lymphoma, NHL)ZH fitg 4 5
TR K BB 0 R e, THISLIT m 08 38 AF B 47 &
I T8 4 ) 8 B 00 ) bR S A R A A AR A
HAE L A INK FITAK/STATAS 5 38 % 38 i 45 7
PE B ) p-c-Jun il p-STAT3 {3 ISL1 {33k , ISL1
T8 I O c-myc Y 5T T 39 I c-my e ff) 238 3k 1 2
HENHLA f 35 58, Fr LUINKFIJAK/STAT 8 #% 1 17
c-myc3% 1A FINHLAH A 14 56, 7T RE &6 45 A 8 ik i 45
ISL1F R LR SEHL . tbAh, ISL1A] fg B A IE /Wt
W VE I : p-STAT3 Milp-c-Jun_FIFISLII R IA, SR )5
ISL155p-STAT3 Mlp-c-Jun¥ . & & ¥ 2 SISL1 it
fEFRILT,

SR, 7F SR 41 B A ISL 1 40 B A K mT RE
AR TIEE. A0 E K I, ISLITE AL IR
4 A b ey B R AL, L ERIA 2 B, i RAAISL1
FID T AU AE KR, B SR AE K, OCT4
It DNA H B # # B 1 (DNA methyltransferase 1,
DNMT1)  JHISL1 3 15 K BUE ERKAE 58 2, A
M2 EMDA-MB-23 141 fg 358, *40CT4id KA 11
MCF-748 il 1ISL 152 34 I A ERKAS 538 #% 253, A
110 A0 HIMCF-740 i 39 5521 3 AL — L8 b e 40 g o
ISL1 {12k 52 2040, b V8 B x4 45 i g 4

Ji F) TP R R & AR AR . B i TR B,
miR-137i 3 N IFHBCL11A(— R 4% 8 54 S K1) i i
ISBCL11A-DNMTI1IAHEAEH, M fERER T XTISL1
(R A P, 7 407 5 2L e 200 L 1% 2 0 e g )
RREPS, ZR ERTIR, R0 Mg e AR, ISL s 5
AN TE] ) B A AR P AE 3 oK P AR 38 4% 7K
VA 5 41 M T A G IR DR R 3Rk, AT i gk 4
M3 hE . b Ak, ISL1ZRIEIE 2 A RS = 8 i Al
AP, KR LR R R BN 4 1 4 3 BUSLI/E
411 B 34 G 3E AR Hh T B B OUE AR, (LA i 40
B BE B LR A R — D ER 5Tk 1R A TE 78 4 IR
i o

2 ISL154HRas 1k

TEIE R OIE R B i fEH, ISLIWRIEZFE 2 (5
5 I R R A, AT AR a2 4 B P T S A ik
. A7 R B, Wnt/B-cateninfs 5 @ L iH 7 5
17 L P19CL6-C LA L FHISL ()R IE, T ISLI R
B 1T 98 559 Wnt/B-cateninfie i3 (1) 0 JIE 40 B 40 1h o 1%
Whnt/B-cateninf{s 5 18 4% 38 i P Fh 5 =0 AR FEISL11Y
Fik: — Mg EISLIJE 3l ¥ | B-cateninfE TCF/LEF1
a5, 7 — M ECREB4: & & 1(CREB-
binding protein, CBP)7E ISL1J3 %) -¥_E#E47 1) H3K9
LA (BEI2A)P e 55— TR G T U A2 425 40 AR U 1Y
W7 R I, WntSbAE N 8 Wt i 430 1 H ik 2
A X IINK X 2. 5-+4H 41 i 1 82 8 (1 Wntf5 =, B 3%
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WOSISLIAITBX 18I F2 15, M 1M 175 3 A2 48 4 Ji 1
AP0, T ISLIAITBX 18 1) 3 2 8 1] {2 3 {2 2k i3 19y 26
SR 4 M ) S PR A0 P A AR S B I SR I, IR
Ji6 T 448 e 5 o U 1 5 434 B 1 45 PRl CITED 2
WERISLIZE TG 87 &, FFREILRIE, [FRHE
RILCITED2FIISL 2 A7 {E VLA FLAE F, 1X FihAH
HAEF AR T MG T-41 M (embryonic stem cell, ESC)
O UL 2R PR 2042, IR ANISL A AT L)L 5 52 R
1 45 7 R 50788 o 3 00 35 TR 20, AT 50K 30 o T 41
1EH 4. IMID3(—Ff H3K27me3 2 H 3L ) 7E 0
LA 4T A 43 1 3 R H IS L1 52 4 B 45 52 A #E A 4,
HHISLUE R — M & E 2 A YAEAE TR e g R+
Hh B T 5 T X S B RS (BB
H3K27me3 42 iR H3K27ac) >k 1 T ISL1#E L (K 1) R 1A
(E12B), AT 2 32E 0o I AH 20 A 1) 21152

AL, ISLITE S I 20 70 B - H 0] 57 38 A2 Jak
PR TCI o AR AN AT o LA AL N 7E 22 J%
P2 S B IAIEERY B, ISLLE 1 B R A K A&
1 (bone morphogenetic protein, BMP)-5 Notchil i >k
P A A 28 T AN T 4 I ()1 R A AR
A HFFE R I, ISL1A] LS I H miRNA ) 2 A k2
B BP0 22 T I AL, LI N TEIZ B #h 4 0 4k
FHURET ISL1-Lhx38 A 7k B F i miR-218[13R1X,

Y
v

e

TCF/LEF binding site

Activating the ISL/

Iranscription
gene promoter

B)

ISL1 target gene enhancer

miR-2181E NISL1-Lhx3 5 & 14 (1) 5 B8 1 Ui 2% 07 2%,
IR AR SR A Tt A s B R SR I8 Bl
P TEHI R — R, HER R, Bl Ao K,
miRNAH 7] DLAE AISL1 F i 4% 4r 7~ HISL1
[FRIER,

ISLUEZ: 52 BEA M A M ) 04 . ZHANG
SEUSTR I, ISL1F 05 5 i 48 B 20 MR 1) 23 A0 FE B
S A, ISLITEAE 3k 1o 2 R4 At 987 40 A 4 A 4R 9%
5 R 2 T T 40 k) P A DG S DR 3R 08 T THD R A AR
FH, AZAIE 5T R BILAEISL 1352 [R) Y0 BR 10 22 R 41 P e v
55 4 H [ (retinoic acid, RA)E 5 18 B AH O JE R fT A8
JEAH 28 T 70 A AR S IR 1) 3B 48 i, $R /R ISL I3[R
UUBRIG s 2 BEAH IR #h 22 70404k, SR RATE 5
(1) S RL 1 RASE )72 T # 48 RESH LR v 97 IR 24547,
AT 00 4] e 22 B 0 R 4 8 A A S L AR
YEF . ISLUE T B SRASZ LGS & ] Rk
FeIMHIRALS S iH B, Kk, 7ESH-SYSY 4 i b Rl b
ISLIFEN ] B 25 BEARISL 1K R ASZ AR ) F0 1) 1 T, 3%
SR e 20 BF 200 0 R 4T B X RAVE 5 A RBURS M, IR HERA
FHRH .

B ] DUE Y, ISLIAMY 2 5 41 i f) 34 4 1 2
SR R . SRS 5E b R 7 Uk
8L, 7E AN [H I AH U B R ISL1 2 5 R [ 5 5 3

e

BT — O —@ee

ISL1 mRNA

ISL1 protein

ISL1 target gene enhancer

A: Wnt/B-catenin{F 5 )8 i AMICBPH [ 4R ISL 154 H 52 Kl B: ISL15IMID3AN B4 F SR TSL AR PRI 4L AR 1 F AR 7S i AU
A: pattern diagram of Wnt/B-catenin signaling pathway and CBP protein regulating ISL1 expression; B: a pattern of ISL1 interacting with JMJID3 to

alter the methylation status of ISL1 target genomic proteins.

E2 ISLIZEBREEIEMISLIS SHEERIZE
Fig.2 Regulation of ISL1 protein expression and histone modification involving ISL1
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A F & B, ISL1EE 5 A F 8 8 3 AH AR Rk
HEREA L A BERR . d e AT L, ISL1R A 2 R sk
W¥, 252 MiEERE.

3 ISLIS@I#H. RE. ¥

AFTRE S, MMP-2F1 MMP-9 /2 34 5 4 25 [ i
Z ) (matrix metalloproteinases, MMPs) ] i 71, MMPs
JUT-BE P A 41 i 7155 7 (extracellular matrix, ECM)H
(R A B o7, e A P e 40 A2 28 1 20 2127 B
W, EMPR AR 28 FeRe il G E AT,
W7 KB, ISL1AT LA EIHA37540 i & Hh (fIMMP-2 71
MMP-93 2 7K ~F- M T 4 i 48 FfL (1) 42 28 e 120, 3 —
T T B 9 WO 7R s ISL AT LR AR Y 1) B e 41 Bl
AR 2, HHLHI NISLIAISETD7(41 5 HH3K4
Ry S R R ) T U A V) B S ZEBL B 8)) 1
4k 45, i@ i SETD 75 H3K4me3 (¥ 1 1ffi {2 #EZEB11)
Fik, MZEB1Z b J2—[8] 78 i #% {t.(epithelial-mesen-
chymal transition, EMT) 1 8 I8 15K+, EMTH] 5%
WO AT DA IR A PR R 2R T O R
BB AN, ISL1GE W] Ad it B4 15 55 40 g 1 2 o 24 2%
B AT L E 0 LOX. Lum. MMP2FI LMOI
[RI2IE, (R 2 BEAH g (1) 7% Y. LMO i i
W R R 4R AL B (lysyl oxidase, LOX)ZK & 1% Tt
LOXL3 [ 3% 3 SR fig 3t #ih 28 B4 ff 98 1032 72 F1 i 72,
T LOXL3 2 2 M 40 38 53 T2 B A0 i 988 % % P o 75 1Y)
LOXZ A 2 %39, an b firik, ISL1A] fg i ik i 7
A B A1 I J5T 1E A6 R R I Rk B (R gk b (A
AL, 5 MR AR R BT K

4 ISL154mpAT

ISLUXTEM ARG AL 43 AH3EFE i) TE Aff 1 2 F 1E
AR E R EE, B2 R FISLIZ 5
(1 YA 428 X 245 BT LA FH SRAE T AE IR T T HE 5. T4,
ISL1 S Al 25 1 4% 20 R 0 T 330 FE e 2

TEA375ZH L AR ISL U 40 i 98 T2 A8 B 5 1 0 )
fEFRY, ISL12 5 7 TNBCAH M T 8%, 7F
HLEPATISLUEL A PR T EAMRETEAS S
S B T AR, RN DT BRISL I N T Bax & A (2
FT-HE A)KF, B T Bel-2Mlp-AktiE A HLE T-E
FZKF, T FIAISL B T Bax 8 F1/KF, #8017
Bel-2 flp-Akta [ KPR (12, £ BF F0IE B,
FEFLARE HISLIEAT (R T2 RE 7. 76 FLAR I AN

AR i 988 T 4 Bid(cancer stem cells, CSCs)HHISL 13
D] v P AL R 08 T 1, 76 9o 20 i vh AR E B ISLL
BEFHT TR TR, AR N E R R 78 T4
(human mesenchymal stem cells, HMSCs)Hid & ik
ISL13G 5% 1O LA 55 7 WA e, Jel/ b4 o=, i
I RE AT e il I JBR B AR AR KR 1 455 B 3 (in-
sulin-like growth factor binding protein 3, IGFBP3)/1
S, A W, ISLUNS 40 T s B
XCEAE FH, 7EAS [ 40 Mo A ISL G i 1 4% A [ 1 45 1)
AR EHNRIEZS SR TR . KR,
ISL1Z: 5 (1 20 Jf A= gk R i 1 45 FH ] e A4 i
S H s 2 AR 5 A 0%

5 GHEMRE

ISLIFEAR R B SRR RE T 2 A2
ISR AL, FLR Ui SR DR AE AN [ 0 B 2R Y 2 TR A7 AE
7 S, T8I U T A (R 1 2 R RIS 58 I AE & Fh 4
KM RIEAFRBIVER . sbAh, ISLITE MR 1 R 4
RIEH, s S5 A R & OGS IERATAERTZ
Z 5AMETE. b SR A TSR .

T8 3 B FCISLIAE AN [F) 48 B 59/ F AL J2 2
5 M 2 vl UG IRAE 12 W 3697 F197 0w
7SR AR AR YR . BeAh, —2 S TISL1Z 5T
Ao P AEL 24 B 2 A T 0 4 DX 285 1) B, 87~ 1 ISL14%
GBI Bk Vi Y A A S T 1 2 S E Soel s % e O
RE T E, XTI KT MG TT 2 Fhoo i R
AT VR B G L,

1T A SR R B 22 1 B 7T 3 S ISLAAE M
FIEF, RIAEAS A s FRISLE IS 2 5 AR 1)
AR R g R R YT L R U AR IR, AT e A
VA AT 9, 5 U ) 7= A Ak, B LAEAS [F]
JeE TR R NS R S8 R T . ISLI S st e —
iR P A S o S A 2 R e A 1R D g R R
A FFE « ASKRISL AT RE 2 FVE IR I6 97 HHT #E
R ARG T HAM G 0 S LD o 3K ]
RN TR 22 N R 2 W Aa T SR 4kt — 20 1) 3 e
oAt
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