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ABSTRACT: Epithelial splicing regulatory protein 1(ESRP1) is an epithelial cell-specific splicing factor discovered in recent years,
which mainly regulates gene expression through alternative splicing after transcription and then affects cell functions. Numerous studies
have shown that ESRP1 is involved in the occurrence, development and response to therapeutic drugs of tumors by regulating epithelial
mesenchymal transition, cell cycle, redox reaction and fatty acid metabolism. Mouse experiments have shown that ESRP1 knockout can
lead to a variety of organ development abnormalities, including cranial and facial deformity, impaired skin barrier function, kidney and
cochlear dysplasia. In addition, ESRP1 can also improve the efficiency of mouse fibroblast reprogramming into pluripotent stem cells and
maintain the pluripotency of human embryonic stem cells by regulating the activity of transcription factors and the generation of non-cod-
ing RNA. In view of the importance of ESRP1 in various research fields, this paper describes the common downstream target molecules,
signaling pathways and functions of ESRP1 in physiological and pathological environments, in order to further guide basic research and
clinical applications.

Key words: Epithelial splicing regulatory protein 1; Alternative splicing; Epithelial-mesenchymal transition; Embryonic development

Chinese Library Classification(CLC): Q26; R329.25; R73-37 Document code: A

Atticle ID: 1673-6273(2020)03-591-05

2R AN TR A& SR HOA [R) 9 99 1207 5K, 23 i 0 Z2 0 E X
) mRNA 55 Hie 57 F ORI EE 1 5057 AR mRINA. S (A 6 H
EERNCIINEt7/E oy e UE ) AN R VAR S ViR eIl iz 2 Ve S { =
Bt A B A AR R AR B A= S RE, Ak inT R2ma 2R 1 -

RS

WEoEHE H, AT 95%L I BT A& mRNA (Pre-mR-
NA) #2423 55 Y] (Cleavage ) =%, / #1155 4% (Splicing) Jin T4 A%,

HEEFANTAL ) mRNA SR, X —BLGFR  al 42 574 (Alterna-
tive splicing ) , SCPRIEFEEBY HEl, AT AR By He R — R ULy %
FR5E SR PR AL, Al — DA R R B B AN R4

HEHMEAEN EAHEEAR N T T miEEA %)
FIRAETE , LA 5 0 (RIS MAZ R Ao b o3 ) ) w48 B 4
g ) N (B I O A R T £ 2 i R I T NS N g K

* BT H . E R E ST &R H (2016 YFC1000405 ;2018 YFC1002900)
YEF TR BUH(1990-), 2o WA A, P9 1h) « SR UR 05 U , LIRS -+ 15872376993 , E-mail: 157532240@qq.com
A EINPER - 15¥2(1963-), £, FARBEIH, HF5E )51« [ B2, ik - 13871402429, E-mail: fltj007@163.com

ek H 3:2019-09-30 4357 H it :2019-10-23)



- 592 . MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.3 FEB.2020

TR T TR T ) MU UV E B 7 GEAR B IR RE S By 4
) BB RIR S, AR oA s U R A 58 A8 AT
ST S R P RS 8 1 S () S A (AR B A 1l L 461, 4 i S B0
KA, BB ) S SR R SRR M o R B R G O e 4 2
S | B BRI R A ) B B H2 R AR 4 2 o
i Zeik, AN SR A H K A% AR —PE A% 35 1 (ho-
RNP)Z %, e PEBy 2 R 7 N R e 4 M sl & B Bk
S5, AN b R 20 04 B ESRPLO L PR 41 49 4 5 1 RBM20/
RBM24"IRI i 2H 4155 544 NOVAL/207,

ESRPI {1 y—Fh I iz e R M BT R, e S Ja 7K
2524 b} - [ fi¥ 4k (Epithelial-mesenchymal transition,
EMT) AHOCHEIE R Ay IR Fa , G046 i ar 4t 4 i 2E K B F 324k 2
(FGFR2), p120-catenin, CD44 I MENA, [t.4}, ESRP1 3£ 7] i
i He B f5 530 AR FH AL ma 40 A T Rk, A5G A mE
JU TR AU AR A DS T VR 200 SR B A A R SR e B
ESRP1 WM FERE TG S R FMERet: T4, £
SO ESRP (RFGT A T3S, X T o7 / % L LA K
ESRP1 58 Fik TS DI REL: J/ A I S ANTie , AN A5
HIBIFSY B9 B At

1 ESRP1 Xt 7T {47 HI A=

ESRP1 2 F A2 8 B-yefa A& 8922.1,cDNA £ 2046bp,
AL 681 NSRS, /3 F ik 76kDa, ESRP1 5
Pre-mRNAs |- UGG 8 GGU HEJFFI45 G, s Fmim]
AZEYHE 19, ESRP 3 3 4% i S5 1Y W] A8 8 FE PR T et 4 1
FGFR2,p120-catenin, CD44 1 MENA 45 |- f7 #8054 {4 1) 2
o FGFR2 S22 1A S BRI AT Y — 01, S Bt oy 2 F R
PRIEBA s A R SRR . FGFR2 BIR Ry Rk B — &
(R LR AR S 040 & TTTb A &7 1Y A & (FGFR2-11Tb ) &£
BEAE b Bz A b3k, i & llle A8 T SA4 A (FGFR2-111c )
FETER] AN A R o AR A SRR B AR A ik g A R
77, 4RI M A B Y D REYY, p120-catenin 45445 £ 8 1 ( Cad-
herins ) (1% L BT 25 A4 358, , BHLLE FE 28 1 BRI , 4R TR Y9 Cad-
herin 12 2 HEMINHE, BAh, p120-catenin 7R A #75 Rho-GT-
Pas Fll Wnt {5 5@ . 4w p120-catenin FYFEK & WA
I ER PR LA 7 SRS P AR By B2 SN T P el A T 2
A3 S AR H AR R LA s, S 50 shtd,
CDA44 J&—Fi it FRA M MUEME B 1, Sl S AMM s A s 2l o
CAnsE A R ) 454, RIS 0 12 s AME 554 5. CD44 4h i
T 1-5 FISMEF 16-20 388 DA, WA RN CD44sl,
HhEF 6-15, MFR VI-V10, 3 & Pk 5T 32, g i mii A g =X
£ FE Y CD44v (I CD44v3 CD44v4-5 CD44v6 CD44v8-10
4§ ). MENA J2 325 (#7585 [ Ena/VASP FIEM AR Z —,
WAL S A B R iz 5 . BR T ki A
MENA(OMENA)Z F}, it e 4H f3E #1032 75 46 1E # 28U AT
TER)—Fhal 2Ry Mk, o, A&5EF 6 ) hMENA
A V6 ECE TERM BTA i b Rk, WA S T 11a i) hME-
NAlla i % 7€ L A0 vp ik M, pb4h ,ESRP1 f & 5
Arhgefl11 #h g 37", Gpr137 4} i F 2UA1 Grhll 4} g 7 529
BN AR BT S — AT R BURGES F (Splicing-sensitive microar-

rays ) FI 5 18 & RNA JI 53 A (RNA-Seq ) #% A Hfig 1 T %F LA
ESRP1 A AT AR BT 42 25 [ AFF 9% . 25 R 3R W], ESRP1 4%
A _E TR RTAS BB, 205 T 2 5 AR Jh R M 2R
DAK SEIE T, R AR M b R R N D BEAS AT sl [ T2
— 2010 4, Warzecha et al S0P 3 A F By B2 fUg s
Fli i i RT-PCR £K, 76 AHTF AR L J2 41 i PNT2(siRNA 4
3 ESRP1 T8k ) A1 A LIRS 8] B 4h i MDA-MB-231 (3% 59
A2 ESRPL # 33k ) hifiik Jf 40 Uk 7 K& ESRP1 J&#= (7]
AR, W R 15 ITGA6 . RALGPS2 MAGI ,
OSBPL3 il MAP3K7 4§, 455 i~ , ESRP1 A] 73 ll4i &= ITGA6
H1 RALGPS2 2% mRNA ok 25 FAME T 15 A [
B A MAGIL F1 OSBPL3 3 mRNA fi4h 7 7 Fish i+
9 I A o S5t IRIIT  ESRP1 UL Bk AT i/ % PNT2 40 vi-
mentin, fibronectin, MMP-2 #{I N-cadherin £ [&] i % /> T i) 3%
ik, JF 4] E-cadherin b e R oKk A5 KRBT, ESRPI (1Y
FkoK V% B L i SN T (SEF1,ZEB1/2 Twist, Snail FlI
GRHL2 )21 2l [{F-( TGF-B) . AFL kIR aE 16 7 BS J R
H(HPV16 E5)P9 FER 2875 L SR Ii% 14 164 (DNA H 34k K
S \miRNA-23a ) B85 ZFifr R 22 A% . 1641, ESRP1 AT Ml
W2 B HE RNA S5 5 H AWK "9, a4 RBFOX2,PNN,
Arkadia #l hnRNPM, #i4n, A #F 58 & $2 9@ 44 4L b ES-
RP1/RBFOX2 LY {f K& A% 55 FL AR o % 78 XU 14 =i A8 56 275 hn-
RNPM 1] 5 ESRP1 35 4+ 45 & pre-mRNA |- (9 Jiit = 75 F 76
P, AR A CDA44s ik,

2 ESRPI 5B

WFFEE L 53 HT TCGA s FE b 13 Firifid i) RNA
A& W SN i B b AN SN N RN E B
g | R SEAE  EL B R 9 A 5 B AR R PR R 3
FFOPR M98 Sk Z0 bR 40 g A0 787 Y SR ), R B ESRPL %
IRAKE 52U | W A i AR AR AR R R IR,
K, —TUHET 26 N EHRE RIS ) ESRPL R3A7KF- 5 MEK
FHZIRPAE (ER+) ZUMR I B3 10 A AR 2 UM G, T S5 33
FAZRIIPE(ER-) S 1 SRR IO, IR MM 3R
ESRPI1 {i£ 3/ FGFR2-IIIb %5 431k, il Jo i 45 40 fill PANC-1
BT RS (228 B BRI P BRI 55 3% B iR 1B ESRP FAAIG
cyclin A2 mRNA F&5E M F cyclin A2 & [ 33% , I # CDC20
Fik, 4K SFECE FE HeLa 410 G1 31 BH A A 78 52 FROY;
ESRP1 {it ik Z s 4l 2 MDA-MB-231 ' AMENAlla 33k,
2R EE B A B AR AR 1 A 4 R84 i, ESRPT YLER AT
(RGNS AN M HO-8910 rf CD44s 25 (3R IA , 4k i {2 ilf EMT
I AR AE /) BRI DY R Rl A% 551 ESRP1 TSR AE 1 3k 350
R AN HNSCC H Raclb ek FlK 220K B0 2 (I 1, 4k i
IR PR AL 3T % B2, ESRP1 JUERIE e Mg b B2 40 s HMLE
1 CD44s 35 % Akt 1 PDGFRB/Stat3 {5538 [ , 20k T 4
TR T AR AR HEE R B SOk BT S, SR, 3
KBy —IAFFE T B ESRP1 3 1 0T 45 1 iR 40 B Caco-2
rh PI3K/AKt {5538 [l Snail (193%35 , (296 40 M 6 5% 1k
FIRR AR 808 o Yae SEHEEI7E /N ERUAR MR AE ESRPL YT
BRA/NRFLURBANE R (AT 5, 6 R & A= i HLER 5 5% IR



PREYES#HE biomed.cnjournals.com Progressin Modern Biomedicine Vol20 NO.3 FEB.2020 - 593 .

R I T ey iads . DIREmF e LWl ESRPT LBk 1
CD44v FIA &R - IR L 21K xCT (FRL, R T LA
R AR HURLA JE R 23 e T 0k (GSHD) (428 1%, 4 i 40 ) 1 e 24
HEAAM I S (ROS) 1 BE T RN BRIt B8 O R, itk
b ESRP1 35T R TR A 41 ER+ L 59 41l s 2 MCF-7-LCC2 ()
5 . SRR I KN N SR LR RE T . D REBIFIR R
ESRP1 P8R 2520 MCF-7-LCC2 41 i B 1 FRA G A 4L fhid
S AR, FEA AN EMT i #21%, ESRP1 Bg T2 5 i &
R RIS 5 IR RHAYT 214 W SN o 540, ESRP 3 i [
RALIFIR 2536 R AXL IF116 Fll CAVI [FRAK-, 3 hnzLaR
TR AN R X —Fh 2 R 1 25 SEAL BRSO CRIE TR ) TRYT 19
HEURAERS, B ] UL, ESRPY 7 Jira i Ji v B3 T WU A
8, XS RS ] e B LA R e TR A OGP,
T ESRP1 7EA [l g 26 78 , £ 22 A [a] g7 W74 (ER+ Fl ER- 7,
g ) e AN R] B VR FALTR] A 4% e e £ 1k 50 S R R 11T ES-
RP1 B i i A GEAE S I (9 1005 T bn i By i bn . K10,
ESRP1 Jfr 4 1) 545 S A (A B/ B ARG 1) I FH I 5 o e s
FATE IR H R RN BCE R IK , MM 4 2 ek
IR, B AT LN I RIS Y 40 AR R ) TS HE 45 |
Z: 5 I 0 3 43 BUAS T I RS L AR, il
JH I BT R ( Antisense oligonucleotides, ASOs ) JH45 7] 28
BIEERVRYT A R —E MRS U, HATIFR 1 EE
FEMENLZESE (Spinal muscular atrophy, SMA ), B- #iH i3 ML A0
FICHUUE A R (Duchenne muscular dystrophy, DMD ) 7
DMD &R KRR AR T, BB I B BHERS 2878
PR T REE, XUSEARHIR T mRNA JF B S I T4
T IBETESUNIZESA 8 H (dystrophin) i) 45 i ASOs HJ A4
S BRERSR Y pre-mRNA [ BY 82, WK & I EAE , 4k =2k B
HEBTTIREMPTINZE46 8

3 ESRP1 58EXE

YR FR Y], ESRP1 25 2Rl 8 B LA SN A B .
A B/ Z5 0 ESRPL 3L R il S B0 IR A4 B S8 T2 3%
B, EER AL IS 2400 B R B AN R R VR R4
SCHRBA R BT R R AU Rt e v DR R
45 H i Dy RS AR, AT AL BT R I  ESRPT G AT
FEZFh Pre-mRNAs A AF Y455 4 4140, ESRP1 B& KRB
il FGFR2-I1Ib % 11k MEiE FGFR2-1MTc 25 (143 , 4K 1M S5
/N B PRAE 43 S R B B AL B DL T S B AR B
e ESRP1 FE [H B 2 F (8] B 8 Arhgef11 23k . 18 RhoA
T PRI LER B 1 4 (MLC)BE R TL /K T, 4R B 3R 1 B2 40
Z ) B T S BN R ST S N R B R R R I BRLUELBE
T30, Esrp1 Triaka/Triak 28745 /NEL H ESRP1 T RE i B 5% i
Gpr137 B ARG RT Wt {5530 1%, 48 AL SR 7 kG B 5e e 1
TINgh R 49 Fnah B 0 By B, Ak ARSI 2R B, ESRP]
ARATRYE B L & B RIS S, T ™ SR
MRS o 2 B R AT 24 e AT, &3 ESRP1L 3L
B H R RS EEENREEY, A meRET G,
A 8q22.1 ik (417 ESRP1 ) W] 311 & B W
(Nablus Mask-Like Facial Syndrome ), £33 5 B 0 16 240k

I B R A P R ),
4 ESRP1 5{k2iuE 72

HSFLHeHET 40 (Induced pluripotent stem cell, iPSC )&
AR AR AR H i R R (1 B PR SR R = 45 07 5
DA A 200 it 1) R 2 22 1T AR AR AS BB 1 3R 587 FLELA 22 1) o1k
ARV, [ 2006 4R I8 AYE L ANEE R X 4 NMESEN T
Oct4, Sox2 ., KIf4 FI c-Myc (5 OSKM [K ) BE %44 {4 4 it
BEHFE NS TIRIG T4 A iPSC ISk, ZE A T HA
B2 AU X — WP A, AR, 2R 2 E 9T R G g
TR TR B Ry iPSCs i R &AL (4> T- 4, £ 9%
FMBAL P et RS EES, g E C,
miR-302/372 I miR-290 W] i izt & 1fii 2 2 11 Al DNA 1 H1 54k
RES AR B 2 i DL K EMT a3 2, 485 OSKM [
T T AR NI T R RCRE, BFFTHE T, v AR B A A —Ff
R SEIGTHENLS], 25 T IR0 E . Blan, OCT4:
A NANOGWSAEAZ I 51 3R 20 R T A 3 8 P BT 422, m] 3 52 i
TR A TR SRARASCR il B RNA 45 5 e 1, /NBRUR 27 4
Y T4 iPSC (3 F 32 B Z Al T AR BY 2 9 i i, AdE
Mbnll/2, Zeche24, Rbm47 Fil ESRP1, 45558330 T R4
RN iPSCs [ 14 WY (9 W/NERBFSY , 4 A ZEHSE, 1
TSR RRFFT ), IR L RNA I i S 0T T 454
GIRT, S5 FEAR AN T i iPSCs (it A, 9 N5
PR F Ik AKOFAFFE— B ARk, b ok 35 19 & ES-
RP1, IRESCHFRAH, ESRP1 3 Fe3k ] 42 /N UV A 2T 4k 4T
JfL(MEF ) 25 # Jhy iPSCs BYRLE , T2 ik P40 b Je 51k
(MET)# 3 19335 , (4% CD44v,Cdhl 1l Cdh2®4, 5
BT FT 4G ) ESRPL 75 Al 38 1 8 # 5% 5% [ F Grhll (0] 25 55
1,32 MEF H 452 9 iPSCs HBCR™, Ak, ARG T 40 i
(hESCs) ™™ ESRP1 ik T RE, nl Hii#] #F ok RNA (cireBIRC6)
FRIZE A, 44K 17 AP hESCs i 22 REM:EY,

5 it

AR T ESRPL Xt Pre-mRNAs AJ AR 5432 (4 3 45 , LA K
X B R R A S 5 1 A BRI R L B B BERUEGE R RS
AR AR, KfE ESRPL JE 0 al A8 g i b L &
Weta e FATXIWITLALZ D REARAT WA A AR AR EA T THE AL,
EFARERERR, FHRTA Y2 A R n ShRE v R ke . B
WSS H AR K325 R ESRPL SDRERY#E— B4, L) ESRP1 Jy
HhC B TR B4 28 A B A B B B PR bR B IR T AEAR

% # 3 it (References)

[1] Pan Q, Shai O, Lee L J, et al. Deep surveying of alternative splicing
complexity in the human transcriptome by high-throughput sequenc-
ing[7]. Nat Genet, 2008, 40(12): 1413-1415

[2] Kalsotra A, Cooper T A. Functional consequences of developmentally
regulated alternative splicing [J]. Nat Rev Genet, 2011, 12 (10):
715-729

[3] Kelemen O, Convertini P, Zhang Z, et al. Function of alternative splic-
ing[J]. Gene, 2013, 514(1): 1-30

[4] Wang H, Zhou M, Shi B, et al. Identification of an exon 4-deletion

variant of epidermal growth factor receptor with increased metasta-



- 594 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.3 FEB.2020

sis-promoting capacity[J]. Neoplasia, 2011, 13(5): 461-471

[5] Jebbink J, Keijser R, Veenboer G, et al. Expression of placental FLT1
transcript variants relates to both gestational hypertensive disease and
fetal growth[J]. Hypertension, 2011, 58(1): 70-76

[6] Biamonti G, Bonomi S, Gallo S, et al. Making alternative splicing de-
cisions during epithelial-to-mesenchymal transition (EMT)[J]. Cell
Mol Life Sci, 2012, 69(15): 2515-2526

[7] Chen M, Manley J L. Mechanisms of alternative splicing regulation:
insights from molecular and genomics approaches [J]. Nat Rev Mol
Cell Biol, 2009, 10(11): 741-754

[8] Wang G S, Cooper T A. Splicing in disease: disruption of the splicing
code and the decoding machinery [J]. Nat Rev Genet, 2007, 8(10):
749-761

[9] Warzecha C C, Sato T K, Nabet B, et al. ESRP1 and ESRP2 are ep-
ithelial cell-type-specific regulators of FGFR2 splicing [J]. Mol Cell,
2009, 33(5): 591-601

[10] Yang J, Hung L H, Licht T, et al. RBM24 is a major regulator of
muscle-specific alternative splicing[J]. Dev Cell, 2014, 31(1): 87-99

[11] Nanni M, Ranieri D, Persechino F, et al. The Aberrant Expression of
the Mesenchymal Variant of FGFR2 in the Epithelial Context Inhibits
Autophagy[J]. Cells, 2019, 8(7)

[12] Gokmen-Polar Y, Neelamraju Y, Goswami C P, et al. Splicing factor
ESRP1 controls ER-positive breast cancer by altering metabolic path-
ways[J]. EMBO Rep, 2019, 20(2): 1-19

[13] Yae T, Tsuchihashi K, Ishimoto T, et al. Alternative splicing of CD44
mRNA by ESRPI enhances lung colonization of metastatic cancer
cell[J]. Nat Commun, 2012, 3: 883

[14] Chen Z H, Jing Y J, Yu J B, et al. ESRPI Induces Cervical Cancer
Cell G1-Phase Arrest Via Regulating Cyclin A2 mRNA Stability[J].
Int J Mol Sci, 2019, 20(15)

[15] Warzecha C C, Jiang P, Amirikian K, et al. An ESRP-regulated splic-
ing programme is abrogated during the epithelial-mesenchymal tran-
sition[J]. EMBO J, 2010, 29(19): 3286-3300

[16] Gottgens E L, Span P N, Zegers M M. Roles and regulation of epithe-
lial splicing regulatory proteins 1 and 2 in epithelial-mesenchymal
transition[J]. Int Rev Cell Mol Biol, 2016, 327: 163-194

[17] Di M F, Iapicca P, Boudreau A, et al. Splicing program of human
MENA produces a previously undescribed isoform associated with in-
vasive, mesenchymal-like breast tumors [J]. Proc Natl Acad Sci U S
A, 2012, 109(47): 19280-19285

[18] Lee S, Cieply B, Yang Y, et al. Esrpl-regulated splicing of Arhgefl1
isoforms is required for epithelial tight junction integrity[J]. Cell Rep,
2018, 25(9): 2417-2430

[19] Mager L F, Koelzer V H, Stuber R, et al. The ESRP1-GPR137 axis
contributes to intestinal pathogenesis[J]. Elife, 2017, 6: 28366

[20] Cieply B, Park J W, Nakauka-Ddamba A, et al. Multiphasic and Dy-
namic Changes in Alternative Splicing during Induction of Pluripo-
tency Are Coordinated by Numerous RNA-Binding Proteins [J]. Cell
Rep, 2016, 15(2): 247-255

[21] Walser T C, Jing Z, Tran L M, et al. Silencing the snail-dependent
RNA splice regulator ESRP1 drives malignant transformation of hu-
man pulmonary epithelial cells [J]. Cancer Res, 2018, 78 (8):

1986-1999

[22] Preca B T, Bajdak K, Mock K, et al. A self-enforcing CD44s/ZEB1
feedback loop maintains EMT and stemness properties in cancer cells
[J]. Int J Cancer, 2015, 137(11): 2566-2577

[23] Chen L, He X, Xie Y, et al. Up-regulated miR-133a orchestrates ep-
ithelial-mesenchymal transition of airway epithelial cells[J]. Sci Rep,
2018, 8(1): 15543

[24] Ranieri D, Belleudi F, Magenta A, et al. HPV16 E5 expression in-
duces switching from FGFR2b to FGFR2c and epithelial-mesenchy-
mal transition[J]. Int J Cancer, 2015, 137(1): 61-72

[25] Jeong HM, Han J, Lee S H, et al. ESRP1 is overexpressed in ovarian
cancer and promotes switching from mesenchymal to epithelial phe-
notype in ovarian cancer cells[J]. Oncogenesis, 2017, 6(10): e389

[26] Wu G, Li Z, Jiang P, et al. MicroRNA-23a promotes pancreatic can-
cer metastasis by targeting epithelial splicing regulator protein 1[J].
Oncotarget, 2017, 8(47): 82854-82871

[27] Fici P, Gallerani G, Morel A, et al. Splicing factor ratio as an index of
epithelial-mesenchymal transition and tumor aggressiveness in breast
cancer[J]. Oncotarget, 2017, 8(2): 2423-2436

[28] Xu'Y, Gao X D, Lee J H, et al. Cell type-restricted activity of hn-
RNPM promotes breast cancer metastasis via regulating alternative
splicing[J]. Genes Dev, 2014, 28(11): 1191-1203

[29] Lu Z X, Huang Q, Park J W, et al. Transcriptome-wide landscape of
pre-mRNA alternative splicing associated with metastatic coloniza-
tion[J]. Mol Cancer Res, 2015, 13(2): 305-318

[30] Ueda J, Matsuda Y, Yamahatsu K, et al. Epithelial splicing regulatory
protein 1 is a favorable prognostic factor in pancreatic cancer that at-
tenuates pancreatic metastases [J]. Oncogene, 2014, 33 (36):
4485-4495

[31] Chen L, Yao Y, Sun L, et al. Snail Driving Alternative Splicing of
CD44 by ESRP1 Enhances Invasion and Migration in Epithelial O-
varian Cancer[J]. Cellular Physiology and Biochemistry, 2017, 43(6):
2489-2504

[32] Ishii H, Saitoh M, Sakamoto K, et al. Epithelial splicing regulatory
proteins 1 (ESRP1)and 2 (ESRP2) suppress cancer cell motility via
different mechanisms[J]. J Biol Chem, 2014, 289(40): 27386-27399

[33] Brown R L, Reinke L M, Damerow M S, et al. CD44 splice isoform
switching in human and mouse epithelium is essential for epithe-
lial-mesenchymal transition and breast cancer progression [J]. J Clin
Invest, 2011, 121(3): 1064-1074

[34] Zhang H, Brown R L, Wei Y, et al. CD44 splice isoform switching
determines breast cancer stem cell state[J]. Genes Dev, 2019, 33(3-4):
166-179

[35] Fagoonee S, Picco G, Orso F, et al. The RNA-binding protein ESRP1
promotes human colorectal cancer progression[J]. Oncotarget, 2017, 8
(6): 10007-10024

[36] Kikuchi M, Yamashita K, Waraya M, et al. Epigenetic regulation of
ZEBI1-RAB25/ESRP1 axis plays a critical role in phenylbutyrate
treatment-resistant breast cancer [J]. Oncotarget, 2016, 7 (2):
1741-1753

[37] Hayakawa A, Saitoh M, Miyazawa K. Dual roles for Epithelial Splic-
ing Regulatory Proteins 1 (ESRP1) and 2 (ESRP2) in cancer progres-
sion[J]. Adv Exp Med Biol, 2017, 925: 33-40

[38] Shapiro I M, Cheng A W, Flytzanis N C, et al. An EMT-driven alter-



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.3 FEB.2020

- 595 .

native splicing program occurs in human breast cancer and modulates
cellular phenotype[J]. PLoS Genet, 2011, 7(8): €1002218

[39] Mcclorey G, Wood M J. An overview of the clinical application of
antisense oligonucleotides for RNA-targeting therapies[J]. Curr Opin
Pharmacol, 2015, 24: 52-58

[40] Kole R, Krainer A R, Altman S. RNA therapeutics: beyond RNA in-
terference and antisense oligonucleotides [J]. Nat Rev Drug Discov,
2012, 11(2): 125-140

[41] Bebee T W, Park J W, Sheridan K I, et al. The splicing regulators Esrp1
and Esrp2 direct an epithelial splicing program essential for mam-
malian development[J]. Elife, 2015, 4

[42] Bebee T W, Sims-Lucas S, Park J W, et al. Ablation of the epithe-
lial-specific splicing factor Esrpl results in ureteric branching defects
and reduced nephron number[J]. Dev Dyn, 2016, 245(10): 991-1000

[43] Rohacek A M, Bebee T W, Tilton R K, et al. ESRP1 mutations cause
hearing loss due to defects in alternative splicing that disrupt cochlear
development[J]. Dev Cell, 2017, 43(3): 318-331

[44] Sagnol S, Marchal S, Yang Y, et al. Epithelial Splicing Regulatory
Protein 1 (ESRP1) is a new regulator of stomach smooth muscle de-
velopment and plasticity[J]. Dev Biol, 2016, 414(2): 207-218

[45] Jamuar S S, Duzkale H, Duzkale N, et al. Deletion of chromosome
8q22.1, a critical region for Nablus mask-like facial syndrome: four
additional cases support a role of genetic modifiers in the manifesta-
tion of the phenotype [J]. Am J Med Genet A, 2015, 167 (6):
1400-1405

[46] Takahashi K, Yamanaka S. Induction of pluripotent stem cells from

mouse embryonic and adult fibroblast cultures by defined factors[J].
Cell, 2006, 126(4): 663-676

[47] Esteban M A, Wang T, Qin B, et al. Vitamin C enhances the genera-
tion of mouse and human induced pluripotent stem cells[J]. Cell Stem
Cell, 2010, 6(1): 71-79

[48] Subramanyam D, Lamouille S, Judson R L, et al. Multiple targets of
miR-302 and miR-372 promote reprogramming of human fibroblasts
to induced pluripotent stem cells [J]. Nat Biotechnol, 2011, 29 (5):
443-448

[49] Sinkkonen L, Hugenschmidt T, Berninger P, et al. MicroRNAs con-
trol de novo DNA methylation through regulation of transcriptional
repressors in mouse embryonic stem cells [J].Nat Struct Mol Biol,
2008, 15(3): 259-267

[50] Atlasi Y, Mowla S J, Ziaee S A, et al. OCT4 spliced variants are dif-
ferentially expressed in human pluripotent and nonpluripotent cells
[J]. Stem Cells, 2008, 26(12): 3068-3074

[51] Das S, Jena S, Levasseur D N. Alternative splicing produces Nanog
protein variants with different capacities for self-renewal and pluripo-
tency in embryonic stem cells [J]. J Biol Chem, 2011, 286 (49):
42690-42703

[52] Kanitz A, Syed A P, Kaji K, et al. Conserved regulation of RNA pro-
cessing in somatic cell reprogramming [J]. BMC Genomics, 2019, 20
(1): 100

[53] YuCY,LiTC,WuYY,etal The circular RNA circBIRC6 partici-
pates in the molecular circuitry controlling human pluripotency [J].

Nat Commun, 2017, 8(1): 1149

(E#E 577 7T)

[23] Tida N, Dzutsev A, Stewart CA, et al. Commensal bacteria control
cancer response to therapy by modulating the tumor microenviron-
ment[J]. Science, 2013, 342(6161): 967-970

[24] Gratz SW, Mykkanen H, El-Nezami HS, et al. Probiotics and gut
health: A special focus on liver diseases [J]. Worl J Gastroenterol,
2010, 16(4): 403-410

[25] hadnoush M, Shaker Hosseini R, Mehrabi Y, et al. Probiotic yogurt
affects pro-and anti-inflammatory factors in patients with inflammatory
bowel disease[J]. Iran J Pharm Res, 2013, 12(4): 929-936

[26] Lertkhachonsuk AA, Yip CH, Khuhaprema T, et al. Cancer preven-
tion in Asia:resource-stratified guidelines from the Asian Oncology
Summit 2013[J]. Lancet Oncol, 2013, 14(12): e497-e507

[27] 244, RHEAFH ZBRE B E 5T In & e R )G 75 B % hid
BER SIgA RF a4 %o [J. PERAESZF LS, 2014, 26(10)
1166-1168

[28] Redman MG, Ward EJ, Phillips RS. The efficacy and safety of probi-
otics in people with cancer:A systematic review[J]. Ann Oncol, 2014,
25(10): 1919-1929

[29] Rizzardini G, Eskesen D, Calder PC, et al. Evaluation of the immune
benefits of two probiotic strains Bifidobac-terium animalis ssp. Lactis,
BB-12 and Lactobacillus paracasei ssp. Paracasei, L. casei 431 in an
influenza vaccination model: A randomised, double -blind, place-
bo-controlled study[J]. Br J Nutr, 2012, 107(6): 876-884

[30] /& 3%, & &t x5 AL T &% W 18 AR A
& 24, 2018, 13(32): 105-108

[31] Vawdpsd. i % 2k & 48 MR F 4945 A BALHI AT A [D]. 7t X 5,
2015

[32] FRAEA T AL, . SRR EREHERARR B ER T
TG Y [J]. %= F EXF IR, 2017, 3923):
2293-2298

@ [ P E %A



