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Expression profile of IncRNA and mRNA in islets of pregnant mice born with intrauterine

growth retardation
WANG Li, YUAN Yi, TANG Yi,SUN Lu, YUAN Qingxin
Department of Endocrinology ,the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: High-throughput sequencing analysis was performed in adult islets RNAs of normal mice and intrauterine
growth retardation (IUGR) mice during pregnancy, which screened out differentially expressed long non-coding RNA (IncRNA) and
messenger RNA (mRNA) to provide a theoretical basis for further exploring the pathogenesis of islet dysfunction in pregnant mice born
with [UGR. Methods: Islet RNAs were extracted from IUGR and normal pregnant mice for high-throughput sequencing analysis. The
differentially expressed IncRNAs and mRNAs were screened and association analysis between them was performed. We conducted
gene ontology (GO) analyisis, Kyoto encyclopedia of gene and genome (KEGG) enrichment analysis on taget mRNAs of differentially
expressed IncRNAs. Emphasis was placed on the highly differentially expressed IncRNAs, especially those that may be involved in the
regulation of islet function during pregnancy. Results: There were 1 007 differentially expressed IncRNAs between IUGR pregnancy
(IP) and normal pregnancy (NP) , among which 483 were up-regulated and 524 were down-regulated. Fifty mRNAs were differentially
expressed, of which 22 were up-regulated and 28 were down-regulated. The GO analysis of differentially expressed IncRNAs’ target
mRNAs and differentially expressed mRNAs showed that hiological process (BP) mainly focused on cellular and tissue processes,
biological regulation, metabolism and stress processes ; molecular functions (MF) were concentrated in integration, catalytic activity,
transport activity , molecular function regulation, etc. KEGG enrichment analysis highlighted the involvement of metabolic pathway,

cancer pathway, biosynthesis of secondary metabolites, PI3K-AKT pathway and MAPK pathway. We furether analysed IncRNA FTX
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and Neatl. The expression level of FTX in normal mice and IUGR mice during pregnancy decreased (P < 0.001), while IncRNA Neatl
increased (P < 0.01). FTX and Neat1 exhibited significantly difference in the expression between IP and NP (P < 0.05) , and both were

regulated by glucose concentration. The association between IncRNA FTX and its target mRNAs was trans - action. The association

between IncRNA Neatl and Frmd8 was cis-action, while the rest were trans-action. Conclusion: In this study, differentially expressed

IncRNAs and mRNAs in adult islets of normal mice and intrauterine growth retardation (TUGR) mice during pregnancy were screened.

Besides, IncRNAs can regulate target mRNAs through different interaction modes , thus influencing glucose metabolism.

[Key words] intrauterine growth retardation(IUGR) ;lncRNA ; mRNA ; transcriptome sequencing ; islet function
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Figure 1 Differentially expressed IncRNAs between normal pregnant and IUGR pregnant mice
F1 ZERRIZHIncRNA
Tablel Differentially expressed IncRNAs
P IncRNA 44 Bk log,FC P S
ENSMUST00000238357 Rian-233 1.106 <0.001 |
ENSMUST00000140173 Pax6-213 2.070 0.001 i
ENSMUST00000213451 Soga3-203 3.629 0.003 i
ENSMUST00000139673 Slc9a8-208 6.781 <0.001 A
ENSMUST00000236107 FTX-207 7.492 0.002 i
ENSMUST00000132434 Rrbp1-203 -1.003 0.002 T
ENSMUST00000160052 Gm10177-201 -1.009 <0.001 T
ENSMUST00000154896 Atp6v0al-209 -1.011 <0.001 T
ENSMUST00000135424 Hnrnpdl-203 -1.013 <0.001 T
ENSMUST00000174287 Neat1-202 -1.025 <0.001 T
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Figure 2 Differentially expressed mRNAs between normal pregnant and IUGR pregnant mice
®2 ERFRIEKmRNA
Table 2 Differentially expressed mRNAs
D mRNA £ 7k log,FC PAH FIHECT M
ENSMUST00000016681 Cul4b 10.892 <0.001 i
ENSMUST00000095143 Rbm12b2 10.261 <0.001 i
ENSMUST00000212319 Galns 10.027 <0.001 M
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ENSMUST00000078061 Ehmt2 -10.548 <0.001 T
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ENSMUST00000034566 Dixdcl -9.902 <0.001 T
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0.0025 0.0050 00075 0.0100 00125
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3 EEZFEMIUGR ZRZEHFmRNA HKEGG 71 GO B&E S #TE
Figure3 The KEGG and GO enrichment analysis of differentially expressed mRNAs between normal and [IUGR pregnant mice
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(4 499 LK) | catalytic activity (1 943 PNFEQ ) |
transporter activity (460 4~ 3& K ) | 4>+ D 68 )5 77
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Top 10 of Pathway Enrichment

Biological Process Cellular Component Molecular Function

Metabolic pathways i’ GeneNumber
Pathways in cancer ° ® /200
MAPK signaling pathway - ° ® 300
Biosynthesis of secondary metabolites { ® : 400
PI3K-Akt signaling pathway - ° 200
Ras signaling pathway - ° PValue
Calcium signaling pathway 4 . 0.06
Proteoglycans in cancer+ . 0.04
Transcriptional misregulation in cancers - . 0.02
Dopaminergic synapse -

011 013 015 0.17
RichFactor

A: 255 IncRNA 5 HH mRNA ) antisense fEH] , £ (0375 IncRNA, £ (5,378 mRNA ; B: 25 5 IncRNA antisense /94 mRNA (1 KEGG {5
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Figure 4 The antisense between differentially expressed IncRNA and its target mRNA, the KEGG and GO enrichment

analysis of the target mRNA
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7 (endocytosis) (229 4~ FE [A ) | PI3K - Akt signaling
pathway (219 P [H) (K1 5B) . GO DI RE 1 BBt
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regulator (601 £ [A] ) | transporter activity (555 /&
) . nucleic acid binding transcription factor activity
(5152 (E5C).
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Top 10 of Pathway Enrichment
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MAPK signaling pathway+ o 0.4

HTLV-I infection . 03

Ras signaling pathway+ o 0.2

Proteoglycans in cancer . 0.1

10100QEN08Rik Protein processing in endoplasmic reticulum 4
Level2 GO terms of cis 018 O.'20 . 022 0.24
C 6815 RichFactor

Num of Genes

Molecular Function

Biological Process

Cellular Component

A: 225 Inc RNA 5 HEHE mRNA A9 cis /EHT, 2L 7R IneRNA, 2 (03578 mRNA ; B: 2252 IncRNA cis /EHIAYHE mRNA #Y KEGG {5 51 1#
ARSI I R R T SRR R, A B A4 PR, R RS E RGO T AR R, R A RN B AR AR G e 25 S A Y E A A
B B EACTRAF P C : 225 IncRNA cis /EFIUHE mRNA 1) GO DIREFER A, B #R GO B A& H  YUMFRILNEH .

E5 ZRIncRNA 5HEEmRNA 8 cis (£, Z 514 IncRNA cis {E A HI¥E mRNA B KEGG #1 GO E& 2 i
Figure 5 The cis between differentially expressed IncRNA and its target mRNA , the KEGG and GO enrichment analysis of

differentially expressed IncRNA cis target mRNA



+ 928 - Mo

PN

A2 T
20224F7 A

RN 3 M Bl 3 3K 73 A 75 vk ok T #E mRNA
IncRNA 75 H L s sl 55 J5 7K1 X BEDH A ek A7
P . FI6ABI%E T 3422 5% IncRNA 5 HHE mRNA
1 trans ﬁfﬁﬁ L P A LS T AN ] E"J%@JMKJ: , N
P35 4 RNA (ceRNA)HLE T IHE2E™, IncRNA Ppplea
AJ LA 3E 4P 2 5 miR-125b MITBH 1R H5 519 tau
B AL o 22 5% IncRNA trans £ ] (1 ¥ mRNA (19
KEGG GO & A7 Hr K 6 Fizn , KEGG {5 5@ i o]
HET M b BE PRECEE HE P, I S 209312 metabolic
pathways (675 1~ 3&[K ) | pathways in cancer (241 >3
) . biosynthesis of secondary metabolites (183 >3k
[K) \MAPK signaling pathway (1801~3E[H ) . PI3K-Akt
signaling pathway (179 2 (K1 6B) . GO TyfiglE:

R A b L8 H HEF , BP HRT 5 {37 2 cellular
process (4 692 4~ FE [ ) | single-organism process
(4 239 4~F A ) | biological regulation (3 550 /> &
) . metabolic process (2 473 |~ & [H ) | response to
stimulus (2 138 A& [H) 5 CC VAT S A7 7331 52 cell
(4 487 A~FEKH ) L cell part (4 437 ~FE[H) | organelle
(3 100~HE[H ) \membrane (3 071 4~JE] ) 2 g
/7 (membrane part) (2 641 ~3E K ) ; MF HHj 5 743
A binding (5 144 M) | catalytic activity(2 200>
FEH) I FAEEER 15 (molecular transducer activity)
(578 HA) \transporter activity (543 -V IRER=
55 7 (signal transducer activity) (540 4~ & [A] )
(F6C).

A
2 Hiirnpk 1 Top 10 of Pathway Enrichment
Metabolic pathways < @ GeneNumber
Pathways in cancer ® ® 200
. . . ® /300
Biosynthesis of secondary metabolites ® ® 400
ACI9%052.2 MAPK signaling pathway - ° @ 500
10100QINOSKik PI3K-Akt signaling pathway - ° @ 600
Neuroactive ligand-receptor interaction e | PValue
HTLV-I infection - . 08
Fam219b Ras signaling pathway - . 32
Sdwaha Chfa2i2 Cytokine-cytokine receptor interaction 4 . 0‘2
Rapl signaling pathway{  » ’
C 014 0l 018
Level2 GO terms of trans RichFactor
5145

Num of Genes

S

Molecular Function

Biological Process

Cellular Component

A: 225 IneRNA 5 HAE mRNA F rans {1, ZLE 78 IneRNA , £8 (0375 mRNA ; B: 2257 IncRNA trans /I BHE mRNA #9 KEGG {5 =i

B R AR AIATIRL, P PRI B AR I m B A R, T AR R RO R T R AR L A NIRRT 2 S A Y R A
AL, SO IR P ; C: 22577 IncRNA wans fEFIH mRNA 19 GO DIREFERR AL, BEHHZ /R GO WA B MR 4 A .
E6 =R IncRNA 5HHmRNA /) trans £, Z 514 IncRNA trans {E FARJ¥E mRNA I KEGG #1 GO E &£/ #T

Figure 6 The trans between differentially expressed IncRNA and its target mRNA , the KEGG and GO enrichment analysis

of differentially expressed IncRNA trans target mRNA

2.4  £3t %k IncRNA FTX #= Neat1 49 3t — & 547
TEHCEE NP I IP v g 22 55858 HonT fig 5 22 i

2K A5 E ) IncRNA FTX Al Neat1 i —

5T, qRT-PCRR IE# /B IUGR /N RUA 22 J

FTX [ 28 3K 5 43 51 48 R 22 1h T R (P < 0.001) , 1
Neatl () 3% ik & 79 5 B R 22 BF J+ & (P < 0.01,
Bl 7). FTX . Neatl 7EM4)5 19 1EH /N AT TUGR /)
S R IRAKOA B2 5 (P <0.05,K7),



HA2EHTH T OALEORJE ZE ENEE RS/ IncRNA AT mRNA (92643504 T .
20224E7 H P ERICE AR (A ARERARR ) ,2022,42(7) :921-931 + 929 -

9 W1 IncRNA B RIA 2 B2 BB, A MR (P<0.01,E8B),
PFFE I E T min6 28 70 AS [FDREHR B IR FTXCRI HE— 22 % FTX 1 Neat1 5 48 mRNA 4 HAE
Neatl () £ L 1H B o FIX ZEMRBEIR E (5.5, 11,1, &R, F9A /R FTX 5 HAE mRNA ¥4 trans /EH , &
16.7 mmol/L) . E Bk )5 (33.3 mmol/L) | 3k 7K 9B 71k Neatl 5 Frmd8 (mRNA) N cis YEFH , 43 M trans
IR B FIR(P < 0.001, K 8A), 1 Neatl 1 1EF.

A B
[ pre-pregnancy [ pre-pregnancy
1.57 W pregnancy 30 M pregnancy

iy Eﬁﬂ
@ 107 # @ 20
2 2
= 054 i =10
= <
= z

0 0

NC IUGR IUGR

NC: IEH /MR, IUGR B N A BB/ ; 5 pre-pregnancy CRZ) M HL, P < 0.01,""P <0.001; 5 NC A EL,"P < 0.05(n=3)
El7 IncRNA FTX(A).Neatl(B)ZEIEHE /MR . IUGR/MNRHIARZFIZHIRYRIX
Figure 7 Expression of IncRNA FTX(A) and Neatl(B) in pre-pregnancy and pregnancy of normal mice and IUGR mice

A B
8.0 7 1.5-
i i
-‘;j 6.0' sekesk 75!
{’% & 1.04
= = *
& 4.01 = ,
= = ok
= = 0.5
£ 207 ﬂ = H
o
= z
0 0 T T T T T
111 167 250 333 5.5 11.1 16.7 250 33.3
ﬁ%*ﬁmg(mmolm A BE (mmol/L)

S0 A KA Y E B EE (25.0 mmol/L)FH L, P < 0.05,7P < 0.01,"P < 0.001(n=3),
El8 AR#ERET miné A+ IncRNA FTX(A). Neatl(B) f5%i%

Figure 8 Expression of IncRNA FTX(A) and Neat1(B) in min6 cells under different glucose concentrations

A B
Galnt 1 N -
m
Triobp
Sdhat4  Ptk2
Arhgef11 er2
Frmd3 Cela3b
Trim, a1l
sl
Myol
2 1 Plekho1
UZsurp Zc¢3h11a
b Tte23
S B(,()52040ch25 @

210 FR IncRNA |, #6358 mRNA,
El9 IncRNA FTX(A)5%E mRNA f4 trans /£ ,IncRNA Neatl(B) 5% mRNA # cis fEF () (trans {EFR ()
Figure 9 Trans-action of IncRNA FTX (A), cis (left) and trans (right) action of IncRNA Neat1(B)



930 - (2= S PN

A2 BT
20224F7 H

3 it it

TR PRI — AN B W K A A B i 0 R AR PG i
T IEHNG DL T IR 5 B 4 A o £ QA 1k 34 B ok A ¢
ZE I A IR T TUGR AMATE IR G 191 A 4k
JLRI R & B MTaE L B | BT S R TR R
X BT g X — AR 38 e 0 DR A5 A, H R e F
TUGR 22319 ITUGR /N R I8 R IS o ASHIFSE B
YK TUGR 22 [ 15 7 it 2H o A 7 v 308 o I 43 A
FRATRIT IR LT R AL B S 3R

A B 22 AR TE 71 Ine RINA 52 1 JBR 55 44 J )
KB MIIRE BRI &A= & A TUGR 1) & it
o W5 & B, IncRNA paupar i i3 P8 5 pax6 fig i
TS o 4N A B FIIIEE s IncRNA hottip i 13
P75 p38-MAPK 18 % 2 355 PR AL 10 g 2 15 AR
PR T AP 5E 2 B, IncRNA TUGL 25 1 IUGR
2 FUME PR S T RE s kAR L b,
IncRNA 7€ /)N FRUAE O AR [ By B s A R ik, Hoh
IncRNA Gm16308 (Inc03 ) fitt /1N FRUUE R 301 J16 5% B 41
JELHE 5 1T Ine RNA 2838 33 14 2028 W] 75 4 R 9
R Zhang%“”iﬁ% T IncRNA MALAT1 {E£4F
A S PR s 27 401 2 135 v R 26 38 7K i T IR R 4
14

AU FT I SE B 45 5 BN /N AP A TR R
By 458 , (H TUGR W B B E /)N BR300 g = B 4
PB4 5 BB 7 98055, JB B /N SR B A /b R
BN 5 5, A E— 2B R I s R TR, A E 5 %
TUGR 2 U8 55 A7 22 T S 20 e S o3 B, 445 S 4
7N, 755 IneRNA AU mRNA 22 5 mRNA A GO 43t
o BP AL T AR M A 2 B AR R AT S
WO TR, CCAE M TEAM A2 MRS , MF 4 rh
TS AT s TN T OIRE I 1 AR, Xt
FERIBT AN TUGR AT R 86 5 D e = A= 52 mm) , Anfe i
AR | B 200 it JE) A 9 R e i 2R B i R A AR Ak
KEGG & 4707 7R 24 5 IncRNA (¥ mRNA | 2% 57
mRNA =B e A B s 8 2 B AR
Yy A4 i PI3K-AKT i % [ MAPK i %, X 3
W TUGR 22 BRURINIE # 22 BRUAE G AR L o3 At LA
FEARE I KM R TRIAFAE 2557 o

PI3K/AKT . MAPK 3 % 75 4E 45 92 & B 41 ff 3% 5
FUAETE T IR A GV E . SCBRIRGE , fEFL R 2 1k
A1 PI3K (AKT . mTOR . p70S6K) i f#% . MAPK (MEK
ERK1/2 )3 %2 5 K BT R 1016 &% JoT o 33 in i
AR GRS ARG S AR K R AT R

ST B 5 PR R A0 LR FBC A I TR s p A L P Y
PI3K/AKT {55 A 3G F8 e . 3 fe A= K R 73
1 PI3K/AKT il MAPK 38 1% 4715 25 1 survivin,
T BN IE T i B R B S T AR SRR
TUGR /> B2 00 A T %) D) e s

AHFSE & B IncRNA Neatl \FTX 7E/) BUAZE 5
FeIR T, IF AT fig 43 ) i MAPK i 42 | PI3K/
AKT 325200 /)N B2 1 ik 2 A L 14 5 K T, B
IncRNA 119 2 35 75 4T U J 35 > R 1) BsF i) B2 32 3] 7™
M o BRTEAIFTE & B Neat1 AT LLIE 28 94 15 40 A
(BT SR T, OB 1 & A, g | I A
W DRI B9 . WFFEIESE , IncRNA Neatl 165 N
K H IR 58 0557 A0 b 3Rk B 4R
78 Neatl 545 % P TUGR i JL (%) B 45 20 fE [ i A
K, 1M Neatl 76 IUGR 22 fUIE 5 & & & 4544 ] 1)
Ae 4t 47 VR FH B AL 8 R WL AR TE o IncRNA FTX
S5 ZMPRN KA L, W IneRNA FTX 38 4 9%
7 miR-192-5p/EIFSA2 Sl i B i J i oF e = il
1 ¥ 45 AL miRNA-22 835 pten/PI3K/AKT {5 53 %
T 920 3 A /0N B ILA R A K2 H FTX A iR 5
H R BT . ASBFIEAE TUGR 22 [ A IE 5 27 B
JB 8% H ARSI IncRNA Neatl FlFTX YA K -, 225
A Gt ER o ASTRME R B 303 min6 A0S , &
I B IR SZ WA FE 520, Inc RN A 3X— 5 5 AT g
FE TUGR 2 UK A i it S i R b R VR .
P45 BAL % I IncRNA FTX 5 H A mRNA #9°8 trans
YEF] , IncRNA Neatl 5 Frmd8 (mRNA) 4 cis YE A,
AN ans EF L 454 IncRNA A1 mRNA 1) 5 AE 7 #r
(1 4A . 5A (6A) A UL, [A]—Ff IncRNA A] D)3 35 AN
Ii] 14 B A 7 3R 95 R ) mRNA A8 63, 1 [i] — Fol
IncRNA F1[i] —Fh mRNA 22 [8] 0] LLAEFE A [R) A4 A
T 2 XA [F AR 5 2U7E IncRNA HlmRNA
R R L BT e R 57 B RN X AR [+

SCHkFE B, IncRNA A BB 12 78 4 miRNA 145
FEPATT mRNA 5% S5 J5 [T 2R 0 A 21 32 B3 5 750 () 4
FHE AR ZH TE A 250 56 3 25 58 b i A G
2, AT BT %35 IneRNA 5, HA mRNA 92635
bl 2 & AR AN AR TR R A &
7585 B IncRNA-miRNA-mRNA 33X — “HE45 "1

AHFFE I X TUGR 2 R & RNA HE 47 5 38 o
W, 0 38 T TUGR 22 FRUFIE 7 2 fl 22 SR 1Y
IncRNA J2 mRNA, Jf- X} 2% 5 IncRNA [ # mRNA i
15 GO KEGG 43T, I HF5E ITUGR /N AT R 19 4 Jik
S I RERRA AL T B SR . FEUL IR I — 4



A2 T
20224F7 H

EOFLE R

70,5 BN EE RS/ RUEIRIEES IncRNA F1mRNA 23555 4047 [T ].
P ERICE AR (A ARERARR ) ,2022,42(7) :921-931

+ 931 -

RAIRSE 2 5 23519 IncRNA X TUGR /) Ui 3R 18]
B 5% Dy i A ELAR R 4 P AL, DL B4
WEDRIA , AR DR 1 A 3

(&% k]

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

LI Y,DAI C,YUAN Y, et al. The mechanisms of IncRNA
Tugl in islet dysfunction in a mouse model of intrauterine
growth retardation [J]. Cell Biochem Funct,?2020,38(8):
1129-1138

GOYAL D, LIMESAND S W, GOYAL R. Epigenetic re-
sponses and the developmental origins of health and dis-
easel ] ]. J Endocrinol ,2019,242(1) : T105-T119
FILARDI T,CATANZARO G,MARDENTE S, et al. Non-
coding RNA: role in gestational diabetes pathophysiology
and complications[ﬂ. Int ] Mol Sei,2020,21(11) :4020
MORAN I, AKERMAN I, VAN DE BUNT M, et al. Hu-
man {3 cell transcriptome analysis uncovers IncRNAs that
are tissue-specific, dynamically regulated, and abnormal-
ly expressed in type 2 diabetes [ ] ]. Cell Metab, 2012, 16
(4):435-448

BENNER C, VAN DER MEULEN T, CACERES E, et al.
The transcriptional landscape of mouse beta cells com-
pared to human beta cells reveals notable species differ-
ences in long non-coding RNA and protein-coding gene
expression[ﬂ. BMC Genomics,2014,15:620
PENG B,LIU A, YU X, et al. Silencing of IncRNA AFAP1
- AS1 suppressed lung cancer development by regulatory
mechanism in cis and trans[J]. Oncotarget, 2017, 8(55):
93608-93623

SUN H, OU B, ZHAO S, et al. USP11 promotes growth
and metastasis of colorectal cancer via PPP1CA-mediated
activation of ERK/MAPK signaling pathway [J]. EBio-
Medicine,2019,48:236-247

KOPP F,MENDELL J T. Functional classification and ex-
perimental dissection of long noncoding RNAs [J]. Cell,
2018,172(3) :393-407

BANZHAF-STRATHMANN J, BENITO E, MAY S, et al.
microRNA - 125b induces Tau hyperphosphorylation and
cognitive deficits in Alzheimer’ s disease [J]. EMBO J,
2014,33(15) : 1667-1680

SINGER R A, ARNES L, CUL Y, et al. The long noncod-
ing RNA paupar modulates PAX6 regulatory activities to
promote alpha cell development and function [J]. Cell
Metab,2019,30(6): 10911106

SUN Y, LIU Y X. IncRNA HOTTIP improves diabetic ret-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

inopathy by regulating the p38-MAPK pathway [J]. Eur
Rev Med Pharmacol Sci,2018,22(10) :2941-2948
SISINO G,ZHOU A X, DAHR N, et al. Long noncoding
RNAs are dynamically regulated during (3 -cell mass ex-
pansion in mouse pregnancy and control B-cell prolifera-
tion in vitro[J ]. PLoS One,2017,12(8) :e0182371
TANG L, LI P, LI L. Whole transcriptome expression pro-
files in placenta samples from women with gestational dia-
betes mellitus [J]. J Diabetes Investig, 2020, 11 (5) :
1307-1317
ZHANG Y, WU H, WANG F, et al. Long non - coding
RNA MALAT1 expression in patients with gestational dia-
betes mellitus[J]. Int J Gynaecol Obstet, 2018, 140(2) :
164-169
AMARAL M E,CUNHA D A JANHE G F, et al. Participa-
tion of prolactin receptors and phosphatidylinositol 3 -ki-
nase and MAP kinase pathways in the increase in pancre-
atic islet mass and sensitivity to glucose during pregnancy
[J].J Endocrinol,2004,183(3) :469-476
LI J,YING H, CAI G, et al. Pre-eclampsia-associated re-
duction in placental growth factor impaired beta cell pro-
liferation through PI3k signalling [J]. Cell Physiol Bio-
chem,2015,36(1):34-43
HAKONEN E, USTINOV J,PALGI J, et al. EGFR signal-
ing promotes B-cell proliferation and survivin expression
during pregnancylJ]. PLoS One,2014,9(4) : 93651
DUAN M Y, LI M, TIAN H, et al. Down-regulation of In-
cRNA NEATI regulated by miR-194-5p/DNMT3A facili-
tates acute myeloid leukemia [J]. Blood Cells Mol Dis,
2020,82:102417
GREMLICH S, DAMNON F, REYMONDIN D, et al. The
long non-coding RNA NEAT1 is increased in IUGR pla-
centas, leading to potential new hypotheses of ITUGR ori-
gin/development[]]. Placenta,2014,35(1) :44-49
ZHAO K,YE Z,L1 Y, et al. IncRNA FTX contributes to
the progression of colorectal cancer through regulating
miR-192-5p/EIF5A2 axis [J]. Onco Targets Ther, 2020,
13:2677-2688
YANG X, TAO L, ZHU J, et al. Long noncoding RNA
FTX reduces hypertrophy of neonatal mouse cardiac myo-
cytes and regulates the PTEN/PI3K/Akt signaling path-
way by sponging microRNA-22[J]. Med Sci Monit,2019,
25:9609-9617

[WEEE] 2022-10-25

(RIEHE:H  #1)



