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[Abstract] Objective: This study compared the expression spectrum of long noncoding RNA (IncRNA) and messenger RNA
(mRNA )in pancreatic tissue between intrauterine growth retardation (IUGR )and normal neonatal mice, and then explored the potential
mechanism of islet developmental disorders in IUGR mice and development of diabetes later in their adulthood. Methods: IUGR and
normal neonatal mice models were established, whole transcriptome sequencing in pancreas of two groups were performed, and then
gene ontology (GO)and Kyoto Encyclopedia of gene and genomes (KEEG ) enrichment analysis were conducted. To further analyse the
whole transcriptome sequencing information, we selected several IncRNAs with high differential expression for validation , which were
also reported to be involved in islet development. Results: Total 294 IncRNAs were differentially expressed between IUGR and normal
neonatal mice,among which 83 were up-regulated and 211 were down-regulated. There were 2 000 differentially expressed mRNAs, of
which 1 711 were up -regulated and 289 were down -regulated. The GO analysis of IncRNA target genes and differential mRNAs
showed : biological pathways (BP)are concentrated in cellular processes , biological regulation and metabolic processes ; cell components

(CC) are concentrated in cell and organ processes; molecular function (MF) mainly focuses on integration, catalytic activity,
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transportation activity, etc. KEEG enrichment analysis highlights the involvement of PI3K- Akt pathway, MAPK pathway and Foxo

pathway. Through verified experiments, the selected IncRNA Snhg12 and Rian showed significant differences between IUGR mice and

normal mice, which is consistent with the sequencing results, and the expression were regulated by glucose concentration. Conclusion :

This study analyzed and partially verified the IncRNA and mRNA differentially expressed in IUGR, which is helpful to explore the

potential mechanism of islet developmental disorders and later adult diabetes in mice born with IUGR, especially the role of IncRNAs.
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% 18 TRIzol i 7] (Invitrogen 23 7] , 56 [H) 5 B
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B DL S A K E=200 bp H. exon 28 H =2, i €
ST AR IR AT Lne RNA T, X614 S kAT
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ZH A LncRNA \ mRNA 33K 22 5% . {fi il RNA
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ontology, GO) 5 AR FE [ 5 3 PR 24 i Fh4 Fdis &
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TR, GO WAL AL Y ke
(biological process, BP) . #fl Jifd 41 14 (cellular compo-
nent, CC) .73 FIIHE (molecular function, MF) .
1.2.4 qRT-PCR R

K H SYBR Premix Ex Taq™(TakaRa /A H], HAS)

1 cDNA S TSI DO 1 PCR 54725 5 LncRNA 1)
BAIE . SNARZ M cDNA 2 pL, TB GreenPremix
Ex Taq 10 wL, % J% & & PCR £ b % ¥} (ROX)
0.4 uL, iE 519 (F Primer) 0.4 uL, & L5191 (R
primer)0.4 pL, K& ddH,0 6.8 WL, J W 544 : 75
P95 9C 305395 °C 55,60 °C 30 s40 MEFF, HRAEE
fiff R 2 TS | P e S B 03, SR 27 ki)
SEH A FGA I T SIP N 1 R,
1.2.5 MING Zm i3s3

MING 21 ffd 1% 37 3 119 =L %430 = Bl DMEM £
FRIE 15% R4 M58 (FBS) , WHT (100 U/mL 35 8 &

*£1 PCR3|#FE7

Table 1 PCR primer sequences
SEH FUES 1 (5'—3") N5 1Y(5'—3")
B-Actin TGAGCTGCGTTTTACACCCT TTTGGGGGATGTTTGCTCCA
Snhgl12 ACGGTCCCATCAAGACTGACTGAG GGAAGTCCTCGATCACCAGA
Rian CTAGAGAAGGAGGGACGATACA GTCCCGTGTCCACAATAGAAA

1100 pg/mLEEREE ) 2.5 mmol/L B-FiIELEE, 4
BT 5%CO0, .37 CHIE IR 2 M P R 55, R
o e 1 SR, ARl G A 80% %K.

1.2.6 R HER A%

TEPF T B 7% A, R ] A M L 111
16.7.25.0.33.3 mmol/L A [ 4 ¢ & 119 1% 77 3L 5
MING 4 fE2 R0 T 6 FLI5 A, RR 2 MG BE 5,
ATCHER I (0.25% ) 15 72 45597 6~8 h 5, 43
AP FE 15 9238 2 mL, (U bric , BUA RS 246
24 h IR AT B RNA
1.3 “%itFuik

{55 ] SPSS21.0 B A 3 A S g 25 R, B PRl 3Rk ot
PIABEbR D (3 + 5) T, PR RS FEAR
t K 56, 22 40 ] AR FH BRI R 7 22938 P < 0.05
h2ERAGFRE .
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TEIE % (TUGR B A= B rp 2 %50 i 30 426 4>
LncRNA, PIZL 1 3R3K 25 5 1) LncRNA 43 294 4>,
W 834, MR 211 4, 225736 3K LneRNA 19k
RN UL 1, 22 R T 25 7 Rk i)
LncRNA,
2.1.2 %5 LncRNA ¥e & B KEEG 15 5 @ % 5 GO
2k iy

LncRNA 5 mRNA [ 842 £ #5 Antisense . Cis .

Trans J#4% . Antisense J&38 — 43 X X LncRNA 5
1E SCHE I mRNA £ 45 10 i 458 4 R 08K 5% 5 Je
mRNAFE Pk . Cis 245 [7]— e R LIl I mRNA
AR SR 5 AR P45, — BB X LncRNA F Rl
10 kb i FBl PN B RE PRV 1 LncRNA HY Cis P42 #L2
o Trans /&35 LncRNA i D) fig 5 H AL R HE A
G i B PRURH G , 38 i FE AR [E] LneRNA 5 25 [ 2 ) ik
18 238 A DG 53 A a3 3k 43 A D7 v ke TN H:
FOEEA

Antisense: 25 5 LncRNA Antisense #1 J&
KEEG GO & 44 Hr &l 2 iR , 4% I KEEG 5558
& B A3 A b L PR 1T 5 067 43 5112 “metabolic
pathway” (512 4~ F& K ) | “pathway in cancer” (206 />
FLH ) | “MAPK signaling pathway” (167 />3 K] ) |
“PI3K-Akt signaling pathway” (158 £ [A] ) . “Ras sig-
naling pathway” (1405 ) (E12A) . #%H8 GO 43 #r
FEP IR EL H AL, BP T 5 467 7Y /& “cellular pro-
cess” “single-organism process” “biological regulation”
“metabolicprocess” “response to stimulus” , CC A5
72 “cell” “cell part” “organelle” “membrane” “member
part” , MF B 5 7 & “binding” “catalytic activity”
“transporter activity” “molecular function regulator”
“nucleic and binding transcription factor activity” ( [&]
2B),

Cis: 2257 LncRNA Cis J# LR GO (KEEG &
SEAIHTUNEE 3R o 4 B8 KEEG {553 #% 7 42 43 #7
R R i S 749 2 “metabolic pathway” (839
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A: 2252335 Lne RNA B IEL, ZLA 3R B, G308 T, BROAFIRTXRE ST B: 2257535 LneRNA RUIAEL BABFRIDREEAR, LAl

TNZE IR LncRNA

El1 IUGR.EZEHLENRERKIELncRNA
Figurel Differentially expressed LncRNAs between IUGR and normal neonatal mice

x2 #WHES LIPS TR LncRNAs
Table 2 Part differentially up- or down-regulated LncRNAs

1D LncRNA £ F5 Log, (ZAbA%450) P IR
ENSMUST00000148682 Tnks1bp1-205 12.133 <0.001 i
ENSMUST00000165584 Papola-207 11.671 <0.001 i
ENSMUST00000137591 Yars-204 11.292 <0.001 A
ENSMUST00000147816 Bptf-206 11.159 <0.001 A
ENSMUST00000212315 Zfpm1-205 10.448 <0.001 A
ENSMUST00000218372 Ddx50-206 -11.004 <0.001 T
ENSMUST00000235411 Secllc-208 -10.917 <0.001 T
ENSMUST00000209449 1300002E11Rik-205 -10.751 <0.001 T
ENSMUST00000207039 Homer2-203 -10.485 <0.001 T
ENSMUST00000150899 Pex5-207 -10.176 <0.001 T

ANFEH) | “pathway in cancer” (285 ~3& A ) | “Endo-
cytosis” (228 LK) L “HTLV-1 infection” (181 />3
) . “Proteoglycans in cancer” (171 4~ 3 K ) (¥
3A) . IR GO TR D b B H al 1, BP Hpii 5 2
72 “cellular process” “single-organism process” “biolog-
ical regulation” “metabolicprocess” “response to stimu-
lus” , CC R 5 1V /& “cell” “cellpart” “organelle” “mem-
brane” “organelle part” , MF A s ﬁi%“binding” “cata-

Iytic activity” “transporter activity” “molecular func-

tion regulator” “nucleic and binding transcription fac-
tor activity” (K] 3B) .

Trans: 2% 5+ LncRNA Trans i #2 #2 3% 4 GO,
KEEG 5 850 Hr an e 4 75 o 4% 8 KEEG {5 5 18
w5 A O3 A i DR B TS 2 40 S “pathway in
cancer” (260 > 3& [H ) | “Neuroactive ligand - receptor
interaction” (173 P3& ) \“HTLV-1 infection” (166 />
FEH) | “cAMP signaling pathway” (157 3E[H ) | “Ad-
renergic signaling in cardiomyocytes” (138 /> 3& [A] )
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Figure 2 The KEEG and GO enrichment analysis of differentially expressed LncRNA antisense target genes
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Figure 3 The KEEG and GO enrichment analysis of differentially expressed LncRNA Cis target genes
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stimulus” , CC B 5 1V 4& “cell” “cell part” “organelle”
“membrane” “membrane part” , MF J{ij 5 {ﬁ%“binding”
“catalytic activity” “transporter activity” “molecular
transducer activity” “signal transducer activity” (X[4B).
2.2 mRNAABX5H7
2.2.1 mRNA &£ Z 7L

FEIEH TUGR T A& BUH A2 T i 66 652 4

mRNA,2 000/>2 57335 mRNA, Hrp 1 7114 Fi,
2894~ i, #8522 57418 mRNA WL 3 BR
222 £+ mRNA GO 74t 5 KEEG 13 5 3% 8 &
5

mRNA 22 5 %3k KEEG Fll GO {5 538 #% & 5 /)
Bl 5. 218 KEEG {5 5 5 42 70 At v 5 R 8
i, A S V43 1) J& “PI3K - Akt signaling pathway”
(111 A3 ) | “Endocytosis” (104 4~ 3£ K ) “MAPK
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Figure 4 The KEEG and GO enrichment analysis of differentially expressed LncRNA Trans target genes
®3 HHERLFESTEN mMRNA
Table 3 Differentially up- or down-regulated mRNAs
D mRNA £k Log. CEALAHED PH IR
ENSMUST00000000033 Igf2 14.860 <0.001 |
ENSMUST00000051122 Zgl6 14.609 <0.001 i
TCONS_00033289 Vdac2 13.239 <0.001 i
ENSMUST00000180288 Hist1h2br 12.978 <0.001 i
ENSMUST00000079056 Anb2 8.697 0.031 i
ENSMUST00000101581 Cacna2dl =7.437 0.047 T
ENSMUST000001531166 Fgfr2 -8.966 0.003 T
TCONS_00093844 Gnal2 -11.994 <0.001 T
ENSMUST00000105934 Ins2 -1.188 0.003 T
ENSMUST00000029240 Sle2a2 -2.126 <0.001 NG

AHERD) (F15A) o 4% HR GO 4#fr BRI ZRIA % H T
BP {5 i & “cellular process” “biological regula-
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J& “binding” “catalytic activity” “molecular function
regulator” “nucleic and binding transcription factor ac-
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Figure 5 The KEEG and GO enrichment analysis of differentially expressed mRNAs
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Figure 7 The Cis between differentially expressed LncRNAs and mRNAs
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Figure 8 The Trans between differentially expressed LncRNAs and mRNAs
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Table 4 LncRNAs with high differential expression
D LncRNA ZFk Log, (ZZAbA540) P1H s
ENSMUST00000134140 Mirl7hg-201 1.432 959 0.036 008 1A
ENSMUST00000133125 F630028010Rik-201 1.711 151 0.009 188 1A
ENSMUST00000232301 Snhgl2-210 1.717 600 0.040 116 1A
ENSMUST00000127263 2610035D17Rik-201 -1.715 160 0.000 213 T
ENSMUST00000238751 Rian-267 -2.556 950 0.001 146 T
ENSMUST00000180951 D130017NO8Rik-202 -1.584 960 0.000 436 T
s Bos IRE BT LncRNA Lnepint 76 /)N FUBE 2 i 3 ik fi
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01— . 01— . Ji 4% v 3 3 45 E PRC2 B i 4k W 3% EZH2, A+
WEH4 TUGR4 IEH4l  IUGR4

PIZLEE, P < 0.05,7P < 0.001(n=3),
9 LncRNA Snhgl12(A).LncRNA Rian(B) 7 IUGR. IE
EIENRPRFRIE
Figure 9 The expression of LncRNA Snhg12(A) and Ln-
c¢RNA Rian (B) between IUGR and normal neo-

natal mice
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Figure 10 The expression of LncRNA Snhg12(A)and Ln-
cRNA Rian (B) in response to various glucose

concentrations in MING cells
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