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Bioinformatics—based Analysis of miRNA-mRNA Regulatory Network During Induction
of Insulin—secreting Cells
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Abstract: Objective To investigate the difference of gene expression during the differentiation of human embryonic stem cells (hESCs) into insulin
producing cells (IPCs), and to construct a miRNA -mRNA regulatory network.Methods Differentially expressed genes were screened from the
GSE42094 dataset of the GEO database, and GO function and KEGG pathway significance analysis were performed. The miRTarBase database was
used to predict its target miRNA, and the miRNA -mRNA regulatory network was constructed and visualized by cytoscape 9.1.0 software. The
predicted miRNA was verified by literature data.Results In this study, 188 differentially expressed genes were screened, and the top 10 up-regulated
and down-regulated genes after induction were selected for analysis. It was found that the up-regulated gene protein interaction network directly
interacted with the POUSF1 of the down-regulated gene network through VTN, and the two networks were associated. The miIRNA-mRNA regulatory
network found that miR =335 -5p could regulate the expression of VTN, NANOG, POUSF1 and DNMT3B. Further verification found that the
expression of miR-335-5p gradually increased with the induction of differentiation, and the expression of NANOG, POUSF1 and DNMT3B gradually
decreased to form a control, suggesting that there was a targeted relationship between the two and negative regulation.Conclusion The miRNA -
mRNA regulatory network shows that miR-335-5p targets multiple genes to participate in the differentiation of hESCs into IPCs.
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1.1 — %k 83T NCBI B9 GEO %4 12 (https://
www.nchi.nlm.nih.gov/geo/) 2 AMAG 402 (hu—
man embryonic stem cells,hESCs) m] IPCs 3501k
if FE P mRNA RIK3E A B, RAHA
GSE42094 %5 45 & Zok, LB ERET
GPL10558 “F-15 .17 23 MHEAEE (GSM1032319-
41), ¥ K A 534k hESCs (WA09) IPCs 730 fL 1) 5 4>
FIF I JER A PR R 5% R I

1.2 Fl b P 5 22 3k M EHE GSE42094 i
FENIA /ML hESCs 1 TPCs J3MEHY 5 4> 1 2047
F5E, #EA “Analyze with GEO2R” T H , 5 i “Define
groups” WESTA, HH hESCs AL 3 PMEEA,
Diff1 21 3 4>, Diff2 41 3 4>, Diff3 41 2 4>, Diff4 41 2
A~ IPCs 21 3 4>, 6 6 R T 25 5 Rk 40 #r , T
PEAREBEE N adj.P<0.05,

1.3 GO TEEAI KEGG B2 0 BT o br 22
SRR LAY T6E , % H] DAVID (https:/
david.nciferf.gov/tools.jsp ) EUIE 22 1T T g & 4 47
M, EEHT GO TIRELU K KEGG 4% 2 ANy, LA
P<0.05 hZEFAG R X

L4 EEAHEAEME ST R o 22 5 RSB 5 14
AR SRR M 4%, % ] STRING (https:/string—
db.org/) KR PEDEA T A ELAEMZS PPT 4AlT, E#F

Homo sapiens 7E 4 “Organism” [ 51 , LA S 501y
ES NN

15 miRNA Tl 12252 RSN FEIHAL miRNA,
i F] miRTarBase (https://mirtarbase.cuhk.edu.cn/)
BWIEE, reporter assay .western blot .qPCR #/
microarray PU 5L 46 55 31F ) miRNA-mRNA # [w] Pt
BCAE A B miRNA B9 AEFRE, I Cytoscape
9.1.0 #f45F miRNA-mRNA A3 25 2E4 TR AL .
1.6 T miRNA AYSIE K B miRNA 5 PMID:
20 735 361"f) Table S4 K O HEAT SR , %A
8 EZHT miRNA FE ARG T3 120 ) ek %
FEARRL AT it B 92638, 1 Table S4 455 R
JJE T3 T4 (hES-T3 cells grown on mouse embry—
onic fibroblast feeder, T3ES) . &Jii N I)Z (embryoid
bodies differentiated from T3 cells, T3EB ) A1 i i itk &
FEANHU A (pancreatic islet-like cell clusters derived
from T3 cells, T3pi) =ZHFRIEILAY miRNA ik,
28R

2.1 ZERFERHER GERIXT GSE42094 1 6 HREAKL
P o3 HT , 22 AR B BT 250 DMRLR AR BR BBl
AR AL, L1551 188 4> #E—Xf hESCs
FITPCs PIALEAR 0TS B 22 57 Fh 5L N, O 5 Bk
188 NEERICE AR SR, IBGHE T /5 EIRAT A 2%
Al 10 D25 RISFEH AT IR ST, WA 1. 1% 20
MNEEFRCRHEA hESCs [1] 1PCs 5 T3 F ok ik i
Z iR HA G R B

®1 BRELAMTANI 10 N ERRIEER

ID Gene F P

ID Gene F P

Up-regulated gene

ILMN_1690884 APOA1 1144.3 6.01E-18
ILMN_1814015 CDH17 704.6 1.84E-16
ILMN_1688543 APOA2 538.1 1.23E-15
ILMN_1787266 SPINK1 5223 1.52E-15
ILMN_1691127 VTN 510.2 1.79E-15
ILMN_2198912 TTR 472.5 3.08E-15
ILMN_2315044 FGG 373 1.62E-14
ILMN_2113470 GSTA1 357.2 2.20E-14
ILMN_1751326 FAM162B 290 9.48E-14
ILMN_1655613 GSTA2 287.2 1.01E-13

Down-regulated gene

ILMN_1705546 POUSF1 3253 4.24E-14
ILMN_1851610 LOC729860 243.9 3.19E-13
ILMN_1768793 UTF1 204.2 1.10E-12
ILMN_3239254 UCA1 184.9 2.20E-12
ILMN_2328972 DNMT3B 149.9 9.46E-12
ILMN_1727098 PPP1R16B 134.9 1.96E-11
ILMN_2112811 RPL36A 129.8 2.55E-11
ILMN_1659013 NANOG 124.2 3.48E-11
ILMN_1800468 KLKB1 123.7 3.58E-11
ILMN_1687090 GABRB3 115.3 5.79E-11
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TETETATATATATATATETETeTeTaTe T | TATaTaaTETaTATATATRTETRRTATAT:
g|2(g|2/2|5|2]|8|3/3[#8|28[2/2|2|¢ dle|ala|a|2|2|a(g(a|2[2|2|2]¢
hEECy o Diffz Difr3 Luffa IFCs A hESE: (=141 [iffz DHff Diffi IFCy B
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GEEAZ0BAAMMN_1 TOS546/POUSF1 . GEE4Z0S4/MLMMN_2328972/DMNMTIE

||l|| — | ‘Ullln..h
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hE&Es L] Liff2 Diff3 Diffd (L=} C | hESCs o) Diff2 ifr3 Diff4. (=] D

= expression valug

= gxpression value

Bl 3 GEO2R FinEERRILE

2.5 Tl miRNA f5HIE K0 A miRNA 5 PMID:
20 735 361 ) Table S4 AL 4E 153 21 5k
() miRNA , 4% 2 A~ A9 miRNA (miR-200b-3p
Al miR-144-3p) REEHUE, 1T ULAEFHB 7 Fil i1
miRNA 1585k, 7R B T T 40 S 55 4k
AR (3R 2), [FIEF RIS T 4 FhSCE 0 miR-
NA M & —aE M (EE . £ 2 B/R miR-
302a-3p.miR -34a-5p .miR -34¢-5p .miR -29b -3p .
miR-375 Fl miR-29a-3p ik &if For b5 W E
I, M miR-134-5p .miR-335-5p 1l miR—26a-5p
kA o e R T, o miR-335-5p
TR BB W 5 NANOG .POUSF1 F1 DNMT3B
FIRE B HTFER (] 3B~&] 3D Rt IR, s —
HZ AR ) R HoR R . 256K 2 #F—
A4y B & B R B R T R IR ) 4% 5 o 22
miRNA FHCHE, Hor FIEFE VTN i miR-26b-5p

Al miR-335-5p 5 M1 & [N X 2% 224 F R G B, I
H. VTN ifiid miR-26b-5p 5 GSTA1 F1 GSTA2 Ay —.
H A BRI SCH . BMIE FGG T miR-29
F i (miR-29a-3p.29b-3p.29¢-3p) 5 FiRFERH
DNMT3B HIJCHE, #2785 miRNA 38 i 48 ) AN ] Feik 2k
TR Fg S5 R 0 i 42 T A 35 S A R R

2.6 miR-335-5p AYL5F AT BENS B 12 ] miRBase
B (hitps://www.mirbase.org/ ) K 28 miR -335-5p
HIZERIE ., HATAR hsa—mir-335 AYFE 51 & HZE 3R
ZERANTE] 4A FIR  FRECHER 530 8 miR-335-5p 11
F£51) (16-UCAAGAGCAAUAACGAAAAAUGU-38).
BE— K2R K IRTA hsa—mir—335 78 169 f SCHk
i e, P K 864 ANiAA), HiRlL = anfEl 4B i
7N, A DA S RE AN el o de )iz, LU
VMo AE Ty W), ARS8 5 I ARA

% 2 PMID:20 735 361 ##EIIEFHN AT miRNA

miRNA T3ES T3EB T3pi pi/ES pi/EB ES/pi EB/pi

hsa-miR—-369-5p 0.01 0.01 0.01 1 1 1 1
hsa-miR—-409-5p 0.01 0.01 0.01 1 1 1 1

hsa-miR—1-3p 0.03 2.29 0.02 1 0 2 133
hsa-miR—-302a-3p 1.29 5.90 0.02 0 0 56 258
hsa-miR—128-3p 0.01 0.04 0.02 2 0 1 3
hsa—miR—34b-3p 0.02 0.03 0.02 1 1 1 2
hsa-miR—134-5p 0.01 0.03 0.09 9 3 0 0
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miRNA T3ES T3EB pi/ES pi/EB ES/pi EB/pi
hsa—miR-34a-5p 0.91 0.42 0 0 9 4
hsa—miR-34c¢-5p 3.59 0.22 0 1 14 1
hsa—miR-204-5p 0.60 5.36 1 0 2 18
hsa—miR-29b-3p 7.00 0.90 0 1 6 1
hsa-miR-375 8.15 85.04 0 0 4 37
hsa—miR-148a-3p 3.42 38.37 1 0 1 12
hsa-miR-29¢-3p 8.25 2.08 1 4 1 0
hsa—miR-181a-3p 1.87 1.68 10.24 5 6 0 0
hsa—miR-200c-3p 27.76 180.60 0 0 2 15
hsa-miR-335-5p 5.84 13.40 25.74 4 2 0 1
hsa—miR-26b-5p 24.95 80.84 26.28 1 0 1 3
hsa-miR-145-5p 28.83 10.18 51.89 2 5 1 0
hsa-miR-29a-3p 143.60 3.69 71.66 0 19 2 0
hsa-miR-26a-5p 199.23 253.13 606.89 3 2 0 0

21 )26 O
2 INvasion oo
1a fransfected S p
st_rqc_;itor_na
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B 4 miR-335-5p HIEHIFNTHEES 2

3itie
AWFFE R 53T hESCs [7] TPCs 755 A ad 2
) mRNA ik, RAAYIME B2 07 0iE GEO
BRI BB AE 15 5] GSE42094, iZ 3R 205
A3k hESCs IPCs 7340 5 /B JR AR P J6 5%
IR REAR S . ABEIE R S 0F9T H B A
A5k hESCs Fil IPCs 43461 5 SEHRASY , 38
I BEE A GEO2R YRR T /04, 15
2% 536341 mRNA 3t 188 4, 4> BIE A S E i
TR ET 10 25 R IREEFVE N 5 L8
Wi GO HAEA KEGG #&4% Wb, Kt
TFYEFEDR £ 8 K I A TR DL R Z RE T A i R
{550 B 5 5 T 4005 T AR AL AH DG 1 N 2%, T
RS R AN R e o T R
IRFER A A E AR, & B0 R R B A HAE R 4%

12

VA L PR 4% b R R R OVTIN AR R 3 A
POUSF1 Y B 82 /E R A G BE, #275 VIN Al
POUSF1 B& K W] fig 1% 85 1 BAE 28 A% O JE 1A
Bl % 85 FH (Vitronectin, VTN )2 —Fh 4 g 4 J5& b 25
H, B TR RZ R 2 — , ARG 1 A A FgE
HEEEEEEN, PR ERES S ZF
A A o PR AL A A RELRS B R R -1, Al fig 0 3 ot
INK Fl ERK {550 %755 INS-1 4 A 3g e, A<
WF9E ke YL % B 11 1E Diff3 20 Kk BIF AT 16
IPCs ZHiA RN , R H S5 T 40 A5 550 fhad
. POUSF1 MFR OCT4, 2—Fp e+ T4 Z Rtk
B3 s PR 704 H 5 NANOG eI R & & b
F MR, AT IR T AR s S A R+
PEYEFRIT ) ARBFSE K& B hESCs 20 POUSF1 £ ik
e, B 15 S R T B 7E Diff3 AR5 5
(W2 5 1 S

FHE miRNA-mRNA A M2, A miR-335-5p
fEf% 2 VIN .NANOG .POUSF1 fl DNMT3B 3 [H
ek, ot VIN S EJEZER , NANOG . POUSF1 F1
DNMT3B Jy F A . A2 B & IAERE IR
A GK K BUR % N miR-335-5p 26 ik it i & 4
B, HAEE R A M Stxbpl mRNA (9F%k, 7
—EF9E K B miR-335-5p 7F INS-1 832/13 i
1) 3k 2 3 B 408 00 T A 2 0 R K ) SR 5 2R 43 A,
Tang XW % 1 R I AL AR IBE PRI /N B i 22 5K
miR-335-5p BEAEAM ] VASHI A 3 1K 7F 1M [ 1% JB
B Z BRI L BOE TCF-B 155l A &
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[ R Il , Li G 459 2 30 miR-335-5p fig
% T 5 SLC2A4 FEPAFak it midm il e R At AE
5 T RUE RIS 0 R VARG o {HJE , miR-335-5p
NS5 T YIS TN IPCs A WLHRIE

TE SR N AY miRNA 5 3CHR PMID:20 735 361
BB 153 18 A3 IERY miRNA, miR-335-5p
f & Hoh, 459 R miR-335-5p 7E IR JZ B Bt
(T3EB) HFA T T 2 152, 28 R EE 5 240 i 141
BB (T3pi )it 5 5, v AR T4 S L
Bkl R rh I Rk, HEEE R SO LR
Wi Tk, 20 miR-335-5p ANMHS S5 PR Y & A= 0t
Ji&, 1 HZ 5T 4525046 1PCs S

25 LTk A 5 L B A ) 22 S Rk I
188 >, /- BEGSE T 5 HIAATT A4 AT 10 ik
P00, B EJRFE R B U B AR Z5l T VIN 51
PR L1 POUSK1 EAZAER, K41 28 AH 5
5. miRNA-mRNA J## 2% % B miR-335-5p REM
P VIN .NANOG .POU5F1 F1 DNMT3B 4 4~ %& [A
Rk, FE—HRIEA B miR-335-5p £k mbliE
W AR ZE W s, 5 NANOG . POUSF1 #l
DNMT3B ik it 14 i B AT o) B, B8 & Z [
e o6 R Ho b fE . Ik, 7% miRNA-
mRNA 83 R 2% 7R miR-335-5p #L[i] Z4FE [H 2
55 hESCs [f] IPCs i S0k 2
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