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Abstract

¢ AIM: To identify transcriptional differences between the
ocular surface ectoderm ( OSE) and surface ectoderm
( SE) using RNA - seq, and elucidate the OSE
transcriptome landscape and the regulatory networks
involved in its development.

e METHODS . OSE and SE cells were differentiated from
human embryonic stem ( hES ) cells. Differentially
expressed genes ( DEGs) between OSE and SE were
analyzed using RNA - seq. Based on the DEGs, we
performed gene ontology ( GO ) Kyoto
Encyclopedia of Genes and Genomes ( KEGG) pathway
enrichment analysis, and protein - protein interaction
(PPI) network analysis. Transcription factors ( TFs) and
hub genes were screened. Subsequently, TF-gene and
TF-miRNA regulatory networks were constructed using
the NetworkAnalyst platform.

* RESULTS A total of 4 182 DEGs were detected between
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OSE and SE cells, with 2 771 up - regulated and 1 411
down- regulated genes in OSE cells. GO - BP analysis
revealed that up-regulated genes in OSE were enriched in
the regulation of ion transmembrane transport, axon
development, and modulation of chemical synaptic
transmission. Down - regulated genes were primarily
involved in nuclear division, chromosome segregation,
and regulation of cell cycle phase transition. KEGG
analysis indicated that up-regulated genes in OSE cells
were enriched in signaling pathways such as cocaine
addiction, axon guidance, and amphetamine addiction,
while down - regulated genes were enriched in
proteoglycans in cancer, ECM - receptor interaction,
protein digestion and absorption, and cytokine - cytokine
receptor interaction. Additionally, compared with SE, 204
TFs (including FOS, EGR1, POU5F1, SOX2, and PAX6)
were up - regulated, and 80 TFs ( including HAND2,
HOXB6, HOXB5, HOXA5, and HOXB8) were down -
regulated in OSE cells. Furthermore, we identified 6 up-
regulated and 9 down-regulated hub genes in OSE cells,
and constructed TF - gene and TF - miRNA regulatory
networks based on these hub genes.

e CONCLUSIONS: The transcriptome characteristics of
OSE and SE cells were elucidated through RNA - seq
analysis. These findings may provide a novel insight for
studies on the development and in vitro directed induction
of OSE and corneal epithelial cells.

e KEYWORDS: ocular surface ectoderm;
ectoderm; transcriptome; differential expressed genes;
signaling pathways
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McCC MNC Degree EPC Closeness Radiality Stress
IL6 1L6 1L6 1L6 IL6 IL1B IL6
IL1B IL1B IL1B IL1B IL1B IL6 IL1B
S0X2 SOX2 SOX2 SOX2 SOX2 SOX2 SOX2
FOS FOS FOS FOS FOS FOS FOS
JUN JUN JUN JUN JUN JUN FAM71F1
MMP9 PAX6 PAX6 PAX6 PAX6 SYP SYP
KIT POUSF1 POUSF1 FGF8 POUSF1 PAX6 JUN
CXCR4 FGF8 FGF8 MMP9 SYP SST ADGRL3
FGF8 MMP9 MMP9 CXCR4 SST POUSF1 CFAP52
CCL2 CCL2 CCL2 GAD2 MMP9 CXCR4 PAX6
RUNX2 oTXx2 0TX2 SST CXCR4 GADI1 CALBI
PTGS2 CXCR4 CXCR4 GRIN2B GAD1 GRIN2B NMES
NANOG GAD2 GAD2 NANOG GRIN2B MMP9 RRAD
IL1A SST SST PTGS2 KIT KIT RADIL
FGF3 GRIN2B GRIN2B GRIA2 GAD2 GAD2 GRIN2B
EDNI1 GAD1 GAD1 DRD2 FGF8 CALB1 CCDC187
FGF4 NANOG NANOG FGF4 CALB1 CCK GAD1
FGF17 SLC17A7 SLC17A7 POUSF1 SLC17A7 RBFOX3 SLC6A1
113 KIT PTGS2 CCL2 CCL2 SLC17A7 SST
FGF18 PTGS2 KIT CALB1 PTGS2 CCL2 SOX10
FGF16 GRIAI GRIAL1 KLF4 CCK FGF3 GRIA2
CSFIR IL1A IL1A IL1A NANOG FGF8 MMP9
HGF GRIA2 GRIA2 0TX2 FGF3 PTGS2 FAM81B
FGF22 SLC32A1 CALB1 NPY RBFOX3 TAC1 PNPO
CCN2 CALB1 SLC32A1 SLC17A6 0TX2 NPY EGR2
POUSF1 NEUROD1 NEUROD1 SLC17A7 TAC1 NANOG SLC17A7
KLF4 KLF4 SYP GAD1 SLC32A1 SLC17A6 CACNAIA
WNT3A SYP KLF4 NEURODI1 NPY SOX10 GRIA1
GLI1 SLC17A6 SLC17A6 TAC1 SLC17A6 SLC32A1 PAX2
ELN FGF3 FGF3 FOXG1 GRIA1 0TX2 POUSF1

2.7 TF—gene tH E{EAF TF-miRNA fEiF=M%E It
T Network Analyst £ 4§ 2 il 7] 5 Hub % P AH T AE H ©Y
SR N R B R/ N B8, SR 5 A8 T Cytoscape X 45 it
AL (I 4B) . BRI AL 4G 150 435 S A1 164 4>
M1, Horp 32 56 SR TR e 2 10 3L R JUN 368 73 %
SRR TS 5, BEE, FRATFIH Venny #HR £
SMRJZ T FIA TF 5 F 3% Hub 22N B AE TF BUsS if vk
th 23 ANFEERIK TR(IE 4C) I Hil AR WK 4D, T I 1
ZEALHE 69 TSR 72 il Hoh 2 SR I PR R 2
FEJE COLIAL, A 21 DN SR N F 2 5 R ka2,
AN, FATTIAfE A Network Analyst T TF-miRNA i
PG %M 45 T T miRNA TF F1 Hub 3 PR 22 8] 4 4
HAER, W8 /N W28 5K, S 20 R 1 AN R A
24 A B R 4 P B 24 AT AR 40 A3 4 R
B R 2% 1 (8] 4E)
3itit

IRFHMRZ R FREMEZ, kT b2 5 & m
HMIRJZE R B G ROk A 2SR 2 I8 05 5 1 WU
PR, BRI IR RAMRZ R T R R M IMR)Z EE 5
KR F TP63 4b, ik & 32 35 #i & A0 IR 12 % 0 B S T 1
PAXG6" | i F 5 A5 I Hz b 15 3% 1) A IR 2 SR R A Bz ik 2 B
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HARF RS SRRk B A B ST W T R MR &
BVEEALE] i AR SN JE R S5 8 L & B AL AT
ARG

Rifi %5 T 40 il S IR & B S AT 58 I ER A, AR BB T 40
Mo AN 5 19 £ 68 T 41 MY (human induced pluripotent stem
cells, hiPSCs) L iZ TR 48 B & B i o8, H
TE R & & B Sast A PR IR iR 7 B OF K h
RHEEEARE A B S A I — o om0
A BEAE 42 T PR Ml 0 6 22 S R IR FE A, WF 5 R E A
Y HE R IR O, H AT C B e B IR i & & AL 5T
AN BB H R T B, A B A 38 0 HR 3R A IR 2 R
TH] A1 VS 2 5 S 2 808 647 4 B, 2L % ) 4 182 > DEGs,
352 7714 RN AT 1 411 SRR, EE 41K
SR TR FRAMIRJZ (G S ALARRAE IR T HR R ANIR )2 40
e e 3R A TR B A 538 % B i DR A R A i 3R AR
Fefivia vh G ¥ ek FH . BEAEIF 5T & B0 b 428 200 J A% 0 e o
Kl PAX6 i {2 #F f 5 1 2 ARic ) K3 (K12 45 5 K 1Y
FkYE M R iyt BeAh, FOS K% Y A A
(cFos Fra—1 Fra-2 & FosB) 5 JUN Z % (c¢—Jun . JunB F
JunD) T UGS B IE B Ak AP T, 2 510 MK I
Bz AN G 3 Ak B e R A R S Y FE 22 R IR i
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& 3 cytoHubba #TiF DEGs ® 30 4~ Hub EREH%Z

MCC MNC Degree EPC Closeness Radiality Stress
HOXA5 COLIA1 COLIAl COLIA1 IGF1 ILIB VCAM1
HOXB4 PDGFRA PDGFRA POSTN PDGFRA IL6 ADCY10
HOXBS POSTN POSTN PDGFRA FGF10 SOX2 SLC18A3
HOXBS COL3A1 COL3A1 FGF10 VCAMI1 FOS TFPI
HOXC4 FGF10 IGF1 IGF1 COL1A1 JUN TLR4
HOXB6 GATA4 VCAM1 GATA4 GATA4 SYP ISL1
HOXB3 VCAMI1 TLR4 COL3A1 TLR4 PAX6 KCNQ5
HOXA3 IGF1 FGF10 LUM POSTN SST ACTA2
HOXA9 ISL1 GATA4 VCAM1 FGF7 POUSF1 APOB
HOXB2 LUM ISL1 FGF7 COL3Al CXCR4 PDGFRA
HOXB7 FGF7 LUM ISL1 ISL1 GAD1 S100A6
HOXA7 TLR4 FGF7 TLR4 BDNF GRIN2B CDKN2A
COLIAl CDKN2A CDKN2A TWIST1 LUM MMP9 IGF1
POSTN BDNF BDNF COL14A1 ENG KIT BDNF
COL3Al TWIST1 APOB HAND2 APOB GAD2 RPL17-C180rf32
LUM COL11A1 TWIST1 COL11A1 CDKN2A CALB1 GATA4
COL14A1 APOB COL11A1 CDKN2A TWIST1 CCK FGF10
PDGFRA HOXAS ENG ENG PLAT RBFOX3 IVL
VCAM1 COL14A1 HOXAS TBX3 ACTA2 SLC17A7 CSRP1
IGF1 ENG COLI4Al ACTA2 GATAG6 CCL2 SH3BP5
COLI1Al GATA6 GATA6 GATA6 ANGPT1 FGF3 ENG
LAMA4 HOXC4 HAND2 BDNF HAND2 FGF8 LCP1
HOXA2 TBX3 ACTA2 PRRX1 COLI4Al PTGS2 COLIAl
FGF7 HAND2 HOXA9 LAMA4 TBX3 TACI POSTN
FGF10 HOXB4 HOXC4 ANGPT1 1133 NPY CDKN3
PCOLCE HOXBS8 TBX3 GATA2 CDhX2 NANOG RAC2
DDR2 LAMA4 HOXB4 PLAT GATA2 SLC17A6 UBILAB
ENG PRRX1 LAMA4 HOXAS PRRX1 SOX10 PLAT
ANGPT1 PLAT ANGPT1 HOXA9 LAMA4 SLC32A1 LUM
BDNF CDX2 GATA2 MSX1 SLC18A3 0TX2 PDE11A

FATEI PAX6 Tl FOS (KA TIRFIMLZA0M . 4,
AN PAX6 FOS M RES SR FIMR)Z & B, (A
BEARVEF AL 5 i — 20058 . DATEAF9TIE & B ph 42
YA i B T A bR 75 ) S T LG S R F SOX2 A A I Rz
RN T 5 pe3 L3k, 2 5 M B L R 40 55 kR
B AEARBRSEH  FAT] R IR R AMNIRZ 40 SOX2 Kk
BT REIMER X5 A5 45 RAH—5, B4,
FENR 3 A R 2 A0 X F 2 1 A IR 2 = 3R 3K DEGs
PRDM14 ik i K, DIEFGE &I PRDM 14 REMS4EFF T
AT PERZ e bE | (H AR IR 2 A0 IR )2 v (4 1V FH g ok
ULHRE A REE— PR

AHI G AR G 16 T P HR 2% AR 2 R AR J2 22 57
Y Hub 3£ L0 2EH T 6 A~ FIE M Hub JEH |, 155 FOS |
IL1B ,SOX2 IL6 . JUN ,MMP9,9 /> F ¥ Hub %X, £ £
COL1A1 POSTN, LUM . PDGFRA , VCAM1 . IGF1 , FGF10,
ENG .BDNF, B4 FOS . JUN .SOX2 4b, - Hub £ TL1B,
IL6 \MMP9 7E4MJi | R 4E J5 T [ WF 58 5 M IR, BE A SCRik
RIS S5 MM LR A R, A AR L
R PROVE R WARGE T e Ah, IR R BT
¥ Hub £ £ 25 T iz 41 - 8] 78 B 7% fbad B2 | 76 98 0 %
R M ZFhET A i & FE T mEER Y,

GO A& R on IR B AMNIRJZ 40 Bl B N 2 5
ML RE AT, T DEGs F2 541
WPHIEREANSE . fE KEGG 208, AT A BLIR MR JZ |
W DEGs & FAEHI2E T 1] (axon guidance ) 1 28 7 1 e {4 -
ZARAH HAE ( neuroactive ligand - receptor interaction ).
cAMP {55 (cAMP signaling pathway ) il 55, G E W5
RN Gpra8 K i 2K 5E 5 cAMP {5 5 3 %5 B0 IR
AN B RS R R cAMP {F 53 B 7E
b B R E T AR . IRRAMIRZ T 8 22 5 L
FBE AR AE I & 1 R BE (proteoglycans in cancer) |
ECM—~Z 148 HAEH ( ECM-receptor interaction) 8 S PoRE]
AL AN W W ( protein digestion and absorption ) 45 {5 5 18 %,
BEAEWFSE R B, T 3 8% 2 55 T b e 20 i — 1) 78 o e 4k
A%, 5 T8 Hub DI REEAAHAT B EATTEIR R MR
J2 R TR AL A R BT

miRNA J2& 5 X 28 1A 1Y O B8 I 5 PH 7, HL A 3 e 41 o)
fF 1 RNA (mRNA ) BRI 37 mRINA RS 19 £5 T, 7% 5%
JE AR BRI IR . AW T IRATAI I Hub 2 P4 2
T TF-miRNA St [F R4S 7E E IR R4 bk i 1
FH miRNA , Bl has—miR—21, Kalaimani %[241 O 7E A I 2%
T4 s %2 B has—miR—-21-5p #2535, 1% miRNA ] fiE7E
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miR-181a has—miR-30e, HHI, T /4% o miRNA (4
FE 2 UL F e A rp e A3 e a2 4 B A R B ok &
FEHUEIE Ve (A AE IR RAMIRZ K R AMR 2 & B
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Ve AT i AT AT

25 BRSBTS 4
LA T 14 IR R AR J2 N TR AP VR 2 7 S 20 ik 2 S | T ik
THRFAMIRE MR ESMNE)Z 22 7 5L 1) GO terms J
R I, JF L T O X R R AL 22 5 10 Hub JE [ DL &
FRAE S IR EE R 2%, X AT S IR SRAMIR )R L f 45 B b
K VPRI 5T B A R A G 38t A% P 0 1Y @J‘(u
PALEIE S % AT AE LS BT 58 rh it — D IR R
A 25 S T RO S AR - 8 % AR MR SR AN IR )= %ﬂi%ﬁﬁl‘
R JZ 2 VR T AR T, T4 B W R 2R AR R AR £
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