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Abstract

Objective: To construct a dynamic 5-node ceRNA regulatory network during the development of lung
adenocarcinoma, to mine the core genes, and to provide new ideas for lung adenocarcinoma diagno-
sis and prognosis. Methods: Lung adenocarcinoma mRNA, IncRNA, miRNA, circRNA and TF expres-
sion data were obtained from TCGA and GEO databases, and the patient samples were divided into
paraneoplastic samples, early samples (stage I), and advanced samples (stage II, III, IV) according to
the clinical staging and the differences between the paraneoplastic and the early, early and the late
stage were analyzed separately, and the differences between the two groups were analyzed. The re-
sults were taken as intersection, based on ChipBase, HOCOMOCO V11, AnimalTFDB, GTRD, TransmiR,
TRRUST, CircBank, Starbase, miR2Disease, miRecords, miRTarBase, and TarBase, LncBase, LncLo-
cator database to obtain regulatory pairs, construct 5-node ceRNA regulatory network, GO enrich-
ment of target genes in the network as well as construction of PPI network to mine core genes. Re-
sults: A LUAD 5-node ceRNA regulatory network that changes dynamically with staging was con-
structed, and the target genes in the network were mainly enriched in biological processes such as
fatty acid metabolism and synaptic maturation, and finally eight core genes related to lung adeno-
carcinoma development were obtained, NEFL, RBP4, FGA, SLC2A1, ALB, AFP, SLC7A5, and DKK1.
Conclusion: The pathways involved in the enrichment of target genes in the regulatory network, as
well as the eight core genes NEFL, RBP4, FGA, SLC2A1, ALB, AFP, SLC7A5, and DKK]1, provide new in-
sights for the mechanism analysis, diagnosis, and prognosis of lung adenocarcinoma.

Keywords

Bioinformatics, ceRNA, Regulatory Network, LUAD

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

e A2 thE S Rl N BOE R R T B L ERE (1], K2 85% M iE M 191 412 Wi ol /N i, 3G o i
Ji#9 (lung adenocarcinoma, LUAD)Z i WHIZE AL 2], & EH % LUAD B2 G r A 7R Kk,
5 5 [E it ) 2> (American Lung Association) ] 2023 £ (il R ) 57, [ bRyt [ Py it 7044
TEZEM 201595 2019 4 EIEIN T 22% [3]AH T ss i st d e 3% 4% , B3 I /S 75 A8 4 22 , LUAD
BEH 5 FERAEFERIE 5%~18% [4]. JR1M, LUAD B A&7 T ANE AR 22, IBAErGTT
HERCA R, 72— AR RN 7 L IR € $1 LUAD 897 #E s sl AE bR £

W) 5 N RE R IR -0 4%, IF HIsE R AR R 2 — B g A2 . ok 2 (A
R EGAY RNA (non-coding RNA, ncRNA) 5 4 IR TEREAE [ & A2 K e ity s 7 B 5] W
FoAEGRAS RNA FEJRE 1 AF I B R R 2 06 T — N WM SE 4 RNA (competing endogenous RNA,
ceRNA)E 5 42t , Pandolfi 5T 2011 4F7E cell FRR THEFAIFBIEH T “ceRNA BUL” o B U1
WIZOHN: /N RNA (microRNA, miRNA)Z —F A IR/ F3E S RNA, 8% H 20~25 MEHR
R, KEBEMMT . gD E A R A ER{E{E RNA (messenger RNA, mRNA)f] 3° UTR
e AL X AFFE L P miRNA AN Z 7G4 (miRNA response element, MRE), miRNA AJi#iZ MRE 5 mRNA
4, T mRNA FEMRECEIEICERE, M-S BE R R RE . mAELIHHER mRNA 24k, 847
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1E 5 4h—8 RNA 43 F, Blin&IE4% RNA (long noncoding RNA, IncRNA). ¥4k RNA (circular RNA,
circRNA)A7/E MRE, 24 IncRNA. circRNA 5 mRNA fEZEAME ) MRE i, AT IR T 55 4+ MR
Fhi 2% miRNA 55 5[6]. A2, IncRNA. circRNA iiid MRE XM, 2511 7 mRNA (%A
K, IR IhRE . R, B SRRF(TRVE N R M4 R A0S 54 SRRk, S5 IEEA
IR H U E KR B B R i 7]. R /KF, mRNA. IncRNA. circRNA #l miRNA %
B 7 TF (R #E[8] [9] [10] [11]o TF A1 mRNA 22 8] [ F A P 2 30 ik 35 DR 4 i R 42 Lk S B
BESR DR 7 AT DL T S D B S 1 R, TR M mRNA (A [ 12] [13] [14] [15]. AN A, Hatk
WIE R RRIE AR . R TS 25t b (R RE e 5 G B E A [ 16].

B ceRNA fERULHISEH, BRI 2 BB 7T 73] F S R 2H 230008 20 T ceRNA I 2884 ST T ik (175 7
G FALE, BEE F DL TF 2 35 5 (0 %% S 428 X 28 S 405 0003 A O (1 2R T I 24 FHRIB FE A0 br S 17] [18]
[19]- 3R, 24 HT K70 F5 T ceRNA [ FL 20 | 75k Fr BE TF 5 ceRNA B[] 25 5 58 &, miRNA L IncRNA
circRNA. TF 1 mRNA 7£ LUAD H 45 & E 73 R Re e 1 4 e SR AL A ek — D ) W o AT 5
4 TF. mRNA. miRNA. IncRNA. circRNA ¥ 3Rik &k #1812 10 1) LUAD ceRNA 757 AT 4%
%, 7~ LUAD RAERIBRISTHLE, 1238681 LUAD 2 & WG o<k K, & LUAD R#Kie
W AN IE T P AT K

2. MMEFHE
2.1. BHEIREN

M TCGA ##E FE (https://portal.gdc.cancer.gov/) F#; LUAD mRNA. IncRNA Fl 5 #dA miRNA Fisi,
M GEO %4 /% (https://www.ncbi.nlm.nih.gov/geo/) F# LUAD circRNA #(#i4E GSE101586. GSE101684
Je N circRNA ID Wb S04

2.2. WIETALE

¥ TCGA ##fiE miRNA. IncRNA. mRNA FLiEiGIGRFEA DA GHE 3 G BIFEADIBR, IR
ARGy AP 554 (normal) . FIIREA (Stage I)« 1 I A (Stage 1T & 11T & V).

7E GEO ##idirh, Xf circRNA K& B ATHRAEMALBE, IO EVE R B REA R B 70 A0, R 99%
ALK T 100 B RAE 5 S /MA I 22 KT 50 H 25% 08150k T 0 UGHZRE A S BE 3E 17 log2 X B 4
AR soft SCAFXIREARBATIERE I 44 Arraystar Human circRNA microarray V2 ID Btif AJE circRNA F5
1A 7 A2 1D
23. ERSH

i R “Deseq2” f%f miRNA. IncRNA. mRNA FiEil BBk T B 555 . M550
Mr, BIME N|log2FC| > 0.58, £ZIEJ5 P <0.05 (FC: fold change, % Ff540), ¥ 2R 0t BB E, 515
725315 mRNA (differentially expressed mRNA, DEmRNA). 7% 5##%JA miRNA (differentially expressed
miRNA, DEmiRNA) I %2 55 38315 IncRNA (differentially expressed IncRNA, DEIncRNA).

i R “limma” A%F GSE101586. GSE101684 4 4E circRNA J il FEAS M 55 FEAEAT 22 53 70
{8 H|logFC| > 0.58, KRIEfG P < 0.05, KM= R4 RIS, 3R15 % 7 KA circRNA (diffe-
rentially expressed circRNA, DEcircRNA).

2.4. B3 EBIA ceRNA HIE W& HiE
T B4 KT L5256 % 8 FIHEE FE HOCOMOCO V11, AnimalTFDB F-3h# 3 A K5 K7 40dE
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£, M DEmRNA ikt 782 TF f3ER . 3T ChipBase SZU6 U e Hh i i % e L 4 47 4 fHIE—30 KB
#| 10 kb XIHA K DEIncRNA-TF; T GTRD il %4 2 & TransmiR SZ56 ¥ e v UAZ S 3K 15
DEmiRNA-TF; £ GTRD TiUJlI&{#s 22 fl TRRUST 5556 4045 Pe Hh B 22 5E 3573 DEmRNA-TF.

$F CircBank %04 2 il Starbase ¥ i it DEmiRNA-DEcircRNA #H H.AEH . 2+ Circbank £#
K Fl miRanda F1 Targetscan H.y%XT 140790 2% human circRNA PLK 1917 4% human miRNA HJ45 & &3k
AT, 77 36 e A I 43 AL > 200 FOAH ELAE X . {8 miR2Disease. miRecords. miRTarBase. TarBase-
Starbase 5 ™ SZIG I FF i £ DEmiRNA-DEmRNA . 2 +F miR2Disease . miRecords. miRTarBase #/1 TarBase
4 ANHE FE 0 H0HE 32 BER 1 s B AICE E S S, i miR2Disease 1 miRecords 71 AT 42
FrX}, #E#E miRTarBase 15 SLIG B0 IE (B4R XS, e4% TarBase £04 & o HLHEEI0UE I AEFR T o {8 4] LncBase
SES R FE AN Starbase UM #5408 22 777 1% DEmiRNA-DEIncRNA #H BAEH .

BT IncRNA HA AL 71, MR35 € SR = A FERVE RS X IncRNA #E7 40 € £ 15 Je e
UCSC #dfs e b T #i1 HY IneRNA 1751, 7814 IncLocator Zi#fE 22 o Filil] IncRNA MV4H L E 7.

FIF cytoscape B4 UL FAHEAER, #EHE RN R 5 KPRk B 7 AZh &80 TF. mRNA.
miRNA. IncRNA. circRNA 7.7 55 ceRNA 1H# M %%,

2.5. EEZA L (Gene Ontology, GO)E&E 451
FIH cytoscape H11) cluego JfFXTHLFEKIHEAT GO BHEMHT, ik P <0.05 Hoilk.
2.6. B E{E(Protein-Protein Interaction Network, PPI)4& g2

HIAT String F4) 2 1715 kY428 W 2% AR RE R ) 2 LA PPT %S, fiide MCC HE44 i 8 HIEERIE iz
.

3. 458
3.1. BIEREUA TR

T# TCGA 9.5 16,869 4 IncRNA. 19,937 > mRNA (539 > LUAD #EA, 59 AN S5REA) DL 2213
AN EUAAA miRNA (521 /> LUAD FEA, 46 AMEFFFEA), GSE101586 £17% 5490 4™ circRNA (LUAD 45 5
A, EFFEAR 5N, b )E, TCGALUAD ##E4EM 5 16,414 4~ IncRNA. 19,494 /> mRNA (296 >
LUAD FJAREA, 235 4~ LUAD MRHIFEA, 58 /M FFFEA) P& 2212 A4 miRNA (283 4~ LUAD
WIFEA, 231 4~ LUAD MEHIFEAR, 46 NMEFFFEA),

T#k GSE101586 7 5490 4™ circRNA (LUAD FEA 5 4, JE55HE4 5 1Y), GSE101684 £33 9114 4
circRNA (LUAD FEA 4 4, JE55FEA 4 7).

3.2. EREHETFE

Je 55 5 B2 F miRNA 4L 541 4, 2 300 A~ Ei 241 i, 25 IncRNA 3L 6699 4>, H 5150
A Eif 1549 N TFiH. DEmRNA 3 8140 4, Hirp 5303 A Fif. 2837 M Tif.

T 5 2 5 miRNA 3L 41 4>, Hi 8 AN B 23 AN T . 25 IncRNA St 2115 4, Hd 371 4
LA 1744 A~ F . mRNA 3£ 1149 4>, Hoeb 300 AN B 849 AN T,

GSE101684 1% 5 circRNA 3t 2125 4>, Hidh 1124 4~ i, 1001 A~ F il GSE101586 1 % 5% circRNA
1824, Hi 154 A EFif, 28 MTRA.

WG, 12 R4 o i a5 SR b 3 22 5 363k 23 > DEmiRNA. 1441 /> DEIncRNA F1 880
A~ DEmRNA, 45 4> DEcircRNA. 7F % 7K F ik 27 A~ TF (E 1),
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Figure 1. Differential analysis volcano plot; (A) paraneoplastic vs. early differential expression of miRNA; (B) early vs. late diffe-
rential expression of miRNA; (C) paraneoplastic vs. early differential expression of IncRNA; (D) early vs. late differential expression
of IncRNA; (E) paraneoplastic vs. early differential expression of mRNAF; (F) early vs. late differential expression of mRNA; (G)
GSE101684 differentially expresses circRNA; (H) GSE101586 differentially expresses circRNA, the blue color in the plot represents
down-regulation, the red color represents up-regulation
1. ZROHNLE;A) EESRIERRIZMRNA;(B) RHSREIZERRIE miRNA;(C) EES5RHIAZERRIE IncRNA;
(D) REISHHAAZFRIL IncRNA; (B) BESRHERRIE mRNA; (F) BESFHZERFRIE mRNA; (G) GSE101684 £57
FIE circRNA; (H) GSE101586 ZR%KiX circRNA, EdifafRTIE, aeRKLiE
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Figure 2. 5-node dynamic ceRNA regulatory network; (A) paraneoplastic vs. early stage differential regulatory network; (B) early vs.
late stage differential regulatory network, where triangles represent TFs, squares represent mRNAs, V-shape represents miRNAs,

ovals represent circRNAs, and diamonds represent IncRNAs
B 2. AT RENA ceRNA BIERLE; (A) BES5FMERFIEMLE; (B) RHISHAERBEIEME, Hb =MK% TF,
FHHAR mRNA, VBT miRNA, HEIRAKE circRNA, ZEFAR IncRNA

HTERRIAGER, ERIEETEREFEAN: 4 %7 DEmiRNA-TF, Hd 1 4 IncRNA. 4 4 TF;
29 %} DEmiRNA-TF, HH 7 D miRNA. 9 4 TF; 87 %} DEmRNA-TF, H9 32 4~ mRNA. 9 > TF. #%
EJG R EN: 31 X DEcircRNA-miRNA, Hr 15 /> miRNA18 4 circRNA; DEmRNA-miRNA 3t 58 %,
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HA miRNA 13 4~ mRNA 45 4~; DEIncRNA-miRNA 3t 70 51 HAFH, H A1 43 4> IncRNA. 12 4> miRNA.
VA E 7 25 R 7R, 4 > IncRNA SE A7 T4t i

BB SR PR 53 J5 7P ) ceRNA 114% I 2% 3k 50 AN £ 174 X FE56 &, H miRNA 94N,
circRNA 2 >, IncRNA 4 />, mRNA 30 /M. TF 11 4~ 52445 31 5 R IA B 3 AR F0715 5 ceRNA
ML 2), B EE @A SRR TR, ey aRE LW, Bk EEFERIE logFC XK/, ik
IMRRFER N

MNEA 3 31 I 265w e DL B 3 20 3 . 3 B A8 SR IA I O R R 7 AR (R . 4 ALB 7E R RIS EAH L
TE55 2% Fif(logFC = 5.8, adj.P < 0.01), MEMARFREERZE Ff(logFC = -3.2, adj.P < 0.01).
HNF4A 7E 51355 B AN E T8 55 52 _E i (logFC = 2.7, adj.P < 0.01), BRI 2634 B F54E Eif(logFC = 0.7,
adj.P <0.01). RBP4 7E - HARA T AH L T8 55 B2 T i (logFC = -2.6, adj.P < 0.01), Mi7EMHIMREE L
(logFC = 0.7, adj.P < 0.01). ERBB4 7 F-HiZ 1A fAH bb 195 55 235 T i (logFC = —1.4, adj.P < 0.01), HEHA
()22 ik B8 F I (logFC = 0.8, adj.P < 0.01).

3.4. EE AL (Gene Ontology, GO)EE S

FUIEDR T E AR A IR . RITRRACH . S, DL A B A A R b (14 3).
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Figure 3. GO enrichment analysis

3.GO EENh

3.5. ZEHE{ERA (Protein-Protein Interaction Network, PPI)4& A 3&

B String A% O R 8 A BEAEM 45 (19 4), &4 3 MCC HEA 7 8 (IS BERESE K], 43 74 NEFL.
RBP4, FGA. SLC2Al. ALB. AFP. SLC7A5. DKKI.
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Figure 4. PPI network interoperability diagram
4. PP1 M4E E{EE

4. i1ig

IR R IE SRR WIB AR LUAD 5 99 5 ceRNA W W25, 15 21 ) #EE PF 5 2 S0 5 %
VAR RS S Sl A RCFLRRI IR R B AW 1, X AR A LUAD R AR B Sk
R AR GRS M IR bR B 2 —, BRI NE 2 AR 00 25 S e A R B T AR = 2016
it v, R A0 B B A AR LR SRR T 40 ERRE R ESE TS -1 (programmed
death-1, PD-1)3IA L i, 5350 PD-1 G2 B W72 (0 2R 28 [2.1] o 1T 40 1) ] 26 W 7 42 2 (1 BELASS LUAD FE 2R
[ IRZE LUAD K J&[22]. i FLah¥) E 1A% 2 42 & (mammalian target of rapamycin, mTOR) & 40 g 4= a7 2
R B R K [23]. EHSPMEAK, mTORCI Al mTORC2, H:H mTORCI & LWL 78 /2 i
WO, AR A A AR K IR 1 G AR AR A AR AR . WE TR I SARIB Gl g 4 | S S R AR R I
mTORC] 15 5 K5 W g A A=, 15 & 76 N LUAD HY, SARIB #5805 2 IR BUB A 5 F1 mTORC1
(LR . B SRER R T, BFSUIE D] SAR1A R SARIB 2 AR HE B2 T Al g fiogg 4 K, i AL
(RT3 iR P AR B G R R B (240 Ak, FPES T8 W] LURD R 40 T MR - M S fid . XS 544 G
HUH 3 2 B (e 2 iR A K i e R SO 5 5 @ [25]. Nl - TR S K= A R «-MSH 7] LA
58 5 B R I L (MDSCs) A G e i, AFF 7N Sd I R A Y I, AR /NGl i il s (NSCLC) B 3
Mg o-MSH W% 2% TFm 3t 54N E M ) MDSCs Hofil S IEARSC[26]. A4k, FLIRE 5 i & 417
FERLOILENLH], WA MR P E 2 R MRS S L e 0T T ek — 8 T A )
B FAAE — e R ARk 55 — i R Mils 1) R A2 (271

R Ao g 7 1 O 4% ) L TR #4721 PP X 4%, 3575 T NEFL.RBP4.FGA.SLC2A1.ALB.AFP.SLC7AS5.
DKK1 i% 8 MZER, A T#B-5 R & A R e k.

P2 42 12 55 22 JIRONEFL) 2 20 I B 22 A S B 14 - NEFL JERIBIE B Ay —Rh i L, AT A SRge(t
A 8p21, TMX— X E &L (28], AFFE A S xs 108 il il % 1) NEFL 215 AT S 24K
FSr DU AN 15 W52 K 30, NEFL B3R5 5 il itk R 25 7 G 0 R, H B HBAMERIA S B3 TG 5 EAHE[29].

PIEBELE S 4 (RBP4)Z—F/ERTIES B RBP FKE W1 (30]. TATHFI 5L R, RBP4
H5ZRoR MR R AR RA G, . BlE. S mSEmMR & RIE[31] [32]. AN
256 512 1) NSCLC #5551 F1 256 4511 6F 34 14 71 U Fic () i R ok R 93 91 4 A7 6 BB AE 7, R NSCLLC &
1% RBP4 7KW it i - { FE X B 44(36.05 + 8.28 vs 29.54 + 7.71 pg/mL, P < 0.05). i RBP4 /KF- T+
5 NSCLC R 88 in4H 56 (P-value = 0.001) [33].

AYEAE a #E(FGA), L 4EE A RN o oM [34]. WA R CRISPR/Cas9 H: K 4 2w £ 1 >
LUAD #iiffi & AS549 F1 H1299 A7 s%s, KIFR FGA nl {2t LUAD 404K, TRz, A

DOI: 10.12677/hjbm.2024.142030 273 LR 2


https://doi.org/10.12677/hjbm.2024.142030

X 5%

HRF FGA nl 4l LUAD ZHRAEERIE . TE/RS LUAD 4R A Py 53R R AR s A8 vh 64T Sh 6
iR, FGA BT EMT A S MR A KR RIEE S5 7845 R -AKT (5 518k . FRgRE
B, FGA Xf LUAD 4 i (1) 2 KRG R iEe 5 i 4 F 351

VEREH 0 2 e A SRR A 1 (SLC2AD R4 pe AR UhR R P i — R EEE LK. £
WL, SLC2AT AN PR T 7 2140 i A 100 i B B 11 PN B2 4 B - 3R0K[36]. fift, SLC2AT1 #IE B 2 3 4 i
6 2 R v T 2T A R ) SRR RO IR, JRLE LR [F) 2R Y (W N\ i b R Rk, BRI . TR
T B N LS AR [37] [38] [39]. —TWF LKA, SLC2A1 FikMTHm 5 LUAD B3 15 % V)
G, [N, mEBR SLC2AT WM LUAD 40HE A IEE . SRR, RZE I & B R F[40]

IR E 7 Bt 5 (SLCTAS) R bR IR LIS EE I [41]. — TiEE T i AR U AR A AN 44 4 b S 56 T 5
R, 7E AS49 JiliJes 40 M P msi 9 SLCTAS Ji » € 20K 4T M 7K 1 S8 35 AR, BB IR 1 XUk 35, 38 BH SLC7AS
FEAR B ilaaa (0 B I At a7 v b e R [42]

Dickkopf #H7XE H 1 (DKK1)7/2 Wnt/B-catenin 15 5 18 % [ #L A 4041 7], J& T DKK ZKJ%[43]. DKKI
PER—Fl i B SR 1, FEIE S Wnt B A SIS A LRPS/6 %24k, #5HT Wnt/B-catenin {55 8 B
PE, AT MEIGTE . i AR, SUMAR R T AR SR AL AL [44]. Wt FEPUAE 3 RS
F R DU R A 7E LUAD B HAR B, FEt A T A8 1 K e i AN i R AR [45]

I3/ F1 2R FL(ALB) KV 2 MU S e b o i i FH 1 — DA Fe AR [46]. 3K ALB ZKPRERS 514N
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