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WE HE RAOUEFER (DCX) FEMZE R K /ERIBLE], ik DCX W RIBMRERIER, AR
PSRRI T IR S . ik UK RUR BRI C6 VR4, #%: LV-DCX-EGFP. LV-Cas9-Puro il
LV-Ctrl-EGFP 12755, £ Cas9 XUk R HE YL, il . DCX 1Lk KX C6 4L & . A Al AL
JFR I R R R I, JEid iDEP. DESeq2 fifiik Z ALK (JlogaFCl>2, P<0.05) 5 i2f STRING.
Cytoscape 144 8 [ HLAF M 2% Jf i i S AL K] s {51 DAVID #EAT GO Zhfew %70 #s FIA BUSCA K
UniProt 2 HT B R 4E M E ;. 4] ROC M ZRIGIE SCBERE RS Wi (B JBIE Enrichr TRINEE N 7 &
mIiRNA %% ; RH] RT-qPCR SRR R RIE . G55 ki3] 45 D Lif. 47 N TFIRZERIER, W]
ffi POU2F3 % 6 > i Jz UBB %5 5 N T HSCHEIE . GO D m SR, LIRAENZ 51 EN & ki
ALV RE T R S TR B ol P 108 R A 1 U T S DB o DR R A T B A AE AN UL AN R B
RPS17 4t AUC {H¥>0.7, BB RIFMZHMIE. RT-gPCR LiE# 4> LKL K POU2F3. LPAR6.
SREBF1 mRNA it &% Tt (P<0.001) , #B7> Ni%:A UBB. ACTB. UBE2l mRNA ikt 2257w
(P<0.001) , IXFpZE5 vl g SHR TR MBI, Gk BINIRILKRE T DCX i REM K77
R R FLE M 2%, 9tz DCX AR 58 e BOAE PR AL SR BE B AR A, DRTBRAE IR T SRS T A B 2k
fili
REEE PR LR ZRREER: EWERY: B8 B4l
HE 525 R739.4

Bioinformatics analysis of differentially expressed genes in DCX-overexpression glioma Cells

Zhou Lingxin!, Igra Nadeem?, Qin Yuxia!, Xiong Ye!

(*School of Life Sciences,?School of Basic Medical Sciences,Xuzhou Medical University,Xuzhou 221004)
Abstract Objective To investigate the role mechanism of doublecortin (DCX) in glioma and screen DCX
overexpression-related differentially expressed genes, so as to provide new targets for glioma targeted therapy.

Methods Using rat glioma C6 cells as the target cells, LV-DCX-EGFP, LV-Cas9-Puro, and LV-Ctrl-EGFP




lentiviruses were constructed. DCX overexpressing and control C6 cell lines were established through Cas9 dual-
vector system transfection and screening. Transcriptome sequencing was used to obtain the differentially
expressed gene profiles. iDEP and DESeq2 were applied to screen differentially expressed genes with the
threshold of [log2FC|>2 and P<0.05. STRING and Cytoscape were utilized to construct protein-protein interaction
networks and screen key genes. DAVID was employed for Gene Ontology (GO) enrichment analysis. BUSCA and
UniProt were used to predict the subcellular localization of key genes. Receiver operating characteristic (ROC)
curves were plotted to verify the diagnostic value of key genes. Enrichr was adopted to predict the regulatory
networks of transcription factors and miRNAs. Real-time quantitative PCR (RT-gPCR) was performed to validate
the expression of key genes. Results A total of 45 upregulated and 47 downregulated differentially expressed
genes were screened, and 6 upregulated key genes including POU2F3 and 5 downregulated key genes including
UBB were identified. GO enrichment analysis showed that upregulated genes were enriched in biological
processes such as the positive regulation of lipid biosynthesis, whereas downregulated genes were linked to
molecular functions including the regulation of alkaline phosphatase activity. Key genes were mainly distributed in
the nucleus and cytoplasm. Except for RPS17, all key genes had an AUC value >0.7, indicating good diagnostic
value. RT-qPCR validation showed that the mRNA expression levels of some upregulated genes (POU2F3,
LPAR6, SREBF1) significantly increased (P<0.001), while the mRNA expression levels of some downregulated
genes (UBB, ACTB, UBEZ2I) also significantly increased (P<0.001), which might be related to transcriptional and
post-transcriptional regulation. Conclusion Differentially expressed genes and their regulatory networks related to
DCX overexpression in glioma are successfully screened, providing a theoretical basis for revealing the role
mechanism of DCX in glioma development and laying a foundation for the development of potential therapeutic
strategies.

Key words glioma; doublecortin; differentially expressed genes; bioinformatics; enrichment analysis; RNA
sequencing
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YIERTE RN B, 7T B e T HGETRE YT TTVE A Rugit .

iR (doublecortin, DCX) 252 MR ik Bk i, JF 5 BE ARG BE MK, DCX Hilif
LR BTN RS RIS, (A A . HAEsh S R b s
Fik, WHWE . TR KO EEY AT N EA BRI, [FRE DCX WIER R H L RIAR, B
THAEMP LA MR A A A Th R, W BEAE NSV iR )T I AE 2 T4E R AT, DCX FEJR U
R BARE I LE MR S A B . 2T AU AR R T, B BUR A S DCX i RIA %YL
) 22 ek ik FE K (differentially expressed genes, DEGs), Ffit—3b 7 L D) B8 S T M 2%
1 AR 75k
1.1 EEERAE

KRB C6 (i E Bl Be gl ), RAIE A 10%J57F 1M (fetal bovine serum, FBS) (1%
i 11011-8611, WU RATEMRHEIAAIRA R 1 1%E -8 R 1 F12 @bl st (585 KGL1304-
500, VLIRIUEEMRARARAR]) Hi97, HFR%M N 37 C, 5% CO2. LV-DCX-EGFP. LV-Cas9-Puro
LV-Ctrl-EGFP 18555 (_Eifg 5 YU B A BB AT BR A 71D, 735 Tid ik DCX. CRISPR/Cas9 2]
e K AP I . RNA $2HG )£ . HiScript 11 Q RT SuperMix (+gDNA wiper) FI AceQ®qPCR SYBR
Green Master Mix (%5 : R711-01. R223-01. Q112-02, FgalifiME# EMRIEIRM AR A ).
L2 R EH R

iP5 GenBank H' DCX ZEF [ mRNA 751, &l KRIE DCX 1 sgRNA J¥ %, LiFE54 5-
GGCGATCTGGTGGAGTTCGT-3', F i 5l # 5-TTTGTTAGACGAAGCTTGGGCTGCA-3 . 4 iB ‘K ()
SgRNA W E TG 5 BsmB1 B Lenti-sgRNA-EGFP # A Fikii%Ed:, % Lenti-DCX-EGFP 4 /i
¥i. Lenti-DCX-EGFP Jfifii. Lenti-Ctrl-EGFP Jfi%i. Lenti-Cas9-puro Jii#i4) 7l FlAH B Sk (Helperl.0 i
Helper2.0) JLHE4L 293T 41 U3k 1S LV-DCX-EGFP. LV-Cas9-Puro #1 LV-Ctrl-EGFP 145 7
1.3 3% i% DCX R BB Al R AR

OB AR C6 gt T 6 Ltk fr4uffis oy 30%~50%, M FiR3RAFH LV-Cas9-Puro 1875
TR LM, 12 h JFEHE 10% FBS F F12 mifikisst, 72 h 5AEAHERER (15 pg/mb) ik 1
i, 3k4F C6-Cas9 4iiffl. #5 C6-Cas9 ZHffifift T 6 fLAT, Fréifu®iE)y 30%~40%0, fH/f LV-DCX-
EGFP. LV-Ctrl-EGFP 1855 7 7l #% 4 C6-Cas9 4i/fitk, 6 h 5 #pi s 10% FBS [ F12 milist73%, 72 h
JEAEDNG B T WG9 IR FFEAT I (A M 5 6 43 IR 22 sw b i i i«
1.4 ZRER T

i FIELE T A iDEP (v9.6) [f] EdgeR:logz (CPM+c) BRETH BiE k4T Ab BEAN 4, 33T DESeq2 #:47



ERNT. HEILRIE DOX AL SR IRAL AT, #i5E DEGs. B E|logFC| = 1. P<<0.05 Jyfifiik 7 5 (]
B -
1.5 U EAE MR R R R i i

fdi /] STRING ##fi /i (v11.5), REUEFAHAEER, K Cytoscape A HEAT #i +h M 2% FTALAL 7347 o
FIH Cytoscape ] Cytohubba 14 H#% Degree. Stress. Bottleneck. Betweenness PUFf #7345 12 i ik
KEEFER o
1.6 ZRREEF K IREE R T

BT DAVID 7 £k /i ubxt DEGs 47 R K A& (gene ontology, GO) EH/HT, LLRE 2 73k 85
mi A nid 2 (biological process, BP). 4iifiZH 4> (cellular component, CC). 43T IhfE (molecular
dunction, MF),
1.7 RBEE 9 W40 s b R S s 2 R ) T ik

FIH BUSCA & UniProt 7£ 2k T H 43 Bt ¢ B 2 R ¥ W 40 i 58 fr o 22 52 3% TAEHRFAE Creceiver
operating characteristic, ROC) HHZk, ZrHroct BN 2 Wi, 115 ROC Mz #h 4k FimAN (area under
the curve, AUC ), AUC >0.7 I A B R .
1.8 Fll-5 DEGs M B/ R BT

A8 F Enrichr 7E£8 T H HUU 500 DEGs M 7E R S 7 2 miRNA T2 M 2% .
1.9 RT-gPCR i

{# Fl RNA-easy 73 B iR 77 A ZRM AP R EBUE RNA, £ HiScript 11 Q RT SuperMix  (+gDNA wiper) &
RNA %58, cDNA. 1/ AceQ®qPCR SYBR Green Master Mix f£ LightCycler 48011 &%t i{T RT-
gPCR. L\ GAPDH AWNZ:, 224CHER%T mRNA f5E 2 KRBT IH— LAk . 347 3IREE, X3 s it
gt eEat. SIMFAIILE 1.

£ 1 59/ (5-3)

Tab.1 Primer sequence (5'-3")

Gene name Forward primer sequence Reverse primer sequence

POU2F3 ATGACGAACCCACTGACCT CCATCGCCAATCCCACATC
SMAD5 CTGCCAATAACAAGAGCCGC ACCTCCCCACCAACGTAGTA
LPARG6 CTCCCACTGCCCTTATGACG ATCAGCCCAAGCACAAACAC
SREBF1 CGTTTCTTCGTGGATGGGGA ACAGTTCAATGCTCGCTCCA
OLIG1 GTTACAGGCAGCCACCCATC CGCAGGTTTAGGGAGAAGGG
UBB AGGGAGCTTAACGGACGCTT TGCATTTTGACCTCTTTTCTGCC
ACTB ACGGTCAGGTCATCACTATCG GGCATAGAGGTCTTTACGGATG
RPS17 AAGACTGTGAAGAAGGCGG CGCTTGTTGGTGTGAAAGT




UBE2I CAACAAAGAACCCTGATGGC TTTTGGTGGTGAGGACGGAT

PSMC2 CACCAGGCACAGGCAAGAC AAGCTCAGACCCGATAACTCG
GAPDH TTCCAGTATGACTCTACCCAC TCACCCCATTTGATGTTAGCG
1.10 Gt Aab =

fifi st s /b B 3 K, {#F] GraphPad Prism8.0 MCFHEATHUE AL EE S /04T, HAELl X £ S Hom. W
AR R R LR S, P<0.05 N2 R AT Gt L.
2GR
2.1 ZRRIHREF KL

P S 7 3 AT id 0k DCX A S IR AR IR ik 1, DEGs A= i, JLE 45 A Lk
(L0, 47 ANFRERE e, BENFREREZWIER . L8R RRTR P85 5 504 BE R -
FI5 BAEM %% 5@ it Cytohubba #H HLAE R VP43 15 6 A~ LR CH AR POU2F3. SMAD5. LPARSG.

SREBF1. OLIG1 1 AMPD3 15 /N KN ifio<## 3£ [K UBB. ACTB. RPS17. UBE2I il PSMC2. JLI4 1.

Bl 1 DCX ERER BT I ERFREER 5REER
Fig.1 Differentially expressed genes and Hub proteins in DCX overexpressed glioma cells
A: A box plot for visualizing the distributions of normalized intensities in samples; B: PCA of the distribution of
the controls and DCX overexpressed glioma cells; C: Heatmap of the gene expression profiles of controls and
DCX overexpressed group; D:A volcano plot showing DEGs; E: Protein-protein interaction network of

upregulated DEGs ;F: Protein-protein interaction network of downregulated DEGs.



2.2 ZRFEERK GO W BEEMT

{ /] DAVID 1T DEGs IR E £t SRR LREEN FES 5N R MW FAiRE. IBRE
VARG FER IEREE . RNA RERE 1| BT HERRE. TRNER EES S5PEpiei st 46t
R SR . s H 2020 RAMEEE . FEMREERM. MATIRS . EA4E. EOHMRELSS

1 SUMO #RBES M IE AT . WA 2.

2 GO BT
Fig.2 GO enrichment analysis
2.3 ZRFEE R GG B LK 52 A R R B EE R IR e
BUSCA % UniProt 7££k T. H.43 47 DEGs % it (¥ 8 (1 1 4 e A 45 SRR, K2 HOCHE R (e (o T4
Mo A%, WA 2. ROC HIZIRIER Y, Kr T RPSI7 (AUC=0.667) 4b, G JE KX K8 & 1

(AUC>0.7) ¥ RA B BURIERME: 71k, W 3.

R 2 REEOTAMEA

Tab.2 Subcellular localization of Hub proteins
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Term ID Gene name Localization

Upregulated genes

G0:0005634 POU2F3 Nucleus
G0:0005737 SMAD5 Cytoplasm
G0:0005886 LPARG Membrane
G0:0012505 SREBF1 Endoplasmic reticulum membrane
G0:0005634 OLIG1 Nucleus
G0:0005634 AMPD3 Nucleus
Downregulated genes

G0:0005737 UBB Cytoplasm
G0:0005737 ACTB Cytoplasm
GO0:0005737 RPS17 Cytoplasm
G0:0005737 UBE2I Cytoplasm
G0:0005737 PSMC2 Cytoplasm




3 B E R ROC HZR /4T

Fig. 3 ROC Curve Analysis of hub genes



2.4 BRIFE F DCX TRIEM R TTHFEFM miRNA

Sk RF (HNF4A. EP300. KAT2A. MXI1 F1 YAP1), miRNA (hsa-miR-4474-3p. hsa-miR-4296.

hsa-miR-4265. hsa-miR-4322 1 mmu-miR-345-5p) 5 L] DEGs %, Bt4k, #FEHEF (ESRL.

NRF2. NR3C1. MYC #1 IRF8) LLK miRNA (hsa-miR-92a-1-5p. hsa-miR-6755-3p. hsa-miR-324-5p.

hsa-miR-491-5p 1 hsa-miR-16-5p) 5 RN DEGs #15¢. W% 3.

% 3 DCX MRKAERESF

Tab.3 Regulatory biomolecules associated with DCX

Regulatory Molecule Description P value Target genes
Upregulated
Transcription factor
HNF4A Hepatocyte nuclear factor 4-alpha 0.01 SREBF1; MED7
EP300 Histone acetyltransferase p300 0.02 SREBF1; XPA; SEPP1; SMAD5
KAT2A Histone acetyltransferase KAT2A 0.02 SREBF1; SMAD5
MXI1 Max-interacting protein 1 0.03 SMAD5
YAP1 Transcriptional coactivator YAP1 0.03 SMAD5; MED7
miRNA
hsa-miR-4474-3p miR-4474-3p 0.01 SREBF1; MED7
hsa-miR-4296 miR-4296 0.01 AMPD3; SMAD5S
hsa-miR-4265 miR-4265 0.01 AMPD3; SMAD5
hsa-miR-4322 miR-4322 0.01 AMPD3; SMAD5
mmu-miR-345-5p miR-345-5p 0.02 COX10
Downregulated
Transcription Factor
UBEZ2I; MVP; RPL12; ACTB;
RPS17; TRIM28; UBB; CFL1;
HNRNPA2B1; RAC3; SEC61B,;
Ethylene-responsive transcription PTMA; ATP9A; ARSB;
ESR1 factor ESR1 6E-11 PPARGC1B; RPS23
Kelch-like ECH-associated PSMBS5; TRIM28; UBEZ2E3;
NRF2 protein 1 1E-05 PTMA
COPS6; UBE2I; TRIM28; UBB,;
NR3C1 Glucocorticoid receptor 2E-04 MVP
PSMBS5; UBE2I; TRIM28; UBB;
MYC Myc proto-oncogene protein 2E-03 CFL1; PSMC2; ACTB; ARSB
IRF8 IRF8 3E-03 COPS6; UBE2I
miRNA
hsa-miR-92a-1-5p miR-92a-1-5p 6.16E-05 UBB; LZIC; PTMA; TJIAP1
hsa-miR-6755-3p miR-6755-3p 6.32E-05 SLC22A4; RPS17; PTMA
hsa-miR-324-5p miR-324-5p 6.43E-04 UBEZ2I; CFL1; NSMF; SEC61B;




ACTB
hsa-miR-491-5p miR-491-5p 7.06E-04 TRIM28; CFL1; SLC10AS3; SBF1
RPS17; PSMB5; RPL12;
HNRNPA2B1; PSMC2; ITPR1;
SBF1; KCNN4; AGRN; ACTB,;
hsa-miR-16-5p miR-16-5p 7.72E-04 VTI1B

2.5 J8id RT-gPCR #iil LR EFRZE
RT-gPCR &5 EoR, XTHASE LI B S E NSRS T A — k3. S5XPRAMt, d3RiE DCX
ZHAHHEH POU2F3 (t = 13.770). LPAR6 (t = 13.610). SREBFL (t = 13.550). UBB (t = 18.690). ACTB

(t=5.539). UBE2l (t=9.805). PSMC2 (t=7.468) MAMIXTFE/KT BT E (B P<0.001). WK 4.

—1 Control

*kck

3r T *okk

[ Overexpression

* ¥k

il

*okk *okk
1r ‘ ‘ ‘ | ‘ ‘ F:* =
0

POU2F3 SMADS LPAR6 SREBF1 OLIG1 UBB ACTB RPS17 UBE2I PSMC2

*okk * %%

Relative mRNA level
(]
1

4 RT-gPCR Z3-#T R & K H mRNA #XRIEE
Fig. 4 Analysis of relative mRNA expression levels of hub genes by RT-gPCR

***pP < 0.001 vs Control group.
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R SR AE R AR M 22 2R G B FAR R MR JEUR PRI, R A AR I R VTR & UL IT I 27 518 TT 7
SRR T kR, (HREARGEVIEINGEE 0% &K AK, i A EA L 16 M. HEEkE
L5 JRT 0 R RS RS Sl B R IR R IR G . IRNIR R IR UM KA R ) 43 T HLAR R SR [ ¥R T
FRALIR IR AN SIS Bl AR U R L
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L RanGTP BE(E Sk AL, (HILEAMAEHINLE] MAE RN, AN RS DCX i RIAH I ZE R
B, 44 GO Wit ® Bt XA e M S B2 TB, 48 DCX LR B8 ol e (K R4 L] -

B FCE I S AL A, FLGE ik DCX LRI REAHN A 3[R 2 S R aA T I, FE4 45 MR
B, 47 AR R 7R BIEOCEESER , SREBFL 4i5fY) SREBPL &1, /2 M WE i a4 i A K IR
FRA S FE YR e 240 M P A ] e AR S rh S G BAE I, SR 5 B, BRE . Al A ATURE TR A ~F- 51, L[] P
RYEFF A I A A A D e L Sy, 2 U AR SE v @ BT SREBPL 114334 H1 Ji2 J3 98 1) T 1tk
BEfE. DCX ANAZJEvIREIEI 9 SREBFL A3 (W fIE Bi & ol B, il 2 JI B e 40 e A oK, TR f
SRR TR R

TE R ACEERER T, FHFFAENESE, UBB IERFAMALH M, XE5AMAFNTLER 5. 5HAM
OB S, W45 R B R KA DCX 5 ACTB, UBE2I il PSMC2 [f13RIA Fifl. {HIE mRNA /K-FHHIE
45083 UBB. ACTB. UBE2I fil PSMC2 ¥3&ik i, iXwfigts DCX ANZJE ARG, A
B R P B2 B .

IR SRR SR 5T DEGs 5 R F A AR . 2 U FUUESE 1 DEGs AHOGH: S A1 (HNF4A,
EP300. MXI1 il YAPL) (214, o 57 DEGs AHCHIH: A7 (NRF2. NR3C1. MYC il IRF8) 51612
SR A, SR H BT TSR F KAT2A I ESRL I FLib . KAT2A 1ERHE R LB 0E,
Z: 5 (0 BRI ST, 2 STAGA S5 E -8 W% 0415 . EP300 425 — LIk eAs iy, 1@ 5 CBPJE
A CBP/p300 E&M. ifsciItl SREBF1 fl SMADS5 5iX WHf 2.t 5 7 B A7 AL AE AR S5, 4R
KAT2A £ R h Al e 55 EP300 WAl A HEAE T, JLIRI 25 2B AR AR M AN % S L0

MIiRNAZ — KA IS HUNRNA, 2 553 R RRE . TA RS MaEsh KA ZoR 157, 8
AN, A KEMAMET, RS2 HMAER. Hil, miRNANS R L C 2R BT
FESEALRG B BT 45 5. BT miRNA (hsa-miR-4474-3p. hsa-miR-4296. hsa-miR-4265. hsa-miR-
4322. hs-miR-92a-1-5p. hsa-miR-6755-3p. hs-miR-324-5p. hsa-miR-491-5pfilhsa-miR-16-5p) & S5t /k
JFRE AL IR TR o BTN FIA G R 5 1 FE AL A A o A PSS R A WL K v, Il
RELEIR FURATT T S BT VR T #E 5
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