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BT A A B S e A R I SR A R
DCX 3 F ik B ) I 1) 25 7 3 18 3L A (differentially
expressed genes, DEGs) , it —25 T fift H D RE S
PEMZ

1 HREFE

1.1 FEXEHM  KEERTUEA R co (hER
SRR ) RIS A 10% Ha 4 L7 (fetal bovine
serum, FBS) ($25:11011-8611 , Hi M Kb 4= ¥k
A IRAT) F 1% T - 558 R M F12 @R R
FE (475 . KGL1304-500 , YT A gl 5 A= W 5 R A R 2
A R R R R4 37 °C 5% CO,, LV-DCX-EG-
FP LV-Cas9-Puro Fl LV-Cul-EGFP 189535 ( i 5
SUEER B2 B ey AT IR A R, 40 i T 3k
DCX ,CRISPR/Cas9 HE[K 4 I FIPEXT I, RNA $2
U&7 4 HiSeript 1T Q RT SuperMix ( + gDNA wip-
er) fll AceQ qPCR SYBR Green Master Mix ( %25 ;
R711-01 .R223-01 .Q112-02, F§ 5UAMERE A= MR %
WAEBRAH) .

1.2 EHRSHE I GenBank 11 DCX K ¥
mRNA JF31, #% 3K BB DCX B sgRNA JE51), b iiF
519 5'-GGCGATCTGGTGGAGTTCGT-3", FiiF 51 4
5'-TTTGTTAGACGAAGCTTGGGCTGCA-3', #f 3B &
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%) sgRNA W 5E £ 4% 17 R 5 BsmB1 H§ Y)Y Lenti-
seRNA-EGFP 44 ks % # , ¥ ## Lenti-DCX-EGFP
B AL, Lenti-DCX-EGFP Jii k7 | Lenti-Ctrl-EGFP
JFUK | Lenti-Cas9-puro JSURL 43 51| 1 4 Bl JiT 47 ( Help-
erl. 0 Fl Helper2. 0) 2523 293 T 41 Jifd 3845 LV-DCX-
EGFP LV-Cas9-Puro fll LV-Ctrl-EGFP 1857,

1.3 IREDCX KRREMHMEAME BOTE4:
K] Co upu4Z R T 6 FLAR T, 17 240 I %% B2 R 30%
~50% , FH F iR 3RA5 8 LV-Cas9-Puro ‘12 55 75 55 Y4 240
1,12 h J5 A 10% FBS 1 F12 &b 33k
72 h SRS T2 (1.5 we/mL) FHE 1, 3145
C6-Cas9 4L, # C6-Cas9 HHMIEERP T 6 FLAR Y, FF
A1 %5 Bk 30% ~ 40% K, ffi F LV-DCX-EGFP
LV-Ctrl-EGFP 18955 #5731l % 44 C6-Cas9 ZHfIHE,6 h
JE S & 10% FBS B F12 EbER IR 4L 72 h 5 1E
PN REE T SR CFRIB I AT I =Nl o e o3
PEARAR 2 se R AR

1.4 DEGs #3#t (i H7E4k T B iDEP(19.6) [
EdgeR : Log, (CPM + ¢ ) BRSO B8 A7 Ak BRI
) DESeq2 #4725 %00, WG FRIE DCX 4
Jot BEZH () 3383 , B 52 DEGs, % & | Log, (FC) |
>2 P <0.05 Ak 2 5 0 A,

1.5 EAEEMEHUERXEERGIE 1
STRING ¥4 % (v11.5) , 3RIUE A EARME B, R A
Cytoscape SXEFHEF T4 N 28 nT AL 34T, R Cy-
toscape "' ) Cytohubba i /4, #2 #i& Degree | Stress .
Bottleneck . Betweenness PURFHGFN 4T 5 2= 0 178 56 4
SR

1.6 DEGs HIIEEESE S i DAVID 724 M
ui%} DEGs #4175 A (gene ontology, GO) & %
A3, DA 5 25 57 3 R 32 B R ) 9 A 903 R (biolog-

ical process, BP) . 4fl ffd 41 /3 ( cellular component,
CC) 4 FIIHE (molecular dunction, MF) ,

1.7 XBEAQTHAMEMCRXEERNIIE
J BUSCA K UniProt 1E£% T HL 737 X PR B4 7.2
WMIE N7, 22 32 1K H T AR FFAE (receiver operating
characteristic, ROC ) M1 £, 73 #7 5 8 I K 1912 Wi
{E,7158 ROC Hh £k iy il 28 T 18 1 (area under the
curve, AUC ) ,AUC >0.7 WA BIF i Enf b
1.8 W5 DEGs EMERAMATSF
Enrichr 75 2k T. H. WL ll DEGs ) ¥ 75 % 55 A F &
miRNA PR 4

1.9 RT-qPCR WIE fifi JH RNA-easy 73 515 A
i FE B RNA, 28 HiSeript 11 Q RT SuperMix
( + gDNA wiper) 4 & RNA 386 5% 5% i ¢DNA, i
AceQ qPCR SYBR Green Master Mix 7E LightCycler
48011 % 4i v #E 4T RT-qPCR, UL GAPDH H N %,
27 mRNA I S 45 R T — b Ab 3,
173 WEE X s BdE AT g it w o i, 519
TN,

1.10 Zeit=#4hE raREPEE 3K,
GraphPad Prism 8. 0 3R iE 475504 b 3 K 53 Br | B5cdis
o +s Rox, P EIELBR M « K5, P <
0.05 NZEFAGIHAR L,

2 R

2.1 DEGs Hfifik FIHHe sk 2005 53 A il Kk
DCX 415 % HR 2 4t 3 R 3R 3k 1%, DEGs A iR ],
AT 45 A EWIER (20h) ,47 AT RBEH (i
@) BN RN R ENILH, L IHIEFE T
2SS | RS o ol D s ol = i (S SR
i Cytohubba AHE.AE FIIF 73 2 61> 1 8 5C B 5 K]

*x1 5I¥MFFI(5'3")

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

Gene name Forward primer sequence

Reverse primer sequence

POU2F3 ATGACGAACCCACTGACCT
SMADS5 CTGCCAATAACAAGAGCCGC
LPAR6 CTCCCACTGCCCTTATGACG
SREBF1 CGTTTCTTCGTGGATGGGGA
OLIG1 GTTACAGGCAGCCACCCATC
UBB AGGGAGCTTAACGGACGCTT
ACTB ACGGTCAGGTCATCACTATCG
RPS17 AAGACTGTGAAGAAGGCGG
UBE21 CAACAAAGAACCCTGATGGC
PSMC2 CACCAGGCACAGGCAAGAC
GAPDH TTCCAGTATGACTCTACCCAC

CCATCGCCAATCCCACATC
ACCTCCCCACCAACGTAGTA
ATCAGCCCAAGCACAAACAC
ACAGTTCAATGCTCGCTCCA
CGCAGGTTTAGGGAGAAGGG
TGCATTTTGACCTCTTTTCTGCC
GGCATAGAGGTCTTTACGGATG
CGCTTGTTGGTGTGAAAGT
TTTTGGTGGTGAGGACGGAT
AAGCTCAGACCCGATAACTCG
TCACCCCATTTGATGTTAGCG
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POU2F3 .SMAD5 .LPAR6 SREBF1 ,OLIG1 I AMPD3
15 AT R EEEIE ] UBB  ACTB .RPS17 ,UBE2I #iI
pPsSMC2, UL 1,
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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.
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IEIE  BUSCA K UniProt ££8 T 23 #r DEGs 4wt
AR 11 IV 40 B 5 7 &5 SR R B, R 2 HOCHE B 1 8
T4 B A A%, WaR 2, ROC #hZR 0 iE £,
BT RPSI7(AUC =0. 667) 4, Ik I R X & 5 2K 1
(AUC > 0.7 ) ¥ 5 A % i 00 SO ke 5k
K3,

2.4 BFRES DCX TRIEMEXFTHEREF
miRNA % 5% [H T (HNF4A  EP300 . KAT2A . MXI1
1 YAP1) ,miRNA ( hsa-miR-4474-3p  hsa-miR-4296 |
hsa-miR-4265  hsa-miR-4322 F1 mmu-miR-345-5p) 5
) DEGs MG, MAh, % 5 ¥ (ESR1 \NRF2 |
NR3C1 .MYC #1 IRF8) LA X miRNA ( hsa-miR-92a-1-
5p. hsa-miR-6755-3p | hsa-miR-324-5p | hsa-miR-491-
5p Hl hsa-miR-16-5p) 5 T M1 DEGs AHG, W33,

R2 XBEEAWITHEMEL
Tab.2 Subcellular localization of Hub proteins

Term ID Gene name Localization
Upregulated genes

G0:0005634 POU2F3 Nucleus

G0 :0005737 SMADS Cytoplasm

G0 0005886 LPAR6 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

G0 :0005737 RPS17 Cytoplasm

G0:0005737 UBE21 Cytoplasm

G0:0005737 PSMC2 Cytoplasm

2 GO E&ENH

Fig.2 GO enrichment analysis

—-Log,, (P value)
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Fig.3 ROC Curve Analysis of hub genes

2.5

o LR oA

https://www. cnki. net

i# it RT-qPCR A £ & EH &KX
qPCR 255 R, X R B LI | B E NS 18
TR —AAb 3 S5 IRAAA L 7%k DCX ZH 40

RT-

ffirf POU2F3 (¢ = 13.770) . LPAR6 (¢ = 13.610) .
SREBFI (¢ =13.550) .UBB (¢ =18.690) .ACTB (¢ =
5.539) JUBE21(t=9.805) .PSMC2(¢ =7. 468) [ 4
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#£3 DCXEXMEMFESF
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; SMADS
KAT2A Histone acetyliransferase KAT2A 0.02 SREBF1; SMADS
MXI1 Max-interacting protein 1 0.03 SMADS
YAPI Transcriptional coactivator YAPI 0.03 SMADS5 ; MED7
miRNA
hsa-miR-4474-3p miR-4474-3p 0.01 SREBF1; MED7
hsa-miR-4296 miR-4296 0.01 AMPD3 ; SMADS5
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

ESR1

NREF2
NR3C1
MYC
IRF8

miRNA
hsa-miR-92a-1-5p
hsa-miR-6755-3p
hsa-miR-324-5p
hsa-miR-491-5p

hsa-miR-16-5p

Ethylene-responsive transcription factor ESR1

Kelch-like ECH-associated protein 1
Glucocorticoid receptor
Myec proto-oncogene protein

IRF8

miR-92a-1-5p
miR-6755-3p
miR-324-5p
miR-491-5p

miR-16-5p

UBE21; MVP; RPLI2; ACTB; RPS17; TRIM28; UBB; CFLI;
6e-11 HNRNPA2BI ; RAC3; SEC61B; PTMA; ATP9A; ARSB;
PPARGC1B; RPS23

le-05 PSMBS5 ; TRIM28 ; UBE2E3; PTMA
2004 COPS6; UBE2I; TRIM28; UBB; MVP
2e-03 PSMBS5 ; UBE2T; TRIM28; UBB; CFL1; PSMC2; ACTB; ARSB
3e-03 COPS6; UBE21I
6. 16605 UBB; 1ZIC; PTMA; TIAPI
6.32¢-05 SLC22A4; RPSI7; PTMA
6.43e-04 UBE2I; CFL1; NSMF; SEC61B; ACTB
7.06e-04 TRIM28 ; CFL1; SLCI0A3; SBF1
RPS17; PSMBS; RPLI2; HNRNPA2BI; PSMC2; ITPRI ;
7.72e04

SBF1; KCNN4; AGRN; ACTB; VTIIB

XK B TR (P <0.001) , WE 4,

0 A A / A A /
POU2F3 SMADS LPAR6 SREBFI OLIGI UBB ACTB RPS

Relative mRNA level
(3]

—_

[ JcControl

Hokok

V71 Overexpression

ALY

=]
=
AR
)

7 UBE2 PS

4 RT-qPCR £k EFA mRNA HHXIRIEE
Fig.4 Analysis of relative mRNA expression

levels of hub genes by RT-qPCR

* ok

P <0.001 vs Control group.
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PEVIRG . IR AIRR IR K A 5 e i) 3 —F- Bl
Sy R [ 3R PR AL PSRN SE IR S AR O E

TERTHA TAE 98 13 Oncomine EUHE )3 I IR AL
ARTAESE DCX TE 2 5 57 9 I B v A7 7 v ek 1
SOt RanGTP B (55 1% 5 A% (B HARAEH]
B AT A AT o 0 e DCX o 26 1k A
K ERIEN 455 GO TR & 5 4 KO 240 i
P HEYIE B2 T-B 88 DCX 7E 598 Hr v 7 1)
PHEERLH
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AR ST 3 1 5 S AL T 44T, LAt # ik DCX
ZH RN HE A Hp () 6 PR 25 S ek Al i, S 45 A3k
LA, 47 AR R, 7E b U oG E
SREBF1 #fi%f) SREBP1 & [, /& {8 B 15 o 25 &
B A ZIG N DL, 76 2 5 i s 4 A i) AR A 2 v ke
A, 45 0 16 105 A B H6 BB it A7 R0 RS 1 SF
T [ T e el 4 A 5 A A il 0 R
4%, 5T 7 BOUESE AT i i B T SREBP1 fit 36
TR R i A B . DCX A A vl figid 1
H458 SREBF1 A5 A B K, Tk e J 5998 4t

i S AR S, VR4 g e AR
TEF PGSR D op A 5T UESE, UBB 7E R

BT M, X SRR P ESR 8. 5
HoAbARIE D A B, 0 45 R R i ik DCX
ACTB UBE2I 1 PSMC2 B9 53iA F#, {H7E mRNA
JKFIGIESS B2 W] UBB . ACTB . UBE2I F1 PSMC2
Fk L, X e DCX ARG & FERE A %,
ol AR 2 SR 5l SR I /KO- Az B

I S AR BERSE DEGs 5% 5% F T 1A B4
M, 2 A58 0E 55 L DEGs #H 5 % 5% I 7
(HNF4A _EP300  MXI1 Fl YAP1)"2"" K 57F i
DEGs # 5% i %% 5% [ F ( NRF2, NR3C1, MYC Al
TRF8) ' 2 5 o 1 & A, SRt Al 6 T 5% %
KF KAT2A J ESRI 58/, KAT2A fE R4
B OB I, 25 Y (0 57 5 00 R0 5% S lois | A2
STAGA %582 &M% L4 4y, EP300 J& 5 — 40k
HALHE, B H 5 CBP JE AL CBP/p300 B &%, L
KA FE SREBF1 1 SMADS 5 3 9 fif 2 ok 7 7% il
FEAETETE AR M, 7R KAT2A 765 B vl iE 5
EP300 FrRIZFEME R, 2R 2 5 2wk 451 i s

T
miRNA 2 —ZRAEHIE /N RNA 2 55 R 5 2
PIFEIR TR, AT 25 o 40 S 15 3 1) A 2800 1 791

AR AR o R B AR T O S VF 2R
A %, HET, miRNA /S0 I6 KiLE & Wos ik
ST P i R L 1 R AF 45 SR, fH 2C T miRNA
(hsa-miR-4474-3p .hsa-miR-4296 . hsa-miR-4265  hsa-
miR4322 | hs-miR-92a-1-5p, hsa-miR-6755-3p, hs-
miR-324-5p .hsa-miR491-5p 1 hsa—miR-l6—5p E ]

MR AR AL AT FEAR D BFSE BEAT TR
T REE AR HTRIL RS 2 ) B I S5 968 A o AL ) F) B

Jr ik IR BEAE I TR A YT P R B IR TR
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Bioinformatics analysis of differentially expressed genes

in DCX-overexpression glioma cells
Zhou Lingxin',Iqra 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 over-
expression-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 |Log,FC| >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 di-
agnostic value of key genes. Enrichr was adopted to predict the regulatory networks of transcription factors and miR-
NAs. RT-qPCR 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, indi-
cating 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, UBE2I) also significantly increased (P <0.001) , which might be relat-
ed to transcriptional and post-transcriptional regulation. Conclusion Differentially expressed genes and their regu-
latory 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 se-
quencing
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