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Abstract : [Objective] To investigate the influence of E2F transcription factor 2 (E2F2) on the cell adhesion of multi-
ple myeloma cells by combining bioinformatics and cellular and molecular experiments. [ Methods] Firstly, clinical sam-
ples and GEO database were used to analyze the relationship between the E2F2 expression and the prognosis of myeloma
patients. Then, differential genes were screened from the RNA-seq data of E2F2 knockdown myeloma cell line MM. 1S.
The GO biological function enrichment and KEGG signal pathway analysis were performed on these differential genes.
Meanwhile, the protein interaction network was analyzed by using the string website. The E2F2 stable knockdown MM.1S
cell line were constructed, and the expression level of E2F2 was measured by Western Blotting and qRT-PCR. The effect

of stable knockdown E2F2 on the adhesion of myeloma cells was detected by cell adhesion experiment, and the expression
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of cell adhesion related genes were detected by qRT-PCR. The effect of stable E2F2 knockdown on myeloma cell migration
was detected by cell migration assay.[Results] The expression of E2F2 was significantly increased in clinical samples of
myeloma patients, and the high expression of E2F2 is correlated with poor prognosis of myeloma patients in the GEO data-
base. The analysis of RNA-seq data revealed 815 differentially expressed genes, of which 508 genes were up-regulated
and 307 genes were down-regulated. These genes were closely related to the cell adhesion and angiogenesis. The construc-
tion of E2F2 knockdown MM. 1S cell lines were verified by Western Blotting and qRT-PCR. Knockdown of E2F2 signifi-
cantly increased the adhesion level of MM. 1S cells and elevated the expression of FNI, PECAMI, ICOSLG and other cell
adhesion related genes, while weakening the invasion ability of MM.1S cells, P < 0.05.[ Conclusions ] Through bioinformat-
ics analysis of the RNA-seq data, we found that the transcription factor E2F2 is closely related to the cell adhesion in my-

eloma. Knockdown of E2F2 in the MM. 1S cell line promotes the expression of cell adhesion related genes, increases the

cell adhesion level, and inhibites cell migration ability.
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Table 1 siRNA and primer sequence used in this

study

Primer sequences(5°=3")
F1:CCCGGGCTCACCAAGAAGTTCATTTACT
CGAGTAAATGAACTTCTTGGTGAGCTT
TTTG
R1:AATTCAAAAAGCTCACCAAGAAGTTC
A TTTACTCGAGTAAATGAACTTCTTG
GTG AGC

Primers Gene

Knock

down E2F2
F2:CCGGGCATCTATGACATCACCAACGCT

CGAGCGTTGGTGATGTCATAGATGCTT
TTTG

R2:AATTCAAAAAGCATCTATGACATCAC
C AACGCTCGAGCGTTGGTGATGTCAT
AGATGC

siRNA siRNA1:CTGCAGATATATCTCAAGA
E2F2
siRNA2: GGGAGAAGACTCGGTATGA

primers

sequence

F:AGCGAGCATCCCCCAAAGTT
B-actin
R:GGGCACGAAGGCTCATCATT

F:CCTTGGAGGCTACTGACAGC
E2F2
R:CCACAGGTAGTCGTCCTGGT

Real F:CGGTGGCTGTCAGTCAAAG
FN1
Time PCR R:AAACCTCGGCTTCCTCCATAA
F:AACAGTGTTGACATGAAGAGCC
PECAMI
R:TGTAAAACAGCACGTCATCCTT

F:AACCAGTGAGTCGAAAACCGT
ICOSLG
R:AGGCAGTGAAACTTCTGCTCG

E2F2: E2F transcription factor 2; FNI: fibronectin 1;
PECAM1 : platelet and endothelial cell adhesion molecule 1; ICO-

SLG: inducible T cell costimulator ligand.
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A shows that significantly elevated E2F2 expression was observed in CD138" cells , n = 19, P = 0.042 4; B shows that elevated E2F2 expression

predicted poor prognosis, n = 559, P < 0.000 1.

E1 E2R25z%M4EEERERNHEXNE

Fig.1 The correlation of E2F2 expression with prognosis in multiple myeloma patients
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Gene-Venn Volcano Number of Differential Genes Statistics
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A: RNA-seq data differentially expressed genes Venn diagram; B: Volcano Map of RNA-seq data. Red and green spots represent differentially ex-
pressed genes, red represent up—regulated genes and green represent down-regulated genes; C: Number of Differential Genes Statistics. Red bar repre-
sents up—regulated genes and blue bar represents down—regulated genes (RNA-seq data from project: F20FTSSCWLJ6406_HOMteiaT).
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Fig.2 Volcano and Venn diagrams of differentially expressed genes
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A-C: Go enrichment analysis results, Biological Process(A) , Cellular Component(B) , Molecular Function(C); D: KEGG enrichment analysis re-
sults. GO: gene ontology. KEGG: kyoto encyclopedia of genes and genomes.

3 GOFKEGG EHENER
Fig.3 GO and KEGG enrichment analysis results
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*<2 KEGGHEBREESERT 5SS IIsetEcHER
Table 2 Genes related to cell adhesion function in

KEGG pathway enrichment results

Gene ID Gene Symbol Type

102723996 LOC102723996 mRNA
10686 CLDNI6 mRNA
1366 CLDN7 mRNA
152404 IGSF11 mRNA
23308 ICOSLG mRNA
3105 HIA-A mRNA
3134 HLA-F mRNA
3897 LICAM mRNA
4359 mPZz mRNA
5133 PDCDI mRNA
5175 PECAM1 mRNA
5788 PTPRC mRNA
64115 VSIR mRNA
941 CD8O mRNA

CLDNI6: claudin 16; CLDN7: claudin 7; IGSFI11 : immuno-
globulin superfamily member 11; /ICOSLG : inducible T cell costim-
ulator ligand ; HLA-A: major histocompatibility complex, class I,
A; HLA-F: major histocompatibility complex, class I, F;
LICAM : L1 cell adhesion molecule; MPZ: myelin protein zero;
PDCDI : programmed cell death 1; PECAMI : platelet and endo-
thelial cell adhesion molecule 1; PTPRC: protein tyrosine phos-
phatase receptor type C; VSIR: V-set Immunoregulatory receptor;

CD80: CD80 molecule.

KEGG 38 % & 4 1 48 J A B 2 i AH G 1Y 14 > 5
PR 4T & 1 B AR M 4% 93 B o CLDN7 F1 CLDN16
SH AR A M, PDCDI 5 243 BA &
1 HAE X %, PECAMI 5 CD80O #1 PTPRC E. A5 %
HEEXR.
2.5 BRENSH E2F27E MM.1S 408 & AL
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A R VR R FRATTA 3 12 B AL A E2F2 R
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E2F2 (I ER0% . 556, A 138 i3 Western Blot £
DA 282 B8R 238 K7 DL R HL e Gk it
TTIBESHT (EISA) o SRR I 225007, 3 4Ll 22
SR G E L (F=92.16,P <0.000 1), S2Ha 45 5
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A: Protein interaction networks of differentially expressed genes.
Red dots represent up-regulated genes and blue dots represent down—
regulated genes; B: A subnetwork composed of the top 10 genes by De-
gree Score calculated by Cytohubba; C: KEGG pathway enrichment re-

sults of 14 genes related to cell adhesion function formed a subnetwork.
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Fig. 4 Protein interaction network diagram
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FEIR 43 M 0.434+0.053, 0.420+0.028, P {1 43 5]
27 0.000 4 F1 P < 0.000 1, 5256541 5 X6 BE 2 [A) 22 53 B
W, ZREAGIEE L

HWk, Fefi138 1F qRT-PCR A6 48 g b E2F2 (1)
mRNA ik (E 5B) , & 8 H 2 07 22 700, 3 411H]
ZERHEGHFE X (F=1502,P<0.000 1), L NC-
shRNA 204 28 ¥ E2F2 {5 1E % MM. 1S 2 s
A X mRNA Rk EFRIEA R 1, SEE 45 R WoR
E2F2-shRNA1 £ il E2F2-shRNA2 4 E2F2 i
mRNA 3 ik & 53 %1 4 0.368+0.013, 0.442+0.009, P
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Table 3 Protein interaction network analysis of

key genes

Rank Gene ID  Gene Symbol  Score Type

1 2335 FNI 87 mRNA
2 3569 IL6 84 mRNA
3 1950 EGF 66 mRNA
4 5788 PTPRC 64 mRNA
5 2247 FGF2 47 mRNA
6 5175 PECAM1I 46 mRNA
7 3815 KiT 45 mRNA
8 2534 FYN 42 mRNA
9 2353 FOS 41 mRNA
10 857 CAVI 40 mRNA

FNI: fibronectin 1; IL6: interleukin 6; EGF: epidermal

growth factor; PTPRC: protein tyrosine phosphatase receptor type
C; FGF2: fibroblast growth factor 2; PECAMI : platelet and endo-
thelial cell adhesion molecule 1; KIT': KIT proto—oncogene ; FYN :
FYN proto—oncogene; FOS: fos proto—oncogene; CAVI: caveolin
1.

E2F2 BRSP4 M R ki 2, m] LT T s 25 09 2
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Relative mRNA Level

2.6 E2F23 8 B 8 4 R 40 BeL AL B 59 520
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PR B 7K SF-, 28 B DK 3R T 22 404, 3 LW 25 S A 4
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E2F2 J5 , MM.1S 4 (ARG B g 07t 235 (16l 6A)
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qRT-PCR £l RN A—seq I J3 i 1% > 79 55 40 B RY
B R 56 2 IR Y ek i, R B G £F 3% B A 1 (Fibro-
nectin 1, FNI) | IfiL/NH 5 PN Bz 40 B RS B 0 1
(platelet and endothelial cell adhesion molecule 1,
PECAM1) Fif5 3 AU T 20 Jif 35 ) 38 A& (inducible T
cell costimulator ligand, ICOSLG) & [H . £ H.[H &
T3 2500, 3 ) 22 A Ge it 2 SC(F B 53 ) &=
12.7.41.39.93.23, P < 0.00 1) , X NC-shRNA #H 1
2 K DL 3 SRR AR IE B MML 1S 241 it v 9 AH
X mRNA FiE B hrfEL R 1, LI 45 H R, E2F2-
shRNA1 ZH #l E2F2-shRNA2 2H 1) FNI. PECAMI
ICOSLG ) mRNA ik ¥ W 3 F i (Bl 6B), P <
0.05, =55 HA G R, HIRBE L3k 4.

25 L iR, E2F2 W] 838 1L IR 4% FN1 . PECAM 1
FICOSLG %5 20 MR Bt o1 Rk ok 2 5 45 B e
96 240 JEL 72 MIML 1S 1) 48 BORG B D0 R, Ak E2F2 7] L)
8 A RS R e

P<0.000 1
15 —_ P<0.000 1

1.0

0.5

0.0 T T T
NC-shRNA E2F2-shRNAI E2F2-shRNA2

A shows that E2F2 had a significant knockdown effect on protein level, n = 3, F = 92.16, P < 0.000 1; B shows that E2F2 had a significant knock-

down effect on mRNA level, n =3, F=1502, P<0.000 1.
&5

BRSNS E2F2 £ MM.1S 4 i 2 ) SR R = 46 )

Fig. 5 Detection of lentivirus—mediated knockdown efficiency of E2F2 in MM.1S cell lines
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A shows that the detection of cell adhesion after 2 hours, n = 3, F = 577.1, P < 0.000 1; B shows that the changes of FNI, PECAMI, ICOSLG

mRNA expression, n =3, P <0.05.

E 6 E2F27E MM.1S 41 fr 842 48 B Ak Bt 7k
Fig. 6 [E2F?2 regulates cell adhesion in MM.1S cells

%4 FNI.PECAMI.ICOSLG FJ mRNA XX £
Table 4 mRNA expression levels of FNI1, PECAM1, ICOSLG

Gene Symbol Group E2F2-shRNA1 P Value Group E2F2-shRN2 P Value

FNI 12.0+1.7 P =0.0027 12.56+0.88 P =0.0002
PECAM1 5.67+0.38 P =0.0003 2.94+0.24 P =0.0013
ICOSLG 6.59+0.15 P <0.0001 8.07+0.96 P =0.0018

FNI: fibronectin 1; PECAMI : platelet and endothelial cell adhesion molecule 1; /ICOSLG : inducible T cell costimulator ligand.
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A: 48 h of migrated MM. 1S cells, X10; B shows that the number of migrating MM. IS cells decreased after E2F2 was knocked down, n = 3, F =
250.7, P = 0.000 5; C shows that the absorbance of CCK8 decreased after E2F2 was knocked down, n =3, F = 140.8,P < 0.000 1.

&7 E2F27E MM.1S 48/ iR 4 AaE Kk
Fig.7 E2F2 regulates cell migration levels in MM.1S cells
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