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[Abstract] Objective To investigate the expression and role of the DNA repair and recombination protein RAD54-
like (RAD54L) in oral squamous cell carcinoma (OSCC). Methods Using OSCC-related data from The Cancer Genome
Atlas (TCGA) database, the difference in RAD54L expression between OSCC and control samples was analysed using
the Mann-Whitney rank sum test, and the potential value of RAD54L mRNA in OSCC diagnosis was assessed using the
receiver operator characteristic curve. The correlation between RADS54L expression levels and clinicopathological data
of OSCC patients was analysed using the chi-square test. Once OSCC samples were divided into two groups of high and
low expression based on the median value of RAD5S4L. mRNA expression, Cox regression analysis was used to compare
the prognostic differences between the two groups. The differentially expressed genes between the groups were subse-
quently screened using the DESeq2 package, and KEGG pathway enrichment analysis was performed using the cluster-
Profiler package. The correlation between RADS4L. mRNA and gene expression in the homologous recombination repair
pathway was demonstrated by Spearman correlation analysis. After clarifying the bioinformatics significance of RADS54L,
RADS54L knockdown experiments were performed in human oral squamous carcinoma cell line HSC-3, and the knock-
down efficiency was verified through real-time quantitative polymerase chain reaction. After transfection, the changes in
proliferation, migration, apoptosis, and cycle of HSC-3 cells were assessed by CCK-8, 5-ethynyl-2’-deoxyuridine (EAU)
staining, wound healing, apoptosis, and cell cycle assays. Results Bioinformatics analysis showed that the expression
of RAD541, mRNA was higher in OSCC than in normal controls (P < 0.001) and had a high value in predicting poor
prognosis (AUC = 0.927). The high RAD54L expression group was associated with an increased proportion of male pa-
tients (P = 0.032), having a higher T-stage (P = 0.040), clinical stage (P = 0.027), and pathological grading (P = 0.013).
Once OSCC samples were divided into two groups of high and low expression using the median value of RADS54L
mRNA expression, the prognosis of the group with high expression of RAD54L was poorer than that of the group with
low expression (P = 0.049). The differentially expressed genes between the high and low RAD54L expression groups two
groups were mainly enriched in neuroactive ligand-receptor interactions, cytokine-cytokine receptor interactions, calci-
um signaling pathway, cell cycle, gastric cancer, extracellular matrix receptor interactions, chemical carcinogenesis -
DNA adducts, DNA replication, homologous recombination, and mismatch repair pathways (P < 0.05). In the homolo-
gous recombination repair pathway, the expression of RAD54L was positively correlated with the expression of BRCA1,
BLM, EME1, XRCC2, POLD1, TOPBP1, RAD51, BRIP1, RAD54B, BRCA2, and SYCP3 (P < 0.05), and was strongly
positively correlated with the expression of BRCA1, BLM, and EMEL (R > 0.8, P < 0.05). The results of in vitro experi-
ments showed that RAD54L expression was knocked down to approximately 25% in HSC-3 cells (P < 0.001). Compared
with the control group, the RAD54L knockdown group showed a lower proliferation rate (P < 0.05), a lower proportion of
EdU-positive cells (P <0.001), a lower proportion of wound closure (P < 0.001), a higher proportion of G1-phase cells
(P <0.001), a lower proportion of S-phase cells (P <0.001), and a higher proportion of apoptotic cells (P < 0.001).
Conclusion RADS54L is highly expressed in OSCC and correlates with poor prognosis. Down-regulation of RAD54L
expression inhibits the proliferation and migration of HSC-3 cells, promotes apoptosis, and impedes cell cycle progres-
sion.

[ Key words] homologous recombination repair gene; RADS54L; oral squamous cell carcinoma; prognosis;  cell
proliferation; cell apoptosis; cell cycle;  bioinformatics analysis
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(DNA damage response , DDR ) AH 5 9 3 PX 7 i 2 41
Ji v R A G AR RN AR, O HLBE A iR A0 e v
DNA &5 68 77 (4 B A DL S DNA 45 473 7K - 19 AS W 34
T, AT S B0 A DR TS SO R S P Bk
e T b e ) e Sy T R DNA 45 47, 4 A
MR T R A A, B R UEOK S i
$2 A1 [A] P55 2H (homologous recombination, HR)'7'
[7] P T 41 1% &2 (homologous recombination repair,
HRR ) 3 2 1) ] 58 % 1) 30 ok % €5 5 AR A Ry 18 52 A
Mok E 1 18 &2 DNA X4 7 24 (DNA double-strand
breaks, DSBs) . #R 11, HRR H 5 g JE X I i 45 12
18 4 30 AT RE T B PR A A R E R A 1 g T 5
RS AN TR R A AR I TR
W 5¢ HRR 3 % 4 G HE 2k (K 7 OSCC P iy R s
DIRe , ANUA By T B f# 0SCC 1Y & i AL, 348 n] RE
N TE KB 112 W bR 3 W RGO R R I B

DNA &4 & 41 RAD54 #£ 4 11 (RAD54-like pro-
tein, RAD54L) J& T DNA i1 ATP il SWI/SNF 3¢
5T B G W) 2 5 DT, & HRR G A2 0 56
SESEI, 5 DNA M8 8 1 RADS1 —E M i T HRR
BIL ] Y 2 A R 4 3l 3 T B ok
#r & 09 & S, 1 & T 555 DNA (single-stranded
DNA , ssDNA ) [H] B A9 1E 4 2 55/ RADS4L Y3 —
THREXT T 2 R ik A 2 A% 7 1 A0 40 i S 00 0 A 2 G
HEL, I 78 AT RE L IR A R S v oy 8 OC B
fit6 . BR T2 5 HRR AN, RADSAL 36 78 2 Rl 88 1)
T A MVE R R R A E AR o AR TR R RADS4L
R 1o 3 8 5 TR 20 30 T RS LR R A A A
5K, IO B T 9 40 A0 48 BE RN A A i R
T RADSAL HY 3Rk 3 T, m RIS SRR R B R
FEIAROG o TR 5 DR h RADSAL (4 15 2235 ] B
HRERFH UG A RAHSE, I8 o 22 4i i J&] 159 F0 46
L S A B S % DTG e e 2 g )k SEpF
FELE R R, RADSAL 1] A — W 7 912 i E A2
by W G TTHL . BRI, RADSAL 7 OSCC &
Az S R b ) BARAE T R B . DR, AR S
5 76 H A TCGA % #i J78 H OSCC HEAS ) RADSAL %
IR B FI PR A5 R HEAT IR A 0 A, O i R Ah 5
AR IT RADSAL 7E OSCC 4 it Hh v 7E/E T . 3R
)25 48 7% RADSAL #E OSCC i v e 2R W12 D g
R AR EAMEFEFNTF KA AR ST R F2 2Ry
S HEA

1w E
1.1 EZXA 5B

N OSCC 4 gk HSC-3 ( g i 4li 2 Y BHE A
BRZA AL, D) s B 4 1L (10270106 , Gibeo , 2 ) 5
8 R -5 O (15140-122, Gibeo, EH ) ;
DEME 75 4 1% 9% 3 (12100046, Gibeo, 32 [H ) ; Lipo-
fectamine 2000 (11668019, Invitrogen, 3 [H ) ; Trizol
if 57 (15596026, Invitrogen, EH); HiSeript 11 Re-
verse Transcriptase (R201-01/0, Fg 5% 4 ME# 4= W) B
F B AR 27, T E ) ; SYBR Green Master Mix i,
& (SR, AU R FREA IR A A P ED ;40
J 07 £ -8 (cell counting kit-8 , CCK-8) (€004,
FilgE A RAEYWHEARA R A, H ) ; RNase
(RO12, iR = RAEWHORA R, D (P
(ST51, il m RAEYHARGRAHE, HE);5-2
e FE 27 - B S IR 1 (5-ethynyl-2'-deoxyuridine , EAU )
VW (C1031, TN B AE M R BR A A D 5
AnnexinV-FITC/PL 2 Jifg 4 T 6 I 1055 & (KGA1102-
10, VI3 BILHE A= Wy AR A A PR =), b ) 5 46
1535468 (3111, Thermo Fisher, & [F ) ; Real-Time PCR
1 (4376357, Applied Biosystems, 3¢ [# ) ; i #5 1%
(MK3, Labsystems, 7% =% ) ; i {58 (IX71-A12FL/
PH, OLYMPUS, H &) ; yit = 4 g ¥ (CytoFLEX,
BECKMAN, 3£ [H ),
1.2 RADS4L £ OSCC ' #9 & ik FiUs A= s R A8 %
e VA A 3B B0 A AT B R AT

M TCGA 45 2 (https: //portal. gde. cancer. gov )
THIFE I TCCA-OSCC I H STAR Vi 2 . TPM 4% 2
i RN Aseq %4 , e A0 A TE 30 IBEAS 32.4], 0S-
CCREA 330 4] , i R 1B & stats A car £, % H
Mann-Whitney U 165 56 %F RADSAL 76 A [/] 4H it 2
NPT 0. il pROCH, SR A A2 10H T 4R
FRAE 28 (receiver operator characteristic , ROC ) [A] B
S0 M1 il £ 19 17 FR (area under curve, AUC) , PFAfk
RADSAL XF OSCC 19 T3 H Wi 4

M 330 1] OSCC FE AR H 32 U 35 119 i PR s 22
TR P E S T 2 Y BB 305 491 N 2320 0 iR
H 276 191 | i R 53 491 Y 2 320 ) g B A 40 Y
S 322 41, A MBI T SR 0 BB 330 1] A I 1 R
FY) A 329 1] | TR AT SR A SR Y S 324 5 AR B
0 SR 1R 322 0, A stats A, SR R O 56 4
Hr RAD54L mRNA 357K 5 OSCC 3 i R g 2
B ) 06 F& o M BR 191 T S A Bk Ok B AR A
J& . A RADS4L mRNA 3 3k o {7 {8 4 329 ]
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OSCCHEAR 3 A AR R AW . R H Cox 7114 43
BT RADSAL =5 1K 2 34 W0 4 1] 114 13 5 22 55 - 22 il A
P

] FE AR 4l RADS4L mRNA 23k A 457 (B 2K 330 141
OSCCHEASY A R FA W ALS , R H] DESeq2 £
TE W 4[] (1) 25 5 3R 58 B I, i 2% 4% F R 1LogFCl >
0.58 3 P < 0.05 B 4w 5 3 A . R H org.Hs.eg.db
¥ ¥ SN Entrez ID )5, 38 13 clusterProfiler £ i#F 17
KEGG i #% & #5041 . $HUE 5 T HR 38 BE 1) 22 55
TR, RH Spearman AH S 43 B ) /s RADS4L
555 AR B 2038 B v Al R R ) SRR AR DGR . R
o325 5L 0 AT AL 2438 3 ggplot2 A 58 i
1.3 %53 5236 SRR HSC-3 40 2, 7 RADS4L #9 & ik

A OSCC 4t fifg HSC-3 #4715 10% Ji5 2F 1l 35
1% 5 B 2 -5 8 RIA WY DEME =ik 92 36 b 1
T37 °C.5% CO B FRAE h R 38 o K54k 3% Bk
K AR KRS B (9 HSC-3 40 Mg 35 7b T 6 FL AR,
TSR DRI YA R 40% ~ 50% -
AR fd Lipofectamine 2000 R FN B si-RADS4L
(#1 . #2 #3) FIBH M X} IR si-NC 5% Je 3] HSC-3 41 iy
W, X TR YRR YR DU ik A TR
YU 2 bk 6 FL AR H Y 3% 37 B BT I TC BT Y
DEME 3% 7 % ; HH 90 wL JC Il i Jo AT ) DEME 15
FRIEFRBE 10 WL siRNA (20 wmol/L) , % i T i &
5 min; 5 wL Lipofectamine 2000 i B 7E 145 wL &
M TCAHLH) DEME 855256, % N #HE S min;
DL b PR AR B IR &) IR AR % IR T 7 20 min; B
LA B AR A WK 250 wL, B 5 5% 5% 1% 30 40 i 1%
FEMRMIR AW SR D R WIR S T R4
G IR, SHIIES YT 5 ~ 6 h 5 LR Y i
W, O e R IR AL . B YL 24 ~ 48 Wil AT IR £
SCHY . si-RADS4L#1 [ J¥ %1 : 5 -CGCTAAAGAAG
CTTTGTAATC-3'; si- RAD54L#2 1 £ %1 : 5' - CCG-
TAGCAGTGACAAAGTAGT -3'; si- RAD5S4L#3 1Y JF
5.5 -AGAAGACTTGCTATATCTACC-3" ; BH 4 % I&
si-NC [ 741 : 5'-CCTAAGGTTAAGTCGCCCTCG-3',
1.4 qRT-PCR #: ) RADS4L ¢4 & ik K -F

it FH Trizol 4 771 2 HU 21 it P (1) 5L RNA . ¢DNA
#J & R A HiSeript 11 Reverse Transcriptase 5¢ i,
Ll cDNA & 5 Mz i FH SYBR Green Master Mix iz 7]
TP . GAPDHAE NS R, XS Rk &
WA 2 ek AL 51 A TR A B A
A AL, FEFI IR - RADS4L-F: 5'-TTACGCCAGAG
TCCAGAGTGC-3", RAD54L-R: 5'-TCCTCCCTCCGA

GCCATTT-3'; GAPDH-F: 5'-CATATGGGGAAGGTG
AAGGTCGGAGTC-3', GAPDH-R : 5 -GAATTCTTAC
TCCTTGGAGGCCATGTGG-3'
1.5 CCK-8 ¥l 2m JoL 34 75 48 A

A DL 3 x 103> /L ez R 3] 96 FLAR T, B F
B2 ARy B K5 5% 24 h 48 h AL 72 he BEALANA
10 pL CCK-8 ¥ M , TERE 7246 h 0% & 2 h 5 ffi 1]
Bl AR AE 450 nm A0 4G I AE LAY D163 B (optical densi-
ty,OD){H .
1.6 EdU % &, X 345 ) 4n JeL 34 74 58

FEA DL 1 x 10° > /FL 2R 21 6 FLAR H 15 77 2
o A 50 wmol/L EAU ¥ & J5 7F 37 CH# 5 2 ho
i H1 4% Z2 5 WP I ¥ 9 11 7 40 8 15 min, 0.5% Tri-
ton X-100 7 1 40 ffd 20 min, ¥ % 5 Click Additive
Solution JZ [ 30 min, 2l il #% F DAPI & 4% 15 min,
DG WA LSS A L I i SR R .
1.7 m e R JR 52 3 ) & 46 ) 2 A0 3T A5 Ak

FEA AL 1 x 1054 /AL Fp 3 6 FL AR I 85 5%
0% F . FRW AWk 2 H R 40 M, PBS ¥
VE2 R . TERIGIJE 0 h #1148 hfdi G i 5
G o 0 40 ) 20 i Ak i v LIRS . RilIR A
H#%=(0 h 5i B -48 h 58 & )/0 h 5 ¥ x 100% .
1.8 & X fm B AUl 2m LA =

WK 5% Y 20 it J5 PBS Y (50 o i Annex-
inV-FITC/PT 4 Jitg 9 1 5 90 32X 770 & 4 00 40 e 9 1
JA 500 wL 1xBinding Buffer T 2 40 S , M1 A 5 pL
AnnexinV-FITCIE 2] J5 , IIA 5 wL PLEFIRIES) , &
T RE G SN 15 min. 8 3 X 40 R ASCARG
1.9 A X @ B U ) 4m e ) A

WSCAR B G 40 ifL J PBS YR B o 70% TR 2
i 4 °CI& 22 4 h, W% PBS 5 PR /5 A 10 L RNase
37 ‘CH%F 30 min, il A 10 wL PI 4 C % Y (4
30 mino 5 A3 2020 ARSI
110 %it 5 o4

WG Bl RiE 5 4.3.1 52 : Mann-
Whitney U £ %5 5341 20 [0] 334 22 5, Cox [0 I 43 BT [X
A RS 22 5, ROC A2 W 1S (6,
J7 5 55 43 AT 5 6 R 9 O 1] 19 22 5 | clusterPro-
filer 117 KEGG 3 % & 4 737 M7 , Spearman #H 514 43
PR 5 HR &2 i 3L R R A G M o (RS SE
B3R 43 < BT A SE g I 7 A 3 W, BdE LA Y 4
W 22 %78 o i ] GraphPad Prism 9.0 #F 17 4t 11 43
Mo L5 i £ 41 18] qRT-PCR £ ¥ 6 2 1F &40
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i, RN E 7 2538 . BEAU 40 KR A g i
8T B4 1 L) B0 T A S A, SR P o ARG A HT
CCK-8 . 2t i J&] 13 1% VP 4 (1) S 36 50 90 SR FH WL PR 227
0. P<0.05 HERHEASIT¥E L,

2 # B
2.1 RADS4LAEOSCCY & kik, 56 R R A%

Mann - Whitney U F 55 45 S £ B (& 1a, Z =
1.460, P <0.001) , OSCC £ RAD54L mRNA f¥) 3% ik
K AF (2,606 + 0.799) f& T IE # XF B4 (1.167 +
0.553) . Cox [HIH 73 Hr &5 R L W] (18] 1b, HR = 1.38,
95%CI = 1.00 ~ 1.91,P = 0.049) , RAD54L /& #3541
BTG 22 TR A4 . ROC #iZkr#rvh iY AUC 1
7 0.927 (& 1¢,95%CI = 0.897 ~ 0.958) ,

1.0

—P <0001 1.004 RAD54L ot
° =~ Low ‘
3 . - High 0.8- .
P = 0.754 ' ’
=2 =2 ’
= ] = ’
g é 432 E /,
=S 2 0.50- £ 0.64 .
. — Iﬁ.h > ’
g 3 E +H—t- - g ’
Lz £ 0254 ! | 04 g
% E 70 Overall survival =~ _ - : é 7 at
£ 24 HR = 1.38 (1.00-1.91) Iy =+ @» L’
2 P =0.049 =
=
0.004, : : . 024 RADS4L,
] 0 50 100 150 AUC: 0.927
X Time/months 0.0 ’ 95%ClI: 0.897-0.958
~ R ) . T T T T
ey Low 165 30 6 9 00 02 04 06 08 10
() — Q e 20 4 3 () 1-Specificity (FPR)

a: the expression level of RAD54L mRNA in OSCC samples (330 cases) was higher than that in normal controls (32 cases), P < 0.001. b:

the median value of RAD54L mRNA expression; one sample with missing prognostic data was deleted, a total of 329 OSCC samples were

divided into two groups (high and low expression), and the prognosis of the group with high expression of RAD54L was worse than that of

the group with low expression, P = 0.049. c: the receiver operator characteristic curve analysis of subjects with RAD54L in 32 normal con-

trol samples and 330 OSCC samples confirmed the high diagnostic value of RAD54L, AUC = 0.927. HR: risk ratio; TPR: true positive rate;

FPR: false positive rate; OSCC: oral squamous cell carcinoma; RAD54L: RAD54-like protein

Figure 1  Analysis of RAD54L expression, prognosis and diagnosis in OSCC
1 RADS4L7E OSCC H 933k TS M2 o A

2.2 RADS54L mRNA % ik K F 5 OSCC & # 6 A&
R X R

P 330 f4i] OSCC #£:4< H RAD54L mRNA [1) 3 ik
WAL (E 2.654 FFE A 43 Ry i AR R I P41 . RADS4L
M RBHAEAEZHEERHE (¥ =4598,P =
0.032) , = 19 T 43401 () = 4.224, P = 0.040) | IIfi IR
7 (¥ = 4.900, P = 0.027) Fl % B 24 50 9 () =
6.170,P = 0.013) . 1fif RADSAL i ik 41 5K £ ik
ZH 18] B9 N 2331 (2 = 0.059, P = 0.808) AE#% (x* =
0.244,P = 0.621) W AH L (x* = 0.998, P = 0.318) Fil
TR (= 0.193, P = 0.660) Z R TG 1125 XL,
W& 1,
23 RADS4L THe@ T R R 44 L& ZF A
0SCC #t &

DESeq2 £ L ILogFCl > 0.58 3 P < 0.05 [¥) 4 fith
FE PR R 075 30 2, DN RADSAL 25 15 2 305 9 4[] e
e 2 455 N FER . R org. Hs.eg.db A1 il Dy &% W
2 407 4> Entrez ID I T & %001 . KEGG 18 1% & %

Iy MTEE SRR, DI ] A 25 Sk ) 2 W AR TR
WG PERC AR 5 32 A4 /Y AR AR L 40 1R - 40 P 1
SEARAAELAE VB 45 50 B L A0 i SR A L E AR
G 5T A2 A EL AR T AR 27 BUE -DNA IS 9
DNA il | [F VR H 41 B o2 & (35 P < 0.05) (K
2a) o MR EAE TR EHBE RN 2T RIL
SR A FLIR R 5 B ] 1 (breast cancer sus-
ceptibility gene 1, BRCA1) \RAD51 % & i (DNA)
S 1 #E AL V3 [ polymerase (DNA ) delta 1 catalytic sub-
unit, POLD1] . RAD54L  BRCA1 AH H. F J11 fif Jié it 1
(BRCALI interacting helicase 1,BRIP1) % fill & & &
F1 3 (synaptonemal complex protein 3, SYCP3) | F| iz
Jii oy IS A 2 (breast cancer susceptibility gene 2,
BRCA2) | 0 5 Ul B 73 24 45 ) R S 1 A 1 o4 D) i 1
(essential meiotic structure - specific endonuclease 1,
EME1) . #i $b 5 ¥4 i 11 45 5 25 A 1 (topoisomerase 11
binding protein 1, TOPBP1) X Hf £ & & 5¢ XL H 4 2
(X - ray repair cross complementing 2, XRCC2) .
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F 1 O0SCC 1 RAD54L mRNA %335 7K 5 i PR s £

LVEHiI PN
Table 1  Relationship between RAD54L. mRNA expression
levels and clinicopathological data in OSCC n

RAD34L low RADS4L high
Variable X P

expression group  expression group

T-stage
T1&T2 74 (24.3%) 55 (18%) 4224 0.040
T3&T4 80 (26.2%) 96 (31.5%)

N-stage
NO 60 (21.7%) 58 (21%) 0.059 0.808
N1&N2&N3 78 (28.3%) 80 (29%)

Clinical stage
Stage | & Stage Il 55 (17.2%) 36 (11.2%) 4900 0.027
Stage Il & Stage IV 107 (33.4%) 122 (38.1%)

Pathological grade
G1&G2 138 (42.9%) 115(35.7%)  6.170 0.013
G3&G4 26 (8.1%) 43 (13.4%)

Gender
Female 60 (18.2%) 42 (12.7%)  4.598 0.032
Male 105 (31.8%) 123 (37.3%)

Age
<60 76 (23.1%) 80 (24.3%)  0.244 0.621
> 60 89 (27.1%) 84 (25.5%)

Smoking history
No 48 (14.8%) 40 (12.3%)  0.998 0318
Yes 114 (35.2%) 122 (37.7%)

Alcohol history
No 55 (17.1%) 50 (15.5%)  0.193  0.660
Yes 108 (33.5%) 109 (33.9%)

The median RADS4L. mRNA expression value of 2.654 in 330 OSCC
samples was used to categorize the samples into two groups of high and
low expression. OSCC: oral squamous cell carcinoma; RAD54L: RAD54-

like protein

RAD54 [F] I8 4 B (RAD54 homolog B, RAD54B) | 7ii
F5OU 2% A E f% i€ 1 (Bloom’s Syndrome helicase,
BLM) . Spearman A 3¢ ¥ 43 #1 45 1 £ B, 0SCC H
RAD54L ) 75 % 5 BRCA1 .BLM I EME1 ) 2 ik &
3% 1E A 52 (R> 0.8, P<0.05) , 5 XRCC2 . POLDI1 .
TOPBP1.RAD51 .BRIP1 ,RAD54B fil BRCA2 [ % ik
SR EEME(R =05 ~0.8,P<0.05), 5 SYCP3
A2 IR E55H L (R =03 ~0.5,P<0.05) (K 2b),
BE— Al AL T 5 RADSAL 235 5 M 56 1Y 3 4> 3k
A (BRCA1 .BLM F1EME1) (& 2¢) o
2.4  RADSA4L & A F 38 4 4] HSC-3 2m g, 3G 78 e it
# AT 3k fm i 8

Bt 24 h 5 1) qRT-PCR &5 SRR W (K 3), 5
RADS4AL 41 (55 140 ) fil si-NC 20 #H L , si-RADS4L

(#1 . #2 . #3) 41 RAD54L mRNA % ik ¥ F& i (P <
0.001) , H: 11 si-RAD54L#3 20 RAD54L mRNA % ik
Bl % o I, 48 si-RADS4AL#3 Ui 47 )5

CCK-8 LI 5 R (Kl 4a) , 5 si-NCHIAM L,
si-RADS4L#3 4 7E 24 h (1 = 2.926, P = 0.025) .48 h
(1 =5.644,P<0.001) .72 h(z = 11.720, P < 0.001)
IR PR A S22 22 5% . EdU S5 25
FKU (& 4b) , 5 si-NC 4L HH LL , si-RADS4L#3 41 FH 4
Y1 M B B RS B Ge it 22 5 (1 = 11.01,P <
0.001) . LRI S50 K W (&l 4e) , 5 si-NC 4H Al
Fe, si-RADSAL#3 20475 1 P 5 E 8] A9 AR 2L e it
22 (1 =19.75,P <0.001) . 4 & 1 52 56 45
T 4d), 5 si-NC AL, si-RADS4L#3 21 41 i
76 G1 W8y e 88 fin (¢ = 15.50, P < 0.001) , S 1 AY
A ARG (¢ = 12.79, P < 0.001) , 76 G2/M A L f41] 2
S ARG G2 L (1 =2.72,P =0.055)
AP TS B A5 R R W] (Bl de) , 5 si-NCHAH L, si
-RADSAL#3 ZH 4N M 1= b 138 T, 22 5% B Si i 12
=X (1=32.60,P<0.001),

3% i

S — Fh A 2 M 0, R AR R R R A
W B 24 240 M A A B B ZK L, b DNA #5345
JE—Fl R LB, DSBs J2 e N AT AR i Y
DNA #1451 2 2 — , DSBs #5 A 15 31| J2 i 46 &2 v] 5
A= A, BT RE S BUR AR XA Yk v
B E Y AE OSCC H, DNA 5 475 Fi6 42 2
TP IE S 5 H & A R B A YT I 52 1 2 DA 6
PRI, 40 7 F AL 2 v % 8 T DNA #5455 12
ML o 7F DNA #1495 % A i, M DG 2R 1 5 2 R 50 9%
54 B Z WA, ULl k18 B SN TR 3 2
PO, BENEX - RAERRE G TR
K6, VI 45 4 i 3 %, BEL W 40 i JE 3 DNA B R
A U] e HRR AE S DNA 5475 52 7 19 35 % 5 54
22—, 38 PG G €8 B A A2 TS B AR R AR
B DNA, #4177 X} DSBs 5 5% DNA [H] B iy 5 27
FE OSCC ', HRR I& 12 1Y 55 1 Ak ol 40 1l #4771 fig
O A N R, I RS M 1 o R R TS
XA 2% I i R VR 4 ) oL AR B PR T DNA 49 1 o
MR, e SR A foe MR e s PR fIE T
Y HFo WK, HRR 76 4 A 4 2 v 495 B R AT Bk
e, — BT BE &R A ] S 808 AL R R
FE YR AR B AR F B IRAM RS
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a G RAD54L a: KEGG pathway enrich-
Neuroactive ligand-receptor interaction BRCA1 R =0.827 ment analysis found that
Cytokine-cytokine receptor interaction [ ) BLM —. R=0810 RADS541. was enriched in

Calcium signaling pathway ) EMET - ®|R=02808 P value the homOIOgOUS recombi-
Pag = XRCC2 {———@ |R=0773 |} 1e-08 nation pathway, P < 0.05.
Cell cycle 4 [ J 0'03
002 POLDI{f——— @ [R=0760 | 5e-09 b: the expression level of
Gastric cancer ] = 0.01 .

m TOPBP1 -0 |R=0753 c (;e+00 RAD541. correlated with

. . @ | Counts or

ECM-receptor interaction [ ] o o
0 20 @ |r= O 04 that of differentially ex-
v . . 0 % RAD51 R=0.751 005 y
Chemical carcinogenesis - DNA adducts L 8 :g BRIP1 . R =0.745 8 g? pressed genes ennched m
DNAreplication |~ ® RAD548 - ® |r=0710 Qos the homologous recombi-
Homologous recombination 4 @ BRCA2 { |————@ R =0.697 nation pathway, P <0.05.
Mismatch repair 4 « SYCP3 { —— R =0.306 c: the expression level of
T T T T T T RADS4L was strongly and
0.025 0.050 0.075 00 02 04 06 08
GeneRatio Correlation positively correlated with
= 54 % ° 0% the expression levels of
L] — o

< =4 cqe * E 3 BRCAL, BLM, and EME1

a2 o4 2 g2~ 3

s % s 3 = T in the homologous recom-

5 231 e £ 2
7 < % E ‘7 E 24 bination pathway, R > 0.8,
o &0 L o 24 5] o
g =2 g3 =5 P<005. KEGG: Kyoto
c - °
2 © Spearman é 11 Spearman £ ! Spearman Encyclopedia of Genes
= 1 had R =0.827 %© . R=0810 & R =0.808
o © P <0.001 o ° P <0.001 o P <0.001 and Genomes; RADS54L:
1 2 3 4 1 2 3 4 1 2 3 4 . .
The expression of RAD54L The expression of RADS4L The expression of RAD5S4L RAD54 - like RO
6 Log, (TPM+1) Log, (TPM+1) Log, (TPM+1) BRCAL: breast cancer 1;

RADS51: DNA repair pro-
tein RAD51 homolog 1; POLD1: polymerase (DNA) delta 1 catalytic subunit; BRIP1: BRCAT1 interacting helicase 1; SYCP3: synaptonemal com-
plex protein 3; BRCA2: BRCA2 DNA repair associated; EMEL: essential meiotic structure-specific endonuclease 1; TOPBP1: DNA topoisomer-
ase Il binding protein 1; XRCC2: X-ray repair cross complementing 2; RAD54B: RAD54 homolog B; BLM: Bloom's Syndrome helicase

Figure 2 KEGG enrichment analysis and co-expression analysis of RAD54L
2 RAD5AL [ KEGG & %5 Hr M3t R 5 /0 #r

Compared with the RADSAL group (blank group) and si-NC group, the si-RADSAL (#1, #2, #3)
groups all had reduced expression, with the most significant reduction in the si-RAD54L#3 group,
D < [UTe rog s el dRierars, TRADEA. mrorrs kel mrvariee SA-310 crotss megaifs com-
trol group; si-RADS4L (#1, #2, #3) group: knock-down group; RAD54L: RAD54-like protein
Figure 3  Transfection experiment knocked down the expression of RAD54L in HSC-3
cells

3 B YLSEIG IR HSC-3 41 it H RADS4L i1 3 1k

Relative expression of RAD54L. mRNA

HRR i 2 1) S g 5L A, a0 A BiF 5% A A9 RADS4L, X WA ARG RADSAL 78 5% Bt 98 5B & i 323k
T HLfF OSCC Y 43 BLAIL 6 AT % 37 693697 3R AT 51 )2, RADSAL @ R B 5 B H G A R M
W HA EEE X, Feel o BFSE & IUTER RADSAL A] S 25 30 i £ &

RADS54L /& HRR H By CHEEL A o 76 T1 99 il Ji B T8 988 20 B A A A, 2 FE A0 R U T S L Y 0 e
I i 988 2 20 b RADSAL 1) =5 32 38 5 8 22 10 B AE A7 9, $278 RADSAL W] BB TS 7E AT HE A, X et

VAN
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100100 100100 10° 10010010 105 10° si-NC si-RADS4L#3
@ Annexin V FITC-A Annexin V FITC-A

a: in CCK-8 experiments, the proliferation rates at 24 h, 48 h, and 72 h were lower in the si-RADS541#3 group compared to the si-NC group. b: in

EdU experiments, the proportion of EdU-positive cells was lower in the si-RAD541L#3 group compared with the si-NC group. c: in the wound healing

experiment, the proportion of wound closure was lower in the si-RADS41#3 group compared with the si-NC group. d: in the cell cycle experiment,

the proportion of S-phase cells was lower and the proportion of G1-

phase cells was higher in the si-RADS541#3 group compared with the si-NC

group. e: in cell apoptosis experiments, the proportion of apoptotic cells was higher in the si-RAD541#3 group compared with the si-NC group. si-

NC group: negative control group; si-RADS54L#3 group: knockdown group; EdU: 5-ethynyl-2'-deoxyuridine; RAD54L: RAD54-like protein. *P <

0.05, *** P <0.001

Figure 4  Cell function experiment after down-regulating RAD541. expression
4 T RADSAL 33K 5 HY 41 i 2 e S 560

WEFE R B, RADSAL 78 AS [R]85 H 19 178 FHAIL 1 T B
AR R B AR g A & R v i EE B R ] 20
A5 7E B Y2, R4 RADSAL 7 £l dE vh 24 2 9
U T 7, (B HAE 0SCC A iy ELAARAE FH I Aij & A5
i o AT EH IR R G HEETT T RADS4L 7E 0SCC
) IR AR S D BE , S B OSCC 4319 FEAL
2L TR AL AR . AFST R, RADS4L 78 X 4
i e S8 2 T e IR v R VR % L KEGG &
L M1 & B0 RADSAL (= 1% 3% 35 W 41 ] 1) 25 57 3R 3k

FEH ] A F HRR &8 . RADSAL ) ik e n] 55
BRCA1/2 fft 25 48 i v 1% 52 458 52 1 S BR il , DA 9k
DT 2 BN R IENRE T 10 DNA 151405 , iX 4278 RADS4L
H) 1) i Bk [ 7T 5 0 BRCA 172 ke 2k 784 firh 9 %of 52 7kl 7
PO ARIT R i 20, 3 — R BLXT OSCC IR IT
SR A EE R . B, X T RADS4L = &
IR OSCC M35, W] R 22 2% IR B AT 7 28 sliR
R IRIT LA, LA vd IRV FE IR Y 52 1 . fE
i RADS1 4 Bl IR 1, RADSAL W] 38 i H 0% DNA
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S ATP il 15 P22 F RADS1-ssDNA #5122 51
fi& #F DNA & B, X & HRR ) & 2 3 #2 , & W
RADS4L 5 RADS1 7£ 4 B DNA #1475 F1 & i b7 #4 b
] & VR T, DA 4 35 3 DR 4 5 Pk R ) 9 A
) % A2, #E HRR o #2 H BLM A9 AE 2 sh &5 A8
B 19, 7 HRR 9530 [ B BLM 3 3o 34 3% RADS4 1)
ATP fiff 35 ¥ 2 Py B RADS4 HE A7 Y (6 [ 8 98, (B A1E
J5 WY BE BLM 1] 5 RADS 1 AH B AE FH 3-8 58 RADS1
27 Y, M K HE 10 1 ) R B AL A9 1R . AR ISR
[F] B & B8 0SCC H RADS4L i % 35 7K F 5 HRR &
# ' BRCA1. BLM. EMEI. XRCC2. POLDI,
TOPBP1. RAD51 . BRIP1, RAD54B . BRCA2 #il SY-
CP3 1) 3 ik & 1F A 3¢ , H v 5 BRCA1. BLM HI
EME1 [ 3R 35 2 58 IE A0 ¢, 7] WL RADS4L i ik 2k
JE RS20 HRR 3842 (U845 . X Al 12 (0 4F OGPk I
7~ RADS4L 1] BE7E OSCC i DNA 1 453 & &2 W 4% wh
WO HEMAG ., KRR ITHE - PHE
RADS54L & 7538 i Up 8 2 1> HRR A DG K 1 & 3k
KR OSCC W) KA K . X — & B 5 Z it
RADSA4L Y GE 1) 3L i A1 — 2, #2758 RADSAL 1E 45
OSCC 7£ P 1 Z2 Tl Jig i 25 789 b ] BB 8 HL A AH ALY
YR, BAh, X AL RADS4L 7E 0SCC 1912
I7 ST AL TR 0 AE p (B AR AL T AR L
SR FEER X HRR AR )36 97 7 10

AW G AR S IR AR T RADS4L X OSCC 41 fig
TRV EAE R o 3853 F I8 RADSAL i 23k , 8%
FI HSC-3 2 Jfd 7y 35 78 A A% 32 24 ] (5] B 412 1 41
JLJE T A B B R R A R R R RO i R T
RADSAL [~ 08 15 7 fif 3 240 B ik 3% 5 AT 6 15
S BE R, LA R T AR S P, X — &
ALK E T RADSAL 78 0SCC & J& i 56 B 1
FH 38 S HAE R WA IR 97 R A At T 4 Y S
UEHE . DNA BP0 118 52 5 il g & e Rnid 24 M i
JEAHOE ) RADSAL X 40 it 3 1~ i 41 il $2 7= T FHon]
B 5 OSCC B35 X IR I7 AT 25 AR O o X X F 48
SR ARG PRIGTT W i 8, 0 L2 72 > AR fk
BIT TR AT 2 ORI IEAL T R A HER R R
o KRS ] FHJER Z RADSAL R iAK P 5
OSCC B H XA RIVR YT 7 B8 R Z [ B & 7, A i
PRYE SR B8 G BRS04 T 48 br o AN, AR5 I8
AR BLH I RADS4AL /% 2 3K 5 3 HSC-3 4 i 7E S Y
Wl D o 2N R 1 3R LR i RE R R 1R DL RRAE 22
— 1M RADS4L A 3 35 52 W) 20 B J&] 300 00 e | e 1) 2
XS TR IR A HE Bl A 1) G B AR R S AR LA

PR 0SCC I & J . X 5 HRR & 44 32 22 76 40 i Ji
19 S 3 & FEAE AR AT, PR A 40 A 15 0 4% 5 DNA
WiE 2 B VIO X — & B4E 78 T RADS4L
F£ OSCC 4 it R R rh i W EAEH . — 2 5
DNA &5, 55 — J7 I {2 1 40 it J) a0 e o X i XL
I HETT BB RS T RADSAL 5 335 19 OSCC 41 i Hy
fA] EL A5 B 5 1 14 B BB 1 MR YT AR . XM IRA
P AR RADSAL 78 40 Jf J&] 1A 98 42 v (%) 23 B ) 2 41t
THER R HR F B X A0 M B 1 3R T R s 4 At
TR . AR SR AT DL B4 A RADS4L
050 500 5 4 B SR I R A 2 W R R TR R RS
TRIT MG, LA B R ] OSCCAE K H 1y,

AW 5T 1 & B R R 3k 0SCC Y BIF 92 AL Il R 52
Be P At 1B i LB AN 1) o AR SRR SR T, R
KTl % H R R RADSAL 5 HoAth DNA & 42 3 K A9 #
HAEHR L, LUK HAE 0SCC & A4 & i 72 b il 3l
A . [FE, AT — 20 B 58 RADS4L 76 A [H]
OSCC V. 7 v i & 3 458 2 B X YR 97 5 g 52 i
e I PR I J7 1, RADS4L A B2 )i 0SCC 2 W il
U5 PEAR (B R AE Wb B . %6 T HAE HRR & 1%
o VR, RADSAL W] BE A FF & 5 B0 ) v
JP W RIS AE S A . EAN , RADSAL Y 28 3k 7K S 1]
AE5 OSCC X Jt 26 DNA 453475 24 4 110 F50 et A %, X
FASRARIG T J5 28 B i B AL TR 2 AR .
R Sk B BF 9% 346 1 45 5F RADSAL 3 1 77 5 30 A4 18 97
J7 3 CAn s ARy ) A e RAE L, U & i
R IR G IRYT R W o

25 LR A WESE AT T RADS4L 7E OSCC
B , #8728 7 Hoi 1 HRR 342 8 45 0SCC Y 3
J& . B 1H RADS4L (1) 2% 3k fig % $1 i) HSC-3 4 Jfd 1)
BB R RS, A 1 4 M 0H T, O BELAS 20 i R 20 . X
28 L P AN K R AT RADSAL 7E OSCC % & v i 4+
ML G TSGR L 2R, 38 S 1 I8 ¥R 7 10 B ) 3R
W RIS PEAG SR T 5%
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