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Effect of BRCA1 gene silencing on the repair of lead—induced DNA
double—strand breaks in TK6 cells
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Abstract: Objective To investigate the effect of BRCA1 gene silencing on the repair of DNA double—strand breaks (DSBs)
induced by lead acetate in human lymphoblastoid TK6 cells. Methods A stable BRCA1 —silenced TK6 cell model was
established using lentivirus—mediated shRNA technology. Cells were divided into four groups: normal group (untreated control
group), control group (empty vector control group), shRNA-NC group (negative control lentivirus group), and shRNA-BRCA1
group (BRCA1 knockdown group). All exposed groups were treated with 480 pmol/L. lead acetate for 24 h. Silencing
efficiency was confirmed by qPCR and Western blot. DNA damage was assessed by immunofluorescence staining for y—
H2AX foci. Cell cycle and apoptosis were analyzed by flow cytometry. The expression of key proteins in the homologous
recombination (HR) and non—homologous end joining (NHE]) repair pathways and DNA damage response (DDR) signaling
molecules was detected by Western blot. Results The BRCA1 silencing model was successfully constructed, with significantly
lower levels of BRCA1 mRNA and protein in the ssRNA-BRCA1 group compared to the control and shRNA-NC groups (P<
0.05). Under lead exposure, the shRNA-BRCA1 group showed a significantly higher positive rate of y-H2AX (26.94+2.93)%,
a higher proportion of G1 phase cells (65.31+1.13)%, and a higher apoptosis rate (52.84+1.21)% compared to all other groups
(P<0.05), while the proportion of S phase cells (8.59+0.45)% was further reduced. Protein analysis revealed that, compared to
the control and shRNA-NC groups, the expression of the HR key protein Rad51 was decreased (0.52+0.10) in the shRNA-
BRCA1 group, while the expression levels of the NHE] pathway protein 53BP1 (9.73+0.87) and the DDR signaling molecules
ATM (6.10+0.48), ATR (6.25+0.92), CHK1 (2.35+0.46), and DNA—-PKecs (3.85+0.93) were significantly increased (P<0.05).
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Conclusion BRCA1 silencing inhibits homologous recombination repair, exacerbates lead —induced DNA double —strand

breaks, arrests the G1/S phase progression, and intensifies apoptosis. The mechanism may be related to the activation of the

ATM/ATR-CHKI pathway and compensatory upregulation of the NHE] repair pathway.
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Figure 1

Detection of BRCA1 protein expression by western

blot
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Table 2 Expression of the BRCA 1 gene in TK6 cells [n=3, (x£5)]
BRCA1 #E FIAHXS 5

2H 5] mRNA XA K -

K
Control £ 1.00 = 0.11 1.00 = 0.04
shRNA-NC £ 111+ 0.16 1.14 = 0.08
shRNA-BRCA1 4 0.20 = 0.03* 0.29 + 0.05"
F{H 57.521 178.036
PH < 0.001 < 0.001

1 : 5 Control 4 4 :°P<0.05; 5 shRNA-NC 2H 8¢ ,"P<<0.05

7 :A N Normal 4H ; B °& Control 2 ;C 5y shRNA-NC 2H ;D &y shRNA-BRCA1 4,
2 PIESOEHRIN vy —H2AX [93RiE( x 600)

Figure 2 Detection of y —H2AX expression by immunofluorescence ( x 600)
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Changes in cell cycle in each group
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Figure 4 Cell apoptosis in each group

R 3 AU TKE 4L v -H2AX BHIPEA [EDU FHYEAAMD L 51 40 A JE1 00 20 A1 A AR T3 A 25 SR [ =3, (2 £ 5) ]
Table 3 Results of y —H2AX positive rate, EdU positive cell ratio, cell cycle distribution, and apoptosis rate in TK6 cells of each group
[n=3, (x£5)]
= 11

a5 3 -H2AX HIFER(%) — A i M%)
Normal 28 1.02 +0.77 56.00 + 0.89 21.69 +0.41 22.31+0.62 8.09 = 1.09
Control 41 11.01 £ 1.21° 59.42 £ 0.97" 15.85 £ 0.58° 24.73 £ 0.77° 37.99 + 1.25*
shRNA-NC 4 10.08 + 1.12¢ 59.95 +0.90° 16.38 + 0.65° 23.67 +0.68 38.52 + 1.30°
shRNA-BRCA1 £ 26.94 +2.93" 6531+ 1.13"™ 8.59 + 0.45"™ 26.10 +0.41* 52.84 +1.21"
FAE 117.063 46.511 307.732 19.266 361.429
PH <0.001 <0.001 <0.001 <0.001 <0.001

1 : 5 Normal 21 U4 ,"P<<0.05; 55 Control 41 L5 ,"P<0.05; 5 shRNA-NC 4 L4 ,“P<0.05.

FEXT R IB AR 22 R B A G122 B L (F=148.256
46.842.123.651;P {5 ¥ < 0.01)., 5 Normal 41 Ay
BRCA1 & FAAEXTFIAKT-(1.00 = 0.06 ) FH LL , BE R T
YLFEMY Control 415 shRNA-NC 411 BRCA1 & 1 4H
X FRIRACEREAL (P<0.05), 43518 (0.32+0.04) .,
(0.31 £0.07);shRNA-BRCA1 41 1 A1 X & ik 7K °F-
(0.09 £ 0.05)3#E—2E4K T Control 41}z shRNA-NC
(P<0.05) . %F T Rad51 85, Control ZH5 shRNA-NC
2H 1 AR X R AR K430 o (1.97 £0.21),(2.08 +
0.23), & F Normal ZHAY (1.00 +0.20)(P<0.05) ;1
shRNA-BRCA1 4 A28 7KF-(0.52 + 0.10) ik T
Control 2 & shRNA-NC 2 (P<0.05). X} T 53BP1 £
1, Control 21 .shRNA-NC 4]} shRNA-BRCA1 £ )
AN} F2 KK 43 A (6.59 £0.45) . (6.76 +0.43) .
(9.73 +0.87), ¥ 7 T Normal Z1AY(1.00 +0.38) (P<
0.05), H shRNA-BRCAI1 £H {40 XF & 35 7K F 7 T
Control 21 2 shRNA-NC 41(P<0.05). L& 5.3% 4.

2.5.2 DNA i B 5 B A OCE Ry Rs 1Y
ZH 40 ff1 /5] CHK1.DNA—PKes ATM & ATR & 11 AU A1
X Fe ik K- 22 57 8 HoA G2 L (F=7.358 .8.253
121.174.30.994; P {ii ¥J <0.05), CHK1 #& {19 1F
shRNA-BRCA1 A MY AR IEK PR (2.35+0.46),
75 T Normal ZH19(1.00 £ 0.32)(P<<0.05). DNA-PKes
FEFTE shRNA-BRCA1 ZH A AR XS ik Kk (3.85 +
0.93), 15T Normal ZHA9(1.00 +0.51)(P<0.05)., ATM
% 1 1F Control 41 .shRNA-NC 2 &% shRNA-BRCA1

H AR R I, 251k (413 £0.27).(4.50 +
0.30).(6.10 £0.48), ] F Normal 411 (1.00 =
0.24)(P<0.05), H shRNA-BRCA1 #H i A X 2 ik 7k
V-5 F Control £ 52 shRNA-NC 41 (P<0.05).,ATR &
F17E Control 21 .shRNA-NC ZH &% shRNA- BRCA1 £
BT TR IKF-43 0 (3.27 £0.66) . (2.78 £0.68)
(6.25 +0.92), %% T Normal ZHAY(1.00 =0.31)(P<
0.05), H shRNA-BRCA1 WA FikAKF, & T
Control 21 % shRNA-NC ZH(P<0.05). WK 5.5 4.

469K Da e — —— DNA-PKcs
370K Da L —— — ATM
301 KDa L — — — ATR
255K Da  ——— S3BPI
220K Da — — — BRCAI
54K Da —— — — CHKI1
SOK IDa e — — RADSI
42K Da — — . — [B-actin

~ .

& & =
BN~ P, o Q>
S X
= A\ o
-

A :A i Normal ZH ;B & Control 2H ;C & shRNA-NC 4H ;D N

shRNA-BRCA1 4.
Bl 5 Western Blot #l BRCA1.Rad51.53BP1.DNA-PKes .

ATM . ATR il CHK1 133k
Figure 5 Detection of BRCA1, Rad51, 53BP1, DNA-PKcs, ATM,
ATR, and CHK1 protein expression by western blot
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% 4 TK6 40ffi BRCA1 . Rad51.53BP1 . DNA-PKes ATM ., ATR Il CHK1 EH %k [n=3, (x x5) ]
Table 4 Expression of BRCA1, Rad51, 53BP1, DNA-PKcs, ATM, ATR, and CHK1 proteins in TK6 cells [ n=3, (xxs)]

w5 BRCA1 & (MY RadS1 MK S3BPL B HAXT CHKI ZE AT DNA-PKes 4 ATM B HAXT  ATR & (HIXT
FkKF- FkKF- FkKF- FkKF- AHXF R IR FkKF- FikK-
Normal 20 1.00 + 0.06 1.00 +0.20 1.00 £ 0.38 1.00 +0.32 1.00 +0.51 1.00 +0.24 1.00 +0.31
Control ZH 0.32  0.04* 1.97 £021° 6.59 = 0.45" 1.88+0.29 2.49 +0.66 4.13£027° 3.27 £ 0.66°
shRNA-NC 21 0.31 % 0.07° 2.08 +0.23° 6.76 + 0.43" 1.83+0.34 2.48 +0.64 4.50 £ 0.30" 2.78 £ 0.68°
shRNA-BRCA1 41 0.09 +0.05™ 0.52 +0.10"™ 9.73 + 0.87% 2.35 + 0.46° 3.85+0.93" 6.10  0.48% 6.25 + 0.92°
FA& 148.256 46.842 123.651 7.358 8.253 121.174 30.994
PE <0.001 <0.001 <0.001 0.011 0.008 <0.001 <0.001

VE 5 Normal A H %L, ' P<0.05; 5 Control £ H45 ,"P<<0.05; 5 shRNA-NC £H H %5, ‘P<<0.05.,

3 i

DI 0 R SO # Y, s R 2L
il FEHZXT DNA XU Wi 2 5 R G0 05200, 2 B R
AR AE 0 G . U T 24 19 MR 18 52 % T 4
FLR AR e B 2, EEURM T R A B 1 HR Al
Zy k51 NHE] WG58 5%, BRCA1 8 /& HR B8R
YRR A AZ O VA IR, AR LA g e A kSR iy
Dife H 22 52 206, AU S 5 R R 515 %
&3, BAE I 3l DNA RunYlfk ek RADS1 #% 227%
B EF S IR b R A A AR MR FHU, ARAESY
HIRTER RS 5 T, R AWEYE TK6 4 iy
CZANEA IEH pS3 RS S S8 8 A5 AR FE N 41, B
BOIFAANNAR BN ), REARIT T BRCA 1 Hitig
R X BN EE W B S A R sE I . S5 RS
BRCA1 JUERE 1+ B PR HR/NHE] 1852 54 , b 2 hin
TR AL R

AWFFEE JCIESE T BRCA 1 B 531% shRNA fig
SO TK6 484 BRCAL £ mRNA FIFE 335, i
IR T DResi R A8 fEE 2R 85 551 T ,BRCA 1 1T
BT E DNA #5558 y-H2AX (1) BH M R 4 sl
NP R E TS, KU BRCAT SRR T
DNA fiifh 0y R, X —I G 5 41 friz 0 SR A —
F:BRCA 1 TR AR B /™ H Y G1/S JWIRH A1
TR, XK, YEfkERN HR BE KW
BRCA1 S 32 BHAT, 41 v] 68 PR TG A #01& 2 48
5 UL T2, DT 85T e ) 4 ] R
AEMPET,

ABFFEARAE T BRCA 1 V81516 52 3 [ e % 1 B
FEAEE . BRCA1 JUERE , H R iE HR T8 Rad51
A5 R NI, ESE HR 8BS RERL Sk B 55 .
5 0t W B NHE) 38 % 59 ¢ g 2 1 53BP1 Al
DNA-PKes 19 235 W P [F] 96 . X — “HR 1 il
-NHEJ 3387 53R A G Rad51 TURWFFE LS
FAHE R, {H R HAE T HR Gl g8 Eig, dHE &2

A PR PR PRI AE AR AR . HR 5 NHE] 18 A7
TESEG RN, BRCAT BYERARHIE T HR (3a5 77,
A BT ECH 22 1 OUEE W 248 5 7] 5 B 1) NHE] & 4%
HATEE . NHE) - F: 0B 5 7= A= /Ml A sl ik
2, e FE P2 R 1 TR IR, 3 by B A 2 R
fAr 3 N AR i AR AL T TR R &

WAk, A MEEE] BRCA1 ITERJS , DNA #i65
V25 R 25 A% O BT ATMLATR A HF 03800 2 1
CHK1 Wkt FE . X T RE X RELL e H
T HR A 3UE E 1 SEEWT 24 i s AL R o 5 Z Y
Wi g A5 5 — T ] REI E PIMEAE R TR, S —
T A 2 fioh % T A A 20 B S S BEL U S A TR Y
I, BRCA TR #ME TP OVE R, AMUE T H IS S
B, AT HAR MBI AR IS R W BE 7, 52
ARG NS A e is DR

25 FIFR  ARBFFEIESE BRCA 1 J& 40 B A 475
T DNA #5105 () G5y o FERTREEIAEE T ,BRCAL
DIfese 8 X T4ERE HR B /e 1 . Wil 2 #E1& 52 i
] NI PR S R A R Mk e T2 . Hop Rk mT
BB A X 4 3812 25 AR 3 3 1 P A XU A
#, M DNA MBI RE ) TR IR S5 PR e A 2R
)t B JRURS AL 3 A B K A

AW FEATFAE— 2 SR PR . —J&, i Ailad BRCA1
FEPR ]S 56 B e E B e A0 %) m ot 5 2 ARl
RS HR 5 NHEJ 38 B 100 1 77 32F — 25 56 1k 3 [
BRI R . ARRIFFE AT 455 CRISPR/Cas9 3
PRl i e 4% 00 J G2 T R sl i P R IR A
AT BRCA | TR R85 551 N s T B M4 1
LR SRR 5 A BAEShA, DU 4 1 g W H 4y
FHLH
Pl RAR  AHFIAEEAETR 26
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