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[(WE] TS50 AMERZeskESE W EBYEME, BAOwZSEAMEARN . 20 ARG BT oA 8ot g
JR B IR Z, BT SN LR T I R TR . ik — P b A IR AN R 4R ST AR
WOWE TGS . RIT ANF A KK 732442 (human epidermal growth factor receptor 2, HER2) FIFLARNE 5 EFEK 1 (breast
cancer susceptibility gene 1, BRCA1) 7EFLIRE B3 R Ik, JEIF A RIE 50T BURPERAHCH:, UG IRR
IR . Faik s BIBUE AT M 2 B T I8 125 Be A0y B4 1 S 649 LR ges 26 8 () A 28 ORI R 41 15 % L AR 4L 2 A I S 2
Bh, FEIEE1450) FUI R A A 1 R PRI A SUE X IR o SR A SN 28 0 8 5 5 G5 S B (real-time fluorescence
quantitative polymerase chain reaction, RTFQ-PCR) & lIZHZI-HHER2FIBRCA1 mRNAZKIE, K s 40 ik 4L 21
FHHER2MIBRCA1E /Ko K SpearmanAi St /3 HTHER2FIBRCA1 & FIRIE K &R, K Kaplan-Meier 42 47 73 H1 14k
FUBRIE ARG BOT BE A2, RITHER2FMBRCAIRIE SAMEIUT BE TG X R, &R SHAEFARARNR
PR AR GRELL, B4 2IHER2 mRNARIE 13k Bl (P<0.01) , BRCAl mRNAFIEE FIRIA T (P<0.0D) .
JBUT I, HER2PH VR B2 (1 0 3 R R i B T B 2R3 (P<0.05) , BRCATPHME ) Ja) i 2% 0% 0 B AR A 1 38

(P<0.01) . HER2PAPE S S ALY BACTHER2BAPE B (P<0.01) , BRCATFHME B B S A A7 2 0 ] 2 T
BRCAIBIMEEE (P<0.01) . £i: mRIAHER2AMERIABRCA I [ 1) 7L s B8 b OT USRI, LR B
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[ Abstract] Background and purpose: Breast cancer is the most common malignancy in women worldwide, and its incidence
continues to rise. Postoperative radiotherapy for breast cancer can effectively improve local control rate and long-term survival rate.
Radiotherapy has become the main technique for breast cancer treatment. How to further reduce the adverse reactions of patients’
normal tissues and improve the curative effect of radiotherapy has become the research focus. This study aimed to investigate the
expressions of human epidermal growth factor receptor 2 (HER2) and breast cancer susceptibility gene 1 (BRCA1) in breast cancer
patients, and to study the correlation between their expressions and radiation sensitivity, so as to provide the experimental foundation
for clinical treatment research. Methods: Breast cancer tissues and adjacent normal breast tissues of 156 breast cancer patients
treated in Affiliated Cancer Hospital of Zhengzhou University were collected in this retrospective cohort study, and the tissues of
145 patients with benign breast disease were selected as the control. Real-time fluorescence quantitative polymerase chain reaction

(RTFQ-PCR) was used to detect the expressions of HER2 and BRCAL in tissues. Immunohistochemistry was used to test the HER2
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and BRCA1 protein expressions in tissues. Relationships of HER2 and BRCA1 expressions with radiation sensitivity and prognosis
of breast cancer patients were assessed by Spearman correlation analysis and Kaplan-Meier survival analysis. Results: Compared
with the adjacent normal breast tissues and benign breast lesion tissues, breast cancer tissues had high expressions of HER2 mRNA
and protein and low expressions of BRCA1 mRNA and protein (P<0.01). After radiotherapy, the local failure rate of HER2 positive
patients was significantly higher compared with the HER2 negative patients (P<0.05), while that of BRCA1 positive patients was
significantly lower compared with the negative group (P<0.01). The survival time of HER2 positive patients was significantly shorter
compared with the HER2 negative patients, while that of BRCA1 positive patients was significantly longer compared with the
BRCAT negative patients (P<0.01). Conclusion: The breast cancer patients with high HER2 gene expression and low BRCA1 gene
expression are less sensitive to radiotherapy, providing a new theoretical basis for the clinical treatment of breast cancer patients.

[ Key words | Breast cancer; Human epidermal growth factor receptor 2; Breast cancer susceptibility gene 1; Radiation sensitivity;

Local failure rate

FLE 9 2 A BR A PR SO R 1 E 2
— U BRI G R LA FRAR 24 290 Y T i
B, AR v [ LR Y R 3 M SE T AR R
TR T RILUES AR T I E T
B, HAENAREHBERTY TB, FIRURERE
RARFFEIET AR o LRI X T
HEHUR I BB R 2 — ) AR AE
XPRRSFTAPTPE | SR S U e LT
ROAEEE L, NREAKKFZA2 (human
epidermal growth factor receptor 2, HER2 ) JZ&¥,
P D e Y, ke EL A SR B L A AR
Yy, FUIE S 1 (breast cancer susceptibility
gene 1, BRCA1 ) J&— M HA AL ] 1 7L i
G ERE 00 2 BN, RS — D R IR L Pk
FLIRIE Sy B T HER2 5 R I & R
WAL RN RS UM G, B3R I8 HER2
e LR O IR YT AR AR 5 7 R I AR
St w0 R, 30%FLIRE B HER2
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KA HBHER N (real-time fluorescence quantitative
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RN A J5 I 52 Hofe B A4 B o e 1RO 5% %357
UL RNAR 7 52 10 uLiJcDNA, &
J& FHPCRAGHATHE ] R e 1 . PCRARMF N
95 CHiALFE4 min, 95 CAEM30 s, 58 CiB
k5's, 72 CHEARS s, H30FEFR . LAH I
FEs-3-WE R I =i ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH ) fENNZ:, K2 *4¢
P AR AE X i85 . RTFQ-PCRE[# 4T
AT (L) BRIGARARIEGHK (F1)

* 1 RTFQ-PCRAIS| #1551
Tab.1 The primer sequences for RTFQ-PCR

Gene Primer sequence
HER2
Forward CTGAACTGGTGTATGCAGATTGC
Reverse ~ TTCCGAGCGGCCAAGTC
BRCA1
Forward ~ CGAATCTGAGTCCCCTAAAGAGC
Reverse ~ AAGCAACTTGACCTTGGGGTA
GAPDH
Forward  CCTGGAGAAACCTGCCAAGTATG

Reverse AGAGTGGGAGTTGCTGTTGAAGTC

1.5 ®REHZRLE

A A LR AR T4 pmiEZEY]
BTAE CBERK1S min, SRIGHU] AR AL
FOKPORTEAL L, BEFRER S vl ( phosphate-
buffered saline, PBS) J&¥E3WK, AIKS min,
N FEHE AL MIE RS ming ARASTHAIA
20~30 pLZ:PBSH;i B¢ /5 MHER2FIBRCA 14U,
4 CTEBEE®R, HMEXEHEHPBSKREA—
Pi. mEJG, PBSIEWE3K, AHKS min, jFN—
P37 CFIRE45 min, SRJEPBSIFUE3IR, &K
5 min, 0@ IR (diaminobenzidine,
DAB) Jr4e(5~10 min, FR/KMHPEE AR
2 YL5 min, FRERRAERALPR30 /5 IEES min, #R
JEliK ., EW L B, fERMEE TS, HER2
FIBRCA 1R - HA FHE R A M A 85 F 1R M5
il 2 o

1.6 FBERFIH

HRAE e e 2 b e 25 51, LU 40 i
FEE 20 A o B € L A (L v R
B SRR . SRS Em A5 PRI EE S
NEF, Gt g © Geit A B4 A S
Fb<10% 404, 10% < BHYE4IIE H 2 Hb<25% M
153, 25% < BHPE4IAE A 7 Hb<50% 8241, BT
MM AL =50%R35r; @ Seit i O
TR0y, EEKNG, wEE N2, B
O oR357 . IR ARAR NN S 48 bR . 0~1432R
“T 230 YT, A~SOY R YT, 601 H
T
1.7 TENERE

ST 45 A 3AS T A I BE B T 45 5 1 I X
g b R A e B A Mg A BT AR AR, R R
JR BRI . B A AR Z iR (computed
tomography, CT ) FIRELFK gt b7 Rk
RMAIZWT, BRI = (Jii A2 B H L) /
(BREBED) x100%.
1.8 BEFE

R P 2 5 T B I R RN ZH 2 B2
TORL, et A TR B IR PR AT RE DT, 1RYT
JEHI3AE R3S H AT 1 BT, £ T R I3~54- 4
6™ H AT 1R b, BRI A BRE U R ST N
1k, BEVIERZE20204E5H .
1.9 Stz

K HISPSS 22,05 4%t T A i A 140 #r, 2
P LAX + s, AHC R BGE 1T Spearman A X ik
1145381, Kaplan-Meier [ FAEAF0H1, P<0.05%
ZERBGIFE L.

2 % R

21 EALR, REFBFTHAMBSEEZ
BE4A A HHER2FIBRCA1 mRNAR %
RTFQ-PCRA MR B/x, RIEFLIRHEASH S
FAH AR IE & FLIR 412U BRCA1 mRNAZRIA 2%
SIGHFE L (P<0.05) , S HAD
M BRCA1 mRNAZRIA W #FFEL (P<0.01,
BITA ) o B P20 IR 28 41 80 RTAR < 1F & 3L R
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TBE, % IRBEZHER2FIBRCAIFRIASHYS BRI X RIAR

ZUFHER2 mRNAR KL Z R LG5 XL
(P<0.05) , JEHZUPHER2 mRNAEK A &5
FHABFILL (P<0.01, KIB) . # RHEFLARE
AR AUHAH SR IE 7 FLMR 2L, 44U BRCAL
mRNA 2K FIAMHER2 mRNA R %A,

22 EAL. REABRTHAMBLEEZ
BRZA A fHER2FIBRCA1E B /K
FHERIEH FLIRALZL . R FL AR 2R 2 SUR

HAUPHER2 FHPE R IE R 352 11.5%, 18.5%
149.4% , FEH A PHER2BHMEFR AR B E T}
B (P<0.01, K2A) . 34HAEATBRCAIRYFH
PEFIRF I H66.7%, 55.9%H32.7%, FELHLA
HFBRCA M BHME R R0 E L (P<0.01, A
2B) , RAVEFLIRRAS AL SURAHAR IE 5 FLAR 4L 4L
HER2FIBRCA 1 [HPE R IR R 22 7 G2 L
(P<0.05, K2) .

A B
4k ok

0. 4 - | 06 - kokok
2 3k ok '_w sesksk ok
[5] o
3 03 | B
8 8 T
17} 17
[} 172
[} [
E‘ 0.2 é
[} o
o o
> >
B 014 k5|
[5} Q
~ ~

0.0 T T

Adjacent normal Benign breast Breast cancer Adjacent normal Benign breast Breast cancer
breast tissues lesion tissues tissues breast tissues lesion tissues tissues
BRCALl HER2
B ETEAR. RMIRFTARIMMALNESIEERRHER2FIBRCAT mRNAKRA

Fig.1 The mRNA expressions of HER2 and BRCAL in breast cancer tissues, benign breast lesion tissues and adjacent normal breast tissues

A: The mRNA expression level of BRCA1 in each group; B: The mRNA expression level of HER2 in each group. ****: P<0.01, compared with

benign breast lesion tissues and adjacent normal breast tissues
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Fig.2 The protein expressions of HER2 and BRCA1 in breast cancer tissues, benign breast lesion tissues and adjacent normal breast tissues
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A: Immunohistochemical images of HER2 in tissues and statistical analysis; B: Immunohistochemical images of BRCA1 in tissues and statistical
analysis; ****: P<(.01, compared with benign breast lesion tissues and adjacent normal breast tissues
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2.3 BHALAHHER2KEBRCA1RIE S MF R
HEHX R

HER2 fHM B & iR R R B & T
FHYEH % (P<0.05, KI3A) ; BRCAIHME
YRR WA AR T P R (P<0.01,
E3B) .
2.4 AEHER2FIBRCA1FRIAX FLIRE B E W
=ik

156/ LRI RS 0 SAF AR R 75.6%, 17
WA K574 B, HrRBRCA LB 8 # 1 54E4E
FE3N86.3%, MIVERFE NT0.5%, ZERAGITF
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°
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Local failure rate/%

T
HER?2 positive HER2 negative

B (P=0.031, E4A) . HER2BHME B S
HEAEHN67.5%, BIERFE N83.5%, ZRAGZIT
2 X (P=0.020, E4B) .
2.5 IPREALAPHER2EBRCATRIER X
B4

156 ZLAR R A A, 534 FH HER2
FHE R T BRCAT AR A, 27HIHER2BHE
FIRMBRCAFHPEFRIE, 2441 B H IRk
BHME, 52450 B E PRI R IA B I (R2) .
Spearmantf JCHESHT 45 R K W], HER2HIBRCAL
R I TG M (7=0.032, P=0.691) .
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Fig.3 Relationship between HER2 and BRCA1 expressions in breast tissues and radiation sensitivity

A: Local failure rates in HER2-negative patients compared with HER2-positive patients after radiotherapy; B: Local failure rates in BRCA 1-negative
patients compared with BRCA 1-positive patients after radiotherapy; *: P<0.05, compared with HER2-positive patients; **: P<0.01, compared with

BRCA 1-positive patients
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Fig. 4 The 5-year overall survival rates of patients with different expressions of HER2 and BRCAL1 in breast cancer tissues

A: Comparison of 5-year survival rates between HER2-negative and HER2-positive breast cancer tissues; B: Comparison of 5-year survival rates

between BRCA 1-negative and BRCA1-positive breast cancer patients



594

T3 % IREBEIER2FIBRCAIFRA SRS SRR X RHR

%2 FIREALTHER2MBRCATRIAM X
Tab.2 Correlation between HER2 and BRCA1 expressions in

breast cancer tissues

BRCAL1
HER2 r value

P value

+ 24 53 -0.032 0.691
27 52

HER2/2 B 8 A ZL @ bR Ia T i) — A s 2
B, HATERZ A S W 25 B PN T R
(Il RS BIIATTY . 20%~25% ) 3L M98 % HER2
SR EE U BRCA R 30 B 45w b7
H, FEAENE TDNAK HF 2 i DNA K
5B SIS R B 5 PR 4 U2 REDN A G 52 6
7311, BRCALIR F 5878 5 11 5 RS LARR 4k 5
TR ARG L RIS A G I HER 2 A1
BRCAFEFLIRIEA R ZH U A mRNAR A A E H
K, TP TR 5 0T B G R M 5
UG AR SE, BT i a8 5 FLIYE
BH T HURMER S R, DIV FURE R A
— P I ARTE ST T

HER2 W fm Rk S w2 16 % . 6
FIBEBE A, IFEF S AE B9 23897 FBE (W
SRUAIRIT . U L ARIT AR ) R B A i
. EIETROR ) Tagliabues ' BT
WUESE, HER2MY = #35 AE s 2 S EELUIR 4 i
FEAr . AR ERM, 5 REFLRRAS A ZURIAALR
IEHFLIRH AL, 42 P HER2 mRNAZR A
FIEE AKX 38 T, IESCHER2 8 #6385 FLIR I
s B YIAH6 , BRCAIZEDNABE RgirhEE
N T2 — " g 2GS FE P DNAZ S
BRCA1Z Bk, HUNDNASZ BG5S 5 SH
DNABE S (55, BRCALZFEIEILIRE &
W IHIDNABMG I EE T, WFLIeE R
95 A 1 AT ISR 0 RS
B, FLARE B 414U BRCAT mRNAFAFI
B KT B RRAT, BRCA1FE A KT AR AT 1
R LR AR 1 R v Y AR 2 —

5T 22 R, HER2BHPE TR % SUIR

WEA K, BRCATBM: K 1) 38 A A7 R EAR
TBRCAIHPERIER B . AR E/R, HER2
BH A S8 25 1% Jm 0 2R 038 L HE R 2 B A8 3 s
BRCA 1 FH¥E: 835 1Y Ry 8 2k I #8 LE BRC A T B £
FHK. RIRABII R B, HER2PHM: & K54
HAFREARTHER2BA: %, BRCAIFHTEE
[ SAFE LR AR 2 TBRCA LB s 35, M 5 &
AT RS HOT U AN TS A AF B R bR, R
HER2FIBRCA17EFL I H a9 2R IR /K -/ vl DA
AT LR A BT U, IR R S
TEAEAEE,

gi brik, FLAREH LU HER2 FHME B &
)RR AR IOR 75, HLTUS EHER2 B M 35 22,
BRCA1BHPE B B R MR, HL 1 B B 47
TFBRCAIFAMEE, #ERIHEHER2FIBRCAL)
FEIRXT e LR B AT RO T Be A — 2 A
HEH . EAMRATEREABEE AR . fatnik R
ANTEEE | FRPREERA RGNS, A R
RAMFFE .
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