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Abstract: Objective To compare genomic copy number variations (CNVs) among different subtypes of
breast cancer and analyze specific CNVs in each subtype. Methods AIMS software was used for genotype
breast cancer (BasL, Her2, LumA and LumB), and GISTIC2.0 software was used to analyze genome-wide
CNVs in tumor tissues from TCGA. We collected and analyzed the information and samples of 324 cases
of invasive breast cancer admitted to Jiangmen Central Hospital(JMCH). Fluorescence quantitative PCR
was used to detect the CNV of ERBB2, TFDP1, MIR148B, CCND1, MDM?2 and MIR139 genes in the tumor
tissues, to verify TCGA analysis. Results 13q34 was specifically amplified and 12q13.13 was specifically
deleted in BasL-type breast cancer. The 17q12 was specifically amplified in Her2 type. The 12q15 was
specifically amplified and 11q13.4 was specifically deleted in LumB type, but LumA type had no specific
amplification or deletion of chromosome region. The proportion of TFDP1 amplification or MIR148B deletion
in BasL type were 57.8% (TCGA) and 71.4% (JMCH), which were significantly higher than other subtypes
(P<0.001). The proportion of ERBB2 amplification of Her2 type were 55.2% (TCGA) and 86.7% (JMCH),
which were significantly higher than other subtypes (P<0.001). The proportion of LumB type with CCND1 or
MDM?2 amplification or MIR139 deletion were 47.6% (TCGA) and 61.8% (JMCH), which were significantly
higher than other subtypes (P<0.05). Conclusion At the CNV level of breast cancer, Her2 type is
characterized by the amplification of ERBB2, BasL type is characterized by the amplification of TFDP1 or the
deletion of MIR148B, LumB type is characterized by the amplification of CCND1 or MDM? or the deletion of
MIR139, but LumA type lacks specific CNV characteristics.

Key words: Breast cancer; Gene subtypes; Copy number variations

Funding: National Natural Science Foundation of China (No. 81802918); China Postdoctoral Science
Foundation Grant (No. 2019M660206); Science and Technology Project of Guangdong Province (No.
2019A1515011565, No. 2018 A030310007);
Medical Science Foundation of

UzFE B HA: 2020-08-03; fEEIHHA: 2020-11-17 Guangdong Province (No. B2020104);
HeTiH: BRAAAEASL (81802018) ; +EHE
JEA R A (2019M660206) ; AL ﬁ&%‘%‘é%/ﬁ }
(2019A1515011565, 2018A030310007 ) ; = % 4 [ 2 AH5F Jiangmen (No. 2019030102430012905,
J4 (B2020104) ; i1 kahl o A A a# 5 & .55 B No. 2020030103140008978)
(2019030102430012905, 2020030103 140008978 )
fEFEANL: 1.529030 =17, /o1 P8 E PG4 2.
529000 JTI7, 11 Hash R 25 52365 3. 529030 /i1, i N A )
NAPsERECEET; 4521021 30, SR EALLk 8 F: BE R EAATHIR
JEmA (HPV) #8795 \%w%ﬁﬁi&ﬁ@m%wfm M AXAEENHEF (CNV) £
BIEEE: KE (1987-) , %, i+, sIFHER, B M A TR bR EECNY,
iﬁ‘ﬁfﬁcn% PR, B zhangxd3@ e st EMEH (TCGA) #
EEEN: 4% (1979-) , %, WAk, sl SUBMLE SCHE o, A AIMS #2147
BT, EEBREN 9 AAHE RS E R AT R AR »A (BasLA | Her2# | LumA#

Science and Technology Project of

Competing interests: The authors declare
that they have no competing interests.



. 342 -

ADBBLG 381372021 F&54845554H8 Cancer Res Prev Treat,2021,Vol.48,No.4

FeLumBA! ) , GISTIC2.04k 447 i 78 48 42 F A K H 2035 N
HEFHL, WEHFE LT ER (JMCH) 32441214
MEURL R B F S B B A, AR 302 ZPCRA I AT 5 4142
% ERBB2. TFDP1. MIR148B. CCND1, MDM2#=MIR139 %
B N4 %7, S TCGAR M 3HATIE, 458 BasLA SR
TGO HF B A 13q345 Ko F212q13.1348 %, Her2 A 17q12 8 5%
¥, LumBA 6945 & #12q159 38 F=11q13.458 %, LumA R 1)
TAF Y 5 Rk 0 € R R B, BasLA P TFDP1Y 35 %,
MIR148B%: % 4 45) £57.8% (TCGA) #271.4% (JMCH) ,
BEHTFEATA (P<0.001) ; Her2 A ¥ ERBB2Y ¥4 44 1 s
#55.2% (TCGA ) #286.7% (JMCH) , W 2 %5 F 14T
# (P<0.001) ; LumB# f CCND13XMDM2% ¥ 3 MIR139%x
kB9t A47.6% (TCGA ) #261.8% (JMCH) , 2% 5T 1
A LR (P<0.05) . % A5URELAFLCNVE&E L, Her2
A4 ERBB2# ¥, BasLA ¥ TFDP14 ¥ A MIR148 B4k %
LumB#! % CCND1 3.MDM2% ¥4 MIR139%: % , {f2LumA#
BBl Bt CNVAFAE

KA UM AE AL HNHMEF
HPESES: R7379

TR (R BR %5)#R1RE5(0SID) :

0 3|
LRI R H UL Lo P R, AR

[EI 2 SN T3 Y SR S Sl o) o N R 91110
F PR FLUNRIR A 2 1 B S TR A
TR I AR e Ry e DL L AR A v T T Y 1
FLAE , WRIRHLGOE RN — Do iR I R

(invasive ductal carcinoma, IDC ) FIEEMH:/INHEE

(invasive lobular carcinoma, ILC ) 4, F-LIIDCH
I R T B PR AR SR, (AR A B2 A
I R A ) 22 R AIE B3R TT RO b8 5 # AR ]
TSR PR R R AIE 56 DR Y R A8 B S R IR A AR T BB S
WL B AT T N B R WSS, Bl e
RIS 0 B2 A Ay B0z L L s B DR AR AT 5 1 IR
FEAE ) OC R b, P M 2 g R K] 3 R 34
G R I IE T Iz i

FLRIEREE R 3 TR T A 2, EEhmad AL

()3 IR AL N e e Ll AUk 2 ) 13 5, HUAR AN
() 53 T 5 A ELARHE S () I T TR A A 25 55, (BB
RIS E FIAARDIE, IR A A R4
FER RS s A% ( Luminal A, LumA ) | B
A (Luminal B, LumB) | AERAEKEFZ 42T
Z%iAA (HER2 overexpression, Her2 ) AL/ 4 iy
FeAI ( Basal-like, BasL ) , FH.-fBasL A XA A T
B L AUk 2R R ) = [ FLIRE (triple negative
breast carcinoma, TNBC ) . B HIHer2 % 3l s
RAESE AN H AR 732442 (human epidermal

growth factor receptor 2, HER2 ) f¥Jisk 3K A R iifim
FERFESLEOE , A HER ERBB2  ((erb-B2 re-
ceptor tyrosine kinase 2 ) 4 14 JEHER2 8 FH i 1A
(i F RN, 724K WL R G MR A = A3
PRI LD 20 $5 D1 8078 5% ((copy number variations,
CNV) FHiE, HIt, ARSI 2 HFACNV S
Br, TEFEAE R A B 1S Hd )% ( The Cancer Genome
Atlas, TCGA, https://gdc-portal.nci.nih.gov/ ) H4Z 4
B 5L AR RUAH DG CNV I LA I

1 #{R5AE
1.1 TCGAFLIERIAIMS A3 Kz LR CNV AT

T ETCGAHZL R I 28 15 e 4t . R
2 ¥ DA 2 RO AR S I IR A5 8., B R i
BN EH 202041 H31H . SH ARSI C L
TR, FERIBF (JiA3.22) BFFA L, f
FHAIMSHR AL (hRA1.2.0) SRR ah 1) R 1515
BEATIER AR, 49 ALumA . LumB. Her2f1BasL
DY~ 5 PRI 78 R i R A7 B AR A 1 006451 2L AR T o
B, SHEABELIC &R, FIFGISTIC 2.0
AT A S LA N E R, E17T
R OCHEIEAT . (1) B IREH IO Y3
R RGN, BIGPEST (G-score ) o GPE4r ik
RELR A R WZ AL S A3 1S Bl R 0 R B RN 38
(2) BAFESL AL 98 DB S o,
TERE BRI (Deep deletion ) | y&JEHRE ( Shallow
deletion ) . —f#i& (Diploid) . % =% Dl 3K15
( Gain) FRZEY 4 ( Amplification ) TR
e stk e rh R IR B B G B8 B2 B 34 4
ARG, TAET B 53, UK R 3 e X
RYHE, FFTERA.0.28 4 rh X 45 JE DR AR A [] 2[R
U8 DU A i A TR 7R3 ( Chi-square testik
%) , HHKHIBenjamin-Hochberg /7 ( p.adjustpf
B #HATPIERIE, 153)0fE.
12 BEREL

WA HEFE201 741 H—20194E 12 A EVLT T
O ERBESNS R L3241, 48 s Ak
FAREIE R KA G R RARA, BRI ARITE
T WG YT, IRAEAE IR BE I R AE D o IR I v
TCGA SVLI T bt BE Be L (8 i — e 5 2 AL
1, PAIRESAAETET . ARG . 3SR | IR IR S
SRS 23 BURY o0 A 22 e 2 e g i L (P>
0.05) o AMF R EIEIEMFSE, B HIEHFFRA R
FRHE R R, HAEEAIHZVL T Ao E B
Z oA IEILIE (2020-51% ) o



AYEBRG 381372021 55484555488 Cancer Res Prev Treat,2021,Vol.48,No.4

- 343 -

£1 TCGARIITHHLERZEEIREEENERER
Table 1 General information of invasive breast carcinoma

patients in TCGA and Jiangmen Central Hospital

TCGA JMCH 2 P
M) @)~
Gender
Female 994(98.8)  322(99.4) / 0.537
Male 12(1.2) 2(0.6)
Age(years)
<55 404(40.2) 118(36.4) 1.437 0.231
=55 602(59.8)  206(63.6)
Pathological types
IDC 740(73.6)  246(75.9) 0.716 0.397
Other 266(26.4) 78(24.1)
Clinical stages
I 167(16.6) 54(16.7) 2.539 0.468
I 581(57.8) 173(53.4)
I 238(23.7) 89(27.5)
v 20(2.0) 8(2.5)
Gene subtypes
BasL 185(18.4)  42(13.0) 7.511 0.057
Her2 105(10.4) 45(13.9)
LumA 388(38.6) 135(41.7)
LumB 328(32.6)  102(31.5)

Notes: TCGA: The Cancer Genome Atlas; JMCH: Jiangmen Central

Hospital; IDC: invasive ductal carcinoma; /: the value cannot be calculated.
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RNase P, TA5IRS 5 5 0 fdt Bl I K 11 152
Hedh, $7199050) &~ TagMan Fast Advanced Mas-
ter Mix, $ZULIHFFECFX962¢ ) 5E S PCRALH K
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14 Gtk
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chr 0.4 0.8 0.4 0.8 0.1 0.2 0.4 0.8 .2 0.4 0.8
1 E: - _E;_‘ ol % 1043
zl; g BasL: basl-like type; Her2:
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(1534

A TGV B IF 45 G A O STk el (L)
WA ), B 45 X B B 47 3G B3 i 2R G B L [
19431 22 2R/ I 2 R 76 11 i lf A kt-3 ( AKT ser-
ine/threonine kinase 3, 4kt3) . 11q13.3 41/ 50
FEHDI1 (Cyclin D1, CCND1) | 12q15Jy J5Ug 5L
MDM2 ( MDM2 proto-oncogene, MDM?2) | 13q34

WEE R FDp-1 (transcription factor
Dp-1, TFDP1) | 17q12°4Erb-B23Z {4k
Fi% 2 FR 4 T2 ( Erb-B2 receptor tyrosine
kinase 2, ERBB2 ) . 6ql5 k22545154
FE 7 (mitogen-activated protein
kinase kinase kinase 7, MAP3K7) .

11q13.4 M1 /PRNA-139 ( microRNA
139, MIR139) | 12q13.13 Kff/NRNA-
148B (microRNA 148B, MIR148B)
21q21.1° M4 /PRNA Let-7¢ ( microRNA

CNVIE DU Fp I Y1 53 A1 22 523596 Ge it
“EE L (#P<0.05) , Ho, 7EBasLAY
Wi, TFDP1 (13q34) B4 #4FMIR148B
(12q13.13) BB & Hom; fEHer2#Y
Wi, ERBB2 (17q12) B9 5 Rt B &1
¥4 ; LumBXAIh, CCNDI1 (11q13.3)
MMDM?2 (12q15) W9 1 X MIR139
(11q13.4) BB LR AR WLumA
RIF RS PECNVIGE L, L2,

2.4 ERBB21)# V1 0728 5+ 5 Her2 # 3
FRIEE PR R G

HERBB21)Y 1 7 A BAYESAE,

b kI, FETCGA Her2 B fHME S

FDR (q value) FDR (q value)

92 2 %8 55.2% , BasLE FILumA T 1) BH P % 13
T 8% T4.4%, TMLumBAVLE, Alik16.8%;
VLT TR P BEBEAE S, Her2 B FHPE 4 & 4E
K H86.7%, BasLEIFILumARI K FHH: 2140,
MLumBAYN2.0%, ZE]53 422 A Gl 2FE X
(#1P<0.05) , L3,

2.5 TFDP1/MIR148BI#5 D157y 5+ 5 BasL AL FL i

I R AH OGN
R2 TCGARZENPTRHUAEFNESTRENSH
Table 2 Distribution of CNV hotspot genes among subtypes from TCGA
BasL Her2 LumA LumB 2

CNVtype M%) %) @) o) X 2
AKT3 amplification 12.510 0.015
Yes 51(27.6) 12(11.4) 70(18.0) 64(19.5)

No 134(72.4) 93(88.6) 318(82.0) 264(80.5)

CCND] amplification 63.817 <0.001
Yes 8(4.3) 17(162) 57(14.7) 102(31.1)

No 177(95.7) 88(83.8) 331(85.3) 226(68.9)

MDM?2 amplification 18.514 0.001"
Yes 3(1.6) 329  7(1.8) 24(7.3)

No 182(98.4) 102(97.1) 381(98.2) 304(92.7)

TFDP1 amplification 75.497 <0.001"
Yes 25(13.5)  0(0) 3(0.8)  5(1.5)

No 160(86.5) 105(100.0) 385(99.2) 323(98.5)

ERBB?2 amplification 197.881<0.001"
Yes 8(4.3) 58(552) 17(4.4) 55(16.8)

No 177(95.7) 47(44.8) 371(95.6) 273(83.2)

MAP3K7 deletion 40.829 <0.001"
Yes 32(17.3) 42(40.0) 123(31.7) 145(44.2)

No 153(82.7) 63(60.0) 265(68.3) 183(55.8)

MIR139 deletion 25.646 <0.001"
Yes 3921.1) 20(19.0) 53(13.7) 95(29.0)

No 146(78.9) 85(81.0) 335(86.3) 233(71.0)

MIR148B deletion 245.917<0.001"
Yes 96(51.9) 16(15.2) 14(3.6) 27(8.2)

No 89(48.1) 89(84.8) 374(96.4) 301(91.8)

MIRLETTC deletion 25.976 <0.001"
Yes 29(15.7) 31(29.5) 53(13.4) 86(26.2)

No 156(84.3) 74(70.5) 335(86.6) 242(73.8)

Note: *: 0<0.05 by Chi-square test with Benjamin-Hochberg adjusted.
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Table 3 Distribution of CNV of ERBB2 among gene
subtypes

CNV BasL Her2 LumA LumB 5 0
type (%) (%) (%) (%) *

TCGA
Positive  8(4.3) 58(552) 17(44) 55(16.8)197.923 <0.001*
Negative 177(95.7) 47(44.8) 371(95.6) 273(832)

0 <0.001* /  <0.001* <0.001%
JIMCH

Positive 0(0)  39(86.7) 0(0)  22.0) /
Negative 42(100)  6(133) 135(100) 102(98.0)

0 <0001*  /  <0.001* <0.001*

<0.001*

Notes: *: 0<0.05 by Chi-square test with Benjamin-Hochberg adjusted;

/: the value cannot be calculated.

Y TFDP1AY B s MIR 148 BI ik 2 72 X K FH
PEFAE, M & INS7.8% A BasLIY & 4= T TFDP1
A9 HE BLMIR 148 BI I, i At M7 7 (1 FH 4k =
& R T % T15.2%, i ZRYES%
TR L ($P<0.05) o VLT HuO B BERE S
71.4%HBasL B! k& 4= T TFDP1 Y4 1 8 MIR 148 B
7S N1 R N 2R R o S R i
FT19.5%, A m¥ERAaaitEE L (8
P<0.05) , L3R4,

4 TFDPU/MIRI48BEI¥E MM T R BB F T2 R 5376
Table 4 Distribution of CNV of TFDP1/MIR148B among
gene subtypes

CNV BasL Her2
type (n(%)) _ (n(%))
TCGA
Positive 107(57.8) 16(152) 17(4.4) 29(8.8) 280.822 <0.001"
Negative 78(42.2) 89(84.8) 371(95.6) 299(91.2)
(0] / <0.001* <0.001* <0.001*
JMCH
Positive 30(71.4) 4(19.5)  7(5.2) 6(5.9) 126395 <0.001
Negative 12(28.6) 41(80.5) 128(94.8) 96(94.1)
[0 / <0.001* <0.001* <0.001*
Notes: *: 0<0.05 by Chi-square test with Benjamin-Hochberg adjusted;

LumA LumB 5 0
(%) (%) *

/: the value cannot be calculated.

2.6 CCND1/MDM2/MIR139F¥% U1 %578 5 5 LumB
T FL R A A B

¥ CCND1ELMDM2 [ ¥ 5 MIR139 Y 15 2
SCHBAYESEA, HT R, 47.6%BLumBH & A=
T CCND1EMDM2 4 8 5 MIR 139 k2K , 11 H
A BRI 8 B 2 e A BRI T 35%, Al 225734
BHEitEm X (P<0.05) o LTI spaO ERBAE
H161.8% A LumBAI % 4 T CCND 18 MDM2 ()4 3
SCMIRT39MA R , i o Ath M7 Y 2L s 1) B 1 S
R I T B4 T20.0%, 2H 814046 22 A 5iit
FE Y (P<0.05) , WS,

+R5 CCNDI/MDM2/MIRIIIMIENH TR AR ERTE
E):0s il

Table 5 Distribution of CNV of CCND1/MDM2/MIR139
among gene subtypes

CNV BasL Her2 LumA LumB 3

type (%) (%) (%) %) * 0
TCGA

Positive 48(25.9) 36(34.3) 98(25.3) 156(47.6) 45.644 <0.001*
Negative 137(74.1) 69(65.7) 290(74.7) 172(52.4)

0 <0.001* 0.046* <0.001*  /
IMCH
Positive  8(19.0) 9(20.0) 19(14.1) 63(61.8) 69.092 <0.001*

Negative 34(81.0) 36(30.0) 116(85.9) 39(38.2)
0 <0001* <0.001* <0.001*  /

Notes: *: 0<0.05 by Chi-square test with Benjamin-Hochberg adjusted;

/: the value cannot be calculated.

3 it

AHFGE 1 SR HAIMS /3 B, B TCGA%L
P P P P AR Fe RS A TR 0 A, A
FHIGISTIC2.0%k {443 % BasL#&! | Her2% . LumA
RUAILumBR £ 5 A e 2 2 T 2 FE R CNV 4y
Br, A (1) AHXSFHAD =R, BasLAIH)
PR R 2L, B BasLEL L MR IR 1Y & AR i
R LA R e S 5B E MThREZ M, X5
BasL AU =i 22 (14 g A DG 153 (tumor protein
53, TP53 ) ML 2 B3 A1 (breast cancer 1,
BRCAL ) 275 MH—8;  (2) MXFF s mglmy
HEAESL, 25 ARLER AR X B/ DA A, HLHEAAR
R X B R FUR I AN, REFEA IR
FEIE I DI RE O 16 A /N Ay SR AHE, X
FFT IR 45 e L (3) BasLB A A & LAl
(13q344 B F112q13.135 0, Her2 B4 & L Y
17q129 4%, LumBRIAGRFAE A = EL B AG 12q1 59744
F1ql3.4854, TLumARI JCH: S ek sk
IR By, kR R BUE G — 20 ie

LT 17q121X BB b 2L N ERBB2 17 14 2
Her2 B ZL IR 1 T 2200 FRAE, YL TG BEBERE
MG BN, ERBB2 (17q12) TEHer2 UL iy i
EYH, BRARSH AR R A4 A 2
5, (HIGIEMEI100% X 43, HF R FEEIE: (1) 4
Xof Tl AR B PR S Uk 2 e e R 2 se Y,
A5 R IR qQPCRIE M TCG AR = i i Hr i ok
SEAHERR bR L 2P A R 0 . PRBE K R B R4 5
(2) SFrik, IR FEN A UK AR, T
L MEIE T, A, MEEFTCGA, YL
HUD BE BRSO BR IE i R rp, ROAT RER A o) )
(5%, SRR T R A EARDC I 2, il R —2
PR, PTRAE I TCGAZMTAS SRR B0 I S F5 50005
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b5, FITFDP1 (13q34) B9 HE{MIR148B
(12q13.13) AYHLIE 2 XAy BasL 7 FL R 1) FFAE
Sy, B X TCGARY MM KT T Fpt BE B
FESL A SRAIE, AT HNZ R AE Bas LAY (1 B PR A
AR 5 3.6~7.34%, HERHEGIEEY, £
B BasL A LY Th A & Ll i TEDP1/MIR 148 B¥%
NS, CAHUIEHGE, BasLAFL IR TNBC
FAAERSR HE B 13q34 X By 81 HAZIX Bl
HRE R ETFDP I /K- EiH, T TFDP1 A4
L JE 30 I 2 1 S e 53 Rl SRR E 2 F s 1R L3800 TR
T, RAMSEIGUER , DIBRTFDP1REA S il A4f K
79K 3h i 7L B A kg Y, X R TFDP IR
A iE2 5 T BasLBUZL e B A 22T R, T2
WIERY R SRR . FIAE, AR RATE RN,
A B T8 HmiR-148b A7 1) i 2 Pl T o 1
e ), 1R ikmiR-148bBEI il 7L 5 4 i
TR A R A A N R )2 R L R e S 2 A A
A N RS SRR MIR 148 B B 2% ] fiE
EjBasL R 2L R J 0 40 S8 5 10 1= B B I DR 28 AU AH
XK, (HAFHE— 4248 G R AL A

TEVYN T A LumA BRI LumBAY 14 X 43
PRERAAAE—E L, FRATRIH 2L ZCNV 43
R AR BE & B LumA TR p 45 LR 14 7 1 i e 2 0
HgL5|CCND1 (11q13.3 ) FMIMDM2 (12q15) fY
B MIR139 (11q13.4) B /ELumB& iy
Hofl s, Hod, TCGARLumAZ fILumB# %
H: CCND1/MDM?2/MIR139%% U1 5725 S 475 0 ) b 451
I3 AHE25%48% , VLI T H LG BEBERE i 1 LA 43
HE14%F162%, ZRIAGI2EE L BRI
MIR13TEFL A b R i diiE , (A A K
SCHRRE , CCND1FIMDM2AELumB R i Fh )
WY, HAP CCOND I 1 2 40 i J5 30 2 4 #6t
P E4/6 ( cyclin-dependent kinase 4/6, CDK4/6 )
HRIFIIATEPE )2 (Palbociclib ) HILEREL K HI 24548
PRl T MDM2 Y3 g 410 i pS 32 11 L g
e UM AL TARTT, R BRI TS Bk
ARSI T B A ZURE 7 BAR R,
{H BRI R I A T 2 — 2 LA IE
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