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Abstract

Traditional pathological examination methods are not enough to predict the treatment outcome of
breast cancer. Therefore, it is of great significance to study the pathogenesis of breast cancer by
molecular biology. By predicting the risk of recurrence in patients with breast cancer, high-risk
cancer patients can benefit from adjuvant therapy, while low-risk cancer patients can be protected
from unnecessary treatment. The microarray data of ER+ breast cancer and ER- breast cancer
were analyzed in this paper. Univariate Cox proportional hazards regression mode was used to
preliminary screening the genes, then the LASSO was further used to screen the genes and applied
the genes to the survival tree for prediction and classification, Kaplan-meier curve and log-rank
test were used to prove the validity of the result. The model in this paper has a good prediction ef-
fect in the classification of breast cancer patients. Some of the genes we screened have been re-
ported in the relevant literature, indicating that it is closely related to the occurrence and devel-
opment of breast cancer. Other genes need further experiments to verify the role they play in
breast cancer.
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1. 518

VAER,  AERFLE AW R O 5 B R 2 i (1], FLIRE R MR AR OB R 2 —,  MER
B IAFAE AT (3 O 28 i A R P AR RIS AEL [ 2] [3]. H AT Y7V AN J& DA ZL I R ve T T 25 51, R R
GHEEDEIRERNEE, EESTFREBUNAITE, BUSHTRAERKZEN, XEFAAMERASR
JRAE[AT, PRI 2 5% T L0 1 3 AR A5 AR it v o 17 2 DA 2 0K 1l %o PR 65 1) 40 AN TS = 2T
TEFHG A, A B GTH ALE A A2 015 B2 BN SRR 2 0 50 . TR, SCFF
FIEAL DU TS . N MR R4, PR SRR S B35 5 S 7 VA AE S U th 49 20 V2 B, RS T
RAF TN RCR o AR TR B kU, IR VEZE 18 T A I 45 B AR 78 5 B H BX — 45 R & 3
(RYESFIR], DRI A SCAE s e 43 17 o6 g S5 38 S A A 10 43 4 75 72——Cox LLAGIJRURS: [ET IS 7RY . LASSO A K
AEAER o AR SR FH L s i DRRS e SRR O 5 s ) L e R TS (R IR, O g R TR N R AT 4 2R
AT LA AN R 00 8 8 I B DR AE . FEARSR I FLIRE IR T, DU nD R B A B 5 v i B R v 7
Tig, i e A e R A
2. ARMERMFEE
21 RMR

AR, GEO % )% (https://www.ncbi.nlm.nih.gov/geo) FL i JE ik K65 1 £ (GSE2034), i %dis 4
5 286 MEEA . ot 200 BN Z AP (ER) B3, ZALBEBE VIR RN 2 N H & 171 4N A,
HALBEVII IR 86 AN H, A2 80 fliE# IR ks 77 BB Z R YE(ER-) 3, 24 B bl
BFIE Y 6 N HZ 161 AN H, AZBETTN Y 84 AN, AU 27 BlEF I E K. LR EF M EL
P, BEMEAREA 22,283 MR
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22. MIRF*

ATy ER+FLBEAE AN ER—FLBEREAREATHI . X T ER+FLMRE B, #5209 MEAREHL
I RNEREAN R, AP iIZRas 900 A, MRS 100 A, X T ER-FLIMEEE, ¥ 774
FEARFFEEATRENL AL, Hrp g 42 MR, AR 35 A YIRS TR A, T
S TALI ISR RO 73 HERE )« SO0 ER+5 ER—FLe R R R Bl i) 0 R - R 15 5 ik
K. FERPIE R H I 2 Cox LGRS Rl RERY, i Ja 6 ] LASSO Jridkitt— b i B IR 7
AAER, A Kaplan-meier 28 A0 BOpAS: 3601 70 45 SREBEATIRAIE, DL P <0.05 NZER B A Gt 25 Lo

3. IRRIET
3.1. HiEmaeE

AR A FLREEIE R FRIXIEFE IR 1 PR, TR IRE, SR ORISR S &2 &
TG E . ARSI S g 5T AR, JFE “Status” KB 8 ER+FALEA S ER-FLIR
T AT I T .

Table 1. The microarray data of breast cancer

=1L AREEESREE

ID_REF GSM36777 GSM36778 GSM36779 GSM36780 GSM36781
1007_s_at 3848.1 6520.9 5285.7 4043.7 4263.6
1053_at 228.9 1125 178.4 398.7 417.7
117_at 2131 189.8 269.7 3124 327.1

121 at 1009.4 2083.3 1203.4 1104.4 1043.3
1255_g_at 31.8 145.8 42.5 108.2 69.2
1294 _at 551.5 802.8 557.5 568.5 653.2
1316_at 176.7 278.4 183.3 187.7 185.8
1320_at 11.9 28.3 56.4 421 21.8
1405_i_at 309.3 449 101.9 899.1 3629.3
1431_at 49.9 122.9 85.9 90.7 96

Table 2. The basic information of breast cancer

®2 AREREEARER

1D Time Relapse Status
GSM36777 79 0 ER+
GSM36778 50 1 ER+
GSM36779 132 0 ER+
GSM36780 84 0 ER-
GSM36781 147 0 ER+
GSM36782 66 0 ER+
GSM36783 52 0 ER+
GSM36784 57 1 ER+
GSM36785 57 0 ER+
GSM36786 66 0 ER+
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¥ B A RE S A5 3 3 FoniREr SR ITHC R4 G TR, #4 i — R ERIE
EHHATHE T IREF SN “—XF—" KRB —ANREE XS B —ANFE R, DK RS2 02 8 A A 255 IR 1)
TR, HIREF SR “—X27 5“0t 27, BTSRRI A R 3 R R A
DR LIRS s IREF BN “ 22X —7 , BGRB =B s A A R IAE . S )5,
ER+FLAME 5 ER-FLAME 453 7115 3 12,548 Fl1 11,923 /N (A I R IR 1H

WILEEHE — B BB TURME . A e BRI, TOIEE AT R b . — S T8 = W s 1)
(RS B EE AT, BAPERE S T, I R rImZE . DRI, XA EAR I Ji 46 500 T sk
HUE BT ERIR T B R R T ARG R BN RGIRE, ASOHEHR T T 5 S s dEML[5];  FIES
TR S, KN 50 (AR RIS ERE Y 505 A R EHE AT DL 2 R B i AR s PR
5 RBUNT 3% GIBR, MR ER+FLIRELA S ER—FL IR 5 7T 4 11,960 F1 11,846 4N HL R )
EMH . FER AR RBEIAT R, HERH AR RIEMEN 25%. 50%. 75%5 i, T
T 25% A gmAS e 1, KT 25% 50 g B/ T-58 T 50% 7 g gy 2, KT 50%753 s i H />
TEET 15% AL B SRS 3, KT 75% i AU Igm IS 4 [6]. 40 TRALER 1) 2 R Al J B G 3 4 555
5 R

Table 3. The matching table of probes and genes
= 3. RET5EE AR

ID_REF Gene
1053_at RFC2
117_at HSPA6
121 at PAX8
1255 g at GUCAILA
1316_at THRA
1320_at PTPN21
1405 i at CCL5
1431 _at CYP2E1
1438_at EPHB3
1487_at ESRRA

Table 4. The encoding matrix of ER+ breast cancer
= 4. ER+L BRI R FE mAD EFERE
ID AICF A2M A4GALT A4GNT
GSM36777
GSM36778
GSM36779
GSM36781
GSM36782
GSM36783
GSM36784
GSM36785
GSM36786
GSM36787

:

WD W NN WN W N
B N e I T > T - R N
B R RN R N R R RN
NN NN NN NN

B RN R NN RN RN
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Table 5. The encoding matrix of ER— breast cancer
= 5. ER-FBREEFE AL EIER
ID AICF A2M A4GALT A4GNT
GSM36780
GSM36788
GSM36791
GSM36793
GSM36795
GSM36797
GSM36798
GSM36800
GSM36808
GSM36809

:

N

N WNRN W W W W W N
L T . T L T L T T N N
NN N R RN R R R e
NN N R NN

P, P W R R NN RN R

3.2. BEAE Cox LEBIRKEVIEEM L EE
Cox LE A R [ R [ 7152 5 B i) AR 4 i 75K Cox D R 42 H I LU B KU AR o US4 (hazard
function) & 18 AL A7 ) 3 AT 1 — AN EERR B I R FNBET(RR), RS BREEOR t I 2347 1)
TANAE I 2 i (R LT (R K) 2
(1) fim FERS VAP ASE (2 8) TIX IR (Lt + At EGHER
At—0 At
PRI SET (R ) R BUAR AFAE T (R 15
Cox H2H ) LB RIS ALR . AT Xy, Xypoo, Xy OFEBEAR A, WSS T 4200 NAEAE (S R) BN
[ £ £ RIS R 50 il XS b 5 1 742k F) R B0 R A
hy (t) =h, (t)X f (ﬂlxil +"'+ﬂpxip)
hy (t) BP0 (0 BEAE R O Bef AU R 8. e SURERB R B BB F (% 8) AdREOR . TR
hy () =hy () xexp( B X, +-+ B, X, )

Inhi—(t):ﬂ X+ + B, X
(o
Cox AL — A KUK LT BRI AL, B, S i SR AR BEAR 8 X | 3 5038 — AN Bz I i 51 A2 1
X PXURSE FE 1 B AR B e e B, AN AR B A T, T EL S e O FH 7 11 8] o
TATXF I G H R A B R 1 Cox LA XU [l A S R @A T BRI WD 0k, X T ER+FLIRMEZ, LA
P <0.05 fE M NIk britE . Sbffids, 5 999 ML ER+FUIME IR K B A W MEfm, 25 R ILE 6 (4
RO N . tnFE] ABCBS, HH N 0.96, e/fEi N 2.61, KWEE24 ABCBS [f4wm L {E 4 in—/>
Bz, HAE KKK Y KR E R 2.61 6%, BB T ER+ILIRE B ki, ABCBS & H & & i XK HE A ;
Xt FHEN ABLIML, LA 8-0.97, etk 0.38, XMWY ABCBS HIgmtL i mn—Asahr, AR KK
K Lb 4 /N B BSR4 0.38, Ui BT T ER+FLIRE A8 K, ABLIML & H & R IRy B A
X ER-FLAIEAL, UL P <0.001 /E A NEFRHETELL /A P <0.05. P<0.01. P <0.001 ARE
AR I R AT 0%, I e R g AT i, bR P AR PR E N 0.001). Lidffdr, A 13
6 ER-FLIE 1k BA W, g5 RN 7,
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Table 6. Primary screening genes by univariate Cox proportional hazards regression model (ER+)
%< 6. B[EZHR Cox Hb il XU R B 4] 45 761X B (X (ER+)

Gene coef exp(coef) z Pr(>[z]) lower.95 upper.95
ABCB8 0.96 2.61 2.14 0.03 1.08 6.28
ABCC1 0.83 2.28 2.14 0.03 1.07 4.86
ABCC5 1.10 3.00 2.53 0.01 1.28 7.04
ABCE1 0.77 2.16 2.26 0.02 111 4.20
ABCF2 1.09 2.98 2.57 0.01 1.29 6.86
ABI3BP 3.37 29.16 2.92 0.00 3.03 280.37
ABLIM1 -0.97 0.38 —2.58 0.01 0.18 0.79
ABLIM3 —0.50 0.60 -2.31 0.02 0.39 0.93

BAG5 -1.17 0.31 -2.19 0.03 0.11 0.88
BARD1 0.72 2.05 2.74 0.01 1.23 3.42

Table 7. Primary screening genes by univariate Cox proportional hazards regression model (ER-)

5% 7. BEZE Cox LB PEAR R 4745 Tk £ E (ER-)

Gene coef exp(coef) z Pr(>[z]) lower.95 upper.95
ABCC2 1.40 4.08 3.66 0.000252594 1.92 8.65
AKT1 -1.72 0.18 -3.57 0.000362096 0.07 0.46
ATP4B 1.72 5.56 343 0.000608925 2.08 14.82
BTN3A2 —1.48 0.23 -3.37 0.000753891 0.10 0.54
CD200 1.60 4.95 3.40 0.000671633 1.97 12.44
FICD -1.91 0.15 -3.57 0.000356132 0.05 0.42
MAPKAP1 —2.18 0.11 -3.29 0.000992481 0.03 0.41
PARP4 -1.97 0.14 -3.64 0.000276686 0.05 0.40
POLDIP2 —2.44 0.09 -3.79 0.000150915 0.02 0.31
RECQL5 —2.45 0.09 -3.36 0.000778005 0.02 0.36

33 WERESH, MBEEHHITHE

i E— PR, A 999 MER S ER+FLE B B R BEMK, 13RS ER-AME EEE
R E I o AR STAE FH 7 24 P 6 R o B S5 ) XU 23 B, A9 A 1) IR 23 80K AAHRE Cox [ ) 5 40
SNASER (1) 25 DR G B i P R P 445 [9] [10] 6 5 {6 P RUIS: 2 BOKT 4 — 191 58 28 AT v RIS ARG XU s i 1 )
4%, BT AEEE R NE T RN 38.289% 1 35.06%, [RIMLTE I ER % 3 KUK 40 HL i) 60943 fir
AR ot B AT 4 I RE (<60% 7 ML B IR KBS b i s >60% 73 A HCh = RS AR id), st 8 555 9 A
s Hod 0 REBMRREARID, 1 AR KRR

AR SCRE I SR AR 2 45 B9 999 A JE KA 13 AN IR ) Cox 11 3 2 50RN 43 288 B8 B f2 o T4
ARAR, TR T R4 R (AR 43 IR R AT v KU AR T AT AU AR 12 R KI5«

B, X RE R, W 1 5K 2 Kaplan-meier BhZ 5 or, P9 4LE0E (031 22 A0 4
B RV b i PR A6 3 AR T i IR e i 1) BB 3 28 5 T e P R S R S IR IR] o %o Rk 56k (log-rank test) Y
s ARRBS AR S s XA G E) ER+FLIRE BE R ERFERBEONSGSE: 4 =764, P<0.001;
MAREE: 4? =6.6, P=0.01), AR FRICS B RS AR L ER-FLARKE 538 R B R R 2 7 FFE L 22 o
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Table 8. Calculate the risk scores and classify the ER+ breast cancer of training set
7 8. ER+ELBRBINGEBERNE S B R 2 LB R

ID Time Relapse Score Group
GSM36945 92 0 —412.13 0
GSM37036 15 1 —197.87 1
GSM36850 121 0 —403.01 0
GSM36882 99 0 —404.50 0
GSM36998 5 1 —305.18 0
GSM37041 9 1 —202.26 1
GSM37035 14 1 -14.10 1
GSM36986 77 1 —276.82 1
GSM36913 109 0 -32.40 0
GSM36792 71 1 10.41 1

Table 9. Calculate the risk scores and classify the ER— breast cancer of training set
= 0. ER-ABREBINGEBERNE I B R FLEER

ID Time Relapse Score Group
GSM36886 94 0 —25.73 0
GSM36808 58 0 —25.73 0
GSM36926 24 1 —23.81 0
GSM37040 6 1 -11.71 1
GSM37042 14 1 —14.59 1
GSM36978 148 0 —25.73 0
GSM36891 87 0 —25.73 0
GSM37045 123 0 —27.33 0
GSM36875 7 1 —6.97 1
GSM37056 82 0 —25.61 0
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Figure 1. Kaplan-Meier estimates of survival of ER+ breast cancer according to the 999-gene signatures
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Figure 2. Kaplan-Meier estimates of survival of ER— breast cancer according to the 13-gene signatures
[ 2. ER-ZLAREE 13-EFEFRIC Kaplan-Meier gk

gifE: 42=491, P<0.001; MR%E:
3.4. LASSO FEhikERE

7°=58, P=0.02).

1 Hil b L R R 2 TR A R D, JF B SR D R T REAFAESZ HAR T, PRI LASSO J5idkx ik
PRIBEATHE— P it . LASSO X T mdEfE. sBAHSC. PMREARREAFBERIEEREOEH . LASSO HIFEA

R AE [ RE LN 2 AN T — AL R T, AR ZEF 05 A /b, DT A B 2 [ )5 SR 8
PERESET 0, SRAFEIAT DU RBEBIAY[11] [12].

2
m/;nZ(yi—Zp:ﬂinj] ,  Subject to Zp“|ﬂj|gg
i=1 j=1 )
ZITERIA TS 2

/3(Lasso) = arg min {zn:

i=1

p
Yi— Z Xijﬁj
=1

2
+zi|ﬂ,-|}, IS
1

Bt ARG Zp:|ﬂi|lb‘lﬁit”z‘i—‘7)iﬁd\, TR — L8 |5 A7 B (0 R BOIOEHT R AR 0, DAILIK B0 e 4 5%
j=1

BT BELER) B (1. LASSO J772: 1) B 4 2 38 ik 78 371 [31 )3 R B0 ) B0 R S B

2 SIS VR 13] 2 L Ase 5 F IR A T B S A i, W k F738 SUBRAIE . 7 K HTa8 CBiErp,  fr
A A DL 4 KB 9 k S50y, SRIGFET LA A BT A AT AR K-1 4 R I GRdexd Bl AT 905, R 1
UrENIREE, RPIARAE SRR IMMES H 2 b2 1i(k-1), —FEiH5 k ik, B 2ILA RN 1)
22 B (B A FEAR) IERE I K AN, FICFY o TEXH AR — i 2 f5 , e 1R 22 2 i/ NI A

BATERFE 10 758 XIGAE M TR AG TR BESH . T ER+FUEA, %4 In1=-150,1=0.22Hf,
RS RME, MR DRk T 5 NER: CCDCB9. KIF18A. KIF23. PLA2G15. RAI2; X
T ER-FLAEAL, 2 In 2 =-2.53, 1 =0.08 It} , 1% % I G /IMHE , JUI gF— Bk th 1 10 4~ 5: 5 : ABCC2,
AKT1. ATP4B. CD200. FICD. PARP4. POLDIP2. RECQL5. THPO. XRCCl.

3.5. £ FW A EHTE

AW 7% E i Gordon A1 Olshen [1417E 728 5 [l O LAty b C4cdb i ey, AN ) 38 3 1 20 28,
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HXSE R A TR G . @i A B &, WREE AT A K . BIRFRIE—AR W O AR T 55 2 AW 47
ENITRIRNTREA T, HAEMIERERIR, PHEABRRTGHEERRIR . IR0 s e
G(s*,h) =maxG(s,h)

sesp

XH, G(s,h)FARMEEA log-rank i geit &, Hr s £ sl h WA W REMITT X, SEEMN
FHIX AN BT AT R 4 o

PR LR A s 1) 25 SN REARBIEOR /s 2) RIGF s B BEAN 8 7098, RIRIAM S BRI AS 725 55
(AL AT TS ZE R . X R 2] T — BRI EA R (initialtree) [15]. —f&IBH FAIMARIE K, £ At S
MBS, FEXF R RFEABAT TN BN HERG, 10 B AR SR, DRk, 75 Bl Bk o R4 46 B 1
TR HEATIHIE, AR A I AR PE[16]

X F ER+FUARE, A SO FH T it 5 NIk DRI 5 48 B0ds N AR AP AR AR AR, o 45 SR B Tt
£, B3 T WE 3 Rl B 1. 20 34 4. 50 7 AN SR IR RS FRC, 6. 8. 9
W AR R AR I o

¥ ER—FUARIE, A FRER) 10 AN RN 2B @ A A, #— Pkl T 5
ANFER: AKT1. CD200. FICD. THPO. XRCC1. ¥ utgh FniFH TR 4E, 433 7wk 4 Frosm—#4E
R SRIERES 1. 20 3. 5. 6 NI SRR AR, 55 4. 7. 8 N SUE A m KRR L -

[FIRE, Xp4y2as RkiTR, &l 5 515 6 Kaplan-meier 14 5ox, WZHE0E I MR,
R RIS A1 1) A6 3 AR 0 T e AR b 1 ) S8 8 2 e (R SR RN R o o Rk A 36 s, (R XU b
5 AR H) ER+FLIME B E M A B R FEF EEI%GE: =602, P<0.001; MitHE: =9,
P =0.003), {RXHRICS M AR AR ER—FLARE B8 R R R R 2 F R (Ig4E: 4° =523,

P<0.001; Mik%E: 4°=43, P=0.04).
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Figure 3. Survival tree of ER+ breast cancer
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Figure 5. Kaplan-Meier estimates of survival of ER+ breast cancer according to the 5-gene signatures
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Figure 6. Kaplan-Meier estimates of survival of ER— breast cancer according to the 5-gene signatures
& 6. ER-ZLAREE 5-EE#RIE Kaplan-Meier #iZk
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4. ¥1ig

ARG FLIE I A5 B0 1 L R DRSS SR IO HOE LT, 0 iR ER+FLIE A ER-FLIRE
SRR AT TS, TREX R R B A R . T g AR B E, SR Cox B KU [l A 45
RUBHT YYD, SR, oD i i N g i R L G BT AT I A R E R B . BT
A4S B2 0] D IR R B I TR, DR e 4k S 1847 R — 2D ik . LASSO J5 vATE b 2R sy 4 £ 40 (1)
AEAE T TIOR3, IR Cox B XU [ V5S84 i i H (%) B DRI B FH 21 LASSO 753, 1531
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