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H L (HEFAZE 85.32%).

DL _EBIF 78 2 A DR 332 7K P50 L e 1) R AE
HUR SEALHINEAT TAHSGHE T, A SO A A PR ZH K
PR R RIATES B, SR R, F
FHAEWAE JE S R L e () 55 A0 T BAEAT At
T, AT R PR R AR AR D RIS R, R
B — D4R R FLIR e A A= WL B B 1) 24 47 1) Wt B
JE PR LA
1 BIES5HZE
11 BIRERALE

A 2 ) L e A SR T e ek R 4 Pt
(the cancer genome atlas, TCGA)~ %4 % (https://
cancergenome.nih.gov/), I & FL R i N\ I 5L [ 3
TS BHE A RS B s, S EIREAR 1 222 4,
JEIR% 60 483 4~ F python 1 & 4 5 F2 )7 K9 A
BTG AIE ARG BT RS, Phide tho 55 2L R 3R
RTEFIFLE A T AR REAR R B EAE, RN~ S
SRR TTE, A T A R AR TR Rk AE O S I
K, BT 2IEA%L 295 1, HAmss 113 41, 3L
i T IREAA 182 B, FENHCH 57179 4, K
INEISYIE B

Table 1 Clinical data of breast cancer samples

Stage [ Normal
Number 182 113
Age 69.0+£15.9 69.5+13.8

HFRRPREEIEAER K, AT HEEH
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fAabEE, ESRILIX R0, 1], BUAE AR N
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ZIERTE T A FEARRIEE W BB xe ST
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BT A, PR KT “YEE R M7, [ES R
T ERGEE. AT S IRIX AR R 5 8,
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TCGA pretreatment
dataset

‘ Correlation filter, R > 0.5 ‘

Variance homogeneity

Nonparametric test, P < 0.05‘ ‘ t-test, P<0.05 ‘

| |
b

| Confidence interval, ; > 1.0 ‘

Fig. 1 Flowchart of signature genes identification

for breast cancer

1.3 BRI RARETEM A E

AL FE N B B AR A 7 S Il e () =
HRAEA, BEHLGE DR SR 90%AE NIl R,
R 10%1E MR £, R H S FF A & Bl (support
vector machine, SVM). Fifi #l # #k (random forest,
RF). A L%/ %% (artificial neural network, ANN)
Z Bl oy A AR BRI AT BT, EE 10
WiZEBEFE, K A VR ¥ 5 B (confusion matrix,
CM) X} 73 R &5 Rt AT Bow, 8 SR i 2
(accuracy, ACC)UA S B FE (sensitivity, SEN)~ FF
5 J% (specificity, SPE). &4k & % (matthews
correlation coefficient, MCC)T8 A5 K VT4 #5711 43
KR, ACC, SEN, SPE 5 MCC BIE ST

TP + TN

- 3

ACC = T Fpr PN + TN )
TP

N | 4

SEN = p s iy @)
TN

N |\ — 5

SPE = ip v 1N ®)

TP x TN — FP x FN %

" \/(TP+FP)(TP+FN)(IN+FP)(TN+FN)

HrAr: TP(true positive) # 2 & N IEFEA, 5L
R IEREARRI N TN (true negative)#7 H1] i€ N 1t
FEA, FH52 EHR AR A4 FP(false positive)
WA ENIEREAR, HFEL FRAFRERNANE: FN
(false negative) f F| € N FEAR, (HEEL | J2 IEFE
ENII 8

2 FR5WE

2.1 HHEEEMHSEER

SO H b R AU R B & 2
KREEPFHERR, it— PR U K AR
JEOHLEE B e A, SR B SE R L LA R
e REE 2 SR RE 7T, R 3 AL DA LR A e 1)
IRRERE, ARE TS/ MR A R DR A k. it AR
SCHR A% 7 VRN TRAR B 2 J5 1 57 179 /N HREAE S R i3
TR, 1SRRI 336 4. XF LSRR
I3 K SRR EHL(SVM). BEHLARRRF). AT
PHEZE N 2% (ANN)JEFR 10 X EARAT 21 1 43 S8 &5 SR
YIE, W 2 .

Table 2 Performance of classification model for

336 breast cancer signature genes

SVM RF ANN
ACC 09833 +£0.0224  0.9947 + 0.0100  0.9967 + 0.0100
SEN  1.0000 +0.0000  0.9923 + 0.0231  0.9889 + 0.0333
SPE 09727 +0.0380  1.0000 + 0.0000  1.0000 + 0.0000
MCC 09668 £0.0436  0.9934 +0.0199  0.9921 + 0.0237

M2 TUAE Y, A ) = 70 AR o SOy
) AL AR AR B 1, WO T 55 4L 2L IR
| AR AERA A f s T BEATLARAMRT N T A 22 X 245 )
FVEB R 1, BN TRE T AR AR A
e GRERT L= SRR AT A Y, REALARAR 1
DA R RBOE B e 0.9934, T SCHF AL
M T2 M 2 WAL F] 0.96 DL L, FWIAIIH
15 PR R IE 25 R 0 L e 0 55 A0 T IR 2> R R AR
e DX RE T, AAREILHE AR SR 6 75 925 O T SE PR AN
g

KRICH o REERIE 5 OA IR TE R BT T XF
b, Xie S5UR FH R FE RS PR A 25 & I RRAE i
#7575 FSDI(feature selection based on discernibility
and independence of a feature) X F i J 1) 2 [K K 1A
Kl it th 2 HARMER I A&, R A I SR fE
AT F0) 28 08 L B 1) D88 FUR R AR EAT 2328,
G5 RARW] 2 FSDI J5 2 16 i s Ak 3k R Kk 21 10
AN, AR SRHER R A 0.8532. [ HCSRA T4
B B AE 3 B 5 V5 B W0 Weight ©. mRMR P
ARCO!", SVM-RFE"'# Relief™ 417X b, 432K
g5 LR R K Weight J7 75 2R AE 2L R 3] 6 AN
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S RUER R B, RN 07775, R A mRMR 7
AR SERIA B 4 AN R UER R e, LRI
0.8305, KM ARCO J7 ¥ MFriE R RIA B 15 AN
SrRWER R I, LR 0.8194, SR SVM-RFE

TR R IE B 15 ANy R e R i om, Ik
A 0.7290, K Relief J7i% AR AE LKL 5] 3 A
N4y K UERR R B, I A 0.6951, FLR(E B
* 3 P,

Table 3 Classification of breast cancer by several classical feature selection methods

Genes numbers FSDI Weight mRMR SVM-RFE Relief ARCO
2 0.6922 0.6365 0.6132 0.6188 0.6245 0.7770
3 0.7402 0.5902 0.8108 0.6161 0.6951 0.7854
4 0.7995 0.6848 0.8305 0.6866 0.6640 0.7855
6 0.7967 0.7775 0.7967 0.7234 0.6697 0.7544
7 0.7601 0.7182 0.7910 0.6980 0.6697 0.7544
10 0.8532 0.7200 0.8024 0.6923 0.6837 0.7996
15 0.8237 0.7683 0.7742 0.7290 0.6753 0.8194

IR T 43 U R A T A S P e 55 AR
SiE T ISR B . 25 8 B RRAE I DR B ] Rexf 732K
SER AR RN, PR B AR T LS X A 7 i
EECN 1.5, BREFE 16 A, Hp AR
B 13A. EH 2.1 WE BRI EA RN R
FOFEMEIZR 4 Frs, R 4 tha] UG H Rk B )
13 ANRFAE 2 i 35 DR SR BN T 4o 28 9 24 e A ) 7 )
e B 20 B UER R 100%, SVM Ml RF 73 2648
TR E B R 40 1A 31 0.9864 A1 0.9899, 5 2 Hi i
336 NFER ML AL, BB &R, £
BF 25 S0 32 AR I 5 AT ()00 K /NS 5 i 7L s )
TR A

Table 4 Performance of classification model for

13 breast cancer signature genes while i=1.5

SVM RF ANN
ACC 09933 +£0.0133  0.9950+0.0119  1.0000 + 0.0000
SEN  1.0000 +0.0000  0.9887 + 0.0272  1.0000 + 0.0000
SPE  0.9891 +0.0219  1.0000 + 0.0000  1.0000 + 0.0000
MCC 09864 +0.0272  0.9899 +0.0240  1.0000 + 0.0000

2.2 YHEEREH KEGG BEAS I GO NEEESE
o

AR H DAVID AY)ME B2 %R 6.8/NIAID
ey R T EXHRHE L R £ 31T KEGG 18 % 7 #7
HEHL GO B¥s FE BT ThREERE. N TS IR 4%
AR, XS RIH 336 MEFAEIE K BE4T 45 &
oM.

KEGG 72 R, EFAMET ) 336 4
RREJE R 5§58 MRdE . ABC Fiz i A .
B AR A0, WIEh&E A 2L . RS
545 510 I S T I 2 A DR (P < 0.05),  IXSEIE R 4%
S I HE S o A e 2 R TR (1 PR E 2 (12 ),
FRRFE BRI (9 ), A SCHRER B 3 A B IE
SEfRdii S AR Z &R 2, B RE4E R
WILEIZ By 78 R 5K 77 DL R 4 i AR KA 5 A
WTRAN M E 425 4L SHfl 2w 2 S 2 i o)
FOGHR S LIS, IXTEGPEETR . KB GRIE A
S DL JE R 43 B 2 B AR SR )RR B R 5 e
R RAER BB R, EEAEFR LA E
P BARE B 5 R,

Table 5 KEGG pathways for the 336 signature genes

Term Count P-Value Genes
Focal adhesion 9 0.0081 CAV2, FNI1, CAV1, PPP1R12B, PDGFD, MYLK, FIGF, EGFR, PAK7
Pathways in cancer 12 0.0212 EDNRB, FNI1, FGF1, GNGI11, CXCLI12, FOXO1, RUNXITI, FIGF, CKS2, EGFR,

STATSB, EPAS1
0.0234 ABCA9, ABCA10, ABCA6, ABCAS8
0.0248 PPAP2A, PPAP2B, PAFAH1B3, ENPP2
0.0283 FN1, FGF1, GSN, PPP1R12B, PDGFD, MYLK, EGFR, PAK7
0.0326 UNCSB, CXCL12, ABLIM1, DPYSL2, PAK7, SLIT3
0.0395 EDNRB, ADRB2, RYR3, MYLK, EGFR, GNAL, OXTR
0.0401 S1PRI1, EDNRB, ADRB2, LEPR, THRB, SSTR1, NR3C1, OXTR, ADCYAPIR1

ABC transporters

Ether lipid metabolism
Regulation of actin cytoskeleton
Axon guidance

Calcium signaling pathway

O N N B~ B

Neuroactive ligand-receptor interaction
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GO 73 #r & ILAE LS B 336 MR LA 5
Mzt B4 &, BRI EMmEEE., BaRg
G BETES . BEEMIS S . HRBUEE TS
TIRE 2 AH % (P < 0.05).

2.3 FLBREEXIFERERE S
2.3.1 i B LS X RERAAESE R 43 B

20 A, HEE XL B 1S
I, 93] 16 MK, E173058: JAM2. RP11-
875011.1. HOXA4. TMEM220-AS1. SH3BGRL2.
DMD. CACHDI. TMEM220. TSLP. SPRY2.
SCN4B. FIGF. ANKRD29. ADAMTS5. CTC-
297N7.9 A1 MME. A7 3CRREW], X H A TSLP.
FIGF. MME 3 D5 LR 1) K 2B AR e 5 1)
F¢, JAM2, DMD. SPRY2iX 3 MK 2 58
IR AL ERE, P 6 AR # 2 dE
JEREAH SR HE ]

a. TSLP(thymic stromal lymphopoietin) 3= £ H
Befes i AN B g v i b e dn i e A, R
o T G B2 2 Y 20 i AR R G 5 8L ) R Y
K. TSLP & —FZIhaedE A, Wl 1E e i
PR - 171s), 7 0 s T R A PR b ) 308 5 U AR
9‘%[16].

b. FIGF(C-fos induced growth factor) & — #f &5
F i gmh L, g iD i B A PR LR AT A AR A
TR R . 1% 1) KEGG i i#% it [7] i L
PLAE R DI R A e 2% b, 5 FL I B R AR A
3R vl)  ESU K (BB NS F e =S

c. MME (membrane metalloendopeptidase), 7l
4 CDI10, 23 X g 5 — il WL ) 2R itk EL 20 L
MRPER, A2 W N Sk B 4 M 1 1 s i) — Ff
BRI EY, R, ZEEE N RES AL
TR AR AR, eI e m N B TG br 2
B[22, R A g LR AT BT AR AR

d. JAM2 (junctional adhesion molecule 2), %
BN @ TIE R 7> 7ok, gt R B e —
MZIREMEEES, J&TRRRERBRER, €
BT b B AR P B A ) R A IR AL, TR —
FRRE N A S 2 Fh S A MO 2R R AR AR, R I
B MRS . G A A R

e. DMD(dystrophin), %23 K 75 3 K 41 3 il 4=
KRT 2Mb, £&4545 ORI AR RIEER, H
2R 1) B 15T S5 AR R A SRR A i b ok )
THRE . B SCERYE tH DMD 4% R ALE
I R RNE A R AR R A ke A OGS

FIE, JE k2t it 2 4R KB 5T Wang S5 Y DMD
AT DA ik g 00 o) XL AN AT RE B AR A R 1R 1

f.  SPRY2(sprouty RTK signaling antagonist 2)
M A AL, HgR & B B R 2 AR
Mt R B 5 1% S AR, RIS B RE R
Gl IR e Vi b T v N K =22 S A 2 - YR (SRl k]
Y N BUE Fe AL R R A HI A, B AR e T R
a8 77 (7 700
2.3.2 B REFAERE 2 b

an 2.2 Wik, KEGG HH5HT i 336 MRHIE
S SREDLIER . PR ER R B,
XPASEE T, FAEPERA 9 MR, Hd 7 A
e 2 /b — O B AR E B b, RS B 12
MR, KR E5REFEBAETRER, 3
ANFE D /b — U PR HoAfE B, X 10 IR
AR EE AL A SRR . B2 iR AR
10 AN 5= A2 7L B i e 55 AL MU e T SR8 K-
FALRIEL, MIE] 2 AT LA HH X S PR 70 3 e e 552
ZUNVENE 1 IRILBAFERE Z S, HP, FN1FE
I L AR R A DR B A PRI B o, AE LR AL
ik B, HoAh 9 ANFEERIE S A S b R Ik 1Y)
T AT XTI 10 AN FE DE R H SRR A &AL
(SVM). BENLARMR(RF). AT 22 M 2 (ANN) & ¥
10 B, 15 B 17 3 7 K HE 1 % 8 0 R
98.21%- 99.67%. 99.51%, FHAEmIIHEMZ.

a. FNI(fibronectin 1), 1% K 4uhth £ 4k %42
H, ZEAZ SR WA ERE, afmmh™
AL TR G BRI, 15 BRI RS,
BRUOHRIE : 2738 8 F KPR N2 S Bl i B R
N 3 FE G TE A BRI K, R, R A LR
T RBONE, SRR bR A A KA, X 4E
FRE 2 B BRI E A AR FENE , X e 5 R W] 7E 3,
R B AR T i R AR B R A S B R A
R BFAERC R, ME A 4EERE A& &EN
L AN HLAth PT BE B AE TS B 2E M RR SR, i
Pl 2 mI%N, FNI 7R 55 443 R0 AR T e 1 44
RILE, XX T JAT T b Hh PR 4 B B A T Y
FLIR A ) B AR ) R B 2 AR SRR

b. PPP1R12B (protein phosphatase 1 regulatory
subunit 12B), ZFE P & — Rl EE A BT A FE A, fir
T 1 54 tafk p32.1-p32.2 X3k, REIHFTWIERE A
BERR S P, G oR UL a5 1 Ca® BB M. Hix
FEDRAH R B GO VAR B A i 14 7713 R 128 1 il 1
TFNEE.
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Fig. 2 Box chart of gene expression levels in paracancerous tissue and stage I

c. PDGFD. FIGF. FGF1 J& T KK 3 5
, " PDGFD(platelet derived growth factor D).
FIGF(C-fos induced growth factor)Z % i & H Jii /2 Ifil
ANERAT AR AR IR T SR K B B2, FGFI (fibroblast
growth factor 1)% At (1) 25 1 5T A2 B 21 4 40 Jfa A= K (A
F(FGR) KRN R, XEERFERTTRIE R E
ARG SE . AERRITFE . AR TS AU A M rh ol AR
Fl. FIGF %4 VEGFD (vascular endothelial growth
factor D). Nakamura 551742 i VEGFD [ 5k
E A G, TRE 2 FL IR B TS R &
VEGF-D /] I 97 S, AT RGREMG
J7 I W SR AE W) bR B W) . Akahane 55 UM FE B AT
VEGFD 5 A FL e 40 i 8 T g A2 b A3 4618
VEGFD [ | B A & A O bk B8 AR i DR - 1) 1)
ReAbh, I HAGE LN A M A2 S R T B Dh R
Teramoto %51V idt S i 5 45 Wiy 4 S B2 (RT-PCR) Ml
T 1109 18 L 4 23t VEGF-C fl VEGF-D
] mRNA F£iL &, 45 REY, £ RED
VEGF-C # VEGF-D £ 5 itk L 2556 # il ik R A (R
2, MBS EEIRRIEERIK. Wang 520
N T HEFE VEGFD AN FLEAA S TG &R, 78
2012 4 B SR T T B U8 PubMed
EMBASE, il 25 % 7 #t & ¥, VEGF-C M
VEGF-D AJ DLTN FL e B TE A R, Ha i 2
Xt VEGFD HZRIEHBEATRAE . Zhao ZECIHIHEFT
RO MIEATA R VEGF-C/D 75 5 e F e ok B2
ARG MR i 7L s 2 bk DS 2 P I Vi RN 7%

PE WFRCEE, FGF1 5 MR 2R B 3L e
) JRUG: S22 FH 552, Slattery BB 7T & FhAE KT
X T FLE K sg e, 45 LK B FGF1 #1 ERBB2 #f
3 R PRI NI AR AT, I R I IR )
7 0] e 5 P 12 WS AR A O

d. MYLK. EGFR. PAK7 J& T & (i f 35 3k
DA, 32X 3 A5k A1 20 B £ 2 1 )i A i 1 Rl K TR 1)
BRGL, AIPE S AR E G S @ PR e, B
MOE 22U RIS . A AR Hh
MYLK (myosin light chain kinase)Zi it 1) 2 [ J5i ik B
% VR T PN B T R I R IE M, T B AT 42
BT HXES 5. XK MYLK @it 5
WS R ERK1/2 BIAH A F SR i3k 7L e 200 i e 154
FEAERPY, MYLK il p38 il i I Hi i 1ok seal
FL IR e 41 M 1 7 3 B B 77 B9, EGFR (epidermal
growth factor receptor) g i 1) 2% [ 5T A& — Ff 155 JisE b
T, ZE TR R AR T R Z Ak,
A SRR LSS S 2k AR Z R R 1 A
1173 B4H M A FE Y. R B (FAK) AR 2 A2 K
[Kl ¥~ 52 fA (EGFR) J& 75 N FL i b 3ok B 30k s
H1 B 2 R %, Golubovskaya S5073@ i 5246 45
RFW, FAK F1 EGFR {55 i i 1 00 2 #1 ii1 v] LA
i ) 34 5 7L R 4 PR R T . Ray S5 B83E iE XF 50 4]
T S A S0 1 2oV LS Y EGFR #EAT HL UK
B, EFLEERBIF, EGFR K RIE S E L
AR EAIE, EGFR AJAE A FL R I 78 75 16 7
AP, Brandt 25U i 5T OB IR0 5 5 BRI AT
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PEAl EGFR 2 25 15 7L s AU 2 [R] 1) 0% R 75 H 45
W AT EGFR ZEF A& T 1 B 5K
FE AT fe 98 o0 25 0 P L M ) XU, G R T i i
e EIET . PAKT, 74 PAKS(p21 (RACI)
activated kinase 5), %3 A 5 MARK?2 #Hi/EH
WA F-actin 48 FR 8, 5 30N ) 47 4 AR 0 3l 1%
(RIS 2R A2 R 200 A U 1+ P S0 .

e. EDNRB. CXCLI12 J&F G & AMBBZ AR
FIVELDR, 12 R g A 1 2 11 0 AT AR O G AR AR B
ARV Z AR A D Re R IEE, AFEIRIG
PR IR ROERN. AL MR A K
F#:# . H v EDNRB (endothelin receptor type B)
B FX ETB 524k, EZALT M AN R4t , 7Ei
A R TR AN A B A R . PR RR
B, ET-1 £ 3L i vhdd ok 5 52 /& ET (AR A
ET(B)R LA H 735 F1 55 555 75 IS8 40 g A=
ET-1. ET(A)R fil ET(B)R K RIAME S AR E 17 R
B 2L BB TR O L BRI ET-1.
ET(A)R F1 ET(B)R ik 54 i A1 L e i & 43 A7 AH
%, LT RES 5 20 A A BT, ET R

1 2T A5 AT BEAE R SR BT L8 A B 1R V6 97 7L
Ji g o B I R & X . CXCL12 (C-X-C motif
chemokine ligand 12), %4 SDF-1, 1%JEH KR4
AN e sk s 85 1 BUBRG Bt f ¢, AME
SDF-1 Wi i 4iffu iz 3l . &tk M Z5 ke, SDF-1
S 524 CXCR4 1] fig 4 o0 240 Jf 12 28 52 1t =5 245
B B N U B E R YT L B TR,
CXCLI12 & BE 7 Re 1 il N\ 2L s i A K e 2,
ENFLE A AR K AR B R EEAEH, nRee
FUM e 5 T LE TS A 81
24 TEHMEEASEREINZA

Vg 7L B R A0 5 DR 75 a2 7 v I FH T A e i )
SHTH, JEHL TCGA ¥ PR i 55 FEASFI R 1
IIREAREI R T 40 (e, 19 3000 BRItk
Mg S5 FORMRIE . 20 e TR E
W BAG X R L 16 ¢ B8 1.0, 159 B9 E M RFAE
FENEAMK N 5864 2162, 1442, 371. 58041,
Xof X L AR A 5 DR R FH B L AR AR AT @A, B A 10
AR B HEF R IR 6 .

Table 6 Performance of random forest model for five cancers while i=1.0

Cancer (number of signature genes) ACC

SEN

SPE

mcc

1.0000 + 0.0000
0.9933 +0.0133
1.0000 + 0.0000
0.9771 £ 0.0249
0.9739 +0.0288

Lung adenocarcinoma(586)
Lung squamous cell carcinoma(2162)
Colon adenocarcinoma(1442)
Thyroid carcinoma(371)

Hepatocellular carcinoma(580)

1.0000 + 0.0000
0.9875 + 0.0375
1.0000 + 0.0000
0.9600 + 0.0800
0.9633 + 0.0737

1.0000 + 0.0000
0.9958 +0.0125
1.0000 + 0.0000
0.9795 +0.0225
0.9768 + 0.0284

1.0000 + 0.0000
0.9821 +0.0358
1.0000 + 0.0000
0.9163 + 0.0944
0.9329 +0.0748
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% (pathways in cancer). % %8 F [A] (axon guidance)-
2 P 6 B} 43 1 18 % (cell adhesion molecules). H:
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Signature Genes Identification of The Breast Cancer
Occurrence and Pattern Recognition”

WEN Jian-Xin, WANG Xue-Dong, LI Xiao-Qin™, CHANG Yu
(School of Life Science and Bioengineering, Beijing University of Technology, Beijing 100124, China)

Abstract To identify signature genes for the pathogenesis of breast cancer, which provides a theoretical support
for prevention and early diagnosis of breast cancer. The pattern recognition method was used to analysis the
genome-wide gene expression data which was collected from the breast cancer part of TCGA (The Cancer Genome
Atlas) database.336 gene expression signature genes were selected by means of a combination of statistical
methods such as correlation, ¢ test, confidence interval, etc. The accuracy can be as high as 98% through the
machine learning method modeling, which is higher compared with the previous study. The KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway analysis and GO (Gene Ontology) enrichment analysis indicated
the significant correlation among eight and eighteen kinds of genes respectively. A functional analysis of the part of
the eight pathways showed theirs close relationship at the level of gene regulation which indicted the identified
signature genes play an important role in the pathogenesis of breast cancer and is very important for understanding

the pathogenesis of breast cancer and the early diagnosis of breast cancer.
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