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Using Co-classification Approach to Detect the Type of Cancer

LU Xin-guo CHEN Dong DU Jia-yi ZHOU Juan
(School of Computer and Communication, Hunan University,Changsha 410082, China)

Abstract Cancer recognition with gene expression profile was studied. Due to large redundant and noise information in
the gene expression data and the sensitiveness to selected feature genes, the classification is lack of generalization capa-
bility. With studying the gene expression profiles, two cancer recognition models including global component model
(GCM) and cancer component model (CCM) were constructed, And a weighted voting strategy was applied to propose
an Co-classification Approach based on GCM and CCM for cancer recognition (CAGC). Test experiments were conduc-
ted on Leukemia, Breast, Prostate, DLLBCL, Colon and Qvarian cancer dataset respectively,and great performance is ac-

quired by CAGC on all datasets. The experiment results show that the recognition solution and the generalization are
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strengthened by combination of GCM and CCM.

Keywords Gene expression profile, Cancer recognition, Global component model,Cancer component model

R U5 A RIRE T KRB E N FR A IEEIE (Gene
Expression Profile) , ¥HEIEZWI RIGIT WA REEEEEE
B S, Ana] i B B B 22 1K B 0 e R IE E A TR W 0 2L |2
H BT R B L MiE T i — R R,

HEENERARBERERE - RANEE. SR IT
KBRS, ARG B — R 3 EA 3 N R A SR Bk
5 ¥, W15 M bk (Signal to Noise Ratio, SNR) ., HE £k ¥
(Rank) . 1§ B 3# 2§ (Information Gain) %&0%, XE[7]1% M,
ZEAERBABE P RE s Pk R E R 8 R E, &
Bt AN [ R AL L4 7 1 WA L 2 B R TR SR IR A M
. EEFRFERARE AL EERET AR RIS RZUUH AT
Hr o, Bk H Sk A9 FRAE 2 B R 1) T B0 B0 — 1~ T B8R
ENFEPH—HS MAECH R REERENE,
F—FRAE R 80 , IR A IS I RIE T4, M 43848
BN RER RZMALKERAEE, IHRFH L
HBRARE REt., —ME RN REHRITHE
BAED . XER7IR A £ BB % (Majority Voting) H &
4 AR RS REERTRAE RS, CH[10]R E —Fh T4

P B #8.2009-03-26 iR H H:2009-07-06

4% (Bagging) WA B USRI B AE S K H . HME AR
BARE S RAARRMNFEEREN EEEARNERTFE,
RGP B 2 N F R YIS0 2585, AT/ R B EHE .
XML E R B R AR FEZ A ER SN EBIFE,
FEEBUGHBA TREHTIREL; ANEAE R
IERFE R D) F AR EH A Y EAMELL R S K B Z B 2 7.
BAHRMER A AL E 7T LLR AR S R AR B R, Rl
HFRENES AR TRAILEBWHEGER,

P2 R4 R — R BB R BRI B R iy S B
AR T R — MM SR A ERZ ZHES .. SREE
SERBEENRE AXRE T —-MHETHEWNE M B KB
4y E L. B 5EA £ 408 5 ¥#k (Principal Component A-
nalysis, PCA) & U5 FASE s A of oA F 40 B R T ML RE
B r A EES R F R X FE 4 B SRR BB i A 2 M
BHER, LI E 2 R0 B (GCM) ; R /5 41 34 8 —Fh B AE
KRR AE 48 50 B P VR 4 4 BRI SRR B E R &
R 45 45 780 LA+ v SR 4 A U R (CCMD ;s BE A R B FRUE
AR A R Y — M EE T4 A GCM #1 CCM B B Rl 43
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KK B (CAGO) . 3 7E Leukemia, Breast, Prostate, DLLBCL..
Colon, Ovarian % 6 U 1 4F 914728 MK S0 5.
FrEENFRE M EFE R SERENHE L, GCM Al
CCM R EL A R 38 B9 B A, Bk CAGC £ T GCM AN
CCMRFIERI MR T R ARY BT HEMRE R U
WA FLEBORLE RBEBTRENZILERT.

1 xR

L1 BRI REE

DNA %% (Microarray) £ — & R~H 3 R (WiEE R .
TEEE BB R TH F E — R BT F kAN 4 T B, R
Ferf 8 — A B AT I — M g k. EEREE
DNA-DNA 2438 [z B 8 8 002 18] B 45 5 PR 45 6 TR i L
WETEEHOT TN . BN FXEZEFH T DNA 551
0 5E B 21 SURE A op B (R Y R DOK O 8 3 R R R
o B X H— mXnGEE m>>n) MEERKER, HiE
X M58 4T R 1 MR TR AR AR P ) Rk . 56/ )
R MEEAEE ;DI A b B RIKKF IR LA
IRASE AT LB A R R IK KT,
1.2 BP M4

BP 4% J&—Fb 7 FARH )12 B4 22 I 4 AR, ZE AR R
H B REEE BS54 B SRR A R B R T LSE R R
L2 ES (Multi-Layer Perceptron, MLP) , 1% A2 i th
BEHETRELMHEEWR. BP MEEHATEHSEN
EERT AR, RUR ISR R A RS A
WMARF IR EEE, 2L B,

2 EF GCM #1 CCM fith 43 F (CAGO)

2.1 HERMBER

R4 5 DR 28 15 S JCHE P R A, A 1 T TR o e 2 R 4%
ROSEEAE TR B, KB I i A BB IR Z A & R8s
R (Global Component Model, GCM) F1 & jiE 20 4> & 8 &
(Cancer Component Model, CCM) ,
2.1.1 A2A4EFRAEGCM

X FEERBEE X, APR XT=(g1:820718n)
FIH 438 5 ik (PCA BB R A 0 r<m) B2
AR (<G AT ARER

rl=aig1 targ: ++tang,=al X"

Var (h))=al Za;=2
Hial =(a) a2+ 4a0) » 2= 0y Ve = (Covg, . g;)) s Var
FRI 2 Coo KA 2 :h: RARE 1 NESE B PCsA
RIHIE MR s £ A X R AYRRAE )R, 3R AR
EAERAE he ERYEAT,

EX VO EFRRARD HEEERBFESE X Var
GONBEN R s NETIRAR.

D

EX 20BBABE) APy H8Er
(1<7’<m) 9%% fll wflz [ ’Er B"J?*/[{ﬁm$%1:
_ 2 Var(s)
CR_Z:’L.lVar(E, y©

EX (ERABEEED XTF r<<m, ¥ min(x .22,
ADZmax(A41 A 2005 A0 ) a1 vaz s oersa, BT

RKIBBIW r 2R BT 8 ey e ={a1,a2, 504} .

RN RERE T I3 & MEREEH C L Gy e, G H
B CRZ=ZBEHY r D E5r BT R ] BP W 4% # 3R 51 78 1 26
BRI EEENGCM, R 1 iR, GCMAagmARd
B).BREHB HREROBRIE.IER r MMZTLH
FLOBRERAMHATLTARHER ¢ METY S, £
Fror B AT m A ErE AR

(Zawyli—6 W jinHE

net; = Z,wf,-H,—ﬁj s inOR (2)

out; = f(net;)
HoAou, BRI AR J GBI w, BTN B MARUE L
EIEYA WBA H REHETA (%H.0 29S8

TR B, S RO S B () ——

— . mE
RS BEM AT X RO TR,
wy; G+ D) =w; (1) +Aw, =wy; (1) —ndjout;

A
6;{—((),»—0,-)f“<nezk> i in O -
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f(netk)zk&w,k fHE;jinHE
6, (1) =6, () + 1, @
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Inputting
B 1 BRSSP R R
2.1.2 FmasFERACCM
BRI ERNMMETIRAE RS BEEEESGEC UL
i<k)\C: BIREAREB N n:,C B C: Mm Xn, BHEFIRER,

WFG—A G, 1<i<k) B 43I C, B9 R/ B2 e , 3¢

AT REATE € b BT A H (R0 2 B O, B 2 Sk
#H 4y & (Cancer Component, CC) , 3R J& ) F BP 4% ¥ 73 {H 51l

A ST RO 41 4 B (COMD , C BOB/ING TR 25 e 1
REEAR CC 4 EMRINT iR,

WO = (g gorgn) Hh g B AEREC &
AR EEERE. CTHW A EERK KR Cov(CT), Cov
(CHREEEN m 4578, o] LTI R 46 0 0 % -

Cou(CH=2Ap,pT=PAP" (5
H,a, J& Cov(CTHHEE, A RIER BN FAERE, X AL b
TCEH A, U<r<lm)A A pr £ A ST TR R, P= (51,
52 ,...,Zm)c

EX AGEBREAD  BEAE C: MFRIAERE Coodidas s
Am F2 Cov (G WA D12 D2 s s P T A1 0Az 00000, NTIE
IR &, 3T d<m, MM p1ybosrenpa HRT C: L%
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K d RBEEE B e,e={p12p2sapa)b: Ne BIS HEdr1A,
X R ITHE pi BT BER, P= (b2 pa) N Ci 8
T2 (R R

EN SE/MY REMED MR C MFAREMC LR
e Ty () d BRI ] A he s+ oA e BT IIY TR R,
WA sAe st s de R max(Ar sy s Ag ) SKminfAa» Agvr s =

B UERe S d NG R Zs ]
TN SGEIEMM ) M THE G M d SRR

A ~ [ _ - . _
I‘ﬁle ’i& C= {51 25298 Sy, )h"z =(s1 252 5" » Stm )1 s;jB/A S E
_ - — A .
pi FRIBEHSE CC =5, - Pj?;icp b e WIS j Hdr i,
Pi=(ppspizss i) v p; =k§15&Pﬂc o

Tt G MBI T2 Fle BHEUREA Y d A-ERE 4
BRI BP W44 BAIR B EE C MR o BT
(CCM), @ 2 iR, CCMBEERAEAR BEHBE
FHEL (O R 1 B4 d MWETEH 4,0 BH 2 MHET
HEEHER ML . CCM BRI ML T A
oSSRt B AR SR IS BV ) GOM A,
ST RS 5 BT O T 048

A (101", ifseC

o= [01]7, else

Outputting

Inputting

B2 BAERA bR A o B AR

2.2 EF GCM F1 CCM K1 fE 5 2 F % (CAGC)

GCM #EF|f PCA 2R M 4B PC (1<j<r)
R AR, 25t B2 ST FIRUE R TE R 5 H 22 51
AR LT C (1<<i<<k), CCM BRI F) B 8 55 4
AEE TR MR ARNEREH 2’ CC Q<i<d,
FHA CCM R, EREWLBITTAREAET T, BB
HRMARERTR T ERBEREL R 8 Not C, A<
k)) . GCM BEEIFN CCM 5 RI7E BE (R HEAE il B A0 988 i 1R B4
Bt A RBEMEME, W 3 iR, RIFSEES
PETE 3 MBI my omo omy, WRAER BT on DK
R (R g3k oy 20, HARLHE, o MR 2y PR

A A

e s R RIR e, = mym) e, ={mambie, =
{Is V3 } ’€g={x7y} aE 1M EPFILJEQ m *ﬂ%u?'f: T2
ve B LAR 4 my FlMho, TE 23— y2 R LLR ) ms I, TE =
—y AT LAX 43 my sme F1 my , CCM IR MR REZH P9 R L
FHEP A R ER R m. , B—FEA B3 R A% AE
AR, GCM BRI M BT 47 B (5 A5 AE K R E 20 8] B A 39
RS MRIERR mi » B — PP B 2 R AR S I B AE TR AR
B, CCM BEEIWT L IH 5 3-8 A AR 2, GCML 45 581 I ) ) )
FHRBIZ MEAEE . M B3RS TR, GCM HI CCM 2 H
M EA T AMERBAE R AR R,
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3 CCM e 5B GCM M2/’

AFRE —MET GCM I CCM BRIK RS2 .
B FeAE ISR B A 2R BB T A I 5 F R B GCM R
1 C. B CCM BERY, 4R 5 78 WK B BE 4+ BI AT A GCM B RIAn
CCM RERLH B ARE A, - F R FAUEN R R4 4 Rk
RPIREA B AT KB, X TR A s, R C 19
CCM #ARIRFIZER K R(CHT = (rn »72) , GCM BRI IR
BIEERK ROT=(r1sr2sn) , BT HREN B EE S KK
R
Rlensemble) T =(r"vry yoeeur’)
ri' =ary +pri
a+ﬂ=1
result=Cy if rv’=max(R(ensemble))
HHA, R(ensemble) Jg R(CC) M RIOMHBER 0, B HIH
CCM Fl GCM R BIAUE , result FyMlREEA s FIREAESRT.
CAGC HHE AT GCM I CCM BBy MEAE IR HIGS R,
BT EEEE P NENES TR AN FREBHE N,
AL T D RBHEAERAE R BB T CAGC Wz h.
B F 46 GCM #1 CCM BRI i AE 1R 518 B B HR & 1
.

®1 ET GCM #1 CCM BRI PR 5338 (CAGC)
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Inputing: | % % ( Training Set) , R % % (Test Set) , £ F Yk K b H £ H F
BFIRB RS £ i XBERAESEC:.C Rk C,.C=2Ci,q=
10,CR>>85%.d=15,7=0.5,a=0.4,8=0. 6,
Begin

2t C W R & ERE X #47 PCA 2 8, KL R A HEF eg={a1,az,»
arts

# GCM Ay i fn 0; WM HLA01E

W GCM R ;

Fori=1tok

HER 5 Ci Feak B 07 £ LK Cou(CD);

BB Cov(CTYMBAETE Ay Ay rvesd, EAEET B D12 Por e 1 Pt
HE d/l\ﬁ/J\#]/\)l -/\’21"'°A,,1 st By ;’1 'E,ZY""E;" ?‘35‘2 c, #]id\#
A
ExWe;; R
% COMC, BBt wy; %0 0; RMBLIE
il 4 CCMc, 83 ;
Next
For each ¢ in Test Set
KR D F PC,=1 - a; 3t BN GCM, BRI R A RO =(ry,rp5
ey )T
For i=1 to{f
HMeAEC, PHELEALECC; =t pj, BN OCM;, ARG
BEHRC)=0ryr)T
End
R & o B R Rlensemble) =(ry yryseeesry) T W 7i=ar, 5

B ey ,if r;r =max(R(ensemble)) ;
Next
End




3 KIS

AT E Y 6 AP R IR SR ET 1 (g 2 BT
FDRBATHELR I TH & GCM 1 CCM 4y %5
HEHRIE R AIIERE . FE L, R BE R A AR WK SR B 4 R
T Sr PRSI A WSS . 7E BA S0 T AT 3
M EARSE b o BEA T S A S A SO SR B T IR
WAL PR FENE 3 AR b R BT OIS %

#2 HFERBEBIEE

Dataset Genes Training samples Test samples
ALL-AML Leukemia 7129 38(27.11) 34(20.1D
Breast Cancer 24481 78(34:44) 19¢12:7)
Prostate Cancer 12600 102(52:50) 34(25:9)
DLBCL 1026 47(24:23) 0
Colon Tumor 2000 62(40.22) 0
Ovarian Cancer 15154 253(91.:162) 0
3.1 MEHE

.11 &d hEmidEE (ALL-AML Leukemia)

A R EeEE A E 72 flatkaRrEA 508
A& 7129 M EERIBIE. Hb 47 BIRERBEH Y 2tk
W E Mm% ( Acute Lymphoblastic Leukemia, ALL), 25 i #E
A2 WA E Ha K (Acute Myeloid Leukemia,
AML), ZEBESANETEMU L FE NG TFEDE
& 38 FllgRpE A (27 ] ALL+11 #] AML) , il FEH
& 34 BIMIREEAR (20 #1] ALL+14 ] AML),

3.1.2 LB 3% & (Breast Cancer)

FURERIEES A8 o7 BIFLREREAER, B AN E
24481 MEHNFFFEIE. IR EEEICR TEIMKIBIT
Mt 5 FFEAHA I AE B FE B L E0L . 78 46 Bl A s iE 4
B % FEFE (Metastases) , BIJERE & % (Relapse) , 51 ke
FIE AR % (Non-Relapse) . REIEED NG FEMWY
RTPEINGETEPEST 78 Ml ZEE A (34 4 Relapse+44
1 Non-Relapse) , i FHEHE A 19 B A (12 ) Re-
lapse+7 #] Non-Relapse),

3. 1.3 3% %% 5 48 % (Prostate Cancer)

AP R RS I 136 BIRTFIRE RS, BT
ARHE 12600 NEEZ R, Heb 75 H 08050 82 Mg
FEA (Prostate Tumor Sample, PTS),59 147 1E % B iR 2H 2R
7 (Normal Prostate Sample, NPS), Z8E 4 4 N g+ HEF
Wik F 4, N FE£ P aE 102 FllgAE 4 (52 #] PTSH+
50 1 NPS), il i 74 6 & 34 FHf#E A4 (25 #] PTS+9
£ NPS),

3.1.4 RBMX BSEKEHE L (DLBCL)

FRIBPEK B 40 MM R BARE I 47 Hl3RiE MK B4
Bk e R A, HL R L g 47 B BE 0 B 4l g A (Germinal
Center B-like, GCB) WL FEA TG RIFE B B 4HAEHE (Ac-
tivated Peripheral B-like, APB) BRI BEA, BAIHEAY &
4026 M EEHRIEIE .

3.1.5 # M4 4% % (Colon Tumor)

GipEBEET A 62 Bl E SEA, KA 40
)% B i 2H 21 (Tumor Colon Tissue, TCT) #l 22 #i| IF ¥ &5 1%
#0248 (Normal Colon Tissue, NCT), B HIH A5 2000 |~ %
AR HIE.

3.1.6 97 & #& (Ovarian Cancer)
IR SR BIRAE 2R 253 foR S SRR, Foh L EE o1 4

IEH B0 S 4H AR A (Normal Ovarian Sample, NOS) 1 151 4]
B9 8 98 2H 27 4F A (Ovarian Cancer Sample, OCS) , & il # 4 1y
& 15154 NEEFERIE.
3.2 WiEREER

FIH Fayyad ZUC R HMBET R AR BB/ NMLYERF
% (Discretization) 3T IR Mg A B, HAE S H L 424
Ci»Coye, G fRIE S s HPATHES f1 S, » p(C; vgj YA
BAFES FREALIMEC, PHER, MFES G=1,2)
B K -

Ent(S,>=~l§]P(C,- ,5,)10g(P(C:,5,)) ¢

P AE A 765 T RIZHEI T4 S0 A1 S, M E
(A, T 3R L 01 5 B 45 B -

S|

. [S; | N
S Ent(3)) +———Ent(3,) 8)
15| 15|

LERHIE A FTE % S PR B A B/ BIE BIEE
AR REERETFES G=1,2) LB, FF M
/MR K FE R W (Minimum Description Length Principle,
MDLAE J1% 1k 4, B2

Gain(A’T;§)<logz(g~1)+8(A,]\’}";S)

HP . NEBEE S RS EMEMEE,Gain(A, T35 = Eu (S) —
EA,T;9),6(A. T;8)=log, (3* —2)—[k » Ent(S)—k »

EA,T;8)=

€)

Ent(S;)—k, » Ent(S) 1.k S, B .
e s B pRank 3 FR Y.
#£3 BEREEE
Dataset Genes Genes
arase (Before filtering) ( After filtering)
ALIL-AML Leukemia 7129 866
Breast Cancer 24481 834
Prostate Cancer 12600 3071
DLBCL 4026 336
Colon Tumor 2000 135
Ovarian Cancer 15154 2945
3.3 #(RESW
3.3.1 MM

T R B L R A EARER 58 IEBIRE AR (Pos-
itives) #1 {1 ) B A= (Negatives), 1IEBI#EA 4> 58 ALL, Re-
lapse, PTS, GCB, TCT, NOS #£4, fi B A 4> 51 25 AML,
Non-Relapse, NPS, APB, NCT, OCS #e4s, F| F 4 8 B (Ac-
W IFR RS TH R, Accu B R

Accu= TP+TN
TP+FP+FN+TN

He,TP,FP, TN, FN 25 S BIeeA R Bk 4 B
5,

*4 HEALERE
Predicted
Ob. d
serve Positives Negatives
Positives TP FN
Negatives FP TN

3.3.2 T ER
EFHHE 6 NMERE LT XA LR, G 8 —3&X
8" (Leave-One-Out Cross Validation, LOOCV) 145 #7238
XK 8" (FiveFold Cross Validation, FFCV), # LOOCV
o BRABAR S Pk — DR R A I A, R
B RIS E RSk U 4 GCM BRI CCM B8, GCM
e 235 -



BERIAI CCM BRI A 3 5 00 s A SE 9 M) L AR U )
Fi CAGC iRRIBIRAE A, BEEHE, HRE - MERER
PR A k. BT BT R SR A, I B s
AR Accu. ERSYETLBER 10 K HE B HEETE
Hriétr. 7E FFCV b BBIRAE L35 1 5 34 BBk R
TRV — BB oK S MR e A, A HE AR 1 S N SR R R U
GCM #EIF1 CCM BB, 2R 5 P A CAGC RPN REA, &
EA3E 5 W HAGH T AE R AT k. &
TR B SRR AOREA IR B BE PR 35 67 Accus Prec,
SnfSp. ERSFELBVEL 10 K, I F BTN 5
. HSmALE B SVM # KNN #5457 Ho e, b A as
B3k SVM A KNN #9028 2808 B 5l sr WA s A
SELGFRHER 10 K, HE EHEETENTER. X5 4
TR ARASE R M KT Accu. NE S ATLIER HTE
LOOCV =, % F A4 5 21 KNN, SVM [a] #8 Buig 18
RSy HHETREE , 3 HF DLBCL FHUB T B IF 14 KM
BE(97.8%), B F CAGC, SRTNfE Prostate b, Accu i T H
TR, TEFFABIRE S, KNN RAENT M T 8in iz &
REf1. CAGC BR T 7E Prostate b /28RS FERE K F SVM 4F,
EREHEIBE LHE T MR EE KNN f1 SVM, % FF-
CV &1,SVM RIBERUE T 55 M 47 S HERR B . A TR vk R
Z. CAGCBRT 7 DLBCL 42w E T SVM 4, 78
HEBHEE F#E TR KNN f1 SVM,

#5 AXMALREE Accud)

ALL-AML Breast Prostate Colon Ovarian

Leukemia Cancer Cancer DIBCL Tumor Cancer
‘%;fi}:g"d 9.3 773 70.4  88.6 93.5 63.5
1.ooCcv SVM 95. 3 84.6 68, 9 97.8 91.9 82,4
KNN(K=5) 86.1 84.2 80. 1 92.8 839 73.3
CAGC 99, 3 97.9 91.4 93.4 96.8 92,6
‘%;‘ff:;d 88.4 721 829  80.4 90.6 7l 4
FFCV SVM 92.1 94. 4 80, 5 96. 3 93.2 84.4
KNN(K=5) 84,1 80. 4 80. 6 86.3 84.2 67.9
CAGC 96.2 93. 6 94, 3 95.5 97.3 96,3

HHRIF  APEEFSEBIERS SR T WRERE IR B
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BT —RESHETB:(CAGO) . 7E 6 MRS E o8
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BRI TT 3, TEFR A B8 48 1 #RBUE T IRAF I 4 Bt
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