Advances in Clinical Medicine IREZBERE, 2019, 9(9), 1098-1104 Hans X
Published Online September 2019 in Hans. http://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2019.99169

Prostate Cancer Drugs Repositioning Based
on Entropy and Fold Change Algorithm

Yifan Hao, Guang Yang

School of Mathematics and Systems Science, Shenyang Normal University, Shenyang Liaoning
Email: 897120417 @qg.com

Received: Sep. 2™, 2019; accepted: Sep. 16", 2019; published: Sep. 23", 2019

Abstract

Drug repositioning research not only greatly reduces the cycle of new drug development, but also
reduces the economic cost. Prostate cancer is a cancer with high mortality in the world. In recent
years, the research on single gene is not enough to analyze the complex pathogenesis of cancer. In
this paper, information entropy and Fold Change (FC) algorithm in R software were applied to
analyze the gene expression data of prostate cancer and extract the characteristic genes of pros-
tate cancer with a large number of pathogenic gene information. Then several drugs for prostate
cancer were identified by cmap analysis. The gene expression data used in this paper were from
TCGA, and 2788 up-regulated genes and 2222 down-regulated genes were obtained through FC
algorithm. And characteristics of these genes screened 200 select genes with significant informa-
tion as retrieval label cmap (https://portals.broadinstitute.org/cmap/) analysis; finally, the nega-
tive correlation score of cmap was ranked in descending order, and several possible effective
drugs for the treatment of prostate cancer were analyzed and determined. Compared with the tra-
ditional method of extracting characteristic genes, the combination of information entropy and
Fold Change algorithm can reduce the computational steps and amount of computation, with low
cost, low time consumption and high accuracy. This method is effective and feasible.
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FE T B HELE &P RE I 58 A0 7RI, BRI B T AR PG 77 | 5K, (O LRt s BT .
I R _F T HA 2 R F AR RRF T VE(ADT)IRIT BT IR, SR LTI B e A 2 R e N S 1 (1)
LB HT AL AT S IR (CRPC) . B AR FDA (3% [ & i 24 i 8 2 =) ) #EAE (9 58 — AP RE B 259
Enzalutamide (B 22 & )1 Abiraterone (S EL4E 0255 SRR B B —ERTha, HEE RSS!
BURIRTN 2450 [RI0k, e R B 38 V)75 BEVE 7 10 51 e 45 202

ST E WA R ESTKE, R SRR R T ARVATT A S A AT R R
HATE R, A5 EE N AEFIKIB R — . HET, 5 F AR IT RO IMIRE T AT AR,
JIHTA g BTG T AR A TR AN T R o R P 2 DR SR A U A 2 S R R I BT A1 e 1) 2 B T
TER—ANEEFE. AT RZE NN SRR ISR, 780 K CH 2R &, X2
ITHEEN, &2 EWEZ A AZEZ AR EBR 1] [2] [3].

2y e N URE 2T, FRRT Y A R T PR B 25 G BEE B R B BRARI R o LA T AL T
PR FER Bl At e BT 29 T Eoe fr . BoE Fig . BEIPM A EENE ALIG T 77 M5 [4]. 43—
25 E B T 13~15 4, HAUARFHHE 2030 123550, HAAT EFHEaH . Rt &g 25kt
I, —HEAHHEAFEMET g, Xk —ANBERMRIFR IR “APE e nf LBk G IR 19,
FHEE T35 250 RO A R FE AT 8] 3 B AR LR, A A 25 K BT IE BE, D&
SERLIZ T 100 20 4] N S E1 2540 A I T 11 51 e A 16 97 0 IR 24540 72 AR SCHR 1 i)

GRMEGEERTHTERELEMN —MES. XFEFERY, BEMEEHEX, fradnEEE
K, AR E SO, THE R R S B0 P SR BLAE BB R B BURFAE S R 2 5 FH (AR AR
FERBREUT . H2 H BAG B AR R B R R R i R A, X BB R B R s e, BRI
AN, 2 T b A 2 DRRT T R B DR AN 24

DOI: 10.12677/acm.2019.99169 1099 Il R 125 23k i


https://doi.org/10.12677/acm.2019.99169
https://portals.broadinstitute.org/cmap/
http://creativecommons.org/licenses/by/4.0/

RN, ¥t

Fold Change (fi]#% FC)/& % F RIS, X T RFRIAEHE KU, T I logFC H K I ERHE I H
W logFC A IEN Y FRERR; A m oy R EER . 5 HH FC ERIBIURFER R, THHEFTH
R FC A FFHOR BN TH 5K BB (] A o AH IS AN i85 4, e G BIM R — Le 80
FEERIRHERER, ST E eI FC EFMIEE LIREFEA R EERE, AMUE ZERER D
B, H AT AR BRI ERK FC (H, KRR FAZRM &, FNIC, 4R ERH. o
FETHEAE BB BB Al 145G FC AR B 51 JlJe 1) ARp A1E 2 0k ik DR R SCHR T I i) i . AR SO 2 A
TCGA H¥i g 3R BT 51 i 5% 5% BB BRI R B0dl, R R AR B g7 R A TAR B s SR 5 I
A5 BEER M ERERE NG RR, WKEVNES, 555050 i 2 DA 5 RIS 20 K RT 5000
ANMRFIERE R 8 ok, BRI THE L logFC M8, ffik BRI AR 58 cmap 4R %ES]
YT, KRR H B 5 RIS I BE R RR 25 (259 gliclazide (K% 515555 ) 1E N —FPia s v B90E IR 55 1
20, 51 F A TG RS AR N R, ATIRD R S R, 225 BT Hx 45 1 Uk 5 o e
FPATH0 51 B T Be B B VG T AR o Luteolin (KRB HLE). phenoxybenzamine (77 #/i%). naloxone
(ERER YIS TR S5 A0 A P B G B M A G E, R AR AT BT 1 41 iR A VR 97 350R

2. BUEMFGE
2.1. BEEREYE

TCGA 723 [ [E 5 & SiE W 7T JIT (National Cancer Institute) Fl 3% B A 2R3 K 41 #F 72 T (National Human
Genome Research Institute) 22 [/ 15 B ) — NI H, B 75N H @R FZEE AR, A B AT E
AATELFHAE, MR S TE TR I2WRRITRE 71, A9 B TSRO R AE 2 RS S0
TCGA H¥ls FER) AT A LR B A2 e Y b, IERIAE 2 A 8, F 2 R R R . mRNA
RIEHHE . 5 DM 7. DNA AL, SNP 5545, JEMiEnf 704 + 70 M AE KU . TCGA Kl i i
RPN STl (B35 M L AE A A PR B I R, BEXT M A FTE ), KA
I PR E A, EEAE GEO Hidhs P Hh 3R I i) 2 R A B 5 42 & - TCGA iz | AR P H A B =
)\ B LKA, DU+ projects, I PY AN B, T HAE AN S, SR I R b A B R R,
XA BT T A 40 5 I B

A ST HY A R R Sk Bl R B TCGA 4l B, 7E TCGA #udls FE b, FEah & R A% X4
TCGA-19-2619-10A, HJAEFEAMUIE T REA I 20 FbrdE 5 55 (1 10A R, %5 M 01~09 2 REAEREAS;
10~29 2w SFREAR . F MR/ bR UERI ] R BRI BEAT 43 25001, 3RA5 AT 41 i 559 55 (0 RE DR SR8 04
ARG 488 AN EURFEAR 12 MEFFEA, 145 60,482 2 HE[H (https:/cancergenome.nih.gov/)

2.2, $FEE AR

i TCGA Hudfe 15 21 i) 2 DN R0k K I i Kt » 228 S 3o et AT PRAL B, A F A5 HE ) 2 (2-score)
P AT 2 AT 51 IR R R B B AT PR e AL B, 45 ZIARHEAL OB, HoARiEdL 2 50N

& —mean(g; )
K std(g,) M
Fort g, ORI § EREAR IS, mean(g, ) FRIE § A REART ST, sud (g,) Fom I
i FEFTA A IR HEZE6] o
P GLRRF I N IO PR IB AR AT A 2N FC (A RIAMEEDRMETHE R, R4 FC R IE 1 i
M AR AR, FC BV IEMIDY EIREEDE, FC BN AN TSR .l b7 i ORI 5
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AR, BHAT 2 ARG, RN %, SR EEI LR MR SR
%, FRAEE, BEE omap SRR LR, @RISR OTHE, BWRE0LSE. WHT
PR SR L DR 3 UG R B S A i, 6 TR AROIE TR 6 R, I EL A3 A 0 7 R AT
PR R 2 ) ) 6006, PR 03 A AT RO BRIt 52 2 5 0 BUR R 1 7) [8] (9] MR R
FERE R, (205 G T, 002 PSR B — BRI R B TR . BT AR X =[x, 000, | R
ARERFABR, TR X R FR SRR BT A R A R

H(X)=-> p(x)logs® @)

FIF A 2R 13 2 12 Hh 60,482 2% BRI E B T 5 HE R, BURS (B B R B2 A 0 2 B0 15 2L 1038 4y
FERE R SE R, T SO SR AR R R 2 (B ) B B, MR AR R 2 H sk, i R HUt
T AT B 0 BAS R PRI T B IR OE 24 1 R B SR 07 128 HH T LAZE 3 cmap Bd B R 2 BE B R T
BRI U — AN A R, I BB R B AR S R B S TR R A5 SR, P DL A 24 2 5 4
RS, (R B PA BHATARERHERET 6

RN GBS RO ERER 2, T ER, DIREIRMITEIL, A SCRIUE B2 Rk HH 45
B P RAERCRAE R R . o v SR S R R (5 B0, SRS AR5 B I E R P HES, BUE B R
RPAE S S, oA B2 BURAS BIIRET 5000 AN JEFVERERER, SR FTHEIX 5000 AMRFAE R 1)
FE R 22 S RIS 5 BUE (Fold Change). 1 41 e (1) JE PR IR HR AL 7 60,482 251K, WA Fid & gn oy
%, TRETE 60,482 MEE) FCH, SREUAT V2 R T HEAS B K1 5000 NEKIT) FCH, iHE &/,
E T HERE, FCEMITEARAN:

log FC, = log, | —-*<" 3)

Horp 2, FORBER i FEREA ke RO EACRIB A, TR ARG, N RIEEHEANSES, SAM
I3 A ATERETR NFEAR A IEH REAR A B (A S0 S =488, N=12), B2 KRG 1 log FC fH LA 0 A7 At AL
Elog FCAERT 0 M RN BRSNS, /T 0 BT A SRRy N R AR .

2.3. Cmap 941

Connectivity Map (fAi#R cmap) /& — ™ J& K R IE W50 A, FoR /N 70 25 W0 A BN SR 41 e s 1 2 Rl 3
MES, BL—NNFEY) . RS B OGER YN B R . DR RIE S e
BRSO S 2 ORI, B B ATTHE 25 T R A b, BRos R B A DR S 1 PR AR B S
FERBVER 25 HER KIS 0 29 0 T BB =450, HRet 1948 th 259 55+ ] Be/E FH AL 7 1)
T ARSI e F5th 2 7 R omap ik R 3R S04 2 B FH FE 00 VR TT 5 29T R M A b, T SR Ak
KBNS 7 M) . H BT cmap 3 ZROE KJERBUGE T 1309 FhZjPyzikil, It 7000 ZE 1R H Rk i
PRl B A2 5> T2 IR EKR (10 nm- 100 nm. 1 pM 5 10 pM)ALBEAE AN [5] 14 40 i R (breast . prostate
leukemia 5 melanoma cell line), FEACEEA[FIII[A] f0(6 5 12 /ME). BRI Bk, S50 A2 A0 S I4E:
A 5 PR 2 1K 4 #E AT LAAE cmap #5040 2 EAT i AR I BT XS, MBS FE 4R 7R 24540« BE DRI =3 2
RV LE IR 2R [10]

T R BRI IE HET 5000 AME SR RHERS ], FERIH AKX H FCAH, AR IEFURRHE L R
oy BRI R R ], B A9 3 IR D 2778 MR IR 2222 . £ ORAE BRI ik FC
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EEKAT R 3L R b FC B BN 4> R 46K cmap 2 1 . BB 801 _E LR B FHES, $2EL
Hi 200 1 log FC fE 5 K1 FIAIEFEAME R R AR%E, B N REEE T 7 HES], $£HT 200 4 log FC E /M)
N RE N RIS, K eI N.grp SO, KiE cmap BUEZE[11]. 505 I 3 R R ik 5254
AbFRFE RIAR B AT e vt LU [12] 0 AR 20 B i AR UL 45 AN 110 91 s - 2 R o 35— AN oA, iR oy
B9 5 H, D3R BT ok 25 49 5 R 8 DR A A B ) R DRI PR 2, R 6 R EL A Sk, B R et i 471 i
Jo B BT VR TT AR [13] [14]. FrUAERE R B FE B BR RIS BB D I Z5W)(n < 4), RIEZDF 5
Mean 7-{E N AR 25 15] .

3. SRERE
3.1. ER9H

Cmap B BT 4 R A3 1 s, ARS8 vT DUE SO Sl i = (2 gliclazide (F&81554), 70
fHN-0.69, ¥FIFFHE2 —MiGIT h AR RG24 . A5 M AELXS, 15 B0 SAH G/l ey, R BT
T T A B AT e R A B IR T AR s R e W LA AR AE S 1 ) Luteolin (R B K .
phenoxybenzamine (77 #k}i%). alpha-estradiol (& - —-[#¥), naloxone (EhER 4N Bi) =54k A0 B A B = 1 £
FASROMA, R AT BEXT BT B A 16 T7 AR . o3& 1) alpha-estradiol (o -ME %, 7l %ME— )24
B RIS R ES SRR 9T ), R S ARG T IR TR ZU B . i 1 T VR R e BT 2
JE IR R IME R PR SRIE S T e, BT LA 25 W0AR 7T e 1697 50 41 e A V697 BOR .

Table 1. Candidate prostate cancer drugs screened from the connectivity map database

%= 1. Connectivity map ¥#EEETF1E 4 MR IXINBIFIAREE A

cmap name mean n enrichment
gliclazide —0.69 4 —0.805
lysergol —0.671 4 —0.748
phenoxybenzamine —0.661 4 —0.832
abamectin —0.651 4 —0.675
nipecotic acid —0.642 4 —0.764
etofenamate —0.613 5 —0.644
alpha-estradiol —0.363 16 —-0.297

T+ Mean FR25WIATZAS7ME, n NZWIFE cmap Hdfe e b 3RS HOIER, enrichment Y HT SRR RE RIRAE 5 25D RE RIAR SR L B 5 2

MRIEAE cmap Hd P 4 R HUT R IR, gliclazide (8 51550 A T BEXS BT SURE A TR, 1E R
6T R PRI ) BB 259 L Jl oy — TR PR — 26T IOARIE, FRAERE RO IR ARG )T PR R T KE R4
i, BAMRIFRm 2, SHEH R R 1 RA LB — DI IE % 2500 1 7 ik A ey fE R, 1
AEAFNCL R LT RIZ5Y), M5 TR 2RO Ta], e ORI eag T ASRON B 8 i ROV
7.

3.2. FRSRE

FESRBURFIESRE RS R v, JEIL AR 2 W LAFE Y re RORAERIGME B 25, BUAT 5000 Mg KA ,
IRJE RS 2 SR A AN FE R 1ogFC {H, HT7VE R 7 20 3l THHEX 5000 A3 R i) 22 e R i vl o f
B, GRE, BFPmEWRES. (HRIMEE BB AR BRI RSB IER ], Wik 3 Pror, 1EF
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FERAGE 25, BT 5000 M ORIIZER, AR LAS S H5E L, EAT R HIX 5000 SHE AP 2 [F]
FIEAE BE, BJSA3EIR 5000 x 5000 FFERE, e b BB, THRCER, T HLE 0 sRAF A FERE S B
G RE R IR IE I Y, B R IR A R, tABERIR, B 2 & SEUHERE A B AR
P, oA 5 B cmap B R R AR

Table 2. The code of using R software to calculate FC value

2. FA R EHEK FC ERRE

ZC=read.csv("IEFHFEA csv", header="T")
AZ=read.csv("HEIEFE A csv", header="T")
szc=ZC[,c(-1,-2)]

sac=AZ[,c(-1,-2)]

mzc=rowMeans(szc)

mac=rowMeans(sac)

mzc<- matrix(c(1:6),2,3)

mac <- matrix(c(2:7),2,3)

re=log((mac/mzc),2)

Table 3. The code of mutual information value using R software

3. FIA R R REFESENRB

nn<-matrix(0,nrow=5000,ncol=5000)
for (i in 1:5000){

for(j in 1:5000){

x <-y.ct.m[i,]

y <-y.ct.m[j,]
nn[i,j]<-mutinformation(x,y)

}

A SR IS {E B Fold Change AH45 A IR 7 VAR BT #1 i o RRAE R DR, R cmap Z8s 2 2k
5 25 EAT LEXAT 20 e 15 2 51677 AT SR AT R 251 gliclazide (S F1UFF45) Luteolin (AR 3K).
phenoxybenzamine (17 ¥k %)% .

545 8 [ RFAIE 5 IR S U7 V2 B A, AR SCREX I 7 VA RERT 5, 7ERIA R A A2, 454 1],
B T5 BB A Fold Change SVEARIURFIEZE DY, Lo R FME B AN EAS B 5 AR A FC B I T7 4 BURFIE
FE B D AR MR, (R EHE 2 A 45 SR 77 G RS i i — P IR iE, A A KR sLEe =
RESE X — TAE. R EEAARME TR g, MR KR

EHEWH

2K B AR 2 4 5 Bh T H (61703290), 3 T8 BHET B AR # A& BT BIITH (20180550133); 1L T
BHE TR, RBFFDUHE (LQN201710).
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