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Abstract
Breast cancer is a disease characterized by uncontrolled proliferation of epithelial cells in the
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breast, leading to malignant transformation. As one of the most common malignancies in women,
the incidence of breast cancer is closely associated with estrogen receptors. The estrogen receptor
alpha subtype (ERa) is considered a crucial target for treating breast cancer, and compounds ca-
pable of antagonizing ERa activity are regarded as potential therapeutic agents. During the drug
development phase, establishing a quantitative relationship model between compound molecular
structure descriptors and bioactivity values is of paramount importance in guiding the design and
optimization of new drugs. This not only conserves research and development resources but also
holds the promise of expediting the market entry of new drugs, providing essential support for
research and development in the field of breast cancer treatment. However, due to the diverse
types of compound molecular descriptors, direct prediction of activity yields suboptimal results.
Therefore, we introduce a molecular descriptor screening method. It employs a Gaussian mixture
model based on the Expectation-Maximization algorithm for molecular descriptor distribution
detection. Subsequently, based on the correspondence between a small number of compound mo-
lecular descriptors and bioactivity, a random forest dimensionality reduction algorithm is used to
select a candidate set of molecular descriptors. Finally, the Spearman correlation coefficient is
employed to eliminate highly correlated descriptors, resulting in a set of molecular descriptors
with significant impact on bioactivity and low correlation. Next, we utilize a random forest regres-
sion algorithm for predicting drug activity and innovatively employ a genetic algorithm to solve
the mapping function, balancing the original regression target. Experimental results on a dataset
of ERa bioactivity of compounds demonstrate the effectiveness of our bioactivity prediction mod-
el.

Keywords

Random Forest, Genetic Algorithm, Drug Activity Prediction

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

FLI e 2 — b S LI A SR A5 TR TR R AR o G SR AN I DAz ), i 2 9 kB 4 B 93K
o FLMRIE A 2 VR IR WLIRE I R 2 —[1], HARR R SMEBER AR B VI G . WHRR], MEME A
o WA (ERa)TE 1E 1 S b B 41 v () 235 AN B 109, (E7E L e 410 i (1) 2238 40 9 50% % 80%. X
TERaF:R RN IS IR 45 R IR, ERa EFLIRK BT IEE R RELZNMO. Hl, MTHEHE
ERa FiEMIFLIME B, S RAPSREIGIT, B 1 MR 2 A R R o M 2 K. IR,
ERa I\ A VAT FLARE I L BEE AR, RERSHEPT ERa 1 MR MIAL &0 FT RS BN R IT LR HOR 2 2454

TEZGVIRE R, T B8 B H PR RRAS, 38 SR B S A G i VE TS 28 (1) 7925, DA 6 7%
VST A . HARI S, EF0T5 5 — B0 G ¥R (W0 ERa), BT 7838 2 UUEE — RAIMEH Tz AR 1k
YR IEE AR . R, LRI TAMRRFE N ERRE, S YIS AR R AR
B, WELESYINE RS - 355 & (Quantitative Structure-Activity Relationship, QSAR)HI[2]. A i%
BLRY AT DU T W0 A B A AR S R & T, BB TR S ORI A Ak .

SR, THX B 28 ZRE S5 TR R, EEGHEAT IR RN A ORI EA AR . Bk, ASCE kR
T —NEPE U T RER RO IR B . ARG A A AT ik R AR R (e LA M S I R A 4 A

DOI: 10.12677/csa.2024.142030 299 LR 5


https://doi.org/10.12677/csa.2024.142030
http://creativecommons.org/licenses/by/4.0/

BRUK, HARR

(AN | Pk oy /R FF 5 VSR Z B SC R, AT RE S BUIE# IR £ B AR ARR A& W 138 73 R AE,
5 AL VE R R R IR 55 o B — D7 VE SC I IR 4R ARt 25 5 WS BT ik 43 T RR A5 R AR DG 1, i
1Fik I TR TE Z B T ReAFAE R R G R R e N TR A, A ek AT EM BOE
(Expectation-Maximization Algorithm, EM 59%) i) i i/ & 15 8¢ (Gaussian Mixture Model, GMM)X} 4314
RFFHATERS, DMEHRAMRHER 7 FROR R R TR —3K. BiJE, FIAME B3 o8BGS
3 FRR TR A VS A A0S B a8, ARG R A28 0 T RR f b Pk (5 B a3 e KW — 10, T8
B — 2 BRI AR AN FIRFAE A 2 X AR 03 1 e 2 2 1 2 R A . 45 SRR B Bz K1 i /5 i 1 1
FRIRFTEEE, WU R 20 FHIR AL E T 0T DURE A RIRHEE S, i v B BUE B3 5
A TR AR AN A, MAZIRELRNNEN . &5, BB 5 R 24 1 R B0
BBk Izt (1) 73 1 FR 155 2 [R) AR AH S, 9 B i s 1 i 3R 9 2L w5 SR 38 2 AR B ELAE 5GP R B = 1 4y
FHERFFAR B, B R ) AR i T R R AR B2 R A (R A 58 R I TR 1 .

LEAL A DI M T A5, 191 U4 [ WL AR Ak (Regression Random Forest, RFR) J7E[31458) 2 M, H A
BT IRE A ARE JT 3R AT DL AN S8 i il B s SR PR Z 5500 s [4]. SR, Rl BE LR AR AT H 38
77177 (Mean Squared Error, MSE)/E AL TER, TEIZRIEFEF, RFR I H/NME MSE SR BB 11
28, DR AT INZREE S RO . AFEAR AT B v R, BRI H AR 328 & 0 B Y0 B0/ BORE AR
ANXIE AN RN, ¥R E R TRU. RN 7R =5 SR AR U, RN R AR
TRIME 2 72 (F T B~ ME . a0 RAFAE — SEREARLE P AT AR O, HARZEROR, WA TTwER %
FIIX L B AR ) FE MR T 0 K o A S [e) T AE I Rl vh R BRI E I X AT W L, X AT RE
FHARTIERREAR AT B DL BRI, ASCHENT T 5T 30 A% S 1 Sk B LA MRS AL, DA g T
SERMIERATE . BRI, A SCAEAE FH [B1E BENLAR AR T VA R ERa HE DS M B TSR 1 By |, 2%
JE IS — /N SR A, AR RIS E AR AR R I, DT B s R VS B B AR PO I S T AR 1 2 2] P RE
SRJG PRSI P Tt A A5 FH IS R 5010 B bR R S5 28 LR H AR 20 AT 2 1) o ISR R P SR A T DA 14K
= BRI R, AR AL SR AT SR, DUIRAS — /M YERE R AF BRI s &, AT B2 e o0 A
R AER 2

2. BXI1E
2.1. EF EM xS ETE A&

EHESEM RIRZ NS MRS LA S, e Ee Uil BIEE R A, @ TR
WE—EE5 FHEEAE S Z AN ER AR REW. Z RSB ANEEAR RN K DS E0R ) & 80 A6,
BB — 2 AR ) W B oA — 28, FFRI EM S R BB T IR & HdE 0 A
2.2. EIVIBEHLFRIK

[ FEAL AR RY[3] Hhy 22 A SRS AL AR, TSRS o A — N AR5 O R — AUl 22 5, i,
TR o AT IR T E B £ 5 SO FEE AN TR TR ) 73 AR 45 m i B
BRI 5 P 45 0 E A A EE AR -

_ Z jenodessplitonfeaturei nj
f = @
Zkealinodes Ny
Horb, o Mn 229G R ) ANES Rk B o B NS R TR B IR A B BB E SO

Ne =W, XGy = Wiy, X Gypp — Wiigp X Grigm (2

ight

DOI: 10.12677/csa.2024.142030 300 R HURLE 5 R


https://doi.org/10.12677/csa.2024.142030

BRUK, HARR

FHL W Wi+ Wi 2 BINEE Bk S FAE AT T4 AR RS S BN AR A ELA,L Gy Gy
G G 1R B SLAEAT T4 AR o R RAE I R SR e Ao — /045 20 B B )49 2
IR 25 bR S G S MRy 5 T4 2R AL BE AR G (x,,v, )+

i Vij

6 (5.9)= 1 () + 2 H () @

X NF— MU AR, vy AUID R —NUIME,  ng AUID IR 2T ETNZREARDNEL ng N
DI G A T BN ZRREAR N, Ng A mT T A IR AAN . H (X)) BT A R, 72
[ 55 H, ANGERE B8 O 4 75 1% 22 (MSE) -

H ()= S (-3, @
aCF 45 1R 25 (MAE) :
H(xm)zNimgNj |y = Val ®)
N TSR R R B A 1, XA — ANRRAE ) B A A AT U — A
fo_ (6)

" Z jeallfeatures fi
2.3. IR/RESMEXEREY

7 B R AR RBUBFRET BUR SRS R, RETEM DR ERKBIER A S HERR. PAT DL
N FUFE B HEFE AR A I an Bt O HE 7 GL B AT SR A . BRI TS T R PR A S T A R RO O
3. BRRERIRESH
3.1 S FIRFIHIEEE

ARSCHR 2 T RERFF IR 505 B S SCBEE AL i, 0 NIty 15 S0 2l v e A S R i
I X =AML FE R R T — AR E A BRI EAESE, TPk i Ve B 2 1. RARE
PR 73 T HAR T -

B, RESHEYCR AT EM BN GMM X7 FHERFF AT R . i ¥ BA A BURHE
(15 FRER TR 3 B0 [F) — 200, ZAEHSEIL T XA G VIRHE 1A RO B, (A3 AR AL A e R R 1 5
AE—ilE. XA TR MIRFFRITTRME, RE)E80 i R,

WAV o TR T A ] LR IR N -

xi:(xl,xz,-n,xd) @)

AL KA 1 30 20 A bR B0 = TR S A R ] DAER IR
p(X):kZ{a)kN(ka,zk) (8)
b, oo e D MRS KA B R B RO L SME RN P T ZE AR ZK:a)k =1 0< @, <1,
k=1

N (Xt X ) 5 K A 475 6 B

DOI: 10.12677/csa.2024.142030 301 THEAURF 5 R


https://doi.org/10.12677/csa.2024.142030

BRUK, HARR

N (o 3, ) = e -3 () )| ®
X, [27?
RS A I SR A T IROR N :
0= (@, O, s g pe -, Ey ) (10)
HAlHE @, e, Z, 7T R a5
L0 = TT0u(x) |- 30 S04 (3] )| a

WS TS % 8T 58 K A A, BIES K SERTAT REME A

7m=pM(;:kM)=P(L=k)pMUJL=k)‘ %¢@JM,Z%2_ (12)

Pum (Xi) _Zszlakq)(Xi |ﬁk’zk)

B | NFEARIIZE A
A = argmax y;, (13)

ke{l,Z,m,K}

Fek, A7 B SR T B 2 A B b 1 23 T RR R U SR A S P RS B 2. [ EBEAL
AR T V20T DAE I o A8 rh i B A AN 401 RlR R0 T F00IKS B2 (1 DT RRAEFE [5] o PRk, AR SO BEALAR AR
IR AR T R REAS 0 1 HIR FE 0T FIOIKS FE V15 B 28, 4% B oS RIS 8 1 70 FHGIARRT, B
BANREPR O R EEE . REWARIZEIFENRIRTT . R R ELHA BT 5 fR Pk g
FEAMXBEE AR ER R AL, (RIS A 0 A 1) 5 1 BE O (3%

B, AR DR FH 8T B2 /R 2 AR O R BT ST kI 10 0 TR A5 2 1A) AR G . dl I 5 B
F I 28 UK B AR SRR m 2 T HR AT AR B, AR R AT HY e A0 A i 1k R i) S 25 HUAH B2 [A) B
SRR TRERT . X PERATHREBERTIREER, RERCEERERRAT, fm@sn
AEFPEAN TR . 307 BR 2 AH R RECR A AR B OB AR 2 Bdebr . BRI SR TR RN
NG AR E AN WREER PR A ERE, I B AR R e AR, T R 8k R E
H+1E-1 Hatk A RD:

o= 2% :x)(yi—y)_ (14)
\/Zi(xi _X)\/Zi(xi _X)
St y, RS HAER X, Y BIRT

e s, REMEYHEEME, W T DN TROIRFFIEIEAELE, NP RAE TR

MR, ATDASERS A PRE A AR WDE AR SV B SR B 0 TR ALE

3.2. ETFIREERRIBUAREN ARIIEE

BEHLARARE T Bagging 2R5TVE, & —FEER: I 5. HEREE ST iR B AR I 2R 2 A 59 is Y
HAe 2 A GIREBLH B — AR A . SRR (1 B 22 B AR T L B S AL . Y SR AR B SR
R BENLARM L . BENLARARRT T 0 2R BT % . RFR A2 2 A = XS 4 ), 114k RFR sk
NG A Z X RH .

B, BB RS bootstrap LA K subsample SKFERI 4> A n ASFHHEEE . bootstrap &4t i1

DOI: 10.12677/csa.2024.142030 302 R HURLE 5 R


https://doi.org/10.12677/csa.2024.142030

BRUK, HARR

R ERREROR . ZEXHI R B4 D #H47 RFERS, D PN REAR S DL 63.3% MR g, X ke
AFRARI 2 AN AR EE S, NI SR 2SN[R A5, 336 i e 4 A5 2R ) &85 SR 1) 68 e 1k A A e
P o AR5 Dy A2 X5 I 2R A 24 D #ET bootstrap fiiFE G5 R IFEAEE S, B4 subsample £ 1 4 fi
ANZ%) sample_sz [ K/ Dy HKAE sample_sz MEAZ EAE A Do

FR, B AT BRSNS o FE ISR — AR SRR BRIk AT 43 J5 15 RO AN 4l R
i — M) AR R LRV A S5 . EVEVETRIN A, R 0T R ZE VR N AN A FE R

TEREM i — 25 B G RS 5 DR A n) R

(x*,v*)zargminxva(x. v, ) (15)

i1 Vi)

G330 R TIOI 5 SR eh BEATL AP P 358 BT A ke SR i H P 00 5 SR A AR 2

T [ BE LR AR ASE FH 35 7 R 22 AR AR e br, R 350 5 1R 22 I RN REAE R AT 2 (B I 23, DRI S
WLAR AR B )= 25 X RE AR A U, 6T F000 H A 2 18] 1) 22 B4 R B2 A1 O 38 51 RRE AR B i 2%
Ro AT IiEEN MBS, AR TRV S Rk, RS0 RNE H RS & 3T 1 g
1B, BPFHR— itk d £ ry oy BRGHRAAAYIEEAE y B 2]y, 15 303 B A LAR AR il
S PN AR 5 () 2 ST R BB o A R 5 1) E AR AR SRR AT N SR, T IR T A AR 2R 1
fog L {of P B SRR B S R B £t sy y B AR R B AR A 2 ]

FATEH 22 100 X R E A Ay eSS R B A

fo(Y)=a,y" +a,,y" " ++ay+a, (16)

APRIEBU ¢ RIGL NS, By > Y Ay - y B RS — X R, AR s %k £, (1
FHAEKT 0. BAMHE AL FE FIE WU R, FF B FEUAENIELR, itk B s e
T f, W TSR N 2R A BENLAR M R (R 25 7R 22, Gl A BAAR, S &3R8 — MR RERT Rt

KA 2 2 B R B, 8 %2 TR O I ZREE o B TE P EBEAT A2 He, FBT I ZR Bl A BE AL AR AR .
FEBEAT TN, K BEHUARMAR T (i s S R 35 £ WS [ R A 5 00 P A 1

4. I8
4.1. BURENR

ARSCAFH PV EHEER A 2021 SEAENARIE T AR BE AR ZR B2 41K “ Molecular_Descriptor.xlsx” #
“ERa_activity.xlsx” o ZHIHRM 1974 MEEY LI ERa iR, BAUEWA 729 1o THRIAS .

4.2. SINGE

ESLIGIGUERN B, AR SC 729 A4 TR R b A FAS 516 25 0 0k H 4 35 20 FIR 7 30, J:FAH
KM THORFF 2 G AR W BN 20, ARSI W E 0 4.3 T Ak .
43. £R5¥1ie
4.3.1. BESHLER

JEIEXT 1974 MEAPI 504 /N4> FRER TR R SRR EM SR T 25, FERIH AIC K
BIC 7 U ({E /88 K 7 FE R b7 ) S iR A e e I o 2R 8 8, mT DR BRI 1 Bz, AIC % BIC {HEEA
G S BB I AS KT . R A SCU RN R 2 B TR 8 T % BRI RS, HAEHIE
RIS AMIE, A DARHERE 2505 B KB =k 0 TR 5.

DOI: 10.12677/csa.2024.142030 303 R HURLE 5 R


https://doi.org/10.12677/csa.2024.142030

BRUK, HARR

& 250000000
=
/m
& 200000000
<
150000000

100000000

50000000

12 13 14 15 16 17
= A|C ==B|C R HIH

Figure 1. Variation of AIC/BIC values with changes in cluster numbers
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Table 1. Top 30 Molecular Descriptors with the greatest influence on the activity of compounds to inhibit ER«
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MDEC-23 0.28976 VCH-5 0.01022
minsOH 0.09127 SP-6 0.00969
C1SP2 0.07222 WTPT-2 0.00923
maxssO 0.05466 ATSc5 0.00858
TopoPSA 0.02286 ATSc2 0.00737
MDEO-12 0.02030 BCUTp-1h 0.00698
minHBa 0.02006 WTPT-5 0.00694
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ndssC 0.01250 maxHdsCH 0.00628
SP-3 0.01175 SPC-6 0.00616
MDEC-22 0.01101 BCUTp-1I 0.00612
SsOH 0.01027 ETA_Eta F_ L 0.00585
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Figure 2. Correlation coefficient matrix for 30 molecular descriptor variables
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Figure 3. Correlation coefficient matrix between the final molecular descriptors
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30 B o FRGRRF IR A B AH C REUERE, W& 2 iR, BRAALFRITIAN 30 D PR TR R IT S,
For 7 Sl N AR AR T RR AT IS S R bk S, T B PR 5 RS AR IR L PR R AN 23 AR 4 (]
AR PR R . FRATINE B 3 8= I T ROR R AR IR, OR B AP DG B0 I R 15F, 7EHE
L0 A PR R AU 25 T i R B R BRI 12, 164 19 B ARJEM 2 T B B s e T4 b HE
ZECNEE G HARSE R BUBCKHT 200 220 23 26, 27. 28 F1 29 %I, BAMEE T 445 B MM R 2 &
BILFHIE R 20 DN FHRRE, 7R ARSI RS K R B AR B T 2 7 RSB R (] RS2 A FARRAEAR
Tk, BAGERE 3 FR, TTLUW SRR M 28 SR KT o5 b B G 5%, BB 7 T 3R R (R 1)
FHRMEFEA R -

AL SR FHEET EM S0 s e & SRR M R I, 729 i 1 33 55 1] 0 45040 4 IILARRAiE
IIATFEAARL, okl T8 P ()28 2 AR 135 3 A ) AR A I vy B AR [l R, () A B AL AR R e 4
Wi B IR 2 MR REOG o FREATFIATIR R, 38 T 700 AR WS P B K [RI CR EE 7 ST M AR AE
REWR A0 FHREBFF . X85 FRERFF 10 2R K& A5 B R 0E 2 s

Table 2. 20 Molecular Descriptors with the greatest influence on the activity of compounds to inhibit ERa
7= 2. JMEEHINE] ERo BTEM R R AR 20 N FHEAFREEEN

DT RER AR HEM BT RBEF IR HEM
MDEC-23 0.28976 maxHBd 0.01405
minsOH 0.09127 ndssC 0.01250
C1SP2 0.07222 MDEC-22 0.01101
maxssO 0.05466 SsOH 0.01027
TopoPSA 0.02286 VCH-5 0.01022
MDEO-12 0.02030 WTPT-2 0.00923
minHBa 0.02006 ATSc5 0.00858
SHBInt10 0.01885 WTPT-5 0.00694
BCUTc-1h 0.01873 nHBInt6 0.00660
MLFER_S 0.01811 XLogP 0.00630

4.3.4. BEH MR BTG SR

FREERH 1 20 A>T IR RTINS B s AR THIR R . ASCR 20 N1tk
T A NFEA ) 20 ZE4RME, YIZRERMIREE R Ll 8:2, f# H sklearn JZ 7 ) RandomForestRegressor
SEIEEABEHLARAR U ZR o LAIS T R ZEAE AR PPAR FE AR, [0 B AL AR AR AL AR A AR E 3T R =
0.493. [FINF, 9T ERUEEH ) 20 AN FHRORRF I R, AT A8 H R SRR SCRR i B AU AL, ik
0 20 ANF1 729 N FHEBFFREAT T 14k, 19 21 MRREE Y TR Z 0156 3 iR« B3R sR 3 ot bemT LUK B,
BEATLAR PR P F 00 1 B 22 B S A T PR SRR SR ey B AL o bR T Bl L AR MR SR A 48 A 1 v 4 250905 1)
BRLtE, 5 FH A E0(729 AN 0 T HEIRFF T 35 75 ir 22 B/ T AT 20 AN FRR TR 7 w2, HEk
eVt ZEFEANK, X AMTHIER] R 20 A J0 3R R 7 A0 A W03 1 TR A B O R 1 23 - IR A
T S Al AU AL A 20 A2 7 F IR RF U1 2545 20 A 0035 75 1 22 /N T 729 A0 IR FF U1 2545 20 1 Tt
BT R 2, Wk T RAT TR 2 1 R R A R
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Table 3. The MSE of each model when different numbers of molecular descriptors are selected
= 3. BN EH A 7 FiR FFE S AR BTN IR E

Or TR TR BEALARA PR SCHFFEL
20 0.493 0.905 1.189
729 0.466 0.966 1.439

4.35. BETIREEZBUAREH ARMRE FEETNESR

HREEITH R R E, BATRE 2R EL f, MmO, ICRE A R B, i A %
BWEARFEN 0.001, B NERE A MR, BRILEAR, P/ MU fn B G 8 pIC50 {E I 2RI RE
HUBRMABE R 0 122 77 R 22 R DA F b o i 243 B s 2 W & 8 @, = -0.01094136, a, =0.00196174,
a, =0.06468567 , a, =1.08033715, a, =-0.05813918 . il iZ4 R Y€ 1) 2 WA AL 4 5 VI 25t T AL
ARMATL IR [ 22075 R 2205 0.382, ARECT R R 7% 0.493, FEK 1 22%.

5. B4

YRR, BTG RIER, TEEEYE LR IZE — WSS AT R &4, B
b, TSR A IR BEAR 2 W A BB AS (R B AR . R R S 1 WAL A A I 4 SR, T SEASOR
T LA DABRAR ) AR SEBLIX — F AR o AR SO P2 T 184 S50k 10 5 BE LR MBS R AT (L - 5 T ERec 3 1
TR o FEALAR AR A BT AR R AR AE AR A 20 B A — A1 25 RO 45 BT BEASR A (R 52
L, EARSHIR A SV REMS AR BENLARMR P IR SR, IR 2k T 20 7 IR AT (A6 2 R A AR (B A
TR AET A o FEREE E BT, ACSC S P A% SRR ST T S e B, DA AL B H AR AR &
M3 i [ U BE AL AR A AL B ) ST PR e . X D5 i B PRI R TN e 77, 2
Yk BB HE XI5

SE
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