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Abstract

In this paper, a quantitative prediction model for ERa biological activity of compounds was con-
structed, combined with integrated learning method and logistic regression method, and auto-
matic parameter optimization method was used to achieve the optimal generalization perfor-
mance of each algorithm. First, based on information theory, random forest algorithm was used to
rank the characteristic importance of the effects of molecular descriptors of compounds on the ac-
tivity of estrogen receptor a subtypes, and 20 efficient variables were obtained. Based on these 20
molecular descriptors, ridge regression algorithm was used to quantitatively predict the biologi-
cal activity of ERa. The results show that this model can accurately predict the biological activity of
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Era, which provides a new idea for scientific selection of anti-breast cancer drugs.
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FUIREE 2 B AT S B 0L, BOERRE AR (1], ARSI R SHERER 2 ETIMEC. f
W R IL[2], MERL 2K 324K a T HY(Estrogen receptors alpha, ERa)7EANEIT 10% 1) 1 % FLER B 4l b ik,
THRLILE 50%~80% (I FLIRIIR AN fh ik s it ERa JEDRBR /N RS040 45 R W, ERa fEAMRK
R T EENAG3]. BET, PUSERITE AT ERe RIA MM B, FOE I TR
AR TEPE R AR A EEER KT ERa BN A2 V6 T FUIE I 28RS, RESHS P ERa WS LA G4 ]
REST VR I7 FLIE B EIE 25 (4] . Bean, e RVG YT 7L B i 22 B 25 W) At 538 25 R0 B W 5 25 /2 ERa #5907 o
1M ICso A1 pICso 1 N5 ERa 35 PE [ L ZEFRFR, #ERA TITI 1Cso FI1 pICso HMELXS 25 I IR A 22 33
o Fk, MEEIRT Era AWEVER E B IALAL, SRk BT 7L e 25 44k 1 %7 L%

2. FERMEVFE XM ERM S
2.1. REER

ASSCEERS 1974 M EPIIN 729 A0 T AT UG A BE, S8 I B iH ot R D7 AE S HARME AR
PERI A F 5, HIr R I 225 S &F . KBTI BRI R, R R .

BEHLAR AR SRE S 5 A BB K M B 2 2 SRR 2 —, "B R I g [m] 1 i R 328 i L
BEALAR MR I B R 2T B AR, 5 22 BR RS HEAT BRI 508, REMB SR L SE 4P IO I BE[S] [6]. 172
WEFRRWI[7], RE S b A & [ B A BOm R B . Bhoh, 5 SVR SR AR SEAA L,
ZHEM ARG 2 A, WEE RGN R RN B G E D NS . SE N ERE:

D={(X,»)}(|D])=n.X, eR". , (1)
oAty n AR R m R RN RO SRR A I R R, %
1

Sy ={(X02). (X0 2s)o o (X)) )

At L BRINGEREE.
2.2. RF #ifiit

FEATLAR AR VA E R 73 NI 2548 (Trading Set). 36E4E(Validation Set). Jli4E (Test Set), &K FHALIE
o HEAE, HIGENGRE n MY, DR n MY AT VP, e A A Y[ 7]
TEHff 58 e S LRI 20 KB (criterion) B, 1T IEFEELJE R2U(Gini). {5 B M (Entropy)~ 15 51 71 (Gain)
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A, Entropy(D) G EM, &k NFNEH, DARNERE, C ARTHEAKIMNIIFEARLL.

DN APPSR SN ERf AT A5, ZEASEARY rh A O 48 R AN S8 URHIE(GS-C V) 1 77 200 2 80t AT AR A 8]
GS-CV 1 Jeili [ 45 7€ (M B HUH A RN R I . 1 TR I ZR 8 AR B4 73 O SR EE AN, P AR ik
ITAE XIGE . B 20 72 LA entropy XI5,  HBR il He S50 5 KPR BE max_depth = 6, RIEMEE N
n_estimators = 40, ARG b EIE .

2.3. BE&EIZ

REEHLA R, S 70% 8 1A IZREE, 30% KK (E AR B ERHLER T4 0
LA LS.

1) FIH Bootstrap J7 A XS YIZREBEHIRAF[9], 152155 T ISR ARG AIARE AL 5

2) MAPER DB RGH UG 2 B 2 AT . R T RAL, Se M\ m MRFAE H BEALIE
B¢ ANRFAE, Ao K SRR AR A (¥ d 4 (0 0 28405 2O — AN AT 0 8, AT 240595 /% CART [10].

3) KRG NI ZRIF IO SRS vy, LT . M1(X), M2(X), M3(X),-,Mk(X) .

4) K PTA PSR IR T ) AR D BE LR R ) Tt 4 2R

2.4. EEM ST

it EIRPUANSDER, EA AR MRS B AR PR R e i B AT, AR R A R EE
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Figure 1. The top 20 descriptions of molecules that have the most significant effects
on blologlcal activity
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3. ICso {85 pICso {EL T
3.1. IEEVEAEZERMHEE

W 1A Y 2 — s R ) B A TS, B RS RN TARER oY, DRI SR BRI
AR IR A R E, TR NS LR EREER BTV, AR B R R B LS R T )
TARE(1]e ARS SRR LM TE, W EARRBET B mA T, SEE TS 20 0
Wi Rk, EWLAGREZ BILL R, DL G ] R

TEFRHEL M R, S MU ESEAR y, FTIME D, 1P J7 R 2R GREEAY,  IXANFJ7 iR 2 g
RN BR ZE S 7 FI(RSS, Residual Sum of Squares):

RSS=3 (v, ~3,) 0

e/ R B IMEBRZE T T A,

Jﬂ(ﬂ):argmini(yi—xl.ﬂl.—,BO)2 %)
P H A R R
Jﬁ(ﬂ):argmin(y—Xﬂ)T(y—Xﬁ) (6)
KEN:
B=(X"X)X"y (7)
FEANE E I LA 1 5E 7] E%E@(XTX) IR TT R EIA—ANDEE B A, AR E LI
(EE ¢
B =(X"X+21,) (X"Y) )
I R, XA%&eR 1, BT “ig” , 2 RISEREL, SO IEE AT DA B AR R X A
LM
WifS, ARHTBR%L T, (B) FE RSS BRI T 0 REUE R, FEFEE RO
Jy(B)= 20— XB) + A2 B =3 (v~ B) + Al ©)
R R
J(a)Z(h(xl)—y])z+(h(x2)—y2)2+(h(x3)—y3)2+---+(h(xm)—ym)2 (10)

Xl k() HER i DN INGFEARRHL B & TN R ALy, 95 i DUIRFEAS S
IR N BRI TIVA[12], AR R BRI, DA, BEATIEAORMR, W E T e E S,
ARG RIS F R W 2 fros.
Scost(wo—i-wlxl)

W= e (11)
1

Seost +
=y — g 205 (%o i) (12)
9x,

a NI, o SFIARRERRIRTT TR XA RO BRI, Foa sl RERR B 23 1 R
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Figure 2. Gradient descent method
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Figure 3. Relationship between regularization force and weight coefficient
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Fioh, AFEARURE [0l i B (R AR R B ) . R A AT P AL AL R (R 2D RN [ R 7
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Table 1. Predictor parameter settings

=1 MfERESHRE

SRR E SRR L
alpha = 0.001 IEMI4E 775 0.001
max_iter = 10000 EARIREL 10,000 1K
fit_intercept = True B 1a] U= s B
normalize = False e HE bR AE L b 3
solver = auto b dsit 1%

3.3. RRER

KA S 7> T HA TS pICso AR SIS K2R, Lh 80% B N IIZREE, 20% A% a 1E Ik
5o BRI [ AR, ORENEORUR = A0 By R B AR R i B . 20 A9 Hid (IR 56 —
T A E REE 4 FR, AURERTET 1%0ERE), WE N 4.924, THHEBR K575 %
9 0.808
h(x)=w'x+b
=-1.367x, +1.238x, —3.566x, —1.298x, —4.362x; —2.997x, +1.361x; +1.909x,
+2.439x, +4.353x,,3.054x,, +1.664x,, —1.904x,, +2.392x,, —4.864x,5 +3.559x,,
—3.891x,, +1.123x,, —8.451x,y +2.145x,, +4.924

(14)

I Lipoaffinityindex
I minsssN
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Figure 4. Molecular description weight coefficient
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Figure 5. The comparison of the predicted value and the true value of pICs,
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Figure 6. The predicted value of pICs,
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Figure 7. The calculated value of IC5,_ nM
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Table 2. Predicted values of ICsq_nM and pICs,
5% 2. IC5o_nM 0 pICs, FUN{E

e ICs_nM pICs,
1 46.55346 7.33205
2 96.63147 7.01488
3 69.54647 7.15773
4 67.56091 7.1703
5 30.01964 7.52259
6 87.73265 7.05684
7 29.65402 7.52792
8 36.07385 7.44281
9 40.86543 7.38864
10 34.85911 7.45768
11 32.84461 7.48354
12 17.74137 7.75101
13 53.97665 7.26779
14 44.97879 7.34699
15 16.26201 7.78883
16 16.43805 7.78415
17 85.29723 7.06907
18 83.97985 7.07583
19 110.52438 6.95654

20 75.25369 7.12347
21 37.99344 7.42029
22 86.42777 7.06335
23 52.44823 7.28027
24 43.70377 7.35948
25 529.67998 6.27599
26 1168.39018 5.93241
27 13.71365 7.86285
28 56.94644 7.24453
29 163.2972 6.78702
30 230.00743 6.63826
31 1316.17499 5.88069
32 1398.45553 5.85435
33 2285.67959 5.64098
34 2460.29961 5.60901
35 20657.72462 4.68492
36 890.24088 6.05049
37 112431081 5.94911
38 872.50167 6.05923
39 528.03004 6.27734
DOI: 10.12677/mos.2023.123168 1827 A5 7 3


https://doi.org/10.12677/mos.2023.123168

R

Continued
40 129.36861 6.88817
41 97.21344 7.01227
42 97.40854 7.0114
43 68.35348 7.16524
44 2826.3823 5.54877
45 97.21344 7.01227
46 37.58566 7.42498
47 12.2468 7.91198
48 19.0186 7.72082
49 9.2282 8.03488
50 11.69484 7.93201
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