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Abstract

Histone lysine specific demethylase 1 (LSD1) is a flavin adenine dinucleotide (FAD) dependent
amine oxidase, which can specifically recognize H3K4 and H3K9 substrates and remove their mo-
nomethyl or dimethyl modifications. It mediates many intracellular signal pathways and is closely
related to the occurrence and development of tumors. Therefore, the development of efficient and
specific LSD1 inhibitors is not only conducive to the study of the biological function of LSD1, but
also has important scientific significance for the development of anti-tumor drugs. Establishing a
quantitative structure-activity relationship (QSAR) model can predict the physical and chemical
properties of molecules. In this study, gene expression programming (GEP) was used to build a non-
linear quantitative structure activity relationship (QSAR) model with descriptors and to predict the
activity of a series of novel DNA-targeted chemotherapeutic agents. These descriptors were calcu-
lated in CODESSA software and selected from the descriptor pool based on heuristics. Four de-
scriptors were selected to establish a multiple linear regression model. The best nonlinear QSAR
model with a correlation coefficient of 0.92 and 0.80 and mean error of 0.07 and 0.60 for the training
and test sets were obtained. It is apparent that the QSAR model based on GEP has better forecast-
ing stability of inhibitor efficacy. These findings should be useful for the design of LSD1 inhibitors
as highly selective first-in-class clinical candidate.
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1. B%

iR ) i AR AR R S ast e i s VIR O, RIAEAZ PR 7 A1 A A8, (D SRAF FE R R 20K 72 e R vl g
P, I SFEBIR I R A X FP RN E T R BE 20, 25 DNA FEL ., i A iEihF
/N RNA e fa 555 . DNA MEEEAE O/ IME b, S E0BmmiETy . HEOfmit
2 HEENG 1 (LSD) AT LT8R A8, L5 3R0E 5V 22 IR 00 1 & AE L S 3 DDA 9% [1]

IR W IEALEE 1 (LSDL), NAFR/E KDMIA/AOF2, & — s B AR 57 i BRI N4 — 1% H7 B2 (FAD) K
PR EE[2], LSDL nf LURF et 22 PR R 1 HB 58 4 A 2B (H3KA)FIEE 9 A7 i 2 R (H3K9) ) .
BRI YRR DR A S (R FR OIS B, TR MR R AR AR I R AR B OB E A, DR
LSD1 {3k i 2634 ] R 5 B0 JE I8 (1) 3 % U ER[3] [4] [5] [6]. BbAh, EANAISh YRR vh st LSDI IRk
B BT LB, LSDL U/ 7T LA S8 H3KAme2 7K P340, 55 5 S e 400 sl e R f) 234 [ 7]
[8] [9]- XML& I B LSDL £ ¥Ry e 0 RCKNS . H RTAHICHT 78 C & K3, LSDL fEfife . i
SEE M. BhoE. SR, WAE. M. SRR O MRSREERR T RIS, HRAEES
FERE 7 O SBVEREFE AT A 9<[2] [10] [11] [12] [13].
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A5 RNk, EXERT AR T V2 LSDL i), FFARME o B L . W LA B PR AN [F) 25
[F7): 1) Tranylcypromine (TCP) & HZAUMNE AR, HiBE 557 FAD 4 gh &
SN LSDL WG 2) Al AR nT LS R 5E S 45 S A A [14]-[26] . EAHSCHT SRR, R IHFE
WRGHTAE A0 1 B IR 9 LSDL #fFRI[27]. BRIk, mT AT &R 450, s 2o R e B

S B L% & (Quantitative Structure-Activity Relationship, fiiFK QSAR) R it ¥ 5 ik g itk & i)
SRR S B ARG R 2 ] B R B ARGt o R, 5 717K P I B S50 5 A 2 o EiAL 2
FRPEZ IR R LR, BB TSR 2P &, 6 QSAR MRS T —4
BT, HHEHLAH B 2548 (CADD)EH 24 RO A Hh e R L /R . QSAR BIF AURS T BN
R 6 AR )i 1 S 2 (R 254, DL B B 25 W A LB S5 3 B #8 AR F [28] [29] [30] [31].

@7 QSAR MMM EH AR L, WiZ L RIH(SMR). £ ek PERIIH(MLR). A2 [ 2 bR £ 48 X
2% (RBENN). A 4% /45 (ANN)FI S 35 [ @ HLSVM)Ze . ISR IIIFIE 0, JE IR Fh 4 (GEP) 514
BRI, RIEAE S, Ktk GEP J7iktlk) 72 M T QSAR FEf 7 ST,

AR EEES T — AT EER QSAR AL, fFH GEP J7 k4R /~¥E R LSD1 FI# B A FH IR AT A= M0 1)
G325 R 5 R G 2 B R . SRR, 1ZAR R AT DA — S5 PR 2R RN TR e i T 1) 2 W B
BtEFWEORO.

2. HESMRAZE
2.1. BEWERERISY

QSAR WHFTIEE — D ke B A G M BE A ST HAR A, AL 2= S M AL AE 5 P36 Bl A 3 &) 40 AT
FNGREE AP o N B A 08 5 Z e, DA RS BT F0 0 A= 03 P A O () 4 2 2 TR) 96
MICHR[2713545 38 Fifb & 9080 1IC50 {H, FFA0T3& 1. N T 5B RIFHA S XM R, RAMEH REh
(VR RBEALF T FRATHEARLE 78 30 MR A UIZEER 8 NI EINREE . ZEM T, IZFfith
AL, PR T VPR AR 2 (1 0 e

Table 1. IC50 of 38 compounds (HM)
& 1. 38 FiL & 4#Y 1C50 {E(HM)
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Continued

21a 0122 21b 0.252
21c 0.184 21d 0.229
21e 0.128  21f 0.22
21g 0.188 21h 0.172
21i 0.225 21j 0.221
21k 0.108 211 0.064
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Continued
21m 0.09 21n 1.484
210 05 21p 0.145
21q \ 2.096  21r 0.147
0
21s 0.408 21t 9.193

22. IWmARFFIEESIHE

7E QSAR HFFTH, AT AR L f by 0 20 FH A & BRI 23 TR P, o0 TR TR & 4> THER
FA T, R AR, S RESE T T AN SRS R EERE . CaE T
B ERERHEIR T T QSAR 20, Bl #hdh. JUATAIE 74 R 5

TEIX T 7, ] Chemdraw B2 6] T AL AP 2E S5/, SRIGH 70 T 4589 F N Hyperchem [32]
BTG, LR R ERS RGN RERE. HilRmiT ek s i Eonsd
Va2 i, ORISR . HERRE S 77722 AML (Austin Model 1)F1 PM3 (Parametric
Method 3), N T SKHMA WM BRAESLTIRES, MHEAK AML 50 PM3 J7:[331dH T A5 itk . H
Polak-Ribiere kx0T &5 M AT, BH R ITREIEE] 0.01, REMHEH=HIHAET.

23 BRALMERR

Ja R S (heuristic method) 2 248 5E R4 M) - WG PER R TUR FIRE L —, T2 Bh 5
TH AR Z N . 81 CODESSA B i) 8 R ANEFVA RIS 25 0y 85t AT oo i, A 21
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KET TARIRRF AT IR, RENS PR ST 25903 P 1 e 22 Je 2R VR T R . X 5 A B A AR A
T, FERAFRNA ZiE LV EAL IR R, ORRE R 2R AL . HM SRR R D PR 2
B, EFRRSHEHNAR, [ R FAIRA TSGR UE R, JHMBRATOC SRR R K,
HEFRFANSEEIETE, R R A F RS AE bREfE . RJa, E8 n MSEERTE. ERE R RE
GUHRHERNS B R AR 5, IINESE AT S R th R T A 1. R MOP IR, BRI
KT ERZMSH . BRIV AREN R FAIOE . tAIRMEA Riove FIIL, HM [B4PFR T —4
HA 4 DR R

2.4. GEP HIF& M RBERARIAN IWE

A 2614 4w 72 (Genetic Expression Programming, GEP)J2& —fh i T il el ge 2% 31 . BdE 0 #r . fefbAn
A R A S A ) L 1) )31 B [35]. R T GEP 532Kk H it £ 5.1 (Genetic algorithm, GAs)Fligt 4% Bk
#i7%(Genetic programming, GP) [36], 1H GEP 5 GA 1 GP 14 Fi [t M 4 i [X 1] . GEP & AN E A L K,
Pt BRI E T2 AE T R BT R RIAN, ZFERIER— SRR AR M0, AT ER A
B RNE3T]. ITAER, GEP SyFisifh Sykgmtis B fal B 75 (8 i Re s 3R (BRI RIS 1, (RE T GP Ri&
AL RRES SRR S, R A R AL AR R IR T g e 7 GA 1 GP Bk, 325 T ik
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Figure 1. GEP flow chart
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[7) R P R4 [38] [39]

£ GEP w1, DAt A AL Rl . Fr il FH i FI DD BE AT 5 AR, BN B 28 A5 2 e Bk
HAKE N h, BHMKERNt KARWT:

t=hn-1+1
EZITRET, n RARFERBTSETRZLEM R B8, FEPKE T DuEE LT AR
I=h+t=nxh+1

GEP BER FELIRANE] 1 fvs. 1%, — @ HE MG EARAN A BN E AR P A B RIA
Bk, M—HEEEEATEENMEANESE . M ARIEASATEALEEE, B2 e &N ik
[40]. 50, HHRHEE & AL X EAMAAT R, &5, MERATRERER. BRI,
HIHI R IR,

3. GRREITR
3.1 HM HER

CODESSA M ANRATHE T 487 MMRFFEY). N T 313 5 LSDL i 71 iE P AH K i — 2 ik
7, EAREAL VAT R ENEE DY 1 B 9 AN RIARER . A FEECR AT R R2 A S szl 2
Pirs. SRFEY], MERMAFFEERRIN, R2 M, S2 Wb . EHRFFHEEINE 5 )5, R2 KGN
AR S2 (IR AR NS A TR, JF HARAE N 2 MR AT ISR IR . ShaHEa, HALEA 4
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Figure 2. The effects of different numbers of descriptors on R2 and S2
2. NEHERHARTTXS R2 F1 S2 KOS

2 WO T IXESHER I TR . AT RTIR, BRI S MR R A H 1, (R BB R R A R
UEBE AL A S s U TR GE o R AE SC ST QSAR BRI AN I 18, B @ vk H AT QSAR T
FEHIEAG R 563 (1 10] /L, R )R AE A G DI VAR IR R L 51 N IR AR 7 vk DA R 1Y) S A S s 55 7 1H
B 7E/RAT e & QSAR M/ [R] A FEH i 20 (1) o] S DA R AR TR BE /7 o [RIE, a2 (0 A 1R 4 Tt
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Table 2. The selected molecular descriptors and their physical-chemical meaning, coefficient, and T-test

2 EFEND FRATFREYIE - KFEX, REMT RN

Iy TRERTF PH - APER X FHIR R HL T kg
HACA-2/TMSA SR B 1) 28 T EEL AT T AR A 28 - B 5.8489e+02 10.8596
Relative number of rings R AR B 1.3510e+01  —3.9921
Complementary Information content HREEANR 9.8407e-03 3.3387
Min partial charge for a H atom H J5F B /N 4 HE e 5.2309e+01  2.5869
2.04 = )|k
° i'}!U%i
1.5
| | -3 [
1.0- . .
[ ] m B
0.5 —
TRAE -’
«? 8
0.0 o
‘Ir =
a
-0.5- ;
-1.0 T T T T 1
-0.5 0.0 0.5 1.0 15 2.0
M8

Figure 3. Plot of measured and calculated 1C50 by HM
3. @i HM MEFITE 1C50 HLE

MR FR AT

IC50 = 2.3176 + 58.489* i {4 J5 1~ A hI M AT IR AR MDA R 70 3 + 1.351*FR (AT £ & + 0.0098*
AW AERNE +5.2309%H 5T 1015/ HL

WRAE T FE R BB AENHE, FRFFRT LDSL #MSIFE MmN 4 nE BN > S ftk)E 7
(IR TH AR AR R 70 3 > H R TR /NE i > HRIAEX SR . Fri i DSR2 78 T S
HEAT T ffRE, DATEIRNHE T AR AT Re s LSDL ki 77 13E 1% .

HDCA-2/TMSA /R B4R T HDCA-2 [ A MR H H A ; HDCA-2 [T 5 an R -

HDCA2 = ZqD‘/gD eH
D tot
BT T I R AR BAT B W [41]. # K HDCA-2ITMSA REUNIEME, W HDCA-2/TSA fH %
i, LDST ffi 25V His ko . [, ATRABcTHEA B s HDCA-2/TMSA {73 5K Fg s LDS1
2GR EE o
Complementary Information content K/~ b 785 B %, THHEWIT:
CIC =log, n-*IC

H —donor

k
n, n,
k
IC=-)» —log,—
len “n

Min partial charge for a H atom A1 Relative number of rings 4371287~ H JE T H /Nl 43 FL s, DA KR
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3.2. GEP &R

B BEHL 7 2 30 MES PRI ZREERN 8 MLEWIIIII SR, SR 2 AL MEAR Y = f FH B | 3l
ISR i 2% (APS) 2 3L ) LLAE i GEP SERISEHL. O 1 3RAS TEHER AN I i OB, JRATIAE APS o T
INEARTY, JFiE GEP DhRESR N T AR MR . 3% 3 FI H BEALIE R TP T I 24

Table 3. Parameters for the simple symbolic regression problem
3. BRFFSEYEMASH

SHALTR (iRe) 1
ES * 1

B / 1
10™x Pow10 1
SE/SOE LN 1
Y RHE Abs 1
SR Neg 1
AR R %L Csc 1
IE#I R4 Sec 1
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Figure 4. Plot of measured and calculated log (IC50) by GEP
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FERITRI . AEARBETEH, 1 HM, GEP ZSZAYARL AR AE TN 38 Fh LDSI ] 71 3% 1477 11 7 tH 5
Uf (R E VERTTIIN GE 770 0 T IR T AR 75 1) JE 224k, Gt 3 R B A XHELN 4 R AT AT HER? »
13 BIFEIRFT XS 1C50 (IFEI F1 K/ BT SRR R FR 7S 120 LDSL ik E R 3R, it — 2B it
FIF- U i) e B2 520 1 5 TR AR
B O

AR TR R, B AR S A B B ST BIURE S R . AN SR AR T S AR AR AN FE
GEE I 2045 S AEHE T 58 B o IR 1 ) b i R R 22 R, MEJR RIRHITRE 0, T G 2735 L
FE R SRAE I TARME R, ARSI S TR, PR C . SR ARSI, AR, P HiE N
NG IE ST BRI . AE ML T3 K AR AR ie B BEEFE O — B0 75 1 R R A
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