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Abstract Inhibition of the MDM2-p53 interaction is considered to be a new therapeutic strategy to activate wild-type p53
in tumors. Recently, a series of potent and specific small-molecule spiro-oxindole inhibitors of the MDM?2 were reported. In
the current study, the interaction modes between 21 spiro-oxindole MDM?2 inhibitors and the protein were studied by using
the combination of molecular docking, molecular dynamics simulation and three-dimensional quantitative structure-activity
relationships (3D-QSAR). The QSAR predictive models were established by using comparative molecular field analysis
(CoMFA) and comparative similarity indices analysis (CoMSIA) techniques. The predictive power of the 3D-QSAR models
were determined from external test sets that were excluded during model development. The inhibitors in test sets were given
exactly the same pretreatment as the inhibitors in the corresponding training sets. The correlation between the experimental
and predicted activity for all models was calculated as a predictive #* value. With the COMFA model, the cross-validated
value (¢°) was 0.573, the non-cross-validated value (+*) was 0.948. And with the CoMSIA model, the corresponding ¢* and >
were 0.651 and 0.98, respectively. The interaction mode obtained by molecular docking was in agreement with the results of
molecular dynamics simulations, the interaction mode revealed that the hydrophobic interaction and H-bond played an im-
portant role in the binding of spiro-oxindole derivatives and MDM2. Compounds designed by our group were synthesized
and tested their in vitro cytotoxic activities against the MDM2 positive prostatic carcinoma LNCaP cell line. Two com-
pounds, namely S and 6, with favorable scores from the COMFA and CoMSIA models, showed potent cytotoxic activities
with ICs, values lower than 1.0 pgemL ", The result was corresponding with that in experiment. And it was very significance
to discover novel spiro-oxindole inhibitors which are mainly aimed at the MDM2-p53 interaction. It was expected that the
information provided here was helpful for the study toward more accurate structure based on 3D-QSAR modeling and
anti-tumor drug design and discovery.
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Figure 1 Structures and activities of MDM2 inhibitors
(a) Common structure; (b) Compound 5; (c) Compound 16
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Table 1 Structures and activities of MDM2 inhibitors

Predicted activity (pK;)

No. R' R? R’ R? Observed activity (pK;)
CoMFA CoMSIA
1 H H i-Pr N(CHjs), 5.07 5.06 5.08
2 3-Cl H i-Pr N(CHjs), 6.52 6.49 6.60
3¢ 4-Cl H i-Pr N(CHjs), 5.11 5.18 5.10
4 3-Cl H #Bu N(CHs;), 7.07 6.80 7.17
5 3-Cl H Et N(CHs;), 6.19 6.14 6.13
6" 3-Cl H i-Bu N(CHs;), 6.41 6.76 6.37
7 3-Cl H #Bu NH(CH,),-(4-morpholine) 7.89 7.89 7.84
8 2-F, 3-Cl H #Bu N(CHs;), 7.42 7.44 7.27
9 3CL4F H +Bu N(CHs), 6.77 6.95 6.71
10 3-Cl, 5-F H Bu N(CHs), 7.36 7.48 7.54
11 2-F, 3-Cl H Bu NH(CH,),-(4-morpholine) 8.52 8.30 8.64
12 3-Cl 5-F t-Bu NH-((S)-butane-1,2-diol) 7.88 7.91 7.58
13 2-F, 3-Cl H Bu NH(CH,),-(1-piperidine) 7.41 7.91 7.40
14¢ 2-F, 3-Cl H tBu NH(CH,),-methylpiperazine 8.82 8.51 8.68
15 2-F, 3-Cl H Bu NH(CH,),-methylpiperidine 8.70 8.79 8.84
16 2-F, 3-Cl H Bu NH-((S)-butane-1,2-diol) 9.22 8.59 8.75
17 2-F, 3-Cl H #Bu NH-(1-ethoxy-2-methoxyethane) 9.10 9.01 9.13
18 3-Cl H Bu NH-((S)-butane-1,2-diol) 8.40 8.52 8.43
19 3-Cl 5-F t-Bu NH-((R)-butane-1,2-diol) 7.90 7.89 7.87
20° 3-Cl 5-F ¢Bu NH-((R)-propane-1,2-diol) 7.81 7.92 7.93
21 2-F,3-Cl  5-F t-Bu NH-((S)-butane-1,2-diol) 8.02 8.56 8.44
“ Compound in the test set.
£ 2 Ifl CoMFA Ml CoMSIA BS54
Table 2  Statistical parameters of the best COMFA and CoMSIA models
Model v E P r SEE Field contribution/%
Steric Electrostatic Hydrophobic H-bond acceptor
CoMFA 4 0.573 0.948 74.81 0.203 67.0 33.0
CoMSIA 3 0.651 0.980 143.72 0.179 26.2 22.1 26.0 25.7
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Figure 2 Plots of experimental and calculated pK; for CoMFA and
CoMSIA analyses
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B3 CoMFA Fil! =4:%5(H£L |
Figure 3 Three dimensional (3D) contour plots of the COMFA model
(a) steric field; (b) electrostatic field

ANRAEBIRIR A F TP TE R s, 31 (X IR
RN GIAREBIPACIER AT /T B S i .
5(b) ¥ 0 X RS G I S I E R ER A A TS
Pris e s, 20t RSt S R S B AT R
TACE DR ENIEE . CoMSIA BB ATk i Hi )
Sy A E A RR R BURIE TR S, R R T
TEARIR N T P MARRII 7 R AR R AR
O 742 i e B R PR AR e g 170, I LA L BB v 7 E
ARIERAE T AR AL . ALK A E L K, REGX
LSS AT NS i B e TR T = R P e N
KPR R TS PSR f, Wi 4R, 7ER',
R Al R® FIEqr BIA R GIX IR, RUI/EIXLr B
PRI AT A s . AE S 2 AR I S
P, 20 X AR s ol /N S S A A R T 3R A,

(@)

El4 CoMSIA Kl =4k K

Figure 4 Three dimensional (3D) contour plots of the CoMSIA model
(a) steric field; (b) electrostatic field; (c) hydrophobic field; (d) H-bond accep-
tor field
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Figure 5 Root mean square fluctuation (RMSF) values of backbone C,
atoms of two simulated system
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Figure 6 RMSD of the backbone C, atoms versus simulation time
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Figure 7 Interaction pattern of MDM?2 active site with inhibitors
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Table 3 Predicted and in vitro activities of new designed compounds

CoMFA CoMSIA LNCaP
No. R' R’ R’

predicted” predicted” Cytotoxicity”
Nl H H H 6.51 6.07 >20
N2 F 2-Me 4-F 6.66 6.25 18.5
N3 F 2-OMe 4-Morpholine 6.95 6.68 79
N4 H 2-Br 4-N(CHs), 7.12 6.98 3.6
N5 F 2-OMe 4-Morpholine 7.66 7.34 0.35
N6 F 2-OMe 4-N(CHs), 7.49 7.21 0.89

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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HEAT. 30T S A FG T B RIS, AR 8b K
(0.05~0.2 nm) LA K # LI REFSLARI HEN cutoff H
(4.187~502.4 kJemol )% CoMFA 45 %f52mi. LA sp’
FA CONERER T, SRR SN IRIL(PLS)X 4 T
JE L 433 (11 343 (5 AN AR 3 MEEA T [0 430380, ey
G B VR (LOO) AT 28 SUIAIE A3 T, S i i A Y
(0938 X BAIF M5 R B (PR A AL N, SRR FR
I 45 30 1) o £ 5 o3 BOHAT AR RS SR IE SR T B 2811
FL i 7y I, At S e (column filtering) X 8.374
kJemol .

45 CoMSIA BRI 3T

CoMSIA BT I 77k CoMFA 211, AEHEHR
d Ferh, B, K. Bk, Ky
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MRS EY S Z R TAER, it 2% %A ]
WA A 3R B B A8 U AR R B 4 . IR B
MEEmAE, WP P K (0.05~0.2 nm)Fl
TR T(0.2~0.4)%F CoMSIA 45540, KA LOO
RIEATAS SCIAIE, 75 36 N 1 A8 LI IE A 5% R 8 (%) Fl
AR N, b5 SRR IR AT R A
M S AH Y () CoMSTA 578,
46 HFEhhFER

ASCER T IS A G 16(8 1o)F s HE
HAREME ML A 5B 1) KRR [R] A BAR S ) 45 &5
BB R W . AR ST B o R R
GROMACS 4.5 Tl MDM2 RN T4k ) 3585
KM GROMOS96 J335. /Ny IR 43 Ha A R 40 SCA:
X PRODRG 2.5 FEFpr= AR ASCR A —ANu Kl
65.34 A ML G TR, OS5 &AM
NEEEANT 10 A, N 4 NG FAE h Puli 2 1 RE
BAMKR IR E. SR SHAKE $23EM ] Sk BRI pT
TEBMAIRS), BRUPKEh 2 s BAUMEH TR
HIPEIL S, ARBEAH T AT 0.8 nm, £
PME 7% H TS KRR s s Y, MR R e H
5000 bt R, BB 5000 U ALHORE VLI BR 2
T v BEAE SR, 1 S 2 RO TON A R R E 300 K,
KRB SEAE 1 geem ° T4 500 ps. U FRILAIH,
AMEZRIBAT 5 ns BITEIR(310 K)TE(1.013 X 10° Pa)zh /)
RN, X 5T 2 ns BEATSRAE, B 20 ps U IR S AT
,H‘ﬁ[%].
4.7 KRIMEMENR

MTT (DY A A M 07 s A A 45 LNCaP
0 L P s ICA T AR KNI ) LNCaP 41 e,
SEARE SRR AL AN R S A 3.5 X 10% cellsemL !, 45}
T 96 LM I, #E4L 100 pL, ££37 °C, 5% CO, I, I H
24 h. BWEZMIRERLE N 20 pgemL ', XF - HikE,
DL IR RO IR, AR4L 100 uL, #£ 37 C, 5% CO,
~, W 48 h. FEFLIIA 5 mgemL ' MTT 20 uL, W H 4
h, BEERZRE, IO 150 uL DMSO, #E#% 10 min, JHEF
FRAL(A=570 nm)IWERE, B, R ARXT
?ﬂ]ﬂ@iﬁﬁiﬂ]?ﬁﬂﬁ(%)#ﬁﬁﬁéﬁ Aszo— K2 A570)/Xﬂ‘ﬁ7\'5\
H As;o X 100%, B3 AN [E BT 14l 2 H Tk 55
ICso.
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