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To search for a molecular design of a new breast cancerous inhibitory active compound, 2D-QSAR
and HQSAR between the substituents of flavopiridol analogues as substrates and their breast can-
cerous inhibitory activities against MCF-7 cell were analyzed and discussed quantitatively. It was
found that the dispersion with molecule and steric hindrance with substituents will have a tremen-
dous impact on the inhibitory activities from the 2D-QSAR model (1). Also, MR constant is better
than that of MS constant as an important factor. The inhibitory activities from 2D-QSAR model
(2) were dependent upon the optimum MR constant (MR =126 Cm’*/mol). Optimized HQSAR model
(V) exhibited the best predictability of the inhibitory activities based on the cross-validated r*,
(q*=0.583) and non-cross-validated conventional coefficient (1, =0.982). From the contribution
maps, the inhibitory activity by the imino group on C, atom was higher than that of the hydroxyl
group of C; atom on the A ring in molecule. Therefore, we can confirm that the dispersion by sub-
stituents in molecule is the most important factor in inhibitory activities against MCF-7 cell.
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Ri;=H or OH,
Ro=Amido, Imino or Sulfonimino.

Fig. 1. General structure of flavopiridol analogues as Breast cancer
MCEF-7 cell inhibitor.
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Table 1. Observed inhibitory activities (Obs.pls,) of flavopiridol analogues against MCF-7 cell and predicted activities (Pred.pls) by
optimized models and their deviations

Substituents 2D-QSAR (1) HQSAR (V)
No. Obs.pls,
R, R, Pred.? Dev.”? Pred.? Dev.”?
19  OH o) 1.59 1.59 0.00 1.59 0.00
2 H 085 0.98 0.13 0.92 0.07
3 H o -0.66 -0.94 0.28 o -
H
e
4 H ad 34 -1.18 9 9 -0.98 -0.20
5 H —C__ -1.00 -0.89 0.11 -0.90 -0.10
6 H ao—{ ) -0.54 9 9 -0.71 0.17
H
7  OH \ W 093 -1.16 0.23 -1.00 0.07
8  OH A L1l 112 0.01 -1.03 -0.09
" o
Clly : ;L‘ °f
9 OH Al -0.99 -1.07 0.08 -0.98 -0.01
10 OH -1.11 -1.07 -0.04 2 -
1 H —\ -1.30 -1.17 0.13 125 -0.05
N
12 H -1.23 -1.08 -0.15 -1.34 0.11
13 H ey -130 -1.16 -0.14 = =
14 H eyt -0.74 0.82 0.08 0.76 0.02
15 H . :‘ -0.65 038 027 0.63 -0.02
16 H ML i 2040 057 0.17 047 0.07
et
0
17 H o 045 0.52 0.07 -0.50 0.05
B“NN"'“""H
18 H -0.74 -0.82 0.08 -0.76 0.02
yey
20 H o -0.60 -0.57 -0.03 -0.47 0.13
- i
(4]
2 H 148 128 -0.20 -1.53 0.05
(8]
23 H oh -1.40 -1.51 0.11 -1.42 0.02
O=$—N—
24 H 0 -1.20 -1.16 -0.04 -1.17 -0.03
\ﬁ: : ¥
25 H Wl 123 -1.07 0.16 -1.20 -0.03
Art” (PRESS?) 0.120 (0.427) 0.066 (0.142)

Abbreviation: Boc = tert-butoxycarbonyl, bz = benzyl, ph=phenyl, “concentration: uM, Pdifference between observed value and predicted value,
9flavopiridol, Youtlier compound of eq. 2 (n=4), “test set (n = 5), average residual of training set, ®predictive residual sum of squares of the training
set.
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Fig. 2. Relationships between inhibition activities (Obs.pls) aginst
breast cancer MCF-7 cell and molar refractivity (MR) constants in
2D-QSAR model. SUM = pls,+ 1.059B,+ 2.176B, (Eq. 2).
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Table 3. HQSAR analyses for the influence of various fragment sizes on the key statistical parameters
Models Fragment size Best length o) SE... Pocw. SE,.ov. NC
1 3~6 257 0.064 0.064 0.984 0.734 5
11 4~7 53 0.310 0.246 0.983 0.630 5
11 5~8 53 0.090 0.075 0.971 0.724 5
v 6~9 97 0.420 0.178 0.986 0.578 5
v 7~10? 97 0.583 0.273 0.982 0.490 5

“The best of fragment size, SEcv: cross-validated standard error, SEncv.: non-cross-validated standard error, NC :number of component.
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Table 4. HQSAR analyses for various fragment distinction on the key statistical parameters using fragment size default (7~10)

Models Fragment distinctions Best length o () SE., Py, SE,ev. NC
V-1 Atoms/bonds” 61 0.286 0.091 0.978 0.644 5
V-2 Connections 61 0.197 0.108 0.983 0.680 5
Vo Hydrogen (H) 97 0.583 0.490 0.982 0.100 5
V-3 Connections-H 151 0.270 0.270 0.983 0.648 5
V-4 Chirality 59 0.150 0.973 0.156 0.697 5

The optimized HQSAR model, YIn all case, the atoms and bonds fragment distinction are turned on, SEcv: cross-validated standard error, SEncv.:

non-cross-validated standard error, NC: number of component.

Table S. Predicted values of the test set compounds by optimized
HQSAR model

No. R, R, Obs.pl5®  Pred”  Dev.?
3 H ool »{ 066 094 028
—/ I\]
H
. P
10 OoH MO/ L0 079 032
H
Jd N
13 H \_/ 1309 088 042
bz
Boew
(S} d)
19 H o 0.85 063 -022
T
Boc... "1“ N— d)
21 H NG H -1.30 050  -0.80
4]

Average residual of training set (Arts = 0.41), Predictive residual sum of
squares of the training set (PRESS=1.05), “Concentration: uM,
YPredicted values by the best model (HQSAR), “different between
observed value and predicted value.

Ath Table 19= MCF-79] st #Z¥ Asl| &%
(Obs.pls) 2 HQSAR(V) 2dloll &J3} ol =7k (Predpls,) 1213
T e zo|(Dev. )it AEIskAY. 12|31 Table 5ol= test
set 3}§HEe] WS AHsidedl 9A AFS nvpep o] A
Wael & RS fiesh] flete] o] Hloju= 38=
S AR ng Azt vwA & AP Kol Utk FH
Ze] HQSAR EH(V)EFE ¥ A% (Predpls)t 5
B E3H0bs. plspye] AL Fig. 391 YRR B
Al A M A o & RE|(Predpls,=0.9840bs.pls,— 0.013, n=20,
s=0.088, F= 101.849 & r=0.982) F A7t Alole] A4
o] TS ERIT F AU

HQSAR 719%, FHZ 9] HQSAR RdE(V)o] 7R Y&
MCF-7 A&l &gk 7274 SoldS A7 o= vl &
A7) 9] thRoll SiHE ik AsEAdo] 7Hg & §)
=) 7P 2 35HE22)0] g 7]9J=E Fig. 40 A
AlBISitt. 71edzollx ol 7]ofsk=s FHe A 12l 7|
oA e TS HMoE VERNIGH? Asigrde] 7P
=2 A9 sRtEMe R ¢ ZE(CHS R-AIEI(1-
methylpiperidin-3-ol)2] Cs ¥ C, ¥A} FHEo| =42 Yepj=
2 o] FFo] RSt A3 MCF-79] Asig ol 714ghs 2
Arsial . 2E|al Caele] G Coll AE At =
T 0T UERt Aol ofF 7]ofehE o & USITE Wi

2 T T T T T T T

@ Training set Y
O Test set

Pred.pl,,

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 20
Obs.pl,

Fig. 3. Relationships between observed inhibition activities (Obs.pls))
and predicted inhibition activities (Pred.pls,) by optimized HQSAR
model (V). (Training set; Pred.plsy=0.984 Obs.plsy—0.013, n=20,
$=0.088, F =101.849, r=0.982 & ¢*=0.978).

Fig. 4. Atomic contributions to the observed inhibitory activities
(Obs.plsy) of MCF-7 cell analogues (1, pls=1.59 & 22, pls,=-1.48):
Green color denotes the greatest contribution to the inhibition
activity while red color signifies least contribution and gray color
signifies average contribution.
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