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Abstract

EGFR has been intensively investigated as a target
to block the signal transduction pathway which sti-
mulates cancer growth and metastasis. Studies
about structure-activity relationship for tricyclic aze-
pine derivatives were performed with topomer-
CoMFA. The derived topomer-CoMFA model with
steric and electrostatic field parameters based on
fragment units gave reasonable statistics (q2=0.561,
r=0.679). The model explains why a halogen atom
at the meta position of aniline is important to incre-
ases inhibitory activity. This comes from an electro-
statically negative groups are favored near this
region. The model also shows that there are sterical-
ly favored regions around methoxy group extended
from oxazepine derivatives. The findings about ste-
ric and electrostatic effects can be utilized for desig-
ning new inhibitors.
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ventional therapies give drug resistance to tumor
cells’. The intensive studies of epidermal growth
factor (EGF) and EGF receptor (EGFR) have enabled
to develop new strategies of cancer ctréme of the
strategies is blocking the pathway of cancerous gro-
wth and metastasié

EGFR, a 17&Da protein at an epithelial cell sur-
face, consists of three major parts such as -ewénan-
brane liganebinding sites, single trarmmembrane
parts, and intracellular tyrosine kinase domains
EGFR belongs to the erbB family including EGFR
(HER1 or erbB1), erbB2 (HER2), erbB3 (HERS3), and
erbB4 (HER4J. EGFR is known to control the signal
transduction pathway from the membrane to nucleus
which is involved in cell proliferation, apoptosis, and
metastasis. EGFR in tumor cells is more esqure-
ssed than that in the norriahnd the signal trans-
duction pathway of EGFR in tumor cells affects their
growth and metastasis. EGFR became the attractive
target for the efficient cancéherapy to block this
signal pathway in tumor as mentioned above.

Before the signal transduction begins at EGFR, this
receptor generally becomes activated by dimeri-
zatiort®. This dimerization occurs after binding prop-
er ligands on the extrmembrane domain. These
ligands for dimerization can be EGFs and trans-
forming growth factoi (TGFa), as well as hormo-
ne-like polypeptide& Dimerization plays crucial
roles in transmitting a variety of functions from cell
surfaces to nucleuses. Dimerization causes autopho-
rsphorylation, and thereby Protein Tyrosine Kinases
(PTKs) are activated. As a result of EGH&and
binding, the activation on PTKs initiates the signal
transduction pathway which follows complicated
cascades transducing small signadlecules to the
nucleus. The growth of tumor cells could be decreas-
ed by blocking more than one step among the sequen-
tial steps from the extrmmembrane to the PTKs.

Sizable and effective progress in cancer therapy has Deregulation of EGFR is commonly observed in

been achieved due to extensive clinical research orvarious tumors including prostate, breast, and gastric
malignant tumadr. Cancer treatments such as chemo- cancer$. This deregulation causes PTKs to oever
therapy and radiation have been used to cure manwctivate and to produce continuously an improper
patientd. These treatments, however, cannot be effec-signaling transduction. Normal cells generally have
tive against advanced tumor cells because the conselftadopting ability to keep suitable balance. If mem-
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Table 1. Oxazepines as inhibitors of EGFR and their inhi- Table 2. Thiazepines as inhibitors of EGFR and their inhi-

bition activate¥. bition activitied™.
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c q Structure I c q Structure c
ompoun ompoun
P Ar x vy z P Ar x vy P
1c 3Br-Ph NH H H 6.52 3a 3Br-Ph NH H 5.23
2a 3Me-Ph NH H H 5.13 3b 3Cl-4-F-Ph NH H 5.09
2b 3EthynhytPh NH H H 5.49 3c 3CIl-2-F-Ph NH H 4.20
2c 4-Br-Ph NH H H 5.06 3d 6-Indazolyl NH H 4.85
2d 4F-Ph NH H H 5.15 3h 3Br-Ph NH Me 4.51
2e 3Cl-4-F-Ph NH H H 5.92 3 3-Br-4-Me-Ph NH Me 4.34
2f 3-ClI-2-F-Ph NH H H 6.52 3m 2Naphthyl NH Me 4.77
29 5CI-4-F-Ph NH H H 5.96 3n 5Benzimidazolyl NH Me 4.84
2h 2-Cl-4-F-Ph NH H H 5.47 30 6-Benzthiazolyl NH Me 4.82
2i 6-Indazolyl NH H H 5.92 3p 6-Indazolyl NH Me 461
2j 2-Naphthyl NH H H 6.30 3q 5Indazolyl NH Me 4.79
2k 6-Benzthiazolyl NH H H 5.25 3r 3Br-Ph o H 4.66
2n 3Br-Ph o H H 6.15 3s 3Cl-2-F-Ph o H 4.71
20 3Cl-4-F-Ph 0] H H 5.92 3t 3-Br-Ph S H 5.80
2p 3Br-Ph o H Me 5.34 3u 3CI-Ph S H 5.54
2q 3Cl-4-F-Ph o H Me 4.97
2r 3-Br-Ph S H H 5.89
2s 3CI-Ph S H H 6.00

Table 3. Diazepines as inhibitors of EGFR and their inhi-
bition activities™.

brane receptors such as EGFR are adivated, @R
then cells will reduce the stimulation by decreasing .
the number of the membrane receptors. This recovery NH
ability, however, does not seem to work effectively in o N N
. _ )|\ _
most tumor cells. Some studies report that abnor v s Q
mally high expression and mutation of receptor and o—
/or ligand can deregulate EGFR After binding bet-

R A.

ween abnormal EGFRs and ligands, aberrant heterocompound Structure DICso

dimerization occurs between EGFR and other erbB R A

family, mainly HER2. This heterdimerization in- 4a 3Br _ 5.82

duces oveactivation loop on PTKs, and it can trig- 4b 3Cl-4-F CH, 6.52

ger to grow cancerous cells. 4c 3MeO ChH 6.10
There are two main parts of EGFR for the cancer  4d H CH 6.70

cure as the following: 1) the ligafsding site and 2) ae H (RyMeCH 6.82

the PTKs domain. These parts are effective targets to

block the abnormal flow of activation of PTKs. In the

early stage of EGFR studies, the ligandding site  therapies targeting at this Aftiinding site are in
was mainly investigated as the target because (structrain. Several clinical chemicalompounds such as
tural) information about PTKs domain was not suffi- Iressa and Tarceva were investigated and already are
cient? Availability of more than 40 ay structures  in preclinical stagé Smith and his collaborators sug-
stimulated studies targeting Afdnding site of PTK-  gested new tricyclic azepine derivatives as EGFR in-
s for the cancer cute Several studies indicate that hibitors similar with Iressa and Tarcétia

mutations in the AThinding site are important to This study aims to understand how steric and elect-
block the downstream of the signal pathwayhe rostatic influences interact with tricyclic azepine deri-
ATP-binding inhibitors bind to PTKs domain to block vatives (Table 1, 2 and 8) The major difference am-
the abnormal signal transduction pathway. Diverseong Table 1, 2 and 3 is R2 fragment which differs
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only at one atom (O, S, NH) position on the central ected as input data for 3QSAR analysi¥. The stru-
azepine ring. The tricyclic azepine derivatives have ctures of the compounds and their biological inhibi-
been applied to topomer comparative molecular fieldtory data are given in table 1, 2 and 3. The biological
analysis (topome€oMFA), one of 3BQSAR techni-  inhibitory data in the report of Smitkt al used the
ques. Unlike the original CoMFA, topom€oMFA inhibition constant |G value which is the concent-
does not require the demanding alignment work whi-ration M) of inhibitor producing 50% inhibition of

le making models. This is because topo@eMFA EGFR PTK. In this dataset, thes§alues were con-
converts fragments of molecular series into only uni- verted into plG, (—loglCsg) as the dependent vari-
que topomer shapes. Molecular modeling calcula-able in the topome€oMFA analysis.

tions were performed using SYBYL 7.3.5. TopomerCoMFA analysis should be compared
based on 3D topologically aligned structure within
Data Sets and Preparation sets of fragments. Before progressing it, each mole-
Thirty-nine nonquinazoline oxazepine derivatives cule is separated into two fragments at an acyclic
among the dataset reported by Snathal were sel-  bond except for bonds in ring structures. This mole-

cular series can be properly separated into roughly
homologous fragments at a commonly located acy-
clic bond as Figure 1(b). The selected acyclic bond
Common core (fragment bond) to separate this molecular series is

(scaffold) presented in Table 1, 2 and 3. Figure 2 shows the

alignment of data set noted by molecular superpo-

(@ sition of the pyrimidine ring before toporr€oMFA.
This molecular series were separated into R1 and R2,

and each of R1 and R2 fragments is topologically
aligned based on the fragment bond and its orienta-
tion (Figure 3).

(b) homologous

Topomer-CoMFA Model

The steric and electrostatic fields for topomer
CoMFA were calculated at each lattice intersection of
regular gridspace of 2A. The lattice was fixed auto-
matically into 10< 10x 10 grid format to enclose to-
pomers. The fields of topologically aligned fragments
were calculated as in the original CoMFA with® sp
carbon atom as the probe for the steric fields and a
negative oxygen atom as the probe for the electro-

Figure 1. Two different molecular cases for topomer
CoMFA.

Table 4. The result of topome€CoMFA.
#Comp Stderr G r2
2 0.481 0.561 0.679

#Comp=The number of components that provides the higtest q
Stderr=crossvalidated standard error of estimate

0?=LOO0 crossvalidated correlation coefficient

Figure 2. Alignment of training set. r’=noncrossvalidated correlation coefficient

Figure 3. Topologically ali-
gned fragments R1 and R2.
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R1 fragment

LY

€Y (b)

Steric contour map Electrostatic contour map

Figure 4. TopomerCoMFA

- contour maps represented
R2 fragment : with compound 1C. (a) and
! (b) reflect steric and electro-
static contours of fragment
R1. (c) and (d) reflect steric
and electrostatic contours of
fragment R2.

Table 5. TopomerCoMFA contour map for R1 and R2 of Table 1, 2 and 3.

R1 R2
Contour - -
Contour level Color Volume estimate Contour level Color Volume estimate
Steric —-0.004 YELLOW 19.3 -0.014 YELLOW 8.9
0.007 GREEN 16.3 0.011 GREEN 13.1
Electrostatic —0.003 RED 3.5 —0.002 RED 10.3
0.003 BLUE 7.8 0.018 BLUE 0.1

static field. The original CoMFA uses only one colu- steric unfavored region, so their activity values are
mn, but topomeCoMFA uses two CoMFA columns decreased. This explains whybBmoanilino moiety

of R1 and R2. Partial LeaStjuares (PLS) is used to would increase the inhibitory activity as the EGFR
generate a topom&oMFA model. PLS produces a inhibitor®.

set of coefficients displaying influence of positions In Figure 4(c), the green color around two QCH
on biological properties. PLS analysis yielded a cro- groups at the end of R2 indicates that steric bulk is
ssvalidated correlation coefficienf @f 0.561 and% favored there. The major difference between Table 1
of 0.679 with croswalidated standard error of esti- and 2 is R2 moiety which differs only one atom (O vs.
mate 0.481. The number of components that providesS or oxazepine vs. thiazepine). When the substituent
the highest §is 2. The results of topom&oMFA at R1 are the same for both Table 1 and 2, the activiti-
analysis are summarized in Table 4. These valuesgs are always higher for Table 1. Therefore the acti-
show acceptable statistical correlation and predictabi-vity difference should come from the change of a he-
lity of this topomerCoMFA model. teroatom in the -Membered ring.

TopomerCoMFA interaction maps (steric and ele- In Figure 6, (a) and (b) explains reasons for differ-
ctrostatic interactions) for both fragments (R1 and ent activity values between Table 1 and 2. Oxazepine
R2) are shown in Figure 4, and the levels of contourleads two OCH groups to the green steric favored
for both electrostatic and steric fields are listed alongregion in Figure 6(a). Thiazepine leads the QCH
with their color schemes (Table 5). Figure 5(a) and groups to the yellow steric unfavored region in Fig-
(c) show why the halogen atoms (Br and CI) at metaure 6(b). It seems that steric influence is important to
position of the phenyl ring in R1 increase activity differentiate the activity for this region (R2).
values. The region near the meta position favors elec- In Figure 6(c), diazepines (molecules in Table 3)
tronegative substituent as indicated by the red colorseem to have less activity values because {frét
(Figure 5). The halogen atom at the para position ofups of (c) are not bent to the green steric favored re-
the ring as Figure 5(b) and (d) occupies the yellowgion. Compounds 4b-4e in Table 3, however, have
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Figure 5. Contour maps of
R1 of (a) 1c, (b) 2c, (c) 2f,
and (d) 2h.

(a) Oxazepine (b) Thiazepine

Figure 6. Topomer-CoMFA contour maps of fragment R2s in Table 1, 2, and 3. (a) 1c. The gz@iQle end of R2 is locat-
ed at green steric favored region. (b) 3a. Ongi®@t yellow steric unfavored region. (c) 4a. None ot©&e located at either
the steric favored or unfavored region.

Figure 7. Steric contour of
superimposed fragment R1.
(a) R1 of molecules in Table
1 and 2. (b) R1 of molecules
in Table 3 (except for 4a).

great activity values. Figure 7(b) shows a structural has the same kind R1 fragment as compounds Table 1
feature that compounds except for 4a in Table 3 haveand 2. In Figure 7, R1 fragments (a) from Table 1 and
Compounds except for 4a in Table 3 have substituen® are different from R1 fragments (b) from Table 3.
(methylene or ethylene) of a position in Table 3. 4a isR1 fragments (b) in Table 3 avoid the yellow steric
to understand the effect of diazepine by comparingunfavored region and are bent to the left green steric
with its counterparts, 1c and 3a in Table 1 and 2. Thefavored region (Figure 7). The influence of the steric
R1 fragment of 4a belongs to Figure 7(a) because 4davor of R1 fragments from Table 3 increases their
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activity values. Figure 1(a) indicates that compounds have two side
chains attached to a common core, and Figure 1(b)
describes that compounds consist of two roughly ho-
Discussion mologous series of molecules. Fragments of template
molecule separated by user are converted into “mini-
Using a 3DQSAR methodology, the topomer mal discriminating substructi#®. “Fragmentation
CoMFA, a 3DQSAR model was developed on tricy- algorithm” uses this minimal discriminating substru-
clic azepine derivatives for the EGFR inhibitor. The cture of the template molecule to find each unique
topomerCoMFA model was used to explain the ob- substructure in the left molecular seffeShese se-
served structuractivity relationship for these aze- parated fragments will be used to calculate molecular
pines with steric and electrostatic field parameters.field in lattice as structural variations.
The resultant model was statistically reasonalste (q The fragments separated in the fragmentation algo-
0.561, f=0.679). Some minor electrostatic effects rithm are applied into topomer alignment to make 3D
could be found around R1 (Figure 5), and the steri-invariant representatiéh Before the topomer align-
cally important regions are mainly localized at the ment, fragments should be adjusted to match their
ends of molecule structures (Figure 6 and 7). A halo-orientation with their open valance (attachment bond)
gen atom at the meta position of the phenyl ring inin Cartesian space. Topomer alignment provides or-
R1 and OG groups from oxazepine (R2) are favored dering to atoms of each fragment, and this enables to
by steric bulkiness. These findings can be utilized for express invariant strings in 2 dimensions, e.g. SLN
designing new inhibitors. pattern. Topomer alignment also uniquely modifies
conformation of each molecule in 3 dimensions by a
protocol which can be applied in various circumstan-
Methods ces. Topomer alignment protocol describes about
special circumstance such as torsions, chirality, and
Topomer-CoMFA ring puckers. These factors largely make the align-
Comparative Molecular Field Analysis (CoMFA) ment in the original CoMFA variant and difficult. As
has been widely used as ®I5AR methodology in  a result, topomer alignment generates invariant 3D
analyzing structure and activity. Despite powerful topomer representations of fragments through speci-
visualexpression of structure and activity, COMFA fic rules applying to these factors.
has its inherent problems. The major problem is input TopomerCoMFA cannot be related in every class
precondition by subjective alignment of molecular of molecule structures. Two classes of molecules may
seried®. Slight and partial shift in a lattice by align- not be difficult to generate effective fragméft3he
ment of molecular series can produce misleading an{irst is compounds containing many homologous side
alysis of interaction between structure and activity. chains with one large common core such as steroid
This problem could be reduced by an objective me-data sets. The second compounds have none of noti-
thodology which determines unique conformations ceable common core, and it is difficult to apply the
and superposition not for the whole of molecules butfragmentation algorithm.
for fragments of molecules. The left operation after the topomer alignment in
A topomer is an invariant 3D representation of mol- topomerCoMFA is calculation of COMFA fields. The
ecular subunit, and it is generated from its 2D topo- original COMFA calculates steric and electrostatic
logy by topomer alignment in toporaR€oMFA. Be- fields between probe and atoms, and topomer
cause of the invariant representation, topomers carCoMFA follows this calculation in almost the same
have objective conformations for each subunit (frag- way. TopomeiCoMFA has two different things from
ment)’. TopometCoMFA is a comparative molecul- the calculation of molecular fields. First, there is an
ar field analysis calculating the steric and electrosta-“at-tenuation factor” which decreases the field contri-
tic fields with topomerically aligned fragmefts  bution of the fragment atoms according to distance
TopomerCoMFA modeling performs two important from the attachment bond having the open vafénce
step$®. First, invariant 3D representations of mole- The steric and electrostatic contribution of atoms
cule fragments by fragmentation rule and topomermultiplied by the attenuation factor, usually 0.85, ma-
alignment are generated in lattices of energy fields.kes 0.85 where N is the number of rotatable bonds
Second, original CoMFA is applied in the fragments. between a specific atom and the attachment bond. Se-
In topomerCoMFA, every molecule should be se- cond, steric and electrostatic values at lattice points
parated into two fragments which are referred to as Rfor the computational convenience are not continuous
series, and this is shown schematically in Figure 1.but disperse numbers as follofsSteric field values
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can be 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,7. Janmaat, M. L. & Giaccone, G. Smailblecule epi-

28, or 30 kcal/mol. Electrostatic values can-b&3, dermal growth factor receptor tyrosine kinase inhi-

-11, -9, -7, -5, -3, -1, 1, 3,5, 7,9, 11, 13, or bitors.Oncologist8:576-586 (2003).

15 kcal/mol. If a value is higher than shown above, it 8. Toschi, L. & Cappuzzo, F. Understanding the new

will be rounded down. genetics of responsiveness to epidermal growth factor
receptor tyrosine kinase inhibitor®&ncologist12:
211-220 (2007).

9. Noble, M. E. M., Endicott, J. A. & Johnson, L. N.
Protein kinase inhibitors: insights into drug design

PLS Calculations and Validations
Partial least squares (P1?5}2 methodology for cy-

clic crossvalidation with leaveoneout (LOO) met- from structureSience303 18001805 (2004)
hod IS .used In t_opom@ql\/!FA to produce a series of 10. Dawson, J. Ret al Epidermal growth factor receptor
coefficients as in the original COMFA. Toporgo- dimerization and activation require ligaintiuced

MFA field is used as an independent variable, and the  conformational changes in the dimer interfaktal
pICs activity value used as dependent variable. PLS  Cell Biol 25:77347742 (2005).
solves a series of equation with much more unknown11. Baselga, J. Why the epidermal growth factor recep-

guantities than equations. Cresaidation procedure tor? The rationale for cancer thera@ncologist7:2-
evaluates topomegZoMFA model according to how 8(2002).

well the model predicts. This procedure iteratively re 12. Traxer, P.et al Tyrosine kinase inhibitors: from
derives new models with toporaR€oMFA table wh- rational design to clinical trial$viedicinal Research

ere one or more compounds (rows) are omitted, and _ Review21:499-512 (2001). .
predicts the omitted observations. The creafida- 13. Stamos, J., Sliwkowski, M. X. & Eigenbrot, C. Struc-

ted coefficient, § is calculated using Eq. 1 below: ture of the epidermal growth factor receptor kinase
domain alone and in complex with aadilinoquina-

5 > (Y predicted— Y observed® zoline inhibitor.J Biol Chen77:4626546272 (2002).
=1~ (Y Y mear)? ) 14. Smith Ii, L.et al Novel tricyclic azepine derivatives:
observed™ T mea biological evaluation of pyrimido[4;6]-1,4-benzo-
Where Yyredicted Yobservea aNd Yneanare predicted, xazepines, thiazepines, and diazepines as inhibitors of
actual, and mean values of the target property:ghlC the epidermal growth factor receptor tyrosine kinase.
respectively.y (Y predicted— Y observed? iS the predictive Bioorganic & Medicinal Chemistry Letters6:5102

sum of squares (PRESS). Deciding the best number _ 5106 (2006). o o
of PLS components is needed to avoid overfitting the 15- Bridges, A. Jet al Tyrosine kinase inhibitors. 8. an
data, and the number corresponding with the lowest unusually steep structueetivity relationship for an-

; . . —alogues of 43-Bromoanilino}6,7-dimethoxyquina-
Eggnsr?](:/;;jse is proper to derive the final PLS regre zoline (PD 153035), a potent inhibitor of the epider-

mal growth factor receptod. Med Chen89:267-276
(1996).
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