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mummary

Sinee the ymtogenic action of HGF is mediated by lgand-induced antophosphorylation of the BGF receptor
{EGFR), and BEGFR is comnmonly overexpressed in solid human tomours, inhibitors of receptor tyrosine
kinase activity (RTK) could prove to be effective antitumour agenis. Screening of & compe sund Hibwary
using an BGE-RTK enzyme prepared from human tumous derived A431 cells | i si,mgf 1ed a series of potent
(1Cs, <1} enzyme inhibitors. These inhibitors are quinazolines bearing a variety of substituted snilines
at the $-position. The most potent dantlivoguimazolines (1Cq, = 20nM) have suall non-polar mets sub-
wituents on the antline ring, and are competitive with ATYE apd non-competitive with substrate.  The
growth inhibitory activity of these agemts was assessed in vitro using KB cells Chuman oral squamous
wimor) grown in the absence or presence of BEGE. A selected componnd, 4-(3-chlorcanilinojquinazoline
(CALY, inhibited BEGF-stimlated growtls in o conceniration dependent manner aid complete blockade was
ohserved at concentrations (1-10 M)y which bad no effect on basal growth.  Selecuvity of growth
inhabition by CAL was further exemplified in JGFL-stimulated KB cells whers no effect was detected ot
concentrations which completely blocked EGF-stimulated growth,  Simtlardy, CAQ blocked TOFo-
stimulated growth in MCOEF-7 human breast cancer cells without affecting insulin-stimulated growth, These
studies define 1 novel class of EGR-RTK inhibitors which are also potent and selective inhibitors of EGF-
stimulated homan semour cell growth in vitre,
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Since the first report almost ten vears ago that the
presence of the epidermal growth factor reveptor
(EGER) in some hungs breast tumpurs indicates
a poor prognosis [1], 1 has become clear that
aberrant exprossion of BEGPR and other members

septed at the wrapesivm "Mow Approaches in e Therapy of Bregst Canter™,
ington BC, Odtober 1894, gengrously supported by an educy

including those of the breast [2,3]. These recep-
tors ars members of 2 luge family of sukarvotic
proiein kinases which encompass an extraceiiular
Lizand binding domain, a shor transmembrane
deorsmin, and an mtrscellulyr domain which has
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Table 1. Biolgioal sctivity of aniling-quinazatine derdvatives
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tyrosing kinase (TE) activity [4]. BGF binding
causes receptor dimerisation, sutophosphorylation,
and getivation of intracellular signalling cascades
which lead oltimately o cell dividon 431 The
EGFR thus rapresents a poltential wrget for novel
antitumour therapies directed at inhibition of Lis
functional sctivity [6,71.

Ome such approach is divected at inhibition of
the BGER tyrosine kinase (BEGF-RTK) activity w0
block the itimtion of the mitogenic signalling
casvade, A key problem in view of the ubiguity
of both tyrosine and serinefthrenning prisdein
kingses in both normal snd tumour cells is the
selectivity of putative enzyme inhibitors, Many
of the currently available inhibitors have poor
selectivity andfor low potency [8L In view of
the high homology of the active kinmse domaing
amongst different protein tyrosine kinases [91,
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poor selectivity of inhibitors might be prediceed;
however, studies by Yaish et al [10] first demon-
strated that 1843 possible to find small molecules
which effectivaly inhibit BGF-RTK activity with-
gt affecting fnsulin receptor TR activity, The
studies reporind here deseribe the properties of a
noved series of inhibitors which inhibit BEGF-RTE
activity and selectively inhibit BOF-stimulated
mmour cell growth withont affecting bhasal or
insulin-like growth factor T JGF-1)insulin stimu-
lated growth.

Baterialy and methods

The preparation of EGP-RTK from A431 cells
and the messurement of engyme iphibition ae
fully described ebawhers [11L Al cell lines
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Figure 1. Inhibition of spidesmal growth fotor rocepie
tysosineg i&}ﬂ?&b antivity, Asolubilised preparsion of BOF-
RTE from A4S hamoen tmour-derived cells was Incuboted
with BOF in the prosenes of the indicated concenteations of
inhibitor {CAL s componad 3 in Table 1) prior to addition
of ATP and pepiide %ﬁb%"mii’ Finnse amtivity was mens-
ured by wansior of 2 from f‘”? ATE 1o peptide substrate
an described elsewhers 1L

were grown moutinely in Dutheceo's MEM supple-
mented with 5% foetal calf serum and passaged
once (MOF-T) or twice (KB and NREA9F) week-
Iy, For experimental use, colls were aliguoted
e 48 ar B-well dishes and incubated for thies
(KB, four (NREK), or five days (MCF-7) in 5%
charcoal-treated FUS (o deplete endugonous
serum growth factors) in the absence or presence
of added growth factors and/or enzyme inhibitors
as indicated in the Figure legends. A standard
MTT assay was used as the messure of cell
growth [12],

Besulls

The relative inhibitory potency against EGF-RTE
of & series of fourlsen substitsied élman‘iiimw
quinazolings is vompared with that of the pare
unsubstituted compound (compound 1) in Table 3 .
The 10, values, measured using a fixed 20pM
concentration of ATP, were estimated from inki-
bition curves like that iHlustrated in Figure 1 for
componnd 3 (ICq, = G.04uM). The nature and
position of the substituent on the aniline ring sub-
stantially affects potency; in the series ilustrated
the most potent inhibitors were the meta-substito-
ted halogens, for example compuunds 3 and 57
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Bt of A on bass] gt BGF-stinulsted KB
oell growt h KB vells ware seeded intn 96-wall plates amid
allorwefl wr attach i DMER ‘I i the prosencs of 3% chae
ogl-freated fotid calf serum (OFCERY  Cells wert dllpwed
s for 3 days i OFCS together with the indivated
conwenirations of CAQ In the shsence (8] or pretence (8
of 10 spfml of BGPR. Coll mumber wan estimated 1 the
heglnning and end of testment by incubaton for 1 hoat
FPC with 1 gl of MTT added divestly to each wall

The MTT product was dissolved o aoid amth and o
density detesmined vaing an automated pla ;
Walues are means of gquadmplicate Gbaermz.:mm and &rmrq
for this and suocesding Piguees wers bosd than 1L of the
menn. - Cell nuodwer p‘i‘ﬁp( nal o aptical density ot the
start of the experiment i& shown by the Jowsr open bar,
growth in CPOS by the Jower hatwhed bar aod io thie pres-
gnce of BGF hy the uppor hwiched har

The human oral squamous tumour derived KB
cell ling provides a rapid and reproducible means
1o distinguish between specific and non-specific
growth inhibitory effects of EGF-RTE fuhibitors
by ‘z:s"'mpm'ﬁw cell growth under HGF-stimuolated
and hasal {sermm (mis’} copditions. A typical
experiment with compound 3, 4-(3-chloroaniling)-
guinazoling (CALY, ix Hlustrated n Figurs 2. In
the range 0.5-2.5pM, CAQ miibited the BEGE-
stimmulated component of cell growth in a concen-
tration dependent and complete manner without
affecting basal growth. At higher concentrations
{210uM} both basal and EGFstimulated growth
wag inhibited in parallel and the numbery of cells
was reduced below the number seeded only in
coltures treated with 250pM CAQ.  Relative
growth inhibitory potencies compiled in Table 1
were estimated from the concentration of gach
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Figure 3 Blent of CAQ on IOF-1 stmdated KB ocl
growth., Experimenial conditions and effoets of CALDY on
BGPasthonlated growth wore as deseribed for Figire 4
Additionally KB vells wera treated with 30 ag/mt of 1GP-1
iy the ahwence Conier apen by or presence of TA% (@),

compound required o reduce cell growth by 50%
{1y, values) in the absence or presence of BGE.

The selective action of CAQ on cell growth
was further evident in KB cells stimulated with
IGE-T instead of BGE. In the range 1-10uM, only
& wesk prowth ishibition {maximom 153%), un-
related o inhibitor conventeation, was récorded
(Figure 33, Selectivity was Turther investigated by
examining the action of CAD in growth factor-
stmulated MOP-7 human breast cancer cells and
in NRK49F normal rat kidney derived vells,

In MCP-7 cells stimulated to grow with trans-
forming growth factor o (TGFay, CALD inhibited
growth in a concentration dependent manner (1,
= M), and at 4pM, where TGP action was
blocked completely, basal growth was unaffected
(Figure 4}, Basal growth was inhibited at 10
20uM CAQ. For insulin-stisnulsted MOE-T cells,
growth inhibition was first evident at 3uM CAQ
{Figore 5). In NRK cells stimulated to grow with
BGF or platelet derived growth fuctor (PDGE),
1.25uM CAQ completely blocked BEGF-stimulated
cell growth whilst reducing PDGF-stimulated
growth by only 20% (Figure 6,

Since MCOE-7 cells are growth stimulated by
17f-oestradiod as well us by TGP, the effect of
AL on vestradiol response was measured. CAL
was an effective growth inhibitor (Figure 7) but,
in contrast to effects in TOPo oeated cells,
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Figure 4. Effect of CADQ on TCGFo-siimulaled MURT
cells Cells were grows in phenol rod froe CBCE for 8
days in the dhsence Oower bard or presence of HXngfml of
TGFR fupper bary, and vell growth wes msasurad using
MTT as deseribed for Figare 2. CAD was added a the
indicated conventrations inthy shsence (88) or proscost of
Ty (8

blockade of cestradiobstimulated growth was
mcomplets st 5-10ubd,

Discussion

The wovel sglective inhibiters of BOERTE
described hore were discovered by a combination
of sereening of the Zeneca Company Compound
Collection and molecular modelling based on 3
proposed catalytic mechanism for the snzyme
(111 Investigation of the catalytic mechanism of
CAG mdicated that it 13 a competitive inhibitor
with respect to ATP and noncompetitive when the
peptide substrate concentration 8 vared [11}
consistent with formation of a temary complex
between the enzyme, ATP, and peptide 1131, The
inhibitory potency of UAQ (10, = 0.04pM) &5
10100 fold greater than that of other recently
reported BOF-RTK inhibiters [14-161 Other
chemical modifications of the guinazeline nucleus
can substantially incresse the in vitre cuzyme
irhibitory potency of the 4-anilinoguinazohnes;
for example 6.7-dimethory-4-(3-bromoantline)-

quinazoline (P11 53035) hay a reported inhibition

constant of & pbd {171
Recanse the large family of receptor and pon-
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Figwre 5 Bffect of CAD oo insolin-stimuisied MUFT coll
growth. Cells were grown g desdritied for Figars 4 except
that inxulin repliced TOFo.  CAQ was added 0t the
ncivated concbntrations in the obsence (@) vr presente of
1pehnl insulin (8.

reveptor tyrose kinases share a high degree of
sequence homology within their kinase domains
191, selectivity of action against the targeted
gnzyme 5 a key mouirement.  Seloctivity has
been deponstrated by comparative enzyme inhibi-
tion shudics against panels of kinases {16,171
However, since pofency against an  isolated
enzyioe may not translate mio similar selectivity
in whols cells [1B] we chose o test both the
efficacy and selectivity of our BOGRRTE inbibi-
tors in tumour cell growth assays. The fust step
was the selection of the KB homan tmowr
derived cell line, which grows reproducibly in
growih factor-depleted serum and demonstrates a
further capacity to respond to the mitogenic action
of BOVF (Figure 2} or IGF-1 (Figre 33, These
studies exeroplified EGE-RTEK inhibitors which
selectively block EGF-stimulated growth; for
exampde, CAQ and compounds 6 and 7 (Table 1}
showed a 10-d0dd ratio between IC, values for
basal versus BGF-stimulated growth, (ther close
stroctural homaologues, for example compounds 2,
4, and &, appearcd almost gqually effective in
hasal and BEGF-stimulated cells. It 15 also clowr
from Table 1 that there was no simple correlation
between enzyme and cell growth inhibitory poten-
oy for the d-anilinogquinazolines.

For CAQ, putative selectivity for BEGF-induced
mitogenssis waz further demenstrated in IGF-1
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Figure 6. Effect of CALD o BEGF- and PRGFstimulaled

NEK ool growth, Cells were growen fior 4 days in OFCS
{lowor bary or with the addition of 1 ng/m! BGF fupper

hatehed bet)-or PGP fupper open bark CAD war added
gt the indideted conventratians i EGF () or PDOF uegiad
cells (@),

stirmalated KB cells (Figure 33, where no signifi-
gant inhibition was seen until CACQ concentiation
exceeded 10uM. In MOF7 cells stimudated with
TOFw (Figure 4), the potency (10, = 2pd) and
selectivity (basal growth inhibition 10-20pM) of
CAG way similar to that in BEGFstimulaed KB
cells,  Simtlarly, in insulin-stimulated MOET
cells, dudl CAQ, which completely blocked
TGP action, bad no effect (Figore 5), and 20uM
CAG, which significantly reduced basal growih
{Figure 4}, produced about 2 30% inhibiting of
the traulin effect.  In MRE cells, CAQ was
equally as effective againgt EGPF-stimulated
growth (00, = 125 ub) as o KB and MCE7
cedls, bot in this case similar concentrations also
partially blocked PDGF action (Figure 6.
MOF-T cells have been used extensively as a
model of hormone responsive broast cancer sinen
their growthy is stimnlated both by cestrogens and
growth factors. Previous studies have shown that
antrosstrogens partially but incompletely block the
mitogenic effect of EGF [19,20] or insulin {211
As a corollary of those studies we investigated
whether CAD influenced  cestradiol-sthouiated
MUE-7 cell growth, The BGE-RTK inhibitor, ot
concentrations up to 1M, partially but mcom-
pletely (2:80%) blocked nestradiol-induced growth
{Figure 73, consistent with & mutual interaction or
‘crogs-talk” between the gteroid and growth factor-
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