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ABSTRACT

Cancer is an important area of interest in the life sciences because it has been a major killer
disease throughout human history. Heterocyclic molecules are well known to play a critical role
in health care and pharmaceutical drug design. Currently a number of heterocyclic compounds
are available commercially as anticancer drugs and great efforts have been put to the
identification of novel anticancer targets for novel anticancer drug discovery.

INTRODUCTION

Cancer is not one disease, but a large group easles characterized by uncontrolled growth and
spread of abnormal cells. Cancer is becoming a serpus public health problem in the USA
and other developed countries. The American Cafcelety estimates every year the number of
new cancer cases and deaths expected in the USgoamulles the most recent cancer incidence
data from the National Cancer Institute and mdstatiata from National Cancer for Health
Statistics. A total number of 1,372,910 new cargames and 5,70,280 deaths were expected in
the USA in 2005. Currently, about 25% of deathth&nUSA are due only to candéi.

Anticancer activity of heterocyclic compounds

Acridine

DACA, {N-[2-(dimethylamino)-ethyl]acridine-4-carboxamide;SR 601316} 1 is a DNA-
intercalating agent and dual topoisomerase (tofib)nhibitor currently in clinical trial as an
anticancer drug [2]. Substitutions in the acridimeg of DACA have significant effects on
biological activity; most 7-substituted DACA analmgs had cytotoxicities similar to DACA,
whereas most 5-substituted derivatives were mot@taxic but relatively less effective against
JLA and JLD cell lines than the wild type JLC. Qeike studies showed that the 5,7-disubstituted

315



Dholakia S. P et al J. Chem. Pharm. Res,, 2011, 3(4):315-332

analogues of DACA retained both the broad-spectmifectiveness of the 7-substituted
derivatives and the higher cytotoxic potency of $k&ubstituted derivatives.
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Benzimidazole
A number of 5-substituted terbenzimidazoles syntleels and evaluated as mammalian

topoisomerase-1 poisons and for cytotoxicity agasnbuman lymphoblastoma cell line, RPMI-
8402 in which 5-chloro derivativ2exhibited excellent activity [3].
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Benzothiazole

Chung et al. evaluated the cytotoxic activities B8f[(substituted-1,3-benzothiazole-2-
yl)aminomethyl]-5,8-dimethoxy-1,4-naphthoquinori@sgainst SNU-1 cells. study shows that
the compounds with highly hydrophobic 6-substitgesill be more active [4].

Camptothecin

In 1985, It was reported by Hsiang et [8] that the cytotoxic activity of camptothecin (TP
was attributed to a novel mechanism of action wwg the nuclear enzyme topoisomerase-I,
and this discovery of unique mechanism of actiosnivesl the interest in CPT and its analogues
as anticancer agents. Kim D. K et al.[6] synthesizamptothecin derivativé which is active
against SKOV-3 human ovarian cancer cells.

Indole

Due to interesting biological activities, uniqueeanfical structures, and low availabilities of
marine indole alkaloids, indoles have been constian attractive field in medicinal chemistry
for the discovery of new anticancer drugs. Jiangakt [7] synthesized a number of
indolylpyrimidine 5 and indolylpyraziné and evaluated their cytotoxicities against a pahélD
human tumor cell lines. QSAR results suggest that most important determinant for the
cytotoxic activities of these compounds againsted#int cancer cell lines is the hydrophobic
parameters of the whole molecules. The linear Clbgnodels suggest that the highly
hydrophobic molecules will be more active.

Isatin

Isatin (H-indole-2,3-dione) is an endogenous compound ifledtin humans. This class of
compounds possesses a wide range of biologicaliteedi [8] that include antiallergic,
anticancer, anticonvulsant, antidiuretic, antithbatic, antitubercular, antiviral, anxiogenic,
immunosuppressant, muscle relaxant, and sedatiwétias. Vine et al. [9] synthesized a variety
of isatins in which derivativ& give good cytotoxic activities against the humaonotyte like
histiocytic lymphoma (U937) cell line in vitro.

I soquinoline

Sami et al. [10] and Cho et al. [11] synthesizeskaes of (4, 8, 9, 10, or 11)-substituted-2-[2_-
(dimethylamino)ethyl]-1,2-dihydro+3-dibenzfe, hjisoquinoline-1,3-diones 8 and 3-
arylisoquinoline9 respectively exhibited excellent cytotoxic aciegt against a SK-MEL-2
melanoma cancer cell lines.

Paclitaxel derivative

Paclitaxel is a well-known anticancer drug for theatment of different kinds of metastatic
tumors. Despite its success in the chemotheragye thre demands to improve its efficacy as
well as lower its toxicity. The QSAR of paclitaxd¢rivatives suggest that the key modification
at certain positions may result in the significanprovement of its activity. Baloglu et al. [12]
synthesized paclitaxel derivatii® and he found excellent cytotoxic activities aghpr®state
cancer (PC3).
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Phenanthredine

A series of esters and amides of 2,3-dimethoxyr8eBhylenedioxy-benzd[phenanthridine-12-
carboxylic acid 11 was synthesized by Zhu et al. [13] as potent oyiot and DNA
topoisomerase-| targeting agents.

Pyrrolo[2,3-d]Pyrimidines

Stanley D. et al. [14, 15] synthesized a seried,6fbis-anilino-H-pyrrolo[2,3-d]pyrimidines
and screened for inhibition of IGF-1R which is attive target for oncology. In summary, a key
developability issue was observed for potent IGFHiRbitor 12 with 1Cso - 2.0 Nm wherein an
acid mediated cyclization of the pyrimidine moietyto the pendant carboxamide led to facile
hydrolysis in vitro and in vivo. Remarkable improvents in both inhibitor stability and potency
were realized via substitution at C(4) with carbmoide containing 5-membered heteroaryl
aminesl13 with 1Csp - 1.6 Nm, a constrained lactal¥ with ICso - 0.8 Nm, or indolined5 with
ICs0 - 0.5 Nm Further biological characterization andvivo pharmacokinetics of this subclass
of exceptionally potent and acid-stable inhibitof$GF-1R will be reported in due course.

Pyrrole

Pyrrole based chemotherapeutic agents have a long distory, which includes
antiinflammatory, antihelminthic, antimycotic, amohtibiotic drugs. Furthermore, the pyrrole
moiety has been incorporated in several nonnuaeoseverse transcriptase inhibitors and
antiproliferative agents, as well as the DNA mimgnoove binders Distamycin - A and
Tallimustine. In recent years, the in vitro antican activity of diazopyrroles and
triazenopyrroles has been reported. A number ohtagef this class are under intensive
development by research groups throughout the wGddco et al. [16] synthesizédphenyl-3-
pyrrolecarbothioamid&6 which exhibited good cytotoxic activities againstlanoma cell lines.

Novel Anticancer Targets

Tumor Angiogenesis|nhibitors

The growth and metastasis of cancer cells are digmémn angiogenesis. Angiogenesis has been
functionally defined as the sprouting of new vesdebm preexisting blood vessels and is an
essential process in wound healing; What's morgiogienesis is a critical process in tumor cells
invasion [17]. It is deemed that only those ceNbjch have completed neovascularization, are
capable of growing violently in size and volumepeasally when the tumor size is beyond 2-3
mm. The process of angiogenesis induced by tumits censists of several distinct stages
including slow growth of tumor cells without bloogssels, and after that releasing specific
angiogenic growth factors [18]; the changes of émel@l cell configuration and the degradation
of basement membrane and extracellular matrix (E@M) proliferation, migration, invasion
and differentiation into capillaries endothelialla@nd eventual maturation into blood vessels.
This process is initiated and mediated in part H®y interaction of specific angiogenic growth
factors with their receptors and the subsequeggeéring of signaling pathways and gene
expression programs essential for angiogenic pssge [18]. As a result, disrupting the
production and expression of these factors derik@d tumor tissues will be of great value for
the inhibition of tumor cells invasion, growth, angetastasis. Keeping the number of links
associated with angiogenesis, this review will lyolecus on several of them in detail, especially
Intergins and Matrix Metalloproteinase (MMPS).
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The Drug Discovery Based on Integrinsas Tar get

Integrins are a family of transmembrane heterodirgycoprotein receptors composedocdnd

B subunits, mediating the adhesion of cells with tBEM, invasion, migration and
neovascularization of tumor cells [19-21]. Recentdes have indicated that integrins form
cytoplasmic complexes with many factors including $amily kinase and NKkB, etc. The
complexes formed play a unique role in cell sigrahsduction pathway, mediating a number of
cell physiological function and pathological chasgencluding the cells differentiation,
proliferation, migration and invasion and metastasfi tumor cells. The three most important
routes mediated by integrins are as follows: FAKSREAPK, PAK-PI-3K, and FAK-STATL1.
Although the relationship between integrins and B@M is complicated, growing evidence
shows that avb3 integrin receptors are closely Gatsal with adhesion and antiapoptosis of
tumor cells. The role of avb3 integrin in angiogaaes also supported by the fact that blockade
of avb3 receptors decreases angiogenesis and segrdamors and triggers endothelial
apoptosis. Currently, a series of small moleculkaptijomimetics inhibitors for integrins has
been designed according to the structure of avieyiim receptors and conformation of RGD
(Arg-Gly-ASP) [22,23]. The notable one is Thalida®j a derivative of glutamic acid. Several
phase trials have been published as a single &gentalignant glioma [24]. Furthermore, it is
indicated that Thalidomide inhibits the metastdsysinterrupting the expression of integrin
receptors and inhibiting the angiogenesis inducethasic fibroblast growth factor (bFGF) and
vascular endothelial growth factor (VEGF) in a phas | trial with Thalidomide plus
Temozolomide for the treatment of brain melanoméastasis. The therapeutic drugs applied for
the treatment of tumor include monocloned antibedigmABs) (Vitaxin) of integrin avb3
receptors and small molecular antagonist EMD1218ydlic Arg-Gly-Asp-D-Phe (N-methyl)
Val). A phase I clinical trial showed that theresase immune response to Vitaxin in any patient
[25], and thein vitro experiment conducted by Taga and coworkers indscitat EMD121974
suppresses brain tumor growth through inductioapaptosis both in brain capillary and brain
tumor cells by preventing their interaction witke thnatrix proteins, vitronectin and tenascin. The
dual action of this peptide explains its potentwgtosuppression of orthotopically transplanted
brain tumors [26].

The Drug Discovery Based on Matrix Metalloproteinases (MM Ps) as T ar get

Matrix Metalloproteinases (MMPs) are a family ofatam and zinc dependent endopeptidases,
which play a critical role in the degradation of M@nd tissue remodeling and wound healing
[27-30]. The activity of MMPs is regulated by endogus Tissue Inhibitors of Matrix
Metalloproteinases (TIMPSs). In the presence of i§igestimuli exemplified by cytokines and
growth factors, MMPs are up regulated destroying Iialance between MMPs and TIMPs,
resulting in the chronic activation of MMPs andextessive degradation of ECM components,
which are believed to contribute to numerous pathichl conditions: i.e. cancer, osteoarthritis,
rheumatoid arthritis, angiogenesis, periodontatéake, pulmonary emphysema, skin ulceration,
atherosclerosis, and central nervous system disebgeto now, it has been reported that the
mammal MMPs gene family consists of at least 26cstirally related members, among which
MMP-2 and 9 are proved to be highly correlated va#imcer. They also regulate host defense
mechanisms and normal cell function. However, hbloglall MMPs may not lead to a positive
therapeutic outcome. At present, numerous MMPitdrs are in various developmental stages
for different symptoms, mostly in cancer and atthiriCompounds currently under clinical trials
as Matrix metalloproteinase inhibitors (MMPIs) imde marimastatl7, tanomastat (Bay-
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129566)18, prinomastat (AG3340)9, and CGS27023&0 . All these compounds are applied to
treat different types of cancer, such as ovarianceq breast cancer, malignant glioma,
pancreatic cancer, NSCLC, advanced bladder car@nete [31,32]. However, most of these
clinical trials of MMPIs have yielded disappointimgsults, perhaps due to the inappropriate
study design or tumor staging, or lack of selettiviPositive results have been seen in gastric
cancer with marimastatl{) . Hydroxyproline is known as one of specific amiacid of
collagens, which are the substrates of MMPs. Sas iassumed that the derivatives of
hydroxyproline may specifically interact with MMRs a competitive manner. The caffeic acid
or gallic acid have proved to inhibit MMP-2 and MMNPrespectively, so they are linked with
hydroxyproline to find potent compounds with inhibg activity against MMP-2 and MMP-9.
The structures of pyrrolidine peptidomimetic inldos synthesized in our lab among whizh
and 22 have shown high inhibitory activity against MMPad MMP-9 with 1Gy of 11.5 nM
and 7.7 nM respectively [33]n vivo, all these derivatives display favorable inhibjt@otency

to metastasis of tumor cells with the metastadibition rate of H22 mouse liver carcinoma
model higher than 92%, which indicates that thatsgy to design MMPIs of praline analogs is a
remarkable success.

B. Cell Signal Transduction Pathway I nhibitorsor Manipulators

Cell Signal Transduction is a necessary procesginh cells respond to the stimulation outside
[34]. During growth and metastasis of tumor celtee growth factor and its receptors respond
abnormally, resulting in the out of control malighgroliferation of tumor cells. Taken together,
the selective blockade of the autocrine and paraccell signal transduction, destroying the
mechanism of auto control growth regulation, issptial for the NDD of anticancer agents.

The Drug Discovery Based on TyrosineKinase (TK) as Target

TK are a family of mono-transmembraadelix proteins including membrane receptor tyresin
kinase and cytoplasm non-receptor tyrosine kind$e membrane receptor TK related to
tumorigenesis includes epidermal cell growth faateceptor (EGFR) tyrosine kinase, and
vascular endothelial growth factor receptor (VEGRRpsine kinase [24,34], while the non-
receptor tyrosine kinases include Src kinase andaBtkinase, etc. Upon ligand binding, the
receptors dimerize or couple with the cytoplasmakey and TK is activated and the tyrosine
kinase domains phosphorylate the C terminal tyesasidues, named as autophosphorylation,
after that a subsequent phosphorylating activgirmgess occurs called a kinases cascade, which
results in the amplification of the signal. Durinlge process, a number of proteins are
phosphorylated, which lead to a subsequent cellel@nt such as proliferation, division,
adhesion, morphogenesis, angiogenesis, metastasmnéiapoptosis of cells. TK plays a crucial
role in the action of EGFR; the mutation of the ABiRding site of EGFR is closely associated
with TK activity, disrupting the formation of tumgenic signals [35]. Taken together, the
inhibition of TK will result in the suppression oéll activity related to EGFR, providing a new
strategy for the treatment of cancer. The enzyribitors23, 24 which is in clinical trial to TK
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The Drug Discovery Based on Farnesyltransferase (FTase) as Target

Ras protein, a low-molecular-weight GDP/GTP-bindguanine triphosphatase encoded by Ras
gene, plays a critical role in signal transductaincell growth and differentiation [24,36]. In
normal process of signal transduction, Ras perfoitsisfunction in a GTP-binding form.
However, Ras itself has no ability to bind to themforane due to its low hydrophobicity. It must
be modified by enzymes, with a lipid modificatioalled farnesylation, which enhances its
hydrophobicity, binding to the cell inner membraAdter performing its function, Ras protein
was hydrolyzed into the GDP binding form. In maéghtransformation, invasion and spread of
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cancer, Ras mutations or constitutive activatiovelaeen described. The continuous cell growth
signals are out of control causing cell differetitia and proliferation excessively resulting in
tumorigenesis. As described in recent reportsetieia phenomenon of overexpression of Ras
gene in 30%-40% of thyroid carcinoma, over 50% albe carcinoma and 90% of pancreatic
carcinoma, which suggests the principal role of Rascell signal transduction and
tumorigenesis. Apparently, inhibiting the activiof Ras protein can prevent the cell signal
transduction, which is one of the most importange¢s for anticancer drugs design [37]. There
is a specific carboxyl terminal sequence in all rhers of Ras family, known as CAAX, where
C is cysteine, AA is aliphatic amino acids, andsXany amino acid, preferably methionine or
serine. Farnesylation is catalyzed by Farnesyltemase (FTase), with a farnesyl in
farnesylpyrophosphate (FPP) bound with the thiaugr of Cys, anchoring Ras to the cell
membrane, which is a required step of the canaesieg activity of Ras. SCH6633% , also
known as lonafarnib or Sarasar is an 11-pyperiditm/halogenated analog with better
pharmacokinetics and potency. A phase Il clinicall is conducted by the M. D. Anderson
Cancer Center evaluating the efficiency of SCH66336vith a combination of Temozolomide
for recurrent glioblastoma multiform (GBM) [38]. Daof the three human GBM xenografts
demonstrated substantial growth inhibition in resmto SCH663385, with up to 69% growth
inhibition after 21 days of treatment. Zarnesf also known as tipifarnib or R115777, is a
nonpeptidomimetic methyl quinolone derivative tbah inhibit Ras FTase selectively. Recently,
two clinical trials are underway: one is under ghldor breast cancer [39] and renal carcinoma,
and the other is under phase Il/lll for pancreatccinoma [24,40]. The main dose limiting
toxicities that have been reported are myelosugpresfatigue and neurotoxicity with R115777
26. Two other Phase lll trials of R115777 in coloadiversus placebo) and pancreatic (with
gemcitabine versus placebo) cancers have faileshoav a survival benefit. It is likely that the
future clinical direction of FTase will be as comdtiion therapy, especially with the taxanes,
where synergy has been seen in a variety of prealistudies [41].

(25)

C. The Drug Discovery Based on Aminopeptidase N (APN) as Target

Aminopeptidase N (APN), which is identical to Myeld®’lasma Membrane Glycoprotein CD13

(gp150) [42], is a type-ll, membrane bound, zinpetedent metalloectopeptidase widely

expressed on the surface of renal and intestinedhbborder cells, placenta and central neural
system [43]. APN is overexpressed on tumor cebgiph a crucial role in tumor invasion and
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angiogenesis [44]. APN can not only hydrolyze ther® acids of C-terminal, the neural amino
acids fragment in particular [45,46], but also @elgr the primary components of ECM [47,48],
facilitating the invasion, growth and metastasiscahcer cells. Furthermore, APN is also
involved in the down regulation of signal peptidesich as enkephalines and can cleave
bioactive proteins on the cell surface, includimyesal cytokines and antigen delivering cells,
degrading lots of immunoactive substances, wealgerire immunopotency of the body,
depressing the recognition of macrophage and NI telsurface antigen on tumor cells and the
ability to kill these cells directly. Consequenttiie inhibition of APN activity will result in the
enhancement of granulocytes chemotaxis improvirgg ithmunopotency of the body. In a
present study [49], it has been discovered thatmanocytes APN is linked to the
phosphorylation of mitogen-activated protein kirad®APK) and to an increase in the
concentration of Ca evoked by mAbs to APN, which induces the intradefisignal cascade
reaction of these cells with the phosphatidylirmss-kinase (PI-3K) involved. APN was also
shown to be the major receptor for the transmissgastroenteritis virus (TGEV) [50], which
causes a severe gastroenteritis in newborn pigsfoathe human coronavirus 229 (HCV229E)
[51], which causes upper respiratory infections.likén MMPs, APN functions as an
exopeptidase, that is, it displays its activityragellularly, just like neural endopeptidase (NEP,
CD10), dipepidylpeptidase IV (DPPIV, CD26), APA,daserum g-glutamyl transpeptidase (g-
GT, CD224). APN plays a critical role in tumorigsigethrough the possible mechanisms listed
below: a) Degrading ECM, promoting the growth anctastasis of primary tumor. b)
Participating in the Angiogenesis of tumor tissugsDegrading bioactive peptides, interleukin,
cytokines and immunoactive substance, impairing ribemal function of lymphocytes, and
accelerating the invasion of tumor cells. Therefdhe interruption of APN activity will be
potential for the control of various diseases as$ed with APN including invasion and
metastasis of tumor cells, viral infection, leukapiheumatoid arthritis, angiogenesis, diabetic
nephropathy and central nervous system diseaseselhssuch as Alzheimer's disease, by
building up the immunopotency of the body, distagothe growth and metastasis of tumor cells.
The structures of inhibitors targeting to APN, amoevhich bestatin27 have been marketed for
a long time; probesti@8 is designed based on the proline which exists @édmthy in collagen;
the AHPA scaffold derivatives, represented28and30, which have been synthesized in our
lab and found to have highly selective activitylwi€so ranging from 16 — 200 nM against APN
[52,53]. In recentin vitro studies, bestatir?7 is shown to inhibit the invasion of human
metastatic tumor cells and induce apoptosis in munme small lung cancer cell lines. In tumor-
bearing mice, it inhibited metastases or tumor ginoand prolonged the survival of patients with
acute adult nonlymphocytic leukemia who also reegivchemotherapy and had an
immunomodulatory effect in patients with lymphomdtea autologous bone marrow
transplantation [54]. A multicenter, double blimdndomized phase-Ill clinical trial of bestatin
in patients with completely resected stage-l squamoell lung carcinoma has just been
completed in 2003 [55].
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D. The Drug Discovery Based on Histone Deacetylase (HDACS) as T ar get

It has been described recently that changes ichh@mosome structure with modified histone
protein play a significant role in the regulatioh gene expression in eukaryotes. These
modifications include methylation, ethylation, ppberylation and ubiquitination as well,
among which enzymes mediating the ethylation obctosome are closely associated with
tumorigenesis. Histone acetyltransferases (HATd)astone deacetylases (HDACS) participate
in controlling the degree of ethylation of chromowss and affect the process of cell
physiological function, such as transcription, cejicle, the differentiation of gene, DNA
replication and simultaneously involve the develepmof tumorigenesis [56-58]. There is a
balance between HATs and HDACSs in regulating thection of normal cells. However, the
activity of HDACs is upregulated in cancer cellssulting in destruction of the balance and
closure of the expression of anti-oncogene. Coresgtyy the strategy of inhibiting the activity
of HDACs will have potential to enhance the ethglatof HDACs substrate, such as histone,
inducing the sensitive promoter of histone ethglatio activate the expression of antioncogene,
such as p21, p27, Rb gene. Therefore, the suppgesstivity of HDACs to gene expression
provides with a novel target for the treatment ahaer. The classes of compounds that are
identified as HDAC inhibitors include: ElectroplailKetone derivatives, SAHA1 for which a
Phase-I clinical trial perform to evaluate the safpharmacokinetics, and biological activity and
it is concluded that SAHA1 is well tolerated, inhibits the biological targetvivo, and has
antitumor activity in solid and hematological turs¢s9].

E. The Drug Discovery Based on Heat Shock Protein 90 (HSP90) as Tar get

The heat shock protein90 (HSP90) is a moleculapetome that is increasingly attracting the
interests of oncologists and pharmacologists. Thdue to its essential role in maintaining the
conformational stability and function of a numbéikey oncogenic ‘client’ proteins involved in
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signaling pathways crucial for the development arantenance of the tumor phenotype [60].
The chaperone plays a critical role in mediating tphysiology of cells exposed to the
environment. Therefore, agents that can interferth whe function of HSP90 may thus be
potentially used for tumor diagnosis. Kamal andwakers [61] suggested that there is no
difference in the expression level between norrefis @nd tumor cells. The most striking is that
the latter are more sensitive to the HSP90 inhibitmmpared to the former, due to the binding
state of HSP9O; that is in tumor cells HSP90 comgsenith a number of cofactors and thus the
conformation of HSP90 is converted into a statecihs facilitated to bind with the HSP90
inhibitors, while in the former HSP90 exists in iagte form and the conformation is not a
favorable one for it in normal cells to bind to HH8P90 inhibitors. As a result, HSP90 in normal
cells is not sensitive to the HSP90 inhibitors. piag the above description, HSP90 has
currently been considered as a target to desigicamaer agents. The ansamycins or
geldanamycir82 derived fronmocardia and its derivative 17AA@3) were found to bind to the
N-terminal pocket of HSP90 and thus inhibited usdtion. In addition, 17AAG is currently
undergoing a phase | clinical trial and the primaige effects include plague, nausea, vomit,
liver toxicity.

F. The Drug Discovery Based on Cycloxygenase-2 (COX-2) as Target

Cyclooxygenase-2 (COX-2), the rate controlling eneythat catalyzes the conversion of
arachidonic acid (AA) to different endogenous pagkindins (PG), is involved in several
physiological and pathological pathways, such #srmmation, fever, bleeding and blotting as
well. It is evident that COX-2 sub-cells locatetle endoplasm and karyotheca, the PG produced
enter the nucleus regulating the transcriptionanfet gene and play a significant role in the
process of tumorigenesis in different tumors. THel process is mediated by CUGBP-2, a
cytidine-uridineguanosine binding protein-2. In cancells, the gene expressing CUGBP-2 is
closed, resulting in the enhancement of COX-2 #gfiproducing the PG excessively, and
promoting the gene expression associated with gegesis. As a result, COX-2 becomes a
potential target for the prevention of tumor [62]has been discovered that the action of COX-2
involved in tumorigenesis include: (a) stimulatithg proliferation through PGI2; (b) inhibiting
tumor cells apoptosis. This process is associatéd am anti-apoptotic, anti-oxidation protein,
Bcl-2; (c) Stimulating angiogenesis of tumor cel{d) The production of PG enhances the
invasive and metastatic activity, which is linkedthe enhancement in MMP-2 activity and the
levels of MTMMP mRNA, promoting the degradationE&€M and increasing the possibility of
metastasis; (e) The PGE2 produced inhibit the figraliion of T or B-lymphocytes and cytotoxic
reaction of NK cells [63]. Currently, a number oOR-2 inhibitors have been evaluated in all
kinds of clinical trials for the treatment of candacluding Celecoxit34, Rofecoxib35, NS-398

36, among whictB4 is combined with Isotreinoin for the treatmentreturrent and deteriorated
malignant neuroglioma in a phase Il clinical trja#]. Rofecoxib induced growth arrest and
apoptosis of HCA-7 cells occurred only at concditrs significantly higher than the 1C50 for
COX-2 inhibition. Rofecoxib35 may negatively regulate angiogenesis in human QR
metastases. The absence of a significant, diréettedf rofecoxib on epithelial cells in liver
metastases vivo mirrors the lack of activity on human CRC cellpharmacologically relevant
concentrationgn vitro [64].
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G. The Drug Discovery Based on Endothein Receptor (ETR) as Target

Endothelin (ET) is a kind of biologically active gt&le excreted by endothelial cells, composed
of 21 amino acids. During metastasis, ET act asometer, facilitating cells differentiation and
mitosis and mediating the proliferation of cancelisc[24,65]. It has been described that ET
receptors (ETR) are expressed on cancer cells.syhimesis of DNA and active pro-factor of
angiogenesis are induced when ET and ETR combinth wiach other. ET-1, a
survival/antiapoptosis factor, is produced by tummessel system including protein kinase C
(PKC) route and extracellular signal mediating eouto date, two receptors with a 25%
homology have been cloned, represented by ETA ahl# Eespectively [66]. The former
receptor is a dominating target for ETR antagorstasentan/ABT-62737 is a pyridoline-3-
carbonyl derivative [24], which can inhibit ETA equtor selectively. A phase-I clinical trial is
underway for the treatment of gland carcinoma,wbich the primary adverse effects include
rhinitis, headache, fatigue and edema. Several otimécal trials from phase-I to phase IIl have
been reported in recent years for the treatmerdfcdctory prostate cancer [67-69].

H. Other Anticancer Targets

Presently, other novel targets and correspondihgitors are being paid more attention for
anticancer drugs including: (a) the antagonistating VEGFR [24,34]; (b) the proteasome
antagonist targeting Ubiquitin and Proteasome gyst§24,70]; (c) the inhibiting substance
targeting nuclear transcript factor NF-kB and ribbhthese can be described here.

CHEMOGENOMICS

Chemogenomics represents a new approach to takgmatification and drug development with
the potential for dramatically accelerating thegass of NDD. Chemogenomics combines the
latest tools of genomics and chemistry; its stienigs in eliminating the bottleneck that
currently occurs in target identification and NDMDdabridging a drug discovery gap by
measuring the broad, conditional effects of chehlibearies on whole biological systems or by
screening large chemical libraries quickly and os#itly against selected targets.
Chemogenomics together with chemoinformatics thahegate knowledge through data
integration will concurrently identify and validatieerapeutic targets and detect drug candidates
to rapidly and effectively generate new treatmémtsnany human diseases. However, a detailed
description of the rational concepts, goals anditefies and the future prospects of
chemogenomics and the unique or mainly technicall@hges that it faces are beyond the scope
of this review. Interested readers are referredh® many excellent reviews on this new
discipline [71-73] as well as to the referencesrdlme The application of this method,
particularly to cancer research and therapy isese@d briefly in this review. Chemogenomics
strategies are increasingly being harnessed bgusfields of medical research, especially those
related to cancer or immune, inflammatory and horendisease, in attempts to develop new
targeted therapies as rapidly as possible suchDe&sQd [74,75], Methionine Aminopeptidase
Type-2 (MetAP2) [76], HSP90 [77], Ras-Raf. [78] ard on. In general, chemogenomics
approaches can be used for three different purgosdgisease research. Firstly, chemogenomics
can be used to identify new drug targets and majlow their biological functions to be
understood. The application of chemogenomics tocerarand angiogenesis research, for
example, has identified HSP90 molecular chaperoneaegets of radicicol, an antifungal
antibiotic that has anti-tumor and anti-neoplaatitivity. Secondly, chemogenomics approaches
are applied to discover, in a high-throughput fashinew chemical candidates for molecular
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targets and phenotypes of interest. Hundreds oélnitnug-like ligands have been identified for
various molecular targets in the past few yearsutpn chemogenomics. These targets relate to
different disease areas, such as cancer, asthrdayygerthyroidism. Finally, chemogenomics
can also be used to understand the mechanism gfdtion, which also includes finding genetic
markers of drug susceptibility. A specific examehat sequential chemogenomics has led to
the initial identification of HDACs and the subseqtidevelopment of HDAC inhibitors, such as
19 and21. Clinical testing of these compounds has alreadyibeg patients with peripheral and
cutaneous T-cell lymphoma, acute myeloid leukenmd advanced solid cancers. Predictive
chemogenomics strategies have been extensively use@dncer research to determine the
relationship between genes, compounds and phersotygsing this approach, it has been
possible to generate integrated databases of camdpgene interactions by experimental
profiling. And libraries of thousands of anticana@mpounds have been indirectly screened
against the genomes of cancer cell lines. Howawerlonger is a single drug designed for a
single protein target; rather, through chemogensymuultiple drugs can be designed to target
multiple-gene families. With this approach, biopbgs and chemical information gained on one
protein can be applied to structurally similar &gyin the same family. Metalloproteinases
represented by MMP and APN all have tHEXXH conserved motif that can interact with the
critical zinc ion in the active site. As a resudfticancer drugs design strategy can resort to
design small molecules containing zinc-binding @o@ZBG), thereby targeting all
metalloproteinases associated with various dise&@eshe other hand, small molecule leads,
identified for one member of a gene family, canodi® used to elucidate the function and
biological role of another member of that family agle function is not known, as well as
enabling simultaneous measurement of their potemcy selectivity. Furthermore, families of
related proteins can be considered together amtmtelrugs targets rather than any single
member, that is, with the aid of chemogenomics ipleltfunctions, drugs targeting to a gene
family in which each protein has different biolagli@and potential therapeutic function will be
designed for the treatment of a large quantityiséases.

REFERENCES

[1] A Jemal; T Murray; E Ward; A Samuels; RC TiwariGhafoor; EJ Feuer; MJ ThuGancer
J Clin, 2005, 55, 10.

[2] JA Spicer; GJ Finlay; BC Baguley; L Velea,; DE Gegay WA Denny.Anti-Cancer Drug
Design, 1999, 14, 37.

[3] JS Kim; Q Sun; C Yu; A Liu; LF Liu; EJ LaVoieBioorg Med Chem, 1998, 6, 163.

[4] Y Chung; YK Shin; CG Zhan; S Lee; H Chirch Pharm Res, 2004, 27, 893.

[5] YH Hsiang; R Hertzberg; S Hecht; LF Lid.Biol Chem, 1985, 260, 14873.

[6] DK Kim; DH Ryu; JY Lee; N Lee; YW Kim; JS Kim; K Ging; TK Kim; WS ChoiJ Med
Chem, 2001, 44, 1594.

[7] B Jiang; CG Yang; WN Xiongl. Bioorg Med Chem, 2001, 9, 1149.

[8] SN Pandeya; S Smitha; M Jyoti; SK Sridh&sta Pharm, 2005, 55, 27.

[9] KL Vine; JM Locke; M Ranson; SG Pyne; JB Bremrignorg Med Chem, 2007, 15, 931.
[10] SM Sami; RT Dorr; DS Alberts; AM Solyom; WA Remeddvied Chem, 1996, 39, 4978.
[11]WJ Cho; EK Kim; MJ Park; SU Choi; CO Lee; SH CheB& Choi; BH ChungBioorg
Med Chem, 1998, 6, 2449.

329



Dholakia S. P et al J. Chem. Pharm. Res,, 2011, 3(4):315-332

[12] E Baloglu; JM Hoch; SK Chatterjee; R Ravindra; $i&aDG KingstonBioorg Med Chem,
2003, 11, 1557.

[13] S Zhu; AL Ruchelman; N Zhou; AA Liu; LF Liu; EJ Laié. Bioorg Med Chem, 2005, 13,
6782.

[14] DC Stanley; MR Aniko; P Samarjit; B KeitBioorg. Med. Chem. Lett., 2009, 19, 373-377.
[15] DC Stanley; MR Aniko; WW Joseph; D FeliBioorg. Med. Chem. Lett.,, 2009, 19, 360-
364.

[16] MT Cocco; C Congiu; V OnnisBioorg Med Chem, 2003, 11, 495.

[17] BR Zetter.Annu. Rev. Med., 1998, 49, 407.

[18] G Fontanini; L Boldrini; S Chine; F Pisaturo; F Bag A Calcinai; M Lucchi; A Mussi; CA
Angeletti; G BevilacquaBr. J. Cancer, 1999, 79, 363.

[19] M Tamurea; J Gu; H Tran; KM Yamada.Natl. Cancer. Inst., 1999, 91, 1820.

[20] WF Westlin.Cancer J., 2001, 7 (Suppl. 3), 139.

[21] JS Kerr; AM Slee; SA Mous&xpert. Opin. Investig. Drugs, 2002, 11, 1765.

[22] JS Kerr; SA Mousa; AM Sle@®@rug News Perspect., 2001, 14, 143.

[23] MA Horton. Exp. Nephrol., 1999, 7 , 178.

[24] IW Tremont-Lukats; MR GilbertCancer Control, 2003, 10, 125.

[25] JA Posey; MB Khazaeli; A DelGrosso; MN Saleh; CY ;LW Huse; AF LoBuglioCancer
Biother. Radiopharm., 2001, 16, 125.

[26] T Taga; A Suzuki; | Gonzalez-Gomez; FH Gilles; NnSt H Shimada; L Barsky; Ki
Weinberg; WE Laugk. Int. J. Cancer, 2002, 98, 690.

[27] M Hidalgo; SG Eckhardtl. Natl. Cancer. Inst., 2001, 93, 178.

[28] JW Skiles; NC Gonnella; AY Jendurr. Med. Chem., 2001, 8, 425.

[29] | Stamenkovic.Cancer Biol., 2000, 10, 415.

[30] N Ramnath; PJ Creave@urr. Oncol. Rep., 2004, 6, 96.

[31] SS Sridhar; FA Shepherdung Cancer., 2003, 42 (Suppl. 1), 81.

[32] SR Bramhall; MT Hallissey; J Whiting; J Scholefield Tierney; RC Stuart; RE Hawkins;
P McCulloch; T Maughan; PD Brown; M Baillet; JW FKlmg. Br. J. Cancer, 2002, 86, 1864.
[33] WF Xu. 226th ACS National Meeting003, 7.

[34] G Atalay; F Cardoso; A Awada; M Piccait.Ann. Oncol., 2003, 14, 1346.

[35] N Redemann; B Holzmann; T Von Ruden; EF WagnechleSsinger; A UllrichMoal. Cell.
Boil., 1992, 12, 491.

[36] RA Gibbs; TJ Zahn; JS Sebolt-Leopollrr. Med. Chem., 2001, 8, 1437.

[37] SB Singh; RB LinghanCurr. Opin. Drug. Discov. Devel.. 2002, 5, 225.

[38] MM Feldkamp; N Lau; L Roncari; A Guh@&ancer Res., 2001, 61, 4425.

[39] SR Johnston; T Hickish; P Ellis; S Houston; L KetlaM Dowsett; J Salter; B Michiels; JJ
Perez-Ruixo; P Palmer; A Howek Clin. Oncol., 2003, 21, 2492.

[40] E Van Cutsem; P Karasek; H Oettle; WL Vervenne;zalowski; P Schoffski; S Post; C
Verslype; H Neumann; H Safran; Y Humblet; J Pereax®& Y Ma; D Von Hoff.,J. Clin.
Oncol., 2004, 22, 1430.

[41] LR Kelland.Expert. Opin. Investig.Drugs, 2003, 12, 413.

[42] AT Look; RA Ashmun; LH Shapiro; SC Peipdr.Clin. Invest., 1989, 83, 299.

[43] R Pasqualini; E Koivunen; R Kain; J LahdenrantaSkkamoto; A Stryhn; RA Ashmun;
LH Shapiro; W Arap; E RuoslahtCancer Res., 2000, 60, 722.

[44] Y Sato.Biol. Pharm. Bull., 2004, 27, 776

[45] D Riemann; A Kehlen; J Langnémmunol. Today, 1999, 20, 83.

330



Dholakia S. P et al J. Chem. Pharm. Res,, 2011, 3(4):315-332

[46] NM Hopper.FEBS. Lett., 1994, 354, 1.

[47]1 Saiki; H Fujii; J Yoneda; F Abe; M Nakajima; T disio; | Azuma.lnt. J. Cancer, 1993,
54, 137.

[48] A Menrad; D Speicher; J Wacker; M Herly@ancer Res., 1993, 53, 1450.

[49] AN Santos; J Langner; M Herrmann; D Riema@dl. Immunol., 2000, 201, 22.

[50] B Delmas; J Gelfi; R L’Haridon; H SjostromNorén;lUdude.Nature, 1992, 357, 417.

[51] CL Yeager; RA Ashmun; RK Williams; CB CardellichibH Shapiro; A Thomas Look;
KV Holmes.Nature, 1992, 357, 420.

[52] JL Wang; WF XuJ. Chem. Res. Synop., 2003, 789.

[53] T Ma; WF Xu; JL Wang; YM YuanChinese J. Med. Chem., 2003, 13, 70.

[54] K Ino; PJ Bierman; ML Varney; DG Heimann; CA Kussii SA Walker; JE Talmadge.
Cancer Immunol. Immunother ., 1996, 43, 206.

[55] Y Ichinose; K Genka; T Koike; H Kato; Y WatanabeMbri; S lioka; A Sakuma; M Ohta.
J. Nat. Cancer. Inst., 2003, 95, 605.

[56] TA Miller; DJ Witter; S Belvederel. Med. Chem., 2003, 46, 5097.

[57] ML Curtin; RB Garland; HR Heyman; RR Frey; MR Mighiges; J Li; LJ Pease; KB
Glaser; PA Marcotte; SK DavidseBi.oorg. Med. Chem. Lett., 2002, 12, 2919.

[58] Y Komatsu; K Tomizaki; M Tsukamoto; T Kato; N Nisto; S Sato; T Yamori; T Tsuruo; R
Furumai; M Yoshida; S Horinouchi; H Hayas@ancer Res., 2001, 61, 4459.

[59] WK Kelly; VM Richon; O O’Connor; T Curley; B MacGger- Curtelli; W Tong; M Klang;
L Schwartz; S Richardson; E Rosa; M Drobnjak; CdborCordo; JH Chiao; R Rifkind; PA
Marks.; H ScherClin. Cancer Res., 2003, 9, 3578.

[60] U Banerji; | Judson; P Workma@urr. Cancer Drug Targets, 2003, 3, 385.

[61] A Kamal; L Thao; J Sensintaffar; L Zhang; MF Boehb@ Fritz; FJ BurrowsNature,
2003, 425, 407.

[62] AJ Dannenberg; NK Altorki; JO Boyle; C Dang; LR Hew BB Weksler; KL
SubbaramaialOncol., 2001, 2, 544.

[63] Y Cao; SM Prescottl. Cell. Physiol., 2002, 190, 279.

[64] SW Fenwick; GJ Toogood; JPA Lodge; MA HuBastroenterology, 2003, 125, 716.

[65] Q He; MC LapointeHypertension, 2001, 37, 478.

[66] A Bagnato; PG NataliJ. Trans. Med., 2004, 2, 16.

[67] BA Zonnenberg; G Groenewegen; TJ Janus; TW LealyHBmerickhouse; JD Isaacson;
RA Carr; E VoestClin. Cancer Res., 2003, 9, 2965.

[68] D Lee.Clin. Prostat Cancer, 2003, 2, 84.

[69] M Fisher.Clin. Prostat Cancer, 2002, 1, 79.

[70]J Adams; VJ Palombella; EA Sausville; J JohnsorDéstree; DD Lazarus; J Maas; CS
Pien; S Prakash; P Elliott. Cancer Res., 1999, 59, 2615.

[71] KH Bleicher.Curr. Med. Chem., 2002, 9, 2077.

[72] M Bredel; E JacobyNat. Rev. Genet., 2004, 5, 262

[73] C Nislow; G GiaeverPharmacogenomics, 2003, 4, 15.

[74]HJ Kwon; T Owa; CA Hassig; J Shimada; SL Schreillenc. Natl. Acad. Sci., U.S.A.
1998, 95, 3356.

[75] S Wittich; H Scherf; C Xie; G Brosch; P Loidl; C eéauser; M Jungl. Med. Chem., 2002,
45, 3296.

[76] CK Han; SK Ahn; NK Choi; RK Hong; SK Moon; HS ChusJ Lee; JW Kim; Cl Hong; D
Kim; JH Yoon; KT No.Bioorg. Med. Chem. Lett., 2000, 10, 39.

331



Dholakia S. P et al J. Chem. Pharm. Res,, 2011, 3(4):315-332

[771S Soga; LM Neckers; TW Schulte; Y Shiotsu; K Akasakl Narumi; T Agatsuma; Y
Ikuina; C Murakata; T Tamaoki; S Akinagaancer Res., 1999, 59, 2931.

[78] O Mdller; E Gourzoulidou; M Carpintero; | Karaguii;Langerak; C Herrmann; T Moroy;
L Klein-Hitpa; HA WaldmannChem. Int. Ed. Engl., 2004, 43, 450.

ABBREVIATIONS

AA = Arachidonic Acid

ADCC = Antibody Dependent Cell Mediated
Cytotoxicity

AHPA = 3-amino-2-hydroxy-4-phenyl butyric acid
APN = Aminopeptidase N

APNIs = Aminopeptidase N Inhibitors

bFGF = basic Fibroblast Growth Factor

COX-2 = Cyclooxygenase-2

CML = Chronic Myelocytic Leukemia

CUGBP = Cytidine-Uridine-Guanosine binding protein
3D-QSAR = Three dimensional quantitative structure
activity relationship

ECM = Extracdlular Matrix

EGF = Endothelial Growth Factor

EGFR = Endothelial Growth Factor Receptor

ET = Endothdlin

GBM = Glioblastoma multiform

FTase = Farnesyltransferase

HATs = Histone Acetyltransferases

HDACs = Histone Deacetylase

HSP90 = Heat Shock Protein 90

HTS= High Throughput Screening

MAPK = Mitogen Activated Protein Kinase

mAbs = Monoclonal Antibodies

MetAP2 = Methionine Aminopeptidase Type-2
MMPIs = Matrix Metalloproteinase I nhibitors
MMPs = Matrix Metalloproteinase

NDD = New Drug Discovery

NSCLC = Non-Small Cell Lung Cancer

PG = Prostaglandins

TIMP = Tissue Inhibitors of Matrix Metall oprotei nase
TK = Tyrosine Kinase

PKC = Protein Kinase C

PI-3K = Phosphatidylinositol-3-Kinase

VEGF = Vascular Endothelial Growth Factor
VEGFR = Vascular Endothelial Growth Factor Receptor
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