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Summary

Cancer is caused by accumulatmn of genetlc damage ina susceptlble e
cell. Majority of cancer causing mutations affect protems that
' kregulate essential cellular functions such as cell proliferation, cell
cycle, d1fferent1atlon angmgenesm and apoptoms Domlnant :
‘k‘,mutatlons convert proto oncogenes to oncogenes, and recessive -
: ‘mutations 1nact1vate tumor suppressor genes. Many of the genes
‘that are altered in ‘human cancer define molecular pathways that
~.are central to the control of the above processes. These pathways‘
are not strictly linear but rathér, constitute molecular networks
The pathway of growth factors and cell cycle 1nclude Tyrosme K1nase
receptors and downstream S1gnahng v1a phosphollpase C, Ras, PI-3
klnase, cdks. The dysregulatlon of these s1gnals in tumor cell leadsk - ,k
“to mult1ple cellular changes Therapeutlc approaches mclude
monoclonal antibodies agamst growth factors receptors ant1sensek
‘ollgos against key target protelns enzyme 1nh1b1tors antlangmgemc
therapy, apoptotlc triggers/ activating death 81gnal1ng pathways
“ Nutr1ents such as Vitamin D, Selenium, folate curcumin, flavonoids,
 ete.also 1nﬂuence the above molecular targets and can help in cancer L
- preventlon ‘ :
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' Introductlon ‘

f Cancer is a d1sease of multlple and '

changing: genetlc alteratmn_s that must be
attacked with therapies having different
mechanisms of action. Rational molecular.

approaches for anticancer therapies must -
- be.developed to control cell prohferatmn, o
cell cycle, angiogenesis, apoptos1s, but’

‘these therap1es/agents should have
lethality to tumors without overt systemic

‘toxicity. Slgnalmg pathways that drive
- cell prohferatrcns are closely related with

tumor malignancy. Components of these
pathways are encoded by oncogenes such

“as PDGF- llke ligand Sis, Tyr kinase Src k‘
‘and HER-2/C-Neu and GTP-binding
switch Ras. Mutatmns in key components -

lead to constitutive activation of these

pathways and to prfoliferati(‘m.; '

I. Growth factor s1gna11ng .

Slgnalmg pathways are 1n1t1ated w1th k
3F,

the bmdmg of a llgand such as P
EGF, EGF—llke hgand (TGF (x) or IGF to

its transmembrane receptor ngand'k

: b1nd1ng 1nduces the dlmerlzatlon of
receptor subumts promotmg autopho-
ksphorylatmn of the receptor and

docking protems such as Grb2, She to the
plasma membrane. From these dockmg

: protems subsequent signals emanate. Ras

several
,‘ upregulates P27 K1p 1nh1b1tor of some

- and facilitates release of GDP. GTP which
' is highly abundant in cells and binds to
. Ras. Ras-GTP adopts a conformation that
. permits interaction w1th downstreamr

effector molecules su’ch as Raf, which
activates MAP kinase cascade (1). The

‘dysregulation of signals in tumor cells
leads to multiple cellular changes
‘including alterations in DNA synthesis,

lipid metabolism, cellular morphology, cell
adhesion properties and gene expression

(Flgure 1)

The mgnahng mechamsm has given -

ftherapeutlc agents in the treatment of

cancer which include antl estrogens, anti-

. androgens, agonlsts of gonadotropln

releasvmg_hormones and stem cell growth

factors. Therapeutic approaches include

molecular antibodies (mAbs) against

, xtracellular domam of receptors,
o ant1sense ol1gonucelot1des to. key target
_ proteins and enzyme inhibitors (Table 1).
Inh1b1t1on of HER-2 y1elded the first
_cancer therapeutlc agent based on grovvth
: factor s1gnal1ng Unl1ke other members
of EGF — receptor famlly, HER 2 hasno

,known llgand

: ,upregulated in 25- 30% of human breast
recrultlng a varlety of mtracellular,‘k

r1ts expressmn is -

cancer. This upreg‘ulatmn promotes HER-

92 heterod1mer1zat1on with other members -
of EGF receptor famlly, as well ag HER-2

. homodlmerlzatlon
servesasa molecular switchin the plasma

membrane that alternates between the -
inactiVerGDPk—bo'und state and an actiVe .
~ GTP-bound state. Normally Ras is bound
~ to GDP, but on recrultment of Sos to the
‘,plasma membrane Sos bmds Ras-GDP

: resultmg in
const1tut1onally active tyrosme kinase.
The mAb agalnst HER-2, Transtuzumab
is d1rected agamst extracellular domam :

f of HER- 2 It 1nh1b1ts prol1ferat10n by

mechanlsms The mAb‘
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Figure 1

‘Sigﬂu!mg Thz’*o‘ugh gmwfh fat:mr maaptcm

ligand
(extraceliular
_molecule)

cyclin- dependent klnases
‘accelerates the 1nternahzat10n and
degradation of HER 2, reducing cellular

fixation. Along with
doxorubicin, pachtaxel it shows enhanced
anti tumor act1v1ty but with doxorub1c1n
may have higher

it alyso

cisplatin,

card10tox1c1ty_ '
Therapettic antibodies have also. bee'n»;
- developed against EGF receptor for eg. C- .
225 and £7.6.3, which are being cnmcally .
: 'evaluated Inhlbltors of the mtracellular, k

tyrosine kinase for eg. ZD-1839; a
competitive 1nh1b1t0r of ATRare in chmcal
 trials(2). .

level of tyrosme protem kinase. It 1nc1udes o
immune medlated effects such as cell
mediated cytotoxicity and complement: ;

Drug Targets 1nc1ude the followmg
L1 GTPase sw1tch

Mutated forms of Ras have been

. "found in many sohd tumors as Well as

leukemia. The agents in chmcal trials are

- based on regulatlng Ras gene expressmn
~or by inhibiting protein farnesylatmn Ras

‘ kprotems carry an essential lipid moiety — '
a farnesyl group _at carboxy termini.

. Inhibitor of Ras farnesylatmn blocks Ras
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localization to the plasma membrane and
hence Ras. falls to interact with critical

regulators and effector molecules. Thus

farnesyl proteln transferase 1nh1b1tors '
(FTD) will not only block transformatlon, .

but will also block farnesylation of other
normal protemﬁsk,_and s0 not so Ras specific

inhibitors. But unlike other anti tumor

agents they appear to act w1thnut any

: systemlc tox1c1ty they induce apoptosis -

in tumor cells via caspase-3 activation but

independent. of p53 Four dlfferent FTI
are belng explored both — orally and

: 1ntraveﬁno‘us‘1y,; and show dose limiting

FTIs can have antiproliferative effect
_against normal tissues. Can be used in
. combination with 01splat1n v1ncr1st1ne ;
pachtaxel cyclophosphamide or radlatlon o
(3, 4).

L2, Inhlbltmg Qrotem tyrosme k1nas

effectors

Raf proteln kinase binding to Ras-

GTP. Raf in turn phosphorylates and
. actlvates MAP/Elk kinase, which in turn’
kphosphorylates and actwates MAPK (1).
. Several efforts are on to develop inhibitors
~ of these proteln kinase reactions (Table

toxicities involving bone marrow and GIT. 1 9
Table 1 '
; Exam les of |nh|b|tors of, rowth factor sn nallnk for cancer treatment
: ~Target : Compound _ Mechanism Development status :
e of action
: HER2/c-neu ; ,Transtuzumab . mAb ',Launched as HerceptinTM
EGF receptor €225 . MAb . Phasell
£ E7.6.3 mAb Preclinical
ZD-1839 Kinase inhibitor Phase ||
CP-358,774 Kinase inhibitor Phase Il
o PD-168,393  Kinase inhibitor ~ Preclinical
PDGF receptor  SU-101  Kinase inhibitor Phase lll
IGFR AS ODN ~ Antisense . Preclinical -
Ras 181S-2503 Antisense ~ Phasell
o R115777 FTI  Phasell
SCH66336 ~FTI ~ Phasell
L-778, 123 o FTI , ‘Phase |
, BMS-214662 - FTl. o o ~Phase |
Raf . 1818-5132 Antisense . Phase I
: ZM336372 Kinase inhibitor  Preclinical
o L-779,450 Kinase inhibitor - Preclinical
. MEK ‘ PD},1184352 ~ Kinase inhibitor - Preclinical
oo - Uo126 - Kinase inhibitor ~ Preclinical
PKC ~ IsIs- 3521 . Antisense ~ Phasell
~ CGP41251  Kinase inhibitor - Phasell
. ~ UCN-01 ‘Kinase inhibitor Phase |
PI3'-Kinase - LY294002 Kinase inhibitor Preclinical
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I1.3. Blocking lipid mediated signaling

Act1vat1on of GF receptor is also ‘

associated Wlth changes in phosphohpld
metabolism. The phosphorylated res1dues
on the 1ntracellular domaln of these

receptors bmd phosphohpase C which’

then cleaves membrane phosphol_lplds
* One of these breakdown products,

~diacylglycerol activates PKC-a, which has-

been implicated in cell proliferation and
tumorigenesis (5). PKC-o has been found
to be increased in breast tumor. Both
 antisense inhibitors of PKC- a.and inhibitors

of PKCkinase activity are in clinical trials. The k
kinase inhibitors are derivatives of
staurosporine. Therapies developed

against growth factor regulated
~proliferation pathways are reaching the
clinic to be tested. Most of these

compounds do not act solely on tumor'e
- tissue, and hence their tox1c1t1es must be_

- managed.

Components of cell cycle machlnery‘
are frequently altered in human cancer. - :
Central players are cell cycle dependent - cy clins Wlth cdks 4 & 6 and of cychn -
kinases (cdks) Wthh help in cell eycle ;k
e controlled by their
association with cyelins and cdk
state of
phosphorylatlon and by ubiquitin . .
- mediated proteolysis. As mahgnant cells

‘phases. Cdks

inhibitors, by their

evolve both genetlc‘ and epigenetic
mechamsms affect the expression of cell
cycle regulator proteins causing

: overexpression of cyclins and loss of
expression of edk inhibitors — major

consequence is deregulation of cdk
activity providing: cells with a selective
growth advantage. Specific kinase

“inhibitors can block cell cycle progression

and induce growth arrest (6). Failure of

‘cell cycle arrest or apoptotic responses in

malignant cells in response to cellular

~damage and ensuing instability may lead
to emergence of malignant clone. Many .

anticancer agents act at multiple stepsin
the cell cycle and their effects may be

cytostatic or cytotoxic depending on status
~of cell cyle of the targetcell.

11.1.Drug: targets —inhibition of ‘cdk
activity during the G1 phase. . ‘
Rb plays a central role in Gl/S

transition. In unphosphorylated state it
prevents progression from G1 to S phase -

through its interaction with members of
E2F transcription factor family and also .

represses transcrlptlon by recrultmg

¢ . . hlstone deacetylase to ’che promoter of
II. Cell eycle an ,“oheckpoint‘ controls . . Du

'cdk 2 complexes In response to m1togen1c
actlvatlon cells synthes1ze D type cyclins.
The assembly of these protelns with cdk
4& 6 requlres a member of the cip/kip

proteins — p21, p27, p57. Cip/
rol , on of CDKs and act
as 1nh1b1tor of cdk 2. So cyclin D —
dependent k1nase fac;lltates G1
progression (7) by participating in Rb
phosphorylatlon vwhich relleves

k{transcrlptlonal repressmn by the R 'EZF
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v "‘mplex ‘sequestering cip/kip protein
which facilitates the activation of cyelin
E - cdk 2 (8). Cyclin E — cdk 2 — mediated

Rb phosphorylation disrupts the binding - ‘
of Rb to E2F, allowing E2F activation and

transcription of genes necessary for S
“ phase entry and progression. Rb is the
primary target of cyclin Di-dependent
kinases. G1 progression is also regulated
by INK4 family which acts as specific
inhibitors of cdks 4 & 6. Most common
_alterations in tumors having wild type Rb
is the inactivation of p16 INK4A by gene

flavopiridol  and
'hydroxystaurosporme) are in clinical’

deletion, mutation and:
transcr1pt10nal silencing by methylatlon
(Flgure 2). An 1nh1b1tor which blocks the
ATP bmdlng S1te of cdk4 malntams Rb- '
E2F asan active transcnptlonal repressor
and promotes Gl arrest but not in tumors
lacklng Rb‘? b :

point:

The cdk 1nh1b1tors include several

~~c1asses of drugs, all derived from

microbial and: plant sources. Of these
- UCN- 01 = (7-

F:gure 2

Ex‘ Ce; cycle Targetgkﬂ

Gene supressor

ach\ amm

Cyclin
» degradation
" activators

plrldol CDK mhlbltor resultmg in cell cycle arrest at G1/S and G2lM :
Bryostatm-1 CDK2 mhlbltor resultlng incellcycle arrestat G2
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trials. They both bind to the ATP-binding
pocket of the kinase .and block cell cycle

progression at G1 phase and ch’angethe v
levels and distribution of endogenous cdk- -

inhibitors, independent. of p53; The edk
inhibitor purvalanol B is more potent and
shows high degree of selectivity for cdks.
-Short peptides are being investigated that
block the interaction of cyclin A — cdk2
with substrates such as E2F1. They

induce S phase arrest and cause abrupt’

apoptosis and are selective for
transformed cells: Drugs that facilitate
mitotic entry following DNA damage — G2
checkpomt abrogators therefore sensitize
cells to chemotherapy and radiation and

this sensitization is selective for p53 -'—_k
deficient cells making them attractwe as:

novel antlneoplastlcs

The development of drugs that target

specific cellular pathways can improve ~"k

efficacy, lower toxicity and lower costs —
pe‘rsbnalized medicine.
: demgned to reduce cdk4 act1v1ty that
would also cause 01p/k1p proteln to

redlstrlbute into complexes with eyclin E k

and cdk 2 may be preferable to the use of
drugs that sunply block the ATP bmdmg :
site of cdk4. Such strategles 1nclu‘def';
altering cdk4 stability, reducing cyclin D
levels, replacing 'p16‘ INK4a eXpression ,spec1f1c iniraction between them, at
using adenovirus vectors or reactlvatlng -

-~ methylated p16 INK4a. (F1gure 2)
111 Ang;ogenesm o ‘ ‘

Tt is the process of de novo formation
of vasculature that nourishes the growmg

k -tumor w1th oxygen and nutrients.
Sproutmg angmgenesna mvolves multlple ‘ -

Strategies

~of tumor

linked and sequential steps that include
endothelial cell proliferation, migration,
invasion,, survival and capillary tube
formation, mediated by multiple factors.
The strategy of antiangiogenesis;therapy,

_provides an alternate to controlling the -

tumor, All solid tumors show
ang1ogenes1s The targeted vascular
endothehal cells are normal genetlcally

: ‘stable cells and therefore less hkely than
“tumor cells to become drug res1stant :

Thus antiangiogenic therapy must be
endothelial cell-specific and must

~ distinguish between tumor and normal

vasculatures. Tumor vessels are poorly

‘structured and immature i.e. have
‘incomplete coating with periendothelial
cells. Immature vessels depend on

survival factor There are certain cell

' surface proteins on angiogenic tumor
, ‘yessels for eg. VEGF receptors and o, B,

and o, B, integrins are relatively weakly
expressed in normal endothelium and
might provide useful targets for inhibition
vessel angiogenesis.
Ang‘logenesw is actlvated by perturbation
stasis and hormones.

Both pro and ant1 anglogemc factors co-

f1th1n tk e{same tissue and the
 of ang10genes1s is mediated by

multlple levels i.e. between protein,
~1ncludmg ligand-receptor, extracellular

‘ matrix, and antiangiogenic factor
71nteractlons Thus identifying peptide

domains that are specifically involved i in
tumor angiogenesis i.e. 1solatlon of
peptjdes from phage display libraries that

~ bind to proteins that are preferentially
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expressed on tumor bloodk‘vessels has
proved helpful in uncovermg receptor

selective = ‘expression : on
vasculature: A chimeric
contalmng

; tumor
peptide

a tumor blood vessel homing motlf »

and a pro- apoptotlc peptlde was

selectlv ly toxic to angiogemc endothehal‘ :

cells and showed antlcancer act1v1ty m
mlce (9)

IIIl Antagomzmg Droangloa‘enlc
act1v1t1es

_ Angiogenic stimulus comprises of a -

series of steps which include local

| degradation of bone marrow, directional
* migration of the underlying endothelial
cells, invasion of the surrounding stroma,

endothelial cell proliferation, capillary
tube morphogenesis, coalescence of
capillaries into large vessels, vascular
pruning and acquisition of a
periendothelial cell coating. Thus, tumor
neovascularization could be inhibited at
each of these strategic junctions VEGF .
family i.e -A, -C, R1, R2 are upregulated

in angiogenesis (Figure 3). VEGF plays a

role in both vasculogenesis and
angiogenesis and is an embryonic cardio

~vascular ‘morphogen. It is tightly

s - Fauss G
Strategles to Inhibit Tumor
Anglogene3|s |

inhibitors.

Proteinase:
inhibitors

<i:lnvasio

U Tube
formation

Signal transduction

§ Antlangiogen!c

faciors

lnllltrallng
: immunecells

. Receptors i

Tyrosine kinage
Inhibitors

Capiliary

Nonspecitic
EC proliferation
blockadk X

~Adapted w;th perm|ssmn from Fldler et al In DeVuta et al
Cancer: Prmc:ples and Practice of Oncalogy 6th ed. 2001: 137




Molecular Targets for Cancer Prevention-and Therapy- 291

regulated during development. Different
classes of VEGF antagonists include anti
VEGF neutralizing antibodies; inhibitors

of VEGF-R2 tyrosine kinase, soluble -

versions of VEGF-R1 & R2.

B VEGF is strongly 1nduced by hypox1a
'and hypoglycemla It functlons asa
surv1val factor for 1mmature blood veqsels
thlch become VEGF 1ndependent only
‘upon their maturatmn and engagement
with per1endothel1al cells For eg. early
regressmn of blood Vesselq on androgen

ablat1on in prostate cancer is due to
suppressmn of androgen regulated VEGF

kproductmn VEGF has dual role as an
angiogenic factor and ¢ a vascular sur V1val
factor In v1cm1ty of prlmary tumor _pro-
anglogemc S1gnals overrlde ant1
angiogenic, resulting in growth but in
remote sites the balance tilts in other
' direction because pro- anglogemc factors
have - short half life, whereas
‘antiangiogenic kfactors‘ in circulation last
ylon‘ger creating anet inhibitory effect.

fIII 2 Antlang] ogemc therapy

Anglostatln is an ant1ang10gen1c
protein, a 38 KD 1nternal fragment of the
serum protem plasminogen. Another
protein endostatin is a terminal fragment

of collagen XVIL a component of blood

vessel wall. Both proteins inhibit VEGF
"act1v1ty, are non toxic, non immunegenic
and natural body prote1ns Introductmn
of DNA that codes for ant1ang1ogen1c
kfactor mrcumvents the need for daily
1n3ect1on Anothe1 strategy is that of
~1nduc1ng the release of antmangmgemc
_peptides from thelr endogenous precursor

~‘III3

proteins, e.g. conversion of plasminogen

to angiostatin using tissue specific
plasmlnogen aetwator or: streptokmase
(10) a

Modulatlon of endothehal cell-
ECM 1nteract10ns :

The extracellular matmx (ECM) has‘
a p,rofound,« effect on the angiogenic
tphenot,ype through multiple interactions
with endothelial cells anditrans,duction;of -
signals by cross-linking integrin receptors
on endothelial cells. In addition MMP-
(matrix metallo proteases) appears to be

specific for angiogenesis. Antiangiogenic

therapeutic approaches target MMP

activity (11). Integrin mediates adhesion

of endothelial cells to ECM components. -
Antagonists of o integrin are in phase II -
clinical trlals 0, p; mAb (vitaxin) is in
trials. The 1dent1ﬁcat10n of receptors for '
newly dlscovered ant1ang10gen1c protems
might open new routes for therapeutws

‘w1th small moleculee k

IV Apopt031

In “c"‘an‘oe’r the goal is to trigger tumor

~ selective cell death. Biology of neoplasia

has expanded to incorporate not only
lesions that cause dysregulation of growth
but also those that lead'to 1nefﬁc1ent cell

k ‘death. Apoptos1s represents an efficient
cellular suicide pathway. Molecular
pathways whose end po1nt is death/

apoptosis co1nC1de with the goal of
successful treatment Expression of
apoptot1c modulators within a tumor

appear to correlate with its sensitivity to

traditional cancer therapies. A drug that
activates apoptosis might achieve a
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therapeutic index in several ways — (1)
activate a death cascade via a drug target
uniquely expressed in a cancer cell. (2) it
might be delivered to the target tissue in
a manner that is selectlve for the cancer
cell. (3) most prom1s1ng strategy is to
~ exp101t a pathway that is ‘activated by
oncogenes, in order to provoke apoptosis
‘selectively in cancer cells. Oncoproteins
can interact with apoptosis regulatory
pathways. Thus overexpression of Myc
sensitizes cells to a wide assortment of
apoptotic trigger, probably reflecting the
role of apoptosis in the intracellular
immunity that prevents normal cells from
persisting in the body once they acquire
,'cancer causmg genetic defects. Thus
oncogenes can sensitize cells to pro
o ‘apoptotm treatment (12)

: Apoptotlc cell death is trlggered by
1ntracellular cues such as DNA damage
and osmot1c stress and extracellular cues
mcludmg GF with drawal matrix
detachment and dlrect cytokme mediated
killing. Two central pathways are

~ involved in the process of apoptotic cell
death, one involving the actiVatiOn of

caspase proteases and a second the
pathway Caspase_ ,

m1tochondr1al
activation is regulated by adaptor
molecules (FADD) that promote or inhibit

~ caspase activation (IAPs). A number of °

death pathways converge on caspase
~cascade. Some of these begin when a

*death llgand such as TNF or Fas L
1nteracts with its cognate receptor TNF ‘

;‘R or Fas. (CD95) induces the trimerization
- ofthe receptors These adaptor molecules
then actlvate caspase- -8,

The second, mitochondrial pathway
to apoptosis is the likely province of the
Bcl-2 family of proteins which contain
both pro apoptotic factosr such as Bax,
Bak, Bcl-XS and anti apoptotlc factors
such as Bel-2, Bel-XL. In response to

Lapoptos1s s1gnals pro- apoptotlc Bel-2

family members translocate to and alter
the permeab1l1ty of the m1tochondr1al
membrane by formmg channels, leadmg
to changes in m1tochondr1al membrane :

k‘potent1al cytochrome C release and the‘ ~

productmn of react1ve oxygen spec1es
Antlapoptotlc members of Bel-2 family
reside in the outer m1tochondr1al
membrane and counter these effects The -

‘mltochondrla and caspase apoptotlc

pathways are 1nt1mately connected

leadmg to actlvatlon of caspase 9 and 3.

IV.1. Drug targets in apoptos1 k
k 1. ‘ 'Inh1b1t1on of Bcl- 2 by antisense ollgos,

ant1sense mRNA, r1bozyme
constructs, pept1des that mimic the -
* domain of Bax whlch med1ates_
- binding to Bel-2: would disrupt the
/interaction of Bcl-2 with Apaf-1,
whlch suppresses caspase -9 act1v1ty

2 ;Actlvatmg death pathway directly

- using soluble death ligands

3. NF- KB is a transcr1pt10n factor
composed of dimers of the NF-xB/ Rel
~family of protems Its act1v1ty is
induced by a number of stimuli,
“'1nclud1ng cytokmes TNF-a, IL-1 and

viral infection. It medlates a cr1t1cal‘ -

' ‘antl apoptot1c s1gnal and so
_inhibition of NF-xB appears to lead
to cell death. Targets of NF KB
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 regulation include the IAPs, TRAF-1

& -2 which are thought to suppress:

caspase-8 activation. Multiple human

~tumors (Hodgkins) and an avian

‘retrovirus have evolved mechanism

for dysregulating the NF-xB
pathway, suggesting that NF-xB.

- participates  in - cellular
transformation. Drug targets in NF-

kB pathway include therapeutic

< 1nh1b1tors of NF kB activation, IKK-

2 1nh1b1tor as IKK-2isa regulator of
- IxkB whose inhibition should block the
: disruption of the IxB / NF-xB

complex, adenoviral medlated
delivery of IxB o targetlng NF- kB at

the level of transcmptlonal act1vat10n ,

NF KB actlvates transcrlptlon
through the p300/CBP famlly of co-
actlvators, so molecules that disrupt

th1s complex could prove therapeutlc :

; P53 is the most commonly mutated,
~gene in human cancer. It regulates ‘
L cell cycle and apoptos1s Restoratmn ;
- of p53 pathway in p53 deﬁc1ent cells
is a promising approach for.

controllmg tumors by gene transfer‘

targeted del1very of;

transgenes ~ 10, enhance apoptos1s c

Vectors,

o only in tumors in wh1ch the p53-

apoptot1c pathway is otherw1se

< pglntact

'P13K/AKT pathway is a potent

mediator of cell survival signals.
 Extracellular survival signals

‘~ 'ffdellvered as soluble factors or
: through cell attachment can 1nh1b1t-
" apoptosis by activating this. pathway

 PI3K  acts on membrane

- phosph01onos1des to generate P13, 4

- bis PO4 and PIP3, whlch serve as foci

for recruiting and actl,vatlsng a

" number of signaling proteins to the

membrane Among these proteins are

- AKT family. Overexpression of AKT

can confer cell survival. AKT

_phosphorylates and inactivates a -

number of substrates that are

, connected w1th apoptOS1s such as

. caspase 9, BAD AKT can also 1nh1b1t

cytochrome C release and thus affect ‘

: apoptosas at multlple pomts PI3K/

; k'AKT pathway is attract1ve target for,
: therapeutlc 1ntervent10n ‘

V. ‘Ant1cancer drug targets Oncogenes

~ and tumor suppressor genes

‘, Among the genet1c damage seen in.
cancer are dommantly actlng mutatmns
that convert proto oncogenes to oncogenes ,
as well as recessive mutc thIlS that
1nact1vate tumor suppressor genes,
MaJorlty of heredltary cancer syndromes

- are due to germ lme mutatlo ns in tumor

suppressor genes. Most human cancers‘
harbour utat1on that d1rect1y or
1nd1rectly 1nact1vate the Rb protein e.g.

mutations affecting genes such as ple/
INK4A, cdk4 and cyclin D1 which lead to
phosphorylatlon and functmnal 1nact1ve?

- of pRB. Altered growth factor receptors ‘

as well as oncogenic Ras, llkely, also
1mp1nge on this pRB pathway pRB is an

- 1mportant negative regulator of cell cycle

progression and serves to mtegrate

_positively and negatively act1ng mitogenic .
‘s1gnals Loss of pRB leads to ‘mitogen

1ndependence of cancer cells. L1kew1se,"‘ '
p53 is mutated in 50% of human cancers
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- and many tumors that retain w1ld type
p53 allele harbour mutations in other
genes that regulate p53. For eg. ARF
negatively regulates p53. Downstream
target of p53 is apoptosis inducer Bax, the
function of which is antagonized by Bcl-
2, which is overexpressed in a variety of
- tumors including nodular lymphomas

The 1mportance of p53. and pRB in
car 01nogenes1s is underscored by the fact

: that a variety of unrelated DNA tumor
v1ruses have 1ndependently evolved the
means to 1nact1vate both pPRB and pb3,

for eg. the oncogemc HPV product E7 and
- E6 proteins that inactivate pRB and p53
respectively. Thus it may be possible to
choose the most suitable drug target from
a variety of structurally unrelated

molecules that all functmn 1n the same v
31gnal1ng pathway These pathways are

'not strrctly linear but, rather, constitute
’ molecular networks. For eg. loss of pRB

‘leads to derepressmn of the E2F
: transcrlptlon factor family, which in turn,

leads to the 1nduct10n of ARF andk

subsequent actlvatlon of p53

~ Thus the potentlal for molecular Cross

~ talk between pathways has implications

~for the development of drugs that

spec1f1cally target tumor cells while

sparing normal cells (13). Not all the.
- abnormalities in a cancer cell would need

to be corrected to have a therapeutic
efficacy. Fore“.g,.:l,*es‘,toring pb3 function in
. pb3 defective tumor cells is sufficient to
i induce cell death to induce a cell- cycle

block or, in some to restore sens1t1v1ty to
conventional chemotherapy.c Most canecer
causing mutations induce a loss, rather

critical = to

than :gain of function. Loss of function of

~one molecule is often similar in
~ consequence to a gain of function of

another for eg. loss of cdk inhibitor p16/
INK4A might be viewed as a gain of cdk 4
and cdk 6 (14). Genes are actually

~members of gene families eg. p53
~homologs are p63 and p73 and these are
rarely mutated in human cancers, but,

they can substitute for p53 to induce
apoptos1s inph3 defectlve tumors. So, p53
function can be restored by using small
molecules that can activate p73 or p63.
Thus, one can exploit mutations that were
selected because they were essential for

~ the survival of the cancer cell:

VL ,‘Molecular‘tar gets for nutrients
‘in‘v‘olv‘ed with cz ncer preventlon‘

D1scovery of molecular pathways
carc1nogenes1s is.
revolut10n1z1ng the treatment and
preventlon of cancer Compelllng
experlmental ep1dem1ology and clinical

: ev1dence 1nd1cates that many cancers are

preventable espec1ally because dlet and
nutrition are key factors in the
modulatlon of cancer risk. The road to
nutr1t1onal intervention in cancer
preventmn has led to successful trlals as
well as trials that did not reach their
intended endpoints (15). Nutrition is
intimately involved in cancer prevent1on

" and use of food stuffs represents a cost

effective and noninvasive strategy for
reducmg cancer risk. Dietary nutrients
can influence cancer risk by inhibiting or
enhancmg carcinogenesis through diverse -
mechanisms and molecular interactions.
Transforming nutrition and cancer
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research from an observational to a
molecular approach offers potential of
identifying individuals who will and will
not benefit from dietary intervention
strategies. Genetic polymorphisms can

~ also influence the dynamics between

nutrients and molecular targets.

~We need to f/emb‘ody new and

innovative preclinical and clinical
approaches to nutrition and genetics..

Numerous dietary components such as
essential nutrients, phyto or allelo

chemicals in plants, carotenoids,

flavonoids, indoles, isothiocyanates, etc.

can potentially alter genetic and

epigenetic events and gene-regulated
metabolic pathways through interactions

with specific molecular targets. The

“molecular targets may be individual
- genes, molecules that result from gene
expression or are affected by gene

expression. The processes influenced by

nutrlents are dlfferentlatlon cell cycle

cell signaling, apoptosis, carcinogen
metabolism. The areas of interest are (1)
characterlzmg ‘molecular events that
govern, the ablhty of spec1ﬁc nutrlents to
alter cell cycle checkpoints, (2)
credentialing of target receptors for
cancer prevention that are modified by
dietary constituents (3) methylation
patterns that are influenced by dietary
manipulations that influence gene
expression and cellular phenotypes and
(4) use of natural genetic variations to
elucidate how nutrient exposures. are
linked to phenotype (5) signaling
pathways that regulate cancer growth,
development, differentiation and

~ apoptosis as regulated by dietary
.;components Vltamm D, calclum, folate,

genlstaln, selenium, reservat1 01

curcumin are bemg 1nvest1gated in
chemopreventlon trials (16). (Table 2) lists
some of the nutnents that modlfy cancer
risk. ' ‘

Table 2

Group
. :,Vltamlns s
Minerals .

_ Carotenoids

FIavohoids -
Organosulfur compounds

k Isothtocyanates

Indoles

Phenolic acids

. Partlal Ilst of Nutrlents that ma / modlk
‘ TNutrlent

cancer risk

Vitamin A, G, D, E
- Célcium, Selenium, Iron, Zinc
~ Lycopene, p-Carotene

Genistein; Resveratrbl, Quercetin

Diallyl sulfde, Allyi 'merc'aptan .

Allyl |soth|ocyanate, , -
3- Methylsulfmylpropyl |soth|ocyanate>‘ e

|ndol-3—carbmol

Curcumin, caffeic acid
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VI Spec1f1c nutr1ents and the1r
molecular target : -

Nutrlents act W1th1n numerous
blochemlcal and molecular cascades

1nvolv1ng nuclear and cytoplasmlc eventso
that regulate the amount and act1V1ty of

_specific proteins (Flgure 4), which in turn
~ influence cell proliferation, apoptosis and
k d1fferent1at1on Vitamin D and its

metabohtes act through a variety of
inhibit
carcmogenes1s~. Vitamin D binds to EGF:

molecular ~ targets to

~ receptor, reduces availability of EGF, with
subsequent inhibition of ~‘growth and

Flgure 4

~increased differentiation in normal and

malignant cells. ‘Vitamin~D~'reoeptor binds
to DNA adjacent to the jun-fos gene

~ complex, inactivating jun, which is an

activating gene for transcription. This
results in repression of normal
transcription and. ﬁnally inhibition of cell
proliferation. It also dovvnregulates c-myc,
Folate functions as a coenzyme in one-

~carbon transfer reactions in the
metabolism of nucleic and amino acids.

Folate deficiency results in altered DNA
methylation, disruption of DNA integrity,
and disruption of DNA repair and thus

Selected nutrlents as regulators of gene express:on i

Nutnents
- Vltamlns
e Mmerals
- Carbohydrates
- Fat .
- Protein
- Flavonoids
- Organosulfur
k Compounds
: —Carotenonds
- Isothlocyanates
Indoles
- Monoterpenes
- Phenolic acids
- Chiorophyil
- Other
Phytonutnents

. “A Actlwty/Abundance

Phenotmlc Alteratlon

\.__|DNA Target —Gene

Protein 4---—--- AmRNA

v

~ Metabolism
Cell Growth
leferentlatlon ;
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leads to increased risk for carcinogenesis
especially of colorectal cancer. Cancer
cells often show global hypomethylatmn
which promotes genetic instability due to
overexpression of oncogenes. It is also
suggested that hypomethylation and DNA
strand breaks resulting from folate
deficiency might enhance the
incorporation of tumorigenic viruses such
as HPV into human DNA. Molecular
targets for selenium have supported that
- besides its antioxidant property selenium
has diverse biological functions for e.g.
inhibition of proliferation, enhancement
of immune response, alteratlon of
metabolism of carcinogens and induction

of apoptosis. Selenium plays a role in the

thioredoxin system. The activity of

thioredoxin reductase; a selenoenzyme

has been linked to NF-xf activation: NF-
K[3 is an 1ndu01b1e oncogenic nuclear
trans,cnptlon factor that responds to the
redox state of the cells and has pivotal role
in 1nducmg genes involved in a number
of physmlogwal processes, 1nc1ud1ng those
—associated W1th cytokines, GF's, adhesion
molecules and immuno receptors.
Selenium ava1lab1l1ty can also alter DNA
methylatlon Essentlal and nonessentlal
nutrients cannot Work in 1solat1on but
rather ‘work together Several factors
might account for variability in response
to dietary selenium. Vitamin C has been
reported to reduce the effectiveness of
selenium against chemically induced
colon cancer, but selenium has been
shown to enhance the ability of garlic to
inhibit chemically induced mammary
cancer in animals.

Certain classes of phytonutrlents
such as  flavonoids, carotenoids,

organosulfur compounds, terpenes and

isothiocyanates have a range of molecular
targets. Genistein a phytoestrogen
present in soyabean can bind to estrogen
receptor and exhibit estrogen like
biological activity. It decreases the risk for
certain hormone related cancers such as
breast, endometr1al and prostate.

Genistein scavenges free radicals and is
an antioxidant. It induces cell cycle arrest,

inhibits PTK inhibitor, anglogenesm and

" metastasis and stimulates apoptosis by

inhibiting ant1apoptot1c transcrlptwn
factor NF-xp.

Slmﬂarly resveratrol found in grapes

and red wine is a good antioxidant. It

inhibits ornithine decarboxylase a key
enzyme which is enhanced in cancer cell
proliferation. It inhibits Cox-2 activity
through inhibition of PKC signal
transductmn pathways influences the
expresswn of Bax and p21 genes involved
in the regulatmn of cell proliferation and
apoptosis. It induces apoptosis through
activation of P53 dependent transcription
and caspase act1vat1on and 1nh1b1t1on of
N F-K[il ‘

Genetlc d1fferences also play a role
in the ability of individuals to withstand
exposure to exogenous carcinogens or to
inhibit 1n1t1at1on _promotion or
proliferation in carcinogenesis (17).
Prevalence of polymorphisms in genes
coding for activation of enzymes of
cytochrome P450, detoxification enzymes
glutathione-s-transferase may account for
inter individual variation in cancer

- susceptibility and cancer preventwn
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