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- Summary : Hematopoietic stem cell transplantation has become
established mode of treatment for various mahgnanmes and
~hematologlcal disorders. Contmuous efforts are belng made to " B
-improve the availability, apphcablhty and surv1val by using dlﬁ‘erent
‘sources of stem cells (cord blood, fetal 11ver partlally matched/
mismatched donors), ‘and reduced 1ntens1ty condltlomng reglmens '
Durmg last few years there has been a growmg interest in the.
area of stem cell research world wide. Apart from belng implicated

as a source of carcinogenesis, their zelf renewal, prohferatlve and

- differentiation potential is being ut1hzed in treatment of various.

- chronic ailments and congenital d1sorders (myocardial infarction,

cardiomyopathy, cerebral palsy, muscular dystrophy and retinal
- degeneration). These are the areas of active research though the

o responses and underlymg ‘mechanism are. stﬂl in their infancy

and poorly understood, .

- Keywords : Hematop01et1c stem cells transplantatlon fetal llver“ :
~~stem cell therapy ‘

Introduction S

The growing ‘knoW’ledge‘ of biology
has made it clear that stem cells have
a key role not only in genes1s and

development of various organisms but
also in tumorigenesis. Stem cells are
present in almost every tissue of the

body and they have the capab1l1ty of self- -
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renewal, trans-differentiation and

extensive proliferation These attributes
if not regulated aoproprlately (genetic/

, env1ronmental factors) can result in
~ development of malignant phenotype.
‘These ‘cancer stem cells’ have been
- identified in various malignancies of

hematopoietic syéteym, breast and brain
(1,2). Currently much of the research is .
being done to identify these stem cells'
‘and to target them (reSIStant to
conventional treatment) to achieve .

complete cure.

In contr ary to the cancer stem cellk

concept, the use of hematopmetlc stem

cells (HSC) in treatmg various mahgnant

and non-malignant condltlons is
relatively well established. Flrst
successful tr ansplant was done i 1n 1968

“in Minnesota (USA) in a child with severe :

combined immune deﬂmency (SCID) from
an HLA matched sibling. Since then, over

- last 3-4 decades, HSC transplants have

been used to treat cancers and

~hematological disorders such as aplastic

~anemia and hemoglobinopatheis.
‘Hematopoietic stem cells are traditionally
obtained from bone marrow. More
recently- they have been obtalned from
peripheral blood after moblhzmg them
~ from bone marrow with the help of

growth factors and/or chemotherapy.

Umbilical cord and fetal liver are other

‘sources ;Ofy ;hema‘topoi‘etic stem cells. =
In pr‘e‘sent' ka“rticle“we will limit
ourselves primarily to the HSC

“transplantatlon and 1ts cur1 ent status‘
and future prospects ‘

Fetal liver hematopoietic stem cells:
Clinical and in vitro studies

s ‘the: maj()r site of .
hematopoiesis during second trimester

Liver i

- of pregnancy (3). Due to paucity of
- lymphoid cells and weak expression of -

HLA antigens (3-), fetal liver has the
minimal potential to induce graft versus

- host disease (GVHD). Since GVHD is

the major killer following bone marrow/
peripheral blood stem cell transplant,
fetal liver appeared an attractive source
for cl1n1cal use. More over, compared to
adult marrow/pempheral blood, fetal liver

zhematopmetlc stem cells have greater
_ proliferative potent1a1 as. revealed by the

formation of more number. of colonles

_higher pl,at_lkng efficiency and larger
colony size (6). ‘

At AIIMS, in’ 19’70’3 when we did
not have the facilities for performing

~ bone'marrovv“(jr peripheral blood stem

cell transplants, we treated aplastic
anemia and acute myeloid leukemia

- (AML) patients following chemotherapy

with the help of fetal liver infusion (FLI).

~ Preconditioning was not utilized. Of the

41 patients of aplastic anemia treated
with FLI, 40% responded in 10-30 days
time. ‘Median survival -of the patients
was better compared to that achieved

-with supportive care. However ‘since,
Iprecondltlonmg was not used; sustamed’

engraftment could not be achieved.

~Engraftment demonstrable in.some
. “patlents was temporary It thus appeared
e that fetal hver 1nfu81on had mduced‘



,aut‘ologous“henlatologic recovery in 40%

of the subjects (7-10).

Various in-vitro studies were carried

out in our lab to ﬁnd the mec hanism‘ofu
recovery ELISA conﬁrmed the presence

of some colony s1mu1at1ng factors in - fetal
liver conditioned medlum (FLCM). Stem

cell factor (SCF) was found to be one of
the cand date growth factor (11).
Subsequent studies 1ooked into the.

poss1b1hty -if addltlonal fac tors hke IL-

6 and FLT-3 may also be contrlbutlngk

“to autologoue hematologlc recovery.
Indeed, apart from SCF which was

- _present in about 55% of FLCM samples,
116 and Flt-3 was demonatl able in 80%

or more of samples.

Bloneutrahzatlon assays Wlth the use

of antlbodles revealed 40% suppreesmn
of Colony I‘ormlng Unlt - Granulocyte

Macrophage (CFU GM) colonles Wlth the :

‘addltlon of anti SCF antlbodles 42%

suppressmn w1th antl 1L-6 ant1b0d1es "
and 20% suppreesmn with anti Flt-3
antlbodles This observatlon strongly
~‘supports the role of SCF, IL- 6 and Fltgk'
3 in hematopmems followmg FLI.
Cytoklne gene expressmn studies Wlthkk
“the help of RT-PCR revealed the presence ‘
of genes in fetal liver for all the cytokines
namely SCF, IL-6, GM-CSF, F1t-3 and
EPO studied by us. It is noteworthy that
the percentage of HSC is maximum in:

fetal liver compared to bone -marrow,
perlpheral blood and cord blood (12)

‘*Currently, we are studying the.

correlation  of cytokine secretion and

; Transplantatlon (HSCT)
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,expre‘:ssionf of genes with the fetal:

gestation period, if any and we are also

- studying the interaction of various

cytokines. Due to limited availability of
abortuses in mid gestation, we are also
in the process of establishing fetal liver
HSC lines so as to study further the
potentials of fetal liver HSC.
Stem

Hematopmetlc : Cell k

In 1950’s Sir E. Donnal Thomas
ploneered the apphcatlon of early studies
of transplantatlon in anlmals to the
treatment of leukem1a 1n humans (13) o
Slnce then over the yeare nnprovement
in HLA typmg, supportlve care and graft
versus host dlsease (GVHD) management
has made the HSCT a relatlvely safer
option with consxderable cure rates.. 1t

“is belng done for various hematologlcal

and non- hematologlcal mahgnanmes‘
HSCT utlhzes the self~renewal potential

of stem celle after myeloablatlon (14).

The myeloablatlve pr eparatlve reglmcne '
are aimed to orad1cate the mahgnant
cells, create space for the graft and to
induce i 1mmunosuppress.10n (in allogenelc
traneplantatlon) Varlous preparatlve
reglmens 1nclude alkylatmg agents .
platlnum with or w1th0ut total bodyk ~
1rrad1at1on Most of these regimens are ;

: too toxic (non hematological toxmty) and

contribute towald hlgh transplant 1elatcd ‘
mortality (15). This has limited the use
of conventional HSCT to the young
patients with goodipe‘rformance' status.
Recently, the emerging concept of non-
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myeloablative ‘and reduced. intensity

transplk,antationk has widened the.

--application of HSCT to elderly and
patients with poor performance status

as the regimen related toxicity is less

(16,17). It relies on the wuse of

 immunosuppressive drugs and’ graft

versus malignancy effect where donor
lymphocytes eradicate the mallgnant

cells. Non-myeloablatwe transplants are

also being used for solid tumors such as
renal cell carcinoma (18).

HLA matchlng and haplo- kk
1dent1cal stem cell transplantatlon-

With the help of molecular techmques
,HLA matchmg has become more

accurate. This has led to decrease in

incidence of GVHD due to prev1ously
~ undetected m1smatches (usmg serology
and - mlxed lymphocyte

techmques) (19). These advancements

come at the cost of lesser ava11ab1hty of
) fully matched s1bl1ng or unrelated donors
resultmg 1n rise in the numbers of
mlsmatched or haplmdentmal
transplants Various graft mampulatlon
techniques such as T cell depletlon
(mechanlcally or w1th the help of
monoclonal ant1bod1es - Campath) are
being used to decrease the hlgh r1sk of
GVHD in these settmgs Still due to

mlsmatches and graft man1pulat1on these :
stem cell transplantatmn suffer the hlgh ‘

1n01dence of graft fallure (20)

Sources» of stem

~transplantation

culture 'mal1gnant disorders.

cells <
Conventionally stem cells are obtained
~ from the bone marrow (donor or patient)

~under.general anesthesia. More recently
the use of peripheral blood:stem cells :
- has come in a big way. It involves

mob1l1zat10n of stem cells with the use
of growth factors W1th or. W1thout

' chemotherapy Apheres1s is done Wlth
" the use of cell separator over a perlodr

of 6-8 hours. The advantkageys over
conventional bone . marrow
include early
hematopo1et1c recovery for both platelets
and neutrophlls, safety for the donor and ,
no requlrement for general anesthes1a
(21)

Use of cord blood stem cells- As
discussed above, due to the limited

-availability of suitable donors, umbilical

cord blood is being used as a source of
stem cells in various mahgnant and non-
It has the

advantages of easy procurement no risk

“to donors, acceptable partlal mlsmatches

and reduced risk of transm1tt1ng
1nfect10ns It has certam hmltatlons -
11m1ted cell dose leadlng to fa11ure of k
engraftment l1m1ted apphcatlon in adults r
due to body size and lack of back up for

k stem cells 1n case of graft faﬂure (22).

Graft:vers,us, host disease - The
risk of severe acute and chronic GVHD
has come down due to better HLA match,
use of immunosuppressive drugs for the
prophylaxis and treatment (23).

Cryopreservation of stem cells—
Cryopreservation is required to preserve
the viability of autologous stem cells,
cord blood stem cell and as stem cell



back up (in allogeneic transplants)..
Depending on the temperature, the cells
can be preserved for variable time -

periods: Cryopreservation can be done
by dump freezmg or rate controlled
freezing. e : ‘
Supportive care - In post
transplant period’ the patient needs to
be supported durmg the perlod of aplasia
with packed red cells, platelets and

antibiotics. Due to mucositis, patients’

may need parenteral nutrition and organ

function should be monitored closely.
Isolation ‘nursing is required to decrease

the chances of 1nfect1on though in most

cases it’s the endogenous ﬂora Whlch is

respons1ble for 1nfect10us eplsodes

Stem cell transplantatlon at IRCH

Two hundred and ﬁfty two (252)

transplants have been performed by us

at IRCH; autologous 170 and allogeneic-

v 82, Autotransplants have been for

multiple myeloma (95), lymphomas (35),
acute leukemla (17), CML (5), and solid

“tumors (18). Allogeneic stem cell
transplants have been performed for

CML (40), CLL (1), severe aplastic

anemia (19), acute leukemia (12),

Hurler’s syndrome (8), congenital
~erythropoietic porphyria (1) Beta
_ thalassemia (2), Multiple myeloma (1),
Myelodysplastlc syndrome (2) -and
Hodgkms disease (1.

‘Results following allogeneic as well
as autologous transplants have been

similar to those achieved at other Indian’
centers engaged in hematopoletlc stem -

same
~ transplantation.
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cell transplant programme. For 1nstance

in CML-chronic phase, reported surv1val
from CMC Vellore is 47% at a median’
follow—up ~of 30 months, 47% by Tata
Memorial Hospital at a median follow -
up of 48 months and 65% at IRCH at a
median follow up of 27 months. Similarly,
in severe aplastic anemia, survival has

been 16% at TMH, 32% at CMC and

21% at IRCH: Multiple myeloma has been:
gratifying to manage with autologous
hematopoietic stem cell transplants as
the survival at 5 years has been 52%
which is much superior to that achieved
Wlth chemotherapy alone (24, 25, 26)

Stem~ Cell Therapy at ATIMS

 More recently stem cells have’k

~achieved wider and even greater‘

recogn1t1on due to the1r capac1ty to
differentiate into Var1ety of cell types
namely, cardlac neural, hepatic and

‘muscular. This has opened up newer

potentlals for the use of stem cells to
treat myocard1al neural, pancreatic and

: muscular diseases’ (27 28)

AIIMS has taken a lead in the use‘
of autologous stem cells in varlous
cardlac muscular neurologmal & ocular
degeneratlve dlsorders The special k
advantage is that there are no reJectwn
reactions, because the cells are from the
“body . ie. autologous

Stem cell therapy in myocardlal

1nfarctlon (M’I)

Forty two patients of MI, underwent
stem cell therapy at AIIMS during
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coronary artery bypass graft (CABG).
Control group had 10 patients who did.
not receive stem celklrtherapy. ‘MI patients

underwent stem cell therapy procedure
in addition to routine CABG. None of
the patients suffered any mortality and

morbidity as a result of this therapy.
- The preliminary results showed no

arrhythmia. There was improved
ventricular function. There was
improvement in New York Heart
~Association functional class (from

2.9 + 0.7 to 1.25 + 0.6) and left ventricular

e_]ectlon fractlon (from 32 “12% to
41 + 9% p = 0.04). All Patlents of MI
had ’I‘ransthorac1c echocardiography (16
segment analys1s), stress thallium (20
segment analysm) ventr1cu1ar
angmgraphy (5 segment analy31s) before
surgery and on follow-up. Left ventrlcular
dlmensmns remamed stable with no
. progressmn to. aneurysm formatlon in
the stem cell group Vs control group.

~Not only the scar size reduced but also -

there was v1ab1hty at the center of the
scar in two patlents Th1s will “be
conﬁrmed once we get more mformatmn

,from PET scan, Whlch has been mstalled :
at our 1nst1tute recently The 10 control
patlents showed no change in Ieft‘

‘ventmcular functlon and no change in
the number of scalred segments. (30)

Stem cell therapy in Dilated
- cardiomyopathy (DCM): ‘
We studied the effects of

intracoronary autologous bone marrow
stem cells (BMSC) implantation in

patients with dilated cardiomyopathy

- (DCM). Twenty four patients with DCM

“with normal coronaries formed the study
group while 20 patients who refused the
stem: cell: therapy formed the control -
group. Injection of BMSC was madeinto
the coronary arteries with percutaneous
occlusmn of the coronary sinus for 3
minutes. The patients were reevaluated
at 3 months with echocardlography and
endomyocardlal biopsy. :

- There was improvement in the New
York Heart Association (NYHA) Class

(3.3 + 0.5 t0 2.4 = 0.7, p < 0.05) in the
,treatment group Left ventrlcular eJectlon .
fractlon 1mproved from 20 =+ 8 2% to“' :

+ 13 % (p < 0.05) in the NYHA I
pat1ents while class IV patlents showed
no. 1mprovement in LV function. Out of

7 pat1ents who were NYHA class IV, 4

explred Endomyocardlal blopsy showed
evidence of increased vascularlty w1th
- no ev1dence of any immature cells or:

- any ev1dence of any adverse pathology

(inflammation, 1knfayrrcrtk10n) There was -
evidence of cell proliferation (binucleate
cells in 2 and Ki-67 positive cellsin one).
This is the first study to show the
potential say‘f‘ety ~and efficacy of )
intracoronary transplantation of
autclogous bone marrow stem cells in
patients of dllated cardlomyopathy It
demonstrates ~clinical and
echocardiographic 1mpr0vements in.class
111 .patients.. Prehmmary histopatho-
logical evidence points to a possible .
;paracrineef‘feCt (30). :



Althoilgh Vaﬁoﬁs studies have ehown

‘ relrlarkable improvement in myocardium
regeneratmn followmg stem cell therapy;
- the mechamsm of this potentlal benefit
‘is not clear. The various mechanisms

postulated are generation of new -

* myocytes, endothelial cells, and smooth

" muscle cells by transd1fferent1at10n, cell -

fusion or paracrine effect. However there

is a risk of tumor formation using these -

stem cells as suggested by some
researchers. (31) : :
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CANCER VACCINES WITH SPECIAL
REFERENCE TO HUMAN PAPILLOMA VIRUS
(HPV) “
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Abstract

- Desplte various advances in d1agnost1cs and therapeutxcs canceris
the second most leadlng cause of death worldwide, accounting for
* almost 12.5% of deaths annually Multlple factors like various -
mutagens, carc1nogens “viral and bacterial infections 1nd1v1dually e
~or in combination are responsible for development of cancer.
~ Infectious agents are responsible for about 15% of the cancers, such
. as cerv1cal cancer llver cancer, stomach cancer etc. The prophylax1s :
;agalnst these agents is an attractlve strategy towards preventmn of
; these cancers This is ev1dent from the successful Hepatitis B virus
‘ (HBV) vaccmatwn to prevent hepatocellular cancer. Two prophylactlc
vaccmes agamst H PV wh1ch have been shown to be highly
. 1mmunogen1c and successful in protectmg from HPV 1nfect10n areto -
be avallable for vaccmatmg females of age 9 to 26 years. Current
o ,:research focuses on the development of cheaper second generation
. vaccines 1nclud1ng DNA vaccines and therapeutic vaccines thatcan = .
;‘ ‘effectlvely curb the estabhshed cancers at their initial stages and :
_are in the phase L7108 cllmcal trials. Therefore prophylactic vaccine,
. early d1agnos1s and therapeut1c vaccine certainly hold the promlse ‘
of controlhng the most dreaded disease of humankind.

o Key Words : Cancer, Cerv1cal Cancer Human Pap1llomav1rus, ‘
- Vaccine, Cancer Preventlon . :
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Introduction

Cancer is the leadlng cause of death
worldwide with approximately 10.9

~and about 6.7 million deaths. Current
estimates bring the grim scenario that the

number of new cancer cases is expected

to grow by 50% over the next 20 years to

reach 15 mllhon by 2020 and more than
70% of them will be from developmg ‘,
countries. There are currently more than

24.6 million persons living with cancer
and are in need of life savmg drugs. -

. Cancer is
mult1factor1al disease arising due to
uncontrolled clonal growth of cells. This

is due to alteration in the structure and /-

or function of the genes controlling

 cellular growth and proliferation that may
be because of exposure to various

mutagens, carcinogens and viral/bacterial

infections. The infectious agents are
respon51ble for more than 15% of the ¢
cancers and some of ,theSe infections at
different organ sites may also cause -
benign tumors. Some 1mportant examples
- include cancer of the uterine cervix in
women due to pers1stent infection with
. oncogenic Human Papillomavirus (HPV) o

- types, liver cancers caused by infection of

- Hepatitis B Virus (HBV) and Hepat1t1s C
Virus (HCV) Recently, stomach cancer
: has also been found to be linked to the

1nfect1on w1th the bacterlal pathogen
: Helzcobacter pylori.

 As most of the cancers are detected
in late stage the only optlon is to conduct :

a: mult1step and

chemotherapy, radiotherapy, surgery etc

 which will extend the life span but
~ certainly no cure is. poss1ble Recent :
‘ developments in immunology, genetlcs

million new cases diagnosed each year
~ and molecular biology have fostered

development of vaccines for infectious
dlseases cancer, allergles and auto
immune diseases. As 15% of the cancers

~are caused due to 1nfect1ousagents, the
~ prophylactic vaccine against these:
- pathogens is expected to reduce the

burden of the cancer cases.

_ This article reviews the development
of d1fferent cancer vaccmes w1th a special
empha51s on cerv1cal cancer vaccmes and

~ the dlfferent approaches belng adopted for
their development k :

= Cancer and Cancer Vaccme

~ The extenswe ‘ research

‘ ‘understandmg the role of 1nfect1ous
agents in cancer causatlon has lead to o
‘unravehng of oncogemc mechamsms and
"pathogenes1s of these 1nfect10us agents.
kFrultfully th1s has lead to development S
‘i‘of number of preventlon strateg1esv,
,agamst cancer 1nclud1ng vaccines. The
'besi example is the prophylactlcﬂ
; r‘e‘combmant vaccine agamst HBV which

is the ﬁrst vaccme that has been shown

to prevent cancer Recently, the US-FDA

: has approved marketmg of the virus like .
~ particle (VLP) based HPV vaccine which
- will be second such vaccine ‘that can
prevent cervical cancer. Taken together' y
the Wldespread 1mplementat10n of both: :
these vaccines w1l reduce the cancer
:burden to a great extent There are
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several other viruses and bacteria that are

shown to be causative agents for cancer

and the vaccines against them are at

different stages of development. The

.infectious agents, cancer and the vaccine

status is summarized in Table—l Ll

: Table-l Infectlous agents causmg cancer and status of cancer vaccme development o

Attenuated vaccine

Sr. | Infectlous | Cancer i Vacclnes Strategy Current Status
|No.|  Agent 0 k | . - e
1 k["Hepatitis:Bf . 7VL‘i'v‘er Cancer | Recombinant vaccine HBsAg vaccine .
- | Hepatitis C | Liver Cancer | Recombinant vaccine/ Phase II Clinical Trials
| Virus - | Peptide vaccine | Phase I clinical Trial =~
|2 |Homan Ceifvi‘c‘al 'Recombinantva’ccine VLP based 'Vaccine
- | Papillomavirus | Cancer . o against types 16, 18
| (High Risk : available
1 Types) : i
| 8 |EBV | Nasopharyngeal Recombinant vaccine gp350/220 vaccine in
: Carcinoma ~ i : phase I clinical trials
‘ ; ‘| Lymphoma , e e
4. |HTLV-1 - Lymphoma Peptide Vaccines - | Animal Model studies.
5. | Helicobactor Stomach Enzymeta1geted/ | Several Phase I chmcal
pylori: | Cancer ;tnals

Cervical Cancer and H
‘Paplllomav1rus ‘

Cancer of the uterm
second-most common
women worldwide. Ther
’493 000 new cases and 274 0
annually due to cerV1cal an
Cerv1ca1 cancer is the leadlng

,1nc1dence of 130 000 cases and 70 75, 000

deaths (2). Epidemiological and clinical

DNA is present in 99.7% of the cervical
- cance cases indicating that HPV is a
- ,necessary cause of cervical cancer (3). The

nt risk factors for

developmg cervi "al cancer are early age

rriage or sexual exposure
icity of sexual partners or -
omlsculty, poor gemtal hygiene, low

 socio- economic . status ‘smoking; oral
among Indian women with annual

contraceptlves and multlparlty (3)

~ Human papﬂlomavn‘uses (HPVs) are

studies have conflrmed that cerv1ca1 F
_ cancer develops due to the persmtentg

i 1nfect10n of ngh Rlsk HPV (HR-HPV)
types Recent studles show that HPV—‘

small nonenveloped DNA viruses having
_approximately 8.0 kb double stranded

circular genome that encodes L1, L2

structural proteins and se\{eral other
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early ‘proteiﬁs (E1-E7) re‘sponsibley~ for
replication,  transcription  and
- transformation (See Fig1). Till date, more
than 100 genotypés of HPV have been

described, among them about 30 are

~associated with ano-genital infections.

The two most important oncogenic HPV
“;types termed as ‘hlgh risk’ HPVs (HR- ;

"HPV) responsible for cervical cancer are

, HPV~type’s;16 and 184, 5). There are at
least twelve more HPV types also

_ designated as high risk types (31, 33, 35,

39, 45, 51, 52, 56, 58, 59, 68 and 73). ‘Low

visk’ HPVs such as HPV 6 and HPV 11
and others (40, 42, 43 and 44) are mainly
associated with benign cervical lesions

“such as kcondylomata," accuminata and
* genital warts (6). More than 70- 90% of the
_HPV infection shows natural clearance‘
~ while about 10-30% cases show persistent
, 1nfect10n w1th “hlgh risk” types leadmg

to mahgnant transformation and invasive

-cervical cancer. The virus has alonglatent
L perlod and takes at least 10-15 years to

develop cancer 1f persists: after 1n1t1a1

infection (6).

OnNncogenes

: *Not to scale

A HumanPaplllomaVIrus Genome

e 0

B. Human P@pinoghavifas Particlé -

. Flg 1 Schematlc repreoentatlon of (A) the hnearmed HPV genome andk -
E : (B) the Vlral particle '
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© HPV infects basal layer of epidermis oncoproteins E6 and E7 (7.,_8;); This leads
in geni‘taltract, anal, and perianal areas, to different' grades of cervical lesions that'
oral cavity, esophe'gus andlarynx where may. eventually lead to inva‘,siveness
viral replication occurs. High risk HPV ~ resulting in cervical cancer. Figure 2 and
~ types responsible for cervical cancer infect 3 shows the-diagrammatic representation
the basal epithelial cells in the  of the biology of HPV infection, its
transformation zone between ectocervix persistence, precancerous.conditions and
and endocervix at the female genital tract. development of invasive carcinoma along
A persistent infection with HR-HPVsmay - with the factors contributing to the
lead to transformation due to loss of cell - development of cerv1cal cancer.
cycle control 1mparted by the v1ral" : :

‘ NORMAL CERVICAL EPITHELIUM

; JL :ﬁ
; MILD DY SPLASIA/CIN I/LSIL
PRECANCER
! ﬂ ﬂ e MODERATE DYSPLASIA/CIN2,3/HSIL ﬁ

SEVERE DYSPLASIA ' [J
EARLY e ’ ,
CANCER . |CARCINOMA IN SITU
‘ - MICROIN\ ASIVE CANCER

CANCER | INVASIVE CANCER

10—1'5 yYears

F1g 2 Dlagrammatlc presentatmn of dlfferent stages dumng progressmn of
‘ precancerous 1es1ons to invdsive cancer

High Risk HP Vi,
L ‘Weakllmu‘m?lity, .
K - Genetle Suscep ibiliy, Geverié luﬁh‘uny;

Yu\.mg ORI i : 0%“ 31Ds. 8 s i 3 ].nacﬁ\‘raﬁnn of Tumor

Mulhple sexparmers Tohacco, o B !E‘tht‘epy‘aﬁon, . S\q;pxrssor Genes, L

Multiple pregnancles, . L Nuhdenis? Wuktiplé HPY Bufections, O st AL et

" Oncogene Activation/
Pmu ganital hygmw : Mo cixeumeision? . Varianis? . . Expression ¢
) Normal—-——-——-—»HPV Infected-—-——-——-—-——-—- HPV ---——-——-»Pre—cancer “lnvasive. -

Cerwxu—-——-—-— Cervi: i Gt Per3|stence<—— conditions , Cancer

Nahn;\lcleuance o {1-18 !ears)
AR HPVcnamch!s R

Flg 3 B1ology of HPV mfectlon and development of cerlcal cancer -
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Early diagnosis of the cervical lesions
and their treatment helps in preventing
development of invasive cancer. There are
a number of cellular and molecular
methods for diagnosis of HPV infection
and cervical lesions at an early stage (See
Table 2). Among them the most effectwe

and widely employed method is the Pap
smear test that is routmely followed in
most of the developed countries. The
availability of cytological Pap test has
lowered the incidence of invasive cervical

_ cancer by 70-75% in developed countries.

Table 2 : Cellular. and molecular d1agnost1c methods for detectlon of les1ons and HPV 1nfect1on

Cyt010g1cal D1agnos1s

Papamcolaou—stamed smear method (Pap Test)

HPV Diagnosis*

Polymerase Chain Reactlon (PCR)
e -Hybrld capture (Digene) 11
‘ . Southern blot hybridization.
N orthern blot hvbr1d1zat10n
In 51tu hybr_ldlzatlon.
PCR-EIA (ELISA).

* Methods most commouly employed.

. The prophylaxis against HR- HPV
~ types threugh vaccination is the ultlmate

; Way towards prevention of cervical cancer.

and other precancerous lesions caused at
ano-genital sites. Inspite of cloning and
characterization of HPV 16 and 18in late

seventies (9, 10), ‘the development of HPV .
“vaccine was delayed\because_of difficulty

to propagate virus in tissue culture

systems. It was possible only after the .

recombinant DNA teehnology' emerged
leading to product1on of VLPs on

recombmant expresswn in: eukaryot1c :

. systems
HPVVaccme
Recently, two prophylact1c HPV

' _vaccines have been drveloped using L1 ,

. Fast—_I-IPV Test;

caps1d protem expressed in recombinant

- gystem forming VLPs. The one developed

in USA by Merck & Co, is a tetravalent
vaccine (HPV16/18/6/11) called

“‘GARDASIL’ which has. recently got

approval from US FDA to 'vaccinate

females of age 9 to 26 years (11). Another -
‘vaccme, ‘CERVARIX’ developed by

GlaxoSmithKline in Belgium is a bivalent

- vaccine consisting of HPV types 16-and
‘18.“This__,y,Vl',LP—bas_edk Merck’s vaccine is
 produced in yeast and uses alum

(aluminium hydrox1de) as an adJuvant.

: while GlaxoSm1thK11ne used F9 1nsect ‘

cell-based baculovirus expression system

~ for production of VLP and AS04, a mixture

of alum and monophosphoryl lipid A as »
adjuvant which provides more stability to
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the‘vaccine. Both the vaccines have

successmlly undergone p“hase III clinical

trials and are found to be well-tolerated,
highly immunogenic and showed

protection: against persistent HPV

infection for a period of 5 years (12,13).

~ Although prophylactic vaccination
appears to be successful in young
adolescents, it would take decades to
perceive the ultimate benefits in

reduction of cervical cancer cases. As the

vaccine is not effective against already
established: HPV infection and there are

estimated 5 million women worldwide
already infected with HPV, development
" of therapeutic vaccine is an important

aspect of current research. There are
- several therapeutic HPV vaccines in
phase I and phase II clinical trials world

. over. Most of them target the HPV early |

protems E6 and E7 or peptldes derived
from them largely because these are the
‘ transformmg viral protelns that are
expressedin cerv1cal tumors. Frazer ét al.
2004 showed in Phase I study of HPV 16-
spec1ﬁc 1mmunotherapy with E6ET fusion
proteln and ISCOMATRIX ™ adJuvant in
women with cervical 1ntraep1thel1al
neoplas1a that this 1mmunotherapy was

- well- tolerated and subjects developed -

HPV 16 E6ET spemflc immunity (14).

o Some other approaches for development
,‘ of therapeutlc HPV vaccine uses

autologous Dendrltlc Cell (DC) pulsed

lw1th full- length HPV 16 or 18

oncoproteins to’ 1nduce HPV spec1f1c
antitumor immune response (15).

~address

DNA Vaccine

One of the second-generation
vaccines that have great potential to
various -
recombinant protein-based vaccines is
“Genetic vaccines” or “DNA vaccines”. In
last few years, DNA vaccines have been
developed against different viral as well
as bacterial and parasitic infections in
animal models showing lasting immunity
and protection. Clinical trials of DNA
vaccines have been performed or are
under way for various diseases, including
cancer, influenza, hepatitis B, HIV, and
malaria. ’Recently, first DNA vaccine
agamst West N ile virus got approval from

Department of Agr1( ulture United States

(USDA) for commercial use in horse. - :

Since genetic vaccine is a plasmid-

- based vaccine, it is cost effectrve to .

produce in large quantltles Robustness
and stablllty of DNA vaccine even in

‘higher temperature and s1ngle dose

admmlstratmn prov1de an edge over the
other - vaccines, part1cularly for
d1str1but1on in the developmg countries.
Rocha-Zavaleta et al (2002) showed that
parenteral and oral immunization with a

‘plasmid DNA expressmg HPV:16 L1 can

induce systemlc and:mucosal ant1body
production together with cytotoxic T
lymphocyte responses in- -animal models

- (16). The research towards development
of ch1mer1c DNA vaccmes will be another

mllestone m vaccine research as it can
serve as both prophylact1c and
therapeutlc vaccme '

limitations  of = -
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Fig. 4: leferent stages of precancerous cerv1ca1 1es1ons w1th or Wlthout HPV
1nfect10n as revealed by Pap test durmg cytological screemng
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~HPV BN . A Southern blot hybr1d1zat1on showing
(ﬁ 1618 1 2 3.4.5 ! . presence of HPV DNA sequences in
. cervical tumour biopsy in samples 1,
3,5 and 6. Arrows indicate Pstl
digested HPV-specific band pattern.

B. Polymerase chain reaction (PCR)
showmg p051t1v1ty for HPV 16 DNA

P
217’bp HPV 16

‘ In‘k.k‘ Situ HybridiZatiOn of squamous
cell carcinoma with “H-thymidine-
labeled HPV1 5 probe showmg highly -
positive nuelei with silver gams.

Flg 5 Detectwn of HPV DNA in the cancerous tlssues by
' dlfferent molecular approaches.
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GENETIC PREDISPOSITION TO CANCER

tha M ulherkar
Advanced Centre for Treatment, Research & Education’in Cancer
Tata Memorial Centre, Kharghar, Navi Mumbai, 410208

; Summary
Genetic factors are known to:play a major role in the etiOIOgy'of
- cancer. In hereditary cancers, germ line gene mutations have been -
identified which strongly predispose individuals to cancers. These
gene mutations have a high penetrance conferring an elevated‘ risk
(>90%) of developing the disease. Although these cancers are rare
they have been well studied. On the other hand, the more abundant
sporad1c cancers are caused due to 1nteract10n of low penetrance
; genes with the env1r0nment There is a cumulative effect of several
low penetrance genes which, in the presence of carcinogens,
predispose the individual to cancer. As a consequence of the germ
line gene mutatmns/ polymorphisms there are further somatic
mutat1ons resultlng in activation of oncogenes / loss of tumour ,
~ suppressor genes leading to genetic instability which is _the hallmark ,
‘, of cancer. Once‘initiated, the cancer accumulates further genetic
- lesions in the form of onCOgenes and tumour suppressor genes Which :
play a cruc1a1 role in the progression of the disease. Genetic
pred1spos1t10n to breast and colorectal cancers aré d1scussed in the
review. '

Key words : low penetrance genes, mutatmns, polymorph1sms
 breast cancer, colorectal cancer

‘ Introductmn. I ~in their mutant forms were inherited in -

‘ ' affected families (1). Gain of function
‘mutations (oncogenes) or loss of function

. mutations (tumourisnppressor genes) led

Cancer is a complex mult1step
process involving changes in the genome.
It was discovered in late 1980s that genes -

Correspondence R1ta Mulherkar, Advanced Centre for Treatment Research & Educatlon ;
in Cancer, Tata Memorial Centre, Kharghar Nav1 Mumbai, 410208 ‘
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to the initiation of cancer. This formed the
genetic basis for cancer pred1spos1t10n
Many cancers arise from germ line

.. mutations in proto-oncogenes and tumour

‘suppressor genes which regulate cell
proliferation and apoptosis such as p53

associated with Li Fraumeni syndrome -

(2,3) and RB1 associated with c¢hildhood
retinoblastoma (4). There can also be
mutations in genes responsible for
‘maintaining genetic: stability which
includes DNA repair genes such. as
BRCA1 (5) and BRCAZ2 (6,7) both
associated with breast and. ovar1an
cancers and Mismatch Repalr (MMR)
genes aqsoc1ated with heredltary non-
‘polyposis colorectal cancer (8,9).

‘Following these inherited or spontaneous }
_there is a sequential

mutatlons
accumulatlon of mutatlons ‘in the
_ oncogenes and tumour suppressor genes

leading to genetlc 1nstab111ty and cancer.
"~ However, 1nd1v1dua1 suscept1b111ty is
“determined by a complex interaction

between the germ line genetic variation,

which constitute low penetrance genes,
and ’expo:su'r,e' to
carcinogen's‘y. Mutations disrupt several
molecular pathways in the cell and lead
to self-sufficiency in growth signals,
- insensitivity to growth-control signals,
evasion of apoptosis, limitless replicative
potential, sustained angiogenesis,
" invasion and metastasis (10,11). Some of
these genetic lesions, which are high
_penetrance genes, are present in'the germ

line and predispose individuals to cancer.

Low penetrance genes are associated
with sporadic cancers and are more

environmental

- difficult to study than high penetrance
~genes. To gain sufﬁment evidence to prove

that a gene is involved in cancer

- predisposition, it is probably necessary for

multiple, adequately—powered studies to

‘demonstrate an association with the

disease, especially if the allelic variants
have only a small differential effect on

~ risk. It may also be possible to show how

genes interact with each other and the

- environment, although this will be even
more difficult (12). We .and others have

proposed that there is a cumulative effect .

»of a number of low penetrance genes
- which together confer high I'lSk for certain

cancers (13).

Genetic prédisposition to breast

cancer by rare, hlgh penetrance

alleles.

Familial clustermg of breast cancer

kk has been known for decades although the

genetic basis Was proven only recently.
Familial breast cancer cons‘mtutes only 5-

~ 10% of all breast cancers out of which only
~20% are due to the well studied, high
_Penetrance, BRCA1/2 genes (11). Almost

25% of familial breast cancers are due to
unknown familial predisposing genes. -
BRCA proteins function in damaged DNA
repair: Inherited mutations in BRCA1/2
genes confer high risk of breast, ovarian,
prostate and colorectal cancers. However,
unlike BRCA1 although BRCA2 confers
a high risk to breast cancer it does not
confer a high risk to ovarian cancer (6).

- Germ line mutations of p53 gene strongly
~predispose individuals to Li Fraumeni

Syndrome which includes breast cancer-



and other neoplasms (14). Individuals
carrying BRCA1l and BRCA2 gene
mutations are at an increased risk:of
breast cancer if exposed to. X-rays since
BRCA protein plays a role:in DNA repair
(15). Selecting for breast cancer cases with
a-strong. familial -background. not

accounted for by BRCA1 or BRCA2 show

a strong association with mutation in a
cell - cycle..check - “point.. kinase
CHEKZ* 1100delC (16).

Low penetrance genes ln sporadlc
breast cancer

A large proportlon of breast cancers.

have unknown ,polygemc pred1sp0s1ng
genes along with varying environmental
factors (11). The identification of
susceptibility factors that pred1spose
individuals to breast cancer could give
further insight into the etiology of this
malignancy and provide targets for the

future development of therapeutics. The
candidate low penetrance genes with a

variety of functions including carcinogen
metabolism, DNA repair, steroid hormone
metabolism, signal transduction, and cell
cycle control need to be studied (17).

Female breast cancers are known to

be associate,d with prolonged exposure to:

estrogens. Estrogens are known to

influence breast cancer risk by interacting

with estrogen receptors. Inter-individual
variability due to polymorphisms in DNA
sequence, associated with prolonged
exposure to increased levels of estrogen,
may define a sub-set of women with breast
- cancer (18-20). Oxidative metabolites of
estrogen are known to.cause DNA damage
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(20):: Polymorphisms in genes involved in
estrogen biosynthesis,; and the conversion
of estrogen metabolites and their by
products ‘could be the low penetrance

genes conferring risk in the etiology of

sporadic breast cancers.. Leu®Phe

-polymorphism affects the capacity of O-

Methyl .Guanine Methyl Transferase
(MGMT) to.inhibit.estrogen receptor-
mediated .cell :proliferation and is .
associated with breast cancer risk (21). All
these low penetrance genes could play a
role either alone or in combination oxl
exposure. to exogenous or endogenous

~ estrogens; in: predisposing women to.

cancer, .

Increased expression of Transforming
Growth Factor B (TGFp) plays a role in
breast cancer ‘progression: A functional

- polymorphism in the promoter region of

TGFB gene has been shown to increase

‘breast tumour progression and metastasis

(22). aThere are reports that DNA r}epair'
gene polymorphisms ‘are important
biomarkers for sporadic as well as familial
breast cancer susceptibility (23). It has
also been reported that RAD51
polymorphism:in carriers: of BRCA2
mutations are at a significantly elevated
risk for breast.cancer(24). In addition to
endogenous factors; life-style factors such

‘as smoking: and-alcohol :use could

contribute greatly to sporadic breast
cancers, '

Genetic predisposition to colorectal
cancer by rare, h1gh penetrance
alleles : :

The 1nc1dence of colorectal cancer.
(CRC)in India is low compared to western
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countries (25), altho‘ugh there are a large
number of patients seen. The lifetime risk
of colorectal cancer (CRC) in the general
population is ~5%. Of all the CRCs ~5%
are hereditary cancers. Germ line
mutations in the DNA mismatch repair

genes are known to be associated with

genetic instability leading to Heredltary
Non-Polyposis Colorectal Cancer

-(HNPCC) also known as Lynch Syndrome'

(~2-4% of all CRC) (26). In individuals
with HNPCC mutations the risk is greater
than 70%. Similarly in individuals with
mutation‘in the gene Adenomatous
Polyposis Coli (APC, ~1% of all CRCs) t_he
risk of developing Familial Adenomatous
. Polyposis (FAP) is greater than 70%. The
risk of CRC increases if there are affected
members in the family. Mutations in APC
are not only responsible for FAP but also
playa rate-limiting role in sporadic CRC
(27). Genetic testing is routinely being

"used in the west to detect. HNPCC and

FAP. Microsatellite Instability (MSI)
testing detects alterations in the genome

“and is characteristic of HNPCC although

it is also seen in 10-15% of sporadic CRC.

In families with a moderate history of ;

cancer; the presence of MSI indicates the

likelihood of HNPCC. There is also a°
commercially available:test which:

determines whether or not a person has
amutation inthe MMR genes MLH1 and
MSH2 gene. .

Low penetrance g"e‘nes inCRC
" A large number of studies have
reported that common genetic variations

in'low penetrance genes confer risk of
CRC. Inherited predisposition to CRC is

in part mediated through polymorphic
variation (28). Houlston and Tomilson (29)
carried out a metaanalysis of 50 studies
where 'po‘lymorphisms in 13 genes had
been studied and concluded that only 3 -
APC-T1307K, HRAS1-VNTR and MTHFR
variants represented the strongest
candidates  ‘for low penetrance
susceptibility alleles for CRC (29). APC-
I1307K - a germ line missense mutation,
is common in Jews from Eastern Europe
and has been reported to confer a two-fold
increased risk to CRC (30). So also,
biallelic mutations in MYH gene are
associated with an attenuated FAP
phenotype (30). Low-penetrance genes
such as TGFBR16A may account for a
sizable proportion of familial colorectal
cancer occurrences (31).

Diet’ in. assocmtlon w1th genetlc
var1at1ons has been reported to play. a
major role in CRC. Polymorphism in the
gene CD36 which plays a role in
metabohsm of oxidized low density
lipoprotein and long ;c,,h‘aih: fatty acids is-
positively associated with CRC in.
individuals with Ihoderate-hi»gh meat
consumption (32). Folate metabolism
supports the synthesis of nucleotides as
well as the transfer of methyl groups.
Polymorphisms in folate-metabolizing
enzymes have been shown to affect risk
of colorectal” neoplas1a and other
malignancies (33) ‘

Heredltary breast and colorectal
cancer (HBCC)

HBCC has been observed in a'sub-:
set ‘of ‘breast cancer patients: The’



1100delC variant in the cell cycle check
pomt kinase gene CHEK2 was found to
be present in 18% of 55 of HBCC patients
as compared to 4% of 380 non-HBCC
families (34). Although it is not the major
predlsposmg factor for the HBCC
phenotype, it appeared to act in synergy
with other, as-yet-unknown susceptlblhty
gene(s) (34,35). Another low penetrance
gene, STK15 (Aurora—A) whlch is a serine/
threonme kinase and 1nvolved in mitotic
chromosomal segregatlon has been
- associated with breas and colon cancer. A
genetic var1ant in STK15 T+9 1A
(resulting in the amino acid substitution
F31I) shows an 1ncreased risk of colon as
well as breast cancer (36).

Conclusion: -

Alarge number of tests are available

for genetic SCreening and genetic
screening has tremendous implicatiens in

k patient management Gene environment
interactions have -a major role in
'suscept1b1hty to maJorlty of sporadic
* cancers. Our current understanding of
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Biomarkers are biochemical or

molecular parameters associated with the
presence and severity of specific disease
states. Biomarkers are .detectable and

measurable by a variety of methods‘

1ncludmg var1ous laboratory assays and
medical imaging systems like computed
© tomography (CT), magnetic resonance

imaging (MRI), or nuclear med1cme -

techniques such as positron emission

tomography (PET). In addition to these
’ .estabhshed techmques, there are-a

varlety of 1mag1ng methods in Var1ous

stages of development that hold great.

promise in the. 1mag1ng of biomarkers,
such as molecular i imaging, a. method that

allows detectmn of specrﬁc molecules in

11v1ng orgamsms Tumor b10markers are

~ substances, usually proteins that are .

'produced by the body in response to
cancer growth or by the cancer tissue
itself. Some. tumor biomarkers are

. specific; Whileothersare seer_i in several:
cancer types. Many of the well-known

‘biomarkers are also seen in non-cancerous

conditions. Consequently, these tumor
biomarkers are not diagnostic for cancer.

- There are only few Well estabhshed
tumor blomarkers that are belng
routinely used by physlc1ans Many other
potential biomarkers are still being
researched. Some biomarker testscaus’e

‘great excitement when they are first-

discovered = but, upon further
investigation, prove to be no more useful
than blomarkers already in use. The goal .
is to be able to screen for and dlagnose
cancer early, when it is the most treatable
and before it has had a chance to grow

and metastasize. So far, very few tumor

~ biomarkers have gained wide acceptance

as a general screen. Other biomarkers are
either not specific enough with high false

positives, leading to expensive and

unnecessary follow-up testing or they are
not elevated early:enough in the disease
process. Some people are at a higher risk .
for particular cancers because they have
inherited a genet1c mutation. While not

' cons1dered tumor makers there are tests
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that look for these mutations in order to

estimate the risk of developlng a
particular type of cancer. BRCA1 and
BRCAZ2 are examples of gene mutations

related to an inherited risk of breast

cancer and ovarian cancer.

Examples of biomarkers rnclude

genetic biomarkers (e.g., nuclear

aberrations [such as micronuclei], gene
amplification, and mutation), cellular
biomarkers  (e.g.; differentiation
biomarkers and measures of proliferation,
such as thymldlne labehng index),
hlstologlc blomarkers (e.g., premahgnant

~ lesions, such as leukoplakla and colonic -

polyps), and- b1ochem1ca1 and
pharmacologlc b1omarkers ’ o

Tumor blomarkers are riot dlagnostlc

| in themselves A definitive diagnosis of
cancer is made by looklng at biopsy
specunens (e. g., of tissue) under a

' microscope. However tumor biomarkers

prov1de mformatmn that ean be used for

Screenmg Some biomarkers may be
sulted for general screening mthose with
a strong family history of a particular
cancer. In the case of genetic biomarkers,
they may be used to help predict risk in
k famlly members e.g. PSA for Prostate
cancer

Dzagnoszs Inthe d1agnos1s of cancer:

tumor biomarkers can be used as an aid.
A patient presenting with a symptoms
tumor biomarkers may be used to help
identify the source of the cancer, such as
CA-125 for ovarian cancer, and to help
~ d1fferent1ate it from other condltlons

Guiding Treatment: Some tumor

 biomarkers will give doctors information

about what treatments their patients may

_respond to e.g. Her2/neu positive breast -
.cancer and respond to Herceptin
~treatment.

Monitoring Treatment: Tumor
biomarkers can be used to monitor the

effectiveness of treatment, especially in

advanced cancers. If the biomarker level

~ drops, the treatment is working; if it stays

elevated, adjustments are needed e. g
CEA in colorectal cancer. :

Determzmng recurrence: Currently,
one of the biggest uses for tumor
blomarkers is to monitor for cancer
recurrence If a tumor biomarker is
elevated before treatment, low after
treatment, and then begins to rise over
time, then it is likely that the cancer is
returning. (If it remains elevated after
surgery, then chances are that not all of
the tumor was removed )

A 11st of commonly used tumor
blomarkers is given in Table 1 and tumor
blomarkers being evaluated is hsted 1n‘
Table 2. S

Genetlc Alteratlons in Tumors as
Blomarkers

The post human genome project era,
and the advances in biotechnology have

‘generated many candidate biomarkersin -

cancers with potential clinical value.
These biomarkers can be a signature for

;c‘;ancer staging at the time of di‘agnosise

and/or personalization of therapy which
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‘Téble 1: Common Tumor biomarkers Currently in Use

Tu"inor; Tumors | Applications | Sample .
|Biomarkers ‘ - Ao
A‘FP,,:(Alphya-fetof‘ Liver,sygerrh cell cancer: Diagnose, ‘morhitor treétmeht ~ | Blood " ;
|protein) of OVarigas or testes. ‘,a'nd determine recurrence Ly
B2M (Be,tay2 : | Multiple myeloma and ( ‘Determine prdgnosis Blood
microglobulin) | lymphomas o g ‘
BTA (Bladder Bladder Cancer Diagnose and determine “Urine
tumor antigen) .| recurrence L
|CA-125 (Cancer | Ovarian Cancer Diaéﬁbse;imohitor:ti‘éatm‘ent Blood
|antigen 125) ’ and determine recurrence -
CEA (Carcino- Coiorec'tal, lung, breast, | Monitor treatment and ‘ Blood :
embryonic. thyroid, pancreatic, determine recurrence
antigen) liver, cervix, and bladder | : o
CA 19-9(Cancer | Pancreatic, sometimes | Stage disease, monitor treatment Blood
antigen 19-9). colorectal and:bile ducts ‘and determine recurrence S
CA 1573 (Cancer Breast"an‘d others Stage disease, mdnitor treatment | Blood
antigen 15-3) including lung, ovarian | and determine recurrence S
hCG.(Human | Testicular ahd b Help diaghOSe, monitor. treatmeht ; Blood,
“fchorionic: |:trophoblastic and determine recurrence . Urine .
gonadotropin). . | ‘ .
|Estrogen . Breast cancer ‘Determine prognosis and guide | Tissue
receptors and E treatment (Hormones'and =~ :
|Her-2/neu ’ Herceptin) ;
‘Mono,'cyylfbyhayl - Mult1p1e ‘r‘nyelyoma“aynd‘ k Help diagﬁosé;, momtor ‘ Blkdo:c‘l,’
immun'oglobulins Waldens:trom"s“ ‘ treatment, and ‘de‘term'i’ne : Urine
L ' | macroglobulinemia recurrence [
NSE (Neuron- | Neuroblastoma, small Monitor:treatment. - Blood
specific enolase) ;ckell‘liunglc‘anc’et: ‘ ; ‘ : oo
"PSA‘(P‘rostate” : :ProStaiteéance‘r | Screening, diagnose, monitor = | Blood |
specific antigen) ‘ treatment, and determine ‘
L L recurrence ” ~
|Thyroglobulin | Thyroid cancer Determine recurrence Blood
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Table 2: Tumor blomarkers belng evaluated -

Tumor Tumors ;

Biomarkers.

Apphcatlons

| Sample

Cytokeratin 18
(CK18), bladder
tumbr fibronectin
(BTF), Bladder
tumor 9ntigen
BTA)

Bladder cancer

Help diagnose and determme .

| recurrence

TA-90

MétaStatic melanoma | Help diagnosis

|cazas,
L JCAM 171 and
Tissue

Pancreatic cancer:-

| polypeptide
i speciﬁcan‘tigen‘
laps)

~ {Help d1agnos1s

could improve patient care. Assessment

of genotypes at single locus may
‘contribute to evaluation: of cancer risk;

progression. In case of sporadic cancers

information and research which is being
translated to the clinic. There are

:prognos1s The HER2 gene is over

~expressed in ~30% of breast cancers,
increasing the aggressiveness of the

tumor. Herceptin (or trastuzumab),

Erecomblnant monoclonal antibody agamst 5

HER2, is now part of the ideal

fmanagement in patients who over express

‘thisV receptor: ‘This was ﬁrst conclusively

d1agnos1s and prediction of disease
_resulted in a s1gn1ﬁcantly longer time to
we are at a stage where there is a lot of
; : response, a longer duration of response,

‘molecular biomarkers which are chmcally, :
:apphed in selecting the pat1ents for ‘
specific therapy and to momtor the,‘

shownina phase 3 clinical trialin women

~ with metastatic breast cancer who over :
expressed HER2. When added to

conventional chemotherapy the antibbdy

'dlsease progression, a higher rate of

; ahd‘improved overalll‘ survival (1').~ In |
oligodendroglioma, several studies have
shown that 1p and 19q loss are 100%

~ responsive to PCV (Procarbazine,
- Carbamazipine and Vincristine) therapy
; and have an average survival of 1‘2‘Vy"e'ar,s
instead of 2 ‘y‘e‘arsib'efqre‘ the era of PCV..

It also helps avoid patients with no loss
- of 1p/19q, who are not responsive to PCV,

~ from unnecessary risk of chemotherapy

In tumor momtormg and in determmmg.
the response of hematologlcal



malignancies, molecular typing is
increasingly used. The BCR-ABL fusion
protein of its translocation can be
determined by PCR for monitoring CML,
N-myc amphﬁcatlon correlates with poor
prognosis in neuroblastoma _patients.
Amplified N—myc confers resistance to
certain drugs like cisplatin used in the
therapy of the d1sease There is a vast

body of hterature on p53 that has yet to :

“be transformed to chmcal pract1ce For
example 1n prostate cancer, mutatlons in
the p53 gene are. assoc1atod with
metastas1s and may serve as a biomarker
for progressmn (2) o

Heredltary cancers

In the case of heredltary cancers,
assessmg the molecular alteratlon may
contribute to evaluatmn of cancer r1sk and

'early d1agnos1s The lmkage of mutat1ons :
in the BRCAI and BRCA2 genes to

~ suscept1b1l1ty to both breast and ovarian
cancers is now used in clinical practice.
leen this risk, otherw1se healthy
1nd1v1duals Who test pos1t1ve for BRCA1/
2 mutatlons may opt to undergo
prophylact1c bllateral mastectomy and
oophorectomy (3). The same reasonmg
can be ‘used for screenmg for p53
mutat1ons in detectmg at risk 1nd1v1duals
in families of Li Fraumem syndrome

‘Slmllar mutationin APC gene contribute -
‘both to hereditary and sporadic colorectal

-.cancers, maklng screemng for mutatlons
in this gene a poss1ble component of
colorectal cancer risk assessment and
clinical management (4).

'HNPCC
(hered1tary nonpolypos1s colon cancer) is

Tumor Biomarkers 267

a hereditary syndrome that is caused
when a person inherits a mutation in
different mismatch repair .génes;
mutation:in two of the gene MLH1 and
MSH2 account for the vast majority of
detectable mutations. Members of
families with an error in one of the genes
associated with HNPCC should strongly
cons1der some spemal colon cancer
screenmg and preventwn optlons

Blomarker discovery in post genomic
era : Molecular profiling of cancers

Biomedical research in general is in
the midst of an informational and
technological reyolution. Over the 'past
decade, \molecular prOﬁling has emerged
as a dynam1c new d1sc1p11ne capable of
generating a global view of DNA

alterations, mRNA and protein patterns -
in various cell types and disease processes

by integrating the expandmg genetic
databases from the Human Genome

'Project with newly developed expression

analys1s technologles It helps in
explalnmg the relatlonshlp between
genotype and phenotype in humans

which is still largely unknown It also

“provide with the identification of neW
‘molecules for development of new

d1agnost1c and therapeutlc targets for
chnlcal 1ntervent1on

: The underlymg cause of each
patient’s disease is typically unique to.the
individual. Molecular profiling provides

- advanced analysis and tools to betterhelp
the physician determine the molecular
characteristics of each patlent’s disease

80 that they may better modlfy the
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medical strategy specific to the individual.
Hence molecular profiling with Genomic-
based & Proteomic-based approaches and
tissue arrays is being used to discover
next generation biomarkers which help to

- obtain more global views on cancer genes.
These include:

DNA based blomarkers - Genetlc
changes and mutatlons in oncogenes

tumor suppressor genes and genes'

involved in malntamlng the cellular
integrity. - ~
 Mitochondrial
biomarkers.

DNA  based
Pattern- based RNA express1on

analys1s
tumor types '

Epigenetic b1omarkers Potent1al to‘

guplde ‘treatment decisions for a number

of marketed and developmental agents.

~ Specific  proteomic
assomated with' dlsease o
Genomlc based approaches.

: .Genomlcs 1nvolves the study of complex
set of genes, thelr expressmn and
1nteract10n ~with each other us1ng
mlcroarray system The ~cancer
development is dependent on many

different genes, their express1on and‘

mteractlon with each other to create a
favorable environment for disease to

~develop. Wxth the advancement in the

study of genonnc ana1y51s the
, 1dent1ﬁcat1 on of a set of genes (rather than
smgle genes) expressed in the tumor is
posmble that may prov1de far more

Demonstrated ina number of o

patterns

spec1f1c and reliable 1nf0rmat10n
regarding the tumors.

DNA mlcroarrays These are the
cornerstone of genomic analys1s They '
comprise a number of \(often thousands)
of genes'spotted onto a glass slide in a
precise manner. There are two types of
DNA mlcroarrays cDNA array and
ohgonucleotlde array. cDNA array is used
mostly for gene expressmn proﬁhng RNA
isolated from the tumor tissues are
labeled and then hybrldlzed to the

_ m1croarray (chip) which contain known

DNA molecules (~100 nts) 1mmob111zed on
a solid surface (Figurel). An array can.
accommodate ~20 thousand specific
sequences on a s1ngle chip, either chosen
randomly or dellberately biased to
represent collectlon of genes typlcally
expressed in a cell type of interest.

Ol1gonucleot1de array contaln short
nuclelc ac1ds upto 25 nts 1mmob111zed ‘on
a glass shde surface They are used to
screen for sequence varlatlons
(mutatmns) of spec1f1c genes and for
genotyplng where labeled DNA from an

: 1nd1v1dual 1s tested for genetlc markers

like slngle nucleotlde polymorphlsms
(SN Ps) m1crosatelllte markers to yleld a
ﬁngerprlnt which in turn may be l1nked ‘
to the nsk of developmg dlseases .

1In cancer DNA mlcroarray can: be
apphed to e ~ L

e Study the global gene expressmn

: pattern in tumors contributing to

. .,mallgnancy L. e snapshots of genes
~either up- or down regulated 1n
~ tumors. ~
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Figurel: Schematic representat‘icn of Microarray a‘naylys,is G

Normal cell ; Cancer cell
: ‘L ‘RNA isolation ¢
- Reverse transcriptase “label‘i‘ng of cDNA
Green fluorescence ~ Red fluorescence -

Combined in equal amounts and hybridize
this target mixture to microarray.

4o

'S‘can ‘ehd“ahalyse data

) Higher expression of gene in normal sample
: (green ﬂuorescence) R

@ ngher expression of gene |n tumor sample . :
(red fluorescence)

D @ 0o
5@ @@
DSCQ
DODO
ee@_
©0o |

@ Comparable expressnon of gene in both normal
and tumor samples (yellow ﬂuorescece)

: O Error in fluorescence readlng

@@@%@Q

The intensity and color of each spot encode lnformation
- on a specific gene from the testod samples.

- Molecular classification of neoplasms
- by gene expression signatures

Discovery of new prognostic or
predictive indicators and biomarkers

of therapeutic response k
- Ikdentiﬁcation ‘and validation of new
k‘m“o‘le(‘:ula:r targets for drug
‘ development - . ‘

Ident1f1cat10n of genes conferrmg
. drug re51stance ‘

e Prediction or selection of patients
most likely to benefit from, or suffer
from partlcular side effects of drugs

~ (pharmacogenomlcs)

There are. reports in the hterature :
where mlcroarray analyses was done to
class1fy and to predlct the clinical outcome
of cancers. In case of acute mye101d
leukemia a 13,000- gene array was used
that separated acute mye101d leukemla
patients into classes, including one class
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with a particularly poor clinical outcome

(6). Bullinger et al. (6) has used a 133-
gene predictor that classified patients of
AML into clinically relevant subtypes.

Alizadeh et al. (7) studied lymphoma .

using Lymphochip, an expression array
that separated patients with two subtypes

originating from different progenitor cells,

one  with - 76% response rate -to

chemotherapy and the other with poor

response. Hoffman et al. (8) have analyzed
published ALL microarray data set using
- robust multi-array. analysis (RMA) .and
random forest (RF). They identified a set
of 26 genes that yield accurate subgroup

distinction and raised the prospect of a -
diagnostic gene expression platform for

accurate diagnosis in pediatric ALL.
Lapointe et al. (9) have used a microarray
of 26,000 genes that separated prostate
tumors into. three dlStlI’lCt classes
dependlng on the gene expresswn
pattern. A 4-gene model (10) predicted
relapse of prostate cancer independent of

stage and grade. Biopsy specimen of lung -

cancer was analyzed (11) using a 99-gene

profile and a 42-gene profile associated -

with increased risk of death. A review
_article (12) has discussed the molecular
profiling of non-small cell lung cancer, the
- progress made thus far in relation to its
pathogenes1s -molecular

that. may be of usein d1agnos1s screemng,
and assessing the effectlveness of therapy
v By molecular proﬁhng of breast cancer
using two dlfferent gene sets: first, a set

of 456 cDNA clones that reﬂect the‘

intrinsic properties of the tumors and,

“second, a gene set that highly correlated

with pat1ent outcome, estrogen receptor
positive tumor cells of breast cancer are
separated into two distinct classes with
different survival proflle (13) van de
VlJVGI' etal. (14) used mlcroarray analy51s

; of 70-gene prognosis proﬁle and classified
- a series of 295 consecutlve patients with

primary breast carcinomas as having a
gene-expression signature associated
with either a poor prognosis or a good
prognosis. Glaset al. (15) have translated
the 70 gene prognostic profile into a small
custom made microarray containing 1900
probes instead of original 25,000 probes

to predict the outcome of disease in breast

cancer patient. Wang etal.(16) have used
a 23-gene s1gnature in colon cancer that
predicts recurrence in Duke’s B pat1ent

‘ ; and upstaged to receive ‘adJuvant therapy.
Ziober et al. (17) have identified a 25-gene

signature of early diagnosis and mass

_screening of OSCC (oral squamous cell

carcinomas). This gene signature was
found to be 96% accurate on cross

validation. These arrays are measuring

up well when compared with conventional
classification and prognostlcatlon’
methods

o Arrays are also used to study the drug

“ response in different malignancies: A 31

gene profile distinguishes individual with

- CML that achleved major cytogenetlc

response treated with 1mat1n1b (tyrosine

~ kinase inhibitor) (18). A 95 gene profile
- was identified that predicted 1mat1n1b

sensitivity in ALL (19). Gene expression



pattern in childhood ALL and response to
drugs hke predmsolone (33 ‘genes),

vincristine (40 genes) L-asparaginase (35
genes) or daunorubicin (20 genes) was

studied by (19). Xu et al. (20) did -

pharmacogenomic profiling of PISK/
PTEN-AKT-mTOR pathway in many solid
tumors and identified variable expression

of all the signaling protein in this pathway

and predicted sensitivity to mTOR
inhibitor (rapamycin). Potti et al. (21)

have developed gene _expression
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signatures that predict sensitivity to
individual chemotherapeutic drugs and
“also ,to‘ multidrug
malignancies of different tissue origin.

~regimens in

 After the discovery stage has been
completed using microarrays, a smaller
subset of targets is .spotted on a
macroarray which can be used more
convemently The differences between
m1croarray and macroarray are glven in

Table 3

Table 3: Mici'oarrast ’Macroarray "

Microarray =

: Macroarray

Molecular portrait of the whole 'geno‘me ‘

Molecular portrait of the biological pathways,:

DNA/Oligo’s spot size smaller than 200
microns in dlameter

Spot size over 300 micron in diameter

Contain thousands of spots per ari'ay S

Fewe1 ‘spots, are present usually hundreds or
less per array o

Capture a molecu]ar portralt of the hvmg cell
or tlssue ‘ ‘

Molecular s1gnature obtalned by parallelk

' dlfferent physmlogmal and pathologlcal origin

compamson of the portralt among samples of

Done for discovering or for research purpose -

; Cl1n1ca1 apphc atxon for tumor classxficatlon ‘

prognostlcatlon and therapeutlc response o

Proteomlcs based approach

Proteomlcs The goal of Proteomlcs 18
to f;obtam a more global and integrated
view of biology by studying all the
“ proteins of a cell rather thaneach one
individually: The growth of proteomics is

~adirect result of advances made in large =

‘ scale nucleotide sequencing of expressed
sequence tags (ESTs) and genomic DNA

- as without this information protein could

not be identified, Protéomics is important

~as many type of information cannot be
~obtained from the study of gene alone”

Protein expression. and function are

subject to modulatlon ; through ,
transcrlptlon as kWGH as ”through
posttranscnptmnal and posttranslatlonal

: events More than one RNA can result.

frcm one gene through a process of
‘dlfferentlal sphcmg Addltlonally, there ‘
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are more than 200 post translation

modifications that proteins could undergo
that affect function, protein-protein and
nucleotide-protein interaction, stab111ty,
targeting, half-life etc., all contributing to
a potentlally large number of protein

products from-one gene. Protelns are.’

responsible for the phenotypes of cells

anditis only through the study of proteins
~can protein modification be characterized

and the targets of drugs identified.
Depending on the type of study different

approaches are apphed in proteomlcs llke:‘

Two-dimensional Gel electrophores1

~ (2-DE): 2- -DE is done for separation and ;
isolation of different proteins in a sample.
2-DE is able to resolve proteins that have

' undergone some form of ‘posttranslational
modlﬁcatlon and/or dlfferent forms of

proteins that arise from alternative

" mRNA sphclng or proteolytlc processing.
A number of 1mprovements have been

‘made in 2-DE over the years hke ‘

klntroductlon of immobilized pH gradlents

(1mproved the reprodumbﬂlty of 2- DE), ,

the use of ﬂuorescent dyes (1mproved the
sens1t1v1ty of protein detection),

specialized pH gradients (able to resolve

more proteins) and automation of the

- process of 2-DE from gel running to image _

analys1s and spot p1ck1ng

Mass spectrometry QMSz MS 1s an

1mp0rtant emerglng method for the :

'characterlzatlon of protelns and
acqu1s1t10n of protem structure
‘ 1nformat10n MS can glve sequence data

: from any Coomassm stamed band or gell

spot. The protein is digested with trypsin
in the gel, peptides eluted and
fractionated by reverse phase

. chromatography and introduced into the
mass

mass  spectrometer. The
spectrometer determines the mass of the

peptides and the sequence (by collisionally

induced dissociation). From the masses of
the peptide fragments, sequence data is ,
determined by comparison ‘with known
sequences or by manual interpretation.

The methods for ionization of whole

proteins are electrospray ionization (ESI),

matrix-assisted laser desorptlon/
ionization (MALDI) and surface enhanced
laser desorptlon 1on1zat10n (SELDD).

, ESI Samples are analyzed by loadlng
1nto an ion trap mass spectrometer using
an FlectroSpray Ionization (ESI).

‘Peptides require some form of p_uriﬁcation
~ after in gel digestion and manual loading

of the  samples in individual

‘mlcrocaplllary tubes. It is tedlous and
i ’S].OW = Gk ;

MALDI: Most often, masses are

~determined by Matrix Assisted Laser

Desorptlon Ionlzatmn Tlme of Flight
mass spectrometry (MALDI-TOF) (Flgure

. 8). In this technique, the sample is mixed

with a matrix, commonly cyanohy-
droxycinnamic acid for peptides or
sinapinic acid for proteins and dried,

- When irradiated with a nitrogen laser, the

matrix adsorbs energy, which is

transferred to:the peptide molecule, which

desorbs into the gaseous phase. An

electric field accelerates it, and by
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- Figure 3 : Protein separation by 2DE and protein identification by
- MALDI (Matrix assisted laser Desorption ionization).

- Isoelectric focusing

cells

- SDS-PAGE :

&
+«

cells

transformed

Transformed

Protein resolved in_
2-D PAGE

The protein is digested with
tryspin in the gel o

"The 'sample mixed witha
“matrix and dried

- Irradiated with a nitrogen laser,
- desorbs into the gaseous phase

An electric field accelefates it, and
. measuring the time it takes to reach a
‘ detector, the mass can be determmed

" measuring the time it takes to reach a
detector, the mass can be determined.
Sample application can be performed by
arobot, the entire process including data

COlléctiQn and analysis can be automated -
and the samples can often be used directly

~ without any purification after in- -gel
dlgestlon (Qin et al 1997).

- SELDI: SELDI overcomes mahy of'
the problems associated With‘sample;
preparation inherent with MALDI-MS.

The underlying principle in SELDI is
surface enhanced affinity capture through

the use of specific probe surface or chips.

A 2 DE ana]ys1s separatlon is not
necessary because it can bind protein

- molecules on the basis of its defined ch1p

surfaces Chlps with broad binding

‘4 properties, 1nc1ud1ng 1mmob111zed metal
; affinity capture, and w1th biochemically

characterized surfaces such as antibodies
and receptors, form core of SELDI (22).
This- MS technology enables both
biomarker diécovéry and protein profiling
from the sample source Wlthout
preprocessmg - ‘

: Mass analysas of proteolytlc peptides

is a much more popular method of protein
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characterization, as cheaper instrument

designs can be used for characterization.

Additiohally, sample preparation is easier

once whole proteins have been digested
into smaller peptlde fragments

Protem mlcroarrays

In protein mlcroarray dlfferent
~molecules of proteins are affixed
robotically over a glass slide at separated
locations in ordered manner thus forming
a microscopic array. The technique
preserves the function of the delicate

proteins and is used to identify protein-
protein interactions. Protein microarray

technology has the potentlal to monltor
* complex 1ntracellular protein expression

and ‘to s;_multaneously study ‘the
interaction between proteins and a large

‘number of potential interaction partners.

Protein microarray based assays can be
grouped accordmg to dlfferent formats

~and dlfferent types of apphcatlons One

i8 forward phase proteln microarrays
which include protein capture microarray
and sandwich m1cr0array and the other

is Reverse phase protein mlcroarray

which 1ncludes dlrect protein micr oarray
(Flgure 2) :

. FigUre 2 ; Antibody array and pkrotei:h array .

- Fluorophore
. Protein
 Antibody

Solid supprot

Protein capture microarraﬁ (ForWard phase protein microarray)

‘ Dij"ect:broteinimi‘c‘rea:rray (Forward phase protein microarray)



-Protein expression proteomics: :

The quantitative study of prote1n
expressmn between samples that differ by
_some variable is known as expression
proteomics. In this approach, protein
expression of the entire proteome or of
subproteomes between samples can be
compared. Information from this
, approach can identify novel proteins in
signal transduction or identify disease-
spe01ﬁc proteins. ‘

’ Structural p_roteomlcs

Structural“proteomics attempts to
~ identify all the proteins within a protein
complex or organelle, determine where
they are located, and characterize all
protein-protein interactions. An example

of structural Proteomics was the recent -

analysis of the nuclear pore complex.
Isolation of specific subcellular organelles
or protein complexes by purification can

greatly: 81mpl1fy the Proteomic analysis. -

This 1nformat1on will help piece together
the overall architecture of cells and
_explain how expression of certain proteins
glves acell 1ts unlque characterlstms ~

Functlonal proteomw

" “Functional proteomics” is a broad
term for many specific, directed
proteomics approaches. This could include
the isolation of protein complexes or the
use of protein ligands to isolate. specific
types of proteins This approach allows a

selected group of proteins to be studied ‘

and characterized and can provide
important information about proteln‘
signaling, disease mechamsms or protem—
drug 1nteract1ons :
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Application of proteomics in cancer.

New proteomlc technology allows us
to gain an overview of thousands of :
proteins simultaneously as a proteomic
pattern, analyze the individual protein

.signaling pathways being utilized by

neoplastic cells, characterize the
neoplasm biologically, and select specific

targeted treatment modalities, known as

personahzed” molecular med1c1ne

Several studles have already shown
that protem ﬁngerprmts can reprodumbly
d1st1ngu1sh between normal and tumor
samples e.g. Bleast cancer (23, 24) and
bladder cancer (25). Moreover, proteln ,
proﬁlmg fac111tates the’ d1fferent1at10n
between samples (mcludmg cytolog1ca1

‘material) obtained from hlstologlcally

different types of tumor l1ke non-small-
cell 1ung cancer (26) leukemlas (27.

. Reﬁmng diagnosis at the molecular level ,

would obviously greatly 1mprove the

class1f1cat10n of tumors, ultlmately

amehoratmg our ab111ty to predict chmcal
outcome and to 1dent1fy 1nd1v1duals at a
hlgher I’lSk of d1sease recurrence '

The potent1al ut1hty of chlp based
proteomics in the early detection of cancer .

" has been demonstrated by (28 a,b), who

have identified a serum proteomic pattern
that accurately d1st1ngu1shes individuals

with ovarian and prostates cancer from

control subjects. Valerio et al. (29) have
apphed proteonuc analys1s of serum
samples to the differential diagnosis of

~ tumors from tumor-like diseases, such as
pancreatic carcinoma and chronic

pancreatitis; Sera from individuals with
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melanoma and healthy Volunteers have

~ been analyzed by MALDL-MS (Matrix

Ass1sted Laser Desorptlon Iomzatlon-
Mass Spectrometer) This (30) showed the
presence and abu‘ndance of proteins with

molecular we1ghts of 2500-3500 Da,
which were completely absent i in control

“subjects, 1nd1cat1ng the potential of

- protein. proflllng not only in early

diagnosis but also in disease. prognosis.
de Nooet al. (31) have used MALDI-TOF
to assess the feamblhty of this approach
for the detectlon of breast cancer.

Preoperatlve serum samples were

obtamed from 78 breast cancer, patients
and 29 controls ngh sens1t1v1ty (100%)
and spemﬁmty (97 %) were shown for the

. detectmn of breast cancer and 1ndlcated'
the potentlal usefulness of serum pr otem ‘
proﬁle in breast cancer detection. Mlguetr

et al. (32) have used SELDI- TOF-MS
technology to d1scover and 1dent1fy
potentlal b10markers for accurate
" d1agn051s of the dlfferent forms of chromc
rmature - B- cell lymphomas New
k blomarkers were observed in 3 mass
ranges (m/z = 13000, m/z = 9000, m/z =
<2000) These markers were observed in

38% of the patlent’s Sera but in none of :

the control sera L

: Bes1des prov1d1ng nevv 1nS1ghts into
cancer pathogenes1s proteomlcs could
have an unprecedented impact on some
 vital areas of cancer patient management

~such as :

Early detectmn of disease, by using

~ proteomic patterns of body ﬂu1d

samples (33, 34)

~studies,

e Cancef diagnosis and/or prognosis,
based on proteomic signatures of
tumor samples as.a complement to
hlstopathologlcal evaluatlon (28, 35
25.)

e The deVelopment of new disease and/ -
or patient-specific therapeutic '
~strategies after the identification of
 differential display between normal
tissue and tumor tissue (36,37) and
e A rational modulatlon of therapy
accordmg to changes in protein

profiles associated with drug
resistance (38, 39, 40).

Tissue mlcroarrays ‘

Compared w1th the hlgh throughput

. techmques of genomlcs and proteomics,

most tissue based molecular analyses are
slow, cumbersome and require extensive
manual interaction. Using conventional
molecular pathology techmque only single
sample can be process, by cutting thin “

- Hum section and analyzmg the specimen

by 1mmunosta1n1ng or in-situ
hybr1d1zat1on, and it is cumbersome and
slow. To overcome these l1m1tat1ons of
conventmnal techmque and to enable
genome scale molecular pathology
Tissue microarray (TMA)
technology was developed. TMAs

facilitate the analysis of molecular

alterations in thousands of tissue
specimens in a massively parallel fashion.

Construction of TMAs is achieved by

acquiring cylindrical core specimen from
up to 1000 fixed and parafﬁn embedded
tissue specimens and arraying them at
high density into a recipient TMA block.




The composite array block is sliced into -

sections that are placed on a glass slide.
The slide now contains hundreds of tumor

samples; 'Im'munohistochemical staining

or in sitiv hybr1d1zat10n can be used to
query the array for specific molecules

suchas 1nsul111511ke growth factor binding -
protein (e.g. IGFBP1), apoptosis related

proteins (e.g. BCLZ) heat-shock proteins

"(e.g. HSPs) and a transcription factors :

(e, g GATA2).

. Studles are. done using t1ssue array
method to look for the increased
expression of various proteins in cancer
 tissues. Singer et al. (41) have used tissue

arrays to investigate the expression

pattern of transglutaminase-2 in 57
invasive ‘breast cancer biopsies and 62
ovar1an cancers ’I‘ransglutammase 2 has
arole i in cell growth and is also known to
kbe assoc1ated with cell ‘adhesion,

metastas1s and extracellular matrix
‘modulation. ujlncreased‘ protein expression
was seen in 84% of breast tumors and 58%

of ovarian tumors:. Ortiz -Rev et al. (42) .

have 1nvest1gated the frequency and
pattern of expression of CD10 and renal
“cell carcinoma (RCC) marker in 40 clear
Vcell renal cell carcinomas usmg two tissue
arrays prepared from parafﬁn blocks
They suggested that CD10 and RCC were
often expressed by clear cell renal cell
carcinomas and they may be useful
markers to suggest the renal orlgm of
carcmomas ~

Conclusmns

Recent technolog1cal advances in
~genom1cs and proteomics

clinical

could
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revolutionize the way of doing research
in medicine by providing researchers with
a formidable high-throughput laboratory
toolto study gene and protein expression
profiles and functions in health and
disease. New diagnostics and therapeutics
biomarkers will also be discovered using
methods that 'prov'ide global" views of
cellular function. The greatest potential
in the care of cancer patients could lie in

the personahzatmn of d1agnos1s and
‘treatment ‘which could be possible using -

molecular proﬁhng that prov1des the

global gene/proteln 1nformat1on Desplte '

the promlse demonstrated with molecular
profiling, several barrlers must be
overcome prior to routine diagnostic
implementation for patient intervention.
One barrier is the cost of ,mlcro,array
technology for determining the molecular
profile of the tumor. This technology is
expensive and requires special handling
prO‘cedures‘. Efforts are underway to
reduce the-problems associated with
molecular profiling in order to bring this
technology from bench to bed81de Small
number of genes selected from a larger
expressmn data set can be tested for
clinical relevance In case of B cell

'lymphoma chmcally relevant outcomes

have been pred1cted usmg b1omarkers of

‘a set of 6-gene reverse transcrlptlon (RT) ‘

PCR that can be easﬂy standardlzed ina
| laboratory (43).  And
biotechnology compames are trying to

ucommerc1a11ze the array ch1ps for
k dlfferent cancers g
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' MOLECULAR TARGETS FOR CANCER
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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 -
“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. alsoinfluence the above molecular targets and can help in cancer o
- preventlon ‘ :

i Keywords Cancer preventlon, cancer. therapy, molecular targets,;: -
os1gnallng ' . L o
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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 proliferations 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
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

,extracellular domam of receptors,
_ antisense 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
m@éawéfai

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_ '
Therapeutic 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 . Phaselll
£ 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 - FTI - 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 proteo, sis. 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

s . . 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 req 1res a member of the cip/kip -
‘ ,' 211 p27, pb7. Cip/.
romote , 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 Wthh relleves

k;ktranscrlptlonal repressmn by the Rb EZF

n
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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

: Flavoplrldol 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’ange'the 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 attract1ve as:

novel antlneoplastlcs

The development of drugs that target ‘
specific cellular pathways can improve

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 'pl 6 INK da eXpression ,speC1f1c interaction 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-

;‘1th1n t e same tissue and the
rocess of angiogenesis 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

selectlvely 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

. - Fauss Cne
Strategles to Inhibit Tumor
Anglogene3|s |

| Signat ransduction
inhibitors:

Proteinase:
inhibitors

“iilnvasion

. Tube
formation

§ Antlangiogen!c

faciors

lnllltrallng
: immunecells

Tyrosine kinage
Inhibitors

Capiliary

Nonspeclfic :
EC proliferation
blockade

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

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

o ~part1c1pates in- . cellular
_‘:transformatlon 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,

f 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>“ v

|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 F—Gene

Protein 4---—--- AmRNA

v

~ Metabolism
Cell Growth
leferentlatlon ;




Molecular Targets for Cancer Prevention and Therapy 297

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




298 Neeta Singh

References

1.

Vojtek A.B. and Der Channing J (1998).
Increasing complexity of the Ras

s1gnallng pathway. J. Biol. Chem 273:

19925 19928..

Gibbs(2000). Antlcancer drug targets:
growth factors and growth factor
signalling. J.Clin. Invest. 105: 9-12.

“Oliff A (1999). F,arnesyltréhsferase

inhibitors: targeting the molecular basis
of cancer Biochem. Bzophys Acta
1423 019 C30

Williams T.M. (1999). Inhibitors of
protem preny]atlon Expert opinion on
; therapeunc patents 9::1263-1280.,

Gescher A (1998). Analogs of
starurosporine: potential anticancer

: drugs? Gen. Pharmacol. 31:721-728.

Hartwell L.H. and Kastan M.B. (1994).

Celleycle control'and cancer. Sctence 266:

- 1821-1828.

Harbour J.W. et al (1999). cdk
phosphorylatlon trlggers sequentlal
intramolecular 1nteract10ns that
progressively block Rb functlons as cells

‘ 'move through Gl Cell. 98: 859 869.

SherrCJ and RobertsJ M. (1999) Cdk
inhibitors: positive and negative

regulators of G1 — phase progression. -

" Genes Dev. 13: 1501-1512.

ElIerby H M. et al (1999). Anticancef
act1v1ty of targeted proapoptotlc pept1des
Nat Med 5 1032 1038 ‘

10.

: canc‘er-medjated‘
‘plasminogen to the angiogenesis

Gately S. et al (1997). The mechanism of
conversion . .of

~ inhibitor anglostatln Proc. Natl. Acad.

A2,

Sci. USA 94: 10868-10872.
11

Steeler. — Stevenson W.G.:.(1999). MMP
in ang10genes1s a moyving target for
therapeutlc intervention.J. Clin. Invest
103: 1237-1241. '

Sellers. W.R.: and Fisher:-D.E: (1999)
Apoptosis -and drug targeting. <. Clin.

- Invest..104: 1655-1661.

18.

14.

16.

17,

Harris C.C. (1996). P53 tumor suppressor

gene: from the basic research laboratory

to the clinic & an abridged historical
perspective. Carcinogenesis: 17 1187-
1198,

Palmero I, Peters G. (1996) Perturbatlon'
of cell cyele regulators in human cancer.

- Cancer Surv. 27: 351-367;

15.
- R.E. (2000). Nutrition genetics, and risks

Rock CL., Lampe J.W. and Patterson

of cancer. Annu. Rev. Public Health 21:
47-64, ‘

Kolloff G. J., Crowell dJ. A et al (2000).

5 Progress in‘cancer chemopreventlon

development of diet derived

‘chemopreventive agents. 130: 4675-47 15
'V1n01s P, Malats N, et al (eds) (1999)

Metabohc ~ polymophisms and
susceptibility to cancer. Lyon, France.
Intl. Agency for Research on Cancer, ppl-

510




Ann Natl Acad Med Sci (Iﬁdia),’ 42(4): 299-313, 2006

EARLY DETECTION OF GYNAECOLOGICAL
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Summary

o Regardless of the frequency of cervical screening, an annual gynaecologic,
examination 1nclud1ng pelvic exammatmn is recommended

@ A dedicated team of cytopathologlsts for the study of PAP smears is_
essential for the success of any screenmg program for cancer cervix.
However for visual inspection of cerv;x only the performer of the test
should be trained..

o The latest guldehnes given by Amencan Cancer Soc1ety for screening of - <
cancer cervix seem to be very thought out strategy to curb the tendency
to over 1nvest1gate the population. '

® The use of cytobrush along with the conventmnal Ayre’s spatula has
reduced drastically the number of unsatisfactory PAP smears.

o Comblned use of PAP smear and HPV DNA testing should be offered for
o susplclous patlents with bad cerv1cal ‘erosions,

o Postmenopausal endometrial hyperplas1as and endometmal polyps must :
be followed up W1th hysteroscopic dlrected blopsy

. ‘Q; _Lactatlng breasts dense breasts and the mahgnant breasts w111 greatly .
_ benefit from frequent yearly Ultrasonographlc evaluatlon

Mammograms must be 1nterpreted by BIRADS class1ﬁcat10n

Ultrasound Breast should be advised more often than Mammography
uptlll the age of 50 yrs in general populat1on :

Correspondence ; Prof (Dr.) Shakti Bhan Khanna, 304, Hauz Khas Apartment Aurbindo Marg
New Delhi-110016. Email:- sbkhanna@yahoo.com. Achanta Lakshm1path1 Oratlon 2005 2006,
“deiivered at Annual Meetlng at Hyderabad 2006,
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e Ultrasound Pelvis.and CA 125 are two good modalltles to dlagnose and
‘ 1nterpret the morphology of adnexal masses. '

® Since majority of ovarlan cysts are benign, a mature decision for futher
evaluatlon of cysts by way of specific tumor marker evaluatlon excision
ete. must be made as per the morphology of the cysts

@ A thorough hlstory taking, examination of breasts, inspection of cervix
and biomanual examination of pelvis of all females should be a must in
all women irrespective of the systemic disease she is suffering from.
This will go a long way off in preventlon early detection and treatment

of gynaecological mahgnanc1es

Key Words: Gynaecological mahgnancy, Screenlng, PAP smear, Ultrasound
pelvis, Mammography, Cancer cervix, Endometr1a1 Cancer, Ovarian tumor

Breast Cancer.

Introduction

Cancer is increasingly recognized as

a global problem and not limited to

‘developed world. The incidence of all
cancers varies from 90-120/100,000
populations (1). In India gynaecological
cancer account for 55 to 60% of all cancers

Incidence

NORTH:
40N AMERICA

8.4% ; S Sepan
B 4.6%

LATIN G
AMERICA & LATIN
CARIBBEAN

A
AMERICA S " 509,
CARIBBEAN ‘
1.3%
10,862,000
cases

Mortality

6,724,000
- deaths

in woman. Cervical and breast cancers
together account for 40% of all female

cancers, Although ovarian cancer is the

third common ‘cancer of women in India,
still more women die of it than any other
cancers as ovarian malignancies present .
at-advanced stages (2). (Fig 1)

Prevalence
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%

7 OCEANIA
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AFRICA R
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Fig 1. Global Cancer Statistics Incidence, Mortality, and Prevalen;ce by Location (‘3) ;
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Refreshing Awareness for Medical Fraternity

One may think as why to talk about
cancer in women in India, where more
women die from malnourishment,
childbirth trauma, infection, anemia etc
than cancer, and very few reach the ages
where cancer is prevalent. Very true! But
if we aim for positive health in a
community, we have to also inculcate
amongst medical fratermty the concept of
prevention of the disease, and the aim of
todays presentatlon is:to sensitize. the
medical professionals about the concept
‘of preventive gynaecological oncology. The
main thrust of the talk will be on cancer
cervix which we know is a preventable
cancer. One does not need the expensive
infrastructure, for its screening. It is Only
the awareness of the basic facts about the
etiology of the disease which all of us
irrespective of the speciality to which we
may belong, have to keep in mind, while
dealing with a woman patient who may
not have come for any Gynae complaint.
A simple examination of breast and

1nspect10n & feel of the cervix is all What ;

_is needed to have the suspicion of the

cancer -of breast and cervix after a few -

leading questions have been askea from
the woman. Prevention and early
detectlon of cancer is also extremely

critical in a country like Indla, where in

case of late detectlon cost of treatment is
very high. Advanced stages of cancer call

for.expensive modalities of treatment. So.

cancer prevention and early detection
becomes a medico-social respons1b111ty
and an economic necess1ty

vAccordmg to WHO ‘fabout halftoone-
third cancers can be prevented (tobacco

& alcohol related diet modification and

immunization against Hepatitis B &

Human Papilloma viruses); about one-

third can be prevented by early detection

with current knowledge (breast and
cervical cancers) and in-about one-third
cases palliation can improve the quality
of life for incurable cancers. The primary
prevention is possible if the causative
organism is known and Human Papilloma

‘. Virus (HPV) is recognized to play a

significant role in etiology of cancer cervix
4. ’
Role of History Taking

Currently, it appears that the best
way to detect any early cancer is for both
the patient and her clinician to have a
high index ‘of suspicion of the diagnosis
in the asymptomatic woman. There is a

definite role of detailed and appropriate
hlstory takmg and also makmg patients

- aware of the risk of cancer as a strategy

for preventing cancer. Advising hlgh risk

. patients for surveillance and follow up
- and counseling them to get their peers for

preventive health check is one of the
1mportant components of adv1ce glven to
women after undergomg screening
programme Teaching the proper
techmques of monthly self examlnatlon '
of breasts and counsehng the women

about its importance is another 1mportant
_aspect of the preventive gvnaecologlcal

oncology Therefore under thls scenario,
there is a definite role of a general
phys101an/genera11st gynaecologist as a
prlmary health care prov1der in
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implementing the screening programme

for cancer detection in the community.
WHO

programmes (5) are:

criteria for screening

a . The condltlon sought should be an
important health problem.

‘m There should be an: accepted
treatment for patients with
recognized disease.

[ ] ‘Fac111t1es for dlagnOS1s and treatment

should be available.

m -There should be a recogmsable or
“early symptomat1c stage,

m  There should be a sultable test for
examlnatlon with high sens1t1v1ty
and specificity.

Well Woman check (6)

Keeping the concept of prevent1ve
: oncology in mlnd a health package by the
name of “Well Woman Check” is offered
in the Indraprastha Apollo Hosp1tal New
Delhi. A prospectlve study for 9% years
from December 1997 upt111 August 2006

was done for all patlents who came for -

this check. Durmg this period, total O, PD.
~ attendance for the hospital was 1026 143
out of which 1190 76 patients (11.6%) were

, exammed in preventlve health checks :

47,630 (40%of all health checks) were
females: 4295 women (11.08% of all
female patients) had Well Woman Check
done. This check is performed by the

gynaecologist. It includes a detailed -
‘relevant history taking, general physical
‘and  systemic

examination, and
examination of relevant organs i.e.,
breast, abdomen and female genital .
organs by way of speculum'examination
and bimanual examination. The
1nvest1gat1ons performed under this check

' 1nclude complete blood counts, fastmg and
~post prandial blood sugar, blood grouplng

and Rh typmg, routme and microscopic
urine and stool examination, X-ray chest

- PAview, PAP smear, Ultra sound Pelyis —
trans abdommal and trans Vaglnal

B1lateral Mammogram and Ultra sound

,Breast

It will be seen from Table I that 64%
of the ladies were above 40 yrs of age. 70% .
were in the upper middle class and none
from the lower socio- economlc status

Cervical Cancer

- Cancer cervix is an important public
health problem. It is the third cancer in
frequency‘world wide and most or second

‘most common cancer in women in

developing countries (Fig 2). PAP smear

Table-l : Cllmcal profile of:Study Group (Well Woman Check)

- Ag Number h o | Socio-Economic Class | Number | (%)
18-40yrs | 1549 | 36 Lower Middle and < o | o

- 40-60yrs | 2199 | 51 Middle 1288 30

| seoyrs. 0547 " 13 | Upper middle and> 3007 | 70
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‘has been the hallmark for screening of
cervical cancer and it has been proved
beyond doubt since 1960’ that cancer

cervix can be prevented by the detection

and treatment of precancerous lesions in
“the Cervix by cytology.

<03 B <161 5 <238

W 358 ‘ <939
1100000

Age standardized incid

Fig. 2 The global burden of cerv;oel cancer

Some facts about cancer cervix are:
m  Cervical cancer is preventable

m  Most patlents are asymptomatlc

[ ] Patlents may present with postcmtal ;

bleedlng, intermenstrual bleeding
and an abnormal vaginal discharge.

m Risk factorsy for selekc'dtive and

opportunistic screening are:-

; Multiplepartnei‘s S.T.D.s
) ‘Early onset of sexual activity.
e HPV infection

. : ngh pamty

e _Immunosuppresmn and HIV
infection.

) 'Oral Contraceptlve users have a
4 times 1ncreased risk in HPV
perhaps; by

, p01t1ve cases

~decreasing folate levels or by
_activation of metaplastic cells.
. Smoking ' .
e Husband with previous wife
‘having cervical cancer.
o Low socio-economic status.
o Poor n'utfition é.nd poor hygiene
During the last 20 years the
understanding of the etlologlcal agents for
Cancer Cervix has 1mproved a lot. The

detection of hlgh risk oncogenic Human
Pe pllloma Virus (HPV) type 16 & 18, as

. the main etiological agent for occurrence

of cancer Cervix has been established
beyond doubt(4). It seems as if HPV
induced Cervical cancer is an anomaly in
the otherwise elusive search for the cause
of human cancers, as almost no other
cancer has a single exposure agent which
is a necessary cause “of the caneer. The

detection of HPV wviruses on cervix as a
‘primary screening modality or as an

adjunct to cervical cytology is no doubt
one of the best screening methods for

“cancer Cervix, but the ava;lablllty of the

infrastructure and the health care
resources is a very important impediment
in theiiﬂusage for mass screening
programmes. This cancer being a disease
of the poor, and developing nétions, the
low cost, low technology screening

‘modalities have been evolved lately asan
alternatlve to the cytology.

WHO cyrlterla; for_ ,‘s‘oreening
programme have been fulfilled by cervical

‘screening and the mortality from cervical




304 Shakti Bhan Khanna =

cancer: ig falling in systematically

screened population. For cancer Cx, along
latent period of premalignant stage, HPV

as a definitive agent, easy and direct

access of uterine Cx for examination and

sampling and effective treatment for pre

malignant changes, make this cancer
~ probably the only gynaecological cancer
to satisfy all these criteria.

In India, cervical cancer is the

commonest malignancy in the females

and accounts for 85% of all gynaecologlcal
cancer and 25% ofall female cancer. About

18% of all cerv1ca1 cancer pat1ents are in

India (2). Ethnic variations in India reveal
varied incidence rate for different
communities i.e. 28/100,000 female .
population for Hindus;, 18 for Christians,
15 for Muslims and 4 for Parsis.(2). The
truncated rate in the age group 35-64 yrs |
in Chennai is even higher (99.1/

"100 000 1982 95) than from Cah
Columbia (77 4/100 000;1987- 91) (Table

2). The cerv1ca1 cancer load in India alone
is estimated to reach 100,000 by 2001. The
differential patterns of cervical cancer and
the wide variation in incidence are
possibly due to environmental dlfferences

(7.

.. Table-2 : Incidence Rates of Cancer Cervix in India =

‘Registry ‘ Age Adjusted Rate

e 1982 1987 1991
 Bombay | 178 16.1 | 186
Bangalore | 341 24.2 215
. Madras | 4086 413 385

Screenlng tests for Cervical

Carcmoma :

1 ; Convent10na1 cervical PAP smear.

2. "quuld based cervical cytology ~

3. Vlsual 1nspect10n | ' ‘
a)  Unaided visual 1nspect10n (VI)

b) Visual 1nspect10n usmg Ac1tlc
 acid (VIA)

‘) Vlsual inspection usingLugol"s
~ iodine (VILI) ‘
4, _ColpOScopy :

5. Cérvic‘ogrophy
6. - HPV, DNA testing

7. Other emenging technique’s"

a) Computer assisted reading of
cervical smears.

b) Use of physical real time devices.

¢)". Detection of molécular surrogate

markers of cancer progresswn

Cerv1cal cytology and visual
1nspect10n are the main modalities for
early detection of cancer and they will be

- further dlscussed here.
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Cytology: - Cervical cytology is the
gold standard for screenlng For the
s1mple and easy test of cytology, one needs
a Cuscus spec lum an Ayres spatula and
cytob ush. The sens1t1v1ty of the
conventiona ;Pap test is “of only 55- 60%
Wlth ep"'rted false negat e ratevarymg

ectocerv1x b“' Ayres spatula and from

endocerv1x by‘cytobrush The flu1d
samplmg techniques have further
improved the results of the cytology. It is
recommended that Colposcopy and
colpomicroscopy directed cervical biopsies
should be performed in abnormal PAP
smear and appropmate treatment

1nst1tuted

VIA & VILI These are the low cost
techniques for cervical cancer screening
which have been extensively investigated
in India. Visual .ingpection is.now

.3 Normal cervix — VIA negative

regarded S_ﬂ e best optlon for proposed
cancer co: it"ol pro ramme 1n India. It
needs short tralnlng course and parak
medlcal staff can be tralned easﬂy

k' In VIA (Flg 3 Fig 4), the cerv1x is
exposed by b1valve speculum and 50%
Acetic acid solut1on is apphed on 1t \fter
two m1nutes the cervix is 1nspected for
the presence of aceto whlte areas when

testis called pos1t1ve for VIA In VILI 50%

Lugol’s 1od1n 8 apphed 1nstead of acetlc
ac1d Non uptake of iodine dye by the
cervix quahﬁes for pos1t1ve test (Figb, F1g
6). The patients for positive cytology or
VIA and VILI are further evaluated by
colposcopy and biopsy. The patients with

negative tests can:be reassured .and can
have screening done after 5 years (8). The
VIA has 90%. sensitivity and -92%
specificity ~with :17%. the. positive
predictive.value and 97% negative

" predictive value,

Fig. 4 Ecto Cervix - VIA Positive
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'Fi'gf 5 Ecto-Cervix - VILI negative ~

Table 3 shows Pap smear screening
in'well' woman check: There were only 30
suspicious PAP smearsout of 4295 smears
taken. Frank cancer was detected in 5
patients. All the patients in the study
group had two smears taken, one from
ectocervix by Ayres spatula and the other

: Table-3 PAP Smear Screenlng (Well

Woman Check)

Diagincs_rs ;V . Num-l-oer of ; ‘(%)-[-r-
- _ patients |
[Normal 3194 | 7408 |
Inflammatory | 1049 24.04 5
e L 1}”‘”’ | o0z
msL [ 0ie
:'V:’Ck,ancer'CélfVixﬂ:~‘ 5] on
Notdome | 17 | o039

Fig: 6 Ecto Cerv1x - VILI positive

from endocerv1x by cytobrush 74 3% of
PAP smears were normal, 24.40% Were
inflammatory, 0.18% Atypical squamous
cells of undetermined significance
(ASCUS), 0.09% Atypical Glandular cells
of undetermined significance (AGUS),
0:2% low grade squamous'intraépithelial
lesion (LSIL) and 0.16% were high grade
squamous 1ntraep1thel1a1 lesmns (HSIL).
In other words, 30 susplclous smears
'(0 7%) Were pos1t1ve PAP smears for.
screemng purpose Whlch needed further
evaluatlon Non 1nclu >1on of low soc1o-
economic status Women accounted for
such 10W 1nc1dence of pos1t1ve PAP smears ‘

Th re is no deﬁmte protocol for the
cerv1cal cancer screenmg Where as in
U K.’(9), it starts at 25 yrs of age with 3

, yearly 1nterval for the age group 25 49
: years 5 yearly 1nterval from 50-64 years

and no screening from the age of 65 years
on wards, the American Cancer Society
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Guidelines (ASCG) (10) are slightly
different.

m All women should begin cervical
" cancer screening about 3 years after
they begin "having vaginal
intercourse, but no later than when
they are 21 years old. Screening
should be done every year with the

regular Pap test.or very 2 years using -

. the newer liquid-based Pap test.

®  Beginning at age 30, women who

have had 3 normal Pap test results

in. a row may get screened every 2 to
'3 years, Another reasonable option
for women over 30 is to get screened
every 3 years (but not more
_frequently) with either. the
“conventional or liquid-based Pap test,
plus the HPV DNA test. Women who
have certain risk factors such as
,; dlethylstllbestrol (DES) exposure
before birth, HIV infection, or a
weakened immune system due to
organ transplant, chemotherapy, or
chronic steroid use should contmue
to be screened annually

n kWomen‘ 70 years of ‘age or older who
" have had 3 or more normal Pap tests
in row and no abnormal Pap test
results in-the-last 10 years may
choose to stop having cervical cancer

screening. - Women with- a history of

cervical cancer, DES exposure before
birth, HIV.infection: or -weakened

“dmmune: system should continue to
have screening aslongas they are in
good health

Even though, there-is'no-organised
screenihg programme in India, even then
54.4% of women between 21 to 65 years
of age have had a smear and 44.30% had
it within the proceeding three years. The
ACS guidelines cannot be recgmmended
in India due to lack of infrastructure and
| The  WHO

resource  crunch.

‘ recommendation of once a life time PAP

smear between the ages of 35-40 years for
Indian scenario is a good compromise.

Ovarian Cancer (Fig 7) -

Ovarlan cancer (204 000 cases and
125,000, deaths) is the sixth most common
cancer and the seventh cause of death

# <161
Age_ standardized incidence ./ 100.000 population

T <40 H <5 <710 R <103

Fig: 7 The global incidence of ovarian cancer?

from cancer in women«(4.0% of cases and
4.2% deaths). Incidence rates are highest

~ in developed countries with rates in these

areas exceeding 9 per 100,000, except for

Japan (6.4 per 100,000). Incidence in-
South America (7.7 per 100,000) is

relatively high. Incidence rates have been -
slowly;incr‘easing in many Western
countries and Japan. The risk of ovarian
cancer is reduced by high parity and use
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of oral contraceptives. In India, the
incidence is 4.65% of all female cancers
(2). : : : '
CA 125 and Transvaginal
ultrasonography (TVS) are the two
extensively investigated diagnostic
modalities for detection of ovarian cancer.
Although, CA 125 is not a specific tumor
marker for diagnosing
malignancy, the rising levels even within
the normal range should raise the

suspicion of an occult ovarian or primary .

peritoneal cancer, Since 90% of ovarian
tumors are epithelial tumors only, CA125
is considered a screening marker. TVS has
high sensitivity for ovarian cancer, and
along with colour flow Doppler i imaging
where by the neovascularity of the
mahgnant tumor can be ascertamed the
specificity also i 1ncreases (11). Where as
no premalignant ovarian lesion has been
conclusively identified, stage I disease
may be considered a recognisable latent
phase for the purpose of ovarian screening
(12). The screening should be restricted
to the high risk population, peri and post
menopausal women with family history
of ovarian, breast, endometrial or ¢olon
malignancy; late age at first pregnancy,
non users of oral contraceptive pills and
detection of 5cm or more sized cyst in post
menopausal woman. The multilocular

ovarian cysts with solid and cystic

components are-the susplclous cysts for
malignancy. -

© Currently it appe’ars that a high
index of suspicion for the disease in the
high risk patient, is the best way to detect

ovarian .

early ovarian cancer. Routine bimaunal

pelvic examination, thorough

‘investigation of adnexal masses and

impressing on follow up for patients with
positive findings are the methods for early
detection. ~

In the well women check study (Table
4), 8.6% of patient had ovarian cysts
detected on TVS. No case of early ovarian
cancer was detected in the study. Patients
were advised to repeat pelvic ultrasound

Table-4 Ultrasound Pelvis - Adenexal
qulons (Well Woman Check)

Dlagnoms Number (%)
Normal- & - 13788 88.01
Ovarian Cysts o871 8.06
'Polycystlc ' ; | 19 | 207
Para ovarian cyst .| : . 4 +-:0.03
Hydrosalpinx Jrennaa3 710,08

after 6-12 weeks if the size of the cyst was
less than 5 cm with normal Colour
Doppler.,s'tl;ldies. On the other hand, any
mass with abnormal vascularity and
suspicious of malignancy and all masses
>5cm in size need surglcal evaluatlon

Endometrlal cancer (Flg 8)
Cancer of the endometrium has a
rather similar geographic distribution to

ovarian cancer. However, it appears more
important as a cause of new cases

(199,000 or 8.9% of cancers in women)

than in terms of mortality (50,000 deaths
or 1.7% of cancer deaths in women) )
because of the much moreé favorable
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prognosis. - It . is. a: cancer . of
postmenopausal women; worldwide, 91%
of cases occur in women aged 50 and older.
Survwal is rather good and similar to that
of breast cancer- -86% in the US SEER

W<24 ¥ <42
Age_standardized incid

<77 B=<13.2 ﬂ < 28.9
/100.00 popul

Flg 8 The global incidence of endometrlal :

cancer®

greater than the

in southern and -eastern Asia (1nc1ud1ng

Japan) and most of Africa (less than 3 5 “‘

per 100,000) ..

The American Cancer Socie’tyk (10) .

“recommends that at the time of

menopause, all women should. be
informed about the risks and symptoms
of endometrial cancer, and stron‘gly
_ encouraged to report any unexpected
" bleeding or spotting to their doctors. For
women with or at high risk for heredltary
non-polyposis colon cancer, annual
screening should be offered for
endometrial cancer begmnmg at 35 years
of age.

Diagnosis Nﬁmber (%)
Normal 2513 58.05
Fibroid Uterus [ 865 | 20.01
Adenomyosis e 627 14.06

. Postmenopausal I
Endometrial : ;
Hyperplasia | 159 3.07
Fluid Polyps 30 0.07

| Endometrial Polyps 72 1.06 -
Post H&s’cerectomy 27 0.06 |

“U.S.G determined endometrial

‘thickness is used-as a screening method

for endometrial cancer. A5 mm thickness
of endometrium is generally accepted as
normal and-anything above it -warrants
further evaluation of endometrium by
aspiration cytology or.endometrial biopsy.
At an endometrial thickness threshold
value of 5mm, TVS has a +ve predictive
value of 9% for detecting any abnormality.
The sensitivity is 90% and specificity of
48% with negative predictive value of
99% .

Diagnosis of endometrial

~hyperplasia with atypia is considered as
. a precancerous lesion of endometrium
: o (13) However, the routine screening for
registries and 78% in European registries.
The proportion of these cases surviving
up to five years in developing countriesis
corresponding
proportion of breast cancers. The highest
" incidences are in North America (22.0) E‘hdometria'l Hyperplasia, 1.6% had
and Europe (11.8 to 12.5). Rates are low'y

endometmal carcinoma is currently not

; ‘ . _]ustlﬁed

. 3% of women in well woman check
study (Table 5)-had Postmeynopaus_al

~ endometrial polyps and 0.7% had fluid in

Table-5 : Ultrasound Pelvis - Uterine
Lesions (Well Woman Check)
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endometrial cavity detected by TVS.
Histopathological evaluation of all the
patients was done by hyteroscopic
~ directed biopsies. 4 cases of endometrial
cancer from thick endometrial group and
two from endometrial polyp group were
detected:-by Histopathology

Breast cancer (F1g 9)

In Indla breast cancer accounts for
22.3 % of all femalecancers,second only
to the cervical cancer(14). Despite some

‘Eastern Europe
Northern America -
Southern Europe .
Westerh Europe
Northern Europe
China
- AustralialNew Zealand
k Japan »
Western Asia
MibrolPolynesia
Canbbean o
South-Eastem As:a
South America
Southern Africa
Central America
Northern Africa
South Central Asia
Melanesia
Middle Africa
‘Eastern Africa
:Western Africa

arguments to the contrary, obstetricians
and gynaecologists function as primary
care physicians for women upto pre-
menopause. Therefore the d1agnos1s of
breast carcinoma in its most curable form

lies within thls spemahty for large number

of Women

In sp1te of s1gn1ﬁcant advances in our
understanding and management of breast
cancer over the last several decades the -

morbldlty and mortahty from this disease

Females

§ T ¥

80 80 4

T T 4

40 60 7480

Age standarduzed incidence per 100, 000 i

PFig 9 Global 1nc1dence of ovarian cancer“
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remain high. Therefore; prevention of this

disease -has become one of the-most

important challenges for-the medical
community. It is estimated that several
billion dollars per year could be saved if
its vdkevelopkment' Were preventekd.g; o

The ability to identify individuals or
populations at risk for breast cancer is an
. integral part of effective preventive
~ strategies, but until recently we have not
been able to accomplish this task with any
degree.of certainty. Other than gender
and age, fewer than 50 %:of cases occur
in women with other risk facﬁors, and:85%
are diagnosed.in women without any
family history. Recent advances in our
understanding of the molecular bielogy of
breast caneer have led to the identiﬁcation
of specific mutations that may help
identify women with a hereditary
predisposition to developing breast
eancer as well as to predict who will
respond to- adJuvant therapy (15),

The causes of carcinoma breast seem
to be multifactorial and so are the risk
factors. These risk factors can be
identified and evaluated by good history
taking and thorough examination of
breasts. Finding a breast lump and
evaluation of the nature of the lump is
screemng for and d1agnos1s of carcinoma
breast. 90 % of breast lumps can be
detected by clinical examination alone,
Mammography and Ultrasound breast
help in detection of rest of the 10 % of the

“non palpable lumps.

Mammogram and Ultrasound breast
is advised to all patients above 40 yrs of
age (Table 6, Table 7) Patients who are
less than 40 years of age and have low
risk for cancer breast are screened for
breast lesion by Ultrasound. BIRADS—B
lesions nieed re-evaluation after about six
months where as BIRADS 4 and 5 1lesions
need FNAC and biopsy from the lesions.
Inthe present study no case of carcmoma
breast was detected : :

Table-6 Evaluatlon of Mammograms

(Well Woman Check)
| Diagnosis Number (%)
BIRADSO | 149 | 3.04
| BIRADS 1 3019 | 70.02
BIRADS2 | 798 | 1805
BIRADS 3 | oaas | 07
BIRADS4 | 15 | 003
'BIRADS 5 i il
Notdome = | 71 | 106

Table-7 : Ultrasound Sci'eening' for
Breast (Well Woman Check)

~D1agnos1s Number | (%)
| Normal 72882 67.01
Fibroadenosis | 827 19.02
fBreastsicysts' . 230 | 5.03
Fibrocystic disease| 226 | 8.09
| Ductal Dilatation | 38 | 0.08
‘Fibroadenoma | 88 2.00
Cancer 4 0.0'9 |
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Prevention of breast cancer is aimed
at detecting pre-invasive lesions, such as
ductal carcinoma in situ and lobular
carcinoma in sity or early stage invasive
breast cancers that have the potential to
be cured with limited treatment.
Screening tests aimed at breast cancer
prevention include the Breast Self
Examination (BSE), clinical breast
examination by health care providers,
Mammography and Ultrasonography of
breast. Monthly self examination of
breasts is a recommendation followed for
quite some time now, but it has been seen
that this has not appreciably decreased

the overall mortality rates due mainly to.

the small number of women who actually

perform these examinations. Extensive -

use of Mammography and Ultrasound
- screening of breasts have declined the
overall mortahty rate of breast cancer by
5% in U. S women

The American Cancer SOciety
guidelines for early detection of cancer
breast are as follows:
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BIOLOGY OF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA IN INDIAN
PATIENTS IS DIFFERENT FROM THE WEST

Bwlogy of Chtldhood ALL

Bhargava M Bhatza Kz, Arya LS%, Raina U, Advanz S4 Shanta V4 Magl ath I %6
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Summary

The treatment outcome in chlldhood ALL in Indlan patlents has been
reported to be poor as compared to 70 percent cure rate in the West.
While this could be multifactorial in origin, one aspect could be a
= different biology of the disease affecting the treatment outcome
" Collaborative studies between NCI, NIH; USA and three Indian .
centers, All India Institute of Medical Sciences Tata: Memorial: -
“'Hospital and Cancer: Hospltal Chennai, revealed significant
phenotyplc and genotypic dlfferences from the West. Thus, there was -
~ahigh relative incidence of T Cell ALL, paucity of common ALL and -
absence of - an early age peak. Molecularly, the frequency of
chromosomal translocations studied by real time PCR revealed lower ;
frequency of t (12; 21) which is associated with a good prognosis and
more frequent translocatlons t(1;19) and t(9; 22) wh1ch are assoc1ated
with a poor prognosis. It appears, therefore, that a dlfferent blology
of childhood ALL in Indian patlents contrlbutes, at least in part to
’the poor treatment outcome seen. '

Correspondence : Dr. Manorama Bhalgava, Department of Haematology, Sir Ganga Ram
Hospital, New Delhi - 110060 Gen Amir Chand Oration 2005 2006 delivered atAnnual Meetmg o
at Hyderabad, 2006." :
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Population based data from various

- Indian Cancer registries suggest that
- approximately 10 000 new cases of Acute -

,Lymphoblastlc Leukemla (ALL) occur'

each year. Most Indian publlcatlons have

shown poor treatment outcome in these

patients (1, 2, 3). This contrasts with

present cure rates of over 70% in Western
countries. This could: be due to multiple

factors in our region such as paucity of -

cancer treatment facilities, poor
avallablhty of drugs, poor comphance

lack of supportive therapy or poor
hyglemc conditions leading to infections
and death. There is, 'however, reason to

believe that the large difference in
environments and in population genetics

between developing countries and

affluent = nations ‘would have

corresponding differences in both the
biology of ALL (phenotype and genotype)

as well as in the patients themselves, e.g.
with respect to drug metabolism,

nutritional status and the presence of

significant co-morbities such as hepatitis.
These factors could potentially influence

treatment efficiency and tox101ty and;:

therefore, survival rates.

"This article describes not only

 differences in patient characteristics from

Western series but also the hmlted value

of most w1de1y used risk factors such as
"age and WBC count at presentatlon It
_further describes the results of the
¢ 1mmunophenotyplc and molecular studies

undertaken to characterize the biology of

the disease in these patients.

. The studies were initiated in an Indo-

US collaborative project between the

National Cancer Institute, NIH and three
Ihdian institutions; All India Institute of
Medlcal Sc1ences (AIIMS), Tata Memorial
Hosp1ta1 (TMH) and Cancer Institute,

- Chenna1 (CI) over several years.

Table-1. shows the outcome of
treatment at the three Indian centers on
a common therapy protocol (4). The

 protocol was based on standard treatment

principles with a four drug induction
(vincristine, prednisone, daunorubicin -

‘and asparaginase) followed by CNS
- prophylaxis with cranial radiation and
_intrathecal therapy. The study was open

to patients aged 1 to 24 years old. Event

- Free Survival (EFS) was chosen as the

Té.blefl : ,Out(;‘on‘xye:of Treétmeilt at Thfee Iﬁdiah V‘Centékrs,, 1990-1997

Centre - No.Patients | CR | Toxic Deaths 'Relapses EFSat4 yrs
| A %) | "
TMH 652 94.8 106 | 9288 |  60%
Anvs | 228 | 833 228 | 805 |  41%
o | 18 | 869 67 | 41 | 439
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most satisfactory primary endpoint to use

as an overall indicator of efﬁcacy and

t0x1c1ty of treatment since events
included all deaths whether due to
tox1c1ty or dlsease progressmn

Table -2~ shows _““t‘he
. characteristics at the three Indian centres

between 1990 — 1997 and Table 3 the

univariate and multivariete analysis of
risk factors at AIIMS(4). Age could not be

identified-as a risk factor but WBC count

was significatnt. Table 4 shows a
- comparison of WBCs in various series in
India and the USA or Europe (4)
Immunophenotyplc Studles

; Immunophenotypmg was done in all
the three part1c1pat1ng 1nst1tut10ns A

patient

‘Indian Patient is Different from the West

~ much higher proportion of T cell case"sk was
- uniformly reported from all the three

centers as compared to the Western figure

.of 15%, Cancer Institute, Chennai,
- reported 44% cases to express T cell
-markers (5). At ATIMS, it was 31.8% (6)

and at TMH 21% (7) Interestingly, a

‘ 51m11ar1y high percentage of T cell lmeage
“ALLs (50%) in both children and adults,

had also been reported from Egypt (8)

‘ Molecular Studies

The four major chromosomal

: translocations observed in pre B-ALL in
k children include the t (12; 21), that results

in the fusion of the TEL (ETV.6) and‘
AML1 genes, t (1; 19), resultmg in a

~ ch1mer1c protem of E2A and PB X 1, ¢ (9;

Table-2 Patlent Characterlstlcs at’ Three Indlan Centers, 1990- 1997

Characterlstlc S TMH. . AIMS | ¢ | P valuea
No Patients | ) 298 | 188 |
Median Age | 7 76 | 10 | o007
Pre B-ALL - | 5.2 59.5% | 454% | <0.0001 |
Pre TALL 20.7% 318% | 431% | <0.0001
Other cell 4% 87% | M5% | wa
 WBC°< 10,000/mm® 44.0% | 313% | 399% | o018
'WBC 10 - 50,000¢/mm? 31.4% 31.6% | 256%

WBC 50 - 100 000/mm3‘ 100% | 13.2% | 113% | 0035
'WBC > 100,000/mm® 146% | 180% | 232% | 0023
“Lymphadenopathy S . 74.2% ,‘ N 838% ; ‘;72;0% '- 0006 —]
"Hepatomegaly/splenomegaly 760% | 895% | 851% | <0.0001
Mediastinal mass, allpatlents 18% | 18% 24% | 0;0041‘
Medlastlnal mass, pre-T cell : i 1 ; .
patients ‘ ‘ '336% | 46.8% 35.7% | 0.21
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Table-3 Univariate and Multlvarlate Analysxs of Risk Factors at ATIMS

11), which juxtaposes MLL to AF4. Thes(e

translocations define clinicopathological.

entities that have also been used in risk

e stratlﬁcatlon for treatment purposes An

analys1s of the presence or absence of the
more ' chromosomal

~translocat10ns was, ' therefore,;:
undertaken. This revealed significant

dlfferences from pubhshed Western

series: e ‘

COIanIl

Unlvarlate P-value Multlvarlate
i L e - ~ , P-values :
},C,hara,cteriystic,-Pheno‘-‘ +|+:All Patients. | Pre B-ALLb | Pre T-ALLc | All Patients
type, or risk factor ' ' ' N
Age 0.10 021 0.28 0.20
Sex , 10.22 0.64 - 0.32 045
WBC count © 0.0011 ©0.0025 0.95 - 0.0005
Blast count 10.073 0.052 045 039
| n=218 n=113 n=59 n=208
Platelet count 0,041 0.0047 0.88 0.025
. n=218 n=113 ~ n=59 S
Phenotype 0.83 wa |  na. 0.99
Baak n=195 : ~ n=198
Hemoglobin 0.64 0.69 0.28 0.94
Lymphadenopathy L 0.62 - 0.34 0.94 0,66
Hepatosplenomegaly | ~ 080 0.98 0.42. 058
| Mediastinal mass 093 0.84 0.53° 1 0.32
Year of acerual 062 0.93 0.90 0077
Median height for age | 0.90 0.49 0.061 065
Median weight forage | 099 © 0,92 0.22 070
Median height and . k o .
‘weight for age ; 0.89 20,88 0.35. -0.79
22), yielding a BCR-ABL quion and t (4; More than 250 newly diagnosed cases
of pre B-ALL were analysed by real time

- multiplex RT — PCR for the four. leukemia
_specific translocations mentioned above

(12)). The frequency of t (12; 21 whlch is
associated with a good prognosis was
significantly lower in Indian series (7%)
than in the USA (22%) or Europe (23%)
(P<0.005). In contrast t (1, 19) and t(9;

: 22) the latter generally havmg a poor
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- Table-4 : Comparison of WBCs in Varlo_usS‘eries in India and the,USA or Enrope ‘

Institution e | <»50,000per | >100,000per | EFS @4-5yr)

: S 5 : cu mm:: : S CWAMIN : LR :
CI (Chennai, India) | 655% | 2329 439
AIIMS (Dethi,India) | 689% | . 180% |  41%

| T™™MH (Mumbai, India) |l 154% T 146% | 60%
UKALLXI (1990-1997* |  77.9% 120% | 3%
POG AlinC14 and 15 Studies™ | 8% |  66% |  666%
ALL-BMF 83 7 G 802% | 11.3% 64.3%
ALL-BMF90 " | 707% 124% | 780%
Stdude19sgelt | T10% 138% | 61.6%
StJude1991-94 [ 733% | 145% | 760%
| Dana Farber CI Study (USA ol 817% . | 109% | 83%

15Eden OB et al; Leukemla 14; 2307 2320 2000,
1"Maloney et al; Leukemia 14; 2276- 2285 2000.

1'7Schrappe M et al. Leukemia 14; 2205-2222, 2000.

18Pyi C-H et al. Leukemia, 14; 2286-2294, 2000.

»Gilverman LB et al, Blood 97; 1211- 1218, 2001.

prognosis, appear to be more commonly
seen in the Indian series (7% and 5%
respectively) than in western series (<
3 8% and <2. 2%)

Immunoglobulln and T cell receptor
(TCR) gene rearrangement. in
chlldhood ALL (Ref 9

Briefly, the ‘molecular
rearrangements observed were different
from the West in terms of higher incidence
" of TCR-beta rearrangement invariable
deletion of Cgamma 1 and only
monoallelic rearrangement of TCR-delta
‘locus. Further, TCR beta arrangement in

Beell kpreckursor ALL was a’s‘sociated‘ with

a hlgher mean age at presentatlon, lower

“mean platelet count and a poorer dlsease
free survival (% cumulatlve surv1val 0
» versus 88 9+10 5 , p=0. 004)

,Incldence, chmcal characterlstlcs
and early treatment outcome in

Indian patients of chlldhood ALL
with ALL-1 gene rearrangement (Ref.

Briefly, in 185 patients withyrmedian' %
age of 7 years, the incidenée of ALL-l gene
rearrangement was found to be 11.4%,

‘ conformlng wthe Western pattern It was




320 Manorama Bhargava et al. ‘

assomated with s1gn1ﬁcantly hlgh WBC

count (p 0.01) and. CD10 negat1v1ty

‘(p -0.00000001). Complete remission and

relapse rates in 98 patients evaluable for
Tesponse to therapy on a uniform therapy
protocol were 1ndependent of ALL-1 gene

: 'status

Detectlon of BCR-ABL transcrlpts in-

acute lymphoblastlc leukemia in

S Slg‘nlflcance of expressmn of MDRI

MRP, BCL2, BAX mRNA and BCL2/

‘BAX ratio in ALL in children and
o young adults (Ref 14

Us1ng the cDNA-PCR approach in57
samples drawn from ALL patients with a

“median age of 9 years, the MDR1 and
'MRP mRNA levels did not differ in_
patients having unfavourable treatment
- outcome. However, higher BCL2 values

Indian patlents (Ref. 11)

A semi-nested cDNA PCR wask

employed to detect the presence of BCR-

ABL chimeric transcripts in 33 patlents ,

of ALL. They were found in 24% of
children and 19% adults which is in sharp
contrast to the published reports from the

West where the presence of BCR-ABL has

“been reported in only 2-5% children and

- 35% adults. The significance of these :

results is that the BCR-ABL fusion
: transcrlpt which is an indicator of poor

prognos1s may contrlbute to chemo-

1ncurab1hty in young Indlan patlents

. Slgmflcance of MDRI MRPI GST pi

and GST mu mRNA expressmn in
Acute Lymphoblastlc Leukemia in

Indlan patlents (Ref 13)

Seml quantltatlve RT—PCR in 167
pat1ents of ALL showed s1gn1f1cant1y
higher MDR 1 expression with age more

“than 15 years and hlgher MRP1, GST pi
and GST mu expressmn w1th WBC counts
more than 100 x 10%/L, Inability to achieve

_ complete remission was associated with

a significantly higher MDRI expression
in patients less than 25 years of age.

and higher BCL2/BAX ratios were

associated with unfavouralo‘le treatment
outcome. Thus the disease free survival

- was significantly better in patlents having
- very low (less than the 30th percentlle)

BCL2 mRNA levels and significantly poor '

for patients havmg BCL2/BAX ratio above

the 80 percentlle Thus BCL2 and BCL2/

: - BAX ratio may s,1gn1ﬁcantly_1nﬂuence

prognosis in denovo ALL in this age group.

Generally speaking, ‘age, ‘an
important prognostic factor in Western
series, was not associated with outcome.
Age is, however, merely a surrogate

* marker and probably reflects differences

in a number of other factors, such as the
spemﬁc molecular subtype of 1eukem1a
(which tend to be age associated), and
perhaps immunological and other factors.

It is possible that the lack of an

association of age with outcome in India
is indicative, at least in part, of differences

in the pattern of molecular subtypes.

 Further, delayed diagnosis and a

higher WBC at presentation probably

accounts for at least some of the generally
worse outcome in Indian patients.
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.- While .general prmc1ples learned in
Western series provide the present

foundatmn for treatment strategies,-

d1fferences m the populatlon treated
dlfferences in ,envlronment and genet1cs,
differences in tumor biology and in the
quality of care received are likely to give

rise to differences in the results achieved
with the same treatment protocols. Thus,

the criteria used for risk stratification in
Western studies may not be appropriate
for use in Indian patients: In addition, it
is likely that the molecular étudy of
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