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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 vaccmes and therapeutlc vaccinesthat can
;‘ ‘effectlvely curb the estabhshed cancers at their initial stages and :
_are in the phase L7108 cllmcal trials. Therefore prophylactic vaccine,
o early d1agnos1s and therapeut1c vaccine certainly hold the promlse ‘
of controlhng the most dreaded disease of humankind.
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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' e
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

g 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 “;':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 Cervical '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 ~ ' ' 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 Hm "'k"nf

: Pap1110mav1rus

Cancer of the uterm
second-most common
women worldwide. There
’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). Epldemml(’glcal and chnlcal

DNA is present n 99.7% of the cervical
. cancer,cases indicating that HPV is a
- ,necessary cause of cervical cancer (3). The
o other
developmg cervi "al cancer are early age

ilymportant risk factors for

rriage or sexual exposure
city of sexual partners or -
omiscuity, poor gemtal hygiene; low

 socio- economic . status smokmg, 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

“such as condylomata,
~ 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

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

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

Viral Capsid Proteins

A HumanPaplllomaVIrus Genome

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'EPITI—IELIU M
: MILD DYSPLASIA/CINVLSIL, —— ]
PRECANCER T i _ v :
~ ﬂ ﬂ S MODERATE DYSPLASIA/CIN2,3/HSIL ﬁ
SEVERE DYSPLASIA ' [J
EARLY e ’ ,
CANCER [ T"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, o S\q;pxrssor Genes, L

Multiple pregnanches, |- L Nutlenis 2 Miultipls HPY Bifsetons, s 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

Cytolngal 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).

' ‘Althongh 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, art1cularly 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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'B. HSIL stage of cerv1cal precancer 1es10n Wlth or Wlthout HPV 1nfect10n as
. revealed by Pap test durmg cyt 10g1cal screemng ’ -

Fig. 4: leferent stages of precancerous cerv1ca1 1es1ons with or Wlthout HPV
1nfect10n as revealed by Pap test durmg cytological screemng
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~HPV D Ll A Southern blot hybr1d1zat1on showing
1116 k18 12345 . L = presence of HPV DNA sequences in
. cervical tumour biopsy in samples 1,
k~‘,3 5 and 6. Arrows indicate Pstl
‘dlgested HPV-Qpemﬁc band pattern.

19kb
L6kb

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

P
217’bp (HPY 16)

In Situ I—beridiZatiOn of squamous
:cell carcinom with H thymidine-
labeled HPV 6 prok '
positive nuclei w1th s1lver gams.

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



