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CHAPTER 111

REVIEW OF LITERATURE

Structure

HPV belong to the Papillomavirus genus of the family Papovaviridae. The

etry. The genome consists circular

double-stranded DNA approximatgly 8 } 1l of the open reading frames

(ORFs) of the genomes are loca e sf d.ﬁgenome is divided into early

(E1 — E7) and late (L1 and octies encode proteins that are

i,
involved with regulation of ViralsP % lic )t\“\\\\ ption. The late genes, L1

and L2, encode the major*and gt o/ teins. The"El protein demonstrated
I l C f .X pmote viral replication and to

inhibit viral integration into ghe jh ‘ of %2 :\

affinity of E1 binding to the vira

ATPase and helicase activi
ein, significantly increases the
igi hermore, the presence of both El
and E2 is necessary and sufficienfto it e “DNA replication. In addition, E2 has
also a role in viral transcription. nown about HPV E4 protein. It is

associated with collapse of.the celliilar cytokeratin nety perhaps enhancing virus exit

from the cell. The ES pro j-forms-compte S with 3 ‘ u] ing in increased ligand-
dependent activation of EG R. i Li the E7 protein to promote

malignant transformation in cell'; Il;n.es (40). E6 ancLI;Z7 enable HPV to use cellular proteins
for continued viral re¢plicatiofi. wsmﬁﬂ?ﬁm ibit the function of
tumour suppressor p E@B and pRb. is able to bind to p53 with great affinity,
thereby signi cing ﬁf 7 i m atory role in
cell divisionﬁnaﬁjﬁlﬁﬁri : ﬂﬁil I] - h'stimulates cell
cycle progression. The binding of E7 to pRb acts in a manner similar to

hypophosphorylation. Additionally, HPV type 16 E7 acts to promote the degradation of
pRb (41, 42). The functions of HPV genes are listed in Table 1.
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Figure 1. Map of HPV-16 ¢ 6 regions; . '"; —L2: late regions; NCR:

Non-coding region (4).
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Table 1. A description of the functions of HPV open-reading frames (3).

Viral Protein

Functions and Properties =

El

E2

E3

ES

E7

E8
L1
L2

DNA helicase activity, DNA-dependent ATP-binding, ATPase activity. Role in replication and
replication repression.

Regulator of viral transcription and replication, control of early region viral gene expression,
necessary for efficient viral DNA replication together with E1.

No known function (only present in a minority of papillomavirus).

Expressed as a late gene primarily in differentiating epithelium, role in productive infection,

associated with the keratin cytoskeleton ed epithelial cells, role in viral egress.

Transforming activity in HPV-16. 5 ly stimulates benign cell proliferation in vivo but

| activation properties.
E6 of high-risk HPVs inaci
cellular environment for vi
Transactivating properticg#similz g -‘ oter, induces DNA synthesis in
quiescent cells, role. )

degradation. Together with E7 provides a

with an activated ras oncogene. E7
binds to the hypophos; \. tein (pRb) resulting in its function
inactivation pe
HPYV types 6 and 11 bjnd

No known function (only,

e. E7 proteins from the low-risk
rom high-risk HPVs (types 16 and 18).

Major capsid protein.

Minor capsid protein.
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Classification and antigenic diversity (variation)

The classification of HPV is based on degree of genetic relatedness. HPV type is
defined as having less than 90% nucleotide sequence homology within the L1 open
reading frame (ORF) of all other known types. Subtypes have DNA homology between
90% and 95%. More than 100 new HPV types have been detected but to date, only 85 of
these have been fully sequenced and characterised (29). Phylogenetic analyses, base on

the DNA sequence of different regions of ithie, viral genome, reveal a classification

of papillomaviruses, which therr oups, can be delineated (Fig
2). Supergroup A includes all ‘ maviruses, supergroup B consists of the
viruses isolated from epid ruciform: gsion, supergroup C and

Furthermore, HPV also rouped o ding to potential for malignant
transformation. Two groups corresp_o(ﬁ@f P ssociation with CIN and CaCx can be
separated; high-risk groups-such as 16, 18, 31 33 35508 45, 51, 52, 56, 58 and 66,
and low-risk groups such“as' HPV-6, 11, n 1995, IARC evaluated all

relevant data on the carcing d- that there was sufficient

evidence to categorlze HPV lgﬁﬁ and 18 as hufhén carcinogens g_j

INYNINYN

Amino acid dl?tlerences in the E6 and E7 proteins are likely togbe at least partly

responsible @tﬂﬂ@ﬁ.@ﬁ@wl%ﬁl&%@q @ﬂﬁs&}oweven the

amino acid seqflences of these proteins vary not only across HPV types but within type as

genicity o

well. The distribution of E6 and E7 variants have recently been reported and these
mutations are different according to race and geography (31, 36, 45-49). Ina studyof
variants in the E6 region, in vitro studies have been reported that there are biologic
differences associated with variation in amino acid 10, 14, 78 and/or 83 of the E6 protein
resulting in increase cellular transformation (35, 50-57). More than 25 sequence variants
of HPV-16 have been reported and a phylogeny-based classification incorporating the E6
genes has been proposed by Yamada et al. (36). Within HPV-16, five major phylogenetic
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branches have been distinguished, each predominating within specific geographical

region. These main HPV-16 branches were designated European (E), Asian (As), Asian-
American (AA), African-1 (Afl) and African-2 (Af2). Additional minor phylogenetic
branches have been identified and designated North American 1 (NA1) (36) (Fig. 3).
Evidence of E7 nucleotide and amino acid variation has been reported in previous studies
(31-33, 35, 53). It has been reported the position of mutation at pRb binding resulting in
increase oncogenic potential and alternated of conformation (31-33, 35, 53). Sequence

variations in HPV proteins might affect virus assembly (58), immunologic recognition by

the host (59), and immortalization &
association of specific HPV-16 vatiag
of high-grade cervical lesion (61
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Figure 2. Phylogenetic tree of pap

2
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Alik]

( Ungulate ﬁbtopupllloma\ iruses)

NN

maviruses. The tree was established on the basis of

DNA sequence homology in the L1 open reading frame. BPV, bovine papillomavirus;

COPV, c anine oral p apillomavirus; CRPV, cottontail rabbit papillomavirus; DPV, deer

papillomavirus; MnPV, Mastomys natalensis (rodent) papillomavirus; PCPV, pygmee

chimpanzee papillomavirus; RhPV, rhesus monkey papillomavirus (43).
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Figure 3. The classificatiom pf“HRN-16] gatiant G4 based) ofty B6 gene. Five major
phylogenetic brach haye béerdistinguishéd; European (E), Asian (As), Asian-American
(AA), African:] (Afl) anq African-2.(Af2).and North.American. NALIT(36).
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Epidemiology

A recent worldwide prevalence survey of HPV types has found 99.7% of CaCx
specimens (16). HPV types in CaCx patients, HPV-16 was the most prevalent type
(54.6%), followed by HPV-18 (11%), HPV-45 (4.4%), and HPV-31 (3.4%) (68). For
CIN, the most common HPV type was HPV-16 (44%), followed by HPV-18 (39%),
HPV-52 (14%), HPV-45 (7%), HPV-31 (2.8%) and HPV-33 (1.4%) (69). Moreover, in
normal women could be found HPV DNA 119 e prevalence of low-risk and high-risk

(70). However, HPV might be

in normal women were 1.6% and

attributed into geographical and the detection rate of HPV-16
in Asian and African (36.6%) w urope and the U.S.A. (60 -
84%) (12, 19, 20, 22, 25, 6 of different HPV types in
different countries, Japanese I prevalence of HPV-16 and
18, but a higher prevalence of } nited States and Germany
studies showed a higher prevaleu€e wer prevalence of HPV-52
(68). In Thailand, HPV-16 was Al enting 44.04%, followed by
HPV-18 (15%), HPV-33 (9.33¢ Figure 4 displays the HPV
DNA prevalence in eight countri d controls (28, 72-77). Previous
studies have reported that HPV-16 WW nt type in squamous carcinoma,
whereas HPV-18 was thést mmon type in adenocarci oma and adenosquamous

Biological characterﬁ'ﬁlﬁﬁ % ﬁqﬂ ‘5 WEN ‘j

The high-risk HPV E6 protein tégether withehigh-risk HPVALUE7 protein was
required for W inshoftaod. Hibitsk PV 56| ppidh Bihad 5 aha s raia
degradation of 353 through the ubiquitin pathway. E6 protein of high-risk binds to a 100-
kDa cellular protein, E6 associated protein (E6AP), which function as an ubiquitin protein
ligase. The E6/E6AP complex then binds the zinc finger motifs or the central region of
p53, which becomes rapidly ubiquitinated and is targeted to proteasomes (6, 80). The
low-risk HPV E6 protein did not bind p53 and have no effect on p53 (81).

HPV E7 proteins encoded by high-risk and low-risk HPV differ in biochemical
and biological properties. Low-risk HPV-6 and 11 E7 proteins bind pRb with a 1ower
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efficiency than the high-risk HPV-16 and 18 E7 proteins (82, 83). Binding disrupts the
normal function of these cellular proteins and can give rise to an increased proliferation
rate and genomic instability. The HPV-16 E7 region in pRb binding has been
investigated. The conserved region (CR) 2, amino acids 16 — 37, of HPV-16 E7 protein
‘contains two independent domains; one mediates binding of pRb, while the other serves
as the substrate for casein kinase II (CKII) phosphorylation (84). The amino terminus of
the E7 protein has been found to be important in malignant transformation, amino acids

21 — 29 ofthe HPV-16 E7 protein are the critical sites for Rb binding (84, 85).

AU INENTNEINS
AN TUNNINGAY
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Figure 4. Prevalence of
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HPYV life-cycle

The replication cycle of papillomavirus, HPV DNA is often maintained as a
multicopy episome and integration of the viral is not required for either the initiation or
maintenance of the transformed state. Furthermore, transformation is dependent upon the
continued expression of viral DNA. HPV entry into basal epithelial cells, there are two
modes of viral DNA replication. There is an initial non-productive stage in which the

multicopy episome. This mode of DNA

viral genome is apparently maintained as a

replication ensures a persistent and laj epithelial cell. The second mode

- of DNA replication is vegetat ' 1 which occurs in the more
differentiation of epithelium ¢ w lified a high-copy number,
synthesizes capsid proteins and y.viri Fig. 5) (89-91).

Pathogenesis

HPV have a high degr cificity. HPV infects only
surface squamous epithelia of ghe gki ! g for the most part benign
epithelial tumours (2). HPV infi has ) - pciated with benign and malignant
lesion. Benign lesions include comme 9 7 N Malignant lesions associated with
HPV include oral and rcsRi}!tQiy ell arcin dgenital cancer and CaCx.

nome replicates as an
cell’s -@\IA In contrast, in most
malignant lesion, the viral DNA can be integrated,into the host cell chromosome (92).

o oG ) R SRS B oot tcion

E1/E2 genes. This in‘tirn causes deregulétlon of E6 and E7 gene reUtmg in cellular

e T T} O A VAP e o

growth cycle by, binding and inactivating tumour suppressor proteins (94). The high-risk

extrachromosomal episome Bparat y

HPV encoded E6 proteins form complex with p53, and resulting degradation of p53 via
the ubiquitin pathway (95, 96). The high-risk HPV E7 protein binds to the pRb. This
binding disrupts the complex between pRb and the cellular transcription factor E2F,
resulting in the release of E2F, which allows it to function as a transcriptional activator of

cellular genes involved in cellular DNA synthesis (5, 8).
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Clinical and histopathologic evidence of HPV infection usually develops 1 to 8

months after initial exposure. Untreated, the lesion may regress to p recancerous 1 esion
and eventually, cancer (97). However, the progress and outcome of an HPV infection
depend on HPV type, anatomical location, and the nature and timing of local cellular and
tissue influences. In HPV infection, it has not been possible to clearly distinguish from

viral persistence with a low level of virus replication (98).

AULINENINYINg
ARIANTAUNNINGIAY
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Clinical manifestations

HPV cause a wide range of disease processes, depending on HPV type (Table 2)
(4). HPV can be induced cutaneous warts, epidermodysplasia verruciformis, anogenital
warts and CaCx.
Cutaneous warts

Three major types of cutaneou \\ \ &sed; deep plantar warts, common
warts, and flat or plane wart ‘z-_:__ pl are usually solitary lesions

preferentially located on the weight-bearing s *’*xiq‘_- foot. Common warts are

usually multiple, well-circum ““4 eratotic, round papules with a
coarse surface that range in si / & ‘\\'\‘ e normally found on the
dorsum of the hand, between \ a1l bed. Plane or flat warts
present as multiple, flat, s mall, &'s -A- q, \ ith a pink to tan colour.

They are mostly found on the face

,k (4).
W\

—&&f 5
AR

Epidermodysplasia verruciformis AT

) A b s -

757 T
Epidermodysplasia Vier g dfby the appearance of flat
wart-like lesions, red to f‘-‘*""“ aq > *11' begins in infancy or
childhood with multiple, digmiha ed, po . Over Zmdiﬂ‘erent HPV types have
been isolated from EV lesion (Fable 2). HPV-3 apd,HPV-10 found in flat warts of normal

s s IR VR THARS
sl QA N T UNIINYA Y

Gemtal warts are the most commonly recognized clinical lesion of genital HPV
infections. Condylomas are florid and condyloma acuminatum. In males, the exophytic
condylomas occur on the penis, around the anus, on the perineum. In females, they
involve the vaginal introituses, the vulva, the perineum, the anus. Several HPV types have
been associated with condylomas. HPV-6 and 11 are responsible for the large majority of

exophytic condylomas at all location (4).



19
Table 2. HPV types and their disease association (4).

Disease i e
Frequent association Less-frequent association
Deep plantar warts 1,2 4,63
“Common warts 2.1 4,26,27,29,41,57,65,77
Common warts of meat, poultry and fish | 7,2 1,3,4,10,28
handlers
Flat warts 3,10 27, 38,41, 49,75, 76
Intermediate warts 26, 28
Epidermodysplasia verruciformis 19, 20, 21, 22, 23, 24, 25, 36, 37, 38, 47,
50

Condylomata acuminata - 30,42,43,44, 45,51, 54,55,70

Intraepithelial neoplasia (IN), unspecified 34, 39, 40, 53, 57, 59, 61, 62, 64, 66,

\ 67, 68, 69, 71

Low grade 3, 31, 33, 35, 42, 43, 44, 45, 51, 52,

\\ 31, 33, 35, 39, 42, 44, 45, 51, 52,
56,58, 66

High grade

Bowen’s disease
\\ 39, 42, 45

33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68, 70

Bowenoid papulosis

Cervical carcinoma
Recurrent respiratory papillomatosis

Focal epithelial hyperplasia

Conjunctival papillomas and carcinoria: AY |
0, 11,116, 30, 33, 36, 37, 38, 41, 48, 60,

| i
benign and malignant lesion of*the 7 3

Other: epidermoid cysts, keratoacan

conjunctiva, lacrimal sac, nasal passag‘,

= e B ANENINYIN

malignant melanoma, neoplqic pr
tissues - ) ‘
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Cervical cancer

HPV is the main etiological factor of benign and malignant genital neoplasia.
CaCx worldwide are infected with specific types of HPV DNA mainly HPV-16 and
HPV-18 (12, 36). The clinical appearances of HPV-related premalignant and malignant
cervical lesions are defined by colposcopic criteria that attempt to match histopathology.
All CaCx develop in the transformation zone which is located at the stratified squamous

epithelium of the vagina (99).

The classification of abnort

e//@lithelium is based on the CIN

system (Table 3). These abno are classified.as CIN grades I, II, III (100). The

Bethesda system was developed & ical neoplasia and to introduce
uniform descriptive diagnosis i system 2001 classifies squamous
cell abnormalities into 4 categarfess atypical squar ous cells (ASC), low-grad squamous
ops thoMelial lesion (HSIL), and
ok
WA N cnificance (ASC-US) and
able 3.) (101-107).

intraepithelial lesion (LSIL),
squamous carcinoma or aden e 'ASC category contains two
subcategories: atypical squamgt

atypical squamous cells, cannot ex€ulue

d in 5 — 40 % of women of

1 O ‘! to invasive carcinoma
(100). The progression ﬁ'oni}IN very q\mkly, about 5% on CIN II
progressing to invasive cancerg(1Q0). Evidence indicates that CIN III have a significant

s st Y L W)
The ﬁﬁﬂg&ﬁeﬂ'ﬁ mﬁ%ﬁ%ﬂﬁ] ﬁi&] role of risk

factors that influence acquisition of persistent high-risk HPV infection or of coexisting
factors that mediate progression in the continuum of lesion grade (Fig. 6) (109). Cervical
cancer occurs primarily through sexual contact. Factor that may influence the acquisition
of disease include the number of sexual partners, the presence of genital warts on sexual
partners, a history of sexually transmitted disease and smoking. More important risk

factors include the use of oral contraceptives, high parity and immunosuppression (109,
110).
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Table 3. The Bethesda classification system for cervical squamous cell dysplasis (101-
107)

Bethesda System CIN System

Negative for intraepithelial lesion or | Normal

malignancy
ASC
ASC-US (atypical squamous cells ©

undetermined significance)
ASC-H (atypical squamt
cannot excluded HSIL) -
LSIL (low-grad squamougs.
lesion) .
HSIL (high-grad squamous
lesion) with fea
invasion (if invasion if
Carcinoma amous cell carcinoma

ive" glandular cell carcinoma

pcarcinoma)

.

r
1
i¥

AU INENTNEINS
AN TUNMINGAY
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Immune response

Humoral immune response (HIR)

To date, epidemiologic studies have found a positive association between the
detection o f HPV antibodies and the risk of CaCx, in line with the thinking that HPV
antibody detection is a marker of current and/or past exposure to HPV (111-114).

Antibodies against HPV have been shown, te be largely type specific. Although these

b

antibodies, particularly those that tar et the pre g prising the virion capsid (L1 and

L2 proteins), might be effective at'pr it is commonly accepted that

antibodies are not important effectors-ef regression o [ established HPV infections and
ther antibodies against one HPV type
protect against subsequent rein he same or another closely related type and
this protection is related to spécif #h5d5 Bubset ‘-‘\ and IgA). Epidemiologic
studies that have begun tofaddfess ‘\ ycused largely on antibodies
against L1 virus-like particle JFutu d'benefit by expanding the scope
of inquiry to include antibodies Agz fa : ,- i .l 1 such as L2, E2, E6 and E7

(115).

Cell-mediated immune rg’

: atior@f HPV infections and the
development of CIN has beengdgscribe previouslys In CMIR, CTL has been shown in

protection HPV-aSSﬂa% E]se%ew{ﬂﬂ ﬁw&ﬂsﬁ@ CTL have been

demonstrated in womé with CaCx and CAN. Previous .gUdy have repo&tjd that CD8+ T

SRR w0 1

tibody levels in persistent HPV were increased in chronic HPV

A strong association&twen .

infection and there is evidence of T-cell recruitment to the site of HPV infection (116).
Alexander, et al. (117) stimulated peripheral blood mononuclear cell (PBMC) from CaCx
patients with HLA-A2-restricted HPV-16 E7 peptide (E7 amino acids 11 — 20) and
showed that CTL w ere c apable o f 1 ysing H LA-marched and C aski c ervical ¢ ancer cell
line. These data indicated that the peptide E7 11 — 20 is endogenously processed and
presented on the cell surface. In the study by Nakagawa, et al. (1997) HPV-16 E6 and E7-
specific CTL have also been demonstrated in patients who had evidence of HPV-16
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infection without CIN. The percentage of patients who demonstrated HPV-16 E6 and E7-

specific CTL was higher in a group of women had HPV-16 infection without CIN than in
a group of women had HPV-16 infection with CIN suggested that CTL responses played
a role in disease protection (37). The effectors cell phenotypes in these assays have been
'shown to include both CD4+ and CD8+ T lymphocytes (38). Furthermore, CTL response
is important in clearance of HPV-16 infection. In a similar subject population, Nakagawa,
et al (39) found that E6 and E7-specific CTL responses of women without CIN who
cleared HPV-16 infection was higher th '?}group of women who had HPV-16

persistence.

Several study to identify anfigenmic epitop n-.,* using both mouse model
ial CTL epitopes of HPV-16
.1, A3, A1l and A24) by

system and human system. Kas 7 ide

E6 and E7 proteins for five cou ypes &\\i\
X ‘.r__ .

ut shown as in Table 4.
NN

e a{m ?\ s for HLA-A2.1 was tested.

§ d - § a ¢s were identified in vivo (E6

measuring binding affinity o
Immunogenic of nine of th
Using HLA-A2.1 transgenic g
29-38, E7 11-20, E7 82-90, E7 86-92 " ¥ ddition, ction of PBMC from human

' ¢ of & septides (E7 11-20, E7 82-90, E7
20) have been demonstrated in CIN

confirmed immunogenicity, in vit@

86-93) (119). CTL to one of these #'&/ﬂ
and cancer patients (117, 120)

g2

Iﬂ
ﬂ‘UEJ’J"fIEWﬁWEJ’]ﬂ‘i
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Table 4. CTL epitopes of HPV-16 E6 and E7 proteins for five common HLA types (118).

HPV-16 E6 & E7 peptide Origin Position Sequence Presence of
binding to HLA-A motif
E6 80 ISEYRHYCY +
E7 19 TTDLYCYEQ -
HLA-A1 El 37 EIDGPAGQA -
E7 44 QAEPDRAHY +
E7 73 HVDIRTLED
E6 7 AMFQDPQER ?
E6 8 KLPQLCTEL +
E6 DTTIHDII -
E6 +
HLA-A2.1 ' +
=)
-(+)
o
%
+
HLA-A3 +
4+
£
o
+
T
+
HLA-All DGNPY L'] -
80 ISEYRHYCY -(4)
93 QQYNK +
E PV A llqﬂ‘q %
7 JT0 | YMBQKRIAMEI | 1 [0 -
6 LQTTIHDII -
b L T
PRAR TN N8 8
8 CYSLY: ;
E6 131 RFHNIRGRW +
E7 49 RAHYNIVTF -

+ : peptides yield ICso < 500 nM (high binding), - (+) : ICso 500 - 5000 nM (week binding), - : ICs, > 5000 nM (negative binding)
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In addition, more recently it has been shown that HPV can directly subvert the

immune response. First, HPV disrupt the IFN pathway, HPV-16 E7 inhibits the induction
of IFN-o inducible genes via loss of the IFN-stimulated gene factor (ISGF)-3
transcription complex, which binds the IFN-stimulated response element in the nucleus,
resulting in initiation of transcription (121). E7 has also been shown to have an
interaction with IFN regulatory factor (IRF)-1 which inhibits activation of the IFN-
promoter (122). Moreover, IFN-o, IFN-p and STAT-1 are down-regulated by HPV-16 E6

3s and presentation, the HPV E7 protein
w is able to repress the major

(123). Second, interference with antigen pros

histocompatibility complex moter HPV ET7 also represses
at encode the TAP-1 and

LMP-2 proteins, which are iy 3 i o1t of the peptides/MHC class I complex to

a second promoter that regula

the cell surface (124). Recentiy study/Shown ¢ he HPV ES protein induces the down-
regulation of MHC class I (123 hibit
HPV-16 E6 and E7 inhibit #L48 fin 'é {\ IEN% production in peripheral blood
mononuclear cells (PBMC) and } _ 3 lucing e binding of IL-18 to the a-chain
of its receptor (126).

Today, two diverg_ent i have evolved for development of

prophylactic and therapeuti #, vaccines elicit HMIR
because they induced the pro tralizing a viral antigen

ssays, L1 and L1/L2 virus-
like particle (VLP) ﬁ tibodies to L1 (127-
129). Therapeutic ﬁu ﬁﬁﬁﬂﬁ%ﬁtﬁiﬁgﬁl to induce cellular
components of the i 1mmune system to recbgnise and agtack cells infectgd with HPV. The

caegrios PRI DS AL U IBARVEI D Rk 131

133), nucleic atid-based (134) and cell-based (135).

before it entered the host cell. In study in vitro and in vivo '
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Diagnosis of HPV infections

HPV cannot routinely be cultivated in human or animal eell or tissue culture
systems. Methods principally available for laboratory diagnoses of HPV infections can be
divided as follows: (i) cytology and histology; (ii) methods for the detection of HPV

DNA; (iii) immunocytochemistry; (iv) electron microscopy and (v) serology.
Cytology and histology of HPV infections

‘V

The conventional method™ ; ital HPV infection is the

Papanicolaou-stain (Pap) smear. " THe Paj for changes in cells of the

transformation zone of the cervi w6yer, this m has some limitations. False-

negative rates as high as 20 - ¥ .t €1l report method of collection and
processing of specimens for : veloped to help reduce the
number of false-negative res pecimen is collected in

preservative solution such 2 cture is better preserved

because the cells are immediately fixed. * ' y, the samples collected using

a gross cervical lesion aregs “evaluated by co poscopm and colposcopy-directed
biopsy. Colposcopy can detectglow-grade and high,grade dysplasia but dose not detects

GOV dlseaﬂ %&] ﬁ} 'ﬂ E}%@%’%ﬂlﬁmw by observing

characteristic pathologi¢ features of HPV 1?fect10n such as epithelial hypﬁe;plasm (101).

e AN TUNIINGA Y

HPV DNA can be demonstrated in biopsy tissues. Type-specific polymerase chain
reaction (PCR) assays are based on the L1 gene of HPV subtypes. The analytical
sensitivity of these assays is between 10 — 200 HPV copies per sample, depending on the
HPV type. Type-specific PCR are currently used primarily in research application since
throughput is limited by the need to use multiple P CR amplifications for e ach sample

(101). The majority of studies using consensus primers to amplify a broad spectrum of
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HPV types in a PCR amplification. These primers target conserved regions of the L1

capsid gene. These primers, GP5+/GP6+, SPF10, MY09/11 and PGMY to detect and
genotype a broad spectrum of HPV types (138-143). Various methods have been used to
identify HPV types after amplification with consensus primers such as sequence analysis,
restriction fragment length polymorphism (RFLP), and hybridization with t ype-specific
probes using dot blot (DB) (17, 144). The current commercial HPV detection Kkit,
Digene’s Hybrid Capture II kit, detects all high-risk and low-risk HPV types. Several
specimen types can be used in the Hybrl

cervical biopsy (101, 145).

f,pture assay such as cervical swabs and

In hybridization assay, lot-'(SB ridization is used to be the “gold
standard” method for HPV de ified according to the size of

the hybridized fragments and ae€ording " 1diza fficiency of different type-

specific probes. The probes afe dioactive or non-radioactive

compounds. However, the #€c 5| it-int : v- consuming performance,
..5).(146). DB hybridization is an easy
ized cellular DNA is fixed as
abelled HPV-specific DNA or RNA

probes. This test had a lower sensitivi fhan ] CR; hown in Table 4 (147, 148).
_ SRttt

use of radioactive probes anddow sex 1t1v
and fast to perform than southem bilot. T)q

a dot or spot onto a nylon filter aj

"Gells are filtered onto a
: dized at d]iigh effective temperature.
FISH is a fast and easy method and its analytical sensitivity is slightly better than

southern blot. Howﬁrw@ q W&%ﬂv‘ﬁ,w &L"}'ﬂfiackgmund problems

due to cell debris, ﬂ)or reproduc1b111ty‘, and high 1nterlaboratory vanablhty In situ
hybndlzatloﬂ% r]am ﬁ‘ﬁw lu%tf]u’} woﬁ’ﬂ:ﬁu&rld sequences
within individgal cells, either in tissue sections or in whole cell preparations (149). The
lower detection limit of ISH is 20 — 25 HPV copies/cell (150). ISH is a labour-intensive
and technically difficult method (Table 5).

In filter in situ shybridi

nitrocellulose-lose membr:
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Detection of HPV protein by Immunocytochemistry

Immunocytochemistry can be applied to tissue biopsies. Immunoperoxidase
staining with antibodies using the peroxidase-antiperoxidase or the avidin-biotin complex
peroxidase method is highly specific for the detection of HPV L1 capsid proteins in
superficial epithelial cells of productively HPV-infected tissue. The overall sensitivity of
immunocytochemistry is not more than 50% compared to HPV DNA detection methods.

warts, HPV capsid antigen cannot be

Even in well-differentiated lesion as cu

detected by immunocytochemistry, amount of antigen are expressed

in many case. Thus, immunoc i ited value for the detection of

Electron microscopy

Electron microscop r-the identification of viral particles in tissue
biopsies. The sensitivity of etection is low, because viral

particles are not regularly sion. Furthermore, electron

microscopy is expensive, labour-i
HPV types. (146)

allow the identification of specific

HPV serology

Serologic assays for t#the, diagnosis of gHPV infection are not commercially

available. Several u}ﬂra tm E’mbweilaa ﬂ‘?ﬂy more frequently

detectable in pat1entsﬂv1th HPV- assoc1atgd lesion than in controls, bePV antibodies
are not deteﬁywa aﬁﬂq m Wéﬁ ‘f}%ﬁjf}lﬁl Ei the detection
of IgM, IgG @r IgA antibodies against HPV early or late proteins are Western blot,
enzyme linked immunoassay (EIA), and radioimmunoprecipitation assay (RIA).
However, HPV serology is not yet sensitive enough to detect in patients with CIN or
CaCx.
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Table 5. Comparison of method for the detection of HPV nucleic acids (146)

Detection limit Perfor Commercially
Method | Sensitivity Specificity Main advantage
(HPV genomes) mance available
Excellent when Methiod itk
e wi
"~ PCR 0.90-1.0° combined with <10-100 2 ) o Yes
ibeidizat highest sensitivity
ybridization
Standardized, easy
HC 0.74-0.93* 0.61-0.71° 5x10° 1 Yes
to perform
Differentiation
between episomal
SB 0.35° 0.94° ® No
| and integrated HPV
DB 0.39-0.54 0.94-1 ”15 "- aster and easier g
.39-0. -1 es
than SB
-. \ Topographic
i i By 48 _ ' * alization of
<0. i/cel N yes

V-specific DNA
or mMRNA

Performance: 1 = technically g@s ity fast result; 3 = technical difficult,

labour-intensive, time-consuming.
a With histology as the referen
b With PCR as the reference test.

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂi
ammmmumwmaa
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Analysis of CD8+ T cell response

Limiting dilution analysis (LDA)

The theory of limiting dilution analysis is quantitative of the precursor frequency
in a population of cells. This assay used differentiates between the presence of a positive
and a negative response in the individual wells of the experiment. If the result showed

positive, indicated that the presence of antigen-specific precursor cells in the cell

population. The effectors function of cytot ) ors is monitored by measuring

Enzyme-linked immunospot Spet )asse

The ELISpot meas : ./ thaf] a '

'ﬂ’ 1 1n \\\

an activated T cell. The

cell populations stimulated wi nitrocellulose plate, which

are coated with anti-cytokine afitih d? ?an tha ’Q. esponder cell product cytokines
‘j 1

around cells can be detected b ‘ Se .. 7

he spots are developed with
substrate. Each spot represents CYE h by a single cell. Advantages of

of¢ t han c hromium-release

,,

ELISpot can be measure in 2
assays (152, 153).

G

Intracellular-cytokine stalmn

ﬂUﬂ’J“ﬂﬂ‘ﬂ‘ﬁWﬂ'}ﬂ‘i

Cytokine procﬁ.lctlon at the level é)f the smgle T cell can be analysed by flow

cytometry t ﬁﬂ m)mny weﬂl ?ﬂmﬁtﬁmlgm After
that, to block the transp cytokines with monensin or brefeldin A therefore prevent

the secretion of cytokines and the reaction was stopped by EDTA. T cells are fixed,
permeabilised, and stained for the presence of intracellular cytokines. Advantages of ICS:
large numbers of T cells can be analysed in a short time, use of multiple antibodies, and

determination of phenotype of the cells (152).



32
Chromium-release assay

The chromium-release assay was gold standard assay for cytotoxic. The target-
cells were labelled with sodium chromate and co-incubated with effectors-cell population.
The amount of chromium released into supernatant is quantified, to provide a measure of
target-cell lysis. The technique is labour-intensive, required the effectors-cell at range

concentration, up to 1 00 times the number of target cells. Because of limitation in the

total number of effectors-cell that can be plaﬁ ’ ,n the microtitre plate (152).
MHC/peptide tetramer analysis § ' !{/’ ,
) | —

dyafi; déntify individual T cell is based on the
€ MTj t// cptide’ \u\\ Direct visualisation and

quantification of antigen-specifi€ c¥totq
4

..B'_ \\i\\\ e by MHC/peptide tetramer

Recent technological 2
specificity of binding to

Vet

complex. This technique inCres A peptide complex for the

peptide-specific T cell recep

, \ .
to avidin or streptavidin, whichasfo ﬁ?‘g binding Sitesi The binding of the tetramer
. w0

to the TCR can be detected by floy, oytomet e limitation of the tetramer assay,

5

/peptide monomer bound

CD8+ T cells that are quantified recognize a we
with a known MHC class’i \

ned peptide epitope in conjugation

ra

aséay was not required the

radioisotopes, fast, and Iz g sad) 154).

] g
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