CHAPTER I1I

LITERATURE REVIEW

are large DNA

viruses belongi ,\;amllv of the family

Herpesviridae, consists of four
structural elementg toroidal core about
75 nm in diamﬂt-r_- apsid (95-105 nm in a
diameter) that efic : rv}f.  3 a surrounding granular
zone composed of glo~r;; ins and designated as the
tegument ; ang Suter fie o envelope, which

a6l 27, 28).

surrounds the &ap

I
ﬂ

The genom; of HSV is & linear, double stranded DNA

molecule, ﬁt”ﬁ%wﬂﬂﬁ%?ﬁkﬁﬁﬂﬁm daltons which

is large e ugh to encch 60 to TD or more ene products

n. %) e §T1HE B4 Eﬁﬁ?&f 57w Hhe

two largest components designated as L (long) and S(short)

{13, 31). These consist each of unique sequences (Ul and
Us) which are flanked by smaller reiterated sequences.
Thus, the reiterated sequences constitute the molecular
link between the two large components and, secondarily,

allow the DNA molecule to close in a circle. Herpes



simplex DNA has a coding capacity for over 50 different
proteins {2, b5, 19). Virus-coded enzymes including
thymidine kinase and DNA-polymerase participate in genome
replication (65 13 27)s These enzymes have unigque

substrate affinities and activities that 'distinguish them

from similar cellular enayw J;! Such properties have

»ﬂleaside analogs that
-J.

interact with : > jﬁ.nhihit the viral
replicative pray Hich il By articipate (56).

The s

allowed the develop

e capsid, i.e., its
100 nm diamete characteristics of
all herpesviru_ are the DNA and DNA
binding protei capsomers at the
vertical have not erized. The hexameric

9.

capsomers are dongitudinal section ; a
channesl 4 »{;“f“"“"" STTTTER *i‘":‘ from the surface

along the long Bu
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membrane, designated the envelope which derived from
modified cell membrane. This envelope is acquired as the
DNA-containing capsid buds through the inner nuclear
membrane of host cell. The herpesvirus envelope contains

numerous protrusions or spikes, which are more numerous



and shorter than those appearing on the surface of many

other enveloped viruses (26, 51).

There are two serotypes of HS5V, herpes simplex
virus type 1 (HSV-1) and herpes simplex virus type 2

(HSV-2) which their es have approximately 50%

sequence homology b - "’E ently different to endow
b 'E§;;é=

each type with un roperties and to allow

unambiguous dif s techniques (2, 5,
27). HSV-1 and (ff ‘f; the . bdse composition and
sequence homolo ' ophoretic mobility
of many of the tural polypeptides,

and in many biolggi
1.2 Animal Susees tv¥and Growth of the Virus

ost of HSV, but a
relatively wié mge or ani s *Ej_alaa susceptible,
including mlce!g E .'egi, and rabbits. The

effects of infectiqn depend upgn the route of inoculation.

or o UB IV ENG WEIARS n whe rarwie

results in ﬂLratocnnjuncf1vitis kerat s, whereas

mmam’mvmfiﬁu NWZIQ kil ';]raﬂmus (28).

The use of cell culture as host systems for
the propagation of viruses provided a relatively economical
tool. Therefore, cell culture has been substituted for
animals in isolation attempts or for preparation of viral
antigens. Many cultured cell types, e.g. HEp—E; BHK, Vero

and Hela support multiplication of HSV, undergo extensive



cytopathic changes, and develop intranuclear inclusion
bodies ; chromosomal breaks and aberrations are also
observed (28, 31, 37). The response of the cells varies
with the strain of virus employed ; some strains cause
marked clumping of cells, producing pocklike lesions ;

others produce multinucleated giant cells by fusion of

membranes and recrui nuclei of adjoining

cells ; and typical plaques with

suitable cells.

: .\Eres and established
cell lines have bg# . ;1:;1“_,7- or the diagnesis of
herpetic infec” [ 1l lines of monkey
kidney (Vero), BHK 21), as well as
HelLa cells and all been used for
diagnostic purposes. grows readily and produces
plagues in alm - “any cel res (31). of the

established @&l ;ff‘heen found to be
suitable in ﬁE&s sty pecatse ZE can be easy for

preparing irus’ stocks, and for preparing
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Replication of the viruses has been examined
in a number of cell systems, and the duration of successive
steps in the replication cycle depends upon the type of
cell, the virus strain, and the multiplicity of the
infection (31). To initiate infection, the wirus must

attach to specific receptors on the cell surface. In the
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fusion of the wvirus envelope and the cellular plasma
membrang would bring the deenveleped capsid inte the
cytoplasm of the infected cell. The capsid is then
transported to the nuclear pore and the wviral DNA is

released into the nucleus where DNA transcription and

replication and asse 3 the capsids takes place.

Normal cellular DN nthesis virtually stop

as virus replicat

Vi and the synthesis of

viral ?ene Pr gulated, viral gene
expression is and sequentially

ordered in a c nes designated alpha

genes are express nfection for synthesis

of alpha glycnpr teinis, Th proteins, containing one

minor structural and several'r ctural polypeptides,

are synthasi-’;_w ‘i;g_z to 4 h post-

infection and dgrea . Th’@ second class of HSV
genes, designateﬂaas beta, gequires prior synthesis of

oo seo R D BAIZIEEA AT ma. 1 veve

proteins include regulatgry protedins and engymes required
ror QRARIAINIHRA FTIEA B Bhinase. ox
synthelized at highest rates from 5 to 7T h postinfection
and at decreasing rates thereafter. The third classes of
HSV genes is designated as gamma, expression of these
genes in normal amounts depends on the replication of
viral DNA. The gamma glycoproteins, containing major
structural polypeptides are synthesized at. increasing

rates until at least 12 h postinfection (26, 31, 39).
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Viral DNA replication is carried out by both
viral alpha and beta proteins and host cellular enzymes but
the reactions are not yet precised understood (28). After
the viral genome has been replicated and following

structural protiens have been synthesized, the newly

synthesized viral ed into preformed empty

ﬁlamella of the nuclear

1,*-Jrloped at the nuclear

1:; . segreted via the Golgi

capsid and later bi
membrane. The vi
membrane and
apparatus. Vira nd on the surfaces
of infected ced? envelopes of the
virion (3, 28, ‘cells, viral DNA
synthesis is deﬁ;’.q'->" ‘i" : xxlawing infection and

continues for at le#l 12:;ﬁ : t®12 h (28, 28, 32).

: Y
niils with HSV results

in the EFchEBlB‘Df over 50 v1ra1 specific polypeptides,

and at 1ﬂ u ﬁg%ﬁ%ﬁ w{]’}ﬂ ﬁlral structural

components {25, 39, 56, 53] The renainder are
ma»mmmmwwmm Shfacion o
viral DHA transcription, translation,.and synthesis {zé.
45). Among these polypeptides are glycosylated species
which become incorporated into +the cell membrane and
ultimately constitute in part of the virion envelope.
Herpesvirus glycoproteins represeht the major target for

the host immune response and are likely involved in the
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process of virus attachment, penetration and maturation as
well as in virus-induced cell fusion (41). Initially, the
analysis of structural polypeptides by SDS-polyacryldamide
gel electropho;esis has revealed the presence of
approximately 12 bands containing glycosylated proteins.
The major glycoproteing has # lesignated gA, gB, gC and
ED corresponding to &ns VP8, VP7,VPB.5 and‘

VP18 respectively

ubsequently, it has
been recognisz | &nd re differentially
glycosylated fogq {(3). Later Baucke
and Spear identi Bteins B, C, D and E
have been shown ach othe-r by one or
more of the fnll;:-w nunoprecipitation with

monoclonal antibod; ide fingerprinting, or

physical mapping (51 )z 82/

Th, r_-"'-'d are about 50%

g F!I : ’
homologous, ancﬂ viral Proteins show Jextensive antigenic
cross reactivity ﬁnss-reactﬁks determinants are present

o5 otk ﬂ%ﬂlﬂﬂﬂiﬂﬁmﬁm The - gas

protein may posses both type-specific and/ type-common
seterotiesh OV | B lbodel] dodilld Ehck By ot ene
Cross-— react1ve proteins map colinearly in the genomes of
the wvirus (43, 45, 52). However, the major glycoproteins
of HSV-1 have been designated gB, gC, gD and g2E ; species
Iwith similar characteristics produced by HSV-2 infections
have been given the same corresponding names (41, 43). An

additional, Balachandran and co-workers de.scrihed two
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additional antigenically and structurally distinct
HSV-2-specific glycoproteins (41). One of these new
glycoproteins was originally designated gF but has since
been shown to be encoded by an HSV-2 gene mapping

colinearly with the gC gene of HSV-1 and is now referred

A Vy second appearently type-
gi;lycnprntein gG,  the

previously describedS@k ycopEa n of HSV-2 which maps

to as gCz (24, 25, 41

specific glycopr

in the unique shes® p€gdion '\:?;‘3*_ s (43, 51).

At pz at least five
different glycoprofe
gCz (75 Kd, formér

Kd), and gG (92 Kd, jes iy designated as gC) (50).

neat Y] — vario& aspecfs of the
pathogenes ﬁ ¥»infection&/in humans has been hampered
by the aﬂ lnﬂmiWHllﬂ ﬁtlanal studies.
Sinc iﬂ s scepﬁhle to HSV,
axpealﬁfiaiﬂ ﬁﬁji ﬁ:\ﬂuch of thle
informations derived from these models {1}, The
characteristic of HSV infection is its propensity for
persisting in a quiescent or latent state, with recurrence
of activity at irregular intervals. The. initial infection

occurs through a break in the mucous membranes (e.g., eye,

mouth, throat, genitals) or skin, where local
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multiplication ensues. From this focus virus spreads to

regional lymph nodes, where it multiplies further (28).

The initial infection commonly occurs in
children 6-18 months of age, serclogical surveys have

demonstrated that it is often inapparent. When the

initial infection r us persists, despite the

presence of a rhear ‘ : producing a latent
infection, pro glion adjacent to the
major site of t form of the occult
virus remains ce may be readily
upset, induci the nerve ganglion

and thus provoki

diseases in man which
may be nan1£estat1nnﬁa;_ :5; ¥ acute exogenous infection
or of recurrentle 7'— us i ofi-h JHSV induced disease
may represent ®s o £f~‘ain patient. The

i
two HSV-types™

have

'genefally l::utae-j’lJ associated with

different ﬂqﬂﬁl qﬂmﬁ WrEtt‘ﬂlj HSV-1 with

infection ips, eyes and skin above the
= AN SALRTIN G TR o=

tsi skin luw the waist. It has been recognized for
some time, however, that in individual clinical episodes

there may be exception to this general rule (3, 13).

Primary infection with HSV-1 or HSV-2 tend to
be more severe than infections occuring in patients with

detectable serum antibodies to the viruses. The most
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common site of primary infection with HSV-1 is. the oral
cavity, which may result in acute gingivostomatitis (1, 27,
31). This disease is characterized by the appearance of
vesicles on the mucous membranes of the mouth, fever,

irritability and local Lymphadenopathy. Herpes labialis

or cold sore is the mog ?ﬁ} nlfestation of recurrent
HSV-1 infections. ually develop at the
mucocutaneous ju' are often preceded
by a prodome ng or a sense of
irritation (1, -“.enjunetivitis, the
initial infeecti fay be in the eye and
causes which untreated
sometimes may 13# itis of the stroma and
a following blind erpetic whitlow is a .

primary or recurreggggfﬁﬁg; plex infection of the

finger and haRd, Herpes enceshalitis: the most common
_ 1}‘
forms of sevefﬁ an "ﬁ structive infection
. H
ﬂ'

with a hlthﬂfﬁ? aign1ficant mortality while herpes

menlngltlsﬂ ‘HE’;’J %Wﬁéﬂ E}G]aﬁéj’ without severe

morbility. czama herpstlcum 15 a wild spread cutaneous

1nfecﬂﬂﬁqﬂ ﬁmﬂ ‘EW %ﬁq ’%lﬁaﬂ q atﬁ partially

1mmunn eficient atopic individual (13, 27).

Primary infection with HSV-2 is most commonly
manifested as genital herpes. Humans are the sole known
reservior of infection, and infection is tranqmitted by
mucosal contact with infectd secretions (5). The primary

genital infection in males as well as in females may be

016433
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associated with fever, malaise, and lymphocytic
meningitis, it is painful and there will commonly be
regional lymphadenopathy. Recurrent genital herpes with
lesions on the penis or wvulva may be painful, kut is

always milder and more short lasting than the primary

infection. The triggered by trauma in

connection with

factors (5, 13, "2 ) H%_us type 2 may be

transmitted to L& LEwbi during™birth by contact with

herpetic lesiong The spectrum of

illness produced to wvary from

subclinical or lg ized disease with a

fatal outcome. .-'\\g ants who survive may

h J

1.6 1nol6EY -to HS bectior

X
=™ave been published

of primﬁrr hérpetic Ynfections in humans

and Expﬁ'ljﬁfj wrﬂuﬁ w Bq ﬂ immc-nl‘&' »  Vvirus

neutralizatfipn, complement fixation, and in more recent

vears() W’Tﬂ‘ﬂﬂ?ﬂ“ﬁﬁﬂﬁ%iﬁ§ﬂ“““ ana

gquantifiation of anti-HSV antibodies. While highly useful

on the immunolog¥

in detecting an immune response to the virus, these assays
are of limited value in determining the fine specificity
of antiviral antibodies since each assay indiscriminately
detects antibodies directed against multiple viral

antigens. = More recently, several investigators have
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employed SDS-PAGE to identify individual viral
polypeptides and demonstrated the utility of immunoblot
and immunoprecipitation for assessing specific aspects of

host antibody response to HSV (1, 4, 46, 47, 48, 49).

Zweerink studied the seguential

develcpment of HSV- tibodies during initial

genital herpes diocimmunoprecipitation
technique (4). e e o 3 letec able antibody response

in HSV-2 infec gh-molecular weight
glvcoprotein con ‘bodies against the
major nucleoccapsf ' antibodies against
a number of othsg uding a polypeptide

with a moleculd Ashley and Corer.
reported a similar th genital HSV-2 patients
(46). The earliest détec W;} Bibody response in HSV-2
infection ;,——
148 Kd), and -t.he
(88 Kd). Serocogvgrsion to (66 Kd), gD (60 Kd), and

s mﬂ@uy@mmwymm o

occurred later, at a meand time of .approximategly 3 weeks.

ARIANNIURARTINEQ

Antibody response to HSV specific

’%g protein (p 148 ;
EB %110-13n Kd) and p88

polyvpeptides have been determined with Western blot or
immuncblot assays. Bernstein, Bryson, and Lovett Tound
that serum from patient with a primary HSV-2 infection
reacted with 12 HSV-2 ©polypeptides having molecular

weights of 125, 110, 100, 92, 66, 59, 49, 45, 42 and 32 Kd
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(47). Kahlon et al. reported similar findings in patient
with primery genital herpes caused by HSV-2 develop
antibodies fi;st to an apparent gpG (130 Kd) (48).
Subsequently antibodies to the other polypeptide complex

gpE (75-96), p35 (35) and ICP4

.,
ﬂplar weights of HSV-2

fferent individuals

like gpB (130), gpD (60),

(40) were appeared la

The

polypeptides defgg--_—f \\
have been found t : xitiiﬁkxk

either to the relad jens it Ty radln‘lmmunapreclpita

This may be related
tion compared ut or to differences

in the antigens " reaction in a given

| x
system. However, : ) \E- molecule identified
as an antigen in the ‘Studies was a glycoprotein
of about 130 Rq. ‘tibodies n6lecule were among

the first to au$1  1€ 'f!'and were detected

- E : i
in all sera. ‘ ; . ]

mﬂnumwamwmm
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agents which were active against DNA viruses alsoc affected
the DNA of normal cells. The discovery that acyclovir
[ACV, 89-2 (hydroxyethoxymethyl) guanine] was a potent
inhibitor of the replication of HSV with very low toxicity
to host cell (21, 29, 30). This led to an extensive

investigation of its mechanism of action and selectivity.
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2.1 Mechanism of Action of Acvclovir

Acyclovir is an acyclic nucleoside analogue
in which an aliphatic side chain resembling a portion of
the sugar moiety is attached to the S-position of guanine.

The first indication that

i . \‘\tl
agent was its very kec

Although it cou --{---*-- thﬁcation of HSV-1 and

HSV-2 in Vero -:e

as 0.1 uM, whereas guired to inhibit the

LN
emselves. The reason

"N

for this lar:e_ ¥ i €y=ﬂi el {'e became evident when

multiplication off

radicactive AC HSV infected and

non-infected cells netherhthe \compound was labelled

fgw',”; A
with 14C in the 8-poSsetion of the guanine moiety or 3H in

the hydroxyethg ' 'de ree new radioactive

<fﬂkble amounts only
. I
. Theése compounds were

compounds werg/fec d in

in HSV—infectediycells

: I
identified (it m ressure liquid
chramatogrqﬁ ﬁm Eltﬁ ’iﬁiinn spectra and
enzy ifd nﬁ éfy di-, and
triphﬁlﬁajﬁ q}j— illﬁ?r] jtﬂr] 31). The
amounts of ACV-MP, ACV-DP and ACV-TP formed could be
gquantified by HPLC and were found to depend on the strain
of HSV-1 and HSV-2, the kind of host cell employed, time
;fter infection, and the concentration of IACv employed

(8,.29, 31, 33). The investigations to determine which

virally induced enzymes might be responsible for the
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phosphorylation quAC¥ revealed that the first step, the
conversion of ACV to ACV-MP is catalyzed by the
herpesvirus-specified-thymidine kinase (HSV-TK) (21, 29,
35) while the succeeding steps are catalized by cellular

ENZymes. Guanylate kinase 1is responsible for the

conversion of the mono i-phosphate while several

other cellular ivert the di- to the
The critical step
in this phosphog¥’ ; ‘ e ishthe first one, since
: \\ \\\\ different from that
of the normal cel ﬁi'flﬁ':f, \\ se of the Vero cells.

! \\ ry similar, however,
ACV not only binds \ to the HSV-TK than to
the Verc TE,; but it_; ryvlated by the viral enzyme

at a rate at aster (21, 35).

E he E&dltlon of ACV for

maximum inhibitiop of HSV repljcation was between 2 to 6 h

m..aﬂiu.gfg DRI NSTEIARS veramcson that

th compo was interferlng prlncxpa with DNA

smhﬂiﬁ (PR B %"ﬂnﬁlﬁ*ﬁr&l svnthesis

e amlned and showed that ACV-TP is a potent inhibitor
of HSV-DNA-polymerases (10, 35, 38). ACV-TP can also act
as a subsﬁrate for the viral DNA polymerase hu@ this
activity is selflimiting because when ACV-TP is
incorparsted into the g}owing DNA chain it acts as a chain

terminator due to the absence of the 3'-0OH groups on the
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acyclovir molecule (11). Furthermore the enzyme is
inactivated by the acyclovir terminated molecule due to

light binding of the polymerase (21, 38).

The high potency and selectivity of ACV for

basis of the selective

ﬂa specific thymidine
é the herpes specified

DNA polymerase by b&phatesof ACV.

HSV can now be understo
phosphorylation of

kinase and the sp

2.2

\:ta suggest that ACV
i estations of HSV-1,
HSV-2, varicella-zo — Frus - and possible Epstein-
- tal potential against HSV-1

Barr virus (12, 14).

and HSV-2 is fi in animal models

L

(12). These F" rope Mol indicate that it

may be of clin‘ﬂal use 1in the treatmiﬂt of herpes viral

ﬂ UHANYNINYNS

In man, AG% displar marked ac vit? against
HSV. @W(}‘ﬁ@ﬂﬁ%ﬂ%qq ﬂﬂy’.] a utra\rennusly,
ACV reduces the duration of virus shedding, 1local pain,
itching, and lesion-healing time in primary herﬁes simplex
virus infections though less persuasively in the recurrent
attacks. Unfortunately, there appears to be no
significant reduction in the establishment of latency or

in the frequency of subsequent recurrences (5, 14, 15, 42).
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Because acyclovir-treatment does not prevent later
recurrences, investigators are currently studying the use
of this drug for suppression of recurrences. Daily oral
suppressive therapy has been shown to prevent most

_ mal patients with frequent
w more, since ACV has its

 fect the immunocompromised

expected outbreaks in

recurrences (5, 15,

greatest effect on

host (5). Int

‘—
feire, is also wused to
'\

erpes infection in

suppress the a : & laten

immunosuppresses .\\\\\\
2.3 SYAVCS les
A | \
Sincell a hle \ tRerapy is a relatively
new development, FALEERE ‘about the effect of

acyclovir on e - haforal: ponse  to  HSV-specific
polypeptides, ' 5—-:-_:;‘:=—_ ; E ovett studied the
effect of araﬁnc dﬁresponse to HSV in
primary genitalt herpetic ections by Western blot

T, HITITE CIEY R

patients reaLonded to HS\V-2 pnlyp tide that ad molecular
weigha W’.}Za Qﬂ §mﬂu% '}Qm &’-] arg;,tment with
acyclo ir diminished the response to specific polypeptides
especially those with molecular weight of 50-100 Kd.
Ashley and Corey similary reported that systemic acyclovir
treatment of first episocde primary genital HSV-2 infection
influences the subsequent develépment of precipitating

antibodies to HSV-specified polypeptides (16). Both oral



23

and intravenous acyclovir were asscciated with later
development of antibodies to two glycoprotein B0 and 60 Kd
and one glycosylated polypeptide of 66 Kd. Hoﬁever,
topical application  of ~acyclovir had no effect on the

immune response to HSV infection.

AUGINENTNGINS
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