CHAPTER III
LITERATURE REVIEW
EPSTEIN-BARR VIRUS (EBV)

Epstein-Barr virus or Human Herpesvirus 4 (HHV-4) is a member of Family

Herpesviridae, Subfamily Gammaherpesyiripae and Genus Lymphocryptovirus which
prefers to infect human lymphocyte : w

\ ‘ iscovery in 1940s by Denis Burkitt,
th p described lymphomas which

is tumour is later known as

who observed and treated

. student, Yvonne Barr was

the first group that could i Herpe vi e,in BL-derived cell lines by

electron microscoPe. This vig rus since then

An EBYV particle is contpo and DNA that is wrapped with
icosahedral nucleocapsid, 3 inftegufie between the leocapsid and envelop, and
an outer envelop with external'gl Oprotein s ‘ ' e EBV protein antigens are divided
into 3 major groups dependi their- ex| between viral life cycle, i) Early
antigens that are the proteins u‘sg;;'i_; ; ] " slication, ii) Late antigens which are
composed of structural protei as viral ¢ igen (VCA) and membrane

antigen (17), and iii) Edtent 184 pst€in-Barr nuclear antigens
(EBNA) ; EBNA-1, EBNA-2, EBNA-3a,-'EBA-3b, EBN/ ] c and EBNA-LP ,and two

Latent membrane protein (L -1 -2 (4).
Two subtyxé‘ %ﬁ%ﬁsjﬂ:ﬁ:ﬂﬁg a\ﬁ and EBV-2. EBV-1

and EBV-2 differ inq{he organization ofithe genes that:code for the EBV nuclear antigen
A2, BBNASY BbNTsh: and | HENATS) 5) BEVE2 ohaomb B el tes
efficiently thdn EBV-1 in vitro, and the viability of EBV-2 lymphoblastoid cell lines is
less than that of EBV-1 lines. The differences in transforming efficiency of the EBV
subtypes may relate to divergence in the EBNA-2 sequences (4).




LATENT PROTEINS

EBNA-1

EBNA-1 is a DNA-binding protein that is required for viral replication and
maintenance of the episomal EBV genome. The EBNAI1 protein contains a
glycine-glycinealanine (Gly-Gly-Ala) repeat sequence, which varies in size in
different EBV isolates. This repeat domain is a cis-acting inhibitor of MHC class

I-restricted presentation and appe S t functlon by inhibiting antigen processing
via the ubiquitin—proteosom % ailure to present E BNA-1-derived
peptides results in 1neffe + T- es to EBNA-1 when expressed

in target cells. Dlrectm 1 expres cells in transgenic mice results
in B -cell lymphomas that'F \Q@t also have a directrolein

oncogenesis (20).

EBNA-2

The protein i : B cell, restoration of the EBNA-
2 gene into P3HR-1 Ve _,_J gonfirmed the importance of EBNA-2 in
B-cell transformation as Callowed @ onally relevant domains of the
EBNA-2 protein to be 1de9ﬁ—ﬁﬁ (2 -2 is a transcriptional activator of
both cellular ession of certain B-cell

antigens, includi d LMP-2 (22). EBNA-2

' interacts with a ubi -binding protein, ﬂP-JK and can functionally
replace the intracellularsre n of Notch{23-25). The c— myc oncogene is also a

transcripti ugﬁJ '}, pﬂ ﬂn‘i %Lf] ﬂc to be important for

EBV-lnduce&lB cell proliferation/(26).

A
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Studies with EBV recombinants have shown that EBNA-3a and EBNA-3c
are essential for B-cell transformation in vitro, whereas EBNA-3b is dispensable
(27). EBNA3c can induce the upregulation of both cellular (CD21) and viral
(LMP-1) gene expression (28), and might interact with the retinoblastoma protein,
pRb, to promote transformation (29). Although it is not essential for
transformation, EBNA-3b has been shown to induce expression of vimentin and

CD40 (30). The EBNA-3 proteins associate with the RBP-Jxk transcription factor



and disrupt its binding to the cognate Jk sequence and to EBNA-2, thus repressing
EBNA-2-mediated transactivation (27). Thus, EBNA-2 and the EBNA-3 proteins
work together to precisely control RBP-Jk activity, thereby regulating the
expression of cellular and viral promoters containing cognate Jk sequence. More
recently, EBNA-3c has been shown to interact with human histone deacetylase 1,

which, in turn, contributes to the transcriptional of EBV (31).

EBNA-LP is requi Nl’
absolutely required f‘)&' *

tra&sfo
EBNA-LP and EB] Vrim ry

EBNA-LP

outgrowth of LCLs , however not

32). Transient transfection of

induces GO to Gl transition as
ion (33). EBNA-LP can also
iptional targets of EBNA-2,

measured by the

cooperate with E

J,pr‘-

protems Bcl-2, and ind ce§¢h’£a‘,t'fi‘ia
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effects of L Are_Cans: ivation of the “huclear factor-B (NF-B)
pathway. This si

in the actlvatloflju

d differentiation of B cells ). At least four signalling

T::Z:c@ﬁﬁtw gw%‘lw-mﬁ% have been implicated
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LMP 2 is divided into LMP-2a and LMP-2b. T he structures o f LMP-2a
and LMP-2b are similar but LMP-2a has a 119 amino acid cytoplasmic N-terminal

40, which has a key role

domain. LMP-2a aggregates in patches within the plasma membrane of latently
infected B cells (41). Neither LMP-2a nor LMP-2b is essential for B-cell
transformation (42, 43). LMP-2a has IMMUNORECEPTOR TYROSINE-
BASED ACTIVATION MOTIFS (ITAMs) in its cytoplasmic domain. These
motifs are also presented in the B -cell receptor (BCR) coreceptors CD79A and
CD79B and transmit activating signals after BCR stimulation (35) . LMP-2a binds



and thereby sequesters tyrosine kinases from the BCR, resulting in inhibition of
BCR signalling (44). This prevents unwanted antigen-triggered activation of
EBV-positive B cells that would cause entry into the lytic cycle. However, LMP-
2A itself stimulates these tyrosine kinases to some extent, thereby mimicking the
presence of a BCR and providing an important survival signal for B cells (45).
The consistent expression of LMP-2a in Hodgkin’s disease (HD) and
Nasopharyngeal carcinoma (NPC) suggests an important function for this protein

Wy,

EBV-ASSOCIATED DISEASES-.,_

EBV is orally transmi . Q\Npharyngeal secretions from

tients and at lower levels in

in oncogenesis (4).

interaction of the major
(CR2/CD21, which is the r C3d). The penetration of B
L) and gp42/38 in a complex
1 an interaction between EBV and major
histocompatibility complex (MHQ),ﬁ;l,a,sg II(_V lecule jwhich serve as a co-receptor for
virus entry into B cells QW) This is followedw mRNA synthesis, blast
transformation, homotypie” cell adhesion, st Ql‘i

surface marker for actlvatQ B cells), and interleukin (IL) gjproductlon (48). The viral
genome is then uncoated andﬂ'dahvered to the ntiel ﬂ ‘;i f,r%edlately circularizes.

After the initial mfﬂl uE&I\’ m ﬁl

in healthy 1nd1v1duai=§‘| at a frequency of ¥ in 1 x10° to=l x10° cells. The viral genome is

generally &pisdiial | ad \Bréstnt) frl Jiow] mbers) $| b Thegl Tdirs nuctes.

Immunosuppressive states permit spontaneous replication of the episomal virus in

ession (a characteristic

ting memory B cells

circulating B cells, as observed in acute infectious mononucleosis. Immunocompetent
carriers control latent EBV infection via CTLs. Loss of the EBV-specific CTL may
permit the development of lymphoma (4) as shown in Figure 1.
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All EBV-assotiated cancers invglve the virus’&latent cycle. Eour types of latent
gne e GRARQEPITI T T DI & B s cpisomaty
in resting mémory B cells. Of the 100 viral proteins, only LMP-2 is expressed. In
addition, the small polyadenylated viral RNAs designated as EBERs 1 and 2 are also
discerned. This type of latency has been designated type O (4). The other three types of
latency characterize a heterogenous group of malignancies. Latency I, I, and III are based
on patterns of expression of the EBV genome (Table 1). All three types of latency express
BARF-0s. During latency I, EBNA-1 and the EBERs are expressed. Latency I is
generally associated with the EBV-related m alignancy Burkitt’s 1ymphoma. Latency II
has been associated with Hodgkin’s disease (HD), T-cell non-Hodgkin’s lymphoma



(NHD), and nasopharyngeal carcinoma (NPC) (49). EBV gene expression in latency II is
usually limited to EBNA-1, the EBERs, LMP-1, and LMP-2a and LMP-2b. The final
pattern of gene expression (latency III) occurs mainly in immunocompromised
individuals suffering from posttransplant lymphoproliferative disorders, AIDS-related
proliferative disorders, and in lymphoblastoid cell lines. Latency III usually involves the
unrestricted expression of all EBNAs, EBERs, and LMPs. EBV gene products induce an
immune response; however, the immunocompromised state of the host allows for

unrestricted gene expression without the equences such expression would normally

elicit in an immunocompetent host (23\\\

Table 1. EBV latw ancfassaemedmuhgnanmes (3)

Latency type Associated malignancies
Latency 1 it"s lymphoma
Latency I1 dgkin’s disease
opharyngeal carcinoma
eripheral TNK lymphoma
Latency 111 AlDS-associated lymphomas

Posttransplant lymphoproliferative disorders

Infectious Mononucle‘blls (IM)

Infectious m y Epstein-Barr virus
(EBV) that is Q:ﬁ:gj iﬁﬂ dolésc Ejﬁiﬂﬁ When primary EBV
adulthodﬂy it causes IM 35% to 50% of the

bl dybital | ebeobsL bt infectious

mononuc?eosis include fever, pharyngitis, adenopathy, malaise, and an atypical

infection occurs in adolescence or yﬁ

ses/e

lymphocytosis. Splenomegaly, hepatomegaly, jaundice, and splenic rupture can occur
in patients with infectious mononucleosis, but these complications are rare (50).
Although the symptoms of IM usually resolve in 1 or 2 months EBV remains dormant
of latent in a few cells in the throat and blood for the rest of the reactivation usually
occurs without symptoms of illness

(http :/Iwww.kcom.edu/faculty/chamberlain/Website/lectures/lecture/mono).
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Burkitt’s lymphoma (BL)

BL was first recognised because of its striking clinical and epidemiological
features. The socalled ‘endemic’ or high-incidence form of BL, which is found at an
annual incidence of ~5-10 cases per 100,000 children, is restricted to areas of
equatorial A frica and P apua N ew Guinea and coincides w ith areas w here infection
with Plasmodium falciparum malaria is holoendemic. By contrast, sporadic cases of

BL occur worldwide but at a much lower frequency (at least 50-fold less than in the

high-incidence areas). The endeﬁ\;&_ dlC forms of BL also differ in their
association with EBV. Thu as Vl ;y BL tumours found in the high
incidence regions is E 15 3:)f WL tumours carry the virus. In
addition, certain ‘inte Haxeaghsm\e the regions of holoendemic
malaria, such as Algeri e increas umbers of cases that correlate

with an increased propo
of HIV infection, fr
Only 30-40% of the

BL is.also observed as a consequence
deyelopment of full-blown AIDS.
ociated with EBV infection. A
consistent feature of all p;g.{ Spective o geographical location or AIDS
h . ing the long arm of chromosome 8
(8924) in the region of the c- mxap;ot?;We and either chromosome 14 in the

region of the 1mmunéglobuhn heavy-chain gen&_m

uently, chromosome 2 or

light-chain genes. This
translocation results m_iieregulate expression of the c-lh}c oncogene.
The precise role of ‘EBV in the iath@nesns of BL remains to be established.

Monoctonal {V]disbrrge VhE) 3 3 A& i) flQpositive BL biopsics

suggesting thatqiEBV infection pregeded proliferation o f the precursor B cells (51).
ol T AT G bl st '
supportéd by the ability of BL risk factors such as holoendemic malaria and chronic
HIV infection to stimulate proliferation of B cells in the germinal centre. These cells
are also programmed to undergo somatic mutation of immunoglobulin genes and this
event, in conjunction with the stimulation of germinal centre proliferation and EBV
infection, might be responsible for the generation and selection of B cells carrying the
c-myc translocation. Recent evidence also suggests greater involvement of EBV in
sporadic BL than previously documented. Thus, defective integrated EBV genomes

without the presence of EBNA-1 expression have been detected in some sporadic BL
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tumours from the United States of America (52), suggesting a process of viral DNA
rearrangement and loss during malignant progression consistent with a ‘hit and run’

role for EBV in the pathogenesis of sporadic BL.

Hedgkin’s disease (HD)
As early as 1966 MacMahon had proposed that HD might be caused by an

infectious agent (53). The first evidence that this agent might be EBV was provided
by the detection of raised antibod:

s, to EBV antigens in HD patients when
compared with other lymphom\p ; furthermore, these raised levels
preceded the development severa ). In addition, the relative risk of

developlng HD i in i ndividualewts

are found in monoclona 0f the tumour cells occurred

prior to their ¢ ? rs1sts throughout the
course of HD ﬁmﬁnﬂm ﬁﬂm EBVHD arising as a
relapse of a formerly EBVHD ha§ been r es cases could
el PRtk L ok Tav- Y (et
However, ﬂuorescence in situ hybridisation (FISH) analysis has found no evidence of
integrated EBV genomes in EBVHD tumours (64). In addition to the country of
residence, the association of EBV with HD also varies with histological subtype, sex,

ethnicity and age (65) . Although the incidence of HD is relatively low (1-3/100 000

per year) this tumour is not geographically restricted, making its association with

form, indicating that infection

EBV significant in worldwide health terms.
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Lymphoproliferative disease in immunodeficiency

The lymphoproliferations that arise following iatrogenic immunosuppression for
transplant surgery are collectively known as post-transplant lymphoproliferative
disorders (PTLDs). Similar tumours are observed in patients with certain forms of
inherited immunodeficiency syndromes, such as X-linked lymphoproliferative
syndrome and Wiscott-Aldrich syndrome, and in AIDS patients. They are most often
of B-cell origin and represent a family of lesions ranging from atypical polyclonal B-
cell proliferations, which often regress followmg withdrawal or reduction of immune
suppression, to aggressive monomo j- odgkin’s lymphomas (NHLs), which
generally do not resolve foll \’hg‘;;mm %ﬂuﬂon Most lymphoproliferations
that arise following solid ﬁs ife o -__-' ongm whereas those that occur

"'-..
onor ¢ ost tumours generally present as

after BMT are frequently
multifocal lesions in ex tiols uph as g:lstromtestmal tract or in the
linical presentation of PTLDs varies with

bg:’tsswn and the dosage and

s in the transplanted organ

ft might be important in the

equired for the development of

! &
s s -
PTLD-like tumours in severe cpnﬁﬁcd%ﬁcwm (SCID) mice, suggesting an

important role for Tjgell helpinthe growth oiﬂﬁ )- Most PTLD cases are

EBV+ and many she n a Latent I1I pattern o

@Ssion (67). Thus, in many
cases, PTLDs appear J represent the in vivo countelb,hn of in vitro immortalised
LCLs and, by implication, ate likely to be primarily driven by EBV. However, other

forms of 1atenﬂ(1u ]%Je@lqrqdﬂwﬁ % %;L’Hxﬂ en and EBV forms of

PTLDs have beéh described, including some T-cell tumours. These EBV tumours
nd R PREPEPE PIF LAY b pefrfore ssgressive
(68, 69)) Interestingly, some of these tumours respond to a decrease in

immunosuppression (69).

Primary Central Nervous System Lymphoma (PCNSL)

The PCNSL are a late complication of HIV infection and used to occur in up to 10
% of AIDS patients. Large autopsy series in the 1990s showed even higher prevalence
rates. The incidence of PCNSL seems to have decreased significantly in the last years

in comparison to systemic lymphomas (http:/www.hivmedicine.com/textbook/I cns).
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It is a non-Hodgkin's lymphoma that usually presents itself as a brain tumor, but
leptomeninges, eyes and also spinal cord are frequently affected. The management of
PCNSL patients has evolved in the last years. The standard treatment was
radiotherapy started after diagnosis and followed by chemotherapy at recurrence.
PCNSL is radiosensitive and chemosensitive: about 70% of patients respond to one or
other of these treatment modalities but usually PCNSL rescurs locally after
radiotherapy (70) . PCNSL are EBV-associated in almost 100 % of cases.
Histologically, findings are almom consistent with diffuse large-cell Non-

-H had the poorest pro gnosis of all the

Hodgkin lymphomas. In the p
AIDS-defining illnesses, wi

Nasopharyngeal carq’{ /|

s than three months (71).

The tumour show1 a
NPC is characterised ntiated carcinoma cells together
with a prominent lymph i lieved to be important for the
growth of the tumour ¢ell ink - .- - C was suggested as early as

118! d substantiated later by the
demonstration o f EBV DNA &hﬂ:ﬂie E @mp ex in the tumour cells o f NPCs
using in situ hybrldlsatlon and-*ﬂ&é«ﬁntlt:pf% mlmunoﬂuorescence (ACIF) assay

(73). Southern blot'k ation of DNA from UNPC tissues revealed monoclonality

of the resident viral ge s, suggesting ion had taken place before
| g

clonal expansion of t malignant cell population (74)."NPC is particularly common

in areas of Chi mﬁﬁmﬁgﬁmﬁnw of around 20-30

cases per 100, ernce Is of Chinese descent

irrespectiv. ﬁl ﬁhere the 1ve and particularl nﬂCantonese malés! In addition to this
re-dis

AN LD Bloponens e

salted fish) are thought to be important in the aetiology of NPC (75). Extensive

geneti

serological screening has identified elevated EBV-specific antibody titres in high-
incidence areas in particular, IgA antibodies to EBV capsid antigen (VCA) and early
antigens and these have proved useful in diagnosis and in monitoring the effectiveness

of therapy (76).
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Diagnosis of EBV associated diseases

Since the association of EBV in several diseases have been reported, laboratory
detection of EBV is therefore accomplished in many ways (Table 2.). The EBV diagnosis
was mainly divided into 3 groups, isolation of viral antigen detection, serological

diagnosis and molecular diagnosis. The details are as follow.

Table 2. Laboratory testing of EBV (77).

Name Purpose

In situ hybridization ipts or EBV DNA in specific cell types within histologic

EBY clonality assay by Southern blot analy

EBY DNA amplification
EBY viral load

Immunohistochemistry (LMP1, EBNA1_E résann in specific cell types within hlstologlr lesions:

LMP2A, BZLF1) m replicative infection based on expression profiles
Culture of EBY or of EBV-infected B vely measure infectious virions or latently-infected B
lymphocytes for routine clinical use
Electron microscopy enting replicative viral infection; impractical for

Serology (VCA, EBNA, EA, heterophile e antibody re
antibodies) ¢ L& 1 femote infection; monitor disease status over time

Isolation of viral antig
Immunohistochemista o
LMPI Immunohistoghemistry, the relatiyve merits of immunohistochemistry

versus EBER zﬂzuﬁ@tﬂ des ‘Ma@ eitior fn fagt,[L}P-1 immunostains

are nearly as efféétive as EBER in situ hybndlzatlon for 1dent1fwn§}31BV in PTLD
= SR REA TR RN AN TR
case for fion-Hodgkin’s lymphomas or carcinomas, however, in which LMP-1 is

often undetectable even when EBER is clearly positive.

Serological diagnosis
According to primary EBV infection in young children is mind and self limits
except in adolescence EBV infection can cause IM which the symptom is common.

Therefore laboratory test are need for confirmation.
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Detection of heterophile antibody

Heterophile antibodies are antibodies produced against poorly defined
antigens. These are generally weak antibodies with multispecific activities.
“Hetero” and “phile” are from the Greek, and mean “different” and “affinity”,
respectively s o theses antibody could be d efined as an antibody response to an
“antigen other than the specific one” (79). Since serum from a patient with
Infectious Mononucleosis contained heterophile antibodies which agglutinated
sheep RBC's, agglutination of the sheep cells is appear when sheep erythrocytes

\&f/f/s not specific and only determines the

were added into pateint’s se

Nk
presence or -.: &n ne heterophile antibodies
(http://cls.umc.eduw/

Vcls4f 1/2 no). In addition moderate-to-

high levels of heterophi

decrease rapidly

/diseases/ebv).

the nuclear antigen (EBNA) %ﬁse, § Y
_--"Jd. - ::, 1

produces in thq);rocess (stages) 0 igure 2). At the time of

A ally last for four to six months
only. This antibdjy, however, p stanti@]hy, longer in about 10% of
persons w ho have hiad-EBV infectiondn the m ore remote p ast. The absence of

antibody ‘ﬂ“%’%]‘ othel BBV a{ibottidd auk predentlstzongly suggests that firs

time i nfection with EBV o ccugred inthe p ast. Antibody tqu;CA is found b oth
) 419 S5 44 <B4 By o b
and BgG types are detectable. After 4-6 months, usually, only the 1gG antibody
against VCA can be found. In addition, antibody to EBNA does not usually
develop until recovery from first time infection o f the virus. T herefore, finding
detectable amount of antibody to EBNA during an illness which might be caused
by EBV makes the causal relationship very unlikely ( http://www.chclibrary.org )
(50, 77). ‘
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Figure 2 ponses to EBV antigen after primary

Molecular diagno

Since the m id and-2 " ditectldetection of viral DNA from

eted the gold standard for
BV in ti@)e samples (80). After all,
EBER trans&i are consxst xpressed in_virtually every EBV-

rasﬂ gymphmd tissues taken

from patients with mfecﬁous mononugleosis, and in the rare infected cell

o Wi T WA BB B By ov-rone

lesion that lacks EBER is oral hairy leukoplakia, a purely lytic infection of
oral epithelial cells (77).

detecting au

Southern Blot Analysis

Southern blot analysis can be used to determine the clonality of
EBV-infected tissues with respect to the structure of EBV DNA. This
assay, first d escribed by Raab-Traub and Flynnin 1986 is based on the
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presence of variable numbers of terminal repeat sequences at the ends of
each EBV DNA molecule. A given cell is apparently infected only once,
and each infecting genome contains up to 20 terminal repeat sequences.
The relatively unique terminal repeat structure that is present in a given
cell is passed along to cellular progeny upon cell division. Analysis of
clinical samples h as provided interesting results. Oral hairy 1 eukoplakia,
representing an infectious process, produces polyclonal viral genomes

indicative of lytic viral replication. On the other hand, EBV-associated

tumors harbor monoclcm\i W (77).
Amphﬁcatl ?20 :
| 1 w used by many clinical

, body fluid, or tissue samples. For

psies. of metastatic undifferentiated
the differential diagnosis and

er example, a study of HIV-
; lymphadenopathy showed that
amplifiable EB I}NF wa

i

developing lymphoma @4) arkably, amplification of EBV DNA
from the ré_grebrospmal?luld of Aﬂ)ﬂ g: early always indicative of
a brain Jlymphoma, leading on 0 _proceed with lymphoma

treatment gthout ain bio@ (assuming an appropriate

clinical setting and radiographicgupport for the diagnosis) After treatment,

disﬂ,% c@iﬂﬂ @%35 &chb’rqsfi}a@luid is associated with

bettéq'loutcomes From aatechnical stanAiPoint, PCR ar@iﬁcation of EBV-

) PO P i AR S R s

1 whereas strain typing relies on amplification of polymorphic regions of the

viral genome. Strain typing will not be discussed in any detail, since there
are no solid clinical indications for such testing. Even qualitative
amplification assays are difficult to justify because of their inability to
distinguish lesion-specific EBV from that representing normal flora. After
all, EBV DNA is present in a small fraction of lymphoid cells from every
healthy virus carriers, which means that nearly every adult and a
substantial fraction of all children harbor amplifiable EBV DNA. The
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inability to distinguish EBV disease from background infection led many
laboratory scientists to abandon PCR in favor of EBER in situ
hybridization for the reliable detection of lesion-associated EBV in biopsy
specimens. Indeed, EBER studies remain a mainstay of diagnostic surgical
pathology. But improvements in quantitative amplification technology are
stimulating a resurgence of interest in amplification strategies for detecting

EBYV in patient samples (82).

Quantitative real-time

EBV viral Joad |
DNA in patie .

| —

s quantitative measurement of EBV

load assay employs PCR to co-

ence in nucleic acid extracted
\amount O lification product measured

ime, can be used to calculate

amplify EB

from bloo

either at th

EBV viral 1 oads, sdmetimos exceel ng 1 million c opies p er milliliter o f
blood (83). Furtheﬁ;&fe%’wfﬂ oad fises a early as several months before

the In asenharvns ':J-ﬁl-mll-llllllllﬁr-ln ||||||| — 1 viral load Shows promise

as a mar I f tumor burde '- monitoring of patients after

therapy (84). Because about half of all affécted patients are destined to

rel E’eﬂ' tigati f 1 V viral load assays is
imﬂlmdgmiﬂtme aﬂﬂﬁl@:j remission from those
stined to_relapse. ﬁﬁg tients_ wi -relat cin’s disease, a

’q“ ﬁgl éﬁ ﬂgﬁt tﬁ%ﬁﬁ%ﬁﬁme as a marker

of tumor burden. (85). More research is needed on this and other EBV-

related diseases to define more fully the clinical utility of EBV viral load

assays.
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Principle of Real-time PCR

The application of fluorescent techniques to the RT-PCR, together with suitable
instrumentation capable of combining implication, detection and quantification, has led to
the development of kinetic RT-PCR methodologies that are revolutionizing the
possibilities for quantitative nucleic acids (86). Two important findings led to the

discovery of real-time PCR. First, the finding that the Taq polymerase possesses a 5’ to

3’ exonuclease act1v1ty (87). Second, the constructlon of dual-labeled oligonucleotide
; cleavage of the probe, based on the
01p1e There are four competing
ms and quantification requires
lems of data acquisition and
starting at RT and ending with

instruments ideally suit high-

ystem. It composed of specific and

non specific dye. The non-specific W" :

'"’""'-'"r’ {f

Hybridization probes, T@ﬁlman probes, molecular t

R Green, the specific dyes comprised

erion probes.
SYBR Green U ﬂ

This method invelves detection ofthe binding of a fluorescent dye (SYBR

oreenyto PRI TABITA S IUE L2 DS i scsion, s

during elonguion increasing amounts of dye ﬂld to the nascgnt double-stranded

B el L TR .

signalithat can be observed during the polymerization step, and falls off when the

DNA is denatured. This assay is non-specific.
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“»

— )/
Figure 3. SYB@!' //
Hybridizatioh pryﬂr

This method obes to maximize specificity. One of
the probes carries at | \ flu ] ‘ %Xich emits green fluorescent
light when exci Lightc) ' it source. Its emission spectrum
over'aps the excitation rum _ ' ophore that is attached to the
5’ end of the second probe. 5 probe' ' cked at its 3’ end to prevent its
extension during the i J ixcitation of the donor results in fluorescence
resonance energy transfer m‘@q' eptor and the emission of red fluorescent light.
In solution, the ﬁb dyes are apart, an;l_ dergy transfer depends on the

spacing between-iwo dye molec

by the donor. Aar denaturatior
sequence in a head-fotail arr ETament'}m:lrmg the annealing step This brings the

v dyes ) cde o) o xbid b ucfesein can ranstr s

energy at hlqéh efficiency. The intensity of the light of longer,wavelength emitted

X SR R p—

prop%rtional to the amount of DNA synthesized during the PCR reaction. A

both pro&s hybridize to their target

fluorescent signal is detected only as results of two independent probes hybridize
to their correct target sequence. This increases specificity and generates additional
flexibility for probe design. Furthermore, as the probes are not hydrolyzed,

fluorescence is reversible and allows the generation of melting curves.
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Hydrolysis probe

The Tagq : :.. Ap ied Biosystems) utilizes the 5’-
nuclease activity ' v to mlyse a hybridization probe
bound to its target either Taq or Tth polymerase but
any enzyme with an ity properties (e.g. 7fI) can be
used (90). After the reverse tmnﬁcm step, successful quantification requires
the annealing of three ol?é;;;;c'l jri'- ‘7. the DNA. Two template-specific
primers define ghe endp’d'mféfof ﬁle amplicon, and_provide the first level of

specificity. The ' spectiiciiy-of-this-assays-Provided by the use of a third
probe  that hybr

oligonucleotide e amplicon during the

annealing/extension ghase of the PCR The probe contains a fluorescent reporter

dye at its 1ql\§ Ww emlssmn spectrum of
reporter 1saﬂm seco uorescent dye at 1t'srl end such as TAMRA (6-
¢ ﬁ. mjn the probe is
a;;a)f:ﬁ‘dt rgil ﬁﬁm m ﬂm 5’-exonuclease

activity of Taq and Tth polymerase is double-strand-specific (91), unbound probes

remain intact and no reporter fluorescence is detected. Conversely, if the correct
amplicon has been amplified, the probe can hybridize to that amplicon after the
denaturation step. It remains hybridized while the polymerase extends the primers
until it reaches the hybridized probe. When it displaces its 5’ end to hold it in a
forked structure, the enzyme continues to move from the now free end to the

bifurcation of duplex, where cleavage takes place (92). This separates the reporter
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and quencher dyes and releases quenching of reporter fluorescence emission (93).
The largest fluorescence signal is obtained when the two labels are at the extreme
5’ and 3’ of probe, probably because of more efficient cleavage by the polymerase
(94). The increase in fluorescence is measured cycle by cycle and is a direct
consequence of the amplification process. As the polymerase will cleave the probe
only while it remains hybridized to its complementary strand, the temperature
conditions of the polymerization phase of the PCR must be adjusted to ensure
probe binding. Most probes have a T, of around 70 °C; therefore, the T agman
i j polymerization step at 60-62 °C. This

t durmg the primer extension step.

system uses a combined anu
ensures that the probe re 7
It also ensures maxiun-5'=3’ exbnu 1ty of the Tag and Tth DNA
polymerase.

Lo

Figure 5. Ta';!\«an probe assay ﬂ
waenF U INENTNYINT

Molecular beacon (Strafagene) is DNA hybridizationprobe that form a
s obd TR TE Tt AT T
target nucleic acid molecule and the stem is formed by the annealing of
complementary arm sequence on the ends of the probe sequence (95). A
fluorescent marker is attached to the end of one arm and a quencher is attached to
the end of the other arm. The quencher is non-fluorescent chromospheres that
dissipate the energy that it receives from the fluorophore as heat. In solution, free
molecular beacon adopt a hairpin structure and the stem keeps the arms in close

proximity, resulting in efficient quenching of the flurophore. When molecular
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beacon encounter a complementary target at the annealing temperature, they
undergo a conformational transition that forces the stem apart and results in the
formation of a probe/target hybrid that is longer and more stable than the stem
(96). This separates the fluorophore and the quencher, leading to the restoration of
fluorescence which can be detected. Whereas any free molecular beacon remains
close and non-fluorescence. If the target DNA sequence dose not exactly matches
the molecular sequence, hybridization and fluorescence will not occur. This is
because the thermodynamic properties of the molecular beacon favors the
formation of a hairpin ratheg‘%iw to hybridize to a less than perfectly

matched target sequence.&;* /:Z/;/
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Figure 6.

Scorpion S = &

A %an’;tnﬂ;ug pmﬂ;lrcl jat is held in a hairpin
loop configuration by com lemefitary stem seqiience on either®efid. A fluorophore
is aac atagmgﬁwfﬁmrﬂm mﬂs’]\\a in the hZirpin
loop ?:onﬁguration by a moiety joined to the 3'end. The hairpin loop is liﬁked to
the 5' end of a primer. After extension of the Scorpion primer, during
amplification, the specific probe sequence is able to bind to its complement within
the same strand of DNA. This hybridization event opens the hairpin loop so that
fluorescence is no longer quenched and an increase in signal is observed. A PCR
stopper between the primer and the stem sequence prevents read-through of the

hairpin loop, which could lead to the opening of the hairpin loop in the absence of
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the specific target sequence. The unimolecular nature of the hybridization event
gives rise to significant advantages over homogeneous probe systems. Unlike
Molecular Beacon and Double-Dye Oligonucleotides assays (for which Scorpions
can be used as an alternative technology), Scorpion assays do not require a

separate probe.

Figure 7. Sco -*y; T ——

THE IMMUNE RESPON%E

AUYINYNINYINT

The immune system has traditionally been d1v1ded into i te and adaptive
e QR TR AT NN ﬂ e

Innate immunity

Innate immunity provided a rapid antimicrobial host defences that
precedes the acquired immune response. The innate immune system uses
germline-encoded receptors for the recognition of microbial pathogens. This
feature distinguishes the innate immune system from the other component of
immunity, the adaptive immune system, found only in vertebrates. Although,

many microbial pathogens synthesize unique molecular structures (LPS, teichoic
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acid, etc), many of which are essential for survival. The innate immune system has
evolved a series of receptors (Pattern Recognition Receptors, PRRs) which have
the property of recognizing microbe unique structures (PAMPS, Pathogen
Associated Molecular Patterns). These PRRs, when they bind their ligands
(PAMPS), transmit signals into the immune cell which can lead to inhibition of
microbial growth and/or the release of biological mediators that can instruct the
adaptive arm of the immune response. Therefore, the innate immune response
represent a “first line” of defense ﬂi in and of itself, can limit microbe growth
but, perhaps more 1mportangly\c 1 it information to the adaptive immune
response, whose role @tate th@e clearance of the microbe (97),
1SS cdu edw/innate_immunit ). There are
more three systems_that : set ools mate immunity. First, a series of
receptors (Toll receg agocytes \:Mize microbial products, the
Pbrotelt mglement, etc.) that can chemically
ir lieiarance and a third system
Xlls (NK and NK T cells) that
and cellular changes (97, 98)

innate immudity fail to prevent infection,

the adaptive immv 'ty is requn‘ed for pr¢ 108t cells. There are two types

of adaptive immune responses called humoral Jﬂlnmumty and cell-mediated

gt mﬁm Vil d (v 11011 R

For e humoral immun€ system, B lymphocytes which when activated
ARRNARNA LA B it e
throu%h their membrane-bound immunoglobulin (antibody). After the recognition
of antigen, lymphocytes proliferate and differentiated to produce the antibody-
secreting cells. Antibody would bind to the antigen and help eliminate it (99).

The principle cells of the immune system are lymphocytes, antigen
presenting cells and effector cells. The lymphocytes which play the major role in
the system are composed of B lymphocytes, T helper cells and cytotoxic T
lymphocyte (CTL). Theses CTL kill cells that produce foreign antigen, such as

cells infectd by viruses and other intracellular microbes (100).
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Properties of antigens recognized by T lymphocytes

Most T cells recognize only p eptides (101). R are populations of T cells
have been described that recognize nonpeptide antigens; these include so-called y3
T cells. T cells are specific for amino acid sequences of peptides and recognize
linear non conformational determinants of peptides antigen (102). T cells respond
to foreign peptide antigens only when antigens are attached to the surface of
antigen presenting cells (APCs). T cells recognition is self MHC restriction which
during T cell maturation in the thymus.

is a consequence of selection prog

Moreover T cells see not only\px v%but also polymorphic residue of
MHC molecules, whic@fésidu istinguish self from foreign MHC.
CD4" helper T cells 4
whereas CD8* CT

CD4+ class II-re

ies to class II MHC molecules,
] '%ass I MHC molecules (103).
elis re Ndes derived mainly from
extracellular protein iHiter into_the vesicles of APCs, where as
CD8+ T cells Trecogni septi €8, 4 solic, usually endogenously
synthesized proteinis. B, ” her 1 resentation system that is
specialized to lipid anti s? [ §~cI: : S r_ike npoiymorphic molecule (CD1) is
expressed on a variety' of @ 'an(@lia: and it presents lipid antigens to
unusual populations of non-MHC-restricted Pcells such as CD4*, CD8" and CD4-
CDS- T cells exPlssin s the a8 TCR as well a5 ¥8 F2colls and NK-T cell (T cells
that express markCrs of NK cell). ;

Cytotoxic ¢ o

Cy@ﬁmhualﬂ ﬁ :éle&ln’g]cm Ijinduction of apoptosis
target cells. Upon regulation of viral anti efispresented by ‘the epitope-bearing
i o) o b b 940 Ve s o

expressing antigen. CTL recognise viral proteins in the form of short peptides

approximated 8-12 amino acids in length which is presented in association with
major histocompatibility (104) class I molecules on the surface of infected cells
(105). For endogenous pathway for MHC class I processing and presentation of
antigen (Figure 8), viral proteins within infected cells are degraded into peptides
by the proteasome and transported into the endoplasmic reticulum (ER) by the

transporter associated with antigen processing (TAP). In the ER, the transported
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peptides then stabilise the folding of class I molecules, associated with B2-
microglobulin. Peptide becomes associated with newly generated MHC class I
molecules. After the peptide-MHC complexes are formed, these complexes are
transported to the cell surface where they stimulate CTL (106). This process is
denovo synthesised within antigen presenting cells (APC). Recognition of viral
peptide-MHC class I complexes on the surface of infected cells is a function of the
T-cell receptor (TCR) w hich can bind specifically to a particular M HC-peptide
complex. Engagement of the TC gers a signal of function activation of the

l]Ti (107 109). Majority of TCR is a

CTL through a complex si
heterodimer cons:stmg chaln formed by the rearrangement of

noncontiguous V, D .‘ angement of the TCR genes

of CTL is generated. In

)/ of ingested mscrobe
- transponed to cytosel

Figure 8. The MHC class I antigen presentation pathway.
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Multiple mechanisms of CTL functions are utilised to control viral replication
(111, 112). Target cells destruction of CTL can be divided into 2 groups by calcium
dependent and calcium-independent process. In a calcium-dependent process, direct lysis
of infected cells is caused by perforin and granzyme. Both perforin and granzymes are
required for active cells lysis. In the presence of Ca2’, perforin form a cylindrical
structure to insert into lipid bilayer and polymerise structural and functional pores. Target
cell death through osmotic lysis or high concentration of Ca2" may induce apoptosis.
Granzymes are protease that cleave ctivate caspases apoptosis. After antigen
recognition, perforin make pores @H‘}lf ove into target cells and activate
enzymatic cascade to mduce a of t (113). For calcium-independent
cytotoxicity, this process 1s me spe igands such as Fas-Ligand (FasL).
Fas (CD95) is a member of si %or superfamily expressing on

1S zﬁtqs

target cells. Fas L whic

ed “on activated CTL. This
interaction lead to apoptosi 1 eells“(113-1 6). In addition, CTL also act by _
' ?)iur necrosis factor-y (TNF-y),

and chemokines which have digerse an irala i ical effects (117-121).

‘-1-'

”@‘-‘- .
i
Qj-nod for detection of CTL

target cells hzl»')e been labeled with sodium
chromate (Na,’ EI et ted in co-culture with
effectors cells ﬁ lﬁlm ﬂﬁ ﬁ[ﬂ% ase the amount of *'Cr
into supematant The amount of *'Cr released inte the supernatant is then measured

R ARRER T IVETR E

Limiting-dilution assay (LDA)

The assay

activity for many y : In thls assay,

This assay is a method examining the frequency of CTL presenting in PBMC
population that are specific for a particular antigen and used to estimate the precursor
frequency of a given cell type. Positive results (proliferation or cytotoxicity) indicate
the antigen-specific precursor from PBMC population in the early state which have
become activated and have subsequently divided during the period of cell culture. The

CTL functions can be assessed either for proliferation or cytotoxicity. LDA assay
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involves a range of dilutions of PBMC concentration. The other factor such as growth

factor, antigen, and APC need to be added to the microtitre wells in excess.

Enzyme-linked immunospot (ELISpot) assay

The ELISpot assay is used to measure the local concentration of interferon-
gamma (IFN-y) which is secreted from antigen-specific CD8'T cells. PBMC have
been activated with antigen in nitrocellulose-microtitre well plates which have been
coated with the anti-interferon-gamma antibody. After effector cells activated with
specific antigen, the local produ%‘g%‘:mducing cells can be detected
by adding the secondary a@:a then ith alkaline phosphatase and then

adding substrate which ¢ ed by eil 1soluble coloured product. The
spots can be enumerat omic
sensitivity more than t

JISpot reader. This assay has
T

— -

Antigen-specifi C8l S ] activated with specific antigen
before adding of brefel hich' is ! transport of cytokine across
Golgi. After that CD8" T eliﬁke& n bilised and stained intracellular

njugated aﬂiﬁ'@?@k, "
™

2\

- ;

o

cytokine with the co

Tetramer staining

I — il p
HLA tetramerij complexes can be used to direcq-lkl quantitate antigen-specific
[ 4

T cells by flo ! h %’ ssed i herichia coli (E. coli)
with an engin@m- STmil 12]31‘1 (ﬂﬂﬁﬂrﬁi biotinylation site for
the enzyme BirA. After refolding’ of heavy chain, P,-microglebulin (B;m), and
peptidﬁrmglwa ﬁ)ﬁrﬁ&iﬂeﬁmﬁm&& : the addition of

streptavidin. By means of fluorescently labeled streptavidin, the tetramer can be used

to strain and sort antigen-specific cells. The staining is highly specific such that CTL
clones and lined directed to different epitope peptides bound to the same HLA

molecule do not stain (122).
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EBV IMMUNE RESPONSE

Innate immunity

Until now, little is known about the role of innate immunity in the control
of EBV infection. EBV interacts with different cell types that play an important
role in innate immune responses including neutrophils and
monocytes/macrophages. The virus can also infect epithelial cells that are

important in the innate resistance to different pathogens. F urthermore, e vidence
generated in animal moww btained from the analysis of humans
with genetic immunodeieiensy” (1 &u ests that NK cells play an

g ( ( 128 e play
important effector?le i pro@t EBYV infection.

Adaptive immuni

Cell-mediated resp%n‘ses}—

ved over million of years,

: ¢ and immune control, EBV
harbored jﬂt " Er the lifetime of most
1mmunocomaetent adults (13, 1 %J) Over many years, extensive studies in

A S DASTI BN ot e

evidence that cell medlated immune processes play a pivotal role in

TR ﬁmﬁmmﬁ g o

proliferation of EBV infected B cells (7). In human many groups report the
role of EBV specific CTL in decreasing EBV viral load (8, 130), tumour
regression (10, 11) and therapy (12, 13).

During primary infection, the classic feature of acute EBV
infection is a vigorous lymphocytosis, which includes both CD8" and
CD4" T cells (131). Moreover, individual patients showed expansions of

T cells expressing distinct yB receptors that were markedly oligoclonal and
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often dominated by single TCR gene rearrangements. Silins and colleagues
(132) showed that the CTL response to an EBNA-3 epitope
(FLRGRAYGL) in HLA B8-positive unrelated IM patients was clearly
dominated by an identical highly conserved TCR rearrangement. It is
interesting that CTL with this rearrangement were also seen in these
patients a fter their recovery from acute IM and as well in healthy virus
carriers. In addition, Bogedain et al (133) demonstrated that IM patients
undergoing primary EBV 1nfect10n display strong ex vivo CTL reactivity

to the epitopes within, l

identified one ormg‘mm

1g antigens. In each case, ex vivo assays

vities against epitopes that were
;

RE1, BMLF1, BHLF1, and

tified strong ex vivo CTL
1 antigens gp350, gp85, gp110
e EBV speciﬁc IL responses

these effes 7rs n controllmg nar
these CD4@TLS play any role ir
at this stage. However, it is likelyithat CD4™ cells do play an 1mportant role

NSO TtV O TS L A

classqﬁ pathway. Some of the early inyitro experiments suggested that T

o) Yalis it @ prGHiterhtiofl f EB VAR B ¢l (134, This inhibition

% was believed to be mediated by soluble cytokines, in particular interferon

Y, released by CD4 T cells (139, 140). Although, virus specific CD4" T

gction (136, 137). Whether
1miting @V replication is not known

cell also contribute in this immune control, the regression of EBV
transformed LCLs is primarily mediated by CD8' T cells (141).
Furthermore, this regression can be reversed by simply adding
immunosuppressive drugs that directly affect cell mediated immune
control (6). A source of T cell epitopes to response against EBV antigens

was EBV encoded nuclear antigens (referred to as EBNAs). Within an
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LCLs, the majority of cells are latently infected with EBV and express at
least 8 virus latent proteins: namely, 6 nuclear antigens (EBNA1, -2, -3A, -
3B, -3C, and -LP) and 2 membrane proteins (latent membrane proteins
LMP-1 and LMP-2). To date, detailed analysis of CTL responses in
healthy individuals has revealed an interesting hierarchy of
immunodominance among latent antigens. CTL consistently dominate
responses to the EBNA-3 family proteins, with subdominant responses to
LMP-2 and only occasional responses to EBNA-2, EBNA-LP, and LMP-1
(142, 143). EBNA-1 is the onlylatent antigen that appears to have evolved

to resist CTL mediated im §:’tion by CD8" CTLs. Although

d from healthy virus carriers,

these T ¢ cognize virus infected cells expressing EBNA-1

(143, 144); \\ \
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