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No correlation between LMP"l and bd~2expression was demonstrated.

No significant difference in Apoptotic Index between LMP~ 1 (+ve or ..ve); Bcl-Z (+ve

01' -ve) or histological subtypes could be demonstrated,

2) A retrospective epidemiological study of patients presenting to these hospitals with a

diagnosis of Hodgkin's disease, over the 5 year time period was also conducted

(n=175). This included patients in whom archival tissue was 110t available. These were

analysed according to age, race, sex and histological subtype using data from relc. ent

patient files.

Black, White and Asian children (~1!) years of age) showed a similar average age of

presentation (average: 9yt·7m). Only the Black paediatric group showed the expected

increased male:female ratio. Mixed cellularity subtype WaScommonest in the Black

paediatric group, while White paediatric cases were predominantly nodular sclerosis

subtype, In Asian children 315 and 215 cases were mixed cellularity and nodular

sclerosis subtype respectively.

Both Black and White adults presented predominantly with nodular sclerosis

Hodgkin's disease. Both groups showed a male.female ratio of '" 1:1. White adults

presented at a slightly older average age (41yt' 6111vs 32yr 7m), One Asian adult case

was of nodular sclerosis subtype,
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ABSTRACT

The association between Epstein-Barr Virus (EBV) and Hodgkin' s disease, has prompted

numerous studies over the last decade. Earlier reports from Europe and North America

indicated a prevalence of EBV positive Hodgkin's disease of around 40-50%, especially with

mixed cellularity SUbtype. Recently the prevalenee ofEBV in Hodgkin's disease in developing

countries was found to be higher. No data had been published from South Africa, where, for

historical reasons distinct racial communities exist.

1) The prevalence ofE3V in Hodgkin's disease in 61 paediatric and adult patients at the

Baragwanath and Johannesburg Hospitals over a 5 year period (1989-1993), was

investigated using immunohistochemistry and in situ hybridisatlon.

Immunohistochemistry for bcl-z was also performed since upregulation ofbcl-2 by

EBV Latent Membrane Protein (LMP-1) had previously been postulated as EBV)s

pathogenetic role in Hodgkin's disease. These findings were then related to Apoptotic

Index, using morphological assessment, and in-situ end labelling of'fragmented DNA.

We found an overall prevalence ofEBV positive Hodgkin's disease of 52%, similar to

11'\1.t reported in Europe and North America; and confirmed It strong association with

mixed cellularity subtype, Children <10 years of age showed a particularly high

prevalence ofEBV positive Hodgkir.'s disease (81%), with the Iollowlng racial

distribution 10113 (76.9%) Black, 2/2 White, 1/1 Asian, 11/23 (47.8%) Black and 8/22

(36,3%)White adult cases were positive for BaV.
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The fact that ill vitro EBV induced growth transformation of any B cell is associated with Type

mLatency gene expression, suggests that the co-ordinate action of multiple virus latent proteins

are required for growth transfbrntetlon.

Bxactly what determines the pattern of gene expression in a given cell is uncertain, although cell

transcriptional factors probably playa role. Different: growth conditions may also influence

differential activity of different promoters (Sinclair et al, 1994a).

S0111ecells seem to switch between latency types. Burkitt IYllllJ< oma cells show a characterlstlc

Latency 1 gene expression 011 initial culture ill vitro, but may switch to Type III Latency gene

expression 011 serial passage (Rowe et al, 1987).

Reverse transcriptase PCR has shown that in healthy persons, It subpopulation ofEBV-infected

pei.pheral blood B lymphocytes, show Type I latency gene expression (Chon at al, 1(95). As

cellular and humoral responses to tho iilll spectrum ot'latent prerelns are stobly maintained, some

switching to Latency III must also occur (Murry 01 al, 1992a).

1.5.3 Vh'lll Genc EXIH'cssiollin Latcnt Infection

EBNA 5 and E13NA2 are the flrst viral proteins expressed in 13lymphocyte infection. EBNA 2,

in turn, transactlvates cell genes (C021 and C023) and viral genes, including LMP ..1 and LMP ..2.

CD23 in its full length is a 13cell growth factor receptor, and in its truncated form is a 13 cell

growth fhctor, Thus, up regulation of C023 results in a autocrlne growth loop. LMP ..1 lends to

expression of n number oreel! adhesion and activation molecules including LFA 1, !FA 3, TeAM..

1, CD21, CD40 and CD44 (see Figure 3). Coil DNA synthesis follows LMp ..l expression,

10



It is possible that the growth advantage conferred on Burkitt Lymphoma cells by virtue of

deregulation of the c~myconcogene, eliminates the need for expression cf'numerous E13V latent

genes with growth transforming potential. Recent work has suggested that efficient expression

of c-myc from certain Burkitt Lymphoma derived c-1I1yclItnmunoglobtilin gene fusions, may be

EBNA 1 dependent (Magrath 111 crt, 1992).

Latency II is found in HD and Nasopharyngeal carcinoma, and is characterised by expression of:

1. The EBER's.

2. E.BNA 1 mRNA USingthe FQp promoter (as ill.Latency I).

3. LMP·l 1;111d/orLMP ...2A andlor LMP·2B mRNAs.

4. Sham HIA transcripts.

It is interesting that the levels ofLMP<,I found in Reed-Sternberg cells are normally toxic to cells:

suggesting that Reed-Sternberg cells arc unusually tolerant.

Type III Latency is noted in lymphoblastoid cell Iines as well as Post transplant Bticell

lymphoiifcl'ntive disorders. It is characterised by exp:esslon of nil the latency genes viz:

1
I. EBERs.

2. EBNAs 1-6.

3.
4. Bhl\m HI A transcrlpta



1

Burkitt's
Lymphoma

IlJ

Lymphoblastoid
cell lines.

Post transplant
Iymphoprodiferativa

disorders.

Hodgl~ln's Disease
Nasopharyngeal carchcma

Figure 2: EI)stcill.Ulll'.' Vil'us Lllfcucy 'l'y))cs I, n and m. (Adapted from: Joske ;
Krietch, 19(3).

LatellCYI, is the most limited expression of'EBV genes yet known. It was first described In EBV

positive Burl.itt lymphoma cells, but can also be reproduced by fusing lympboblnstcld cell lines

with certain EBV negntive hnemopoletlc cell ltnes.

The essential characteristlcs of Latency 1 are;

1. Expression ofEBER's.

2. Tmnscriptlon ofEBNA 1, with activation of'the FQp promoter, and silencing aNhe Cp

WI' promoter which Is active in Latency Ill.

3. Abrogation ofLMP.l, 2A and 28 expression through silencing of the LMP promoters.
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These patterns include expression of some or all of the following:

1. Two EBERls or .EBV.QncodedRNA's. Small, nonpolyadenylated, noncoding transcripts.

These are expressed in abundance. Approximately 106 per single viral copy (Clemens,

1993). Theil' function in EBV infection remains to be clarified.

2. 61~BVb(uolear Antigens (EBNAs) M encoding mRNNs expressed front either the Wp, Cp

or FQp promoter, The individual mRNAls encoding EBNA's 1-6, are generated from

long primary transcripts by diftbt'ential splicing. (Woisetschlaegel' et at, 1(89).

EBNA 2 is a transactivator of vita! and cell gene products. and is essential fol'

transfornuttion. EBNAs 3 and 6 are also thought to be essential for virus mediated

growth transtbrmatlcn.

3. mRNA's encoding the virus Latent Membrane Proteins; LM!>-l, LMP-2A and LMP-2B.

LMP...2B represents nil N...terminal deleted form of.LMP ...ZA. The same promoter region

which 001111'018 expression of the leftward runnlng predominant LMt)~l transcript, also

controls that onlle rightward runnhig tMP ..2B mRNA. Tho more abundant LMP.2A

Il1RNA is expressed from another promoter (Laux et at, 1(89), LMP~1 is essential for

131ymphocyte growth tmnsfbrmaticn (t{nye l!! al, 1(93),

4. A complex fnmily of'spllced, polyadenylated Bam HIA RNAs. It is uncertain whether

these mRNAs nrc ever translated (Smith et al, 199J).

7



synthesis of RNA, expression of activation and adhesion molecules and secretion of

immunoglobulin.

Initial data concerning the initial growth requirements for In vitro BEY infected cells (viz high

serum concentration, feeder layers, cell density) suggests that these cells produce and arc

dependent on autostimulatory substances to promote cell growth, With continued cell

proliferation these growth requirements diminish.

'The initial growth requirements of BEY infected cells are similar to those of B lymphocytes

stimulated to proliferate by antigen or cytokines. However, in B lymphocytes stimulated to

proliferate tor a short time ill vitro by polyclonal B cell activators. BBY transformed B

lymphocytes proliferate indefinitely in cell culture (Kieft', 1996).

1.5.2 Latency Types I, n and In
EBY latent infection is divided into 3 types, determined by characteristic patterns of'latent gene

expression. Each type of latency is in tum found in specific conditions (see Figure 2). EBV does

not encode an RNA polymerase and \ISeS host RNA polymerase Il for transcription of viral

mRNAs.
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Evidence suggests that continued epithelial infection (manifest as lifelong vlral shedding) mey

depend on seeding from the lymphoid reservoir (Gratama at al, 1988), The virus carrying B cell

pool appears to be generalised throughout the body, In situ hybrldlsation of lymphoid tissue with

EBER specific probes, shows that EBV carrying cells tend to be localised in extra follicular areas

(Nledobltek at al, 1992).

In vitro, these latently infected B lymphocytes will either proliferate into long term lymphoblastold

cell lines or will undergo initial lytic infection. Virus released from the lytic infection will then

transform other primary B lymphocytes in the culture (Kieff; 1996),

I.S.1 LntCllt lltl<lction

In latent infection, EBV penetrates the cell, and remains present either as circular episomal DNA

(formed through fusion of the terminal repeats) 01', much less frequently, as linear DNA integrated

into the host DNA. Dudng mitosis, these episomes which are present in the host cell in low copy

number, are copied by host cell DNA polymerase and passed to daughter cells. Latent EEV

infection ofB lymphocytes is associated with an ordered sequence of virus latent gene expression

and results in continuous cell prollferation, The standard model of latent EEV infection is

provided by in vitro tnmsformed lymphoblnstoid cell lines.

CD 21 is the receptor for the C3d component of complement. EBV binds to CD2l on the B

lymphocyte cell surface via the major EBV outer envelope glycoprotein gp 350/220 (Frade at al,

1985). It is thought that an cady event in BEV infection, possibly CD2:i engagement, may

activate the B lymphocyte before virnlDNA transcrlption. This results in enlargement of the cell,

5
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A Sc11Qfi1aticl'eprcllentatiOtl of linear EBV DNA showing tbe genel'al
orgunisatinn ln a series unique (U 1~US), internal repeat (lRl ·IR4) and
tenninal repea! ('l'R) domains.

1.5 Vlrsl Inlectlon

Two forms of cellular infection are recognised: latent and lytic/replicative. In primary EaV

infection, infection of the oropharyngeal t.lpithelialcells, and epithelial cells lining the parotid duct,

results in viral repllcatlon and release ofinfectious viral particles. Viral shedding Is sustained for

months after initial infection, then gradually diminishes, but is never completely eliminated

(Morgan et al, 1979; Sixbey at al, 1983; Slxbey at al, 1(84). Immunocompromlsed individuals

show higher rates of viral sheddlng (Sumayu et all 1986). It is unclear whether mucosal

epithelium is the primary target for infection by orally transmitted virus 01' whether lnitlal

amplification in locally inflltmting a lymphocytes is required.

From its initial site of replication in the oropharynx; BaV then. infects peripheral blood a

lymphocytes. During acute infection, at least 1 In 10" circulating a Iymphocytes is infected with

EBV, these numbers diminish with time, but healthy EaV sero-posltive individuals still carry

approximately 1 in 10~EBV infected peripheral blood B lymphocytes (Rocchi 1/1 (11, 1(77).

Infection of the B lymphocytes is predominantly latent, although some cells must at times be

permissive for viral replication.



1,3 VitalStructure

Similarly to other herpes viruses, BBV consists of a protein core surrounded by DNA, an

icosahedral capsid, and an outer envelope with external glycoprotein spikes. A protein tegument

is found between the nucleocapside and the envelope. The most abundant BBV envelope and

tegument proteins are 350/220 and 152kd respectively (Kieff, 1996).

1.4 GeMme Structure

The EBV genome is a linear, double stranded molecule of approximately 172 000 bp. A variable

number of reiterated terminal repeats are situated at each end, and reiterated internal repeats divide

the genome into short and long unique sequence domains. (See Figure 1).

When BBV establishes a latent lnfectlon in a proliferating cell, the terminal repeats fuse to form

an extra-chromosomal episome. The number of terminal repeats is characteristic of that cell, and

will be copied by host cell DNA polymerase and passed to daughter cells during mitosis. This

pl'Ovidesn means ofidentHying monoclonal EBV in a cell population, as all progeny derived from

a cellwith a characteristic singloviral fusion event, will have the same number of tel'1l1innlrepeats

on restriction fragment length analysis. (Rnab..Traub; Flynn, 1(86).

The genome encodes fin estimated 100 genes, but complicated differentinl splicing of RNA

transcripts may result in production of many 11101'e proteins. (Kieft; Liebowitz, 19(1).
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(Henle et al, 1969). In contrast, in the USA and Western Europe, primary EBV infection may

be delayed until adolescence or adulthood, sometimes resulting in the clinical syndrome of

infectio~IS mononucleosis (Henle et al, 1968 and 1970).

1.2 Classification ofEBV

EBV is a member of the gamma herpes virus subfamily which includes both the lymphooryptovtrus

and rhadinovirus genera, HUmans are the exclusive natural host for EBV (the prototype

lymphocryptovirlls), while closely related lyrnphccryptoviruses infect other old world primate

species. Gamma herpes viruses establish latent infection in lymphocytes and are associated with

cell proliferation (Kieff 1996).

Two strains ofEBV (Type 1 and 2) circulate in human populations. They differ structurally in the

sequences of Some of the latent viral genes (EBNA's 2,3,4,6; and to a lesser extent EBNAS) and

biologically in their ability to immortalize B cells. (Rickinson et al, 1981; Sixbey et at, 1989),

The genetic differences betweenEBV Type I and 2 are reflected ;11type common and type specific

epitopes for antibody (Rowe, 1989),

EBV 1 appears to be more common in developed societies, and most EBV immune sera from

these communities react preferentially or exclusively EBV 1 EBNA genes. Sera from African

subjects show reactivity to EBV 1 and 2 epitopes in 1110reequal proportions (Zimber' et al; 1986;

Sixbey et al; 1989). Although EEV 2 DNA Can frequently be detected from oropharyngeal

secretions in developed countries, recovery of EBV 2 from peripheral blood samples ill these

countries is unusual. This may reflect the less aggressive growth ofEBV 2 M infected lymphocytes

ill vitro (Zlmber at al, 1986; Young at al, 1987),

2



1.0 lNTRODUCTION

1.1 History of Epstein-Bltl'r Virus

Much of the interest in Epsteiu-Barr Virus (EBV) is fuelled by the vitus's association with

malignancy. Initially discovered in cultured lymphoblasts from samples of African Burkitt's

lymphoma, EEV has subsequently been shown to be linked with a range of'tumours, including

Post transplant B-celllymphoproliferative disorders, Nasopharyngeal Carcinoma ("i>J!~ciallyin

Africa and China) and Hodgkin's disease (HD)

Despite serological and molecular evidence of an association between EEV and RD, the exact role

ofEBV in the aetiology of lID remains to be clarified. Patterns of viral latent gene expression

differ between tumour types. In malignancies such as HD, where EEV expresses only a limited

subset of latency genes, it is likely that EBV is just a contributing factor in the malignant process.

On the other hand in Post transplant Bvcell lymphoprcliferative disorders, with a wider latency

gene expression, EBV is likely to be the sole driving force behind malignant proliferation of cells.

Denis Burkitt, a missionary doctor working in East Africa in the 1950's, postulated the role of an

infectious agent in the aetiology of Burkitt's lymphoma. Burkitt sent fresh tumour biopsies to

TOllY Epstein in London for screening of'virus particles using electron microscopy. No virus could

be demonstrated in freshly excised tumour biopsies, but Herpes virus like particles were

subsequently identified in cultured Celllines (Rickinson and Kieff 1996),

Subsequent seroepldemlological studies showed BBV to be widespread in human populations,

with most adults having antibodies to the virus (Henle etal, 1969). In developing communities,

primary EBV infection is usually an asymptomatic event, occurring within the first 3 years of life
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1.7.2 Immunoilistochcmish'y

This technique uses labelled monoclonal antibodles to stain individual cells for the presence ofviral

proteins. The ability to localise the viral product is obviously an advantage. In addition paraffin

embedded tissue, even several years old can be used for immunohistochemistry (Pnllesel1t.!t al,

1991). The commonest antibody is directed against LMP~1.

1.7.3 Ill-situ Hybridisution

III situ hybridlsation also has the advantage of precise localisation ofE13V within the cell. The

technique uses labelled nucleic acid probes to bind to complementary vil'all)NA or RNA and can

be performed on frozen or formalin fixed paraffin embedded sections (Khan at al, 1992).

Although viral DNA was the initial target, the abundance of EBER transcripts (:.1:: 105.. 1O(l copies

of EBER for every EBV genome) makes the signal to noise ratio mote favourable despite the

relative instability of RNA. The probes do not need to be radloactive fot' nSER. Another

advantage of probing for EBER is that purely lytic infections are not detected (Gilligan at al,

1990).

Chromosome in situ hybddisation using Iloresceinated probes to viral DNA can be used to identify

the extremely rare event ofintegration into host chromosomal DNA (Gulley (/1 al, 1992). This Is

of little practical relevance,

PCR IlmplHicntkm of vim IDNA call be performed on paraffln sections and flne needle aspirations.

peR of'vh al DNA has two major disadvantngt~s: viz that it Is almost too sensiiive and localisation

Qf the Imv product il:! not possible. With 1\ sensitivity of 1 or 2 target DNA sequences in
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Itlcumn 4: SOUTHERN BLOT ANAl.YS1S OF EPSTEIN ..BARR VIRUS DNA

STRUCTURE (adapted from Gulley. Raab-Traub, 1993),

This technique is based on varying numbers of'termlnaltepeat sequences (hatch marks) nt the end

of lineae viral DNA when digested with restriction enzymes, electrophoresed, tl'unsfel'cd onto It

nylon membrane and hybrtdlzeted with a probe to be light terminus (bars). Llnear' infectiolls DNA

is seen as n ladder array of small fr£lgments(left), In contrast, Epstcin~Bar virus-associated tumors

contain viral eplsomes in which the terminal topent sequences have fused to form a largl;)l'

restriction fi'agment that is identical ill all clonal progeny, Monoclonal tumors contain a single

fused terminal fragment (center), while oligoclonal tumors contain multiple bands whose size

depends on the number reiterations of the terminal repeat sequences (right), kb indicates kllobase,
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1.7.1 SOlUHlcl'n blot I\llnlysis

Southern blotting involves nucleic acid hybridisatlon of size fractionated DNA that has been

lmmobilised on to nylon filter, and permits detection of viral DNA amongst the host DNA in a

sample of human tissue,

The sensitivity of southern blotting depends on which region of the BEV genome is probed in the

hybrldisatlon step. At best, the sensitivity is approximately 1 BEV molecule for every 100 cells

in the specimen, This allows for detection of REV in BBV -assoclated tumors (eg post-transplant

lymphoproliferatlve disorders) as well as in tissues containing abundant replicative virus. One of

the advantages of southern blotting is that it can be used to determine the clonality ofRBV

infected cells, This is based 011 the principle that the number of terminal repeats present in the

fused terminus of the BBV episome is unique to that cell, and will be passed onto its progeny.

Following digestion with a restrlction enzyme, probes are used to detect the Immobilised terminal

restrlctlon fragment of REV DNA (Raeb- Traub; Flynn, 1986). See Figure 4.

Infected tU1'l101lt'S are represented by a single fbsed terminal restriction fragment, implying only that

the virus was present before transformation and not necessarily that it drove the transformation

process.Linear viral DNA characteristic of replicative lrifeetion is represented as a ladder-like

arrangement of'termlnal restriction t)'agmcnts.
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Some cytotoxic T cell responses are BBV type specific, indicating that subtle changes in peptide

sequence may abrogate recognition.

Occasionally sequence polymorphlsms affecting cytotoxic T lymphocyte ephope regions, can

occur between viral strains of the same type. A fascinating example is the HLA-Al1 restricted

epitope in EBNA 4 which is conserved among most Type 1strains worldwide. However, in South

Bast Asian populations and those of Papua New Guinea coastal regions, where the HLA All

allelle is unusually prevalent, all the Type 1 EBV strains arc specifically mutated in key residues

in this epitope, These mutant peptide sequences do not bind to HLA All molecules and cannot

be recognised by HLA·Alll'estricted cytotoxic T cells. It is tempting, therefore to speculate that

virus with these mutations enjoyed a selective advantage in those populatlona However, studies

have detected similar .•.utatlons 111 virus isolates from the highlander population of Papua New

Guinea in which the ULA All frequency is very low. It is thus possible that these mutations

represent It founder etfect rather than the result of selective pressure from the immune system (de~

Campos-Lima et al, 1993; 1994).

1.7 Detecti.ou of EBV ill Human Tissues using Molecular Genetic Techniques

Traditionally infectious BBV was detected by it'1 ilbility to lmtnortallse naive blood lymphocytes

obtained from umbilical cord blood.

Recent developments in the application of DNA technology to detect EEV in human tiSSU<I, have

contributed tremendously to new advances in the understanding ofEBV related disease. These

include tmrnunoblstochcmistry as well as nucleic acid hybridisation techniques such as Southern

blot analysls, III situ hybridisation to viralDNA or RNA and the polymerase chain reaction (peR).
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Current evidence suggests that CDS positive T cells are important in limiting the expansion of

latently infected :a cells and may also target infected cells expressing lytic antigens> although much

less is known about the latter.

Experiments ii'om almost two decades ago (Moss et al, 1978) showed that cytotoxic T

lymphocytes fro.n BBV seropositive donor's circulating memory pool, reactivated ill vitro were

able to suppress the growth of lymphoblastold cell lines. As expected, this cytotoxic T cell

response was HLA class 1 restricted,

Any of the BBV antigens expressed ill lymphoblastold cell lines are potential sources of

immul1o£,enicpeptide. It has been previously documented that the identit y of peptide opito1'es is

signit1cantly intluenced by HLA type. Studies. of a panel of virus immune donors showed that

most individuals have strong cytotoxic T cell responses to more than one EBV latent antigen. In

a high proportion of individuals, this response appears to be directed against epitopes from

BBNAs 3,4 and 6 Intent proteins and in some donors also LMP-l and LMP ..2. To some extent,

(but not entirely) this reflects epltope seleotion by HLA types common in Caucasian populations

(Khanna et al, 1992; Murty et al, 1992a). In several of these studies, the specificity of large

l1tlmbersofEBV specific cytotoxic T lymphocyte clones could not be identified, suggesting that

other viral target antigens remsln to be identified.

Interestlngly enough, surveys of over 30 vlrus ...immune donors failed to show ally response against

Et3NA 1 epitopes, Whether this is an effect of study design, ot'SBNA 1 is truely protected from

host immune response remains to be clarified.
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responses, These include the BLLF 1 gene which encodes gp 350/220 - the dominant external

virus glycoprotein that mediates Vi111Sbinding to the B lymphocyte receptor. gp350/220 is also

the most abundant viral protein in the lytically infected cell plasma membrane and most of the

human BBV neutrallslng antibody response against this proteiu, The other late gene of interest

is SeRF 1 which shares nearly 90% co-lineal' identity in amino acid sequence with the human

Interleukin 10 gene (Hst! et al, 1990),

BCRFl is expressed only in late BBV replication, and although it has B cell growth factor activity,

it appears to have 110 effect 011 growth transformation nor malntenance ·01' Intent infection

(Swaminathan et (ll, 1993), However, these mutant BeRF! recombinant infected cells dHler from

wild type recombinant infected cells in their inability to block gamma interferon release in cultures

of permissively infected lymphoblastoid cell Iines incubated with autologous, human peripheral

blood mononuclear cells, Thus. the role of SCRFl in latent infectlon is probably to dampen

natural killer and T cell cytotoxic response to EBVilltection (Moore at al, 1990; de Waal~Maleryt

e: al, 1991),

1.6 Cell-mediated Immune Responses in EBV Carders

Antibody responses to BBV in primary infection as well as in viral carriers ere well described, It

is unlikely that any of these antibodies playa role in the control fbI' persistent infection once the

catri~r status has been established. However. antl-gp 350 antibodies are active against many BBV

strains. and may contribute to protecting the host from a .nd BBV infection.
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82LFl can down-regulate the BBNA Cp promotor-possibly facilitating the transitIOn from latent

to lytic infeotion. (Kenney et al, 1989). EBNAI continues to be expressed as an early lytic

infection gene product, under control of a down ..stream promotor. BZLF 1 also appears to

associate with 1'53 and may inhibit p53 induced apoptcsis in response to lytic EBV DNA

replication. (Zhang et al, 1994).

1.S. 6b Early Gelles

This class includes several genes that are linked to DNA replication: including those encoding fbi'

DNA polymerase (BALF 5), major DNA binding protein, (BALF 2), thymidine kinase (BXLF 1)

and others.

BHRF 1gene encodes an abundant EEV early protein, HRF 1. HRF 1 shows extensive co..linear

homology with bcl-z, (Cleary at al, 1986) and is thought to prevent apoptotic cell death in lytic

BEV infection (Henderson at al, 1993). Deletions of l3HRFl ORF or stop codons early in

l3HRFl does not affect the ability of the resultant mutants to initiate 01' maintain cell growth

transformation (Marchin! el ttl, 1991; Lee at all 1992).

Similarlyto some of'the immediate early gone products, two EBV early gene products, two EBV

proteins (l3SML 1 and BMRF 1) may also transactlvcte expression of other early EBV genes.

1.S.6c Late (y'elte~'

Most of the known late BEV genes encode structural viral proteins required for successful

packaging of viral DNA and formation of the virion. All the vlral glycoprotein genes identified

to date are also late genes. These are of interest because of their potential role in eliciting antibody
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Two possible roles for EBERs have been proposed, based on structural similarities between

Adenovitus VA and cell RNA V6 and the known functions of the latter two molecules viz. direct

inhibition of an interferon induced protein kinase that would block translation or involvement in

RNA splicing. No strong experimental evidence exists to support either of these theories

(Swaminflthan at al, 1992; Sharp at al, '1993).

1.5.6 Virl\l Gene Expression in Lytic Infection

In replicative infection, complete viral particles are released from cells which are lysed and die.

In tn vltro models ofEBV infection all 3 forms of'latenoy can be induced directly into lytic cycle.

Chemical inducers such as phorbol are commonly used. III contrast to the Intent phase of

infection, when only a limited number of proteins are expressed, activation of the EBV lytic cycle

is characterised by the presence of up to 80 vlrus specific RNA species.

Some virus genes are expressed early after induction, and arc independent of new protein

synthesis. These nre classified as immediate early. Early lyt: virus genes are expressed slightly

later, and their expression is not affected by inhibition of viral DNA synthesis. Proteins are

fbrmally categorised as late, if'inhlbltion ofviral DNA synthesis results in a marked reduction in

their expression, They are also sequentially expressed late.

1.S.6ft Immediate Eurly Geltes

These include aZLF1, BRLFI and Bl'LF4 Whose protein products are transactivaters of early

EBV lytic gene expression.
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membrane, enables LMP-l 's cytoplasmic domain to interact with growth factor receptor pathways

resulting in constitutive activation. Experiments have shown that the LMP-l cytoplasmic domain

interacts with the tumour necrosis factor receptor signalling pathways (Mosialos et al, 1995).

1.5.4/ LMP-2A lllUl2lJ

LMP~2A and 2B are sometimes referred to as terminal proteins 1 and 2 because their transcripts

cross the terminal repeats. EBNA 2 is able to transactivate both LMP 2A and LMP 2B

expression.

LMP-2 appears to co-localise with LMP-l in the plasma membrane of latently Infected B

lymphocytes. LMP-2 expression in Burkitt Lymphoma lymphoblasts blocks the calcium

mobilisation that normally follows cross-linking of surface immunoglobulin, CD 19 or MI..:.ICII.

This effect appears to be mediated through LMP-2A's interaction with B lymphocyte src family

tyrosine kiaases, particularly "fyn" and "lyn II (Miller et al, 1993). LMP-2A expression is also

found to block the effect of surface immunoglobulin crossllnking on activation of lytic EBV

infection presumably through a similar mechanism (Miller et al, 1994). This is probably critical in

maintaining EBV persistence in humans.

1.5.5 .EIlER's

Although EBERs are by far the most abundant RNA species in latently infected cells, their role

in infection remains to be clarified. BBRR's are not translated and do not appear to be essential

for transformatlon,
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for EBNA 5 in directly/indirectly up regulating expression of autocrine growth factors essential

for Iymphoblastoid cell line outgrowth.

It has been shown that EBNA 5 together with EBNA 2 can induce 00-01 transition. However,

the exact mechanism involved, and its association of any with induction of a growth factor is

unknown (Sinclair et al, 1994b).

1.5.4e LMP-l

LMP-l is an integral membrane protein that is expressed in both latent and lytic infection.

LMP-l can transform rodent fibroblasts, rendering them tumorigenic in nude mice (Wang et al,

1985). In addition, it can transform human keratinocytes and inhibit human epithelial cell

differentiation (Fahraeus et at, 1990; Dawson et al, 1990). LMP~ 1 induces the expression of

several lymphocytic activation markers and adhesion molecules, (Wang et al, 1988) and is also

essential for primary B lymphocyte growth transfbrrnation (Kaye et al, 1993). LMP·l has been

shown to protect infected B lymphocytes from apoptosis through up regulation of bcl-2

(Henderson et al, 1991).

LMP-l constitutively f01IDSdiscreet patches in the plasma membrane, similar to those formed by

growth factor receptors ln response to ligand binding (Liebowitz et al, 1986).

The isolation ofEBV recombinants specifically mutated in LMP-l has allowed detailed analysis

of the role of LMP-l and its various domains, in B lymphocyte growth trnnsformation, The

current model for LMP-l 's mechanism of action) suggests that LMP-l patching in the plasma
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BENA 1 and LMP-l are the only latent proteins that are also expressed during lytic infection.

1.S.4h EBNA:2

Many year ago, a transformation incompetent, laboratory mutant BBV was isolated, and shown

to have a deletion of the DNA encoding EBNA2 and the last two exons ofEBNA 5 (Wang et ttl,

1987). Subsequent genetic analysis confirmed EBNA 2's essential role in B lymphocyte growth

transformation (Cohen et ttl, 1989). As mentioned previously, EBNA 2 is specific transactivator

of both cell and viral gene expression, and upregulates expression of LMP-l. Molecular genetic

studies have shown a correlation between EBNA 2 sequences that are important for

transformation and those that are important for transactivation of the LMP- 1 promotor (Cohen

et al, 1989).

Differences in EBNA 2. between BBV types 1 and 2, may account for their differing ability to

transform B lymphocytes (Cohen et al, 1989; Rickinson et al, 1987).

1.S.4c E8NA's 3,4 fI1tcl6

Molecular studies suggest that EBNAs 3 and 6 are essential for virus mediated lympnocyte growth

transformation, but that EBNA 4 is not (Tomkiuson et al, 1992; Tomkinson et al, in press).

EBNA 6 upregulates CD21l11RNA and protein in non-BBV infected Burkitt Lymphoma cell lines

in vitro.

1.S.4(t ~l1NIi S

The exact role ofEBNA 5 is 110t yet fully clarified. Its unusual nuclear localisation suggests that

it may playa role in EBV RNA transcription 01' processing. Molecular genetic studies imply a role
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Subsequent expression ('iEBNAs 1,3,4 and 6 occurs. This may be related to the effects of

EBNA 2 on EBNA 2 response elements. EBER expression lags behind that of the other latent

proteins.

Figure 3: Effects of EBNAs 1,2,6 and IJMP-l (adapted :11'1>111 KJcrf, 19%).

EBNA 1 binds to ori-p and enables tho EBVcpisomo 10 be replicated during S phase.
EBNA;2 S))ccif.1ca:lytrans-activates CD23, CD21 and the LM}>promoters,
EBNA G upregulates CD21ll1RNA and protein.
LMP.) patches in the cell plasma membrane, upregulates ICAM 1, LFAl and LFA3, and
induces activation markers HLA 11, CD21, CD23, CD40 and CD44.
LMP-2A associates with LMP-l and with fyn and lyn and blocks calcium mobilisation in
response to cross-1Wdng orB lymphocyte surface moleoulcs,

1.5.4 Latent Infection Proteins

1,S.4(l ElJNA 1

EBNA 1 binds to a viral origin ofreplication called ori-p and is necessary for episome persistence

and replication ill latently infected cells (Yates et al, 1984).
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3,0 MATERIALS AND Ml~TaODS:

3.1 Epldemiologienl Ditta

Data regarding the number ofpatiel1ts admitted to the Johannesburg and Baragwanath Hospital

Oncology units between January 1989 and December 1993, with a diagnosis of'Hl", was obtained

retrospectively from relevant clinic meso Both paediatric and adult patients were included to give

a total of 175 patients, Frequency tables were used to summarise the epldermioloaical data on

these patients including age, race, sex and histological subtype, which was also obtained from

these files,

3.2 Study Gl'oup: Archivnl Mute.'inl

Formalin-ffxed, paraffin embedded lymph node biopsies from the time of' diagnosis were available

on 61 of the above patients. These formed the study group,

F(Jf each of these cases, the hlstologlcal subtype was jointly reviewed by 2 pathologists from the

Anatomical Pathology Department, using lmmunohistochemlstry when indicated. Both

pathologists were blinded to the initial biopsy report.

These biopsies were then investigated for the presence ofEBV products (LMP"l and EBERs),

as well as bcl"2 protein, using the techniqccs outlined below. Sections were only considered EBV

or bcl-z positive ifReed~Sternbel'glMot10I1tlClem' variant cells wore identified as containing these

products. Fa!' both bcl-2 and LMP"l expression, positivity was dependent on whether <10%, '10

50% 01' 50% oftha Reed-Sterriberg/Mcnonuclear variant cells present were positive.
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2.0 AIMS AND OBJU!~CnVES OF STUDY

1(a) To investigate the prevalence afREV in children and adults with HD at Baragwanath and

Johannesburg General Hospitals from, January 1C)89to December 1993, using:

a) Immunohistochemistry for detection of Latent Membrane Protein 1 (LMP-l)

expression; and

b) In situ hybridisntion for isolation of'Epstein-Barr encoded RNAs (EBERs).

1(b) and to correlate LMP·l positivity with 13c1·2expression and apoptosls.

2) All epidemiological study of the above patients was conducted to establish the

dlctrlbution of age, sox, race and histological subtype,
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An early study using southern blot analysisfailedto detect HHV-6 DNA sequences in cases of HD

(Gledhill et al, 19(1).

Amore recent study, showed a high prevalence of HHV·6 infection in flO using peR, but, in situ

hybridisatlon showed that the H';4'V~6positivlty was restricted to lymphocytes while Reed-

Sternberg cells and mononuclear variants were consistently negative (Valente et al, 1(96).

It therefore seems unlikely that HHV~6 plays a specific role in the pathogenesis ofHD.



(increesed numbers of neoplastic cells), A 30-base-pair deletion in the carboxy-terminal domain

of the LMP~l gene was found in 89% ofHlV infected patients vs 32% of ordinary HD, This

deletion has been previously described and is though to affect the rapid turnover of LMP.l,

leading to accumulation of the protein within the cell (Sandve] et al, 1(94).

Several investigations have shown that paediatric transplant patients undergoing pl'imary ElIV

infection post transplant ran a higher risk of developing Post transplant B~cell lymplioproliferatlve

Disorders than patients who were EBV sero-positive prior to transplant (Savoie et al, 1(94). It

will be interesting to see whether HIV positive patients in developing countries, who are likely to

have been EBV sero-posltive prior to Hlv-related immunosuppression. show a dift'cront incidence

oHID and/or ditlbrcnt prevalence of EEV positivity when compared with HIV positive patients

in developed countries.

1.9.8 Fmllililtl Hodgldu?s Dtsense

An Interesting recent study of cases of Familial Hodgkin's dlseasc suggested that although

serologically. Familial HD·s pntlcnts had higher geomotric moan antibody titt'os to viral capsid

llntigcn and earty antigen D~the lack of conCOl'dance of EBERl expression and BEV serology

among Familial HD cases within the same family, probably indioates that EBV docs not play an

important role in Famillal liD (Lin et al, 1996).

1.9.9 HUV,,() IAnother Via-Ill CIUldicht(e in Uodgldn's Diseuse

Another oandldats virus for involvement in HD is Human Herpes Virus 6 (HHV ..6). Two st.udies

reported elevated HHV-G antibody levels in HO, one of which was a case control study (Bibet'feld

(lIllI, 1988; Clark (!f al, 19(0).
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The prevalence of BBV positive lID in China and Malaysia was intermediate between that of

Western and developing countries viz 60,7% and 61% respectively (Zhou et al, 1993; Peh et crt,

19(7). A further study of a chinese population in Hong Kong showed a prevalence of 65% BBV

positive !-ID (Chan et £11, 19(5).

Vet"yfew studies have addressed the influence of ethnic origin on BBV positivity. In Ambinder's

series (1993), 3/4 children of Hispanic origin in the USA sample, showed BBV positivity.

Multlvariant analysis ofa study ofEBV positivity in 125 cases onID from USA, Mexico City and

Costa Rrca, showed that i')lCi strongest predictor ofEBV positivity was mixed cellularity histology,

and that Hispanic ethnicil~1was strongly and independently associated with EBV positivity (Gulley

et al; 19(4). A study 11'omMalaysia suggested that lID in Indians is more often BBV associated

than .ither ethnic groups, Iwt this was not statistically significant (Peh at al, 1997). This issue

warrents further invJstigntkH1. If ethnic differences do occur; they may be related to recognltlon

of specific viral epitol'e' differellt HLA types.

1.9.7 'l'beAssocillticll of.EIW and Hodgkin's disease ill Immunosuppressed Plltilcnts

Whether immunosuppression, particularly in Human Imtnunodeficiency Virus. (HIV) positive

patients results in any marked elevation in the incidence of HD remains to be seen, There is,

however, evidence to suggest that those tumours which do arise ill irnmunosuppressed patients

are more frequently EBV positive (Uccin et al, 1990; Audoln at al, 1992).

In 1996.Bellas et al published a series of24 HIV positive lID. These showed Bav positivity in

100% of cases. Compared with 56 cases of "ordinary" lID, the HIV ..associeted HD showed 1\

hlgher prevalence of unfhvourable histological SUbtype, and more aggressive morphology
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1.9.5 l).'ognosis

At least two series suggest that EBV positivity in HD does not affect prognosis (Vestlev et al,

1992; Armstrong at (It. 1992a; Oudejans et al, 19(7), However, a recent study shows that EBV

positivitymay confer a more favourable prognosis ill childhood lID (Slnclear-Smith et al, 19(7).

1.9,6 Developed VB Developing CQllutl'ie&

Most of the early studios ofEBV positive HD were done in europe and North America. An

interesting question is whether the prevalence of BEV positive HD would he different in less

developed countries where asymptomatic primary EBV infection occurs at a much younger age.

Initial data suggests that these areas have a higher prevalence of EBV positivity: A study from

Peru ofa primarily paeciiattic patient group, showed increasod prevalence ofEBV positivity in all

age groups (94% overall) (Chang at tIL, 19(3). Similar results were found in adult Mexican

patients: 70% of liD were EaV positive, and all histological subtypes appeared to be stl'Ongly

associated (Onintanllla-Martinez at al, 1995). Comparison ofEBV positivity in ucdnl leslons of'

adult HD in French nnd Algerian patients demonstrated a higher rate of positivit.yin Algerian

patients (72% vs 33%), with a stronger association with mixed c~l1ulndty than other histological

SUbtypes(Belkald et al, 1(95), Paediatric lID in Honduras and the United Sates sliowcd 100%

and 36% EBVpositivity respectively; both shared a strong assoolatlon beeween EBV positivity

and mixed cellularity subtype. However, in contrast to tho USA, in Honduras othl~t'histological

SUbtypes also showed a strong association with EBV positivity (Ambinclol' et al; 1993).
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1.9.4 Ag~

Initial data reflecting the association of EEV positive HO and age, was conflicting. Some

investigators failed to find any association between BEV positivity and age (Coates et al, 1993;

Khan at al, 1993). In 1991, Gledhill et al found a statistically significant trend for all increase in

EEV positivity with age. This prompted a larger study which also showed a signiflcant association

between age and lID with a peak incidence at 25~30years and a second rise beyond the age of 45

years (Jarrett at at, 1991). These differences may reflect statistical errors due to small sample size,

variations in methodology, or possibly geographical variation.

There are now a number of studies from various countries showing that BBV positive 1'10 is

common in the paediatric «10 years) age group, particularly in children <10 years of age (Chan

at al, 199$; Andrike et al, 1997; Peh at al, 1997). One series included 55 cases from the United

Kingdom. Brazil and Saudi-Arabla, and showed no significant difference in EEV positivity by

country (Armstrong et al, 1993). Others have suggested that paediatric cases of HO from

developing countries have much higher rates of positivity than those quoted tor Burope and North

Amerlca (Ambinelet' et al, 1993; Chang (It al, 1993; Weinreb at al, 1996a).

A recent study of childhood HO front lO,different countries, showed a range ofRBV positivity

from 50% in the United Kingdom, Egypt and Jordan to 88% from Iran, 90% from Greece and

100% from Kenya. (Weinreb et al, 1990b).
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TABUC1: EBV IN HODGKIN'S DISEASE

% Env PositiVl\ Refcrenec

19%)(nll mnno-oroligcclonal Weiss et at, 1987

nrc for LMP·l 48% PnllcSilll et aI, 1991

19% (all mouoclonal) Weiss 11/ at, 1989
1001l{)

29% Straul et al, 1989~--~------~~~--------~------~------~----,~------+-------------67% (30 lIlupliiielltioll cycles) Knotoh 11/ al, 1991
79% (allor 60 1l111plifiontioll cyclcs

1991 84

1991 47

1991 95
1991 23 • Typielll lID

13 • l,l> subtype

199,t 48

1994 6

1994 8

1994 172

me forLMP·l 381%
rcn 68%

SOUUtCl'll blot Ilybridlsatiou 45%

Herbst III al, 199)

Jnn'ett et al, 1991

peR ISH for EBERl 52%
47.8%,

peR Isn lor liBERI 15%
0%

HIC for LMP·l
ISn 101'EBERs
peR

29%
44%
71%

Weiss et ol, 199}

Lnurltzet; et al, 1994

Sillgle • coil peR

ISH 101'HBV DNA

me Ibl'LMP.l 27.9%
()IVt,

Rn. et. al, 1994

Valente 111 ai, 1994

Pinkus ;:1 al, 1994

1,.9.3 HistologicnJ Subtype

One group found II statistically significantly asscciation between EBV positivity and mixed

cellularity subtype, (Pallensen at al, 1991) and this subtype has tended to have high rates of

positivity (up to 90%) ill most series (Desol et al, 1992; Murray et al, 19921:», Approximately

30% of nodular sclerosis cases are BaV positive, As nodular sclerosis subtype occurs most

commonly in young adults the age group where there is most epidemiologioal evldence for the

aetiological infectious agent, this could militate against E.BV being a candidate, The lymphocyte

predominant histological SUbtype,now recognised as a aeparate B cell entity, generally has a

negligible rate ofB13V prevalence (Weiss et al, 1991).
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al,1974). In addition, a retrospective study of patients with HD revealed that normal individuals

with elevated antibody to BBV have an increased risk of developing HD (Mueller at at, 1989).

Although these data raise the possibility that BBV is directly involved in the pathogenesis oHID,

it remains possible that these studies reflect an underlying immune defect or are a marker for

infection by another virus.

1.9.2 Molecular Studies

Molecular studies provided the key evidence to irrevocably link BEV with HD. In 1987, Weiss

and colleagues reported the detection ofEBV genomes in 4121 cases ofHD using Southern blot

analysis. Subsequent studies using a variety of'techniques, have shown that overall, 40~50% of

rID in the Western World are EEV positive. (See Table 1). The majority appear to involve Type

1 virus.

The ability of ill snu hybridisation and immunohistochemical techniques to enable specific

locallsatlon of the EBV products to the Reed-Sternberg and mononuclear variant cells, adds

credibility to the association between BEV find HD. It is probable that the few background BBY

positive reactive lymphocytes detected in some lID specimens) contributed to the high rates of

EEV positivity noted in some peR studies (WlI III ul; 1990). In addition, several studies

addressed the cionality of BaV genomes within HD by examining the viral terminal repeat

sequences (Anagnostopoulos at al, 1989; Staal. l!t al, 1989; Weiss el al, 1989). Although there

were S0111econflicting results, in the majority of' cases, the infected cells were found to be clonal

with respect to EBV, suggesting that BBY infected a single cell which subsequently underwent

c)anal expansion.
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1.9 EBV and l1odgldn's Disease

1.9.1 Epidemiologjcal find Seroepklemiologlcal Data

The above epidemiological findings formed the basis for 2 hypotheses regarding the aetiology of

HD:

1. Multiple aetiology hypothesis, proposed by MacMahan (1966) suggests that HD represents

a heterogeneous group of diseases (at least 3 entities) with distinct aetologies, and further

suggested that ED in young adults may be caused by an infectious agent.

2. Delayed exposure hypothesis suggests that the development oHID is related to late

infection with a common childhood pathogen (Gutensohn; Cole, 1977).

Despite initial studies with negative or inconclusive results, recent data suggests that there is

evidence for weak clustering of ED CaSeS(Glaser, 1990). This could be consistent with an

aetiology involving a virus with a long latent period, or alternatively, delayed exposure to a

common but not ubiquitous virus (Jarrett, 1992).

In 1977, Pafl'el1barger at all found that the risk of d(weloping ED was lower in persons who had

experienced more common contagious illnesses in childhood

The findings of a case control study Ie. that cases with HD had twice the rate of infectious

mononucleosis, not only lent support to an Infectious aetiology but implicated BBV as a possible

agent (Gutellsohn; Cole, 1980).

Several studies have shown that patients with HD frequently have abnormally high levels of

antibody to EBV~Viral~Capsicl antigen and early antigens (Levine at al, 1971, Langenhuysetl Of
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temperate zones south of the equator (Bezwoda et al, 1995). In South Africa, data from the

National Cancer registry (Sitas, 1992) suggests that lID has a lower frequency in the black

population. However, this may be affected by underreporting as well as poor access to health care

amongst this population group.

MacMahan (1966) drew attention to the biomodal nature of the age incidence curve for lID. The

shape of this curve varies in different communities. In developing countries, a Type I pattern is

seen: the first peak of the biomodal distribution occurs in childhood, with a second peak in older

age groups. There is a low incidence in the third decade. The Type III pattern is seen in

developed countries and is characterised by low rates in childhood, a pronounced peak in young

adults and a second peak in older adults. An intermediate Type Il pattern is found in Central

Europe, rural areas of developed countries and in the Southern USA. This is though to represent

a transition between type I and III. probably as a result of'improved socio-economic conditions

(Correa and O'Conor, 1971).

The incidence rate oHID is higher in males than females, being most pronounced in childhood.

This ratio decreases to below one in the young adult years, then increases with age to the late

fifties. The ratio is substantially lower for the nodular sclerosis subtype than for other histological

subtypes (Glaser and Jarret, 19~)6). "Histological subtypes of HD also vary with age. Nodular

sclerosis accounts for the young adult peak in incidence, while other subtypes grouped together

show a gradually increasing incidence with increasing age The majority of childhood cases in

developing countries are of mixed cellularity subtype.
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approximately lOs cells, PCR should pick up the occasional positive cell present ill virtually all

healthy EBV immune individuals. However, most series using PCR for the detection ofEBV in

lymphomas report fairly clear cut differences between reactive lymph nodes and EBV related

tumors (Telenti et al, 1990),

Probably a bigger limitation is the inability to localise viral product, as EBV DNA in the occasional

background lymphocyte may be amplified. Hopefully this will be overcome by the development

ofESV specific in-situ PCR techniques.

PCR can also be used to distinguish different EEV strains (Jilg et al, 1990). A promising,

relatively new technique for analysing gene expression is reverse transcriptase peR (rt-peR).

Using the reverse transcriptase enzyme eDNA copies are made from viral RNA templates. These

relatively stable DNA products are subsequently amplified by PCR. cDNA is distinguished from

native DNA by designing primers that span splice sites (Brooks et al, 1992).

Each of these techniques has its advantages and disadvantages, While very sensttlve, EBER in situ

i.ybridlsation is technically fairly difficult, It is likely that in the future rt-PCR may prove to be the

quickest, easiest and cheapest method of detecting EBV.

1.8 Epidemiology of Bodgl<ill's Disease

HD is an uncommon malignancy. In the USA, it had an annual age-adjusted rate of2,8/1 00 000

for 1987-?1. Other than in Asia, where the incidence ofIID appears to be much lower> Hl)

incidence rates ranges from 1.5·4.5/100 000 for males, and from 0.9w3.0/100 000 for females

(Glaser and Jarrett, 1996). HD appears to increase in frequency from the equitorial to the more
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FIGURE 10: LYMPH NODE; HODGKIN'S DISEASE. MUMMiFIED CELLS ON H & E
STAINING (X40)

FlGURE 11: LYMPH NODE; IIODG1{JN'S DlSEASE. APOPl'AG (ONCOR, USA)
SHOWING AI" WOPTOTIC CELL ON THg LEFT AND A Nr~CROTJC CEI,L
ONTHHRrGHT
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After doparafflnlsation, 4f.lm tissue sections cut onto slalynized slides were digested with

proteinase-K solution (200f.lg/ml in PBS; BOEHRINGER MANNHEIM, GERMANY) for 15

minutes at room temperature, then washed in water and quenched in 2% H;P2 ill PBS buffer.

After application of equilibrium buIl:erfor 1-30 minutes, Tdt enzyme (ONCOR, USA) was applied.

The slideswere covered with a plastic coverslip and left fol' 1 hour at 37°C. The slides were then

incubated for n fhrther 30 minutes ill pre-warmed working strength stop/wash buffer, then washed

in PBS.

Following application of anti-digoxigen in peroxidase fbr 30 minutes at room temperature; the

slides were washed inllBS and stained with 0.1% DAB solution, After 1\ll'the1'washing in distilled

water, slides were counterstained in methyl-green, dehydrated through 2x absolute ethanol and

mounted in enrellen mountlng medium.

Diffuse brown staining of nuclear apoptotic bodies agalnst a light green backgrourid was

interpreted us {1positive result.

Necrotic cells can in some instances contain stainable conceutradons of DNA ends, but stnining

appears more cliffusc than in their Apoptotic counterparts (sec Figurcs 10 end 11),

Sections noted to have numerous apoptotlc bodies 011 ApopTng WQI'O subsequently used as

positive control. For the negative control, the Tdt enzyme was omitted, Controls were Included

in each butch.
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3.6 ESTIMATION OF TItE APOPTOTlC I~DEX ONU& E

H&E stained tissue sections were scanned to identity areas with maximum numbers of mummlfied

cells. Five such fields were. then examined under 40x power, and the number of mummified cells

and viable Reed-Sternberg/Mcnonuclear variant cells counted. The Apoptotic Index was

calculated as the number of mummified Reed-Sternberg/Mononuclear va1'iants divided by the total

number of such cells multiplied by 100,

This process was repeated 3 times and an average figure calculated.

~,7 ESTIMATION OF THE APOPTOTIC INDEX ON APOPTAG

'the areas iclentit1ed 011 H & E as having many mummified cells, were marked 011 the

corresponding ApopTag stained slide, The number of malignant cells identified by the stain us

Apoptotic were then counted ill 5 high power fields. This process WItS repeated 3 times and the

Apoptotic Index calculated, Morphology of cells which were negntive for ApopTag. were

sometimes difllcult to identify, Thtwefol'el itwas assumed that the denominator in the Apoptotic

Index would be identioal to that determined itt the !-I&H sections.

3.8 m-siru AltOP'fOSIS DETECTION

In-situ apoptosis detection involves direct lrnmunoperoxldase detection of digoxigenin ..labelled

genomic DNA Residues of digoxigenin ..labelled nucleotide are oatalytically added to the

numerous 3' "OH DNA ends generated during apoptosia by the enzyme Terminal deoxynucleotidyl

transferase (Tdt). StnndMd h11lmmopol'oxidnse detection techniques are implemented fo!'

visualisation,
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11'lGURE8: INMPH NODE; IrOUJICllLAR n..CELL LYMl)IIOMA.

IMMUNOHISTOCHEMICAL STAINING FOR BCL~2. POSITIVE CONTROL

(X40).

FIGIJIUC ~,: LYMPH NOllE; HODGKIN'S DlSEASrc. IMMUNOHISTOCHEMICAL

STAINING FOR BCL..2 (X40) SHOWING POS11'IVE STA1NtNG IN THH

TUMOUR CEtLS AND OCCASIONAL BACK.GROUND LYMPHOCYTES
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TABLE 6: METHOD FOR MICROWAVE l)RETREATMENT

O.OIM Citrate Buffcl' pH::.::6.0.

Solutioll A: O.OlM Cita'ie I\cid

10.Sg Citrle neid in 500ml distilled WlltCI'

O.lM Sodium eltrate

Z.94g Sodium ciil'ate ill 100mJ distilled water----------~~----------------------------------~~------~
Solution B:

• 9ml of Solution A Ilud 411111of Solution B were mixed nod made liP to 500ml

with distilled water (pH 6.0).

• Slides were placed in solution and boiled Ior 2- x 5 minutes ill miCI'OWIWC lit

medlum llOwe r,

• Slides WCB'C nllowc(l to cool ill solntion for ZOmlnutes Imd then dosed In :1.>JlS

buffel' lit pH 7.6.
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3,S IMMUNOHISTOCHEMISTRY~fORnCL~2

Immunohistochemistry WIlS performed using monoclonal antibody directed against bcl-z

oncoproteln clone 124 (DAKO, DENMARK). As with LMP~l, J% goat serum was used as a

blocking agent and visualisation was achieved with a standard lmmunoperoxldase detection

method.

4Mmsections were dewaxed, rehydrated and microwave pretreated for antigen retrieval method

(see Table 6).

After quenching with 3% HZ02 in mothnl101, nnd rinsing, slides were incubated with goat's serum,

then incubated with anti Bcl~2monoclonal antibody fbI' 1hour at room temperature, AileI' rinsing

with PBS. the slides wore incubated with stl'Cr -Avadln-Blotln ComplexlHorsc radish Peroxidase

kit (OAKO DENMARK). DAB was used as a substrate. The slides were counterstalned with

hnemntoxylln, dehydr tL i and mounted 011 entellin (MERCI<, GERMANY).

Positive cells show strong brown granular cytoplasmic!tnembrnnous staining against a pale blue

background (see Figure 9).

Positive and ncgntivc controls were included in each batch. A section of n Follicular lymphoma

known to be bel...2 posltive, was used as It positive control (see Figure S). For the negative control

the pl'imt\l'Y antibody was omitted.
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J1'XGtJRE 6: NASOI)HAH.YNGICAL CARCINOMA. IMMUNOHISTOCHEMICAL

STAINING FOR LMP·L POSITIVE CONTROL (X40).

FIGUUm "/: LYMPH NODE; nODGI{IN'S t>ISEASE. IMIVlUNOI·nSTOCHEMICAL

STAtNING FOR LMP ..1 (X40) SHOWING POSITIVE STAINING IN THE

TllMOUR CELLS.
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'fABLE 4: COMPOSITION OF PHOSPHATE nUltf.FERSALINE (PBS)

PBS pH 7.6 was used over 48 hom's.

NnCI 16g

3.5g in ~ Hh'CSdistilled water

KCl O,4g

O.4g

To I pH add NnzllP04

To I pH add NaH1P04

TABI,,)];5: METHOD Jt?ORPIUCI)ARATION OF nAB SUBSTRATE

• PI'epall'ed 10 minutes bcfol'c use,

• Mask and gloves were ahvllys ~Itilised as DAB is CI\)'cinogenic.

• O.1g DAB htlOOmls 1):8S buffer was mixed Oil stirrer,

<l) 3 Drops oflIl01 was mixed in lOOmis distllled water, DAllsolutioll was added

before staining slides.

Slides were lncubated in DABfUlO solution for 5 minutes "ieu rlnsed in

running tllP water for 10 minutes.

o After stnlnlng the remaining DAB solution was neutralised in 5%, blench

sotutlon, left overnight and then dlscarded,
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After rinsing in Phosphate Buffer Saline (PBS) buffet' (see Table 4), slides were rinsed in 5%

normal goat serum for 20 minutes, drained and then incubated with anti-LMP-l monoclonal

antibody (1' 50; DAKO, DENMARK) for 1 hour and washed in PBS buffet.

The sections were then incubated with a blotinylated goat anti-mouse secondary antibody tor 30

minutes, After tinsing in PBS buffet', Strept Avadin Biotin Complex/Horse Radish Peroxidase

Duet kit (DAKO, DENMARK) was applied to the slides for a further 30-60 minutes, After

washing, the slides were placed in Diamlno-Benzidlne-Tetrahydrochloride (DAB) solution (0,1 %

SIGMA, USA) (see Table 5), washed counterstained with haematoxyllin, dehydrated and mounted

with entellen (MERCK, GERMANY),

Interpretation of positive cells was achieved with brown cytoplasmic and/or membrane staining.

A section of nasopharyngeal carcinoma known to be positive for both LMP.l and BBER was used

as a positive control (see Figures 6 & 7), FOl' the negative control primary antibody was omitted

and substituted with normal goat serum, These controls were included in each batch,
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FlGURE 5: LYMPH NODE; HODGKIN'S DISEASE. IN SITU HYBRIDISATION FOR

EBERS (X40) SHOWING A POSITIVE REACTION IN A MONONUCLEAR

VARIANT CELL AND OCCASIONAL BACKGROUND LYMPHOCYTE.

3.4 IMlVlUNOUISTOCHEMlSTRY FOR LMP"l

Immunohistochemistry was performed using DAKO"E13V LMP ..CSl-4 mouse monoclonal

antibody directed against EBV latent membrane protein 1 (LMP" 1). Visualisation w-s achieved

using a st(: idard immunoperoxide detection technique.

4IJ.m sections were dewaxed and rehydrated, then "digested" in pre-warmed trypsin solution (0.1 %

in PBS, SIGMA, USA) for 15minutes at 37°C. The reaction was halted by rinsing in cold water.

The slides were then incubated in quenching solution (3% H:...ozin methanol) for 30 minutes when

neceSS!1IY.This process removed any endogenous peroxldase,
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positive for both EBV (LMPI DAKO, Denmark) and BOER was used as a positive control. Fa!'

the negative control oligonucleotide probe was omitted, These controls were included in each

batch. All glassware, plastic Ware and distilled water used for washing had to be free of

contamination from RNAse. This was achieved by washing in Diethyl Pyrocarbonate (DEPC)

treated water and baking overnight at 180°C (Table 3),

TABLE 2: COMPOSITION OF rIDS BUFFER SALINE (TBS)

TBS (O.05M T..is, 0.15 NaCl), pH 7.6.~----------t
6.057g T..is (hydroxyntcthyl) ImliJl() lllcth:mc.

8.766g Nael in H distilled water.

TABLE 3: METHOD FOR PREIlARATION OF .DEPC WA'tER.

T13SbuO'ct' was made up using DEPC treated water and was I\utoclcaved

once made,

• lml of DEPC Was mixed ln Llitre sterilized water,

• D€PC solution was left ()vemight in a fume cupboard,

• Autoclaved fOr' 20 minutes to innctivnte the DEFC.
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In addition, an "Apoptotic Index" was estimated using morphologioal assessment of H 1;'<. E

sections complemented with special techniques (APOPTAG; ONCOR, GSA).

3.3 JN~SlTUBYBRtnISATION FOR EBV RNA (EBERs)

Each of the in-situ hybridisation and immunohistochemical techniques, lltilizec14~lm sections of

the paraffin embedded, formalin-fixed tissue block.

The EBV RNA ill-situ hybridisation studies were performed using oligonucleotides

complementary to portions ofihe two nuclear BBER RNA's which are present in high copy

numbers (~10G) inEBV infected cells. The oligonucleotides are a mixture of 5 30~m ,J, labelled

with Fluorescein-isothiocyanate (FITC), 41!l11sections were de-paraffinized, rehydrated and

digested with proteinase K (SOOI!g/ml; Boehringer Mannheirn, Germany), in a humid incubator

at room temperature for 20 minutes. After washing with pure water and 95% ethanol, the sections

were then hybridised with the commercialty prepared oligonucleotide probe (DAKO, Denmark)

an~ incubated for 2 hours at 37°C. Aftel' washing the sections with Tris buffer saline (TBS), (see

Table 2) signal was visualised using anti-Fluorescein-isothlocyanate-alkallne phosphatase (anti

FIt ClAP) detection kit using preprepared 5-br011l0-4·chloro~3·indolyl phosphatase/Nitro blue

tetrazolium (BCIJ?/NBT) Levimisole as a substrate (DAKO, Denmark, RNA detection kit). The

sections were then washed and lightly counterstained with haematoxylin and mounted with.

entellen (MERCK, Germany),

A strong blue, black 01'blue/black colour ill the uucleus/cytoplasm over background levels was

considered a positive reaction. (see Figure 5) Clumping and margination against the nuclear

membrane and t:urleolus is sometimes 110ted.Asection of nasopharyngeal carcinoma known to be
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TABLE 15 (Conttnued)

:BLACK PAEDTATRIC GROUl' (:>15 Yelll's)

Lost In follow IIIl t1llkllOWll

Agt'/nllCil Sux LMPI Subtypu Stl\go Rx-..;;;....,..,.

Hlnck l,ncdilltdc Mnle Positive MC 3 Chemo complete

Blnok pnodinlrie Mille Positive Me: 2 Chemo complete...-
Black IHtcdlntrio Mole Positive LD 4 Died befol'e treatment,..
Black pRcdintde Fomalo Posilivo MC 2 Chemo complote

Black IlIledinltio Fellllllo Noglllivc NS 4 Chcmo complete

Dllflllllt

Alive

Not lI11plicnblc+-~--~------------~. Died helbro R\: N/A

AUVIl

AliVe

SUnTYP'ES:
MC
NS
tn

Mi:\l,ldCoUltlnrify
NQu1l11l1 Solerosis
Lymphocyte t)cplctcd

Tn.'EATMllNTI
DXT Rndi()lhOl'(lIlY
ADMT • Anlo!ogmls BOilo Marrow Tl'llllspJnltl
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TAULE Hi: DtlAlLS OF 1'REATMENTAND OUTCOME IN THE STUDY GROUP

BLACI' PAEDIATRIC GROtH> .(:; 15YCIU'S)

AgclRlICI.I SllX LM'Pl SuhtYl)'> Stngo lb l)ill',\ult Outcome R~ ~,ctol'ylUl!IIlIISI!

HInck Iltlcdinlrio 11omu!o l'ositive Me 2 Chomo complete AUvil

13laok lluedillldo Femnle Nogtttivo NS 4 111eompll.lt,:chctnc & DXT Dead • tUH'olnted

mill.lk pnodlntl'io Mole Positivo Nfl 2 ClIemo complete Alive ~
mack llu('diatrio Male l'ositive Me :I. Chomo cOlllplete Alive--13111.\)k))n~dinlrio Mole Pos(lh'o NS

'"
Chomo 41()Ulplote 1)Otu\ • tIlu'cl(lllld Rofi'tlOIOI'Y

:---'-
Blllok pm.:dlllt1'io Mull,) l'o»ilivo NS 3/4 Chomo cllml)lcte AliVil~
13Inok jlllcdilltrio Mulo Positive NS 2 Chol1lo. DX'l'. A13M'!' Alive {{olop iod/Rt>froolol'Y

~............................ hi..

H1nok lllltldlllll'le Millo l'Ollilivo Me 3 C:hQl\)OQomplo(Q Allve

strUT¥.tms:
Me: Mixed Ccllulnl'ity
NS Nodular Sclerosis
1,1) l.ymphooylo Doplotcd

'mEA'fM£N'l'1
DXT Rndiolltcl'nJlY
AIlMT • A\1!o!osolls Bone Murrow Tl'lIIlHlllullt
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Statistical analysis of outcome in LMP~1 positive and LMP~1 negative cases was not possible

primnt'itydue to small sample size exacerbated once stage and hlstologlcal subtype was taken into

account. The high loss to followup in certain centres and irregular clinic attendance/treatment

further complicated the issue. Further, treatment policies differed somewhat between centres.

Data was available on 52 of the 61 patients in the study group and is summarised in Table 15.

In the paediatric group: 3 patients were EBV negative: 1 died of sepsis, (stage IV) 1 relapsed with

refractory disease (stage II) and required autologous bone marrow transplant and has been alive

and disease flee for (.)months, and 1 (otage IV) has been alive fbr 7 years. Of the BBV positive

cases 10 are alive and disease frees 7 stage II; 3 stage III (average time - 4 years 2 months) 1 was

lost to follow up, 1 died before treatment started, and another had refraotory disease and died of

sepsis.

Of the adule oases, Information was available on 36 of the 4S patients in the study group. <)

defaulted and were lost to follow up before their chemotherapy was completed.

Of the remaining 18 EBV negative patients: S (5 stage II, 3 stage III) are alive and disease free;

3 (l stage II, 2 stage III) died of'unknown causes, 6 had refractory disease/relapse. (1 stage I, 3

stage II; 1 stage III; 1 stage IV) 3 arc still alive, 2 lost to follow up and 1 died cuase unknown.

1 refused hospital treatment and died presumably due to disease. Of the EBV positive cases, 3

completed chemotherapy and were still alive at least (.)months past therapy (2 were subsequently

lost to follow tip) 2 stage 11and 1 stnge Ill. 4reJapsed/hnd refractory dlsease (1 stage J, 2 stage

II, 1 unknown); 2 of these were lost to follow up one is alive and 1 died (cause unknown).
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Statistical analysis of outcome in LMP-l positive and LMP"l negative cases was not possible

pdt11ruily due to small sample size exacerbated once stage and histological subtype was taken into

account. The high ' 'lS to followup i11 certain centres and irregular clinic attendance/treatment

further complicated the issue. Further, treatment policies differed somewhat between centres.

Data was available 01152 of the 61 ~ ents in the study group and is summarised in Table 15.

In the paediatric group: 3 petieuts were BBV negative: 1 died of sepsis, (stage IV) 1 relapsed with

reliactory disease (stage II) and required autologous bone marrow transplant and has been alive

and disease free for 6 mouths, and 1 (stage IV) has been alive for 7 years. Of the BOV p Isitive

cases 10 are alive and disease free, 7 stage II, 3 stage III (average time N 4 years 2 111011ths),l was

lost to follow up, 1died before treatment started, and another had r(;\fl'actorydisease and died of

sepsis,

Of the adult cases, information was available all 36 of the 45 patients in the study group. 9

defaulted and were lost to follow up before their chemotherapy was completed.

Of the remaining 18 BBV negative pntiellt:s: 8 (S stage II, 3 stage III) are alive and diseuse ii'eo;

3 (1 stage II, 2 stage UI) died of'unknown cause, 6 had l'efmct0ry disenselrelnpse (1 stage.r, 3

stnge U; I stage 1II; 1 stage IV) 3 are still alive, 2 lost to follow up and 1 dledcause unknown.

1 refused hospital treatment and died presumably due to disease. Of the BBV positive cases, 3

completed chemotherapy and were still alive at least 6 months past therapy (2 were subsequently

lost to fol1owup) 2 stage nand t stage III. 4 relapsed/had ron'actory disease (l stage 1, 2 stage

II, 1unknown); 2 of these were lost to follow up, one is alive and 1 died (cause unknown),
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tABLE 13: 2X2 SUMMARY TABLE SHOWING THE DISTRIBUTION OF HCL~2

POSITIVITY ACCORDING TO HIStOLOGICAL SUBTYPE

27

lJt,:I.2 Me NS
Hel-2 Positive 13 20
1301-2Nllgllliw 14 12

Totals 27 32

1,0 Totals

34

2 61

Me
LD

Mixed Cellularity
!.ymphocyte Depleted

NS Nodular Sclerosis

'fAilLE 14: 2 X 2 SlJMMA.RY TABLE SUMMARISING tIlE DIStRlBUJ'ION OF

LMP"1 AND BCL~2 POS~tIVITY

LMll.1 Bcl-2 Positiw lJcl·2 Nlllllltlvc Totnls

LMP·! Positive 15 17 32

LMP·l NOl:\utivc 19 10 29

T()wIs 34 27 61
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"':ABLE 11: 2X2 SUMMARY TABLE SHOWING THE DISTRmUTION OF LMP ..1

POSITIVITY ACCORDING TO HISTOLOGICAL SUBTYPE

Me NS

21 to
6 22

27 32

.LO T()tnls

32

29
2 61

MC
LD

Mixed Cellularity
Lymphocyte Depleted

NS Nodular Sclerosis

TABLE 12: 2X2 SUMMARY TABLE SnOWING rUE ,PlSTRlBUTION OF nCL ..Z

POSITIVlTY IN AGE/RACE SUBOROUI)S

Bc'~2 UA UP
Bo1-2 Positive 15 7

1301-2Nl)gMivc 8 6

'1'011118 23 13,._ ...

BA
WA
AP

Black Adult
White Adult
Asian Paediatric

WA WP AI' Tntl\l!l

11 0 34

11 27

22 2 61

OF ::::: Black Paediatric
WP -- White Paediatric

53



TABLE 9: 2X2 SUMMARY TAIU,E SUMMARIZING THl~ DISTlUBUTION OF

HlSl'OLOGICAL SUBTYPE ACCORDING TO AGE/RACE IN THE

STUny GROUP (n-=61)

Agc/ltllC0 SubtYIlC SubtYllC Suhtypc Tntllis

Me NS LD

BlnekAd\\lt 8 15 () 23

Black Pncdintrie G 6 13

Whitt;; Adult t I J() 22
White l'(lcdintrie 2 0 o 2

Asinn Pncdillfdc () ()

Totnls 22 18 2, 42

Me == Mixed Cellularity NS "" Nodular Sclerosis
LD z= Lymphocyte Depleted

TABLE 10: 2X2 SUMMARY TAnLE SHOWING THE DISTRIBUTION OF LMP-l

POSlTIVl1'Y IN EACH AGE/RACE SUBGROUP (n=61)

WA WP AP Totills

8 2 32

14 0 0 29
22 2 61

'SP ::: Black Paediatric
WP t;:: White Paediatric

LMP~l DA BP

LMP ..1 Positive 11 10

LMP·l Negative 12 3

ToWIs 23 13

BA
WA
AP

Black Adult
White Adult
Asian Paediatric
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TABLE 'f: 2XZ SUMMARY TABLE SUMMARIZING THE DISTRInUTION OF

AGE/RACE IN TIlE STUD), GROUP (n;::61)

Age/Race NumJun' Perce utage

BhlokAdlllt 23 37.70

Black Pncdinlrio 13 21.31

WhitcAulllt 22 36.06

WIlilc Psedialric 2 3.2'7
1--'
Asfnn Pnedlntrlc 1.63

TABLE 8: 2X2 SUMMARY TABLE SUMMARIZING THE DISl'lUBUTlON OF

HISTOLOGICAL SUBTYPE IN TilE STUDY GROU.P (n=61)

~-------'-----r------r-~~----~
Subtype Number Percentllge

Mixed ccllulndty 27 44.26

NodulUl'Scicl'(lsing 32 52.45

Lymphocyte Depleted 2 3.27
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Bcl-2 was noted to be positive in 34/61 (55.7%) of cases, distributed as follows: 9 «10%) Reed-

SternbergIMononuclear variant cells positive, 12 (10-50%) Reed-Sternberg/Mononuclear varia

cells positive, 13 (>50%) Reed-Sternberg/Mononuclear variant cells positive.

The distribution ofbcl-2 positivity according to age/race and subtype are depicted in Tables 12

& 13 respectively. 15123 (65.2%) and 11/22 (50%) Black and White adult cases respectively,

showed bcl-Z positivity. 7113 (53.8%) Black, 1/2 (50%) White and 011 Asian paediatric cases

were bcl-2 positive. Regarding.histological subtype: 111(100%) lymphocyte depleted, and 20/32

(62.5%) nodular sclerosing and !3/27 (48%) cases of mixed cellularity subtype were bcl-z

positive.

Table 14 depicts the interaction between LMP-l and bc1-2. Although there appears to be a

negative association between LMP-l and bcl-2, the chi-squared test shows that this is not

statistically significant (p 0·0.15).

Only 3 cases show both LMP-l positivity and bcl-2 positivity in >50% ofthe malignant cells.
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4.0 RESULTS:

4.1 STUDYGROUP:

The study group comprised 61 patients: 23 black adults, 22 white adults, 13 black paediatric,

2 white paediatric and 1 A .tn paediatric patients. (See Table 7).

27 Cases were diagnosed as mixed cellularity SUbtype; 32 nodular sclerosing subtype; and 2

lymphocyte depleted SUbtype. (See Table 8).

The distribution of'tlie various subtypes in relation to age/race is depicted in Table 9.

52% ofthe cases (32/61) were LMP~1 positive: of these 4 showed positivity in <10% of the Reed-

Sternberg/Mononuclear variant cells, 5 showed positivity in 10-50% of Reed-Sternberg!

Mononuolear variant cells and 23 showed positivity in >50% of Reed-Sternberg/Mononuclear

variant cells. The prevalence of L~IP-l positivity according to subtype and age/race is depicted

in Tables 10 &., 11. Mixed cellularityhistological SUbtypeshowed the highest prevalence ofLMP-

1 positivity 21/27 (77.7%), while 1/2 (50%) cases of lymphocyte depleted and 10/32 (31.2%)

cases of nodular sclerosing, subtype WereLMP-l positive.

The paediatric groups showed a high prevalence ofLMP-l positivity: 10/13 (76.9%) mack, 2/2

(100%) White and 1/1 (100%) Asian paediatric cases were LMP-l positive. Regarding the adult

cases; 11123 (47.8%) Black and 8/22 (36.3%) White adult cases demonstrated LMP~1 positivity.

ESER positivity was noted in 24/61 cases, all of these were LMP-l positive (ie 8 Ll\1P~l positive

cases were EBER negative).
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The agreement between the two methods for measuring the Apoptotic Index was assessed using

the procedure outlined in Bland and Altman (1986) viz; a scatter plot of or' method vs the other,

and a plot of the difference vs the mean of two methods.

Epidemiological data regarding the tota1175 patients was obtained retrospectively from patient

files and summarised using frequency tables.

No statistical analysis of the study group regarding outcome was possible, due to the '.nail

numbers involved as well as the high rate of loss to follow up. This data is depicted in table form

in the Results section.
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3.9 STATlS'f][CALANALYSIS

2x2 summary tables were used to summarise the distribution of the study group (n==61)with

respect to age/race and subtype. Similartables were used to summarise the prevalence ofLMP~ 1,

EBER and bcl-2 positivity in this group. LMP-l and bcl-2 positive cases were also analysed

according to the percentage of malignant cells noted to be positive.

Frequency tables wet e used to summarise the prevalence of LMP-l and bcl-Z positivity within the

age/race and SUbtype subgroups, and to summarise concordance between LMP-l and EBER

positivity.

The interaction between LMP-l and bol-z was tested using the chi-squared test.

Histograms were used to summarise the distribution of the Apoptotic Index established on 61

cases by observation of'murrirnified cells Onthe H&E stain, and on 42 cases using the ApopTag

kit. The mean and median Apoptotic Index and standard deviation were noted.

The means of the Apoptotio Indices within each subtype and each age/race subgroup were

compared using the P:l..l 'lis of variance (ANDVA) and depicted graphically in box and whisker

plots.

A two-way ANOV A was used to compare the means of the Apoptotio Indices by subtype and

LMP-l positivity as well as by subtype and bcl-Z positivity.
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FIGURE 17: BOX AND WHISKER PLOTS V.D:APOPTOTIC INDEX ON APOY!'AG

BY AGE/RACE

BA = Black Addt BP == Black Paediatric
WA '= White Adult WP ::: White Paediatric
AP = Asian Paediatric

The Between group ANOV A of ApoptQtic Index (OIl Alloprrllg) by Age/Rat~ gave It p~

value of 0.56.
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FIGURE 16: BOX AND WHISKER PJ[~O'l'SOF APOPTOTIC INDEX ON APOPTAG

BY StIDTYl)E

Me ==
LD ;::

Mixed Cellularity
Lymphocyte Depleted

NS == Nodular Sclerosis

'l'l!e Between group ANOVA of'Apoptotic Index (011 ApopTng) by Subtype gave a p-vnlue

of 0.33.
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BOX AND VVHISKE~ PLOTS OF AI (H&E)
BY RACE/AGE
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FIGURE 15: BOX AND WlfUSlOi:RPLOTS OF APOPTOTIC INDEX ON H & E

BY RACE/A(~E

1 = Black Adult 4 :::::: White Paedlatrle
2 == Black Paediatric 5 ::::: Asian Paediatric
3 - White Adult

Tl~1}&tWCCll group ANOVA of Apoptotic Index (on II & It) by Agctr.~\cC gave u. p..value

of 0.66.
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FIGURE 14: nox AND WHISKER PL01'S OF APOP'l'OTIC INDICES ON II & E :BY

StffiTYPE

Me ==
LD ...,.

Mixed Cellularity
Lymphocyte Depleted

NS Nodular Sclerosis

l'be Uctwcen group ANOVA of Apoptotic. Index (oulI & E) by Sllbtyp~, gave a p ..vnlue
of 0.84.
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Although the box and whisker plot of Apoptotic Index (established on H&E) by subtype and

LMP ..1 (see Figure 18) appeared to show an interaction, the ANOVA showed that this was not

statistically significant (1' "" 0.13), This may be ciue to the small Humber of cases,

In particular, there was no statistically significant difference in the J\poptQtic Index (on H&E)

between LMP41 positive and LMP ..1 negative cases (p "" 0.58). AlthrJugh it appeal's that LrvlP~1

does not act by inhibiting apoptosis .. again, this may be related to small sample size.

The apparent intemction between Apoptotlc Index (on H&E) by bol-2 and subtype on the box and

whisker plot (see Figure 19) were sitnilal'ly not statistically significant (p ;;::0.22) .. possibly due to

sample size. Contrary to expectation, Apoptotic Index on H & E did 110t differ significantly

between bcl-z positive and negative cases (p "" 0.19), although again this may reflect sample size.

Analysis of Apoptotlc Index. (established using Apop'Iug) by LMP"l and SUbtype also shows no

statistically significant interaction (1' r.::: 0.73) (see Figure 20). These results also apply to bcl.·2 and

subtype (p "" 0.73) (see Figure .21), and are possibly as a result of small sample size.

Similarly, analysis of Apototic Index (on ApopTag) by LMP· 1 shows no statistioally signfloant

difference between LMP ..1 positive and I.MP.ll1egntive cases (1'=0.07). NOI' is any statistically

significat1t difference in Apoptotio Index (on Apop'Iug) noted fol' bc1"2 positive and negative

cases (1'''''0.45).
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FIGURE 12: lUSTOGRAM Oli' APOPTOTlC INDICES ON II &. E.

Desodptivo statistics for Apoptotlc Index (H &. l~)

No obs
61

Mean Median
37.87 38.00

Min Mt\x SD
16 71 11.6
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FrGURE 13: HISTOGRAM OF APOI)TOTIC INDICES ON APOPTAG.

Descrlptlve statistics for Apoptotlc Il1dex (APOPTAG)

No cbs
42

Mean Median
41.88 39.0

Min Max SD
17.0 100.0 15.85
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4.2 APOPTOTIC INDEX (Al)

On morphological assessment ofH&.E stained sections, (n "'"61), the mean Apoptotic Index was

37,87% and the median Apoptotic Index 38% (SD "'" 11.6) (see Figure 12). The similarity

between the mean and median suggests that the distribution of Apoptotlc :f\dex is symmetric,

Figure 12 illustrates that the normal distribution provide a good fit to the data,

Figure 13 illustrates similar data for the Apoptotic Index determined on staining with ApopTng.

Although the mean (41,88%) and median (39.0%) are similar in value. the histogram and fitted

normal suggest that the data do not follow the normal distribution. In addition, there appears to

be an outlie on the right side of the distribution.

Using the Analysis of Variance (ANOVA), there appeared to be no statistical difference between

the group means of Apoptotlc Index determined on H&E of the various histologicn.1SUbtypes (I'

"'"0,84) 01' the various age/race groups (1' "" 0.66). There were very few White 01' Asian paediatric

cases for analysis. The box and whisker plots illustrate how close the median valves arc in

comparison to the spread around each median (See Figures 14 & 15).

Similar resufts were obtained using Apop'I'ag i.e, Using the ANOVA, there appeared to be no

statistical difference between the group means ofApoptotic Index for the various subtypes (p:::;;

0.33) 01' the various nge/race groups (p '-"0.56) (see Figures 16 &. 17).
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TABLE 15 (Contlnued)

WHITE ADULT GROUP (>15 YEAllS) (CONTINUED)

WI1He adult----+-----~----~------.4_----+_------~----~~----,--~------~~--+_~------------~_,
Whilo nuull

WIlite nch11t

Wbite adult

SUBTYPES:
MC
NSU)

Sex LMPl SubtYI)C Stnge Rx IM'llult Outcome Refrnctory/Rl)lnpse

Millo Positive Me 2 chomo 0(1111)lo\e Lost to follow tip Unknown

Fcmnle NognlivQ NS 2 Chom!) complete Alivo

Mnlo Positivo NS 3 Chomo complcte Lost to follow Illl Unknown

Mltlc Ncglllivc NS 2 Cherne complete Alive

MIxed Ccllulndty
Nod\\llll'Sclcrosis
I,Yllllll!oeylo l)ol'loted

TR~ATMENT;
DX'f Rndiotllcl'IIPY
A13MT • Autologolls 130110 Marrow '1'1'111181'111111
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TABLE 15 (Continued)
WIUrE ADULT GROUP (>15 YEARS)

Age/Race

White adult

Wltilo adult

White adult

White adult

White adult

Sex LMPI Subtype Stnge Rx Default Outcome R~\t'l'l\ctQry/R')h\{lno

Female Ncglltivo Me 3 Chemo incomplete Dead unkuown cause Unknown

.tv'''le Negntive NS 3 Cherne complete Lost to follow lip Refl'llctol'Y&. Relapsed

Female Positive Me 1 Cherne, PXT Died unknown cnuse RcthtctOl'Y&. Relapsed

Fenrale Positive MC 112 Chemo complete Alive

Mulo Negative Me 4 Chemo,DXT Alive Reli'nctol'Y&.Relapsed'

Mnle Nogative NS lIZ Cherne complete Alive

Femnlc Negative NS 3 Chcmo complete , .:ive

Malo Positive NS :1 Chomo, SCR AliVe RoJhlo!ory &. Relapsed

Mille Neglllivo Me 2 Cuomo complete Dead 11II]<,IlOWU 0111150

Mille Negntlve: Me 3 Cliemo complete Alive

White adult

White adult

White .,(mlt
White adult

White adult

SUBTYPES:
Me
NS
10

MLxed CeUulndty
Notllllnl'Sclel'osis
I.Ylllj)!tocyleD()pletcd

TREATMENt:
DXT RMliothol'llllY
ADM! • Autologons BOlle !vInt1'OW 'l'l'allsplnnt
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TABLE 15 (Continued)
BLACK ADULT GROUP (>15 YEARS) (CONTINUED)

~---~-
Age/Rnce Se$ LMPl Subtype Stnge Rx Default OutcOIIl(1 Refractory/Relapse

Blook adult Female Negative NS 2 Chemo complete Alive Refractory or relapsed

BlaCk adult Male Ncgntive NS 3 Clicmc incomplete Dead unknown cause Unknown

Blnekndult Mole Negutlve NS 2 Cherne complete Defaulted Alive Unknown

Black adult Female Positivo NS 3 Chemo complete Alive

Btuck adult Mttle Positive MC 4 Cherne incomplete Defaulted Lost to bllow up Unknown

Blaok adult Female Positive Me 4 Chemo Lost to 1:hllow np Unknown
r-.
Blncl, Ild\\1t Female Negative NS 2 Chcmo ongoing Alive Ren'actory or relapsed

Black ndnlt Mnle Positive Me Cherne incomplete Defaulted Lost to follow tl1> UnknowIt

Blackndult Female Positive MC 5 Chemo, OX! Defaulted Alive Refractory ol'l'elapsed

Blnok adtllt Female Negative Me 2 Chonlo ongoing Defaulted Alive

B1uok adult I:emalo Negative NS 3 Chemo complete Alivo
SUBTYP£S: 'l'REATM£NT:
Me Mixo(l Celltllnrity DXT Rndioilicl'llPY
NS Nodttlnt' Solerosis ABtvrt . Autologous BOlle MLUl'QW 'frnnsplllut
1.D Lymphooyte Depicted,
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TABLE 15 (CouthlUl.'d)
:BLACK ADULT GROUP (> 15 YEARS)

AgC/Rj\(~e Sex LMP1 Subtype Stllge

Blaok ndult Fel11ale Negative NS 2

Black adult Male Negative NS 2------Black adult Mille Positive MC 4

Blaok adult Male Positive MC 3

Blnck adult Male Positive Me 2

Blllokndult Malo Negntive NS 2

Blnok adult Millo Negative NS 4

Blnok adult Fetnnle Negutiw NS 4

Black adult Mnle Positive NS If2

Blnck adult Mnlo Positive NS 2

Blaok adult Malo NegnUvo NS 2.
SUBTYPES:
Me Mixed Cellularity
NS Nodular Sclerosis
1,D Lymphocyte Depleted

Rx D¢t'llult Outcome Ret'l'nctol'ylRehlpse

Clrel110 Defaulted Dead • unknown CRuse Reft/loIO!'y 01' relapsed

CIrento incomplete Relused It\: Dead unknown cause Refrllctory or fetal/sed

Chemo incomplete Defaulted Lost to follow \II> Unknown
,....

Chemo incomplete Defaulted Lost to follow up Unknown

Chemo incomplete Defaulted Lost to follow up Unknown

Cherno, DXT. SCn. Defaulted Lost to follow 11ll Unknown

Chemo inoomplete Dcfnnlted Lost to follow 111> lJulmow!l

Cherno incomp lete Defa\llted Lost to follow up Unlmowll

Cherne complete Defaulted Aliv(') ReIrnctory or "olnpsed

Chcl11000mplete Lost to follow up Uul,nowu.

Cherne complete Dcfnilltcd Lost to follow Ill> Unknown
TREATMENT:
DX'!' Rndiothcl'npy
ABMT • Al11010golls 13011eMIII1'oW Tl'nnspltult
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TABLE 15 (Continued)

wnrrs PAEDIATRIC GROUP (~15 YEARS)

RefractoryJn.c!l\pHC-------+--------~------------~---OutcomeAgc/Rllcc.\ Sex LMl'l Subtype Stage Rx

White pnedintl'ic Mnle Positive MC 2 Chemo complete

White paediatric Mnle Negative MC 2 Chemo& DXT

Dcfnult

Alive

Dead - unrelated

ASIAN PAEDIATRIC GROUP (:>15 YEARS)

Asian pllc(lintl'ic Mille

LMPI Subtype Stnge Rx Default Outcome RcfrllcioryJRchlpse IAge/Race Sox

Positive NS 3 Cherno ...........!- ..J-A_li_vc_' L.... .. ........... _j

StJB'f\'PES:
MC
NS
LD

Mixed Cellulnrity
Nodular Sclerosis
Lymphocyte Depleted

TREATMENT:
DXT Radiothernpy
ABMl' .. Aujclogou« Bone Marrow Tl'lIusplllnf
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TABLE 17: DISTRIDtJTION OF'lflSTOLOGICAL SUBTYPE ACCORDING TO AGEIRACE FOR TIm CASES IN

TIm EPIDEMIOLOGY GROUP (n=175)

Black Adults White Adults Asian Adllit Unknown race Whlt(! Pnedlntrlc Black Paedintrlc Aslnn
(n= 43) (11)=71) (11=1) Adllit (11=1) (1l=14) (l1:::140) l'ncd!ntrte

(11=5)

Mixed cellu!:u'jty 13 3------~~--------~~~----r_------+_--------+_--------_+----~~--+_----~~
Nodular sclerosis 25 2~------~'----~~+--------~--~------r-------~~
Lymphoc~'te depleted

tlistologicill subtYl)C

Lymphocyte predominant

--
23 4 22

38 10 13

1 2

..~--
2 1 2

3

3

No lymph node biopsy 4

Ullcll1sslfiuble

Unable to find

No lymph node biopsy- indicates that the diagnosis was made an same other tissue,
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'fABLE 16; Dl(STRlBU1'ION OF AGE/RACE, AVERAGE AGb AND MALE:FEMALE RA'rlO IN TIm

EPIDEMIOLOGY GROUP (11 =: 175)

~------~~~'---------T-----~---r---------T-----------T---- ------Agetnllcll, Black Adults White Adults Astllll Adult mack PMdilltl'Ic White PlICdh)trie Asian Pacd!lItrlc~----'~-------~----~--r-------~~-------r-----------~-----------r-----------Number 43 71 40 14 5~~'~----~--------+------~~--------~-----------~~----------+-----------4Average Age 32yrs 7 U1 41yrs 6111 58yl's 8yrs Gm 9yl's 11m IDyl's7m

Mule: Female Ratio 1,04:1 1,03:1 3,4:1 1:1 0.6:1

One adult male of unstated race, aged 29 years is not included in the table,
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The 1 Asian case was a male of 58 years with nodular sclerosis HD. In one case the race of

the patient was not obtainable, he W<1:; a male with no lymph node biopsy. Age 29 years.

Details of the adult age distribution are summarised in Table 19.
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There were 116 Adult patients.

43 of these were Black adults with an average age of 32 years and 7 months and a male: female

ratio of 1.04: 1.

Their histological subtype distribution was as follows:

Mixed Cellularity == 13.

Nodular Sclerosis =: 25.

Lymphocyte Predominant == 1.

No lymph node biopsy ::::4.

71 were white patients with an average age of 41 years and 6 months and a male: female ratio

of 1.03:1.

Distribution of histological subtype:

Mixe{i Cellularity =: 23.

Nodular Sclerosis =: 38.

Lymphocyte Depleted ::; 1.

Lymphocyte Predominant :::: 1.

No lymph node biopsy = 2.
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The distribution of subtypes were as follows:

Black children (n=40)

Mixed Cellularity == 22.

Nodular Sclerosis =: 13.

Lymphocyre Depleted = 2.

Lymphocyte Predominant = 1.

No lymph node biopsy = 2

Wllitc chlldren (n=14)

Mixed Cellular'ity =: 4.

Nodulat' Sclemsls =: 10.

Asian clilldrcn (n==5)

Mixed Cellularity ==3.

Nodular Sclerosls ==2.

Le. diagnosis was made on some other tissue.
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FOR APOllTAG ANDn& E

4.3 EPIDEMIOLOGY

Analysis of the data available on the 175 patients with a diagnosis of HD summarised in Tables

16 & 17.

There were $9 paediatric cases (Defined as~15 years). 40 of these were Black children with

an average age of 8 years and 6 months and a male-temale ratio of 3.4: 1. 14 were White

children with an average age of 9 years and 11 fie ",hs and male:female ratio 1:1. 5 were.

Asian children average age 10 years and 7 months and male: female ratio 0.6: 1. Detailed age

distribution is summarised in Table 18,

75



Scatterplot of Differences vs. Means
for Apop\oUc Index for APOP and He
50r-------------,

(1

~o
$0

20
10

II: 0
Q .1Q

·20
.so
-40

·50 0 10 20 SO 40 ijO eo 10 80 90 100 " Af'OP<~oOANOOIFF<60
MeAN

() o ..nn v
"L, r, f'f)
ou . 01. ()

o 0 It> {l
() v 0
t) ();; 0

o 00
o
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FOR APOIYfAG AND Ii& E

4.3 EPIDEMIOI ..OGY

Analysis of the data available on the 175 patients with a diagnosis of HD summarised in Tables

16 & 17.

There were 59 paediatric cases (Defined as~15 years). 40 of these were Black children with

an average age of 8 years and 6 months and a male-female ratio of 3.4: 1. .14 were White

children with an average age of 9 years and 11 months and male.female ratio 1:1. 5 were

Asian children average age 10 years and 7 months and rnaleifcmale ratio 0.6: 1. Detailed age

distribution is summarised in Table 18.
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There appears to be very poor agreement between the two methods used to assess Apoptotic

Index. This is depicted in the scatter plot of Apoptotic Index established on Apop'I'ag vs

Apoptotic Index established on H&E ~(see Figure 22), and corroborated on the scatter plot of

the Difference vs the Mean of the two methods (see Figure 23). The scatter of the difference

betweenApoptotic Index on H& E and Apop'I'ag appears to be narrower at smaller values of

the mean than at large values. The mean difference was 3.67 and the standard deviation was

15.34.

SCIIUerpiot or Apoptotit:: Index for APoP and H~
R~nrosslQnEquatlQn: APO!>" ~O.992'O.547·HE+epa110.-.- .
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FIGURE 22: SCArrTER PLOT OF AI)()P"rO'rIC INDEX FOR APOP'l'AG AND 1I & E
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BOX AND WHISKER PLOTS Or A I (APOP)
BY SUBTYPE AND BCL2
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FIGUR.E 21; BOX AND WlllSKER PLOTS OF APOP1'OTIC INJ)EX ON APOPTAG

NS :=; Nodular Sclerosis

The two-way ANOVA of Apoptotic Index (OIl ApopTag) by Subtype and Bel ..2 gave a p-

value of 0.13.

The ANOV A of Apoptotie Index (on Apop'l'ag) by Bcl-2 gave Ii p..value of 0.45.
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FIGURE 20: BOX AND WHISKER PLOTS 01i' APOPTOTIC INDEX ON APOPTAG

BY SUBTYPE AND LMP~l

MC :=

LD :=

Mixed Cellularity
Lymphocyte Depleted

NS = Nodular Sclerosis

rl'be two-way ANOVA of Apoptotic Index (on ApopTag) by Subtype and LMP·l gave a

The ANOVA of Apoptotic Index (on ApopTag) by LMP-l gave 1.\ p-value of 0.01.
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_- BOX AND WHISKER PLOTS OF AI (H&E)
BY SUBTYPE AND BCL2
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FIGURE 19: BOX AND WHISKER PLOTS OF APO:PTOTIC INDEX ON II &; E

Me, ==
LD =

BY SUBTYPE AND BCL-2

Mixed Cellularity
Lymphocyte Depleted

NS Nodular Sclerosis=

The two-way ANOVA of Apoptotic Index (on H & E) by Subtype and Bcl-2 gave a p-

value of O.2Z.

The ANOVA of Apoptotic Index (011 H & E) by BcJ-2 gave a p-value of 0.19.
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BOX AND WHISKER PLOrs OF AI (H&E)
BY SUBTYPE AND LMP1
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FIGURE 18: BOX AND WHISKER PLOTS 01' APOPTOTIC INDEX ON n& E

Me =
LD '=

Mixed Cellularity
Lymphocyte Depleted

NS = Nodular Sclerosis

"'.'hetwo-way ANOVA of Apoptotic Index (on H & E) by Subtype and IMP-1 gives a p-

value of 0.13.

The ANOVA of Apoptotic Index (Oil II & E) by LMP-l gave a p-value of 0.58.
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Nevertheless, there is evidence to suggest a rote for LMP~ 1 in the pathogenesis ofEBV positive

HI) as it is strongly expressed in concentrations that would be toxic to a normal cell. In addition,

LMP·l has been identified as being essential for immortialisation ofB cells (in combination with

other latent proteins), can transform human keratinocytes, and is known to have transforming

potential in rat fibroblasts. Evidence suggests that, at least in BO, LMP-l is not acting through

up regrlation of bcl-z, A seemingly neglected article, (Mosialos at al, 199!l) ~ 'M/'ribes the

interaction of LM!>...) with Tumour Necrosis Factor Receptor associated Factors (TRAFS).

LM!>..1 interacts with a novel human protein LAP-l as well as an EB V Induced human protein

E1316. Both these proteins interact with the p80 Tumour Necrosis Factor Receptor, and LAP-l

also binds CD40 and the Lymphotoxin preceptor. LAp ..l is homologous to a murine protein

(TRAF 2) which is implicated in growth signalling fr0111 the p80 Ttll110l11' Necrosis Factor

Receptor. It is hypothesized that normally, binding of Tumour Necrosis Factor Receptor causes

cross linking of the extracellular domains of the Tumour Necrosls Factor Receptor, leading to

aggregation of intracellular domains with their associated TRAi~3, resulting in signal transduction.

As LMP~l molecules normally form a complex at the plasma membrane, this may lend to

aggregation of LMP ..1 associated LApM 1 and E1310 resulting in constitutive signal transduction

and increased proliferation. In addition, competition between LMP ..1 and poO Tumour Necrosis

Factor Receptor binding to LAP~l, may block induction ofapoptosis usually medlated by that

receptor,

B13V recomblnants deleted fOI' portions of the LMP·l carboxy terminal domain, including the

amino acido which interact with LAP ..1 are incapable oftransfonnillg 13Lymphooytes.



HD (Schiaifer et al, 19(5). As BHRF-l (an EBV gene which shares extensive Itcmology with

bcl-2) is expressed in the lytic rather than latent phase ofEBV infection, this is also unlikely to

contribute to tltlUOI'ogel1icity.

Another possible viral target could be p53, which functions as a cell-cycle checkpoint control,

lending tu ehher growth arrest in the G liS phase of the cell or clIlilUinating in apoptosls. It has

been reponed that EBN L\ 5 which is required for BBV induced B cell transformation, can form

a complex with p53 and the retinoblastoma protein, possibly impairing their tumour supressor

function (Szekely at al, 1(93). However, like BHRF..l, EBNA .s is not characteristically

expres- eel in BBV positive HD, and is therefore unlikely to playa role in the pathogenesis oCHD.

A study [i'om Natal (Dicklloo; Chetty, 19(7) has showed that 39 of 43 EaV positive cases were

negative for Retinoblastoma protein, suggesting that EaV may cause inactivation of th(l latter

thlough another mechanism.

It has also been proposed that the !!fowth of malignant cells and their Interaction with other

reactive cells, are mediated through cytokinos. Production of several cytoklnes has been detected

in Hodgkin's and Non-Hodgkin's Lymphoma. (Hsu el ol, 1(93).

In 1996, Klein at al demonstrated that most of the Burkitt lymphoma cell lines infected bywild

type EBV OJ' the BEV strain B9Sh8, produced Il.S, ILIO, TNFa, TNFP, in contrast to EaV

negntive lines or to celllinea infected with the non-transformlng Bav strain P3HIU, Although

results obtnined from cell lines should pt'obnbly be treated with reserve, flutherinvestigntio11S

along these lines Inay implicate viral induced cytoklnea in the pathogenesis onID.
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for EBERs (Weiss; Chang, 1992; Lnnritznn et al, 19(4) and is thought to have contributed to the

high rates ofEBV positivity obtained with peR.

5.4 THE ROLE Ol~EBV IN nn

In 1991, a paper published in Cell using DNA trnnsfectlon showed that LMP~l could protect

human B cells from apoptcals by up regulating the expression ofbcl-2. (Henderson at al; 1(91).

This finding led to speculation that this process may piny a role in the pathogenesis of BBV

positive BD. Although 34/61 (55.7%) of'the cases in our series showed bcl·2, expression in the

Reed-Steniberg/Mononuclear variant cells, no positive association with I..MP ..I expression was

demonstrated. This lack of intern ct.ion between LMP ..1 and bcl-2 has been reported by other

authors. (Armstrong el al, 1992b; Jiwa at al; 1993; Jlwa at al, 19(5).

In the presem series 15/23 (65%) of Black adult cases 11/22 (50%) ofWhit~ adult cases, and

8/16 (SO%) paediatric cases were bcl-z positive in Reed-Sternberg/Mononuclear variant cells.

Nodular sclerosis subtype showed a higher rate of positivity when compared to mixed cellutnl'ity

subtype (62.5% VB 48%).

One of the two cases of lymphocyte depleted subtype was bcl-2 posltlvc,

It therefore, seems that despite the strong evidence for an association between BBV and HD, tho

exact pathogenetic 1'010 of the virus remains elusive.

It has been suggested that EBV may intel'llct with bol"2 homo!ogues such as bcl-x, How~ver,

bcl-x oxpression is not specific to BBV positive HD, but is also noted in BBV negatlve cases of
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Small numbers, variation in subtype (known to affect prognosis), and differences in clinical stage

at presentation make accurate comparison of outcome in LMI)-l positive and negative cases

difficult to predict in our series.

In a recent editorial (Oudejans at al, 1997) state that a group of 80 patients with nodular sclerosis

or mixed cellularity HD, patients with BEV positive disease had a shorter progression free survival

time. However. no differences were observed in overall survival time. Whether these patients

were paediatric or adult is not specified. Similar results were observed by Vestlev at al; (1992).

In contrast, the Cape Town study suggested that EBB positivity confera a more favourable

outcome in childhood rIO. Hence, the influence ofLMP·l on prognosis oHIO remains to be

resolved.

5.3 COMPARISON OF EllER vs LMl> 1 M TECHNICAL CONSIDERATIONS

Contrary to other reports, in situ hybrldisatlon for detection of EBERs. was less sensitive than

immunohlstochemlcal detection ofLMP·l, 8/32 LMp·l positive cases, were negative for EBERs

on 2. separate occasions, The reasons for this are probably related to flxatlon/processing of the

tissue.

Since In..sttu hybrldisatlon was time consuming and technically demanding, it is therefore

suggested that immunohistochemical detection of LMP·l would be a practical option for routine

diagnostio use in the laboratory, A few (3) of the cases that were poeltive with LMP··1 and

EBERs in the Reed-Sternbcrg/Mononuclear variant cells, a)so showed positivity in occasional

background small lymphocytes. Similar findings have been reported with the in-situ hybridisation
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A major shortcoming of the present study, was that there were insufficient White paediatric cases

for comparison with Black paediatric cases. As most Black children itt South Afden show EBV

seroconversion at an early age, (MacdQugall at al, 1993), they might have been expected to show

a significantly higher prevalence ofBBV positivity in HD, than White children who may only be

exposed to BEV in early adulthood. Such data would obviously need to be controlled for

histologlcal subtype, as the increased incidence of mixed cellularity subtype within the Black

paediatric group would also increase the rate ofEBV positivity.

Similady diN:)l'ences may have been expected between White and Black adult cases oHID. In our

series, Black adult cases showed a somewhat higher prevalence orEBV positivity as compared

with 'Whit tdult oases (47.8% vs 36.3%), This was primarly due to different prevalence ofE13V

pc)sitivity within the mi~ed cellulatity subtype (87.5% vs 54.5%). However, the nodular sclerosis

subtype showed !"imilar rates of positivity among Black and White adult cases (26.6% vs 20%).

A recent report from Natal showed somewhat higher prevalence for EBV positivity in HD. 43 of

71 (60.6%) cases ofHD were shown to be BBV positive ~lsil1gImmunohlstochemlstry for LMP ..1

and in-situ hybddisation fbI' EBERs (13ickhoo; Chetty, 1997). This included 519 (55.5%) cases

in the <15 year age group.

Comparisons of EBV pOSitivity in adult cases of :tID from Algeria and France using in-sttu

hybl'idisation for EBB DNA and RNA, showed 72.% (n:;::25) and 33% (11=21) positivity

respectively, Positivity was more frequent in mixed cellularity than other subtypes. A st~ldy of

ItMexican adult population showed 35/50 (70%) ~)fHO)to be EeV positive (QUintanilla-Martinez

at al, 1995), with all histological subtypes being associated.
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There appears therefore to be fairly strong evidence supporting a role tor EBV in HD in the

paediatric age group, particularly <10 years. Whether this is subject to geographical or ethnic

variatlon, will require further investigation,

TABLE 20: GLOBAL COMPARISON OF flD VS BBV IN PAEDIATRIC AGE GROUP

Country Tl!chnhlul.) Agl.) ERV PositivI.)

UK. ISH !Ol' IIBHR. h4yl's 617 (85,7I)1u)
131'1I7il. mCtol'LMP·l 5.9yl's 18/20 (9()l}il)
Sliudi MlIllin or Southcrll blot 9·tSyl's 14/28 (SO%)

USA ISH LorImER <9Yl'S 417 (57%)
me Ibr LMP·l 10· I4yl's S!l8 (27,7%)

llllllUlll'llS c~9yl's 8/8 (lOO%)
100 14yl's 3/3 (100%)

Peru tsu i'm' ] (BliP.. 15yrs lS/20 (90%)
me Ior LMP· I

KeilYII lIlC 1'01'LMP·I <'16Y1'8 53/53 (l()O%)

Mulnysin ISnl(wmmn ':15YI'II [<IllS (93%)

USA me Jill' LMPol O·4Yl'S 3/3 (100%)
5·9Y1'8 8113 (61.5%)
lO·15Y1'8 6/28 (21.4%)

1---
Natnl ISH Ibt' EmiR <lOYI'll 3/4 (75%)

lllC for LMP ..1 11-15YI's 2/5 (40%)

C(ll)1)'('own ISII Ior HBHR <lSyJ's 32/47 (68%)
nrc fhl'LMP·l

1---
Hong Kong (Chitillso ISn lill' nm!R "~15yl's 415 (80%)
populntion)

Chilln ISO 1'01'lilmR <12yrs 4/4 (100I}f,)
UIe [(>1' t.Mp·l

tIK nrc ({n'I,NIP·] ~5Yl'S 2/5 (40%)
!).lOyt's 12/27 (4l1%)
10·1Syl's 23142 W!%)

UK !SIIIhl'lmBR Z·14yt's 3817'; (SO%)
Greece me lbr LMP·~ 2· 14YI'8 j.Ol22 (901)11)
301'd((11 3.11Yl'S 8/16 (50%)
Oui(l.ld Amh EllIh'lIlos 4.12J (S 6/to (6(JIYtI)
Irnn 3·12YI's 718 (88%)
llllypl :I·L5Yl'S 7/14 (50%)
SOlllhAIHen S·14yt's 9/18 (501XI)
AllstrnJin 4.1ilyrs IlliG (70%)
(:OSIlIRilJlI 2·13YI'H 34142 (81%,)
1<1.l1I)11I 2.15YI'I{ 56/56 (100%)

Armstrong I,!/ al, 1993

Ambiudc» et al, 1()93

Chullg e/ al, 1993

Wojlll'oh III ai, 199611~------------~-..........--~~~--~------~----.....----~-
Pelt al al; 1997

Alltil'll,o el al, 1997

B!ckho\), Cbelty 1(1)7

Sillcjl,llll'osmilh (!l (II,
1997

Chilli v/ al, 1995

Zhou et al, 1993

Woiul'ch 11/ al, 1992

Wciru'Ob Il,' al, 199Gb
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Other studies have suggested that paediatric cases of ED from developing countries have a much

higher incidence of EBV positivity than figures quoted for the USA and Europe. A study

comparing EEV positivity in paediatric !-ID in the United States. and Honduras, showed 111J1

(100%) of the Honduras cases to be BBV positive vs 9/25 (36%) from the United Stales

(Ambinder et al, 1993). 8/11 and 4/9 of these children from Honduras and USA respectively

were ~9 years of age. Recent work from Kenya (Weinreb et al, 1996a) quotes 100% BaV

positivity in childhood cases oHID. A report fi'0111 Peru of'a largely paediatric group quotes EBV

positivity in 94% of cases (Chang et at, 1993).

Investigators from the United States have now published findings of38.6% BaV positivity III 44

paediatric cases ofHD, These showed a striking age distribution: 3/3 Cases LMP~1 positive in ~4

yeats age group, 8/13 (61.5%) LMP~l positive in the 5~9 year group; and 21.4% LMP~l positive

in the 10~15 year old group (Andriko et al, 1997) (See Table 20).

It is of interest that Weinreb et al (1996b), quote an EBV positive rID prevalence of50% 1'01'

South Africa in the 5~14 year age group. A recent report from Natal showed only 519 (55%) of

cases ofHD in the <15 year age group to be positive (Biokhoo; Chetty; 1997),

A report from Cape Town also showed a somewhat lower prevalence ofBBB in childhood HD

than was noted in our series (Slnclair et (II, 1997), 32/47 (68%) of cases ofpaediatl'ic!-tD were

EBB positive, with a racial distribution ot: 18/24 (75%) Mixed Race, 10/15 (67%) Black, 4/8

(50%) White. Similarly to ow' :findings there was a trend fot' the mixed cellularity oases to be

positive (4/5) when compared with the nodular sclerosis (28/42).
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Data from the South African National Cancer Registry in 1988 (Sitas, 1992) in fact suggests that

the overall frequency of HD is lower in Blacks of all ages, than in Whites. This may however,

represent underreporting of oases, particularly from rural areas, where access to health care is

limited.

Hospital based registries and studies from other African countries, including Zambia and

Zimbabwe, suggest that the Type 1 epidemiological pattern predominates in these countries.

(Emmanuel; Gelfand, 1975; Naik; Bhagwandeen, 1976).

5.2 PREVALENCE OF EDV IN HODGl<:IN'S DISEASE AT BARAGWANATH

AND ,JOHANNESBURG GENERAL HOSPITALS

In our series the overall prevalence ofEBV positivity assessed by immunchistochemical detection

ofLMP~l in lID (52%) and its association with histological SUbtype (77.7% mixed cellularity

subtype BJ3V positive ..31% nodular sclerosis subtype EJ3V positive) is similar to that reported for

Burope and North America,

The prevalence ofEJ3V was striking in the paediatric subgroup (10/13 black, 212 white and 1/1

Asian paediatric cases were EBV positlve ~81% overall). Except foJ' one child, all were <10 YClarS

of age, supporting Armstrong's findings that HD in this age group was particularly likely to be

EBV positive. (Armstrong, et al, 1993). This latter study included 55 cases ot'paediatricHD

lrom the United Kingdom, Brazil and Saudi Arabia and showed no significant difference in EBV

positivity by country.
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Although incidence rates cannot be calculated from this information the occurence of HD and

predominance of mixed cellularity subtype among black paediatric patients, suggests that this

group may fit the Type 1 epidemiolol;,ricalpattern frequently noted in developing coutries (viz-high

rates in children and predominance of histological subtypes associated with poor prognosis)

(Jarrett,1992). It is difficult to comment whether the Black adult group comply to the expected

low rate of HD in older age groups, usually noted in this pattern. Certainly within our groups

these appear to be a significant number of patients (21/43) representing the 15...29 years age group

which is 110t expected in a Type 1 epidemiological pattern.

Although no comment is possible regarding the incidence rate, white paediatric cases are reported,

but these differ fi'0111 the Black paediatric group in being predominantly of the nodular sclerosis

subtype. 25171 White adult patients fall into the 1$~29 year age group. Although Whites are

tradionally regarded as a higher socio-economic group in South Africa, OUI' limited analysis does

not show that the White patient group to fitting' the classic Type III epidemiological pattern

associated with developed countries (viz young adult peak, favourable prognostic histological

subtype. with a second peak In older age groups). Again, this may represent bias in population

groups presenting to government hospitals or may reflect bias introduced by only looking at a

small portion of the total patient group.

There were insufflcient Asian cases to comment 011 epldermlologica] patterns.
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5.0 DISCUSSION

5.1 EPIDEMIOLOGY

Our data from Z centres, suggests that the average age of Black (n::.: 40) and White (n:;14)

paediatric patients with HD was very similar (8 years and 6 months vs 9 years and 11 months),

The few Asian children in the study (n=S), had a slightly older average age of 10 years and 7

months. Mixed cellularity subtype was more COll11U01"', amongst Black children than White children

(55% vs 28.5%), whilst nodular sclerosis HD was the predominant subtype noted in White

children (71.4% vs 32.5% in the Black paediatric population). The Black paediatric group

conformed to the expected increase in male.femnle ratio, while the White paediatric group showed

a 1:1 ratio. The latter is probably related to the predominance of nodular sclerosis subtype in this

group.

In the adult group, both black and white patients showed the expected 1: 1 male.female ratio, and

nodular sclerosis HD was the commonest histological subtype in both groups (58% in blacks,

53.5% in whites). White patients tended to present at an older average age than Black patients

(41 years and 6 months vs 32 years and 7 months).

This data obviously only represents a proportion of the flO seen in South At1'lca. In addition, lack

of access to health care, recognition of oncology units as referral centres, particular

subpopulations presenting to government hospitals rather than private oncology units etc.

introduce bias into the data.
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TABl,E 19: AGE DIS1lUBUTION OF ADULT PA'l'lENTS DIAGNOSED AS IIAVlING

lIODGKlN"S DISEASE AT THE BARAGWANATH AND

JOHANNESBURG GENERAL HOSPITALS FROM JANUARY 1989 TO

DECEMBER 1993

NUMBER OF PATffiNTS

Age Black Ethnic Group White Ethnic Group

15-20yr 4 11 -
20-24yr 6 6

25-29yr 12 8
30-34yr 7 10-
35-39yr 4 3

40-44yr 2 5

45-49yr 3 6

50-54yr 2 4

55-59yr 1 1

60-G4y!" 1 3

65-69yr 1 4

70-74yr - 2-
>:75yr - 6

TOTAL 43 71
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TABLE 18: AGE DISTRIBUT!ON OF PAEDIATRIC PATIENTS DIAGNOSED AS

HAVING HODGKIN'S DISEASE AT TIlE BARAGWANATH AND

JOHANNESBURG GENERAL lJOSPlTAl,s FROM JANUARY 1989 TO

DECEMBER 1993

NUMBER OF PATIENTS

4-4yr l!m

S-5yr 11111

2

Age Black Ethnic Group White Ethnic Group Asian Ftlmic Grolll)r-----------~+--------------;_------------_+---
O·lyr 11m

2-2yr 11m

3-3yr 11m

lO-lOyr II 111

8

3

5

3

5

3

4

3 2 3

3 3

40 14 5

6·6yr 11m

7-7yr 11m

8-8yr 11m

9·9yr1ltn

l l-l.lyr 11m

12-12y 11m

13·13y 11m

14·,15yr 11m

TOTAl.
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s,o CONCI"tJSION:

This study of 61·patients with HD at the Baragwanath and Johannesburg Hospitals has shown the

following;

The prevalence ofEBV positive RD, using imrnunohlstocliemlcal detection ofLMP-l and in situ

hybridisation fbr detection of EBERs is 52%, which is similar to figures quoted for Burope and

North America.

BBV positivity shows a strong association with mixed cellularity subtype.

Children ~ 10 yeats crase. show a particularly high prevalence ofEBV positive HD.

There does no: ppear to be any lnreractlon between LMP"l and bcl-z expression.

\l'1ough the actual incidence onID was not determined, tho Black paediatric population appeal'

to approximate the Type 1 pattern noted in developing countries. The White population show

some features of the type 1lI Epidemiological pattern of developed countries. but Is probably an

intermediate pattern,

In this study, there is very poor agreement between morphological nsseesrnent ot' Apoptotic Index

on H &, 1~and lmmunohlatochemlcnl detection with Apop'Ing (OncOI'USA).
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Both methods showed no statistically significant difference in Apoptotic Index between LMp·l

positive and LMP·l negative cases. This may suggest that LMP ..1 is acting by increasing

proliferation rather than inhibiting apoptosls, but could equally be attributed to the small number

of cases. An unsatisfactory absence of a statistically significant difference in Apoptotic Index.

betweer; bcl-2 positive and bel..2 negative cases, was also noted 011 both methods, (melis probably

related to small case numbers.

Although on morphologioal assessment mummified cells appear to be more prominent in certain

histological subtypes, again neither method, showed any significant diflel'cncc in Apoptotic Index

between histological subtype,
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5.5 APOPTOSIS:

Although historically "malignancy" has been associated with increased cell prollferatlon, the role

of anti ...apcptotic events in tumourigenesis is becoming increasingly recognised, Speculation

regarding the role ofEBV in 11D has tended to concentrate on its anti ...apoptotic characterlstlcs

rather than its more obvious proliferative effects.

Investigators from Cape Town (Close et aI, 1994) examined apopto:;is, using ApopTag,

proliferatlon Indices and expression ofp53 and bc1·2 in Reed-Sternberg/Mononuclear varia11t cells.

They found a slight inverse correlation between Apoptotic Index and proliferation indices, and

identified a.subset of cases with a high percentage of cycling cells, relatively low Apoptotic Index

and expression of pS3 and/or bcl~2. These findings were 110t related to E.BV LMP-l or EBER

expression. This study showed great inter-case variability In Apoptotic Index. This was confirmed

in the present study; which also showed poor agreement between the two methods used to assess

Apoptotic Index viz morphelogical assessment of murnmlfled cells on H &. E, and ApopTag

CONCOR USA), ThIs obviously raises questions regarding out' ability to recognise apoptotic cells

on H & E, and whether mummified cells ttl e truly apoptotic.

The results shewed 110 obvious trends but appeared to be random (i.e. Apoptotic Index wa« not

cOl1sistantly higher or lowe I' in one or other method). Although care was taken in trying to assess

the same fields on each method (especially as they shared a cornmon debomlnator as ascertained

011 H &, E), this may not have been exact, and itt view or'the enormous Inter-area vadability

regarding mummified cells, could have been Itmajor contributing factor to th~ 1'0(>1'agreement

between methods.
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Figure 24: Evolution of .Epstcill.nlll'l· Vh'l$ !>ositivefind m:gntivc Hodgldn's Discllse
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(similar to Burkitt's Lymphoma), rather than being the "final event" as it appears to be in Post

transplant Bxcell lymphoprcliferative disorders.

Several authors interpret the findings of both EBV positive and EBV negative cases ofHD, as

support for MacMahan's "Multiple Aetiology Hypothesis" viz that HD is a grouping of at least

3 entities probably with quite distinct aetiologies.

Another senario may also be plausible: it is possible that all cases oHIO are initially associated

with EBV. EBV would cause initial cell proliferation, but eventually the cells would develop

another mutation which would confer on it a growth advantage independent of the presence of

EBB. It is also possible (although it has not been described) that during cell division, unequal

sharing ofEBV episomes, may render such a cell BBV negative while still retaining its growth

advantage, giving rise to apparently EBV negative BD.

The above process would still retain some BEV positive malignant cells: in humuno-competent

individuals, LMP-l expressed by these cells would be recognised as a target by cytotoxic T cells

and removed, .However, in chlldren, and individuals with impaired immunity (age or nutrition

related, or possibly related to other co-existing infections) the above events would be less efficient,

leading to n higher inciden, of EBV positive lID in children, HIV positive patients and

developing countries (see Figure 24),

If facial differences are found to exist this could be possibly be ascribed to different HLA types

favouring different viral epitopes.
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alternatively that single base mutations occuring in a promotor/enhancer region could affect LMP~

1 expression/effects in the absence of the 30bp deletion (eg by interfering with phosphorylation

sites). These mutations could also act by rendering the strain non-immunogenic.

It is not only the pathogenetic role ofEBV in RD that continues to frustrate investigarors world-

wide. Explanat'ons (and often concensus) on the epidemiological patterns ofEaV positivity also

remain elusive. Overall, it appeal's that Europe, North America, and now South Africa show

prevalences ofEaV positivity in HD of ""40~SO%,with a strong association with mixed cellularity

subtype.

Adults in developing count ties (including Mexico L!.d Algeria) appear to have a higher prevalence

of EBV positive RD, with at least one study showing strong associations with all histologic

subtypes.

There seems to be emerging consensus that paediatric RD, particularly in the s 10 year age group,

has a strong association with EBV. Some studies suggest that this prevalence is higher in

developing than developed countries.

The lower prevalence of adult EBV positive HD in developed countries, as well as the weak

association (N30%) between EBV positivity and nodular sclerosis subtype, which is found

predominantly in young adults in these countries, argues strongly against the "Delayed Exposure

Hypothesis" that development onTO is related to late infection with EaV.

It is possible that EBV's role in!-ID is part of a multistep process of malignant transformation

94



The role ofLlV1P~l in the cell is ambiguous. Although it is responsible for Bscoll transformation,

its expression on the surface of the cell also makes it a target for cytotoxic T cell leading to cell

destruction. It is interesting that at least two of'the proposed pathogenetic roles for EBV in ED

probably represent viral attempts to avoid destruction by the immune system viz, the above

possible anti-apoptotic activity, and the production of an Interleukin-l 0 homologue and TNF P

which inhibit cytotoxic T cells.

A naturally occuring variant ofLMP·l In been described in some cases ofEBV positive HD

(Sandvej et al, 1994; Bellas et al, 1996), This variant is the result ofa 30bp deletion in the

carboxy terminal end of the LMP·l gene. It has been described in "ordinary I-ID", and in one

study, showed a particularly high prevalence in lIIV associated ED (Bellas et al; 1996). The

deletion appears to be associated with histologically aggressive behaviour (as implicd by a high

frequency of neoplastic cells). Rather than affecting interactions with the Tumour Necrosis Factor

Receptorpathways, this deletion occurs in a region ofLMP~.ll'equired for rapid protein turnover

and may act to prolong the half- life of the protein, leading to accumulation within the cell.

This BBV strain (CAO-BNLFl) was initially identified in the nude mouse-propagated Chinese

Nasopharyngeal Carcinoma CAO cell line. The CAO-BNLF-l gene was suown t,) have a 30bp

deletion and 7 single base mutations, and according to tumorlgenooity studies on scm and nude

mice, was more tumorigenic than the LMP·l protein encoded by the B95.8 Eav strain. It should

be noted however, that the 30bp deletion and 6 of7 single base rtllltatio!'ls were found in 3/9 of

tonsils of acute lnfecious mononucleosis in Denmark and therefore also occur ill non~ma1ignant

states. Snndvej at al (1994) suggest that the 30bp deletion and single base mutations may arise

independently and that the single base mutations could modify the effects of the deletion, or
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