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_._2)

NO norrelaticn _-Beiween LMP-1 and bc._'.'l-'z__' expression was demonstrated. - -

No s:gmﬁcant dlﬁ‘arence in Apoptonc Index between LMP-1 (-l-ve or -ve}, Bol-z (+ve _

. or ey or histological subtypes could be demonstmted

= A retrospcchve epidennologieal study of panents presentmg to these hospitals with g .
diagnosxs of Hodgkm 5 dlsease, over the 5 year time pnrmd was also conducted

] (n='1'?5) This mcluded patients mwhom archival ussue wag not avallable These were

ana[ysed according io age, race, sex and hlstologtca.l subtype usmg data from reie ent o

- patient ﬁles

Bla_ck, White and_.}ﬁ__si.an. éhildrén (515 years of nge) showed a sﬁnil&r average age of :

presentation (average: 9y 7m). Only the Black paediatfio group showed the'_expectad' )

. increased -ﬁxale:i‘emale vatio. Mixed cellularity sublype was commonest in the Black

" paediatric group, while White ﬁaediaiiric.casqs were prieclomin.antly nﬁd'ula.r_ sclerosis

e subtype Irz Adlarvchildren 3/5 and 2/5 'daseé'Weré mixed aéllu_l'arity and nodular: L

o sclerosis subtype respectively.

' Both Black and Whnte adults presautecl predominsmtly wnth nodular sclsrosns _
: IIodgkm i3 disease. Both uoups showed a male female ratio of » 1:1; Whlte adults

. 'presented ata slightly older avemge 88 (4Iyr 6m v 32yr 7). One As:an adull. case .

weg of nodular selerosis subtype

Y



The aissociatién- between Epstein-Batr Virus (EBV) and Hodgkin’s ciiseaSe,'ilas :prcimpted o

: numercus studres over 1he last decade: Earhel reports from Europe and North America _

' indlcated a prevale.nce of EBY positwa Hodgkm 5 dlsease of aroumd 40«50%, especiaﬁy w1t11 B
o .'rmxed cellulanty subtype Recently the prevalence of EBY in Hodgkm s digease. In deve!opmg _ )

| : -':countues was found to be iugher No data had been pubhshed fom South Afnca, where, for

" historical reasons dlstmct rac:al commumtses exist.

Ty

The prevalence ofEIW in Hodgkm 8 dlsease in 61 paediatric and aduit. patxents at the |

Baragwanath and Johaunesburg Hospﬂals overa s yraar petiod (1 939~1993), was

_ mvest:gated using immunohistochemistry and & .wm hybﬂdlsatlon

" _f-lmmunohxstochemistry for bol2 was also performed smce upregulauon of bcl«Z by
- EBV Latent Membrane Proteln (LMP-I) had prevnously been postuiated as EBV’
pathogenenc tole in Hodgkin's dtsease These findings were then related to Apuptmm - o

- _ : Index, usmg morphoiogmal assessment, and in-situ end labelimg of‘iragmented DN&

* We'found an overall pxé\mleuce bf__E_]_av_positive Hodgkfn’s disease of 52%, similar to
thyy repofted in Burope and North Americe; and cotifirmed a strong assootation with _

. mixed celiularity éuﬁt’ype | -Childi’én <10 yéars of age shawed a-phrtiéularly'lﬁgh :

prevalenca of EBV posxtwe Hadger 8 dlseasa (81%), Wlth the following rama[

- dlstrlbtltlon 10/ i3 {76. 9%) Black, 2/2 White, 1/1 Asian, 11/23 (47 8%) Black and 8!22 -

- (36.3%) White aclult CASES were posmve {‘or EBYV,

1
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' The fact that i vitro EBV induced growth transformation of any B sell is associated with Type
10 Latency gens expression, suggests tat the co-ordinate action of multiple virus latent proteing

ate required for growth transfotmation.

“Exactly what determines the pattern of gone exprassion in & given cell is uncertain, although cefl
transeriptional factors probably play a role. Different growth cr,im_i_itidns may also Influence |

 differentiel activity of different proimoters (Sinolair et af, 1994a).

- Sorhe cells seem to switch between latency k¥pes. Burkitt 'Iym,:u uma célls shdw a eharacteﬁstic o
Latenoy 1 gene expressxon on initial culture in vitre o, but may switch to Typa 3441 Latency genc

'_ expression on serial passage (Rowe et di, 1987)

| ~ Reverse transoriptase PCR has sl_iown_ that in healthy persons, 2 éubpo'pulation _ofBB-V;infeéted -
; pm;plieml biood B lymphocytes, show Type I Iafa11ey gene expression (Chen ef df 19'95)' As
'-cel!ular and I1umoral responges to the full spectrum oflatent pt oteins are stubiy mamtalned some

- 'swltching to Latency IIT mwst also ocour (Murrv et al, 199..41)

183 Virnl Gene Expresslon in. Lntenc Infaction _ _ __
EBNA 5 and EBNA 2are the firgt viral protems uxpressed i B lvmphonyte infection, EBNA 2 “
| .m torn, trtmsaetivates ¢elt genes (CD21 and CD23) ilIId vi_ral genes, -inalud_ing LMP-»I and LMP-2,
CD23 in ts fulllengt s @ B cell growth fuotor receptor, and in its truncated form s &3 cell
growth factor. Thus, up regulation of CD23 results in 4 autocrine growt]u laop. .LMI’-I_ lend_s to
_ expression of & nufnber of cell adheston and activation molecules including L¥A. 1, IFA 3, ICAM-
1, cpzi, cna and CD44 (see Figuré 3). Coll DNA '.sy.nthesis follows LMB-1 exprassidn. |

10



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

- derogulation ofthe c-mye oncogene, eliminates the need for expression of numerous BBV latent -

genes W‘tth grthh miﬁsfonﬁin’g potential, Recent work has suggested that efficient ekpre'ssion
- of L-fn_yc trom cartam Burkitt Lymphoma derwed c-nmﬂmunoglohulin gene ﬁzsiuns, may be

EBNA 1 dependent (Mag,rath et al; 1992).

| Lafenby Itis fbi.md in HID and Nasopharyngeal carcinoma, and is 'charactérise'd_ by _expr_essioﬁ of. |

B L - TheBBER’s. | | __ -

| 2 ._ EBNA i nﬁiNA_u_stng the FQp pif_nmoier (as in Lateticy 1),
3 LMl andlor Lw—-zA'eiﬁdfor-Lm—ziB mRNAS,

4. Bham HIA transoripts.

o _It is mterestmg that the levels o{'LMP 1 found in Reed-Stt:rnberg cells ars normnlly toxie to ce!ls.

; _ suggestmg that Reed-Stemberg pells are unusually tolerant.

. . Typa III Latency Is noted in Iymphoblastoid cell l{nes s weII as Post tmnsplant B-cell“'."
B Iymphoh{‘emtwe dwmdexs Ttis clmmcterlsed hy expwssion oi’all the latency genes vir |
L EBER

2 -.._'.EBNAs 16,
3. LMP-1, LMP-2A and LMP-28.

4. Bham H1A transcripts.



U\ 'jj' 1 23456 /] /

L;mphoblastuid -
- cellines, N
Posttransplant = |
: Iymphoprod erativa 1o
' dtsorderS. o

Burkiit's
Lymphoma

~ Hodgkin's Disease
NasopharyngaaICarclnoma

1 Ii'lgum b Epsmin-l!m‘r Vitus Lnlency ’l‘ypes 1, Hand lII. (Adapt&d frony Joske v :
Kristch, 1993), o

. Lauencii is the most limitéii expresgion of BBV genes yet known, Tt was fﬁrst desoribed in EBV' o

- posn‘.we Burkitt lwnphoma cells, but oan alao be reproduced by msmg lymphohlastoid cell lineg

T thh certam EBV negatwe lmemopoietic caII fings.

~The essenital chéfaot’eri'st'ics of Latency 1 are:

o, .Expr'esaibnlo{’EBER’

N 2 'Transcdptlon ofEBNA L with activation oftha FQp promotel and sllencing ot‘the Cp

_' - Wp pmmoter which Iy active in Latency III

- .Abmgatlon of LMP-1, 2A and 2B expmssion through sxlenctng ot‘tha LMP pwmoters o



'I"hese pa»tems lnclude expressmn of some or all o{‘ the foliowmg

Lo

’I’wo EBER's or EBV gncoded RNNs Stoll, nonpolyadanylated noncodmz, trauscripts '_

o '_ 'I‘hese are expressed in abundance, Approxxmate]y 10° per smgle vural copy (Clemens,

- 1993) Their ﬁmctton in EBV mf‘ectmn remaing to be blarlﬁed

6 E_B_V h[ﬁc’learAntigerm -(EB'NAs) eﬁco‘dlng mRNA'S ekpreséed from either the Wy, Cp

' or FQp promoter The mdwidual mRNA's encodmg EBNA‘s 1-6 are genemted f‘rom -

| _ long pr:mary tmnsoripts by differemml splicing (Woisetsuhlaeger of a! 1989). .
BBNA 2 is a transactivator of‘ vn'al and cell gene prn:;lucts, and is essantial for |

- 'transfolmatnan EBNAs 3 and 6 are also thou&ht to be essential for virus medratacl

growth transformation

' fnPNA‘s '.enboding the virus Latent Membrane Proteins; LM-I_%I, LMP-2A and LMP-2B. ;
- LW-’»:EB répresieﬁts '.mt Netetminal deleted form df‘LMi’-ZA, The same prdmdtér i'égi'ohi-

whlnh controls wcpresslon of the lenward runmng predomm&nt LMP-1 transcript, also '
B controls tlmt of the rightward runnmg MP-:B mRNA The more almndant ]_,Mp 2A _
':_ "mRNA is expressed ﬂ'om another pmmuter (Lnux em! 1989) LMP-] is essential for '_ ..

| '_ Blymphocyte growth transibnnatmn (Kaye et c:l 3993}

A complex famlly of-s'pliced. po_iyadenylatqd Bam H1A RNA;, tis uncortain whether -

- these mRNAs are ever i;_ranslated (Smith ef o, 1993),



synthesis of RNA, exp'ression of activation and adhesion riolecules and'.secretic_m of

 immunoglobulin.

Tnitial data co'ﬁceming tﬁe' initial growth requiremenﬁ1 for !':?-w'tra EBV infected cells (viz high c

o :_ serum concentratlon, feeder layets, cell density) suggeats tlmt these cells produce and are g

dependent on autostlmulatory substanees to promote cell gruwth W'th contmued celi_ o

o prohf‘erat!on these growth requiremants dimmish

. The initial growth r.e'quiremmis of EBY Infected cells ate similar to those of B lyrphocytes

. _stimtxlated to prolifdrﬁte by antigen or cytdkinés However, in B lyinphudyteS- stimulated to

proliﬁamta f‘or a short t:me n vine by polyclonal B cell activators, EBV transfbrmed B '

S _' lymphooytes prohferate indeﬂnitely in cell culture (Kieﬂ‘ 1996)

RECE Lnt#nqy Types I, I and HI | _ o -
: EBV latent mt‘ectmn is dlvlded into 3 types, determmed hy characterlstnc patterns ol‘latent gene
: _. expression Bach t}qae oflatency is intum fourld in apemﬁc condttions (see Flgurs 2) EBV does
| not encnde an- RNA polymerasa ancl uses host RNA polymerase II t‘or transcription of v;ral.

mMRNAS. - -



o 'Evidehcé 'sug:ge's'"t's'jthat_cdn’_timied epitheltaf 'int’ectibn'(mauifhst as 1ifglqn'g-vfral_shedding) may. |

' __' depend on_.seedihg.ﬂ'dm the lyt_ﬁphoid résﬁf\?oir (Grataina et al, 1988), The virus carryi_ﬁigs t_:eil_'_ o

~ pool appears tobe gehemlised throughout the Body In siti hybtidisatimt ufl'ymphoid. tiséﬁe with

| IEBBR speciﬁc probes, shaws that BBV cnnymg cells tend to be locahsed in extra f‘olhcu]ar areas' )

o (Nledcbitekeml 1992)

. In w‘tra, thase Iatmtly mfected B lymphocytes w:li either prohferata into long term lymphnblastold :

cell Imes or will undergo mit:al thc mt‘ectmn Vtrus 1eleased f‘ram the lytlo infectton will then n

' 'tr.ansfonn othar pnmary B_ iymphocytes In the culture (Kieff, 1996).

.5.1 Lntent Imectlolt

_ In latent infecuon EBV penetrates the cell and remains present etther as mrcular episomal DNA o

- (fomted through ﬁmon of the tetminal tepeats)-or, much less frequently, as Imear DNA integrated o

’ into the host DNA Duiring m:toms, these eplsomes Which are presolit i thc host cell in low copy R

'number. are copled by host cell DNA polymel ase and passetl o daughter uells Latent EBV '

o _mt'ection oi‘B lymphooytes is assocmted wath an-ordered sequence of virug latent gene axpressmn o |

-_'_and rasults m contmuous cell prohfbratson The standard modal of latent EBV mt‘ection is '

. provtdad by in vitro usmsformed Iymphoblastond cell lines

D 21 is the receptor for the c3d component of complemant HBY binds 10 CDZI of the B _

' lymphooyte cell sutfhce via the major EBV outer envalope glycaprotein gp 3'~0f220 (Frude ef m’ T

: ;98_5). It ts- t_hought that an eatly _event in EBV mfecuon,_posstbly CD2) engagem_ent, may '

" notivate the B lymphocyto before viral DNA transoription. ‘This results in enlargoment of the cell,



™ e

N

o

o

o

o
-
3=
.D )
—

N

]

-

&

o

—

=~

N

Figure 1 Epstein-iﬂarr V:rus genome nrgamsaiion (adapted from Tusnto 1995)
- A schematic ropresontation of linear EBY DNA showing the gnnaral :
. orpanigation in a series nnique (Uls US), internal repeat (IRI JR4Y mul
. tarmmal rapeat (TR) dumnms _

V- _vir:_il'.inl'ecﬁon_- | _
" Two forms of celhlar infection are recognised : latent and iyti'cflféplicﬂfiVe- T primary EBY

L infaction,mfectlon of the orophacyngeat épith_eli'a'l ._ce"lls, and ép{thelial.'cellis fining the parotid duot, -

. resls i vial replication and relense of infectious viral partices. Viral shedding s sustaned for

mnnths aﬁer 1mt1ai mtéoton, then gradually dirmmshes, but is never completely clumnated’ '

” (‘\/Iorgan efal, 1979 Sixbey et l, 1983; Sixhey et al, 1984). Immunocompromised individuals -

- show higher rates of viral shndding (Sumaya el 19863 It is unclear whather mucosal o

' _eplthehum is the pnrnary target Tor infection. by orally transnutted virus or whether ll'litlal | '

" _ampliﬁcatmn in loca]ly mﬂltratmg B lymphouytes iy reqmrad

| ] From its initial slte of 1eplicat1on in the oropharynx, EBV them ini’ects pelipheml blood B )

| '-’lymphocytes During acute mf‘ectnon, at least 1 in 104 c1rnulatingB lymphuuytes Is mfbcted with_; o

" EBY, _thase.numbers diminish- with time, but heaithy EBV sero-positive tndividuals :stll_l carry
"~ approximataly 1 in 10* BBV infected peripheral blood B Iymphocytes '(Rocchi' o al, 1977). |
_Int‘actmn ol‘the B lymphocytes is predominantly lutent, although some calls roust at tunes ba .' '

parmissive for viral repheation



) 13 Vlml Structure _ | |
- Similarly to: other herpes v1ruses, BBV eonsmts of a protein core surrounded by DNA an -

: mosahedml capsid and an outer anvelope Wlth external glyeoprotmn spikes A protein tegument -

s f‘ound betWeen the nucleocapslde and the envelope The most abundant EBV envelopa and o |

S tegument prctems are '%50!220 and 152kd laspectwely (K:eﬂ’ 1996}

14 ‘Genome Structure '

o _ _Tha EBV genome is alinear, doubia stmndeﬁ molecula of approxunately 172 000 bp. A var]abla- : |

| 5 number of‘reiterated terminal ropeats are sltuated at each end and relterated intemal repeats di\nde - o

' the_ genome i_nm short and long unique sequence domains, (Se_e Figure . -

: When EBV estabhshas a latent infectlon ina proliferatmg oall the termmal repeats ﬁJse to ﬂ:rm o

. oan extm-chromosomai epmome “The puimber of terminal rapeats IS charactenstm of that ce11 and .

E '_wﬂl be ccp;ed by host cell DNA pnlymema and passet to daughter cells durmg mxtoms Tlus "

o provides a tMeans ofidenuﬁnng monoclana! EBV in g coll population, as all progeny rlenved frcun :

R cellwtth a characteﬁstic singie wrai ﬂJsicn event, wﬂl have the same number of termmal repeats'_ - S

-_:.on restrictinn ﬁ'agment Iength analysm (Raab-sTraub Flynn, 1986)

| ) The g,eﬁo:r'n.e_ enccide_s.'_an_'es.timagea ._10'0 g_enes,-bt_l"_c comiplicated diﬂ'éréﬂ__tial sp_lié_ihg of_‘RﬁTA _'

' trangoripts may result in production of many more proteins, (Kief Lichowitz, 1991),



o '"(I-Ienle 'er'a!'-'iésg)' In cdtitrast if the ﬁSA- and -We’stern El‘irdpe,fprimary EBV-inféc{ibn may
be delayed untii adolescence or adulthood somatlmes resultmg 1n the clmzcal syndrome of-

: mfectmus mononucleosis (I-Ienle et m' 1968 and 1970)

1z | Clnssiﬁcatmn of EBV ) _ _ |
'-_EBV is amember of the gamaherpes virus subfamily which mcludes both the Iynwhocryprovims- -
ancl rhadmavmm genera Humans are the exoluswe natural host for EBV (the prototype
_ '_iymphocmurovb us), while close.ly related Iymphocryptomruses infeot other olcl world pnmate
: -specxes Gamma herpés viruses estabhsh latent mfectlon in Iymphocytes and are associated w1th |

'c_el_l pronferatlon (Kieff, 1996).

o Twu stmns ofBBV (Type 1 and 2) circulate in human populations They diﬁ‘er structurally mthe |

o sequences of some ofthe latent viral genes (EBNA’s 2 3, 4 8; and to a lesser extent EBNAS) ancl :

'_biologmally in their abllity to immortalize B cells (R.ickmson ef al, 198’?‘ Sxxbey et al 1989)
 The genetic d1ﬁ‘erences between EBV Type I and 2 are reflected 1 ype cnmmon and type specxﬁc o
o epitopes for anttbody (Ruwe 1989). - o

'EBV 1 appears to be more oommon in developed someties, and most EBV nnmune sera from o

| these oonunumties react preferenually or exolusnvely EBV 1 EBNA genes.. Sem ﬁ-mn Aﬂican |

o : mbjects show reaonmw to EBV 1 and 2 epitopes in more equal proportlons (Zimber ef al, 1986;

' --Snxbay et al; 1989} Although EBV 2 DNA can frequently be datected from oropharyngeal .

" B sacreuons in davelc)ped countries, recovery of EBV 2 from perxpharal blood samples in these o
countnes is unusual This may reflect the less aggresswe growth of EBV e mﬁ:otect lymphocytes i
in vm'o (Z.imber et al 1986 Young ¢tal, 198‘?)
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‘10 INTRODUCTION

_ 11 Histm'y ol‘llpstelmBarr Vnrus 2

Much of the interest m Epstem—Barr Vln.ls (BBV) is fuelled by the virus s assomatmn Wlth-' c

g Tmahgnancy Initially dlscovared in cultured lymphoblasts fmm samples of Afrman Burkitt s'- '

| -lymphm’% EBV lias subsequently been shown to be linked with a rafige oftumours, including

) .Post transplant B—cell lymphoprohferatlve disorders, Nasopharyng,eal Carcmoma (uspczmally in -

L Aﬁ'lca sind Chma,) and Hndgkm’s disease (HD)

- Des;ute serologlcal and molec:ular evidence of an association between EBV and I-ID the exact ole

' of EBV in the azt:ology ofHD remains to be clarified. Patterns of v:ral latent gene expressiou o

c | d:ﬂ’er betWeen tumaur type,s In.mallgnanmes such as HI) where EBV expresses only 1 lumted S

- subset of 1atency genes, it i hkely that BBV is just a eontnbutmg factor in the mallgnant procass '_ - :

' On the nther hand in Post transplmlt B—cell lymphoprohferatwe dxsordera, w:th a w1der latency

gena mtpresSwn, EBV is likely to be the sole dnvmg foroe behind mahgnant prohf‘eranon of cells

o - Dems Burlutt, 8 nmssmnary doctor working bn Eagt Airica inthe 1950‘5, pmtulated the rnle of an S

" ) mfectnous agent it the aetiology of‘ Burkxtt’s lymphoma Burkitt sent ﬂ-esh tumour blopstes to -

o Touy Epsbem in London for sereenmg ofvirus particles usmg electmn mlcmscopy ‘No vims coulcl |

 be demanstmted in treshly exoxsed tumour biopsxes, but Herpes wms lnke parncles were- :

- "subsequently identiﬁed in cultured cell lines (Rickinson and Kieff, 1996)

- _S_ubz}ceqﬁent serdepide_miologidal' studies shdwed EBY to b.é widespread in human pnpulatidn_s-, i
with most adults having antibodies to the virus (Henle e o, 1969). In developing communities, |
" pritary EBV infection is usually an asymptomatic avent, cecurring within the first 3 ._ye_éfs of_l_if_é,

1



CCHIV
- HLA

o LIST OF ABBREVIATIONS
 ANOVA - |
¢ EBY

“ Analysis of variance
DNA . ~. * Deoxyribonucleic Acid .
~ - Epstein-Barr Virus
"EBER - - EBYV Encoded RNA
EBNA © -, HBV Nuclear Antigen
HD - .«  Hodgkin’s Disease
HHV—G - Human Herpes-Virus 6
-~ - Human Immunodeficiency Virus
- - Human Leucocyte Antigen -~
S mHe - - Immunohlstochemlstry
CUISH - In-sity hydridisation
. LMP. - Latent Membrane Protein
“PCR = Polymerase Chain Reaction -
t-PCR - Reverse Transcriptase Polymerase Chain Raactmn
- RNA - . Ribonucleic Acid -~ :
Tde - Terminal depxynucleotidyl franferase

‘Tumor Necrosis Factor Receptor Associated Factor |

X
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172 Immunohistocllemistry
This technique uses fabelled monoclonl annbodies {0 stain individual cells for the presence of‘wral :

‘proteins. The ability to localiso the \m'al_ product is obviously an advantage. In addition parafﬁn-
embedded tissue, even several years old eun be used for immunohistochemistry (Pallesen ot o,

1991). The commonest antibody is direoted againgt LMP-1.

173 In-situ Hybrudisation _
In sitn hybrldlsatxon also has the advantage of precise localisation of EBV within the cell. The :
- technjqu'e uses lablled mucleic acid probes to bind to compleiientary viral DNA or RNA a.ml can

be petformed on frozen or formalin fixed paraffin enihéddéd' sections (Klian ef af, _ 1-992)_.

Although viral INA was the initlal target, the abundance of EBER. transoripts ¢ 10%10¢ copies - |

of EBEI_{ for every BBV genome) makes the signal to toise ratio more fhvourable despite the = .

'fala_ti_v_e instabiﬁty 'of_RNA... The probes do not need to be radlosctive for EBER. Another n
- advantage ofpmbingfdr EBER i that pufely’ -'lytic infections are not detected {Gilligan et cfl’, :
1990). | | o

Chicamosome in situ hybridisation using floresceinpted probes ta viral DNA can _t_:;a_us__éd_ toidentlly -

the extremmely ware event of integration Into host -oh'mmosb_ma'l_DNA {Gulley ez_d.f, 1992). This Is

of little practical relovance, .

1.74. l’olymerase Clmm Reaction

PCR amplification of viral DNA oan be performed on pamﬁ'm seetxons ancl ﬁne needie aspsratlons -

PCR of viral DNA hag two mgjor disadvantagies: viz that it is almo_st zoq sensifive and .l_qea_ligzatmn S

of the EBV product iy not possible, With o s_a_né.itivity of'-'l_-_ o'r:_z.t.m.‘ge.t DNA:sqqueﬁéeé-_ip o :
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- FIGURE 4. ; SOUﬁ{ERN BLOT ANALYS1S OF EPSTEINaBA-RR V_IRUS DNA |
STRUCTURE (adapted from Gulley, Raab-Traub 1993)

B Thls teulunque is based on varying nummbers of termmaI repeat sequences (liateh marks) at the encl .

of finear viral DNA whon digested with restrlotmn enzymes, elecrmphoresed tmnsfbrcd ontos

 hylh _membrang and__ hybridizated witli & probe to be right terminus (bars)_. I_._mear mfectiou_q DNA: e

I seen as dlnddéf amy of small ﬁ'eigmeﬁté (left). ' In contrast, Eps?téin-Bar vims-ahso'c{ated tﬁmﬁrs -

_contain viral episomes in wlnoh the termmal repeat sequences have fused Lo f‘orm n larger _

| '_restrmtmn ﬁagment that s identical in all elonal progeny Monocional tumors centain ] single

_fused_termmnl fragment (center), while ohg_ot;lo_nal tumots contain multiple bands whose e "

depends on the fumber reiterations of the terthinal rabeat'égciuencés (adght). kb indicates kilobnse, "
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" ._ 121 Southern blot analysis R
'Southerﬁ'blotﬁng 'imro'lves nuclele acid hybridisation of size fractlotiated DNA that has bee
_.’lmmoblhsed ofi to ﬂYlon filter, and permits detection of viral DNA amongst the hiost DNAn g -

| sample of human tissue,

- The sensitwlty of snuthem blotting depends on ‘which regton of the EBV getoma is probed in the -

| - hybridlaatmn step. At best, the senmtmty is approximately 1 BBV moleculs for every 100 calls :
in the-spen_ime_n. This allows for detection of EBV in _EBV-_assuclated tumors.(eg post~tra11splant
: _..-lymphdpmlifél;a:tive diéérders) as well miin tisaues containing.abundanf ﬁpﬁcative'\éfrds. Oneof |

the aclv_éntages' of southern btbtting_ i9 that it can be used to deterrine the dlorialit'y of EBV

-~ i’lif‘éctéd"cells T‘his Is bised an the principle thiat the number oft'em’ﬁhai mpéms praéaeﬂf-in the -

“fused tenninus of the EBV episome I8 uniqua to that call, nnc‘l will be passed onto 1ts progeny

o I‘ol!o\wn,g. digestion with areetrictlon enzyme , probes.are used to detect the 1mmobihsed termmal

restrlctmn fiagment o BBV DNA (Raab-'l‘raub Flynn, 1986) See Frgure 4

v 1nf‘e’6tedfu'rhbufs-iii'éi'ep'res:éntédbyd_s;inglq_ﬂ;lsédt_brrnin_al restriction f'_"mgm_ent'.f_ir'nplying only that -~ .

o fhe‘ virus was present hefore-transfbnnation a'ﬁd nat neceésa‘rily thét' it drove the fl'&hsfdimation S

o process Littear wral DNA characteﬁstlc of raplmative mfcntion is rapresented as a ladder-hke: o

arrnngemem oftermmal restﬂetion ﬁ'agments



" Some cytotoxdc T oell £USPONSES RIS EBV type spec:f o indlcatmg that subtle changes in paptide o

- sequence may abrogate recogninon

Ocnanionai_ly-seuluenc'e polymorphising affecting cytotoxic T Iymphocy’té epitope regions, can

"ocn"nr between viral strainiz‘ of the same ty'pé A fasninn'tihg exarmple is the HLA-AI 1 rentrioted' -

epltnpe in EBNA4 which is conserved among tﬂost Type 1 strains worldwnde However, in- South' '

o Bast Astan pnpulatmns and those of Papun New Gumea soastal regiots, where the HLA All

N B allelleis unusun_liy. prevalent, all the Type 1 BBV strains are spec;ﬂcally mutaterl in key_residnes

in fhin epitope. These mutant peptide sequences do not bind to HILA Al} moiébules and catnot
be recogmsed by HLA-A11 restricted oytotoxic Teells, Tt is tempting, therefore to Speculate that '
virus wnth these mutations en.loyed a seldctive advantage in these pOpulanons I~Iowever studies '

Iw.ve detected similar utations in vitus 1solates from the hlghlandar population nt Papua New "

: Gumea. in whieh the HLA A1} frequency s very low It Is thos pOSSlble that these mutations : :

'- - represent a founder effect rather than the result of selective pressure from the immune system (de» :

"“_.'Campos-Lima er a[ 1993 1994),

1 '7 Dntectmn of EBV in I:Iumnn Tissues. using Molet.ulnr Genetie Techmques .

o Traditionally mfecnoun EBV was detected by ite abxhty to 1mmortnhse nawe blond lymphoeytes'

o : obtnined from umbilicnl cord blood

. 'Reeent-dnvelopmemnin the application of DNA technology to deteot BBV in human tissue, have

coniributed tretmendously to now advances in the understanding of EBV related disensé These
- _mclude 1mmunohistnchnmistry as well a8 nucleio acid hybridisation techniques such as Snuthern

' blot analys!s I sty lwbndisntion to viral DNA or RNA and the polymernse chain reanhon (PLR)
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- Curreit evide'ﬁ'ce'suég.eéts that CDS pasitl-vé' T cells are impo'rtianf n limiting the expanéibﬁ.of o

- Iatently infeoted 8 cells and mayalso fnget infected cell expressins Iytio antigans, althmtsh much

_ less is known about the lﬂttel

Experlments from almost two decades ago (Moss ¢f-al, 1978) showed- that: tytotoxic T -

| 'lﬁmphocytes'f‘ro'm EBV. serdpbéitive-donor’é- clrdulati'ng' memory pool, reactivated i viro were - Sl

~nhle to suppress the growth of Iymphublastold cell hnes Ag expected; this eytotnxi§ T cell B

o respnnse wns HLA clnss 1 reerlcted

_.&ny' '01-' the EBV antigens expressed In Iymphoblastold cell fines are potential sources of

: .mununogamc peptida It has been prewously dooumented that the identity y of peptlda epltolaes s

_s:gmﬁcantly inﬂuenoed by HLA type. Studies ofa panel of virus lmmune doncns ahowed tlmt y
. most mdmduals have strong cytotnxxc T cell responses to more than one EBY iatent antlgen In _' .
B hngh proportion af mdwldunls, this tesponse appears to be d1reoted against epltopes from '

 EBNAs 3 4 nd 6 latent proteins and in some dnnors also LMP-1 imd LMP-Z To sortie extent,

(but tiot entirely) tlus reﬂects epxtupc seleoti on by HLA types common m Caucaazan populatians ' = .

o (I{hanna et crl 1992; Murry ef m’ 1992&) In savewl of these studws, the spec;f'city of large ;
| numbers ofEBV speciﬂc cytotoxic T lymphooyte clones gould not be ldentiﬁed auggesting that _ .

' other viral target antigens remam to bo idsntlfed
._iﬁ_tgre_isl_:ingly enough, sutveys of aver 30 virus-iminune donors failed to show aﬁy'i‘espoﬁse 'ag_ainat -
EBNA 1 epitopes. Whether this is an effect of study design, or BRNA 1 s truiely proteoted from

~ host immune response rentains to be clarified.
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- rESppj_lSE_!s';': These include the BLLF 1 getie which enicodes gp 3501220 « the dominant extornal

| vims -glycbptqtain fﬁat mediates virus binding to the B lympliocyte-feceptdr. _-gp’350!220 isalso R

- the'mOSt ﬂbﬁnﬂant viral -protein in the lyticaily infected oell plasma membrane and most of the |

B '.human EBV neutrahsmg ant'body response agamst thns proteiu The other late gene Qi’mterest'

g : 'xs BCRFI whlch shanes naarly 90% o-lmear identlty in amino acid sequenee with the human N

S _ Interleukm 10 gene (Hsu etal, 1990)

* BCRF1is expressed only inlate EBV replication, and although it has B cell growth factor activity,
it appears to have 1o af{-‘ect on growth transformation nor maintenance of latent infection
" '(Swnmiriathanet al, 1993). However, thess mut’ant BCRFI &mtﬁbinaut infeeted dells diﬁ-‘ef from. :

- wild type recombinant infeoted cells in their inablhty to block gamma mterfemn release in cultures -

_of‘ pennfsswely infected lymphoblastmd cell lmes incubated Wlth autolngous human parlpheral_' '_ o

; -blood mononuc.lear cells “Thus, the role ofBCRFl in latent infection is probably to dampen "
_' natural IcIIIer and T ceIl cytotoxiu response to EBV mfectlon (Moore et al, 1990; da Waal-Maleﬁrtj_ |
eraf 1991)

6 Cell-mediated Immune Responscs in EBV Camers

_ Antibody responses to EBV in primaly infection as well as in viral carriets aren well desonhed | R

i w-unlikely that any oF these a.ntibodaes play arolein the -control for persxatenr infection once the | .

- catmr status has been established However, antl-gp 350 antibodies are active against many EBV

- 'stxatns, and may contrlbute to protecting the host froma . nd BBV inf‘eouon

17



- BZLF ﬁanidDWn'-'reguIate the BBNA Cp pr’omcfor-possibly facilitating the-fransltlon from Iatént- —

.'___to Iyt:c mfecuon (Kenney et a! 1989) EBNA1 contmues to be expressed g an early lytic c

infectlon gene produet, under control of & down-stream promotor B&LFl also appears o

assocmte with p53 and may mhiblt ps3 mduced apoptcms in response to lytio EBV DNA ._ a

o - 1'eplicauun (.&hang etal, 1994)

T Enrfy Genes | |
. | -Thm class includes scveral genea that are linked to DNA rephcatlon mcludmg, those encodmg for
" DNA polymelase (BALF 5), major DNA bmdmg protain, (BALF2) thymldme kmase (BXLF 1)_ K

and others

BHRF 1 gene encodes an abundant EBV early protem HRF 1, HRF 1 shuws extenswe co~1inear

| - homology thh bt.l-z (Cleary et al, 1986) and is thought to pnaVent apOptotxc eell death it Iytw |

'- EBV mfectmn ([-Iendersan of o'l 1993) Deletians of BHRI‘l ORI‘ or stop codons early in

. BHRFL doss ot aﬁ‘hct the ability of the resultant mutants to initmte or maintain gelt growth_ |

o _'1rans:tbrmatron (Marchmi o a! 1991 Leeez a.! 1992)

| ) _Similarly __to'sor_ne of'the 'immediaté early gene products, 'tﬁv'o EBV early gene pr_odticf& '_two- EBV |

| -proiéi_ﬁs {(BSML 1'.and BMRF 1) may also tranéécti_v@fe axpression'of other early EBV gene.

o '1'.5 6c I.ate Genes
- _Most of the known late EBV genes nncode stmctural viral proteins requlrad for. suacessﬁml' |
| packagiug ofvlral DNA and fonnatiun of the virion, Al! the vire glycoprotem genes ldentlﬂed |

e da,te are alsn lnte genes, These are ofmterest becduse oftheir potential mla m ehmtmg anttbody
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- -Two possible roles for EBERs have been proposed baeed of structurel srnulantres between e

Adenovhus VA and eell RNA V6 and the kilown fuuetrens of the latter two molecules viz. dnrect L

: inhrbitron of s an mterferon mduced protein kinase that would bleek traneletren or mvolvement in -
) RNA sphcmg Ne strong experlmental evidenee exrsta to support erther ef these theorres '

- (Swarmnathan etal, 1992; Sharp et al, 1993).

1.5.6 Virnl Gene Expressmn in Lytic Ini‘eetlen :
| .In repheative infectron, eemplete vuai particles are- released from eells wiueh are lysed and die, S
" Tnfviro models o€ BBV infection el 3 forms ofateny oan be induced diraty no Iyt cycle,

' 3:'éherﬁieal inducers such as photbol are c‘ommenly-uged : In contrast to tﬁe letent'- phase'c»f. -

L _': inf‘ectron, ‘when enly a hmrted number of pretems are expressed activatxon ofthe EBV Iytle eycle 3 |

" _ is characteﬁsed by the presenee aof up to 80 virus speciﬁe RNA specree

' Soing virus genes are expressed early afler induction, and are independent of new protein -

- "synthesie Tﬁese are claes'iﬂed 48 imrne'diate early. Batly lyrl virus enes. '-'are expressed slighﬂy

- leter, and- their expressron is not affectecl by mlnbltlon of viral DNA synthesrs Proteins are. o

' Pemmlly eategermed a8 lete, 1fmhibiuen ofviral DNA synthesis reeults ina marked reductron in__ S

_ their express;en They are alse sequem:ially expressed late

- 136a Imme:fmteEarb' G'eues -

e These melude BZLE1, BRLF1 and BPLF4 whose protem products are transactivaters ef' early - L |

EBV lytle gene expressron
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o membrane, eﬂables LMP 1 5 cytoplasnuc dommn to mteract with growth factor receptor pathways_ '
- . remﬂtmg in oonstxmhve activatuon. Expenments have shown that the LMP 1 cytuplastmc domam_ _

| interacts mth the tumaur necrosis faator receptor signallmg pathways (Momalos et a! 1995)

15 i EMP-24 and 23

LMP~2A and ZB are smnenmes referred t0 a8 termmal proteins and 2 because f.heir transe.npts

.' _qross the te:_*minal repeats.. EBNA 2 is able to trausactwa,tg both M _?.A_an_d I.MP 28

. expression,

Mpa 'alspéara’{o colocalise with LMP-1 i the plasma mertbrase of laeatly infectod B

o "‘._iymphaoytes LMP-Z expre,ssmn in Burk:tt Lymphoma lymphnblasts blocks the calcium -
- 'mobdlsatlon thai nomwlly follows cross-hnking of surface hnmunogobulm, CD19 or MHCII -

| . | _Th_ls eﬂ’ect app_ears to be mediated througl_l LMP~_2A’3 mteracn:gn w;th B lymphocyte-m famil}f. ':_:: -

) '.""ltlg.?r'osine kiﬁﬁsé. gé:ticu':l'ar'l&"fﬁ.m’:’ and "‘lyn"' (M;llle:r el af 1993), LMP;ZA expréséio'n is aisd .. |

| found to hlock the erffect nf surface xmmunoglobulin crosshnkmg on activation ot‘ Iytw EBV |

_jmfecuon presumably through a sumlar meehamsm (Mlller al al 1994), Thls Is probably autlcal in B

. mmntmnmg EBV persistence in humans

1 ses EBER’s -

""Although BBERs are by far the most abundant RNA species in latently infected colls, their role L

in lnfect_tqn remains tg.-.be dlarified. BBER’s are not translated and do not appear o be essentia_l'

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

fordyinphoblastoid cell line ontgrowth.

-+ Hthasbeen shown that EBNA 5 togézher with EBNA 2 can induce G0-G1 transition; Hoﬁever','- o

© the exact rnechamsm involved, und its associatioti of i any with mduetlon of 2 growth factar 1s

o 'unknown (Sinclair et al, 1994b)

- 1 5. 4e LMP-I

o LMP I isan mtegral membrane proteis that is expressed in ot latent and lytlc mfectlon

o LMP-I can transform rodent ﬁbroblasts, rendering them tumorigenlc in nude rmc.e (’Wang et al,

'1985) In add;tmn, it can transform human keratinocytes and mhibit human eplthehal cell B

'dlﬂ’erentmtmn (Fahraeus el al 1990; Dawson et al, 1990) LMP-1 induces the expresswn of

o several lymphooytic activation markers and adhesion molecules, (Wang ef a! 1988)- and is also- o

: '_essennal for primaty B lymphocyte growth transformanon {Kaye et al 1993), LMP-1 hag been

'shown 1o protect infecteﬂ B lymphneytes from apuptusns through up regulartion of bcl—z_ -

(Hendersoner al 1991)

LMP- constitutively forms digorest patclies in the plasma membrane, sitnilar to those R‘Jfgied by .

grth factor receptqrs in re_spbnst: to ligahd binding (Liebowitz ef al; 1986)..

| The Isolatiun of EBV 1eoombmants speclﬁcaﬂy mutated in LMP-1 has allowed detailed analyms _ |
of the role of LMP-I and its varlous domains, in B lymphonyte growth transi‘urmatnon The .

_ ' ourrent modal for LM’P 1’ meclmmsm of action, suggests that LMP 1 patehing in the plasma. '

13



o EBNA 1 at_id__stl are tho_-only [itent proteins that are also-éxpressee_i during lytic irrfec_t_ion_;-' S B

1546 EBNAZ

o Many year ago, & transﬂ:nnatlon mcompetont, Iaboratory umutant EBV was isolated and shown o

h :-_to have & deletion oftho DNA encoding EBNA 2 and the fagt two exois ofEBNA 5 (Wang ef al S

) 1987) Subsequent genetic -analyms- confitmed EBNA 2’8 ossentinl rolein B Iymphooyre growth. -

transformatlon (Cohen et al, 1989) As monnoned previously, EBNA 2 is Speclﬁc transactwator '

- ofboth oeII and vnral gone oxpressmn, and upregulates expressmn ofLMP 1 Molocular genetxo B

studnes have shown a. oomalation between EBNA 2 ‘sequences that are 1mportant for
s transfommtxon a_nd fhiose that are important for transactivation of the LMPuI-prom_otor {Cchen - -

 etal,1989), -

Dift‘erenoes in EBNA Z hetweon EBV types { and 2 may account for thelr dlﬂ'enng ablhty to

L -'imnsformBlymPhO‘}sz (Cohen etal 1989 Rickinson ef m‘ 1987)

 lide EBNA’33,4and6

) Molooular stuidies suggost that E INA& 3 and 6 ana essentnal for virus mediatod lympnooyte growth o
transformaﬁon, but that EBNA 418 ot (Tomkmson af al 1992 Tomkmson et al in press)
EBNA 6 upregulwtas CD21 mRNA and protein m non—EBV mfeoteﬂ Burkltt Lymphuma eell lmos a

invire, o

_”154:1EBNA5

- _Tho exact fole ofEBNASls not yet ﬂllly clariﬁed Its unusual nuslear looaiisation suggests that |

it may play arole in EBV RNA traaseription or processmg, Moieoular ,g,enetic stud1es lmply a rolo '

12



. Subsequent expression ¢f EBNAS 1, 3, 4 and 6 occurs. This may be related to the effects of

* . EBNA2 on EBNA 2 response elements, EBER expression lags behind that of the other ﬁtant.

' .p'rotsin's.-'
| ICAM‘[ ' LFM " HLAII . i
\CD44
. \CD40 .
o 1cp21
LIIP-2A

Figure 3 Effects of EBNAs 1,2, 6 and LMP-1 (adnpiud from Kici‘f 1996),

_ EBNA 1 binds (o ori-p and enables the EBVapisome to be replicated during § phaso
- EBNA 2 spacifics’ly lrans-activates CD23, CD21 and the LMP promuofors, -
. EBNAS tipregulaten CD21 mRNA and protoin.
. LMP-] paicheg in the cell plasma membrane, upregulaies ICAMI LFAl and LFAB and -
induces activation metkers HLA 11, CD21, €D23, CDA0 and CD44
. LMP-2A aggaciotes with LMP-T and with fyn and lyn and blocke ca&:ium moln]isahon in
' responae 10 crnss-linkmg of B lymphoeyte stirfnce moleoulos, o

154 Latent Infection Proteins
Lida EBNA_I
EBNA 1 binds to & viral origin of replication called ori-p and is necessary for episome persisténce

and replication in tatently infected-cells (Y’ ates ef o, 1984),

1



30 MATERIALS AND METHODS:

' .3,_"1 . Epid(-mmlogical Dnta |
_ Data regarding the number of patients admitted to the: Johannesburg and Bamgwanath I*Ioepital. '
© Oncology um_ts-between- Januar-y 1989 and December 1993, with & dlagnosis of HII*, was obtaired
retraspectively from relevant elinic Fles. Both prediatric and adult petients were included to give

ptotal of 175 pétients. Frequency tables were used to summarisa the epidermiolosical data on

k these patients lncludmg agte, race, sox and hxstologlcal subtype, which was also obtamed from

'these ﬂles

32 ‘?tudy Group: Archival Material
Formalin-fixed, parafﬁn embcdded iyraph node blups:es from the time nfdiabnosis were avmlable

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

- Por each of these cases; the histological subtype wes jointly reviewed by 2 pathologisfs from the
‘Anatomical Pathology Department, using lmmUndhiktbchéiniSt_ry ~when indicated. Both

 pathologists were biinded to the Inttial biopsy report.

'Thesé 'bidﬁsiies were then investigated for the_.pr"r,aselwg of EBY Iifoducts (LM‘P-I and EBBRs),

* s well as bel-2 protein, using e technicues outlined below. Sedtions were anly onsldeted EBV

ot bel-2 positive if Reed-Sternberg/Mononuclear variant cells were identified as containing these < -

productﬁ. For both bel-2 and LMP-1 expression, poé_iti\gity_was dsp_enden_’; bn_wlie_thér <] 0%;_ 10

50% ar 50% of the Reed—Sternberngoﬁoﬁuclehr varlant ceils'pre's;e_nt were Poslt_ive.

4
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'_ 1)

o

=

'. AIMS AND OBJI‘CTWES OF S’PUDY _ _
'To mveatigate the prevalence ofEBV in children and adults with HD at Baragwanath and =
| _Iohannesburg General Hospitals from, January 1989 to Decartiber 1993, uslng;

1) I Immunohlstochemlstry for detection of Latent Membrane Protein 1 (LMP_—I)' '

 expregsion; and

b) N In situ hybrzdisation for isolation of‘Epstem-Barr encoded RNAs (EBERs)

_' and 10 correlate LMP-] postthty with Bcl~2 expression and apoptosis

An eﬁldémiolqgical study of the above patients wos conducted to establish the

distribution of age, sex, rave and bistological subtype.
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IR At_i-'early étu'dy usliyg soutfiern blot analysiy failed to detect HHV-6 DNA sequences in cases of HD

(Gledtlll ef of, 1991),
A iove fecent study, showed & bigh prevalence o HEIV-6 infection in HD using PCR, bus, in situ
~ hybridisation showed that the K™¥V-6 positivity was restricied to lymphocytes while Reed--

o -'Sternbe'rg cells and mononuclesr variants were consistently negative (Valente et o, 1996), .~

Tt therefore seems uniikély that HHV-6 plays & spocific role in the p’athogeﬁesis of HD.

Com



 (inereased tumbers afneoplé_istic._qeﬂs); A 30-basespair deletion in.the-carboxgrtérminalzdb_mai;i_
: of the LMP-1 gene was found in 89% of HIV infected patients vs 32% of ordinary HD, This
“deletion has been previously deseribed and is though to affect the rapid turtover of LMP-1,

- leadinig to acoumulation of the 'p'rot_ein within the oel (Sandve] et al, 1994),

_'Sevéml investigations have 511‘0w’n that paediatrie transplant patiehts undergolog pimary EBY
mfbetlon poat transplant ran a higher risk of develop% Post transplant B-cell lymphoprolifératwe

) Disorders than ;aatiemts who ware EBV sero~posit1ve pnior to transplant (Savom et al 1994). 1t

will be mterestiugto seQ whether-mv positive patients m-develnpmg countties, who are likely to'- T

| have been EBY sem-posmve prior to HIV-rolated unmunosuppreasion, show ) diﬁhrent incidence.
o ': ofHD and/or d:ﬁ‘erent prevnlence of‘ EBY posxtivity when oompal‘ed with IﬂIIV positive patlents

- i developed couptries.

_1 9 8 Familml }ladgkin’s stense

' An Interestmg recent study of cases of‘ Familial. I-Indgkin 8 ﬂtseaso suggested that although '_

. scmlagically. Famihal I-ID’s pntients had lngher genmetric mcan ant:body titms to viral capsld - )

:_ 'mmaen and garly nntlgen D, the lack of coucordance ct‘ISBERl exprasmon and LBV sero]ogy B
mong Fam:llal HD cases within the same farmbv probably indnoates tlmt EBV does not play m

| important role in Famillal HD (Lin elal, 1996)

.9.9 IIHV»b Another Viral C‘andidatu in Hodgkin's l)isense )

 Another candidate virua Ibr mvolvement in I-ID m Human I-Ierpes Virus 6 (I-II-IV~6) ’I‘wo studies. |

reportecl clevated HI=IV-6 antil:ody levels in 115, one nfwhxeh was & case cmm nl study (Biberfbld o .

R al, 1988 Clark of al 1990)



o Tﬁa pfe\;alence of EBV poﬁiﬁVé HD in China. and Mﬁlaysia was intermediate between th&t of |
| Westem and davelopmg countties viz 60, 7% and 6 1% respectively (Zhou el cr! 1993 Peh ¢ f a! -

| 1997) Aﬁ:rther ‘study of'a chmese populatmn in Hong Kong showed & prwalence ofes% EBV .

o posmve HD (C‘han et al, 1995}

- _Ve_t%! fow studies have addressed the influence ofethnic origin on BBV pﬁsitivity;' In Ambihder’s -
g gerfes (1993), 3/4 'cllildtén of Hispanic origin in the USA samplo, showed EBV 'pc:-sitl.s'fity.

Muldivartuit analysis of  study of BBV positivty in 125 casos of HD from USA, Mesico City and

Costa Ryca, showsd that *he strongest predictor of EBV positivity weg mixed cellularity histology, -~

and that Hisparde elfinisly was strongly nd independontly assaciated with BBV positivity (Gulley

) etal, 1994), A study from Malaysia suggested th'ai't HD in Indlans is more n&en' EBV asst_iciat'ed :

* than -.;-,tiier ethunlc groups, ot this Wae Dot St?atistically signifieant (Peh' ét al, 1997). “This 'issué o

o watrents ﬂnrther Investipatio, If othrilg differences do occur, they may be relnted to reoogmtion -

ofspeciﬁu vuml epitope: dii’ferem_HLAtypes o

o .9.7 The Associatlon of I‘.‘.EV md Hodgkin’s discase in Immunusuppressed I’atlenlx

| _.'-_-Whether nmmunnsuppression, partmularly in IIuman Immunodeﬂcmncy Virus (IIIV) posstive S

i posients results in-any marked elevatlon in-tha incidence of -I-ID remains to be seon. There is,

R 'howaver, ewdence to auggast that those tumours which do arise in :rnmunosuppressed patients

" AIG MOre ﬂ-equently EBV positive (Uccm ot aI 1990 Audom e! al 199

 [n' 1996, Bellas of a published 8 series of 24 HW posmve HD These showed EBV positivuy it S

-~ 100% of onses. Compared with 56 Cases of“ordinary" I—[D the I-IIV-asauclated HD shawed a g

- _'hlgl_le‘l‘ prevalence of unfivourable lilstological _subtype,' and_--more ag_greasivg .morphalogy



L 1.9.5 Prognosls -

- At least two series srgsgest that EBV positivity m HD does not aff‘ect prog,nosla (Vestlev el a!

i} -1992 Annstmn;,ez a[ 1992a; Oude_]ans etal, 1997) However, arecent study shows that BBV -

o _' _ppmtivi_ty may confer & fhore tavoumble prngnoals n -childhood HD (Sinclear—Smth et al, _199'?). S

196 Developed v Doveloping Countmes
.Must of the carly studnes of BBV posihve 1D were dose in Eurupe and North Amarica, An -
: _interes_ting quest_ion is w_hether the prwalence of-EBV- pusitwe HD would be different in_less '
B d@déped countries where asyniptomatic pnmary E_BV' infection oeours at a mugh'-youngm; age

_' | I'nitial. data suggests that these mas have a higher pré\'rale.nce.ofBBV pqsitivity':_' A study._frdni_ -
o Pem q’ﬁ pritnarily paediatric patient grqﬁp_, sh@)\&ed inereased provalonce 61’BBV Ipo_s.itivity in oll | :.

- _agé.groups _(94%'6\;erall)-(chang et al, 1993). Simil;;r-'résults. were found in adult Mexican '

| .'ﬁatiénts* 70% of HD were EBV pesitive, and all histOiogical su'btjrpe's 'appeﬂféd t'b- bé stroﬁély' L

- nssacluted (Quintnmlla—Martinez et af, 1995) Cumparison ofEBV positwnty in nmdal lesiuns af'_ |

o 'adult HD in French and Algeriau patienta demanstmted & higher rate of pnsitivity in Alysrian_ B

= pattents (72% vs 33%), wnth a stronger assocmtlan with mixed. ce!lulsmty than other hlstologioal o

SR _subtypes (Belkaid et al, 1995) Paediatrlc HD in Honduras and the Un’:ted Sates showet.l 100% _' |

.:Iand 36% EBV positmty respactivaly both shared ) strong asaocmtlon betWeen EBV positwlty '

and mlxed cellularity subtype I—Iowever, in conitrast 0 the USA in Flonduras othar histologiaal o

5 | 'subtypes also showed 4 strong associﬂtton with EBV positmty (Ambmder et a! 1993)



(g 4 Agl‘ .

'Imtial data reflecting the association of EBY posuive HD and age, was. confhctmg Some'_. 3

: mvestlgatars f‘ail;ed t0-find any assoviation between EBV po_s1t1v1ty and age-(Coates ef :a!, 1993, .
Khanat al, 1993). In 1991, Gledbill er al found n statistically significant trend for an inctense in

EBV ppsitivity. with'age?u “This prompted a latyer study which also showed a significant association

- 'hetw«.-enﬁage and HD with & peak incidence at 25-30 years and a seoond rise beyond the age of 45

- yedrs (Iawett et czl 1991), These diﬁ‘erences may reflect statlstical siror due to small sample snze, '

. variatlons in methodoiogy, or possibly geographical variation.

| B There are now a numbé_r of studies from various countries sﬁuwing fhat BBV p.o'sitivé:l-l]j s

: cbnimori in the p'aediatric' (?316 y.éars) age group, partictilariy in children klo years of age (Ch’aﬁ . a

et al, 1995 Andnka etal, 1997 Peh ot di, 199’?) One series inoluded 55 cases from the Umted |
ngdom, Brazzl and Saudx»Arabia, and showed no sxgmﬁcant dxﬂ‘erenoe in EBV posltwnty by .

_' countiy (Armstrung et al, 1993). Others have suggested that paediatric cases of IID fi‘am

- developmg cnuntnes have much h;gher rates ofposmvuy than those quoted For Europa and North. e

o America (Ambmder el al 1993 Chang el-al 1993 Weinreb eraI 1996&)

A receut study of chlldhood HD from 10 dlff'erent countries, showec! a range ofEBV pnsxtivuy "

 from so% in the United Kingdom, Egypt end Tordan to §8% fromn Tran, 90% front Greoce and_ |
| 100% fmm Kenya (Wemreb ¢t al, 1996b) R | |

w



TABLE 1

o e

e

EBV IN HODGI{IN" g I)ISEASE
"1 Yony 'Numberol'Cum Method ol‘l)nt-.ctinn 1 %EBY I"osiﬁm. o - _.liufaruhm Lo b
'1?87_ .21__ Souliwm blutung 19% {all mmm-umli;.nclonnl . _' 'We_'iss__'ew_!.' 1987 '
1989 _l'G : Smuhembloltmg 1 19% (all monvolonaly : Wa.iss etal, 1989
s .lSIIJhrI’BVNuoluiuAmdﬂ 00% |
1989 [28 | Sowthombloting foom Strualetal, 1988 |
w91 |48 _ PCR | 679 (30 wsplifieation ysles) .mwhemf. 1991 _'
| B q - - | 79% (afler 50 mnplification sycles |
o | s {mcpetdet |48 T Pallosonerad 1991
et o . merenved Jasw © _Herbstem! 1991
gy fes | Soutier blot Liybridisation | 45% <] ng_sl'tgiariwgy
2 TyplotHD | PORISHIor BBER1 | 52% | Welas et af, 1991
R T It T o
1 13- LPsubigpe -_musnrar-mml s
48 e oot 9% | Lovritzon e af, 1994 {
- ISIIIerBFRs 4% S
99 |6 - 'Smglo ~eellPCR 66.6% [ Rew eral 1994 |
1994 J8 '-Isnrormvnm | ers% Valouto ¢t al 1994
{15 {172 THC for LMP»1- ja2ro%h | pins, *lm‘.l994 :

- w.a Histologlcal Subtype "

One group Tound statistically s;gniﬁcantly assocmtlou between EBV pomtivnty and mlxecl_ e

. _'gellulanty subtype, (Pallensen c_t'al,: 1991)__-and thls -subtype'lms_tand_ed to hqva.hlgh rates of |

postivity (up t6'9'0%) in most. sériés"(Desdl"eé ai, 1992, Muiray ef 1992b)' Approximately e

30% of nodulm‘ sclerosm cases are EBV posxtive As nodular sclerosls subtypa occurs most o

) commcmly in young adults tha age gmup where thefe 1s most epldenﬂologiuai avndence for the E

aetiologlcal infetious agent, this could mlhtate agmnst EBV bemg 8 candidate The lymphooyte - o

predominant histologiual subtype, now recoguised 8 A separate B. oell entity, ganemlly has & _.

: 'negugble rate of BBV prevnlence (Welss ét az 1991)
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o). Tn adeﬁo'.;, 2 r&roeﬁec'ﬁve study of pationts with HD revesled that riormal individuls -
e -. with elevated mmbody to EBV heve an mereeeed nsk of deveiopmg E-ID (Mueller et a! 1989) o
_ Allhough theee data mise the posmbihty that BBV is dlreotly mvolved i the pathogenems ofHD .
_"'1t temuins posiible thet these studics reﬂeot an underlying immune defect or are a merker for R

E infection b?'anoth_ef virus.

192 Moleeular Studies o _ |
: Molecular studles provsded the key ewdenee to 1rrevooebly link EBY wlth HD In 1987 Welss "
g end eolleaguee reported the deteotmn of EBV genomes in 4721 cases of HD using -Southem blot' -
h analyem Subsequent stuches using & variety of teclmlques, llave ehown that overall 40-50% of' "
L I-ID in the Weetem World are EBV positive (See Table . The mejority appear to mvolvo 'I‘ype_ o
1 virus, |

| The"’abiuty 'of n ';om'hybﬁdiseeoﬁ.and iommuoohieeo'oheoeieal technigues to e;eea 's'peeieé .
R _Iooahsetion of‘ the EBV ploduots to the Reed—Stemberg and: mononuelenr varmnt eells, edds- .
ored1b1hty to the assooietlon between EBV and HD It 15 probable that the few heckground EBV L
o pomtive rea.otwe lymphocytes doteeted in some HD speoimens, oontnhuted to the hxgh rates of
'EBV positivity noted in some PCR studxes (Wu er al 1990) In addltlon, evoral studles -
) addreeeed the olonality of EBV genomee withm HD by examming the vn'al ‘eerxmnal repeet.' o
| sequeneee (Anegnoeto_pouloe_ e;_ al, 1989, Staal o7 crl,- 1989; _Wetss e_t al, 1989). _ Although_there_' S
o 'were sorﬂe eonﬂieti‘n'g resu‘its, in-ihe mej‘ority. of- oeeee, the.ihfeeteo -'oelIs were fouod to be olotial .'
P w;th reepeet ta EBV suggesung thot EBV 1nieoted 2 smgle oell whloh subsequent!y underWent ! ) N

: elonal oxpenslon
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19 EBY and Hudglun’s Disestse-
: .9.1 lt.ptdem:ologtcal uud Seroepldemmlogical Data ' _ _
‘The sbova eptdemiological ﬁndmgs formed the baSIB for 2. hypotheses ragarding the aettology of
:1. c Multiple aetiology hyuothesis, proposed byMacMahan (1966) suggests that'HD t:epresents -
| a heterogeneous group of dtseases (at lenst 3 entities) with distmct aetologtes, tmd further B
- 'suggested that HD in young attults may be caused by an mfestlous agent |
| .-2. - Delsyed exposure hypothesis suggests that the deveIOpment of HID is rslated to Inte

 infection with ] common childhood pathogen (Gutensuhn Cole, 1977)

L Duspite untial studies with. negattvs or inconcluswe results, recent data, suggasts that there is
. evxdsnce for weak clustenng ofHD cages (Glaser 1990), This oould be conststent w:th an’
o asttology involvmg a vsrus thh a lcmg latent pertod or sltematwely, delayed exposure toa

' common bt not ubiquitous virs (Tarrett, 1992)

o TI:t 1977 Paﬁ‘enbarger al. al, found that the nsk sfdeveloping I-ID was lower in psrsons whu had o

. expenenced more cummon contagious lllnesses in ohtldhuod

The findings of a case control study fe. tet casos with HD bad twice the rate of infeatious
' -monormcleosts, not only lent support 1o an mfeuuous aetiology but 1mplicated EBV ss o possthle S

' _agsnt (Guteusohn, Cole, 1980)

. Sevsrsl studies have shown that patients vuth I-ID frequently hsve abnmmally lugh levels of _ '_ o

_antibody to EBV-eraI-Capstd antigen and esrly antigens (Levine et aI 1971 Langenhuysun etj.'..' :



c fempéi"a'te zones gouith of thie equator (Bezwoda'et al, 1995}, 1n South Aﬁica,'d'ata ﬁ-dm the o

B _ Natlenai Cancer regwtry (Sitas, 1992) suggests that HD has a 1ower ﬁ'equency in the black

- pnpulatlon However, this may be aﬁ*ected by underreportmg 8y well 85 pOOr access to health care

" amongst thls population group.

h MacMahm (1966) drew attention to the biomodal natura of the age incidence curve for HD The
o shape of thig curve vanes in diﬂ‘erent communities, n developmg countnes, a Type 1 patteru is
seer: the ﬁrst peak of the bromodal dlstnbutlcm gecurs in childhood, wnth a second peak in older
age groups. There is 4 low incidence in the third decads. The Type III pattern i seen in
developed countries and is oharacterised by low rates in chilghood, a pronounced peal inyoung

* aduits and & second peak in older adults. An intermediate Type II pattern is found in Central

L Euf’dpe ruraf areas df‘developed counteies and in the Southem USA, This is t}iough to fepresent

a transntlon between type I and TII, probably as a resu1t of 1mproved soclo-eeonomlc cond;tlons

(COrrea, and O’Conor, 1971)

- The inciaence rats of HD i higher n mles then fommales, being most pfonoiihc"ed in childhood, .
- _Thls ratla decreases to below cme in the young aduIt years, then mcmases w1th age to the la’ce' -
: _ﬂi’ues The rano is substantlally lower for the nodular scleros:s subtypa than for other hlstologwal

B _suhtypes (Glaser and Iarret, 1906) I-Ilstological subtypes of HD also vary with Age. Noduiar '

o * solérofils accounts for the young adult peak in mcldence, while other subtypns grouped together: D

o show a s,radually mcreasmg ineidenoe with mcreasing age. The majonty of ch:ldhnod cases 1n"." k

: developlng countries ¢ are of mlxad cellulanty subtype | .

Y



' apprdximateky 10° cells. "PCR should pick up the occasionsl positive 'cel_l present -in_\?irtua_lly all -
_ héa_lthj EBV immune individwals. However, most series usin'g PCR for the detection of EBV in-
- lymphomas report fairly clear out differences betweeri reactive lymph nodes and BBV related -

tumors (Telenti ef al, 1990),

' Probably a'bigger lixﬁ‘itaﬁon is the inabillty to localise viral product, as EBY DNA in the oceasional .
: background 1ymp1100yte may be amplified, Hopefully this will be avercome by the dBVelopment .
of EBV spemﬁc in-situ PCR teshniques.

* PCR can also be used to-distinguish different ERV strains (Jilg ef cfl, 1990). A :pmnﬁging; ._
- relativly new technique for analysing gene exprassion is reverse transeriptase PCR (tt-PCR)..
 Using the reverse tl‘ﬁﬁ%ﬁpmé enzyme cDNA copies are roade from viral RNA tén'iplates These

) rela.hvely stable DNA products are subsequently atmplified by PCR, ¢DNA s 'hstmgulshed ﬁ'om

o native DNA by de.sxgning pritners that span splice sites (Brooks etal, 1992)

_-’Each oftheae techmques has its advmtages and disadvantages Whlle very sens‘xive, EBER in sim. o o

wbndisuuonisteclnﬂcally falrly difﬁcnﬂt Itis hkely that in. the mture rt-PCRmay prove to be the o

a ) quickest easxest and cheapest method of'deteotmg EBV

1.8 Epidemmlogy of Hodgltin 8 Dlsease

HD isan unaonunon malignanoy In- the USA, it hacl an annual age-adjusted rate ofz,Bfl 00 DUO S |

for 1987-21. Other. than in Asia, where the incidanoe of HD appears to be much lower, HD _'

inidence ates ranges from 1.5-4.5/ 100 000 for males, and from 0.9- 3 onoo 000 for fomales

| (Glaser and J_’arrett, 1996). HD appears _to increase in f_requeney f..r.om_ the- eqmtonal'tca ‘l:h__e__mqrq '
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FIGURE 10: LYMPH NODE; HODGKIN'S DISEASE, MUMMIFIED CELLS ONH & E
- STAINING (X40) ' o _

FIGURE 11: LYMPH NODE; HODGKIN'S DISEASE, APOPTAG (ONCOR, USA)
SHOWING AN \POPTOTIC CELL ON THE LEFT AND A NECROTIC CELL
ON THE RIGHT I
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 After doparaffinisation, 4jum tissue sections out onto slalyriized slides were' digested with

protefnase-K solution (200pg/ml in PBS; BOEHRINGER MANNHEIM, GERMANY) for 15

m_inutes.at room temperatute, then washed in water and quenched in 2% H,0, In PBS buffer.

After appiication of equilibrium buffer for 1-30 minutes, Tdt enzyme (ONCOR, USA) was applied:
The slides wers covered with a plastic coverslip and teft for 1 hour at 37°C. The slidos wors then
 inoubated for a further 30 minutes In pre-warmed working strength stop/wash buffer, then washed

in PBS.

‘Folfowing appication of anti?'digoﬁgénin percxidase for 30 minutes at room téfﬁpémfﬁre; the
sides wero inshed in PBS and stained with 0.1% DAB solution. After furthier washing In distilled
water, shdes were. counterstmned in methyl-green, dehydrated through Zx absolute ethanol and

'mounted in entallen mountmg medlum

'lemse hrown stnimng of nuciam' apoptotic boches against 8 light grean bzu,kground was'

| mterpreled as EI-POBitIVB result,

 Neorotio cells can in sosme Instances contaln stalnable concentrations of DNA ends, but stnining

appears ot diffuse than In thelr Apt:ptutié coﬁntérp’aﬂs (éee Figures 10 aﬁd' 11y, o

Sectiana nated to have numerous apuptutio bodies on Apep’l‘ag were subsuquently usecl s |

pumnva oontml For the negative oomrol the Tdt enzyme was omxtted Controls were mcluded o

in each bateh,

T



ES’I‘IMATION OF 'I‘HE APOPTOTIC INDEX ON H& E - |
- _ H&E stamed tissue sectxons were scanned 1o 1dentify arces. with maxxmum numbers of mummiﬁed"

_ cells. F‘va__ such flelds we_re;'then a:_:amined tider 40:: pow_er, and t_he nuimber o_fmummiﬁed- cel__ls. _ |
and 'vlabie Reed- St’efﬁberglMononucléér variant cells coﬁnt.ed' ' The Apoﬁtotic Indéx was |
calculated as the number ofmummiﬂed Reed~Stemberg{Mononuclear variants divided by the total.' o

o number of such cells mult;plied by 100.
Thi's process was -r:épea_ted'.’i.timgs and an averagé figure caleulated.
37" ESTIMATION OF THE APOPTOTIC INDEX ON APOPTAG

:'f‘l:mé' areas identified on H & E us having many mummified oslls, were marked on the

. cor respuuding ApopTag stmned slide The number of malignant cells ldentiﬂcd by the atain as |

- Apoptottc wera then counted iu 5 high powe fields. This process was rapeated 3 times and the L

e Apoptotic Index calculated Morphology ot‘ cells whuch were negative for ApopTag, wem.

sumetimes dltﬁcuitto xdentiﬁf 'I‘herefore. it was assumed that the denominatox mthe Apoptouc Co

1' '_ Index would be identiaal to that determinecl it the H&E sectians S

o .s m-smf APOPTOSIS m:'rncrmN -

) fwfm apoptosis detection mvolves direct immunoperoxidasa detectlon of digoxiganinalabelled

- --.genomm DNA, Resldues of dlgmdgeninﬁlabelled uucleoude are catmytmally aﬁded to the_ -

numerous 3*-0H DNA ends generated during apoptos;s by the enzyme 'I'ermintd deuxynucleutfdyl-_- - .

transfcrase (Tdt) Standard immunopuroxidase deteotion techniquea ma implemented Ibr' . _' " k

visualisation.



FIGURE 8; LYMPI NODE; FOLLICULAR B-CELL LYMPIIOMA, .
IMMUNOI-I[STOCHEMICAL STAII\IING FOR BCL-2, posmrma CONTROL
(X40),

- FIGURE 9; LYMPH NODE: HODGKiN’S DISEAS]’.‘“ IMMUNOIIISTOCHEMICAL
STAINING FOR BCL-Z (X40) SHOWING I’OSITIVE STAINING IN TIIE’.
TUMOUR CELLS AND OC‘CASIDNAL BACKGROUND LYMPI‘IOCYTES
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TABLE6:  METHOD FOR MICROWAVE PRETREATMENT

0.01M Citrate Buffer pﬂaﬁo i

| Solution A: " 0:01M Citrie acid

ID.Sg C:tric nelﬂ i Sﬁ{lml distilled wnter -

o | Solution B O,IM Sodium citralc

2.94g Bndium c:tmta in 100111! distilll.'d wutcr : N

- with dist:lled water (pl{ 6.0).

| L2 " k Slidcs wcre placed in solution and boiled !‘or 2x§ mmutes in micrawave at oA

medmm power. L

| Slides were allowecl to cool ln solution l‘or 20 minutes mld thcn rinsed in PES

o bnmm- at pl{ 76

o -9ml of Solntum A andk 41ml of Snlution B were mlxed and mudc up to 500:11[ o




o 38 IMMUNOHISTOCHEMISTRY FOR B(.L—z

o _'Immunohastochemastry wag performed usmg monocional antlbody dlrected agamst bcl~2 o

- .-ﬁ"!"of’f otein clone _124-(DAKO, DENMARK), As with LMP-1, 3% goat seruim was used asa '_
. blo'_ta_l_dng ttgen_t_ and viauniisatiati'was anlﬁev_ed_ with a'staﬁdard'__i.hum;mppéfbx_idm. '_detecti_bn_-

© method.

_ 4pm sectlons were clewnxed rehydrated anct mlcrowave pretreated for antigen retrtaval metlmd o

_ (see ’I‘nble 6)

- After quenchmg wltlt 1% H,,,O, in mothanol. and 1insm;,. alides were incubated with gout‘s serum, _' |

g _-then mcubatad with antl Bct-z monaclonel antt‘body for 1 hour at room tempt.rature After rmsmg'_' S

Wlth PBS. the slldes ware mcuhatect Wltll strey -Avndtn-Biotin Complexfllorse mdialt Peraxtdase'
| | . ktt (DAKO DBNMARK) ' DAB wes used as 8 substrate “The slides werg counterstained w1th =
R haematoxylin, dehydt et and mounted on entellin (MERCK., GERMANY)

. _ -Poaltwa celts show strong brown gmnular nytoplamucfmembmnous staining againat 1 pale blue o

_ bttckgronnd (see Figure 9)

Positive and negatiw; -éo:ttrols were int:ludéd in eacii ba’tt:h A séctibn'ot‘a Fallittu'lat lyiﬁphoﬁia L

' knownto be bok? pnsmve, was used asn positive cuntml (see Figure B) For the nagativa control o

- the pﬂmary untlbody was omitted
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_ | FIGURE 6: NASOPHARYNGEAL CARCINOMA IMMUNOHISTOCHI:.MICAL
' STAINING FOR LMP-1, POSITIVE CONTROL (X4G)

PIGURE7: LYMPH NODE; nonmcm’s msmsm. mmummswcrmmc&

STAINING FOR LMP-1 (x40) SHOWING PDSITIVE '-'TAINING IN THE o

TUMOUR CELLS.

0



TABLE 4 COMPOSETION OF PHOSPHATE BiJFIi'ER SALINE (I’BS)

: PBS pH 16 was used over 48 hours;

ANt 16g o
|Nagpo, T [ 35 in 2 Heres distilled water

ke e
PP —— P

"o { pH add Na;iil-"O.._ -

To. | pH adg NaH,PO,

= TABLE s METHOD FOR m:mumon op DAB svns'rm*rn

| Prepnred 10 mmutes befora use. _
- Mask and gloves were ulways utillsed #s DAB is cm‘cinngcnic. R

. 0 Ig DAB in l{lﬁmls PBS l)uffcr wns mlxed on stlrrer -

o e o '-cu?.

3 Dmps of H,O, was' mnxed in ltlﬂmls distilled Water. DAB solution wns added | ._ "
" before s stmnmgsl:des. | o SR
o s -. .Slldes were inenbated i.n DAB!H,D aolution farSmmutes "u.-n rmscd in .
o runumg ip water l‘ur 10 mmutes. | |

- G _ After stninmg the remnimng DAB solutmn wis neutrathscd in 5% bleach o

3 solntnon, Jelt overmgllt and theu dzscarded.
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E : --Aﬂer rmsing in Phosphata Buffm Sa‘une (PBS) buﬁ‘er (see Table 4), shdes were nnsed in S% K

o .normal gont serum for 20 mimttes, dt'amed and then mcubated W‘lth antl-LMP-l monoclonal_-"- .

R 'anubody - so DAKO DENMARK) for lhour and washedeBS buffe1

 The sections were then mcubated with a b;otmylated goat antlnmouse secondary anubody for 0 _
- mlnutes A&er rinsing in PBS buﬁbr Strept Avadm Blotin Complex!l-Iorse Radmh Per0x1 da% .
_ Duet kzt (DAKO DENMARK) was apphed to the slides for a further 30- 60 mmutes After

o .washing, the slides wereplaced in Blanﬂno~13enz1d|ne«’[‘etrahydmchiunde (DAB) sqution (0 1%

| SIGMA, USA) (see Tablo 5), washed counterstained with haematoxyllin, dehydrated and rnounted s
- 'with enteﬂen (MBRCK, GERMANY) | |

Interpretatlon of pomtive calls was achioved thh brown cytopiasnnc and!ar membrane stammg -
A section ofnasop}'myngeal oarchoma known to be posmve for bath LMP-I and EBER was used
B a8 posmve control (seo Fxgures 6 &), For the negative control prinmry antlbody was omitted

' - and substituted wnth normal goat BEFU, Thesa controls were mcluded in each batch
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FIGURES: LYMPH NODE; HODGKIN'S DISEASE. [N §/70/ HYBRIDISATION FOR
EBERS (X40) SHOWING A POSITIVE REACTION IN A MONONUCLEAR
 VARIANT CELL AND OCCASIONAL BACKGROUND LYMPHOCYTE.

34 wmumomsmcammsmv FORLMPA |
. _Immunohlstochemxstry was performed using DAKO-EBV LMP-CSM mouse monoclonal -
L ant‘body directed n;,amsl: EBV latent membmne proteinl (LMP 1) Visuallsation w"s achtaved*

. .'_usmg 8 at:. sdard immunoperoxlda detectmn technique

dum sections were dewmd and rehydt‘ated then “digested” in pre-wmmed trypsin solutlon (0 1% .

in PBS SIGMA, USA) for IS minutes a 37°C The reaenon was halted by nnsmg m cold water._ '

The s slldes were then: meubamd in quenchmg solutiun (3% I-Iao3 in methanol) for 30 mmutes when _' ':; =

necessary. T!us Process removed any endogenous peroxidase.
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T posmve ﬁ)r both EBV (LMPI DAKO Denmark) and EBER was used asa posztwe control Fo: | .

I the negafwe oonh*ol ohgonucleonde probe was omitted These controls weie mcluded m ea.ch y
= batch All gla.ssware plastm ware and chsttllad water used f‘or washmg had to be ﬁ'ee of

contaminatton ﬁom RNAse Thls was ach:evecl by was}ung in Dlﬁth}'l Pyroearbonate (DEPC)
| _treated water and bakmg overmght at 180°C (Ta‘ble 3) - .

| TABLE 2 COMPOSITION OF TRIS BUFFER SALINE (TBS)

TBS (0 0sM Tr:s, 0.18 NaCl), pH 76
6,0573 Tris (hydroxymethyl) amino mctlmnc. .
: 8.’?66g NaCl in 1& dxstilled water, :

E TABi..E' 3 ME’I‘HOD FOR PREPARATION OF nnpc WATER

o O lml of DEPC was mixed in 1 lltre sternhzed water. o
¢ : o DIJPC solutwn was lei‘t ovemght ina l‘nme cllpbuarﬂ

' 3 Autocl:md for 20 minutes to mnctmtte the DDPC

MR ’!*BS bul’l‘er was mads up nsmg DEPC treated water and wag antucleaved - !

om:e made. '




In ‘addition, an “Apoptotic Tndex” was estimated u'si_ii‘g motphologics! assessment of H 4 E-

* seations completnented with spacial techniques (APOPTAG; ONCOR, USA).

33 IN-SITUHYBRIDISATION FOR EBV RNA (EBERs)
Each of the fi-sifu hybridisation and immunohistochetnical téchrﬁ.ques, utilized 4pm 'secﬁoﬁs of

the paraffin embedded, formalin-fixed tissue block.

) _The EBV RNA imtm hybrlchsaticm studxes -were perfom:ed using ohbonuuleoudes: '

camplementary to portmns of the two nuclear EBER RNA’s w}nch are present in high copy

numbers (~10% in EBV mfected ¢ells, The ohgonucleotides-are 8 mlxtura af 5 300 4, lab_elled o |

- with Fiuorescem-nsothmcyanate (FITC) ‘4pum sections were de-paraﬂimzed rehydrated and -
dlgested w1th protemase K (SOOugfmi Boshringer Manuheim, Germany), ina humid mcubator :
o -roorn temperature for 20 minutes. Afer washing w1th pure water and 95% ethanol- the sectwns'

were then hybrichsed with the commerma.ly prepared ohgonucleotide probe (DAKO Denmark)

o and incubated ibr 2 lmurs ot 37°C. Aﬁer washing the sections with Tris buﬂ‘er sahne (TBS), (see-

o Table 2) signal was vnsualasad' uamg antiaFIuorescem—isothmuyanate-a,-kalma phcsphutase (anti :

| -FITC/AP) deteotmn k1t using preprepared 5-hromo-4-ohloro-3-mdolyl phosphatasamitro blue S

_ .tatrazolmm (BCIPINBT) Levlmisola s 8 substrate (DAKO Denmark RNA detection Kit). ’I‘he: - o

sectmns were then washed ancl Iighﬂy counterstained wwh haematoxylm and mounted with

entellen (MER(,K Germany)

A sitong blue, black o blue/black colour in the nucleﬁs'fcytopla'sni oi;'éf Béckgrohnd -'lev'él's Was' L

. considered & posltwe reaction, (see Figure 5) Clumpmg aud margmatmn agalnst the nuclear' e

membrane and r.urleolus is sometlmes noted A sectmn of nasopharyngeal oaminoma known to be o

5



TABLI} 18 (Contillued)
BLACK P:’LEDFATRIC GROUP (515 Yem's)

_’Asm'ﬁl!t‘ﬂ ™ -LMl_’l_- - '_S“M'XD'- Stage Re . pefawt | Outenme . Rul'raetqrymelupse

I Btekpretionie | Mute  {Postive (Mo 13 | Chomostmpls . f.o_altn_fni{ﬁi\fﬁp tmknown_

".BInoki"aadiuiﬁo:_Mhlg | pasitive” [ mE | Chemo completo | - | Atve e

Blask printro | Mals | Positive | LD Died bafore trantmont | Notpptionbls | Dicd boforo R | A

2
s Bl&nkpnediah'io_' Fomnle - 'Pnslﬂvo R .'MC_' B "_'Chemocmnplutn S L R . L

_. '.Blaokpnadiuttiu_____ana_la Nngnuvo NS | .(.hnmocmnplnte L Jamwe [«

o -SUBTYPﬂﬁa : SR ' TREATMENT: .
L MG Miwd(.‘ﬁllulamy R : ' DXT . lelolhemp,? '
L NE e Noowlm Solerosiv - ABMT AumlagonsBonuMntmw'l‘muspilml.
S Lynmnm:nenopma | SRR o __
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' EUBTYI‘ES:

| 'TAﬁLE 5

DE I‘AILS or TREA’I‘MENT AND OUTCGME IN 'I‘HE STU DY GROUP

BLACK I’AEDIA’I'RIC GROUP (s 15 Yem's)

| AneRees

Bax

| suniype |

Sing’é

B

| Dottt | Onteone

| Ry actoryiRetapse |

| Blaok pacditels

Fomule

Postlive

MC

Cliomo aomplalc

Al

_— -Black pnmliﬂlric.

ey

Nfcgaiiﬁe_ _

NS

' Incomplete chnlno & I’JX'I' .

| pend tmminlcd |

:.Blaukpaudimric

Malo

Posilive

| Clioto complote

I

Alive

Black prediateto |

Mnlu

1 postiive

 Cliomo complote

Allve -

R ey

i Mnlu -

| posities

Cliaio comiplote -

| Dond ~ unroloted |

ooy

Bliok ﬁaédtmﬂ'c |

Malo -

Poillive

i Ny |

| cuomo complote

1 Al

a fHinok pandimna

Ml 3

| Postive

NS

| Chomo.DXT, ABMT - [l

Al

Pusills_rc. .

Me.

| Chomo __com_iﬂute

Allvo

{ Relop wilRofkostory  §

MG s
NS

I!lnﬂk paudinlrlc :

Mato |

" Mixed Colluloslly
 Nodular Selerosls
- Lymplooyte Deploted

TREA’I‘MENT:
© O ABMT .

xT -
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' : Stahst1ea1 analyms of outcame in LMP-I positive and LMP-] negative cases was not possnble' e

pnmaﬁly dueto small sample ﬁze exacerbated once stage and hxstoiogical subtype was taken inta _

| _ | £ acqount Tha high loss to followup In. certam centres and 1rregular clmw attandance/treatment o

| _ further comphcated tha issne. Further, treatmem pohenes dxﬁ‘ered somuwhat between centreh
. Dats was available on 52 of the 61 patients i the studly group and is suﬁimaﬁsed in Table 13, - .
) "In the paedinrtne group 3 patients were EBV negatwe 1 died of seps:s, (staga IV) 1 relapsed wn;h

: *eﬁ'actury dlsease (stage II) and requlred autologous bone martow transplant and has bean allve e

) -and disease ﬂ'ee for 6 months and 1 (ataga V) has biean alive fbr 7 years Ofthe EBV posltwe'___ -

_:mses 10 are alwe and disease ﬂ'ees 1 stage II 3 atage m (avel 850 time ~ 4 years 2 months) Twes

- lost to f'ollow up, 1 dled before treatment started and another had rel’raotary disease and died oi '

o sepsis

Ofthe adult casus, mf‘ormat:on was- available on 16 oftha 45 patients in the study gmup 9 .

L _ defaulted nnd were lost to f‘ollcnw up before thelr chematherapy was compieted

- -ol’the remammg 18 EBV negatwe patsents. 8 (5 stage II 3 stage 111) A a!iv - d dlsease free, RN

| 3 a stage II 2 stage III) clled ot‘unknown causes, 6 had refractmy disaase/ralapse (1 stagel 3 R

siage II 1 stage 113 8 stage ™ 3 are stlll ahve, 2 lost to follow up and 1 ched cuase unknown o .

_' | _ 1 reﬁlsed hospital treatment and died presumably due to disease Ofthe EBV positive cases, 3 o

- completcd chemotherapy and were still nlwe At least 6 mcnths past therapy (2 were subsaquently'_ L g __3 N

| Iost to t‘ollow up) 2 stage u and 1 stnge I 4 relapsed!had reﬂ-actonr dlseaae (1 stngeI 2 stuge_ | |

" "II 1 unknown), 2 ofthesa were lost to follow up one is aliva and 1 dxed (cause unknown)



" Statisticel analgsis-of outcome in LMP-1 positive and LMP-1 negative oases was ot possible .~

Ry pﬁmddiy due to small semple size exacerbated once stagé.and hi'sfdlugiéal suB_typé was taked into -

aceount. - The high * s to followup in cartafn centres :md i_jrregulafr.clinic attendance/troatment

: ﬁ;rthér complicated the issue. Futther, tre'atm&nt policies differéd sonigwhat-hetwe'en centres,.

 Data was avallable on 52 of the 61§ nits in the study group and s summarised in Teble 15.

. In tho pnediatna group 3 patients wete EBV negatlve { died of sepsis, (stage IV) 1 relapsed thh o

' _reﬁ'actmy disease (stage 1T) and raqtured autologuus bone MArrow transplant and hos been alive

:md dlsease ﬁ:ee for 6 months, and 1 (stage IV') has been allve for 7 years, Ot‘the EBV T \smws-

L "._cases 10 ara live atic diseasa free, 7 staga II 3 atage III (average time ~ 4 yeara 2 tnohtha), l wus T

- Ioat to follow up, 1 died l:efore treatment s:arted and another had reﬁ-actow disease and died of

- aepms

7 Of the adult 'c_a”ses.,._ information whg avaiigﬁle on 36 qf.fhe'éi patiaitts in the study Broup. 9

o L 'défaixlt'e_ad' and Wers Jost to follow itp before their chéhiotﬁerzipy was completed. R

- Orthe temeining 18 EBV negative paticits; § (3 stage 1, 3 stage IIN) re ali\}_g and -_d_iséasé fres;

7 3(1 stago T, 2 stage I1X) died oPunknown canise, 6 had reﬂ'actqry'disti@e!relapsjta _(I" stage L3

© iage IL 1 stags IIT; 1 stage IV) 3 ave still alive, 2 lost to _t‘_élldw up and 1 diédﬁaﬁséilunkhown;_ o

 Drefised hospitel weatment and dicd prosumably dug to disease; Of the I:-iav'pas'itivmses;zﬁ e

L qompleted chemotherapy aud werg still alive at least 6 months past thetapy (2 were subsequently- _. O

' _ lost tu follow up) 2 stage I and 1 ataga III 4 relapscd/had reﬁ‘actory dnsease (1 stage 1, 2 sta,ge' ' _' _ -

' II l Lmknownj, 2 of these wera lost to follow up, one is a!ive and 1 died (uauae unknnwn)




TABLE 13 ZXZ SUMMARY TABLE SHOWING THE DIbTRIBUTION OF ﬂCL—Z s

POSITIVITY ACCORDING TO HISTOLOGICAL SUBTYPE

'-__Bcl-l ) MC {NS  |1o.. | 'Totb
BolPositive - {13 j20- . |1 |3
S Ol O N

.-”.._‘1‘ntuls.. e 12 2 e, B

 Mixed Cellularity
Lymphoeyte Depleted

| NS =  Nodular Selerosls
LD = | A

- ."r_mzLE 145 2X2 SUMMARY TABLE SUMMARISING THE DISTRIBIJTION OF - o

LMP-l AND B('.'L-Z POS;TIVITY ) -

- [

Bole Nogntive

Towls |

oM

Positivo -

[ et pontne

LM Nogativo |

0

a4

61

Tows




R o L A T T
o polaNegntive |8 fe. o tm i

| "ABLE1l; 1X2SUMMARY TABLE SHOWING THE DISTRIBUTION oF Mpt
- rosITIvITY ACCORDING YO HISTOLOGICAL SUBTYPE |

el (M |ms |wp | Tots |
Didparesse fat fio 1 Ja
LM Neive {6 2z o | __
| Totaln I EEN e

. MC e Mixed Céllulaﬁty- NS = Nodular Sclerosis
LD = . Lymphooyie Depleted

| TABLE 12: zxz SUMMARY TABLE SHOWING THE ms*mmurrom OF ncn-z R

POSITIVI'I'Y IN AGEIRACE SUBGROUPS

B E TR W O S o e

BlackAdult  BP . = - BlackPaediattic
. WhiteAdult WP = White Paedisttio
Aslan Pacdiarric - R o 3

- BA
o

ER

53



© TABLE®:  2X2 SUMMARY TABLE SUMMARIZING THE DISTRIBUTION OF
. HISTOLOGICAL SUBTYPI ACCORDING TO AGE/RACE IN THE
. STUDYGROUP (u=61) | | |

. Agefkgcé - '_Sul;{ype | Sﬁhiyﬁu Subtype ."I'!_&thlx' '
L me fws o fw |
| :B'lacic.Adull _ I 15 o
o BIackPaud‘mtrm_ ¢ e 1
Tomoasn . |11 Jw 1
Whltul’aedmlm. 2 B ':__'D'- a2
—1-
2

| AsisnProdintio |0 |1
Tos |2 18

7 MC = MixedCelilety NS = Nodular Sclerosis
o 0 LD = Lymphooyte Depleted R :

-TABLE 10 ZXZ SUMMARY TABLE SHOWING THD DISTRIBUTION OF LMP-I R

POSITIVITY IN EACH AGE!RACE SUBGROUI‘ (nwﬁl)

| _LMP_u’uaiﬂw o e fs 2 o 2 |
. .IMI’»INcgnuvn 12 fa 14 0 e 39 . _
"lowls ol e fame 1 e e |

| Ll\il&:__-'_. - |ma .ﬁ_li.'_.-_'wi&_f'.-_.-'wlé-; A -_ | Tatals
. _ =
0
1

BA =  BlokAdt  BPF =  BlackPeedlato
WA = WhiteAdult == WP =  White Paediatrie.
- AP - = . Aslan Paediatric T '




- TABLET: X2 SUMMARY TABLE SUMMARIZING THE DISTRlBUTION GF
AGEJRACE m THE STUDY GROUP (n=61)

AgefRocs | Numbor | Porcentage
' [owoeann {2 Jam

| Bk puodiamio {13 {2131
While Adult” | 22 o 3506 |
WhitePacdiatie [2 | 3.27

| Asimpaediorio 11 |16

 TABLE 5 2% SUMMARY TABLE SUMMAR]ZING THE ms'mmme or
o HISTOLOGICAL SUBTYPE m THE STUDY GROUP (n-Gl)

[ subtype | Number | poreontige |
Mixdoollvlicity - |27 |4426

| Nodular Soloresing [ 32 | 5245

| LymghooyleDepleted |2 . {327 -




B2 was foted to be posiive in 34761 (55. %) of cases, distribited as follows: 3 (<10%) R'eea; -
StembergMononuclear varxant cells posmve, 12 (10-50%) Reed~Steinberg/Mononuelear vanu,

) cells posmve, 13 (>50%) RBed-StembergMononuclear vanant cells posmve R

. The dsstnbu’uon of bcl-z positivity aocording to. agelrace and subtype are deplcted in Tablea 12

gy 1’5 respmtwely 15!23 (65 2%) and 11[22 (50%) Black and Wlnte adult cases r&spectwely’ o

| "’*shomd bot~2 positivity. -7/13 (53.8%) Blaok, 172 (50%) Wh“e and 0/1 As‘“n paed’atm cases.'

s 'werebcl-z pomﬁve. Regardmg lnstologlca{ subtype /11 (100%) lymphocyte deplated and 20!32'

_ (uz 5%) nudular sclerosmg and 13/27 (48%) cases of‘ mixed cellulanty subtype were bol-z

o _'pcsmve o

- .Tabla 14 dep:cts the mteraction betw:aen LMP 1 and bcl-z Although there appears to bo a
_negatwe assocnauon between LMP-] and bcl~2 the ch:»squared test shows thax thls is not o

. statlstlcally slgmﬁcant {p=0. 15)

" Only 3 cases show both LMP-1 positivity and bel-2 posltivity in >50% of the malignant oells,



© 40 CRESULTS:

ey STUDY GROUP:
o _The study group cumpnsed 61 patients: 23 hlack adults 22 white adults 13 black paedlatnc,

"2 whlte paediatrlc and 1 A .1n paediatric patlents (See Table 7);

' 2? Lases were dmgnosed as mixed cellulanty subtype, 32 nodular sclerosing subtype, and 2.

- 1ymphocyte depleted subtype (See Table 3)

 The distribution dffhe.vaﬁOus-subtypes in relation to agelrace is depicted in Table 9, .

o 52% of the cases (32/61) weneLMP-l posntwa of these 4 showed pomtlvity in <10% ofthe Reec‘-
. 'Stemberg/Mononuclear variant calls,. 5 showed pOSltiVlty in 10-50% of Reed-Sternberg/ |

o Iv'ononuclear varlant cells and 23 showed pOSltiVlty in >50% of Reed-Sternberg/Mononuclear

) vanant cells The prevalenca quMP-»l posxtivity accordmg to sthpe and agefrace is deplcted-: fo

i in Tab]es 10 & 11 Mixed eellulamy mstologccal subtype showed the highest prevalence ofLMP :

o :'_1 posmv:ty 21!27 . ?%), wlule 1/2 (50%) oases: of lymphocyte depletecl and 10/32 (31 2%) .' o

| eases ofnodular sclerosmg subtype WareLMP 1 posiuve o

| The paedlatnc groups showed i high preva[ence of LMP 1 posnmty 10/ 13 (?6 9%) Blaok, 2!2 _

{1 UU%) Whnte and m (100%) Asian paedlatrin cases were LMP-l posltive Regarding the adult . : G

 cases: 11!23 (47 8%) B1auk and 8!22 (36 3%) White adult cases demonstrated LMP 1 posntmty SRR

o EBER positmty was noted in 24/61 cases, all of these were LMP I pomtive (ie 8 LME'-I pnsitive '_ R

B nases were EBER negatwe)



©The aéne’emant bétwéen the two methads for measuring the Apoptbtic Tndex m assessed usih'gf .

- the procedure outhned in Bland and Ahman (1986} viz; 4 scafter plot of or: nethod Vs the other,' -

- and 8 plot ofthe d1ﬁ’erence Vs the meant of two methods

_ Epldemwlogloal data regardmg the total 175 patlents was obtamed retrospectlvely ﬁ'om patlent -

fles and aummnrised usmg frequency tables

o No Etatistl.cal analys:s of the study group regardmg outcome was posmble, due 10 the .nail' o a

o rumbers involved a3 well o the hlgh rate of loss to follow up. ThlS data is depncted in table form .

o :111 the Results section

EI




s  STATISTICAL ANALYSIS o
- .2x2 summary tables were used to summarise the distribution of the study group (n=61) with _.
" regpect to age.frace and subtype Smnlar tables were used to summanse the prevalence ofLMP—
”.EBER and bcl-z posmvny ini this group. LMP-1 and bel-2 positive cases were also analysed

' _aoc_or.dmg to the percentage of mahgnant cells noted to be positive,

o Frequency tables wet eused to sumarise the prevalence of LMP-1 and bel-2 posmwty thlun the

agefraue and su’btype subgroups, and to. summarxse concordance between LMP- -1 and EBER '
'positivity. : |
e The-iﬁf_;era;ctién between LMP-1 and bol-2 was tested using the chi-squared tost,
' Hlstograms WBI‘B used to summarise o the dlstnbutmn of the Apoptotlc Iudex estabhshed on 61
RS cases by observatmn of mumm1ﬁed cells on the H&E stain; and on 42 cases usmg the ApopTag_ | |

. kit .’I_‘he m__ean and median Apoptotxc- Index and standard davlatlon welf_e nofed, . .

'I'he means of the Apoptotnc Indices w:thm each subtype and each agefrace subgroup were

| cnmpared usmg the ﬁ b S8 of variance (ANOVA) and dEplcted graphlsally in bnx and whisker_ Tl

. '-_:_plots

A two-way ANOVA was used to compare the means ofthe Apoptotm Indnues by subtype and :

| LMP 1 posxtmty a8 well as by subtype and bcl-z positw:ty
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‘Black Adult BP = Black Paediatric
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 The Between geoup ANOVA of Apoptotie Iidex (on ApopTag) by Age/Race gave a p-
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| '_Tlua Between group ANO‘VA ol’ Apoptotlc Index (on Apup'l‘ag) by Subtylae g.ave a p-valua
) o!’ 0.33 | | | - - |
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.

CTMe ‘= MixedColllay . - N§ = "Nodu_larscle_ms'is.. o
LD = . Lymphocyte Depleted Lo

- "I‘he Tetween group ANOVA of Apoptotin Iudex (N E &%) by Subtype, gave s pnvalue

66




o _Although the box and whiskéf ﬁlot-bf‘- Apoptotic-l-ndex (esfablishéd on H&E) by éubtype'&nd _

e LMP-I (see Figure 18) appeared ta show an 1nteractton, tha ANOVA showed tha,t this was not' - |

_ '_'statmticaﬂy signiﬁcant (p =, 13) Thiz may be due to the small number of ¢ cases

L in partxcu]ar, there was no statistically sigmﬁcant d:ﬁérence in the hpopmtlc Index (on H&B)_ =

- _between LMP-I positive and LMP-I nagnﬁve cases (p 0.58 ) Ahhnugh it appears tlmt LMP 1 o

o does not Aot by mhibiung apoptosis again, this may be related 10 smiall sample size

- The apparent lnter&cnon between Apoptotio Index (on I-I&E) by bcl-z and subtype on the box and
o wlusker plot (seo Figura 19) wera similarly not statistically slgniﬁcant (p 0 22) poaslbly dueto. -

e _sample aize Contrary to expectatuon, Apoptotlc Index on H & E did not dlﬁ‘er sigmﬁcantiy : |

5 betweenbcl-z posiuve and negatwe nases (p =, l9), although agaln this may reﬂect sample size,

- Analysls of‘Apoptotic Index (esta,bhahed umng ApopTag) by LMP-l and subtype also shows o

e '.statiatioally siguiﬁcant lnteraction (p 0 ‘}‘3) (sea Flgure 20) 'I‘hese results also apply o bcl-z and o

. subtypa (p 0.73) (see Flgure 21), and are poasibiy Bsa resuit orsmnll sample size _; o

Simzlarly, analysm of Apototlc Inclex (on Apop'l‘ag) by LMP-l shows na statlstlcally sxgnﬂcant _ |

B diﬂ‘emnce between LMM posmve and LMP-J negnuve cages (p=0, 07) Nor is tmy stattstlcally: -

g slgniﬁoant dlﬁbrence in Apoptono Index (on ApapTag) noted for bc1»2 posxuve ami negatxve_'_ |

. '-ouses (p-—O 45).

AS
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' FIGURE 12: HiSTOGRAM OF APOPTOTIC INDICI}S ON H & E. _
Desonptxva statlstlcs for Apoptotic Index {H & E) | |

Mo obs - Mean Medi_nn Min Masx SD
& 37873800 16 71 116

1. HISTOBRAM OF APORTOTIC INDEX ON APOP

. Noofobs . .

e S o] M, [ [ e Bitiooled’
nmznaoaomdumaummm_-Nonml_.
| ARORTOIOWDEX (0P} S

o _'-._F[GURII 13 HISTOGRAM OF APOP'I‘OT[C INDICES ON AI’OPTAG. _
Descnptive stahstics for Apoptotic Index (APOPTAG) |

';.'Noobs' Mean Medmn ' .Mm Max L] » R
42 41830 170 -__1'00.-_0._:15.35
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L '4' 2 APOPTOTIC mnEx @Ay

- On morphoiogmal assessment ofH&E stmned sectlons, (n 61), the mean Apoptonc lndex wes

- 37.87% and the medtan Apoptotic Index 38% (SD = 11,6) (see Flgure 12). The s1m1lanty_.'_ :

: between the mean and media,n suggests that 1he distribution of Apoptot:c mdex i8 symmetnc |

-_Flgure 12 illustrates that tha normal distnbunun provide 2 good. ﬁt tothe dam RN

 Figure 13 illustrates similar data for the Apoptotic Inddx determined on staining wi't'h. Apoang

- Althnugh the mean (41 88%) and. medlan £39.0%) are similar in value, the histegram snd ﬁttad o

- normal suggegt that the data do not follow the normnl distnbutton In addltion there appears o

. '"i'_be an outhe on the nght slde ofthe distributiun o

Using the Analysxa of Vaﬁﬁqca (QQIQOVA), "t'here_ appe:_ired to be no statistioal diﬁbi'endis between - '_

_ thie gr'oup means ofﬁpopﬁuﬁo Index deterinined on H&E, of the various his‘tologi_an_t_ subtypes -{p L

“e084) or thevauous Age/rmce groups (p =0.66), There were very fow White or Asian paediatric

7 cnton for analysls, The box and wisker plots illustrate how closo the median valves ace in

o :cbmpaﬁ.:spﬁ_to t_h#_spread around-gacﬁmédian (Soe Fig_urés “&ls. -

: Similar-results 'w'ere' 'c:btaihed using Apdea’g i.8.. Using the ANO?A ; -the’re‘ 'appé'ared to be ln.a. 'f:

: statlstxcal difference betWeen the group means aproptotic Index for the various subtypes (p 5= -

L -O 33) or the varions agefmca groups (p 0 56) (sea Figures 16 & 1?)



. TABLE 15 (Contlnued) | |
L WHITE ADUL’I‘ GROUP (>15 YEARS} (CONT]NUI:D)

'"'_-".-'_ﬂAgefnm _-__"sex e sui:typp:' Stago [Rx Dot lOusome | RefractoryRelapw

| Whilleadut _.Mtile'."'. Positive {MC |2 - | Chomo complste R :Lositt:ofoilm_v_up._ | Unknown
| Whitendult- | Fomalo | Nomotive { NS {2 -C]wmouomplom..' e Tatiw a

| '.""-Wmi-““d“f.lt'--- 5 M“I" | Positivo NS R hmnu complete < |+ Losltnfullowuli' . Uﬁhnwn_f_ i
CpWiitdadult . | Male - | Nogative | NS 2. 'Cbaumwmplew__. A | Alive ]

. SUBTYRES:. o : 'I’REATMENT: - .

Co oMe 2 MigedCeflmdegity - -0 o L S DXT - Rndmthernpy : '
© - NS~ - Nodulorolorosis . - S T ABMT - AulologuusBonnMnrrow’l‘rnnsplant
oo WD e Lymphooyo Dopleted B e _ o

e



_fim;mm | Male Nogae MC

TABLD 15 (Contimmd) . :
o WHI‘I'E A'DULT GROUP >15 YEARS)

_ Angace Sex .-LM-_I_'I. Subtypu Stngs. R o -I)_éi‘iiuit _. E -Outcome S .--Rafrnctorym-\lapse

_' ._Wiute a&ult _ Tomale | :Nag&ltép_ _MC 3 : _Ch’em;-i,xggmpléi_e - _ Dsudulﬂmo“mouum: Unkuown e
- Wlﬂ_tu_nduit.'-- e B Nagume NIRE “ -Chiﬂ,_l;idébtﬁﬁiet@ I --Lusttofollownp '.'_Rer_ruc_mry&llulapsed'_ o
Wh:te ndult B I‘emalu | Positive rM&::_ e Chemo, DXT - I)iednnlnmvuomme .Reﬁ'nbtaq&Rcinpaad.. -

| whieadolt | vommle |Posittve [MC 12 {Chemosompite f» - A |5

| whisadule Mol |Newtw [Mc |4 {chmoDxr 1.  faiw | Refiwory&Relpsed -
| waitoaddt - |Mats [ Megave [Ns |12 |chomocomptee [+ o fame 0 |
| wiitenditt | Female {Negtve |NS {3 | Clemooomptess - |- - o G.awe . o 4. B

'Whitp__uilult Mnla u Pos:ii;'e N8 2 | Como, SCR B N a0 | Refuctory & Rolapsed

: Wllitcadult | Male . | Negmivn ' M(. R | Chamo wmplnta . Dendnnknmmcuusa - - N
3

. "Chﬂmoﬁompletc - o Ale

SU"TYPES’ L - TREATMENT: o |
M- MoodColwiy . DXT . Radiobomy

NS s - NouularScleros .~ - - 0 7 TABMT . Autolosm!s Bono, Mm:rmv Trnﬁsplnnt
D~ LywplooyleDepleted .~ . e - .




) : AgelRace
| Blackadolt
| Blaok admt
| Blagk adult -

| Breokadat

svnmns:

TABLE 15 (Contmued)

 BLACK ADULT GROUP '(515 YEARS) (CONTINUED)

Subtype

Rx

" Rarramrymelnpsu '

3 BInnkadult._ .| Feials

Negatwn _

NS

Stage

_ (.homocomple!e _ '

' Dé_l’a_ult : ]

: Refractony orralnpsed'_ _

| Blaokndult_' Msla

Negunve .

NS

| Chemo incumplcte

| Dead ynktiown oquse .

:__I'S_/Ig!e_s : ' Nagntive

NS

B _Chamocnmplete _

N

| Blaskaduti | Female | Positive

_Chsmo omnplete _

i’

Tame

Blnoknd ult"_'_'_':_ 1™ |

Posllive

MC

Chemo incomplem :

_Lost to i:illuw llp_

1 Unknown

i

Posifive

: -Chmo

Defulted
o Lnsllofullowup N

U.uknuwn' :

Tomale | Nogative

NS

2
3
Z
-
4
2

Chema ongnmg

Alys

| Rbﬂ'aotory urralapsed :

| Bk adut | Mats

FPositive .

e

y Chamo mcnmplete_

| Deftted

'- Unkuqm:_.._ e

-_Posil.lve )

e

_ Lhemu.DXT i

‘Doftulied.

'Ibsi-tgfolloi{'up"'_

- .Blnckndnlt-_’-. | -Eqn'mh

Neguﬂva-- :

MC

' C?hamn ougoing

) 'mn.;a |

A

| Refractory or refipsed. |

Blauk ndult | -_ Female":-_'Negaliw

e

mxed Cellularity
" ‘Nodutlar Selerosls

o MC .
. NS.' ".-
CAD.

NS

" Lymphooyts _Daplmed o

' -Lhemo oompleta
C 'I'REATMENTt o '
Rndiothernpy

DXT . = -
ABMT -

Autnlogous Bono Marrow Tmnsplunt




TABLE IS (Contmued]
BLACK ADULT GROUP (> 15 YEARS)

Mma —

et

: Subtype

Stage

"Dbi'-'_nult '

| Guteome

Refr&ét&'ryméinhud |

| Biwokadale [ ¥

s_iax -

Famale

'_ Negnli\m '

' __Cli'emo ;

Dagd - unknows onpse’

Rzﬁ'aotmy or mlnpsed

| Blnok alt

__Male..

. I{egnﬁve

1 Chemo mnomplale "

| Refiised Rx.

‘Deiid mknown canso B

- T Blﬂckadult e

.IIVIL}I;.

. _Posi_ti_'i'/ﬁ-

Chemo inmmp!e!e i

-D.ef.hulteﬂ _

Loat 0] i_’oi_luw wp

o .Unkuown .

Rnﬁ-uutoryurrclapsed -

| Bwok saut

Male

MC -

o Chemo moomplete

'uemuned

Loﬁttofnﬂbﬁuﬁ. .

Unknown'

| Brask e

Mo

| Positive

Me

- Chemn innomptete' -

_Defuulted )

Lost mfolluw up

| Blackatult -

-_ ﬂfnia B

Nagnlive

NS

| Cliouo, DXT, SCR

Deﬁul!ed N

Losl lo fnllow n

“ -Un!:nowu '

| Bkt |

Mata _

. Negativd

N

| Chomo incomplete

[ oot

- Lost w0 fpllow_np' .

.Unknnwn

o .Biaqkadt_llt-'m.

Femnle

‘Nogalive

TSN ESE ETRATE FTE PO ST t;:

| Chemo inhmn'plele :

| Defitted
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- { Black ot
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Positive

NS

Chermo wmplote

: b&fmﬂte_d _

{Alive

L “Black adit

e

Positive -

- 'Chumneomplele

o R TR
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. Unimown
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| Mute -
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Aslanpﬂﬂdw“‘i" Male_

T TABLE 18 (Continued)

S . _wnm: PAEanmc GROU'P (sis YEARS)

[Aaman o

Subtypn

Btige

. Rx

i o_uteomé

Whl:epaedia'lric _Malé_'

: Péni_t_ive

MC

. :.2"

.': _C.'hemo' iadmp_lete |

 Default

' Maeiofﬂkelﬁpug -

e Whitepncmatrlo Male

: Negmivo

2

Cheirio & DXT

‘Deid - imrelntod

By ASIAN PAEDIATRIC GROUP (s 15 YEARS)

Agelltaee ____'sag:.

| LMPL

' Subtype

Stngu I

m’:.. 8

A D’faﬁlt :

Quteomo

o Reh'actnryfl{elnpse o

Pasitive

o

‘-

'sun'r'm:s: o
ST UME s Mised Celinderity
LUNEET T . Nodulur Solstosis

o 1553 '_ - Lymphoo)rlel)cpleted

TREATMENT'
- DXL

L
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 TABLE 17:

'I'HE EPIDDMIOLOGY GROUP (n=175)

DISTI{IBU'I‘ION OF HISI‘OLOGICAL SUBTYPE ACCORD]NG TO AGD!RACE FOR ’I‘I:IE CASES IN .

R P —

Black Adults
|

‘White Adults
| (=71)

‘Asln Adult
| =)

Unkitown race

Atduit (n=1)

W'_li.Ite Pae('liatrl.c

' _ {n=14)

Blm:k l’nelllutrl&'.
(li= 401 '

“agen "
Paedintrle
lazh

! wised celtilurity

”

Nothlar solerosts.

10

¥ Lyniphocyte depleted .

~ | Lymphocyts predorinant |

' .'_;-Nolmnphnodebiopsy N

" Usielassifinble.

. Una’aletufind

2

!
_2 -.
T
3

80

Do _ No Iymph nude bzopsy indrcates that the diagnosis was made an same other tlssue




EPIDEMIOLOGY G‘ROUP (11 = 1‘75)

DISTRIBUI‘ION‘ OI’ AGE!RACE, AVERAGF AGE AND MALE FEMALE R.ATIO IN THE

T Aae!Ruce

] _Blacfg'Adulfs-

Asion Adult

 Binck Pacdintrle

| Number-

‘White Adults

|40

White Pne:limr!;

Ie IE

Aslan Paedistric.

Averge Age

| 32ys 7

_ 4'_1_yrsﬁm"__ :

Sty

| gy

Joysum.

o

1041

31

_ q‘.s} 1

| MaleFemale Ralo -

1,031 o

. One sdult male of unstated race, aged 29 years ls not Included in the tble,

7%

j




 'The 1 Aslan case wéé_ a male of 58 years with nodular sclerosts HD, th one _ca_se'the meeof

| the paﬂe_'nt' was '_nb_t obtaiinable, hc'was 8 m‘alle with nb {lyniph hod'e biopsy. A_Lge_ 29 _y'e_éfs..“ N

L | Details of the adult age distribution are SU_rﬁmaris*;ed iy Table 19, -



' Thete were 116 Adult patients. . .

| '_ '43 of these were Black adults w1th an average age of 32 years and ‘? months and a male t’emale o

o rauouflﬂm

" Their histolo’gicél subtype distribution was a5 follows:
| Mixed Collufarlty =13, |

| » NddularSclt:rns_'i_g =25

o | _Lymphocyté_..l’r'edoml.néni.:' =1

. Nolymphnodebiopsy =4,

n were white patiems with an average age of 41 years and 6 months and. B mnle female ratln :

. 3_:of1031

_. Dlstribunon of histological subtype' |
'-:_-MdeCellularity . -23 U
Nodular Sclerosls = 38.
Lymphocytc Deple:ed S f-'l..
i Lymphocyte Predominant - 1.
.No Iymph tiode bIopsy | = 2
Umlassnfable N

Umbletofind =3,




o _' The dlstnbutlon of subtypes were as ihilows:-_

- Black clfuldren (n==40)

':_-'-'_Mimd(:euularity o=z,

| Nod_ular S_clt_*._rosl_s c =13,
- Lymphocyie Depleted = 2.
o Lyfnphnc}_rte Predominant = 1.

+ No lymph node biopsy =2 L diagnosis was _rriade on sorrie qtﬁer tissue. .

| __'wmte childreu (nm14)
MlxedCﬂlIulmty . -_~=4 '

| quu!_arsclerasis::- = 10.

e
Mised Cellularity . =3,

%
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FIGURE 23 SCA’!"I’ER PLOT oK DIFFERI}NCE VS MEAN FOR APOI"I‘OTIC INDEX
FOR APOPTAG AND H&E

.43 Epmnmowcy | P
o --'AnaIysrs of the data available on the 175 pauents wlth 2 diagnosm of HD summarwed in Tables. u

3 -"l‘here were 39 paed:atrlc cases (Deﬂned assls years) 40 of thase were Blax.k children with o

an average age of 8 years and ] months and a male ﬁ-male ratu} of 3.4 1. 14 were Whlte_' Ny

o chiidreu wnh an average age of 9 years and Hon: bs and male temale ratzo 1 1. 5 were' e

- Asnan children average age 10 years and 7 months and male' female ratio 0. 6:1. Detailed age | :j:

o distribution (0 summarised in Table 18

I
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EPIDEMIOLOGY ' _ S : -
- : _Analysw oF the data avallable on the 175 paﬁemS with a diagnosis cf HD summarl.sed in Tables- . -

'16&1‘?

R _ There were 59 paednatric cases (Deﬂnecl assis years) 40 of these were Black children wlth o
Can avcrage age of 8 years and 6 momhs and a male: female ratio of 3.4 1 14 were Whlte :  o

| Chﬂdfeﬂ with an average age of 9 years and 11 months and malwfemale ratio i1, 5 were. . =
| Aslan cmldren average age 10 years and 7 months and male female ratio 0 6 I Detailed age'- |

: dismbution i summarlsed in Tahle 18




o There appears 3 be very poor agreement between the two methods usedto assess Apoptonc'

- ) -Index Thls is deplcwd 111 the scaiter plot of Apnptonc Index estabhshed oft Apinag vs o

o _Apoptot:c Index establlshed on H&B {see Flgure 22), ancl corroborated on the scatter plot ot

 the Difference vs the Mean of the two methods (see Figure 23, The seatter of the difference

" _ between Apoptotxc Index on H& B and ApOpTag appears to. be narrower at smaller values of'_' . _' "

G the miean than at large valnes - The mean dlfference was 4.67 and the standard devmuon was .

15

Soatbarplat of Apap{uﬂolmxfarAPoP and HL-‘.
’ - Rifargasion Equelion; MDPH!UW 541' I-E+apa
[

P Lo A

 FIGURE 22: SCATTER PLOY OF APOPTOTIC INDEX FOR APOPTAG ANDH & .

R TR




aox AND WHISKER PLO'I'S OFAT (APOF)- .
BY SUBTYPE AND BCL2. 3

R T

Ao | | __t__ :1: MWM“
R B T N T - I I T- IR v T |
BOapOS 0 T UTC HCLZNEQ. . - B .I_\ﬂedlan_ngUe.___

FIGURE 21' IBOX AND WHISKER PLOTS or AI’OPTOTIC INDEX ON APOPTAG
- BY SIJBTYPE AND BCL-Z

MC =  Miked Cellulanty : NS ‘-—_a. Nodulat Sc'lé'rosi_s'-

D = Lymphocytenepleted

- "I‘hetvm—way ANOVA oi’ Apoptotic Iudex (on Apop'l‘ag) hy Subt}'pe antl Bcl-z gave a pn -

value oi’ 0.73.

The ANOVA of Apoptotic Tndex (on ApopTag) by Bel2 gave a p-value of 0.45.



* [~ HOXAND WHISKER PLOTS GF Al (AFOP)
. BYSUBTYPEANDLMPY -

- AV{APOP) - o
2

) SR | B——" foT Mt
TS Ne e MG N§ LD, £ 28%-75% L
CooTlRiRos L MEtMS. o Medaale f

' "imGURE 20 BOX AND wmsm PLOTS Oli‘ APOPTOTI(‘ xmmx ON APOPTA(‘ - B
‘BY sun'nfm AND m:p 1

MC = MiedCelladty NS =  NodularSclersy
LD = Lymphocywe Depleted . : . MR _

L "_Tﬁe':twdémy ANOVA of Aoptotic Tndex (on APOPTag) by Subtype and LMP-lgave a B

.'1.1'-‘\'{.!111#.01'0;73. _'

~ 'The ANOVA of Apoptotic Tndex (on ApopTag) by LMP-L give a pvaliie of 0.07. .




' Box AND WI-IISKER F'LDT‘S OFA (H&E)
B - 4 SUBTYPEAND BCLﬁ

T aem
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i

 The t‘m-way ANOVA of Apoptotic Index (on H & E) bs' Sﬂbfﬂw ﬂntl Bcl-z gave. a p- :

value of 022%

The ANOVA of Apoptotic Tudex (on ¥ & E) by Bel-2 gave a_p:-;an_u;; of 019,
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- FIGURE 18 BOX AND WHISKER PLOTS o APOI’TOTIC INDEX ONH & E
. BY SUBTYPE AND LMP

. MC = MixedCeliutarity NS =  NodularSclerosls

| ""he twmway ANOVA nf Apoptotlc Index (on H & E) by Subtype and I.MP-I gives  p- _ﬁ "
o . value of 0.13.

“The ANOVA of Apoptotic Index (on H & E) by LMP-1 gave 4 p-value of 058, - '.



| Neveftheless. there is evidence to suggést_a role for LMP-III in the pathogenesis of ERV positive

'HD i is strongly expressed in concentrations that would be toxic to a normal cel. In addition,

'. LMP-I has been identified as being essential for imtaortialisation of B cells {in combination with
othar Tatent proteiny), can transform human keratinoaytes, and is kuown to have transforming '
potential in rat fibroblasts. Lvidence suggests that, at lenst in HD, LMP-1 is not acting thro_ug_h |

| up ragrlation of bel-2. A scemingly neglected article, (Mosialos er al, 1993) J~enribes the

interacfion df'i..MP-I with Tumour Necrosls Factor Receptor associated Factors ('I‘RAFS).

LMP-1 Interacts with & novel humen protein LAP-1 as well as an EBV induced human protein |

EB16, Both these proteﬁm Interact with the p80 Tumoqr. Neerosis Fgotdr Reteptar, and LAP- 1

aléo binds CD40 and the Lyrﬁphotoxin B receptor, LAP-1 is homologous to & murine proteln

{TRAF 2) which is impliéﬁted- in grbwr;h signalling from the'pEU-'Tﬁniour Necmz';l. Factor -~

Receptor, It is hypothesized that normally, binding bf Tumour ‘Ne.crbsis Factor Receptor cauéeé__ .

eross linking of the extravellular domains of the Tumour Nerosis Factor Reéeptbr, leading to
| qggre‘gation of intraceliular domains with thelr associatesd TRAFs, resulting in s_igq_ai transd_u&ioh.
As LMP-] molpcﬁlég normally form 4 #om‘plex at -the_p'l.asriia' membralﬁ_e.,.'.ﬂ1is .mny lead to -

agiregation f LMP-1 assoclated LAP-1 and BB16 resulting in constittive signe transduction

and inereased profiferator. In addition, competition betwwean LMP-1 and P60 Tumour Necrosls

Factor Receptor bmding to I.APd may block mductlon of apoptosm usually medmted by that'-- S

recaptol

EBV recomblnants deleted for portmns of thn LMP-»I carboxy termmal domnm, meluding the_:

amino seids which i mteract with LAP-1 are mcapable oftmnsfonuing B Lymphuoytas

9



. HD (Schiaifer e a, 1995), As BHRF: (an HBV gorie which sharos extensive ficmology with

a bcl-Z) is exprassed in the Iytic rather than latent phasa ofEBV mféct!on, this is also unhknly 10

' contribute to tumorogemcnty

Another possxhle viral ta:get could be p53, which ﬁmetlons a8 & cell-cycle checkpomt control |

_ .leadmg tu eiher growth arrest in the Gl/S phase of the cell ar culiminating In apoptosis It 11as -_ |
. been repor; a'l that EBNA 5 which is required for EBV induced B cell transf‘ormatlon. can Torm -. ._ _.

e complex with p53 and the retinoblastoma protein possibly impalsing thele tumtour supresscir |

f‘anctlon (Szekely ¢l al, 1993) I-Inwever, like BHRI-I, EBNA 5 is nat characteriatically-

- expres- ed in EBV positive 1=ID and is therefora unlikely to play & role in the patlmgenesis OFIID

Astudy from Natal (Bickloa; Chetty, 199‘?) has showed that 39 of 43 EBV posxtive cnses wera

negative for Rethmblastoma protein, suggestmg that EBV may calise inﬁcttvation of‘ the latter

i tluough another mechanism

It h.a's 'ﬁlso béen prd;iused-that the grow’th oflnmlignaﬁt 'i:el!s- and. their'intéraétio'n with o"ther .

- reactive cells. are icdiated thmugh oytokines Producﬂon ofseverai eytokines has been detected o

A :in Hodgkin 8 nnd Non-Hodgkm 5 Lymphoma (Hsu et al, 1993)

_'._.In 1096 Mein ef al dcmonstrated that most oI:‘ the Burkitt lymphoma cell linea inf‘ected hywild I

 type EBV o the EBV strain BOS-8, produced ILS ILIO TNFoc, TNFB, in contmst to EBV o

negative ines or to celllines infected with-the non-transi‘orn‘ﬂng EBV strain PSHRI Although o

wsults obtained from cell lmes shauld probnbly be treated thh reserve, further invastigationsf'- o

' along tl1ese lines may impllcate wral mduned uytokinas it the puthogenesis ofI-lD



fbr EBER& (Welss, Chaug, 1992; hutﬁtzan ol 1994} and is thoug,ht o haws cnntributed to the' -

o _high mtes of BBV posltwn:y obtained with PCR.

54 THE ROLE OI‘ EBV IN IID _ _
- In 1991 a paper. publishea in CCel] usmg DNA trnusfectlon showed that LMP—l could protect
: human B cells ﬁ'om apoptosis by up regulating the expression of bcl-z (Henderson et al 1901)

Thns ﬁndmg ied tn speculatton {hat thls process may play il role in the pnthogenesm ut‘ EBV

o positwe HD. Although 34:’61 (55 7%) of the cases m our seriae -shou ed bcl-?. cxpression in the '-

Reed«StembergJMononuolear variant cells, no poaitwe assocxation \mth LMPA1- expression was
~ demonstrated. . Tlns lack ofmterncuon between LMP«I and bcl-z has heen reported hy other

"authors (Armstmngeml 1992b; leaet crl 1993; Tiwn et al, 1995)

CTn the presem scries 1523 {65%} ot Black adult cases 11/22 (50%\ ofWhlte adult cases, and | ) .

L Bf 16 (50%} paecliatno enses were beluz posmve in Reed~Sternberg/Mononuclear variant cells R o

: Nodular solerusm sul:type showed h hlghm rite oi’ posltwity wlmn compnred to mnxed celiulanty R

o subtype (62 5%y 48%)

 One 'o't‘ the two casd's ofiymph_uoyte depleted kubiype wz;is-.'liclvz -pos'itive.-' '

' _It therefure, seems that despite the atrong svndence i‘or an assomatton l:atween BBV and I-m, the S

L exact patlmgeneuc rola of the virus remmns elusiva

o : it has heen suggested that LBV may interact with bul-z homologues such as bcl-x Ilowever, |

o bc!-x sxprossion is not spec:ﬂo to BBV pnmtive HD, but Is also noted 1n EBV negatiw easas ot‘ 1  o

._.:90. -



' Sma‘ll numbero, vaﬁation in sﬁbtype (knomrtoaﬁ‘eot prdgnoéi"s)', and diﬂ‘erenoes in cliﬁioal sage

at presentatlon mako areurate comparsaon of outcome in LMP-1 positive and negatwe cases_ S

o diﬁ‘oult to predict In our series.

| B _In B recent edltonal (Oudqsans ot a! 1997) state that f group of 80 patients \mth noduiar sclerosls:- .

| _ .or mlxed oe]lulnnty I-IIJ pationts with EBV positwe disease had 8 shorter progre551on t‘roe sumval |

time IIowever, no dlﬁbrenoes were observod in overall survival time, Whethor 1hese panents -
'wera paodmtm or adult {3 tot spocitied.. Snmlar results were observed by Vost!ev ot a! (1992) v E

| . In contrast, tho Cape Town study suggosted that EBB posntivity ooni‘ors a more favourable : |

- outcome in childhood I-ID I-Ienoe. the in{luonoo of LMP-1 on prognosis of HD romains to be -

o rosolved

& 3-' COMPARISON OF EBER v$ LMP | I TECI{NICAL CONSIDERA’I‘IUNS |
: Contrary io other reports in sim hybndnsauon ﬁar deteotion ofBBERs was less sonsitnvo than

immtmohxstochemmnl deteotlon ofLMP 1 8!32 LMP-I posxtwe oases, were negahve For EBERS' g

‘on2 separato occaslons The reasons for this are probab]y related to ﬁxati o nfprocessmg ol:‘ tho Sl

Hisue,

- - Sinee st hybridisution waé timo' consuming '&nd- toohlﬁoaily doiﬁan'dingi.' it 'is'-thoreforo "

o suggosted tha immunohtatoohemlcal deteotmn ofLMP-l would be 8 pmotmnl option for routme o

| . diagnostlo us0 in tho Iaboratory A fow (3} of tha oasos that Were pom{ve thh LMP»I and : o

BBERs in tho Roed-StemhorgMononudear variant celis. also showed positivxty in oooastonal B i

- . bnokground small Iymphooytoo Simﬂarﬂndmgs have beon roported thl: the. in-\s'im hybndlsatron. .

U




; Amajbr éhortcb'ﬁiinig .of;th; pres’eﬁt’ study, was that here were insufficlent White paedi'a'tri'c" cas.és. o -

for companson with Black paedmtria cases, As most Black children i Scmth Africa show EBV ' B

' seroconversion Bt an early age, (Macdougall ef al, 1993), they mlght hava been expected to shaw-_ |
| _a_s:gn_lﬁcanﬂy higher prey_alence o!‘E_B_V .posl_tmty it HD, than White children who may only be

- exposed to EBV in early adulthiood. Sucﬁ dats would dbviuusiy need to be cbhﬁ-olled for

- hlstologwal subtype, L the mcleased moltlence of mixed cellulauty subtype wnthin the BIack | _- B _'

o paedlatﬁc grcmp would also | mctease the rate of BBV pnsitivity

- 'Slnﬂlm'iy dif*‘éren‘ces may have been expested betWaen White and Black adu’ft caseé ofHD' Tnour
snries, Black adult cases showed a somewhat lugher prevalence ofEBV pomtwity as cmnpared L

© with Whit wiult cnses (47 8% vs 35, 3%) This was primarly due to different pr evalence ofEBV '

) posntmty within the mixed celiulanty subtype (87 5% Vs 54 5%) However, the nudular scleros:s S |

- _subtype-showed wmﬂar rates of‘_positlwty among Black and-Whn_te adult cages (26.6_% L 2_0%). B

o Arecent reportﬁ'emNatal showed somewhat lugher prevalence for EBV positivityin I-]D 43 of. S

| 71 (60 6%) R ofHD were ahown to be EBV posmve using 1mmunohnstoehemistry for LMP 1 e
R .nnd m-sfm hybridisntion for EBERs (Bickhuo Chetty 1997) 'I‘hia includecl 519 (55 5%) cases- - '

. in the <15 year age gruup

__‘_Comparisons of EBV posntiwty h adult cnses of I—ID fmm Algena and Franee using innaim

- __ hybridlsation for EBB DNA and RNA, showec[ '?2% (n=n25) and 33% (n ==21) PDsftlvity_-_._' .

o respecuvely Positwity wus more frcquentmnnxed celiularity than other su’bLypes Astudy of Lo

] Memcan adult populntlon shawed 35/50 (70%) OFHD, to haEBV posltive (Quintanilla-Martlnez :. S
" _' et al, 1995), with afl histologlcal subtypes belng assomated |

_ ss."



'I‘here appears therefbre to be f‘airly strong evxdence suppomng a mle for EBV in HD m the

paednatn age group; pnrticularly <10 years, Whether this is subject to geogmphical or etlmm

' vanatnon, will require further mvest:;,atlon

- '[‘ABI.J.‘[ 20' GLGBAL COMPARISON OF HD V& EBV IN PAEDIA’I'RIC‘ AGE LIROUP .

| eounny
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" Other studies have suggested that paediatric cases of HD from develoging cousitries have a':xﬁu'ch R

higher iﬂdiéence of EBV positivity than figures quoted for the USA and Europa;_ A stidy.

R doiﬁﬁar_ihg- EBV positivity in paediatric HD in the United States and Hondures, sh_ﬁwed 1141,

(100%) of the Hlonduras cases to be EBV' positive vs 9125 (36%) ﬁom't-he. United Staies

- '_.'(Amhmder ol o, 1993) 8!11 and 4/9 of these children from Honduras and USA respectively | B
'.'.ware £9 years of aga Recent work from’ Kenya. (Wemreb et dl, 1996&) quotes 100% EBV :
'_pos:twity in childhood oases of HD. A report from Peru of'a largely paediatrio group quotes EBV
| positwﬂ:y in 94% ofoases (Chang etal, 1993)

- TInvestigators ﬂ‘__dm.the'Unit_ed St_ai_:a_s have now _pubﬁsﬁe’d findings of 38.6% EBV positiﬁty in 44 . .

L a paed'iatﬁc oases of HD, These showed a striking age distfiﬁdﬂbﬁ‘ 313 casos LMP:1 p'd..sit'iv.e' in 4 N

years age group, 8!’13 (61 S%) LMP-I posxtlve in tI1e 5~9 year group; and 21, 4% LMP-1 posltWa'. -

s 'mthe 10—15 year old group (Andrlko et al, 1997) (SeeTable 20),

o -It s of mterest that Wemmb ef ai (l 996b), quote an EBV positwe I—ﬂ) prevalenca of 50% fo1

' South Aﬁ'ica in the 5-14 year. age g,mup A recent repmt ﬁ‘om Natal showed only 519 (55%) of : o

" cases aFHD in the <15 year age group tobe pusitwe (Bmkhoo, Chetty, 1997)

'_ A report from Cdpe Town also showed a'somew'hat -loWé'r breValénée of EBB inchildhood HD -

_ . ﬂ,anwas noted in our series (Sinolmre aI 1997) 32!47 (68%) ofcases ofpaedlatrm}mwﬂe__.a .

" EBB positive, with » macal disrbution o 18/24 (75%) Mixed Race, 10/15 (67%) Black, 458~

- © (50%) White. Slmllarly to our findings there wes a trend for the mixed cellulanty cases to he' iR

| poaxtiva (4!5) when cumpared mth the nodular salerosis (28/42)
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" Datafrom the South Afican National Cancer Registry in 1088 (Sitas, 1992) In fact suggests that
: _’thé-éverall frequency of HI) is fower in Blacks of aﬁ ﬁges,- ihf_m'in Whites. 'This miay however, -
 represent underteporting of cases, particularly from rural hreas,'.v\:fhére Aceess 1o health carels

. timited, -

Hospital based régis'.tﬁes and'-studiés from other Aftican countries,- including Zambia' ahd
" mebabwe, suggest that the Type 1 epp:lemlolnglcal pattern predommatea in these ¢ountries, -

'(Emmanuel Gelﬂmd 1975; Naik, Bhagwarideon, 1976).

- s_.z I’REVALDNCE OF EBV IN HODGKIN‘S DISDASE AT BARAGWANATH
ANn JOHANNESBURG GENI}RAL HosmTALs

- In our senea the overail pravalenee of BBV positwity agsessed by 1mmunohlstochemmal dﬁtectmn.- .

o of LMPal n HD (52%) 'and-- its assuclanon w:th hlstological subtypa (7? 7% mxxed -cellularzty _ '_ '- ; :

| Eubtype EBV positive, 31% nodular aclerosls subtype EBV pusmve) is: sirnilar to tlmt reported for _' .'

Europe and North Amenca :

o The ﬁrevhie_nea OfEBjV _wa&‘strikihg-iri the paediatric subgroup (11.).?1_3'. b!ack,-.Z{Z ‘white and o

Aslen paediatric cases WBre EBY p'os‘it'ive - 81% uveréll} Excépt fﬁr 6ue child, oll were <10 years

o of age, supportmg Armstrong B ﬁndmgs that I-ID in thm age group wa.s pnrticularly hkely to be -

- EBV poaltwc (Armstrong, o1 ah 1993) Thls Iatter study included 55‘ cases oi’paediatncHD

K __ ﬁ'om the Umted Klngdum, Braz.tl and Saud ﬁu‘abia and showed no mgmﬂaant dﬂference in EBV .

o -positwrcyby sountry. -

8



. | Altltduglt" i'ncideﬁ&e rates catinbt be-cﬁléu‘lated from this iﬁfortnati.d'n the occurence of-‘fﬂﬁ and DR
" predomina.nce of ixed cellulanty subtype among black paed:atnc patients, suggests that his
- gmup may ﬁt the 'I'ype 1 epldatmologlcal patiern ﬂ'equently noted In developmg coutries (vnz high '
-  Tates in -chlldren and: predommance of htstologfcal subtypes .assocmted with pour prognosis)_ o
N _-(Jarrett, 1992). Itis dtﬁ'tcult o comment whether the Black adult group comply to the expectedi L
- low rate of HD in older age groups, usually noted in tlns pattern Certaunly wnthin our groupsl " |
these appear to ba & slgmﬁcant number of patients (21/43) representmg the 15-29 years age group -

N which is not expected inw I‘ypa 1 epldemmlogml pattem

Althoughno oomment is poss:ble regarding the mcidence rate wlute paedlatl'lc cases are reported |
' but theqe differ from the Biack paedlatrlc group in hemg pradanunantly of the nodular solerns:s L
.subtype. __25/’?-1_ W‘z_uta_adult.pattents fal mtq_the 15.29 year age grqup. Al_though Whttes are

:'tradtbnaﬂy -rega::leé_t as & higher Boﬁ_iOugc_Oﬁdﬂﬁc.group in South Aftica, our limited a:mlysist' ';Ibes_.." o

" not show that the White patien't group to fitting the classic T'ylie it epidemtolngical iiattern

L .a,ssoclated wn;h develuped couniries (viz young adult peak favourable prognostie histoiogieal_ :

- subtyp % ““th # second Pe“k in °ld°1‘ Age groups) Agam, this may represent bxas in popukation o

~ groups presenting to govemmant hospltafs or may reﬂect bias mtroduced hy only. looking aba. e

y smali port:on of"the total patient group

. 'There were ins_ul’ﬁcietit Aslan oases to comment ot epldermiclolosl patterns,
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L Our data ﬁom 2 centres, guggests that the average 8o of Black (n = 40) and Whnte (n=14) o

_ 'paedlatnc patlents thh HD was very similar (8 years:and 6 months vs 9 years and 11 months)

o The fhw Asian chﬂdren in the- study (1i=5)," had & shghtly older average age of 10 years and 7

| _ months Nﬁxed cellulanty subtype wes rnore common amongst Blaek chlldren than Wlute ehildren

chddren (71 4% vs 32, 5% in the Black paediatri¢ populatlon) The Black paediatm group

o -(55% vs 28 5%), whilst noduiar selerosis HD was ‘the predominant subtype toted in White

e confonned to the expected mcrease in male t‘emale ratio, while the WI:uta paedlatric group showed -

| a.1:1 matjo, “The latter is probably reIated to the predommance of nodular selerosm subtype in this o

. group,

R L :'_'In"I:l1e.adult'gfoﬁp';"béth black. ﬁnd white pat'ienfs:showed:the' exbedte'd 1:1 -male‘femal’e'i‘htio, and_ -

o _nndular sclerosts Hl) was the commonest lﬁatologiual subtype in both groups (58% in blacks," . "

3 53 S% m whites) White patlents tendad to present at B older average age than Blaelc patlents o

'.(41 years and 6 months V8 32 years and 7 months)

This x{ata ob\nously onIy represents i prapmtion of the HIJ saen in South Aﬁicn In additron, Iaok' '

'of access to health eare, recogmtlon of onoology umts us ref‘erral centres, partloular :

'subpopulatlons prasentmg to govemment hospitats rather than pnvate onoology units ato,-'. R

L | introduce bius into the data
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E 6,_0: | comcwsmn.

_ Tlus study of&l patients with HD atthe Baragwanath and Iohannesburg I-Ioapltalg has shown th - e

| _'follomng

- ’I'he 'prevale:ice-ofE'BV positive HD ﬁsing imlﬁunohistodhemical dewctiori ofLMP-I and in s'itu
| -hybrxdlsat{on for detection of EBERs is 52% which Is sumlar to ﬂguras quoted for Europe and a
North Amenca e | | AR

- e | EBV pusitivnty shiows a strong association with mixed neIIuimty subtype,

) - E Chlldren < 10 years oi‘ age show a particularly high prevalence ofBBV posmve HD

| ) . There dogs noi ppear tobe any-intmctron batween LMP«I_- _and bel2 expressiqn. o

B Ab hauglx the actual mcldencs of HD was fiot: determjned the Black paedmtnc populanon appear -

_ .: tu apprommate the Type 1 pattern nuted n dweloping countnes The Wh:te populaﬁun ahow_'. o

. some featules ot‘the type III Epictemlologmal pattern nf developed countnes, but is probably an o

B 1_ntermedmte p_attern

o In this study, there is very poor agreement belween morpho!oglca} aspessient ot‘ Apoptotlc Index- L

~ onHM & B and 1mmunolustoahemical detectlon wnth Apop'l‘ag (Oncor USA)

s



._  Both miethods sI.w'wed. ﬁd statistioally sigﬁiﬁcant ditference in Aﬁbpt'ot_io Indéoc ﬁéMe’én LMPI '
: bpéitivé 'a.nd_f LMP-I nega'tivé eas'es., This mé.y..' suggéat _tha.: L_MP«I is: e_céting by iﬁ&;@éﬁiﬁg "
prolifrstion rather than inbibiing apoptoss, but could equally be attrbuted to the small number -
. bf'caées : An unsatisfﬁoto'ry .aﬁ.:sence' 6t‘ a'.stat.is'tically s'igniﬁeani: riii’f‘erence in Apoptotic Index
batween bcl-2 posmve and bel-2 negatwe oases, was also noted oft both methods, and is probably N

' related to small oase numbers

. Although on morphologwal assassment mummiﬁed cells. appear to be more prominent m certain. |

. hlstologmal subtypea agam neither rnethod showed any mgnlﬂcam dlﬂ’erence in Apoptotlc Index |

_ batween lnstologtcal snbtype



58 APOPTOSIS* -
C Althuugh Higtorically “mahgnancy“ has been assoc:ated with mcreased oel prohfaration, the rola .
: _Df antla-apoptoti_n events in tumnungenems-ls becommg increasmgly reoognised._z Speculation'
- méémmgﬂm role of BBV In KD has tended to conoentrate onits antl-apoptotic lhatasteristios

< rather than its more obvious prolifefative effects,

B Inv‘esti'gatdrs'from'c'ape' “Town (Ciése' o al, 1994) ex'arnined apoptosis, using Apop’l*ag,' o
prohferation indices and expression ofpss anid bel-2 i Reed StembergMononualear variant cells.

~ They found o slight nverse correlatxon between Apoptotic Jndex and prollferation indices, and _ |

- identified & stibset of cases with. _g-high percentage of c_:yolmg cellg, relatively low Apnptotm Index

and expreSéldn' 6?1:53’ and/or bél;z. These ﬂndings ware not relpted t_d IEBV._LMP.-II'or EBER :r
- -expré'ﬁéfdﬁ;_ -Tiﬁs_'stud§ __s'ﬁcrwed'_'g.néaﬁt ihté’récaés variability in Aﬁppt_pt_ié inﬂex. 'Tiﬂs'-was éohﬁfméd ;
o mtiié prwent' studﬁi 'véhich alab”shﬁwed poor agteénient between the iwo métliods u-s"éd ‘t.b. mess
'_ 'Apoptotiu Index viz morphulogical assessment of mummiﬂed oells on I-I & E, and Apop'rag
B '- 1-:(ONCOR, USA) Thxs obvinusly raises questtons regarding our ablhty to recogmse apoptotxc cella': o

o _. on H & E, and whether mum:mfied cells me tmly apoptutlo

 The results showed 1io obvious trends but appenred to be random (.. Apopt_otic_lndé:; w’e‘yi'no't_._' -

- consistantly higher or lower in one or offier method).- Although care was token in trying to assess

. the same flelds ori 'each method '(éépeciaily Bs they sh‘ai‘éd a édmmdn deho'rnih'atdr é‘# a‘édei‘thinéﬂ';'-_ .

on H & B), this may not have boon exact ard in view  off tha enormous inter-area vanabihty '
' regarding mutnnified ealla, could hswa been a ma]or contnbuung fastor to tha paor agreement'__ -

" between methods.
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___(slmllar to Bllrkltt 5 Lymphoma), rather thau being the “ﬁnal event” ag 1t appears to be in Post o

_ transplant B-cell lymphoprolweranve dlBOI‘deI'S

'_ _SeVerai authors interpret the ﬁndiﬁg’s- of both EBY pdsiﬁvé and ERV négati\é'e cases. of HD, as .

- support for MacMahan 8 “Multlp[e Aetiology Hypothesw” viz thm HDiza grouping of at. least_ o |

3 enuties proba,bly w1th quite chstinet aeuolagles

- : " .An.é:ther se‘ﬁgﬂc_i niay also be piausihlé_f .'it.is'_.hbs'éible that all 'c;asés -Idfll-ID. are in_ifia‘lly’ aSaéciat_ted '_
o with EBV. EBV would cainse Hnitil oetl profiferation, but -a'vgntuﬁl,ly the cells wouid_deyalpp
* another .n.n_l_t'at_ion.' Which woq‘ld ic:onfér- un ita growth gdvan_tage indeﬁeﬁdent of tﬂe presence of -
EBB Ttiy -aiéd possible (althotigh it has. n.'c.'i't been deéﬁﬂbed}‘ that durmg cell -divisio‘ﬁ;-' hnécjuai- .
N sharing ofEBV episomes, may render such a celt EBV negatlve whlle still retaming its growth _ .'

. '_ _ _advantage giving nae to apparently EBV neganve HD.

The above process would still retam some EBV pDSltIVB malignant cells m uamuno-competem ' o
- mdmduals, LMP- 1 expressed by these culls would be reeogmsed as & targel by eytotoxm T cells . S
o and removed However, in chlldl'en: and indmduals wm. lmpalred immum by (age o nuh'itlon o |

mlated or Posmbly related o otlmr co—existing infecnons) the ahove events would be-less efficlent, . -

o leading to 4 hxghex inculem of EBV positm I—ID in chlldren, I~II\¢r posmve panents and' o |

' --developmg countnes (sea Flgure 24)

T racial d:ﬁhrenaes ate found to exist this eould be possibly be ascrlbed to d:ﬁ'erent I-lLA typea : B '

favouring diﬁ’erent vital ep:topes
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. dlternatively that single base muttations 6ccuring in a-promotor)’enhancor regioﬁ 50111(1 affeot LMP-
1 expression!eﬁ‘ects in the absence of the 30bp deletion (eg by mterfenn;, w1th phosphorylatlon_' ;

o sites) These mutatmns could also act by rendermg the strain non»ntmnunogemn

Ttis ot only the pathogenetic role of EBV in HI that coniinuefs to ﬁ-ustr__@te investigators world~
~ wide, Explanét"ons {and oﬂen obnoensus). on the epidémiologiéal pattefns df‘EBV positivity’ also :
'remain eluswe Overall it appears that Eumpe North Americs, and now South Afiica show

" o prevﬂencea nfEBV posmwty in HD of ~40-50%, with u ‘strong assoctation mth mixed cellularity

L -subtype. '
| :Adults in. developmg countnes (includmg Memcn ured Algerm) appear to have 1 lugher prevalence. :
'_'ot‘ EBV posntwe HD, w1t11 at least one study showmg strong assooiatmns with all histologic

B ISubtypes

. There 5551“5 to be emerglﬂg Gonsensus that paednatnc HJJ partioularly in the $ 10 year aga gmup,_? -

3 - has 8 strong assocxation with EBV Some studies suggest that tlus pravalence 15 lngher in":.' B

) develophlg than developed countries

' The lower prevalence of adult BBV positwe HD in deveIOped countnes as well a8 tha weak_ '

_. ;assoclatmn {~ 30%) between EBV positxwty and nodular sclerosns subtype, whlch is found S

- _ 'predonnnantiy in young adults in these countnes arguas stron,,ly agamst the “Delayed Exposure |

' I-Iypothesia“ that. davelopment of HD i related to late infection w:th EBV

It is possible that EBVs role in HD 1s part ofa mn.iltis__téb-- pfécess of r_nali_gnnnt_ ttmisféﬁnatiaﬁ' " L

E



 Therole of LMP-1 inthe cel is"a;ﬁbiguous. Alhoughit is responsible for B-oell msfmgﬁoﬁ, o
Cits expfeSSion_ on the surface of the cell also makes it a target for oytotoxic T cell leading to cell
- | _dgsﬁuctioﬁ; Tis interesting that at least two oftﬁe propoéed ﬁathogenetic roles for EBV in HD
: prob'abl_y represent viral attempts to avold destruction by the imxﬁ_une system viz, thg above
pbssib]_e anti-apoptotic activity, and the production of an I_nterleukind'o -hdmologﬁe and TNF §

 which inbibit cytotoxic T cells,

A naturally;oécuring _Qa'riant of LMP-1 hr3 been dbscrihed in some cases of EBV positive HD | o
-. _ (Ss_mdvéj et al, 1994; Bellus o .c_t!, 1996). This vatiant is the result of & 30hp -delefion inthe
ém-miicy :eﬁninal end of the LMP-1 gene. It has been described m “ordinary 5% and in oie_
| s'ti.:.dy, .shbw.?'éd a_p’éﬁiéularly high-p.reva.lence in HIV assbﬁiaiec_l HD (Beﬂas el a, "1.996).” The .
".Idelefi_dn Iapb'éa.i‘.:'s to be?ssbﬁ:iated with histologically aggressive ﬁehaﬁdﬁr (as implied by & high
frequency UfHBOPi'asﬁc-éeﬂs)' “Rather than affecting htemétions with the Tuntour Neorosis Fa.btof N
: - Recepfor ﬁathways,l_this Ideleti.qn aoours in a region of LMP-I raqui&d for rapid .ﬁrotein turnover

o and may act to pr_o-ioﬁ_g the half- lrfé af the proteir, _leadin'_g'to acourmulation within the cell,

- This BBV strain (CAQ-BNLF1) was intially identitied in the nide mouse-propsgated Chinese' -

. Nasbpharyﬁgéal Cﬁl‘ﬁiﬁdtﬁ& CAO cell line. The CAO-BNLFJ genie was suown 1 hava a30bp .

' 'deletio:x and 7 slhgle baée miltations-, and according to tumoﬁgénécitf atudieé oﬁ'sclf) and nuda' B

 mice, was more tumongenic than the LMP-1 protem encoded by the BQS 3 EEV stram It should '

he noted howaver, that the 30bp deletlon and 6 of? smsle base mutatm:ls were fourld in 3/9 of L

E tonsils of acute Infsions mononucleosxs in Denmark and tharefore aiso occur in non—mallgnant .

. states, Sandvej et m? { 1994) supgest that tha 30bp delatlon and swgle base mutatlons nmy arise-:'- IR

 Independently end that the single base mut‘ati_ons_gould modiﬁr.the aﬁho_tg of_' the deletmn, o
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