WD 01/ 70941 PCT/ EP01/ 03272 AN | NFECTI VE ENDOGENOUS RETROVI RUS AND | TS
ASSOCI ATI ON W TH DEMYELI NATI NG DI SEASES AND OTHER DI SEASES 5 FI ELD OF

| NVENTI OwWdhe7i9mvention relates to the field of di agnosi nBCHRHO(32EL | Ng

di seases associated with endogenous retroviruses. In particular, there is
provi ded evidence that a retrovirus that is found in a mgjority of human
patients suffering fromdenyelinating di seases such as 10 nultiple
sclerosis is transm ssible to human cells includi ng nononucl ear bl ood

cel I's, anAN NFERIHNREMNIOCENOYS RIpERPY|RES AND IS EIATIGMIWEE vari ant
conmpri si NeEWEEGOXTINGS DPSEASIES %NDO@‘THER‘CDIBE%SIE@ region is present in

retroviral nmRNA isolated fromblood cells of M5 patients and patients
suffering from autoi mune di seases and mal i gnancies; but not in nRNA

i sol ated bl ood cells fromhealthy subjects. These findings provide the
potential for 15 novel proaches to diagnosing and treating such di seases.
TECHNI CAL FEAEKCRUNNBNA i@ﬁpmm ART 20 Multiple sclerosis (MB) is a
denyelinating inflammatory di sease affecting the central nervous system
The aetiol ogy of the disease remains uncertain. Epidem ol ogical studies

i ndi cat e Thatnventien siaientodhe dglewf diagnesing ad Beatingidizeagey asHsiAgt Wist Vs, the
agent s Eﬁééﬁ?@hé/ ré%ﬁivfﬂgse%nﬁ\ EArtidi rethhéi @%?oinc(é&bé\ﬁdé'ﬂce 2R Liret Vi ipRRen et

al ., 1994) be 1 ndi cat e occurrence of putative M
clusters {ayasdhn aémaJ@nlty of higyan) patwtwfie@ms iFan't q*ﬁénxﬁdjgétmgam%se@ﬁuch as

retr 0V'1b”ﬁ1dltg}ﬁ§ d?é"rBBn‘s‘?é ﬁ%ﬂénﬂss%]@'fé h&rﬁér’i‘b&lé'nﬁéi‘ucﬁﬁg H(JHB dr @fooddefiNag

patients, spontaneously forned |'Tnes from peri pheral bl ood nononucl ear
cel I's frota BevBYmAN wl%ﬁpe@ma&y wawcmé@nh%\taa@m eareriis{nddha enefegign andi®91) .

These cel omr% Eé)gé/ GGt i r5f Jr%\’t'nm lk?lﬁédﬁﬁfrﬁ biob %el'l fafigli tion to

occasi ona expre SIO mat ur e Somrer et al., 1993,
Munch et aatientaa%patlenﬁeséfeﬂeg Frow atm@mnmetdlaﬁaégs p@@; g@égnar@xeér i not in

Lranscr | pLngs (BAEbYLLIL (IR aEISERAR! TRle iRt R e arasa 51 o

1999) and share a few antigenic rmnants wt are sti nct
fromtH& nnmpewagmmglag@psm|and§r@stmsudheilwasegem c level (Christensen
et al., 1997). 35 CONFI RVATI ON COPY WO 01/70941 PCT/ EPO1/ 03272 2
Endogenous retroviruses that are primarily transmtted vertically are found
ubi quitously in the mamral i an genone and constitute several percent of the

genone. | eRafyBRE'BACKGROUND AND PRIOR ART

20 Multiple sclerosis (MS) is a demyelinating inflammatory disease affecting the central
nervous system. The aetiology of the disease remains uncertain. Epidemiological studies
indicate that environmental agents coniribute to the development of MS, the agents
presumably being one or more viruses (Martyn, 1991; Christensen et al., 1994). This may
also be indicated by the occurrence of putative MS clusters (Haahr et al., 1997).

25
Following the observation of retrovirus-like particles in short-term cultured lymphocytes
from MS patients, spontaneously formed cell lines from peripheral blood mononuclear
cells from several MS patients have been established (Haahr et al., 1991). These cell
lines produce type C retrovirus-like particles in addition to occasional expression of

30 mature EBV particles (Sommerlund et al., 1993; Munch et al., 1995). ~Thes.e retrovirus
particles possess reverse transcriptase (RT) activity (Christensen et al., 1997,
Christensen et al., 1999) and share a few antigenic determinants with HTLV-1, but are
distinct from the known exogenous retroviruses at the antigenic level (Christensen et al.,
1997).

35
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suggested that endogenous retroviruses may play a role in autoinmune

di seases (Hohenadl et al., 1979; Krieg et al., 1992; Dalgliesh, 1997).
Only oncavbef/oel has a 5 human endogenous retrovirus, HTDRCHERM/(4272been
clearly denonstrated as particles wth possible pathol ogical connotation -
in teratocarcinona cell |ines (Tonjes2et al., 1996; Boller et al., 1993).
It has not yet been determ ned whet her HTDV/ HERV-K occurs as particles in
pati ent pEadogenols réiryirpsesstbatcare pfimasdlyiteantmited vertiealhuamfoendggeuitously in

06/ 53103, MR 18 BERE bR vl P S BB bRV PRt a2
wer e al sostiggestecsthaterfdogandus ratroyiauses olag play\eetold in avkdimnfunealisglhsssta from 24
canpl cs- FOReRH G2 1904 KFGEClrohe TabEaE B 08 Bos BBl 0T ol asmm

sanpl es fFom pa
sanpl esS5f homan e5ddgesmiotis yetoyinus, ¢ T V/HERWAS, Heeurotearlh aemonstrated aapadiclesndi ng

Fetr ovi rulld PAREHP sefheldbff HEEBERR° PGt T fometdy e ekl 08891y, vo
3510 e S gyt ag sy,
KRR T 9

nonitorin ctivity of denyelinating disease including M5
based on the detection, in a retroviral particle or an encapsi dated

e b e BRRbhEL Bl R R ST Rl gl 768
Di agnost i celHipesthas beapremirted irpWQ)QQ/SG&ﬂIhMER\ngé{mbemaﬁssd{i}ﬁ?igf&h?rﬁolgg? :oo o
t L.L. L es _r.e
or or o o e TR PR RBE - 2Lkl t ki BRAEAY aE Pk BRI B BRer P ar F e
and/ or suplasepiftoop24 otibef 33UME patienth bdiscaaiteneithepbel dembostexded in %ﬂbl@fﬁ@?ﬁgf
i ndi cat e

However , 'U%Btli I If now thgsre haﬁ been nOﬁ'}/i dence t hat. ?ﬁu'ld ¢

ot her wi se 3P EEIMULRHETENELRABITL G ¥ ST E8ST P ARY'ISMA AN RIRHENE of
M5 pat iténhsalthgycoatrdler It vas fapidithatriuckicsddbieinging prdieine byalbgodgtartsen tted to
cells of healthy human. subj s.apd t cells of tients suffering froma
i sease abugeocbal MBI, ol i altee o e cash s ' B Sreb i

01/ 70941 PperitleP01/ 03272 3 The findi ngs described herein are highly
suggestive of the potential infectivity of endogenous retroviruses. Based
on these findings, it is suggested that M5 and possibly other diseases are
associ at eddaitibdnally IO 868108 disclodasansthvdssofltlidgriogingfdeiyRiimating @isgasescent

ey R R N ML O
1997; Tongtage ef adlvity ol @&h)eliabting disease including MS based on the detection, in a
retroviral particle or an encapsidated virion-like particle, of the RGH virus-derived SEQ ID
NO:1 disclosed in the above patent application, or a subsequence or variant thereof.
Diagnostic agents comprising probes capable of hybridising to such sequences,
25 subsequences or variants, antibodies reacting with epitopes or proteins or peptides
encoded by the sequences, subsequences or variants and/or such epitopes for such
methods are also disclosed in WO 99/53103.

However, up till now there has been no evidence that could indicate that otherwise

30 quiescent endogenous retroviruses occurring in the genome of MS patients may enter a
replicative stage and thereby be transmitted to cells of healthy human subjects and to
cells of patients suffering from a disease associated with the presence of endogenous
retroviruses. .



I n accordance with the recent report of expression of another putatively

endogenous retrovirus in M5 (HERV-WERV-9) (Perron et al.; Garson et al.;

Konuri anMWadelv4et al.) and of expression of a superanti BeVERNd30T2

sequences in plasma, encoded by a HERV-K- variant (1DDW1, 222) in type 1

di abetes (Conrad et al.). 10 RCGH vi ruges bel ong to the RTVL-H HERV-H

(primng of transcription with tRNA") famly of endogenous retroviruses.
retrOV|r ses is ed to th

This fam i re
ot rovi r udbe e ascrbed el AR HEHY SiadeRuie e BatbRia Be8lfer | cucosi s
vi rus ( BL¥hdogemdus tedirduffiaes. BAs@:Emthese Ridihgd;itds enggestadcthaidBeantlipebsigly
encodes fu t| onal rote| ns een desgri bed on.et al
oottt cPHEt PRER A8 R S 2o e g st ey SLARENGSS okl ane
(and hi ghlepdégemolie getrovirtisesRERs doakl Hmphejmnbb@draﬂebtenm ysso(clatmnleﬁ kog et
al ., t, al 9 I
yimhooyt S0 DVIRERTH fitnmde Sem e Gl ESNr At L4 dGHPS sl 98T ana, oo
Mager et @l accordeh8e witkehd edvent epor lof exp‘t@é&sﬁhn dfmmefheebuﬂhvely ¢8@yendohansen et
al ., 1989 but suc not b reyiously,
nor ' has. ¢ FErTs POMSTBERVAMIRR PR REeTde) &t rsgrePl ot AF Ko RRFEER R G (e
RTVL- H vi mnd eseqeessich ofa smpdrm:geh ass iof sez:atehoes ihaasthag entdded HypBERV-K-
(Goodchild et  al n contains three class |
repeat s P’Q’E’%?’%‘%‘??% it Lyﬁs fﬂjfﬁ% etg5 ( %9” 89?ILTR type 1 a and 2). Two RGH
cl ones 1gave been described: the published RGH 1 cI one I's 4869 bp | ong and
encorrpass artia LTR r nd t ask ag,
‘wher eas t "EV' 158 ﬁ’@h’ %&Zﬁ I%T}%ﬁgﬁlqgﬁgﬂgzr%ng P %‘Psﬁﬂ 'qnn‘ﬁ'ph@@g\ )rf%"%y
clorrpl ete @deda%e]?omglwoairusea T RfegﬁlgrdineeO‘Mkérdtr'BRruéél%&T r@atgﬁ itd the ovico< DNA
cl ones isolate rom VS t _mater cl.o el ated to
FUlT T engfafioviisssd s Beab ihep e R G528 48 Biiite biosksMsiBLIE andnc s
ggg) r eIOOItd ERVFU @sgstomit Rqutlo&@Whmmoﬁa{t:bmpéModegmmeﬂ g)d‘t@ﬁ@rﬁs ?I

e ri .
Reposi t'3r |b§§” g%@i@gd M”Fg %?EBE £'i” e§ ,yh%&p'f%{"r E'E}rW' %Pe'g%tcLe
2 rese gce ebeiehl +ed§mgsmﬁ@h (erRishigloy h@hbl@gamemela) mwbd eéni desthisedneaadtiygenomne.

n updat ed, searc n t e tr
R B honmhBgae0 ebph 88N BERA shilo o aa0). SRR ARSRY AR it Bufq n noyma
56 1|9 Xag@% %%; rﬂ@é%lal m@déﬂﬂﬂé&@ﬁé’oplé’slamﬁﬂddﬁrélwetrals 199, tMéde@%t al., ]

i scl osed || ess re er transcriptas | share
a few ant |18§?1V'g|‘8@?re§ fW"F'h#I—#L_\g% JBRANsgp &1 - quﬁbtb”}lk% ‘Péﬁgq%own
exogenqQgs ag %béi@ﬁé\ielﬁcﬁ?oeéh réfeted Pré\gousiyG nbieval theil peentdileransSEeibdite RGH fsh
sequence V?s,%lsaeggi%te Irom the RTVL-H viruses according to the classification based on LTR-

types (Goodchild et al., 1993) as the RGH-2 LTR region contains three class 1 repeats
rather than two (LTR type 1) or one (LTR type 1a and 2). Two RGH clones have been
described: the published RGH-1 clone is 4869 bp long and encompasses a partial pol and

25 anenv-3'LTR region and thus lacks gag, whereas the published RGH-2 clone is 8715 bp
long and includes the complete coding potential: 5'LTR gag-pol-env 3'LTR. The majority
of cDNA clones isolated from MS patient material are closely related to the full-length
clone RGH-2 as they contain gag sequences. RGH-like sequences were reported present
in about 100 copies/haploid genome (Hirose et al., 1993).

30
Using gag-primed PCR on a chromosomal DNA panel (Coriell Cell Repositories, USA)
followed by sequencing, we have so far confirmed the presence of RGH-like sequences
on chromosomes 6 and X in the human genome. An updated search in the human
genome databases demonstrated RGH-2-homologous copies on chromosomes 2, 3, 5, 7,

35 10, 11, 14, 16, 19, Xand Y.



5 the human endogenous retrovirus HERV-H fam |y, and anplicons obtained by
RNA PCR have >80% honol ogy at the nucleic acid | evel to the HERV-H cl one
RGH 2 (Hwose7®t1 al ., 1993) and to the HERV-H cl one w t hPCTVEREI0302en Env
readi ng frame described in Lindeskog et al., 1999. The retroviral
particles are also described in: Chrigtensen et at., 1997; Christensen et
al ., 1999; Moller-Larsen et al., 1998; Christensen et al., 1998;
Christensen 10 at at., 2000. Evidence is presented herein to the effect

t hat endogenous retroviruses belonging to the RTVL-H HERV-H fam |y

i ncl udi ngTREHErovialsr mariiclessdisclegzada VO 99153103 possebs sivbise ttaasdripteas actilitpod

cells. Additi,onall nonst rein.tha onl,y are such
endogenou§ ég&‘na}r%?;%\@@p{%e&c cfe HHYR" s‘?"&qéﬂ[ev ?O‘MSFG G?{ff Lf"%faﬁ'f/eskfl%&n bl ood
cells, bubxdgieeous retrodisisas at thé aotigebicdevel. Thenbecdssoeibted vdithcsequdnbevam&mfes,
i.e. th able of acting a Q r VI rUSe n nto
hon- hunin e TR ErdaeS a8 ipbRud PR RYET BT s S8Boelly BBATAR e
HERV- H RG-rEvaeﬁm’ehmaelogy aisteahucl@6 atid level tosheoHERMeH elsn@RG}uz(*dirosaelt/a cel |

| i nes or show to the
R Sbq38h ag b RERER My biablheRd e B e SRR OO E AR oo

- bel owb bl eiodl., ¢299. ThE retrovivll paticlesrdrs alsb desanibed fri: Christeadsdrhgt at.pm@970l s, cont ai n
an aberrapt.l,y spli.,ced RV/- resent ogenetic marker
of col | COPSIdRER A o0y S5 WiloTiraheteny MeSe, pEbtengR o o Ralenter
retroviiouat #larooel es. 25 Furthernore, a conparison of a nunber of such
aberrantly spliced nRNA nol ecules from different individuals provides

i ndi cations that the genetic information encoding the mRNA nay originate
at a si ngEeudemaagﬁmumewﬁ%d-toltl@@aSeoothaaéndbgelmjsl remomﬂmees bélorgirgftoltiesi . 30

Th I hi ted f

prgsgﬁ Imhﬂ)gﬁ&{/ﬁ Eang@ ' Q@Eért{nﬁ’% ee[% eﬁ)ﬁ?ar'btg § nﬁ'@@?%ltgnwga%ontrol
denyel i nablobg cellss;eacﬁﬁmaawm is dérhemstldt@le&mﬁ tHay neteshilyoare BQcaendogprowat e

e SRSt o Bk P b TS i LR sl BodgB™ >

di agnosti & lﬁfecwengnemtdtnerrﬁpbﬁesjs.e. B a2 pablé P AdtingGE IxBHEr dUi8 ZetrbvirbsesSWMVARY
OF THE | NVI NTI or di naj%g(@ the invention pertains in a first aspect to a

human end n?%ﬁ\"B@'i‘F bel onging to the RTVL-H HERV-H family in
i sol at ed formor in retroviral artlcle formthat is capable of infecting

O e gain TV e e o i e e MBS BSe ekl

20 in virus particles produced in MS cell lines or lsolated from the blood of MS patients show
>80% homology to the RGH-2 sequence and the HERV-H Env reading frame. As it will be
described below, blood cells from MS patients, but not from healthy controls, contain an
aberrantly spliced HERV-H env mRNA which may represent a genetic marker of cells
producihg or able to produce the infectious HERV-H RGH2 retrovirus particles.

25
Furthermore, a comparison of a number of such aberrantly spliced mRNA molecules from
different individuals provides indications that the genetic information encoding the mRNA
may originate at a single endogenous HERV-H locus or at a small number of such loci.

30 The implications of the above highly unexpected findings on which the present invention
are based include that it may become possible to control demyelinating diseases and
other diseases by designing appropriate effective antiviral or immunological treatment
regimens for such diseases. Additionally, the findings provide the basis for providing
irhproved diagnostic or prognostic methods.

35



(transmssibility) of such a retrovirus, the nethod conprising the steps of
isolating the 10 retrovirus froma patient suffering froma denyelinating
di sease swa@hva®w4nul ti ple sclerosis, a patient suffering PCOEP@m3aI oi mune
di sease, a patient suffering fromdi abetes or a patient suffering froma
mal i gnancy, contacting. said isolated yirus with a culture of nononucl ear
cells derived froma human subject not suffering fromany of the above

di seases, and detecting infection of at |east a proportion of the
nononucl ear cells with the 15 retrovirus. In a still further aspect, there
IS provi dStUIMMARY IQRITHE INFEBTIOMg | nter-species infectivity
(transmssibility) of the retrovirus as defined above, the nethod
conprising the steps of isolating the retrovirus froma patient as al so
defi ned aBowadinglypth@dbvengos pedains il safiretasp@civiorausesamendogancud tetroarusf

nononucl.ear, cel | erdved, f.r aon- human. i.ndi vi dual n i

of ect | Gnpprgp do 1B wETGHHERYE BEDY B RPRe-in bhiepfiaterde Wi B

i nvent i onisgapable dilirfedtihg:a @bnenucldat oelearaf of replicatie] thareiel | s derived froma
human subj ect selected fromthe group consisting of a nultiple sclerosis
(M5) patient, a patient suffering froman autoi nmune disease, a patient

s u:‘ }‘ eringlid a mﬁblﬁir ab;};&to@ﬂneﬁnvbrﬁiop@tdmls asu%ﬂwed ofidetéctinyg iafrasbédewsintegtivityai d
cells are capa . Xpressing.a iC ERV- H. retroyir env. "TRNA
sequonce. (EamATTLY & eE AR ITs Pr egiost SR eicbn e ELsP T Eon of
sai d reor eatrgviras frdf aapmhlsxﬁfabih? foagmadsyalinatint dieecse shieh as hadtiple ?nrgbie,
group consi st.i .multiple sclerosi an ayto ne di seas i abet es
a0 n fml BrRRssu e TratRste RGBT e oS ch BatieRt ST Rg ioRT 28Fetef BER col 1 s
L rom a patphtdit ssf(;érm@cﬁl Gy aoﬁal?ufaﬁm cogadtingreaithiyolafedsdrus with seastere ofand
etecting in said ce a spliced HERV- retrovirus _env, "RNA sequence
35 Conpr  idhgRaFaElR Sefer ot & ppben subleBia R AT FLg BR Bpiea d
retrovir uglisebssd, dAd deteatingOnteblidiv 0¥d: 1E4ST & PR of 2he MonbiNiclee gakswith the
conprising .a region fromthe protease encoding region that is selected
fromtHe g?"ER)’BU onsisting of SEQ ID NO 44; SEQ ID NO 45; SEQ I D NO 46; SEQ
ID NO47; SEQ I D NO 48; SEQ ID NO 49; and SEQ I D NO 50 as defi ned herein,

and variants and subse nces hereof: 5.a t hod ..of .di agnosi n . di sease
Saaoc! af el RiFNERr PR TSR Mauct s mibties abSatRG atter s ie Gaithoq
conpr i si n@rérdnisdiisiing) 6ffthé rtoRiridgs ddfmed ebowy ittidimettoarsomphiging the staps ot t
Zg];];?(rj: Rg I{oﬁg‘?ﬁgiﬁé’ ng(g\\;ié&ﬁg&ﬁ%(\Eatig}\tsa%aaﬁgosdgf%gdta csnt/érg: n{atcfslnd Qe];ig Fs%la\{éc} y

20 viruses with a culture of mononuclear celis derived from a non-human individual, and

detecting infection of said cells with the retrovirus.
Further objectives of the invention are to provide:

25 a culture of mononuclear cells derived from a human subject selected from the group
consisting of a multiple sclerosis (MS) patient, a patient suffering from an autoimmune
disease, a patient suffering from diabetes and a patieﬁt suffering from a malignancy, said
cells are capable of expressing a spliced HERV-H RGH retrovirus env mRNA sequence
comprising a region from the protease encoding (pol) region of said retrovirus;

30
a method of diagnosing a disease selected from the group consisting of multiple sclerosis,
an autoimmune disease, diabetes and a malignancy, the method comprising isolating
mononuclear blood cells from a patient suspected of suffering from any of said diseases
and detecting in said cells a spliced HERV-H RGH retrovirus env mRNA sequence

35 comprising a region from the protease encoding (pol) region of said retrovirus, including a



10 a nethod of treating a patient suffering froma disease, the clinical
mani festations of which are associated with the presence of the retrovirus
accordi ngvoo1/td¥e1 i nventi on, the nethod conprising adm ni BCREPOY3LT t he
patient an effective anmount of a pharmaceutical agent that, is capable of
at least partially preventing the infgction of cells in the patient wth
the 15 retrovirus, adverse imunol ogi cal responses to the infection and/or
the mgratign of the retravirus.to ceIth in thenpa ient .that can b

| nfect ad BUTUASeqHEER 6P PRLS, 2 (RIRB OGNS pitleastprROgadTesio Lot PRI r om a
di sease, frbm thé igroupadonsiimd efs SEQ IDNSO@H; BEQAD N@4S; 8EQADI NDE48; 8EQHDcel | s

t ransf or (4 ised) I nfectio i e.retravirus 20 according to
the i nvegﬁg)o%?'%}mgg Sc%%ﬂ# Nbl#sg a&ﬁ r‘ﬁ% E% &?)r%ast ge {nﬁgliﬁéet'ri]' an

ef f ecti vevaremisiad ©fbsaqpéraeshermof;i cal agent that is capable of at |east |
partiallLy elimnating such transforned (inmmortalised) cells; an antiviral

agent for use as a nedicanent in the control of a disease, the clinical 25

mani f est akingstRoddf dibgrad3ingredissssecisabdciatedivith thé etpveseacmerdifig tdteer et r ovi r us
according.to .th inv%nti on; .use, of an @,ntilvti rgb a(%ent iF t he manuf act uring
of a nedi EYRRIAN: 5 MEBRE COMPIIRGY PeRteRmgdsoldingdas Se By iy FR™EHRP 1 ovi rus
accor di ngstisiedtizefferngeindrn @ny oBtheaaboeé Hizdasds arairtestivgl iisnafeativity aeasding tdthe
clinical ni festhat ions of which are associated with i mrnol ogi cal

r esponses 204 REMPEF ovi rus of the invention, the method conprising

adm ni gpering to the patient an effective anount of a pharmaceutically

active conmpoynd hat. is cC ble of at |east tially inhibiting.sai

e umal oo Pasihca o g 5 RN R RoRne T saasasbn ey iF sssestatiopbr Which
pﬂar @Ceubidl@ébsPﬁ@f?Qfﬁthr@ PredeAps biths lgetaqvnplsgm@iug it thlel iﬁve&tﬁlbﬂ\,\tﬂeb Artund
that 1s capabl.e of at | east part)]a nhi biting I.n unman s ect
LoT o1 § ng SO BT S S Eods SRtk R te Bime A PR P CaLe SR ]! ¢ he
r elt r ?vi r ?& @@aaléﬁif aglebst r{a{ﬁl@ﬂ%{ @Veﬁl@hii@tih_e%fé&idhtdffté!l@ﬁnﬁ@bﬁtieinlﬂﬁﬂth mte_ent : f)n
rel ate 0O. @a rmaceutl C Cco osSItTlIO onpri sin armaceuti cal |y
aoti ve 1o RIYRYS ARuETSP anmunclagibe TeFpanses B8 et neler e MRS aN P iR

i nf ect i onréfovired toscell® irftha Patigntithatichh belitfettel b9 thd tegroviaggor ding to the
invention and/or the mgration of the retrovirus to cells in the patient

that 10 can be infected by the retrovirus; a pharnmaceutical conposition

conpri si ng nfetRBReMRLRIHY aQraltibt suEbiingired nsEde] thalclinical nfatFrasthforfofathidreast
partially elimnati rw In a Ipatl ent cells t_rz(ai gfprme,d (i.mortalised) by
a ith cells transformed (immortalise 5] y infection with the retrovirus

re associated
20 according to the invention, the method comprising administering to the patient an effective
amount of a pharmaceutical agent that is capable of at least partially eliminating such

transformed (immortalised) cells;

an antiviral agent for use as a medicament in the control of a disease, the clinical
25 " manifestations of which are associated with the presence of the retrovirus according to

the invention;

use of an antiviral agent in the manufacturing of a medicament for controlling a disease
associated with the retrovirus according to the invention;

30 i
a method of controlling a disease, the clinical manifestations of which are associated with
immunological responses to the retrovirus of the invention, the method comprising
administering to the patient an effective amount of a pharmaceutically active compound
that is capable of at least partially inhibiting said immunological responses; and

35



infection with the retrovirus according to the invention; and 15 the use of
an allelically occurring spliced HERV-H RGH retrovirus env nRNA sequence
conpri si mgoal/regi on fromthe protease (pol) region of sai BCREPDWBLT2VI I US
as a marker for the occurrence or the state of a disease selected fromthe
group consisting of a denyelinating disease including nmultiple sclerosis,
an aut oi mune di sease, diabetes and 20 a malignancy. DETAI LED DI SCLOSURE
OF THE | NeENamhte2Sicditcompssiberecorhprigity p phanntcslijcalii attivelvempoasd thae isof
particles of en no retroviruses in_blopd cell .cultures rived from
VB pat i onfaraHs oot 1ot BeltBL BB n b el s ey Ib At Pl f ol es
cannot bedfseases amimmeaiddyjcah tesponsaio] the tetrovifeaquoediegto thewaehiion is i. a.
based on the unexpected finding that certain human endogenous retroviruses
bel onging to the RTVL-H HERV-H fam |y are capable of being transmtted to
(i nfectp BOothenaspelktsahe dwkhtorenethtexftor:epl i cating therein. As it wll be
outlined in the follow ng, this wunexpected and surprising finding renders
it likely that such infective retroviruses play a role in the devel opnent
of denyl ehiphatmagutics easpssitiorncqrapisirauih phamdceutidatly actlverodsipsunditi@t ispossi bl y

also in the ve ment of aut oi e disease uch as.e.qg.. diabetes, and
ol | ghanc RIS Ry 2 hie SeRb e L RS 57 eelina Pridi it as Fisiits ot
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findi na EANPHATTHRY BREISCHBY ™ Yshpr oved di agnostic and prognostic met hods.
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DETAILED DISCLOSURE OF THE INVENTION

25 It has been found previously that the presence of particles of endogenous retroviruses in
blood cell cultures derived from MS patients may be associated with the disease, as
similar virus particles cannot be found in healthy human subjects. The present invention is
i.a. based on the unexpected finding that certain human endogenous retroviruses
belonging to the RTVL-H/HERV-H family are capable of being transmitted to (infect)

30 mononulear cells and of replicating therein. As it will be outlined in the following, this
unexpected and surprising finding renders it likely that such infective retroviruses play a
role in the development of demylelinating diseases, in particular multiple sclerosis, and
possibly also in the development of autoimmune diseases such as e.g. diabetes, and
malignancies. Accordingly, these achievements of the inventors imply that novel

35 therapeutic approaches to the treatment of such diseases can be designed and



meant a sequence which is not identical to any of these specific sequences,
but which has a sequence identity of at |east 80% 85% 90% 95% 98% 99%
or 99.5%wéooh7@my of these sequences. These two terns mapChEPCiORI2Ned,

i.e. the invention conprises 20 detection of a variant of any of SEQ ID

NO 44; SEQ ID NO 45; SEQ ID NO 46; SEQ ID NO 47; SEQ ID NO 48; SEQ ID

NG 49; and SEQ I D NGO 50 which has a sequence identity of at |least 80%w th
a subsequence of of t equences, of at _least 10, 15, 20, 30, 40 . or 50
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104 bp fr eoNG4s;SHD A RESL9; &MESEQ D NESSPAs Wafnel herdin ethdRafidmeranihe splice
donor site and the splice acceptor site. The spliced nRNA sequences were

det ect ed PHOSSSHRRRASHAERY: i sol ated from MS patients and froma patient
suffering from di abetes, whereas they could not be detected in healthy
subjects. It was found that the 950 bp spliced sequences shared 87- 95%
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with 10 eagfbr@bmaéleaﬂmésvdfth af heaibboIspatifRuhLeted. Beaeanse vasighttsed from a
human T-cell |eukaem a cell line. An interesting finding was that, when 10
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or 50 nucleotides. It will be appreciated that the person of skill in the art will know how to

make subsequences and variants of the specific sequences, e.g. by deletion, substitution

25 and insertion of one or more nucleotides.

As used herein, the term "sequence identity" indicates that a given sequence is compared
with a similar part of any of the above specific sequences. The best possible alignment of
the sequences is made and then the degree of identity is calculated. A computer program

30 such as GCG, Wisconson Package, Version 9.1, Genetics Computer Group (GCG), 575
Science Drive, Madison, Wisconsin, USA 53711 using the defaults proposed in the
program Bestfit with respect to gap weight (50), length weight (3), average match 10,000,
average mismatch (-9,000) may be useful in this respect.



closely related RGH genes at different genetic loci. 20 As it wll be
appreci ated, these findings inply that the presence of the 950 bp sequence
in itselWonmay9be a nmarker for the presence of M5 or ot hepCOEB@ZSeR and t he
fact that specific variants of the sequence appear to occur in an allelic
manner suggests that such specific sgquences and/or retroviruses

conpri sing such sequences may be particularly interesting disease narker
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Additionally, it has been found that the retrovirus is also capabl e of

i nfecting non-bl ood human cells such as e.g. liver cells. 20 However,
besi degobgk rgvitPapdreciafed! tHes@ fiENGY infbly thathiBipssdeRbe of e 950WpAEqULScd if al so

itself may be a marker for the presence of MS or other diseases and the fact that specific
variants of the sequence appear to occur in an allelic manner suggests that such specific
sequences and/or retroviruses comprising such sequences may be particularly interesting
disease marker candidates.

25
A retrovirus according to the invention can e.g. be isolated from a patient suffering from a
demyelinating disease such as multiple sclerosis (MS), an autoimmune disease, diabetes
mellitus or a malignancy including leukaemia, e.g. from blood cells, blood plasma or a cell
culture derived from peripheral blood of said human subject. In this connection, it was

30 found that blood cell cultures derived from such patients constantly comprised a
significant proportion of a specific type of T-cells which were characterised-according to
CD antigens on their surface as being CD3+, CD4- and CD8- T-cells. The proportion of
such T-cells in the blood cell cultures producing the retrovirus according to the invention
typically is in the range of 1-20% of mononuclear cells, e.g. at least 2% including the

35 range of 2-15%.



capable of infecting a non-human cell, i.e. the retrovirus shows
inter-generic infectivity. As it is denonstrated in the exanples, the
retrovir w00HmME transmtted to cells derived from batspCT/apwia3g72and
rodents. 25 In specific enbodinents, the infective endogenous retrovirus
according to the inventionis an RE?qurus including a retrovirus
conprising a nucleic acid sequence th is at least 80% identical to the
RGH 2 virus sequence published by Hirose et al., Virology, 1993,
192:52-61. 30 In a further aspect the invention provides a nethod of

det ect i ng RefovituseB @et&Blingth &6 invérition indiidRNeiowRisbs bbainabefbyt he endogenous
retrovirus accordi ng to the invention. The nmethod conprises that th
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11 detecting infectivit the infection is detected by t e appear ance or

i ncrease d1e @EoRWENYING EXampleshe i nfected cul ture usi ng met hods for
detection of RT activity which are known in the art including the very
sensitive assays for detecting RT activity generally referred to as RT-PCR
and Pr odudetreniFiaes ageweingrte dherinerdioninaludschynisrrandoggaeiys repvinigenal Wesay 5

based oy mummm-manm{, .rﬁ%lhﬁeds&w%@qgm?f.s&raeéwm"%M&é@ bitierdt ve

retrovirus e.g. cel cul tures romcferlp eral blood froman M patient
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fol lowed iy ArfRS@In e (HERENE sabplfelf 8/ RebinBshyiRS &@hgws Tt o indi cat or

cells such as |t scri bed etails in the t ow ng exanples. 10 In
specific enbodlnents the infection of the culture of nononuclear cells is

detected hy, r&ﬂ?&mﬁ?%&ﬁﬂﬁﬂé% e 8. &t Riethslrdtdlifh B 1B CEMAERY H

RGH retrovirus env equence conprlsm a region romthe rotease
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encodi ng
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NO 49; andrasbeen ourdtad the refevirueig alﬁ@r@ipﬁbleaaﬁmf%mgmn@lmuwb@élqﬁémes
hereof . | nga dﬁltjlbérod?elléo t he above assays, infection of cell cultures by the

retroviruses of the invention, can be detected by the occurrence of clonal
grow h of the infected cells. 20 It is also an objective of the invention

to pr O\QOdT“ldgvqurt 'ngdg bﬂﬁb %ﬁﬁ B of lﬂfrslrgeﬁ&%ﬁ%mlésrﬁne%dé Pé'hjoylrus is also

(transm ssi e’en ogenous etrovirus accor e I nvention.
Thi s capabile of infecting a non-human cell, i.e. the retrovirus shows /nter-gener/c infectivity. As

it is demonstrated in the examples, the retrovirus can be transmitted to cells derived from
bats, rabbits and rodents.

25 In specific embodiments, the infective endogenous retrovirus according to the invention is
an RGH virus including a retrovirus comprising a nucleic acid sequence that is at least
80% identical to the RGH-2 virus sequence published by Hirose et al., Virology, 1993,
192:52-61.

30 In a further aspect the invention provides a method of detecting intra-species infectivity
(transmissibility) of the endogenous retrovirus according to the invention. The method
comprises that the isolated retrovirus is contacted with a culture of mononuclear cells
such as blood cells derived from a human subject not suffering from MS, an autoimmune
disease, diabetes or a malignancy, and detecting infection of said cells with the retrovirus.

35 The detection of the infection can be carried out in several ways. Thus, in one way of



met hod conprises the steps of isolating the retrovirus froma human subj ect
suffering froma denyelinating disease, an autoi mune di sease, di abetes or
a mal i gnamay1/7@%1 f ol | owed by contacting the isolated viruBCWEPH/@2T2ul ture
of nononucl ear cells including blood cells derived froma non-hunan

i ndividual, and detecting infection of,said cells with the retrovirus

usi ng any of the above nethods for detection of infection of a cell with

the retrovirus..ln this nmethod, .t nonucl ear recipient cells_may be
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sequence conprising a region fromthe protease encoding (pol) region of

said retrovirus. In specific enbodiments hereof, the culture conprises

cel I s WrengikpedifiteeribbdimeatsMRMANfE bHEITEIRe HRIURDoRNBRERISREr BSIRIS HEBSted byegi ON
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t hat .
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according to the invention is typically in the range of 1-20% of
mononuciediOd8 $EQ 18 NO4g: and $5QHD 350 ap daifes heteln: aRgersnsanse, 15 one
i mpor t ant spBi&fich¥ss Rdrebfie i nvention is to provide a nethod of diagnosing a
di sease selected fromthe group consisting of nmultiple sclerosis, an
aut oi nmune di sease, diabetes and a nmalignancy. This nmethod conprises as a

first stepnbb&itioe Ak IaBBvOhsIHE ANEHRAST celP QRS BY the rbiroMhBedat thent
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20

it is also an objective of the invention to provide a method of detecting inter-species
infectivity (transmissibility) of the endogenous retrovirus according to the invention. This
method comprises the steps of isolating the retrovirus from a human subject suffering
from a demyelinating disease, an autoimmune disease, diabetes or a malignancy,

25 followed by contacting the isolated virus with a culture of mononuclear cells including
blood cells derived from a non-human individual, and detecting infection of said cells with
the retrovirus using any of the above methods for detection of infection of a cell with the
retrovirus. In this method, the mononuclear recipient cells may be derived from any non-
human animal such as a rodent, a rabbit or a bat.

30
In certain preferred embodiments of the above methods for detecting infection with the
retroviruses, the recipient mononuclear cells being contacted with the retrovirus are in the
form of a culture of mononuclear cells that are pre-stimulated with a mononuclear cell
stimulating compound including PHA.

35



sequence conprising a region fromthe protease encoding (pol) region of
said retrovirus including such a sequence that conprises a region fromthe
pr ot ease vemoudiomg region that is selected fromthe groupPCDEBIEI3RTYYy of SEQ
ID NO 44; SEQ ID NO 45; SEQID NG 46; SEQ ID NGO 47; SEQ ID NG 48; SEQ ID
NG 49; and SEQ I D NO 50 as defi ned 25' herein, and variants and subsequences
hereof. In WD 99/53103 specific RGH virus- encoded peptide antigens are
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human cells, net hods of controlling suc seases are contenpl ated
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patient sshE€erdniddigyine rehgearseisdphe clinical manifestations of which are
associated with the presence of the retrovirus according to the invention

whi ch Bt hod conprises admnistering to the patient an effective anount of

a phar nHC@ﬁE'lrﬁﬁérté%ﬁ%Bfecﬁ\@éfth@m@énﬁﬂ:‘ﬁ'n@tol&oﬂﬁeétmétﬁ@&bf MaGAdsH Wd@é@ééent' ng
the infection of cells in the Patlent with the retrovirus an
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the retr oyhd HnalighfhdyNEhiB MRtEeY corbtises bs alfin ste)y thk |éBleﬁfoﬁtdf QHondrfﬂlﬁlleHﬁies the
targeting of the retrovirus to a susceptible cell in the body by the

transfer bBPod cells from arRsdant sigredied Pfrﬁ%f;f@f"i‘glgo'f"'eﬁﬁy(ﬂf SHefydipeaseg ﬁ@'%gc%pt i bl e
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by 20 cell-to-cell contact. Any conpound that is capable of interfering
with at | ‘é%ﬂ}tené?uéO@P@%nQ A regien frﬁW‘éE‘? P@itease e,ng\ghng (pol) region of said retrovirus

including such a sequence that comprises a region from the protease encoding region

that is selected from the group consisting of SEQ ID NO:44; SEQ ID NO:45; SEQ ID

NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; and SEQ ID NO:50 as defined
25 herein, and variants and subsequences hereof.

In WO 99/53103 specific RGH virus-encoded peptide antigens are disclosed that can be
used as reagents in serologically testing human subjects for the presence of antibodies
directed against such antigens. When using such antigens as reagents in testing MS

30 patient and control subjects (C) in an ELISA assay it was found in WO 99/53103 that the
specific antigens gave rise to an MS:C ER ratio in the range of 0.8 to 1.5. It is within the
scope of this invention to apply antigenic components of the retrovirus according to the
invention in a similar manner as diagnostic reagents. As an example, the specific novel
peptide: LSDLSQISHLDSFSSNTKNPAQF gave rise to an MS:C ER ratio as high as 1.6

35 (8 MS sera vs. 8 control sera).



cells in the body, including conmpounds that, at |east partially, elimnates
the retrovirus- carrying inmmortalised cells, preferably in a selective
manner, ovopouds that prevent or 25 inhibit mgration of PEDEROICBRT2S,
conpounds that interfere with the cell-to-cell contact or which interfere
with the transm ssion of the retrOV|r%s into the target cells (infection),
can be used in the treatnent nethods of the invention. The conpounds mhlch
can be used in such nethods include antiviral agents, antibodies, '
anti-sense nucleic acids, nucleic acid binding proteins and ribozynes 30
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Any compound that is capable of interfering with at least one step in the infection of new
cells in the body, including compounds that, at least partially, eliminates the retrovirus-
carrying immortalised cells, preferably in a selective manner, compounds that prevent or

25 inhibit migration of such cells, compounds that interfere with the cell-to-cell contact or
which interfere with the transmission of the retrovirus into the target cells (infection), can
be used in the treatment methods of the invention. The compounds which can be used in
such methods include antiviral agents, antibodies, anti-sense nucleic acids, nucleic acid
binding proteins and ribozymes.

30
It is conceivable that the clinical manifestations of diseases associated with the
endogenous virus according to the invention, such as demyelinating diseases including
multiple sclerosis, autoimmune diseases, diabetes and malignancies are associated with
immunological responses to the retrovirus. Such an immune response may be "direct”, i.e.
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In other aspects there are provided an antiviral agent for use as a medicament in the
control of a disease, the clinical manifestations of which are associated with the presence
of the retrovirus according to the invention and use of an antiviral agent in the

25 manufacturing of a medicament for controlling a disease associated with such a retrovirus
such as a demyelinating disease, a malighancy, diabetes and an autoimmune disease. In
the present context, the expression "antiviral agent" should be understood in its broadest
sense as indicating any compound that prevents or inhibits the infectivity and replication
of the retroviruses and/or the pathological manifestations of the infection including

30 adverse immunologicél manifestations, optionally resulting in an autoimmune state of the
patient. The use of currently used antiviral agents is contemplated but it is conceivable
that antiviral agents that selectively inhibits or eliminates the retrovirus according to the
invention can be developed or selected from known antiviral agents. It is within the scope
of the invention to use antibodies, anti-sense nucleic acids and ribozymes as antiviral

35 agents.



absence of the conpound) produce retroviral particles would be scored as
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culture. The cells are dispensed into the wells of a standard mcrotiter
pl ate and produce virus particles in the cell culture nedium Virus
particles may be detected by identifying their structure in Optiprep
gradients prepared by ultracentrifugation. Candi date conpounds are then
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Compounds that inhibit production of retrovirus from cells which normally (i.e. in the
absence of the compound) produce retroviral particles would be scored as having

25 potential anti-retroviral activity. A typical assay may be carried out using a B-
lymphoblastoid MS derived cell line established in culture. The cells are dispensed into
the wells of a standard microtiter plate and produce virus particles in the cell culture
medium. Virus particles may be detected by identifying their structure in Optiprep
gradients prepared by ultracentrifugation. Candidate compounds are then added and the

30 production of viral particles in the presence of the test compound analysed by suitable
means. For example, production of intact viral particles may be analysed by
ultracentrifugation on an Optiprep gradient. Typically, the effect of the candidate
compouhd will be tested at several different concentrations. Inhibition of virus production
is scored as an indication that the candidate compound has potential antiviral activity.

35 Compounds identified as having potential antiviral activity using such a screening assay



screening test using the cell lines thenselves, or cell supernatants,
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optim se b | RAffRbmpdands that prevent the synthesis of viral polypeptides, including those
polypeptides that may act as a superantigen in the body, thereby triggering an

autoimmune response. In a typical screen an immunoassay may be set up as a
screening test using the cell lines themselves, or cell supernatants, indicating the
25 production of the viral specific epitopes in the MS derived cell lines.

In an important aspect the invention relates to the use of an allelically occurring spliced
HERV-H RGH retrovirus env mRNA sequeﬁce comprising a region from the protease
(pol) region of said RGH retrovirus as a marker for the occurrence or the state of a
30 disease selected from the group consisting of a demyelinating disease including multiple

sclerosis, an autoimmune disease, diabetes and a malignancy. In this connection, the

- expression "allelically occurring” indicates the presence of RGH alleles at the same
genetic locus in the human genome or markers of closely related RGH genes at different
genetic loci. In specific embodiments such use is based on mMRNA sequences comprising

35 aregion from the protease encoding region that is selected from the group consisting of



Fig. 3 illustrates South-Wstern anal yses of ssDNA binding proteins in
retroviral particles isolated fromM cell lines. Retroviral pellets
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RGH-2 (the fulI Iength RGH clone), as the variation is too great to be attributed to the Taq
error-rate. .... indicates gaps introduced to optimise alignment;

25
Fig. 3 illustrates South-Western analyses of ssDNA binding proteins in retroviral particles
isolated from MS cell lines. Retroviral pellets obtained by ulfracentrifugation of growth
media from the indicated MS cell lines were analysed for the presence of ssDNA binding
proteins by comparative South-Western analysis. The M, marker is shown to the left. Left

30 arrow: 35 kD protein also present in unconditioned medium with human serum (HS). |
triple ssDNA binding bands. Lane 1: human serum, 2: MS1533, 3: MS1851, 4: B95-
8(EBV*), 5: C91-PL(HTLV-1%), 6: FLK(BLV", 7:MS1845, 8: C8166-(HTLV-1Agag). The
gels were run under conditions ensuring the best resolution in the low M, range, thus
cross-reactivities for the higher M, proteins (> 40 kD) are poorly resolved. The three low

35 molecular weight bands (M, 10-20 kD) in the MS cell lines are also found with the positive



Fig. 6 illustrates another PERT assay indicating cell-free transm ssion of
purified retroviral particles fromlong-termcell cultures from peripheral
bl ood fr woMB7ati ents using PHA- stinmulated | ynphocyt es PeDEPhI@BRI2hy hurman
i ndividual s as recipient. The results are 30 indicated as OD (PERT/ 106
cells); and Fig. 7 illustrates a PERT;g@ssay indicating cell-free

transm ssion of purified retroviral particles fromlong-termcell cultures
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heal t hy vol unt eers Qr Eat lents fromthe Neurol ogy Dept., Aarhus University

Hospi t al ; "3TR¥ PapEAgRGIB MIG)S Dept ., Marsel i sborg Hospital, Aarhus: the MBS
Hospital in Ry; or the Dept. of |Internal Medicine, Mddelfart Hospi t al

(al'l in nnark es n e respective clinics and

del i ver ed %Han%é{f i}%,&é;é)@%gwrﬁﬁoon%ng 9L FEANGREPYONSr ocessed i n

23 rml abO{ sb?u%gf% str%éﬁfofan@lp@@éyse%ofﬁa% f@hasmavsa(wbﬁ@ Ner e )@ha aawtd from

citra 00 es er i ni

cent ri fiBohtSBR I0 Ne- ) Hater . 1) aad BEHiadoenipaieda Hicshat Aoresd)

centrif Ugﬁ?dr@[étéﬁ) afhE.ex8MplBsibf traﬂﬁ%d@ag ﬂnmedmii‘ P@'R de?ivBd Bedq\ness fromar

debris. Faqll ow ng aspiration, rft) r’ar reated as 30 descri bed

bel ow. Optiprep-purified retrovirus parti cles from the S1533 donor (D) (SEQ ID NO:14) and an
infected recipient (R) (SEQ ID NO:15/SEQ [D NO:16).* indicates termination codons, ....
indicates gaps introduced to optimise alignment. Note the high proline content. The motif

20 CX,CXHX4C....CX;HX,C is conserved in both donor and recipient clones;

Fig. 5 illustrates a Product Enhanced Reverse Transcriptase (PERT) assay indicating cell-
free transmission of purified retroviral particles from long-term cell cultures from peripheral
blood from MS patients using PHA-stimulated lymphocytes from healthy human

25 individuals as recipient. The results are indicated as OD (PERT/10° cells)

Fig. 6 illustrates another PERT assay indicating cell-free transmission of purified retroviral
particles from long-term cell cultures from peripheral blood from MS patients using PHA-
stimulated lymphocytes from healthy human individuals as recipient. The results are

30 indicated as OD (PERT/10° cells); and

Fig. 7 illustrates a PERT assay indicating cell-free transmission of purified retroviral
particles from long-term cell cultures from peripheral blood from MS patients using PHA-
stimulated lymphocytes from rabbit as recipient. The resuits are indicated as OD

35 (PERT/10° cells).



Particle RNA purification Retroviral RNA was purified fromcell culture
supernatants and from plasma sanples: 35 1.3 1 suspension cultures were
centrifugedoaro94C, 30 min. at 2500 x g. The cell-free WO BAT/Ee@iB272

PCT/ EPO1/ 03272 20 supernatant was aspirated, underlayered with a cushion
of 4 M 50% Optiprep in NaCl/Hepes (@ycorred) in 60 m tubes and
ultracentrifuged at 4C, 2 hrs. at 45.000 x g. Optiprep is an iodinated,
non-ionic den3| %gradl ent medi um (Nyconed Pharma, Norway) which, in

contr ast mai ntains intact retroviral particles (Ml er-Larsen
et al., 5 1998) The cushion and proximal overlaying retrovirus-containing
mediumi s ed 56n1 ,. filtered through a 0.45 mfilter (Acrodisc 32,
Gel man Sc F Mg cellular debris, adjusted to 20% Optiprep and

centrifuged |n 11 2 mM Optiseal (Beckmann) tubes in a 10 Beckmann NVTi
rotor at 364.000 x g for 3.5 hrs. 400 - 500 | fractions (12 drops) were
col | ect8dSsiS er centri fugation. RT activity was neasured for each fraction
and poly-A RNA was purified by Iysi ng the 5-6 fractions with major RT
activity dlrectly in 5 volunmes of lysis- binding buffer (Dynal, Norway),
addi ng 100! plogd saaplessire obiaied vm'@@rmw Ponseyhgiepanm@?wyyd WA swl@?«;t@m ng

t he manuf getiéielsoSadussdendfy g@Grent’L'e'_Jer@‘ﬁh!{;atfo’heﬁh&bﬁﬁﬂi&hﬁ%ﬁpbﬂ%gﬁ@rﬁ | ayered on
50%Opt|pre&5 ultracentrifuged d f er ed descri bed above. The
14

retrovir uSyised. ﬁperﬁaﬂ?%slwf@mm&pﬂékﬂw fropa isglated mogenueiazs colfs Wassi s-

bi ndi ”QObHérff&Fne@@é’t@scn Wéﬁ%vbuﬁwwm%xétéi Rgdsyvas purified on 50 |
beads/sanple using th Direct kit (Dynal, Norway) as above. 20 If not

used directly, the RNA—coupI ed beads were stored in 80% Et OH at - 80C.
Before upek.m: ho&'ﬁﬂéﬁﬂlﬁ:ﬁe‘ﬁ%vﬁ%&%@&lé’wwb)w WhSEbthPBd FoRAPhNASe

(Li fe Technol ogi es). accor e manufacturer”s 1 nstructions. After

cool i ng oNafiena Vﬁt@rlm@rméagemocowhemamgmg HThY-binfectad Teal inesi ng
the RNA- cepplmexee w*yaﬁ@eeﬁs@(mmwa&)h@g%gfa.ﬁe% R dlEPREIARG  Product

enhanced reverse transcriptase (PERT) "aSsay The ultrasensitive RT assays

( PERT (I1Pr Baagent Briejasic d@nrien)e fee EBVAHadydne calldng B%was otaised frormATiCC.
directly 9Re eell Ilrge%%rg @E&ﬂlérﬂ@ﬁté@%th ’?oéal@alf@k!“n?fns@ad%? ﬁﬁrwah %le}u}‘n Qﬁd

descri bed previously ristensen et al., 1999; Lugert al . 6;
Si | ver et Wgle growpga spparataglpb@natory 1994). '35

Plasma

20
All blood samples were obtained with informed consent. The samples were from healthy
volunteers or patients from the Neurology Dept., Aarhus University Hospital; the
Dermatology Dept., Marselisborg Hospital, Aarhus; the MS Hospital in Ry; or the Dept. of
internal Medicine, Middelfart Hospital (all in Denmark). Samples were drawn in the

25 respective clinics and delivered by hand immediately after drawing. All samples were
processed in our laboratory. Cell-free and debris-free plasma samples were obtained from
40 ml citrate blood samples (about 10 ml plasma). After an initial centrifugation, the
plasma was aspirated and subjected to another centrifugation at 4°C, 30 min., 1000 x g to
pellet remaining cellular debris. Following aspiration, plasma samples were treated as

30 described below.

Particle RNA purification

Retroviral RNA was purified from cell culture supernatants and from plésma samples:

35 1.3 1suspension cultures were centrifuged at 4°C, 30 min. at 2500 x g. The cell-free



WO 01/70941 PCT/ EPO1/03272 21 RT-PCR, cloning and sequenci ng RT- PCR was
performed using the GeneAnp RNA PCR kit (Perkin Elnmer) according to the
manuf act wepl/a09guggesti ons, except that | of Taq pol yner BEREREI3ARed. per
5 reaction. First strand synthesis was prinmed with random hexaners, in
conjunction with the bead-oligo-dT cgmpl exed RNA-tenplate. In sone
experiments, we ensured the integrity of the RNA tenplate by cDNA

S e S xpRASthi £8; bdoifed BNy B W LPURBIGTRA R ST ClotipteB 7, © Cao

control synt hesi s prl he correspo u st rimer was
negat i ve. NeCl/HepeeNysemed] nr60RGRubénarnd laitragentrwf/eg&c’sddf@aﬁlhwat 4@0@0\xigr al

consensus i i Li.ans, re s |le

assay for Og’li'h'[%e'%gﬁﬁsoc}r"g%r%\% E‘d@g(gg% t%% entmdfu&mt% W%%cfﬂ‘%ﬂag'g? i:d

posi tive mbihl inscontrast to lsecreER\mantENslintebtgagodahsatisles (Mplterfarsenat at. he

endogen§ étrow rus panel (Medstrand et al., 1992); the priners were 15
ona

ki ndly d by P. Medstrand and J. Bl onberg:
5' - CTTTTATTACCCAATCTGCTCCCGAYAT-3" (SEQ ID NO 17)/5" -

TTAGTGGT T EQID NGO 18).. 20 W then d ed the

RGH- specﬁ‘:ﬁﬁgAgTrggcg gg%?q%?%aé( § %?‘Tusfi’?él{w&; Wﬁﬂ‘gm 3Exe cﬁ%se(% am env

regi ons: filtergd tHE6IghT AGABATr ATCAE B@G’Bﬁ@@ﬁﬁﬁc@wce{s C hﬁ(\j/él@elkﬁ?ézr{sdélbrs :

GCATTAACCTT CTAT T and( or
ATTTTA?%%%@%%&@%’W%%‘E% 5 %80?8%93 pedkaiann) toes fra

A%TGA@'@T%WW%TB%TEAS& 005%Q t&3.5Rr=2 4bo ( @@@xl fractlons (12 drops) were

5' - GATCCTCCCCACTGGGTTCACCATT-3'  (SEQ I D NG 23) | 30

GGAAGTATT epleisdnitisnesriritiostion. ﬁ@thtwwbeawe@for eRch friagtien anshrowdrRNA UN i n
a Perkin Wa%ﬁnﬁ@é“byﬂbﬁhﬁ‘ﬂfé@bﬁﬁactlmtﬁ ﬂan&? Rfrcact.&.tyrcﬁﬁecﬁ} rn%mrﬁé@&hms 5

mn. at roomtenperature, 45 mn. fol | owed

cool i ng tama!@gmfier @%@ab)?&f‘éa&? @ﬁdﬂﬂg Hio @@@ad%{%arﬂbﬂﬁl(@m{ﬁk Bgeoi&t%yr@}cl es
th 35 ts above: 1 mn. at
bac 3 m NBRE) B KRR B B o T D 285t S e o o 1750 i th 10

S exter1§| on. This was followed by a final extension 7 min. at 72C. In each

assay, WaERli-relMdst s SHBIESRRRNG 18y bR 582°Optir&P MFIEniRG 43 ilrstler

described above. The retrovirus/Optiprep mixture was directly lysed in 5 volumes of lysis-
binding buffer (Dynal, Norway) and poly-A RNA was purified on 50 ul beads/sample using
the mRNA-Direct kit (Dynal, Norway) as above.
20
If not used directly, the RNA-coupled beads were stored in 80% EtOH at -80°C. Before
use, each RNA sample was treated with amplification grade DNAse (Life Technologies)
according to the manufacturer's instructions. After cooling on ice the DNAse was removed
by exchanging the buffer containing the RNA-complexed paramagnetic beads with DEPC-
25 treated ddH,0.

Product enhanced reverse transcriptase (PERT) assay

The ultrasensitive RT assays (PERT (Product Enhanced Reverse Transcriptase)) were

30 performed directly on 5 pl gradient fraction in 5 pl buffer A, essentially as described
previously (Christensen et al., 1999; Lugert et al., 1996; Silver et al., 1993; Pyra et al.,
1994).

35



duplicates of each reaction without RT to ensure that no DNA-tenpl ates were
anplified. PCR products were anal ysed by agarose gel electrophoresis, and
each proova@d/mast 5 cl oned in pUC using the SureC one Li gaPCOEPKI/ 13272
(Pharnmaci a) and sequenced using the ABI PrismKkit (Applied Biosystens)
usi ng an automati c sequenat or (ABI 33; . Sout h-\Western anal yses 10 60 mi
suspension cultures were subjected td"initial centrifugation as descri bed
above; viral BarthIes were pelleted by ultracentrifugation at 70.000 x g
at 4C for RI- a mann), resuspended in 20 | Tris-HC pH 8,
0.1 % Na-azide and kept at 4C wuntil use. Protein concentration for each
sanpl e was _determ ned by a colorinmetric assa 15 EBiQ-Rad protein assay).
Bef or e SDETpRFRaasyresioraed yaing ieEenesiynp RO %C'i@[tﬁ erkiEFImea) 3ccgrdinggien
sanpl e wa j h } bl Liat i i fied EBV
a1 ol oo e QUEEN R < Sopb e BE R O i PROGTR TR BE S

Na- bor abe rgaqtion.dritgt sipanggiinthesis wasotiinedd witherapdomriexbmgrse i e ctioriwile e
(anti - EBV r an A ) t he
it ur o wiay SIGAT BEApERaT Kb HRRAS I tohe Bt e ¢ Bre B ephlty

pr ot ei n AoftheRNA tampatepyriiNd syréhdsis, Phegifically ajimed witb Sherownstreamapringsd; 8 was
added. A 1. [ . 3 : j ;

cent i fugUiiis o5 el VAot phRBT WA HRELAISpEndig  heiCaH] BrtEftvas
sephar osenegativeody- EBV conpl exes. The 25 supernatant was subjected to lysis
by addH g 1/3 volune of lysis-buffer: 3% NP-40, 0.3% SDS, 3% Triton-X-100,

450 mMM Nad and - 150 nM Tris-HCl pH 7.5. Equal anobunts of protein from each
| ysed vi r &rimesaspisdomeCi: inilin)e stesusetl yadDS- ekGHrab nodsepegs PINELR atdpw s. A

Cont ol o P EeRA R PP r= R S & SssRE A AIse Bl PARN e e UlREs S 2%
Al l 30 safigloaingf wirictbBE-obteBiedyerséivp regudts adthiiye HERVaHEIMLEIH fgag sbhsamsusf t er

| ect hor.es| ' Lt

(M 111 por SRR eaE epfiiieol o b hkdsiEndl & Mool bith @uert %1 °
¥8DS. Hbe&indypdooatesli by Rirdedsinase quédt Blombetd:ng was perforned in a NOVEX
Excel |l assenbly. ssDNA probes were radioactively |labelled with a Random

Primed DNA Labelling Kit (Boehringer) and a-32P-dATP (Anersham according
35 to the5renlTaAT IAGECAATEIGGTORIGEAYAS-3' (SEQ 1R MO 4T)éb'was EcoR(/ BanH

di gest ed \]% A P%Gé%%ﬁﬁﬁfﬁ%@%ﬁ%% ﬁ%ﬁﬁgﬁ;ﬁpger). The probes were

heat - denat'ur e ing, the
nitrocellulose filters were equilibrated in a buffer containing 10 mM

I ncubacBa W i st o sgRel Bfertals R thebag it Sh Hifteaiaft
upstream env regions:

I: 5-CGTTTACATATCACTCCCTTCCTAGTCTCTGT-3' (SEQ ID NO:19)/5'-

GCATTAACCTTGACTATGTCTTTAGCTCCAG-3' (SEQ ID NO:20) (50°C) and/or
25

II: 5-ATTTTATTACCCAATCTGCTCCAAACAT-3' (SEQ ID NO:21)/ 5'-

AGGTGAGTTGAACAGTCTGATTTTTA-3' (SEQ ID NO:22) (50°C);

5'-GATCCTCCCCACTGGGTTCACCATT-3' (SEQ ID NO:23)/ 5'-
30 GGAAGTATTGGAGGGTGCCCTGCC-3' (SEQ ID NO:24) (60°C).

All reactions were run in a Perkin Elmer DNA Thermocycler. Conditions for first strand
synthesis: 5 min. at room temperature, 45 min. at 42°C and 5 min. at 95°C followed by
cooling to 4°C.PCR: one cycle 2 min. at 95°C was followed by 45/50 cycles with

35 annealing temperatures as indicated in brackets above: 1 min. at 94°C, 2 min. annealing,



probe in the same buffer for 1 hr at roomtenperature. The filters were
washed 5 extensively in the sane buffer, air dried and exposed to Fuji
X-ray fiwo(Bantax) at -80C. Transm ssion Lynphocyte sanpCEEPIIZBRZt ed by
Ficoll -1sopaque density gradient centrifugation of citrate 10 blood from
heal thy volunteers were seeded and cujs ured as described previously (Minch
et al., 1995) (107 cells/aliquot). Two gl PHA (Difco)/10 mMl was added.

Af ter " retrovira artic|es ine, |l eted
by ul tr ac rﬁ%/'FH ﬁ&r&a{\’l‘% 103%?6%’??6‘%%% °h%Yﬁedf koY ﬁ‘%&&%@ﬂé@“&dﬁ‘@a 1(7621& icles
from 60 mn gadntasssay, ?A{étaluﬁind }roi(:?tdéh’és;ﬁcﬁﬂlr@&@@bbiﬁlgte@ vtk inciudete togeteraiithon. The
suspensi ons were cul tured an | e twice we

and super A4P! &ﬁ{ess“gﬁﬁﬁ&eaﬁ@?” pitiept %}Pleé‘ﬁlérﬁég 5'3(1??3 IQE?Q)W%P@pﬁ'}Sqqyect ed
regul arl y pCRIfro86dts $&réandlsetdy argatds@\ger uacmmof&ms ade @@@h pmaaas/ﬁa‘sul when
RT acti vi t%‘lbgeqi ohserved ncaom t j or lfﬂ,ear nce cI onal

growt h; Hoptngsing g 89“%’9”@ %%BLH" (%h?FH}?tcﬁ apg e B URING A AR owt h

refers topaBmiktqA gﬁlﬁéﬁcBllé)@Mnlils)rL@ﬁwg ahSautdrhated deuematobiABI Bg7Need for feeding
and subcul turing times a week contrasting feeding once a week 20 wi t hout

subcul turing. This is acconpani ed by the occurrence of many cell-clusters
(clones). The corresponding controls die out. These controls were parall el
PHA-stinmulated as well as untreated cultures of the recipient |ynphocyte
prepar at i SQYthrWestem.analysesnsni ssi on assay. Absence of contaminating cells
fromthe donor culture was confirmed by chronosonal analysis (the transfer
Is frommale donor to female recipient or vice 25 versa). Retroyiral

parti cl es P My SUEpRISIANFNHISS AYfre élf'bJ?‘H%d tainitipl septriuoation g deseinsd abaye: yiraks

wer e Concgaﬁle &%r@généiws@sﬁr@&érﬁ@r@l%&)bn@ﬁ@aoa<sg Qte@@rfbbq?@t y¢. WO
01/ 70941 PCT/ EPO1/ 03272 I dentification of sequences in

retrovi r arotpdBedkpians), resuhpenadecin 2084 dgsHEd ¢HR1011% INanezidesarBt keptphdi§l ast oi d
cel! 1 netniitis, SRiaRbLAREaa oM usdous L aad dIAMINE Bt LB Rerkdals

1.1). Th i nes arose spontaneou ter on - I on.

cel | | i1he¢Biodtagl proeit asbafpr nycopl asma contam nation and were found
negative by repeated analyses. 10 Particles were purified fromcell culture
supernatants by ultracentrifugation in Optiprep gradients. Their

retrovi r aBefore §D% palgaaryahidergeticlbgtrophgeasis(SDS-BAGE) halé bbeachmamplewas copy

(EM on eanhogad pabuldACtLRoRTE e E1R, 3B TRk ALY BafERE AR PAHSLuFRICed

Rever se ri p ase) ‘assays st ens
1996; Sil weslblmabn abntainirFPBR5 M RuCh SGthINa,-boIQIQA;)H alkasd 1peigfrirafedcionf thach

gradi er&to fabc tdlesrb24-5 d%ﬁ%efar?teEQ{/ mReNAbrane ang capsid, Dupont) was added to each

sample and the mixture was incubated at room temperature 15 min. At this point 1 mi
protein A Sepharose suspension (6MB, Pharmacia) in 100 mM Tris-HCI pH 8 was added.
After 10 min incubation at room temperature the mixture was centrifuged at 12.000 x g at
4°C for 5 min to precipitate protein A sepharose-antibody-EBV complexes. The

25 supernatant was subjected to lysis by adding 1/3 volume of lysis-buffer: 3% NP-40, 0.3%
SDS, 3% Triton-X-100, 450 mM NaCl and 150 mM Tris-HCI pH 7.5. Equal amounts of
protein from each lysed viral sample were subjected to SDS-PAGE on 4-20% NOVEX
gels. A prestained Mr marker (Sigma) was co-electrophoresed on each gel. Positive
controls were BLV and HTLV-1. Other controls were culture medium and B95-8. All

30 samples for SDS-PAGE were prepared by ultra-centrifugation. After electrophoresis the
gels were electroblotted onto nitrocellulose filters (Millipore) in 62,5 mM Tris-HCI pH 8.3,
13,5 mM Glycin, 5% EtOH and 0.1%SDS. Electrophoresis and subsequent blotting was
performed in a NOVEX Excell assembly. ssDNA probes were radioactively labelled with a
Random Primed DNA Labelling Kit (Boehringer) and a-32P-dATP (Amersham) according

35 to the manufacturer's recommendations. The template was EcoR{/BamHI digested ADNA



15 particles was denonstrated by chasing the culture with [5-3H]-uridine
(Amersham for 24 hrs before harvest, followed by TCA precipitation of
each gradvent/7foracti on, and counting in a G3-.counter. PBERIVEREG3272Y,
presence of retroviral particles in EM and RNA content co- |located in the
gradients (Ml ler-Larsen et al., 1998% 20 Using RT-PCR on retroviral RNA
tenpl ates isolated fromcell culture ?Uper natants wth subsequent

i of the cloned anplicons, we initially identified several gag and

onv {1 agndReSNTREEN. ThaRoRenYEGIeat-deraturad 3o G AA G RBleke Hea ASeT Pl8NBERV. H
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mor phol dyiextenkiyely drethe: Samsbusfenairtiviedzand d%?ﬁomtp\ﬁuuly(-ravm;ﬂésan’tax)sat F8A70ni sed
with purified. retroviral particles exhibit a specific serological

response towards potentially imunogenic synthetic peptides translated
fromthe HERéMssigquences but it remains, however, to be 30 assessed

whet her all the retroviral proteins in the particles are encoded by HERV-H.
The virion proteins nay al so be encoded by other retroviral sequences in

t he genoniymphod:m sampleg inokatéNBy Eicolpokaqiiendensity yradiemh serfitiiupatidn of L8809 is a

1 -
Do e hiRASTRERRy vodRE B Segllf ahBlfIEA R, SEidiobd BEyBALY (GLERTT 61
I’zg| 2E)ﬁg| {liezﬁg,d‘l 995) (TIEY celMahSIh’di) Ilfgwcﬂulm ED’fdayZHD M%/agﬂ%%;ﬁgﬁ?@gﬂﬁ%;Zl
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are conti M sﬁanyT@? 89&9‘?&3'0%“’85&%1"%%" FR\Pxa Emﬁdde N DITRRFGPS By Ce WhE
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cel | 1ine cdnforditanBe Wity mhé\/ﬁajbl appetadce\dfHbnahgronti thls Bgppevisalsopptdier 7 ’
about a month. Continuous clonal growth refers to an increased growth rate as illustrated
by the need for feeding and subculturing 3 times a week contrasting feeding once a week
20 without subculturing. This is accompanied by the occurrence of many cell-clusters
(clones). The corresponding controls die out. These controls were parallel PHA-stimulated
as well as untreated cultures of the recipient lymphocyte preparations for each
transmission assay. Absence of contaminating cells from the donor culture was confirmed
by chromosomal analysis (the transfer is from male donor to female recipient or vice
25 vefsa). Retroviral particles from the supernatant of the established transmission cultures
were concentrated and characterised by RT-PCR as described above.



1 M33 RRe (active) 2 Miltiple sclerosis plasma 6 F 16-50 RR (2 active)
1-11 n=24 2 M50-52 9-15 5 F 34-56 SPf (2 active) 4-20 7 M40-72 (2
active) wWod070941 F 33-47 PP (3 active) 3-7 RCGH negative bpCREPRGR212 F 35 RR
10 Multiple sclerosis plasmta 1 M30 1 n=9 | F 34 SP 15 3 M40-50 9-15 2
F 31-36 PP 2-5 1 M36 6 Healthy congrol plasma 13 F 24-53 n=20 7 M 27-34
Patient control plasma 3 F 56-62 Diab ?es nmellitus n=29 5 M50-63 1 F 42
Prurigo n%ari_s hide 1 M68 Hairy cell |eukaemia 2 F 35-61 Colitis

ul cer osa MPLBS 1 F 52 SLE9 1 F 55 Arteritis tenmporalis 1 F 53
Rheurmatoid arthritis 4 M47-61 1 F 63 Thryeotoxicosis 1 M55 1 M 47

Sar coi dosi s M 50 enosis 1 F 58 Polynyositis | F 76 Myel omatosi s
T M 25 L oURERT IR ARAIHER FeRusnSes I RiraMrA PG A B uead BAMS-AsR oelhy &
had clini gildsy definite MS. Chronic progressive MS with no stationary 15

phase, and exacerbations in relapsing-remtting M5 was defined as active
MS. bf el e, cmale, dprimary progressive, erelapsing-remtting, (secondary

progressi VB yAph&isstbial cell ks were established from venous blood from MS patients (Table
1.1). The cell lines arose spontaneously after long-term cultivation. All cell lines were
tested for mycoplasma contamination and were found negative by repeated analyses.

10 Particles were purified from cell culiure supernatants by ultracentrifugation in Optiprep
gradients. Their retroviral origin was confirmed by negative staining electron microscopy
(EM) on each gradient fraction and by the sensitive PERT (Product Enhanced Reverse
Transcriptase) assays (Christensen et al., 1999; Lugert et al., 1996; Silver et al., 1993;
Pyra et al., 1994) also performed on each gradient fraction. The presence of RNA in the

15 particles was demonstrated by chasing the culture with [5-*H}-uridine (Amersham) for 24
hrs before harvest, followed by TCA precipitation of each gradient fraction, and counting
in a B-counter. PERT activity, presence of retroviral particles in EM and RNA content co-

located in the gradients (Mgller-Larsen et al., 1998).

20 Using RT-PCR on retroviral RNA templates isolated from cell culture supernatants with
subsequent sequencing of the cloned amplicons, we initially identified several gag and
env fragments with high homology to the human endogenous retrovirus HERV-H variant
RGH-2 (Hirose et al., 1993) (Fig. 1) in the retroviral particles produced by the cell lines
MS1533, MS1844, MS1845 and MS1851. The level of homology to RGH was in the range

25 of 80-95%. The packaging of RGH RNA at particle level is clearly demonstrated in the
material from cell lines by the co-migration in Optiprep gradients of retrovirus particles,
morphologically identifiable by EM, and RT activity. Wistar rats immunised with purified.
retroviral particles exhibit a specific serological response towards potentially immunogenic
synthetic peptides translated from the HERV-H sequences but it remains, however, to be

30 assessed whether all the retroviral proteins in the particles are encoded by HERV-H. The
virion proteins may also be encoded by other retroviral sequences in the genome as

heterologous RNA co-packaging in virions (Linial, 1990) is a well-known phenomenon.

Furthermore, we tested MS cell line particle RNAs, purified by our standard procedure,
35 using the recently reported ERV-9-MS related nested primer set ST1-1/-2 and RT-PCR



eryt hemat osus. WO 01/70941 PCT/ EPO1/ 03272 26 EXAMPLE 2 5 HERV-H sequences
specifically present in plasma from MsS patients To determne if

RGH honolvegouzvsequences at particle | evel could al so be pewERIABeT Wi th
M5 in vivo,.we subsequently perfornmed RT-PCR anal yses on cli ni cal

specinens, i.e. cell-free, filtered, gltracentrifuged plasm sanples from
M5 patients, frompatients with 10 autoi mmune di seases, and from heal t hy
controls. RNA.extracted flro rticl es i solated. from plasma was assayed by
RT- PCR wi CRMLHHSE5ERE egaqu@ﬁgﬁﬁbed?sqtﬁé"eé? BA%Y"Y®anpl i cons. The results of

the plasma RT-PCR and sequencing anal yses are presented in Table 1.1.

Expr essi oA o RGHFSEqHentes SEELENGS WelE 8SiapUSney FRUOQAIOMMIS 54" Ut
of 33 cel Ipgfisrgae 15 pl asna sanples from M5 patients). These sequences were
absent i.n all of 29 cell-free plasnma sanples frompatients wth autoi muhe
di seaseé and in all of 20 cell-free plasma sanples from healthy controls.
]Pi ffer elnlt 'I1|R_@IdeB dopsonere es&aﬁliehﬁ&awmpﬂmlﬁ(témdmfimg i;ét}etsfmd}drdiwafth’ﬂlr ticles
romce in super nat ant.s in the particulate fractio pl asma
from i1t ENER T pRTE CURpgtion. ey S Shr gL s BRGNS ARRTDEEY e

genom ¢ cepuRe v@rsenﬁdwa.su:héibatvgi@Waisfconmﬁraaltgrmn.t%iagﬂnggﬁwb? th@En the
nmol ecul es. WO 01/70941 PCT/EPQ1/03272 27 EXAMPLE 3 Detection of HLTV/ BLV
Gag NC pr MRh(ysteraerat @ i'89f)et rovi ruses from Ms cell 5 lines by

Sout h- West ern anal yses To determ ne functional characteristics of proteins
isolated fromthe particles we searched for the Gag nucleocapsid (

protein, Wifch contains zingiEfinget™ dordli IfFS) PR the char act¥Piapee
CX2 CX4 HX4QGHTYSIE By RTTHGR FTh thegnteragt T onsPatmgsen NCanmd—10RhA
SSDNA) . Thitelersgitrisk callieknown t & be gg esent40as oPmigOVMS t WO CcOpi es anotig
retrovirud®s (Mager et al., 1%87). Y nterélti ngﬁﬁ’é’““’ﬁfﬁ@ya}?ﬁfhﬁ’f whi ch?occur s

act

twi ce, butvuli sciérsspeis@ct in beth notifs dsmo RTVkr pladiipger et al ., 1687) al so
occurs tw"ed, but with one pérfect'g' copystish RGH, Two of the gag pPilher sets
used in ourRT-PCR assay span fhis ppotifisd5 Usi gdaihe method outfGhed by
Morozov et al., 1992, where ekectraphor eiistal | e epay at ed 37

RGH negative by RT-PCR 1 F 35 RR 10
Muitiple sclerosis plasma 1 M 30 1
n=9 1 F 34 spP 15
3 M 40-50 9-15
2 F 31-36 PP 2-5
1 M 36 6
Healthy control plasma 13 F 24-53
n=20 7 M 27-34
Patient control plasma 3 F 56-62 Diabetes mellitus
n=29 5 M 50-63
1 F 42 Prurigo nodularis hide
1 M 68 Hairy cell leukaemia
2 F 35-61 Colitis ulcerosa
2 M © 31-32
1 F 52 SLE?
1 F 55 Arteritis temporalis
1 F 53 Rheumatoid arthritis
4 M 47-61
1 F 63 Thryeotoxicosis
1 M 55
1 M 47 Sarcoidosis
1 M 50 Collagenosis
1 F 58 Polymyositis
1 F 76 Myelomatosis
1 M 58 Leukemia/lymphoma
1 F 72 Polymyalgia rheumatoides

3All MS patients had clinically definite MS. Chronic progressive MS with no stationary

15 phase, and exacerbations in relapsing-remitting MS was defined as active MS. *female,
®male, Yprimary progressive, ®relapsing-remitting, 'secondary progressive, Ssystemic lupus
erythefnatosus.



proteins fromparticles are incubated with ssDNA under renaturating
conditions we have denonstrated that a nucleic acid binding protein,

equi val emOobvo7m9e Gag NC proteins of HILV and BLV, is al BOT/gp@#BsR12 i n t he
retrovirus from3 MS cell lines assayed (Fig. 3). 20 Several data indicate,
that the m ddle of the three ssDNA bindi ng bands present in the 10- 20 kD
range corresponds to the retroviral ﬁﬁ%leocapsid protein: the band-patterns
for the Ms cell lines (lanes 2, 3 and 7), HILV-1 (lane 5) and BLV (Il ane 6)
are simlar; and the |lack of a corresponding band in the lane with the
EBV- producer B95-8 (lane 4) excludes that the m ddl e band is of
EBV-origin. Furthernore, when the sane filter is used in a 25 Western bl ot
wi t h HTLVEXAMRLERZN the pl5 band corresponds exactly to the middl e-band of
t he three ssDNA-bi ndi ng bands of HTLV-1 (not shown). If EBV is renoved by

i mmunoprecipitation fromthe dissolved pellets prior to electrophoresis

t he band p&ERVeHseqbsncescspdaifically presentun plasmafroot B8 pasients i nes were
identical 30 to the pattern found for non-precipitated material (not
shown). The origin of the other two bands is not quite clear. The absence
in C8166 [baeter@jnedf RGHi-ndrhelogdusradsiuematisch pasicletere! could alsbhedissocigted] so

h ool oriqi b ; :
enoan. 550001 Psgh s drRt gt RH-RE R heliRs Bkt SHodtehs. (B0
[ fg ;1 g\r/nl r gselbfrpe,dtliam@ld uluynrcarBriiugpdri plaisme§a51ple; ftamh MSExatieptse fromepatients W|th
i .

i nvesti ga Qfg%l&@%ép%@%Séﬁ{ @%}g%%ftﬁg&ﬂ@ r'([)q\li/{% r%@gg%ﬁmb i%“blgrgzsoxm;%dabl e of
i nfecti onfroal ndas'ma wias ialsdyed by fRT-BC&with {UbsBygsit sequeaking of ¢850longsuri f i ed

ticl fr ' : \ t ed
part o1 o SERBSTAE ol Re RSP d BBhe Y a0 b
RT- acti vi ﬂ';:blanld1 cE)qampvtBﬂnfs!\/I& batieit sgguentces are showotin big. 23SEQADNPSL-1BNt s in

whi ch the trovir :

| ynphocyt ggﬁqu %ﬁ’ ﬁggp}{&ﬁ%@%g&%ﬁt%& vclfe? Wa% gE&ﬁ E’F@T §{24%§¥¥C?”ﬁ {iTati on

of tr dbs plassiacampdesfseraMS patemid)yThdse sequdnoes waeos abseny inaaiidof @OmetiHireen t he

respectiv tr r it . hly

| ner eased PO R et $aitn MR HUBRRaC URERes il y DReTESLhe Bt Y

cl usters gampleesionohealthlylcentradget her with free single 15 bI ast -I i ke cells.

The corresponding controls die out. In these experinents, we have

denonstrated the presence of RT activity and clones in 8 out of 23

i ndepende DifférafiteREHergquersengribdMi 5@8e tHuBI@hd tmth WBHE Vidus pdrticlenfromset tiné ng

ggg;r Ol2§ rsS;Erer’}’hQtan’tsuarhtdrlr{?1 qwsef é)a{r[@u(?atg'ﬁ%ctlor;[ &Oplllésngrfrcﬁﬁ td'if?{aréﬁ{ Méan_l eI fBECces have
presently unknown how many of the genomic copies are transcribed or if

complementation occurs between the molecules.



20 denonstrated in gradient-purified retroviral particles produced from
three of the independent putatively transforned cell cultures (two with
M51533, oveowrwm M5 1844) nore than one nonth after infePCT/@RI1/BSA
sequences from donor and an infected recipient are shown in Fig. 4. The

di fferences between presented donor reci pient sequences do not excl ude
transm ssion as the RGH variants constitute a popul ati on of 25 nol ecul es
(at least in the donor) rather than a single sequence. Interestingly, the
CX2CX4HX4C notif is better conserved in the isolated clones from both donor
and reci pixaMPUEh&n in RGH 2. The absence of transformation of any of the
PHA-stimul ated control cultures and the particle production in the
infected recipients are indicative of transm ssion. 30 Di scussion of

Exanpl es Deéedtmntdfmmnnsevesaymt:qﬁofempqaivﬁieat@m@ﬁio&tme@s hehmscds and

t he endaqgenou retro i fam |y HERV-H has been denonstrated. The
RGH horrg ﬁQSﬁE MY %“ag%s‘%ermnst rated at particle level in
super nat ant s from & I\/B-derl ved cell lines. W have al so WD 01/ 70941

PCT/ EPO1/ 0327 2 artlc formspecifically in the
pl asnma frg- IZ@%‘HP fgf‘&o ?Fg?risé'ﬁ? gfnpr teHisdshia tSﬂg'of‘HQ? PER SeWEogenous
retrovir usemuecbfbr tHeaaa@gmsae&&a@smsm aﬂiﬂ@h rm@dc&ﬁanhbgmc&nﬁ@ dorhdie®

transm ssi Q urifi r|o es from heal t |nd|V|duaIs
The acti \"/"éth '%’ a@%%’ﬁe@?%? ‘éﬂ"Y la)}h%mé%r@mon,q?%@ Neandi ent
can not1obezNAudoedsDNA) Thtwﬁowes ﬁmm féede présesiwubbf—\él or M@éop‘iég:émaﬁg activation

could be due to-E EBV is CO- pur. retrovirus,

and spont ﬁ@dwgseeé{\ﬁ%gﬁaﬁ%al ﬁ%@t B‘FP"S?““SWeWFE@PFW'CW W%‘%W?%?“E'éens

i mpl ausi birgpetfect ih Bblfh ﬁmfmnmwtm (Megdrichy | WPQQUb&ﬁgmb@%Lﬁmh %Qe
activated/infected, the Ils are cultured for a short tine (4-8

weeks), iPF e%o%@el?@ Tepg Qj’lgcﬂﬂm?réﬁfé “R?dé[b?‘i'rﬁrt@p%@ﬁﬁ}’rﬁﬁaﬁﬁh'ﬁy and
iv) the ceqifols all die out. Previously, we have denonstrated a

correl ation between M5 di sease activity and the presence of cross-reacting
anti bodPes towards an HTLV-1 -derived Env pol ypeptide. This serol ogical

study inc Uéﬁ@dhé&emmtnr@@tbz Mdraz@aétleﬂenﬁ@Ml@@él@&roﬁm#&@é@%e@a}atéﬂ seases

15 and 57 healthy controls erol ogic cross reachwta(ntovvar

HTLV- 1- deProjeins A Papifissargtinqubatgd WithaishA wndep Fenatyalingsempdisions we haseser a
(Chri st engemoRttraldd thal 8 90leic\¥id ﬂSlﬁ(Yﬁ‘g Botén L@q%ﬂ/a%ﬁ%méﬁﬁgsme hréteRs s pl asma

from M5 patients and controls and showed that of ati ent sarrpl es

had measufdbVengBlacis 35 pragmaliine retrpvinus feasm s M3 selljines asswg Fiov &)
(Chri stenseerff dath indich® Mat the MRDRNGS thE Ui SENOA BinoMgashntE fraRBERERe 96-

20 kD range corresponds to the retroviral nucleocapsid protein: the band-patterns for the
MS cell lines (lanes 2, 3 and 7), HTLV-1 (lane 5) and BLV (lane 6) are similar; and the
lack of a corresponding band in the lane with the EBV-producer B95-8 (lane 4) excludes
that the middle band is of EBV-origin. Furthermore, when the same filter is used in a

25 Western blot with HTLV-1+ serum, the p15 band corresponds exactly to the middle-band
of the three ssDNA-binding bands of HTLV-1 (not shown).

If EBV is removed by immunoprecipitation from the dissolved pellets prior to
electrophoresis the band pattern observed in all retrovirus-infected cell lines were identical
30 to the pattern found for non-precipitated material (not shown).

The origin of the other two bands is not quite clear. The absence in C8166 (lane 8) of
similar bands indicates that these bands may also have a retroviral origin. The origin of
the 60 kD band in C8166 is not known.

35



20 serological reactivity towards HIDV/ HERV-K Gag, an MMIV/type-D |ike

retrovirus in M5 patient sera (Boller et al., 1997). Recently, it was
report ed what/7@RV- 9/ t ype- C-rel ated (MSRV) sequences are pPEFERE1/(3272 pl asna
sanples from5 M patients (Perron et al., 1997) and in serumfrom9 out of

17 25 Ms patients vs 3 out of 44 controls (Garson et al., 1998). As the
publ i shed MSRV consensus sequence (2 bp) (Perron et al., 1997) is about
90% honol ogous to several hunan genom c sequences, i.e. A0000064 and
Us5196, MBRAMPRHE e exogenous but is nost |ikely an endogenous ERV-9
variant. Alternatively, MSRV could belong to the recently descri bed HERV-W
famly (Blond et al., 1999). Even though we could not 30 denonstrate such
sequences Trangmaissibility of retsayirusesnwoduced by MSscell iges act t hat HERV- H RGH- 2
and MSRV/ ERV-9/ HERV- W bel ong to the sanme subsection of the type-C

oncovirinae may indicate that we are | ooking at two aspects of the sane |
phenomefoin thisexanaple the transsyesibility ohtheastrowen pradyerd b theelerrell ingsowassever al
aut oi nmrun i ‘o A ) [N ET ; L i ¥ j«Gation
T R s S e

di abet es muthllow eficienoDieRasshetal, 985 purified oanticles frog) W§raal'lisges warused, pol
sequences I N Qi - i ik WS e found in
ol vary df SHGECRpH B o RIRARNGH AR 1 hel B healRee
sequences Conoomiant weatirensest Gfeantivity andeontinuguscclonak grawth iru® owedt@3f ound i n

| ynph d \Fﬁl' [YRD . wd 1L ek t osus

st udy sn@r (;%%B%r(': VI ﬁ.' y‘%'gﬁg‘redrse@ﬁg%stvyéﬁ%gﬁ%ﬁ ?ﬂ%{rﬁ%@ﬁﬂgﬁ?%ﬂé ‘r?éo%i ral Env
pept i des dmapreciiEs from ealthy dBdm@adndhéguaisiwasnteroiest ahariindBetien eson et al .,
1996). Fi N ?‘”ﬁrg. [ Qi ik L S0l ' j

mul tiple é%gl%'lé‘}éﬁghssé% TOVIT aq@ tﬁ%fa%kg?eéitgﬁgé@ gﬁ%@@b?iﬁ#ﬁ@d&@éﬁ.s wher e
RTVL- H seguluresesCantingoashslenal grdvib réfeesrio arhighly insteashid kerydhaateacepmpanied 7) .

10 It is [ j i [ s

repl i cati VUNE StrElishdgb Hn) Beeaatietertiachdy BRI b Rer Bl R ARe |
causal fadiast-like/callsi The corgespandingicoitrattidie otbsponse is not fully

substanti ated yet. However, in the study presented here, the presence of
HERV- H RGH sequences at particle level is clearly MS specific. 15 This

coul d i ndile #tese @xpkriraents anel haysedsnidnstratedl the preisence of Rhactility and slopedines s,

FERV- 1 RO Pt PRERLER SHPIBE RIS RS Mabra M st oRaRg 00"
i npl i es t kahtrolé reregihed abirarsfamedrandyéiiousRT activitpVREtiseguences hesebaen f act or,
e e, SRR B b RBLSbhlts BechlebHBiARL afld 7.
exogenous independent putatively transformed cell cultures (two with MS1533, one with MS1844)
more than one month after infection. RGH sequences from donor and an infected-
recipient are shown in Fig. 4. The differences between presented donor and recipient
sequences do not exclude transmission as the RGH variants constitute a population of
25 molecules (at least in the donor) rather than a single sequence. Interestingly, the
CX.CX4HX,4C motif is better conserved in the isolated clones from both donor and
recipient than in RGH-2. The absence of transformation of any of the PHA-stimulated
control cultures and the particle production in the infected recipients are indicative of
transmission.
30

Discussion of Examples 1-4

In the above examples a specific association between MS and the endogenous retrovirus
family HERV-H has been demonstrated. The RGH-homologous variants were
35 demonstrated at particle level in supernatants from 6 MS-derived cell lines. We have also



20 retrovirus and/or, as we and others have previously suggested, a nenber
of the herpes virus group. Interactions through RT with non-retroviral RNA
viruses Woenavman et al., 1997) presents another possi bPeT/ERVI3LTY
expressed endogenous retroviruses. EXAMPLES 5-8 25 Introduction 1In the
followi ng exanples it is denonstrated2Burther that retroviral particles
associated with sequence variants of the human endogenous retrovirus

HERV- H RGHieanehstratediR@H it paididulaedoirnspedifidally inQh&Brsh@tebrh 98 BLES 33 gl t ur es
from peri g%eﬂ ﬁts bl ood nmononucl ear cells from several M patients, can be

transmtt £0 "ot her, i.e. non-blood human cells and non-human cells. It

i's al so shown that these |l ong-termcell cultures consist of a m xed

popul ati o B cells a. sna r fraction of CD3+, CD4-, CD8- T

cel I s. QBQ} ?&g’% %%tf’f I?Bg‘igefﬁ?ﬁ?? d %i”t&@ﬂk/gﬁﬁfagsmmﬂbé@ i§ slemasstrated by iessi on

of RGH HERéllfreedtanexriigsioh qfgutified ﬁﬁonsﬁoIlmpsramwée(fﬂoﬁshéélwwnﬁcma%“TW@
tivation rmcell cultures from peripheral

d
bﬁg‘;gst ; gt %ﬁ)@%&oﬁsat’wwﬁ Saq‘teé‘P?%t}P%é’D’ ATRRENbIN the rRARieRican apblrirulethowel |

line foll d:mmIetopnasIeaydoltmml thay Slicheart dcington dURRS BT BV BB\ ¥ (RikkAgsSays
for rescue, of fetr vi.ral w@actor construct in indicator cells. refly

outl i ned, PH&" Y‘"H?: NG TEUOYRMT; Ao Shantanegus BBV iransteamatien afdbe feality as
fol | ows: Tyraplmuymlseemflmp%m%lbtél dsU}SE’}Sncb febRs §H)H§‘falﬁt§rtlﬁﬂ|§hdi9%%@ﬁ{)g !
occurs

-
o | olff Prble e i fiscSle s alitrediomaghquee Eamaskon)l) weshsene vat | on

of Lacz- dca:mmal gﬂel/vtISaM RIT zrcaturycbohemmm?dém |Vﬂth6%bht$oléla|l e%stflﬁel l-to-cell
cont act el ow. LacZ-donor

initi e of the assa descri b
cell's har %63 10 *&%Wﬁ‘%’“%@%&ﬁp a qogRiatien petwgep e H@eﬁ%ﬁt@tw anst thgene.
Thi s constpresehce sf crobs-tazefisgrastiodled thwards %ﬁlﬁTL\bﬂheﬁ@a é‘tﬁl %JE{&B il &¢hid N

trans. The L O{]OI’ CC?LfJe?i gr'ﬁ co-cultivated with cel roduce
retroviraloy E%?H‘Eﬁ gy in K& NIS p2tientsJi° Ratients V‘éﬁhé?t%rd'tw&'ml@ﬂ' diseasasct ed
Wi th retsr awnd Eusteamhptam@ld semvlic Eldss- r@éhﬁ@qy\ﬁatdhﬁé)ﬂ?évqe&’erlvgg%ﬁ?b' ous
retroviral &artl contaln the |sed3 construct hese

retroviralP® B?Qtldgl"é%s ’éémP@d By raaeBe ﬁ?ﬁ("d’(ftth?eMt?cF-e@J GhristanisemebalpdPak ¥¥e .  Upon
addi ti on bhve tisb SsediPERTaAsAYs 6\Vrbsh 5IS§%§Y%H§MSR}%‘EI%M§ |a‘f"1E cQHﬁoIQ Q@Eﬁéﬁ cy

depl et ed C filtratjon) i ndi cator ce har
t he const& ?(1@f‘$¥ﬁteéﬁfameteﬁ@@ﬁ MmgasprapleckT gativily wheeeas a"lZ'iohodﬂétDbrWaIel I s
will tranadgmﬁet(bﬁnit@tﬁsféhvétraﬁ'19@?tNFec€ﬁf's‘%ﬁtﬁ)}f'§ém6r%tﬂaP1% thBBhcataiorcel | s. - en

t he i cat or nd st ai ned | ue ce only occur if
t he ge%@ B? 8&% Eefctlwtyetoward ?—|TDV/HERV—K Gag, an MMTV/type- D Ilke retrovirus in MS

patient sera (Boller et al., 1997).

Recently, it was reported that ERV-9/type-C-related (MSRV) sequences are present in
plasma samples from 5 MS patients (Perron et al., 1997) and in serum from 9 out of 17

25 MS patients vs 3 out of 44 controls (Garson et al., 1998). As the published MSRV
consensus sequence (2304 bp) (Perron et al., 1997) is about 90% homologous to several
human genomic sequences, i.e. AC000064 and U85196, MSRV may be exogenous but is
most likely an endogenous ERV-9 variant. Alternatively, MSRV could belong to the
recently described HERV-W family (Blond et al., 1999). Even though we could not

30 demonstrate such sequences in particles from the MS cell lines, the fact that HERV-
H/RGH-2 and MSRV/ERV-9/HERV-W belong to the same subsection of the type-C

oncovirinae may indicate that we are looking at two aspects of the same phenomenon.

Retroviral association has been reported recently for several autoimmune diseases: in
35 addition to the previously mentioned implication of a HERV-K variant in insulin dependent



25 gal actosi dase) of the LacZ marker gene is present, and the LacZ marker
gene will only be present if a retroviral infection has transduced the
LacZ mar keo ogemel from t he LacZ-donor cells through an i nPETEPOUS272
retroviral particle to the indicator cells. The main principles of the
assay are described in Porter et al., ,4998. 30 Monitoring of transm ssion
i s perfornmed by assayi ng for blue indicator cells and/or increase/lack of

decrease i L vi a_OD val ues show that RT
acitivity 4’%@?%‘%? ﬁ%%@ﬁ%% qral 9‘5@3 IQIrefTy SYREORGHRP FAUMICER t hout
de novo pédrdam alpeitative edogdrions tﬂm@ﬂ@s@ro&h@er& fbmﬁdllm%fatnférry glaflay Earith3( C,
ol | ove: " 055 BoBAr3Rier ARy garrauintat i datialip exagrrous biredsia n Rr
activity: ratovirsrvere $sinarin mehh’nunfes ¢ehrhanasihl, ngmaﬁ@( $@edmiefupdscr ease in
RT activit t,ran oV roductlon of
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decr ease lmpfﬂesaand a!HTyv-pdemeulcmgtmmamsmmma;eaﬁgtéweﬂaqs 1aus) | i sed;
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M5 cel | cudequersesan syrmvtzﬂ:ﬂllutimem/vhérémvwﬁ%&q@en&ﬁ@lw)e?é a@seln@l%%'bb%n of g S X

106 cells/ | tivat PM 1640 (Whittaker) supplenented with 200
u./m pegg:’ %c{j'\%%?ﬂ%%e} t% 58 /m streptonycin (Rosco), 290 ng/ m

gI utamt®e (Sigma), 10 15 nM HEPES (Bi oproduct) and 10% heat i nacti vated

] f th | oad b t Skej by Ho tal,
Donmmar by e e RR! MBS S ot Rihpiaietn @ oy domiiante auisscant
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3
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G bco, Life Technol ogies)

in D | be S
suppl e Lﬁcﬁ gwg&d'(q%@f“gﬁgﬂlqm@@?%ﬁ{‘ "ﬁhﬁcqbseaﬁ?P@c?é%m‘ﬁﬂW\é%% and
?E{ ppl e ;re ntagqbllaggtdlsazﬂﬁes from/m$ p@ﬁéﬂtéTWItlh batn(etc%aac() s Q;e?c% PfFﬂ‘lﬁ-HﬁGzrg BOSHRECA

0SCO0) an am ne n Costar bottles For a
standard tPafeT qgﬁ%%iggéﬁm'%" Shetggﬁ%ése('mﬁl'%ﬁﬁ‘a&'iwhcﬁ‘f@ﬁ of P8dREeneUs t ur e
coat ed) aretrowrasé£id arddusalTuomy) thd HetRags mecKﬂ .Era@é%ﬁ?@ Rloeldt R i N
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pH 7. 4) f&F9%. SP%Q‘%“V? BBtRPteR L %%?@'On?l‘f‘éthﬁ”tﬁsdf%H'E“F’ﬁ“tif@d&éﬁﬁlﬁm@véd and

t he weldos ratr@mhb anded aMW&al?d’/otB% Kdeé\lﬁrevmlsﬁ%gbﬁgya MaRpRESthe hBrgd8S for
30 mn. Then th V\H meg I
Virus group n eractlons throug T wnth non-retroviral RNA viruses (Klenerman et al.,

1997) presents another possible role for expressed endogenous retroviruses.

EXAMPLES 5-8
25
Introduction

In the following examples it is demonstrated further that retroviral particies associated with
sequence variants of the human endogenous retrovirus HERV-H/RGH and produced by

30 spontaneously formed long-term cell cultures from peripheral blood mononuclear cells from
several MS patients, can be transmitted to other, i.e. non-blood human cells and non-human
cells. It is also shown that these long-term cell cultures consist of a mixed population of
mainly B cells, and a smaller fraction of CD3+, CD4-, Cb8- T cells.
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cells,

indicator cells will transduce the retroviral vector-construct to the indicator cells. When the
indicator cells are fixed and stained, biue cells will only occur if the gene-product (-

25 galactosidase) of the LacZ marker gene is present, and the LacZ marker gene will only be
present if a retroviral infection has transduced the LacZ marker gene from the LacZ-donor
cells through an infectious retroviral particle to the indicator cells. The main principles of the

assay are described in Porter et al., 1998.

30 Monitoring of transmission is performed by assaying for blue indicator cells and/or
increase/lack of decrease in RT-activity. PERT assays measured via OD values show that
RT acitivity for the produced retroviral particles in the supernatant without de novo particle

production decreases about 3-fold after 3 days at 37°C, reflecting degradation.

35 The results described below are interpreted as follows:



retrovirus producing cells and indicator cells are in culture on day 1): 35
Day 1: Fibronectin coating of 6-well trays and seedi ng of TE621 and/or
TELac; WwOul/70941 PCT/ EP01/ 03272 34 Day 3: Addition of PET/ERM/3IR
producing Ms cells for co-cultivation; Day 8: Wash of wells; 5 Day 10:
Seedi ng of indicator cells in griddeq¥gishes; Day 11: Filtration and
transfer of co-cultivation supernatant” to indicator cells; RT sanples; 10
Day 15: Aspiration of supernatant fromindicator cells; fixing and staining
of cells; RT sanples; Day 16: Scoring. 15 Scoring can be performed both as
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35 reagent. Absorption at nmis converted to pg protein using a BSA
standard curve. WO 01/70941 PCT/ EPO1/03272 35

The indicator cells are the human rhabdomyosarcoma cell line TE671, and the LacZ-donor
cells are TELacZ-cells. TELacZ is a clone of TE671 harbouring the MFGnlsLacZ retroviral

20 vector (Takeuchi et al., 1994). TE671 and TELacZ are subcultured once weekly at a density
of 0.5 x 10° cells/ml and cultivated in D-MEM (Dulbecco’s modified Eagle’s medium, Gibco,
Life Technologies) supplemented with 5% FCS (foetal calf serum, Gibco, Life Technologies)
and supplemented with 200 i.u./ml penicillin (Leo), 0.2 mg/ml streptomycin (Rosco) and 145
mg/ml glutamine (Sigma) in Costar bottles.

25
For a standard transmission assay, 6-well trays (Falcon 1148, non-tissue culture coated) are
coated with human fibronectin (Sigma F-0895) at 10 pg/ml in PBS (standard phosphate
buffered saline: 150 mM NaCl, 150 mM Na-phosphate, pH 7.4) for 2 hrs at room
temperature. The fibronectin is aspirated and the wells are blocked with 2% BSA (FAF,

30 Boehringer Mannheim) in PBS for 30 min. Then the wells are washed in culture medium,
and TE671 or TELacZ are seeded at 3 x 10* cells/2ml medium/well and incubated at 37°C in
a CO; cabinet. Fibronectin facilitate the possibility of transmission through co-localization of

virus particles and target cells (Williams, 1999)



Specific activity is expressed as pg 13-gal act osi dase/ pg protein.
Statistical conparisons could be perforned by Student's t test. Assays for
reverse twansomipt ase (RT) activity: RT is a retrovirus sperEPiig3erzyne,
which is 5 present in retroviral particles. Mnitoring of the RT activity
thus constitutes a nethod for nonit d’ng de novo production of retroviral
particles. As the nunber of retroviral” particles is very |low, highly
sensitive, PCR-based RT assays_are necessary for peasuring direct qu@bon
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36 per f or MediLGhisEsRIrated frardhe ggh ﬁegfogﬂﬁ%er?ggr%n pi thpditeraeraed freg RHRRIGAbhe oi | .
(1.5 pi Rimd gfshés are then incubated at 37°Cin a CO; cabinet for 4-5 days. The supernatants are
20 aspirated from the dishes and a 1 ml sample is taken from each dish and prepared for RT-
assay. The cells are fixed by addition of 5 mi/dish of 0.05% glutaraldehyde in PBS. The
dishes are incubated for 15 min at room temperature and then washed twice in PBS. The
cells are then histochemically stained for B-galactosidase expression by the following
procedure: 2 mi stain solution is added to each dish and they are wrapped air- and light-tight
25 and incubated at 37°C for 24 hrs. The stain solution is aspirated, and the dishes are washed
twice with 5 ml PBS. 2 ml ddH,0 is added and the entire dishes are scored for blue cells by
microscopy (Leitz Wetzlar microscope). The stain-solution is prepared immediately before
use and consists of a 1:40 dilution of 40mg/mi X-Gal (5-bromo-4-chloro-3-indolyl-a-D-
galacto-pyranoside; Sigma) in DMSO in 5 mM K-ferro cyanide, 5 mM K-ferri cyanide, 2 mM
30 MgCl, pH7.

A typical time-chart for the assay can be outlined as follows (if all of LacZ-donor cells,

retrovirus producing cells and indicator cells are in culture on day 1):

35 Day 1: Fibronectin coating of 6-well trays and seeding of TE621 and/or TELac;



prol), 1 pl dil RT-2 (25 pmol; RT-2: 5'-TCCTGCTCAACTTCCTGICGAG 3' (SEQ I D
NG 26), 1 pl boiled RNAse A (10 ng/ m, Boehringer' Mannheinm), 1 pl Taq
(Perkin Boer709%1 u/pl), 2.8 pi 1 MKCI, 7.5 pl 100 mM Tr P6F/HBI/3RY28. 3 and
60.2 pl ddH20O . The mixture is 5 incubated 30 mn at 37C, followed by 25
cycles of 94C 30 sec, 55C 100 sec., 72C 110 sec.; cooled at 4C5 mn all
in a Perkin El mer Cetus 480 Therm)cyc?’%r. PERT assays can be perfornmed with
two variants of detection: either by hybridisation of anplified products
wi th hapten conjugated ol igonucl eotides foll owed by ELISA essentially 10
as descri r ~Ad) d 'fﬂﬁ‘“ chiekogy (Perkin El mer

Cet us). Ithg %@{ogﬁfﬁiogﬁ%np%ﬁ%o u§fb§ﬁ%é@?ﬂ%ﬁﬁgd wth two

fl uorescence dyes, (fluorescein at the 5° end (reporter) and rhodam ne at
the 3' endgy4 g@gﬂ Qinding to the anplified M52 sequence region

bet ween for\)@gr“" an?'f%\)gve’rse prinmers, was used as a probe. During PCR the
anneal e probe is hydrolysed by the 5 nuclease activity of Tag pol ynerase,
15 thereb j j [ £ ment of emtted fluorescence in
a spect ro@}a&?@%?éﬁr?é @@%&t&ﬁ%ﬁ@@@dgﬁgﬁﬁﬁd intriplicate or duplicate
and "blind" assay controls are included in all experinents. Positive
control s | i - i . LI SA
detecti onet|5 ﬁéﬂ}%‘rﬂﬁnggﬁ %o IOJ&E:CLQ%BEES%%”@H@C% ractg gsgaa{rsgﬁ%(l)%f ed .
with 50 pl Avidin-solution 50 pg/pl in coating-buffer (200 mM NaCl, 100 mM

Tris-H Thet : ' ] : L OGU . rature
overnig 0t .Fﬁ_éyhgfl %‘F%&a&ﬁgf%%ﬁgﬂsﬁg%ﬁl%@qw’%%@dﬁ l%ﬁ'%'ggéﬁgﬁﬁm@o&rpf%% Tris-HC
pH 7.4, 0.s8mpRaeen 20, bl ocked with 200 pl bl ocking-buffer in each well
for 30 mn at roomtenperature (200 nM NaCl, 100 mM Tris 25 HCl pH 7.4,

0. 05% Tween 20, 20% FCS; washed 3 tines and are ready for hybridisation:

25 pl of MPER-1Be8ctringn are added to a 0.5 m Eppendorf-tube with 10 pl
hybridising-mx (0.625 pl RT-3Bio (10 pnol, 5'-TTAATGICTTTA- GCGAGACGC- 3!
(SEQ ID NG 27), 0.4 pl 500 mv EDTA pH 8, 0.375 pl 1 MKC, 0.15 pl RT-5Dig
(10 pnold Sorin\FaBERRTPF OBOTEPABEEAGEHIZ s/ feBaydsRNNOsRE multipliditpdf idfeotionv

TS M oyl A S AR R SRR ! o
i ncubat ed f@muia MQiE «logii)y/@.4 84 izt Dreberrd virtdes lealingstosuecessit ddn&iuctiores .
TR o 0 eeER AL £ T n RIS O lonc R e
t enper at urn®Ol was,lmd. Phe probabititydf 26y \tﬂl mrn?mm_i biPGhi¢ BEPDENMIBRE2s 187 , pl
oL P el D B ARD BN bl AFEER AT DL B
ELI SA-r eadag [1 - (1/nc)]. If n. > 3 x 10°, n."log [1 - (1/n. )] = -0.4343. MOI corrects for the non-
linearity of a transmission assay with a simple positive-negative scoring.
Alternatively, the specific activity of B-galactosidase can also be determined using the
following quantitative photometric assay (Felgner et al., 1994):

25
Cells are washed in PBS and lysed in 350 ml of 250 mM Tris-HCI (pH 8.0), 0.1% Triton X-
100, and the lysates are stored at -80°C for at least 1 h. To determine amounts of [3-
galactosidase, 50 ml of lysates and dilutions are combined with 50 ml of PBS, 0.5% BSA

-and 150 ml 60 mM Na,HPO, (pH 8.0),1 mM MgSQ,, 10 mM KCI, 50 mM -

30 mercaptoethanol, 0.1% chlorophenol red galactopyranoside (Boehringer). After light-
protected incubation at 37°C, absorption at 578 nm is measured and converted to pg of pB-
galactosidase using a standard curve obtained with purified enzyme (Sigma). These
values are standardised against the total amount of protein in each lysate. A 10-mi
volume of lysate is combined with 150 ml of ddH,O and 40 ml of Bio-Rad protein assay

35 reagent. Absorption at 595 nm is converted to ug protein using a BSA standard curve.



Table 5.1. Exanples of transm ssibility assayed by PERT-assays (OD) and
R-gal actosi dase 5 induction Experinment |ndicator Construct Donor Wash
Fi bronectw@oPHERA1 Bl ue Cell dish/tray Cells TE671 | ac Z MSI/ERIB3272+ 3. 67 +
TE671 lac Z M51946 - + 0.34 - TE671 lac Z M51946 + - 3.09 + TE671 | acZ
M51874 + + 4.25 + TE671 lacZ Ms 187435 + 0.35 - TE671 |acZ MS1845 + + 1.25
+ TE671 lacZ M5 1845 - + 0.55 - TE671 lac Z M51851 + + 1.89 + TE671 lac Z

M5 1851 - SpelifibActivit) odbrésted s dlactosidfs roﬂaﬁ@@taﬁﬁ%& é}iﬁﬂp'é 5+ 1.43
+ TE671 Iszfc Ry WFJE%% lac Z CO1-PL + + 0,18 ég(’ lac Z

C91-PL - rﬁ%@%&@%’"%ﬁé + 4 <1 - TE671 lac Z None - + <1 -
TE671 none None + + <1 - TE671 none None - + <1 - Positive, cl f)nedb:?T
cont rol tive control 19.6 na Nd: not done; na: not applicable;
<1: nunber 2\58%3@ qF BYersartransSintase &TB@S%‘@& R is & Etroyirus specificraneyme; which is

fi br onedt ipresentih@etréviray fartives Mori@lh§ of¥RS 'Fﬁdacﬁiﬂnt)ﬂﬁ%s %oné\(ﬁ}téé”é ’mé\@a@f&
" MB1851, Ms1874, 1946 ar | ong-termcell cultures fromMs patients; C91-PL

is a humIPHelng ¢¢ H@V‘bﬁ”&} %iiorig?f FpHOYiral: papigles: A§ dheruryhen af setirvisaarticlesd
above i ndigadrg wl i ébl‘/sﬁlO&@CFE’-@Ié&Pﬂilaggﬁﬁ?are ﬁ@cé&%&@ﬁ@@ﬁkbﬂrﬁg R u% t' on

MO val ues for .the cell cultures are pi cal bou

C91- PL t h&Q) sHiAd valugigs P! pEPeY! "a@m%EEeeerasasﬁaw and thedR & grafilesrns M%MSdnnng
RGHI HERV- kbrieddliQuitlines hads beén 8Sscribed in Christensen et al., 1999.

10
The ulirasensitive RT assays (RT-PCR or Product Enhanced Reverse Transcriptase
(PERT)) are based on the conversion of an exogenous RNA template to amplifiable DNA by
the éample—contained RT. The assays are performed essentiélly as described by Pyra et al.,
1994

15
1 ml aliquots of cell culture supernatant is obtained by aspiration. The samples are passed
through a 0.2 pm filter (Sartorius Minisart) and centrifuged at 4°C 63.000 x g for 100 min
(Sigma 3K-30) or 100.000 x g 1 hr in a SW 55 (Beckmann). Supernatants are aspirated and
pellets suspended in 5 yl buffer A/m aliquot of supernatant (buffer A: 50 mM KCl, 25 mM

20 Tris-HClpH 7.5, 5 mM DTT, 0.25 mM EDTA, 0.025% Triton X-100: 50% Glycerol).
Samples must be taken and processed on the same day to prevent loss of RT activity.

Samples in buffer A are stored at -70°C.

The initial steps in the assay must be performed under RNAse-free conditions. Template

25 (MS2 RNA, Boehringer Mannheim) and primer (RT-1: 5'-
CATAGGTCAAACCTCCTAGGAATG-3' (SEQ ID NO:25) are annealed before each assay
by adding 0.28 pmol MS2 RNA to 9 pmol in a volume of 1.4 pl in an RNAse-free 0.5 ml
Eppendorf-tube. RNAIpri.mer is heated 95°C 5 min, incubated 37°C 30 min and cooled at
4°C (5 min), spun brieﬂy and kept on ice during the next steps. 23.6 pl of a mixture

30 containing 60 mM KCI, 60 mM Tris-HCI pH 8.3, 9.5 mM MgCl,, 12 mM DTT, 0.45% Triton
X-100, 1 mM dATP, 1 mM dCTP, 1 mM dGTP, 1 mM dTTP and 0.15 ug BSA/ul is added
together with 0.6 pl RNAse inhibitor (40 u/pl; Boehringer Mannheim).

Then 3 pl resuspended pellet in buffer A is added and the mixture is covered with mineral
35 oil for PCR, incubated at 37°C 5 hrs; 95°C 7 min and cooled at 4°C (5 min). PCR is



In this Exanple intra-species transm ssion was denonstrated by cell-free
transm ssion of purified retroviral particles fromlong-termcell cultures
from perivwberalv4bl ood from M5 10 patients to stinul ated opCTaRew3eTLI at ed
peri pheral bl ood |ynphocytes fromhealthy individuals followed by assays
for reverse transcriptase (RT) activity and characterisation of the
transforned recipient cultures. Bri efqa\i outlined, the principles behind
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emal e or _ vice vers e carre on S _eyen e ou For
chr onpsomBC g $¥) ﬁ’f@b% f@@&%ﬁ/é@%ﬁg G‘Fe ?F@’Héﬁgma%ﬁgy?‘ﬂ@e cells
in gro%hthé&mﬁn fhédlif@réhﬁéi nWakliref@in€ 6Mérdligted 106reBterice i@ m cul ture,

I ncubated for 30 mn ,at WO 01/70941 PCT/ EP01/03272 39 37C) for arrest of

mtosis i APEROPRRPHARIse, then treated with hypotonic KCG( (10 m  0.56%to
10 mM culture for 5 mn) to spread the chronosones, followed by fixation

(in nmeth gl aci al cetlc acla?ﬁ( /351 and ri ne band 8 andi ng) :
hi ghl'y AT%PFQFP is a%ﬁﬂﬁ?dé&t”ﬁﬂﬂ o prﬁt‘il?%#)b? ‘ﬁé‘}sﬁ%?ﬂptrghéﬁé@ B Macri ne
fF | uo & eSCﬁaw exp/éﬂ;h%ealts@ﬁoétm@éﬁmrs: dhg cloh¥d RU@RL)inds Wié eiggmy of Boehrldger).
riedric rsona comm,_ see a
vi sual i20aELR fefeptinn inPergunesies f%ﬁ&‘”w%ﬁ“@" t'ﬁf@"’ﬁ?%?@rﬁ?@ GI#W'?@TS%H& ivity
and cl oneqvigassdlesn sy ighed cbétn@%lﬁierm miN&Cl, qxbo mmmmamd;epm 7.4)f ections
using 4 different retrovirus l{I ng,] cel |l cul SI‘ AH
wrapped light-tight and incub ted at roonY temperature overmght he plates are washed
3 times with 200 mM NaCl, 100 mM Tris-HCI pH 7.4, 0.3% Tween 20, blocked with 200 pl
blocking-buffer in each well for 30 min at room temperature (200 mM NaCl, 100 mM Tris-
25 HCI pH 7.4, 0.05% Tween 20, 20% FCS; washed 3 times and are réady for hybridisation:
25 pl of PCR-reaction are added to a 0.5 mi Eppendorf-tube with 10 ul hybridising-mix
(0.625 pl RT-3Bio (10 pmol, 5'-TTAATGTCTTTA-GCGAGACGC-3' (SEQ ID NO:27), 0.4
ul 500 mM EDTA pH 8, 0.375 pl 1 M KCI, 0.15 pl RT-56Dig (10 pmol, 5'-
ATGGCTATCGCTGTAGGTAGC-3' (SEQ ID NO:28), 1.0 pl 100 mM Tris-HCl pH 8.3, 7.45
30 wl ddH,0), incubated 95°C 5 min, 45°C 30 min, cooled at 4°C (5 min) and 35 pl
hybridisation-mix is added to each coated well, incubated 30 min at room temperature and

the wells are washed 5 times.

Then 50 pl Fab anti-digoxigenin (Boehringer Mannheim, dil. 625 x in TBS/0.5mM EDTA

35 pH 8) is added to each well, incubated 1 hr at room temperature, washed 5 times and 50



10 corresponding controls remai ned untransfornmed and wi thout RT activity.
HERV- H RGH sequence variants were denonstrated in gradient-purified
retroviravoparmicl es produced fromthe putatively transfbpemee0eBRT2
cultures nore than one nonth after g;ecti on. The set-up for an assay was
as follows: |ynphocytes were isolated’from50 m citrate 15 bl ood sanples
from heal thy volunteers by Ficoll-I|sopaque (Anersha density gradient

cent ri f ugdskbsirate (@niroghgny pesphnte) &taddééﬂﬂtséhﬁ@t%rpl-j ) (Boghiinget| | s were
seeded a k Lesbesgat i quot ) . Six
bottl es Mr%&%ﬁ@péﬁ%ﬁ?c’dﬁ@m 4R Ol LGl i ARE %?LPHA (Difco)/1 0 n
was added. After 2 days, purifi ed retroviral parti cI es fromthe

super nat aph, { Bqnﬁt ?_ﬁ¢@§96{‘ t%d%%&tﬂiliteé%sé%oebg ﬁ@ﬁ'—%ﬁsé@ ( E)_l() LRG B—%%Q)smasgo
culture [1€S,

repr esemtindugctiancel | -free infection. The M5 cells were cultured as
described in Exanple 5. They have a fluctuating and rather | ow yet
conti nuous production of retrovirus particles. Retroviral particles from

the cell |25 cultures are released into the super natawExpefmi\enlh wer e
col | ect eqg Tfﬂ,f tJFetrm'iTU" reparatt+onT—ang irn"—, rﬁmgh-hours
before harQsaton Gns rgﬁper Ant s, tﬁ’gaﬁ Eb?lﬂfg jPF‘ Red witRYne {hird
fresh nedigegm to gbtain optli mal growth conditions and| tiisetraby p@ellsma(yvirus
pr OduCt| n.--400 Eanﬁ@ n{ cal CJU}SJlerersi on- 2 14 1I\£L_pe{ H—nas- Sed
for one ro-[ﬁﬁf%f \}?965 pur ;‘\ﬁu ion: |cells ﬁnd cell Hgf?yvs wer g renoved
from t he [3fEgnpennaé 2nts Bywsoaer 1 T ugation[at 1000 x| g.34or 30 mn at UC
The superinatant s _ transferred to 60 m  Sorvall cehtri fuge-thbes—in
vol umes 1jeBRA7lg uUPe Zci ent NSt or |under [ yi ng 4 m | 809950% Opt FPr ep
cushi on 10T (&8 T PTeN 151873€ (T 4dF na 0 ofiipganol ., an.i odi nat ed,
noni oni c (density (gradi ent rredl um from Nycomed Pha (sl o, Nobway)
Opt i Prep || Bz67ds tHeCZfetrOV|M&187ﬁart| dl-es ipttact, as JQ@ésed to| sucrose. Th
tubes 3 e uged §6rva|1 rotorAG4Tat F000x g for—2| hat
4C and t ;F%ﬁp_er ra?%znt WO d\rﬁ'% 41 L'I'/ EPO] L/+03272 415‘1?e5rmved romth
t ubes by |apFg™at i{dacZ | eavi rMSiaB%’oI umg -of 445 m of theé. 5ﬁedi umin i medi at
proxi m t y—eft-helcushion—H gshi-ef—ard—the—evertyifgredunare—nixed
and the |v Qme qﬁsﬁe m At ‘Yﬁgﬁﬂs medsur ed [for final 1% ul ati o1$of t he
concent r atTEgy10T [thez gr adipsigssni ch fi.s opffi+mal at 23%53f Opti Prep. Fpr
dilution hufferted salind solution-ils 5 ug 8 04 NaCl 10 hivk
HEPES- NaQH B 7.147¢ ZThe ﬂ1M§1§5€ is flilter¢d through|845 pm (Acrodikc,
Gel man SciFgEgA) fNGEETS andysizggsst erred to | LI 2 trgCl ear JTuybes
(Becknmann) _and run in a near verticall rotord (Beckmanp NVT 65) at 364 D00 X
g at ACf orTEGY15 H.lae®| | owi H@St@@tri fygat i oh* the fra¢@&hns were-harvest ed
in 0.5 m-ﬁg (trotis_ oy pur (%19 L of tHebottgmrof—the|guges. Fragrions| 2 -
were col llecTed far uSe in|the transmission

TE671 lac Z C91-PL - + 0.25 +

TEBT71 lacZ None + + <1 -

TE671 lac Z None - + <1 -

TE671 nane None + + <1 -

TEG71 none None - + | <1 -

Positive, cloned RT control vs. Negative control 19.6 na

Nd: not done; na: not applicable; <1:numbers below cut-off-value; Fibronectin: cells
10 cultured in fibronectin coated trays; wash: wells washed at day 8. MS1533, MS1845,
MS1851, MS1874, MS1946 are long-term cell cultures from MS patients; C91-PL is a
human cell line producing HTLV-1; Relative RT values around 1 and above indicates de

e

e

5



10 assays. These fractions were pooled, diluted in buffered saline and
pelleted by a final run in an SW1 rotor at 150.000 x g for 90 mn at 4C.
The pel | av@ owermel r esuspended in 100 pl THE buffer (50 M TPCWEPH/B2B, 100 mM
NaCl, 1 nMEDTA). Usually, the poolgg fractions were centrifuged-in 4
tubes, resulting in 400 pl 15 of vitrus suspension which was added in 100

pi allquots to 4 bottles prepared as descri bed above. suspensi ons wer

cul t ured 7ave Pexigla Medugtinn MOLyRlyegdordBaMS sl cydwepare tm@‘g by Abodt 19" 49107,

m cr oscop@}cgwp;_e[hg@g,lgé/m@,mj@vper natant sanples for PERT (see, Exanple 5)
were taken regularly. Transm ssion of the retrovirus is judged successful

when RT activity is observed concomtantly with the maj or appearance of
clonal grexipL2® this happens usually after about one nmonth. The
corresponding controls eventually die out. These controls were parall el
PHA-sti®ul ated as well as untreated cultures of the recipient |ynphocyte

prepar at | Pi%.SRCi@AGInSMRBIH SPROA/HEFIAY relBvAUS phfticlegver se transcriptase
(RT) activity were perforned as descri bed above. 25 Retroviral particles

fromthe supernatant of the established transm ssion cultures were

purified lh%hlgﬁx'aﬁrp%omﬂé-%gé&& tréﬂsﬁﬂ@&@rf‘%éé fHeraatdtaetsy SdiSPedipsahiidinsh eoove

and characterise RT activity was neasured for each

gr adi ent wrél@ﬁlreirpvwa%aarb@wﬁw#m WH'Q CEbP'i"FLi"%?df"PW Hepeheﬂg' hleRd 508 M$ act i ons

wth 0 L I buf f er
( DynaIm% atBﬁtsﬁBts'nHu a‘i’eddbrr rﬁfw ét%bdéége«gyerl&e\fé? bwaﬁﬁ};rﬁﬁhd% r s Fropt AEHIAY

ect kit nal
Nor way) alndwlcéﬁlﬁévqud?weaswﬁpa@wafsertragsqsm@sfeu&w @ﬁtlwty]anﬁ@harlagt@a[%o,nect ly,
the RNA-coypl ﬁgngg fp%n%éﬂfd?@s 'B?leﬁpo/atﬁﬁéa"ﬂ%t pm\%%s R thiseffregach RNA

sanpl e was treat arrp i fication grade DNAse (Lif Technol ogi es)
accor di ngtr a@n@rmorhammﬁ@ as Efllows; feansssion s retmvgrgﬁescxg(gq FPIge 8iteNte t he

DNAse wasq& ey ganba/enﬁﬁ%aﬁa&ﬂtg& td1@eubb eangmitish M fssione oiNfosaphexed 35
par amagneti'c bea O_ WO 01/ 70941 PCI/ EPO1/'03272 41 RNA PCR

(RT- PCRy lawdrespieney (dedRassi ﬁgalth%%&ﬁeﬁhﬁl R)PCR kit (Perkin El nmer)
according to the manufacturer's suggestions, except that 1 u of Taq
pol ynerase was used pr. reaction. 5 First strand synt hesi s was pr| med with

r andom heRuiifiadsetrpyirat paitiolas fropylong-taimtqed cliugas fram Resipharat Blapd BBIMS
RNA-t enpl a%%méDﬂz ﬁéé:?féds%’fgcﬁotc'&ﬁut’eﬂtPIQAlshMu%fted SendiMirtgatRd at e was

confirnmed specifically primed wth the downstream
priner; i hrmhb@ytes:ﬁ@r@ heabint lﬂé‘l\"déﬁiﬁw@@mm@gi eccyreRgeofR T-RCHVTE 2B8r r espondi ng

upstreap piEbusAsnal 3PSk iy Soout Bne third of the experiments in which the retrovirus was
attempted transmitted to such lymphocytes from healthy individuals was interpreted as
indication of transmission, substantiated by the lack of activity and growth in the

respective control cultures.

25 Continuous clonal growth refers to a highly increased growth rate as illdstrated by the
need for feeding and subculturing 3 times a week contrasting feeding once a week without
subculturing, accompanied by the occurrence of many free-floating clusters (clones) of
cells together with free single blast-like cells. Transmission of the retrovirus is not always
successful. Around one third of the recipient cultures will start to grow continuously as

30 described above. Absence of contaminating cells from the donor culture is confirmed by
chromosomal analysis of sex chromosomes (the transfer is from male donor to female or-

vice versa) The corresponding controls eventually die out.

For chromosomal analysis, the cells are prepared for standard analysis: cells in growth
35 phase are treated with colcemide (100 pi to 10 ml culture, incubated for 30 min at



Primer sets for PCR HERV-H RG+specific priner sets for the gag (1,11) and
| mredi ate wupstreamenv regions: |I:

5: - d( CGTWAGKTMICACTCCCTTCCTAGICTCTGT) - 3" (SEQ | D NO 29) / PABEP01/03272

5' - d( GCATTAACCTTGACTATGICTTTAGCTCCAG) - 3" (SEQ I D NG 30) (50C) and/or 11:

5' - d( ATTTTATTACCCAATCTGCTCCAAACAT) - 3'29( SEQ I D NO 31)/

5' - d( AGGTGAGTTGAACAGTCTGATTTTTA) - 3 ?85@ I D NG 32) (50Q0); 20

5' - d( GATCCTCOCCA |
( COAGTATFGACCRTER O THoES e aseP s NEP I RRU RPIESRLGRRY vere v un

in a PerkpBell eI ra%um%ﬂpﬁmltsrspfé&a théemeiosemss, ffollovfedrist fixatisratl
synthesis: 5 mn

roomt t
fol | owed wtf@ob@w?lﬁ@eﬁ%&%’ 1§>re%d 3B'??@chl?aé'g@ggbnba'@”ggg@g}‘\hén”%ﬁbﬁéd by
45/ 50 CyC!sl?c'?léM;SJ‘y(dRPB@l?(‘dTFPGnérﬂéﬂl?éﬂiéﬁc@%u&@cﬂuﬁ&ﬂlt@éﬁént@mﬁﬂeﬁ@@ts above: 1
mn. at mn. anneal I Ng sec exte SI on. This

was f ol 50%‘&1&5@9@”4\ ﬁﬂ?m‘@)ﬂ”@&si"%rr‘f’e? (% N: Ea?dzﬁd?‘z??fswt”‘q&a@ﬂ‘ 58 EF° wat er

control s @Igfnrrf‘g%@?%ﬁ'W5?9&@?&hs§éh§@hdiﬁﬁﬁwé micrasdege.t oget her  with duplicates
of each reaction without RT to ensure that no DNA-tenpl ates were 30

anplified. PCR products were anal ysed by agarose gel el ectrophoresis, and

each prOdSGSEtane\ﬁ@n% pfd #1¥36teddhoB PRIty d GRrioe e erhdraaticalin kbout one
(Pharnaci a

d d
(T . Hsinceeda i aveatars tacs 3 entepanis rosRBeMS e bl B0

Lhe dey gﬂi’gépo 8hg BAntR@s Fthdided tntiaMaidnieeRAGIRA a ,R 0941
T P ) B on e B e ot -y 1 RV, (1 FGH

rel ated seéguuanceyaiiays %Eﬁjdqm@?ﬁtraFeé’t'? gladient-pd! 6‘?&@”8@3? Pﬁﬁﬂcﬁa r%?duéfﬁﬁ an

infected FF‘SH tﬂbgﬂfa’nvgﬁ%ﬁsfﬁrngred Jé]l@ﬁuﬁbr@%'n%?eﬂfadﬁ\#nb%ﬁ@ﬂer pfaationl sequences
Isolated Tromretroviral 5 particles fromdonor and an infected recipient

EgEEEEEIgCFRCGKAG—MSRDCTQDRPPPGPCPLCQDPTFMKRDCPR HTLV- 1
BT P G B0 s
PSDPPPRASGfRIcAISABBIAITFaRTheRithy pkintssr EGRcpinerPee (fS@%IS*E?m) density gradient

PPDPPPPGA P
PPDPPPPGAg%@%éME%g%RMMM% $h§ odl% ‘Vefefge‘ged o 1 SEQ 1D
NO: 35; RTultwied 8EQes@ibrdisExarmpip5A10 gge@sra qu@ §ix bot 'geg?quge pEgRgre 5 each

to three of which 2 ul PHA (Difco)/10 ml was added. After 2 days, purified retroviral
particles from the supernatant from a long-term cell culture from an MS patient (100 ml
20 culture supernatant/aliquot) was added to 4 of the bottles, this representing a cell-free

infection.

The MS cells were cultured as described in Example 5. They have a fluctuating and rather
low yet continuous production of retrovirus particles. Retroviral particles from the cell

25 cultures are released into the supernatants which were collected for retrovirus preparation
and purification. Twenty-four hours before harvest of the supernatants, the cells were
diluted with one third fresh medium to obtain optimal growth conditions and thereby
optimal virus production. 400-500 ml of cell-suspension:1.2 - 1.4 x 10° per ml was used
for one round of virus purification: cells and cell debris were removed from the

30 supernatants by centrifugation at 1000 x g for 30 min at 4°C. The supernatant was

transferred to 60 mi Sorvall centrifuge tubes in volumes leaving sufficient room for
underlying 4 ml of 50% OptiPrep cushion solution (OptiPrep is the trade name for
lodixanol, an iodinated, nonionic density gradient medium from Nycomed Pharma, Oslo,
Norway). OptiPrep leaves the retroviral particles intact, as opposed to sucrose. The tubes

35 are centrifuged in a Sorvall rotor AG41 at 45.000 x g for 2 h-at 4°C and the supernatant



ID NO38; 3.10 R SEQID NGO 39; 3.03 R SEQ ID NG 40) The differences

bet ween presented donor and recipi ent sequences do not exclude 20

transm ssvonr/aw4t he HERV-H RGH variants constitute a popRCHEPOIN3QT2

nol ecul es (at least in the donor) rather than a single sequence. The
absence of transformation of any of t PHA- sti nul ated control cultures
and the particle production in the infected recipients are also indicative

of transmi ssion. 25 EXAMPLE 7 I nter-species transm SSio of RGH HERV- H
ret rovi r uéepavad frara ihe types by geriratien tleaiiichs ¥LBR %w‘%d-ﬂ’ﬂﬁﬁ?{ﬂ%‘%ﬂ ovi rus

parti cl es wasddRmBsiHite P thedushidh. The Eushitin il thé ofbifyir metiliat8d niiXed and
non-stinmulated cells from non-hunan fsE?m es with 5}?]” fied ret :ng ral
QE Tl Hevs

parti cl es e aime Ahthednixure isimeanursst 195 Tingl seqyition Al diesgonseaigriion

BZIE i _elnt S Eﬁﬂdi&midws BptANisat ROY% SFRYRIFFEp. tForBR@Toh R FRrédFalina eblutibr -
alls a

out the retroviral particles, details about PERT assays_ and
det ai | 5 Satised (A Nahly 103N HEFRSARO, PHIAk Tresvdnie isderre Braah 45 6mand
6. In thi $a&%888!GelmahSdtincaffiRreand Randfei & to\Wd Dl UARRRaPEIB,P01/ 03272 43
species transm ssion of retrovirus are outlined together with details of
My

the the exPeskmasn and rundn.ajjeapMerdipaldpter (Baokmapn Ny &ihat Bat- 0B ¥@ratHeeorn t he
above Exa ; (folVA! i i 4) |

Gl ther  xonot F st canirfi BRI NS RCIS AL haRR R R0 ST ARGy pRhATe |y
abl e to i of thetbattomesf tapibies shractiansta vpwere einsipael Use imdsttrangavsss,  but

may | nfec . SO ) _ . |

apl i cate oSO Théseratindtybiy ikt dRRET I EHeRd SRS 3 BRlced B fnkun

r et r ovi r usrean p¥v4isretarey 160.068y grfor 9SG @in atr°6ct i ous and, if infectious, may
or may not be able to cross the species border. Many endogenous
retroviruses are known to have spread to other species through 10

hor i sont alThepehett eerd fsdapended 97 500 pi TN bufférd 5P M ais pid 75,100 e iNeG4, 1

HERV- H RGH i\ at ' i - h - : Lyl
cul tur es TRORD D SuSipul b BplraP s ierp Rehtlelf s g ok Madi
any i nierwof einensuspénsion ghicb mas added oGl aliopite iy 4 bhitles brapares! aswdsscrbest
species fqr | nter- ' r ), SS) SDec| es.. are

evol uti ond PY? |esst%| ?ﬁ%s?cfnrs (Jﬁ%r% ﬁgﬁlﬁgég ﬁ&s%gac'ﬁ@éaﬁalfh’%l&gﬁ%g@ﬁ%{%& &t rovi rus
(human i n (Ldilz3Vetalmenjcroscepsytamieareaktyaandliuperrsitdrit edmples fort PERT kagean/ pri mat e

| i ne befor h n ' en J i ne. al |

HERVS. ont @RS i Sl Teb R il SR e ie R Bk auebdiil 7

Wor | d and wiew RTVactivily isobdsegved (copeomitaidly dtb theetnajr appd0amie of abaral griomd);y

rodent cell.s,or virus-perdi ssive 20 | L] n

obvi ou pég'g ihgpﬁ)qn[sw_su?ﬁ/ %fgéﬁtsaggl\é{ttoq%om@ﬁg%esgﬂeg péﬂg{lﬁ? ﬁ%g%fsﬁévaeﬁsqgjggg d%or

t ransni ssiocoh Thesé oomtrols wkitesparalich ReU-stimudated as well as untreated cultures of the
recipient lymphocyte preparations for each transmission assay. Assays for reverse
transcriptase (RT) activity were performed as described above.

25 Retroviral particles from the supernatant of the established transmission cultures were
purified by OptiPrep gradient ultracentrifugation as also described above and
characterised by RT-PCR as follows: RT activity was measured for each gradient fraction
and poly-A RNA was purified by lysing the 5-6 fractions with major RT activity directly in 5-
10 vblumes of lysis-binding buffer (Dynal, Norway), adding 100 ul beads/sample (mRNA

30 Direct kit, Dynal, Norway) and following the manufacturer's instruction. If not used directly,
the RNA-coupled beads were stored in 80% EtOH at .
-80°C. Before use, each RNA sample was treated with amplification grade DNAse (Life
Technollogies) according to the manufacturer's instructions. After cooling on ice the
DNAse was removed by exchanging the buffer containing the RNA-complexed

35 paramagnetic beads with DEPC-ddH;0. -



attenpts across the species barrier to cells (e.g. rabbit cells or other
rodent cells or bat cells) in the set-up described bel ow does not lead to
conti nuowsOol/oval growth (highly increased 25 growt h rat epavepopsaized by

t he occurrence of many free-floating clusters of cells together with free
single blast-1ike cells). Rather, | stinct, but transient peak in RT
activity as neasured by PERT assays | observed and is interpreted as
indicative of transm ssion. Both putatively infect ed cel l é%r%nd uni nf ect ed

control s BYVARGRIRTPER) wastperigpmes Hsing thecCenadan Rl RER &it (Perkindsimes)
particles a&%ﬁdrg%ﬁﬁme%éﬁumtdra@w ¥ﬂ‘6ﬂ§0§>bﬂe§§thaf abbi Tac' pOIFREYasY Was used e

i sol at ed rom heparini sed bl'ood sanples by Ficoll-1sopaque
( Amer shan¥r- &8¢8¢%.y gradi ent centrifugation (900 x g for 30 min at room
tenperature), the cells were seeded and cultured as described in Exanple 5

(5x 106 cells/aliquot). Alternatively the culture mediumwas supplemented
with helt Firsiatand syrdoesisanps prived uih ramslombe@marn dm cenirpios svtithe bench1/ 70941

PCT/ EPOL/ O3/ #r nfd’rﬂpré‘xe% ﬂ?ﬂﬁ\ftEﬁPIaYé?'i@s&ﬁé B%e@%éhfts t‘ﬁéqui’ce?r‘it? ofMHe RNAR tePhplate

PHA(D fco) /10 was ad puri f roviral particles

from t he wapeenfuman by chhln Wnihesls. sradifica I!P"r&%ﬂ‘ Wryr therdayrstipam pEMestin dys |
(100 m Cb'asteub&tﬁil‘e?f\lﬂastyﬁmbé@ fdnﬁw‘é%tvbrthv’tﬁé c nHiﬂP Ipdir®im bhGcbAbs | es, this

5 representing a ce free infection. Alternative filtered supernatant
was addednegateetly to the cells. The M5 cells were cultured as described
in Exaggl e 5. The putatively infected rabbit ceIIs were cultured and

noni tored essentially as outlined in anpl e 6. | s were exam ned in
t he upsi dBrimenpetafar R IHeRY1HERGH- %CEIIC&f'mPOSﬁ*ﬁéWdB@GB@ﬂ IDwnddnediets;, and
super nat agﬁst,%gﬂpé,e;re RhsPERT were taken regularly. Transm ssion of the
retrovirus was consi dered possibl e, when RT activity is observed, wusually
devel opi ng a transient peak in RT activity over time. The cont roI cells

remain RT. @ﬁﬂl ; cMﬁ%@d’P&:@cﬁc&"ﬂMGﬁbﬂﬂ .3' (SEQ D IND:29)pt her

applrcatron 0 assay approach, simlar experinents were set up with
freshl yi5 5r¢(ﬁ@rﬁérdwarm/s@/&m6ﬁm§ﬁa@@g‘\@f@ (PEQR 1B NQ: aa)s(SQ%CP)rﬁnsi&rve bat
lung cell line (CCL 88). 1In yet another application, transduction of the
LacZ-construct (or a simlar construct) as descri bed in Exanpl e 5 woul d
enabl e scdr5WABTTTAETMC@AAGGTWWBS%@EQaladNCbW)/assays for

cyt omet 1y SN ACSH RS R eai o EY v R I AR om 25 e
patients: characterisation of surface narkers Different types of white

bl ood ¢l ks, A Re COREARTRIdSRILARRATRLS (SELSB oA €d) by

d(GGAAGTATTGGAGGGTGCCCTGCC)-3' (SEQ ID NO:34) (60°C).

All reactions were run in a Perkin Elmer DNA Thermocycler 480. Conditions for first strand
synthesis: 5 min. at room temperature, 45 min. at 42°C and 5 min. at 95°C followed by

25 cooling to 4°C. PCR: one cycle 2 min. at 95°C was followed by 45/50 eyc|es with
annealing temperatures as indicated in brackets above: 1 min. at 94°C, 2 min. annealing,
3 min. at 72°C with 10 sec extension. This was followed by a final extension 7 min. at
72°C. In each assay, water controls corresponding to each step were included together
with duplicates of each reaction without RT to ensure that no DNA-templates were

30 amplified. PCR products were analysed by agarose gel electrophoresis, and each product
was cloned in pUC using the SureClone Ligation kit (Pharmacia) and sequenced using
the ABI Prism kit (Applied Biosystems) using an automatic sequenator (ABI 377).
Figures 5 and 6 are examples of the development of RT activity in two independent
assays.

35



distinctive proteins on the cell surface: CD antigens (C uster of
Differentiation). Each CD antigen can bind nonocl onal antibodies specific
for that waof/zwwel protein. By linking a 30 fl uorescent dyePCDEPOI&3AIf f er ent
antibodies it is possible to identify the different cells by the
fluorescence they emt as they flow t#srough a | aser beam so-called FAGS
analysis (fluorescence-activated cell sorting). The |ong-term cel

cul tures r+phek al_, bl .'II?F@% r.3 :
char act erifréée)gé @g’l.l‘na% (?1?5’ h Vé'gﬁrgpéc{%tgcm A}{E’eés%}'cul ﬁrré\@e\%es:eé[%&?eﬁi'%oiﬁ‘w frag\‘i ned
as "Ms celdtrovtal@aftitts4lonPAdndERMY/p3aERted4&cipientes” and, usi ng

i munocytochem stry, shown to be B-lynphoblastoid in nature as outlined in

Sommerlund et al., 1993. The nore sensitive flow cytonetric anal yses
descri bedThide vt . Taars|atioowh HERM-H/R®BId related tsheuenee s isotafedfforn ettrevirah t he

cul tur egaggmgegrﬁjohsd (o(rtlé)r]rg+? ’infg té@?éc'i i%r,tacti on of the cells are actually T
cells ( ; ; constitute a m xed popul ati on of
cell-types that are co-existing. It is thus possible that an interaction
within the population is necessary for the active production of retroviral
particles; alternatively, either the B cells or the T cells produce the

ret rovi r uUBKKPRENQHCFROBKAGEIVEBRDCE QPRRPREPCRILCQDETHIWKRIBCPR f r BITLVeE

| ong-ter i f j-ent s

count ed | B EFFEE A KD EIIRKE SRR PRECPIGVGPIMRSBEF ' X 1Ra%t 1
wer e phlacPBEPSPRGACYHGRKIGEMAKECBQERIRRIL. YANAVGRIEKSDOEe i n 10REH-BRPM
1640 (Wiittaker)(centrifugation 400 x 'g for 10 mn at room tenperature)

and washed once in RPM 1640 (Wittaker) supplenmented with 2% foetal calf
ser um ( FCBSDBPPPAS QFKGLKSG HWTKECPQRGE PPEDISP|06GE. HWKKESIFhended 18381D

transferr ' E%ﬁ = 7 3 00, 000

cells/t ubgsD‘%ﬁ i%?éégmﬁ%‘zﬂﬁﬁgﬁ# %%&glcg\k?%ﬁ éghp §§at rooﬁﬂo R

t enper at uPEDERPPPERACY RENWKSGHWAKEGRSP GIRRIKARRIGVAPMHIKSDEST a panslo3d

di fferqgt anti bodies were tested: anti-CD3 (the cell receptor conplex, T
cells), anti-CD4 (accessory nolecule in MHC 11 associated antigen

Eecogni ti O-lﬁrL\,SﬂJ:t%E@Uﬂp NiD:35; REVIL-51; SEQNOCYOSS; R%GI:C&E‘Q@B&DO:?&M%S@%EQ f
accessor mlecul el L i ntigen recognition, subgroup o
T cells), }baﬁ&‘%%‘ ?%@%gﬁﬁ@gﬁ%ﬁg&aﬁéﬁg | eukaem a anti gen
(CALLA), haematopoietic stemcells), anti-CD14 (LPS conplex receptor, B
cells, nonpc s, macrophages nti-CD19 requl ati on of proliferation, B
col 15 antHe tefseencPe ik SRIR &reseniib oart Fiybrep P pedueRges o Bafaxclifosi on

nol ecuke, trilcmaiesiors as trendERWEH/-REAVBRar(ts costitite s pepulbiidr ofandletioss @s Idasbm 25

Bect Di ckij Lt i ible t th k be wh
G 11 or ent Mg ogar et ipR8 SEiol SolPaisSToR ShienA d! SRR aRBRN ol arb LS. 50
pl of eachRHArdtiIMuatyd vastrahddieaesd and the peetidespraddctiohdn theXhieted reeipientsreaibat ed

inthe dark . ,- .. .
also indicative of transmission.

25 EXAMPLE 7
Inter-species transmission of RGH/HERV-H retrovirus particles

Inter-species transmission of RGH/HERV-H retrovirus particles was demonstrated by
30 cultivation of PHA-stimulated or non-stimulated cells from non-human species with
purified retroviral particles from long-term cell cultures from peripheral blood from MS

patients followed by assays for reverse transcriptase (RT) activity.

. Details about the retroviral particles, details about PERT assays and details about the long-
35 term MS cell cultures are as in Examples 5 and 6. In this example, the principles for inter-



for 15 mn. at roomtenperature, washed twice in PBS pH 7.4 (centrifugation
as above). 30 Then 500 pl 1 % fornal dehyde in PBS was added whil e

vortexi ngvonvavsaf ety cabi net. The cells were kept refri ghr€wERU/R72t he dark
until reading in a flow cytoneter (at the |Imune- Haenatol ogi c Laboratory
at Aarhus County Hospital, Aarhus Demsgark). For the continuous testi ng t he
fol | ow ng anti bodi es were found relevant and inportant: 35 anti -

anti - ,sﬁé&ﬁés t%ms%h'of Fé?rje%wusV&Pe%{hﬁQc? éet'ﬁg%ﬁ%’étéﬂﬁ&?ﬁe théCDEQﬁnérﬁélu' ts

were as fol he cells were 1dentif as bein 9+ cel | s,
i e. the?et&}PéN@ft@EIdéfferW@@m that deseribaskin 87e ahove FRaRlES 5@@ Bures appear ed
to be CD3+ cells, i.e. are CD4- and CD8-. Exanples of the precise

per cent ages of the | atter cat eg# are shown in 5 the below table: Table
8. 1. Propbhgdqgsnoes retrpgiiusgs presdsiined ag geing either epnoteapia (be-«o fat sviegheelisptier al .

bl ood fEo 45
o o N byt 9 sl Bic ikl iRer Kbl dodtiSblcToarrRed oot Blaadfpdel®

10 Mbst Tn@éllﬂf%Ctlsﬁmﬁ'é‘? ¢lis avithin the srRfies) er amphaiopiciiakle & reglivgie intest andhdi ng of
CD3+ cel | Fgg%@g t q,pée(g cFor
further lgtram){%ﬁtgsda%l on %1‘%&%%‘8‘&%0@5 réééb{vﬁ%%éﬂggg%r at’i or\rﬁﬁéo%mt?he two cell

t ypes, anmf@ﬂom%d@de@tenelmworamy 0 @ @blevip [cross i smcne@e@l@ary EXAMPLE 9

Expressi o };@?\4 ,Jg@g(} [ cells from
20 MS pat P’é‘ﬁ’( {5‘1 ucti on an w@&ﬁwﬂ%@w ﬁ.%%éxgg% |s reported

that spPi berisopRvensfertRadasei®dAte variants are 25 expressed |n vivo in
cellular RNA from nononucl ear cells fromMs patients. The sequence

variants were found specificall & in cells fromsonme of the bl ood sanples
from VWO oIhqsgtga pulativglripdectiogpRBRV-H/RGH associated retroviral particles from the long-

term MS cell cultures might also be able to infect cells from other species. To avoid any

interference from genomic retroviral copies, the obvious choice of species for inter-species
15 transmission assays are species, that are evolutionarily distinct from the host species of the

endogenous retrovirus (human in this case), i.e species that diversified from the

human/primate line before the endogenous retrovirus entered the germ line. Almost all

HERVs entered the primate lineage around or after the divergence of Old World and New

World monkeys (see Anderssen et al., 1997). Accordingly, rodent cells or virus-permissive
20 rodent cell lines appear to be an obvious possibility.

In contrast to the results obtained in assays for transmission to human cells, transmission
attempts across the species barrier to cells (e.g. rabbit cells or other rodent cells or bat cells)
in the set-up described below does not lead to continuous clonal growth (highly increased
25 growth rate accompanied by the occurrence of many free-floating clusters of cells
together with free single blast-like cells). Rather, a distinct, but transient peak in RT
activity as measured by PERT assays is observed and is interpreted as indicative of
transmission. Both putatively infected cells and uninfected controls eventually die out.

30 Cell-free transmission of retroviral particles was assayed with rabbit l[ymphocytes: rabbit
lymphocytes were isolated from 50 mi heparinised blood samples by Ficoll-Isopaque
(Amersham) density gradient centrifugation (900 x g for 30 min at room temperature), the
cells were seeded and cultured as described in Example 5 (5x 10° cells/aliquot).
Alternatively, the culture medium was supplemented with heat inactivated rabbit serum

35 rather than human serum.



47 M5 patients and aut oi mmune patients. The sequence variants were not
found in nononulear cells fromhealthy controls. The endogenous HERV-H
virus famoyr/oomsi sts of about 1000 defective nenbers 5 cpar/aPei/aigr2 ar ge
del etions and stop codons, whereas 100 copies are approxi mately ful

| ength, potentially encodlng functiong] proteins (Mager and Freeman 1987,
Hrose et al., 1993, WIlkinson et al., 1993). One env sequence with an
open reading frane has been isolated and transcribed in vitro (Lindeskog
and Bl omberg, 1999). Expression of HERV-H RNA in vivo has not been very

wel | char ad idtilsedlerehnogdret bResch, fo wiicki il aHiA(cgiIfqbtmevﬂndmscwdéhactﬁer 2 5

transcription o as |1.n | gnant, ce se et a

1605 CLi Paeeg et Srovtaleiites ﬁ@@“ﬁ%a%eﬁaa@t?m?ém%w)ceﬁ@%V

HERV- H S]!W@ﬁft@m €100 mmemrur@ts@pdm@tabmm@tgamg laE@éﬂ tomweathertgattmgspmml e>0<I 'k
attern_o mul t e | NSO esKo

a5 oRbingesRnghy b ool hiesTEalpn araania, TheRA SuaR TR oL ven i drenty

denonst r atiededily. TR K18rd8l geRfTcURGRRd & @dsgabed iMExapl §al speci nens: bl ood
sanples from M patients, patients with different autoinmune di seases and
heal thy controls. Mononuclear cells were isolated, total cellular RNA were

extract edTﬁé@uﬁﬁﬁ@l fflediyd F§Bbl?@a|s wemr! duttares anarrﬁorﬁtbmmeeissanmanseqwamaedhn 20 2.
Experi nmen qY btalndvvlthlnfor Q/p%ent from

o Pher ho BRIl DRl OB SO Pdes G vt M ROPB R WWERET ' har hus
Uni ver aot Yhidresddipb piwiice \h@emse raﬁd%@b@ﬂﬁtaﬁ?ﬁmples MAPERTI w@@rtgkérhagultaay Aar hus;

the MS Hogpit al | nt ddel fart
Hospital (' nsm'%'%ﬁ?&h? kﬁ)frovgv%wag arr‘ﬁb‘%eé ) e?sgﬂ%}r“%%ﬁ‘%a?wg Y 15 EE"t%Fvgr

clinics LBty \dEvdIBRRERBRaNYRAOpEIK in RID&SIVRP SR tieNThd: céntrdl ceifs refidiraReni ne
sol ution gl\/Eda Denmar k). and del i, vgr ed by hand i medi ately after draw ng.

sanpl §9%§B’PeABP6%'BE'§é?JSh9WFb'ﬂ| 49dl'y in the inventors' |aboratory.
I\/bnonucl ear cells were 30 isolated by centrifugation as described in
Exanp Ie6 washed two tinmes in P hate buffered saline,
150 mvl ’"bﬂ%Péfﬂﬁ{é'PB"caBPF? this agsay %Qié%éﬁdgﬂ" lan EXPERIMSRH WW%HPN’&Z@%@AM
- Li f eTechnglp@ieRmurinkdspléed! rh§cr6r5ﬂageEl§F WBEA Vips- ﬁérmmlvbwaamn@wl m«@qccp%?]or med
according to the manufacturer instructions. If not ctly, e RNA

Pt s fibyes SO PP RS0 Ok TS e o rcantiait R STalar SBRBLCREE KT POR

anal yses 4B&criBRRindexanidid 8 iwolRSeniBrRRENAY6F tiansMEsion b ?Q‘&f@hﬁ’k%say@bhd dyied and
suspended in DEPC-treated H20O WD 01/70941 PCT/EP01/ 03272 48 50 | per 10

cell's. 7 Pssaypdoriadustionpl foaactesidase ae8Y. RNA al i qouts were stored at
-80C. o

EXAMPLE 8

Analyses by flow cytometry of long-term cell cultures from peripheral blood from

25 MS patients: characterisation of surface markers

Different types of white blood cells can be characterised (and are often classified) by
distinctive proteins on the cell surface: CD antigens (Cluster of Differentiation). Each CD
antigen can bind monoclonal antibodies specific for that surface protein. By linking a

30 fluorescent dye to the different antibodies it is possible to identify the different cells by the
fluorescence they emit as they flow through a laser beam: so-called FACS analysis

(fluorescence-activated cell sorting).

The long-term cell cultures from peripheral blood from MS patients were further
35 characterised using this technique. These cultures were originally defined as “MS cell



RT- PCR was performed using the SuperScript System (SuperScriptN
Preanplification 5 Systemfor First Strand cDNA Synthesis, Life

Technol ogve@s)/709Bef ore cDNA synt hesis the RNA was treat edP@I/ERIDBINARe|
(Deoxyri bonucl ease |, Anplification Gade, Life Technol ogies) according to
t he manufacturer's instructions, i nclwl ng Ri bonucl ease Inhibitor (Life
Technol ogies), 0.01 Upi, at reI evant steps . Al reactlons wer e perforned

|naPerk|n El mer DNATherm)c el 240 10. Fol | o i nactivation
of DNasel IBSS @PdaishRenimmiinasye 'é{ry'%@w”tt‘h@e mﬁﬁgﬁ%ﬂﬂ' dn Bgfure 3C 10 ni n,

to a primgutides irds@Hmefigm éthﬂ Wmewa@@neﬂﬂwerfwmém@ﬂnc,an& & (1)
5' GGGAATTAGTGGAAT 15 cDNA

ey oMY the S ERATE B
synt hesi s 9R8<10g PHY ”ﬁeﬁe‘”@%’ﬁﬁ? V‘iedﬂ%loﬁbtb@g&?'lsﬂ'é 8 ?’P'tﬁf?earﬁ ¢d€ol and
RNA was ‘(tcgw’t)eé shiall frabhrs6itthé E’éll@caw@b@am bbugdmﬁemm@whe%ﬂf@mnub@é Or e

purification of PCRpurlflcatlon ki t

accor di Rg °Pestiye ar@'ﬁﬁW‘M?@““gc’eﬁ' W@F?Jlﬁt?%%o SXFINTC rgathite Sossikle éz"éﬁt PR t he

EB buf f er jrtersction Jvrtfﬁ;ﬁ]meséd?fu%ﬁoﬁ% r%cb%é?y for e acti proditiers &f reGedralli rectly as
enpl ate for, PCR a Perkin El mer DNA Ther nocycl er

rmdel 240G’aﬁ@leﬁga'%“?t'vﬁlé{a%'meéﬁ'éeBE%'fﬁ%[lﬂi‘ﬁ hgells roptfertnpeRyruSpH 8. 0, 50 MM

KCl, 2.5 ni:Mifid wele cHa3PacidYiseNER folldwd: M of each priner, 2.5 U Ampli Tag Gol d
pol ymerase (Perkin-Elmer) and 51 cDNA. Conditions for PCR were: 10 mn

95C 1 cycle, 94C 20 sec, 59C 20 sec, 72C 30 sec 50 cycles and 72C 25 2 mn

1 cycl e Bdismbm tHE fsh f—t'éfm E@Rc@ﬂ'ﬂlsl ﬁdrﬁ@bhﬁﬁkra\@kﬁ)d@?&h M’@Qatfernﬁsr‘}/érﬁe assuned
pri mer bindi ng site PBS) in the uence (Hiro et al., 1993) and

from an HER¥Nted BEiRRandiue &ﬁﬂdarwﬁ@e%e f%é‘ﬁ‘bé'ﬁ’\) Téé\g ‘Fﬁj’sf"fecﬁ?r’é'aﬁq Rdeskog et

, 1999) shé&déén}nfﬁ e@‘b’é%ﬁ%ﬂ%ﬁ%’&ﬂ%@@ﬁ&ﬂwﬁﬁﬁ@r ari¥Pugation( Tm =
63 80) (iil) GGGGAGAGGT AGAGGAT GA =

61.30) 35 4ﬁ@:R gprba@e‘t"% HWQP@ eRReAwe) #yd \e{a%neééwcaén RBS@&@?%MBF@E%

Rel evant eaﬁﬁlém\éﬁt@a vﬁmtzwwéetal\eaf@éfuﬁo EﬁHéoEEﬁé/se%aZe%) T 6diIgRee i n the
pCR(r) 2.1 vector %’sﬁ'\ﬁg nal TA d_oning Invitro and se uenced in

PSRRI S SN e A A TS S0 SN LR LA IS

cycl e sequemngips. 'Met cells AVERE § dvslrrf@c 400hEFR - minel HEIAE Ronf RASUIOAR theT e
anal ysed on the ALFexpress tomati ¢ sequencer (Pharnaci a Bi ot ech) and

sequence éhmrygtégt Was @Sﬁ@"de@rlﬁ@a"yuaupﬁgel?f ﬂ&f@r@taﬁ@bq&'%werﬁﬁ%ﬁ%@@ﬂ -CD
(W sconsi mnhBaek ad2ptoY8bmbRR, P cdils) Gt H4 tactsBary 9bictlig YR MHEIPedociated

antigen recognition, subgroup of T cells, monocytes, macrophages), anti-CD8 (accessory
20 molecule in MHC | associated antigen recognition, subgroup of T cells), anti CD-10
(common acute lymphoblastic leukaemia antigen (CALLA), haematopoietic stem cells),
anti-CD14 (LPS complex receptor, B cells, monocytes, macrophages) anti-CD19
(regulation of proliferation, B cells) anti-CD45 (leukocyte common antigen), anti-CD56
(cell adhesion molecule, NK cells), and anti-HLA-DR (tissue type) (all antibodies from
25 Becton Dickinson). it is possib(e to use more than one marker per tube when different

fluorescent dyes are conjugated to the different antibodies.

20 pl of each antibody was added to the cells and the mixtures were incubated in the dark
for 15 min. at room temperature, washed twice in PBS pH 7.4 (centrifugation as above).

30 Then 500 ul 1% formaldehyde in PBS was added while vortexing in a safety cabinet. The
cells were kept refrigerated in the dark until reading in a flow cytometer (at the Immune-
Haematologic Laboratory at Aarhus County Hospital, Aarhus Denmark).

For the continuous testing the following antibodies were found relevant and important:
35 anti-CD3, anti-CD4, anti-CD8, anti-CD19.



Usi ng the above primer (i) for cDNA synthesis and the above primers (ii)
and (iii) for PCR anplification, variations in band patterns were observed
when conpeo ongsanpl es from M5 10 patients, autoi nmune pRCT/ERMI32T2d

heal thy controls. PCR fragnents of 850 bp (+/- a few bp) were anplified in
sanples from 20 MS patients, 3 pati enjes Wi th autoi mune di seases (AU), 1
patient with | eukaem a and 10 healthy controls. An additional fragnment of
950 bp (+/- a few bp) was anplified in 14 of 37 Ms patients, 3/3 AU
patients, 1/15 autoi nmune controls, 2/14 healthy controls and 1 | eukaem a

}oat ient. JraeSa@gmel (rjw‘ee% aeadlwlaissmeét of kree IO wepe hé%@s&)mbh@+%@sﬁ§: )
ragnents reveal ed that a re c nv sequenc contai ning the
s opl | R ARGro & sl frERareat S S iiires e e AR s AT
sequence PDH-andIDEECERMNEHS OFths biciseperdimtaiRilor He IRREr RS A& shbla in

i nt egr ase, thgﬁﬁﬁ.o bp fragnents the two sites were joined directly,

wher eas °i 118 PRICYEP'S0 bp fragments an additional region of 104 bp fromthe
prot ease encoding region were inserted between the two sites, resulting in
a second alternatjvely spli gd env. TRNA. I n the present experinents,
priners foRRedRl.frpRoR Gl S SN G ieas from perphiesal/bload from
sequences M%@ntgand Freeman 1987, Hirose et al., 1993), probably 25
expl ai ni ng y alternatively spliced env nRNA sequences were al so seen in
healthy sanples. It is our experience that PCR priners derived fromthe

- RGH2 sequUeEneus&BeT aldcD3etTeeiss a [pbroader group of HERV-H sequence
variants land do not discrimnate bhetween sanples from M patients, other
aut oi mun®$a®3Ents pr Wt hy contfrols (results not shown). 30 The 850 bp
sequences g s 90-P5 % gmoiogy With the RGH2 | eader/integrase and env
regi on and 93-97% hopnl ogy with each other. Mst of the sequences contain
100 bp of| M 184pen env Bea%ing frane (5 of the env PCR priner). 35 The 950

bp sequer E%;ﬂed 7= %5%‘5;hvrm'l—ogy with the RGH2 sequence and 98- 100% WO
01/ 70941 B@'} 01/03R72 6 honol ogy with each other and with a previously

publ i shed M®4&@hce i 5ol &4% froma human T-cell |eukaema cell line
( GenBank %ﬁ"“ of—uherz88896;,—+4i ndeskog and Bl onberg, 1997). Two
sequences tﬁfa simlar splicing structure were isolated fromtwo healthy

bl ood dqms $948enbapk 4d¢dessi on nunbers u88897, u88898, Lindeskog and

Bl onber@, 1997 -—b5-—TFhese—seguences—are 91 % and 93% honol ogous with the
cell line sequence, u88896, and 83% and 90% when only the protease regions
are conpared. An alignnment of sequence variants containing the 104 bp

protease gpcodi A 1S ORe Al Biood are either CD4+ or CD8+. The finding of CD3+ cells
without these markers is an interesting observation. For further characterisation of the

CD3+ fraction, separation of the two cell types, and an extended panel of antibodies will

15 be necessary.
EXAMPLE 9

Expression of HERV-H (RGH) mRNA splicing variants in mononuclear cells from
20 MS patients. '

1. Introduction and summary
In this Example it is reported that spliced HERV-H mRNA sequence variants are

25 expressed in vivo in cellular RNA from mononuclear cells from MS patients. The

sequence variants were found specifically in cells from some of the blood samples from



shown in Table 9.1. The sequences represent 10 clones (7 variants) isolated
from3 M5 10 patients (Ms5l, M52 and MS3) and 1 patient with di abetes

mel it us WAWILJ94iThe sequence vari ants contai n singl e baseprChang#s272
substitutions and del etions, as conpared to the clone MS1-1. This sequence
was found in only one of the M5 patiejts and was identical to the sequence
| sol at ed froma T-cell |eukaem a cell |ine (u88896, Lindeskog and Bl onberg,-

1997). Table 9 2. seque f_the inserted a egi.on is
conpar ed M)é] PRt m@t o qﬂ@rﬁ: 'ef'{g ‘gh%g%qygfc%v?rhar@%\{y%r ﬁogrﬁé i"Yhl i ght ed.
The mat er nadnohsietihee(ls dnven healthp cdstbdie 9.1, i.e. 10 i ndependent clonings of
the 950 bp fragnment from4 individuals. The region analyzed in Table 9.2
starts at the splice donor site (position 1) and 20 ends at the splice

accept or Fheendpgsious GERNGH)vius fatrhlej am&SB&Gofsaequle‘rum c(elfeﬂtlee erbeersequence) .
This regiqn .s.des PSR, i |l e PSR nce
loned Pr SRrtaRE ot RISt RS ARt b cons WhitEaRciog el 2 afRrerRE T ot he
si ngl e PSRngtqpetendalfy envogiat ifemtiondpratbionsMbager a2 Rredstn 11087, dtiwsatet
posi tions 7. Thes supstitutions are shared by thre
P vi uarbreRBirson 2, KR ° Rl stk s M & et regfion BRI a8 and
97 are Eabbem Bolzted i ansetieed mtv:&m(aurmaamomw?l?mbbny;ugggm Ek;blelshwﬂrah genone
or nmarker | rent net.ic | oc
3 i Far 1y HEFEH TRIR BT v B ket ot et setechtriser S s dRaRie Aeq 8 ¥litingeq by
t wo : nditc))viedidalhée thii32ar@riptich ddduds Imyrm&m&@%rﬁs |ﬂnfaugm$mrcew¢thlrmré¢@v Thg
si ngl e- ba anges at, positi pn ! PSR-region.from M52 an
at positi gﬁggg_lri\c%s?%eb%@égtggﬁgﬂgs P@rﬂ%ﬁﬁm r? ?%ﬁe@@}ﬂ %%H‘%()Ha genetic
ggr kers asrb@mm:daednainptsmwbe@aﬁebmbew tevbalingch écgn;ﬂé)(t) pétterh of molﬁgl;//eSSizntz 0

provira rsetr crl.pti.on 41 P EPO1 7
51 Tabl e SPIERIRRYABRES  NUEGRA e J2PPoh oK bG And PS8 dHE0" encodi ng
region in the alternatively spliced env "RNA fromthree MS patients and
e N R R e R B
AUL- 3), Alhalfsis OEtrical :ﬂs&wﬁ@ig BlR0o& s4rBple8 FroMIVIS \patisrits, g;aaéﬁt@\lwih dfileregt e bp

-1 are indi cat

del etions or substitution ative t ed b ol d
et er o, EHRPTUES Wsedts SR ol eonton yotEr R R Gutherba et feliar
N=A/ CI G TRNA were extracted and assayed by RT-PCR. Amplicons were cloned and sequenced.

20 2. Experimental

All blood samples were obtained with informed consent from either healthy volunteers or
from patients at the Neurology Dept., Aarhus University Hospital; the Dermatology Dept.,
Marselisborg Hospital, Aarhus; the MS Hospital in Ry; or the Dept. of Internal Medicine,

25 Middelfart Hospital (all in Denmark). Blood samples were drawn at the respective clinics
into VT-100SCPDA Venoject tubes containing 1.4 ml of CPD-adenine solution (Meda,
Denmark) and delivered by hand immediately after drawing.

All samples were processed immediately in the inventors' laboratory. Mononuclear cells were
30 isolated by centrifugation as described in Example 6, washed two times in PBS

(phosphate buffered saline, 150mM NaCl, 150 mM Na-phosphate, pH 7.4) and suspended in

Trizol (TRIzol™Reagent, LifeTechnologies), 107 cells /ml. Extraction of cellular RNA was

performed according to the manufacturer’s instructions. If not used directly, the RNA pellets

were stored in 80% EtOH (in DEPC-treated H,0) at —-80°C. For RT-PCR analyses the RNA
35 pellet was washed two times in 80% EtOH, air dried and suspended in DEPC-reated H,0O,



10 1 50 MS2-1 CACCTATGAC CTCAGGTCCT CAGA. CGANC CAGCCCAAGA AACATCTCAC
MB2- 4 CACCTATGAC CTCAGGICCT CAGA. CG. AC CAGCCCAAGA AACATCTCAC NMS2-2
se----- - WOOTOA@GTCCT CAGA. CG. Ac CAGCCcAAGA AACATCTCAC 15P&UUEPd/i3ARCTATGAC
cTCAGGTCCT CAGA. CG. AC CAGCCCAAGA AACATCTCAC MB1-1 -----mmmmm mmmeemem o -
------------------------------ MS2-48 CACCTATGAC CTCAGGTCCT CAGA. CGGAC
CAGCCCAAGA AACATCTCAC AUL-2 CACCTATGAC CTCAGGTCCT CAGACCGAAC CAGCCCAAGA
AACATCTCAgp %R%éh 0164ss. W@Zwére GAéd Tof BAAPCR GhEidgde T RNAT: fLst67c BEAAGAC
TGACGCTGCC 2-4 CAATTTCAAA TCCGATCTTC TCGGCTTAGC GAAGAC TGACGCTGCC
MB2- 2 CAATPRTCAAA TCCGATCTTC TCGGCTTAGC GGCTGAAGAC TGACGCTGCC  AUL- 1
CAATTTCAAA TCCGATCTTC TCGGCTTAGC GGCTGAAGAC TGACGCTGCC 25 MBl-1 ------=----
---------- - CGGCTTAGC GGCTGAAGAC TGACGCTGCC Ms2-3 CAAITTCAAA TCCGATCTTC
TCGGCTTAGBTERER @as eadomeacsipame SuperScrint Sxatemm@aparStd elifitgB®CT TAGC

oeATot R e T Rt sPR suierllie e e R e e
SSI_TIERNW @@w@mglmlm@%ﬂmﬂmﬁ@m& @UFTWA
coaToaor e e FE AR A e R o B i aaocc
o B 1ot 4 200 Mo T oACAG Tothramol
CCAGCCAT%’\%%@%F%]% CG 40 MS2-4 ACTCTCACAG TGGAAGATCC CCAGCCATAT
%@%% u1-'ﬁ?3m£é%a?}mﬂ g GCCATAT GACAA ° AGCTGGA%
VB1- 1 Aa&"é&mwmwws&%%% pee @Eﬁ“@‘cﬂc%g 52- 3
ACTCTCACAG TGGAAGAT. C CCAGCCATAT GAAGACAACC TAGCTGGACG 45 AUL-2 AYTCTCACAG

TGGAAGAT. C CCAGOCATAT GAAGAGAACC TAGCTGGACG (MS2-1: SEQ I D NO 44: NB2- 4:
SEQ | D NOU4% rGﬁ@@TWGQMWQE@TTAUTTETTﬁ%H (SEQE h‘% 4{EInT-5%FL) | D
NO 48; MB2-3: SEQ I D NO 49; AU -2: SEQ I D NO 50)

15 cDNA synthesis was performed using the conditions prescribed in the protocol and RNA was

digested with RNaseH (Ribonuclease H, Life Technologies) before purification of the cDNA
using a QlAquick PCR purification kit (QIAGEN) according to the manufacturer’s
instructions. The cDNA was eluted in the EB buffer 2 x 25 pl and stored as aliquots at
-80°C, unless used directly as template for PCR.

20 A
PCR was performed in a Perkin Elmer DNA Thermocycler model 2400 using 50 pl reactions
containing: 15 mM Tris-HCI, pH 8.0, 50 mM KCl, 2.5 mM MgCl,, 200 uM dNTP, 0.5 uM of
each primer, 2.5 U AmpliTag Gold polymerase (Perkin-Elmer) and 5 pl cDNA. Conditions for
PCR were: 10 min 95°C 1 cycle, 94°C 20 sec, 59°C 20 sec, 72°C 30 sec 50 cycles and 72°C

25 2 min 1 cycle.

Primers used for PCR amplification were designed from the assumed primer binding site
(PBS) in the RGH2 sequence (Hirose et al., 1993) and from an HERV-H sequence
containing an open env reading frame (Lindeskog et al.,1999):
30 .
(i) 5-CATGAAATTTGGTGCCTTGACTCGGAT- 3" (SEQ ID NO:42) (T, =63.8°C)

(i) 5-GAGATAGCTGGGGAGAGGTAGAGGATGA- 3” (SEQ ID NO:43) (T, = 61.3°C)

35 PCR products were analysed by agarose gel electrophoresis. Relevant bands were cut out,
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cloned in the pCR®2.1 vector (Original TA Cloning® kit, Invitrogen) and sequenced in both
directions using the Thermo Sequenase fluorescent labelled primer cycle sequencing kit
(Amersham Life Science). Sequence reactions were analysed on the ALFexpress DNA
automatic sequencer (Pharmacia Biotech) and sequence analyses were performed using
fasta and blast programs (Wisconsin Package, Version 9.1, Genetics Computer Group
(GCG)). '

Using the above primer (i) for cDNA synthesis and the above primers (ii) and (jii) for PCR
amplification, variations in band patterns were observed when comparing samples from MS
patients, autoimmune patients and heaithy controls. PCR fragments of 850 bp (+/- a few bp)
were amplified in samples from 20 MS patients, 3 patients with autoimmune diseases (AU),
1 patient with leukaemia and 10 healthy controls. An additional fragment of 950 bp (+/- a few
bp) Was amplified in 14 of 37 MS patients, 3/3 AU patients, 1/15 autoimmune controls, 2/14
healthy controls and 1 leukaemia patient.

Sequence analysis of the 850 bp fragments and the 950 bp fragments revealed that all were
spliced env mRNA sequences containing the same splice donor site in the leader region
downstream from the PBS sequence and a splice acceptor site in the part of pol encoding
the integrase. In the 850 bp fragments the two sites were joined directly, whereas in the 950
bp fragments an additional region of 104 bp from the protease encoding region were inserted
between the two sites, resulting in a second alternatively spliced env mRNA.

In the present experiments, primers for PCR were derived from the RTVLH2 (PBS) and
RGH2 (env) sequences (Mager énd Freeman 1987, Hirose et al., 1993) , probably
explaining why alternatively spliced env mRNA sequences were also seen in healthy
samples. It is our experience that PCR primers derived from the RGH2 sequence generally
detects a broader group of HERV-H sequence variants and do not discriminate between
samples from MS patients, other autoimmune patients or healthy controls (results not
shown).

The 850 bp sequences shared 90-95 % homology with the RGH2 leader/integrase and env
region and 93-97% homology with each other. Most of the sequences contain 100 bp of an
open env reading frame (5 of the env PCR primer).

The 950 bp sequences shared 87-85% homology with the RGH2 sequence and 98-100%
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homology with each other and with a previously published sequence isolated from a human

T-cell leukaemia cell line (GenBank accession number u88896, Lindeskog and Blomberg,

1997). Two sequences with a similar splicing structure were isolated from two healthy blood

donors (Genbank accession numbers u88897, u88898, Lindeskog and Blomberg, 1997).

These sequences are 91% and 93% homologous with the cell line sequence, u88896, and

83% and 90% when only the protease regions are compared.

An alignment of sequence variants containing the 104 bp protease encoding region are
shown in Table 9.1. The sequences represent 10 clones (7 variants) isolated from 3 MS
patients (MS1, MS2 and MS3) and 1 patient with diabetes mellitus (AU1). The sequence

variants contain single base changes: substitutions and deletions, as compared to the clone

MS1-1. This sequence was found in only one of the MS patients and was identical to the

seqﬁence isolated from a T-cell leukaemia cell line (u88896, Lindeskog and Blomberg,
1997).

In Table 9.2, sequences of the inserted protease region is compared to the ug88896
sequence (see above) with deviations highlighted. The material is the same as

in Table 9.1, i.e. 10 independent clonings of the 950 bp fragment from 4 individuals.
The region analyzed in Table 9.2 starts at the splice donor site (position 1) and
ends at the splice acceptor site (position 104) in the u88896 sequence (reference
sequence). This region is designated PSR in the following.

The single PSR sequence cloned from patient MS1 is identical to the reference
sequence, while the single PSR sequence from patient MS2 shows two
substitutions at positions 82 and 97. These two substitutions are shared by

three individuals (MS2, MS3, and AU1). This may indicate that positions 82 and
97 are markers of RGH alleles at the same genetic locus in the human genome or
markers of closely related RGH genes at different genetic loci. Similarly, the

-single-base deletion at PSR position 53 which is shared by two individuals (MS2

and AU1) may represent a further such marker.

The single-base changes at position 13 in one PSR-region from patient MS2 and
at position 75 in two PSR-regions from AU1 may represent additional genetic
markers as described above or may be attributed to errors introduced into

proviral DNA during reverse transcription.
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10
1 50
MS2-1 CACCTATGAC CTCAGGTCCT CAGA.CGANC CAGCCCAAGA AACATCTCAC
MS2-4 CACCTATGAC CTCAGGTCCT CAGA.CG.AC CAGCCCAAGA AACATCTCAC
MS2-2 ~r~~mamnnnn ~TCAGGTCCT CAGA.CG.Ac CAGCCcAAGA AACATCTCAC
15 AUl-1 CACCTATGAC cTCAGGTCCT CAGA.CG.AC CAGCCCAAGA AACATCTCAC
MSL-1 ~rrmrnanmmann A NN NN AN AN AN A N
MS2-3 CACCTATGAC CTCAGGTCCT CAGA.CcGAC CAGCCCARGA AACATCTCAC
AU1-2 CACCTATGAC CTCAGGTCCT CAGACCGAAC CAGCCCAAGA AACATCTCAC
20 51 > 100
MS2-1 CAATTTCAAA TCCGATCTTC TCGGCCTAGC GGCTGAAGAC TGACGCTGCC
MS2-4 CAATTTCAAA TCCGATCTTC TCGGCTTAGC GGCTGAAGAC TGACGCTGCC
MS2-2 CAATTTCARA TCCGATCTTC TCGGCTTAGC GGCTGAAGAC TGACGCTGCC
AUl-1 CAATTTCAAA TCCGATCTTC TCGGCTTAGC GGCTGAAGAC TGACGCTGCC
25 MS1-1 ~r~mnmnmss mnmnsvans ~CGGCTTAGC GGCTGAAGAC TGACGCTGCC
MS2-3 CAATTTCAAA TCCGATCTTC TCGGCTTAGC GGCTGAAGAC TGACGCTGCC
AU1-2 CAATTTCAAA TCCGATCTTC TCGGCTTAGC GGCTGRAGAC TGACGCTGCC
101 150
30 MS2-1 CGATCGCCTC GGAAGCCCCC TAGACCATCA CGGATGCCGA GCTTTGGGTA
MS2-4 CGATCGCCTC GGRAGCCCCC TAGACCATCA CGGATGCCGA GCTTTGGGTA
MS2-2 CGATCGCCTC GGAAG.CCCC TAGACCATCA CGGATGCCGA GCTTTGGGTA
AUl-1 CGATCGCCTC GGAAG.CCCC TAGACCATCA CGGATGCTGA GCTTTGGGTA
MS1-1 CGATCGCCTC GGRAGCCCCC TAGACCATCA CGGATGCCGA GCTTCGGGTA
35 MS2-3 CGATCGCCTC GGRAG.CCCC TAGACCATCA CGGATGCCGA GCTTTGGGTA
AUl1-2 CGATCGCCTC GGAAGCCCCC TAGACCATCA CGGATGCTGA GCTtKGGgTA
151 < 200
MS2-1 ACTCTCACAG TGGAAGATCC CCAGCCATAT GAAGACAACC TAGCTGGACG
40 MS2-4 ACTCTCACAG TGGAAGATCC CCAGCCATAT GAAGACAACC TAGCTGGACG
MS2-2 ACTCTCACAG TGGAAGATCC CCAGCCATAT GAAGACAACC TAACTGGACG
AUl-1 ACTCTCACAG TGGAAGATCC CCAGCCATAT GAAGACAACC TAGCTGGACG
MS1-1 ACTCTCACAA TGGAAGATCC CCAGCCATAT GAAGACAACC TAGCTGGACG
MS2-3 ACTCTCACAG TGGAAGAT.C CCAGCCATAT GAAGACAACC TAGCTGGACG
45 AU1-2 AYTCTCACAG TGGAAGAT.C CCAGCCATAT GAAGACAACC TAGCTGGACG

(MS2-1: SEQ ID NO:44; MS2-4: SEQ ID NO:45; MS2-2: SEQ ID NO:46; AU1-1: SEQ ID

NO:47; MS1-1: SEQ ID NO:48; MS2-3: SEQ ID NO:49; AU1-2: SEQ ID NO:50)
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20 WO 01/70941 PCT/EPO1/03272 60 CLAIMS 1. A human endogenous retrovirus
bel onging to the RTVL-H HERV-H famly in isolated formor in retroviral
particl ewoonrhat is capabl e of infecting a nononucl ear pet/EPamd2f 5
replicating therein. 2. Aretrovirus according to claiml which is

obt ai nabl e by ultracentrifugation of I\ﬁ cell culture supernatant or
cell-free plasma sanple in OptiprepTM'density gradient nmedium foI | oned by
recovery of the fraction containing retroviral particles . 10

ret r ovi r ublagecigk anfgreaman dilnHunan eldeopnaus REPVIREESRRNCINSBIN tyea Q-AEFQV H
RGH ret rQé’dJe‘r\%e@éWd 6% RRAGeREPIMUNENTE-call KRBhSFogHIOWNISES PRAtbease
(pol) region of sa retrovirus. 15 4. Areéetrovirus according to claim
3 wherei n19%e GéﬁloﬁgéﬂsﬁRNA sequence conprises a region fromthe protease
encoding region that is selected fromthe group consisting of SEQID

NO 44; SEQ | D NO. 45; SE(?ID NO 46; SE%ﬁ[D NO 47; SEO | D NO 48; SEQ ID

NO 49 AnMlagtham PPNRussetlhE, Sriahiudsln $r@allaghenRE vaaliodife sErflcedibsequences

her eof . 291d§ct|o‘r\ df %?6\&)4'0’? Bﬁ)gﬁﬁl%?:ﬂé@tg‘ﬂoﬁw(?reéﬁ)ﬁuﬁ?anfﬂlo'ﬂdrﬁij crindats Rple-& S

i sol atable froma human subject selected fromthe group consisting of a

nul tipl e EdrodirgsasGiltogy A;P&tLleé'H?m'aaV'Wﬁr@rﬁ‘mﬁJ“fsﬁfﬁ?m@ Virpg)dpt hRaaearoi mmune

di sease, qgpRtizenk.@f fering fromdiabetes and a patient suffering froma
mal i gnancy. 25 6. A retrovirus according to claim5 that is isolatable from
a cell culture derived from peripheral blood of said human subject. 7. A

r et rovithURaaGs ! fi*hé‘Qpﬁdgm‘t‘dlé’gy"Bffinﬁn'“lci’fé sélérob%oinamﬁhémé {\¥Enea cell culture

derived from peripheral MS patient, said cell culture
conpri si ny‘cé\lplﬂeéésl\f'u'?lo}ﬁég@msﬁ @éll-'r‘%'"" Lidoogionea Bdbrea, #1821:24%r di ng to any
of claims 1-7 that is capable of infecting a blood cell derived froma

human subj ect not_sufferi ng/‘from MS, an autoi mune di sease, di abetes or a
mal i gnanct)/'ed&tﬁ@dd? lirgsiskea M, Biprbese di Bxpressian of iumanyesdiogerousdee\diahg t o

claim1- 88 J}%ﬁé\césgm%ﬁﬁhér‘él @bod ﬁ%ﬁsﬁdd&rﬁel@& HeLRRLinBivRBRIsC8LEN \MQ Q3670941

PCT/ EPO1/ A'retrovirus according to any of clains 1-9 that is
capabl 50732A6%e#6%hg a non-human cell.
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5 11. Aretrovirus according to claim10 that is capable of infecting a
cell derived froman aninmal selected fromthe group consisting of a bat, a
rabbit amdoairwdent. 12. A retrovirus according to any of PCT/aPog317211 whi ch
is an RGH virus. 10 13. Aretrovirus according to any of clainms 1-12 that
conprises a nucleic acid sequence thH#t is at |least 80%identical to the
RGH 2 virus sequence published by Hrose et al., Virology, 1993,

192: 52-61. 14. A nmethod of detecting intra- speci es infectivity

(transm ssibilit of a retrovirys,,6 15 accor to any of clainms 1-13, the
met hod co F"P%i"hé)afer?é‘%@&gndﬁeﬁ doMglerugr 'fjﬁ'ét'f'cf"@%?f\ﬂ 'P%’?' FSUOMIYP patient as

defined i Pe;iéaedam :%la@@ﬁmgamw\ﬁmdniuﬁi@leaéc@o% Rt&c Watl Acad Sl Hoge of
nononucl ear %gé éééje“ ved froma human subject not suffering from M, an
aut oi mun@4dredd di abetes or a malignancy, and detecting infection of.
said cebls with the retrovirus. 20 15. A nethod according to claim 14
wherein the infection of the culkure of mpnonuclear . cells is detected by
the appeafQfeeCBs LUERca &Y BPX G iTAKeYRaT ¥ nPRtrMKE L Rtanic prsepesianbanesyhg or
rescue of r4t8ef ralRAICElidIOby £ FécdMibindmt tetrovinaliveatoPin vited hsd ASivide I Mirohados,

herei nbefore. 25 16. A method according to claim 14 or 15 wherein the

i nfecti on73148§%68‘i:(?1| ture of nononuclear cells is detected by the
appearance in cells of said culture of a spliced HERV-H RGH retrovirus env

mRNA seBuence conmprising a reggon fromthe protease (pol) region of said

RGH r etlPofyrafd, Bomidi Behiivgach ¢ d4irasersitiygretinyings deteslion RYRRYEIR§ regi on t hat

i s select ﬁﬁnidr?f@sb *&@s%’ %d%gﬁbéﬁdt BEhaHceRleRt. PRod\Natt AcadBs, dd4Nq 45, SEQ I D
30 NO 46; SEQ D NO 47; SEQ I D NO 48; SEQ ID NG 49; and SEQ I D'NO 50 as
defined ReflP#8.and variants and subsequences hereof. 17. A nethod of
detecting inter- speC| es | nfectl Vi ty (transmssibility) of a retrovirus
according _to an met hod corrFrl Si ngl?the st eps of

i sol ati ng S?H@}er3¥/‘]r %?'rcsamsr ugaqqegﬁ, JOH'G‘?J&HEW betectian g Qrﬁ%ﬂ"rlqﬁ‘ed’l‘ aim5,
cont actqign o§ﬁioﬂein5rﬁblﬁbl@%cfé’rdébs&%mmsgééﬁ@Q%rd%:ﬂy EIPhER38 ERainBeadioh hda

cul ture o nononucl ear cells derived froma non-"hunman i ndi vi dual ,

det ect i ngJ Nawr#eh dR%%f2:2448-d cells with the retrovirus. 18. A met hod
according to claim 17 wherein the infection of the culture of nononuclear 5
cells is detected by the appearance of RT activity in the infected culture
or by an iy, Mgpdriu b Juija *ngQH@ék‘? Rf B8R TBCReaseaY for the enzymedctdtYor cel | s

as descri QPFEVB:%EQ@HQ&T&&S% cabable/f MBI SRGIEVRHORS. N ARk Reb/1693 18 wherein
the infection of the culture of nmononuclear cells is detected by the

appear 3ﬁc3113ﬁ9%'§f5$‘§ of said culture of a spliced
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10 HERV-H RGH retrovirus env nRNA sequence conprising a region fromthe
protease (pol) region of said RGH retrovirus, including a region fromthe
pr ot ease vemoudiomg region that is selected fromthe groupPCDEBIEI3RTYYy of SEQ
ID NO 44; SEQ ID NO 45; SEQID NGOG 46; SEQ ID NG 47; SEQ ID NGO 48; SEQID
NO 49; and SEQ ID NO 50 as defined & ein, and variants and subsequences
hereof. 15 20. A nmethod according to any of clains 14-19 wherein the

cul ture offénea®R)tbwar ReBblles K dianl. (HER\G#HE Ahé bidldgicafly most astive&umanwi t h a

nmononucl ear . cel | stinul ating c ound udi HA. . 20 met hod
accordi ngeF%ogfﬁ‘?u%fet@lng'%}s?"ﬁul ‘gggﬂﬁgmg%@tyﬁgr%ﬂé%ﬁ@wééﬂ%’ I@‘ are bl ood
cells. 22s2e4-826T.ure of nononucl ear cells derived froma human subj ect
selected fromthe group consisting of a multiple sclerosis (M5) patient, a
pati ent suffering froman autoi mune 25 disease, a patient suffering from

d; abet e§ watinaomau},m%marf 3 B GogddhiloM g Ketidtieg Cahand MagerdD teAltenaneuscapabl e
' ' HERV- H RGH r et r ovi i si
2 1) on FrOR L gt it BDOeRSH rorpuTse PEBrOR mRungh G Per ot 0 2 A7

cul ture aédaifi-agsr.o cl aim 22 wherein the spliced mRNA sequence conprises a
30 region fromthe protease encoding region that is selected fromthe group
consisting of SEQ ID NO 44; SEQ ID NG 45; SEQ ID NO 46; SEQ I D NO 47; SEQ
| D NO: 48; Vilk@sb®DANQobachikind., StdnDr NNV 0d 85 Magét DecEidareedor and vari ants

and suhseguepce ereof ... 2 | ture according to claim?22 or 23 which
comr 1 90 e AL ssdare g Rl mibfs? nBRe Fhdibrofe M 87, 65 6. A
met hod of seduenoes idngral, 1H93c6E298kLe8T. ed from the group consisting of

mul tiple sclerosis, an autoi mmune di sease, diabetes and a nalignancy, the
met hod conprising isolating nononuclear blood cells froma patient

suisloect edWiﬂi'amﬁmeRieﬁgviifaT-ghSl’?_ﬁéQtigdﬁte@aiiiﬁ_s irdirgﬁaaamg?ﬂdwaﬁeﬁgmhicla@. N\n_stgird
cells a ) e def.i in clains or. or a 5 polypeptide
transcriggaﬁ*?ﬁg#%gﬁgaggﬁﬂ% éﬁsence. 26. A nmethod of diagnosing a di sease
associ gged with the retrovirus according to any of clains 1-13, the nethod
conprising the steps of isaolati the retrovirys froma human. subject as
GefTned | atvap s B 1 dfkite PR BebRind it Ay R b bies et hod of
any of  1QitkISgigien'd dyritflome7J Chn Pathbhd9ar,Goradiangest o cl ai m 26 wherein the

di sease being diagnosed is nultiple sclerosis.

20



15 28. A nethod of treating a patient suffering froma di sease, the
clinical manifestations of which are associated with the presence of the
retrovirwoavosdi ng to any of clains 1-13, the nethod cPOPEPGIG3Y72

adm nistering to the patient an effective anount of a pharnmaceutical agent
that is capable of at |east partiall Ye cfreventi ng the infection of cells in
the patient with, the retrovirus and/or the mgration of the retrovirus to
cells in %@gtlent 20 that can be infected by the retrovirus. 29. A

met hod of ing a patient suffering froma disease, the clinical

mani f estati ons of which are associated with cells transforned

(|mmrtallsed) by infection with the retrovir i‘ to.any of clains
1-13, t he InetNBENEWREERIUTJeHeus Psloaping e the '%Lﬁ\é'- Eﬁ@%ﬁt %‘F"ﬁéﬁ sPledct i ve
anount of f@nphian FRERIEI Satici@eemthithatapsblsanaebendPd nvhoh@ddsdr ceRbhd af | Y

el imnating,  such transfor med (imortalised) cells. 30. A nmethod according

to clai m 5Plgatingdh@iedtei n the disease is a disease selected from the group
consisting of a denyelinating disease |nclud|ng mul tiple sclerosis, an 30

aut oi mune di sease, di abetes and a mall nc 31. An antiviral agent for
use as a HefireERMHE aCreAiRg te Sl 3 whigh | 'a aé’@)é?eby yisacegfifigation of a cell

mani f est ai|;Qie sgﬁemﬁfaﬁhoﬁééﬁ-fﬁe%%%%rﬁé §é’m gh&eﬁm%ﬁﬁ rBiichfRediGfr OVi r us
according to any of clains 1- 01/7 941 PCT/E /03272 64 32. Use

of an ant ifdiowaf b&g@mVeDhOftth%frﬁﬁiﬂﬂf@éi&ﬂ”%@”@?'r% Pﬁ’é@leéarrent for controlling
a disease associated with the retrovirus according to any of clains 1-13.
33. Use according to claim32 wherein the diseaSe is selected fromthe

group consi Atretiigyirus ageordingdenglaim A aar iclain ditealeneodes aplicgd i) -HRGiet es and
an aut oi Mpyn&;idé éﬁ@ﬁﬁ%NAgée l}é%@e a&ﬂeﬁ?l‘@g réd??rp#ré\‘n 'Tﬁ%al%té%fseg(ﬁ?m%fo‘?\' &t shise

antiviral agent Is an age t hat ecti Inhibits or e nates the
retrovi ruRGEealidird® to any of clains 1-13. 10 35. Use according to claim
34 wherein the agent is selected fromthe group consisting of an antibody,
an anti-sense nucleic acid and a ribozyne. 36. A nethod of controlling a
di seasd5 t#ha retrovirug gccordingfte staipa Sovherein tmmﬂne@mal\b?smﬁea@%@pmmaeﬁ a

| munol ogy err%RHé‘ F‘o?eé dérﬁ@dnh gﬁéfd {h'éisus%%%%{e@l'fﬂﬂn Eh% ?? ns‘n‘étnﬂgﬁ 1-13,

the 15 rret corrprl m ni s t1ent ect1veé anount

of a phar rs@@m NBwH: BEGIR Nw%@ﬁg)mqmswa:u@eaﬂ SEGY DN 48 5EQ 1D
part ' aily Ncily %&l%%@'ﬁsm@%ﬁw bin, SRPPOARRand s SyUREOReBEE OF 01 NG

to claim 'erein the armaceutically active conpound rected
agai nst an i nmunol ogi cal response elicited specifically by the retrovirus

20 5. A retrovirus according to any of claims 1-4 that is isolatable from a human subject
selected from the group consisting of a multiple sclerosis (MS) patient, a patient suffering
from an autoimmune disease, a patient suffering from diabetes and a patient suffering
from a malignancy.

25 6. A retrovirus according to claim 5 that is isolatable from a cell culture derived from
peripheral blood of said human subject.

7. A retrovirus according to claim 6 that is isolatable from a cell culture derived from

peripheral blood of an MS patient, said cell culture comprising at least 2% CD3+ T-cells.
30

8. A retrovirus according to any of claims 1-7 that is capable of infecting a blood cell

derived from a human subject not suffering from MS, an autoimmune disease, diabetes or

a malignancy, and of replicating therein.

35 9. A retrovirus according to claim 1-8 that is capable of infecting a non-blood human cell.



according to claim3 or claim4. 38. A nethod according to claim 37 wherein
t he pharnaceutically active conpound is directed against inhibiting the

bi ol ogi caVoavtiswi ty of activated T-cells including CD3+, BDUWEP®F32aTed CD8-
T-cells or against elimnating such T-cells. 39. A pharnmaceuti cal
conposition conprising a pharmaceutically active conpound that is capable
of at least partially inhibiting in &human subject as defined in claim5
an inmunol ogi cal response to the retrovirus according to any of clains
1-13. 30 40. A conposition according to claim39 wherein the

phar maceutjical Ly active 0 I8 dir ' ; Y Logi.cal
response iﬁ’-i@ﬁté&'r‘ésp%%"}°ﬁc'§§ﬁ e;tlﬂ}go)}‘c mégbeg'?tﬁé@lgrc ggﬁdlgéi@fé&flh% tgﬂgﬁgd a@f
clains 1-dd8l WO 01/70941 PCT/EP01/ 03272 65 41. A conposition according to
claim39 or 40 wherein the pharmaceutically active conpound is a conpound

directed against inhibiting the biological activity of activated T- cells

i ncl udi g1 CO8retrolitds acooddi@P8 cldincH) that isrcapgfle o infestingrarcet! dadvesifecdm Bncel | s.
5 42. A pharmaceut.i C .Lion | sl:N ically active
compound PRE Feccted fepr 8ROl B ERRS B b SRR PR BCC on of
cells in a patient with the retrovirus according to any of clainms 1-13,

and/or th 1ar.ation _of the . retrqvir t | . patient that can be
i nfected Eg% ﬂeéroygﬁ 89/?09'%1@9 tﬁ%‘ﬁog.cu,w%ﬁéﬁn\g@é%fsidégl?écelglr'r%g'si tion conprising
a pharmaceutically active conpound that is capable of at |east partially

uith A0 1ok BBl afRil e ol AR S i R bl s agftkisctbig pltlRts O

al I el i cal tnat ecatugdst Bg‘Vosipdari\ttcettoI*HERVGH-RGqulrﬁqruem@:e p&bli?hedahRNAi ¥ ﬁ??ﬁ?gsi r 35
, n s

conprisin Fglprgﬁgllggﬁe{%%we protease (pol) region o

as a mark ence or the state of a disease selected fromthe
group consisting of a denyelinating disease including multiple sclerosis,

t Oi di di.ab d . L 120 A5 , di
1o m a4 WAk B dne P TR e Rk PRI 19 2 RS ot cmse
encodi ng wegirding tdahy biclaimiselet & dhd methodhengrising tosteps bf imglatiig BEQ | D NO: 44;
SEQ I D NO._45; . SEQ | D NQ 46; |.D 47: SEQ.| .48 1 49 d
SEQ D NREITE MBS Relehas Sreadn dorap Salreia sec rdasd T g e g

46. A et bpshohonudiateekild yérived denmpa homan calpjatt net efifférimgiftwint M$g ahhe pr oducti on
of aretrovjru i

conpri si n§! %EP%@@%%%%&%&?‘% "q%q'g%l ﬁ‘lf}'d E%Eé%zg&ﬁrsgﬁ%\y?&hts%%g%‘rs | ﬁgos 0
any of cl shgmtrdvis.t 0o a candi date conpound and
20
15. A method according to claim 14 wherein the infection of the culture of mononuclear
cells is detected by the appearance of RT activity in the infected culture or by an assay for

rescue of the infecting retrovirus in indicator cells as described hereinbefore.

25 16. A method according to claim 14 or 15 wherein the infection of the culture of
mononuclear cells is detected by the appearance in cells of said culture of a spliced
HERV-H RGH retrovirus env mRNA sequence comprising a region from the protease
(pol) region of said RGH retrovirus, including a region from the protease encoding region
that is selected from the group consisting of SEQ 1D NO:44; SEQ ID NO:45; SEQ ID

30 NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; and SEQ ID NO:50 as defined

herein, and variants and subsequences hereof.

17. A method of detecting inter-species infectivity (transmissibility) of a retrovirus
according to any of claims 1-13, the method comprising the steps of isolating the
35 retrovirus from a human subject as defined in claim 5, contacting said isolated viruses



conparing the anmount of virus produced by the cells in the presence of the
conpound wth the anount of virus produced by the cells in the absence of
t he conpovedy7emd 30 thereby identifying conpounds capabl BCDEPOMIIRI2ZL i Ng t he
production of virus fromsaid cells. 47. A nethod for identifying
conpounds capabl e of preventing infec®d on of a target cell with a
retrovirus according to any of clains 1-13, which nethod conprises exposing
target celitha culteceptmdhanutiear odlle derived fnorh 3 ronriiniarvindivigiual aod detegtiigo any

of cl ai ”B'réé%[’?’ tg a sagglg th Cﬁ—ntiai ning the said virus in the presence of
a candi dafBeHEMPSSAE cClRED MSTERGVIYSe ext ent WD 01/70941 PCT/ EPO1/ 03272 66

of infection of the target cells in the presence of the conpound and
t hereby identifyin compounds. capapl e. pr.event i i nfection of the
arget cel B amaihdac ety Rt i Do therestin b Y ARUE & BRhefiught smi no
<110> M5 BESHARER ¥ dDy<thz @ppddiahddtf T HEiVIENDOBENTESe REURDY IoRbibaA\bEsdy For
ASSCOCI ATI ON W DI%}W L1 NATI NG .DI. S ES AND OTHEI SEASES <130>
SJA/ 56402/ e°£lf_{‘fd'; egng oyt '@@%ﬁfﬁﬁs %%ﬂ?‘gﬁ%&?‘r‘%ﬁ% © <210> 1 <211>
284 <212> DNA <213> Retrovirus RG+2 <400> 1 cccaatgcaa ctcatcccaa
atcttcecttg tftcecteccc acctgecctc agi cccaa p0. .ccccaagcat .tqgctgagtct
ttctaat thlgc m#ﬁ%‘f%‘”& %%@%@?’W%&%ﬁ%‘@'ﬁ%@@ "%%6"‘9@&088? %ﬁc@gu%g%ft gagct a
ggt cccaat imanohaclearaglls ¢ detéctéd by thecappeaitaatainlédlls ofisaid ictituratof aaplidedccct
cct cacact t tt, acagtttc ccgt gact a_240Q cccteeece, acctgcccag
caat (1 abr FEREEAG e QA ooy $64lie0RS s0mbiiaing 4765 05 §5RNRE brordhse

(pol) region of said RGH retrovirus, including a region from the protease encoding region

that is selected from the group consisting of SEQ ID NO:44; SEQ ID NO:45; SEQ ID

NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; and SEQ ID NO:50 as defined

herein, and variants and subsequences hereof.

15

20. A method according to any of claims 14-19 wherein the culture of mononuclear cells

being contacted is pre-stimulated with a mononuclear cell stimulating compound including

PHA.

20 21. A method according to any of claims 14-20 wherein the mononuclear cells are blood

cells.

22. A culture of mononuclear cells derived from a human subject selected from the group
consisting of a multiple sclerosis (MS) patient, a patient suffering from an autoimmune
25 disease, a patient suffering from diabetes and a patient suffering from a malignancy, said
cells are capable of expressing a spliced HERV-H RGH retrovirus env mRNA sequence
comprising a region from the protease encoding (pol) region of said retrovirus.

23. A culture according to claim 22 wherein the spliced mRNA sequence comprises a
30 region from the protease encoding region that is selected from the group consisting of

SEQ ID NO:44; SEQ ID NO:45; SEQ ID NO:46; SEQ 1D NO:47; SEQ ID NO:48; SEQ ID

NO:49; and SEQ ID NO:50 as defined herein, and variants and subsequences hereof.

24. A culture according to claim 22 or 23 which comprises at least 2% CD3+ T-cells.
35



<213> Retrovirus RGH+2 <400> 2 ccaaacatta aataaaactc caaaaattaa attctggccc
t caaacccca caacaggatt 60 taattaacct caccttcaag gtgtacaata atagaaaaaa

gtt gcaat twoot/tiyect cca 120 ctgtgagaca aaccccagac acat ct ccROI/EReiAsargaa
cttcgaaatg ctt 173 <210> 3 <211> 282 <212> DNA <213> Retrovirus <400> 3
cccaatgcaa ctaatcccaa atcttcctcc tttggetccc gectgtcecce tcagtaccaa 60
ccccaagcgt cgctgagtct ttctaatctt ccttttctac agacccatct gacctctccc 120

ctcctcacc cccaat cttcttc ccact cct c
Stocttt 1 atB el Pead A ieost et T I s F g o aEh e 40
gcct t cceccsclansisgataatgintaatd tisedse, tihbatasagdt rggugﬂaﬂcy, ﬁ%lrﬁethéd camﬂmsna@es
<212> DNA <213> Retro <4002 4 tc caa ctc cecaa atgttcc
212> NN S e b hea ISt 4 SHRML S Ro S S GRERR A bR
cctttt gt adisagsescanatdetedjag 0t sdid callsIE2ORNA seefuesaras definedtire clbitns2ZT agZiaga
gctaggt cc_aat cct agecctcca tcctccacgc tgtaatcttt ttatcacctc
ccctcct a8°'&% t’(éﬁ féeac@éﬁf%hﬂ"ﬁg*s?%ﬁ%t gt g actagccctc ccccacctgce
ccagcaattt act cttaaaa aggcgg 296 WD 01/ 70941 PCT/ EPO1/03272 2 <210> 5
<211> 168 12> Ret ovi rus > 5 ccc acatta a ctc
cananat t a0 A TEDRGUE CchAsRg GisPaeh SRsesiplet o e SRR Ui e SR eIaghY &t
acaat aat agawggaghéundta@d tarhprisingcthe stEps @ff Solafifly trag@gravasctione aguammat C
tccageac aCubj ac?%%(: e%r(nzgd %ac?au%CSCandltestmg its infectivity according to the method of any of
10 claims 14-20.

27. A method according to claim 26 wherein the disease being diagnosed is multiple

sclerosis.

15 28. A method of treating a patient suffering from a disease, the clinical manifestations of
which are associated with the presence of the retrovirus according to any of claims 1-13,
the method comprising administering to the patient an effective amount of a
pharmaceutical agent that is capable of at least partially preventing the infection of cells in
the patient with the retrovirus and/or the migration of the retrovirus to cells in the patient

20 that can be infected by the retrovirus.

29. A method of treating a patient suffering from a disease, the clinical manifestations of

which are associated with cells transformed (immortalised) by infection with the retrovirus

according to any of claims 1-13, the method comprising administering to the patient an
25 effective amount of a pharmaceutical agent that is capable of at least partially eliminating

such transformed (immortalised) cells.

30. A method according to claim 28 or 29 wherein the disease is a disease selected from
the group consisting of a demyelinating disease including multiple sclerosis, an
30 autoimmune disease, diabetes and a malignancy.

31. An antiviral agent for use as a medicament in the control of a disease, the clinical
manifestations of which are associated with the presence of the retrovirus according to
any of claims 1-13.
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<210> 6 <211> 201 <212> DNA <213> Retrovirus <400> 6 ccaaacatta

aat aaaactc caaaaattaa attccggccc tcaaacccca caacaaggct 60 taattaacct
caccttccaeOogyuryst caat aacagagtag aggcaaccaa gtagcaat gt 12PCT/apPetasezragt
tgcaattcct tacctccact gtaagacaaa ccccagccac atctccagca 180 cacaagaact
ccaaatgccc g 201 <210> 7 <211> 439 61212> DNA <213> Retrovirus RGH1
<400> 7 ccagaataaa gctgtgtcca tcggacagcc agcctaatcc ctcctcttcc tcctagaagt

cacaa t ctcc cact t actct .ccccca ctta tattt 120
ot gananaa it e dananivis soga it BapuEaaiasid efEahaRtek sufblite La0
cgtcctt aCGlséés'@éstsbélb@d@ﬁmagmﬁiwrtlé acprdiag o ancsfetansa-13 t aggccga 240
gccccaaaaa ctagtcatcc ctactatctt ctgtccggtc atactcctat tctccattct 300

caactactta taaatgccct actcttgttt acactgccag tttacactgt ttcttcaagc 360
catt acagcB3 gaé@é&bﬁdnrﬁg @gmamtm\nh‘ersmaﬁ@a@é@sb igstleticddoin theajroid egrising

gt ggat agat tcttt <210> 8 <211> 4 <213> Retrovirus
ha s a0t demucliatng daeess. A RUBERIY: (ghdeagnd SAauAAbAL dERRRE cr oo

tcctggaagt 60 cgcaattact ctcccctact tcccttaaac tcactcgtat ttctgaagaa

cagtaataac 120 cct G ct at c cc cattct attaggtct tcctta
ccct act t t £416% a%ﬁ@%&g‘g@mﬁg‘? éé(‘éﬂ,er?"é %'85@ 3gget! gg gntg}éﬁtgccaaaa
aat ct t gt cgelddelytigiibitsrsiicimindiéLihg r6tesvirds ed¢R€ihg to bRyt éfQilalmSCI 13;t caact ac
ttataaatgc 300 cgtactcttg tttacactgc cggtttacac tgtttcttca agccatcaca

gctgatatct 360 «cttggtgcta tccccaaacc gccactctta attccctctt agagtgggta
gat gat gbt 85424k adterdipto claim 34 wherein the agent is selected from the group consisting of

an antibody, an anti-sense nucleic acid and a ribozyme.

36. A method of controlling a disease, the clinical manifestations of which are associated
with immunological responses to the retrovirus according to any of claims 1-13, the

15 method comprising administering to the patient an effective amount of a pharmaceutically
active compound that is capable of at least partially inhibiting said immunological

responses.

37. A method according to claim 36 wherein the pharmaceutically active compound is
20 directed against an immunological response elicited specifically by the retrovirus

according to claim 3 or claim 4.

38. A method according to claim 37 wherein the pharmaceutically active compound is
directed against inhibiting the biological activity of activated T-cells including CD3+, CD4-

25 and CD8- T-cells or against eliminating such T-cells.

39. A pharmaceutical composition comprising a pharmaceutically active compound that is
capable of at least partially inhibiting in a human subject as defined in claim 5 an
immunological response to the retrovirus according to any of claims 1-13.

30
40. A composition according to claim 39 wherein the pharmaceutically active compound is
directed against an immunological response elicited specifically by the retrovirus

according to any of claims 1-13.



<210> 9 <211> 422 <212> DNA <213> Retrovirus <400> 9 ccagaat aaa
gctgtgtcca tcggacagcc agcctaatcc ctcctcttcc tcctggaagt 60 cacaagtatt
ctcccctasvOvooet aaac tcactcgtat ttctgaagaa cagtaat agc 12BPCT/EeMERTPAQC
ctaatacatc ccttcattct attagatctg ttcgtcctta ccctactttt 180 WO 01/70941
PCT/ EPO1/ 03272 3 tgcaacaggg ctttacggag tcaccctnac cacttggcct gatccccaaa
aaactagtca 240 accctactat cttctgtcta gtcat actcc tattctccat t ct caant ac

ttataaatgc, 300 cctactcttg, ttfccactgc tggtttan ttcttcaa ccat caca
gct gat at ¢ 3%6°m8?‘°t‘t§ﬁ‘t?ﬁ9f’gj”?%@ a%t ‘@ et e t re'@e?‘tﬁtl‘;?l%gﬁﬁf?ggata

gig gat (1:5 t borﬂB&md% a%&poﬁﬂ&@ﬁ’ec’k@d s@didst nﬂﬁﬂ;tmfﬁé%l@&hlé?ﬂ&? oRatfawd Ts
<400> cC t cf.gtcca gacagcc agcctaatcc ctcc t c tcctggaagt
60 cgcaa@?gg?gﬁ‘? 50%%0%@&@3&?’%@%&%@% elrpipatingge CﬁéFaat aac 120
ccttatgagc ctaat acatc ccttcattct gttaggtcta ttcgtcctta ccctactttt 180

t gcaacg g ttatgacg.t accceeac cacttaggct gagccccaaa aaactt tca )

t Soet achalz A peseedicl amatED PR ErD R RatacaadTa sl gt Bigs
cctactct t gapdbiaaset (st padibly sredenting tiid ptdcten ag@emaﬁrca@aumwmﬂeé ﬁétro%@s
cttggtgcta tcgccaaacc a¢ tactcita t

ctcita a 420 c
210310 Bocering o el Caiips 351 ardlos FeMREAIOD oY L ST e 0 CeIRIBY® 1 Pr o Lys
Lys Pro Ppatidit hafsan bk ihf&lted 6 thefagodg. Cys Ay Lys Ala 1 5 10 15

10 43. A pharmaceutical composition comprising a pharmaceutically active compound that is
capable of at least partially eliminating in a patient cells transformed (immortalised) by
infection with the retrovirus according to any of claims 1-13.

44. Use of an allelically occurring spliced HERV-H RGH retrovirus env mRNA sequence

15 comprising a region from the protease (pof) region of said RGH retrovirus as a marker for
the occurrence or the state of a disease selected from the group consisting of a
demyelinating disease including multiple sclerosis, an autoimmune disease, diabetes and
a malignancy.

20 45. Use according to claim 44 wherein the mRNA sequence comprises a region from the
protease encoding region that is selected from the group consisting of SEQ ID NO:44;
SEQ ID NO:45; SEQ ID NO:46; SEQ ID NO:47; SEQ ID NO:48; SEQ ID NO:49; and SEQ
ID NO:50 as defined herein, and variants and subsequences hereof.

25 46. A method for identifying compounds capable of inhibiting the production of a retrovirus
according to any of claims 1-13 from a cell, the method comprising exposing cells capable
of producing a retrovirus according to any of claims 1-13to a candidate compound and
comparing the amount of virus produced by the cells in the presence of the compound
with the amount of virus produced by the cells in the absence of the compound, and

30 thereby identifying compounds capable of inhbitiﬁg the production of virus from said cells.

47. A method for identifying compounds capable of preventing infection of a target cell
with a retrovirus according to any of claims 1-13, which method comprises exposing target
cells susceptible to infection with a retrovirus according to any of claims 1-13 to a sample

35 containing the said virus in the presence of a candidate compound, determining the extent



Gy Hs Trp Ser Arg Asp Cys Thr A n Pro Arg Pro Pro Pro Ay Pro 20 25 30
Cys Pro Leu Cys A n Asp Pro Thr H's Trp Lys Arg Asp Cys Pro Arg 35 40 45
<210> 12 wWQalz09477 <212> PRT <213> Retrovirus RTVL-H <22PcT/AEP®10328I TE
<222> (23) <223> Xaa represents stop codon <400> 12 Pro Pro Gu Pro Pro
Pro Pro Ay Ala Cys Tyr Lys Cys Gn |6S Ser 151015 dy H's Trp Ala Lys
Glu Xaa Pro @ n Pro Arg Ile Pro Pro Lés Pro 20 25 30 Cys Pro Ile Cys Val
Ay Pro His Trp Lys Ser Asp Cys Pro Thr 35 40 45 01/70941 .

PCT/ EP01/‘zfs@f?ﬁtlowgfé'ﬁt?;g%§e"%ﬂ%Pfﬁfen@&fzfge P?é"ﬁpg‘f%' RV i9andfvigg+ 2
<220> <22domRIuhlis capable of grélertidd Fifecin Jf e @ERIILS! GitiIDthe0d@eN <400> 13 Pro
Pro Gu Pro Ser Pro Pro y Ala Cys Tyr Lys Cys G n Lys Ser 15 10 15 dy
Hs Trp Ala Lys Qu Cys Pro G n Thr Arg Ile Pro Pro Lys Leu 20 25 30 Tyr
Pro lle Ser Val Ay Pro H's Xaa Lys Ser Asp Cys Ser Thr



35 40 45 <210> 14 <211>,47 <212> PRT <213> Retrovirus <400> 14 Pro Ser
Asp Pro Pro Pro Pro Ala Ser Cys Phe Lys Cys Leu Lys Ser 1 5 10 15 dy His
Trp Thr WQoEM4Cys Pro A n Pro Ay Ile Pro Pro Lys Asp 2BCPEPB®32Ber Pro
Ile Cys Ala Gy Pro His Trp Lys Lys Asp Cys Pro Pro 35 40 45 <210> 15
<211> 47 <212> PRT <213> Retrovirus~ <220> <221> SITE <222> (41) <223>
Xaa represents stop codon <40pudEPros®Ne Asp Pro Pro Pro Pro Gy Ala Cys
Tyr Thr Cys G@n Lys Ser 15 10 15 'dy His Trp Ala Lys Au Cys Pro @n
Arg @19>IM%RF$E6\RPH0A/LSys Pro 20 25 30 Arg Pro lle Cys Val Ay Pro H s Xaa

5 40 45 <210> 16 <211> 47 <212> PRT WO 01/ 70941
PCT) BR01/R s

@‘Jﬁ%é%‘%ﬁéﬁ%?&%%i%ﬁﬁ@
<130> SJA/56402/001

<140>
<141>

<160> 50

<170> PatentIn Ver. 2.0
<210> 1

<211> 284

<212> DNA

<213> Retrovirus RGH-2

<400> 1

cccaatgcaa ctcatcccaa atcttcctte tttcectcec acctgcccte tgagtcccaa 60
ccccaagecat tgctgagtct ttctaatctt ccttttctac agacccatct gacctectccc 120
ctcctcacca ggctgagcta ggtcccaatt cttcctcage ctceccactect ccaccctata 180
atccttttat cacctccect cctcacacte agtctggcectt acagtttcat teccgtgacta 240
gcccteeccee acctgecccag caatttccte ttaaaaagtt gget 284
<210> 2

<211> 173

<212> DNA

<213> Retrovirus RGH-2

<400> 2

ccaaacatta aataaaactc caaaaattaa attctggcce tcaaacccca caacaggatt 60
taattaacct caccttcaag gtgtacaata atagaaaaaa gttgcaattc cttgectcca 120
ctgtgagaca aaccccagac acatctccag cacacaagaa cttcgaaatg ctt 173
<210> 3

<211> 282

<212> DNA

<213> Retrovirus

<400> 3

cccaatgcaa ctaatcccaa atcttectee tttecctece geectgtccece tcagtaccaa 60
ccccaagegt cgctgagtct ttctaatctt ccttttctac agacccatct gacctctece 120
ctcctcacca ggtcgagceta ggtcccaatt cttettcage ctccactcect ccaccctata 180
atccttttat cacctccect cctcacacct ggtccagett acagtttegt tctgcgacta 240
gcctteccee acctgcccag caatttcctce ttaaaaaggt gg 282
<210> 4

<211> 296

<212> DNA

<213> Retrovirus

<400> 4

tccagtgcaa ctcatcccaa atgttectte tttecctcee atctgtccece tcagtaccaa 60
ccccaagegt cactgagtct ttctaatctt ccttttgtac agacccatct gacctctcce 120
ttcctececca ggtegtceecte gecaggeccga getaggtcecce aattcttect cagectccat 180
tcctecacge tgtaatcttt ttatcaccte ccctectcac acctggteceg gettacagtt 240
tcgttetgtg actagececte ccccacctge ccagcecaattt actcttaaaa aggegg 296



<222> (25) <223> Xaa represents stop codon <220> <221> SITE <222> (41)
<223> Xaa represents stop codon <400> 16 Pro Pro Asp Pro Pro Pro Pro Ay
Ala Cys WO ollmv4Cys Trp Lys Ser 1 5 10 15 Gy His Trp Arar/Epesl/@k1e Cys Pro
Xaa Pro Ay Ile Pro Pro Lys Pro 20 25 30 Arg Prolle Cys Val Gy Pro His
Xaa Lys Ser Asp Cys Ser Thr 35 40 452 <210> 17 <211> 28 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400s2H407 Gttttattac ccaatctgct cccgayat 28 <210> 18 <211> 28 <212> DNA
<213s2WPt L6 ci al Sequence <220> <223> Description of Artificial Sequence:
Pri n€f12><B¥b> 18 ttagtggtgg acagtctctt ttccartg 28 <210> 19 <211> 32
<212S°PRARSFPIS™ Wy ti ficial Sequence <220> <223> Description of Artificial

Sequepsg: 5 Primer

cccgacatta
taacctcacc
agagaaaccc

<210> 6

<211> 201
<212> DNA
<213>

<400> 6

ccaaacatta
taattaacct
atttctaagt
cacaagaact

<210> 7
<211> 439
<212> DNA

<213> Retrovirus RGH-1

<400> 7

ccagaataaa
cacaagtact
ctgaagaaca
cgtccttacce
gccccaaaaa
caactactta
cattacagct
gtggatagat

<210> 8

<211> 422
<212> DNA
<213>

. <400> 8
ccagaataaa
cgcaattact
ccttatgage
tgcaacaggg
tcectactat
cgtactcttg
cttggtgcta
gc

<210> 9

<211> 422
<212> DNA
<213>

<400> 9

ccagaataaa
cacaagtatt
ccttatgagce

aataaagctc
ttcaaggtgt
cagccacatc

Retrovirus

aataaaactc
caccttccaa
tgcaattcct
ccaaatgccc

gctgtgtcca
ctcececcact
gtaataaccc
ctactttttg
ctagtcatcce
taaatgccct
gatatctctt
gatctttgce

Retrovirus RGH-2

gctgtgtceca
ctccectact
ctaatacatc
ctttatgaac
tttctgtcca
tttacactgce
tcceccaaacce

Retrovirus

gctgtgtcea
ctcccctact
ctaatacatc

caaaaattag
acaataatag
tccagcacac

caaaaattaa
ggtgttcaat
tacctccact

g

tcggacagcee
taagtactct
ttatgagcct
caacagggct
ctactatctt
actcttgttt
ggtgctatecc

ttggacagcce
tcececttaaac
ccttcattet
tcacccccac
gtcatactcc
cggtttacac
gccactctta

tcggacagcce
tceccttaaac
cctteattcet

attccagcce
agaggagtct
aagaacttca

attccggecce
aacagagtag
gtaagacaaa

agcctaatcc
ccccecactte
aatacatccc
ttacgaagtc
ctgtccggte
acactgccag
ccaaaccacc

agcctaatcc
tcactcgtat
attaggtctg
cacttaggct
tattctctge
tgtttcttca
attcecctett

agcctaatcc
tcactegtat
attagatctg

ggaaacccca
caattcttge
aaatgcct

tcaaacccca
aggcaaccaa
ccccagcceac

ctcctettee
ccttaaacte
ttcattctat
acccccacca
atactcctat
tttacactgt
actcttaact

ctcctcttec
ttctgaagaa
tttgtcctta
gagcccaaaa
tctcaactac
agccatcaca

agagtgggta

ctcctecttcece
ttctgaagaa
ttcgtcectta

caacaggact
ctctgctgtyg

caacaaggct
gtagcaatgt
atctccagca

tcctagaagt
actcgtattt
taggtctgtt
cttaggccga
tctcecattct
ttcttcaage
ccctettaga

tcctggaagt
cagtaataac
ccctactttt
aatcttgtca
ttataaatgc
gctgatatct
gatgatcttt

tcctggaagt
cagtaatagc
ccctactttt

60
120
168

60

120
180
201

60

120
180
240
300
360
420
439

60

120
180
240
300
360
420
422

60
120
180



<400> 19 cgtttacata tcactccctt cctagtctct gt 32

DNA <213>

<223>. Dex0bptiden of Artificial

Artificial

Pri me

<210> 20 <211> 31 <212>

Sequence WD 01/70941 PCT/ EPO1/03272 6 <220>
Sequence:
<210> 21 211> 28

r <400> 2RChEReNEATCT
<212> DNA <213> Artificial

tgactatgtc tttagctcca g 31

Sequence.

<220> <223> Description of

%\rt I ficial Sequence: Prinmer

at t t tattaseoes aattt
Arti Egggtge Ghen
<400
<213STAE

Pri

<210> 10
<211> 421
<212> DNA

?ch q&gfct ta%

mer <400> 23

<213> Retrovirus

<400> 21

eeg cCragacatac2@cte@d@x @roc2idza 26actalifs 2BNA <213>
ctxxpgstagkpestalisteiast Forraohtay tittiagrasc S€§uence:

Pri mer

EEFYACt Y et e 29rpbsaars 9gbapfst ot 360212 DNA
‘%mt §>2 L5535 PedG AT o IBFIACE T |4§gal Sequence:

<400> 10
ccagaataaa gctctgtcca tcagacagcc agcctaatce ctectettee tectggaagt 60
cgcaagtact ctcccctact tcccttaaac tcactcatat ttctgaagaa cagtaataac 120
ccttatgage ctaatacatc ccttcattet gttaggtcta ttecgtectta ccectactttt 180
tgcaacgggg ctttatgacg tcacccccac cacttagget gagccccaaa aaacttgtca 240
tccctactat tttctgtcta gtcatactce tattctetge tettaactac ttataaatge 300
cctactcttg tttacactgc cggtttacac tgtttcttca ageccatcaca gectgatatct 360
cttggtgcta tccccaaacc actactctta ttccctectta gagtgggtag atgatctttg 420
o] 421
<210> 11
<211> 48
<212> PRT
<213> Retrovirus HTLV-1
<400> 11
Pro Lys Lys Pro Pro Pro Asn Gln Pro Cys Phe Arg Cys Gly Lys Ala

1 5 10 15
Gly His Trp Ser Arg Asp Cys Thr Gln Pro Arg Pro Pro Pro Gly Pro

20 25 30
Cys Pro Leu Cys Gln Asp Pro Thr His Trp Lys Arg Asp Cys Pro Arg
35 40 45

<210> 12
<211> 47
<212> PRT
<213> Retrovirus RTVL-H
<220>
<221> SITE
<222> {(23)
<223> Xaa represents stop codon
<400> 12
Pro Pro Glu Pro Pro Pro Pro Gly Ala Cys Tyr Lys Cys Gln Lys Ser

1 5 10 15
Gly His Trp Ala Lys Glu Xaa Pro Gln Pro Arg Ile Pro Pro Lys Pro

20 25 30
.Cys Pro Ile Cys Val Gly Pro His Trp Lys Ser Asp Cys Pro Thr
35 40 45



gatcctcccc actgggttca ccatt 25 <210> 24 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400> 24 woaagwattg gagggtgccc tgcc 24 <210> 25 <211> 24PCRERAIHIDMA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400> 25 cataggtcaa acctcctagg aatg 24 WO 01/70941 PCT/ EP01/03272 7 <210>
26 <2hb> PP <212> DNA <213> Artificial Sequence <220> <223> Description
of Asralulfi €l al Sequence: Prinmer <400> 26 tcctgctcaa cttcctgtcg ag 22 <210>
27 <ZLP> PRI <212> DNA <213> Artificial Sequence <220> <223> Description
of AFiL’PiRataPvSe§uBFE®: Priner <400> 27 ttaatgtctt tagcgagacg c 21

<220>
<221> SITE
<222> (41)

<223> Xaa represents stop codon

<400> 13
Pro Pro Glu Pro Ser Pro Pro Gly Ala Cys Tyr Lys Cys Gln Lys Ser
1 ) 5 10 15
Gly His Txp Ala Lys Glu Cys Pro Gln Thr Arg Ile Pro Pro Lys Leu
20 25 30
Tyr Pro Ile Ser Val Gly Pro His Xaa Lys Ser Asp Cys Ser Thr
35 40 45
<210> 14
<211> 47
<212> PRT

<213> Retrovirus

<400> 14
Pro Ser Asp Pro Pro Pro Pro Ala Ser Cys Phe Lys Cys Leu Lys Ser
1 5 10 15
Gly His Trp Thr Lys Glu Cys Pro Gln Pro Gly Ile Pro Pro Lys Asp
20 25 30
Ser Pro Ile Cys Ala Gly Pro His Trp Lys Lys Asp Cys Pro Pro
35 40 45
<210> 15
<211> 47
<212> PRT

<213> Retrovirus

<220>
<221> SITE
<222> (41)

<223> Xaa represents stop codon

<400> 15
Pro Pro Asp Pro Pro Pro Pro Gly Ala Cys Tyr Thr Cys Gln Lys Ser
1 5 10 15

‘Gly His Trp Ala Lys Glu Cys Pro Gln Arg Gly Ile Pro Pro Lys Pro
20 25 30

Arg Pro Ile Cys Val Gly Pro His Xaa Lys Ser Asp Cys Ser Thr
3% 40 45

<210> 16
<211> 47
<212> PRT



<210> 28 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Prinmer <400> 28 atggctatcg ctgtaggtag
c 21 <2Mo0RWI4R11> 32 <212> DNA <213> Artificial SequePCEEPHABOR <223>
Description of Artificial Sequence: Primer <400> 29 cgtttacata tcactccctt
cctagtctct gt 32 <210> 30 <211> 31 X212> DNA <213> Artificial Sequence

. <2207 3s2RF>obeseri ption of Artificial Sequence: Primer <400> 30
gcattaacct tgactatgtc tttagctcca g 31 <210> 31 <211> 28 <212> DNA <213>
Artif32Pal Sequence <220> WO 01/70941 PCT/ EPO1/ 03272 8 <223> Description
of AF34lPi %ﬁTéil Sequence: Primer <400> 31 attttattac ccaatctgct ccaaacat 28
<210$2 %

> Xaa represents stop codon

<220>

<221> SITE

<222> (41)

<223> Xaa represents stop codon

<400> 16 .
Pro Pro Asp Pro Pro Pro Pro Gly Ala Cys Tyr Thr Cys Trp Lys Ser
1 5 10 15

Gly His Trp Ala Lys Glu Cys Pro Xaa Pro Gly Ile Pro Pro Lys Pro

20 25 30
Arg Pro Ile Cys Val Gly Pro His Xaa Lys Ser Asp Cys Ser Thr
35 40 45
<210> 17
<211> 28
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 17
cttttattac ccaatctgct cccgayat 28

<210> 18

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 18 )
ttagtggtgg acagtctctt ttccartg 28

<210> 19

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 19
cgtttacata tcactccctt cctagtctct gt 32

<210> 20

<211> 31

<212> DNA

<213> Artificial Sequence



<211> 26 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Priner <400> 32 aggtgagttg aacagtctga ttttta 26
<210> 33wQal0926 <212> DNA <213> Artificial Sequence <PQDEP§2B372
Description of Artificial Sequence: Primer <400> 33 gatcctcccc actgggttca
ccatt 25 <210> 34 <211> 24 <212> DNA <213> Artificial Sequence <220>
<223zz2iescription of Artificial Sequence: Primer <400> 34 ggaagtattg
gagggeycletqgdotidh o£2@>r 35 ad2ddmed8e: 220> PRT <213> Retrovirus HTLV-1
<400> 35 Pro Lys Lys Pro Pro Pro Asn G n Pro Cys Phe Arg Cys Ay Lys Ala 1
5 10<4%> &y Hs Trp Ser Arg Asp Cys Thr G n Pro Arg Pro Pro Pro Ay Pro 20
25 36°2tpacPr §IrERtEYS \ERIASFEPFo Thr His Trp Lys Arg Asp @ys Pro Arg 35
40 43,,55210> 36 ” '

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 21
attttattac ccaatctgct ccaaacat 28

<210> 22

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 22
aggtgagttg aacagtctga ttttta 26

<210> 23

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 23
gatccteccee actgggttca ccatt 25

<210> 24

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 24
ggaagtattg gagggtgcce tgcc 24

<210> 25

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 25
cataggtcaa acctcctagg aatg 24



<211> 47 <212> PRT <213> RETROVI RUS RTVL-H WO 01/ 70941 PCT/ EPO1/ 03272 9
<220> <221> SITE <222> (23) <223> Xaa represents stop codon <400> 36 Pro
Pro Gu mBWooPrw4Pro Pro Ay Ala Cys Tyr Lys Cys G n Lys SPET/ER01F3IR 15

Gy Hs Trp Ala Lys Qu Xaa Pro A n Pro Arg Ile Pro Pro Lys Pro 20. 25 30
Cys Prolle Cys Val Gy Pro His Trp Lys Ser Asp Cys Pro Thr 35 40 45
<210>%,3d@><211> 47 <212> PRT <213> RETROVI RUS RGH 2 <220> <221> SITE
<222x%2(44)22<223> Xaa represents stop codon <400> 37 Pro Pro Gu Pro Ser
Pro Rree2&dpgaAla Cys Tyr Lys Cys G n Lys Ser 1 510 15 dy Hs Trp Ala Lys
G u Gpd3PrrgtFiriihrseAugndd e Pro Pro Lys Leu 20 25 30 Tyr Pro Ile Ser Va
Gy Pro His Xaa Lys Ser Asp Cys Ser Thr 35 40 45 <210> 38 <211> 47 <212>
PRT <%2%3> RETROVI RUS

<223> Description of Artificlal Sequence: Primer

<400> 26
tcctgctcaa cttectgteg ag 22

<210> 27

<211> 21

<212> DNA .
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 27
ttaatgtctt tagcgagacg c 21

<210> 28

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 28
atggctatecg ctgtaggtag c 21

<210> 29

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 29
cgtttacata tcactccett cctagtctet gt 32

<210> 30

<211> 31

<212> DNA

<213> Artificial Sequence

. <220>
<223> Description of Artificial Sequence: Primer

<400> 30
gcattaacct tgactatgte tttagetcca g 31

<210> 31

<211> 28

<212> DNA

<213> Artificial Sequence

<220>



<400> 38 Pro Ser Asp Pro Pro Pro Pro Ala Ser Cys Phe Lys Cys Leu Lys Ser

510 15 dy H's Trp Thr

25 30 SavOoProokie Cys Ala Ay Pro H's Trp Lys Lys Asp CyBCPEPRIIRB072 35 40
<210> 39 <211> 47 <212> PRT <213> RETROVI RUS <220> <221> SITE WO
01/ 70941 PCT/ EP01/ 03272 10 <222> (41) <223> Xaa represents stop codon

<4002288 PsrPpoiohspr @i PYQaPreBeadd yrled Cys Tyr Thr Cys A n Lys Ser
510 15 Gy Hs Trp Ala Lys Gu Cs Pro Gdn Arg Ay Ile Pro Pro Lys Pro 20

45

25 30400AargLPro Il e Cys Val

45
(25)

- Pro Lys Lys Pro Pro Pro Asn Gln Pro Cys Phe Arg Cys Gly Lys Ala

<210> 32

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 32
aggtgagttg aacagtctga ttttta

<210> 33

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 33
gatcctccec actgggttca ccatt

<210> 34

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 34
ggaagtattg gagggtgccec tgcc

<210> 35
<211> 48
<212> PRT
<213> Retrovirus HTLV-1
<400> 35
1 5 10 15

Gly His Trp Ser Arg Asp Cys Thr Gln Pro Arg Pro Pro Pro Gly Pro

20 25 . 30
Cys Pro Leu Cys Gln Asp Pro Thr His Trp Lys Arg Asp Cys Pro Arg
35 40 ' 45
<210> 36
<211> 47
<212> PRT

<213> RETROVIRUS RTVL-H

Gy Pro His Xaa Lys Ser Asp Cys Ser Thr
WPttty <@9akbstqqt cedgatPRT <213> RETROVI RUS <220> <224> SITE
<223> Xaa represents stop codon <220> <221> SITE <222> (41)

26

25

24

35 40
<222>

1

Lys Qu Cs Pro dn Pro Ay Ile Pro Pro Lys Asp 20

1



<223> Xaa represents stop codon <400> 40 Pro Pro Asp Pro Pro Pro Pro Gy
Ala Cys Tyr Thr Cys Trp Lys Ser 1 5 10 15 dy Hs Trp Ala Lys Qu Cys Pro
Xaa Pro &@oi/fm4Pro Pro Lys Pro 20 25 30 Arg Pro Il e Cysp¥eEP@/032Rro Hi s
Xaa Lys Ser Asp Cys Ser Thr 35 40 45 <210> 41 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> Des&ription of Artificial Sequence: Priner
<400> 41 gggaattagt ggaataactc ttttttgttg 30 <210> 42 <211> 27 <212> DNA
<213228ptificial Sequence <220> <223> Description of Artificial Sequence:
Pri mex2l><a@@> 42 catgaaattt ggtgccttga ctcggat 27 WO 01/ 70941

PCT/ €261/ (3272 11 <210> 43 <211> 28 <212> DNA <213> Artificial Sequence
<22092327P3>r eRreEpitst S6PP P tificial Sequence: Prinmer <400> 43

gaga<t4%ggt% gggagaggt a gaggatga 28 <210> 44
Pro Pro Glu Pro Pro Pro Pro Gly Ala Cys Tyr Lys Cys Gln Lys Ser

1 5 10 15

Gly His Trp Ala Lys Glu Xaa Pro Gln Pro Arg Ile Pro Pro Lys Pro
20 . 25 30
Cys Pro Ile Cys Val Gly Pro His Trp Lys Ser Asp Cys Pro Thr
35 : 40 45

<210> 37
<211> 47
<212> PRT

<213> RETROVIRUS RGH-2

<220>

<221> SITE

<222> (41)

<223> Xaa represents stop codon

<400> 37
Pro Pro Glu Pro Ser Pro Pro Gly Ala Cys Tyr Lys Cys Gln Lys Ser
1 5 10 15
Gly His Trp Ala Lys Glu Cys Pro Gln Thr Arg Ile Pro Pro Lys Leu
20 25 30
Tyr Pro Ile Ser Val Gly Pro His Xaa Lys Ser Asp Cys Ser Thr
35 40 45
<210> 38
<211> 47
<212> PRT

<213> RETROVIRUS

<400> 38
Pro Ser Asp Pro Pro Pro Pro Ala Ser Cys Phe Lys Cys Leu Lys Ser
1 5 10 15

Gly His Trp Thr Lys Glu Cys Pro Gln Pro Gly Ile Pro Pro Lys Asp
20 25 30

Ser Pro Ile Cys Ala Gly Pro His Trp Lys Lys Asp Cys Pro Pro
35 40 45

<210> 39

<211> 47

<212> PRT

<213> RETROVIRUS

<220>
<221> SITE



<211> 199 <212> DNA <213> RETROVI RUS <400> 44 cacctatgac ctcaggtcct
cagacgancc agcccaagaa acatctcacc aatttcaaat 60 ccgatcttct cggcctagcg
gct gaagaowO gHDYet gccc gatcgcctcg gaagccccct 120 agaccat cRCT/gpatgergag
ctttgggtaa ctctcacagt ggaagatccc cagccatatg 180 aagacaacct agctggacg '199
<210> 45 <211> 198 <212> DNA <213> REYROVI RUS <400> 45 cacct at gac

ct caggisCls0agacgacca gcccaagaaa catctcacca atttcaaatc 60 cgatcttctc
ggct tagecgra £ irgpagarat g acgctgrecg atcgecctcgg aagcccccta 120 gaccat cacg
gatgccgagc tttgggtaac tctcacagtg gaagatcccc agccatatga 180 agacaaccta
gct ggddy 198 <210> 46 <211> 186 <212> DNA <213> RETROVI RUS <400> 46
t cagficére yakyacdeaguc Eaagaiataatys daccla £rt Gdaatee Sgat cttctcg 60
gctt agcgge tgaagact §a cgctgeccga tcgtct cgga agecccct aga ccat cacgga 120
tgcc tt ggt aactc..t cacaqt agat cccc cat at gaag _acaacctaac 180
ggacy Tob Py o 10 HsT A R S e tRB RS <a005 47
cacctatgac ctcaggtcct cagacgacca gcccaagaaa catctcacca atttcaaatc 60
cgat g¢d ek6 0VQCt{NIEIL:1GL BBRGAGTLhACPCIACCLY al£Aeet B09 aagccecctag 120
accatcacgg asgctgagct ttgggtaact ctcacagtgg aagatcccca gccatatgaa 180
gacaacctag ctggacg 197

<210> 40

<211> 47

<212> PRT

<213> RETROVIRUS

<220>

<221> SITE

<222> (25)

<Z23> Xaa represents stop codon

<220>

<221> SITE

<222> (41)

<223> Xaa represents stop codon

<400> 40
Pro Pro Asp Pro Pro Pro Pro Gly Ala Cys Tyr Thr Cys Trp Lys Ser

1 5 10 15

Gly His Trp Ala Lys Glu Cys Pro Xaa Pro Gly Ile Pro Pro Lys Pro

20 25 30
Arg Pro Ile Cys Val Gly Pro His Xaa Lys Ser Asp Cys Ser Thr
35 40 . 45
<210> 41
<211> 30
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 41
gggaattagt ggaataactc ttttttgttg 30

<210> 42

<211> 27

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 42
catgaaattt ggtgccttga ctcggat 27



<210> 48 <211> 129

12

aatttcaaat 60

RET

<212> DNA <213> RETROVI RUS WD 01/ 70941 PCT/ EP01/ 03272

<400> 48 cggcttagcg gctgaagact gacgctgccc gatcgectcg gaagccccct

agaccat cax060709ggat gccgag cttcgggtaa ctctcacaat ggaagat cCECT/ABCHBRZL g
aagacaacct 120 agctggacg 129
RETROVI RUS

<210> 49 <211> 197

<212> DNA <213>

<400> 49 cacctatgac ctcadgtcct cagaccgacc agcccaagaa acatctcacc

ccgatcttct cggcttagcg gctgaagact gacgctgccc gatcgcectcg
gaageridet &3 120 gaccat cacg gatgccgagc tttgggtaac tctcacagtg gaagatccca
gccat4tlgas® 180 gacaacctag ctggacg 197

<210> 50 <211> 199

<212> DNA <213>

REVIZRUS™™ <400> 50 cacctatgac ctcaggtcct cagaccgaac cagcccaaga aacat ctcac

caat 11'Cadr B6ictadc§2ePER t cggett age ggct gaagac tgacgctgce cgat cgectc

ggaaggegcec 120

t agaccat ca cggatgctga gcttkgggta aytct

cagceahat Igas%ggpti%ﬁga@ %@'95%1&%95 ts%%@é; e]:' 9grimer

T <211>

<400> 43

gagatagctg gggagaggta gaggatga

<210>
<211>
<212>
<213>

44
199
DNA

<400> 44

cacctatgac
ccgatcttet
agaccatcac
aagacaacct

RETROVIRUS

ctcaggtect
cggecctageg
ggatgccgag
agctggacg

<210>
<211> 198
<212> DNA
<213> RETROVIRUS

45

<400> 45

cacctatgac ctcaggtect
cgatcttctc ggcttagegg
gaccatcacg gatgccgage
agacaaccta gctggacg

<210>
<211> 186
<212> DNA
<213> RETROVIRUS

46

<400> 46

tcaggtcctc agacgaccag
gcttagecgge tgaagactga
tgccgagett tgggtaacte
tggacg

<210>
<211>
<212>
<213>

47

197

DNA
RETROVIRUS

<400> 47

cacctatgac ctcaggtect
cgatcttcte ggcttagegg
accatcacgg atgctgagcet
gacaacctag ctggacg
<210> 48

129

<212> DNA

<213> RETROVIRUS .

cagacgancc
gctgaagact
ctttgggtaa

cagacgacca
ctgaagactg
tttgggtaac

cccaagaaac
cgctgcecega
tcacagtgga

cagacgacca
ctgaagactg
ttgggtaact

agcccaagaa
gacgctgecc
ctetcacagt

gcccaagaaa
acgctgcccg
tctcacagtg

atctcaccaa
tcgcectegga
agatccccag

gcccaagaaa
acgctgceccg
ctcacagtgg

acatctcacc
gatcgccteg
ggaagatccc

catctcacca
atcgecectcegg
gaagatcccce

tttcaaatcce
agcccectaga
ccatatgaag

catctcacca
atcgectcgg
aagatcccca

aatttcaaat
gaagcccect
cagccatatg

atttcaaatc
aagccccecta
agccatatga

gatcttctcg
ccatcacgga
acaacctaac

atttcaaatc
aagccectag
gccatatgaa

cacag tggaagatcc

28

60
120
180

199

60

120
180
198

60

120
180
186

60

120
180
197



WO 01/70941

<400> 48

cggcttagcg
ggatgccgag
agctggacg

<210>
<211>
<212>
<213>

49
197
DNA

<400> 49

cacctatgac
ccgatcttct
gaccatcacg
gacaacctag

<210>
<211>
<212>
<213>

50
199
DNA

<400> 50

cacctatgac
tccgatcttce
tagaccatca
. aagacaacct

gctgaagact
cttcgggtaa

RETROVIRUS

ctcaggtcct
cggcttagcg
gatgccgagce
ctggacg

RETROVIRUS

ctcaggtcct
tcggettage
cggatgctga
agctggacyg

gacgctgccce
ctctcacaat

cagaccgacc
gctgaagact
tttgggtaac

cagaccgaac
ggctgaagac
gcttkgggta

12

gatcgectceg
ggaagatccc

agcccaagaa
gacgctgecce
tctcacagtg

cagcccaaga
tgacgctgcece
aytctcacag

gaagccecect
cagccatatg

acatctcacc
gatcgcctcg
gaagatccca

aacatctcac
cgatecgecte
tggaagatce

PCT/EP01/03272

agaccatcac
aagacaacct

aatttcaaat
gaagccccta
gccatatgaa

caatttcaaa
ggaagccccce
cagccatatg

60
120
129

60

120
180
197

60

120
180
199



