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ABSTRACT

MSRV1 VIRUS AND PATHOGENIC AND/OR INFECTIVE AGENT MSRV2
ASSCCIATED WITH MULTIPLE SCLEROSIS AND THETR
NUCLEIC ACID CONSTITUENTS

Compoeition comprising two pPathogenic and/or
infective agents associated with muitiple asclerosis,
namely a first agent which consists of a human virus
possessing reverse transcriptase activity and related to
a family of endogenous retroviral elements, or a variant
¢f said virus, and a second agent, or a variant of said
second agent, these two pathogenic and/or infective
agents originating from the same viral strain chosen from
the astrains designated, respectively, POL-2 deposited
with the ECACC on July 22 1%92 under Accesgion Number
V92072202 and MS7PG deposited with the ECACC on January 8
1993 under Accession Number V93010816, and from their

variant strains.
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Multiple sclerosie (M8) is a demyelinating
disease of the central nervoug System (CNS) the cauge of
which remains as Yet unknown,

Many studies have supported the hypothesis of a

5 viral etiology of the disease, but ncne of the kaown

viruses tested hag Proved to be the causal agent sought;

a review of the viruses sought for geveral Years in MS

has been compiled by E. Norrby (1) and R.T. Johnsgon (2).

Concomitantly, the posgibility of an exogenous

10 and/or infectious factor is Buggested by the existence of

localized epidemics or "clustera" of M5, as have been

observed in the Farco Islands between 1943 and 1960 (3),

in Sardinia (4), in Norway (5), and also by studies on

migrant peopulaticns (6) . Among all the exogenous factorg

15 suggested, viruses have bean most often studied, ang a
viral etiology is traditionally called to mind,

The observation in MS of phenomena which can be
likened to an autoimmunity reaction has led to an "esgen-
tial" autoimmune etiological hypothesig (7 and B). How-

20 ever, this autoimmunity directed against certain compon -
enta of the CNS has been found not to be specific to Mg
and common in inflammation of the CNS, whether or not
associated with an infection (9, 10, 11 and 12). Further-
more, none of the immunosuppressive therapies has enabled

25 decigive results to be obtained against Mg {13). It now
seems likely that the "autoimmune® manifestations are
induced by a mechanism of viral origin: cogengitization
to wviral determinanteg associated with molecules of
cellular origin, phencmena of molecular mimicry (14), or

30 by expression of retroviral superantigens (15).

Some studies have Supported a hypothesis

according to which a retrovirus im at the origin of the
disease: the recent discovery (16) of neurclogical
syndromes associated with the HTLV-I virus, originally
35 known as an adult T-cell leukemia agent, has led many
authors (17, 18, 19, 20, 21, 22, 23) to look for an
involvement of thig human retrovirus in M8, however

without success or with resulta Buggesting cross-

reacticns.
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Recently, a retrovirus different from the known
human retroviruses has been isolated in patients guffer-
ing from MS (24, 25 and 26). The authors were also able
to show that this retrovirus could be transmitted in
vitro, that patients suffering from Mg Produced
antibodies capable of recognizing proteins agsociated
with the infection of leptomeningeal cells by this
retrovirus, and that the expregssgion of the latter could
be strongly stimulated by the immediate-early genes of
some herpesviruges (27).

All these results point to a role in M5 of at
least one unknown retrovirus or of a viruge having reverse
transcriptase activity which is detectable according to
the method published by H. Perren (24) and qualified aa
“LM7-1ike RT" activity. The content of the publication
identified by (24) is incorporated in the present
description by reference,

Recently, the Applicant’'s studies have enabled
two continuous cell lines infected with natural isolates
originating from two different patients suffering from Mg
to be obtained by a culture method as described in the
document WO-A-9320188, the content of which iz incorpor-
ated in the present description by reference. These two
lines, derived from human choroid Plexus cells, desig-
nated LM7PC and PLI-2, were depogited with the ECACC on
July 22 1992 and January 8 1993, respectively, wunder
numbers 92072201 and 93010817, in accordance with the
provisions of the Budapest Treaty. Moreover, the viral
igolates possessing LM7-like RT activity were also
deposited with the ECACC under the overall designation of
"strains". The "strain" or isolate harbored by the PLI-2
line, designated POL-2, was deposited on July 22 1992
under No. V92072202, The "strain" or isolate harbored by
the LM7PC line, designated MS7PG, was depogited@ on
January 8 1993 under No. V93010816.

Starting from the cultures and isolates mentioned
above, characterized by biological and morphological
criteria, the next step was to endeavour to characterize

the nucleic acid material associated with the viral
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particles produced in these cultureg.

Thus, the subjectas of the invention are the
following:

(1) as biological material, the composition
comprising two pathogenic and/or infective agents, in the
isolated or purified state, asgsociated with multiple
sclerosis, namely a firat agent which consists of a human
virus possessing reverse transcriptase activity and
related tc a tamily of endogenous retroviral elements, or
a variant of szaid virus, and a second agent, or a variant
of said second agent, these two pathogenic and/or infec-
tive agents originating from the same viral strain chosen
from the strains designated, respectively, POL-2
deposited with the ECACC on July 22 1992 under Accession
Number V92072202 and MS7PqG deposited with the ECACC on
January § 1993 under Accession Number V93010816, and from
their variant strains,

(ii) as biological material, the composition
comprising two pathogenic and/or infective agents, in the
isolated or purified state, associated with multiple
sclerosis, namely a first agent consisting of a human
virus possessing reverse tranascriptase activity and
related to a family of endogenous retroviral elements, or
a variant of gaid virus, and a second agent, or a variant
of said second agent, these two pathogenic and/or infec-
tive agents being produced by the same cell line chosen
from the lines designated, regpectively, PLI-2 deposited
with the ECACC on July 22 1992 under Accession Number
82072201 and LM7PC deposited with the ECACC on
January 8 1993 under Accession Number 93010817, and by
all infected cell cultures capable of producing at least
one or other of the pathogenic and/or infective agenta,
and/or their variants,

(iii) the composition comprising two pathogenic
and/or infective agents, in the isolated or purified
state, namely a first agent consiating of a wvirus, or a
variant of said virus, whosge genome comprises a
nuclectide segquence chosen from SEQ ID NO1, SEQ ID NO2Z,
SEQ ID NO3, SEQ ID NO4, SEQ ID NO5, SEQ ID NO&,

]
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SEQ ID NO7, SEQ ID No8, SEQ ID NOS, theiyr complementary
Sequences and their equivalent Sequences, in particular
the nucleotide sequences displaying, for any succession
of 100 contiguous monomers, at least 50% and preferably
at least 70% homology with a nucleotide sequence chosen
from SEQ ID NoO1, SEQ ID N0O2, SEQ Ib NO3, SEQ ID NO4,
SEQ ID NO5, SEQ ID NOe&, SEQ ID NO7, SEQ ID NOS,
SEQ ID NO09 and their complementary Bequences, and a
second pathogenic and/or infective agent whose genome
comprises a nucleotide sequence chosen from SEQ ID NO10,
SEQ ID N01I and $EQ ID NQl2, their complementary
sequences and their equivalent 8equences, in particular
the nucleotide sequences displaying, for any succession
of 100 contiguous monomers, at least 70% and Preferably
at least 90% homology with a nucleotide sequence chosen
from SEQ ID N010, SEQ ID NO11, and SEQ ID N012, and their
complementary sequences,

(iv) a method for detecting a first pathogenic
and/or infective agent and/or a second pathogenic and/or
infective agent agsociated with multiple sclerosis,
characterized in that at least one nuclei¢ acid fragment
is employed, namely a first fragment whose nucleotide
sequence comprises a nucleotide sequence chosen from
SEQ ID NO1, SEQ ID NO2Z, SEQ ID NO3, SEQ ID NO4,
SEQ ID NO5, SEQ ID NO6, SEQ ID NO7, SEQ ID NOS,
SEQ ID N09, their complementary sequences and their
equivalent sequences, in particular the nucleotide
sequences displaying, for any succession of 100 con-
tigucus monomers, at least 50% and preferably at least
70% homology with a nucleotide gequence chosen from
SEQ ID NO1, SEQ ID NO2, SEQ ID NO3, SEQ ID NO04,
SEQ ID NO5, SEQ ID NO§&, SEQ ID NO7, SEQ ID NO38,
SEQ ID NC9 and their complementary sequences, and/or a
gecond fragment whose nucleotide sequence comprises a
nuclectide sequence chogen from SEQ ID N010, SEQ ID NO11,
SEQ ID N012, their complementary sequences and their
equivalent sequences, in particular the nucleotide
sequences displaying, for any succession of 100 con-
tiguous monomers, at least 70% and preferably at least
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50% homology with a nucleotide sequence chosen from
SEQ ID NO1lD, SEQ ID NO11, SEQ ID N012 and their
complementary sequences, each of said fragments being, in
particular, a probe,

(v) a diagnostic, prophylactic or therapeutic
compesition, characterized in that it comprises at least
one nucleic acid fragment, namely a firat nucleic acid
fragment whose nucleotide sequence comprises a nucleotide
sequence chosen from SEQ ID NO1, SEQ ID N02, SEQ ID NO3,
SEQ ID NO4, SEQ ID NOS, SEQ ID NO6, SEQ ID NQ7,
SEQ ID NOB8, SEQ ID NO9, their complementary sequences and
the equivalent Bequences, in particular a nucleotide
sequence displaying, for any succession of 100 contiguous
monomers, at least 50% and pPreferably at least 70%
homology with a nuclectide sequence chosen from
SEQ ID NO1, SEQ ID NO2, SEQ Ib NO3, SEQ ID NO4,
SEQ ID NOS5, SEQ ID NOS6, SEQ ID NoO7, SEQ ID NOB8,
SEQ ID N09 and their complementary gsequences, and/or a
second nucleic acid fragment whosme nucleotide sequence
comprises a nucleotide sequence chosen from SEQ ID NQ190,
SEQ ID NO0l1l, SEQ ID N012, their complementary sequencea
and the equivalent sequences, in particular the
nucleotide sequences digplaying, for any succegsion of
100 contiguous monomers, at least 70% and rreferably at
least 90% homology with a nucleotide sequence chosen from
SEQ ID NO1g, SEQ ID NO11, SEQ ID NO12 and their
complementary seguences,

(vi) a method for detecting and/or identifying a
combination of pathological and/or infective agents
associated with multiple sclerocais, in a biological
sample, characterized in that an RNA and/or a DNA
presumed to belong to at least one said pathological
and/or infective agent, and/or their complementary RNA
and/or DNA, is/are brought into contact with a composi-
tion comprising a firat nucleotide fragment and a gecond
nucleotide fragment, the nucleotide sequence of said
first fragment comprising a nucleotide sequence chosen
from SEQ ID NO1, SEQ ID N02, SEQ ID NQ3, BSEQ ID N04,
SEQ ID NOS, SEQ ID NO6, SEQ ID NO7, SEQ ID NOB,
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SEQ ID NOS, their complementary Bequences and their
equivalent sequences, in particular the nucleotide
sequences displaying, for any suc¢cession of 160 con-
tiguous monomers, at least 50% and preferably at least
70% homology with a nucleotide sequence chosen from
SEQ ID NO1, SEQ ID NO2, SEQ ID NO3, SEQ ID NO4,
SEQ ID NOS, SEQ ID NOs, S8EQ ID No7, SEQ ID No8,
SEQ ID N09 and their complementary sequences, and the
nucleotide sequence of said second fragment comprising a
nuclectide sequence chosen from SEQ ID NOl0, SEQ ID NO11,
SEQ ID NQl12, their complementary sequences and their
equivalent gequences, in particular the nucleotide
sequences displaying, for any succeseion of 100 con-
tiguous monomers, at leaat 70% and preferably at least
90% homology with a nuclectide sequence chosen from
SEQ ID NO10, SEQ ID Noll, SEQ ID NCl2 and their comple-
mentary sequences,

(vii} a method for detecting, in a bioclogical
sample, a first pathological and/or infective agent
and/or a second patheclogical and/or infective agent
agsociated with multiple aclerosis, characterized in that
a composition comprising a firat polypeptide partially or
completely encoded by the first nucleotide fragment
defined in (vi), and/or a second polypeptide partially or
completely encoded by the second nucleotide fragment also
defined in (vi), is employed,

{viii) a diagnostic, prophylactic or therapeutic
composition, characterized in that it comprises the firat
polypeptide and/or the second polypeptide which are
defined in (vii) above, or in that it comprises a first
ligand, in particular antibody, specific for said first
polypeptide, and/or a second ligand, in particular
antibody, specific for said second polypeptide,

(ix) a cell line designated PLI-2 ag deposited
with the ECACC on July 22 1952 under Accession Number
92072201, or any derived cell line, or any progeny of
this line, insofar as these lines and progeny are capable
of producing an antibody obtained from gaid PLI-2 line,
°r any other antibody displaying an immunological
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¢rogg-reaction with said antibeody,

(x) a viral strain designated POL-2 ag depeosited
with the ECACC on July 22 1992 under Accesgicn Number
V92072202, or any derived strain, or any Pregeny of this
strain, insofar as these gtraing and Progeny are capable
of producing an antigen obtained from said POL-2 strain,
or any other antigen displaying an immunclogical
cross-reaction with said antigen,

{xi) a cell line designated LM7BC ag deposited
with the ECACC on January 8 1993 under Accession Number
93010817, or any derived cell line, or any Progeny of
thig line, insofar as theae lines and progeny are capahble
of producing an antibody cbtained from gsaid LM7PC line,
or any other antibody displaying an immunological crogs-
reaction with said antibedy,

(xii) a wviral gtrain designated MS7PG as
deposited with the ECACC on January 8 1993 under
Accession Number V53010816, or any derived strain, or any
progeny of this strain, insofar as these strains and
progeny are capable of producing an antigen obtained from
said MS7PG strain, or any other antigen displaying an
immunological cross-reaction with gaid antigen,

{xiii} as biological material, and in the
purified or isolated state, a viral material possesging
reverse transcriptase activity, asaociated with a family
of endogenous retroviral elements and asgpociated with
multiple sclercais, originating £from a wviral strain
possessing reverse transcriptase activity, chosen from
either of the abovementioned gtrains POL-2 and MS7PG, and
the variant strains consisting of viruses comprising at
least one antigen which is recognized by at least one
antibody directed against at least one ceorresponding
antigen of one or other of the viruses of said wviral
strains,

(xiv) as biological material, and in the purified
or isolated state, a viral material possessing reverse
transcriptase activity, associated with a family of

endogenous retroviral elements, associated with multiple
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sclerosig, produced by either of the cell lines PLI-2 and
LM7PC, or by any infected ¢ell culture capable of produc-
ing a virus compriging at least one antigen which is
recognized by at least one antibody directed against at
least one corresponding antigen of cne or other of the
viruses produced by said PLI-2 lines [Bic],

(xv) a viral material, characterized in that itsg
genome comprises a nucleotide sequence chosen from
SEQ ID NO1, SEQ ID NO2, SEQ ID NoO3, SEQ ID NO04,
SEQ ID NOS5, SEQ ID NO6, SEQ ID NO7, SEQ ID NO8,
SEQ ID NO09, their complementary sequences and their
eguivalent sequences, in particular the nucleotide
sequences displaying, for any succession of 100 con-
tiguous moncmers, at least 50% and preferably at least
70% homeclogy with a nucleotide sequence chosen from
SEQ ID NO1, SEQ ID NO2, SEQ ID NO3, SEQ IDP NO4,
SEQ ID NOS5, SEQ ID NOs, SEQ ID NO7, SEQ ID NOS,
SEQ ID N09 and their complementary sequences,

{xvi) a retroviral material agsociated with
multiple sclerosis, characterized in that the pel gene of
its genome comprises an equivalent nucleotide sequence,
and in particular one displaying at least 50% homelegy,
preferably at least 65%, with a nucleotide sequence
belonging to the pel gene of the ERV-9 or HSERV-9
retrovirus genome,

(xvil) a retroviral material asgociated with
multiple sclerosis, characterized in that the pol gene of
its genome codes for a peptide Bequence diaplaying at
least 50% and preferably at least 70% homology with a
peptide sequence encoded by the pol gene of the ERV-9% or
HSERV-5 retrovirus genome,

(xviii) a retroviral material associated with
multiple sclerogis, characterized in that the pol gene of
its genome codes for a peptide seguence digplayving, for
any contiguous succession of at least 30 amino acids, at
least 50% and preferably at least 70% homolegy with a
peptide sequence encoded by a nuclectide sequence chosen
from SEQ ID NOl1, SEQ ID NoO2, SEQ ID N03, SEQ ID No04,
SEQ ID NOS5, SEQ ID NOs&, SEQ ID NO7, SEQ ID NOS8,
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SEQ ID NOY9 and their complementary sequencesg,

(xix) a nucleotide fragment whose nucleotide
sequence comprises a nucleotide sequence chosen from
SEQ ID NO1, SEQ ID NO2, SEQ ID NO3, SEQ ID ND4,
SEQ ID NOS, SEQ ID NO6, SEQ ID NO7, SEQ ID NO8,
SEQ ID N0O9, their complementary sequences and their
equivalent sequences, in particular the nucleotide
sequences diasplaying, for any succesgsion of 100 con-
tigucus monomers, at least 50% and preferably at least
70% homology with a sequence chosen from SEQ ID NO1,
SEQ ID NO2, SEQ ID NO3, SEQ ID N04, SEQ ID NOS,
SEQ ID NOE, SEQ ID NO7, SEQ ID NOB, SEQ ID NO9 and their
complementary sequences,

(xx) a specific primer for the amplification by
polymerization of an RNA or DNA of a viral material
described above, characterized in that it compriges a
nuclectide sequence identical or equivalent to at least
part of the nucleotide segquence of a fragment described
in (xix), in particular a nuclectide sequence displaying,
for any succession of 10 contiguous monomers, at least
70% homology with at least part of said fragment; a
preferential primer of the invention compriges a
nucleotide sequence chogen from SEQ ID N016, SEQ ID NO17,
SEQ ID NO1l18, SEQ ID NO19, SEQ ID NO20, SEQ ID NO21,
SEQ ID NO022, SEQ ID N023, SEQ ID NO24, SEQ ID NO25,
SEQ ID NC26, SEQ ID N031l, SEQ ID N032, SEQ ID N033 and
their complementary sequences,

(xxi) a probe capable of specifically hybridizing
with an RNA or DNA of a viral material described above,
characterized in that it comprises a nucleotide sequence
identical or equivalent to at least part of the
nuclectide sequence of a fragment described in (xix), in
particular a nucleotide sequence disgplaying, for any
succesgion of 10 contiguous momomers, at least 70%
homology with at least part of said fragment; a preferen-
tial probe according to the invention comprises a
nuclectide sequence chosen from SEQ ID N03, SEQ ID NO4,
SEQ ID NOS5, SEQ ID NOSE, SEQ ID NO7, SEQ ID NO1s,
SEQ ID NO17, SEQ ID NO18, SEQ ID NO19, SEQ ID NO20,
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SEQ ID NO21, SEQ ID NOD22, SEQ ID NO23, SEQ ID N024,
SEQ ID NO25, SEQ ID NO26, SEQ ID NO31, SEQ ID N(32,
SEQ ID N033, and their complementary sequences,

(xxii) the use of a probe described in (xxi) or
primer described in (xx) for detecting, separating or
identifying, in a bioclogical sample, a viral material
defined above,

(xxiii) @& method for detecting, separating or
identifying, in a biological sample, the viral material
defined above, characterized in that an RNA and/or a DNA
presumed to belong to said virus, and/or their comple-
mentary DNA and/or RNA, is/are brought into contact with
at least one probe described in (xxi); according to an
advantageous embodiment, before the RNA and/or DNA or
their complementary DNA and/or RNA ig/are brought into
contact with the probe, said RNA and/or said DNA is/are
hybridized with at least one amplification primer
described in (xx), and said RNA and/or DNA is/are
amplified,

(xxiv) a method for quantifying, in a biological
sample, the expression of a viral material, defined
above, agsociated with multiple sclerosis, characterized
in that an RNA and/or a DNA specific to said virus,
and/or their complementary DNA and/or RNA, is/are brought
into contact with at least one prcbe deacribed in (xxi) ,
amplification is carried out where appropriate and said
RNA and/or DNA is/are detected,

(xxv} as biclogical material, and in the isolated
or purified state, a pathogenic and/or infective agent
different from the viral material according to (xiii), or
(xiv) or (xv) or (xvi) or (xvii) or (xix), associated
with multiple sclercosis, originating from either of the
abovementioned wviral strains POL-2 and MS7P@, and the
variant strains consisting of pathogenic and/or infective
agents comprising at least one antigen which is recog-
nized by at leaat one antibody directed againet at least
one correspeonding antigen of one or other of the
pathogenic and/or infective agents of said viral gtrains,

the agents being different, respectively, from either
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viral material of said strains,

(xxvi} as blological material, and in the iso-
lated or purified state, a pathogenic and/or infective
agent different from the viral material according to
(xiii), or (xiv) or (xv) or (xvi) or (xvii) or (xix),
appociated with multiple sclercsis, produced by either of
the abovementioned cell lines PLI-2 and LM7PC, and all
infected cell cultures capable of producing a pathogenic
and/or infective agent comprising at least one antigen
which is recognized by at least one antibody directed
against at least one cerresponding antigen of one or
other of the pathogenic and/or infective agents produced
by said PLI-2 and IM7PC lines, the agenta being, respect-
ively, different from either viral material of said
strains,

(xxvii) a pathogenic and/or infective agent,
characterized in that it comprises a nucleic acid com-
prising a nucleotide sequence chosen from SEQ ID N0O10,
SEQ ID NOl1li, SEQ ID N012, their complementary sequences
and their equivalent sequences, in particular the
nucleotide sequences displaying at least 70% and
preferably at least 9%0% homology with a nucleotide
sequence comprising a sequence chosen from SEQ ID NO10,
SEQ ID NG11, SEQ ID NOi2 and their complementary
gequences,

{xxviii) a nucleotide fragment, characterized in
that it comprises a nucleotide sequence cheosen from
SEQ ID NO10, SEQ ID NC0ll1l, SEQ ID N012, their comple-
mentary sequences and their eguivalent sequences, in
particular the nucleotide sequences displaying, for any
succesgsion of 100 contiguousg monomers, at leaat 70% and
preferably at least $50% homology with a sequence chosen
from SEQ ID NQ10, SEQ ID NO1l1l, SEQ ID N012 and their
complementary sequences,

{xxix) a specific primer for the amplification by
polymerization of an RNA or DNA of a pathogenic and/or
infective agent defined in {(xxv), or [(xxvi) or (xxvii),
characterized in that it comprises a nucleotide sequence
identical or equivalent to at least part of the
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nucleotide sequence of a fragment described in {xxviii),
in particular a nucleotide sequence displaying, for any
guccession of 10 contiguous monomers, at least 90%
homology with at least part of said fragment; a preferen-
tial primer according to the invention comprigses a
nucleotide sequence chosen from SEQ ID N01l3, SEQ ID NO14,
SEQ ID NO15, SEQ ID NOG27, SEQ ID NO28, SEQ ID NO029,
SEQ ID N030, SEQ ID NO34, SEQ ID NO035, SEQ ID NO3s,
SEQ ID N037 and their complementary sequences,

(xxx} a probe capable of specifically hybridizing
with an RNA or DNA of a pathogenic and/or infective agent
defined in (xxv), or (xxvi) or (xxvii), characterized in
that it comprises a nucleotide sequence identical or
equivalent to at leaest part of the nucleotide sequence of
a fragment described in (xxviii), in particular a
nucleotide sequence displaying, for any succession of 10
gontiguous monomers, at least 90% homology with at least
part of said fragment; a preferential probe according to
the invention comprises a nucleotide sequence chosen from
SEQ ID NO1Q, SEQ ID NO11, SEQ ID NO13, SEQ ID NO14,
SEQ ID NO15, SEQ ID NO027, SEQ ID NoO28, SEQ ID NO029,
SEQ ID NO30, SEQ ID NO034, SEQ ID NO035, SEQ ID NO03s6,
SEQ ID N037 and their complementary segquences,

(xxxi) the use of a probe described in (xxx)
and/or a primer described in (xxix) for detecting and/or
identifying, in a bioleogical sample, a pathological
and/or infective agent defined in (xxv), or (xxvi) or
(xxvii},

{xxxii) a methed for detecting, separating or
identifying, in a biological gample, the pathogenic
and/or infective agent defined in (xxv), or (xxvi) or
(xxvii), characterized in that an RNA and/or a DNA
presumed to belong to said agent, and/or their comple-
mentary DNA and/or RNA, is/are brought into contact with
at least one probe described in (xxx); according to an
advantageous embodiment, before the RNA and/or DNA or
their complementary DNA and/or RNA is/are brought into
contact with the probe, said RNA and/or said DNA is/are

hybridized with at least one amplification primer
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described in (xxxi), and said RNA and/or DNA is/are
amplified,

{xxxiii) a method for quantifying in a bioleogical
sample, the expression of an infective and/or pathogenic
agent, defined in (xxv), or (xxvi) or (xxvii), associated
with multiple sclerosis, characterized in that an RNA
and/or a DNA specific to said agent, and/or their comple-
mentary DNA and/or RMA, is/are brought into contact with
at least one probe described in (xxx), and said RNA
and/or DNA is/are amplified,

(xxxiv) a diagnostic, prophylactic or therapeutic
compeosition, in particular for inhibiting the expression
of at least one pathogenic and/or infeative agent associ-
ated with multiple sclerosis, characterized in that it
comprises at least one probe described in (xxi) or one
probe described in (xxx), and/or at least one primer
described in (xx) or one primer described in (xxix),

(xxxv} an RNA or DNA, and in particular repli-
cation vector, comprising a fragment described in (xix)
or fragment deascribed in (xxviii),

(xxxvi) a polypeptide having at least 5 and
preferably 10 aminoc acids, encoded by any nucleotide
sequence of the genome of a virus asscciated with
multiple sclerosgis, characterized in that it is encoded
by at least part of a nucleotide fragment described in
{xix) or a fragment described in (xxviii),

(xxxvii) a diagnostic and/or therapeutic and/or
prophylactic composition, characterized in that it
comprises at least one polypeptide defined in (xxxvi), or
in that it comprises a ligand, in particular antibody,
specific for at least ome said polypeptide, [sic]

Before describing the invention in detail,
different terms used in the description and the claims
are now defined:

- Btrain or isclate is understood to mean any
infective and/eor pathegenic biological fraction contain-
ing, for example, viruses and/or bacteria and/or para-
sites and generating pathogenic¢ and/or antigenic power,
harbored by a culture or a living host; as an example, a
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viral strain according to the above definitien can
contain a coinfective agent, for example a pathogenic
protist,

- the term "MSRV' used in the present description
denotes any pathogenic and/or infective agent associated
with multiple sclerosis, in particular a viral species,
the attenuated strains of said viral species or the
defective-interfering particles derived frem thig ape-
ciea. Viruses, and especially viruses containing RNA, are
known to have a variability resulting, in particular,
from relatively high rates of spontanecus mutation (28),
which will be borne in mind below for defining the notion
of equivalence,

- human viruses are understood to mean a virus
capable of infecting human beings,

- in view of all the natural or induced vari-
ations which may be encountered when implementing the
present invention, the subjects of the latter, defined
above and in the claims, have been expressed including
the equivalents or derivatives of the different biologi-
cal materials defined below, in particular of the
homologous nucleotide or peptide sequences,

- the variant of a virus or of a pathogenic and/
or infective agent according to the invention compriges
at least one antigen recognized by at least one antibody
directed againat at least one corresponding antigen of
said virus and/or said pathogenic and/or infective agent,
and/or a genome any part of which is detected by at leaat
one hybridization probe and/or at least one nucleoctide
amplification primer specifie¢ for said wvirus and/or
pathogenic and/or infective agent, such as, for example,
the primers having a nucleotide seguence chosen from
SEQ ID NO13 through SEQ ID N038, and their complementary
sequences, under particular hybridization conditions well
known to a person skilled in the art,

- according to the invention, a nucleotide
fragment or an oligonucleotide or polynucleotide is an
arrangement of monomers, or a biopolymer, characterized

by the informational sequence of the natural nucleic




v

10

15

20

25

30

35

- 15 -

acide, which are capable of hybridizing with any other
nucleoctide fragment under predetermined conditions, it
being possible for the arrangement to contain monomers of
different chemical structures and to be obtained from a
molecule of natural nucleic acid and/or by genetic
recombination and/or by c¢hemical synthesis,

- thus, a monomer can be a natural nucleotide of
nucleic acid whoge constituent elements are a sugar, a
phosphate group and a nitrogenous base; in RNA the sugar
is ribose, in DNA the sugar is 2-deoxyribose; depending
on whether the nucleic acid is DNA or RNA, the nitrogen-
ous base is chosen from adenine, guanine, wuracil,
cytosine and thymine; or the nucleotide can bhe modified
in at least one of the three constituent elements; as an
example, the medification can occur in the bases, gener-
ating modified bases such as inosine, 5-methyldeoxy-
eytidine, deoxyuridine, 5-(dimethylamino)deoxyuridine,
2,6-diamincpurine, 5-bromedeoxyuridine and any other
modified base promoting hybridization; in the sugar, the
modification can consist of the replacement of at least
one deoxyribose by a polyamide (28), and in the phosphate
group, the modification can consist of its replacement by
esters chosen, in particular, from diphosphate, alkyl-
and arylphosphonate and phosphorothiocate esters,

- "informational sequence" ig understood to mean
any ordered succeesion of monomers whose chemical nature
and order in a reference direction constitute or other-
wigse an item of functional informatiom of the same
quality as that of the natural nucleic acids,

- hybridization is understood to mean the process
during which, under suitable working conditions, two
nuclectide fragments having sufficiently complementary
sequences pair to form a complex structure, in particular
double or triple, preferably in the form of a helix,

- a probe comprises a nucleotide fragment syn-
thegized chemically or obtained by digestion or enzymatic
cleavage of a longer nucleotide fragment, comprising at
least six monomers, advantageously from 10 to 100 mono-

mers and preferably 10 to 30 menomers, and possessing a
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specificity of hybridization under particular conditions;
preferably, a probe possessing fewer than 10 monomers is
not used alone, but used in the presence of other probeg
of equally short gize or otherwise; under certain gpecial
conditions, it may be useful to use probes of size
greater than 100 menomers; a probe may be uged, in
particular, for diagnostic purposes, such molecules
being, for example, capture and/or detection probes,

- the capture probe may be immobilized on a molid
support by any suitable means, that is to say directly or
indirectly, for example by covalent bonding or passaive
adsorption,

- the detection probe may be labeled by means of
a label chosen, in particular, from radicactive isotopes,
enzymes chosen, in particular, from peroxidase and
alkaline phoszphatase and those capable of hydrolyzing a
chromogenie, fluorogenic or luminescent substrate,
chromophoric chemical cempounds, chremogenic, fluorogenic
or luminescent compoundz, nucleotide base analogs and
biotin,

- the probes used for diagnostic purposes of the
invention may be employed in all known hybridization
techniques, and im particular the techniques termed "DQT-
BLOT" (30), "SOUTHERN BLOT" (31), "NORTHERN BLOT", which
ie a technique identical tc the "SOUTHERN BLOT" technique
but which uses RNA as target, and the SANDWICH technique
(32); advantageously, the SANDWICH technique is used in
the present invention, comprising a specific capture
probe and/or a specific detection probe, on the under-
gtanding that the capture probe and the detection probe
must posseas an at least partially different nucleotide
sequence,

- the invention also covers a probe capable of
hybridizing in vivo or in vitrc with RNA and/or with DNA
in order to block the phenomena of replication, in
particular translation and/or transcription, and/or to
degrade said DNA and/cr RNA,

- a primer is a probe comprising at least gix

monomers, and advantageously from 10 to 30 monomers,
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pPossessing a specificity of hybridization under particu-
lar conditions for the initiation of an enzymatic
polymerization, for example in an amplification technique
Buch as PCR {Polymerase Chain Reaction), in an elongation
process such as sequencing, in a method of reverse
transcription or the like,

- two nucleotide or peptide seguenceg are termed
equivalent or derived with respect to one another, or
with respect to a reference sequence, if functionally the
corresponding biopolymergs can perform substantially the
same rdle, without being identical, as regards the
applicaticn or use in question, or in the technique in
which they participate; two sequences are, in partienlar,
equivalent if they are obtained as a result of natural
variability, in particular gpontaneous mutation of the
species from which they have been identified, or induced
variability, aas are homologous sequences, homology being
defined below,

- variability is understood tec mean any sponta-
neous or induced modification of a sequence, in par-
ticular by substitution and/or insertion and/or deletion
of nucleotides and/or of nuclectide fragments, and/er
extension and/or shortening of the gequence at one or
both ends; an unmatural variabkility can result from the
genetic engineering techniques used, for example the
choice of synthesis primers, degenerate or otherwise,
gselected for amplifying a nucleic acid: this variability
can manifest itself in modifications of any starting
sequence, considered as reference, and capable of being
expressed by a degree of homology relative to said
reference sequence,

- homology characterizes the degree of identity
of two nucleotide or peptide fragments compared; it is
measured by the percentage identity which is determined,
in particular, by direct comparison of nucleotide or
peptide sequences, relative to reference nucleotide or
peptide sequences,

- this percentage identity has been specifically

determined for the nucleotide fragments dealt with in the
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present invention which are homologous with the fragments
identified by SEQ ID KOl through N0% (MSRV-1) on the one
hand, and those which are homologous with the fragments
identified by SEQ ID NC10 through NO12 (MSRV-2) on the
other hand, as well as for the probes and primers
homologous with the probes and primers identified by
SEQ ID NO16 through N026 and SEQ ID NO31 through N033 on
the one hand, and with the probes and primers identified
by SEQ ID N013 through N015, SEQ ID N027 through
SEQ ID NO30 and SEQ ID N034 through N037 on the other
hand; as an example, the smallest percentage identity
observed between the different general consensus
sequences of nucleic acids obtained from fragments of
MSRV-1 wviral RNA, originating from the LM7PC and PLI-2
lines according to a protocol detailed later, is 67% in
the region described in Figure 2,

- any nuecleotide fragment is termed equivalent
[lacuna] or derived from a reference fragment if it
possesses a nucleotide sequence equivalent to the refer-
ence gequence; according to the above definition, the
following in particular are equivalent to a reference
nucleotide fragment:

a} any fragment capable of hybridizing at least
partially with the complement of the reference fragment

b) any fragment whoze alignment with the refer-
ence fragment results in the demonstration aof a larger
number of identical contiguous bases than with any other
fragment originating from another taxonemic group

c) any fragment resulting, or capable of result-
ing, from the pnatural variability of the species from
which it is obtained

d} any fragment capable of resulting from the
genetic engineering technigques applied to the reference
fragment

e) any fragment containing at least eight con-
tiguous nuclectides encoding a peptide which is
homologous with or identical to the peptide encoded by
the reference fragment,

£) any £fragment which is different from the
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reference fragment by insertion, deletion or substitution
of at least one monomer, or extension or shertening at
one or both of its ends; for example, any fragment
corresponding to the reference fragment flanked at one or
both of its ends by a nuclectide segquence not coding for
a polypeptide,

- polypeptide is understoed to mean, in particu-
lar, any peptide of at least two amino acids, in particu-
lar an oligopeptide or protein, extracted, gseparated or
subgtantially iasoclated or synthesized through human
intervention, in particular those obtained by chemical
synthesis or by expression in a recombinant organism,

- polypeptide partially encoded by a nuclectide
fragment is understood to mean a polypeptide possessing
at least 3 amino acids encoded by at least 9 contiguous
monomers included in said nucleotide fragment,

- an amino acid is termed analogous to another
amino acid when their respective physicochemical prop-
erties, such as polarity, hydrophobicity and/or basgicity
and/or acidity and/or neutrality are substantially the
same; thus, a leucine is analogous to an isoleucine.

- any polypeptide is termed equivalent [lacuna]
or derived from a reference polypeptide if the
polypeptides compared have subetantially the same prop-
erties, and in particular the same antigenic¢, immunologi-
cal, enzymelogical and/or molecular recognition Prop-
erties; the following in particular are equivalent to a
reference polypeptide:

a) any polypeptide possessing a sequence in which
at least one aminc acid has been replaced by an analogous
amino acid,

b} any polypeptide having an equivalent reptide
sequence, obtained by natural or induced variation of
said reference polypeptide and/or of the nucleotide
fragment coding for said polypeptide,

c) a mimotope of said reference polypeptide,

d) any polypeptide in whose sequence one or more
amino acids of the L series are replaced by an amino acid

of the D series, and vice versza,
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e) any polypeptide into whose sequence a modification of the side
chains of the amino acids has been introduced, such as, for example, an
acetylation of the amine functions, a carboxylation of the thiol functions, an
esterification of the carboxyl functions,

f) any polypeptide in whose sequence one or more peptide bonds have
been modified, such as, for example, carba, retro, inverso, retro-inverso, reduced
and methylenoxy bonds,

Q) any polypeptide at least one antigen of which is recognized by an
antigen of the reference polypeptide,

- the percentage identity characterizing the homology of two peptide
fragments compared is, according to the present invention, at least 50% and
preferably at least 70%.

In view of the fact that a virus possessing reverse transcriptase enzymatic
activity may be genetically characterized equally well in RNA and in DNA form,
both the viral DNA and RNA will be referred to for characterizing the sequences

relating to a virus possessing such reverse transcriptase activity (MSRV-1).

In view of the fact that the pathogenic and/or infective agent (MSRV)-2 [sic]
has been detected hoth in DNA and in RNA in infected cells, it may also be
characterized in DNA or RNA form,

The expressions of order used in the present description and the claims,
such as “first nuclectide sequence”, are not adopted so as to express a particular
order, but so a to define the invention more clearly.

In order to further clarify the invention described, the following summarise
the various aspects of the invention:

method for detecting a first pathogenic and/or infective agent and/or a

second pathogenic andfor infective agent associated with multiple sclerosis,
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characterized in that at least one nucleic acid fragment is smpioyed, namely a first
garment whose nucleotide sequence comprises a nucleotide sequence chosen
from SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQID NO: 5,
SEQID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, their complimentary
sequences and their equivalent sequences, in particular the nucleotide sequences
displaying, for any succession of 100 contiguous monomers, at least 50% and
preferably at least 70% homology with a nucleotide sequence chosen from SEQ
ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, S8EQ ID NO: 4, SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ (D NO: 9 and their complimentary
sequences and/or a second fragment whose nucleotide sequence comprises a
nucleotide sequence chosen from SEQ ID NQO: 10, SEQ ID NO; 11, SEQ ID NO:
12, their complimentary sequences and their equivalent sequences, in particular
the nucleotide sequences displaying, for any succession of 100 contiguous
monomers, at least 70% and preferably at least 90% homology with a nucleotide
sequence chosen from SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and their
complementary sequences, each of said fragments being, in particular, a prabe,
said second fragment being different from the following sequence
CGCTGAAAGCC TATCGCGTGC AGTTGCCGGA TGCCGCCTAT AGCCTC, and
fragments thereof;

- diagnostic, prophylactic or therapeutic composition, characterized in that it
comprises at least one nucleic acid fragment, namely a first nucleic acid fragment
whose nucleotide sequence comprises a nuclectide sequence chose from SEQ ID
NO: 1, SEQ ID NO: 2, SEQ [D NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO:
6, SEQ ID NO: 7, SEQ ID NOQ: 8, SEQ ID NO: 9, their complementary sequences
and their equivalent sequences, in particular the nucleotide sequences displaying,
for any succession of 100 contiguous monomers, at least 50% and preferably at
least 70% homology with a nucleotide sequence chosen from SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3, SEQ ID NQ: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ D
NO: 7, SEQ ID NC: 8, SEQ ID NO: 9 and their complementary sequences, said
first garment being different from ERV-9 or HSERV-9 sequences, and/or a second
nucleic acid fragment whose nucleotide sequence comprises a nucleotide
sequence chosen from SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, their
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complementary sequences and their equivalent sequences, in paricular the
nucleotide sequences displaying, for any succession of 100 contiguous
monomers, at least 70% and preferably at least 90% homology with a nucleotide
sequence chosen from SEQ 1D NO: 10, SEQ ID NQ: 11, SEQ ID NO: 12 and their
complementary sequences, said second fragment being different from the
following  sequence CGCTGAAGCC  TATCGCGTGC  AGTTGCCGGA
TGCCGCCTAT AGCCTC, and fragments thereof;

- method for detecting andfor identifying a combinations of pathological
and/or infective agents associated with multiple sclerosis, in a biological sample,
characterized in that an RNA and/or a DNA presumed to belong to at least one
said pathological and/or infective agent, and/or their complementary RNA and/or
DNA, is/are brought into contact with a composition comprising a first nucleotide
fragment and a second nucleotide fragment, the nucleotide sequence of said first
fragment comprising a nuclectide sequence chosen from SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ iD NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO:
7, BEQ ID NO: 8, SEQ ID NO: 9, their complementary sequences and their
equivalent sequences, in particular the nucleotide sequences displaying, for any
succession of 100 contiguous monomers, at least 50% and preferably at least
70% homology with a nucleotide sequence chosen from SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO:
7, SEQ ID NO: 8, SEQ ID NO: ¢ and their complementary sequences, and the
nucleotide sequence of said second fragment comprising a nucleotide sequence
chosen from SEQ ID NO: 10, SEQ ID NC: 11, SEQ ID NO: 12, their
complementary sequences and their equivalent sequences, in particular the
nucleotide sequences displaying, for any succession of 100 contiguous
monomers, at least 70% and preferably at least 90% homology with a nucleotide
sequence chosen from SEQ D NQ: 10, SEQ ID NO: 11, SEQ ID NO: 12 and their
complementary sequences;

- viral material, characterized in that its genome comprises a nucleotide
sequence chosen from SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ 1D NO:
4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NC: 8, SEQ ID NO: 9,
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their complementary sequences and their equivalent sequences, in particular the
nucleotide sequences displaying, for any succession of 100 contiguous
monomers, at least 50% and preferably at least 70% homology with a nucleotide
sequence chosen from SEQ ID NO: 1, SEQ 1D NO: 2, SEQ ID NO: 3, SEQ ID NO:

5 4, SEQID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9
and their complementary sequences, sald viral material being different from ERV-
9 or HSERV-5;

- retroviral material associated with multiple sclerosis, characterized in that
the po!/ gene of its genome comprises and equivalent nucleotide sequence, and in
10 particular one displaying at least 50% homology, preferably at least 65%
homology, with a nucleotide sequence belonging to the po! gene of the ERV-9 or

HSERV-9 retrovirus genome;

cene - retroviral material associated with multiple sclerosis, characterized in that
the pol genome cf its genome codes for a peptide sequence displaying at least

16 50% and preferably at least 70% homolegy with a peptide sequence encoded by
the pol gene of the ERV-9 or HSERV-@ retrovirus genome;

e - retroviral material associated with multiple sclerosis, characterized in that
the pol gene of its genome codes for a peptide sequence displaying, for any
contiguous succession of at least 30 amino acids, at least 50% and preferably at

2220, 20 least 70% homology with a peptide sequence encoded by a nucleotide sequence

St chosen from SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NQ: 3, SEQ ID NO: 4, SEQ

ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: ¢ and their

complementary sequences;

. e - nucleotide fragment whose nucleotide sequence comprises a nucleotide

25 sequence chosen from SEQ ID NO: 1, SEQ 1D NO: 2, SEQ ID NO: 3, SEQ ID NO:
4, SEQ ID NQ: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ 1D NO: 9,
their complementary sequences and their equivalent sequences, in particular the
nuclectide sequences displaying, for any succession of 100 contiguous
monomers, at least 50% and preferably at least 70% homology with a sequence
chosen from SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, 8EQ
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ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9 and their
complementary sequences, said fragment being different from ERV-9 or HSERV-9

sequences,;

- pathogenic and/or infective agent, characterized in that it comprises a

5 nucleic acid comprising a nucleotide sequence chosen from SEQ ID NO: 10, SEQ
D NO: 11, SEQ ID NO: 12, their complementary sequences and their equivalent
sequences, in particular the nucleotide sequences displaying at least 70% and
preferably at least 90% homology with a nucleotide sequence comprising a
sequence chosen from SEQ ID NO: 10, SEQ D NO: 11, SEQ ID NO: 12 and their

10 complementary sequences, said second fragment being different from the
following  sequence  CGCTGAAGCC TATCGCGTGC  AGTTGCCGGA
TGCCGCCTAT AGCCTC and from fragments thereof;

cros - nucleotide fragment, characterized in that it comprises a nucleotide

sequence chose from SEQ (D NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, their

‘15 complementary sequences and their equivalent sequences, in particular the

nucleotide sequences displaying, for any succession of 100 contiguous

monomers, at least 70% and preferably at least 90% homology with a sequence

< chosen from SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and their

complementary sequences, said second fragment being different from the

20 following sequence CGCTGAAGCC TATCGCGTGC AGTTGCCGGA
TGCCGCCTAT AGCCTC and from fragments thereof;

=y e
rewy

A better understanding of the invention will be gained on reading the

s e detailed description which follows, prepared with reference to the attached figures,

U in which:

teet 25 . Figure 1 shows the MSRV-2A type sequence obtained from LM7
cultures according to the protocol of Shih (33); this sequence is identified under

the reference SEQ ID NO10,

Figure 2 shows general consensus sequences of nucleic acids of the

MSRV-1B sequences amplified by the
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PCR technique in the "pol" region, from viral DNA orig-
inating from the LM7PC and PLI-2 lines, identified under
the references SEQ ID N03, BSEQ ID N04, SEQ ID NO5 and
SEQ ID N06, and the common consensus with amplification
primers bearing the reference SEQ ID NO7,

- Figure 3 shows the phylogenetic tree of the
MSRV-1B type sequences obtained by PCR in the "pol"
regicn defined by shih (33},

- Figure 4 gives the definition of a functional
reading frame for each MSRV-1B/"PFCR pol" type family,
said families A through D being defined, respectively, by
the nucleotide gequences SEQ ID NO3, S8EQ ID NO4,
SEQ ID NOS and SEQ ID N06 described ip FPigure 2,

- Figure 5 gives an example of consensus of the
MSRV-2B sequences, identified by SEQ ID NO11,

- Figure 6 is a repregentation of the reverse
transcriptage (RT) activity in dpm {disintegrations per
minute) in the sucrose fractions taken from a purifica-
tion gradient of the virions produced by the B
lymphoeytes in culture from a patient suffering from Mg,

- Figure 7 gives, under the same conditions as in
Figure 6, the assay of the reverse transcriptase activity
in the culture of a B lymphocyte line obtained from a
control free from multiple sclerosig,

- Pigure 8 phows the nucleotide sequence of the
clone PSJ17 (SEQ ID N09)

- Figure % shows the nucleotide sequence
SEQ ID N08 of the clone designated M0Q3-pP0O0O4,

- Figure 10 shows the nucleotide segquence
SEQ ID N02 of the clone Fll-1; the portion located
between two arrows in the region of the primer corre-
sponds to a variability imposed by the choice of Primer
which was used for the cloning of Fll-1; in this same
figure, the translation into amino acids is shown,

- Figure 11 shows the nuclectide sequence
SEQ ID NC1l, and a possible functional reading frame of
SEQ ID NOl in terms of amino acids; on this sequence, the
consensus sequences of the retroviral reverse transcrip-

tases are underlined,
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- Figure 12 shows the nuclectide sequence
SEQ ID N012 of the clone designated MSRV2EL1,

- Figure 13, separated into three successive
plates 13/18 to 15/18, shows the translation into amino
acids of SEQ ID N012, ipcluding the primer SEQ ID NOQ13,
according to 6 possible reading frames,

- Figure 14 pregents an alignment of the MSRV2-A
sequence (SEQ ID N010) with the MSRV2-EL1 sequence
{SEQ ID N012); in this same diagram, the hybridization
region of the primer identified under the reference
SEQ ID NC13 (apart from the ¢loning tail) is boxed; that
of the primer identified under the reference SEQ ID NO14
ig indicated between square brackets,

- Figure 15 gives the results of a PCR, in the
form of a photograph under ultraviolet light of an
ethidium bromide-impregnated agarose gel, of the amplifi-
cation products obtained from the primers identified by
SEQ ID N014 and SEQ ID NO15,

- Figures 16 and 17 give the results of a PCR, in
the form of a photograph under ultraviolet light of an
ethidium bromide-impregnated agarose gel, of the amplifi-
cation products obtained from the primers identified by
SEQ ID N016, SEQ ID NO0O17, SEQ ID NO018 and SEQ ID NO1S.

- Figure 18 gives a representation in matrix form
of the homclogy between SEQ ID MOl of MSRV-1 and that of
an endogenous retrovirus designated HSERVY; this homology
of at least 65% is demonstrated by a continuous line, the

absence of a line meaning a homology of less than 65%.

EXAMPLE 1: OBTAINING MSRV-2 CLONES DESIGNATED
MSRV-2A, BY AMPLIFICATION OF THE CONSERVED REGIONS OF THE
GENES FOR RNA-DEPENDENT DNA FOLYMERASES ON A PREPARATION
OF INFECTIVE AGENT PURIFIED FROM LM7 LINE CELL CULTURE

The molecular approach consisted in using a PCR
technique (33) which makes it possible to amplify a
relatively conserved regicn of the pol gene of exogenous
and endogenous retroviruses, but also of viruses coding
for an enzyme having reverse trangeriptase (RT) activity,

such as, in particular, the hepatitis B virus, and,
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implicitly, of any gene for RNA-dependent DNA polymerage
or for an enzyme, displaying sufficient Segquence
homolocgies in the regions defined by the amplification
primers used. This PCR technique was used on the nucleic
acids extracted from a purified preparation of infective
agent, obtained according te the protocol (34) from
supernatants of the original LM7 culture {24) which wera
kept frozen at -80°C since that time. The fractions
containing the peak of LM7-like RT activity are taken up
in one volume of a buffer containing guanidine
thiccyanate (35), and are stored at -80°C until the
nucleic¢ acide are extracted accerding to the technique
described by P.Chomzynski (35).

Prior to the PCR reaction, the RNA of the sample
wags transcribed into complementary DNA (cDNA) with so-
called "random" primers (mixed hexanucleotides) uging the
"cDNA synthesis system plus" kit (Amersham) according to
the manufacturer’s instructions, and on the basis of an
approximate value, to the nearest log factor, of the
amount of RNA presgent in the sample.

The DNA cbtained after PCR amplification of the
cDNR was inserted into a plasmid using the TA Cloningr
[sic] kit (British Biotechnology). The 2 gl of DNA
solution were mixed with 5 pl of sterile distilled water,
141 of a 10-feold concentrated ligation buffer "10X
LIGATION BUFFER", 2 ul of "pCR™ VECTOR" (25 ng/ml} and
1 pl of "TA DNA LIGASE". This mixture was incubated
overnight at 12°C. The following steps were carried out
in accordance with the instructions of the TA Cloningr
[gic] kit. At the end of the procedure, the white
eclonies of recombinant bacteria were picked out in order
to be cultured and to permit extraction of the plasmids
incorporated according to the go-called "miniprep®
procedure (36). The plasmid preparaticn from each
recombinant colony was cut with a suitable restriction
enzyme and analyzed on agarose gel. Plagmids possessing
an insert detected under UV light after staining the gel
with ethidium bromide were selected for sequencing of the

ingert, after hybridization with a primer complementary
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te the Sp6 promoter present on the cloning plasmid of the
"TA c¢loning kit". The reaction prior to Sequencing was
then performed accerding to the method recommended for
the use of the sequencing kit "Prism ready reaction kit
dye deoxyterminator ocycle sequencing kit" (Applied
Biosystems, ref. 401384), and automatic sequencing wasg
carried out with an Applied Biosystems model 373 A
"Automatic Sequencer" apparatus according to the
manufacturer’s instructions.

The sequences obtained were then analyzed using
the Mac Vectorr [sic] and Geneworksr [sic] software on
Genebankr [sic] computerized data bank for the nucleic
acid sequences, and Swiss Protr [sic] for the amino acid
sequences deduced from the reading frames revealed in the
nucleic acid sequences. BAnalysis of the sequences
obtained from the wviral sample originating from the
thawed LM7 supernatants, and which was purified at the
peak of reverse transcriptase activity on a sucrose
gradient, revealed a majority population of clones
{approximately 42% of the clones), relative to the extent
of individual representation of the other sequences
(always less than 5%, or 10% in a small number of cases),
displaying partial homologies with known retroviruses in
the expected "pol" region. This c¢lone is designated
MSRV2-A and identified by SEQ ID N010 (see Fig. 1). The
region amplified between the PCR primersg is homologous
with the corresponding sequence MSRV2-B identified by
SEQ ID NO011 (see Fig. 5), described in Example 2. The
differences observed in the sequences located at the PCR
primers is explained by the use of degenerate primers in
mixture form, used under different technical conditions.
Interrogation of the Genebankr [sic) data bank, fully
updated, did not enable an identical sgequence or one
displaying significant hemologies to be revealed.

This sequence is presented in Figure 1. It
possesses an open reading frame in frame with the two PCR
primers to be found at the ends, but it is shorter than
the set of known retroviral sequences in the expected

region between these primers. A deletion of 45 base pairs
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(13 amino acids) is observed therein following the
sequence of the upstream primer, whereas the sequences
preceding the downstream primer are present. However, the
reading frame is open and uninterrupted over the whole of
the sequence including the primers, and the deduced amino
acid sequence displays a significant homology with the
corresponding region of the known retrovirusesz. In the
sequence lying inside the PCR primers, the aminoc acids
Glu, Arg, Gln, Pro and Asp, normally fairly well con-
gerved in this pol region of retroviruses and of known
viruses with reverse transcriptase activity (33), are to
be found conserved at the correct pesitiong in the
reading frame of the novel smequence.

Lagtly, in view of the fact that this sequence ig
sufficiently divergent from the retroviral sequences
already described in the data banks, it may be suggested
that the sequence in question belongs to a new infective
and/or pathogenic agent, designated MSRV-2A. Thie agent
ig, in principle, on the basgis of the analysis of the
sequences obtained, related to a retrovirus but, in view
cf the technique used for obtaining this sequence, it may
also be an RNA virus whose genome codes for an enzyme
which incidentally possesses reverse transcriptase
activity, as is the case, for example, with the hepatitis
B virus, HBV (33). Furthermore, the random nature of the
degenerate primers used for thisa PCR amplification
technique may very well have permitted, as a result of
unforeseen sequence homologies or of conserved sites in
the gene for a related enzyme, the amplification of a
nucleic acid originating from a prokaryotic or eukaryotic
pathogenic and/or coinfective agent (protist).

EXAMPLE 2: OBTAINING CLONES DESIGNATED MSRV-1B
AND MSRV-2B, DEFINING, RESPECTIVELY, A RETROVIRUS MSRV-1
AND A COINFECTIVE AGENT MSRV2, BY "NESTED" PCR AMPLIFICA-
TION OF THE CONSERVED POL REGIONS OF RETROVIRUSES ON
VIRION PREPARATICNS ORIGINATING FROM THE LM7PC AND PLI-2
LINES

A PCR technique derived from the technique
published by shih (33) was used. Thiz technigque enables
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all trace of contaminant DNA to be removed by treating
all the components of the reaction medium with DNase. It
concomitantly makes it posaible, by the use of different
but overlapping primers in two successive series of PCR
amplification cycles, to increase the chances of amplify-
ing a ¢DNA synthesized from an amount of RNA which is
small at the cutget and further reduced in the sample by
the spurioue action of the DNAse on the RNA. In effect,
the DNase is used under conditions of activity in excess
which enable all trace of contaminant DNA to be removed
before inactivation of this enzyme remaining in the
gample by heating to 85°C for 10 minutes. This variant of
the PCR technique described by Shih (33) was uged on a
cDNa synthegized from the nucleic acids of fractions of
infective particles purified on a sucrose gradient
according to the technique described by H. Perrom (34)
from the "POL-2" igolate (ECACC No. V92072202) produced
by the PLI-2Z line (ECACC No. 9%2072201) on the one hand,
and from the MS7PG isolate (ECACC No. V93010816) produced
by the LM7PC line (ECACC No. 93010817) on the other hand.
These cultures were obtained according to the methods
which £formed the subject of the patent applications
published under Nog WQ 93/20188 and WO 93/20189.

After cloning the products amplified by this
technique with the TA Cloning Kitr [siec] and analysis of
the sequence using the automatic sequencer as has been
described in Example 1, the sequences were analyzed using
the Geneworksr ([sic] software on the latest available
version of the Genebankr [sic] data bank.

The sequences cloned and sequenced from these
samples correspond, in particular, to two types of
sequence: a first type of sequence, to be found in the
majority of the clones (55% of the clones originating
from the POL-2 isolates of the PLI-2 culture, and 67% of
the clones originating from the MS7PG imolates of the
LM7PC cultures), which corresponds to a family of "pol"
sequences clogely similar to, but differemt from, the
endogencous human retrovirus designated ERV-9 or HSERV-9,

and a second type of sequence which corresgponds to
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seguences very strongly homologous with the gequence
attributed to an infective and/or pathogenic agent
previously designated MSRV-2Z.

The first type of sequence, representing the
majority of the clones, conaists of Bequences whoge
variability enables four subfamilies of sequences to be
defined., These subfamilies are sufficiently similar to
one another for it te¢ be possible to consider them to be
quasi-species originating from the same retrovirusg, as is
well known for the HIV-1 retrovirus (37), or to be the
outcome of interference with several endogenocus pro-
viruses coregulated in the producing cells. These more or
less defective endogencus elements are sensitive to the
same regulatory sigmala poasibly generated by a
replicative provirus, since they belong to the same
family of endogenous retroviruses (38). Thig new family
of endogenous retroviruses, or alternatively this new
retroviral species from which the generation of quasgi-
species has been cbtained in culture, and which contains
a consensus of the sequences described below, is desig-
nated MSRV-1B.

Figure 2 presents the general consensus sequences
of the psequencea of the different MSRV-1B alones
sequenced in this experiment, these sequences being
identified, respectively, by SEQ ID NO3, SEQ ID NQ4,
SEQ ID NO5 and SEQ ID NO6. These sgequences digplay a
homology with respect to nucleic acids ranging from 70%
to 88% with the HSERVY gequence referenced X57147 and
M37638 in the Genebankr [sic] data base. The phylogenetic
tree of these seguences is presented in Figure 3. In this
figure, the subfamilies A, B, C and D repregsent the
sequences which have turned up preponderantly in similar
experiments repeated subsequently, in the samples of pure
RNA of virions purified from the MS7PG and POL-2 iso-
lates. From these families of sequences, four "consensus"
nucleic acid sequences representative of different quasi-
species of a possibly exogenous retrovirus MSRV-1B, or of
different subfamilies of an endogenous retrovirus

MSRV-1B, have been defined. These representative
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consensus sequences are presented in Figure 4, with tha
translation inte amino acids. A fuactional reading frame
exists for each subfamily of these MSRV-1B sequences, and
it can be seen that the functional open reading frame
corresponds in each instance to the amine acid sEeguence
appearing on the second line under the nueleic acid
sequence. The general consensus of the MSRV-1B sequence,
identified by SEQ ID N07 and obtained by this PCR tech-
nique in the "pol" region, is presented in Figure 2.

The second type of sequence repregenting the
majority of the clones sequenced is represented by the
sequence MSRV-2B presented in Figure 5 and identified by
SEQ ID NQll. The region amplified between the PCR primers
is homologous, apart from a single base, with the MSRV2-A
sequence (SEQ ID NOlC according to Fig. 1) lying ingide
the PCR primers, described in Example 1. The differences
obgerved in the sequences corresponding te the PCR
primers are explained by the use of degenerate primers in
mixture form used under different technical conditions.

The sequences MSRV-2A (SEQ ID N010) and MSRV-2E
(SEQ ID NO1l) are manifestly homologous, or even ident-
ical, derived from the same organism and sufficiently
divergent from the retroviral sequences already described
in the data banka for it to be suggested that the
sequence region in question belongs to a new infective
agent, designated MSRV-2. This infective agent would be,
in principle, on the basis of the analysis of the first
sequences obtained, related to a retrovirus but, in view
of the technique used for obtaining this sequence, it
could also be a DNA virus whose genome codes for an
enzyme which incidentally possesges reverse transcriptase
activity, as is the case, for example, with the hepatitis
B virus, HBV (33). Furthermore, the random nature of the
degenerate primerg used for this BCR anplification
technique may very well have permitted, as a result of
unforeseen sequence homologies or of conserved mites in
the gene for a related enzyme, the amplification of a
nucleic acid originating from a prokaryotic or eukaryotic

pathogenic and/or coinfective agent (protist).
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EXAMPLE 3: OBTAINING CLONES DESIGNATED MSRV-1B
AND MSRV-2B, DEFINING A FAMILY MSRV-1 and MSRV2, BY
"NESTED" PCR AMPLIFICATION OF THE CONSERVED POL REGIONS
OF RETROVIRUSES ON PREPARATIONS OF B LYMPHOCYTES FROM A
NEW CASE OF MS

The same PCR technique, modified according to the
technicue of Sshih (33), was used to amplify and sequence
the RNA nucleic acid material present in a purified
fraction of wvirions at the peak of "LM7-liken reverse
transcriptase activity on a sucrose gradient according to
the technique described by H. Perron {34}, and according
to the protoccls mentioned in Example 2, from a sponta-
necusg lymphoblastoid line obtained by self.
immortalization in culture of B lymphocytes from an MS
patient who was seropositive for the Epstein-Barr virus
(EBV), after setting up the blood lymphoid cells in
culture in a suitable culture medium containing a suit-
able concentration of cyclosporin A. A representation of
the reverse transcriptase activity in the sucrose frac-
tions taken from a purification gradient of the virions
produced by this 1line is presented in Figure 6.
Similarly, the culture supernatants of a B line obtained
under the same conditiome from a control free from
multiple sclerosis were treated wunder the same
conditions, and the assay of reverse transcriptase
activity in the sucrose gradient fractions proved
negative throughout (background), and igs presented in
Figure 7. Fraction 3 of the gradient corresponding to the
MS B line and the same fraction without reverse
transcriptase activity of the non-M§ control gradient
were analyzed by the same RT-PCR technique as before,
derived from Shih (33), followed by the same steps of
cloning and sequencing as deseribed in Examples 1 and 2.

It is particularly noteworthy that the MSRV-1 and
MERV-2 type sequences are to be found only in the
material asscciated with a peak of "LM7-1ike" reverse
transcriptase activity originating from the MS B lympho-
blagtoid line. These sequences were not to be found with
the material from the control (non-MS}) B lymphoblastoid
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line in 26 recombinant clones taken at random. Only
Mo-MulV type contaminant sequences, originating from the
commercial reverge transcriptage used for the CDNA
synthesis step, and seguences without any particular
retroviral analogy were to be found in this control, as
a result of the "consensus" amplification of homologous
polymerase mequences which is produced by this PCR
technique. Furthermore, the absmence of a concentrated
target which competes for the amplification reaction in
the contrel gample permits the amplification of dilute
contaminants. The difference in results ig manifestly
highly significant (chi-squared, p<0.001).

EXAMPLE 4: OBTAINING A CLONE PSJ17, DEFINING A
RETROVIRUS MSRV-1, BY REACTION OF ENDOGENOUS REVERSE
TRANSCRIPTASE WITH A VIRION PREPARATION ORIGINATING FROM
THE PLI-Z LINE,

This approach is directed towards obtaining
reverse-transcribed DNA sequences from the supposedly
retroviral RNA in the isoclate using the reverse trans-
criptase activity present in this same isolate. This
reverse transcriptase activity can theoretically function
only in the presence of a retroviral RNA linked to a
primer tRNA or hybridized with short strands of DNA
already reverse-transcribed in the retroviral particles
(39). Thug, the obtaining of specific retroviral
sequences in a material c<ontaminated with cellular
nucleic acids was optimized according to these authors by
meang of the specific enzymatic amplification of the
portions of viral RNAg with a viral reverge transcriptase
activity. To this end, the authorg determined the
particular physicochemical conditions under which this
enzymatic activity of reverse transcription on RNAs
centained in virions could be effective in vitro. These
conditions correspond to the technical description of the
protocols presented below (endogencus RT reaction,
purification, cloning and sequencing).

The molecular approach consisted in using a
preparation of concentrated but unpurified virion

obtained from the culture supernatants of the PLI-2 line,
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prepared according to the folleowing method: the culture
supernatants are collected twice weekly, precentrifuged
at 10,000 rpm for 30 minutes to remove cell debris and
then frozen at -80°C or usged as they are for the follow-
ing steps. The fresh or thawed supernatants are centri-
fuged on a cushion of 30% glycerol-PBS at 100,000 g (or
30,000 rpm in a type 45 T LKB-HITACHI rotor) for 2 h at
4°C. After removal of the supernatant, the sedimented
pellet is taken up in a small volume of PBS and consti-
tutes the fraction of concentrated but unpurified virien.
This concentrated but unpurified viral sample was used to
perform a so-called endogenous reverse transcription
reaction as will now be described: a volume of 200 gl of
virion purified according to the protocol described
above, and containing a reverse transcriptase activity of
approximately 1-5 million dpm, is thawed at 37°C until a
ligquid phase appears, and then placed on ice. A 5-fold
concentrated buffer wae prepared with the following
components: 500 mM Tris-HC1l pH 8.2; 75 mM NaCl; 25 mM
MgCl,; 75 nM DTT and 0.10% NP 40. 100 pul of 5X buffer +
25 pl of a 100 mM solution of JATP + 25 ul of a 100 mM
solution of ATTP + 25 pl of a 100 mM solution of dAGTP +
25 pl of a 100 mM solution of ACTF + 100 pl of sterile
distilled water + 200 ul of the virion suspension (RT
activity of 5 million DPPM) in PBS were mixed and
incubated at 42°C for 3 hours. After this incubatiom, the
reaction mixture is added directly to a buffered phenol/
chloroform/iscamyl alcohol mixture {(Sigma ref. P 3803);
the aqueoug phase is collected and one veolume of sterile
digtilled water is added to the organic phage to re-
extract the residual nucleic acid material. The collected
agquecus phases are combined, and the nucleic acids
contained are precipitated by adding 3M sodium acetate pH
5.2 to 1/10 volume + 2 volumes of ethancl + 1 ul of
glycogen {(Boehringer-Mannheim ref. 901 393) and placing
the sample at -20°C for 4 h or overnight at +4°C. The
precipitate obtained after centrifugation is then washed
with 70% ethanol and resuspended in 60 ml of distilled
water. The products of this reaction were then purified,
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cloned and sequenced according to the protocol which will
now be described: blunt-ended DNAs with unpaired adenines
at the ends were generated: a "filling-in" reaction was
first performed: 25 pl of the previously purified DNA
golution were mixed with 2 gl of a 2.5 mM solution
containing, in equimclar amounts, dATP + dGTP + ATTP +
dCTP/1 pl of T4 DNA polymerase (Boehringer-Mannheim ref.
1004 786) / 5 pl of 10X "incubation buffer for restria-
tion enzyme" (Boehringer-Mannheim ref. 1417 975) / 1 pl
of a 1% bovine serum albumin sclution / 16 xl of sterile
distilled water. This mixture wag incubated for 20 min-
utes at 11°C. 50 pl of TE buffer and 1 pl of glycogen
{Boehringer-Mannheim ref. 901 393) were added thereto
before extraction of the nucleic acids with phenol/
chloroform/iscamyl alcochol (Sigma ref. P 3803) and
precipitation with sodium acetate as described above. The
DNA precipitated after centrifugation is resuspended in
10 4l of 10 mM Tris buffer pH 7.5. 5 pl of this suspen-
sion were then mixed with 20 u}l of 5X Taqg buffer, 20 #l
of 5 mM JATP, 1 ul (5U) of Taq DNA polymerase (Amplitaq™)
and 54 pl of sterile distilled water. This mixture is
incubated for 2 h at 75°C with a film of o0il on the
surface of the solution. The DNA suspended in the aqueous
solution drawn off under the film of oil after incubation
is precipitated as described above and resuspended in
2 pl of sterile distilled water. The DNA obtained was
inserted into a plasmid using the TA cloning kit™, The
2 pl of DNA solution were mixed with 5 pl of sterile
digtilled water, 1 pl of a 10-fold concentrated ligatioen
buffer "10X LIGATION BUFFER", 2 #l of "pCR™ VECTGOR"
(25 ng/ml) and 1 gl of "TA DNA LIGASE". This mixture was
incubated overnight at 12°C. The following steps were
carried out according to the instructions of the TA
Cloningr [sic] kit (British Biotechnology). At the end of
the procedure, the white colonies of recombinant (white)
bacteria were picked out in order tc be cultured and to
permit extraction of the plasmids incorpocrated according
to the sc-called "miniprep" procedure (36). The plasmid

preparation from each recombinant colony was cut with a
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suitable restriction enzyme and analyzed on agarcse gel.
Plasmids possessing an insert detected under UV light
after staining the gel with ethidium bhromide were
selected for sequencing of the insert, after hybrid-
ization with a primer complementary to the gps promoter
present on the cloning plasmid of the TA ecloning kitr
fsic]. The reaction prior to sequencing was then
performed according to the method recommended for the use
of the sequencing kit “Prism ready reaction kit dye
deoxyterminator cycle sequencing kitn (Applied
Biogystems, ref., 401384), and automatic sequencing was
carried out with an Applied Biosystems "model 373 a
Automatic Sequencer" apparatus according to the
manufacturer’s instructions. .

Disoriminating analysis on the computerized data
banks o©of the sequences cloned from the DNa fragments
present in the reaction mixture enabled a retroviral type
sequence to be revealed. The corresponding clone PSJ17
was completely sequenced, and the sequence obtained,
pPresented in Figure 8 and identified by SEQ ID N0Y, was
analyzed using the "Geneworksr® [sic] software on the
updated "Genebankr" [sic] data banks. An identical
sequence already described could not be found by analygis
of the data banks. Only a partial homology with asome
known retroviral elements was to be found. The most
useful relative homology relates to an endogenous
retrovirus designated ERV-9, or HSERV-9, depending on the
references (40).

EXAMPLE 5: PCR AMPLIFICATION OF THE NUCLEIC ACID
SEQUENCE CONTAINED BETWEEN THE 5’ REGION DEFINED BY THE
CLONE "POL MSRV-1B"™ AND THE 3’ REGION DEFINED BY THE
CLONE PSJ17.

Five oligonuclectides, MC01, M002-A, M003-BCD,
P004 and P0OO5, were defined in order to amplify the RNA
originating from purified POL-2 virions. Control reac-
tions were performed so as to check for the presence of
contaminants (reaction with water). The amplification
conaists of an RT-PCR step according te¢ the protocol
deseribed in Example 2, followed by a ‘"nested"™ PCR
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according to the PCR protoeol described in the document
EP-A-0569272, In the first RT-PCR cycle, the primers M0O01
and P004 or PO05 are used. In the second PCR cycle, the
primers M002-A or MO03-BCD and the primer POO4 [sic] are

used. The primers are pogitioned as follows:

M0O02-A
M003-BCh
M0OO1 POO4POOS
ARN
POL=2
e > <em= -—— >

pel MSRV-1 PS5J17

Their composition is:
primer M001l: GGTCITICCICAIGGE (SEQ ID NO20)
primer M002-A: TTAGGGATAGCCCTCATCTCT (SEQ ID N021)
primer M003-BCD: TCAGGGATAGCCCCCATCTAT {SEQ ID N022)
primer F004: AACCCTTTGCCACTACATCAATTT (SEQ ID NO023)
primer P005: GCGTAAGGACTCCTAGAGCTATT (SEQ ID ND24)

The "nested" amplification product obtained, and
designated MO003-P004, is presented in Figure 9, and
¢orresponds to the sequence SEQ ID NO8.

EXAMPLE 6: AMPLIFICATION AND CLONING OF A PORTION
OF THE MSRV-1 RETROVIRAL GENCME USING A SEQUENCE ALREADY
IDENTIFIED, IN A SAMPLE OF VIRUS PURIFIED AT THE PEAK OF
REVERSE TRANSCRIPTASE ACTIVITY

A PCR technique derived from the technique
published by Frohman (41) was used. The technique derived
makes it possible, using a specific primer at the 3’ end
of the genome to be amplified, to elongate the sequence
towards the 5’ region of the genome to be analyzed. This
technical variant ie described in the documentation of
the firm "Clontech Laboratories Inc., (Palo-Alto Califor-
nia, USA) supplied with its product "5’ -AmpliFINDER™ RACE
Kit", which wags used on a virion fractiom purified as

described above,

it



.
E-
l ‘

10

15

20

25

30

35

- 35 -

The specific 3' primers used in the kit protocol
for the synthesis of the cDNA and the PCR amplificationm
are, respectively, complementary to the following MSRV-1
sequences:

¢DNA: TCATCCATGTACCGAAGG (SEQ ID ND25)

amplification :ATGGEGTTCCCAAGTTCCCT (SEQ ID
NO026)

The products originating frem the DPCR were
purified after purification on agarose gel according to
conventional methode (36), and then reauspended in 10 ml
of distilled water. Since one of the properties of Taqg
polymerase consists in adding an adenine at the 3’ end of
each of the two DNA strands, the DNA obtained was
inserted directly into a plasmid using the TaA Cloning
kit™ (British Biotechnology). The 2 ul of DNA solution
were mixed with 5 pl of sterile distilled water, 1 ul of
a 10-fold concentrated ligation buffer "10X LIQATION
BUFFER", 2 pl of "pCR™ VECTOR" (25 ng/ml) and 1 pl of "Ta
DNA LIGASE". This mixture was incubated overnight at
12°C. The following steps were carried out according to
the ingtxuctions of the TA Cloningr [esic] kit (British
Biotechnology!. At the end of the procedure, the white
colonies of recombinant {white) bacteria were picked out
in order to be cultured and to permit extraction of the
plasmids incorporated according to the so-called "mini-
prep" procedure (36). The plasmid preparation from each
recombinant colony was cut with a suitable restriction
enzyme and analyzed on agarose gel. Plasmids possessing
an ineert detected under UV light after staining the gel
with ethidium bromide were selected for sequencing of the
ingert, after hybridization with a primer complementary
to the Spé promoter present on the cloning plasmid of the
TA Cloning Kitr [sic]. The reaction prior to sequencing
was then performed according to the method recommended
for the use of the sequencing kit "Prism ready reaction
kit dye deoxyterminator cycle sequencing kit" (Applied
Biosyetems, ref. 401384), and autematic Bequencing was
carried out with an Applied Biozystems "model 373 A

automatic sequencer" apparatus according to the
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manufacturer’s ipstructions.

This technigque was applied firast to two fractions
of virion purified as described below on sucrose from the
"POL-2" isolate produced by the PLI-2 line on the one
hand, and from the MS7PG isolate produced by the LM7PC
line on the other hand: the culture supernatants are
collected twice weekly, precentrifuged at 10,000 rpm for
30 minutes to remove cell debris and then frozen at -80°C
or used as they are for the following steps. The fresh or
thawed sgupernatante are centrifuged on a cushion of 30%
glycerol-PBS at 100,000 g (or 30,000 rpm in a type 45 T
LKB-HITACHI rotor) for 2 h at 4°C. After removal of the
supernatant, the sedimented pellet is taken up in a small
volume of PBS and constitutes the fraction of concen-
trated but unpurified virions. The concentrated wvirue is
then applied to a sucrose gradient in sterile PBS buffer
(15 to 50% weight/weight) and ultracentrifuged at
35,000 rpm (100,000 g) for 12 h at +4°C in a swing-out
rotor. 10 fractions are collected, and 20 pl are with-
drawn from each fraction after homogenization to assay
the reverse transcriptase activity therein according to
the technigque described by H. Perron (24). The fractions
containing the peak of "LM7-like" RT activity are then
diluted in sterile PBS buffer and ultracentrifuged for
one hour at 35,000 rpm (100,000 g) to sediment the wviral
particles. The pellet of purified virion thereby obtained
is then taken up in a small volume of a buffer which is
appropriate for the extraction of RNA. The cDNA synthesis
reaction mentioned above is carried out on this RNA
extracted from purified extracellular viriem. PCR ampli-
fication according to the technique menticoned above
enabled the clone F1-11 to be obtained, whose sequence,
identified by SEQ ID N0O2, is presented in Figure 10.

This c¢lone makes it possible to define, with the
different clones previously sequenced, a region represen-
tative of the "pol" gene of the MSRV-1 retrovirug, as
pregented in Figure 11. Thies sequence, designated
SEQ ID N0l, is reconatituted from different clones

overlapping one another at their ends, correcting the
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artefacts associated with the primers and with the
amplification or cloning techniques which would arcifi-
cially interrupt the reading frame of the whole.

In Figure 11, the potential reading frame with
its translation into aminc acids is presentad below the
nucleic acid sequence.

EXAMPLE 7: CAPTURE, AMPLIFICATION AND CLONING OF
A PORTION OF THE MSRV-2 GENCME USING A SEQUENCE ALREADY
IDENTIFIED, IN A CULTURE INFECTED WITH MSRV-2

The supernatants of a cell culture expressing
"LM7-1ike" reverse transcriptase activity similar to that
described by H. Perron (24) were collected regularly over
several weeks and stored frozen at -80°C after adding 10%
of glycercl, The set of supernatants was then thawed ao
as to concentrate the infective particles by ultra-
centrifugation and to purify them by centrifugation to
equilibrium on a sucrose gradient; the reverse trans-
criptase activity was then measured in the different
fractions collected on the gradient ac¢cording tc the
methodology described by H. Perron (34).

The different fractions representing the peak of
reverse transcriptase activity were pooled 80 as to
extract the nucleic acidg therefrom according to a
protocol intended for the purification of RNA (35), but
the nucleic acids extracted were not treated with DNase.
A PCR amplification derived from the technique described
by Shih (33) was performed directly on this nucleic acid
sample not treated with DNase, according to an RNA
amplification method as described in the document EP-A-
0,569,272, in a total volume of 100 ul containing 200 ng
of RNA, 1 pl of RNA Guard and 33 pmol of each mixture of
primers (MOP) which are described by Shih (33) and
identical to those used for the direct (DNA) PCR; 0.25 mM
each dNTP, 10 pl of 10X buffer, 2.5 u of Tag enzywe and
0.4 pl of RT enzyme (RT-AMV; 10u) are also added to the
samples. The amplification cycles are carried out as
follows: denaturation of the RNA 65°C/10 minutes, syn-
thesis of the cDNA 50°C/8 minutes, then the cycles are
identical to those of the PCR described by Shih (33).
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Control reactions were performed so as to check for the
absence of contaminants (reaction with water). The
products were analyzed on 10% acrylamide gel.

The samples amplified by RT-PCR were then cloned
and sequenced according to the techniques described in
Example 1.

The majority of the clones sequenced from the
RT-PCR product corresponds to the MSRV-2A sequence and
its equivalent MSRV-2B described above in Examples 1
to 3.

Moreover, after removal of the artefactual
sequences, the other clones sequenced prove to correspond
to MSRV-1 type sequences as are described in Examples 1
to 3.

After verification of the sequences present in
thie nucleic acid material originating from these
purified fractions containing infective particles, at
least a part of which is associated with reverse trans-
eriptase activity, the remaining nucleic acid material
was used to perform a specifiec capture of nucleic acids
carrying the MSRV2 sequence previously identified and
described in Examples 1 to 3.

In a prior step, the genetic material carrying
the MSRV2 sequence was amplified by a cne-directional PCR
technique of 530 cycles using a single primer. Thie primer
is coupled tec a biotin molecule at its 37 end, permits
one-directional amplification from 3' te 5’ and
corresponds to the following sequence identified under
SEQ ID NO038:

5/ TAAAGATCTAGAATTCGGCTATAGGCGGCATCCGGCAACT 3

Thereafter, capture was performed in solution
with magnetic beads coupled to avidin {(Dymabeadsr [sic])
according to the instructions of the manufacturer (Dynal)
and, after a series of wasghes at room temperature enabl-
ing nucleic acids not coupled to a biotin to be removed,
a PCR was performed directly on these washed beads with
a gpecific primer at the 3’ end and a primer at the 5’
end provided by a solution of oligonucleotide of 10 bages

(10-mer) with a random segquence.
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The specific amplification primer oriented from
3" to 5’ corresponds to the sgeguence identified by
SEQ ID NO13:

57 GCATCCGGCAACTGCACG 3

The PCR performed at 35°C over 40 cycles with
these primers enabled the genetic material specifically
biotinylated by the first PCR step and captured on the
Dynabeadsr [mic] beads to be amplified. After cloning
with the "TA cloning" kit of the DNA amplified by thim
second PCR step and sequencing of the recombinant clones,
according to the technigues described in Example 1, a
sequence of 748 base pairs was obtained. This nucleic
acid sequence SEQ ID NC12 is presented in Figure 12, This
elongated sequence will be designated hereafter
MSRV-2ELL.

The reverse gequence complementary to the primer
SEQ ID N013 is present at the 3’ end and is boxed in
Figure 12. Upstream of this primer, the sequence already
identified in the MSRV-2A and MSRV-2B c¢lones is to be
found.

The tranglation of this sequence into amino acids
according to the 6 possible reading frames is presented
in Figure 13.

An alignment of the MSRVZ-A sequence
{SEQ ID N010} with the MSRV-2ELl1 aequence (SEQ ID NO012)
is presented in Figure 14, It will be noted that the
MSRV-2A sequence is strictly identical to the elongated
sequence, apart from a few differences in the region
corresponding to the degenerate primers used for obtain-
ing MSRV-2A. Thizs region is underlined in this figure:
moreover, the hybridization region of the primer
SEQ ID N013 (apart from the cloning tail) is boxed, that
of the primer SEQ ID N014 ia presented between square
brackets. The true sgsequence of the MSRV-2 genome in this
region is probably that of MSRV-2EL1l, where it has not
heen imposed by hybridized primers having low stringency
ag is the case for MSRV-2A (and MSRV-2B likewise).

The MSRV-2EL1 sequence hence corresponds to a new

sequenced region of the MSRV-2 genome. This was verified
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using new PCR primers defined in MSRV-2BEL1 and MSRV-2A,
which permitted a specific amplification on the nucleic
acids used for the cloning described in this example.

The examples which follow present different
results of specific MSRVZ amplifications which confirm
the relationship with the presence of corresponding
infective agent in the cell cultures described, to permit
the isolation of an LM7 type virus (24), and also, in
vivo, in patients suffering from MS.

The result of interrogation of the Genebankr
[Bie]l data bank, updated in August 1994, with the
MSRV-2ELl sequence does not show any gignificant homology
with genetic sequences known to date. However, the
interrogation of the possible translations intec amino
acids according to the 6 potential reading frames of this
MSRV-2EL]1 sequence shows partial homologies with bacter-
ial, viral or cellular sequences.

The absence of PCR amplification with sgpecific
primers on normal human DNA shows that the sgequence in
question is not one of cellular origin. MSRV-2 is hence
an infective agent exogenous to man. However, the degen-
erate nature of the mixtures of primers used according to
variants of the technique described by Shih (33), which
enabled the first sequence elementa designated MSRV-22
and MSRV-2B to be identified, may have permitted the
unforeseen amplification of a genome not belonging to a
retrovirus, or even to a gene coding for an RNA-dependent
DNA polymerase. The almost invariable co-detection of
MSRV-1 in cultures originating from MS and expressing
reverge transcriptase activity may be explained by a
pathological association between two different agents, at
least one of which is a retrovirus (MSRV-1}.

The detection in patients of these two types of
gequence described in the examplee which follow corrobor-
ates a pathological apsociation. However, only one of
these elements may sBuffice to explain the pathology
induced in MS.

EXAMPLE 8: DETECTION OF SPECIFIC MSRV-2 SEQUENCES
IN DIFFERENT SAMPLES OF HUMAN CELLS ORIGINATING FROM




rr

10

15

20

25

30

35

. 41 -

PATIENTS SUFFERING FROM MS OR FROM CONTROLS

The MSRV-2EL1l sequence (SEQ ID NO12) enabled
several pairs of oligonuclectide primers which could be
used for the amplification of specific DNA or RMA by the
PCR technique to be defined.

The primers defined below enabled a specific
detection of the MSRV-2 genome in different human cells
to be carried out by an RT-PCR step according to an RNA
amplification method as described in the document EP-A-
0.565,272.

The primers used are the following:

- 5 primer, identified by SEQ ID NO14

5'GTAGTTCGATGTAGAAAGCG 3’

- 3¢ primer, identified by SEQ ID NO015

5’ GCATCCGGCAACTGCACG 37

The PCR is performed according to a succession of
35 cyecles linking together, after the cDNA gynthesis
step, 1 min at 94°C, 1 min at 54°C and 1 min at 72°C.

The total RNA extracted from different cell types
{(35), without DNase treatment, was used in this RT-PCR
reaction.

Figure 15 presenta the results of PCR using a
photograph under ultraviolet light of an ethidium bro-
mide-impregnated agarose gel, in which an electrophoresis
of PCR amplification products applied separately to the
different wells wag performed.

Well number 1 contains a mixture of DNA molecular
weight markers, and wells 2 to 9 represent, in order, the
products amplified from the total RNAs of the following

aells:

2- LM7PC (ECACC No. 93010817);

3. PLI2Z (ECACC No. 9%2072201);

4- human medulloblastoma cells;

5- MRC-5 (human embryonic lung fibroblasts);

6- human blood moncnuclear cells from a healthy
donor;

7- cells originating from a mixture of B lympho-
blastoid lines derived from the peripheral blcod of

different patients suffering from MS;
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8- cells ¢riginating from a B lymphoblasteid line
derived from the peripheral blood of a patient suffering
from MS;

9- control not containing nucleic acids ("water"
control).

The existence of a band of agpecific DNA of
approximately 700 base pairs, corresponding to the
expected size, which is amplified in the samples orig-
inating from patients suffering from Ms (ILM7PC, PLIZ, B
lymphocyte lines) and not in the cells tested originating
from controls not suffering from MS (MRCS5, blood
mononucliear cells and medulloblastoma cells), can be
geen.

EXAMPLE 9: DETECTICN OF SPECIFIC MSRV-1 and MSRV-
2 SEQUENCES IN DIFFERENT SAMPLES OF PLASMA ORIGINATING
FROM PATIENTS SUFFERING FROM MS OR FROM CONTROLS.

A PCR technique sgimilar to the one described in
Example 8 was used to detect the MSRV-1 and MSRV-2
gencmes in plasmas obtained after taking blood samples
from patients suffering from MS and from non-MS controls
onto EDTA.

Extraction of the RNAs from plasma was performed
according to a technique described by P. Chomzynski (35),
after adding one volume of buffer containing guanidinium
thioccyanate to 1 ml of plasma stored frozemn at -80°C
aftexr collection.

For MSRV-Z, the PCR was performed under the same
conditione and with the same primers as those described
in Example B.

However, similar results were also obtained with
the following PCR primers in twe successive amplifica-
tions by "nested" PCR on samples of nucleic acids not
treated with DNase.

The primers used for this first step of 40 cycles
with a hybridization temperature of 48°C are the follow-
ings

- 57 primer, identified by SEQ ID N0O27

5’ GCCGATATCACCCGCCATGG 3, corresponding to a 5/
MSRV-2 PCR primer, for a first PCR on patients’ sample,
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- 3’ primer, identified by SEQ ID N028

5’ GCATCCGGCAACTGCACG 3‘, corresponding to a 3¢
MSRV-2 PCR primer, for a firat PCR on patients’ sample

After this step, 10 gl of the amplification
product are taken and used to carry out a second, so-
called "nested" PCR amplification with primers located
within the regicn already amplified. This gecond step
takes place over 35 cycles, with a primer hybridization
("annealing") temperature of 50°C. The reaction volume ig
100 pl.

The primers used for this second step are the
following:

- 5* primer, identified by SEQ ID N029

5’ CGCGATGCTGGTTGGAGAGC 3’, corresponding to a 5’
MSRV-2 PCR primer, for a nested PCR on patients’ sample,

- 37 primer, identified by SEQ ID N030

5’ TCTCCACTCCGAATATTCCG 3, corresponding to a 3’
MSRV-2 PCR primer, for a nested PCR on patienta’ sample.

For MSRV-1, the amplification was performed in
two steps. Furthermore, the nucleic acid sample is
treated beforehand with DNase, and a control PCR without
RT (AMV reverse trangcriptase) is performed on the two
amplification steps 8o as to verify that the RT-PCR
amplification comes exclusively from the MSRV-1 RNA. In
the event of a2 positive control without RT, the initial
aliquot sample of RNA is again treated with DNase and
amplified again.

The protocol for treatment with DNase lacking
RNAse activity is as follows: the extracted RENA is
alicquoted in the presence of "RNAse inhibitor®
(Boehringer-Mannheim) in water treated with DEPC at a
final concentration of 1 pug in 10 ul; to these 10 ul,
1 4l of "RNAge-free DNAse" (Boehringer-Mannheim) and
1.2 pl of pH 5 buffer containing 0.1 M/1 [sic] sodium
acetate and 5 mM/1 [sic}l MgS0*' [sicl is [sic] added; the
mixture is incubated for 15 min at 20°C and brought to
95°C for 1.5 min in a "thermocycler".

The first MSRV-1 RT-PCR step is performed accord-

ing to a wvariant of the RNA amplification method as
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described in Patent Application No. EP 0,569,272 Al. In
particular, the cDNA synthesis step is performed at 42°C
for one hour; the PCR amplification takes place over
40 cycles, with a primer hybridization {"annealing")
temperature of 53°C. The reaction volume is 100 pl.

The primers used for this first step are the
following:

- 5’ primer, identified by SEQ ID NOLl6

5¢ AGGAGTAAGGAAACCCAACGGAC 3°

- 3’ primer, identified by SEQ ID NO17

5' TAAGAGTTGCACAAGTGCG 3

After this step, 10 gl of the amplification
preduct are taken and used to carry out a second, go-
called "nested"™ PCR amplification with primers located
within the regicen already amplified. This second step
takes place over 35 c¢yecles, with a primer hybridization
(rannealing") temperature of 53°C. The reaction volume i=s
100 ul.

The primers used for this second step are the
following:

- 57 primer, identified by SEQ ID NG18

5 TCAGGGATAGCCCCCATCTAT 3

- 37 primer, identified by SEQ ID N019

5* AACCCTTTGCCACTACATCAATTT 3.

Figure 16 presenta the results of PCR in the form
of photographs [sic] under ultraviclet light of ethidium
bromide-impregnated agarose gels ([sic], in which an
electrophoresis of the PCR amplification products applied
separately to the different wells was performed.

The top photograph shows the result of specific
MSRV-2 amplification:

well number 8 contains a mixture of DNA mclecular
weight markers, and wella 1 to 7 represent, in order, the
products amplified from the total RNAs of plasmas orig-
inating from ¢ healthy controls free from MS (wells 1 to
4) and from 3 patients suffering from MS at different
stages of the disease (wells 5 to 7).

In this series, MSRV-2 nucleic acid material is

detected in the plasma of one case of MS out of the 3
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tested, and in none of the 4 control plasmas. Other
regults cobtained on more extensive series confirm these
regults.

The bottom photograph shows the result of speci-
fic amplification by MSRV-1 "nested" RT-PCR:

well No. 1 containg the PCR product produced with
water alone, without the addition of AMV reverse trans-
criptase; well No. 2 contains the PCR product preduced
with water alone, with addition of AMV reverse trans-
criptase; well number 3 contains a mixture of DNA molecu-
lar weight markers; wells 4 to 13 contain, in order, the
products amplified from the total RNAs extracted from
sucrose gradient fractions (collected in a downward
direction}), on which gradient a pellet of virion orig-
inating £rom a supernatant of a culture infected with
MSRV-1 and MSRV-2 was centrifuged to equilibrium accord-
ing to the protoceol described by Perron (34); to well 14
nothing was applied; to wells 15 to 17, the amplified
products of RNA extracted from plasmas originating from
3 different patients suffering from MS at different
stages of the disease were applied.

The MSRV-1 retroviral genome is indeed to be
found in the sucrose gradient fraction containing the
peak of reverse transcriptase activity measured according
to the technique described by H. Perron (24), with a very
strong intensity (fraction 5 of the gradient, deposited
in well No. 8). A slight amplification has taken place in
the first fraction (well No. 4), probably corresponding
t¢ RNA released by lysed particles which floated at the
surface of the gradient; similarly., aggregated debrie
sedimented in the last fraction {tube bottom), carrying
with it a few copies of the MSRV-1 genome which have
given rise to an amplification of low intenasity.

Of the 3 MS plasmas tested in this series, MSRV-1
RNA turned up in one case, producing a very intense
amplification (well No. 17),

In this series, the MSRV-1 retroviral RNA genome,
probably corresponding to particles of extracellular

virus present in the plasma in extremely small numbers,
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was detected by "nested" RT-PCR in one case of MS ocut of
the 3 tested. Other results obtained on more extensive
series confirm these results.

Furthermore, the aspecificity of the sequences
amplified by these PCR techniques may be verified and
evaluated by the "ELOSA" technique as described by
F. Mallet (42) and in the document FR-2,663,040.

For MsSRV-1, the products of the nestad PCR
described above may be tested in two ELOSA systems
enabling a congengug A and a consensua B+C+D of MSRV-1 to
be detected meparately, corresponding to the subfamilies
described in Example 2 and Figures 2, 3 and 4. In effact,
the sequences closely resembling the consensus B+C+D are
to be found essentially in the RNA samples originating
from MSRV-1 virions purified from cultures or amplified
in extracellular biological £luids of MS$S patients,
whereas the sequences ¢losgely resembling the consensus A
are esgsentially to be found in normal human cellular DNA.

The ELOSA/MSRV-1 system for the capture and
specific hybridization of the PCR products of the
subfamily A uses a capture oligonuclectide ¢pVliA with an
amine bond at the 5’ end and a bictinylated detection
oligonucleotide dpV1A having as their sequence, respect-
ively:

- ¢cpV1A identified by SEQ ID NO31

5’ GATCTAGGCCACTTCTCAGGTCCAGS 3°, c¢orresponding
to the ELOSA capture oligonuclectide for the producte of
MSRV-1 neated PCR performed with the primers identified
by SEQ ID N016 and SEQ ID NO17, cptionally followed by
amplification with the primers identified by SEQ ID NO18
and SEQ ID NOl19 on samples from patients.

- dpVlA identified by SEQ ID NQ32

5 CATCTITTTGGICAGGCAITAGC 3° corresponding to
the ELOSA capture [sic] oligonucleotide for the subfamily
A of the products of MSRV-1 nested PCR performed with the
primers identified by SEQ ID NOl6 and SEQ ID NO17,
optionally followed by amplification with the primera
identified by SEQ ID N018 and SEQ ID NO1% on samples from

patients.
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The ELOSA/MSRV-1 system for the capture and
specific hybridization of the PCR products of the
subfamily B+C+D uses the same biotinylated detection
oligonucleotide dpV1lA and a capture oligonucleotide cpV1B
with an amine bond at the 5' end having asz itse sequence:

- dpVlB identified by SEQ ID N033

5* CTTGAGCCAGTTCTCATACCTGGA 3/, corresponding to
the ELOSA capture cligonucleotide for the subfamily B +
C + D of the products of MSRV-1 nested PCR performed with
the primers identified by SEQ ID N016 and SEQ ID NO17,
opticnally followed by amplification with the primers
identified by SEQ ID N018 and SEQ ID NOl9 on samples from
patients.

Thie ELOSA detection system enabled it to be
verified that none of the PCR products thus amplified
from DNase-treated plasmas of MS patients contained a
sequence of the subfamily A, and that all were positive
with the consensus of the subfamilies B, ¢ and D.

For MSRV-2, a similar ELOSA technique was evalu-
ated on isolates originating from infected cell cultures,
using the following PCR amplification primers,

- 5' primer, identified by SEQ ID NO34

5’ AGTGYTRCCMCARGGCGCTGAA 3', corresponding to a
5’ MSRV-2 PCR primer, for PCR on sample from cultures,

- 3’ primer, identified by SEQ ID NO35

5 GMGGCCAGCAGSAKGTCATCCA 3, corresponding to a
3’ MSRV-2 PCR primer, for PCR on sample from cultures,

and the capture oligonucleotides with an amine
bond at the 5’ end cpV2Z and the biotinylated detection
oligonuclectide dpV2 having as their respective
sequences:

- cpV2 identified by SEQ ID NO36

5 [sic] GGATGCCGCCTATAGCCTCTAC 3', corresponding
to an ELOSA capture oligonucleotide for the products of
MSRV-2 PCR performed with the primers SEQ ID NO34 and
SEQ ID NO35, or coptionally with the degenerate primers
defined by Shih (33},

- dpV2 identified by SEQ ID N037

57/ AAGCCTATCGCGTGCAGTTGCC 3, corresponding to an
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ELOSA detection oligonucleotide for the products of
MSRV-2 PCR performed with the primers SEQ ID NO34 and
SEQ ID NO35, or optionally with the degenerate primers
defined by Shih (33)

Thig PCR amplification system with a pair of
primers different from thcose which were described previ-
ously for amplification on the samples from patients made
it poseible to confirm the infection with MSRV-2 of in
vitro cultures and of samples of nucleic acids used for
the molecular biclogy studies.

211 things considered, our first results of PCR
detection of the genome of pathogenic and/or infective
agentg, it is possible that free "virus" may ¢irculate in
the blood stream of patients in an acute, virulent phase,
outside the nervous system [sic]. This is compatible with
the almest invariable presence of "gaps" in the blood-
brain barrier of patients in an active phase of MS,

It is thus already conceivable, as a result of
the discoveries made and the methods developed by the
inventors, to carry out a diagnosie of MSRV-1 and/or
MSRV-2 infection and/or reactivation and to evaluate a
therapy in MS on the basis of its efficacy to "negative®
the detection of these agents in the patients’ biological
fluids. Furthermore, early detection in individuals not
yvet displaying neurclogical signs of MS could make it
possible to institute a treatment which would be all the
more effective with respect to the subsequent clinical
course for the fact that it would precede the lesion
stage which corresponds to the onset of neurological
disorders. Now, at the present time, a diagnosis of MS
cannct be established before a symptomatology of neurcl-
ogical lesions has set in, and hence noc treatment is
instituted before the emergence of a clinical picture
auggestive of lesions of the central nervous system which
are already significant. The diagnosia of an MSRV-1 and/
or MSRV-2 infection and/or reactivation in man is hence
of decisive importance, and the present invention pro-
vided the means of doing this.

It is thus possible, apart from carrying out a




CD/98351011.8

2T XY

.
sndeen
. .

»
LA EL N Y
. .

[
. .
.

49

diagnosis of MSRV-1 and/or MSRV-2 infection and/or deactivation, to evaluate a
therapy in M3 on the basis of its efficacy to "negative” the detection of these
agents in the patients’ biological fluids.

it will be understood that the term “comprises” or its grammatica! variants as
5 used herein is equivalent to the term “includes” and is not to be taken as excluding
the presence of other elements or features.

For the nuclectide sequences described and listed herein in accordance
with the invention, the bases in each sequence are represented using a one-letter
code for nucleotide sequence characters which conforms with WIPQ STANDARD

10 ST.23

Symbol Meaning Origin of
Destination

A A Adenine

G G Guanine

C C Cytosine

T T Thymine

U U Uridine”

R GorA puRine

Y T/UorC p Yrimidine

M AorC aMino

K GorT/U Keto

S GorC Strong interactions
3H-bonds

w AorTU Weak interactions
2H-bonds

B GorCorT/V not A

D AorGorT/U not C

H AorCorTA not G

\% AorGorC not T, not U

N {AorGorCorT/U) alNy

or (unknown or
other)
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SEQUENCE LISTING

(1) GENERAL INFORMATION

(i)

{(ii)

(iii)

(iv)

APPLICANT:
(A} NAME: BIOMERIEUX
(B) STREET: NONE
(C} CITY: MARCY L‘ETOILE
(E) COUNTRY: FRANCE
(F) POSTAL CODE: 59280

TITLE OF INVENTION: MS EXTENSION

NUMBER OF SEQUENCES: 38

COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy

disk

(B) COMPUTER: IBM PC com-
patible

(C) OPERATING SYSTEM: PC-

DOS/MS-DOS

(D} SOFTWARE: PatentlIn
Release #1.0, Version
#1.30 (EPO)

(2) INFORMATICN FOR SEQ ID NO: 1:

{1}

(ii)

{x1)

SEQUENCE CHARACTERISTICS:
(A} LENGTH: 1158 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: gingle
(D) TOPOLOGY: linear

MOLECULE TYPE: <DNA

SEQUENCE DESCRIPTION: SEQ ID NO: 1:




Bt

CCLTITGCON
CAAGAACTCA
TATACACTGC
GATGCCTTTT
CCTTICAACC
COCCATCTAT
CIIGICCITC
CARGCCACCC
AAGGCTCGGC
ACCCCCCTCA
ARGCARCTIINR
ABCCCAATAG
TTAGTARGAT
CCCCCAGTCT
CGARTAGCTC
CICAGTAAGG
GCAGTAGCAG
TGCACATCTC
PACCATITAC
TGIGCAACTCT

CTACATCAAT
GGATTATCRA
TTTCCCARAT
TCTGCCRTCOS
CAACCTCTCA
TIGGCTAGGC
AGTACATGGA
AAGARCTCTT
ICTGCTCACA
GIGAGGRALCG
GAGGCTICCT
CCAGACCATT
GCACACCTAC
TCAGCTTGRCC
TAGGAGTCCT
RAATTGARTIGT
TCTNACTATC
ATCATGTGAR
TTAANTATCA
TTARRCCC

TITAGGAGTA
TGAGGCTGTT
RACCAGAGGAM
TGCTACHPCCT
ACTCROCTEG
ATTAGCCCRAR
TGATTTACTIT

53 -

ACGAANCCUCA
GTICCTCTAT
GCAGAGTGGT
GACTCTCART
ACTGTITTAC
GACTTGAGTIC
TTAGTOGCCC

AACTTICCTC
GGAGATTAGA
TATCCAGCCT
TGGLATARLA
RTATACACTA
AGAAGTIGGCT
MRACAGGSCAR
TACGCAGGTC
AGTGGCARRG
TGAAGCACTT
CCCCATACTC
GGCICTATTA

ACTACCTGTG
TACTNACGGS
ATACTGGCTT
GGTTITCTGCC
ATTAMCCARR
TTCEACCCCS
SATTTTITCIT
TCAGGGATGA
GGTTGHICTIC
AMANTAATAC
ACTGCTAAAG
CTTIGAAGAGT

(2) INFORMATION FOR SEQ ID NO: 2:

(i)

(ii)

(xi)

CCCTTYGOCA CTACATCANT
CAAGAACTCA CCATTATCAAR TGAGCCIGIT
TATACAGTGC TTTGCCAAMNT
GATGCCTTIT TCIGCATCCC TCTACGTCCT
CCTITGAACC CRAACCGTCICA

TTTACGAGTA
ACCAGRGGAA

ACTCACCTGE

ACGGACASTG
ACCCALCTCT
TTACAGTCET
TCTIGTITIGCC
CCLAMGGETT
AATICTCATA
GTTCAGRRAC
GCIACARGGT
TAARATIATC
ATCCTCATCC
GAARNCAGAT
CTCAGAAAGC
TAMGANGGC
TATATGCCAC
GCTTISCANCC
ATNGITTATG
AGGGAAGAGR
GAGACTTCTIG
CAGTCCITNG

SEQUENCE CHARACTERISTICS:

GAGCTTAGTG
ACCTARCCCT
GGACCTTAMG
CITTGRAGAT
CACGCATAGC
CCTGGLCACT
CTIGTGCCAT
TTFCCAARCCH
CARRGGOAOCD
CARAACCCTA
TCCCAGGTAC
CAATACCTAT
CCTAACCCAR
AGANMARACA
CGIGGTATAC
GOGTAATGGNG

60
120
1a0
240
300
3&D
420
480
540
€00
660
120
780
B840
900
960

TCITHNCTSTGLO20
GTTGTCAGACLIO80
ACTGCGCACT1140

1158

(A) LENGTH: 297 base pairs

(B) TYPE:

nuclectide

(<) STRANDEDNESS: single
(D} TOPOLOGY: linear

MOLECULE TYPE: cDNA

SEQUENCE DESCRIPTION:

SEQ ID NO: 2:

AGGRAACCCA ACCGACAGTC
GITCCTCTAT ACCCAGCIGT
GCAGAGICGCT TTACASTCCT
GACTCTCAAT TCTITGTTIGC
ACTCITTTAC CLCAAGGGIT

GAGGTTAGTG
ACCTAACCCT
GGACCITARG
CTTIGAAGAT
CAAGGGA

&0
120
180
240
297
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(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 85 base pairs
(B) TYPE: nucleotide
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii} MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 3:

GTTITAGGGAT ANCCCTCATC TCITTGATCA GGTACIGGOC CRRGATCTAG GCCACTICTIC 60
AGGTCCRGSEN ACTCIGTYCC TTCAG as

(2) INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 86 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

GITCAGGGAT AGCCCOCCTATC TATTTGGCCA GGCACTAGCT CAATACTIGA GCCAGTTCTC 60
ATACCIGGAC AXTCTYGTCC TTCGGT 86

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 85 base pairs
{B} TYPE: nucleotide
(C} STRANDEDNESS: single
{D} TOPOLOGY: linear
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(ii} MOLECULE TYPE: cDNA

{xi) SEQUENCE DEECRIPTION: SEQ ID NO: 5:

GITCARRGA TAGCCCCCATC TATTTOGCCW RGYATTAGCC CAAGACTTGAR GYCAATTCTC 60
ATACCTGGA CACTCTTULGICC TTYIRG 85

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
5 (A} LENGTH: 85 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNa

10 {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

STTCAGGGAT AGCTCCCATC TATITGGCCT GGCATTARCC CGAGACTTAA GCCAGIICTIY 60
ATACGTGGAC ACTCIIGTCC TITGG as

(2) INFORMATION FOR SEQ ID NO: 7:

(1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 111 basge pairs
(B} TYPE: nucleotide
15 (C} STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYFPE: cDNA

[xi) SEQUENCE DESCRIFTION: SEQ ID NO: 7:

GTCTTGCCAC ACOGGGITTAR RGATANCYCY CATCTMITITG CYCHRGYAYT RACYCRAKAY 60
YIRRCYCAVT TCTYAKRYSY RCSHNAYTCTR KYCCITYRGTI RCATGGATGA C 1l1

(2) INFORMATION FOR SEQ ID NO: 8;:

20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 645 base pairs
(B) TYPE: nucleotide
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15

TCMGCATAS
ACCTCCRCAC
CCTTESTGOCA
TTTCCAAACC
CCAMCGCAC
CCRRANCCCT
TICCCOAGGTA
COARTACCTA
CCCTARCCCH
CAGARAMAAC
CCGTCCTATA

56 -

{C) STRANDEDNESS: single

(D} TOPOLOGY:

(ii) MOLECULE TYPE: cDNA

(x1i) SEQUENCE DESCRIPTION:

CCCCCATCTAR
TCTIGTCCIT
TCAAGCCACC
MAAGGCTOGG
CAGGGCCCIC
AMACCARCTA
CASCCCAATA
TITRGTAAGA
AGCCCORAGTC
ACGAATAGCCT
CCTGAGTAMNG

TTIGGCCAGG
CAGTACATGS
CAAGAMNCTICT
CICTGCTCAC
ACTGAGGANC
AGAGGETTCC
GCCAGACCAT
TGGACACCTA
TTCAGCTIGC
CTAGCAGTCC
GAARTIGRIG

(2) INFORMATION FOR SEQ ID NO: 9:

CARAGCCACCC
ARGGCTCAGC
AGGGGLCTCA
ARGCRACTRAE
ACARCCAANA
TATTTRCTAA
CAAGCCCCAS
ACAGEAATCG
TACCTCRATA

CHNGGCAGTAG
GTCTGGACAT
GACAACCATT
ACTTICTGCAR

CATTAGCCCA
ATCATITACT
TAACTTTCCT
AGGAGATIAG
GTATCCAGCC
TTGGCRTAAC
TATATACACT
CAGANCTCSGC
CAACAGCGCA
TTACGCAGGT
TAGTGGCTAMA GCCCTT

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 741 base pairs
{B) TYPE: nucleotide

{C) STRANDEDNESS: aingle

{D} TOPOLOGY:

(ii) MOLECULE TYPE: cDNA

linear

SEQ ID NO: 8:

AGACTIGAGT
TITAGTCGCC
CACTACCTGT
ATACTRAGGG
TAIACIGGCT
AGGTTTCIGC
AATTANGCAR
TITCCAGGCC
ACATTITTCT
CTCAGGGATG

linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

RAGARACTCIT
TCIGCTCACA
CETGAGGRACG
GAGGGTTCCT
TAGCCAGACC
GATGGACACC
TCTTCACCTT
CTCTASGAGT
NCGRAATTCA
CAGTCTNANT
CTCATCATGT
TACTTAANTA
CTCTTRAAIC

AAATTTCCTC
GGACRATTAGA
TATCCAGCCT
TAGCATGATC
ATTATATACH
TAANACAGAAG
CCCARCRGGE
CCTTRCACAG
TCTAGTGGCA

ATCTGAAGCA
GARCCGCATA
TEACCCTTCTA
c

RCIACCTCTG
TACTITAGGGT
ATACTGGGEIT
AGGTITCIGC
CTARTTANGG
GCTITCCAGC
CARGATTTTIT
GCTCCGACGGA
PAGGGITAGT
GTTAARATAMN
CTICACIGCTA
TTACTTSAAG

{(2) INFORMATION FOR SEQ ID NO: 10:

(i)

GCTACAAGGT
TARMITATC
ATCCTCATCC
CGARARACAARG
ARACTCAGAR
CCCTARMAGAR
CTTTATATGS
TCAGCTTGCA
CTCATNGTET
TACAGGGAAG
AMGGAGACTT
AGCCAGTGCT

SEQUENCE CHARACTERISTICS:
(A) LENGTH:
{B} TYPE:

TICCARAACCA
CAAAGGCACC
CRARNCCCTA
ATICCCAGGT
AGCCAATACC
GGCCCTANCC
CACRGAARNAN
ACCCGTGGCA
ATCGGTAATG
ACATCTTNCT
GTGGTYIGYCA
GHNGATTGCGC

93 basge pairs

nucleoctide

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

CPATTCTCAT 60
COCTTCAGARR 120
GGCTACARGS 1BO
CTAAANTTAT 240
TATCCTCATS 300
CGAADACAGE 360
ACTCAGRARAG 420
CIARACAAGC 480
TTATATGCCA 5S40
AGCTIGCAAC 600

645

60
120
180
240
300
dea
420
480
540

€00
€60
T20
741
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(ii) MOLECULE TYPE: CcDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

TGOAMAAGTGT TGCCACAGGS CECTEANGEC TATCGLGTGC A TTGCCGG
G
AGCCTOTACH TSCATGACAT CceTGeTSGeC TCC T " TeceaceTar gg

{2} INFORMATION FOR SEQ ID NO: 17;

(i) SEQUENCE CHARACTERISTICS,
5 (A) LENGTH: 95 base pairg
(B) TYPE: nucleotide
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii} MOLECULE TYPE: cDNA

io0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

TICGATCOAG TCTIGCChEs GGGOGCTR AN GCCTATCGCG 'ITJC:AGI'I’G-GC GGATGCOGTE €0
TRIAGCTTCT ACGTCCATGA CCTSCTCAAC CITGAC 96

(2) INFORMATION FOR SEQ ID NO: 12:

{1i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 748 base pairsg
(B) TYPE: nucleotide
15 (C) STRANDEDNESS: gingle
(D) TOPOLOGY: linear

(id) MOLECULE TYPE: cDNa

{xi) SEQUENCE DESCRIFTION: SEQ ID NO: 12;

TGCAMGCTTC ACCGCTTGCT GEATGTACGE CTCAGTACCC GNGTGCLCGG CGCGETETAG 40
TICCATGTAG AFAGCGCCCG GAAACACGCS GGACCAATGC GTCCCCAGCT TCCGCGCCAG 120
CECCICGITG CCATTIGGCCA GCGOCACGOE CATATCACCC GCCATGGCGE CGGAGAGCGE 180
CRGCAGACCG GIIGGCCAGCG GOCCATTCTO AACGCCGGGE TCGTCGARCE RTTCGGGGOC 240
GATTTCOGCA CUACCGCGAT GCTGGTTCCH GAGCCAGGCC CTGGCCAGCA ACTGECACRAG 300
STTCAGETAA CUCTGCTTCT COCGOACHAL CAGCAGCAGG CGGGTOGGCT TGTCGCECTE 360
CTCGTGATTG GTGATCCACA COTCAGECEC GACGATGELC TTCACGCCCT TOECACGCGE 420
TTCCTICTAG ANGCGCAECA GLGCGABGGC ATTGGCGAGA TCGGTCAGCG CCAAGGCGCC 480
CATGCCATCT TTGGCGLCAG CCTTGACCCE ATCGTCGAGA CCGACATTCC CATCGACGAC 540
SGAATRTTCG GAGTIGGACAC GGAGGTGGAC GARGCGCGGE GARTTCATCC GCGTATTGTA 600
ACCGGTGACA CUTTGCUTUAA ACCATTCOGS ACGTGCCCCA TTGACCEGSH GCAACCOCGC €60
ROSGOTGEGC GCCOAGTTAT AATITCGGET TACCARTCAL CGLCOTTACCC CRGGECGCTG 720
AMGCCTATCG CGCTECANTTG CCGGATSC] 748

&
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{2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairg
(B) TYPE: nucleotide
(C) STRANDEDNESS: gingle
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

GCATCCCGCA ACTLCAGE 18

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 bage pairs
{B) TYPE: nucleotide
(C] STRANDEDNESS: single
(D} TOPOLGGY: linear

(ii) MOLECULE TYPE: cDNA

{x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 14;

CTAGTTICCAT GTAGRAAGCOG 20

(2) INFORMATION FOR SEQ ID NO: 15;

(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs
(B) TYPE: nucleotide
{C) STRANDEDNESS: gingle
(D) TOPOLOGY: linear

(11} MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

GCATCCGGOM ACTGOACG 18
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(2) INFORMATION FOR SEQ ID NO: 1s;

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
(c)
(D)

LENGTH: 23 base pairs
TYPE: nuclectide
STRANDEDNESS ; single
TOPOLCGY : linear

(ii) MOLECULE TYPE: cDNa

(x1i) SEQUENCE DESCRIPTION: S8EQ ID NO: 16:;

AGGAGTANG GARACCCAACG GAC 23

(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:

(a)
(B)
(C)
(D)

LENGTH: 19 base pairs
TYPE: nucleotide
STRANDEDNESS : single
TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NOo: 17:

TARGAGTTGS NCAACTGEG 19

{2} INFORMATION FOR SEQ ID NO: 18:

(i) SEQUENCE CHARACTERISTICS::

(&)
(B)
(<)
{D}

LENGTH: 21 bage pairs
TYPE: nucleotide
STRANDEDNESS : single
TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

() SEQUENCE DESCRIPTION: S5EQ ID NO: 18:

TCAGGGATAG CCCOCATCTA T 21
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INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS :

(A} LENGTH: base pairg
(B) TYPE: 24 nuclectide
(C) STRANDEDNESS : gingle
(D) TOPOLOGY: linear

(ii) MOLECULE TYDPE: cDNA

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 195;

ANCCCTTTICC CACTACATCA ATTT 24

(2) INFORMATION FOR SEQ ID NO: 20:

10

i5

20

(i) SEQUENCE CHARACTERISTICS:

{A)

LENGTH: 15 bage pairs

(B) TYPE: nuecleotide
(C) STRANDEDNESS : single
(D} TOPOLOGY: linear

{ii} MOLECULE TYPE: cDNA

(ix) FEATURE:

(B)
(¢}

LOCATION: %,7,10,13
OTHER INFORMATION: G

Tepresents inogine (i)

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

GOTCGTGCCG CAGGG is

(2) INFORMATION FOR SEQ ID NoO: 21;

(1) SEQUENCE CHARACTERISTICS:
(2) LENGTH: 21 basge pairs
{B} TYPE: nucleotide
(C) STRANDEDNESS: gingle
(D) TOPOLOGY: linear

{ii) MCLECULE TYPE: cDNA
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SEQUENCE DESCRIPTION: SEQ ID NO: 21.

TTAGGGATA CCCCTCATCTE T 21

{2) INFORMATION FOR SEQ ID NO: 22:

(i)

(ii)

(xi)

SEQUENCE CHARACTERISTICS .

(A)
(B)
(C}
(D)

LENGTH: 21 bhasze pairs
TYPE: nucleotide
STRANDEDNESS : gingle
TOPOLOGY: linear

MOLECULE TYPE: cDNA

SEQUENCE DESCRIPTION: SEQ ID NO: 22:

TCAGGGATAG CCCCCATETA T 21

(2) INFORMATION FOR SEQ ID NO: 23:

(i)

(ii)

(xi)

SEQUENCE CHARACTERISTICS:

{a)
(B)
(¢}
(D)

LENGTH: 24 base pairs
TYPE: nucleotide
STRANDEDNESS : single
TOPOLOGY: linear

MOLECULE TYPE: cDNA

SEQUENCE DESCRIPTION; SEQ ID NO: 23

RRCCCTITCC CACTACATCA ATTIT 24

(2) INFORMATION FOR SEQ ID NO: 24:

(i)

(ii)

SEQUENCE CHARACTERISTICS :

(&)
(8)
(€)
(D)

LENGTH: 22 base pairs
TYPE: nucleotide
STRANDEDNESS : gingle
TOPOLOGY: linear

MOLECULE TYPE: cDNA
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SEQUENCE DESCRIPTION: SEQ ID NO: 24

GOGTAAGGAC TCCTAGAGCTA TT 22

(2) INFORMATION FOR SEQ ID NO: 25;

{i}

(ii)

(x1i)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 bage pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: cDNaA

SEQUENCE DESCRIPTION: SEQ ID NO: 25

TCATCCATGT ACCGAAGE le

(2) INFORMATION FOR SEQ ID NO: 26:

(i)

(i)

{xi)

SEQUENCE CHARARCTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: gingle
(P} TOPOLOGY: linear

MOLECULE TYPE: cDNA

SEQUENCE DESCRIPTION: SEQ ID NO: 25

ATGGCGOTTCC CARGTTCCCT 20

{2) INFORMATION FOR SEQ ID NO: 27:

{i)

(ii)

SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 bage pairs
(B) TYPE: nucleotide
(C) STRANDEDNRSS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: cDNA
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27

CCCGATATCA o CCCCATCC 20

(2) INFCRMATION FOR SEQ ID NO: 28;

(i} SEQUENCE CHARACTERISTICS:

(&) LENGTH: 18 base pairs
(B) TYPE: nucleotide

(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28

GOATCOGGCA ACTGCACS lg

(2) INFORMATION FOR SEQ ID NO: 29;

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 bage pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single
(D) ToPOLOGY: linear

(ii) MOCLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29

CGOGATGETE GTTGGAGAGS 20

(2) INFORMATION FOR SEQ ID NO: 30:

(1) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 20 bage pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS; single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
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SEQUENCE DESCRIPTION: SEQ ID NO: 30

TETCCACTCC GAATATTCCG 20

(2)

INFORMATION FOR SEQ ID NO: 31:

(1)

(ii)

(xi)

SEQUENCE CHARACTERISTICS:
(A} LENGTH: 26 base pairg
{B) TYPE: nucleotide
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

MOLECULE TYPE: cDNA

SEQUENCE DESCRIPTION: SEQ ID NO: 31

GATCTAGGCC ACTITCTCAGG TCCAGS 26

(2)

INFORMATION FOR SEQ ID NO: 32:

(i)

(ii)
(ix)

(xi)

SEQUENCE CHARACTERISTICS:
() LENGTE: 23 base paire
(B) TYPE: nucleotide
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: cDNA

FEATURE
(B) LOCATION: 6, 12, 139
(D} OTHEER INFORMATION:

repregents inosine (i)

SEQUENCE DESCRIPTION: SEQ ID NO: 32

CATCTGTITTG CUCAGCCACT AGC 23

(2)

INFORMATION FOR SEQ ID NO: 33:

(i)

SEQUENCE CHARACTERISTICS:
(A} LENGTH: 24 base pairs
(B) TYPE: nucleotide
(C}) STRANDEDNESS: single

G

i
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(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33

CITGAGCCAG TTCTCATAGC TGGR 24

(2) INFORMATION FOR SEQ ID NO: 34:

5 (i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 22 base pairs
(B] TYPE: nucleotide
(C) STRANDEDNESS: gingle
(D} TOPOLOGY: linear

10 (i1} MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34

AGTGYTRCCH CARGGCGCTG AA 22

(2} INFORMATION FQR SEQ ID NQ: 35:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bage pairs
15 (B) TYPE: nucleotide

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35

GMCCSCAGCA GSAKGTCATC CA 22

20 (2) INFORMATION FOR SEQ ID NO: 36:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS : single
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(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38
GGATGCCGCCT ATAGCCTCTAC 20
(2} INFORMATION FOR SEQ ID NO: 37:
5 {1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 22 base pairs
(B) TYPE: nuclectide

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

10 (ii) MOLECULE TYPE: cDNA

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37

MAGCCTATCG COTGCAGTIG € 22

(2) INFORMATION FOR SEQ ID NO: 38:

(1) SEQUENCE CEARACTERISTICS:
(A) LENGTH: 40 base pairs
15 (B) TYPE: nucleotide

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:

TAMAGATCTA GAATTCGGCT ATAGGCGGCA TCCGGTAAGT g




Ll
!

‘e

.
*rwe

*hdess
* *

a
2adase

XY

10

18

20

25

67

THE CLAIMS DEFINING TIE INVENTION ARE AS FOLLOWS:

1. Method for detecting a first pathogenic
and/or infective agent and/or a second pathogenic and/or
infective agent associated with multiple sclerosis,
characterized in that at least one nucleic acid fragment
is employed, namely a first fragment whose nucleotide
sequence comprises a nucleotide sequence chosen fron
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID KNO: 8,
SEQ ID NO: 9, their complementary sequences and their
equivalent sequences, in particular the nucleotide
sequences displaying, for any succession of 100 contiguous
monomers, at least 50% and preferably at 1least 70%
homology  with a nucleotide sequence chosen from
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: ¢4,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 38 and their complementary sequences and/or a
second fragment whose nucleotide seguence comprises a
nucleotide seguence chosen from SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, their complementary
sequences and their equivalent sequences, in particular
the nucleotide sequences displaying, for any succession of
100 contiguous monomers, at least 70% and preferably at
least 90% homolegy with a nucleotide seguence chosen from
8FEQ ID NO: 10, SEQ 1ID NO: 11, SEQ ID NO: 12 and their
complementary sequences, each of said fragments being, in

particular, a probe, gaid second fragment being different

from the following sequence

CGCTGAAGCC TATCGCGTGC AGTTGCCGGA TGCCGCCTAT AGCCTC, and
fragments theresf.
2. Diagnostic, prophylactic or therapeutic

composition, characterized in that it comprises at least
one nucleic acid fragment, namely a first nucleic acid
fragment whose nucleotide segquence comprises a nucleaotide
sequence chosen from SEé ID NO: 1, SEQ ID NO: 2,
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SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: s,
SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, their
complementary sequences and their equivalent sequences, in
particular the nucleotide sequences displaying, for any
succession of 100 contiguous monomers, at least 50% and
preferably at least 70% homology with a nucleotide
sequence chosen from SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NoO: 5, SEQ ID NO: &,
SEQ ID NO: 7, SEQ ID No: 8, SEQ ID NO: 9 and their
cemplementary  sequences, gald first fragment being
differenﬁlfrom ERV-9 or HSERV-9 sequences, and/or a second

nucleic acld fragment whose nucleotide seguence comprises
a nucleotide sequence chosen from SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12, their complementary
sequences and their equivalent seguences, in particular
the nucleotide sequences displaying, for any succession of
100 contiguous monowmers, at least 70% and preferably at
least 90% homology with a nucleotide sequence chosen from
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and their

complementary seguences, said second fragment being

different from the following secuence

CGCTGAAGCC TATCGCGTGC ACTTGCCGGRA TGCCGCCTAT AGCCTC, and
fragments thereof.
3. Method for detecting and/or identifying a

combination of pathological andj/er infective agents
associated with nultiple sclerosis, in a biclogical
sample, characterized in that an RNA and/or a DNA presumed
to belong to at least one said pathelogical and/or
infective agent, and/or their complementary RNA and/or
DNA, is/are brought into contact with a composition
comprising a first nucleotide fragment and a second
nucleotide fragment, the nucleotide seguence of said first
fragment comprising a nucleotide sequence chosen fron
SEQ ID NO: 1, SEQ ID NO: 2, SEgQ ID NC: 3, SEQ ID NO: 4,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, their complementary sequences and their
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equivalent sequences, in particular the nucleotide sequences displaying, for any
succession of 100 contiguous  monomers, at least 50% and preferably at least
70% homology with a nucleotide sequence chosen from SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9 and their complementary sequences, and the
nucleotide sequence of said second fragment comprising a nucleotide sequence
chose from SEQ ID NO:10, SEQ iD NOQ:11, SEQ ID NO:12, their complementary
sequences and their equivalent sequences, in particular the nucleotide sequences
displaying, for any succession of 100 contigucus monomers, at least 70% and
preferably at least 90% homology with a nucleotide sequence chosen from SEQ
ID NO:10, SEQ ID NO:11, SEQ ID NO:12 and their complementary sequences.

4, Method for detecting, in a biological sample, a first pathological and/or
infective agent and/or a second pathological and/or infective agent associated
with multiple sclerosis, characterized in that a composition comprising a first
polypeptide partially or completely encoded by the first nucleotide fragment
defined in claim 1, and/or & second polypeptide partially or completely encoded by
the second nucleotide fragment defined in claim 1, is employed.

5. Diagnostic, prophylactic or therapeutic compesition, characterized in that it

comprises the first polypeptide and/or the second polypeptide which are defined in
claim 4.

6. Diagnostic, prophylactic or therapeutic composition, characterized in that it
comprises a first antibody specific for the first polypeptide, and/or a second

antibody specific for the second polypeptide, said first and second polypeptides
being defined in claim 4.

7. Cell line designated LM7PC as deposited with the ECACC on January 8,
1993 under Accession Number 93010817, or any derived cell line, or any progeny
of this line, insofar as these lines and progeny are capable of producing an
antigen obtained from said LM7PC line, or any other antigen displaying an
immunological cross-reaction with said antigen.
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8. Viral strain designated MS7PG as deposited with the ECACC on Januatry 8,
1993 under Accession Number V930108186, or any derived strain, or any progeny
of this strain, insofar as these strains and progeny are capable of producing an
antigen obtained from said MS7PG strain, or any other antigen displaying an
immunological cross-reaction with said antigen.

9. Viral material, in the purified or isolated state, possessing reverse
transcriptase activity, associated with a family of endogenous retroviral elements
and associated with multiple sclerosis, ofiginating from a viral strain possessing
reverse transcriptase activity, chosen from strain of claim 8, and variant strains
consisting of viruses at least one antigen which is recognized by at least one
antibody directed against at least one corresponding antigen of the virus of the
above-mentioned viral strain MS7PG.

10.  Viral material, in the purified or isolated state, possessing reverse
transcriptase activity, associated with a family of endogenous retroviral elements,
associated with multiple sclerosis, produced by cell line of claim 7, or by any
infected cell culture capable of producing a virus comprising at least one. antigen
which is recognized by at least one antibody directed against at least one-

corresponding antigen of the virus produced by the above-mentioned line LM7PC.

11. Viral material according to claim 9 or 10, characterized in that is genome
comprises a nucleotide sequence chosen from SEQ ID NQO:1, SEQ ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NQ:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NQ:9, their complementary sequences and their equivalent
sequences, in particular the nucleotide sequences displaying, for any succession
of 100 contiguous monomers, at least 50% and preferably at least 70% homology
whit a nucleotide sequence chosen from SEQ ID NO:1, SEQ D NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NC:@ and their complementary sequences, sad viral material being
different from ERV-9 or HSERV-9.

12, Retroviral material according to claim 9 or 10, which is associated with

i
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multiple scferosis, and characterized in that the pol gene of its genome comprises
an equivalent nuclectide sequence, and in particular one displaying at least 50%
homology, preferably at least 65% homelogy, with a nucleotide sequence
belonging to the pol gene of the ERV-8 or HSERV-9 retrovirus genome.

13.  Retroviral material according to claim 9 or 10, which is associated with
multiple sclerosis, and characterized in that the poigene of its genome codes for a
peplide sequence dispiaying at least 50% and preferably at least 70% homology
with a peptide sequence encoded by the pol gene of the ERV-9 or HSERV-9
retrovirus genome.

14.  Retroviral material according to claim 9 or 10, which is associated with
multiple sclerosis, and characterized in that the pol gene of its genome codes for a
peptide sequence displaying, for any contiguous succession of at least 30 amino

acids, at least 50% and preferably at least 70% homology with a

@
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peptide sequence encoded by a nucleotide sequence chosen
from SEQ ID NO: 1, SEQ ID NO: 2, SEQ Ib NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, S8EQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 9 and their complementary
sequences.

15. Nucleotide fragment whose nucleotide
sequence comprises a nucleotide sequence chosen from
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, their complementary sequences and their
equivalent segquences, in particular the nucleotide
sequences displaying, for any succession of 100 contiguous
monomers, at least 50% and preferably at least 70%
homology with a sequence chosen from SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, B8EQ ID NO: 4, SEQ ID NO: 5, SEQ ID
NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9 and their

complementary sequences, said fragment being different

from ERV-9 gr HSERV-9 sequences.

16. Bpecific primer for the amplification by
polymerization of an RNA or DNA of a viral material
according to any one of claims 9 to 14, characterized in
that it comprises a nucleotide sequence identical or
equivalent to at least part of the nucleotide sequence of
a fragment according <to c¢laim 15, in particular a
nucleotide sequence displaying, for any succession of 10
contiguous monomers, at least 70% homology with at least
part of said fragment.

17. Primer according to claim 16, characterized

in that it comprises a nucleotide sequence chosen from

SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18,
SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO:21, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,

SEQ ID NO: 26, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33
and their complementary seguences.
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18, Probe capable of specifically hybridizing
with an RNA or DNA of a wviral material according to any
one of claims 9 to 14, characterized in that it comprises
a nucleotide sequence identical or equivalent to at least
part of the nucleotide sequence of a fragment according to
claim 15, in particular a nucleotide sequence displaying,
for any succession of 10 contiguous monomers, at least 70%
homology with at least part of said fragment.

19. Probe according to clainm 18, characterized
in that it comprises a nucleotide sequence chosen from
SEQ ID KO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: &,
SEQ ID NO: 7, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18,

SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21,
SEQ ID NO: 22, SEQ ID NO: 21, SEQ ID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 31,

SEQ ID NO: 232, SEQ ID NO: 33 and their complementary
sequences.

20. Use of a probe according to claim 18 or 19
or primer according to claim 16 or 17 for detecting,
separating or identifying, in a biclogical sample, a viral
material according to any one of claims 9 to 14.

21. Method for detecting, separating or
identifying, in a biological sample, the wviral material
according to one of claims 9 to 14, characterized in that
an RNA and/or a DNA presumed to belong to said virus,
and/or their complementary DNa and/or RNA, is/are brought
into contact with at least one probe according to
claim 19.

22. Method according to claim 21, characterized
in that, before the RNA and/or DNA or their complementary
DNA and/or RNA is/are brought intec contact with the probe,
said RNA and/or said DNA is/are hybridized with at least
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one amplification primer according to claim 17, and said
RNA and/or DNA is/are amplified.

23. Method for quantifving, in a biological
sample, the expression of a viral material associated with
multiple sclerosis according to one of claims 9 to 14,
characterized in that an ENA and/or a DNA specific to said
virus, and/or their complementary DNA and/or RNA, is/are
brought into contact with at least one probe according to
claim 19, amplification is carried out where appropriate
and said RNA and/or DNA is/are detected.

24, Pathogenic and/or infective agent, in the
purified or isolated state, different from the viral
material according to one of claims 9 to 14, associated
with multiple sclerosis, originating from a viral strain
chogen from strain of clainm 8, and the variant strains
consisting of pathogenic and/or infective agents
comprising at least one antigen which is recognized by at
least one antibedy directed against at least one
corresponding antigen of one or other of the pathogenic
and/or infective agents of the above-mentioned viral
strain MS7PG, the agents being different, respectively,
from viral material of said strain.

25, Pathogenic and/or infective agent, in the
purified or isolated state, different from the viral
material according to one of claims 9 to 14, associated
with multiple sclerosis, produced by the cell 1line of
claim 7, and by any infected cell culture capable of
producing a pathogenic and/or infective agent comprising
at least one antigen which is recognized by at least one
antibody directed against at least one corresponding
antigen of one or other of the pathogenic and/or infective
agents produced by the above-menticned line LM7PC, the
agents being, respectively, different from viral material
of said strain.
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26, Pathogenic and/or infective agent,
characterized in that it comprises a nucleiec acid
comprising a nucleotide sequence chosen from
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID ©NO: 12, their
complementary sequences and their equivalent sSequences, in
particular the nucleotide sequences displaying at least
70% and preferably at least 90% homology with a nucleotide
sequence conmnprising a seguence chosen from SEQ ID NO: 10,
SEQ ID NO: 11, SEQ ID NO: 12 and their complementary
sequences, gaid second fragment being different from the

following sequence
CGCTGAAGCC TATCGCGTGC AGTTGCCGGA TGECCGCCTAT AGCOTC and

from fragments thereof.

27. Nucleotide fragment, characterized in that
it comprises a nucleotide sequence chosen from SEQ ID NO:
10, SEQ ID NO: 11, SEQ ID NO: 12, their complementary
sequences and their equivalent seguences, in particular
the nucleotide sequences displaying, for any succession of
100 contiguous monomers, at least 70% and preferably at
least 20% homeology with a sequence chosen from
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 and their
complementary sequences, said second_ fragment being

different from the following sequence
CGCTGAAGCC TATCGCGTGC AGTTGCCGGA TGCCGCCTAT AGCCTC, and

from fragments thereof.

28. Specific primer for the amplification by
polymerization of an RNA or DNA of a pathogenic and/or
infective agent according to any one of claims 24 to 26,
characterized in that it comprises a nucleotide sequence
identical or eguivalent to at least part of the nucleotide
sequence of a fragment according to «c¢laim 27, in
particular a nucleotide sequence displaying, for any
succession of 10 contiguous monomers, at least 90%

hemolegy with at least part of said fragment.




ansn
L
sawsn

- L]

.
asamyy
. .

-
XY T
- »

¢ wa

1c

15

20

25

30

78

29. Primer according to claim 28, characterized

in that it comprises a nucleotide sequence chosen from

SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29,
SEQ ID NO: 30, SEQ ID NO: 34, SEQ ID NO: 35,

SEQ XD NO: 36, SEQ ID NO: 37 and their complementary

seguences.

30. Probe capable of specifically hybridizing
with an RNA or DNA of a pathogenic and/or infective agent
according to any one of claims 24 to 26, characterized in
that it comprises a nucleotide seguence identical or
equivalent to at least part of the nucleotide sequence of
a fragment according to c¢laim 27, in particular a
nucleotide sequence displaying, for any succession of 10
contiguous mnonomers, at least 90% homology with at least
part of said fragment.

31. Probe according to claim 30, characterized

in that it comprises a nucleotide sequence chosen from

SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 27,
SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30,

SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37
and their complementary sequences.

32, Use of a probe according to claim 30 or 31
and/or a primer according to claim 28 or 29 for detecting
and/or identifying, in a biological sample, a patholegical
and/or infective agent according te any one of claims 24
to 26.

33. Method for detecting, separating or
identifyving, in a biological sample, the pathogenic and/or
infective agent according to any one of claims 24 to 28,
characterized in that an RNA andfor a DNA presumed to

belong to said agent, and/or their complementary DNA
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and/or RNA, is/are brought into contact with at least one
probe according to claim 31.

34. Method according to claim 33, characterized
in that, before the RNA and/or DNA or their complementary
DNA and/or RNA is/are brought into contact with the probe,
said RNA and/or sald DNA is/are hybridized with at least
one amplification primer according to claim 29, and said
RNA and/or DNA is/are amplified.

35. Methed for gquantifying in a biclogical
sample, the expression of an infective and/or pathogenic
agent associated with multiple sclerosis according to any
one of claims 24 to 26, characterized in that an RNA
and/or a DNA specific to said agent, and/or their
complementary DNA and/or RNA, is/are brought into contact
with at least one probe according to claim 31, and said
RNA and/or DNA is/are amplified.

36. Diagneostic, prophylactic or therapeutic
composition, in particular for inhibiting the expression
of at 1least one pathogenic and/or infective agent
associated with multiple sclerosis, characterized in that
it comprises at least one probe according to claim 18 or
12 or one probe according to claim 30 or 31, and/or at
least one primer according to claim 13 or 14 or one primer

according to claim 28 or 29,

37. RNA or DNA, and in particular replication
vector, comprising a fragment according to claim 15 and/or

a fragment according to claim 27.

38. Polypeptide having at least 5] and

‘preferably 10 amino acids, encoded by any nucleotide

sequence of the genome of a pathogenic and/or infective
agent associlated with multiple sclerosis, characterized in
that it is encoded by at least one part of a nucleotide
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fragment according to claim 20 or of a nucleotide fragment according to claim 27.

39. Diagnostic andfor therapeutic  andfor prophylactic  composition,

characterized in that it comprises at least one polypeptide according to claim 38.

40. Diagnostic and/or therapeutic  and/or prephylactic  composition,
characterized in that it comprises an antibody specific for at least one polypeptide
according to claim 38.

41. A methed according to claim 1, substantially as hereinbefore described,
with reference to the Examples.

42. A diagnostic, prophylactic or therapeutic composition substantially as
hereinbefore described, with reference to the Examples.

43. A method for detecting and/or identifying a combination of pathological
and/er infective agents associated with multiple sclerosis in a biological sample,

substantially as hereinbefore described with reference to the Examples.

44. A viral material according to claim 9 or 10, substantially as hereinbafore
described with reference to the Examples.

45. A retroviral material according to claim 12, 13 or 14, substantially as

hereinbefore described with reference to the Examples.

46. A nuclectide fragment according to claim 15 or 27, substantially as
hereinbefere described with reference to the Examples.

47. A pathogenic and/or infective agent according to claim 26, substantially as
hereinbefore described with referencs to the Examples.

Bio Merieux
By its Registered Patent Attomeys

25 Freehills Patent Attorneys 10 January 1999
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FIG1

pol SHIH TGGARAGTGT TEOCACAGHG COCTGEAAXC TATCCIRTGE AGTIGOOGGA

pol SHIH TOOOXCTAT AGCCICTACA TOEATGACAT QCTGCTEEXT TOC 93

SEQ 1D No 10

50
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Consensus

Consensus

SEQ 1D NOJ

GTICAGEGAT AEOUCLCATC TATTIGRICA GECACTRICE CARTACTIGA

GOAGTICIC ATROCTGEAC AVICTYGTOC TTOEST a6

SEQ 1D NO4

GTICARRGAT AGCOOCCATC TATTIGEOCW RGYATIRGOC CAAGACTIGA

GYCAATTCTC ATACCTIGEAC ACTCTIGIOE TIYRG 65
SEQ 1D NOS

mrmmmam,m
GOCAGTICTY ATROGTORC ACTCTIGICC TTT6G 8

SEQ 1D NO&

GTGTIOCAL AGGEGTTTAR RGATANCYCY CATCIMITIR SYORGYAYT
RRCYCRAKAY YTRRGYCAVT TCTYAKRYSY RGSMAYICTD KYOCTTYRGT

ARTGEATGHE C
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CONSENSUS A FIG 4

GTTTAGGGATAGCCC TCATCTCTITGCTCA CCTACTGGCCCARGA TCTAGGLCACITCTC
vy . G . P S S L W S G T ¢ PR S R P L L
F RDSP HLF GQ V L A QD t GHF S
L 6 1 AL I S L VR YW P K I . A T S Q

AGGTCCAGGCACTCT GTTCCTTCAG
RS R HS VP&

G P G T L F LAQ

v Q & L C S F

CONSENSUS B _

GTTCAGGGATAGCCC CCATCTATTTGGCCA GGCACTAGCTCAATA CTTGAGCCAGTTCTC
VQG.PPSIWPGTSSILEPVL
FRODSP HLFGQ ALAQY L SQFS
< ¢ T AP IYLAR H . LNT . 4&55H

ATACCTGGACACTCT TCTCCTTCGGT

I P GHS CPS

Yy L O T L V1R
Tw T {LL S ¢ G

CONSENSUS C

CITCAGGCATAGCCC CCATCTATTTGGCCA GGCATTAGCCCAAGA CTTGAGTCAATTCTC
VQG.PPSIWPGISPRLESIL
FRUDUSP HLFGQ ALAQD L 5QFS
c c I AP IYLAR H.PKT . VNS5H

ATACCTGGACACTCT TGTCCTTCAG
I P G6GHS TP S

Yy L DT L VvV LQ

T wWw T L L S F

CONSENSUS D

CTTCAGGCATAGCTC CCATCTATTTGGCCT GGCATTAACCCGAGA CTTAAGCCAGTTCTC

VQ(;,LPSIHPGINPRLKPVL
FRDSSHLFGLALTRDLSQFS
SG‘IAPIYLAWH.PET.ASSH

ATACGTGGACACTCT TGTCLTTTGG
I R G H S5 CP L

y v D T £ VvV L W

T W T L L S F
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FIGS

Conseasus  TIGGATOCAG TGHTGOCHCA GOGOGCTGAA GICTATCRNG TCCAGTTEC 59

Consensus  GGATOOCGT: TATAGCCICT ACGTGGATGA CCTSCIGANG CTIGAS %6

SEQ 1D NO 11

f
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FIGS

CANGOCACCE ARGARCTCTT AMATTTOCTC ACTROCTGTG GOTACAMGIT
TIOCAAACCA AMGGCTCAGE TCTGCTCACA GGAGATTAGA TRCTTAGGGT
TAARATTATC CAARGGTACC MOGUECTCA GIGAGGARE TATCUAGICT
ATACTGGGTT ATCCICATOC CAAAACCTA ANGCAACTAR GAGGGTICCT
TAGCATGATC AGGTTICTGC CGARRACAAG ATTCOCAGGT ACAACCARAA
TRGCCAGHOC ATTATATACA CTAATTANGG ADACICEGRA AGOCARTROC
TATTTAGTAA GATGRAAOC TRAACAGRAG CCTTTCCAGG CUCTRARGIA
GOICTRACT CRAGOYTAG TGTICAGCTT GCCAMCAGSG CAAGATTTIT
CTTTATATGG CACAGAAAAR ACAGGANTCG CICTRXASGT CUTTACRCAG
GTOEAERA TGAGCTTOA ACOOSTCACA TACCIGARTA. AGERAATIGA
TCTAGTERCA AMGTIGEC CIUATNGTTT ATOGTAATS GIGGCASTAG
CAGTCTINAGT ATCTCAAGCA GTTRARATAR TACAGGGARSG AGNICTINGT
GTGTGGACAT CTCATGATGT CANYIGCATA CTCACTGCTA AAGGAGACTT
GTIGTICTCA GACRAMOCATT TRCTIAANTA TCAGGCTCTR TTACTIGANG
AGOCAGTOCT GNERCTEORC ACTTGTGCAA CTICTTRARCS ©
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FIgo e

TCAGGGATAGCCCCCATCTATTTGGOCAGGCATTAGCCCAAGACTTGAGTC
AATTCTCATACCTGGACACTCTTGTCCTTCAGTACATGGATGATT TACTTT
TAGTCGCCCGTTCAGAAACCTTGTGCCATCAAGCCACCCAAGAACTCTTAA

| CTTTCCTCACTACCTGTGGCT. ACAAGGTTTCCAAACCAAAGGCTCGGCTCT
: GCTCACAGGAGATTAGAT ACTNAGGGCTAAAATTATCCAAAGGCACCAGG

GCCCTCAGTGAGGAACGTATCCAGCCTATACTGECTTATCCTCATCCCAAA
ACCCTAAAGCAACTAAGAGGGTTCCTT GGCATAAC’AG:GT(T CTGCCGAAA
ACAGATTCCCAGGTACASCCCAATAGCCAGACCATTATATACACTAATTA
NGGAAACTCAGAAAGCCAATACCTATT FAGTAAGATGGACACCTACAGAA
GTGGCTTTCCAGGCCCTAAAGAAGGCOCTAACCCAAGOCCCAGTGTTCAGC
TTGCCAACAGGGCAAGAT TTTICTITATATGCCACAGAAAAAACAGGAAT
AGCTCTAGGAGTCCTTACGCAGGTCTCAGGGATGAGCTTGCAACCCGTGGT
ATACCTGAGTAAGGAAATTGATGTAGT GGCAAAGGGTT

SEQ (D NOS
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FIG. 11A

10 20 30 40 50 60 70

* * * * * = *®
CCC’I"I"I‘GCCACTACATCAATITTAGGAGTAAGGMAACCCAACGGACAGTGGAGG’I'I‘AG’I‘GCAAGAACTCAGG
P F oa T T g I . G Vv R K P N G Q W R L VvV Q E L >

a _a a a a a a TRANSLATION OF MSRV-1 POL (&) a a a a a a a >
80 90 100 110 120 130 140
* * * * H - -

ATI‘ATCAA’I'GAGGCTGTTG‘ITCCTCTATACCCAGCPGTACCTAACCCTTATACAGTGCTI‘TCCCAAJ\TACCA
I I 34 b AV VvV P L ¥ P A V P N B Y T v L 3 [#] I P>

A _a a_a a a a TRANSIATION OF MSREV-1 DOL [9:¥] a a a_a a a a >
1590 160 170 180 190 200 210
* * * * * * *

GAGGAAG('AGAGTGGTI'I‘ACKGTCC'I‘GGACCTI‘AAGGATGCCT‘IT'PI‘CTGCATCCCTGTACGTCCTGACTC‘I‘
E B A E W F T ¥V L b L B D A F F c I P v R P D 5>

a a a a a a a TRANSLATION OF MSRV-1 POL (&) a a a a a a a >
220 230 240 250 260 270 280
* * * * * * *

C.RA'FI‘CTTG*I‘I‘I‘GCC'I'I‘I‘GAAGATCCT'I'I‘GAACCCRACGTC‘I‘CAAC‘ICACCTGGACTG’ITTTACCCCP.AGGG
¢ F L F A F E D P L N P T & @ L T W T|V L P Q G>

a a__a a a a a TRANSLATION OF MSRV-1 POL (B} a a r = = o 3
Sohw
.._: 290 300 310 3ze 330 340 350 360
* * * * * * * *
':-'-E'I‘CAGGGATAGCCCCCATCTATITGGCCAGGCATI!AGCCCAAGAC'I‘I‘GAGTCAATI‘CTCATACCTGGACHCT
F R D ) P F E D P L N P T 5 Q L T W T v L 3 Q G>
setene & a a a a a a TRANSLATION OF MSRV-1 FOL {A) a a a a a a a >
. L & _a 3 &a '’ - B R’ 8 & @a & a .
' 370 380 390 400 410 420
t Teee * + + * + * * *
Q‘I'I'GTCCTI'CAGTACATGGATGATTTAC’I‘I‘T'IAG’I‘CGCCCGT'ICAGAAACC'I'I‘GTGCCLATCAAGCCACCCAA
fressrt, VvV oL Q ! ¥ M p D/L L L V A R § E T L C M ¢ A T QO
& a a SLATICH OF MSRV-1 POL (A} a a a_ a a a a >
440 450 460 470 480 490 500
* * * * * * *

GAAC‘I‘CTI'AAC‘I"I"I‘CCTCACTACCTGTGGCTACAAGGTTTCCAAACCAAAGGCICGCCTC'IGCTCACAGGAG
L L  F L T T C 6 ¥ K V 8§ K F XK A K L ¢ I ¢ F>

ER YY)

¢+ A2 a a_ a a a a TRANSLATION OF MSRV-1 POL [F:8] A a &8 a a a a >
e F——o_ 8 8 a4 a a ° —_—n 8 8 4a a & a .
ssvsn 510 520 530 540 550 560 570
A . * * * * * * +

A'I"I‘AGATACTNJLGGGCTAAAATTATCCAMGGCACCAGGGCCCTCAGIGAGGAACGTATCmGCC.TA’I'ACTG
J R Y X 6 L K L 8§ K 6 T R A L § E E R I g F I >

"""l a a a_a a _a a TRENSIATION OF MSRV-1 POL {A) a_ a _a a a a a >
earess 580 590 600 610 620 630 640
. . * * * * * * '

GC‘I'TATCC'I‘CATCOCAAA}\CCCIA.EAGCAAGIAAGAGGGTTCCTTGGCATAACAGGTZTCTGCCGAAMCAG
A Y P M P K T L K Q@ L K & F L 6 T T G F ¢ R K ¢

. a a a a_ & a a 'TRANSLATION OF MSRV-1 POL (A) a a a_ a a a a >
650 660 870 €80 630 700 710 720
* * * * * * * *

A'I'I‘CCCAGGTACASCCCAATAGCCAGACC&'I‘[‘RTMACACTAAT’PANGGRAACTCA.GAMGCCAATACC TAT
I F R ¥ X » I A R P L Y T L I X X * Q X A M T Y

a_ B @ @ & & a TRANSLATION OF MSRV-1 FOL (a) a & a a a_a a _»
730 740 750’ 760 770 780 790
* * * * * * *

TTAGTA}\GATGGACACCTACAGAAGI‘GGCT!TCCAGGCCC'I‘AAAGP:AGGCCCTAACCCAAGCCCCBGTGTI‘:
L VRWTPTEV A F Q AL K K A ULT QAP V P
4 a8 _a a @a a a TRANSLATION OF MSRV-1 DPOL {A} a a a a a a a8 >




FIG. 11B

800 810 820 930 840 850 860

* * * * * * *
AGC TTG CCA ACA GGG CAA GAT TTT TCT TTA TAT GCC ACA GAA ARA ACA GGA ATA GCT CTA GGA GTC CTT ACG
5 L P T [e] Q D F s L Y A T E K T G I a L G v L T

a a a a a a a TRANSLATION OF MSRV-1 POL {R) a EY a a a a a >
870 8e0 8BS0 900 910 g20 930
* * * * * * *

CRG GTC TCA GGG ATG AGC TTG CAA COC GTG GTA TAC CTG AGT AAG GAR ATT QAT GTA GIG GCA ARG GGT TGG
Q v s G M S L Q P v v ¥ L 3 K E I D vV A K & W

a a a a a a a TRANSLATION OF MSRV-1 POL (A} a a a a a a a >
940 950 960 970 980 930 1000
* * * * * * *

CCT CAT NCT TTA TGG GTA ATG GNG GOA GTA GCA GTC THA GTA TCT GAA GCa GTT AAA ATA RTA CAG GGA AGA
P i X L W VvV M X A V A Vv X v B E AV K I I O G R>

a &_&_ a a & a  TRANSLATION OF MSRV-1 POL (A} a a a a a a_ a >
1010 1029 1030 1040 10590 1060 1070 1080
* * * * * * * *

GAT CTT NCT GIG TGG ACA TCT CAT CAT GIG RAC GGC ATA CTC ACT GCT AAA GGA GAC TTG TGG TTG TCA GAC
D L X Vv W T 5 H D Vv K [o4 I L T A K G D L W L ] D>

a _a a a a a a4 TRANSLATION OF MSRV-1 POL (A) a a a a a a a >
sree 1080 1100 1110 1120 1130 1140 1150
. * * * * * * *

P‘HC CAT TTA CTT AAN TAT CAG GCT CTA TTA CTT GAA GAGZ CCA GTG CTG NGA CTG CGC ACT TGT GCA ACT CTT
¥ H L L X Y 9 A L L L 2 E P OV L % L H T €C A T L
a a a EY EY a ES TRANSLATION OF MSRV-1 POL (A) a a a a a a a >

LERITY) T
*  MAA CCC

b K P>

s .

* wemzy >

.
Toamay
. .

SEQ ID NO 1




e 20 réng 30 40

550 560 570 580
GGRATATTCGGAGTS GAGACGGAGGTSGAC GAAGOGCGGOGRATT
598G 609 610 62? 630
CATCCGOGTATTGTA ACGGGTGACACCTTC COCAMAGCATICCGS
&40 650 680 67?
-

ACGTGCCOOATTGAC COGGAGCANCCTOGE ACGGCIGCGOGEGCA

680 690 100 710 720

SITATANTTIOGGOT TACGAATCARDGSS

730 740

ANGECTATCGlGIGE ’\C'”Ufc_tfifsa

.
T TACCC CAGCGOGeTS
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