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ABSTRACT

[t is intended to provide an effective method of treatment of PML (human
progressive multifocal leukoencephalopathy). Inhibition of JC virus proliferation in JC
virus-infected cells by suppression of JC virus agnogene; and a method of inhibition of

the canceration of JC virus-infected cells.
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DESCRIPTION

TREATMENT OF PML TARGETING JC VIRUS AGNO

FIELD OF THE INVENTION

The present invention relates to a method of treatment of progressive multifocal
leukoencephalopathy (PML) by inhibition of JC virus agno, and a pharmaceutical

composition thereof.

BACKGROUND OF THE INVENTION

PML 1s a demyelinating disease caused by the infection with a JC virus (JCV).
JCV 1s a double-stranded circular DNA virus belonging to polyomavirus family, and
latently infects the urinary tract system of 70% or more of normal healthy individuals.
In immunocompromized circumstance, JCV replicates in the central nervous system,

infects oligodendroglia, proliferates, and results in lethal demyelination of brain.

SUMMARY OF THE INVENTION

Previously, PML was a relatively rare disease, however: it becomes more popular
along with pandemic of an acquired immunodeficiency syndrome (AIDS) and
immunosuppressive therapy after transplantation of bone marrow and other organs.
Especially in such a transplantation, it cannot be avoided that a patient is subjected to
Immunosuppressive condition. Overcoming of PML is very important in success of
implantation therapy. Although cytosine arabinoside (Ara-C), a DNA synthesis inhibitor,
and interferon 3 have been employed in the treatment of PML, effective therapies

against PML are not established yet.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the results of the test in which both a mutant JC viral DNA (Aagno)
in which an initiation codon, *’’ATG (Met) of agnoprotein, was converted into 2’CGA
(Arg) and a wild-type viral DNA (WT) expressing agnoprotein were introduced into
IMR-32. After various periods from transfection, total RNAs were isolated from the

cells, and subjected to an RT-PCR assay, following the 2% TAE agarose gel

electrophoresis to compare the mRNA levels between the cells transfected by Aagno or

WT viruses. The “M” indicates a 100-bp ladder DNA marker, numbers indicate

periods (days) aftertransftection of DNAs, LT indicates large-T antigen.

BEST MODE FOR CARRYING OUT THE INVENTION

The inventors had been investigated the glia tissue-specific tropism of JCV infection
and tried to establish an effective treatment of PML. Analysis of JCV-encoded
agnogene whose function 1s unknown revealed that JCV having a variation in the agno
gene lacking agnoprotein was significantly suppressed expression as described in
EXAMPLES. Thus, the present inventors established the invention.

An artificial control of the expression of an agno gene by using a gene engineering
technology including application of antisense oligonucleotides or RNAI, or an inhibition
of the agnoprotein by using an anti-agnoprotein antibody can suppress JCV infection,
contributing to development of PML treatment.

Accordingly, the invention relates to the following aspects:

1. A method for suppression of JCV infection in JCV infected cells by inhibition of JCV
agnogene.

2. A method for suppression of canceration caused by JCV infection by inhibition of
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JCV agnogene.

3. A method for treatment of progressive multifocal leukoencephalopathy by inhibition
of JCV agnogene.

4.A method for treatment of human progressive multifocal leukoencephalopathy by
inhibition of JCV agnogene.

5. The method according to any one of the above-mentioned 1 to 4 introducing an
antisense oligonucleotide against JCV agnogene into JCV-infected cells by inhibition of
JCV agnogene.

6. The method according to any one of the above-mentioned 1 to 4 introducing an RNA
fragment complementary with JCV agnogene into JCV-infected cells by inhibition of
JCV agnogene.

7. A method for suppression of JCV proliferation in JCV infected cells by treatment
with anti-agnoprotein antibody to suppress agnoprotein.

8. A method for suppression of canceration of JCV infected cells by treatment with anti-
agnoprotein antibody to suppress agnoprotein.

9. A method for treatment of progressive multifocal leukoencephalopathy by treatment
with anti-agnoprotein antibody to suppress agnoprotein.

10.A method for treatment of human progressive multifocal leukoencephalopathy by
treatment with anti-agnoprotein antibody to suppress agnoprotein.

11. The method according to any one of the above-mentioned 7 to 10 wherein the anti-
agnoprotein antibody is a polyclonal antibody.

12. The method according to any one of the above-mentioned 7 to 10 wherein the anti-
agnoprotein antibody 1s a monoclonal antibody.

13. An 1nhibitor of the expression of JCV agnogene comprising of an antisense

oligonucleotide of JCV agnogene.
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14. A pharmaceutical composition comprising as an active ingredient an antisense
oligonucleotide of JCV agnogene.

15. A pharmaceutical composition for treatment of human progressive multifocal
leukoencephalopathy comprising as an active ingredient an antisense oligonucleotide of
JCV agnogene.

16. An inhibitor of expression of JCV agnogene comprising of an RNA fragment
complementary with JCV agnogene.

17. A pharmaceutical composition comprising as an active ingredient an RNA fragment
complementary with JCV agnogene.

18. A pharmaceutical composition for treatment of a human progressive multifocal
leukoencephalopathy comprising as an active ingredient an RNA fragment
complementary with JCV agnogene.

19. A suppressant of the proliferation of JCV consisting of an anti-agnoprotein antibody.
20. The suppressant of the proliferation according to the above-mentioned 19 wherein
the anti-agnoprotein antibody is a polyclonal antibody.

21. The suppressant of the proliferation according to the above-mentioned 19 wherein
the anti-agnoprotein antibody is a monoclonal antibody.

22. A suppressant of the canceration of JCV-infected cells consisting of an anti-
agnoprotein antibody.

23. The suppressant of the canceration according to the above-mentioned 22 wherein
the anti-agnoprotein antibody is a polyclonal antibody.

24. The suppressant of the canceration according to the above-mentioned 22 wherein
the anti-agnoprotein antibody is a monoclonal antibody.

25. A pharmaceutical composition comprising as an active ingredient an anti-agno

protein antibody.

e S : : : SR smeSste S elmianeet s o e ' : . L T vy o ] AT I O Mrblry e a. S SRt ke S A A AL P rrterCa st - e e B B I TR T E T I



CA 02467930 2004-05-20

26. A pharmaceutical composition for treatment of human progressive multifocal
leukoencephalopathy comprising as an active ingredient an anti-agnoprotein antibody.
27. The pharmaceutical composition according to the above-mentioned 25 or 26
wherein the anti-agnoprotein antibody is a polyclonal antibody.

28. The pharmaceutical composition according to the above-mentioned 25 or 26

wherein the anti-agnoprotein antibody is a monoclonal antibody.

The JCV infected cells in each method according to the invention include the cells
derived from humans and non-human animals, for example, mammalian animals. In
addition, the target of the inventive treatment 1s progressive multifocal
leukoencephalopathy, especially a human progressive multifocal leukoencephalopathy.

In a method of the invention, by transfection either with an antisense
oligonucleotide directed to JCV agnogene or with an RNA fragment complementary
with agnogene into JCV infected cells followed by the complementary binding of these
transduced antisense oligonucleotide or RNA fragment to an mRNA transcribed from
JCV agnogene whereby inhibition of agnogene, alternatively, introduction of an anti-
agnoprotein antibody into JCV-infected cells, it becomes possible to suppress the
proliferation of JCV in JCV-infected cells, to suppress canceration in JCV-infected cells,
and also to treat progressive multifocal leukoencephalopathy.

Such an antisense oligonucleotide, RNA fragment or anti-agnoprotein antibody can
be introduced by any method known to those skilled in the art. For example, the
introduction into the JCV-infected cells can be accomplished by a lipofection,
electroporation and other methods. Especially, when using a capsid protein of JCV as
a vector, the antisense oligonucleotide can efficiently be introduced into the target site.

The timing and the level of the introduction of the antisense oligonucleotide, RNA



CA 02467930 2004-05-20

fragment or anti-agnoprotein antibody into JCV-infected cells may vary depending on
the sex, age, body weight and condition of the patient to be treated, and may be
appropriately selected.

The invention also relates to inhibitors of expression of JCV agnogene including an
antisense oligonucleotide of JCV agnogene or an RNA fragment complementary with
JCV agnogene, and a pharmaceutical composition comprising the same as an active
ingredient, especially a pharmaceutical composition for treatment of human progressive
multifocal leukoencephalopathy. = By using such inhibitors or pharmaceutical
composition, methods of the invention described above can be practical.

An antisense oligonucleotide directed to JCV agnogene or an RNA fragment
complementary with agnogene can be prepared readily by chemical synthesis or PCR
reaction and other methods known to those skilled in the art based on the nucleotide
sequence represented by SEQ ID No.l. Such an antisense oligonucleotide may not
necessarily be the full-length nucleotide sequence of JCV agnogene represented by SEQ
ID No.1, and may have nucleotide sequence with shorter length. While the number of
the bases possessed by the RNA fragment complementary with agnogene is not limited
particularly, and the one which has 15 to 30 nucleotides, preferably about 25 nucleotides,
and which is complementary with the 5'-terminal region of JCV agnogene represented
by SEQ ID No.l may be exemplified.

The invention furthermore relates to a suppressant of the proliferation of JCV
consisting of an antt-agnoprotein antibody and a suppressant of the canceration of JCV-
infected cells, as well as a pharmaceutical composition comprising as an active
ingredient an anti-agnoprotein antibody especially for treatment of human progressive
multifocal leukoencephalopathy. The anti-agnoprotein antibody may be a polyclonal

or monoclonal antibody, which may readily be prepared using a technology known in
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the art. For example, JCV agnoprotein is injected as an immunogen to an animal such
as mouse or rat whereby preparing a polyclonal anti-agnoprotein antibody.
Alternatively, a cell fusion technology employing a spleen cell of such an immunized
animal can be utilized to prepare the monoclonal antibody. In addition, a gene
recombination technology may also be employed to produce various chimera antibodies
which cause no rejection upon administration to a human, such as a humanized antibody
in which the region except for an antigen determinant or variable region has been
replaced with human region. Any of such agents or pharmaceutical compositions can
be employed to conduct a method of the invention described above. The timing and
the level of the introduction into JCV-infected cells may appropriately be selected by
those skilled in the art depending on the sex, age, body weight and condition of the
patient to be treated.

Any of the various agents and pharmaceutical compositions described above may
contain any optional pharmaceutically acceptable components well known in the art
such as various auxiliary agents, formulatory aids, as well as other active ingredients,
and may be in any dosage form such as a solid, solution, emulsion, gel, sol, powder,
granule and the like. The amounts of the active ingredient and other components,
ratios, consumption levels, doses and treatment intervals may appropriately be selected
by those skilled in the art depending on the sex, age, body weight and condition of the

patient to be treated.

EXAMPLES

The invention 1s further described 1n the following EXAMPLES, however it is

not limited by these EXAMPLES.
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EXAMPLE 1

Method for preparation of agnogene mutant JCV

Agnogene-containing virus gene subcloning and nucleoide substitution by site-directed

mutagenesis method:

JCV, a 5,130-bp double-stranded circular DNA virus, in which agnogene 1s encoded
at nt.277-492 from the numbers represent the nucleotide the replicaﬁon hﬁtiation site as
the 1st nucleotide (nt.1), and in which agnoprotein coﬁsisting of 71 amino acids 1is
transcribed and translated. The present inventors made an a_ttempt, ﬁsing site-directed
mutagenesis method, to prepare a viral gene without agno gene‘ transcription products.
From a plasmid pJC1-4—>pJCV (HSRRB, VGO15) in which the full-length JCV gene of
the Mad-1 type as a pretotype of JCV reported by Frisque et al m 1984 (Journal of
Viroiogy, 51: p.458-469, 1984, "Human polyomavirus JC virus genome") had been
mserted, an about 1 kbp gene containing agnogene was isolated by digestion with Hind
I and Apa I, and subcloned into pBluescript‘v-SKwL (Strétagene). Using thfs plasmid as
a template together with Unique ‘Site Elimination mutagenesis kit (Amersham
Phannacia Biotech) [1], agnoprotein initiation codon %"’ ATG (Met) was converted into
“TICGA (Arg), or [2] **GTT (Val) imrhediately after' agnopfotein, initiation codon is
converted 1nto 28°TAA (Stop), whereby producing a viral gene which could not express
agnoprotein. This VariatiOn-containing Virus gene was also isolated by digestion with
Hind III and Apa I, and inserted into the plasmid pJC1 -4—>bJ CV, to obtain a full-length

JCV variant agnogene.

Intracellular introduction of viral gene:
JCV can be artificially produced by introducing a full-length JCV genome into

human neuroblastoma-derived cell line, IMR-32. The inventors cleaved the agno-
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deficient viral gene [1] and [2] out of the vector sequence bsz;m HI to isolate a 5,130
bp JCV- gene. Thereafter, the viral DNA was introduced into IMR-32 cells using a gene ‘
transfection reagent, Ei“fec’uené‘E (Qiagen). Since replication of JCV i1s known to be
relatively slow, the serum concentration of the' cell culture was reduced from 10 to 5%
on the day following to transfection to reduce cell proliferatidn, whereby increasing

virus replication.

EXAMPLE 2
Viral RN A recovery and investigation of JCV replication by reverse transcription-
polymerase chain reaction (RT-PCR) method:

Following 10 minutes (day 0), 3 days, 5 days and 7 days after transfection of JCV
DNA, total RNA was isolated from the ceils uSing a total RINA extraction reagent,
ISOGENY(NIPPON GENE). One pg of total RNA was treated with DNase I to
elimin‘ate viral DNA, thereafter RNA was transcribed into cDNA using MEirst-strand

synthesis system for RT-PCR (GIBCO, BRL). The cDNA was used as a template for the

following 3 primer sets in PCRassays.

Primers No.1 (for T antigen)

Tag-F: 5 - ggthcaacctatggaacag -3 (nt.. 4427-4408, 20mer)
Tag-R: 5" - agtétﬁagggtcttctacc -3°  (nt. 4255-4274, 20mer)
Primers No.2 (for VP1)

VP1-F: 5° - tgtgcactctaatgggcaage -3~ (nt. 1828-1848, 21mer)
VPI-R: 5’ - ctaggtacgccttgtgctetg -3 (nt. 2039-2019, 21mer)

Primers No.3 (for agnogene)

agno-F: 5 - atggttcttcgecagetgte -3°  (nt. 277-296, 20mer)

*Trademark
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agno-F: 5’ - ctatgtagcttttggttcagg -3~ (nt. 492-472, 21mer)

The PCR conditions are as follows.
When using Primers No.1 (for T antigen):
94°C for 1 minute — (94°C for 30 seconds; 58°C for 30 seconds; 72°C for 30 seconds)

x 3 cycles > (94°C for 30 seconds; 60°C for 30 seconds; 72°C for 30 seconds) x 25

cycles — 72°C for 10 minutes

When using Primers No.2 (for VP1):
94°C for 1 minute — (94°C for 30 seconds; 63.5°C for 30 seconds; 72°C for 30

seconds) x 28 cycles — 72°C for 10 minutes

When using Primers No.3 (for agnogene):
94°C for 1 minute — (94°C for 30 seconds; 48°C for 30 seconds; 72°C for 30 seconds)

x 3 cycles — (94°C for 30 seconds; 53°C for 30 seconds; 72°C for 30 seconds) x 25

cycles — 72°C for 10 minutes

An equal amount of each PCR product thus amplified under the condition specitied
above was subjected to an electrophoresis on a 2% TAE agarose gel, and mRNA levels
of the cells transfected with either Aagno or WT viral DNA. In order to confirm of
absence of viral DNA in the resultant PCR product, total RNA which had not been
subjected to reverse transcription reaction was also used as a template for the PCR. As
a positive control for the PCR, a pEGFP-N1 vector (Clontech) was transfeccted at the
same time with the viral DNA, and the EGFP gene was simultaneously amplitied with

PCR. In addition, as a positive internal control for total RNA extraction and reverse
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transcription reaction, human p-actin gene was also amplified. For positive control for
the PCR reaction, cDNA from JCV producing cell lines, JCI was applied, and for a
negative control, deionized water (DW) was used.

The results of the RT-PCR described above are shown in Figure 1. Since we have
obtained the same result using mutants [1] and |2}, the result of the mutant |[1] was

represented as Aagno. Wild-type viral DNA (WT) exhibited expression of both of

early protein, Large T antigen and late proteins, agnoprotein and VP1 mRNAs at 3 to 5
days after the transfection. On the contrary, mRNAs of Large-T antigen were almost

not detectable, in mutant virus (A agno), and those of VP1 were just at an only

detectable level on the day 7 after transfection.

INDUSTRIAL APPLICABILITY

Agnogene is encoded in the most upstream 1n the late protein transcription region of
JCV and translates a protein consisting of 71 amino acids (8 kDa). The function of
agnoprotein 1s still unknown. In general, mutation of late protein does not have an
effect on expression of early proteins. The above-mentioned experiment employing the
agno mutant virus synthesized by the inventors revealed that deletion of agnoprotein
caused marked inhibition or suppression of expression of JCV early protein, Large-T
antigen.

Large-T antigen has an ability to induce canceration of cells via binding with
various cellular proteins and DNASs 1n the host cell, and 1s also essential as an initiation
factor of replication and a transcription factor for the proliferation process of JCV itself.
Accordingly, the invention was proven to be capable of inhibiting expression of
agnoprotein whereby inhibiting function of a potent JCV-activating factor, Large-T

antigen, resulting in a significant suppression of viral proliferation.

11
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Based on these results, a method of the invention for suppressing the proliferation of
JCV by allowing an oligonucleotide having a sequence complementary with JCV
agnogene (antisense oligonucleotide) to exert its efiect whereby inhibiting (suppressing)
the agnogene expression (antisense method) is provided as an etfective PML treatment
as a substitute for conventional therapeutic methods.

An antisense oligonucleotide can readily be designed when the target gene sequence
is known, and can be synthesized in a large amount at a low cost within a short period.
It is also biologically advantageous, since it 1s highly unlikely for a resistant virus to
appear differently from a chemotherapy, and also it has a little side etfect on a host cell.
An antisense method has already been applied as a therapeutic approach against a
persistent infectious disease such as AIDS or cancer in several clinical trials, and the
antisense therapy against a cytomegaloviral retinal infection in AIDS patients has
already been brought 1into a practical use.

In the invention, the size of the base sequence of a JC virus agnogene targeted
in PML treatment is as small as 216 bp, which is short enough to select appropriate
regions for synthsis of antisense nucleotides, and the variation of the virus gene is less

frequent compared with a RNA virus such as HIV,

12
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SEQUENCE LISTING

Japan Science and Technology Agency

TREATMENT OF PML TARGETING JC VIRUS AGNO

JA900815

JP2001-356836
2001-11-22

PatentIn Ver.

1

216

DNA

JC virus
CDS
(1)..(216)

I

2.

1

alg gitt ctt cgc cag ctg tca cgt aag gct tct gtg aaa git agt aaa

48




Met

dCC

Thr

tta

Leu

ddd

Lys

ttg
Leu

6o

Val

Irp

gdd

Glu

aaa
Lys

50

cCi

Pro

<210 2

211> 71

Leu

agt

Ser

{1
Phe
35

dg4d

Arg

gad

Glu

(212> PRT

Arg

gLd
Gly

20

itg

Leu

Cag

Gln

cCa

Pro

{213> JC virus

<400, 2

Gln
3

act

Thr

ctg

Leu

dg8a

Arg

ddad

LyS

Leu

daad

Lys

gacC

AsD

CacC

His

gct
Ala
10
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Ser Arg Lys Ala Ser Val

ddd

Lys

t it

Phe

agit
Ser

39

dCd

Thr

10

aga gc¢ct caa
Arg Ala Gln

29

fgc aca ggi

Cvs Thr Gly

4 ()

ggt ttg act

Gly Leu Thr

tag

dg8

Arg

gda

Glu

48
Glu

att

gaC

Asp

cag
Gin
60

Lys Val

fta att

Leu Ile

30

agt gta
Ser Val
45

aca tac

Thr Tyr

Ser Lys

15

ftt ttg

Phe Leu

gdC EE&E&

Asp Gly

agt gct
Ser Ala

Met Val Leu Arg Gln Leu Ser Arg Lys Ala Ser Val Lys Val Ser Lys

]

0

10

15

Thr Trp Ser Gily Thr Lys Lvs Arg Ala Gln Arg Ile Leu Ile Phe Leu

20

29

30

36

144

192

216
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Leu Glu Phe Leu Ley Asp Phe Cys Thr Gly Glu Asp Ser Val Asp Gly

390 40 45
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CLAIMS:

. A method for the preparation of an agno mutant JC virus (JCV) having an inhibited

expression of agnoprotein, the method comprising:

introducing to a JCV agnogene within a full length JC virus genome, a mutation
selected from the group consisting of: a mutation of nucleotides of said JCV agnogene which
encode an initiation codon methionine into a nucleotide sequence encoding any other amino
acid; and a mutation of nucleotides of said JCV agnogene which encode a Valine

immediately after the initiation codon into a nucleotide sequence encoding a stop codon;

whereby a mutant JCV having a full length virus genome but containing said

mutation is produced such that the mutant JCV has an inhibited expression of agnoprotein;

and
introducing said mutant JCV into a human neural cell-derived cell line.
2. A mutant JCV prepared by the method according to claim 1.
3. A human neural cell-derived cell line infected with the mutant JCV of claim 2.
4. The human neural cell-derived cell line of claim 3, wherein the human neural cell-

derived cell line is a human neuroblastoma-derived cell line.

5. The human neural cell-derived cell line of claim 4, wherein the human

neuroblastoma-derived cell line 1s IMR-32.

13



RT (+)

RT {-)

RT (+)

RT ()

RT (+)

RT ()

RT (+)

RT (+)

200
100

200
100

300

200

300
2C0

300
200

300
200

300
200

30Q
200

CA 02467930 2004-05-20
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