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_ 5 interleukin-10 (IL-10), formerly known as cytokine synthesis

inhibitory factor (CSIF), for the treatment or prevenuon of
insulin-dependent (type 1) diabetes mellitus.

BACKGR F THE INVENTION

_ Immune responses to an antigen are classified as

10 being predominantly either cell-mediated, exemplified by the

' phenomenon of delayed-type hypersensitivity (DTH), or
humoral, exemplified by the production of antibodies. -
Cell-mediated immunity is of paramount importance for the
rejection of tumors and for recovery from many viral,

15 bacterial, protozoan and fungal infections. In contrast, a
humoral immune response is the most effective form of
_immunity for ehmmatmg toxins and invading organisms from
circulation.

It has been observed that for different antigens
. 20 one or the other of these two responses often predominates in
a mutually exclusive fashion, and that the severity of some
‘diseases, e.g., leprosy, leishmaniasis, and some types of
autoimmunity, may be due the inappropriate dominance of
one class of response over the other [Mosmann et al., Immunol.
25 Today 8:223-227 (1987); Mosmann et al., Ann. Rev. Immunol.
7:145-173 (1989); Parish, Transplant. Rev. 13:35-66 (1972);
‘Liew, Immunol. Today 10:40-45 (1989)].

It has further been observed that sets of cytokines
“are separately associated with DTH reactions and humoral -
30 immune responses [Cher ef al., J. Immunol. /38:3688-3694
~ (1987); Mosmann et al. 1987 -and 1989, supra], and itis, .
thought that diseases associated with tbesé c%}}ses i)f’ ﬁsé@ns&
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Parish, Transplant. Rev. 13:35-66 (1972); Liew, |mmunol. Today 10:40-45
(1989)]. It has further been observed that sets of cytokines are separately
associated-wth DTH reacti ons and hunor | mune responses [ Cher et

al., J. I'mmunol. 138:3688-3694 (1987); snann et al. 1987 and
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responsi bl e for mﬁoﬂ He %ok l:llﬂﬁpatl bility conplex (MHC) associ ated
aut oi mune di seases [Hooks et al., N Eng. J. Med. 301:5-8 (1979)

(el evated serum | evel s of FEN-yx s AtlagoeM odya ok videnicey suggdisham et
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(aberrant 5 -responsible for ma]or histocompatibility complex (MHC)
associated autoimmune diseases [Hooks et al., N. Eng. J. Med.
301:5-8 (1979) (elevated serum levels of IFN-y correlated with
autoimmunity);. Basham et al., J. Immunol. 130:14921494
(1983) (IFN-y can increase MHC gene product expression);
10 Battazzo et al., Lancet, pgs. 1115-1119 (11/12/83) (aberrant
. MHC gene product expression correlated with some forms of
autoimmunity); Hooks et-al., Ann, N.Y. Acad. Sci., Vol. , pgs.
21-32 (1980) (higher IFN-y levels correlated  to greater
‘severity of disease in SLE patients, and histamine-release
15 enhancing activity of interferon can be inhibited by anti-
interferon sera); Iwatani et al., J. Clin. Endocrin. Metabol.
63:695-708 (1986) (anti-IFN-y monoclonal antibody
eliminated the ability of leucoagglutinin-stimulated T cells to
induce HLA-DR expression)]. . It is hypothesized that excess
20 IFN-y causes the inappropriate expression of MHC gene
products which, in turn, causes autoimmune reactions against
the tissues whose cells are inappropriately expressing the MHC
products and displaying autoantlgens in the context of the
products.

25 Insulin-dependent diabetes mellitus (IDDM), also
known as juvenile or type 1 diabetes, is an autoimmune
disorder characterized by cellular infiltration (insulitis) of the -
pancreatic islets of Langerhans (pancreatic B cells). It is
believed that IDDM is the result of cell-mediated autoimmune

30 processes and is restricted to particular Class II HLA types.

The non-obese diabetic (NOD) mouse is also known
to develop IDDM. Spontaneous IDDM occurs with an incidence
of 70-90% in female NOD mice at 18-25 weeks of .age. Because
this disease exhibits all of the pathological*and autoimmune
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63: 695- 708 (1986) (anti-IFN-y monoclonal antibody elimnated the ability of
| eucoaggl utinin-stimulated T cells to induce HLA-DR expression)]. It is
hypot hesi zed t hat excess 20 | FN-[err] causes the inappropriate expression
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' actlvates both cellular and humoral autoimmunity. :
Glucose-stimulated insulin secretion and B cell mass diminish
10 as anti-islet autoimmunity progresses. This process
culminates in overt diabetes when only residual B cell mass
'(estimated at < 10%) remains. Complete _[3' cell destruction
typically follows within months to years of diagnosis.

Most current efforts to- treat IDDM involve the use
15 of broad immunosuppressive therapeutic agents such as
azathioprine, prednisone and cyclosporin. Such agents,
however, can cause damage to liver, kidney and other organs
and have the undesirable effect of impairing immune
protection against infection and other diseases.

20 In view of the above, it would be advantageous to
have available agents and methods that could shift the
dominance of one class of immune response to the other and,
in particular, that could suppress or increase the synthesis of
IFN-y and/or other cytokines, respectively, as required for

25 therapy. Such agents and methods would be ‘highly
advantageous for treatment of diseases associated with
inappropriate or inadequate immune responses, such as tissue
rejection; leishmaniasis and other parasitic diseases; and
MHC-associated immune disorders including rheumatoid

30 arthritis, systemic lupus erythematosus (SLE), myasthenia
gravis, insulin-dependent diabetes mellitus and thyroiditis.
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mani festatlons of the human disease, NOD mice serve as an excellent model
for the identification of agents that m ght "prevent IDDM or aneliorate the
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The present invention fills this need by
providing methods for treating an individual afflicted with or
predisposed to develop an MHC-linked, cell-mediated immune
disorder. More particularly, this invention provides methods
10 for treating or preventing insulin-dependent diabetes mellitus
comprising administering an effective amount of IL-10 to an
individual afflicted with or predisposed to develop
insulin-dependent diabetes mellitus.

In a preferred embodiment, the IL-10 is
15 recombinant human IL-10 and is administered parenterally.

BRIEF DESCRIPTION OF THE FIGURES |

This invention can be more readily understood by
reference to the Description and Example below, and to the
accompanying- Figures, in which:

20 Fig. 1 is a graphical representation of the effect of
recombinant human IL-10 on the incidence of diabetes in the
NOD mouse, showing the 1nc1dence of the disease as a function
of time.

" Fig. 2 is a graphical representation of the effect of
25 recombinant human IL-10 on average glucose levels in NOD
mice, showing the glucose levels as a function of time.



protection against infection and other di seases. 20 : In view of -
the above, it would be advantageous to have avail abl e agents and net hods
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and, in-particular, that could suppress_or increase the synthesis of IFNvy
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The present invention fills this need b
P - As ‘used herein.’ "interleukin-10" or “IL-10" is

5 defined as a protein which (a) has an amino acid sequence
substantially identical to a known sequence of mature (i.e.,
lacking a secretory leader sequence) IL-10 as disclosed in U.S.
patent application serial No. 07/917,806, filed July 20, 1992,
which corresponds to International Application No. PCT/US

10 90/03554, Publication No. WO 91/00349, and (b) has

: biological activity that is common to native IL-10. = For the
purposes of this invention, both glycosylated (e.g., produced in
eukaryotic cells such as CHO cells) and unglycosylated (e.g.,
c_hemically synthesi‘zbd or produced in E. coli) IL-10 are

‘15 equivalent and can be used interchangeably. Also included
are muteins and other analogs, including the BCRFI (Epstein
Bar Virus viral IL-10) protein, which retain the biological
activity of IL-10.

| IL-10 suitable for use in the invention can be

20 obtained from a number of sources. For example, it can be

‘ isolated from culture media of activated T-cells capable of
secreting the protein. Additionally, the IL-10 or active
fragments thereof can be chemically synthesized using

. standard techniques as known in the art. See,-e.g., Merrifield,

2~5 Science 233:341-47 (1986) and Atherton et al., Solid Phase
Peptide Synthesis, A Practical Approach, 1989, L.LR.L. Press,
Oxford. | '

Preferably, the protein or polypeptide is obtained
by recombinant techniques using isolated nucleic acids
30 encoding the IL-10 polypeptide. General methods of
molecular biology are described, e.g., by Sambrook, et al.,
Molecular Clonirig, A Laboratory Manual, Cold Spring Harbor
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DESCRI PTI ON OF THE Fl GURE hi,s invention cag,b er st ood
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: cham reaction (PCR) techniques can be used. See, e.g., PCR
Protocols: A Guide to Methods and Applications, 1990, Innis
et al. (Ed.), Academic Press, New York, New York.

Libraries are constructed from nucleic acid

10 extracted from appropriate cells. See, for example,
International Application Publication No. WO 9100349, whlch
discloses recombinant methods to make IL-10. Useful gene
sequences can be found, e.g., in various sequence databases,
e.g., Gen Bank and EMBL for nucleic acid, and PIR and

15 Swiss-Prot for protein, c/o Intelligenetics, Mountain View,
California; or the Genetics Computer Group, University of
Wisconsin Biotechnology Center, Madison, Wisconsin.

"Clones comprising sequences that encode human

IL-10 have been deposited with the American Type Culture

20 Collection (ATCC), Rockville, Maryland, under Accession

‘ Numbers 68191 and 68192. Identification of other clones
harboring the sequences encoding IL-10 is performed by
either nucleic acid hybridization or immunological detection of -
the encoded protein, if an expression vector is used.

25 Oligonucleotide probes based on the deposited sequences
disclosed in International Application Publication No.
WO 9100349 are particularly useful. Oligonucleotide probes
useful for identification of the sequences can also be prepared
from conserved regions of related genes in other species.

30 Alternatively, degenerate probes based on the amino acid
sequence of IL-10 can be used. '

Standard transfection methods can be used to
produce prokaryotic, mammalian, yeast or inséct cell lines
which express large quantities of the polypeptide. Exemplary



DESCRIPTI ON OF THE I-NVENTI ON Al references cited herein are hereby
.incorporated in their entirety by reference. As used herein, :
"interleukin-10" or "IL-10" is 5 defined as a protein which (a) has an
anmi no acid sequence substantially identical to a known sequence -of mature
(i.e., lacking a secretary. | eader sequefce) I1L-10 as disclosed in U.S.
patent application serial No. 07/917,806, filed July 20, 1992, which
corresponds to International Application No. PCT/US 10 90/03554,

Publ i cati on No. . 0349, . ( has, biol ogi cal’ tiyity th I
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are 15 equival ”1%4%”0' n be used I nt e&ch(%ﬁ%l Aﬁﬁaﬁ@ u,ﬂed fre
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suitable for use,j e j.nyen can, be . obtai ned froma nunber o
sources. For ex%ﬂé‘?ai tetcdcm msoq“& esdlﬂpﬁﬁmegg$)fure medi a of activated
T-cells capabl e of secreting the protein. Additionally, the IL-10 or
active fragments thereof cCYAribyscexpressiony veghotsesaneticuused to express
‘ DNA encoding IL-10. Conventional vectors used for expression
of recombinant proteins in prokaryotic or eukaryotic cells may
10 be used. Preferred vectors include the pcD vectors described
by Okayama et al., Mol. Cell. Biol. 3:280-289 (1983); and
Takebe et al., Mol. Cell. Biol. 8:466-472 (1988). Other
SV40-based mammalian expression vectors include those
~ disclosed in Kaufman et al., Mol. Cell. Biol. 2:1304-1319 (1982)
15 and U.S. Patent No. 4,675,285. These SV40-based vectors are
particularly useful in COS7 monkey cells (ATCC No. CRL 1651),
as well as in other mammalian cells such as mouse L cells. See
also, Pouwels et al. (1989 and supplements) Cloning Vectors:
A Laboratory Manual, Elsevier, New York.

20 _ The IL-10 may be produced in soluble form such
as a secreted product of transformed or transfected yeast or
mammalian cells. The peptides can then be purified by
standard procedures that are well known in the art. For
example, purification steps could include ammonium sulfate

25 precipitation, ion exchange chromatography, gel filtration,
electrophoresis, affinity chromatography and the like. See,

e.g., Jakoby (ed.), Enzyme Purification and Related Techniques,
Methods in Enzymology 22:233-577 (1977) and Scopes, R.,
Protein Purification Principles and Practice (Springer-Verlag,

.30- New York, 1982). ‘ '

Alternatively, IL-10 may be produced in insoluble
form such as aggregates or inclusion bodies. The IL-10 in such
a form is purified by standard procedures that are well known
in the art. Examples of purification steps include separating



standard techni ques as known in the art. See, ..e.g., Merrifield, 25
Sci.ence 233:341-47 (1986) and Atherton et al., Solid Phase Peptide
Synthesis, A Practical Approach, 1989, |I.R L. Press, Oxford. Preferably,
the protein or polypeptide is obtained by reconbi nant techni ques using

I sol ated nucleic acids 3 0 encoding t I L-10 pol ypeptide. General

nmet hods of nol ecul ar biol ogy are described, e.g., by Sanbrook, et al.,
Mol ecul ar C oning, A Laboratory Manual, Cold Spring Harbor 6 Publish.,
Col d Spring Harbor, New York, 2d ed. 1989 and by Ausubel et al. (eds.)

Cur_reg_t Pr ot oisoleheit md‘lh_hl_i?w'b@ﬁicﬂ qkmtﬂydiﬁ:peeﬂ Wdstycellevibyor k (1987 and
peri odi ¢ suppl enent.s). e ap Jjate sequences “obt.adl n |
standard 5 tech‘f‘ﬁrﬁﬂgg gy éB{‘ﬂﬁilz%o Sc IB&%H&aﬁ?@ﬁgﬂ 131.1 g@?{}'@ag%e
chain reaction (#gEmtstandriedueing aagemds,udéhutimge ethee sglybibzrdPrmitxgurd,s: A
GQui de to Met hods oé;y?t kO enttation "o niel dem c
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active conformation. For specifics of these procedures, see,
e.g., Winkler et al., Biochemistry 25:4041-4045 (1986);

Winkler et al., Biotechnology 3:992-998 (1985); Koths et al,.

U.S. Patent 4,569,790.

10 - 'The nucleotide sequences used to transfect the host
~ cells can be modified according to standard techniques to yield

IL-10 or fragments thereof with a variety of desired
properties. Such modified IL-10 can vary from the naturally-
occurring sequence at the primary structure level, e.g., by

15 amino acid, insertions, substitutions, deletions and fusions.
These modifications can be used in a number of combinations
to produce the final modified protein chain.

The amino acid sequence variants can be prepared

with various objectives in mind, including increasing serum

20 half life, facilitating purification or preparation, improving
therapeutic efficacy, and lessening the severity or occurrence
of side effects during therapeutic use. The amino acid
sequence variants are usually predetermined variants not
found in nature, although others may be post-translational

25 variants, e.g., glycosylation variants or proteins which are
conjugated to polyethylene glycol (PEG), etc. Such variants can
be used in this invention as long as they retain the biological
activity of IL-10. -

Modifications of the sequences encoding the
30 polypeptides may be readily accomplished by a variety of
techniques, such as site-directed mutagenesis [Gillman et al.,
Gene 8:81-97 (1979); Roberts et al., Nature 328:731-734
(1987)]. Most modifications are evaluated by routine
screening in a suitable assay for the desired characteristic.' For



I nternational Application Publication No. WO 9100349, which discl oses
recombi nant methods to make |L-10. Useful gene sequences can be found,
e.g., in various sequence databases, e.g., Gen Bank and EMBL for nucleic
acid, and PIR and 15 Swiss-Prot for protein, c/o Intelligenetics, Muntain
View, California; or the Genetics Conputer Goup, University of Wsconsin
Bi ot echnol ogy Center, Mdison, Wsconsin. Cl ones conprising seqguences that
encode human I L-10 have been dep05| ted with the Anerican Type Culture 20
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sequence of |- fnEE finalifr SGRUIE, "SI 6R, Q??ﬂn%at‘drlﬁdé‘f%%‘é be. used to
produce prokary@reterahlimihe all,-10cased ois iracembinant human The
preparation of human and mouse IL-10 has been descnbed in
International Application Publication No. WO 91/00349. The
10 cloning and expression of a viral IL-10 (BCRFI protein) from
Epstein Bar virus has been disclosed by Moore et al. [Scxence
248:1230 (1990)].

Reco‘mbinant human IL-10 is also an article of
. commerce, available for purchase, e.g., from PeproTech, Inc.,
15 Rocky Hill, NJ.

Individuals suitable for.treatment by the methods
of this invention include any individual at risk (predisposed)
~ for developing the clinical symptoms of IDDM. In most cases
such individuals will be young females, although males may
20 also be predisposed to develop the disease. Because B islet cell
damage has usually occurred by the time clinical
manifestations of IDDM are evident, it is preferable that
treatment be instituted before that point. It may also be
possible to treat individuals afflicted with clinical IDDM,
25 however, if the destruction of the islet cells is not too
extensive at the time treatment is initiated.

. Due to the genetic basis of IDDM individuals
: suspected to be at risk of developing the disease can often be
identified "through reviews of family histories. More definitive
"30 identification of individuals at risk can be made by screening
for any of the well known markers having sufficient specificity
to be predictive for the development of IDDM. Such markers
include but are not limited to cytoplasmic islet cell antibodies



whi ch express large quantities of the polypeptide. Exenplary 7 E. coli
strains suitable for both expression and cloning include WB110 ( ATCC No.
27325), JA221, C600, EDr767, DH1, LE392, HB101, X1776 (ATCC No. 31244),
X2282, RR1. (ATCC No. 31343). Exenplary manmalian cell lines include COS-7
cells, 5 nouse L cells and CHO cel | s. 18e Sanbrook (1989) and Ausubel et
al. (1987 and suppl enents). Various expression vectors can be used to
express DNA encoding IL-10. Conventional vectors used for expression of .
reconbi nant proteins in prokaryotic or eukaryotic cells may 10 be used.
Preferred vect o3CAgl urbalhheamo%mboﬂwss (JAK) idmd dimidishedndfiest-plase Mol .

Cel | . Biol | 466- 472
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di scl osed in KadIW&HE). aA remw Qfe|snch5mrkelzs hao sbeem publishey DJ5 and
U.S. Patent No. Wﬂ@?)ﬁ 88%1 E)gﬁﬁewomeﬂl wgqtsos areopg ticul arly useful

I n COS7 nonkey cells CRL 1651), as well as in other mamali an

cells such nouse L ceII e also, ,Pou a|. (198
suppl errents;? C oni ng Vect égtop‘iasmlc isle® O Snftibdties au?oantlbodl.es

of the immunoglobulin G (IgG) subclass which can be detected
by specific binding to frozen sections of human and animal
pancreas [Colman et al., Diabetes Care 711:367-368 - (1988)].
ICA positivity has been shown to have a positive predictive

10 value by life table analysis of 80% at nine years of follow-up
[Dib et al., Br, Med. J. 292:1670 (1986)).

Antibodies against insulin (IAA) can often be
detected in diabetics at the time IDDM is diagnosed and in
some first-degree relatives by -using fluid-phase

15 radioimmunoassays with 125[-insulin as described by Vardi
et al. [Diabetes 36:1286-1291 (1987)] and Srikanta et al.
[Diabetes 35:139-142 (1986)]. It is believed that the
concentration of IAA reflects the rate of autoimmune
destruction, and that infants with high IAA levels show a more
20 rapid progression of the disease.

Diminished first-phase insulin secretion is believed

to be a measure of the degree of B cell destruction [Ganda

et al., Diabetes 33:516-521 (1984)]. iIn one study, an IVGTT

test less than the first percentile carried a relative risk for
25 progressing to diabetes of 79. By using variables from this

study, Jackson et al. [Clin. Res. 36:588A (1988)] have

developed a dual-parameter modél to estimate the time to

onset of overt diabetes.

~As used herein, the term “effective amount" means
30 an amount of IL-10 sufficient to ameliorate (reduce) one or
more of the markers predictive of development of IDDM or
one or more of the well known symptoms of IDDM, as
determined, e.g., by glucose tolerance tests [Klimt et al.,



A Laboratory Manual, Elsevier, New York. 20 The 1L-10 may be
produced in soluble formsuch as a secreted product of transforned or
“transfected yeast or manmualian cells. The peptides can then be purified by
standard procedures that are well known in the art. For exanple,
purification steps could include amoniiudm sulfate 25 precipitation, ion
exchange chromat ography, gel filtration, el ectrophoresis, affinity

chromat ography and the |ike. See, e.g., Jakoby (ed.), Enzynme Purification
and Rel ated Techni ques, Methods in Enzynol ogy 22:233-577 (11977) and Scopes,
R, Protein Pur |Elm¢8)nl 29%i(pP6S) heat measuremensmfi therdevels| af, blvod New

York,. 1982). 3&&‘19 '&&Phe@hfﬁﬁ P1edoce 971%&%' BobRIs™ such as

aggr egat es or 0'in s p ed
standard pr oced lq t TRRBwPiabetes 483 éﬁﬁzb ﬁoo&

gur i fi tcaéI I gn tst einisuhﬁc[Sdeldme?aéﬂhg ngnlabeaelzg hiet 177¢! Qs%ﬁ‘p]boﬁh eﬁmiisleg §
i srupted hogt ce r at | i zi on bodi es
W th Ehaot ros éier?lng%ﬁ’iﬁ e[&% gg@nf‘g llkg‘ Fﬂgt ﬁgb{l?fg &?Iﬁ i zed

m xture, _ (19_78)]

Generally, IL-10 is administered as a
pharmaceutical composition comprising an effectivé amount of
IL-10 and a pharmaceutical carrier. A pharmaceutical carrier

10 can be any compatible, non-toxic substance suitable for
delivering the compositions of the invention to a patient.

Administration is preferably parenteral by
intraperitoneal, intravenous, subcutaneous or intramuscular
injection or infusion or by any other acceptable systemic

15 method. Administration by intramuscular or subcutaneous
injection is most preferred. Alternatively, the IL-10 may be
administered by an implantable or injectable drug delivery
system [see, e.g., Urquhart et al., Ann. Rev. Pharmacol. Toxicol.

_ " 24:199 (1984); Lewis, Ed., Controlled Release of Pesticides and

20 Pharmaceuticals, 1981, Plenum Press, New York, New York;
U.S. patents Nos. 3,773,919 and 3,270,960]. Oral
administration may also be carried out, using well known
formulations which protect the IL-10 from gastrointestinal
proteases. | '

25 - Compositions "useful for parenteral administration
of such drugs are well known (see, e.g., Remington's
Pharmaceutical Science, 18th Ed. (Mack Publishing Company,
Easton, PA 1990)]. When administered parenterally, the IL-10
is formulated in a unit dosage injectable form (solution,

30 suspension, emulsion) in association with a pharmaceutical

~ carrier. Examples of such carriers are normal saline, Ringer's
solution, dextrose solution, and Hank's solution. Non aqueous
carriers such as fixed oils and ethyl oleate may also be used.
A preferred carrier is 5% dextrose/saline. The carrier may



and | owering the concentration of chaotropic agent and 5 reduci ng agent
so .that the peptide assumes a biologically active conformation. For
specifics of these procedures, see, e.g., Wnkler et al., Biochemstry
25:4041- 4045 (1986); Wnkler et al., B{St echnol ogy' 3:992-998 (1985); Kot hs
et al,. US. Patent 4,569,790. 10 The nucl eoti de sequences used
to transfect the host cells can be nodified according to standard
techniques to yield IL-10 or fragnents thereof with a variety of desired

properties. Such dified 1L-10 ¢ r .omthe na uraII C rrlng

sequence at the ‘fﬂqﬁ e} yRERar, Ampus %Fegéléldcgﬁdes BUch S%ﬁ“’&% k}" |
- insertions; subsﬁnhameomtonieitgt jands chamlt:alhls@aimlltYhesg nbuffersaandns can
be used in a nu @fatfv%gb' "Rhé OfE- 1P 1Qr§f’é%?a6i;§ tgirrgallaiyad'xﬁ' Qrﬂ’{é?f ein

chain. The amn que e var| an I OUS
obj ectives in mft‘?élm Eﬂ!ﬁt Iy {zeeaQ rﬁ?ﬂgégﬁﬁﬁsz@“ T |SOUICe f BEQIEINSat i ng
purificationSor g &peomientmationnjir akeé n@ngbestabout S adf 20 gcg/mhndAhgsefni ng

the severity or occurnence of side effects duri,ng therapeutic us The
am.no acid seque[?f F%ﬂ‘gna?muﬂf)&‘lw eﬂé‘f‘bg?ﬁ n‘dﬂﬂg‘éﬁ%’m &““Flgund
in nature, althaoagh alsdées addegd bif desired.r ans| at i onal “variants, e.g.,
gl ycosyl ation variants or proteins which are conj ugat ed to pol yet hyI ene

glycol (PEG, etc. Such vaylgptgafi2hllso be delivered by standard gene
' therapy techniques,‘ including, e.g., direct DNA injection into
- 10 tissues, the use of recombinant viral vectors and implantation
of transfected cells. See, e.g., Rosenberg, J. Clin. Oncol. 710:180
(1992). ' '

IL-10 can be administered alone or in combination
- with one or more of the other agents commonly used to treat
15 or ameliorate the symptoms of IDDM. For example, drugs such
as insulin, cyclosporin, prednisone or azathioprine can be
administered with the IL-10. Because of the activity of the
IL-10, other immunosuppressive drugs can be used in lower
amounts, thereby reducing the serious side-effects normally
. 20 associated with the use of such drugs.

Other cytokine agonists or antagonists that
augment the activity of IL-10 can also be administered in
combination with the IL-10. For example, IL-10 is believed to
exert its anti-diabetic effects at least in part by inhibiting TH1

25 cell activity and promoting TH2 cell activity. TH1 cells
potentiate cellular immune activity and are likely to be
responsible for controlling the cellular autoimmune processes
involved in islet cell destruction. TH2 cells are involved in the
humoral response. The net effect of the IL-10 is thus a shift in

30 the immune response away from the cellular autoimmune
destruction of the islet cells. IL-4 and IL-10 act together to
‘promote TH2 immunity.



be used in this invention as long as they retain the biological activity of
I'L-10. Mbdifications of the sequences encoding the 30 polypeptides may be
readily acconplished by a variety of techniques, such as site-directed

mut agenesis [G Il man et al., Gene 8:8&;@7 (1979); Roberts et al., Nature
328: 731-734 (1987)]. Most nodificati are eval uated by rputine screening
In a suitable assay for the desired characteristic. For 9 instance,

I nternational Application Publication No. WO 91/00349 describes a nunber of

in vitro assays suitable r asyring | L-.10 activity. Prefer human
IL-10 is used for the treg?%{ﬁ“ ls{ra&'%“htﬂ#aﬂg,e 8Ft%’?§§h°§}f"1tfaﬁ@§b¥%use

| L- 10, or | L-10canobesconcarnitant nigogetheanwithe thes adodnistrateonsefi thest ead.
Most preferablyyt | - [ TRi = ration
of huPran and m%tELe'h?)L-df iﬁ%s gheln%%ée@ggrg{éw "Tr:lr m'lltgﬂ rﬁﬁhﬁp%ﬁg}ﬂ%pﬂ?&? i on

Publ i cation No. @)/ of - thee admingsterad, AggALS sPerPESSERt \in; 5|
I L-10 ( BCRFIS pr ¢hei patiértoat BiffiRientBiévelsr s bestheespevticallpseffebtivébor e et

al. [_SC' ence Typically, if a second agent is administered within about the .
half-life of the first agent, the two agents are considered to be
co-administered. ' |

The effective dose of IL-10 may range from about
10 1 ng to about 100 mg per kg of body weight per day.
Typically, the dose will range from about 0.1 to 1,000 pg of
TL-10 per kg of body weight per day. The effective amount
for a particular patient will vary depending on factors such as
the severity of the IDDM being treated, the overall health and
15 age of the patient, the method of administration and the
severity of any observed side-effects.

EXAMPLE

The following non-limiting Example will serve to
illustrate the present invention.

20 - To determine the effect of IL-10 on the
development of IDDM, ten 10-week-old female NOD mice
(Taconic Farms, Inc. Germantown, NY) were injected
subcutaneously with 1 pg of recombinant human IL-10
produced in Chinese hamster ovary (CHO) cells and purified by

25 standard methods. These injections were made daily, until the
animals were 27 weeks old. A group of control animals was
similarly injected, except that mouse serum albumin was used
instead of IL-10. '

Tail vein bleeds were performed weekly to
30 determine the blood glucose levels (BGL) and the incidence of
diabetes. The animals were fed normal lab chow (Purina Pico
Lab Rodent Chow) ad libitum and injected in the afternoon.



248: 1230 (1990)]. Recomnbi nant human IL-10 is also an article of comrerce,
avai l abl e for purchase, e.g., from PeproTech, Inc., 1 5 Rocky Hill, NJ.

I ndi vi dual s suitable for treatnent by the nmethods of this invention include
any individual at risk (predisposed) faqr, devel opi.ng the clinical synptons
of IDDM In nost cases such individuald4ill be young fenmal es, al though

mal es may 20 al so be predi sposed to devel op the di sease. Because [err]

islet cell damage has usually occurred by the tinme clinical nanlfestatlons

Phat Jpoi o Tt L & daez%é@és%&? cFiget- on, e FoRdasied BRimals 38 HR p
clinical | DDM 2mornimg vieoyrsi byt Absokbing ubloah driopshérans| die ¢aill seirs not
t oo extensive at i st bﬁe 4@5@%e§%snhhgaiﬁd£g§1&&o tﬁ@eﬁgﬁgﬁt e tpa5| S

of I DDM i ndi vi dua S Su&é I sease can -
often be identif U hloed glueese mﬂﬂ‘o@l@@“%I@ ddvipuntaine 30

the vl | Knovn ﬁ.fyr‘bg’?LGAq”a'&“?alg.?F‘é‘ﬁ”ﬁ%ﬁﬁ“‘?& Move et 3? gf""?éyf o
e we nown
the devel opnent &P0 ?‘SBW rc]ﬂeré?{?%?% trT& est]‘r?& IIB

cytoplasm c isl eandeR| anti bodies

As shown in Fig. 1, where the number of diabetic

animals is represented as a function of time, the
10 administration of IL-10 (lower curve) significantly reduced
the incidence of diabetes; only 1 of the 10 animals showed a
BGL sufficiently high to be classified as diabetic. In contrast,
9 of the 10 control animals (upper curve) were so classified.

In Fig. 2, where average BGL is shown: as a function
15 of time, it can be seen that the average BGL of the control
group was 575 mg/dl, while the average for the IL-10-treated
animals was less than 200 mg/dl at the 29-week time point.

It is thus clear from Figs. 1 and 2 that the
administration of the IL-10 prevented the development of
20 diabetes in the NOD mice. The mechanism(s) by which IL-10
produced this result is unknown but is in any event not
essential to the practice of this invention.

Many modifications and variations of this
invention can be made without departing from its spirit and
25 scope, as will become apparent to those skilled in the art. The
specific embodiments described herein are offered by way of
- - example only, and the invention is to be limited only by the
terms of the appended claims.



10 (I CA), insulin autoantibodies (IAA) and dim nished first-phase insulin
secretion in _response to an intravenous glucose load (IVGIT). A review of
such markers has been pubtished by Wlson et al. [Ann. Rev. Med. 41:497-508

gﬁ?gg)nl i bgdi ‘em,mm,’m! @bﬂ: g;m !C-ni éllﬁ gg;)6| !suggl :atggdf'f : h detected

by specific bFnden sections of human and anfifElsip: 5 [ Col man
et al., Diabetes Care 11:367-368 (1988)]. | CA posttiVity has been shown to
have a positive predictive 10 value by life table analysis of 80% at nine

years of foll owwHAD IS €LAIMEDBIS: Med- J. 292: 1670 (1986)]. Antibodies
-agai nst insulin {TAA) can often be detected in diabetics at the tinme | DDM

i s diagnosed and in sone firstzde | atjves by.usi,n ase 1 5
radi oi mmunoassays with 125h néul"?‘ffﬁgg gggcb’%ﬁéﬂg %’9?%&6@?"@?8 [ O abetes
-36: 1286- 1291 (198ih)b]et@mdmﬁllumnt®mprlaing [ﬁmbntswmg Jﬂﬁgcfﬂa:tt\@%)] It .
I's believed that o} t f5 t \ut oi mmune
destructi on, andaﬂﬁ’%{l@ 8 Ii@ h?rhrﬁ nhbffigg‘;a? Sﬁ?ﬁté{:a’/"vﬁg ?r%gieh 0 rapid

progression & t@ependents la betes mel 1tus.

2. A method for preventing insulin-dependent
diabetes mellitus comprising administering an effective
amount of IL-10 to an individual susceptible to or at risk for
developing insulin-dependent diabetes mellitus. |

10 3. The method of either claim 1 or 2 in which the
IL-10 is administered in combination with at least one other
therapeutic agent.

4. A method for the manufacture of a
pharmaceutical composition for treating or preventing
15 insulin-dependent diabetes mellitus comprising admixing
IL-10 with a pharmaceutically acceptable carrier.

5. The method of ciaim 4 which further comprises
, admixing at least one other therapeutic agent with the IL-10
and the carrier.

20 : 6. A pharmaceutical composition for treating or
preventing insulin-dependent diabetes mellitus comprising
IL-10 and ‘a .pharmaceutically" acceptable carrier.

7. The pharmaceutical composition of claim 6
which further comprises at least one other therapeutic agent.

25 8. The use of IL-10 for treating or preventmg
insulin-dependent diabetes mellitus.

9. The use of IL-10 for the manufacture of a
medicament for treating or preventing insulin-dependent
diabetes mellitus.

————
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Di m ni shed flrst phase insulin secretion is believed to be a.neasure of the

degree of [erH——eeH—de&t—FueH—eﬁ [Ganda et al., D abetes 33:516-521

(1984) one an | ess than the/Fi st -percentile carried
a rel at| ve ri sdl“u llﬁ m"ﬂlll)mms& ng to di abetes af '79.7By7u NG :vami abl es.
fromthis stud [Cin. Res. 36: 58%41988? -eve “teyel oped
a dual - paranet er node to estl mate the time to onset of” over{"i=dL_abe es. As
used herein, the term"effective anbunt” means 3 0 an anount of IL-10
sufficient to aneliorate (reduce) one or nore of the markers predictive of
devel opnent “of | DDM or one 1§k ndhe oiethod, \pharmagevsicaly eompesitionl OOV as
determ ned, e.g Yofl t et tes

18: 299 (1969)] oruse ofSJ a“gongﬁ?\ ‘(S)l:‘ %mgﬁl évg)lsgsoé |Q{)?1ggdﬂ{§| SiE:'olsOe lfJg]rn?’leatﬁ et

al ., Lancet 2: 10(;5"?2)976)] ket one bodi es [National D abetes G oup,

Di abetes 28: 1039 (1979)], bI ood insulin [Soeldner et al., D abetes 14:771
(1965)] or anti-islet 5 dd.l Thei awsthed, [plarmagettieal Tompdasitiongorl. Med.

299: 375 (197831 yG&N6F 3hlyY ond o Qidiths®H Mo 18! il $hifK e IL-10 is

recombinant human IL-10.

12. The method or pharmaceutical composition of
any one of claims 3, 5, or 7 in which the other therapeutic
agent is selected from the group consisting of insulin,

10 cyclosporin, azathiprine, prednisone and IL-4.
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pharmaceutical conposition conprising an effective amount of IL-10 and a

pharmaceutical carrier. A pharmaceutical carrier 10 c?aﬁ" be\.any corrpat+ | e,
non-t oxi ¢ substance suitable for delivering the corrposll t'f’ on"_ i
invention to a patient. Administration is preferably riat.emer_

i ntraperitoneal, intravenous, subcut anddlis or intranuscul ar injection

i nfusion or by any other_acce Ie S ste & _ﬁ&;@ ation
by i nt ran‘uscu| ar EQQIRPIIL :\n aTiS | [Bﬁ @?rﬁ ,)[?‘g!:l?cu ﬁbé&l{l

Alternatlvely, the IL-10 may be admmwmrm i npl ant abl e or
i njectable drug delivery system|[see . 0., U quhart et al., Ann. Rev.

Pharmacol . Toxicol. 24:199 (19ABSTRAG . Rel ease of
Pesti ci des and 20 Phar maceutical s, 1981, PI enum Pr ess, New York, New

York; U'S. patents Nos. 3, M&h%@ ar ﬁo@?&@% the erbre&éﬁhahstdratl on may

al so be carried gut rotect the IL-10
from gastroint esErFﬂHPeBk Oggag)églngepen&nwu daai)eteéo Eilt?go% ngs#Mul for
parent eral adni neffectiveoanmurtuolf HL+lds are wel | knovvn [ see, e.g.,

Rem ngton's Pharmaceuti cal Science, 18th Ed. (Mack Publishing Conpany,
Easton, PA 1990)]. Wen admninistered parenterally, the IL-10 is fornul ated
in aunit dosage i nj ectable form (solution, 3 0 suspension, enulsion) in
association with a pharmaceuti cal

Fig 1
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-carrier. Exanples of such carriers are nornmal saline, R nger's solution,
dextrose solution, and Hank's solution. Non aqueous carriers such as fixed
oils and ethyl oleate may al so be used. A preferred carrier is 5%
dextrose/ saline. The carrier may 12 contain mnor anmounts of additives
such as substances that enhance isotonicity and chem cal stability, e.g.,
buffers and preservatives. The IL-10 l42preferably fornulated in purified
form substantially free of aggregates and other source proteins 5 at a
concentration in the range of about 5 to 20 [err]. Any of the well known
carrier proteins such as human serum al bum n can also be added if desired.
I L-10 can al so be delivered by standardegene therapy_techni ques,; i ncl uding,
e.g., direct DNAinjection into 10 tissges, the usg &P reconbinant viral

vectors and inplantation of transfectedells. See, je.g., Rosenberg, J.:
Clin. Oncol. 10:180 (1992). IL-10 can beXadmi ni stered el ongyor- in
conbi nation with one or no of the oth agents co ly @ged to treat 1 5

or aneliorate the sy dr ugs suc

oms"nj)f | DDM For @xanpl e,
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as insulin, cyclosporin, prednisone or azathioprine can be adm ni stered

W th the |L-10. Because of the activity of the |L-10, other

i mrunosuppr essi ve drugs can be used in | ower anounts, thereby reducing the
serious side-effects normally 20 associated with the use of such drugs.
O her cytokine agonists or antagoni sts_that augnent the activity of IL-10
can al so be administered in conbinatiof%ith the IL-10; For exanpl e; 1L-10
is believed to exert its anti-diabetic effects at |least in part by
inhibiting THL 25 cell activity and pronoting TH2 cell activity. THL
cells potentiate cellular imune activity and are likely to be responsible
for controlling the cellular autoi mune processgs invelNed in islet cel
destruction. TH2 cells are involved in the hunoE%I rgsponse. The net effect
of the'lL-10 is thus a shift in 30 the inmune sponse awaygrom the

cel lul ar autoi mune destruction of the islet ceE?s. IS and®¥L- 10 act

together to pronote TH2 i nity. 13 Co-adm gpstration of @ne or nore
ot her agents can be concopfitant (together wi fh §e admi nistrgion of the
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| L-10)." or sequential (before—er—after the adm nistration-of-
of the admi.nistered agents shoul d be present in 5. .'t-"’he--"-p-a

suffiicient |ev “)ﬂ‘“mwﬂﬁut ically effective. Typi‘calty, Lo é"‘eé:?éi*m‘---
agent is adni nT i\mm‘ out the half-life o‘f t hewfi r st ager‘ﬁ 5 pheed
two agents are considerel t%o be co-adni ni stdred.’ The effectlve doselofraged .. |
| L-10 may range from about 10 1 ng to about 100 - g per-kg ofsiody tavgkght ... ;
per day. %H@%L‘Mr&w” range fromabout 0.1 to 1,000 [err] of

| L- 10 per o0y Wel ght —per day. The effectiyvesamount for-gmathi®ul ar

-------------------

patient w II vary dependi ng tors such_as t e severit "O‘f‘““‘t"hE“‘“l"BBM’“"’“""‘"‘
bei ng treated, r,Jithe gﬁé‘?&ﬁ? oﬁggﬂlorfoé eP‘S““@QB“'@fOt%B‘ fapgnt fohe et hod

of admi ni fiité&énﬁﬁgalﬁduhhedé‘;ﬁtﬂfddt}dlﬁBQQBYm@H&&EVed si de-effects. "EXAVPLE
The fol |l ow ng non-limting Exanple will serve to illustrate the present

I nventi on. te.0Of 0

devel opnent of 2[ DDMW%}{S&@I&%?E&% ‘@‘P‘S%PS“ cﬁ]tgg I{‘Ijéu %n?@%\sﬁﬂfedl nc.
Ger mant owin dobination wiithca deast neuothee dhetapenticragenterr] of reconbi nant
human 1 L-10 produced in Chinese hanster ovary (CHO cells and purified by

25 standard meg hodsThd i38 Gcto¥diff!t8 taife Bn"Wilfctiid Jthelthetapdiftic

agent is selected from insulin, cyclosporin azathioprine, prednisone and IL+4.

4. The use according to any of claims 1-3 in which the IL-10 is
human IL-10.

5. The use according to claim 4 in which the IL-10 is recombinant
IL-10.

6. A pharmaceutical composition for preventing insulin-
dependent diabetes mellitus (IDDM) in an individual susceptible to or at risk
for developing IDDM comprising IL-10 and a pharmaceutically acceptable
carrier.

7. The pharmaceutical composition according to -claim 6 which
further comprises at least one other therapeutic agent.

8. The pharmaceutical composition according to claim 7 in which
the other therapeutic agent is selected from the group consisting of insulin,
cyclosporin, azathioprine, prednisone and IL-4.

8. The pharmaceutical composition according to any of claim 6-8 in
which the IL-10 is human IL-10. '

9. The pharmaceutical composition according to claim 8 in which
the human 1L.-10 i~ recombinant human [L-10.

10. A method for the manufacture of a pharmaceutical composition
for preventing insulin-dependent diabetes mellitus comprising admlxmg, IL-
10 with a pharmaceutically acceptable carrier.
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ani mals were.27 -weeks ol d. A group of control animals was simlarly
|nJ ected, except t,ha;t?« ?m.use ser uma{ bum n was us
vein bl eeds were ﬁ)erfor Week’lhy tP 30 determne the bl ood | ucose | evel s
(BA.) and the incidence 8t di‘abet es; Thes ani mal s \éﬁ“ﬂmm[l “ll b chow
(Purina Pico Lab Rodent Chow) ‘ad"TThitumand inje oon.

14 BA. readi ngs were obtained on the non-fasted ani mals in the norni ng
hours by absorhj ng ops fro ail _yei S 0 | ucose test
CrTps and ¢ hetly sadhromeled aserreling 16 sidim AbsetichBate GUHPHSe ose et o1
(Li f escanatintixingvati lﬁaat oné othethetdpeutinagantswith thedB-10 ahd ehe daosier.200
ng/ dl were considered to be diabetic. The results are shown in Figs. 1 and

2. As shown |n [ t S represented
as a function o? ?l nfahe ﬁ%‘?ﬁ@d@@i@“ﬂg%fgw@l?qﬁ ‘%"E‘%‘%ﬁm‘&k cur\ee)

si gni f i catherapeutioagent ie selaciedefrom Hie groumpcensisting pf ingtlin,reyclaspaoringal
showed a ﬁgﬂ.ﬁ%ﬁh&l ﬁPécirY_isGh@laanLb& classified as diabetic. In contrast,

13.  The method according to any of claims 10-12 in which the IL-10
is human IL-10. ' -

Tai |

14. The method according to claim 13 in which the human IL-10is
recombinant human IL-10. | ’ o
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qocaTp-4 oS
9 of the 10 control animals (upper curve) were so classified. In Fig. 2,
where average BG. is shown as a function 1 5 of ti ne, it can be seen that
t hevaverage BG. of the control group was 575 nghdl, while the average- f.gr— -
the |L-10-treat i than 200 my/dl -at .t he 29-week" tipe
point, It is thus clear from Fi gs 1 and 2 that ‘the adni ni stratlo

| L-10 prevented mmmmmnﬂrmmum 20 di abetes in the NOD m ce: Thec
mechani sm(s) by ed this result i‘,s unknown but “is' i aﬁ‘;’; -----

event not essential.to the"practtce of this invention. Many' nodiffcatFag =

and vari aUMI on can be nade wi t hout departing fromits
spirit and f become apparent to those ski: KTedy s art .

The specific enbodi nents described herein are of fered by way of “exarpre——
only, and the inkentidheiusctod IbelQ farithednanufachyretdfer medieamentifos appended

clains. %reventﬂ'gelr%?ﬂtrpaeééné&tf&iraba& genilacture of a nedicament for
preventing 1nsulin-dependent” di abetes nellitus. The use accordlng to

2
g![ ﬁle?] ,lt h;Pa\é\QLfP%t gge <:1uqc>clasccc(§¥j ngltgt ? ?ndllig “(;Rnpll R [LOIQJ is at mﬁustee?es one

in combination with a least one other therapeutic agent.

3. The use according to claim 3 in which the other therapeutic
agent is selected from insulin, cyclosporin azathioprine, prednisone and IL-4.

4. The use according to any of claims 1-3 in which the IL-10 is
human IL-10.

5. The use according to claim 4 in which the IL-10 is recombinant
IL-10.
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3. The use according to claim3 in which the other therapeutic agent is
selected frominsulin, cyclosporin azathioprine, prednisone and IL-4. 4.

The, use according to any of clains 1-3 in which the IL-10 is h n I L-10.
5. The use according to claim4 in which = I's reconbi nant |L-10.
USE OF I L -10 TO PREVENT OR TREAT | NSULI N- DEPE ' CT OF THE
DI SCLOSURE Met hods are provided for the preven“ &Hﬂ“\ \l of
i nsul i n-dependent di abetes nellitus ustthg an ef' anodnt *of IL-10. Fig
1 REPLACEMENT SHEET

USE OF 1IL -10 TO PREVENT OR _TREAT INSULIN-DEPENDENT

AB ACT OF THE DISCLOSURE

Methods are provided for the prevention or
treatment of insulin-dependent diabetes mellitus using an
effective amount of IL-10.

Fig 1
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