US007320999B2

*
a2z United States Patent a0y Patent No.: US 7,320,999 B2
Joshi et al. 45) Date of Patent: Jan. 22, 2008
(54) DIMETHYL FUMARATE FOR THE DE 3834794 Al 4/1990
TREATMENT OF MULTIPLE SCLEROSIS DE 3834794 Al 4/1990
EP 0 188 749 A2 7/1986
(75) Inventors: Rajendra Kumar Joshi, Zirrich (CH); EP 0312 697 4/1989
Hans-Peter Strebel, Muri (CH) EP 0312697 A2 4/1989
EP 0 518 388 12/1992
(73) Assignee: Fumapharm AG, Luzern (CH) EP 0 793 966 9/1997
. . o . GB 1216 699 12/1970
(*) Notice: Sub]ect. to any dlsclalmer,. the term of this GB 1 422 726 1/1976
patent is extended or adjusted under 35 GB 2291 422 1/1996
U.S.C. 154(b) by 202 days. WO WO 89/01930 Al 3/1989
WO WO 94/28883 12/1994
(21) Appl. No.: 10/197,077 WO WO 95/25102 9/1995
. WO WO 96/01122 1/1996
(22) Filed: Jul. 17, 2002 WO WO 96/02244 /1996
. o e WO WO 96/27369 9/1996
(65) Prior Publication Data WO WO 97/48400 12/1997
US 2003/0018072 Al Jan. 23, 2003 WO WO 98/04290 2/1998
WO WO 98/27970 7/1998
Related U.S. Application Data WO WO 98/52549 11/1998
(62) Division of application No. 09/831,620, filed as appli- WO WO 99/21565 5/1999
cation No. PCT/EP99/08215 on Oct. 29, 1999, now WO WO 01/59072 8/2001
Pat. No. 6.509.376. WO WO 02/02190 1/2002
WO WO 03/032969 4/2003
(30) Foreign Application Priority Data WO WO 2004/096216 11/2004
WO WO 2005/027899 3/2005
Nov. 19,1998  (DE) cooeoveieeieeee e, 198 53 487 WO WO 2005/044272 52005
(51) Int.Cl WO WO 2006/037342 4/2006
A61K 3122 (2006.01) WO WO 2006/050730 5/2006
(52) US. Cl oot 514/549
(58) Field of Classification Search .................... None )
See application file for complete search history. (Continued)
(56) References Cited OTHER PUBLICATIONS
U.S. PATENT DOCUMENTS Anderson, A. et al., Contact Dermatitis, 16:55-78, 1987.
deJong et al., European Journal of Immunology, 26:2067-2074,
3515074 A 1085 Zecner et 199
,515, echer et al. N . . )
4746.668 A 5/1988 Sato et al. D1.1cker, P. et al., H+Z Zeitschrift fur Haut., 65:734-736, 1989.
4,851,439 A 7/1989 Speiser et al. Fliegner, L. et al., Hautarzt, 43:554-560, 1992.
4,959,389 A 9/1990 Speiser et al. Ghoreschi et al., Arch. Dermatol. Res., 296:P110, 2005.
5,149,695 A 9/1992 Speiser et al. Ghoreschi et al., Arch. Dermatol. Res., 294:28, 2002.
gag 41!42" ;gg : S; }ggg gimi Ghoreschi et al., Current Drug Targets: Inflammation and Allergy
s2aL, an 3:193-198, 2004.
5,359,128 A 10/1994 Blank
5424332 A 6/1995 Speiser et al. (Continued)
5,451,667 A 9/1995 Speiser et al.
5,538,968 A 7/1996 Chiesi et al. Primary Examiner—Raymond J. Henley, 111
5,548,059 A 8/1996 Bayley et al. (74) Attorney, Agent, or Firm—TFinnegan, Henderson,
5,589,504 A 12/1996 Dannenberg et al. Farabow, Garrett & Dunner, L.L.P.
5,972,363 A 10/1999 Clikeman et al.
6,277,882 Bl 8/2001 Joshi et al. 57 ABSTRACT

6,355,676 Bl 3/2002 Joshi et al.
6,359,003 Bl 3/2002 Joshi et al.
6,436,992 Bl 8/2002 Joshi et al.
6,509,376 Bl 1/2003 Joshi et al.
2003/0013761 Al 1/2003 Joshi et al.

The present invention relates to the use of certain dialkyl
fumarates for the preparation of pharmaceutical preparations

2006/0069161 Al 3/2006 Lee et al. for use in trar}splantation medicine or 'for the therapy of
autoimmune diseases and said compositions in the form of
FOREIGN PATENT DOCUMENTS micro-tablets or pellets. For this purpose, the dialkyl fuma-

rates may also be used in combination with conventional

glél 21%2‘2?3‘; gﬁgg é preparations used in transplantation medicine and immuno-
DE 2530 372 Al 1977 suppressive agents, especially cyclosporines.
DE 2621214 Al 111977

3531 597 3/1987 18 Claims, No Drawings

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 7,320,999 B2
Page 2

FOREIGN PATENT DOCUMENTS

WO WO 2006/055871 5/2006

OTHER PUBLICATIONS

Hunziker et al., “Is Psoriasis an Autoimmune Disease?”, excerpt
from “Therapeutische Umschau”, Derm. Clinic of Univ. Berne,
50:110-113, 1993, translated version 5 pages.

International Search Report for PCT/EP99/08215 dated Jun. 26,
2000.

Kiehl, R et al., Acta Derm. Venerol., 72:253-255, 1992.

Kolbach, D. et al., J. Am. Acad. Derm., 27:769-771, 1992.

Lahti, A. et al., Contact Dermatitis, 12:139-140, 1985.

Merck Index, 10th Ed., 1983 Abs. 2748.

Nieboer, C. et al., J. Am. Acad. Derm., 20:601-608, 1989.
Peeters et al., Br. J. Rheumatol., 317:502-504, 1992.

Peeters et al., Ned. Tijdschr. Geneeskd., 136:2428-2431, 1992.
Sadjak, A. et al., Deutsch Med. Wochenschr., 116:478, 1991.
Schilling et al., Clinical and Experimental Immunology, 145:101-
107, 2006.

Schilling et al., Aktuelle Rheumatologie, 24(6):174-179, 1999.
Schimrigk et al., European J. of Neurology: The Official Journal of
the European Federation of Neurological Societies, 13:604-610,
2006.

Sebok, B. et al., Skin Pharm., 9:99-103, 1996.

Thio, H. et al., Br. J. Dermatol., 131:865-861, 1994.

English Language Derwent Abstract for CN 1125141, date unavail-
able.

English Language Derwent Abstract for DE 35 31 597, date
unavailable.

Altmeyer, P. et al., “Systemische Therapie der Psoriasis”, T & E
Dermatologie Jg., 1997, vol. 27, pp. 380-382, 384—not translated.
M. Bacharach-Bubhles et al., “Fumaric Acid Esters (FAEs) Suppress
CD 15- and ODP 4-positive Cells in Psoriasis”, Acta Derm Venerol
(Stockh); 1994; Suppl. 186: 79-82.

H. M. Ockenfels, et al., “The antipsoricatic agent dimethylfumarate
immunomodulates T-cell cytokine secretion and inhibits cytokines
of the psoriatic cytokine network”, British Journal of Dermatology,
1998, vol. 139, 390-395.

Gasser, et al., “Host Vs Graft and Graft Vs Host Reactions After
Allogenic Heterotopic Small Bowel Transplantation in the Rat”,
Transplantation Proceedings, vol. 24, No. 3, Jun. 1992, pp. 1128-
1129.

Hunziker T. et al.; “Is Psoriasis an Autoimmune Disease”, Excerpt
from “Therapeutische Umschau”, Determatological Clinic of the
University of Berne; 1993, vol. 50; 279 edition; pp. 110-113.
(Translated version 5 pages).

Nathens, et al., “The Glutathione Depleting Agent Diethylmaleate
Prolongs Renal Allograft Survival”, Journal of Surgical Research,
vol. 77, 1998, pp. 75-79.

Nibbering, P.H. et al., “Intracellular Signalling by Binding Sites for
the Antipsoratic Agent Monomethylfumarate on Human Granulo-
cytes”, British J. Dermatol., 1997, vol. 137, pp. 65-75.
Nibbering, Peter H., “Effects of Monomethylfumarate on Human
Granulocytes”, Journal of Investigative Dermatology, 1993, vol.
101, pp. 37-42.

Sebok, Bela et al., “Antiproliferative and Cytotoxic profiles of
Antipsoriatic Fumaric Acid Derivatives in Keratinocyte Cultures”,
European Journal of Pharm., Environ. Toxicol. Pharmacol. Sect.,
1994, vol. 270, pp. 79-87.

Schwinghammer et al., “Pharmacologic prophylaxis of acute graft-
versus-host disease after allogeneic marrow transplantation”,
Therapy Reviews, Clinical Pharmacy, vol. 12, Oct. 1993, pp.
736-761.

Medline Abstract of Bayard et al., “Peroral long-term treatment of
psoriasis using fumaric acid derivatives”, Hautarzt, May 1987,
38(5), pp. 279-85.

“Merck Manual”, 1987, Merck XP-002141006, p. 327, paragraph
2-paragraph 6.

Immunmodulation durch Fumaderm, Das richtungsweisende
Konzept, Charité-Berlin, Hautklinik, Symposium, 1.-3. Nov. 1996,
28 pages, 4 page english translation of pp. 23-24.

DOCKET

_ ARM

Amamoto, Toshiro, et al., “Effect of E-64, Thiol Protease Inhibitor
on the Secondary Anti-SRBC Response In Vitro”, Microbiol.
Immunol., vol. 28(1), 1984, pp. 85-97.

Barrett, Alan J.,, et al., “L-trans-Epoxysuccinyl-leucylamido(4-
guanidino)butane (E-64) and its analogues as inhibitors of cysteine
proteinases including cathepsins B, H and L”, Biochem. J., 1982,
vol. 201, pp. 189-198.

Bellier, Bruno, et al., “Replacement of Glycine with Dicarbonyl and
Related Moieties in Analogues of the C-Terminal Pentapeptide of
Cholecystokinin: CCK,Agonists Displaying a Novel Binding
Mode”, J. Med. Chem., vol. 43, 2000, pp. 3614-3623.

Birch, A.J., et al., “Metabolites of Aspergillus indicus: The Structure
and Some Aspects of the Biosynthesis of Dihydrocanadensolide”,
Aust. J. Chem., 1968, vol. 21, pp. 2775-2784.

Choo, Hea-Young, et al., “Design and Synthesis of o,f-unsaturated
Carbonyl Compounds as Potential ACE Inhibitors”, Short Commu-
nication, Eur. J. Med. Chem., vol. 35, 2000, pp. 643-648.
Dethlefsen, L.A., “Toxic Effects of Acute Glutathione Depletion by
Buthionine Sulfoximine and Dimethylfumarate on Murine Mam-
mary Carcinoma Cells”, Radiation Research, vol. 114, 1988, pp.
215-224.

Galpin, 1.J., et al., “The Synthesis of an Insulin Active Site Ana-
logue”, Tetrahedron, vol. 39, No. 1, 1983, pp. 149-158.

Gerhard, Ute, et al., “The Free Energy Change of restricting A Bond
Rotation in the Binding of Peptide Analogues to Vancomycin Group
Antibiotics”, Bioorganic & Medicinal Chemistry Letters, vol. 3, No.
5, 1993, pp. 803-808.

Gordon, G.B,, et al., “Induction of NAD(P)H:quinone reductase in
human peripheral blood lymphocytes”, Carcinogenesis, vol. 12
(12), 1991, pp. 2393-2396.

Griehl, C., et al., “a-Aspartyl Peptides by Addition of Amines to
N-Maleylamino Acid Derivatives”, Chemistry of Peptides and
Proteins, 1993, 5/6(pt. A), pp. 99-103.

Hildebrandt, H., “Pschyrembel Klinisches Woerterbuch Ed. 258,
1998, Walter de Gruyter, New York, XP 002234302, p. 182, col. 1,
paragraph 2 and p. 1469, col. 1, paragraphy 16-col. 2, paragraphy
1. Not translated.

Hohenegger, M., et al, “Nephrotoxicity of Fumaric Acid
Monoethylester (FA ME)”, Advances in Experimental Medicine and
Biology, US 1989, vol. 252, pp. 265-272.

Holroyd, S.E., et al., “Rational Design and Binding of Modified
Cell-Wall Peptides to Vancomycin-Group Antibiotics: Factorising
Free Energy Contributions to Binding”, Tetrahedron, vol. 49, No.
41, 1993, pp. 9171-9182.

Kamiyama, T., et al., “Ro 09-1679, A Novel Thrombin Inhibitor”,
The Journal of Antibiotics, vol. 45, No. 3, Mar. 1992, pp. 424-427.
Krstenansky, J.L., et al., “Development of MDL 28,050, a Small
Stable Antithrombin Agent Based on a Functional Domain of the
Leech Protein, Hirudin”, Thrombosis and Haemostasis, vol. 63, No.
2, 1990, Stuttgart, De.

Kuroda, K., et al., “Fumaric Acid Enhances DNA Synthesis of Rat
Hepatocytes by Counter Acting the Toxicities of Mitomycin C and
Aflatoxin B,”, Jpn. J. Cancer Res. (Gann), Aug. 1986, vol. 77, pp.
750-758.

Kuroda, K., et al., “Inhibitory Effect of Capsella-bursa-pastoris
extract on Growth of Ehrlich Solid Tumor in Mice”, Cancer
Research, vol. 36, 1976, Abstract only.

Langlois, M., et al., “Synthesis of symmetrical pseudopeptides as
potential inhibitors of the human immunodeficiency virus-1
protease”, Eur. J. Med. Chem., vol. 29, 1994, pp. 639-647.
Lehnert, S., et al., “Radiation Response of Drug-Resistant Variants
of a Human Breast Cancer Cell Line: The Effect of Glutathione
Depletion”, Radiation Research, vol. 124, 1990, pp. 208-215.
Miller, A.C., et al., “Posttranscriptional Down-Regulation of ras
Oncogene Expression by Inhibitors of Cellular Glutathione”,
Molecular and Cellular Biology, Jul. 1993, vol. 13, No. 7, pp.
4416-4422.

Mrowietz, U., “Nephrotoxisch Wirkung durch Fumarsaure”,
Hautarzt, 2000-51:615, Springer-Verlag 2000, pp. 615. Not trans-
lated.

Odom, RY,, et al., “Cancer Chemoprotective Agents Inhibition of
Human HT29 Colon Carcinoma Cell Proliferation is Reversed by

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 7,320,999 B2
Page 3

N-Acetyl Cysteine”, Proceedings of the American Assoc. for Cancer
Research Annual, No. 41, Mar. 2000, pp. 342, XP008017517.
Ondrus, V., et al,, “A Simple Synthesis of Some analogues of
Natural Antibiotics”, Preliminary Communication, Chem. Papers,
51(3), 1997, pp. 164-166.

Orta, T., et al., “Glutathione manipulation and the radiosensitivity of
human tumour and fibroblast cell lines”, Int. J. Radiat. Biol., 1995,
vol. 68, No. 4, pp. 413-419.

Pearl, J.M., et al., “Fumarate-enriched blood cardioplegia results in
complete functional recovery of immature myocardium”, Annals of
Thoracic Surgery, vol. 57, No. 6, 1994, Abstract only, 1 page.
Peeters, A.J., et al., “Fumaric Acid Therapy for Psoriatic Arthritis.
A Randomized, Double-blind, Placebo-controlled Study”, British
Journal of Rheumatology, vol XXXI, No. 7, Jul. 1992, pp. 502-504.
Pereira, M.A., et al., “Use of azoxymethane-induced foci of aberrant
crypts in rat colon to identify potential cancer chemopreventive
agents”, Carcinogenesis, vol. 15, No. 5, 1994, pp. 1049-1054.
Portoghese, P.S., et al., “Synthesis and Biological Activity of
Analogues of 3-Chlornaltrexamine and B-Funaltrexamine at Opioid
Receptors”, J. of Medicinal Chem., vol. 29, No. 10, 1986, pp.
1861-1864.

Prochaska, H.J., et al., “Elevation of Glutathione Levels by Phase II
Enzyme Inducers: Lack of Inhibition of Human Immunodeficiency
Virus Type 1 Replication in Chronically Infected Monocytoid
Cells”, Molecular Pharmacology, vol. 45, No. 5, 1994, pp. 916-921.
Prochaska, H.J., et al, “Oltipraz, an inhibitor of human
immunodeficiency virus type 1 replication”, Proc. Natl. Acad. Sci.,
USA, vol. 90, May 1993, pp. 3953-3957.

Rao, C.V, et al, “Chemoprevention of Azoxymethane-Induced
Colon  Cancer by  Ascorbylpalmitate,  Carbenoxolone,
Dimethylfumarate and p-Methoxyphenol in Male F344 Rats”, Anti-
cancer Research, vol. 15, 1995, pp. 1199-1204.

Rao, K.S., et al., “Antihepatotoxic activity of monomethyl fumarate
isolated from Fumaria indica”, Journal of Ethnopharmacology, vol.
60, 1998, pp. 207-213.

Roodnat, J.I, et al., “Akute Niereninsuffizienz bei der Behandlung
der Psoriasis mit Fumarsaure-Estern”, Schweiz. Med., Wschr., vol.
119, nr 2, 1989, pp. 826-830. Not translated.

Rossi, Domenico, et al., “Approach to the Use of Benzylpenicil-
linacylase for Configurational Correlations of Amino Compounds.
2. Hydrolysis of N-(p-Aminophenylacetyl) Derivatives of Some
Chiral Primary Amines”, J. Org. Chem., vol. 44, No. 13, 1979, pp.
2222-2225.

DOCKET

_ ARM

Schirmeister, Tanja, “Aziridine-2,3-dicarboxylic Acid Derivatives
as Inhibitors or Papain”, Arch. Pharm. Pharm. Med. Chem., 329,
1996, pp. 239-244.

Schmidt, K.N, et al., “Anti-psoriatic drug anthralin activates tran-
scription factor NF-kappa-B in murine keratinocytes”, Journal of
Immunology, vol. 156, 1996, Abstract Only.

Spencer, S.R., et al., “Induction of Glutathione Transferases and
NAD(P)H:Quinone Reductase by Fumaric Acid Derivatives in
Rodent Cells and Tissues”, Cancer Research, vol. 50, 1990, pp.
7871-7875.

Steele, V.E., et al., “Preclinical Efficacy Evaluation of Potential
Chemopreventive Agents in Animal Carcinogenesis Models: Meth-
ods and Results From the NCI Chemoprevention Drug Develop-
ment Program”, J. of Cellular Biochemistry, Supplement 20, 1994,
pp. 32-54.

Su, Jean Y.C., et al., “Reduction of H,0,-evoked, intracellular
calcium increases in the rat N18-RE-105 neuronal cell line by
pretreatment with an electrophilic antioxidant inducer”,
Neuroscience Letters, 273, 1999, pp. 109-112.

Subasinghe, Nalin et al., “Synthesis of Acyclic and Dehydroaspartic
Acid Analogues of Ac-Asp-Glu-OH and Their Inhibition of Rat
Brain N-Acetylated o-linked Acidic Dipeptidase (NAALA
Dipeptidase)”, Journal of Medicinal Chemistry, vol. 33, No. 10.,
1990, pp. 2734-2744.

Vandermeeren, M., et al., “Dimethylfumarate is an Inhibitor of
Cytokine-Induced Nuclear Translocation of NF-kB1, But not RelA
in Normal Human Dermal Fibroblast Cells”, The Journal of Inves-
tigative Dermatology, vol. 116, No. 1, Jan. 2001, pp. 124-130.
Vandermeeren, M., et al., “Dimethylfumarate is an Inhibitor of
Cytokine-Induced E-Selection, VCAM-1, and ICAM-1 Expression
in Human Endothelial Cells”, Biochemical and Biophysical
Research Communications, vol. 234, 1997, pp. 19-23.

Wang, X., et al., “Enhanced cytotoxicity of mitomycin C in human
tumour cells with inducers of DT-diaphorase”, British Journal of
Cancer, vol. 80(8), 1999, pp. 1223-1230.

Weinmann, 1., et al., “Influence of Fumaric Acid Derivatives on T
Lymphocytes in the Murine Model of HSV-I Keratitis”, IOVS, vol.
41, No. 4, Mar. 15, 2000, XP008017516, pp. S146.

English Language Translation of PCT International Preliminary

Examination Report for PCT/EP99/08215, completed Feb. 27,
2001.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 7,320,999 B2

1

DIMETHYL FUMARATE FOR THE
TREATMENT OF MULTIPLE SCLEROSIS

REFERENCE TO RELATED APPLICATIONS

This is a Division of commonly-owned application Ser.
No. 09/831,620, filed May 10, 2001, now U.S. Pat. No.
6,509,376, which is a 371 continuation of PCT Application
PCT/EP99/08215, filed Oct. 29, 1999, the text of which is
not in English, which PCT Application claims priority on
German Application No. 198 53 487.6, filed Nov. 19, 1998,
the text of which is not in English.

DESCRIPTION

The present invention relates to the use of dialkyl fuma-
rates for preparing pharmaceutical preparations for use in
transplantation medicine or the therapy of autoimmune
diseases and pharmaceutical preparations in the form of
micro-tablets or micro-pellets containing dialkyl fumarates.

On the one hand, therefore, it relates especially to the use
of dialkyl fumarates for preparing pharmaceutical prepara-
tions for the treatment, reduction or suppression of rejection
reactions of the transplant by the recipient, i.e. host-versus
graft reactions, or rejection of the recipient by the transplant,
i.e. graft-versus-host reactions. On the other hand, it relates
to the use of dialkyl fumarates for preparing pharmaceutical
preparations for treating autoimmune diseases such as pol-
yarthritis, multiple sclerosis, juvenile-onset diabetes, Hash-
imoto’s thyroiditis, Grave’s disease, systemic Lupus erythe-
matodes (SLE), Sjogren’s syndrome, pernicious anaemia
and chronic active (=lupoid) hepatitis.

Both graft rejection and autoimmune diseases are based
on medically undesirable reactions or dysregulation of the
immune system. Cytokins such as interleukins or tumour
necrose factor a (TNF-a) are substantial mediators influ-
encing the immune system. In general, both are treated by
the administration of immunosuppressive agents such as
cyclosporine.

In the overall result, autoimmune diseases may be defined
as the failure of the tolerance of endogenic substances or
antigens. As a rule, this tolerance can be maintained only if
the antigens keep coming into contact with immunological
cells. When this tolerance is lost, autoantibodies are formed,
i.e. a humoral immunoresponse against endogenic tissue.
The exact nature of the involvement of TNF-a. is not known.

Transplantations are tissue or organ transplantations, i.e.
the transfer of tissues such as cornea, skin, bones (bone
chips), vessels or fasciae, of organs such as kidney, heart,
liver, lung, pancreas or intestines, or of individual cells such
as islet cells, a-cells and liver cells, the kidney having the
greatest significance as a transplanted organ.

According to the degree of relationship between the donor
and the recipient we differentiate between autotransplanta-
tion (transfer to another part of the body of the same
individual), iso-transplantation (transfer to another, geneti-
cally identical individual) and allogenic transplantation
(transfer to another individual of the same species). Depend-
ing on the site of origin and transplantation, we further
differentiate between homotopic transplantation (transfer to
the same site) and heterotopic transplantation (transfer to a
different site). The above-mentioned transplantations play
an important role in modern medicine.

A major problem in transplantation medicine is graft
rejection after transplantation of the tissue, organ or cell by
immunological defense reactions of the recipient. Such a
graft rejection is also called host-versus-graft reaction. The
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immunological defense reaction of the organism against the
heteroprotein often results in rejection or dissolution of the
grafts. In host-verses-graft reactions, different stages may be
distinguished. Depending on the degree of difference
between the recipient and the donor, this reaction takes place
at different speeds so that we speak of an acute, sub-acute or
chronic reaction. The acute rejection process is accompanied
by the irreversible loss of the transplant (necrotisation) as a
result of arteriitis or arteriolitis within 48 hours and cannot
be influenced by the administration of drugs. The sub-acute
rejection reaction becomes manifest as a rejection crisis
from day 12 to month 4 with reversible functional disorders
as a result of a transplant vasculopathy. Finally, the loss of
function of the transplant as a result of vascular changes
such as obliterating arteriopathy, which proceeds over weeks
or years and can practically not be influenced by drugs, is
termed a chronic rejection reaction.

Vice-versa, rejection reactions of the transplant against
the recipient, the so-called graft-versus-host reactions, may
occur when immunocompetent tissues are transplanted, i.e.
primarily in bone marrow transplantation. Again, the sever-
ity of the reaction is graded, and substantially similar
complications result as in host-versus-graft-reactions,
namely arteriopathies and necroses.

To avoid such rejection reactions, i.e. the host-versus-
graft reaction and the graft-versus-host reaction, transplan-
tation medicine essentially makes use of immunosuppres-
sion, i.e. a weakening of the normal immunoresponse. For
this purpose, anti-lymphocyte sera are often used in com-
bination with corticosteroids and so-called anti-metabolites,
e.g. purine analogues such as 6-mercaptopurine and thiogua-
nine which affect the nucleic acid and protein synthesis and
thus prevent cell division and proliferation. This leads to
suppression of the production of antibodies and the cellular
immune response. The immunosuppressive agents used for
therapy are substances which suppress or weaken the immu-
noreaction in the body either specifically or non-specifically.
Non-specific immunosuppressive agents are cytostatic
agents such as, for example, alkylating agents or antime-
tabolites.

In addition, active ingredients are known which cause at
least partial specific immunosuppression, such as corticos-
teroids, antisera, antibodies FK-506, tacrolimus, mycophe-
nolatemofetil and primarily cyclosporines such as cyclospo-
rine A. As a result of using modern immunosuppressive
agents, the most important representatives of which are the
cyclosporines, especially cyclosporine A, it was possible to
improve the results of transplantation considerably over the
last few years. At present, the survival rate after one year is
about 60% for liver transplantations, about 80% for heart
transplantations and over 90% for kidney transplantations.

Autoimmune diseases where the endogenic immune sys-
tem attacks endogenic organs, tissues and cells are compa-
rable to graft-versus-host reactions. These are also medically
undesirable reactions of the immune system which may be
treated with immunosuppressive agents, too.

The danger in using immunosuppressive agents lies in
weakening the body’s defense against infectious diseases
and the increased risk of malignant diseases. Therefore, it is
the object of the invention to provide a pharmaceutical
preparation to be employed in transplantation medicine
which may be used to treat, especially to suppress weaken
and/or alleviate host-versus-graft reactions and graft-versus-
host reactions, but does not have the above disadvantage.

It is another object of the invention to provide a pharma-
ceutical preparation which may be employed for treating
autoimmune diseases, particularly polyarthritis, multiple
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sclerosis, juvenile-onset diabetes, Hashimoto’s thyroiditis,
Grave’s disease, systemic Lupus erythematodes (SLE),
Sjogren’s syndrome, pernicious anaemia and chronic active
(=lupoid) hepatitis, without the disadvantages of immuno-
suppression.

The object of the invention is achieved by using certain
dialkyl fumarates for preparing pharmaceutical preparations
for use in transplantation medicine and for the therapy of
autoimmune diseases and pharmaceutical preparations in the
form of micro-tablets and micro-pellets containing these
dialkyl fumarates. The individual subject matters of the
invention are characterized in detail in the claims. The
preparations according to the invention do not contain any
free fumaric acids per se.

It is known that pharmaceutical preparations which, upon
biological degradation after administration, enter into the
citric acid cycle or are part thereof gain increasing thera-
peutic significance—especially when given in high dos-
ages—since they can alleviate or heal diseases caused
cryptogenetically.

Fumaric acid, for example, inhibits the growth of the
Ehrlich ascites tumour in mice, reduces the toxic effects of
mitomycin C and aflatoxin and displays antipsoriatic and
anti-microbial activity. When administered parenterally,
transdermally and especially perorally, high dosages of
fumaric acid or its derivatives known so far such as dihy-
droxyl fumaric acid, fumaramide and fumaronitrile have
such unacceptably severe side effects and high toxicity that,
in most cases, such a therapy had to be abandoned in the
past.

Surprisingly, investigations carried out by the applicant
have shown that methyl hydrogen fumarate, a metabolite of
the dimethyl fumarate, initially increases the endotoxin-
stimulated TNF-a secretion in human mononuclear cells of
periphere blood (periphere blood mononuclear cells=PBMC
cells) and in isolated monocytes. In addition, the applicant
was able to show that fumaric acid has an effect on in vitro
and in vivo haemagglutination which is comparable to that
of cyclosporine.

Surprisingly, it has now been found that dialkyl fumarates
are advantageous for preparing pharmaceutical composi-
tions for use in transplantation medicine and for the therapy
of autoimmune diseases. This is because compositions con-
taining such dialkyl fumarates surprisingly permit a positive
modulation of the immune system in host-versus-graft reac-
tions, graft-versus-host reactions and other autoimmune
diseases.

European Patent Application 0188 749 already describes
fumaric acid derivatives and pharmaceutical compositions
containing the same for the treatment of psoriasis. Pharma-
ceutical compositions for the treatment of psoriasis contain-
ing a mixture of fumaric acid and other fumaric acid
derivatives are known from DE-A-25 30 372. The content of
free fumaric acid is obligatory for these medicaments.

DE-A-26 21 214 describes medicaments containing the
fumaric acid monoethyl ester and its mineral salts as active
ingredient for the treatment of psoriasis. The publication
“Hautarzt (Dermatologist) (1987) 279-285” discusses the
use of fumaric acid monoethyl ester salts. Pharmaceutical
preparations containing a mixture of fumaric acid monoalkyl
ester salts and a fumaric acid diester for the treatment of
psoriasis, psoriatic arthritis, neurodermatitis and enteritis
regionalis Crohn are known from EP 0 312 697 B1.

Specifically, the object of the invention is achieved by the
use of one or more dialkyl fumarates of the formula
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wherein R, and R,, which may be the same or different,
independently represent a linear, branched or cyclic, satu-
rated or unsaturated C,_,, alkyl radical which may be
optionally substituted with halogen (Cl, F, I, Br), hydroxy,
C,, alkoxy, nitro or cyano for preparing a pharmaceutical
preparation for use in transplantation medicine or for the
therapy of autoimmune diseases.

The C,_,, alkyl radicals, preferably C, ; alkyl radicals,
most preferably C,_s alkyl radicals are, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl, pentyl,
cyclopentyl, 2-ethyl hexyl, hexyl, cyclohexyl, heptyl, cyclo-
heptyl, octyl, vinyl, allyl, 2-hydroxyethyl, 2 or 3-hydroxy
propyl, 2-methoxy ethyl, methoxy methyl or 2- or 3-meth-
oxy propyl. Preferably at least one of the radicals R, or R,
is C, 5 alkyl, especially methyl or ethyl. More preferably, R
and R, are the same or different C, s alkyl radicals such as
methyl, ethyl, n-propyl or t-butyl, methyl and ethyl being
especially preferred. Most preferably, R, and R, are identical
and are methyl or ethyl. Especially preferred are the dim-
ethyl fumarate, methyl ethyl fumarate and diethyl fumarate.

The dialkyl fumarates to be used according to the inven-
tion are prepared by processes known in the art (see, for
example, EP 0 312 697).

Preferably, the active ingredients are used for preparing
oral preparations in the form of tablets, micro-tablets, pellets
or granulates, optionally in capsules or sachets. Preparations
in the form of micro-tablets or pellets, optionally filled in
capsules or sachets are preferred and are also a subject
matter of the invention. The oral preparations may be
provided with an enteric coating. Capsules may be soft or
hard gelatine capsules.

The dialkyl fumarates used according to the invention
may be used alone or as a mixture of several compounds,
optionally in combination with the customary carriers and
excipients. The amounts to be used are selected in such a
manner that the preparations obtained contain the active
ingredient in an amount corresponding to 10 to 300 mg of
fumaric acid.

Preferred preparations according to the invention contain
a total amount of 10 to 300 mg of dimethyl fumarate and/or
diethyl fumarate.

According to a preferred embodiment, the size or the
mean diameter, respectively, of the pellets or micro-tablets is
in the range from 300 to 2,000 um, especially in the range
of 500 or 1,000 pm.

In addition to graft-versus-host reactions (see above), the
following autoimmune diseases to be treated may be named:
polyarthritis, multiple sclerosis, graft-versus-host reactions,
juvenile-onset diabetes, Hashimoto’s thyroiditis, Grave’s
disease, systemic Lupus erythematodes (SLE), Sjogren’s
syndrome, pernicious anaemia and chronic active (lupoid)
hepatitis. Autoimmune diseases in a wider meaning also
comprise psoriasis, psoriatic arthritis, neurodermatitis and
enteritis regionalis Crohn.

In addition to the preparations for peroral administration
in the form of micro-pellets, micro-tablets, capsules (such as
soft and hard gelatine capsules), granulates and tablets cited
above, suitable pharmaceutical preparations are preparations
for cutaneous and transdermal administration in the form of
ointments, plasters, lotions or shower preparations and for
parenteral administration in the form of aqueous micro-
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