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Abstract

Immunotherapy hasthepotential tomodify or re-balancetheimmunesystemandhenceuseful in themanagement of autoimmuneconditions.
Thisarticleaimsto review clinically useful immunotherapies available for treatment of autoimmune conditions, with particular emphasis
on Typel diabetesmellitus, multiplesclerosis, rheumatoid arthritisand systemic lupuserythematosus. A Medline search for the period 1992
t02002 (10years) usingtheunrestricted keywords" immunotherapy AND autoimmune” wasdone. Full-length articlesweresel ected for reviews
based on thecontentsof their published abstracts. Additional M edlinesear cheswer efocussed on thekeywords* immunotherapy AND diabetes
mellitus’, “immunotherapy AND multiple sclerosis’, “immunotherapy AND rheumatoid arthritis’, and “immunotherapy AND systemic
lupuserythematosus’ . Relevant publicationsreferencedinthereviewedliteraturewerefurther includedfor review, if not presentintheoriginal
Medline search. Immunotherapy in Type | diabetes mellitus has focussed on the induction of tolerance to p cell antigens, and in multiple
sclerosistrialsof anti-a4 integrinsand altered peptideligand of myelin basic protein (MBP 83-99) showed initial promising results. Theuse
of anti-cytokinetherapy (anti-TNFa and I L-1Ra) in rheumatoid arthritishasimproved the quality of life of patientswith refractory disease.
Theuseof anti-CD20monoclonal antibodyfor in vivo B cellsdepletion and early trial sof autologousperipheral stemcell transplantsrepresent
additional immunomodulatory treatment modalities for systemic lupus erythematosus patients. Better understanding of autoimmune

conditions and advances in the production of humanised monoclonal antibodies, promises better immunotherapy in the near future.

Ann Acad Med Singapore 2002; 31:702-6

Key words: Monoclonal antibody, Multiple sclerosis, Rheumatoid arthritis, Systemic lupus erythematosus, Type| diabetes mellitus

I ntroduction

Intheearly 1700s, Lady Mary Wortley Montagu, wife of
the British ambassador to Turkey, introduced the practice
of variolation against smallpox into Western Europe. This
act of immunisation had since been better understood.
Experimental findings of pioneer scientists like Edward
Jenner, Louis Pasteur, Eli Metchnikoff, George Nuttall,
Emil von Boehring, Shibasabuto Kitasato, Almroth Wright
and many othersallow usto understand thebiological basis
of immuneresponses. They laid thefoundationsfor modern
immunology.! We are now aware of how cellular and
humoral responses play key rolesin theimmune response,
how central and peripheral tolerance develops, and how
cytokineand chemokinemediatorsaffect theinflammatory
process. Theimmunesystemisindeed awonderful creation
and its workings ensure swift and specific protection
against microbial agents and mutant cells. However, its
dysfunction can also cause multifold problems, chief of
which are the development of autoimmunity and
malignancy. Hence, the attractive idea of using biologic
agents e.g. monoclona antibodies to restore balanced
immune responses. In the 1980s, therapeutic monoclonal

antibodiesaremurinebased and they had seriousdrawbacks.
Apart from having a short half-life, usualy less than 24
hours instead of weeks for human antibodies,? they also
elicit an anti-murine antibody responsein thevast majority
of treated patients.® These drawbacks preclude their use as
long-term therapeutic agents. Technologica progress in
the generation of monoclonal antibodies—from murineto
chimeric, tohumani sed, and thento phage-displayed human
antibodies*® —rekindles the interest in immunotherapy for
immune-mediated diseases. | n the 10-year period between
1986 and 1996, 2 antibodies (muromonab-CD3 against
CD3 and abciximab against gpllb/I11a) were approved by
the Food and Drug Administration (FDA) for therapeutic
use, but between 1997 and 2001, another 11 antibodies
preparations were approved for clinical use in immune-
mediated conditions.” They areusedfor theclinical treatment
of oncological, infectious and autoimmune conditions.
This review focuses on the clinically useful immuno-
therapeutic agents in autoimmune diseases. Autoimmune
diseases are defined as“aclinical syndrome caused by the
activation of T cellsor B cells, or both, in the absence of an
ongoing infection or other discernible cause’.® A Medline
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search for the period 1992 to 2002 (10 years) using the
unrestricted keywords “immunotherapy AND
autoimmune” yielded more than 300 articles for review.
Full-length articles, pertaining to immunotherapy in
autoimmune conditions, were selected for reviews based
on their published abstracts. Relevant publications
referenced in the reviewed literature were further included
for review, if not present in the original Medline search.
Four autoimmune conditions, Type | diabetes mellitus,
multiple sclerosis, rheumatoid arthritis and systemic lupus
erythematosus, were selected to highlight the use of
immunotherapy in autoimmune conditions.

Therapeutic Strategies

Different therapeutic approaches have been used to
target different components of the immune system. They
range from the blockade or antagonism approach to
induction of tolerance and immune system reconstitution.
Oneof thechallengesin thetherapeutic tolerance approach
isthat tolerising treatments are given only after diagnosis
is made clinically. Hence data culled from prophylactic
tolerance in experimental animals, which can demonstrate
elegantly that an agent is efficacious in preventing the
development of a specific autoimmune condition, usually
cannot be extrapolated to humans. Clinically overt disease
means that T cells have been exposed to and primed by
many tissue antigens. Immune system reconstitution can
potentially mean a“cure”, though morbidity and mortality
risks are high. However, proper selection of patients, and
adequate expertise and infrastructure, are necessary to
ensure good outcome.

Type | Diabetes Mellitus

Type | or insulin-dependent diabetes mellitus (IDDM)
develops gradualy over many years before they have
clinically overt disease. I DDM isanautoimmuneconditions
arising from the destruction of pancreatic B cells. The
cellular and molecul ar pathogenic mechanismsarereviewed
recently by Y oon and Jun.*® Macrophages, dendritic cells,
B and T cells, aswell as 3 cell autoantigensi.e. glutamic
acid decarboxylase (GAD),* insulin, 38-kD antigen,*2 | A-
2 Autoantigen-37/40kD Tryptic Fragment,®* have been
reportedto beinvolvedinthepathogenetic process. Studies
involvingimmunisation of non-obesediabetic (NOD) mice
with purified GAD results in the tolerization of GAD-
reactiveT cells. Thisthen blocksthe development of T-cell
responsesto other 3 cell antigens, thus preventing insulitis
and diabetes.** Therolethatinsulin playsasanautoantigen
inIDDM have been demonstrated in studiesin NOD mice.
Oral intake of insulin retards disease progression in the
NOD mouse, probably through induction of immuno-
regulatory T cells.*® Prevention of diabetesin NOD mice
was noted when the insulin B chain was administered
either by intrathymic or subcutaneous injection, or by
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intranasal administration.t” A diabetogenic CD8+ T cell
clone, which causes diabetes in neonatal NOD mice, was
aso found to recognize insulin B chain amino acids 15-
23.38 The exact roles of the latter 2 antigens await further
studies. The challenge of using immunotherapy in IDDM
is that in clinicaly overt disease, there may be only a
limited number of B cells left, hence raising doubts as to
whether treatment would be useful. Observations in the
NOD mice, however, indicatethat 3 cell destruction seems
to be preceded by reversible T cell inflammation® and
recent evidence suggest that B cells regeneration may be
possible from ductular stem cells.® The approach of
inducingtoleranceto 3 cell autoantigens, though attractive,
has not yielded much success at the human level. Two
clinical trialsusing oral insulin astolerogens, oneinvolving
82 patients®* and the other involving 131 patients?
demonstrated no beneficial effect. Wehaveto await results
of further trials of subcutaneous administration of insulin
in persons at risk. Other approaches include cytokine-
based therapy e.g. administration of IL-42 or antagonism
of IL-12.2* In a study by Fujihira and co-workers,?® they
demonstrated that the timing of anti-IL-12 antibody is
critical asit can either prevent or enhance the disease onset
in NOD mice. An anti-T cell strategy may work through
direct effect on pathogenic T cellsand/or throughinduction
of regulatory cells. The use of anti-T cell monoclonal
antibodies has shown promising resultsin aclinical study
involving 24 patients with Type 1 diabetes mellitus.® A
single 14-day course of a non-activating humanised
monoclonal antibody against CD3-hOKT3yl(Ala-Ala),
givenwithin 6 weeksof diagnosis, maintained orimproved
insulinproductionin9 of 12 treated patientswhen assessed
at 1 year post-treatment. The control group showed only 2
of 12 patients sustain or improve their insulin production
after 1year. No severeadversereactionswerereported and
additional studies may further refine this form of
immunotherapy.

Multiple Sclerosis

Multiplesclerosis(MS) isachronic disease of the central
nervous system, characterised by the presence of areas of
demyelination and perivascular inflammation in the brain
white matter. Symptoms may vary dramatically in their
expression and severity over many years. Currently, 3
typesof medi cationsareapprovedfor treatment of multiple
sclerosis — B interferons (IFNS), glatiramer acetate, and
mitoxantrone. Two recent clinical trials— CHAMPS* and
ETOMS®—reported that  interferonsare effectivein M S.
In CHAMPS, a randomised, double-blind trial of 383
patients, interferon B-1a was administered to those who
had afirst acuteclinical demyelinating event (optic neuritis,
incomplete transverse myelitis, or brain-stem or cerebellar
syndrome) and evidence of prior subclinical demyelination
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onmagneticresonanceimaging (MRI) of thebrain. Another
308 patientswere studied in ETOM Swith early treatment.
Bothdemonstrated beneficial effectsinthetreatment group
when compared to placebo. Recently, astudy (INCOMIN)
comparing high-dose interferon 3-1b administered every
other day and interferon 3-1a given once a week showed
that the former is more effective.?® Experimental evidence
suggest that thel FNshindto cell surface-specificreceptors,
initiating acascadeof signalling pathwaysthat end withthe
secretion of antiviral, antiproliferative, and immuno-
modulatory gene products.®* Glatiramer acetate, arandom
copolymer of 4amino acids, had beencomparedtointerferon
B-1binanopenlabel study of 58 M Spatients. After 2 years
of follow-up, their efficacy and safety profilesarefound to
be similar.® Glatiramer acetate, anon-specific inhibitor of
T cells*and inducer of immunedeviationfrom Th1to Th2
helper T cells,*® was shown to have a beneficial and
sustained clinical effectinarandomised placebo-controlled
study of 251 MS patients.®* Mitoxantrone, a cytotoxic
agent and potent immunosuppressive agent, isuseful inthe
treatment of frequent, disabling exacerbations. Its long
term useis, however, limited by potential cardiotoxicity.®
In arandomised, double-blind, placebo-controlled trial of
72 patients with active relapsing-remitting and secondary
progressive MS, short-term treatment with monoclonal
antibody against a4integrinresultsinasignificant reduction
in the number of new active lesions on MRI.* The study
was, however, not designed to look at treatment effect on
relapse rate. Two recent studies using the altered peptide
ligand approach produced conflicting results. Kappos™
reported beneficial effect in a double-blind placebo-
controlled study of 142 patients, while Bielekovareported
exacerbations in 3 of 9 patients in an open-label study.*®
Kappos' trial was, however, suspended dueto the presence
of hypersensitivity reactionsin 9% of study patients. TNF-
o blockade has been tried asan option for immunaotherapy.
However, in a double-blind, placebo-controlled phase |1
study comprising 168 patients, most with relapsing-
remitting M S, admini strati on of arecombinant TN receptor
p5S5 immunoglobulin fusion protein (STNFR-IgG p55;
Lenercept) worsens the disease.®

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory
arthritisthat canlead to severejoint deformities. Advances
in the understanding of its pathogenesis had yielded
molecular targets for therapeutic intervention. A recent
review by Choy and Panayi“ identified Interleukin-1 (IL-
1), interleukin-6 (I1L-6), and TNF-a as the key cytokines
that driveinflammationinrheumatoid arthritis. Transgenic
mice carrying 3'-modified hTNF transgenes show
deregulated patterns of expression and develop chronic
inflammatory polyarthritis. Administration of amonoclonal

antibody against human TNF completely prevents
development of this disease.** Genetically modified mice,
deficientin|L-1Ra, werefound to develop chronic erosive
polyarthritis, thus providing an insight into the role of IL-
1Rain regulation of IL-1.#2 These and other studies raise
thepossibilitiesof targeting IL-1and TNF-a.in RA patients
to halt, or at least attenuate, the inflammatory process.
Clinical trials with etanercept (a recombinant tumour
necrosis factor receptor:Fc fusion protein) and infliximab
(monoclonal antibody against TNF-o.) demonstrated rapid
and sustained improvement inrheumatoid disease activity.
The etanercept trial treated 89 patients over a 24-week
periodand showed significantimprovementinthosetreated
with etanercept and methotrexate versusthose treated with
placebo and methotrexate (71% versus 27% for ACR 20
and 39% versus 3% for ACR 50 assessment).®® In the
ATTRACT trial, 428 patients were studied and assessed
after 30weeks. Treatmentwithinfliximabwith methotrexate
was found to be more efficacious than methotrexate alone,
and improved the patients quality of life aswell as halted
the progression of joint damage.*** There is, however, a
concern of infliximab inducing anti-dsDNA antibodiesin
treated patients. In a study of multiple pre- and post-
infliximab serafrom 156 patients, 1 patient devel oped high
titresof anti-dsDNA antibodiesof 1gG, IgM, and I gA class,
peaking at 22 weeks and resolving by 54 weeks*® A
recombinant humaninterleukin-1 receptor antagonist, used
singly to treat 472 patients in a 24-week, double-blind,
randomised, placebo-controlled, multicentrestudy showed
efficacy, safety and retardation of radiographic joint
erosions.*” A recent 419-patient study demonstrated the
safety and tolerability of anakinra and methotrexate
combination. Assessment at 12 and 24 weeks showed
significant benefits on 1 mg/kg and 2 mg/kg doses when
compared to placebo (ACR 20: 46% and 38% versus 19%
respectively).®® Theoreticaly, IL-6 blockade should also
provide similar benefit in RA patients; however, no large
trials have been reported since Wendling demonstrated in
asmall (5 patients) pilot study that intravenous anti-1L-6
Mab provided short-term improvement.* | L-18, amember
of the IL-1 cytokine family, has been postul ated to have a
proinflammatory role in RA,% particularly in chronic
inflammation;®* and in IL-18 deficient mice, the incidence
of collagen-induced arthritis is reduced.® Hence, it is
another potential target for RA therapy.

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a multisystem
disease characterised by the presence of multiple
autoantibodies. Thoughintravenousimmunoglobulinshave
been used to treat immune-mediated thrombocytopenia
associated with SLE, there has been a paucity of data for
treatment of SLE per se. Inastudy of 14 patientswith lupus
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nephritis, it wasshown to be comparableto monthly pul sed
cyclophosphamide over an 18-month period,* and in an
open-label trial of 20 unselected patients, it demonstrated
beneficia clinical response.> L. JP394, amol eculeconsisting
of 4 double-stranded oligonucleotides attached to a non-
immunogenic polyethylene glycol platform, was designed
to induce tolerance in B cells directed against double-
stranded DNA (dsDNA). It cross-links their surface
antibodiesin the absence of asecond signal from T cells.%®
A phasel trial in4 patients showed immediate reduction of
anti-dsDNA titre following an infusion of LJP 394% and a
more recent trial in 58 patients confirmed the findings and
its safety profile.5” Results from larger trials are yet to be
published. Anti-CD20 monoclonal antibody (Rituximab)
has been used in SLE with life-threatening autoimmune
haemolytic anaemia.>® However, itstherapeutic usefulness
asaninvivo B cell depletor in unselected SLE patientsis
not yet known. Immune reconstitution by autologous
haematopoietic stem cell transplant following intense
immunesuppression hasbeenusedfor treatment of patients
with severelupuserythematosus® and representsapotential
for “cure”. Randomised trials with long-term follow-up
datawill be necessary to establish itsrole in the treatment
of severe lupus.

Conclusion

Vaccinology, 300 years after Lady Mary Wortley
Montagu’ sefforts, hascomealong way. The devel opment
of DNA vaccine has opened up new therapeutic potentials
in areas of infectious diseases, oncology, neurology and
immunology. Wildbaum et al® found that pre-immuni sation
withaplasmid encoding TNF-o protected agai nst adjuvant
induced arthritis. In this RA model, the beneficial anti-
TNF-o response ameliorates the arthritis even after its
onset, a potentia clinically useful finding. In the years
ahead, immunotherapy will definitely play key rolesinthe
treatment of autoimmune conditions and technological
advances will continue to improve its efficacy and safety
profiles.

REFERENCES

1. Clark R C. The Experimental Foundations of Modern Immunology. 4"
ed. Singapore: John Wiley & Sons, 1991.

2. Borrebaeck C K, Malmborg A C, Ohlin M. Does endogenous glyco-
sylation prevent the use of mouse monoclonal antibodies as cancer
therapeutics? Immunol Today 1993; 14:477-9.

3. Khazaeli M B, Conry R M, LoBuglio A F. Human immune response to
monoclonal antibodies. J Immunother 1994; 15:42-52.

4. HuseW D, Sastry L, Iverson SA, Kang A S, Alting-Mees M, Burton D
R, etal. Generation of alargecombinatorial library of theimmunoglobulin
repertoire in phage lambda. Science 1989; 246:1275-81.

5. McCafferty J, Griffiths AD, Winter G, Chiswell D J. Phage antibodies:
filamentous phage displaying antibody variable domains. Nature 1990;
348:552-4.

6. BurtonD R, BarbasCF, Persson M A, Koenig S, Chanock R M, Lerner
R A. A large array of human monoclonal antibodies to type 1 human
immunodeficiency virus from combinatorial libraries of asymptomatic

November 2002, Vol. 31 No. 6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Immunotherapy in Autoimmune Diseases—K Y Fong 705

seropositive individuals. Proc Natl Acad Sci U S A 1991; 88:10134-7.
Borrebaeck C A, Carlsson R. Human therapeutic antibodies. Curr Opin
Pharmacol 2001; 1:404-8.

Davidson A, Diamond B. Autoimmune diseases. N Engl J Med 2001,
345:340-50.

Bach JF. Insulin-dependent diabetes mellitus as an autoimmune disease.
Endocr Rev 1994; 15:516-42.

YoonJW, Jun H S. Cellular and molecular pathogenic mechanisms of
insulin-dependent diabetes mellitus. Ann N Y Acad Sci 2001; 928:
200-11.

Baekkeskov S, Aanstoot H J, Christgau S, Reetz A, Solimena M,
Cascalho M, et a. Identification of the 64K autoantigen in insulin-
dependent diabetes as the GABA-synthesizing enzyme glutamic acid
decarboxylase. Nature 1990; 347:151-6.

Arden SD, Roep B O, Neophytou P1, Usac E F, Duinkerken G, deVries
R R, et a. Imogen 38: a novel 38-kD islet mitochondrial autoantigen
recognized by T cells from anewly diagnosed type | diabetic patient. J
Clin Invest 1996; 97:551-61.

BonifacioE, LampasonaV, Genovese S, Ferrari M, Bosi E. | dentification
of protein tyrosine phosphatase-like |A-2 (idlet cell antigen 512) asthe
insulin dependent diabetes-related 37/40K autoantigen and a target of
islet-cell antibodies. J Immunol 1995; 155:5419-26.

Elliott JF, Qin H Y, Bhatti S, Smith D K, Singh R K, Dillon T, et a.
Immunization with the larger isoform of mouse glutamic acid
decarboxylase (GADG67) prevents autoimmune diabetes in NOD mice.
Diabetes 1994; 43:1494-9.

Kaufman D L, Clare-Salzler M, Tian J, Forsthuber T, Ting G S,
Robinson P, et al. Spontaneous loss of T-cell tolerance to glutamic acid
decarboxylase in murine insulin-dependent diabetes. Nature 1993;
366:69-72.

Zhang Z J, Davidson L, Eisenbarth G, Weiner H L. Suppression of
diabetes in nonobese diabetic mice by oral administration of porcine
insulin. Proc Natl Acad Sci U S A 1991; 88:10252-6.

Wong F S, Janeway C A. Insulin-dependent diabetes mellitus and its
anima models. Curr Opin Immunol 1999; 11:643-7.

Wong F S, Karttunen J, Dumont C, Wen L, Visintin I, Pilip | M, et a.
Identification of an MHC class |-restricted autoantigen in type 1
diabetes by screening an organ-specific cDNA library. Nat Med 1999;
5:1026-31.

Chatenoud L, Primo J, Bach J F. CD3 antibody-induced dominant self
tolerancein overtly diabetic NOD mice. JImmunol 1997; 158:2947-54.
RamiyaV K, Maraist M, ArforsK E, Schatz D A, Peck A B, Cornelius
J G. Reversal of insulin-dependent diabetes using islets generated in
vitro from pancreatic stem cells. Nat Med 2000; 6:278-82.

Pozzilli P, Pitocco D, Visali N, Cavallo M G, Buzzetti R, Crino A, et
al. No effect of oral insulin on residual beta-cell function in recent-onset
type| diabetes (the IMDIAB VII). IMDIAB Group. Diabetol ogia 2000;
43:1000-4.

ChaillousL, Lefevre H, Thivolet C, Boitard C, Lahlou N, Atlan-Gepner
C, et a. Oral insulin administration and residual beta-cell function in
recent-onset type 1 diabetes: a multicentre randomised controlled trial.
Diabete Insuline Orale group. Lancet 2000; 356:545-9.

Rapoport M J, Jaramillo A, Zipris D, Lazarus A H, Serreze D V, Leiter
E H, et a. Interleukin 4 reverses T cell proliferative unresponsiveness
and preventsthe onset of diabetesin nonobese diabetic mice. JExp Med
1993; 178:87-99.

Trembleau S, Penna G, Gregori S, Gately M K, Adorini L. Deviation of
pancreas-infiltrating cells to Th2 by interleukin-12 antagonist
administration inhibits autoimmune diabetes. Eur J Immunol 1997,
27:2330-9.

FujihiraK, NagataM, MoriyamaH, Yasuda H, Arisawa K, Nakayama
M, et a. Suppression and acceleration of autoimmune diabetes by
neutralization of endogenous interleukin-12 in NOD mice. Diabetes
2000; 49:1998-2006.

Herold K C, Hagopian W, Auger J A, Poumian-Ruiz E, Taylor L,
Donaldson D, et a. Anti-CD3 monoclonal antibody in new-onset type



706

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Immunotherapy in Autoimmune Diseases—K Y Fong

1 diabetes mellitus. N Engl J Med 2002; 346:1692-8.

Jacobs L D, Beck R W, Simon J H, Kinkel R P, Brownscheidle C M,
Murray T J, et a. Intramuscular interferon beta-1a therapy initiated
during a first demyelinating event in multiple sclerosis. CHAMPS
Study Group. N Engl J Med 2000; 343:898-904.

Comi G, Filippi M, Barkhof F, Durelli L, Edan G, Fernandez O, et al.
Early Treatment of Multiple Sclerosis Study Group. Effect of early
interferon treatment on conversion to definite multiple sclerosis: a
randomised study. Lancet 2001; 357:1576-82.

Durelli L, Verdun E, Barbero P, Bergui M, Versino E, Ghezzi A, et al.
Independent Comparison of Interferon (INCOMIN) Tria Study Group.
Every-other-day interferon beta-1b versus once-weekly interferon beta-
1a for multiple sclerosis: results of a 2-year prospective randomised
multicentre study (INCOMIN). Lancet 2002; 359:1453-60.
Dhib-Jalbut S. Mechanisms of action of interferons and glatiramer
acetate in multiple sclerosis. Neurology 2002; 58(8 Suppl 4):S3-9.
Flechter S, Vardi J, Pollak L, Rabey J M. Comparison of glatiramer
acetate (Copaxone(R)) andinterferon beta-1b (Betaferon(R)) in multiple
sclerosis patients: an open-label 2-year follow-up. J Neurol Sci 2002;
197:51-5.

Fridkis-Hareli M, Neveu J M, Robinson R A, Lane W S, Gauthier L,
Wucherpfennig K W, et a. Binding motifs of copolymer 1 to multiple
sclerosis- and rheumatoid arthritis-associated HLA-DR molecules. J
Immunol 1999; 162:4697-704.

DudaPW, Schmied M C, Cook SL, Krieger JI, Hafler D A. Glatiramer
acetate (Copaxone) inducesdegenerate, Th2-polarizedimmuneresponses
in patients with multiple sclerosis. J Clin Invest 2000; 105:967-76.
Johnson K P, Brooks B R, Cohen JA, Ford C C, Goldstein J, Lisak R P,
et al. Extended use of glatiramer acetate (Copaxone) is well tolerated
and maintains its clinical effect on multiple sclerosis relapse rate and
degree of disability. Copolymer 1 Multiple Sclerosis Study Group.
Neurology 1998; 50:701-8.

Gonsette R E. Mitoxantrone immunotherapy in multiple sclerosis. Mult
Scler 1996; 1:329-32.

Tubridy N, Behan P O, Capildeo R, Chaudhuri A, Forbes R, Hawkins
C P, et a. The effect of anti-alpha4 integrin antibody on brain lesion
activity in MS. The UK Antegren Study Group. Neurology 1999;
53:466-72.

KapposL, Comi G, PanitchH, Oger J, Antel J, Conlon P, et a. Induction
of anon-encephalitogenic type 2 T helper-cell autoimmune response in
multiple sclerosis after administration of an altered peptide ligand in a
placebo-controlled, randomized phase Il trial. The Altered Peptide
Ligand in Relapsing MS Study Group. Nat Med 2000; 6:1176-82.
Bielekova B, Goodwin B, Richert N, Cortese |, Kondo T, Afshar G, et
a. Encephalitogenic potential of the myelin basic protein peptide
(amino acids 83-99) in multiple sclerosis: results of a phase Il clinical
trial with an altered peptide ligand. Nat Med 2000; 6:1167-75.

The Lenercept Multiple Sclerosis Study Group and The University of
British ColumbiaMS/MRI Analysis Group. TNF neutralizationin MS:
resultsof arandomized, placebo-controlled multicenter study. Neurology
1999; 53:457-65.

Choy E H, Panayi G S. Cytokine pathways and joint inflammation in
rheumatoid arthritis. Cytokine pathways and joint inflammation in
rheumatoid arthritis. N Engl J Med 2001; 344:907-16.

Keffer J, Probert L, CazlarisH, Georgopoulos S, KaslarisE, KioussisD,
et a. Transgenic mice expressing human tumour necrosis factor: a
predictive genetic model of arthritis. EMBO J 1991; 10:4025-31.
Horai R, Saijo S, Tanioka H, Nakae S, Sudo K, Okahara A, et a.
Development of chronic inflammatory arthropathy resembling
rheumatoid arthritisin interleukin 1 receptor antagonist-deficient mice.
J Exp Med 2000; 191:313-20.

. Weinblatt M E, Kremer JM, Bankhurst A D, Bulpitt K J, Fleischmann

RM, Fox R, et a. A trial of etanercept, a recombinant tumor necrosis
factor receptor:Fc fusion protein, in patients with rheumatoid arthritis
receiving methotrexate. N Engl J Med 1999; 340:253-9.

. Maini R, St Clair EW, Breedveld F, Furst D, Kalden J, Weisman M, et

45,

46.

47.

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

al. Infliximab (chimeric anti-tumour necrosis factor alpha monoclonal
antibody) versus placebo in rheumatoid arthritis patients receiving
concomitant methotrexate: a randomised phase Il trial. ATTRACT
Study Group. Lancet 1999; 354:1932-9.

Lipsky P E, van der Heijde D M, St Clair EW, Furst D E, Breedveld F
C, Kaden JR, et d; Anti-Tumor Necrosis Factor Trial in Rheumatoid
Arthritis with Concomitant Therapy Study Group. Infliximab and
methotrexate in the treatment of rheumatoid arthritis. Anti-Tumor
NecrosisFactor Trial inRheumatoid Arthritiswith Concomitant Therapy
Study Group. N Engl J Med 2000; 343:1594-602.

Charles P J, Smeenk R J, De Jong J, Feldmann M, Maini R N.
Assessment of antibodiesto doubl e-stranded DNA inducedinrheumatoid
arthritis patients following treatment with infliximab, a monoclonal
antibody to tumor necrosis factor apha: findings in open-label and
randomized placebo-controlled trials. Arthritis Rheum 2000; 43:
2383-90.

Bresnihan B, Alvaro-Gracia J M, Cobby M, Doherty M, Domljan Z,
Emery P, et al. Treatment of rheumatoid arthritis with recombinant
human interleukin-1 receptor antagonist. Arthritis Rheum 1998; 41:
2196-204.

Cohen S, Hurd E, Cush J, Schiff M, Weinblatt M E, Moreland L W, et
al. Treatment of rheumatoid arthritis with anakinra, a recombinant
human interleukin-1 receptor antagonist, in combination with
methotrexate: results of a twenty-four-week, multicenter, randomized,
double-blind, placebo-controlled trial. Arthritis Rheum 2002; 46:
614-24.

Wendling D, Racadot E, Wijdenes J. Treatment of severe rheumatoid
arthritis by anti-interleukin 6 monoclonal antibody. J Rheumatol 1993;
20:259-62.

GracieJA, Forsey R J, Chan W L, Gilmour A, Leung B P, Greer M R,
et a. A proinflammatory role for IL-18 in rheumatoid arthritis. J Clin
Invest 1999; 104:1393-401.

Mclnnes| B, GracieJA, Leung B P, Wei X Q, Liew F Y. Interleukin 18:
a pleiotropic participant in chronic inflammation. Immunol Today
2000; 21:312-5.

Wei X Q, Leung B P, Arthur H M, Mclnnes | B, Liew F Y. Reduced
incidence and severity of collagen-induced arthritisin mice lacking IL-
18. J Immunol 2001; 166:517-21.

Boletis N, loannidis JP, Boki K A, Moutsopoulos H M. Intravenous
immunoglobulin compared with cyclophosphamide for proliferative
lupus nephritis. Lancet 1999; 354:569-70.

. Levy Y, Sherer Y, Ahmed A, Langevitz P, George J, Fabbrizzi F, et al.

A study of 20 SLE patients with intravenous immunoglobulin—clinical
and serologic response. Lupus 1999; 8:705-12.

Jones D S, Barstad P A, Feild M J, Hachmann J P, Hayag M S, Hill K
W, et d. Immunospecific reduction of antioligonucleotide antibody-
forming cells with a tetrakis-oligonucleotide conjugate (LJP 394), a
therapeutic candidate for the treatment of lupus nephritis. JMed Chem
1995; 38:2138-44.

Weisman M H, Bluestein H G, Berner C M, deHaan H A. Reductionin
circulating dsDNA antibody titer after administration of LJP 394. J
Rheumatol 1997; 24:314-8.

FurieRA, CashJM, CroninM E, KatzR S, Weisman M H, Aranow C,
et a. Treatment of systemic lupus erythematosus with LJP 394. J
Rheumatol 2001; 28:257-65.

Perrotta S, Locatelli F, LaMannaA, Cennamo L, De Stefano P, Nobili
B. Anti-CD20 monoclonal antibody (Rituximab) for life-threatening
autoimmune haemolytic anaemia in a patient with systemic lupus
erythematosus. Br J Haematol 2002; 116:465-7.

Traynor A E, Schroeder J, RosaR M, Cheng D, StefkaJ, Mujais S, et a.
Treatment of severe systemic lupus erythematosus with high-dose
chemotherapy and haemopoietic stem-cell transplantation: a phase |
study. Lancet 2000; 356:701-7.

Wildbaum G, Youssef S, Karin N. A targeted DNA vaccine augments
the natural immune response to self TNF-o. and suppresses ongoing
adjuvant arthritis. J Immunol 2000; 165:5860-6.

Annals Academy of Medicine



