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Summary
In rheu,natoid arthritis (RA), the conventional therapies (first-line, second-
line, third-line drugs) provide more or less effective symptomatic re6effor a
decade or so from the onset of the disease. However, the chronic inflammatory
destructive processes involving connective tissue, cartilage and bone with their
attendant disability progress relentlessly in majority of patients. Secondly,
use of 'second-line' and 'third-line' drugs in RA are limited due to their side
effects. Studies in animals and RA patients have confirmed that tumour
necrosis factor-alpha (TNF a), an inflammatory cytokine, is of major
importance in the rheumatoid disease process and thus, it might be an effective
therapeutic target in RA. Animal model experiments and clinical trials were
conducted with anti-TNFa monoclonal antibody (anti-TNFa MoAb) in RA
recently. This anti-TNFa MoAb therapy was found to be both effective and
safe which documented the coming-of-age of cytokine-based
immunointervention in RA. Researchers are optimistic that modern medicine
would.certainly witness the application ofthis noble immunotherapy enabling
to selectively target cytokines, e.g.TNFa, in RA as well as in other inflammatory
autoimmune diseases in the near future.

Introduction have therapeutic potentiaP-4.. Immunoin-

Over the past 35 years an important group of tervention by one of the cytokines 'tumour
low molecularweight«80 KDa) protein cell necrosis factor-alpha (TNFa)' is of interest
regulators variously called lymphokines, in the present review.
monokines, chemokines, interleukins and TNFa was first identified as an activity in
interferonshas been identified,characterized serum that induces hemorrhagic necrosis in
and purified. The term 'cytokine' is now certain tumours in vivo. It was later
coined to these heterogeneous mediators independently discovered as Cachectin since
which are produced by a wide variety of cells it mediates many features of cachexia (i.e.
in the body and are highly pleiotropic in weight loss, malnutrition and negative
function. They play important roles in many nitrogen balance, often with anaemia) in
physiological responses, are involved in the many cancers, chronic inflammatory
pathophysiology of a range of diseases and diseases, some parasitic infections, AIDS
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patients and other iIIness2.3.5.6.Another change

associated with chronic inflammatory
diseases (e.g. rheumatoid arthritis), as well
as the later stages of cancer, is degradation
of connective tissue, cartilage and bone in
which direct actions of cytokines including
TNFa. were implicated2.

The development of recombinant DNA
technology in late 1970s led to the cloning
ofthecDNAs forcytokinesin the 1980s.This
led to advances in the molecular biology of
cytokines, i.e. in understanding the structure,
properties and functions of these mediators
which are present in very small quantitiesand
for a shorter time in biological specimens.
Cytokines are essential components of the
complex interactions and events of the
immune responses. An imbalance in the
cytokine network plays an important role in
the initiation and perpetuation of
inflammatory autoimmune diseases
including rheumatoid arthritis (RA)2.7.8.

RA is a chronic inflammatory autoimmune
diseaseaffecting 1-2%of the adult population
and is most common between the ages of 25-
55 years in female predominantly. The most

-frequent presentation is an insidious,
symmetricalpolyarthritis.Although systemic
manifestations may be present at the outset,
they develop more usually with multi-system
involvements as the disease progresses. The
diagnosis of RA usually relies heavily upon
clinical assessment with a smaller role being
played by various immunological tests and
this, in part, reflects ignorance of the
underlying aetiopathogenesis8.1O.Conven-
tional pharmacological management of RA
has used a stratified approach, starting with
'first-line' drugs such as the non-steroidal
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anti-inflammatory drugs and moving on to
progressivelymore potent and toxic therapies
with 'second-line' drugs such as gold salts,
D-penicillamine, anti-malaria Is and
sulphasalazine and 'third-line' drugs such as
azathioprine, cyclophosphamide, chloram-
bucil, methotrexate and corticosteroids,

particularly in patients with poor prognosis.
The major difficulty with the use of more
aggressive second and third linedrugs is their
toxicityand side-effectsand that the definition
of patients with poor prognosis is currently
imperfect8.1O.This has clearly indicated that
more efficient treatment modalities without
side-effects are essential for RA as well as

other inflammatory autoimmune diseases.

TNFa. in the Pathogenesis of RA
TNFa. appears to be intimately involved in
producing the inflammation and
characteristic pathological features in RA.
Buchan et at. demonstrated that cytokine
mRNAs of both T cell-derived, e.g.
lnterferon-y, Interleukin-2, Lymphotoxin
(LT)rrumor Necrosis Factor-tJ (TNFJ3),and
macrophage-derived, e.g.IL-I, 1L-6,TNF-tJ
were reproducibly present in all synovial
fluid samples from RAII. This was regardless
of the duration of the disease or existing drug
therapy including agents such as
corticorteroids 11.12. Further, dissociated
synovial cells in tissue culture over a 6-7 day
period in the absence of extrinsic stimulation
exibited persistant production of lL-l, TNFs
and 1L-6 measured at the mRNA or protein
level11.The significance of this observation
was that the signals driving the production
of cytokines chronically were present within
the tissue culture. Furthermore, it was noted

that there was an unusually large proportion
of lL-l a compared with the usual dominant
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form of IL-l{3in RA tissue, suggesting that
the normal balance was disturbedl2. IL-l is

important in inducing inflammatory
mediators such as prostaglandins and
metalloproteinaseand the destruction of both
cartilage and bone, which are relevant to the
inflammatory process observed clinically2.
By incubating dissociated synovial cells in
vitro with neutralizing anti-TNFa and anti-
TNF{3(LT) antibodies, it was observed that
anti-TNFa arrested IL-l synthesis in the
rheumatoid but not in the osteoarthritis joint
cell cultures(Fig.-l )13.Also it was found that
bioactive TNFa was produced in all RAjoint
cell cultures and all synovial membranes
from RA patients immunostanied for TNFa
particularly in the lining layer but also in
active panusl4.These observationsconfIrmed
the evidence thatTNFa was a potent inducer
of IL-l and that TNFa was of major
importancein the rheumatoiddisease process
and thus might be a therapeutic target.
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Fig.-1: Anti-TNF blocks the production of IL-I in
rheumatoidjoint cell cultures but not in osteoarthritis
joint cell cultures.

Studies in animal model

There is no substitute for in vivo analysis
particularly for evaluating organdysfunction
and damage and the outcome of therapeutic
interventions. Intradermal injection of
collagen type II in adjuvant develops arthritis
in DBA/I mouse which resembles RA and

so, this provided a useful model to evaluate
the effect of blocking TNFa on the disease
process. Williams et al injected a hamster
monoclonal anti- mouse TNFa antibody (fN
3.19.2) in DBA/I mouse model after the onset
of type II collagen-induced arthritis (thus
potentially mimicking the clinical situation)
which was found to ameliorate the disease

process as judged by the three aspects
measured: degree of footpad swelling,
recruitment of new diseased limbs, and most

importantly histological analysis of erosions
and cell infIltrate (Fig.-2)ls. Keffer et aI.
defIned more clearly the pathogenic role of
TNFa in arthritis by generating transgenic
mice with dysregulated human TNFa
production, which regularly develop arthritis
at an early agel6.This arthritis in transgenic
mice was preventableby anti-TNFaantibody
therapyls.16.
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Fig.-2: Control of collagen arthritis by injection of anti-
TNF antibody.
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Clinical trial

Although several drug targets have been
identified for the treatment of RA, currently
TNFa inhibitors have been most successful.

However, the ultimate proof of an important
molecular target for therapy in humandisease
is a clinical trial. Based on the results of

experiments in animal models, aclinical trial

was conducted by Elliott et al. in 1992 by
administering to RA patients chimeric
(mouse Fv/Human IgGI) high affinity anti-

TNFa monoclonal antibody developed by

c,entocor Inc, USA 17.The response was
followed at the subjective symptomatic level
by semiobjective clinical observations and

objective laboratory tests for swollen joint
count and serum C-reactive protein (CRP)17.
The treatmentwas safe and well tolerated and

led to significant clinical and laboratory
improvements: marked and rapid reduction
in morning stiffness and pain, swollen joint
count declined, while joint tenderness
(Ritchie index) was reduced and
improvements in index of disease activity
(Paulus score); serum CRP level fell
significantly and erythrocyte sedimentation
rate (ESR), serum amyloid A and IL-6 fell
significantly(Fig.-3)17.A multi-centerdouble
blind randomized placebo-controlled study
of 73 patients has verified the above results
of the open studyl8. A pivotal clinical trial
administering multiple intravenous infusions
of anti-TNFa MoAb combinedwith lowdose

weekly methotrexate in RA patients
displayed efficacy and a lack of major side
effects and longitudinal analysis
demonstrated rapid down-regulation of a
spectrum of cytokines, cytokine inhibitors
and acute phase proteinsI9.20.
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Fig.-3: Reduction ill swollen }oill1coull1alld C-
reactive proteill in patients with rhe~matoid
arthritis treated with anti-TNF (From ref no. 7
and 17).

More recently, a TNFa -recepter blocker, i.e.
Etanercept, has been used and also a TNFa-

blocker, i.e. Infliximab (a chimeric

monoclonal antibody to TNFa) has been
tried. Elliott et al. used 'infliximab' at a dose

of 20 mglkg for 8 weeks in 20 patients with
RA and significant improvements occurred
in 'Ritchie articular index' that fell from a

median of 28 at study entry to a median of 6

by 6 weeks (p<O.OOI)21.Also, TNFa-receptor
blocker 'Etanercept' was used in early
rheumatoid arthritis «3.0 years) by Bathon
et al. on 632 patients. They showed that 72%
of the patients exhibited no bony erosion at
a dose of 10-25 mg subcutaneous twice
weekly for 12 months22.

Discussion

These results of clinical trials have

established the concept and importance that
TNFa is a good therapeutic target and that
anti-cytokine therapy, with anti- TNFa
chimeric antibody, is both effective and safe
in RA. It has pointed the way towards the
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practical clinical applications of cytokine
researchand documented the coming-of- age
of cytokine- based immunointervention in
RAI5-20.

However, several other approaches are
possible forcytokine-basedimmunointerven-
tion for autoimmune diseases in general: (i)
Neutralization of other 'proinflammatory'
cytokines such as IL-l, IL-2, IFN-yand IL-
12 by specific monoclonal antibodies; (ii)
Administration of anti-inflammatory
cytokinessuchas IL-l 0, transforminggrowth
factor-{3 (TGF{3)and interferon-{3(IFN-{3);
(iii) An inflammatory cytokine can be
neutralized by soluble cytokine receptors;
(iv) Cytokine receptor can be inhibited by
monoclonal antibodies or by receptor
antagonist competing with the ligand for the
receptorbinding sites;(v) Vaccinationagainst
cytokines, e.g. TNFa, can induce
anticytokine antibodies that ameliorate
autoimmune disease symptoms; (vi) High-
affinity blockers called 'cytokine traps'
consisting of fusion proteins between
constant region of IgG and the extracellular
domain of two distinct receptor components
involved in cytokine binding potentially
block cytokines; (vii) Local delivery of anti-
inflammatory cytokine by gene therapy 23-26.

Thus, cytokine- based immunointervention,
which is coming-of-age, offers a unique
possibility to interfere with inflammatory
autoimmune diseases. The efficacies have

been also reported with anti- TNFa therapy
in chrohn's disease27 and with IFN-{3 in
multiple sclerosis(MS) patients28.Additional
indications for the available cytokine-based
therapies are being examined and the
prospects look bright. However, the potency

TNFa- based therapy for RA ASM Giasuddin et aI.

and pleotropic actions of cytokines coupled
with the complexity ofthe cytokine network
can lead to side effects which should be

carefullyevaluated pre-clinically.This would
help to achieve greater successesof cytokine-
based immunointervention without side-

effects and to develop it as the efficient
'fourth-line' treatment modality for a wide
range of autoimmune diseases including RA,
CD and MS27-30.Researchers are optimistic
that modem medicine will certainly witness
the application of more articulate strategies
able to selectively target cytokine production
by T helper 1(Th 1)or Th2 cells or to modify.
the Th 1 / Th2 balance in clinical situations
such as RA in the near future.
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