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interaction between genetic su ceptibility factors and environmental triggers, 
and the intestinal injury is mediated by the host immunoinflammatory response. 
Identification of the mechanisms and mediators that contribute to the tissue 
injury has provided a sound rationale for the therapeutic use of immunosuppres
sive and immunomodulatory agents. The efficacy of traditional immunosuppres
sive drugs, such as the purine analogues in both Crolm's disea e and ulcerative 
colitis, is well established. The major limitation of the use of these drugs is the 
delayed clinical response associated with their use. This has prompted an evalu
ation of other immunosuppressivcs, such as cyclosporine and related drugs, that 
have a more rapid onset of action. Convincing data indicate a distinct role for 
cyclosporine in certain patients with acute severe ulcerative colitis. However, 
despite early promising results with cyclosporine in Crohn's disease, recent results 
have been less encouraging. There is also uncertainty about the exact clinical 
role of cyclosporine because of concerns regarding long term toxicity. At present, 
many investigators regard cyclosporine as an interim measure for acutely ill 
patients. The challenge that remains is the development of novel immunomodu
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based on recent advances in our understanding of the pathogenesis of mucosa[ 
inflammation. (Pour resume, voir page 384) 

Key Words: Crohn's disease, Cyclosporine, lmmunosuppression, Purine analogues , 
Ulcerative colitis 

Department of Medicine, Clinical and Molecular Research Group, University College Cork, 
Cork, Ireland 

Correspondence: Dr FergiiS Shanahan , Department of Medicine, Cork Regional Hospital, 
Cork, Ireland. Telephone 353-2 1-546400 ext 222 1, Fax 353-2 1-343722 

This paper was />resented at the Trends in Inflammatory Bowel Disease T herapy meeting, 
April 6 w 9, 1994 , held in Victoria, British Columbia. This paper has also been published in 
Sutherland LR, et al, eds. Inflammatory Bowel Disease: Ba ic Research, C linical 
Implications and T rends in Therapy. Boston, Dordrecht and London: Kluwer Academic 
Publishers, 1994 

CAN J GASTROENTEROL VOL 8 N o 6 N OVEMBER 1994 

INFLAMMATORY BOWEL DISEASE 

(IBD) has become an exciting area fo r 
both the cl inician investigator and the 
bas ic researcher. Because of improve
ments in our understanding of the 
mechanism and mediators involved in 
immune-mediated tis ue injury, new 
and exciting forms of immunotherapy 
are emerging ( 1-3 ). The interacting 
elements that contribute to the patho
genes is of C rohn 's disease and ulcera
tive co li tis are summarized in Figure 1. 
Central to this schema is the concept 
tha t tissue damage is mediated by 
the mucosa! immunoinflammatory re
sponse (4 ,5 ) , and there in lies t he 
ra tionale fo r the therapeutic use of im
munomodulatory agents in these con
ditions. The various immunomodula
tory strategies that have been reported 
in patients with IBO have been compre
hensively reviewed elsewhere (2) . 
What fo llows is a brief overview of the 
current status of immunosuppressive 
therapy in these disorders and a com
mentary on future prospects. 

PURINE ANALOGUES 
The efficacy of the immunosuppres

sive purine analogues, azathioprine and 
its active metabolite, 6-mercapto
purine, is generally accepted in both 
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Agents immunosuppresseurs dans la maladie inflammatoire de 
l'intestin 

RESUME: La maladie inflammatoire de l'intestin suppose une interaction entre 
facteurs genetiques predisposants et declencheurs environnementaux, et l'at
tcinte intestinale est modulee par les reponses immuno-inflammatoires de l'hote. 
L'identification des mecanismes et des elements modulateurs impliques dans les 
lesions tissulaire justifient le recours a de agents immunosuppresseurs et immu
nomodulateurs. L'efficacite des agents immunosuppresseurs classiques, comme 
les antipurines, est bien erablie, tant dans la maladie de Crohn que dans la colite 
ulcereuse. La principale restriction touchant ce medicaments e t la lenteur de 
la reponse clinique qui leur est associee. Cette lacune a conduit a !'evaluation 
d'autres immunosuppresseurs, comme la cyclosporine et d'autres medicaments 
apparentes, qui ont un debut d'action plus rapide. Des resultats probants in
diquent que la cyclosporine jouerait un role distinct chez certains patients 
atteints de colite ulcereuse grave et aigue. Les resultats prometteur obtenus au 
debut avec la cyclosporine dans la maladie de Crohn n'ont toutefois pas semble 
se confirmer recemment. On ignore aussi quel role clinique precis peut jouer la 
cyclosporine, compte tenu sa toxicite a long terme. A l'heure actuelle, de 
nombreux chercheurs considerent la cyclosporine comme une solution transi
toire lors d'episodes aigus. Le dcfi consiste a mettre au point de nouvelles 
strategies immunomodulatrices specifiques au systeme immunitaire des 
muqueuses et fondees sur les plus recents progres accomplis au chapitre de notre 
comprehension de la pathogenese de !'inflammation des muqueuses. 

Crohn's disease and ulcerative colitis. 
Although a stat istically significant 
benefit was not obtained in early stud
ies including the National Cooperative 
Crohn's Disease Study, this can be at
tributed, in large part, to the relatively 
short duration of the trials (6). The 
latency or delayed onset of clinical effi
cacy of the purine analogues is now 
recognized. For both Crohn' disease 
and ulcerative coliti s, the role of purine 
analogues in the treatment of active 
disease (7,8) and maintenance of re
mission (9,10) has been convincingly 
demonstrated in well designed control
led trials. 

In practice, these drugs are particu
larly useful in chronica lly active 
Crohn's disease that is uncontrolled by 
corticosteroids and in patients requir
ing persistently high doses of steroids 
for contro l of disease activity (8). The 
chief limitation to their use is that they 
are slow acting, having a mean response 
time of approximately three months. 
Becau e of this, they have no role in the 
management of acutely ill patients. 
Also, when these drugs are prescribed it 
is necessary to continue stero id therapy 
until sufficient time has elapsed for the 
immunosuppressant effect to become 
established. 

Although doses up to 2 mg/kg/day 
were initially used, most clinicians now 
use a single da ily dose of 50 to 100 mg/ 
day 6-mercaptopurine or 100 mg/day 
azathioprine. At these low doses, the 
purine ana logues are remarkably well 
tolerated by patients with IBD, and 
bone marrow suppression i uncommon 
( 11, 12). Indeed, a very low frequency of 
adverse effects was found in a study of 
396 patients with IBO fo llowed for up to 

18 years with a mean fo llow-up of five 
years ( 13 ). Pancreatitis occurs in ap
proximately 3% of patients. Thi is 
probably a hypersen itivity event and 
precludes further use of either form of 
purine analogue. Occasionally these 
drug produce a debilitating 'flu-like ill
ness that also appears to be a hypersen
sitivity phenomenon. The most impor
tant potential drug interaction may 
occur if purine analogues are given to 
patients taking the xanthine oxidase 
inhibitor, allopurinol. Purine ana logues 
are metabolized by this enzyme and the 
concomitant use of allopurino l leads ro 
dangerously high drug levels. 

While opportunistic infections are 
uncommon in patients taking low Jo e 
6-mercaptopurine, the most worrisome 
potential hazard of long term use of 
purine analogues is the possibility of 

Susceptibility Environmental 
Genes T Triggers 

Disease 

lmmunoinflammatory 
Response Genes 

Clinical Outcome 

Figure 1) Facwrs concribming to the /Jar/io
genesis of inflammatur)' bowel discmc 

opportunist ic neoplasia. Whether this 
is a real or theoretical risk is unclear. It 
may not be a significant problem with 
the low doses currently used (13). 
Many clinicians fee l that it is wise to 

provide patients with a pamphlet that 
attempts to place in perspective the 
theoretic:il risks assoc iated with these 
drugs in addition to their well estab
lished benefits. 

METHOTREXATE 
The fo l ic acid antagon ist metho

trexate has been found to have clinical 
efficacy in a variety of immunologica ll y 
mediated disorder . The molecular 
mechanism hy which methotrexate 
suppresses inflammation has recently 
been clarified ( 14 ). Its action involves 
a series of biochemical steps that pro
mote the local release of adenosine. 
Adenosine has a variery of receptor
mediated immunomodulatory proper
ties and inhibits the generation o( tox ic 
oxygen metabolites from neutrophils 
(14). 

ln an open study of patients with 
!BO, methotrexate was found LO have a 
marked beneficial effect in some pa
tient , particularly those with Crohn's 
colitis (15). Some of thee patients 
were refractory to other treatments in
cluding steroids and 6-mercaptopurine, 
and responded to high dose metho
trexate 25 mg intramuscularly over a 
12-week period. Lower doses of metho
trexate may also have a steroid-sparing 
effect (16). However, the clinical u~e
fu lness of methotrexate is limited by 
adverse effects which include leuk
openia, gastrointestinal tox icity, hyper
sensitivity pneumonitis and hepatic 
dysfunction. For this reason, methotr
exate is probably best reserved for pa-
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tients who are refractory to or are intol
erant of purine analogues. 

CYCLOSPORINE 
The delayed induction of clinical re

sponse associated with purine ana
logues and methotrexate prompted an 
investigation of other immunomodula
cory agents that might have a more 
rapid onset of clinical efficacy in acutely 
ill patents with IRD (17.18). Cyclo
porine has a rapid onset of acrilm, and 

is thought to suppres the induction 
and amplification of the immune re
sponse by inhibiting cytokine gene ac
tivation, particularly interleukin-2 
(2,18,19) . More recently, evidence for 
an additional mode of action has 
emerged that may have particular rele
vance in lf\D. The cyclosporine binding 
protein cyclophilin, which had been 
considered to be an intracellular pro
tein, has recently been hown to be a 
secretory product of activated macro
phages. Furthermore, it has cytokine
like, preinflammatory activity with 
chemotactic effects on neutrophils and 
eosinophils (19-21). It has been pro
posed that this, rather than inhibition 
of cytokinc production, may be the pri
mary immunomodulatory mechanism 
of action of cyclosporine (22). 

One placebo controlled study of oral 
cyclosporine in patients with Crohn's 
disease who were intolerant of or resis
tant to corticosteroids has been pub
lished (24). Of 37 patient, 22 (59%) 
improved on cyclosporine (5 to 7.5 
mg/kg/day for three months) compared 
with 11 of 34 (32%) receiving placebo. 
The improvement was evident after 
only two weeks. l Iowever, the prelimi
nary results of a second placebo-con
trolled trial that have been reported in 
abstract form suggest a cautious ap
proach to the use of cyclosporine in 
Crohn's disease (24 ). This large ongo
ing Canadian study found that cyclo
porine 4.8 mg/kg is ineffective as 

therapy for Crohn's disease, and may 
even have an adverse effect on disease 
activity in patients in remission. 

Several factors limit the long term 
use of cyclosporine. These include its 
wide range of serious toxic ide effect , 
the need for close monitoring of blood 
levels, the variable bioavailability 

when given by the oral route and the 
frequency of drug interactions (2). 
Many clinicians regard the role of cyclo
sporine in acute Crohn's disease as a 
short term measure, at best. Whether it 
has an interim role before more slow
acting drugs such a~ 6-mercaptopurine 
take full effect needs to be assessed. 

In contrast to Crohn's disease, cyclo
sporine appears to have a rapid and 
dramatic beneficial effect in patients 
with acute severe ulcerative col iti 
(25,26). In a preliminary open study of 
patient with severe ulcerative colitis 
who had failed to respond to intrave
nous steroids over 10 days, treatment 
was supplemented with intravenous cy
closporine 4 mg/kg/day. Remission was 
achieved in about 80% of the patients 
and surgery was avoided (25). Similar 
results were found in a subsequent dou
ble-blind trial. In fact, the trial was 
halted after 82% of the patients on cyclo
sporine responded whereas none of 
those on placebo improved (26). For 
patients with severe colitis who have 
not responded to traditional treatment 
with steroids and who are either not 
suited or not psychologically ready for 
colectomy, cyclosporine offers a wel
come new option. 

Topical enema preparations of cyclo
sporine have also been used in patients 
with resistant proctitis (27,28). How
ever, although several open studies 
have been encouraging, a recent con
trolled trial of cyclosporine enemas in 
patients with mild to moderate ulcera
tive coliti failed to show a significant 
therapeutic benefit (29). 

OTHER IMMUNOMODULATORY 
STRATEGIES 

The introduction of newer immuno
suppressive drugs, such as the macro
lides, rapamycin and FK506, may 
eclipse cyclo porine in clinical use dur
ing the next decade (2,30). tudies of 
FK506 in !BO are already underway 
(31 ). Its mode of action is similar to 
that of cyclosporine but it is approxi
mately 100-fold more potent. Its toxic
ity is also likely to be similar, although 
early data have suggested that it occurs 
with a lower frequency than with cyclo
sporine. It efficacy in intestinal trans
plantation has been particularly 
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impressive but whether this implies a 
greater specificity for the intestinal mu
cosa! immune system than occurs with 
cyclosporine is not clear (32). 

Intravenous immunoglobulin ther
apy appears to have a beneficial effect 
in a variety of immunologically medi
ated disorders although ib mechanism 
of action is uncertain. In a recent open 
study of patients with !Al), some pa
tients appeared to benefit (33). This is 
a cumbersome and expensive form of 
therapy and is unlikely to eclipse other 
therapeutic trategie . The same limita
tions apply to the use ofT cell apheresis 
even though its efficacy in Crohn's dis
ease nppears impres ive from the results 
of a recent open study (34). A similar 
outcome can now be achieved with 
monoclonal antibodies co specific T 
cell subsets (35). 

Cytokinc modulation and antago
nism is perhaps one of the more excit
ing recent approaches to therapeutic 
immunomodulation. Cytokines are the 
regulatory and effector intercellular 
messenger molecule of the immune re
sponse. They are, thus, ideal targets for 
selective immunotherapy (36). En
couraging preliminary results of cyto
kine antagonism directed agaimt 
interleukin- I in animal models of in
testinal inflammation (37,38) and 
against tumour necrosis factor in hu
mans with lBD (39), have already been 
reported. 

PROSPECTS AND 
PREDICTIONS 

It is likely that the pharmaceutical 
industry will continue to introduce 
modifications that improve either the 
biological activity or the delivery sys
tems for most of the traditional immu
nosuppressive drugs. For example, 
newer purine analogues arc already in 
u e for certain leukemias (40). 
Whether these agents will have a role 
in the management of chronic inflam
matory disease is unknown. There is 
also the potential and rationale for de
veloping another generation of cyclo
sporine-like drugs. As discussed earlier, 
cyclosporine and related drugs may act 
primarily by inhibiting the chemotac
tic activity of secreted cyclophilin. It 
has been proposed that this mecha-

385 



SHANAHAN et al 

nism, rather than inhibition of inter

leukin-synthesis, is responsible for the 
therapeutic effect in both organ graft 
survival and chronic inflammatory dis
orders (23 ). If this is true, it wou ld be 

desirable to develop novel agents, in
cluding cyclosporine derivatives, that 
are potent inhibitors of chemotaxis 
with less effect on cytokine synthesis by 
T cells. The potential for se lectively 
removing subsets of T cells by mono

clonal antibodies has been facilitated 
by the ability to engineer 'humanized' 

antibodies ( 41) and by the identifica
tion of several new receptor/ligand in
teractions on the T cell surface that 
influence activation and physiological 
cell death (35,42). F r example, rather 

than targeting an entire CD4 ubpopu-
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