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Erythema nodosum leprosum (ENL), a serious complication of lepromatous leprosy, 
typically includes painful subcutaneous nodules accompanied by systemic symptoms of 
fever, malaise, wasting, and most importantly, peripheral neuropathy. Since Sheshkin 
reported, I in 1 965, that thalidomide alleviates both the nodules and the systemic symptoms, 
this drug has been used to treat ENL. However, the mechanism of action of thalidomide in 
ENL remained unknown until recently. 

In collaboration with Dr E. Sampaio and Dr E. Sarno, the effects of thalidomide on 
leukocyte function in ENL patients were examined? In these studies, monocytes isolated from 
normal individuals were stimulated in vitro with lipopolysaccharide (LPS) or mycobacterial 
products, in the presence or absence of thalidomide, and the production of cytokine by the cells 
was evaluated. At physiological leve1s, 1 - 10 p,g per ml, the drug was shown to inhibit partially 
the production of tumour necrosis factor-a (TNFa), without significantly reducing the 
production of other monocyte cytokines. In further studies in vitro, it was observed that 
thalidomide reduces the half-life of the mRNA for TNFa from about 30 to 17 min? 

These results were subsequently extended to clinical studies. Patients with active ENL 
were found to have elevated serum levels of TNFa. Treatment with thalidomide, 300 mg 
daily for the first week, 200 mg daily for the second week, and 1 00 mg daily for the third 
week, rapidly reduced the serum levels of TNFa, in association with improvement of clinical 
symptoms.4 Histopathologically, the characteristic mixed inflammatory infiltrate in the 
dermis,  the vasculitis and the keratinocyte activation, evidenced by expression of HLA-DR 
and ICAM, were improved following treatment with thalidomide. In addition, treatment of 
ENL patients with thalidomide was shown to reduce the capacity of the patients '  peripheral 
blood mononuclear cells (PBMC) to release TNFa in response to stimulation in vitro.  Taken 
together, these studies suggested that the improvement of ENL following treatment with 
thalidomide was associated with the reduction in TNFa levels. 

The ability of thalidomide to inhibit production of TNFa in ENL patients suggested that 
the drug may be beneficial in other diseases, in the pathogenesis of which TNFa plays a role, 
including other mycobacterial infections, tuberculosis and Mycobacterium avium infection, 
and HIV infection. In one study, Tramontana et al.s treated 30 tuberculosis patients with 
thalidomide, in a dosage of 300 mg per day, or placebo for one or more 14-day cycles. 
Thalidomide, which was well tolerated by these patients, resulted in significant reduction of 
serum TNFa levels. In addition, PBMC isolated from these patients at various intervals and 
stimulated with LPS showed a reduction in TNFa production only when the patients were 
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under treatment with thalidomide. Interestingly, during treatment with thalidomide, patient 
serum interferon-I' (IFNI') levels increased slightly. Compared to placebo-treated patients, 
those treated with thalidomide showed accelerated weight gain during treatment. Further 
studies showed that, among patients dually infected with M. tuberculosis and HIV, serum 
TNFcx levels were initially higher than among those infected with HIV only, suggesting that 
the opportunistic mycobacterial infection stimulated production of TNFcx.6 In addition, 
plasma TNFcx and HIV - I  levels were correlated. When patients with tuberculosis and HIV 
were treated with thalidomide, there was a reduction of plasma levels of both TNFcx and 
HIV- I ,  accompanied by significant weight gain. Among patients with HIV infection only, 
treatment with thalidomide did not result in significant change of either TNFcx or HIV- I 
levels, although there was some weight gain in this group. In vitro, thalidomide was shown to 
inhibit production of virus in the latently HIV-infected monocytoid cell-line U 1 .7 

Treatment of patients who had both tuberculosis and HIV infection with thalidomide was 
shown to increase plasma IL- 1 2  levels ,8 as well as increased levels of soluble IL-2 receptor 
and soluble CD8. Patients treated with placebo showed no such effect. In addition, the 
proliferative response in vitro to mycobacterial antigens (PPD) of these dually infected 
patients' PBMC was increased following thalidomide treatment. In this study, no effect of the 
drug on viral load was observed. In patients infected with HIV only, treatment with 
thalidomide resulted in similarly increased plasma levels of IL- 1 2, soluble IL-2 receptor 
and soluble CD8.9 

Similar immune stimulation may be of importance in other chronic inflammatory diseases 
of non-infectious origin. Recently, we have shown that thalidomide treatment of patients with 
scleroderma results in increased plasma IL- 1 2 levels and clinical improvement, evidenced by 
decreased skin fibrosis and healing of digital ulcers .9 When PBMC of scleroderma patients 
were exposed in vitro to anti-CD3 antibody in the presence of thalidomide, there was 
increased production of IL-2, IL-3,  GM-CSF and IFNI', suggesting that thalidomide had 
exerted a co-stimulatory effect and induced activation of T-cells .  

In HIV-infected individuals, thalidomide-induced immune activation was associated with 
a significant increase of body weight (reversal of wasting). When HIV patients were 
maintained on a strict, isocaloric diet during thalidomide treatment, the weight gain was 
shown to result from an increase of lean body mass. I O Again, no effect on viral load was 
noted. Recently, a large multicentre, randomized, placebo-controlled study of the effect of 
thalidomide on the wasting associated with HIV was completed. I I Significant weight gain 
was observed among patients who were treated with thalidomide in a dosage of 100 or 
200 mg per day for 8 weeks. The drug was well tolerated, although some mild-to-moderate 
rashes were noted during therapy. 

The use of thalidomide in clinical settings may be limited by its associated toxic 
manifestations, including teratogenicity, peripheral neuropathy, gastrointestinal disturbances, 
rash, fever and drowsiness. 1 2  Therefore, it was important to develop similar drugs that 
exhibited analogous immunomodulatory activities without the thalidomide-associated 
toxicity. For this purpose, a thalidomide-analogue programme was begun with Celgene 
Corporation (Warren, NJ, USA) for development of novel immunomodulatory compounds. 
Initially, compounds were synthesized and selected for enhanced inhibition of TNFcx in vitro 
in PBMC stimulated by LPS . 1 3, 1 4 In addition to inhibition of TNFcx, these compounds 
enhanced production of IL- lO .  A selected series of structural analogues of thalidomide was 
found to inhibit production of TNFcx significantly; the 50% inhibitory concentration (ICso) 
ranged from 280 /LM to O·02 /LM. The drugs that showed enhanced activity in vitro were then 
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tested in vivo, and shown to inhibit production of TNFcx in  the murine LPS-induced shock 
model. 1 3 , 1 5 Furthermore, one of these analogues was shown to block development of adjuvant 
arthritis in the rat. 1 6  This analogue also inhibited production of TNFcx in rat splenocytes 
in vitro. 

Upon further characterization, a number of the analogues were found to segregate into 
two distinct families . 1 7 One group was found to inhibit production of TNFcx efficiently, did 
not inhibit monocyte IL-6, and stimulated production of IL-8 and IL- l O. These analogues also 
inhibited phosphodiesterase-IV (PDE-IV). The second group of thalidomide analogues 
inhibited the production of TNFcx, IL-6 and IL-8,  and also strongly stimulated production 
of IL- lO ;  this second group of molecules did not inhibit PDE_IV. 1 7, 1 8 

The two groups of thalidomide analogues were also tested for their effects on T-cells . 1 7, 1 9  
As  might be  expected from earlier studies of  inhibitors of  PDE-IV, those analogues that 
inhibited PDE-IV showed slightly reduced T-cell activation, as measured by thymidine 
incorporation, as well as reduced production of the T-cell cytokines IL-2 and IFN-y. By 
contrast, those analogues that did not inhibit PDE-IV stimulated T-cell activation, causing 
increased lymphocyte proliferation and increased production of IL-2 and IFN-y. Thalidomide, 
the parent compound, behaved like the compounds that did not inhibit PDE-IV, and was also 
shown to stimulate T-cell activation in vitro . Thus, thalidomide and the other compounds that 
did not inhibit PDE-IV appeared to inhibit monocyte activation, while stimulating T-cell 
activation. Most strikingly, this class of compounds inhibited monocyte TNFcx production, 
whereas T-cell production of TNFcx was unaffected or even slightly increased. Moreover, 
monocyte-dependent production of IL- 1 2  was inhibited, whereas these drugs enhanced T
cell-dependent production of IL- 12 .  The stimulatory effect on T cells was more pronounced 
in the CD8+ subset of T cells. 

These exciting results suggest that thalidomide and its analogues could be used more 
extensively in leprosy reactions . Identification of a non-teratogenic analogue of thalido
mide for treatment of ENL is critically important, because ENL remains a major 
complication of leprosy. Indeed, even years after completion of multidrug therapy for 
leprosy, ENL may still occur. Many of the patients at risk of developing ENL are young 
women of childbearing age, for whom thalidomide treatment is contraindicated because of 
its teratogenic effects. 

Thalidomide has not been successful in the treatment of reversal reactions, perhaps 
because T-cell activation appears to be a significant component of reversal reactions, and 
thalidomide has been shown to stimulate T-cell activation. However, the analogues of 
thalidomide, which inhibit PDE-IV and block production of TNFcx but do not stimulate T 
cells, may be candidate drugs for the treatment of reversal reactions. 
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DISCUSSION 

Dr OttenhofJ: Did you test whether the effect of thalidomide is dependent upon IFN-y? 
Dr Kaplan : We believe that IL- 1 2  up-regulates CD4 T-ligand, which up-regulates T-cell 

activation, which activates secretion of IFN-y, yielding a feedback loop. It is all independent 
upon IL-2 .  

Dr Gillis : Are some patients with ENL refractory to treatment by thalidomide? 
Dr Kaplan : Some patients simply don't  respond very well to thalidomide. More common, 

however, is the situation in which patients respond, but the ENL recurs when treatment is 
stopped. Finally, some patients, once treated by thalidomide, do not experience recurrence of 
ENL. We are beginning to think that thalidomide affects other cytokines in addition to TNFa, 
and have undertaken a study with Dr Roche in Nepal to investigate this matter further. 




