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Abstract t 

Thalidomidee is increasingly being used as adjuvant therapy in mycobacteria] and 

humann immunodeficiency virus (HIV) infection. The T helper (Th)l/Th2 balance 

criticallyy determines the outcome of these diseases. To obtain insight in the effect of 

thalidomidee on the capacity of lymphocytes to produce Thl and Th2 cytokines, six 

healthyy volunteers received an oral dose (400 mg) of thalidomide. Before, and 3, 6, 

andd 24 hours after ingestion of thalidomide, peripheral blood mononuclear cells 

(PBMC's)) were isolated and stimulated for 24 hours with the T cell stimuli 

staphylococcall  enterotoxin B (SEB) or anti-CD3/CD28. In all 6 volunteers ingestion 

off  thalidomide was associated with an enhanced SEB- and anti-CD3/CD28-induced 

productionn of the Thl cytokine interferon (IFN)-y (p<0.05) and a decrease in anti-

CD3/CD28-inducedd interleukin (IL)-5 production (p<0.05). IL-2 (Thl) and IL-4 

(Th2)) release remained unchanged. These changes were accompanied by an increase 

inn IL-12p40 release by PBMC's at 6 hours after ingestion of thalidomide (p<0.05). 

Thus,, a single oral dose of thalidomide causes a Thl type response in healthy 

humans.. This finding offers a potential explanation for the positive effect of 

thalidomidee in mycobacterial and HIV infection. 
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Introduction n 

Thalidomidee is increasingly being used as adjuvant therapy in mycobacterial and 

humann immunodeficiency virus (HIV) infection. Clinical symptoms of patients with 

MycobacteriumMycobacterium avium infection refractory to conventional treatment, improved 

dramaticallyy with thalidomide (1,8). In patients with concomitant HIV and 

M.tuberculosisM.tuberculosis infection, thalidomide increased the weight of patients significantly 

whilee the HIV load decreased (12). 

TT helper (Th) lymphocytes can be divided in subclasses depending on the pattern of 

cytokiness they secrete upon stimulation. Thl lymphocytes predominantly produce 

interferon-yy (IFN-y) and interleukin (IL)-2, while Th2 lymphocytes mainly produce 

IL-4,, and IL-5. EL-12 is a pivotal denominator of the balance between both 

lymphocytee subsets, as it drives naive T cells into a Thl direction (23). The Thl/Th2 

balancee critically determines the outcome of mycobacterial and HIV infection. In 

mycobacteriall  infections a shift towards a Thl response is protective while a 

predominantt Th2 response impairs host defense. Indeed, mice deficient in IFN-y or 

IL-122 arc highly susceptible to infection with M. tuberculosis (4,6) and in patients 

withh active tuberculosis the IL-4/IFN-y ratio is increased (22,25). Moreover, 

recurrentt mycobacterial infections have been described in IL-12 receptor deficient 

patientss (11). Patients with progressive HIV disease show increased levels of Th2-

typee cytokines, such as EL-4 and IL-10, while long-term asymptomatic HIV-infected 

personss elicit a response with expression of Thl-type cytokines (2). 

Evidencee exists that thalidomide may influence the Thl/Th2 balance. In in vitro 

experiments,, thalidomide has been shown to suppress the production of EL-12 and 

EFN-yy and to enhance the production of IL-4 (15,16). However, in vivo, 

determinationn of the effect of thalidomide on IFN-y concentrations have yielded 

variablee results, with increased as well as decreased levels of this cytokine in patients 

withh HIV infection or erythema nodosum leprorum (ENL) (14,20). 

Knowledgee of the effect of thalidomide on the Thl/Th2 balance may contribute to 

ourr understanding of the mechnisms underlying the previously reported beneficial 

effectss of this compound during infection with HIV or mycobacteria. Therefore, in 

thee present study, we sought to determine whether thalidomide can influence the 

patternn of lymphocyte-derived cytokines secreted upon activation of T cells. For this 

purpose,, 6 healthy males received a single oral, clinically relevant dose of 

thalidomide,, and the capacity of their peripheral blood mononuclear cells (PBMC's), 

obtainedd before and at various time points after thalidomide ingestion, to produce 

Thll  and Th2 type cytokines after stimulation with T-cell stimuli was determined. 
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Methods s 

SubjectsSubjects and Design. Six healthy male subjects, mean age 38 years (range: 33-44), 
weree enrolled after documentation of normal liver and renal function and 
hematologicall  parameters. The study was approved by the institutional research and 
ethicss committees and written informed consent was obtained from all subjects. All 
subjectss took 400 mg of thalidomide (racemic mixture purchased from Grunenthal, 
GmbH,, Stolberg, Germany) by mouth. Blood was obtained just before ingestion of 
thalidomidee and 3, 6, and 24 hours thereafter. Venous blood samples were collected 
asepticallyy in sterile tubes prefilled with heparin (Leo Pharmaceutical Products, 
Weesp,, the Netherlands, final concentration 10 U/ml blood). Peripheral blood 
mononuclearr cells (PBMC's) were isolated by FicolLHypaque density gradient 
centrifugationn (Ficoli Paque, Pharmacia Biotech, Uppsala, Sweden) and diluted to 
1066 cells/ml RPMI 1640 (Bio Whittaker, Verviers, Belgium) in sterile polypropylene 
tubess (Becton Dickinson, Mountain View, CA). These aliquots were incubated for 24 
hourss with Staphylococcal enterotoxin B (SEB) (Sigma Chemicals Co, St. Louis, 
Mo)) at a concentration of 1 (-ig/ml or anti-CD3/CD28 (Central Laboratory of the 
Netherlandss Red Cross Blood Transfusion Service, CLB, Amsterdam, the 
Netherlands;; final concentration 1:1000 both). Leukocyte counts and differentials 
weree measured using a Stekker analyzer (Coulter Counter, Bedfordshire, UK). 

FlowFlow cytometry. CD4+ and CD8+ lymphocyte counts were determined in whole 
bloodd by fluorescence-activated cell sorter (FACS) analysis as follows. Erythrocytes 
weree lysed with bicarbonate buffered ammonium chloride solution (pH 7.4). 
Leukocytess were recovered after centrifugation at 1450 rpm for 5 minutes and 
counted.. 1 x 106 cells were resuspended in phosphate-buffered saline containing 
EDTAA lOOmM, sodium azide 0.1% and bovine serum albumin 5% (cPBS) and 
placedd on ice. Double staining was obtained by incubation for 1 hour with direct 
labeledd antibodies CD3-PE, and either CD4-Cy (Coulter Immunotech, Marseille, 
France)) or CD8-FITC (Central Laboratory of the Red Cross Blood Transfusions 
Service,, Amsterdam, the Netherlands). Nonspecific staining was controlled for by 
incubationn of cells with isotypic FITC-labelled mouse IgG2 (Coulter Immunotech). 
Cellss were then washed twice in ice cold cPBS and resuspended for flow 
cytofluorometricc analysis (Calibrite; Becton Dickinson Immunocytometry Systems, 
Sann Jose, CA). 

Assays.Assays. The following cytokines were measured by ELISA according to the 

instructionss of the manufacturers (with detection limits): EFN-y and IL-4 (CLB, 
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Amsterdam,, the Netherlands; detection limits 5.0 pg/ml and 1.0 pg/ml, respectively), 

IL-100 (Pharmingen, San Diego, CA; 24.7 pg/ml), IL-2, IL-12p40 and IL-12p70 (R & 

DD Systems, Abingdon, United Kingdom; 3.3, 16.5 and 14.8 pg/ml, respectively) and 

IL-55 (Medgenix, Fleurus, Belgium; 8.2 pg/ml). 

StatisticalStatistical analysis. Results are given as mean  SE. Data obtained before and after 

ingestionn of thalidomide were compared using one way analysis of variance, wherein 

thee p value represents the statistical signifcance of the changes in a certain parameter 

(e.g.. the levels of a cytokine) in time. P<0.05 was considered statistically significant. 

Results s 

ClinicalClinical response to thalidomide. Besides some drowsiness and euphoria, ingestion 

off  thalidomide was not associated with any clinical effect. 

Table.. Effect of thalidomide administration on cell counts and differentials. 

Cellss (xl09/L) 

WBC C 

lymphocytes s 

CD3+/CD4++ lymphocytes 

CD37CD8++ lymphocytes 

Timee after th; 

0 0 

5.2510.33 3 

1 1 

0.911 6 

0.533 0 

ilidomidee ingestion (1 

3 3 

2 2 

1.82+0.19 9 

7 7 

0 0 

>rs) ) 

6 6 

9 9 

6 6 

1.0110.14 4 

0.6410.08 8 

24 4 

5.1011.70 0 

1.7510.21 1 

0.9110.10 0 

0.6810.13 3 

Valuess are mean 1 SEM of 6 healthy volunteers. Thalidomide 400 mg was taken orally at t=0 hrs. 
Noo statistically significant differences between the 4 time points were found in any of the cell counts. 

EffectEffect of thalidomide on leukocyte counts. No significant changes in leukocyte, 

lymphocyte,, CD3+/CD4+ or CD3+/CD8+ lymphocyte counts were found after 

ingestionn of thalidomide (Table). Cytokine concentrations measured after stimulation 

off  PBMC's are expressed per ml supernatant. Expression of cytokine levels per 106 

CD37CD4++ or CD3+/CD8+ lymphocytes yielded similar results with respect to the 

effectt of thalidomide (data not shown). 

ThlThl cytokines. EFN-y and IL-2 were measured as prototypic Thl cytokines. In the 

absencee of a stimulus, incubation of PBMC's obtained before or at any time point 

afterr thalidomide ingestion did not result in detectable IFN-y or IL-2 levels. The 
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capacityy of PBMC's to produce IFN-y upon stimulation with SEB or anti-CD3/CD28 

markedlyy increased after thalidomide ingestion (P<0.05. Fig.1). The maximum effect 

off  thalidomide was found at 24 hours when SEB-induced EFN-y concentrations were 

increasedd 947  284%, and anti-CD3/CD28-induced IFN-y 697  218% over IFN-y 

levelss before the administration of thalidomide. The ability of PBMC's to release IL-

22 did not change significantly after ingestion of thalidomide, although at 24 hours a 

clearr trend towards enhanced IL-2 secretion was found. 

Figuree 1. Effect of thalidomide on SEB and anti-CD3/CD28 induced Thl and Th2 cytokines. Before 

andd at 3,6 and 24 hours after ingestion of thalidomide, cytokine levels were measured in supernatants 

off  stimulated PBMC's of 6 healthy volunteers. Black bars represent cytokine levels after stimulation 

withh SEB, open bars after stimulation with anti-CD3/CD28. SEB and anti-CD3/CD28 induced IFN-y 

levelss were significantly increased (P<0.05) versus time. Anti-CD3/CD28 induced IL-5 levels were 

significantlyy decreased after ingestion of thalidomide (P<0.05) versus time. 

Th2Th2 cytokines. IL-4 and IL-5 were measured as prototypic Th2 cytokines. Without 

stimuluss incubation of PBMC's obtained before or at any time point after 

thalidomidee ingestion did not result in detectable EL-4 or IL-5 levels. EL-4 production 

byy PBMC's was low after stimulation by SEB and did not change significantly over 

time.. Anti-CD3/CD28- induced IL-4 levels were also low, both before and after 

thalidomidee ingestion, although a trend towards enhanced anti-CD3/CD28 induced 

EL-44 release was seen at 24 hours (P=0.22, Fig.1). The capacity of lymphocytes to 

producee EL-5 upon stimulation was several-fold greater then the ability to release EL-

4.. SEB-induced IL-5 release by PBMC's did not change significantly over time 

(P=0.29).. However, IL-5 levels measured after stimulation with anti-CD3/CD28 

decreasedd significantly reaching a nadir at 6 hours after ingestion of thalidomide 
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(relativee decrease 70  15% (P<0.05, Fig.1). 

IL-12IL-12 and 1L-10. Having established that thalidomide enhances IFN-y and decreases 

EL-55 production, we wished to determine whether these effects were associated with 

alteredd levels of IL-12, a Thl directing cytokine, or IL-10, a Th2 directing cytokine. 

Afterr incubation without stimulus, concentrations of both cytokines did not change 

beforee or at any time point after administration of thalidomide. The capacity of 

PBMC'ss to produce IL-12p40 was markedly increased at 6 hours relative to EL-

12p400 concentration before thalidomide ingestion; SEB-induced IL-12p40 levels 

weree increased 3233  1750% (P<0.05), and anti-CD3/CD28-induced IL-12p40 

releasee 348  202% (nonsignificant. Fig.2). Neither SEB- nor anti-CD3/CD28-

inducedd IL-12p70 production increased after ingestion of thalidomide. Furthermore, 

IL-100 levels did not change over time (Fig.2). 

Figuree 2. Effect of thalidomide on 

SEBB and anti-CD3/CD28 induced 

IL-122 and IL-10 release. Before 

andd at 3, 6 and 24 hours after 

ingestionn of thalidomide, cytokine 

levelss were measured in 

supernatantss of stimulated PBMC's 

off  6 healthy volunteers. Black bars 

representt cytokine levels after 

stimulationn with SEB, open bars 

afterr stimulation with anti-

CD3/CD28.. SEB induced IL-12p40 

levelss were significantly increased 

afterr ingestion of thalidomide 

(P<0.05)) versus time. No 

significantt changes were found in 

IL-100 and IL-12p70 levels. 
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Discussion n 

Thee immuno-modulating capacity of thalidomide has led to its use in different 
diseasess among which mycobacterial and HIV infection. In the present study we 
soughtt to determine the effect of thalidomide on the Thl/Th2 balance in healthy 
volunteerss by ex vivo stimulations of PBMC's with T-cell stimuli and subsequent 
determinationn of cytokine release. We found that a single oral dose of thalidomide 
inducedd an increase in the capacity of PBMC's to secrete the Thl cytokine IFN-y 
uponn stimulation, while their ability to release Th2 cytokine IL-5 decreased. These 
changess were associated with a transient rise in IL-12p40 production by PBMC's 
afterr administration of thalidomide. These data demonstrate for the first time that 
thalidomidee may influence the Thl/Th2 balance in humans. 

Thee increase in IFN-y levels after stimulation of PBMC's with the specific T-cell 
stimulii  SEB and anti-CD3/CD28 suggests a shift towards a Thl response after oral 
ingestionn of thalidomide. These findings are in accordance with previous reports on 
inin vitro effects of thalidomide. Indeed, thalidomide enhanced IFN-y production by T-
cellss stimulated with immobilized anti-CD3 (3,10). Others, however, found 
inhibitionn of IFN-y release by PBMC's incubated with phytohaemagglutinin (PHA) 
(19)) Our findings are in contrast with studies reporting a shift towards Th2 after in 
vitrovitro stimulation of PBMC's with PHA or streptokinase (15), and decreased serum 
levelss of IFN-y in patients with ENL treated with thalidomide (20). Nonetheless, our 
exex vivo experiments are likely to be more representative of the human response to 
thalidomidee and point towards a Th 1 favoring effect of this drug. 

Thalidomidee ingestion was also associated with more enhancement of IFN-y 
productionn and more inhibition of IL-5 release after stimulation with anti-CD3/CD28 
thann after incubation with SEB, while the enhancement of IL-12p40 release was 
moree profound after stimulation with SEB. It is conceivable that differences in the 
mechanismss by which anti-CD3/CD28 and SEB activate T cells contribute to this 
discrepancy.. Indeed, crosslinking of CD3 and CD28 results in direct T cell 
activation,, which is independent of the presence of antigen-presenting cells (APC's). 
SEB,, a product of Staphylococcus aureus, is a superantigen which requires binding 
too both an APC and a T cell to induce T cell stimulation, i.e. by binding to the MHC 
classs II peptide of the APC, SEB can bind to the VfJ region of the T cell receptor, 
resultingg in polyclonal T cell activation (13). 

Thalidomidee enhanced EL-12p40 production but had no effect on IL-12p70 release. 
IL-122 is a heterodimeric cytokine that plays a central role in promoting Thl 
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responsess (23). The active form, IL-12p70 consists of 2 subunits designated p35 and 

p40,, responsible for IL-12 signal transduction and receptor binding, respectively (7). 

Neitherr IL-12 subunit was found to display significant biologic activity on its own 

(9).. However, IL-12p40, which is secreted in a 5-500 fold excess relative to IL-

12p700 (5), has been shown to form homodimers. Although IL-12p40 homodimers 

originallyy were considered IL-12 antagonists, recent studies have shown that they 

cann stimulate the differentiation of CD8+ Thl cells in vitro (18). Moreover, DL-

12p400 deficient mice died earlier after infection with Listeria or Cryptococcus 

neoformansneoformans than IL-12p35 deficient and control mice, suggesting an agonistic role 

forr the IL-12p40 dimer (7). Thus it can be hypothesized that enhancement of IL-

12p400 (dimer) production by thalidomide contributes to increased EFN-y release. In 

earlierr in vitro studies, thalidomide suppressed both p70 and p40 production by 

humann PBMC's stimulated with S. aureus or LPS (3,16), while it enhanced IL-12 

releasee (measured by an ELISA that detects p70 and p40) by PBMC's incubated with 

immobilizedd anti-CD3 (3). Together, these data suggest that the effect of thalidomide 

onn IL-12 release depends on the stimulus used, whereby primary T cell stimulation 

resultss in potentiation of IL-12 production. 

Thalidomidee has been found to exert beneficial effects in murine models of 

tuberculouss meningirtis (24) and pulmonary tuberculosis (17). In addition, 

thalidomidee improved the clinical outcome of patients with microsporidiosis (21), 

andd HIV or mycobacterial infection (1,8,12). The common denominator in these 

pathologicall  conditions in which thalidomide seems to be effective is the fact that a 

Thll  response is considered protective. Our present data therefore provide the first 

humann evidence of the possible mode of action of thalidomide in infections. Further 

studiess on the use of thalidomide in infections are warranted. 
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