
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Immune responses to tuberculosis

Juffermans, N.P.

Publication date
2000

Link to publication

Citation for published version (APA):
Juffermans, N. P. (2000). Immune responses to tuberculosis. [Thesis, fully internal,
Universiteit van Amsterdam]. Thela Thesis.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/immune-responses-to-tuberculosis(35eb532b-5720-4abe-9cc5-53525d7280c7).html


ChapterChapter 14 

Thalidomidee Inhibits Granulocyte Responses in Healthy Humans 
afterr ex vivo stimulation with bacterial antigens 

Nicolee P. Juffermans1''2', Annelies Verbon'1 '2\ Marc J. Schuitz(L2j, C. Erik Hack'34', 
Sanderr J.H. van Deventer', Peter Speelman2, Tom van der Poll" 2) 

Fromm the Laboratory of Experimental Internal Medicine, the ""Department of Internal 
Medicine,, Division of Infectious Diseases, Tropical Medicine and AIDS, the 

'Laboratoryy for Experimental and Clinical Immunology, Academic Medical Center, 
Universityy of Amsterdam and the laboratory of Pathophysiology of Plasma 
Proteins,, Central Laboratory of the Netherlands Red Cross Blood Transfusion 

Service,, Amsterdam, the Netherlands 

SubmittedSubmitted for publication 



ChapterChapter 14 

Abstract t 

Thalidomidee exerts beneficial effects in a number of infectious and auto-immune 

diseases.. Inflammatory responses associated with these diseases have in common 

thatt granulocytes are activated. To determine the effect of thalidomide on activation 

markerss and degranulation of granulocytes, six healthy men ingested thalidomide 

(4000 mg), and their blood was stimulated with lipopolysaccharide (LPS) or 

lipoteichoicc acid (LTA). Both stimuli induced upregulation of granulocyte activation 

markerr CDl l b which was reduced after ingestion of thalidomide. Neutrophil 

degranulationn was determined by measurement of elastase and lactoferrin. 

Thalidomidee ingestion resulted in a reduced capacity to release elastase and 

lactoferrinn after stimulation with LPS and LTA, 3 hours after ingestion. Thus, a 

singlee oral dose of thalidomide attenuates neutrophil activation upon ex vivo 

stimulationn with bacterial antigens. 
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Introduction n 

Thalidomidee has been rediscovered as an anti-inflammatory drug in the treatment of 

aa wide range of diseases, including mycobacterial infection, sarcoidosis, Crohn' s 

diseasee and AEDS-related ulcera [1-3]. The effect of thalidomide at least in part 

occurss via inhibition of tumor necrosis factor-oc (TNF) [4]. TNF is central in 

regulatingg cytokine production and expression of adhesion molecules in 

inflammation. . 

Mostt studies on the mode of action of thalidomide have focussed on mononuclear 

cells.. However, granulocytes constitute a first line of defense to an invading 

microorganism.. Furthermore, in auto-immune diseases, inflammation is also 

characterizedd by influx of granulocytes [5]. Activation of granulocytes is associated 

withh an upregulation of CDl l b and a concurrent downregulation of L-selectin [6]. 

Activationn is further characterized by granulocyte degranulation, resulting in the 

releasee of the granule products elastase and lactoferrin [7, 8]. 

Inn vitro, thalidomide inhibits granulocyte chemotaxis [9]. However, further data on 

thee effects of thalidomide on granulocytes are sparse. Therefore, we determined 

whetherr an oral dose of thalidomide influenced the activation state of granulocytes in 

healthyy humans. 

Methods s 

StudyStudy design. Six healthy male subjects with a median age of 38 years (range 33-44) 

ingestedd 400 mg of thalidomide orally (racemic mixture, purchased from Griinenthal, 

GmbH,, Stolberg, Germany). Venous blood was collected directly before ingestion of 

thalidomidee and 3, 6 and 24 hours thereafter, using a sterile collecting system 

consistingg of a butterfly needle connected to a syringe (Becton Dickinson, Mountain 

View,, CA). These time points were chosen because time to peak concentration is 4 

hourss and half-life is 6-8 hours [10, 11], Anticoagulation was obtained using heparin 

(Leoo Pharmaceutical Products, Weesp, the Netherlands; final concentration 10 U/ml 

blood).. Whole blood was added to sterile polypropylene tubes and diluted 1:1 with 

RPMII  1640 (Bio Whittaker,Verviers, Belgium), to which either lipopolysaccharide 

fromm Escherichiae coli (LPS; Sigma, St. Louis, MO, 10 ng/ml), lipoteichoic acid 

fromm Staphylococcus aureus (LTA, Sigma; 1 u.g/ml) or no stimulus was added. 

FlowFlow cytometry. Whole blood diluted 1:2 with RPMI 1640 was incubated for 24 

hourss at 37°C with LPS, LTA or no stimulus. Thereafter, blood was prepared for 
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FACSS analysis as follows. Erythrocytes were lysed with bicarbonate buffered 
ammoniumm chloride solution (pH 7.4). Leukocytes were recovered after 
centrifugationn at 1450 rpm for 5 minutes and counted. 1 x 106 cells were resuspended 
inn phosphate-buffered saline containing EDTA lOOmM, sodium azide 0.1% and 
bovinee serum albumin 5% (cPBS), placed on ice and incubated for 1 hour with either 
CDllbb monoclonal antibody (clone nr. Ml/70) or a rat anti-human L-selectin 
monoclonall  antibody (Pharmingen, San Diego, CA). Nonspecific staining was 
controlledd for by incubation of cells with isotypic FITC-labelled mouse IgG2 
(Coulterr Immunotech). Cells were then washed twice in ice cold cPBS and 
resuspendedd for flow cytofluorometric analysis (Calibrite; Becton Dickinson 
Immunocytometryy Systems, San Jose, CA). For each test, at least 106 granulocytes 
weree counted. Mean cell fluorescence (MCF) at >570 nm of forward and side angle 
scatter-gatedd granulocytes was assessed. Data are represented as the difference 
betweenn MCF intensities of specific and non-specifically stained cells. 

DegranulationDegranulation of granulocytes. Neutrophil degranulation was investigated exactly as 
describedd previously [12-14], In brief, whole blood diluted 1:5 with RPMI 1640 was 
incubatedd for 2 hours at 37°C with LPS. LTA or no stimulus. Thereafter, plasma was 
preparedd by centrifugation and stored at -20°C until ELISA assays were performed. 
Elastasee was determined using a sandwich ELISA. IgG was purified from serum 
obtainedd from a rabbit hyper-immunized with human elastase (Elastin Products Co. 
Inc.,, Pacific, Mo), by protein A-affinity chromatography. Immuno Maxisorp plates 
(Nunc,, Roskilde, Denmark) were coated overnight at room temperature with this IgG 
fractionn at 1.5 ug/ml. The plates were washed with PBS-0.05% Tween 20, incubated 
withh 2%, v/v, milk in PBS as a blocking step, and washed again. Elastase standard 
(Elastinn Products) and samples were diluted in high-performance ELISA buffer 
(Centrall  Laboratory of the Netherlands Red Cross Blood Transfusion Service, CLB, 
Amsterdam,, the Netherlands) and incubated for 1 hour at room temperature. After 
fourr washes, the wells were incubated with biotinylated rabbit anti-human elastase 
IgGG at approximately 1 ug per ml (CLB) for 1 hour. Bound elastase was detected 
withh peroxidase conjugated streptavidin (CLB) and ortho-phenylenediamine as the 
substrate.. Detection limit of the assay was 400 pg/ml. Concentrations of lactoferrin 
weree determined with a sandwich ELISA, identical to elastase, except that plates 
weree coated with the IgG fraction of polyclonal rabbit anti-HLF (1 ug/ml) and that 
biotinylatedd rabbit anti-human lactoferrin IgG (  1 ug/ml) was used as to detect 
boundd lactoferrin. Purified lactoferrin was used as standard (all reagents from CLB). 
Detectionn limit of the assay was 1 ng/ml. 
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StatisticalStatistical analysis. All values are given as means  SEM. Comparison between 

LPS/LTAA effects and control (RPMI) incubation before thalidomide ingestion were 

donee with paired Wilcoxon test. Changes in time relevant to t=0 (time of thalidomide 

ingestion)) were analyzed by one way analysis of variance. P<0.05 was considered 

statisticallyy significant. 

Results s 

Ann oral dose of 400 mg of thalidomide did not result in a change in leukocyte counts 

orr differentiation in 6 healthy volunteers (data not shown). Besides drowsiness, 

volunteerss did not experience side effects. 

LPSS LTA 

Figuree 1 

Effectt of LPS and LTA on the 

expressionn of CDlib and L-

selectinn on granulocytes before 

ingestionn of thalidomide. Whole 

bloodd was incubated for 24 hours 

withh or without LPS or LTA. 

Histogramss of a representative 

subjectt is shown. Thick line: 

stimulus,, thin line: RPMI. dotted 

line:: isotypic IgG control. 
10'' 10' 

FLl-Heighi i 

ExpressionExpression of granulocyte activation markers after ingestion of thalidomide. We 

examinedd the effect of thalidomide on granulocyte activation markers CD l l b and L-

selectinn after ex vivo stimulation of whole blood. In blood that was immediately 

processedd for FACS analysis (i.e. not incubated), granulocyte activation markers did 

notnot change over time after ingestion of thalidomide (data not shown). Ex vivo 

stimulationn with LPS (a cell wall component of Gram-negative bacteria) or LTA (a 

celll  wall component of S. aureus) induced an increase in the expression of CDl l b 

andd a decrease in the expression of L-selectin, indicative of an activated state of the 

granulocytess (P<0.05 for all versus incubation with RPMI, Figure 1). Ingestion of 

thalidomidee inhibited LPS- and LTA-induced upregulation of CD1 lb (P<0.05 versus 

t=0),, an effect that was already evident after 3 hours, and lasted at least 24 hours 
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(therebyy ruling out a circadian effect. Figure 2). Thalidomide tended to reduce LTA-

inducedd downregulation of L-selectin, but this effect was not significant. LPS-

inducedd downregulation of L-selectin was not influenced by thalidomide. Both 

granulocytee markers tended to decrease after ingestion of thalidomide in 

unstimulatedd blood. This effect was not significant. 

Figuree 2. Mean cell fluorescence 
LPSS LTA (MCF) of granulocytes 

expressingg CDllb and L-selectin 

inn blood from 6 volunteers before 

andd after ingestion of thalidomide 

att t=0, which has been incubated 

forr 24 hours with either 

lipopolysaccharidee (LPS. 10 

ng/ml),, lipoteichoic acid (LTA, 

l^g/ml,, solid lines) or RPMI 

(dottedd lines). Data are . 

P-valuess reflect significance for 

changee versus t=0. NS=non-
"" J 6 24 0 3 6 24 

"ourss hours significant. 

LevelsLevels of granulocyte products after ingestion of thalidomide. Having established 

thatt thalidomide reduces activation of cellular markers on granulocytes, we next 

determinedd whether thalidomide influences granulocyte degranulation. Since 

granulocytess are the only producers of elastase and lactoferrin [15, 16], levels of 

thesee products measure granulocyte degranulation. The concentrations of elastase 

andd lactoferrin in plasma obtained from blood that was not incubated, did not change 

afterr thalidomide ingestion (data not shown). Incubation of whole blood with LPS 

andd LTA resulted in profound degranulation of neutrophils (Figure 3). 

LPSS LTA 

800 0 

600 0 

1 1 
Bii  400 

200 0 

elastasee lactoferrin elastase lactoferrin 

Figuree 3. Effect of LPS and LTA on degranulation of granulocytes. Whole blood was incubated for 
22 hours with or without LPS or LTA. Data are E of 6 healthy subjects (before thalidomide 
ingestion).. *P<0.05 vs. RPMI. 

Li i ii -
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Levelss of elastase and lactoferrin in unstimulated blood (i.e. incubated for 2 hours 

withoutt stimulus) did not change over time (data not shown). Thalidomide resulted in 

aa decrease in the LPS- and LTA-induced production of elastase and lactoferrin at 3 

andd 6 hours after ingestion (Figure 4). While inhibition of LPS-induced lactoferrine 

releasee was still prominent 24 hours after ingestion of thalidomide, LTA-induced 

lactoferrinee release was no longer inhibited at this late time point. 

LPSS LTA Figure 4. Levels of elastase and 

lactoferrinn in whole blood from 6 

volunteerss after ingestion of 

thalidomidee which was incubated 

forr 2 hours with either 

lipopolysaccharidee (LPS, 10 

ng/ml)) or lipoteichoic acid (LTA, 

l|ag/ml).. Data are expressed as 

EE percentage inhibition, 

relativee to levels of elastase or 

lactoferrinn after incubation of 

wholee blood before ingestion of 

thalidomidee with LPS or LTA. 

Discussion n 

Thalidomidee has shown its efficacy as an anti-inflammatory agent. The diversity of 

thee therapeutic effects of this drug are striking, suggesting that thalidomide 

influencess various cell types. We investigated the effect of an oral dose of 

thalidomidee in humans in vivo on the activation state and degranulation of peripheral 

bloodd neutrophils upon stimulation with LPS or LTA. Whole blood, rather than 

isolatedd granulocytes was used, in order to avoid aspecific activation of cells due to 

thee isolation procedure. In particular, whole blood has previously been validated as a 

physiologicall  in vitro system to investigate mechanisms regulating neutrophil 

degranulationn [12-14]. We found that in vivo exposure of healthy humans to 

thalidomidee resulted in reduced granulocyte CDl l b expression and inhibition of the 

releasee of elastase and lactoferrin from neutrophilic granules, induced by ex vivo 

stimulationn with Gram-positive and -negative bacterial antigens. These findings shed 

neww light on the anti-inflammatory properties of thalidomide. 

Neutrophill  sequestration and edema formation are two important features of an acute 

inflammatoryy response. Specific adhesion molecules are considered to mediate the 

interactionn between neutrophils and the vascular endothelium at the site of 

inflammationn [17]. The mechanisms by which granulocytes migrate involve selectin-
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mediatedd rolling of neutrophils along the vascular endothelium and adherence to the 

endotheliumm mediated by (32 integrins such as CD1 lb. Activation of neutrophils is 

associatedd with enhanced expression of CDl l b and a concurrently reduced 

expressionn of L-selectin [6]. We here report that after ingestion of thalidomide, the 

capacityy of neutrophils to upregulate CDl l b on their surface upon stimulation 

decreases.. Expression of L-selectin, which mediates granulocyte migration over the 

endothelium,, was not influenced by thalidomide. Expression of both L-selectin and 

CDl l bb tended to decrease in unstimulated blood. Previously, it was shown that 

CD11 lb on granulocytes of a volunteer who had ingested thalidomide without further 

stimulation,, also showed a reduction of CDl l b expression [18]. Therefore, 

thalidomidee may downregulate constitutive markers on granulocytes. Thalidomide 

inhibitss TNF-induced leukocyte migration [19]. Whether inhibition of granulocyte 

activationn markers by thalidomide is modulated by TNF remains to be determined. 

Granulocytess are equipped to attack ingested organisms or immune complexes by 

releasee of their granules. Neutrophils contain at least two types of granules: primary 

andd secondary, or azurophilic and specific granules, respectively. Azurophilic 

granuless are the main storage of proteases, such as elastase, which can degrade 

almostt all components of the extracellular matrix, and cleaves a variety of plasma 

proteins.. Lactofernn is found in specific granules, and has a high affinity for iron, 

therebyy eliminating iron from the cell environment. Since iron is an important 

microbiall  growth factor, lactoferrin may enhance antibacterial host defense. 

Ingestionn of thalidomide was associated with a reduced ability of neutrophils to 

releasee the contents of both azurophilic and specific granules upon stimulation with 

LPSS or LTA. Taken together with the flow cytometry data, these findings suggest 

thatt thalidomide has a general anti-inflammatory effect on neutrophils. 

Inn conclusion, ingestion of thalidomide resulted in a reduction of LPS- and LTA-

inducedd upregulation of granulocyte CDl l b and in a decrease in granulocyte 

degranulationn in humans. Thalidomide may inhibit granulocyte mediated tissue 

injury.. We speculate that this holds true for situations were granulocytes are 

abundant,, i.e. in infection as well as in immune-complex induced vascular 

inflammation. . 
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