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'...zoo weet ik dat mijn witte cellen 
elkaarr voortdurend iets vertellen. 
Zee horen met gespitste oren 
vann interleukinereceptoren. 
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datt ik veel trager denk dan zij. 
Houdtt ik die kleintjes zelf niet bij 
waarr denk ik dan wel mee? 

Waarschijnlijkk is dat hoofd van mij 
nietss dan hun comité'. 
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GeneralGeneral Introduction 

1.. Epidemiology 

Onethirdd of the world population is infected with Mycobacterium tuberculosis, 

comprisingg 1.9 billion people [1]. With 8 million new cases and 2 million deaths 

eachh year, tuberculosis (TB) is the leading cause of death among infectious diseases. 

Humann immunodeficiency virus (HIV) infected patients are particularly susceptible 

too TB, resulting in a striking correlation between the epidemiology of TB and HIV. 

Indeed,, TB is the most common infection in HIV-positive patients, affecting 50-67% 

off  HIV infected patients. Global occurrence of dual infection with HIV and TB 

affectss 0.64 million people. 

2.. Immune responses against TB 

Afterr inhalation, M. tuberculosis is taken up by alveolar macrophages that transport 

thee pathogen into the lung parenchyma [2]. Infected macrophages induce 

extravasationn of phagocytic cells (granulocytes and monocytes), natural killer (NK) 

cellss and T cells. Activated immune cells produce cytokines which initiate 

granulomaa formation. Granulomas are considered the optimal site for a coordinated 

interactionn between T cells and macrophages, resulting in eradication of the 

mycobacteria.. However, they are also a favorable environment for mycobacterial 

replication,, thus promoting survival of the pathogen. 

Twoo clinical patterns follow infection with M. tuberculosis [3]. In most persons, 

mycobacteriaa are killed by alveolar macrophages or grow intracellularly in localized 

lesionss called tubercles. These persons become healthy tuberculin reactors. However, 

aboutt 10% develop disease. Bacilli can spread through blood or the lymphatics to 

otherr parts of the body. With the killin g of the bacilli, also phagocytes and lung 

parenchymaa cells die, resulting in caseous necrosis. Expansion of the necrosis into a 

bronchuss results in a cavity, containing large numbers of mycobacteria. 

2.12.1 Innate versus acquired immunity. 

Innatee immunity, evolved under the selective pressure imposed by invading 

pathogens,, recognizes invariable molecular constituents of infectious agents, which 

aree essential for survival of microbes. These patterns are shared by large groups of 

microbess [4], Receptors that are part of host defense mechanisms that recognize 

molecularr patterns are called pattern recognition receptors [5]. An example is CD14, 

expressedd on antigen presenting cells of the innate immune system and on cells that 
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aree the first to encounter a pathogen, such as surface epithelia. Lipopolysaccharide 
(LPS),, the principal stimulator of host defense against gram-negative bacteria, binds 
too CD14 after which signal transduction occurs. Lipoarabinomannan (LAM) is a 
lipidd glycoprotein cell wall component of M. tuberculosis that has been implicated as 
aa major factor in the induction of cytokine release during TB [6, 7]. LAM shares 
manyy physicochemical properties with LPS and utilizes CD 14 in a similar way as 
LPSS to exert inflammatory effects on cells [7-9]. 
Innatee immunity is not merely a rude immune response which contains infections 
untill  adaptive immunity is induced, but also is essential for the activation of adaptive 
immunityy and direction into effector type immune cells. 

Acquiredd immunity is based on receptors that are generated during the lifespan of an 
individuall  organism and distributed on T cells and B cells. The specificity of the 
receptorss is not predetermined and therefore neither is the response of naive 
lymphocytess upon antigen-ligation of their receptors. Differentiation into effector 
cellss depends on external clues such as cytokines [10], which are induced upon 
innatee immune recognition of pathogens rather than during the course of an adaptive 
immunee reponse [5], 

2.22.2 Mediators of immunity 
Hostt defense to TB is mediated by cells of innate immunity present at the site of 
infectionn that produce cytokines and chemokines. The early production of cytokines 
influencess priming of CD4+ T cells. Cytokines can be divided into groups, of which 
thee balance critically determines the outcome of the host response to the 
mycobacterium.. Some classical paradigms of cytokine balances, which partly 
overlap,, will be discussed. 

2.2aa Pro- and anti-inflammator y cytokines. 
Inn general, the immune response to M. tuberculosis is a double-edged sword that may 
contributee both to protective immunity and to tissue damage. 

Pro-inflammatoryy cytokines stimulate inflammatory processes. The most important 
cytokiness are tumor necrosis factor-a (TNF) and interleukin (IL)-l , which are 
associatedd with inflammatory responses in humans such as fever and cachexia. 
Systemicc effects of TNF injected in humans include activation of the cytokine 
network,, the coagulation system and of neutrophils [11, 12]. IL-1 induces similar 
effects,, except for neutrophil activation [13]. TNF binds to surface receptors TNFR 
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typee I and type II [14]. IL-1 stands for two polypeptides, IL-l a and IL-lf3 . Whereas 
IL-locc remains mainly intracellularly, EL-lfJ is transported out of the cell and can be 
foundd in the circulation during severe inflammation [15]. IL-1 can bind two 
receptors.. While IL-1R type II is a decoy receptor, binding to IL-1R type I results in 
signall  transduction. Since IL-1R type I deficient (IL-1R7) mice do not respond to 
EL-11 [16], IL-1R type I is held responsible for the biological actions of IL-1. TNF 
andd IL-l p are elevated in pleural fluid of patients with TB [17, 18] and play a role in 
thee formation of granulomas [19, 20]. Indeed, TNF is essential for protection against 
TB,, as mice deficient for TNF succumb to M. tuberculosis infection, associated with 
aa delay in granuloma formation [21]. Knowledge on the role of endogenous IL-1 in 
hostt response to TB is limited. 

Anti-inflammatoryy cytokines inhibit inflammatory processes. EL-6, involved in the 
acutee phase protein response, has both pro- and anti-inflammatory properties: when 
administeredd to humans, IL-6 can induce mild inflammatory responses. Its anti-
inflammatoryy capacity consists of inhibition of TNF and IL-1 production [22]. IL-4 
andd IL-10 both inhibit pro-inflammatory cytokine production [23]. IL-10 inhibits 
killin gg of intracellular mycobacteria [24] and has been suggested to act as a 
regulatoryy cytokine preventing excessive inflammation and subsequent tissue 
damagee [25]. 

2.2bb The Thl/Th 2 paradigm 
Afterr antigenic stimulation, CD4+T helper (Th) lymphocytes can be divided into two 
subsetss based on their functional capacities and the cytokines they produce (Figure 
1).. Thl cells secrete interferon (IFN)Y and TNF, and induce cell-mediated immune 
responses,, characterized by cytolytic activity. These cytokines are usually associated 
withh inflammation. The Th2 subset produces IL-4 and IL-10 that stimulate B cells to 
proliferate,, inducing humoral immune responses, characterized by pathogen-specific 
immunoglobulinn production. The profiles of the two Th subsets do not overlap. This 
iss in line with the observation that cell-mediated and humoral responses tend not to 
overlapp during infection. Therefore, the elicited immune response against the 
invadingg pathogen determines whether the host will develop protective immunity or 
succumbb to infection. 

Thee essential role of an intact Thl response in host defense against TB is illustrated 

byy reports of enhanced susceptibility to TB of mice deficient for EFNy [26, 27] or IL-

122 [28]. A mutation in the gene forlFNy [29, 30] or IL-12 [31, 32] in humans is 
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Figuree 1. The development of Thl and Th2 cell responses 

associatedd with an increased susceptibility to mycobacterial infection. 

Macrophagess infected with M. tuberculosis start producing IL-12 [33] and IFNy [34] 

(Figuree 1). NK cells synthesize IFNy in response to IL-12 [35] or IL-18 [36]. IL-4 is 

producedd by mast cells, eosinophils and a subpopulation of T cells [37], IFNy and EL-

122 promote further Thl differentiation. IL-12 directly stimulates Thl differentiation 

andd IFNy production, but has no effect on Th2 cells. EFNy and other Thl cytokines 

suppresss Th2 development, resulting in a tendency to polarization of effector cells 

[10,, 33]. When cells are cultured in the presence of an anti-IL-4 antibody, generation 

off  Th2 cells is completely abrogated, suggesting that EL-4 is necessary for Th2 

differentiationn [38]. IL-4 and IL-10 strongly suppress the development of Thl cells 

producingg IFNy [23]. IL-4 further suppresses Thl development by downregulating 

IL-12R(33 expression, leading to loss of EL-12 signaling and subsequent promotion of 

thee Th2 pathway [39]. 

However,, other studies show that Thl and Th2 cells can develop in the absence of 

IL-122 and EL-4 respectively, thereby questioning the absolute requirement of 

cytokiness to influence Thl/Th2 differentiation [40], Alternative factors may 
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influencee Thl/Th2 development. Varying the dose of antigen may skew Thl/Th2 
differentiation,, with low doses inducing a Th2-like response and high doses a Thl-
likee responses. Furthermore, since infected macrophages activate CD4+ T cells 
directlyy by expressing mycobacterial peptides on their cell surface in association with 
MHCC molecules [3], selective expression of costimulatory signals may skew the 
precursorr Th cell differentiation [40]. 

Thee Thl/Th2 paradigm does not fully explain all experimental observations, e.g. 
bothh Thl and Th2 cells can mediate inflammatory responses such as migration of 
leukocytess to the site of infection [25]. Other cytokine patterns have been described: 
TT cells expressing both patterns have been called ThO cells. However, the overlap in 
cytokinee profiles may be due to the presence of mixed populations of CD4 T cell 
subsetss [41, 42]. Also, not distinct subsets but rather a continuum of different 
combinationss of cytokine secretion has been postulated [43]. Moreover, many cell 
typess other than Thl and Th2 cells contribute to cytokine production, such as NK 
cells,, macrophages and keratinocytes, and it has been suggested that these responses 
shouldd be described as type 1 or type 2 [33] 

Itt seems likely that the immune system provides regulatory mechanisms that cope 
withh toxicity induced by the effector cells, preventing immune-mediated tissue 
damage.. It has been proposed that the reciprocal relationship between cellular and 
humorall  responses may not reflect a Thl/Th2 paradigm, but rather a shift from an 
earlyy extravascular immune response consisting of aspecific effectors towards an 
antigen-specificc immune response including antibody production and cytotoxic T cell 
responsess later in infection, associated with minimal toxicity [25]. Another 
considerationn must be made on behalf of the mycobacterium. The Thl/Th2 decision 
iss crucial for effective immunity. Therefore, pathogens may have evolved ways to 
interfere.. This choice is based on a complex matrix of interlocking factors. 

However,, whether cytokine production represents a continuum or discrete subsets, or 
whetherr cytokine expression represents distinct phenotypes or transient responses to 
stimulation,, a striking dichotomy between IFNy and EL-4 responses remains [33]. 

2.2cc Chemokines and chemokine receptors. 
Chemokiness are cytokine-like molecules that are able to induce migration of 
leukocytess [44]. Immune cell trafficking is a central element in host defense to 
invadingg pathogens. However, disproportionate inflammatory responses result in 
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tissuee injury. The regulation of trafficking of immune cells is complex. 

Chemokiness have been divided into several families on the basis of the position of 
theirr cysteine residues [45]. In CXC-chemokines, one amino acid separates the first 
twoo cysteine residues, whereas in CC-chemokines, they are adjacent. In general, 
CXC-chemokiness are chemotactic for neutrophils, whereas CC-chemokines attract 
monocytess and lymphocytes. Chemokines bind to chemokine receptors, which are 
expressedd on different types of leukocytes. Some receptors are restricted to certain 
cellss (e.g. CXCRI is expressed only by neutrophils), others are more widely 
expressed.. Cells that express chemokine receptors can respond to chemokines and 
migratee into inflamed tissue. In addition, some receptors are constitutively expressed 
onn some cell types, whereas they are inducible on others. 

Thee levels of chemokines are elevated in the bronchoalveolar lavage fluid of patients 
withh pulmonary TB [46] and therefore seem implicated in antimycobacterial host 
defense.. Chemokine receptors can be used by pathogens as a vehicle of cellular 
invasion,, among which HTV [47, 48]. 

3.. The pathogenesis of coinfection with TB and HIV 

Thee enhanced susceptibility of HIV infected patients to TB illustrates that cellular 
immunityy plays a role in restricting TB in immunocompetent hosts. Indeed, a 
reducedd Thl response contributes to their susceptibility, as HIV-infected patients 
havee a decreased capacity to produce EFNy [49, 50] and EL-12 [51]. 

3.13.1 HIV coreceptors 
TBB results in an enhanced susceptibility of immune cells for HIV infection, 
facilitatingg HIV entry and replication [52]. Also, viral replication is increased in 
HIV-infectedd patients who develop active TB, resulting in an accelerated course of 
HIVV disease [53]. CXCR4 and CCR5 serve as coreceptors which in addition to CD4 
aree required for HIV entry into cells [48] (Figure 2). The existence of coreceptors fits 
withh HTV-tropism for different target cells. Isolates that show efficient infectivity for 
continuouss cell lines, but poor infectivity for macrophages are termed T-tropic 
viruses.. Strains infecting macrophages much more efficiently than continuous T cell 
liness are designated M-tropic. M-tropic HIV isolates use CCR5 as coreceptor early in 
thee course of HIV infection, whereas T-cell tropic viruses use CXCR4 for entry in 
CD4++ T cells, typically in a later stage of infection. Dual-tropic strains can use both 
CXCR44 and CCR5 [48], Individuals with a homozygous deletion of CCR5 can not 
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Figuree 2. Chemokine receptors CXCR4 and CCR5 as HIV coreceptors for HIV entry into cells 

bee infected with M-tropic HIV strains, indicating a key role for this receptor in HIV1 
pathogenesiss [54, 55]. It was found that increased HIV coreceptor expression 
correlatess with enhanced HIV entry into cells and HIV replication [48]. Moreover, 
virall  strains that use a broad range of coreceptors correlate with progression of HIV 
[56],, suggesting coreceptor usage is a determinant of HIV disease. 

Macrophagess activated by a mycobacterial antigen also become highly susceptible 
forr infection with T-tropic viruses, suggesting that mycobacteria may accelerate a 
transitionn from a M- to a T-tropic phenotype, associated with progression of HIV 
diseasee [57]. 

Sincee the CCR5 ligand chemokines can inhibit HIV-infectivity in vitro [58-60], HIV 
coreceptorss have been implicated as targets for HIV therapy [61]. 

4.. Treatment 

4.14.1 History of treatment ofTB 
Manifestationss of TB are diverse. In earlier times, its symptoms were not recognized 
ass belonging to a single disease entity, let alone as an infectious disease [62], From 
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thee time of Hippocrates, TB was known as 'phtisis', which is derived from Greek for 

'wastingg away7. The swollen glands in the neck were known as 'scrofulae'. Newly 

crownedd kings were thought to possess special healing powers. Being touched by 

kingss was probably one of the first treatments of TB. Epidemic spread began slowly 

withh increasing population density. It is estimated that TB was responsible for 20% 

off  the deaths in London in 1651. Phlebotomy, injection of glue into the pleural cavity 

andd taking walks in freezing rain have been advocated as treatment options. In 1882, 

Kochh isolated and cultured M. tuberculosis, determining it an infectious disease. The 

firstt sanatorium was established in 1882, but depending on the seventy of disease, 

mortalityy of TB remained 30-70%. Another historical intervention strategy was the 

developmentt of the avirulent BCG-vaccin that protected against M. tuberculosis. 

However,, it has major limitations as a preventive measure [63]. The introduction of 

tuberculostaticc drugs in 1947 resulted in a dramatic improvement of mortality due to 

TB,, ending the sanatorium era. 

4.24.2 Problems of present treatment possibilities 

Effectivee treatment requires that patients take large doses of tuberculostatic drugs for 

att least 6 months, and even up to one year in some cases. These are toxic drugs with 

severee side effects such as hepatitis. The long medication scheme poses a problem 

forr the compliance, as illustrated by the development of drug-compliance enhancing 

programs,, such as DOT (directly observed therapy). Another threat to disease control 

iss resistance to tuberculostatic drugs. In 1997, the WHO reported resistance to first-

linee tuberculostatics in all countries surveyed, suggesting it is a global problem [64]. 

Mortalityy of patients infected with a multidrug resistant strain is 40-60%, equalling 

untreatedd TB. Regardless of resistance, the global case fatality rate of TB presently 

estimatess a striking 23-50% [1], 

4.34.3 Revival of an old treatment 

Inn the 1950s, thalidomide (Softenon) was put on the market as a sedative [65]. Five 

yearss later, reports on its teratogenic properties appeared and thalidomide was 

withdrawn.. During this time, 12000 babies with birth defects were born. Recently, 

studiess with thalidomide showed its beneficial effect in a number of diseases, 

includingg mycobacterial infections [66, 67] and HIV-related disorders such as 

cachexiaa (wasting) [68] and aphtous ulcers [69]. This led to illegal distribution of 

thalidomidee among HIV patients in the USA. In 1998. the drug was granted FDA 

approvall  for strictly defined indications. However, knowledge on the mechanism of 

actionn is limited. 
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4.44.4 A possible new treatment 
CpGG dinucleotides within bacterial DNA or synthetic oligodeoxynucleotides (ODNs) 
cann stimulate B cells, NK cells, T cells and macrophages to secret cytokines [70, 71]. 
Thesee sequence motifs are underrepresented in vertebrates [72], and it has been 
proposedd that immune activation by CpG DNA has evolved as a result of 
evolutionaryy selections, contributing to host defense mechanisms that recognize 
invadingg microbial agents [73]. CpG ODNs have been found to be protective in host 
defensee against intracellular pathogens such as Listeria monocytogenes and 
LeishmaniasisLeishmaniasis major [74, 75]. 

5.. A murine model of TB. 

Theree are several mouse models of TB. The most commonly used model involves 
intravenouss injection of M. tuberculosis [76]. However, this does not reflect the 
pathogenesiss of TB. A model in which TB is induced within the pulmonary 
compartmentt using aeorosol inhalation [77] bears the risk of contamination. In this 
thesiss intranasal inoculation was used to induce pulmonary TB in mice. The well-
definedd H37Rv laboratory strain of M. tuberculosis was used, which is also 
pathogenicc in man. Droplets of a suspension containing a lethal or sublethal dose of 
M.M. tuberculosis were put on the nares of the mice, after inhalation resulting in a 
locallyy induced model of pulmonary TB. 

6.. Aim and outline of the thesis 

Neww strategies for the treatment of TB are called for [78]. Studies that aim at 
manipulationn of the host immune response to TB and HIV are already occasionally 
undertakenn [79-81], In this thesis, several aspects of the immune response to TB are 
studied,, using clinical and experimental methods. Results may contribute to the 
designn of immunotherapy that is likely to promote the protective immune response. 

Chapterr  2 and 3 describe the prevalence and morbidity of patients with TB or an 
atypicall  mycobacterial infection (M. xenopi) in the Academic Medical Center. In 
Chapterr  4, concentrations of cytokines and soluble cytokine receptors sTNFRI and 
II,, sIL-lRI and II as well as IL-lr a were measured in sera of patients with TB in 
differentt stages of disease. Chapter  5 describes serum concentrations of Thl and 
Th22 cytokines during the course of TB. In Chapter  6, LPS-activity regulating 
proteinss LPB, BPI and sCD14 were measured during TB. Concentrations of 
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chemokiness IL-8, IP-10, MCP-1 and MEP-1(3 were measured during active TB, and 
thee ability of LAM to induce chemokines was examined (Chapter  7). LAM was 
comparedd to LPS in its ability to induce pulmonary inflammation in mice (Chapter 
8).. Regulation of migration of immune cells was studied in patients with TB as well 
ass in experimental endotoxemia. In Chapter  9 expression of CXCR1 and CXCR2 on 
granulocytess was studied. Chapter  10 desribes expression of uPAR and CDllb. 
HTVV patients are often coinfected with TB, and TB accelerates progression of HIV 
disease.. A possible mechanism of interaction of TB and HIV was studied. The 
expressionn of HIV coreceptors CXCR4 and CCR5 was examined in patients with TB 
(Chapterr  11) and during experimental endotoxemia (Chapter  12). The effect of 
thalidomidee on HTV coreceptor expression (Chapter  13), on granulocytes (Chapter 
14)) and on Thl/Th2 balans (Chapter  15) was studied. Chapter  16 evaluates 
treatmentt with CpG oligodeoxynucleotides in a mouse model of TB. Knock-out mcie 
aree a tool to study the role of the gene that was deleted. Using knock-out mice, the 
rolee of IL-1 receptor type I (Chapter  17) and IL-18 (Chapter  18) during TB was 
studied.. The role of alveolar macrophages was investigated in murine TB in Chapter 
19. . 
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Abstract t 

Objective.Objective. To inventory both clinical and demographical data of patients with 
tuberculosiss in the AMC, as well as diagnostic procedures, response to therapy and 
ratee of resistance. 
Design.Design. Retrospective, descriptive. 
Setting.Setting. The Academic Medical Center, Amsterdam, the Netherlands. 
Method.Method. The medical records of all patients with a bacteriologically confirmed 
infectionn with Mycobacterium tuberculosis complex between January 1993 and 
Decemberr 1995 were studied. 
Results.Results. 70 out of 100 patients with tuberculosis were not born in the Netherlands. 
Outt of 50 patients tested, 18 were HIV-positive. The most common abnormality seen 
onn X-rays of non-HIV-positive patients were caverns. The X-ray of HIV-positive 
patientss showed no abnormalities in 39%; there was no correlation with CD4 cell 
count.. In 74% of the patients with pulmonary tuberculosis the diagnosis was made by 
culturee of the sputum. Treatment consisted of INH, rifampicine, pyrazinamide and 
ethambutol.. Twelve patients were infected with resistant strains, of which two strains 
weree multidrug resistant. Four patients died of tuberculosis. 
Conclusion.Conclusion. Tuberculosis was seen mostly among immigrants. Only half the patients 
withh tuberculosis were tested for the presence of HIV antibodies. Culture and 
stainingg of sputum played a key role in the diagnosis of tuberculosis. Multiresistant 
tuberculosiss was present in 2% of the patients. Death due to tuberculosis in this 
populationn was 4%. 
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Introductio n n 

Afterr a decline in the incidence of tuberculosis, the number of newly diagnosed 

patientss with tuberculosis increases globally since 1984 and in the Netherlands since 

19877 [1-4, 5]. While the increase in the number of TB patients in the United States 

couldd largely be attributed to concurrent infection with HIV, increase in our country 

seemss associated with immigration [5-7]. It is unknown whether immigrants have 

differentt clinical symptoms. Clinical presentation of tuberculosis in HIV-positive 

patientss seems associated with immune suppression [5, 6, 8, 9]. 

Comparedd to the rest of the country, Amsterdam harbours a large percentage of both 

immigrantss and HIV-patients. In the Academic Medical Center in Amsterdam, we 

summarizedd the clinical and demographical data of tuberculosis patients treated 

betweenn 1993 and 1995. 

Methodss and Patients 

Chartss of patients older then 18 years in whom Mycobacterium tuberculosis complex, 

wass isolated between January 1993 until December 1996, and who were treated in 

thee AMC, were reviewed. Demographic data, clinical symptoms, diagnostic tools, 

therapyy and resistance patterns were recorded. An HIV-test was performed on 

clinicall  suspicion. It is likely that in a large AIDS research center, patients with risk 

factorss are easily tested. Hence, it seems probable that patients with an unknown HIV 

statuss do not have risk factors for acquiring FQV-infection. Therefore, data of HIV-

negativee patients and patients with an unknown HIV-status were combined and were 

termedd non-HIV-positive. Radiographs taken one week before or after collection of 

thee first positive culture were evaluated. Pleural involvement was considered an 

extrapulmonaryy localisation. Statistics were calculated using Chi square and exact 

Fisherr test. 

Results s 

M.M. tuberculosis was cultured in 105 patients and M. bovis in 2 patients. Records of 7 

patientss could not be found. 

ProfileProfile of the patients studied. 50 out of 100 patients with tuberculosis were tested 

forr HTV antibodies; 18 patients were HIV-positive and 32 HTV-negative (Table 1). 

Agee distribution, sex, race and lokalisation of tuberculosis did not differ between 

HTV-negativee patients and patients with an unknown HIV-status. HIV-positive 
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Tablee 1. Characteristics of patients with a positive M. tuberculosis complex culture. Academic 

Medicall  Center in Amsterdam, 1993-1995 

characteristic characteristic 

Meann age in years (range) 

Man(%) ) 

Birth h 

Thee Netherlands 

Restt of Europe 

Asia a 

North-Africa a 

Subsaharann Africa 

South-America a 

Unknown n 

Lokalisationn (%) 

Pulmonary y 

Pulmonaryy and extrapulmonary 

extrapulmonary y 

Riskk factor 

Intravenouss drugabuse 

Immunocompromisingg disease' 

Prednisonn usage 

pregnancy y 

Treatmentt in clinic (%) 

Durationn of hospitalisation (in weaks) 

HIVHIV status 

Positive e 

(n=18) ) 

42(29-63) ) 

17(94) ) 

9 9 

4 4 

3 3 

1 1 

1 1 

--

--

5(28) ) 

8(44) ) 

5(28) ) 

1 1 

1 1 

2 2 

--

16(89) ) 

3.5 5 

Negative e 

(n=32) ) 

32(29-67) ) 

23(72) ) 

7 7 

2 2 

6 6 

1 1 

4 4 

12 2 

--

13(41) ) 

7(22) ) 

12(37) ) 

--

4 4 

1 1 

1 1 

24(75) ) 

5.5 5 

Unknown n 

(n=50*) ) 

38(18-81) ) 

31(62) ) 

14 4 

1 1 

13 3 

4 4 

5 5 

12 2 

1 1 

19(38) ) 

5(10) ) 

26(52) ) 

--

10 0 

--

3 3 

33(66) ) 

2.5 5 

*Twoo patients refused an HIVtest (both CD4 count > 400/^.1). 
+Chronicc renal failure (clearance of creatinin <25 ml/min), diabetes mellitus, chronic obstructive 
pulmonaryy disease (obstruction in pulmonary function test), neoplasm (histologic proof) or an auto 

immunee disease. 

patientss more often had a pulmonary plus extrapulmonary lokalisation than non-
HIV-positivee patients. 70 out of 100 patients were not born in the Netherlands (Table 
1).. The distribution of pulmonary, pulmonary plus extrapulmonary or 
extrapulmonaryy lokalisation of the tuberculosis did not differ between HIV-negative 
patientss from Western Europe and HIV-negative patients from other countries. The 
twoo patients with positive M. bovis cultures were HIV-positive (one patient was 
fromm the Netherlands and one from Ghana). 
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Tablee 2. Results of the skin test of 100 patients with tuberculosis, Academic Medical Center in 
Amsterdam,, 1993-1995 (percentage between brackets). 

Positive* * 

Negative e 

Testt not read 

Testt not performed 

Positive e 

(n=18) ) 

0 0 

2(11) ) 

5(28) ) 

11(61) ) 

HIV HIV status status 

Non-positive e 

(n=32) ) 

300 (37) 

8(10) ) 

16(20) ) 

28(34) ) 
*Skinn test is positive in HIV-positive patients with an induration of > 5 mm and in HIV-negative 
patientss with an induration of >10 mm. 

DiagnosticDiagnostic tests. Results of the diagnostic tests (skin test, cultures and radiograph) 
didd not differ between HIV-negative patients and patients with an unknown HIV-
status.. The skin test was done in 61 out of 100 patients (Table 2). Non of the 8 non-
HIV-positivee patients with a negative skin test used immune suppressive therapy or 
hadd a immunocompromising disease; 2 patients were older then 65 years. Immigrants 
andd Dutch patients had equal numbers of positive skin tests. Diagnosis could be 
verifiedd by culture of the sputum in 42 out of 57 patients with pulmonary 
tuberculosiss (Figure); in 40 of these patients Ziehl-Neelsen (ZN)-staining was 
alreadyy positive. Culture of the bronchoalveolar lavage fluid confirmed diagnosis of 
133 patients. Results of diagnostic tests of pulmonary tuberculosis did not differ 
betweenn HIV-positive and non-HIV-positive patients, although culture of the faeces 
off  HIV-positive patients was more often positive compared to non-HIV-positive 
patientss (P<0.005, Table 3). X-ray of the thorax showed cavernous lesions in 23 out 
off  44 non-HIV-positive and in none of the HIV-positive patients with pulmonary 
tuberculosis.. Lymph adenopathy in hilus and/or mediastinum was seen more often in 
HIV-positivee patients than in non-HIV-positive patients (P<0.05). No abnormalities 
weree seen in 12 patients (5 HIV-positive and 7 HIV-negative). Median CD4 count of 
thee 18 HIV-positive patients was 110/u\l (range: 10-350). Patients with a CD4 count 
<< 100 (n=9; median 40 (10-90)) and patients with CD4 count > 100 (n=9; median 
1800 (100-350)) had the same number of lesions on the radiograph. Pulmonary plus 
extrapulmonaryy tuberculosis occurred more often in the group with low CD4 counts, 
butt this difference was not significant. There were no differences in the results of the 
radiographss between immigrants and patients born in the Netherlands. 
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TherapyTherapy and follow-up. Isoniazide (ENH), rifampicin, pyrazinamide and ethambutol 
weree given as initial therapy in 77 patients. An aminoglycoside was given 11 times 
(streptomycin:: n=7, amikacin: n=4). Side effects were mentioned in the charts of 
onethirdd of the patients, which was the most common reason to change therapy. 
Resultss of therapy were known in 91 out of 100 patients: 79 were cured and 6 
patientss were still in therapy when results were analyzed. After 9 months of therapy, 
materiall  of 2 patients again stained positive for ZN. Since both were not compliant, 

Figure.. Flow diagram of the contribution of diagnostic tests in 57 patients with pulmonary 
tuberculosiss in the Academic Medical Center, 1993-1995. ZN = Ziehl Neelsen, np = not performed, 
BALL = broncho alveolar lavage, +=positive, -^negative. 

reactivationn of the old infection is most likely, but whether it concerned a reinfection 
orr a recidive was not confirmed. 4 patients died of tuberculosis: one patients had a 
multidrugg resistant strain, 1 patient suffered tuberculous meningitis and was non-
compliantt (both HIV-positive), one patient had alcohol abuse and died 2 days after 
hospitalisationn and in one patient, diagnosis was made only after death. 

Resistance.Resistance. Resistance patterns did not differ between HIV-negative, HIV-positive 
andd patients with an unknown HIV-status, nor between immigrants and non-
immigrants.. Twelve patients were infected with a resistant strain. Multi drug 
resistancy,, defined as resistance against at least LNH and streptomycin, occurred 2 
times;; one strain was resistant against INH and rifampicin and one strain against 
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times;; one strain was resistant against INH and rifampicin and one strain against 
INH,, rifampicin, ethambutol and streptomycin. Resistance against one drug was seen 
88 times, to INH (n=5), pyrazinamid (n=2) and to rifampicin (n=l). Two strains were 
resistantt against ENH and streptomycin and ethambutol respectively. 

Tablee 3. Number of positive M. tuberculosis complex cultures and the total number of cultures of 
materialss from extrapulmonary lokalisations in tuberculosis patients stratified to their HIV status, 
Academicc Medical Center in Amsterdam, 1993-1995. 

Materials Materials HIVHIV status 

Positive e Non-positive e 
Pleurall  fluid 
ZNN stain 
Culture e 

Pleurall  biopsy 
ZNN stain 
Culture e 

Lymphh node 
ZNN stain 
Culture e 

Urine e 
ZNN stain 
Culture e 

Faeces s 
ZNN stain 
Culture e 

Biopsyy from the digestive tract 
ZNN stain 
Culture e 

Bonee marrow 
ZNN stain 
Culture e 

Blood d 
ZNN stain 
Culture e 

Skin n 
ZNN stain 
Culture e 

Skeleton n 
ZNN stain 
Culture e 

1/1 1 
1/1 1 

--
--

3/4 4 
3/5 5 

3/10 0 
4/10 0 

6/14 4 
6/13 3 

0/4 4 
0/2 2 

1/5 5 
2/5 5 

--
1/13 3 

1/2 2 
2/2 2 

1/2 2 
2/2 2 

2/14 4 
8/14 4 

3/7 7 
7/8 8 

12/22 2 
19/22 2 

3/23 3 
4/48 8 

1/6 6 
1/4 4 

0/1 1 
0/1 1 

0/3 3 
1/4 4 

0/1 1 

4/4 4 
2/4 4 

4/4 4 
2/4 4 
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Discussion n 

Inn 1993-1995, 70% of the 100 patients with a positive culture for M. tuberculosis 
complexx in the AMC was immigrant. Since 1992, more then half of the patients with 
tuberculosiss in the Netherlands is immigrant [7]. The percentage of immigrants from 
endemicc areas is also high in other western countries, suggesting tuberculosis is an 
importt disease [1-3, 10]. The percentage TB patients which were HIV-positive (18%) 
equalss that of TB patients in the USA [11]. However, this percentage may be an 
underestimationn considering the number of patients that were not tested for HIV 
antibodies.. HIV-positive patients with pulmonary tuberculosis did not show 
cavernouss lesions on the radiograph. Previously, an association between low CD4 
countt and an absence of lesions or abnormal lesions on the radiograph was found 
[12].. This was not confirmed in our study. We found a trend towards the occurrence 
off  pulmonary plus extrapulmonary lesions in patients with CD4 counts < 100/p.l 
(dataa not shown). There are conflicting data on the relation between CD4 count and 
thee localisation of tuberculosis [6, 13, 14]. 

Inn this study, the skin test was not consistantly used as a diagnostic tool. Sputum 
yieldedd the diagnosis in 75% of the patients with pulmonary tuberculosis. In almost 
alll  cases in which no sputum was available, bronchoalveolar lavage was diagnostic. 
However,, in 1 patient a lungbiopsy was needed. Faeces and urine of HIV-positive 
patientss was sent in for culture more often then of non-HIV-positive patients 
(P<0.0011 and P=0.053 resp., Table 3). Culture of faeces was more often positive than 
inn non-HIV-positive patients. The numbers in this study are low, but this finding is 
consistentt with previous results [8, 13]. Biopsies taken from the digestive tract were 
neverr culture positive (Table 3). Intestinal tuberculosis is uncommon, also in HIV-
positivee patients. Together, it is likely that positive cultures of faeces in HIV-positive 
patientss is caused by ingested sputum, not by tuberculous lesions in the intestines. It 
iss not clear why HIV-positive patients, who do not form cavities, more often have 
positivee cultures of the faeces. When sputum does not yield a diagnosis, a lavage of 
thee stomach can be considered as a diagnostic possibility (before performing a 
bronchoalveolarr lavage) [15]. 

Inn general, response to therapy was good. Mortality was 4%, to which non-
compliancee (n=l), infection with a resistant strain (n=l) or the absence of a diagnosis 
(n=2)) contributed. 12% of the strains was resistant. Among immigrants, resistance is 
higher,, especially among the recently arrived immigrants [16, 17]. This is consistent 
withh the finding that 6 out of 9 patients staying in an immigrant asylum were infected 
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withh resistant strains. Among homeless patients, which outside of the Netherlands is 
consideredd a risk factor [1, 18], there was no resistance. This may be due to the 
excellentt registration and follow-up performed by the municipal social health 
services.. 2% of the resistant strains were multidrug resistant; one patient came from 
Ethiopiaa and one patient had contracted the strain from Spain [19]. 

Inn the AMC, tuberculosis is mostly seen in immigrants, which is consistent with the 
findingss in other countries. An HIV test is performed in only half of the patients with 
tuberculosis.. Of the tested patients, 40% was HIV-positive. Culture of sputum is the 
hallmarkk of the diagnosis 'tuberculosis'. Multidrug resistance was present in 2% of 
thee patients. Mortality due to tuberculosis was 4% and was associated with 
insufficientt medication. 
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Abstract t 

MycobacteriumMycobacterium xenopi is associated with pulmonary disease in patients with loss of 

locall  or general host defense. 
Objectives:Objectives: To determine the occurrence of M. xenopi in our hospital during the time 
perodss 1987-1992 and 1993-1996, as well as the association of M. xenopi with 
humann immunodeficiency virus infection in the time period 1993 - 1996. The clinical 
significancee of M. xenopi in HTV-seropositive patients was evaluated. 
Design:Design: Retrospective review of charts and classification of patients based on earlier 
definedd definitions derived from the American Thoracic Society. 
Setting:Setting: Tertiary hospital 
Patients:Patients: Patients with a positive isolate of M. xenopi from January 1987 until 
Decemberr 1996. 
MainMain outcome measures: During the period 1993-1996 a significant increase in the 
numberr of patients with M. xenopi was found compared with the period 1987-1992. 
Off  25 patients, 22 were HTV-seropositive. 
Results:Results: The HTV-seropositive patients were classified as having definite (n=5), 
probablee (n=10) and unlikely disease (n=7) due to M. xenopi. Symptoms, median 
CD44 cell count, treatment and outcome did not differ between these groups. 

Conclusions:Conclusions: M. xenopi is an emerging pathogen, especially in HIV-infected 
patients.. The criteria of the American Thoracic Society for disease due to 
nontuberculouss mycobacteria, do not seem applicable to M, xenopi in HIV-infected 
patients.. We propose two positive cultures of M. xenopi and no other likely cause of 
symptomss present as criterium for disease due to M. xenopi in HIV-infected patients. 
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Introductio n n 

MycobacteriumMycobacterium xenopi is a slow growing nontuberculous mycobacterium (NTM) [1]. 

Infectionn of a susceptible host occurs presumably by aerolization of the organism or 

ingestionn in the gastrointestinal tract. Epidemiologic studies and skin test surveys 

suggestt that person to person transmission is rare [2]. 

Isolationn of M. xenopi from clinical samples may be indicative of clinical disease, 

however,, colonization without disease often occurs. Pulmonary infections induced by 

M.M. xenopi have usually been found in patients with predisposing conditions such as 

chronicc obstructive pulmonary disease, alcohol abuse, diabetes mellitus and after 

organn transplantation. The most common radiological manifestation of pulmonary 

infectionn in these patients is nodular abnormalities or cavities [3]. Extrapulmonary 

diseasee seems rare [4]. In 1984, an association of HIV-infection with M. xenopi was 

firstt reported [5, 6]. Since then, M. xenopi has been isolated from samples of 93 HIV-

positivee patients of which those with clinical symptoms often present with 

disseminatedd disease. Since HIV-infected patients can have concurrent illnesses, 

clinicall  significance of infection with M. xenopi is often uncertain. 

Too determine the occurrence of M. xenopi, we summarized all mycobacterial 

infectionss in our hospital and we reviewed the charts of patients from whom M. 

xenopixenopi was isolated. To identify the clinical significance of M. xenopi in HIV-

infection,, the characteristics of 22 HIV-infected patients with M. xenopi are 

describedd and a review of detailed case reports of HIV-infected patients with M. 

xenopixenopi infection was documented. 

Methods s 

Alll  mycobacterial isolates cultured from patients in the period from January 1987 to 

Decemberr 1996 were summarized. Charts of patients with M. xenopi isolated from 

Januaryy 1993 until December 1996 were reviewed. Age, sex, previous medical 

history,, clinical symptoms, number of positive isolates, resistance patterns, therapy 

andd outcome was recorded. X-rays taken one week before or after collection of the 

firstt positive culture, were evaluated by a radiologist. Patients were classified as 

havingg definite, probable or unlikely NTM disease based on recently formulated 

definitionss [7]. Definite disease was present when the patient met all of the following 

criteria:: 1) an infiltrate on chest radiography, 2) either repeated isolation from a non-

sterilee site or a single isolation of M. xenopi from a normally sterile localisation and 

3)) no other illness producing similar symptoms was present. Probable disease was 

presentt when the patient met either the first or the second criteria in addition to the 
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thirdd criterium. Disease was unlikely when criteria for definite or probable disease 
weree not met. The American Thoracic Society (ATS) classifies patients as having 
definitee (when all of the above criteria are met) or no disease (when not all of the 
abovee criteria are met) due to NTM [2]. We chose 3 instead of 2 patient groups to 
examinee the criteria in more detail. 

Specimenss for mycobacterial investigation were inoculated onto Lowenstein-Jensen, 
Coletsos-Basee and Bovine and a bouillon medium and cultured at 37 ° C and 45 °C 
forr at least 2 months up to a maximum of 6 months. Drug susceptibility-testing with 
isoniazidee (INH), rifampicin, streptomycin, ethambutol, ciprofloxacin and 
claritromycinn were done by comparing growth to a well known laboratory H37Rv 
strainn using Tarshis medium. 

Outcomee was evaluated by symptom abatement and culture results. Differences 
betweenn patient groups were assessed with chi squared-test. P-values below 0.05 
weree considered significant. 

AA medline search was performed to identify HIV-infected patients with M. xenopi 
colonizationn or infection. A total of 176 cases were identified [5, 6, 8-16], including 
44 studies listing NTM infections. The description for 163 patients was not sufficient 
forr classification according to the above mentioned criteria. In this paper we report 
133 detailed cases of HIV-infected patients with infection due to M. xenopi. 

Results s 

Inn the period 1993 to 1996, the number of M. xenopi isolates was significantly 
increasedd compared with the period 1987 to 1992 (p<0.05). In both time periods, M. 
xenopixenopi was the second most common NTM (Table 1). 
Off  the 25 patients from whom M xenopi was isolated, 22 (88%) were HIV-
seropositive.. Two patients were HIV-seronegative. One patient received 
chemotherapyy for progressive non hodgkin lymfoma and was classified as unlikely 
diseasee (one positive isolate from broncho alveolair lavage fluid and a pulmonary 
infectionn with a zygomycetes fungus). The other patient was a homeless, apparently 
immunocompetentt smoker. On the basis of two positive isolates from sputum, a 
normall  X-ray and absence of other disease, the disease was classified as probable. 
Onee elderly patient with pre-existing COPD and pleuritis carcinomatosa was not 
testedd for HIV antibodies and was classified as unlikely disease (one positive isolate 
fromm pleural fluid and Klebsiella pneumoniae pneumonia). 
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Tablee 1. Patients with a mycobacterial isolate who were treated in the 
Academicc Medical Center (Amsterdam, the Netherlands.) 

studyy period [n(%)] 

Mycobacteriall  species 
M.M. tuberculosis (%) 
M.M. bovis 
M.M. africanum 
M.M. avium 
M.M. xenopi 
M.M. kansasii 
M.M. intracellular 
M.M. gordonae 
M.M. species 
M.M. malmoense 
M.M. marinum 
M.M. fortuitum 
M.M. perigrinum 
M.M. terrae 
M.M. chelonei 
M.M. flavescens 
M.M. hemophilum 
M.M. gastri 

Total l 

Januaryy 1987 to 
Decemberr 1992 

2266 (57) 
7 7 
1 1 

113(28) ) 
14(3.5) ) 
8 8 
0 0 
3 3 

10 0 
0 0 
4 4 
5 5 
0 0 
1 1 
2 2 
2 2 
0 0 
1 1 

399 9 

Januaryy 1993 to 
Decemberr 1996 

1422 (48.5) 
2 2 
0 0 

855 (29) 
255 (8.5)* 
13 3 
7 7 
4 4 
4 4 
4 4 
3 3 
0 0 
2 2 
1 1 
0 0 
0 0 
1 1 
0 0 

293 3 

**  significant increase compared to previous time period 

Thee mean age of the 22 HIV-infected patients was 39 (range 30-56), 17 were male 
andd 14 were born in the Netherlands. Of these patients, 5 were classified as having 
definitee disease, 9 as probable disease and 8 as unlikely disease (Table 2). Isolation 
off  M. xenopi from a pulmonary specimen only was found in 11 patients, an 
extrapulmonaryy site in 6 patients and from both in 5 patients (Table 2). Symptoms 
suchh as fever, cough, night sweats, dyspnea and anorexia were not significantly 
differentt between patients with definite, probable and unlikely disease (data not 
shown).. The initial diagnosis in HIV-positive patients with M. xenopi was 
PneumocystisPneumocystis carinii pneumonia (PC?, n=6), tuberculosis (n=5), infection with M 
avium-intracellulareavium-intracellulare complex (n=4) and less frequently pulmonary Kaposi, 
toxoplasmosis,, Klebsiella pneumoniae pneumonia (n=2 each) and pneumonia due to 
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Tablee 2. Characteristics of 22 HIV-infected patients with M. xenopi 
Patient t 

Age, , 

Sexx t 

1. . 

29,, F 

2. . 

34,, M 

3. . 

36.. M 

4. . 

36,, M 

5. . 

36,, M 

6. . 

36,, M 

7. . 

29,, F 

8. . 

56,, M 

9. . 

42,, F 

10. . 

46,, M 

11. . 

35,, M 

12. . 
54,, M 

13. . 

49,, M 

sitee of 

infection n 

lungs s 

lungs s 

lungs. . 

stool l 

lungs. . 

stool l 

lungs s 

blood. . 

stool l 

lungs. . 

stool l 

lungs s 

lungs s 

lungs s 

lungs. . 

stool l 

lungs. . 

stool, , 

skin n 

faeces. . 

urine e 

CD4 4 

cells// 1̂ 

10 0 

10 0 

10 0 

30 0 

10 0 

20 0 

30 0 

160 0 

20 0 

10 0 

20 0 

50 0 

60 0 

Radiograph h 

Peribronchial l 
abnormalities, , 

enlargedd hilus 

interstitial l 

abnormalities s 

perihilarr and 

dorsolaterall  patches 

interstitial l 

abnormalities, , 

perihilarr and 

dorsolaterall  patches 

noduless in upper and 

middlee lobes 

infiltrate e 

--

normal l 

normal l 

normal l 

normal l 

normal l 

normal l 

normal l 

No/total l 

positive e 

isolates s 

2// 13 

3 /6 6 

6 /9 9 

3 /5 5 

3 /4 4 

4 /6 6 

3 /8 8 

4 /7 7 

5 /6 6 

2 /8 8 

3 /5 5 

5 /6 6 

4 /6 6 

Therapy y 

% % 

None e 

None e 

Ci.CI I 

None e 

R.. E, CI 

R.. E. CI 

R.. E. CI 

I.R.. P. E 

None e 

None e 

E.. CI, 

Clo o 

E,, CI, A 

E,, CI, 

Clo o 

outcomee and concurrent 

illnesses s 

diedd at 4 months, no 

abatementt of symptoms, 

culturess turned negative after 

22 months. P. aeruginosa 

infection n 

diedd at 4.5 months, cultures 

remainedd positive. 
Kaposii  sarcoma 

diedd at 2 months 

(euthanasia),, cultures 

remainedd positive Non 

Hodgkinn Lymfoma. 

ïmprovcmentt of pulmonary 

symptoms,, persistent 

diarrhoea,, cultures turned 

negativee after 2 mihs 

unknown:: lost to follow up 

Culturess remained positive 

forr 1 yr 

Symptomss abated, cultures 

turnedd negative 

Diedd at 18 months, cultures 

turnn negative.obduction: no 

M.M. xenopi 

Symptomss abated, cultures 

turnedd negative after 4 

months s 

Diedd at 6 months, cultures 

turnedd negative. A1DS-

dementia a 

Diedd at 2 months, no 

improvement.. cultures 

remainedd positive. No other 

causee of death 

recurrencee 4 months after 1 

yearr of therapy 

Diedd at 5 months, no 

abatementt of symptoms. 

Disease e 

§ § 

Definite e 

Definite e 

Definite e 

Detinue e 

Definite e 

Probable e 

Probable e 

Probable e 

Probable e 

Probable e 

Probable e 

Probable e 

Probable e 

culturess remained positive, 

noo other cause of death 
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Patient t 

Age. . 
Sext t 

14. . 

41.M M 

15. . 

35,, M 

16. . 

31.. M 
17. . 

31,M M 

18. . 
36,, M 

19. . 

37,, F 

20. . 

site e of f 

infection n 

lungs s 

lungs s 

lungs s 

stools s 

lungs s 

stools s 

spleen n 

CD4 4 

cells// |il 

10 0 

10 0 

330 0 

30 0 

10 0 

10 0 

20 0 

Radiograph h 

22 infiltrates in upper 

rightt lobe 

enlargedd hilus but no 

infiltrate e 

normal l 

Infiltrate e 

Normal l 

Normal l 

Normal l 

No/total l 

positive e 

isolates s 

11 / 14 

1/3 3 

11 /3 

2 /8 8 

11 12 

11 /3 

1/10 0 

Therapy y 
+ + 

1.. R. 
E,, Ci 

None e 

None e 

None e 

E,, CI, 

None e 

None e 

P. . 

Ci i 

outcomee and concurrent 

illnesses s 

Diedd at 2 months, no 

improvementt of symptoms. 

Noo further cultures obtained. 

Diedd at 2 months, cultures 

turnedd negative. K. 

pneumoniaepneumoniae pneumonia 

Symptomss improved, 

culturess turned negative 

Diedd at 2 months, cultures 

remainedd positive. E coli 

pneumonia,, sepsis 

Diedd at 16 months, cultures 
turnedd negative. S. aureus 

sepsiss and suspicion of NTM 

infection n 

unknown;; lost to follow up 

Died,, cultures of other 

Disease e 

§ § 

Probable e 

Unlikely y 

Unlikely y 

Unlikely y 

Unlikely y 

Unlikely y 

Unlikelv v 

21. . 

30, , 

22. . 

34, , 

M M 

M M 

lungss 20 Normal 

faecess 11 Normal 

specimenss remained 

negative.. P. aeruginosa 

pneumonia a 

2 /55 None Died after 4 months, culture Unlikely 

turnedd negative. P. carinn 

pneumonia a 

1/22 R, E, CI Symptoms improved. Unlikely 

culturess turned negative. 

**  No. of positive isolates of M. xenopi I no. of total mycobacterial cultures before therapy and within 2 months of 

thee first isolate. ¥ Classification according to the criteria mentioned, t F= female, M= male, + Ci=cyprofloxacin; 

Cl=claritromycin;; Clo=clofazemin, E=efhambutol; I=isoniazid; P=pyrazinamid; R =rifampicin; S=streptomycin 

H.H. influenza (n=l). The X-ray was abnormal in 8 of the 22 patients, however, no 
cavitationn was seen. No difference in CD4 cell count was found between patients 
withh definite, probable and unlikely disease. Therapy was given to 2 of the 5 patients 
withh definite disease, 7 of the 9 with probable disease and 2 of the 8 with unlikely 
disease,, suggesting that the current disease classification was not properly used 
(Tablee 2). 21 of the 22 patients were infected with strains resistant to one or more of 
thee following drugs: INH (n=16), ethambutol (n=10), rifampicine (n=9), 
streptomycinee (n=7) and ciprofloxacin (n=5). This did not influence the outcome of 
disease.. Two patients were lost to follow up. Ten patients died within 6 months after 
isolationn of M. xenopi. Of these, 3 patients had unlikely disease and another probable 
causee of death, 3 patients had definite disease and 4 patients had probable disease. 
Deathh due to infection with M. xenopi was likely in at least 3 patients with definite or 
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probablee disease. 

Thuss far, 13 detailed case-reports of HIV positive patients with definite disease due 
too M. xenopi were reported (Table 3). Five patients had pulmonary, 1 patient had 
extrapulmonaryy and 7 patients had both pulmonary and extrapulmonary disease. 
Mediann CD4 cell count was 50 (range 10-340) and the number of isolates 3.5 (2-12). 
Thee X-ray showed cavitation in 5 patients and was reported norma! in 2 patients. 
Fivee of the 11 patients of whom follow up was obtained died; 3 of this group 
receivedd anti mycobacterial therapy. 

Discussion n 

M.M. xenopi can cause disease in immunocompromized patients. We determined the 
occurrencee of M. xenopi. A significant increase was found in patients with M. xenopi 
inn the period 1993-1996 when compared with the period 1987-1993. We found M. 
xenopixenopi to be strongly associated with HIV-infection. 
Ann increasing number of reports [3-13, 15-21] have implicated M. xenopi as an 
emergingg pathogen which causes opportunistic infection in HIV-patients. 
Contaminationn in the laboratory and nosocomial acquisition from the hospital water-
supplyy could be responsible for the high number of isolates of M. xenopi isolated 
fromm HIV-infected patients [22]. Clustering of M. xenopi, defined as positive cultures 
fromm 2 different patients in the same month, occurred 4 times during 9 years (data 
nott shown). Contamination or nosocomial acquisition, therefore, seem unlikely. The 
strongg association of M. xenopi isolation and HIV infection is consistent with a 
previouss reported correlation with NTM isolation and HIV [14]. Patients from whom 
M.M. xenopi was isolated were significantly more likely to be HIV infected when 
comparedd to other patients from whom other NTM were isolated [12]. 
Extrapulmonaryy NTM disease in patients that were not infected with HIV is rare [18, 
23].. Consistently, the 3 patients that were not HIV-positive in our study presented 
withh pulmonary disease. In reports of M. xenopi causing disease in HIV-infected 
patientss however, disseminated disease has nearly always been found (Table 2). In 
ourr study, only 11 of the 22 HIV- positive patients had positive isolates from 
extrapulmonaryy sites. Of the patients with only pulmonary disease, cultures from 
blood,, urine and faeces excluded disseminated disease in these patients (data not 
shown).. We conclude that M. xenopi can cause both pulmonary and extrapulmonary 
diseasee in HIV-infected patients. Clinical presentation such as fever, productive 
cough,, night sweats and dyspnea, did not differ between patients with definite, 
probablee or unlikely disease. Since tuberculosis and PCP are often first mentioned in 
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thee differential diagnosis, infection with M. xenopi or another NTM should be 
consideredd in patients presenting with the described symptoms. 
Tablee 3. Summary of detailed case reports on HIV-infected patients with M. xenopi 
infectionn until, subtracted from MEDLINE 
Patient t 

[reference] ] 

233 [5] 

244 [6] 

25-266 [8] 

277 [10] 

288 [11] 

299 [9] 

300 [9] 

311 [23] 

322 [23] 

333 [23] 

344 [23] 

355 [23] 

Sitee of 

infection n 

lungs,, liver 

lungs,, liver 

lungs,, stool, 

bloodd or 

bonemarrow w 

lungs s 

lungs s 

lungs s 

lungs. . 

peritracheal l 

abcess s 

lungs s 

lungs,, stool, 
lymff  node, 
bonee marrow 

lungs,, lymf 

node,, bone 

marrow w 

lungs s 

blood d 

CD4 4 

cells// |il 

NR R 

NR R 

NR R 

NR R 

20 0 

340 0 

50 0 

340 0 

50 0 

10 0 

168 8 

--
10 0 

X-ray y 

initially : : normal. . 

Inn readmittance: 

reticularr in 

Normal l 

Abnormal l 

Cavitation n 

Cavitation n 

Cavitation n 

Cavitation n 

Infiltrate e 

Titrates s 

with h 

pleurall  reaction 

Cavitation n 

interstitial l 

infiltrates s 

infiltrate e with h 

bullouss disease 

normal l 

Isolates s 

* * 
4 4 

NR R 

NR R 

NR R 

NR R 

2 2 

>5 5 

3 3 

12 2 

6 6 

2 2 

2 2 

Therapyy t 

I.. R, P 

1.. R, P. S 
NR R 

I,, E, S. Ci 

I,, R. P. S 

I,, R. P. E, Ci 

I.. R. P 

I,, R, P, E, Ci 

1,, R, P, Ci 

None e 

I,, R, P. E 

None e 

Outcome e 

improved d 

NR R 

NR R 

diedd at 10 months 

improved d 

improved d 

diedd at 18 months 

improved d 

died d 

died d 

improved d 

died d 

Disease e 
+ + 

definite e 

definite e 

definite e 

definite e 

definite e 

definite e 

definite e 

definite e 

definite e 

definite e 

definite e 

definite e 

**  No. of positive isolates of M. xenopi. 

tt Ci=cyprofloxacin; Cl=claritromycin; Clo=clofazemin; E=ethambutol; I=isoniazid; NR=not reported; 

P=pyrazinamid;; R =rifampicin; S=streptomycin. % Classification according to the criteria mentioned 

Inn the case-reports from MEDLINE, patients presented with cavitation on chest X-
rayy (Table 3). In contrast, the patients described here did not show rontgenologic 
abnormalities.. In HIV-positive patients with impaired cell-mediated immunity that 
aree infected with M. tuberculosis, the X-ray may show no abnormalities [17]. The 
loww CD4 cell count in our patients may account for the lack of abnormalities on X-
ray.. Criteria for definite disease due to M. xenopi require an abnormal chest X-ray, 
[2,, 7, 24], although it has been stated that too littl e was known of M. xenopi to be 
certainn of the applicability of these criteria for this mycobacterial strain [2]. 
Patientss from all 3 groups received therapy. There was no difference in outcome 
betweenn the 3 patient groups. Nearly all of the patients were infected with strains 
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resistantt to one or more antibiotics. Consistant with other reports, resistance was not 
associatedd with clinical outcome [4, 19, 25]. Sensitivity tests are probably of 
questionablee value [2, 24]. The recommendations of the American Thoracic Society 
forr treatment of M. xenopi are a macrolide, rifampicin or rifabutin, and ethambutol 
withh or without initial streptomycin [2]. Interestingly, in this study no resistance to 
claritromycinn was found. However, no association of claritromycin and clinical 
improvementt was observed 

Inn conclusion, we found an increase in the number of M. xenopi isolates. There was a 
strongg association between M. xenopi and HIV infection. In view of the increasing 
numberr of reports, M. xenopi may be considered as an emerging opportunistic 
infection,, which causes both disseminated and pulmonary disease. Symptoms, 
treatmentt and outcome were comparable in patients classified as having definite, 
probablee and unlikely disease due to M. xenopi. Moreover, since it is likely that 
patientss with low CD4 cell counts show no X-ray abnormalities, even in clinical 
importantt infection, the existing criteria for disease should be revised for HIV-
infectedd patients. We propose two positive cultures and no other likely cause of 
diseasee symptoms such as fever, cough or night sweats, as criteria for disease due to 
M.M. xenopi in HIV-infected patients. If only one culture is positive, follow-up seems 
too be indicated to assess the presence of clinically significant infection. 
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Abstract t 

Serumm concentrations of tumor necrosis factor-a (TNF) and interleukin (IL)-lp, and 
theirr circulating inhibitors soluble TNF receptor type I (sTNFRI) and type II 
(sTNFRII),, IL-1 receptor antagonist (IL-lra) and soluble IL-1 receptor type II (sIL-
1RII),, were measured in 123 patients with tuberculosis (TB) in various stages of 
disease,, in persons who had been in close contact with patients with contagious 
pulmonaryy TB and in healthy controls. Levels of sTNFRI, sTNFRII and IL-lra, but 
nott of sIL-lRII, were elevated in patients with active TB compared to contacts and 
controls,, and declined during treatment. The concentrations of these mediators did 
nott differ between patients with pulmonary and extrapulmonary TB. The levels of 
sTNFRII  and IL-lr a were higher in patients with fever and anorexia. Neither TNF nor 
IL-11 (3 was detectable. We conclude that serum concentrations of sTNFR's I and n, 
andd IL-lr a may serve as markers of disease activity of TB. Sequential measurements 
off  these cytokine inhibitors may be useful in the monitoring of antituberculous 
therapy. . 
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Introductio n n 

Tuberculosiss (TB) is a re-emerging disease, affecting patients in both developing and 
industrializedd countries [1]. Treatment of TB is hampered by the increasing 
occurrencee of multi-drug resistant strains. At present, only few surrogate markers are 
availablee for the monitoring of antituberculous therapy. 
Thee protective immune response to TB involves the activation of infected 
macrophagess by antigen-specific T cells, and the subsequent killing of intracellular 
tuberclee bacilli [2]. Tumor necrosis factor-a (TNF) and interleukin 1 (IL-1) both 
contributee to the host defense mechanisms in mycobacterial infection [3, 4]. Several 
endogenouss mechanisms exist to limit the systemic activity of TNF and IL-1. TNF 
cann be bound by soluble TNF receptors (sTNFR), the extracellular domains of the 
typee I and type II transmembrane TNFR's [5], sTNFR's retain their affinity for TNF, 
andd can serve as inhibitors of TNF activity when present at high concentrations 
relativee to the cytokine. IL-1 receptor antagonist (EL-lra) regulates EL-1 activity by 
competitivelyy blocking EL-1R type I; soluble LL-1 receptor type II (sIL-lRII), the 
sheddedd ligand binding part of the corresponding cellular receptor, functions as a 
competitivee inhibitor of the binding of EL-1 to surface IL-1 receptors [6], TNF and 
EL-11 are seldomly found in the circulation of patients. It has been proposed that the 
serumm concentrations of endogenous inhibitors of these cytokines may indirectly 
reflectt the activity of these proinflammatory cytokines. Therefore, in the present 
studyy we sought to determine the serum levels of sTNFR's, EL-lra and sEL-lRH in 
patientss with active TB and after treatment. 

Methods s 

PatientPatient groups. Sera were obtained from 81 patients with active, culture proven TB. 
Meann age (range) was 35 years (15-86), and 32% was female. Of these patients, 45 
hadd pulmonary TB and 36 had extrapulmonary TB. Extrapulmonary sites included 
lymphh nodes (n=8), pleural (n=12), bone and joints (n=6), soft tissue (n=2), 
meningess (n=3), gastrointestinal tract (n=2) and disseminated disease (n=3). Sera 
weree also obtained from 15 patients with TB who had received therapy for at least 
twoo weeks, but had not yet completed therapy at the time of blood sampling, from 16 
patientss who had completed anti-tuberculosis therapy at least one month and not 
moree than one year before blood sampling, and from 11 patients who had completed 
anti-tuberculouss therapy at least one year and not more than two years before blood 
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sampling.. Of these 123 patients, 65 attended the Academic Medical Center and 58 
thee Municipal Health Service in Amsterdam, the Netherlands. There was no 
significantt difference in ethnic origin between patient groups, which comprised 
Europeann (43%), Asian (24%), African (17%) and South-American (16%) patients. 
Recordss of all patients with active TB were reviewed and clinical data such as fever 
(rectall  temperature above 38 °C) and anorexia were scored. Antibodies against HIV 
weree determined on clinical suspicion. 

ControlControl groups. Sera were obtained from 16 persons who had been in close contact 
withh patients with contagious pulmonary TB; one person was tuberculin skin test 
positivee and 15 persons were tuberculin non-responders. Sera were also obtained 
fromm 10 healthy Dutch male army recruits, all of whom were skin test negative. 
Assays.Assays. Blood was drawn and treated in the same manner in every patient. Sera were 
collectedd after centrifugation and stored at - 20° C until measurements. All assays 
weree performed in duplicate. Each assay was done in one run to minimize inter-assay 
variation.. All samples and standards were diluted in high performance ELISA buffer 
(Centrall  Laboratory of the Netherlands Red Cross Blood Transfusion Service, 
Amsterdam,, the Netherlands), which controls for Fc-receptor binding. Serum 
concentrationss of sTNFRI, sTNFRII, TNF and EL-lp were measured by ELISA (all 
fromm Medgenix, Brussels, Belgium) according to the instructions of the 
manufacturer.. sEL-lREI was measured by an ELISA essentially as described [7, 8]. 
Mousee anti-human IL-1RII mAb (5 u,g/ml) was used as capturing antibody, 
polyclonall  rabbit anti-human IL-1RII as labeling antibody, horseradish-peroxidase-
labelledd donkey anti-rabbit IgG as detecting antibody and recombinant sIL-lRII as 
standardd (reagents kindly provided bij Dr. John Sims, Immunex Co., Seattle, WA). 
IL-lr aa was measured by an ELISA using a mouse anti-human EL-Ira mAb (4 u,g/ml; 
Antibodyy Solutions, Ulkirch, France) as capturing antibody, biotinylated goat anti-
humann IL-lr a (100 ng/ml; R&D Systems, Abingdon, United Kingdom) as detecting 
antibodyy and recombinant human EL-Ira (R&D Systems) as standard. Detection 
limitss of the assays were 90 (sTNFRI), 150 (sTNFRH), 6.8 (TNF), 256 (EL-Ira), 16 
(EL-1REQQ and 24.7 (EL-1(3) pg/ml. 

StatisticalStatistical analysis. All values are presented as medians (range). Comparisons 
betweenn groups were made using the Wilcoxon rank-sum test for unmatched 
samples[9].. P-values below 0.05 were considered significant. 
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off  sTNFRI and II in patients 
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duringg and after treatment, in 
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contactt with contagious TB and 

inn healthy controls. Horizontal 

liness represent medians. 

Results s 

Serumm concentrations of TNF, sTNFRI, sTNFRH, IL-ip , IL-lr a and sIL-lRII were 

similarr in patients with pulmonary and extrapulmonary TB, and in patients with 

pleurall  TB and other forms of extrapulmonary TB (data not shown). Therefore, these 

groupss were combined. 14 patients were HIV-seropositive and 67 patients were 

eitherr HTV-seronegative or no antibodies to HIV were measured. Serum 

concentrationss of sTNFRI, sTNFRH, IL-ip , IL-lr a and sIL-lRH did not differ 

betweenn HIV-seropositive patients and HTV-seronegative patients or patients with an 

unknownn HIV-status (data not shown). Therefore, these patients were combined. In 

addition,, serum levels of these cytokine and cytokine inhibitors were similar in 

patientss who had completed therapy not more than one year and patients who had 

completedd therapy at least one year before blood sampling (data not shown). 

Therefore,, these groups were also combined. 
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Figuree 2. Serum concentrations 

off  IL-lr a and sIL-lRII in 

patientss with active TB. in 

patientss during and after 

treatment,, in persons who had 

beenn in close contact with 

contagiouss TB and in helathy 

controls.. Horizontal lines 

representt medians; dotted line 

representss detection limit of 

assayy (0.26 ng/ml) 

SolubleSoluble TNFR's (Figure I). All patient groups had significantly higher levels of 

sTNFRII  and II when compared to healthy controls. Median serum sTNFRI 

concentrationn in patients with active TB was 2.79 ng/ml (range 0.88-15.17). which 

wass significantly higher than in patients during therapy (1.57(0.60-4.27), p<0.01), in 

patientss who had completed therapy (1.93(0.93-8.14), p<0.05), in close contacts 

(1.52(1.08-4.35),, p=0.001) and in healthy controls (1.02(0.92-9.33), p<0.001). 

Mediann serum concentration of sTNFRU in patients with active TB was 6.57 ng/ml 

(rangee 1.81-26.69), which was significantly higher than in patients during therapy 

(4.35(2.15-9.33),, p=0.01), in patients who had completed therapy (4.81(2.53-11.22). 

p<0.05)) and in controls (3.30(1.64-5.51), p<0.001), but not in close contacts 

(5.51(2.07-14.44)).. No contacts converted their skin test. The one skin test positive 

contactt had relative high levels of sTNFRI (4.35 ng/ml) and sTNFRII (14.44 ng/ml). 

TNFF was undetectable in all groups. Median serum level of sTNFRI in patients with 

activee TB who had fever was 3.13(range 0.88-15.17) and was significantly raised 

comparedd to patients with a normal temperature (2.26(0.90-4.39), p<0.05). Also, 
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sTNFRII  was higher in patients who experienced anorexia (3.14(1.09-15.17)) 

comparedd to those who did not (2.11(0.88-11.68), p=0.001). sTNFRII did not differ 

betweenn patients with fever (6.47(1.82-12.91)) and patients with a normal 

temperaturee (6.96(1.96-26.70), NS) and tended to be higher in patients with anorexia 

(7.07(1.96-26.70),, p=0.07). compared to those without anorexia (6.00(1.82-14.38)). 

IL-lraIL-lra  and soluble IL-1R type II (Figure 2). All patient groups had significantly 

higherr levels of EL-Ira when compared to contacts and controls. Median serum IL-

lraa concentration in patients with active TB was 1.40 ng/ml (range <0.26-26.33), 

whichh was higher than in patients during therapy (0.79(<0.26-2.82), p=0.07). EL-Ira 

inn patients with active TB was significantly raised compared to patients who had 

completedd therapy (0.80(<0.26-10.06), p<0.05), as well to close contacts 

(0.44(<0.26-1.22),, p<0.001) and to controls (<0.26(<0.26-0.71), p<0.001). Median 

circulatingg sEL-lRII concentration in patients with active TB was 6.19 ng/ml (range 

2.44-40.75)) and was similar in all patient and control groups. EL-1[3 was undetectable 

inn all groups. In patients with active TB who had fever, EL-Ira was significantly 

raisedd compared to patients with a normal temperature (1.76(<0.26-16.24) versus 

1.23(<0.26-4.83),, p=0.01). Also, EL-Ira was higher in patients who experienced 

anorexiaa than in to those who did not (1.87(<0.26-16.24) versus 1.03(<0.26-13.52), 

p=0.001).. In contrast, sEL-lRII did not differ between patients with fever and 

patientss with a normal temperature (6.25(4.21-14.43), versus 5.79(2.44-36.98), NS) 

orr between patients with and without anorexia (6.08(2.51-14.43) versus 6.21(2.44-

36.98),, NS). 

Discussion n 

sTNFR'ss have been implicated as important endogenous regulators of TNF activity 

[5].. The serum concentrations of sTNFR's have been found to be elevated in a 

numberr of infectious diseases [10-13]. In particular for chronic infections, serum 

sTNFRR levels may be of use for the monitoring of treatment efficacy [12, 13]. To our 

knowledge,, the potential value of sTNFR concentrations as surrogate markers for 

diseasee activity in TB has not been investigated previously. We now report high 

levelss of sTNFR I and II in patients with active TB, both decreasing during 

treatment.. Notably, sTNFR concentrations did not differ between patients with 

pulmonaryy and extrapulmonary TB, suggesting that sTNFR levels in serum are 

indicativee of TB disease state irrespective of the site of the infection. 

Inn accordance with other studies in patients with chronic infections, TNF 

concentrationss were very low [12, 13]. Conceivably, TNF levels were elevated only 
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att the site of the infection, as has been reported for tuberculous pleuntis [14]. Other 
evidencee for increased TNF production in patients with TB is derived from findings 
thatt bronchoalveolar cells obtained from the infected lung of patients with unilateral 
pulmonaryy TB produce more TNF than cells obtained from the uninvolved side in 
thee same patients [15] Further, peripheral blood monocytes from patients with newly 
diagnosedd TB produce greater amounts of TNF than patients with chronic refractory 
TBB [16]. Monocyte TNF production was significantly higher in patients with fever 
andd cachexia [17], as were sTNFRI levels in patients with fever and anorexia (this 
study).. Taken together, these data support the concept that sTNFR concentrations in 
serumm may indirectly reflect TNF activity. Consistent with our data, patients with 
tuberculouss meningitis had high sTNFR/TNF ratio's in cerebrospinal fluid when 
comparedd to patients with bacterial meningitis [18]. In addition, in patients with 
meningococcemia,, low sTNFR/TNF ratio's in serum were associated with enhanced 
mortalityy [11]. Thus, in chronic infection low TNF levels relative to sTNFR 
concentrationss are found, while in acute infection high TNF levels may overcome the 
potentiall  neutralizing activity of sTNFR's in the circulation. 

Endogenouss mechanisms regulating IL-1 activity include IL-lr a and sEL-lRII. Little 
iss known about the serum levels of these IL-1 inhibitors in patients with chronic 
infection.. We demonstrate here that EL-Ira, but not sEL-lRII, is elevated in patients 
withh active TB, with even higher levels in patients with fever and anorexia, 
decreasingg during antituberculous treatment. This finding is remarkable, since earlier 
studiess in patients with sepsis have documented similar increases in the serum levels 
off  both EL-1 antagonists [7, 8, 19, 20]. Interestingly, a bolus intravenous dose of 
endotoxinn only induced a rise in serum EL-Ira levels, while sEL-lRII concentrations 
remainedd unchanged [8, 20]. Together, these data suggest that shedding of the type EI 
EL-1RR to the circulation only plays a significant role in the regulation of IL-1 activity 
inn severe and acute illness, and that the serum concentrations of this soluble receptor 
cann not be used as a surrogate marker for TB disease activity. Like TNF, EL-ip was 
nott detectable in serum of patients with active TB, which does not exclude increased 
EL-11 activity in infected tissue [21]. 

TNFF and EL-1 have been implicated as mediators contributing to the protective 
immunee response during TB [3,4]. Since neither TNF nor IL-1 can be detected 
frequentlyy in the circulation during disease, their serum concentrations are hardly 
informativee of their local activity at the site of infection. It has been proposed that the 
serumm levels of the naturally occurring inhibitors of TNF and EL-1 provide more 
insightt in the production of these proinflammatory cytokines. Hence, increased 
serumm levels of sTNFR's and EL-Ira may indirectly reflect enhanced TNF and IL-1 
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production,, and may be indicative of an ongoing cytokine response. 

Inn conclusion, sTNFR type I and n, as well as IL-lr a are elevated in active TB and 
declinee during treatment. Moreover, sTNFRI and IL-lr a correlate with clinical 
symptomss of TB such as fever and anorexia. Hence, these cytokine inhibitors may 
servee as markers of disease activity in TB. Although it should be realized that 
increasedd sTNFR and/or IL-lr a levels are not specific for active TB, we propose that 
sequentiall  measurements of these mediators in serum may be useful in the 
monitoringg of antituberculous therapy; not replacing clinical parameters of disease 
activityy in TB, such as symptoms, chest X-rays and culture and smear results, but 
usedd in addition to these conventional parameters. 
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treatment t 
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S U M M A R Y Y 

Duringg TB cytokines play a role in host defence. To determine the cytokine pattern during various 

diseasee stages of TB, serum levels of IL-12. interferon-gamma (IFN--, >. IL-4. IL- 6 and IL-10 were 

measuredd in 8 1 patients with active TB, 15 patients during therapy and 26 patients after anti-tuberculous 

therapvv as well as in 16 persons who had heen in close contact with smear-posit ive TB and in 17 healthy 

controls.. I FN-*/ was elevated during active TB when compared with healthv controls, declining during 

andd after treatment. IL-12 tp40 and p70) serum levels were not significantly higher in patients with 

activee TB compared with any of the other groups. IL- 4 levels were low in all groups. IL- 6 and IL-10 

serumm le\e ls were elevated in patients with active I B and during treatment. In patients with active TB 

serumm levels of I FN-7 and IL- 6 were higher in patients with fever, anorexia and malaise. IL-12 levels 

weree higher in patients with a positive smear. Cytokine levels did not correlate with localization of TB 

(pulmonaryy versus extrapulmonary), or skin test positivity. Cytokines directing a Thl response (IL-12) 

orr a Th2 response (IL-4 ) were not elevated in sera of this large group ot' patients with pulmonary and 

extrapulmonary'' TB. In patients with active TB. cytokines that were elevated in serum were IFN-7. IL- 6 

andd IL-IO . 

Keyword ss tuberculosis cytokines 

I N T R O D U C T I O N N 

Despitee advances in therapy. TB remains responsible for 2 -3 

millio nn deaths annually. If world-wide control of TB does not 

improve.. 90 millio n new cases and 30 mill io n deaths are expected 

fromm 1990 to 1999 [1], Of persons infected with Mycobacterium 

tuberculosis,tuberculosis, 5 -10 -̂ develop tuberculous disease; most people 

becomee healthy tuberculin reactors. 

Resistancee to mycobacterial infections is mediated by macro-

phages.. T cells, and their interaction, and is dependent on the 

interplayy of cytokines produced by each cell [2]. CD4* T celis are 

consideredd to consist of two subsets: Thl cells, characterized by 

thee production of interferon-gamma (IFN-7) and IL-2. and Th2 

cells,, characterized by the production of IL-4. IL-5 and IL-6. 

However,, when cytokine levels are measured in serum, it is not 

possiblee to determine the ongin of these cytokines. Therefore, we 

wil ll  not refer to measured cytokines as Thl or Th2 cytokines. 

Correspondence:: A. Verbon MD. PhD. Department of Internal 
Medicinee F4-222. Academic .Medical Centre. Meibergdreet 1. 1105 AZ 
Amsterdam.. The Netherlands. 

IL-122 has been implicated as an important factor in the 

pathogenesiss ot T cell-mediated pathology because it drives 

ant igen-nanee Th cell-- towards development to Thl cells | 3 |. 

Althoughh IL- 6 is considered a type 2 cytokine, it is associated 

withh protection against M. tuberculosis [4|. In addition, mice 

deficientt in either IFN-7 or IL-12 are highly susceptible to 

infectionn with M. tuberculosis [5.6]. Moreover, vaccination experi-

mentss in mice showed that either high doses of M. vaccae (shown 

too induce a Th2 response) or use ot a TB subunit vaccine in an 

adjuvantt that induced a Th2 response increased the susceptibility 

off  the animals to a subsequent challenge with M tuberculosis [7.X]. 

Inn a model of in vitro mycobacterial infection, peripheral blood 

monocytess of patients with TB were shown to have increased 

numberss of IL-4-secreting T cells compared with skin test-positive 

controls,, but no significant difference in IFN-7-producing cells [9], 

Inn another study diminished expression of IL-2 and IFN-7 was 

found,, while no change in IL-4. IL-10 and IL-13 could be detected 

[10]. . 

Knowledgee of systemic levels of different cytokines in patients 

withh TB is limited. In the present study we sought to determine 

serumm concentrations of IFN--,. IL-12, IL-4, IL-6, and IL-10 in 

<"  19'W Black well Science 
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patientss with active pulmonar) or extrapulmonary TR. and to samples was done to compare differences in cytokine levels 

comparee those with levels in patients with TB during and alter between groups of patients. P<{)()5 was considered significant. 

treatment.. TB contacts and health) subjects. In addition, the 

relationn oi cytokine levels and clinical wmpioms in patients with 
„ , ,, ,'. . R E S U L TS 
II  D was studied. 

Thee mean IFN--) serum level in patients with active TB was 22 pg/ 

P A T I E N T SS A N D M E T H O D S 

StudyStudy population 

Seraa were obtained from 81 patients with active TB before 

treatment.. Mean age was 35years (range 15-86years), and 689( 

weree male. Of these patients. 45 had pulmonary TB and 36 had 

extrapulmonaryy TB. Extrapulmonary sites included pleural 

(n(n = 11), k m ph nodes (;i = 9), soft tissue in = 2), meninges 

(fll  = 3), gastrointestinal (n = 2). bone and joints (/i = 6) and dis-

seminatedd disease in = 3). Sera were also obtained from 15 

patientss with TB who had been treated for at least 2 weeks, but 

hadd nol yet completed therapy at the time of blood sampling (mean 

agee 39years, range 22 -86years) and from 26 patients who had 

completedd anti-tuberculous therapy (mean age 48 years, range 2 0-

799 years). Of these 122 patients. 64 attended the Academic Medical 

Centre,, a tertiary referral hospital, and 58 the Municipal Health 

Service,, a regional reference centre for TB. There was no sig-

nificantt difference in age or ethnic origin between patient groups. 

Thee ethnic origin comprised European (43%). Asian (24%), 

Africann (17%), and South-American (16%). Records of all patients 

withh active TB were reviewed for clinical data as fever (rectal 

temperaturee >38°C), anorexia, skin test, bacille Calmette-Guer in 

(BCG)) vaccination, direct microscopy, and malaise. 

Furthermore,, sera were obtained from 16 persons who had been 

inn close contact with patients with smear-positive TB (mean age 

355 years, rang 14-71 years) and from 17 healthy Dutch male army 

recruitss (all skin test-negative and mean age 20years, range 18-

233 years). 

(a) ) 
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Assays Assays 

IFN-77 and IL- 4 were measured with an ELISA (Central Laboratory 

off  the Netherlands Red Cross Blood Transfusion Service, CLB, 

Amsterdam,, The Netherlands) according to the instructions of the 

manufacturer.. The detection limit s of the assays were 5-0pg/ml 

andd 1-Opg/ml. respectively. 

Concentrationss of IL-12 p40 were determined by sandwich 

ELISAA using IL-12 p40-specific MoAb CI 1.79 (2fig/m\) as coat-

ingg antibody, biotinylated anti-human IL-12 p40 MoAb C8.6 

(05 / ig /m l)) as detecting antibody and human recombinant IL-12 

ass standard. Human rIL-12 was kindly provided by Dr M. K. 

Gatelyy (Hoffmann La Roche Inc.. Nutley, NJ); (he hybridomas 

producingg the IL-12 p40-specific MoAbs CI 1.79 and C8.6 were 

kindlyy provided by Dr G. Trinchieri (The Wistar Institute. Phila-

delphia.. PA). The detection limi t oi the assay was 30pg/ml. 

Concentrationss of IL-12 p70 were measured using a mouse anti-

humann IL-12 p70 MoA b (2/tg/mI) as capturing antibody, biotiny-

latedd goat anti-human IL-12 p70 (150 ^g/ml) as detecting antibody 

andd recombinant human IL-12 p70 as standard (all from R&D 

Systems.. Abingdon. UK). The detection limi t was 4-9pg/ml. 

IL- 66 and IL-10 were measured by ELISA (Pharmingen, San 

Diego.. CA) according to the instructions of the manufacturer. 

Detectionn limit s were 8-2 and 24-7 pg/ml. respectively. 

1000 0 

StatisticalStatistical analysis 

Pair-wisee analysis using Wilcoxon rank sum test for unmatched 
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IL-122 p40 serum levels were not significantly higher in patients 

withh active TB compared with any of the other groups {Fig. I). IL-

122 p70 serum levels were not detectable in patient or control 

groupss (data not shown I. 

Thee association between clinical data and serum UN--, and 

IL-122 p4M levels was determined in patients with active ' IB . No 

significantt association was found between serum levels ol these 

c\\ tokines and localization of TB (pulmonary or extrapulmonary ). 

skinn test posilivity, or prior BCG vaccination (data not 

shown). . 

Thee mean IFN--) serum level was significantly elevated in 

patientss with active TB and fever (46pg/ml) compared with such 

patientss without fever (29pg/ml; P = 0 0 0 h. and tended to be 

higherr m patients with anorexia (43 pg/ml) and malaise (43 pg/ml) 

thann in patients without these symptoms (33 and 33 pg/ml). Mean 

IL-122 serum levels were significantly lower in patients with a 

positivee smear in direct microscopy (39 pg/ml) compared with 

patientss without a positive smear (52 pg/ml; P = 0 0 4l ). 

IL- 44 serum levels were low (<20pg/ml) in all groups, and no 

differencee in IL-4 concentrations between groups was found (data 

nott shown). 

Thee mean IL-6 serum level in patients with active TB was 

355pg/mll  (s.e.m. 280pg/ml). which was significantly higher than 

inn patients during therap\ (/> = 0 ( ) l i . in patients alter treatment 

(PP = 0-001 ). m contacts ( P < 0 0 01 > and in control persons 

(P<0-001)) (see Fig. 2). IL-6 le\els were significant!) elevated in 

patientss with TB during and alter treatment compared with controls 

( P < 0 0 5)) (Fig. 2). 

Thee mean IL-10 serum level in patients with active TB was 

688 pg/ml (s.e.m. 42 pg/ml). but significantly higher than in patients 

duringg therap) i f < 0 0 0 l I, in patients after treatment (ƒ*<0-001 i. 

inn contacts C/*<0-001 ) and in control persons </J<0-001) Isee Fig. 

2).. IL- I 0 levels were significantly elevated in patients with TB 

duringg treatment compared with controls (P = 0-005 I (Fig. 2). 

Inn patients with active TB, no significant association was found 

betweenn serum levels of IL-4. IL- 6 and II..-10 and localization of 

TBB (pulmonary or extrapulmonary), skin test positivity, or prior 

BCGG vaccination (data not shown). 

IL- 66 was significantly higher in patients with anorexia (mean 

455 pg/ml) compared with patients without anorexia (29 pg/ml: 

PP = 0-002) and was elevated in patients with malaise (42pg/ml) 

andd fever (41 pg/ml) compared with patients without these symp-

tomss (32 and 34 pg/ml. respectively). although this was not 

statisticallyy significant. 

ttrfgut --
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Fig.. 2. Serum levels of IL-6 (a) and IL-
TBB and control subjects. A logarithmic 
representss one person. The median value 
byy a horizontal line. 
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mll  (s.e.m. 5-8pg/ml). which was significantly higher than in 

patientss during therap) (P<0-001), in patients after treatment 

(/><< 0-001). in contacts (P<0-001 I and in healthy control persons 

(,P<0-001)) (see Fig. 1). There was no significant difference 

betweenn patients with TB after treatment and contacts compared 

withh control subjects. 

D I S C U S S I ON N 

Previouss studies that sought to determine the cytokine balance at 

thee systemic level in patients with active TB used the 'exvivo' 

cytokinee production capacin of isolated peripheral blood mono-

nuclearr cells (PBMC) or Cl)4 T cells after stimulation. These 

investigationss have yielded conflicting results, reporting 

increased,, unchanged or decreased cytokine production [9 -11 ]. 

Althoughh the explanation for these apparent discrepancies is 

unclearr at present, it is conceivable that differences in isolation 

andd culture techniques, and differences in the stimulus used are 

involved.. In addition, it should be noted that the 'ex vivo' 

stimulatedd production of cytokines does not necessarily provide 

insightt into the actual status of the cytokine network in vivo. 

Indeed,, in patients with severe bacterial infections, much o\' the 

observedd organ injury is considered to be related to enhanced 

ickwelll  Science Lid. Clinical and Experimental Immunology. 115:1 10-1 13 
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inin vivo production of proinflammatory cytokines, while PBMC 

isolatedd from those patients produce significantly less cytokines 

uponn stimulation than cells from healthy controls 112], Therefore. 

inn the present study we chose to measure cytokine levels in 

serum. . 

IL-122 is a cytokine produced by phagocytic and antigen-

presentingg cells, it is an important activator of IFN-7 production 

byy T cells and natural killer cells and provides an early switch in 

thee differentiation of C D 4" T cells. Hence. IL-12 seems an 

importantt factor determining the outcome of TB [6.13|. In the 

presentt study in patients with active TB, IL-12 p40 concentrations 

weree not different from those in contacts and healthy controls. Of 

considerablee interest, however, was the fact that patients with 

positivee smears had significantly lower p40 serum levels than any 

off  the other study groups. Considenng the essential role of IL-12 in 

aa protective immune response to TB in mice [6] . and the tact that 

positivee smears are associated with a higher mycobacterial burden 

[14],, it is tempting to speculate that also in man IL-12 production 

playss a role in anti-mycobactenal host defence. 

IL- 44 levels were low in all groups tested. Although levels 

<< 20 pg/ml may still be biologically active, there was no significant 

differencee between patients with TB and control persons. This is in 

contrastt to the studies in which PBMC of 11 of 18 patients with TB 

hadd an elevated mRNA expression of IL- 4 [15] or in which an 

increasee of IL-4-secreting T cells was found compared with skin 

test-positivee controls [9]. However, others found that PBMC from 

patientss with TB did not produce significant quantit ies of IL-4. 

whereass either control subjects had a diminished production 116| or 

noo change in IL-4 expression could be detected [ l()|. This suggests 

thatt an altered balance between cytokines is implicated in tuber-

culouss disease, rather than elevation or decrease ot just one 

cytokine. . 

IL- 66 is usually thought of as a type 2 cytokine, but it may also 

bee produced by type 1 cells 117]. Although it has been shown that 

IL- 66 promotes the intracellular growth of mycobacteria in mono-

cytess [18.19]. it was found that IL- 6 seems critical in resistance to 

TBB [4]. In this study we showed that IL- 6 serum levels were 

elevatedd in the vast majority of patients with active TB. In addition. 

thee positive correlation between serum IL- 6 as well as I FN--, and 

clinicall  symptoms suggests that IL- 6 may be implicated in host 

defencee against TB. 

Cytokiness play an important role in the pathogenesis of TB. We 

demonstratee here that cytokines directing a Thl response 1 IL-12) 

o r a T h22 response (IL-4) are not elevated in sera of a large group of 

patientss with active pulmonary or extrapulmonary TB. Cytokines 

thatt were elevated in serum are IFN-7. IL-6. and IL-10. 
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Abstract t 

Lipopolysaccharidee (LPS) is the principal stimulator of host defense against gram-
negativee bacteria. LPS binding protein (LBP), bactericidal/permeability increasing 
proteinn (BPI) and soluble CD14 (sCD14) bind LPS and regulate its toxicity. 
Lipoarabinomannann (LAM) , a cell wall component of Mycobacterium tuberculosis, 
resembless LPS with respect to induction of inflammatory responses through 
recognitionn by LBP and sCD14. In this study LBP, BPI and sCD14 were measured in 
serumm of 124 patients with tuberculosis (TB) in various stages of disease, in persons 
whoo had been in close contact with patients with contagious pulmonary TB and in 
healthyy controls. Levels of these LPS-toxicity regulating proteins were elevated in 
patientss with active TB compared to contacts and controls, and declined dunng 
treatment.. The levels of LBP and sCDI4 were higher in patients with fever and 
anorexia.. LPS-regulating proteins may play a role in host defense during TB, 
presumablyy through interaction with LAM. 
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Introductio n n 

Itt has been estimated that one third of the world population is infected with 

MycobacteriumMycobacterium tuberculosis. In industrialized countries the number of tuberculosis 

(TB)) cases has failed to decline [1]. Host defense mechanisms during TB and 

pathwayss by which M. tuberculosis induces inflammatory responses are 

incompletelyy understood. 

Lipopolysaccharidee (LPS) is the principal stimulator of host defense against gram-

negativee bacteria. The biological availability of LPS is regulated by a number of 

serumm proteins, including LPS binding protein (LBP), bactericidal/permeability 

increasingg protein (BPI) and soluble CD14 (sCD14) [2]. LBP facilitates the binding 

off  LPS to CD14, a glycoprotein expressed on monocytes and neutrophils that is 

essentiall  for the induction of an inflammatory response to LPS. BPI is a protein 

secretedd by the azurophilic granules of neutrophils that binds and neutralizes LPS. 

LPSS activity can be further regulated by sCD14, the extracellular domain of cell-

boundd CD 14, which can either enable LPS to activate cell types that lack membrane 

CD144 or inhibit LPS effects on CD14 expressing cell types by competition for the 

bindingg of LPS with cell-associated CD 14 [2]. 

Lipoarabinomannamm (LAM ) is a lipid glycoprotein cell wall component of M. 

tuberculosistuberculosis that has been implicated as a major factor in the induction of cytokine 

releasee during TB [3, 4]. LAM shares many physiochemical properties with LPS and 

utilizess LBP, cell-associated CD14 and sCD14 in a similar way as LPS to exert 

inflammatoryy effects on cells [3-6]. Hence, it is conceivable that serum proteins 

involvedd in the regulation of LPS activity, also play a role in the regulation of the 

inflammatoryy response during TB by interference with the bioavailability of LAM . 

Therefore,, in the present study we determined serum concentrations of LBP, BPI and 

sCD144 in patients with TB before, during and after antituberculous treatment. 

Methods s 

PatientPatient groups. Patient groups have been described elsewhere [7]. Sera were 

obtainedd from 82 patients with active, culture proven TB. 32% of these patients was 

female.. Mean age (range) was 35 years (15-86). Of these patients, 46 had pulmonary 

TBB and 36 had extrapulmonary TB. Extrapulmonary sites included lymph nodes 

(n=8),, pleura (n=12), bone and joints (n=6), soft tissue (n=2), meninges (n=3), and 

gastrointestinall  tract (n=2). In 3 patients disease was disseminated. Sera were also 

obtainedd from 15 patients with TB who had received therapy for at least two weeks, 

butt had not yet completed therapy at the time of blood sampling, from 16 patients 
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whoo had completed therapy at least one month and not more than one year before 
bloodd sampling, and from 11 patients who had completed therapy at least one year 
andd not more than two years before blood sampling. Since analysis of the latter two 
groupss revealed no differences (data not shown), their results were combined. Of 
thesee 124 patients, 66 attended the Academic Medical Center and 58 the Municipal 
Healthh Service in Amsterdam, the Netherlands. There was no significant difference 
inn ethnic origin between patient groups, which comprised European (43%), Asian 
(24%),, African (17%) and South-American (16%) patients. Records of all patients 
withh active TB were reviewed and clinical data such as fever (rectal temperature 
abovee 38 °C) and anorexia (gross loss of appetite and weight loss) were scored. 14 
patientss were HIV-seropositive and 67 patients were either HIV-seronegative or no 
antibodiess to HIV were measured. Since no differences were found between HIV-
seropositive,, HIV-seronegative and patients with an unknown HIV-status (data not 
shown),, all patient data were combined. 

ControlControl groups. Sera were obtained from 16 persons who had been in close contact 
withh patients with contagious pulmonary TB; one person was tuberculin skin test 
positivee and 15 persons were tuberculin non-responders. Close contacts were all 
recrutedd from the municipal health service during contact research and did not differ 
fromm patient groups in age and ethnic origin. Sera were also obtained from 10 healthy 
controls,, matching in sex and age, all of whom were skin test negative. 

Assays.Assays. Sera were collected after centrifugation and stored at -20° C until 
measurements.. All assays were performed in duplicate. LBP was measured by 
ELISAA as described previously [8], using polyclonal rabbit anti-human LBP (5 
jig/ml)) as capturing antibody, biotinylated polyclonal rabbit anti-human LBP as 
labelingg antibody and recombinant LBP as standard. BPI was measured with an 
ELISAA as described [8], using monoclonal anti-human antibody (3 \ig/m\) as 
capturingg antibody, biotinylated polyclonal rabbit anti-human BPI IgG as detecting 
antibodyy and recombinant human BPI as standard. sCD14 was measured by an 
ELISAA according to the instructions of the manufacturer (Biosource Europe, Fleurus, 
Belgium).. Detection limits of assays were, 781 pg/ml (LBP), 391 pg/ml (BPI) and 2 
ng/mll  (sCD14). 

StatisticalStatistical analysis. All values are presented as medians (range). Comparisons 
betweenn groups were made using the Wilcoxon rank-sum test for unmatched 
samples.. Two-sided P-values below .05 were considered significant. 
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Results s 

LBP.LBP. Serum LBP concentrations did not differ between patients with pulmonary and 
extrapulmonaryy TB (85.1(12.3-411.0) and 71.5(25.4-334.0) ng/ml respectively, NS). 
Patientss with active TB had higher levels (78.6(12.3-3340.0) u,g/ml) than patients 
duringg therapy (32.7(8.8-187.0) ng/ml, P = .001), patients who had completed 
therapyy (29.0(10.6-268.0) ug/ml, P < .005), close contacts (40.4(12.2-150.0) u.g/ml, 
PP < .05) and controls (12.6(6.4-60.4) Hg/ml, P <.001) (Figure). In patients with active 
TBB who had fever or anorexia, LBP was significantly raised compared to patients 
withh a normal temperature or without anorexia respectively (Table). 

BPI.BPI. Serum BPI concentrations did not differ between patients with pulmonary and 
extrapulmonaryy TB (5.9(0.4-51.5) and 8.3(0.4-123.0) ug/ml respectively, NS). 
Patientss with active TB had higher BPI levels (6.7 (<0.4-123.0) ng/ml) when 
comparedd to close contacts (3.9(<0.4-0.5) ng/ml, P = .05) and to controls (1.8(0.5-
8.0),, P < .005). The median serum levels of BPI in patients who had completed 
therapyy (4.8(<0.4-32.9) ng/ml) and in close contacts were raised when compared to 
controlss (P < .05 and P = .05 resp.). There was no difference in BPI between patients 
withh and without clinical symptoms (Table). 

sCD14.sCD14. Serum sCD14 was significantly higher in extrapulmonary TB than in 
pulmonaryy TB (7.2(3.2-16.2) and 5.8(2.1-13.6) ng/ml respectively, P < .05). All 
patientt groups had significantly higher levels of sCD14 when compared to close 
contacts,, but levels of sCD14 of patients during therapy did not differ from controls. 
Mediann serum sCD14 concentration in patients with active TB (pulmonary or 
extrapulmonary)) was 6.0 (2.1-16.2) Ug/ml, which was significantly higher than in 
patientss during therapy (4.8(<2.0-9.0), P = .01), in patients who had completed 
therapyy (3.4(<2.0-9.4), P < .001), in close contacts (2.6(<2.0-4.0), P_< .001) and in 
healthyy controls (3.5(<2.0-6.4), P < .001). Median serum level of sCD14 in patients 
withh active TB who had fever was significantly raised compared to patients with a 
normall  temperature (Table). 

Discussion n 

Thee host immune response to TB is at least in part initiated by stimulation of 
inflammatoryy cells by the mycobacterial cell wall component LAM. 
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Figuree 1. 

Serumm concentrations of 

lipopolysaccharidee binding 

proteinn (LBP), 

bactericidal/permeability y 

increasingg protein (BPI) and 

solublee CD14 (sCD14) in 

patientss with active TB (n= 82), 

inn patients during (n=15l and 

afterr (n=26) treatment, in 

personss who had been in close 

contactt with contagious TB 

(n=16)) and in healthy controls 

(n=10).. Horizontal lines 

representt medians. 

Proteinss identified as regulators of LPS activity appear critically involved in the 

cellularr response to LAM . We determined the serum concentrations of LBP. BPI and 

sCD144 in patients with various manifestations and stages of TB. All three proteins 

weree elevated during active TB and declined during treatment. 

Increasedd serum concentrations of LBP have been reported previously in patients 

withh sepsis and healthy humans injected with LPS [8, 9], Our finding of elevated 

concentrationss of LBP in patients with active TB may have relevance for the host 

reactionn to TB. Indeed, LAM induces production of tumor necrosis factor and 

interleukinn 1(3 by the monocyte/macrophage cell line THP-1 via a CD14 dependent 

mechanism,, a process which is greatly enhanced by LBP [3, 4], Thus, elevated levels 
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Table.. Association of LBP, BPI and sCD14 with clinical symptoms during active 

tuberculosis s 

Feverr Anorexia 

Yess No Yes No 

LBPP (ug/ml) 92.3(18.9-3340.0)*  55.9(13.0-411.0) 91.2(18.5-3340.0)*  64.7(12.3-670.0) 

BPII  (ng/ml) 6.6(0.4-123.0) 6.8(0.4-123.0) 5.5(0.4-51.5) 6.94(0.4-123.0) 

sCD144 (ug/ml) 7.8(2.1-16.2)*  5.4(2.7-8.5) 6.5(3.1-16.2) 5.8(2.1-15.3) 
Dataa are median (range) of 82 patients with active TB. Fever was defined as rectal temperature 

>38°C;; anorexia as gross loss of appetite and weight loss. * = P<.05 for difference between absence 

andd presence of fever or anorexia. 

off  LBP may facilitate inflammatory reactions in patients with TB. In accordance, 

LBPP levels were higher in patients with fever and/or anorexia. Since LBP has also 

beenn found in bronchoalveolar lavage fluids of healthy humans and patients with 

lungg injury [10] it is likely that LBP also influences LAM bioavailability in lungs 

duringg pulmonary TB. 

BPII  is a neutrophil degranulation product that exerts bactericidal effects on gram-

negativee bacteria and neutralizes LPS activity in vitro and in vivo [2]. As in patients 

withh sepsis and in volunteers to whom endotoxin had been administered [8, 11], 

serumm BPI concentrations were higher in patients with active TB, albeit no 

differencess were found between patients with and without fever or anorexia. Further 

studiess are needed to determine whether BPI can influence LAM bioactivity in a 

similarr way as LPS, although this seems likely considering the over 40% amino acid 

sequencee homology between LBP and BPI, and the shared properties of LPS and 

LA MM with respect to LBP/CD14 interactions [2-6]. 

Previouss studies have documented elevated serum concentrations of sCD14 in 

patientss with sepsis [8]. Also, high levels of sCD14 have been found in 

bronchoalveolarr lavage fluid in patients with lung disorders, including TB [12, 13]. 

Ourr study expands these findings to elevated serum concentrations of sCD14 in 

patientss with active TB. sCD14 enables responses to LPS by cells with littl e or no 

membranee bound CD 14 [2]. Of interest, patients with extrapulmonary TB had higher 

levelss of sCD14 compared to patients with pulmonary TB. This may indicate a 

decreasedd sensivity of cell types in extrapulmonary sites to LAM when compared to 

alveolarr cells, but further studies on regulation of LAM bioactivity by sCD14 during 

TBB are needed. 

Wee here report that LBP, BPI and sCD14 are elevated in serum of patients with 

activee TB and decrease during treatment. Wether these proteins have an essential role 

inn mounting an inflammatory response during TB remains to be determined. 
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Abstract t 

Interleukinn (IL)-8, interferon-y-inducable-protein-10 (IP-10), monocyte-
chemoattractant-protein-11 (MCP-1) and macrophage-inflammatory-protein-lp1 (MIP-
1(3)) were elevated in patients with tuberculosis. IP-10 and MCP-1 were higher in 
fflV-seropositivefflV-seropositive than in fflV-seronegative patients with tuberculosis. 
Lipoarabinnomannann induced IL-8, MCP-1 and MlP-lf i in vitro, which was partly 
inhibitedd by anti-tumor necrosis factor antibody. 
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Thee immune response in tuberculosis (TB) requires formation of granulomas, 

characterizedd by lymphocytes, macrophages and neutrophils [1]. Chemokines induce 

leukocytee migration: interleukin (IL)-8 acts on neutrophils, interferon-y inducable 

protein-100 (IP-10) on monocytes and lymphocytes. Monocyte chemoattractant 

proteinn 1 (MCP-1) and macrophage inflammatory protein lf3 (MEP-iP) act on 

monocytess and T-cells. IL-8 is produced after phagocytosis of Mycobacterium (M.) 

tuberculosistuberculosis [2]. EP-10 is secreted in response to interferon-y (IFN-y), and is 

expressedd in the delayed type hypersensitivity response to PPD [3]. MCP-1 is 

producedd in lungs of mice infected with M. tuberculosis [4]. 

Wee measured IL-8, IP-10, MCP-1 and MIP-ip in serum of HIV-seropositive and 

HIV-seronegativee patients with TB (described elsewhere [5]): 87 patients had active 

TB;; 15 patients were HIV-seropositive, 63 patients were HIV-seronegative and in 9 

patientss no HIV-test was performed. Fever (rectal temperature above 38 °C) and 

anorexiaa were scored. Sera were obtained from 15 patients with TB receiving therapy 

(onee patient was HIV-seropositive), from 27 patients who had completed therapy, 

fromm 16 persons who had been in close contact with patients with contagious 

pulmonaryy TB and from 10 controls (all were HIV-seronegative). 

Figuree 1: 

Serumm concentrations of 

interleukinn (IL)-8 and 

interferonyy inducable 

proteinn (IP-10) in patients 

withh active TB (n=87), in 

patientss during (n=15) and 

afterr (n=26) treatment, in 

personss who had been in 

closee contact with 

contagiouss TB (n=16) and 

inn healthy controls (n=10). 
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Figuree 2: 

Serumm concentrations of 

monocytee chemotactic protein 1 

(MCP-1)) and macrophage 

inflammatoryy protein 1(3 (M1P-

1(3)) in patients with active TB 

(n=87),, in patients during 

(n=15)) and after (n=26) 

treatment,, in persons who had 

beenn in close contact with 

contagiouss TB (n=16) and in 

healthyy controls (n=10). 

Horizontall  lines represent 

medians. . 

Measurementss were done by ELISA, i.e. IL-8, TNF (CLB, Amsterdam, the 
Netherlands),, IP-10, MIP-ip (R&D Systems, Abingdon, United Kingdom) and 
MCP-11 (Pharmingen, San Diego, CA). The detection limits were 2 (IL-8), 4 (TNF), 8 
(MCP-1),, 128 (IP-10) and 15.6 pg/ml (MIP-IP). 
Dataa are presented as median (range) and compared using the Wilcoxon test for 
unmatchedd samples. Correlations by Spearmans test. 
IL-8,, IP-10, MCP-1 and MTP-ip did not differ between patients with pulmonary and 
extrapulmonaryy TB. Therefore, these groups were combined. IL-8 did not differ 
betweenn HIV-seropositive patients and HTV-seronegative patients (Figure 1). IL-8 
wass higher in patients and in contacts than in controls (HIV-seropositive active TB: 
20.77 (<2.0-1657.0) pg/ml, P<0.001; HTV-seronegative active TB: 22.3 (<2-3222.0) 
pg/ml,, P<0.001; during therapy: 47.7 (<2.0-2168.0) pg/ml, P<0.01: after therapy: 
30.22 (<2.0-246.4), P<0.001; close contacts: 38.3(3.7-413.4), P<0.001; controls: 2.8 
(<2.0-8.2)) pg/ml). Serum IL-8 remained elevated in patients in all stages of TB. 
Accordingly,, IL-8 in BALF did not decrease during the convalescent phase of TB 
[6].. Spontaneous secretion of EL-8 from macrophages may account for high levels of 
IL-88 during all stages of TB, as well as in contacts [7]. M. tuberculosis directly 
stimulatess IL-8, but also fL-1 and TNF can induce IL-8 [8], which may result in high 
IL-88 levels in active TB. 
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HTV-seropositivee patients with active TB had higher IP-10 levels than HIV-
seronegativee patients with active TB (1387.0 (559.0-3188.0) versus 462.3 (<128.0-
6881.0)) pg/ml, P<0.001). Serum concentrations of IP-10 were higher in all patient 
groupss and in contacts than in controls (HIV-seropositive active TB: P<0.001; HIV-
seronegativee active TB: P<0.001; during therapy: 172.1(<128.0-5933.3) pg/ml, 
P<0.05;; after therapy: 130.9(<128.0-712.4) pg/ml, P=0.058; contacts: 132.0(<128.0-
254.8)) pg/ml, P<0.05; controls: <128.0(<128.0-208.3) pg/ml). IP-10 concentrations 
weree elevated during active TB, with higher levels in patients with fever and 
anorexiaa (1126.0(128.0-6881.0) compared to non-symptomatic patients 
(408.8(128.0-1908.0),, P=0.001) and did not decline during treatment. Thl but not 
Th22 cell lines respond to IP-10 [9]. Consistently, IP-10 is found at sites of a Thl type 
immunee response [3].Therefore, elevated levels of EP-10 in serum suggest a systemic 
Thll  type reaction during TB. IP-10 production is under control of interferon-y, which 
iss an essential factor in host defense against TB [10, 11]. IP-10 reflects the number of 
activatedd T cells [12] and may account for the higher levels of IP-10 in HIV-
seropositivee than in HIV-seronegative patients. Whether HIV stimulates IP-10 
directlyy remains to be determined. Furthermore, we report for the first time an 
associationn of IP-10 with fever and anorexia in TB patients. 

HTV-seropositivee patients with active TB had higher MCP-1 levels than HIV-
seronegativee patients with active TB (Figure 2; 601.8 (223.7-1873.0) vs. 319.0 (98.1-
2034.0)) pg/ml, P<0.05). MCP-1 was higher in all patient groups when compared to 
controlss (HTV-seropositive active TB: P<0.01; HIV-seronegative active TB: P<0.05, 
duringg therapy: 319.1 (159-743.3), P<0.05; after therapy: 355.9 (187.4-799.3), 
P<0.001;; contacts: 289.4 (168.7-500.4), P=0.097; controls: 211.3 (31.2-161.3)). 
HTV-seropositivee patients with active TB had higher levels of MCP-1 than patients 
duringg therapy (P<0.05), after therapy (P=0.086) and contacts (P<0.05). HIV-
seronegativee patients with active TB did not differ from other patient groups and 
contacts.. MCP-1 is elevated at the site of infection during TB [4, 6, 13] and in serum 
(thiss study). Since HIV-seropositive patients had higher levels of MCP-1 than HTV-
negativee patients, HIV and M. tuberculosis may have an additive effect on MCP-1 
production. . 

Serumm MTP-lfi did not differ between HIV-seropositive patients and HIV-
seronegativee patients. During active TB, MTP-lp levels were elevated only in HIV-
seronegativee patients when compared to controls (154.6 (31.2-2197.5) vs. 126.0 
(31.2-161.2)) pg/ml; P<0.05). HIV-seropositive patients with active TB had elevated 
MTP-ipp levels (123.9 (38.2-497.7 pg/ml), but the difference with controls was not 
significant.. MTP-lp did not differ between patients with active TB and patients 
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duringg therapy (150.5 (61.3-770.1) pg/ml), after therapy (177.3 (59.3-550.4) pg/ml) 

andd close contacts (116.7 (67.9-316.2) pg/ml). During experimental pulmonary 

infectionn with M. avium, MIP-ip was associated with a protective function [14]. In 

ourr patient population, MIP-ip was modestly elevated in serum of patients with TB, 

therebyy providing the first evidence that the production of MIP-ip is enhanced 

duringg TB. Moreover, MIP-ip and IL-8 correlated weakly (r=0.47, P<0.001). No 

otherr correlations were found between chemokine concentrations. Since 

asymptomaticc HIV-positive controls were not included in this investigation, the 

relativee contribution of infection with HIV and TB to chemokine concentrations can 

nott be obtained with certainty from our measurements in HIV-seropositive TB 

patients. . 
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Figuree 3. 

Effectss of lipoarabinnomannan 

(LAM )) on interleukin (IL)-8, 

monocytee chemotactic protein 1 

(MCP-1)) and macrophage 

inflammatoryy protein 1(3 (MIP-

1(3)) after whole blood 

stimulationn with different 

concentrationss for 16 hours. 

Dataa are represented as mean

SDD of 6 subjects. 

Lipoarabinomannamm (LAM ) is a cell wall lipoglycan of M. tuberculosis that can 

inducee release of cytokines and IL-8 [7, 8]. Whole blood from six healthy donors 

wass stimulated for 24 h with mannose-capped LAM (containing 21.6 ng LPS per mg, 

preparedd from M. tuberculosis strain H37Rv [15], 1 Ltg of LAM corresponds with 

100 cfu), with or without anti-tumor necrosis factor a (TNF) antibody (mAb, MAK 

195F,, provided by Knoll, Ludwigshafen, Germany) or an isotype-matched mouse 

IgG.. Data were presented as mean  SD and compared using Student t-test. 

LA MM induced release of IL-8, MCP-1 and MIP-ip dose-dependently (Figure 3). IP-

100 was not produced after stimulation with LAM . Incubation with LPS 21.6 pg/ml 

(i.e.. the LPS content of the LAM preparation) did not induce detectable chemokine 

productionn (data not shown). This confirms earlier reports where LAM stimulated 

productionn of IL-8 [8, 16] and of TNF and EL-ip [7], 
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Table. . 
Effectt of an anti-TNF monoclonal antibody on LAM-induced chemokine production 
Chemokine e 

IL-8 8 

MCP-1 1 
MTP-lp p 

LAMM + IgG 

12.933 1 

11.266  12.54 

18.477 3 

LAMM + antiTNF 

0.122 * 

2.288  0.64* 

3.911 * 

%% inhibition 

922 3 

811 4 

766 6 
Dataa are mean  SE ng/ml chemokine levels of 6 different HIV-seronegative donors. Whole blood 

dilutedd 1:1 in RPMI was incubated for 16 h at 37°C with LAM (1 ng/ml) and anti-human TNF or 

controll  IgG (both 10 ng/ml). * indicates P<0.05 vs LAM + IgG. 

TNFF plays a pivotal role in mycobacterial host defense [17, 18]. Anti-TNF attenuated 
thee release of IL-8, MCP-1 and MUMP in whole blood stimulated with LAM 
(Table),, confirmative with earlier findings that elimination of TNF inhibits LAM-
inducedd IL-8 production [8]. During TB, TNF may act as an intermediate factor in 
thee release of IL-8, MCP-1 and MIP-lf i 
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Abstract t 

Lipoarabinnomannann (LAM), a cell wall component of Mycobacterium tuberculosis, 
inducess the production of cytokines and chemokines in vitro. Interleukin (IL)-l 
contributess to granuloma formation in tuberculosis (TB), and exerts effects via the 
IL-11 receptor type I (IL-1R). To determine the effects of LAM in the pulmonary 
compartmentt in vivo, and to establish the role of endogenous IL-1 herein, normal and 
IL-1RR deficient (7) mice were intranasally inoculated with LAM (50 ug). In normal 
mice,, LAM resulted in a neutrophilic cell influx into the bronchoalveolar lavage fluid 
(BALF).. LAM also induced increases in the lung concentrations of macrophage 
inflammatoryy protein 2, KC, tumor necrosis factor-a (TNF), IL-l a and IL-1(3. 
IL-1RR 7' mice had less influx of granulocytes in their BALF, and less granulocyte 
activationn than wild type mice. Also, lung TNF levels were lower in IL-1R7 mice. 
LAMM may be an important stimulator of innate immunity in infection with M. 
tuberculosistuberculosis via mechanisms that involve endogenous IL-1 activity. 
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Introductio n n 

Lipoarabinnomannamm (LAM) is a cell wall component of Mycobacterium (M.) 
tuberculosis,tuberculosis, which shares many physicochemical properties with lipopolysaccharide 
(LPS)) from Gram-negative bacteria [1], LAM can induce the release of cytokines 
andd chemokines by whole blood and mononuclear cells in vitro [2-5], by 
mechanismss that strongly resemble LPS [1, 6, 7]. Considering that LPS is an 
importantt factor in lung inflammation during Gram-negative pneumonia [8-11], it is 
conceivablee that LAM contributes to the initiation of a pro-inflammatory response 
afterr infection with M. tuberculosis. However, knowledge of the in vivo effect of 
LAMM within the pulmonary compartment is highly limited. 
LPS-inducedd pulmonary inflammation is characterized by enhanced production of 
cytokiness and chemokines within the lung, and the emigration of granulocytes into 
thee broncho-alveolar airspace [9, 12]. Several lines of evidence indicate that the 
proinflammatoryy cytokine interleukin (IL)-l is an important mediator of LPS-
inducedd inflammation in the lung. EL-l is produced in the pulmonary compartment 
afterr intratracheal administration of LPS, and inhibition of EL-l activity attenuates 
lungg inflammation elicited by LPS [10, 13]. Moreover, recombinant EL-l causes 
neutrophilicc infiltration in the lung comparable to LPS [9, 13]. In TB, EL-l 
contributess to formation and maintenance of granulomas during mycobacterial 
infectionn [14]. Elevated levels of IL-1 are found in bronchoalveolar lavage fluid 
(BALF)) and lungs of patients with TB [15, 16], suggesting that EL-l plays a role in 
thee immune response to TB in the pulmonary compartment. EL-l binds to EL-l 
receptorr (IL-1R) type I, which is responsible for the biological effects of EL-l, 
whereass EL-1R type II is a decoy receptor [17]. 
Inn this study we evaluated the in vivo effect of LAM in the pulmonary compartment 
inn mice. Furthermore, the role of EL-l in LAM-induced lung inflammation was 
determinedd by comparison of LAM effects in EL-lR type I deficient (EL-1R /) and 
wildd type mice. 

Methods s 

Animals.Animals. EL-1R7" mice back-crossed 6 times to a C57B1/6 background were kindly 
providedd by Immunex Corporation (Seattle, WA) [18]. C57B1/6 (EL-1R+/+) mice 
(Harlann Sprague Dawley Inc., the Netherlands) were used as wild type controls. Each 
experimentall  group consisted of 6 mice (sex- and age-matched; 7-8 weeks old) per 
timee point. EL-1R7" mice were normal in size, weight and fertility, and displayed no 
abnormalitiess in leukocyte subsets [18]. 
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LAM-inducedLAM-induced pulmonary inflammation. Mannose-capped LAM was isolated and 
preparedd from the rapidly growing M. tuberculosis strain H37Rv, kindly provided by 
Coloradoo State University, Fort Collins, CO, under National Institutes of Health 
Contractt NOl-A 1-75320. A pilot study was performed to establish an immune 
activityy inducing dose. 1 u,g of LAM corresponds with 104 cfu. The LAM 
preparationn contained 21.6 ng/mg LPS as determined by the Limulus test. Mice were 
anaesthesizedd briefly by inhalation of isoflurane (Upjohn, Ede, the Netherlands), and 
500 |ig LAM in 50 u,l phosphate buffered saline (PBS) was inoculated intranasally. 
Eachh experimental group consisted of 6 mice per strain (IL-1R+/+ and IL-1R"'") per 
timee point. Control mice received 50 u.1 PBS or 1.38 ng LPS dissolved in 50 uj PBS, 
i.e.. the amount of LPS contamination of the LAM preparation. After 4, 8 or 24 hours 
micee were anesthesized with FFM (fentanyl citrate 0.079 mg/ml, fluanisone 2.5 
mg/ml,, midazolam 1.25 mg/ml in H2O; of this mixture 7.0 ml/kg intraperitoneally). 
Bloodd was collected from the vena cava inferior, and BALF was obtained by 
flushingg the lungs 2 times with 500 uJ of sterile saline using an endotracheal cannula 
(Abbocath-TT cathether, Abbott, Sligo, Ireland). The lungs were harvested and 
homogenizedd immediately in 9 volumes of lysis buffer (0.5% Triton X-100, 150 mM 
NaCl,, 15 mM Tns, 1 mM CaCl and 1 mM MgCl, pH 7.40) at 4° C using a tissue 
homogenizerr (Biospec Products, Bartlesville, OK). Homogenates were centrifuged at 
14,0000 rpm for 10 minutes to remove cell debris, after which the supematants were 
storedd at -20° C. 

CellCell counts. Total cells present in BALF were counted in a haematometer, and 
leukocytee differentiation was determined on cytospin preparations stained with 
modifiedd Giemsa stain (Diff-Quick products; Dade, Düdingen, Switzerland). 

Assays.Assays. All assays were performed in duplicate. IL-1 a, IL-1$, IL-1 receptor 
antagonistt (IL-1RA), macrophage inflammatory protein 2 (MIP-2), KC and 
interferon-YY (IFNy) were measured by ELISA according to the instructions of the 
manufacturerr (R&D Systems; Abingdon, United Kingdom). In addition, tumor 
necrosiss factor-a (TNF, Genzyme, Leuven, Belgium) was measured. Detection limits 
off  assays were 82 (IL-1 a), 156 (IL-1P), 281 (IL-1RA), 111 (MIP-2), 93.8 (KC), and 
31.22 (TNF) pg/ml. 

StatisticalStatistical analysis. Differences between IL-1R7, EL-1R+/+ and saline controls were 
assessedd using the Mann Whitney U test for unmatched samples. P<0.05 was 
consideredd significant. 
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Results s 

Tablee 1. Effect of 25 and 50 |ig LAM administered to mice on cellular composition 
off  bronchoalveolar lavage fluid. 

255 Hg 
4h h 
8h h 

500 fig 
4h h 
8h h 

Controll  (4h) 

Cells s 
(xl04/ml) ) 

1 1 
12.3+0.9 9 

11.6+6.2 2 
36.8+2.2 2 

1 1 

% % 
granulocytes s 

1 1 
2 2 

19.7+16.2 2 
0 0 

1 1 

% % 
macrophages s 

2 2 
4 4 

2 2 
4 4 

2 2 

% % 
lymphocytes s 

4 4 
3 3 

0 0 
7 7 
0 0 

LAMM or PBS (control) was administered intranasally at t=0. Data are mean  SE of 4 mice per group 
perr time point. 

DoseDose finding pilot study. To establish the dose of LAM that induced an immune 
response,, 4 mice were intranasally inoculated with 25 or 50 \xg of LAM, after which 
bronchoo alveolar lavage was performed after 4 and 8 hours. Control mice received 
PBS.. The low dose did not induce cell influx into the pulmonary compartment 
comparedd to the PBS controls (Table 1). 50 |ig of LAM resulted in elevated numbers 
off  leukocytes in the BALF compared to controls. Leukocyte differentiation suggests 
thatt the increase in cells in BALF of mice inoculated with LAM results from a 
granulocytee influx (Table 1). Additional experiments using IL-1R and EL-1R+ + 

micee were performed with 50 u.g of LAM. Since the immune response was not 
diminishedd after 8 hours, an additional time point of 24 hours was included in these 
experiments. . 

InductionInduction ofIL-1. Intranasal administration of LAM to normal C57B1/6 mice induced 
ann increase in the lung levels of both IL-l a and IL-lf ï compared to saline controls, 
peakingg at 8 hours (2.6 2 ng/mg tissue, and 4 ng/mg tissue respectively, 
bothh P < 0.05 vs. controls; figure 1). LPS controls (i.e. mice inoculated with the 
amountt of LPS that contaminated 50 fig LAM, as determined by LAL-assay) did not 
differr from saline controls with respect to lung cytokine concentrations (data not 
shown).. To determine whether the absence of the functional EL-1R influences IL-1 
productionn after LAM administration, EL-la and IL-lf J levels were also measured in 
lungg homogenates of IL-1R7 mice intranasally exposed to LAM. Both IL-l a and IL-
lPP tended to be lower in IL-1R7 mice than in IL-1R+/+ mice, although the 
differencess did not reach statistical significance (Figure 1). In plasma, IL-l a and IL-
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IPP remained undetectable in all mice at all time points. Although IL-1RA could be 

readilyy detected in lung homogenates of all mice evaluated, LAM administration did 

nott result in an increase in IL-1RA levels in lungs, and there were no differences 

betweenn groups at any time point (data not shown). 

I I  IL-1R7" 
IHIL-"IRV V 
ii i control 

hours s 

Figuree 1. 

Meann  SE levels of IL-l a and 

IL-1PP in lungs of IL-1RT and 

IL-1R7**  mice inoculated with 

500 u.g of mycobacterial 

lipoarabinnomannan.. Controls 

receivedd sterile phosphate 

bufferedd saline. N=6 mice per 

groupp per time point. 

RecruitmentRecruitment of leukocytes. Compared to PBS (control mice), LAM induced a 

significantt increase in cell influx in BALF in both mouse strains, peaking at 8 hours 

andd lasting for at least 24 hours (Table 2). Cells recruited to lungs after LAM 

administrationn mainly were granulocytes. Compared to IL-1R+/+ mice, IL-1R7" mice 

hadd less granulocytes in BALF at 4, 8 and 24 hours, the difference only being 

significantt at the later time point (Table 2). LAM effects on cell influx in BALF were 

notnot caused by LPS contamination, since mice challenged with the amount of LPS 

withh which the LAM preparation was contaminated did not show changes in the 

cellularr content of BALF (data not shown). 

InductionInduction of chemokines and cytokines. Having established that LAM induced an 

influxx of granulocytes into lungs, we were interested in the levels of CXC 

chemokiness in lung homogenates. LAM administration was associated with elevated 

lungg levels of MIP-2 and KC when compared to PBS controls (P<0.05, Figure 2). 

Thee levels of these chemokines did not differ between IL-1R7" and IL-1R+/+ mice. 

Too determine the ability of both mouse strains to mount a pro-inflammatory cytokine 
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response,, TNF and IFNy were measured. LAM induced production of lung TNF in 

Tablee 2. LAM-induced changes in the cellular composition of bronchoalveolar 

lavagee fluid in IL-1R7 and IL-lRV^mice. 
IL-1R7'micee IL-lRVmice 

4h h 

8h h 

244 h 

Contro o 

l(4h) ) 

Cells s 

(xl04/ml) ) 

17.2+2.0 0 

32.8+4.0 0 

1 1 

8 8 

%% gran 

32.5+9.4 4 

0 0 

* * 

1.5+0.7 7 

%% mO 

6 6 

7 7 

0 0 

97.0+1.1 1 

%% lympho 

1.8+0.7 7 

1.5+0.5 5 

7 7 
t.5+0.7 7 

Cells s 

(xl04/ml) ) 

12.0+1.6 6 

30.5+7.1 1 

4 4 

8.3+2.1 1 

%% gran 

34.8+9.4 4 

5 5 

2 2 

3 3 

%% m* 

644 9 4 

21.6+4.3 3 

0 0 
6 6 

%% lympho 

2 2 

4 4 

0.7+0.3 3 

1.3+0.3 3 

LAMM (50 u.g) or PBS (control) was administered intranasally at t=0. Data are mean + SE of 6 mice per 

groupp per time point, gran: granulocytes. mO:macrophages, lympho:lymphocytes. *P<0.05 vs. IL-

1R+A A 

bothh strains (P<0.05 vs. controls, Figure 3). Notably, the TNF response was 

sustainedd in IL-1R+/+ mice and transient in IL-1R / mice, resulting in lower level of 

TNFF in lungs of IL-1R7 mice at later time points (P=0.09). IFNy was not induced in 

thee lung by LAM (data not shown). In plasma, TNF and IFNy were not detectable. 

2000 -i 

MIL-1R T T 
EBE3IL-1RT T 
II  I control 

hours s 

Figuree 2. Mean  SE levels of 

chemokiness KC and MIP-2 in 

lungss of IL-1RT and IL-1RT 

micee inoculated with 50 ug of 

mycobacterial l 

lipoarabinnomannan.. Controls 

receivedd sterile phasphate 

bufferedd saline. N=6 mice per 

groupp per time point. 

Discussion n 

Thee capacity of LAM to induce cytokines and chemokines in cell cultures in vitro 

hass been documented in a number of studies [4, 5, 7]. This study is the first to report 
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onn the in vivo effects of LAM in the pulmonary compartment. Intranasal 

administrationn of LAM resulted in a neutrophilic cell influx in BALF, which was 

associatedd with activation of granulocytes and elevated lung levels of the CXC 

chemokiness MEP-2 and KC, and of the pro-inflammatory cytokines IL-1 and TNF. 

Thee local production of IL-1 contributed to LAM-induced inflammation in the lung, 

sincee mice lacking the EL-1R type I, in which EL-1 can not exert biological effects, 

demonstratedd a relatively diminished influx of granulocytes in their BALF, and a 

lowerr level of TNF. Together, these data suggest that LAM is an important 

stimulatorr of the host response to mycobacterial infection, and that EL-1 is necessary 

inn mounting a full inflammatory response to a pulmonary challenge with LAM . 

hours s 

Figuree 3. Mean  SE levels of 

TNFF in lungs of' IL-1RT and 

IL-1R+/++ mice inoculated with 

500 ng of mycobacterial 

lipoarabinnomannan.. Controls 

receivedd sterile phasphate 

bufferedd saline. N=6 mice per 

groupp per time point. 

Inn vitro, LAM activates cells by mechanisms that are also used by LPS [1, 6, 7]. The 

resultss of the present study suggest that the intrapulmonary effects of LAM in vivo, 

resemblee previously described effects of LPS in lungs. Intratracheal administration 

off  LPS caused a neutrophilic cell influx in BALF of mice, peaking at 6 hours [9]. 

Similarly,, in this study, LAM installed intranasally resulted in an increase in 

neutrophilss in BALF, with a peak at 8 hours. Whereas LPS induced influx of 

lymphocytess and monocytes, LAM did not. 

Severall  lines of evidence indicate that EL-1 is important for neutrophil accumulation 

duringg lung inflammation. First, both EL-la and IL-i p can induce neutrophil influx 

inn lungs after intratracheal administration to rodents [13, 19, 20]. Second, EL-1 is 

foundd in high concentrations in lungs after a pulmonary challenge with LPS, and 

inhibitionn of this endogenous EL-1 activity inhibits LPS-induced neutrophil influx in 

BALFF [9, 11, 21]. We found that IL-1R7" mice had less granulocyte influx into 

BALFF than IL-1R+/+ mice after administration of LAM , suggesting that also during 

LAM-inducedd inflammation, EL-1 produced in the lung is an important mediator, 

eitherr directly or indirectly, of neutrophil migration. Further studies are warranted to 
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supportt this hypothesis, e.g. using anti IL-1 antibodies. Also, since IL-1R7" and IL-

1R7++ mice came from a different source, it is possible that the differences observed 

mightt have resulted from genetic differences of the mice unrelated to IL-1 receptor 

expression. . 

Otherr mediators that could be involved in LAM-induced neutrophil recruitment 

includee MIP-2, KC and TNF. Intratracheal LPS administration induces MIP-2 and 

KCC production by alveolar macrophages, resulting in elevated levels in BALF [22]. 

MIP-22 and KC correlate with influx of neutrophils in LPS-induced inflammation 

[22],, and inhibition of either MIP-2 or KC results in a reduced migration of 

neutrophilss into BALF after intratracheal injection of LPS in rats [23, 24]. In this 

study,, mycobacterial LAM induced elevated levels of MIP-2 and KC in the 

pulmonaryy compartment. However, no clear correlation of MIP-2 or KC with the 

numberr of granulocytes was seen (data not shown), consistent with the fact that MIP-

22 and KC are not exclusively responsible for granulocyte influx [23, 25]. In addition, 

MIP-22 and KC levels were similar in IL-1R7" and IL-1RV" mice, making it unlikely 

thatt these CXC chemokines were responsible for the differences in LAM-induced 

granulocytee influx in BALF in the two mouse strains. 

Ass in LPS-induced pulmonary inflammation [9], TNF was produced in the lung after 

LA MM administration. Lung TNF concentrations in this study were lower in ÏL-1R7 

thann in EL-1R+/+ mice, suggesting that endogenous IL-1 induces TNF production in 

thee pulmonary compartment after stimulation with LAM . Furthermore, considering 

thatt inhibition of TNF activity reduces LPS-induced neutrophil recruitment to BALF 

[11,, 21], these data indicate that a reduction in TNF production in the lungs of IL-1 R" 

/""  mice may have contnbuted to the diminished neutrophil accumulation in BALF of 

thesee mice. Hence, lower TNF levels due to lack of an endogenous IL-1 response 

mayy result in a suboptimal induction of other mediators of the immune response. The 

precisee role of IL-1 herein needs further studies. 

Thee levels of IL- l a and IL-i p tended to be lower in DL.-1R7" mice, suggesting that 

EL-11 can induce its own production in vivo. In accordance, production of IL-1 can be 

inducedd by stimulation of the type I IL-1R in vitro [17]. In addition, after LPS 

administration,, granulocytes are an important source of IL-1 [11]. Hence, the lower 

numberr of granulocytes in lungs of IL-1R7" mice may also play a role in their 

relativelyy reduced ability to produce IL-1. 

LA MM is a cell wall component of M. tuberculosis with potent pro-inflammatory 

activitiess in vitro. We demonstrate here for the first time that LAM given intranasally 
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inducess an inflammatory response in the pulmonary compartment of mice in vivo, 
characterizedd by granulocyte recruitment and activation in BALF, and enhanced 
locall  production of cytokines and chemokines. Granulocytes may form a first line of 
defensee during TB. However, lung tissue destruction has been associated with high 
numberss of granulocytes. Therefore, whether LAM contributes to host defense or 
ratherr facilitates mycobacterial invasion remains to be determined. LAM-induced 
lungg inflammation may be in part mediated by endogenous IL-1 activity. LAM from 
M.M. tuberculosis may be a principal stimulator of innate immunity during TB. 
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Abstract t 

Thee chemokine receptors CXCR1 and CXCR2 critically determine the functional 

propertiess of granulocytes. To obtain insight in the regulation of these receptors 

duringg infection, CXCR expression was determined on blood granulocytes by FACS 

analysiss in healthy humans after an intravenous injection of lipopolysaccharide 

(LPS),, and in patients with active tuberculosis (TB). LPS induced a transient 

decreasee in granulocyte CXCR1 and CXCR2 expression, while in TB patients only 

CXCR22 showed reduced levels. In whole blood in vitro, LPS, lipoarabinomannan 

fromm M. tuberculosis and lipoteichoic acid from S. aureus reduced CXCR2, but not 

CXCR1,, expression. CXCR2 downregulation induced by LPS or tumor necrosis 

factor-aa in vitro, was abrogated by a p38 mi togen-activated protein kinase (MAPK) 

inhibitor.. Granulocytes may downregulate CXCR2, and to a lesser extent CXCR1, at 

theirr surface upon their first interaction with (myco)bacterial pathogens by a 

mechanismm that involves activation of p38 MAPK. 
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Introductio n n 

Migrationn of granulocytes to the site of an infection is an important feature of the 
innatee immune response to invading microorganisms [1]. Once arrived at the 
infectiouss source, granulocytes mediate an array of antimicrobial activities, including 
thee release of reactive oxygen species and proteolytic enzymes. These early 
inflammatoryy responses to infection are regulated by CXC chemokines, a family of 
smalll  proteins with strong chemotactic activity toward granulocytes. Members of the 
CXCC chemokine family that stimulate granulocyte functions include interleukin (IL)-
8,, growth-related oncogene (GRO)-a, -p, and -y, neutrophil activating peptide 
(NAP)-2,, and epithelial derived neutrophil attractant (ENA)-78 [2, 3]. Granulocytes 
expresss two types of CXC chemokine receptors that interact with these mediators, 
i.e.. CXCR1, which exclusively binds IL-8, and CXCR2, which besides IL-8, can also 
bindd GRO's, NAP-2 and ENA-78 [2, 3]. Both receptor subtypes can activate 
degranulationn and calcium flux in response to IL-8, while respiratory burst and 
phospholipasee D activation are specifically mediated by CXCR1 [4]. 
Inn vitro studies have suggested that the surface expression of CXCR1 and CXCR2 is 
regulatedd differently. Both chemokine receptors are downregulated upon stimulation 
withh IL-8; after removal of the stimulus, CXCR1 is rapidly and almost completely 
re-expressed,, while the re-expression of CXCR2 is slow and incomplete [5, 6]. Other 
stimulii  can also downregulate the surface expression of CXCR2, including 
lipopolysaccharidee (LPS), tumor necrosis factor-oc (TNF), GRO-oc, C5a and FMLP 
[5-9].. The effect of these stimuli on CXCR1 expression was inhibitory in some 
studiess [8, 9], while in other investigations no effect on CXCR1 could be 
demonstratedd [6, 7], 

Alsoo during infection in vivo, granulocyte CXC chemokine receptors become 
downregulated.. In patients with sepsis, only CXCR2 expression was reduced on 
circulatingg granulocytes, white CXCR1 levels were only modestly and 
nonsignificantlyy lower in patients than in healthy controls [10]. In addition, 
granulocytess in bronchoalveolar lavage fluid from patients with chronic lower 
respiratoryy tract infection had a lower expression of CXCR1 and CXCR2 than 
simultaneouslyy obtained peripheral blood granulocytes [11]. Patients with lung 
tuberculosiss (TB) and/or human immunodeficiency virus infection also had a 
reducedd expression of CXCR1 and CXCR2 on blood granulocytes [12]. In the 
presentt study, we sought to extend these data by determining granulocyte CXC 
chemokinee receptor expression (1) after in vivo exposure of healthy humans to a low 
dosee of LPS, (2) in patients with active pulmonary or nonpulmonary TB, and (3) 
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afterr in vitro stimulation with various (myco)bacterial antigens. Further, in additional 
inn vitro studies we investigated possible intracellular pathways of CXC chemokine 
receptorr regulation in LPS and TNF stimulated whole blood, and found an important 
rolee for the p38 mitogen-activated protein kinase (MAPK) pathway. 

Methods s 

ExperimentalExperimental human endotoxemia. Fifteen healthy male subjects, age 23  1 years 
(meann  SE), were admitted to the clinical research unit of the Academic Medical 
Center,, after documentation of good health by history, physical examination, 
hematologicall  and biochemical screening, chest X-ray and electrocardiogram. The 
participantss did not smoke, used no medication and had no febrile illness within two 
weekss prior to start of the study. The study was approved by the institutional research 
andd ethics committees and written informed consent was obtained from all subjects 
priorr to enrollment. All volunteers received a bolus intravenous injection of LPS 
(fromm Escherichia coli, lot G, U.S. Pharmacopeial Convention, Rockville, MD) at a 
dosee of 4 ng/kg body weight. Venous blood samples were obtained directly before 
thee injection of LPS and 1, 2, 4, 6 and 24 hours thereafter. Blood was collected in 
heparinn containing vials and processed for flow cytometry immediately. 

PatientsPatients with tuberculosis and controls. Blood was obtained from 8 patients with 
active,, culture proven TB attending the Academic Medical Center (n=5), the Sint 
Lucass Hospital (n=2) and the Municipal Health Center (n=l) in Amsterdam, the 
Netherlands.. The mean age of TB patients was 32  4 yrs and did not differ from 
healthyy controls (29  2 yrs). Of the patients, 4 had pulmonary tuberculosis and 4 had 
extrapulmonaryy tuberculosis. Extrapulmonary sites included pleural (n=2), soft tissue 
(n=l)) and gastrointestinal tract (n=l). At the same day a patient was analyzed, blood 
wass also obtained from a healthy control. After collection, blood was immediately 
preparedd for fluorescence-activated cell sorter (FACS) analysis. 

InIn vitro studies. For each experiment, blood was collected from six healthy subjects 
usingg a sterile collecting system consisting of a butterfly needle connected to a 
syringee (Becton Dickinson, Mountain View, CA) and incubated at 37°C for 8 hours. 
Anticoagulationn was obtained using heparin (Leo Pharmaceutical Products, Weesp, 
thee Netherlands; final concentration 10 U/ml blood). Whole blood was added to 
sterilee polypropylene tubes and diluted 1:1 with RPMI 1640 (Bio 
Whittaker,Verviers,, Belgium). LPS (from Escherichia coli serotype 0111: B4; 
Sigma,, St Louis, MO) was added for the time course study (10 ng/ml). In separate 
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experiments,, LAM (mannose-capped, isolated and prepared from M. tuberculosis 
strainn H37Rv), kindly provided by J.T. Belisle (Colorado State University, Fort 
Collins,, CO, under National Institutes of Health Contract NO 1-A1 -75320) or 
lipoteichoicc acid from S. aureus (LTA, from Sigma Chemicals Co, St. Louis, MO) 
weree added at a concentration of 1 ng/ml. Whole blood was also incubated with 
inhibitorss of NF-K B-dependent transcription nordihydroguaretic acid (NDGA, from 
Sigma)) or 4-bromophenacyl bromide (4-BPB, from Sigma) [13] dissolved in 
dimethylsulfoxidee (DMSO, from Merck, München, Germany) until a concentration 
off  20 u,M, 20 minutes prior to stimulation with LPS (10 ng/ml). As a control, the 
samee amount of DMSO used to dissolve the inhibitors was added to the RPMI 
medium.. SB203580 is a piridinyl imidazole derivative and a potent and specific 
inhibitorr of p38 MAPK [14, 15]. SB203580 binds to the ATP binding site, thus 
preventingg phosphorylation of downstream targets including MAPK-activated 
proteinn kinase-2 (MAPKAPK-2) and activating transcription factor-2 (ATF-2), 
thoughh not preventing phosphorylation of p38 MAPK by its upstream activators 
MKK 33 and MKK6 [16]. PD098059 selectively inhibits the activation of p42/44 
MAPKK [17, 18]. SB203580 (in concentrations of 2 or 10|iM) or PD098059 (10 ^M) 
weree added 1 hour prior to LPS stimulation. Recombinant (r)TNF was kindly 
providedd by Knoll (Ludwigshafen, Germany) and used as a stimulus in a 
concentrationn of 10 ng/ml. FACS analysis was performed as follows. 

FlowFlow cytometry. Erythrocytes in blood 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) and placed on ice. Triple staining was obtained by 
incubationn for 1 hour with direct labeled antibodies CXCRl-FITC or CXCR2-PE 
(bothh from R&D Systems, Abingdon, United Kingdom). Nonspecific staining was 
controlledd for by incubation of cells with FTTC- or PE-labelled mouse IgG2 (Coulter 
Immunotech,, Marseille, France). Cells were then washed twice in ice cold cPBS and 
resuspendedd for flow cytofluorometric analysis (Calibrite; Becton Dickinson 
Immunocytometryy Systems, San Jose, CA). Data on mean cell fluorescence intensity 
(MCF)) are represented as the difference between MCF intensities of specifically 
stainedd cells and nonspecifically stained cells. 

StatisticalStatistical analysis. All values are given as mean  SEM. Data of the subjects 
receivingg endotoxin were analyzed by one way analysis of variance. Data of the TB 

97 7 



ChapterChapter 9 

patientss and from in vitro stimulations were analyzed using Wilcoxon. P<0.05 was 

consideredd statistically significant. 

Results s 

>-- 600 

rara 400 

CXCR1 1 

PP = 0.001 

2 2 

hours s 

CXCR2 2 

1500-11 P < 0.001 

hours s 

Figuree 1. Expression of granulocyte CXCR1 and CXCR2 after intravenous injection of LPS (4 ng/kg) 

intoo 15 subjects. Data are expressed as mean (  SE) difference between specific and nonspecific mean 

celll  fluorescence (MCF). P-values for change in time. 

HumanHuman endotoxemia. Injection of LPS was associated with transient influenza-like 

symptomss including headache, chills, vomiting, myalgia and fever (peak 

temperature:: 38.8  0.3 °C after 3 h). Intravenous LPS induced a biphasic change in 

granulocytee counts in peripheral blood, characterized by an initial neutropenia after 1 

hour,, followed by a neutrophilia (baseline: 3 x 109 /L, t=6h: 8 x 109 

/L).. These changes were accompanied by a decrease in the expression of CXCR1 on 

circulatingg granulocytes, reaching a nadir after 2 hours (Figure 1, MCF: from 663.0

67.33 at baseline to 341.3  44.3; P = .001), and returning to the initial level of 

expressionn after 24 hours. LPS induced a more profound downregulation of CXCR2 

onn circulating granulocytes (Figure 1, MCF: from 1404.3 8 to 255.4  49.9 at 

22 hours; P < .001), returning to baseline after 24 hours. 

PatientsPatients with tuberculosis Peripheral blood granulocytes of patients with TB 

demonstratedd a reduced expression of CXCR2 but not of CXCR1 when compared to 

granulocytess of healthy controls (Figure 2). 
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Figur ee 2. 

Expressionn of granulocyte 

CXCR11 and CXCR2 in 8 patients 

withh tuberculosis and 8 healthy 

controls.. Data are expressed as 

meann (  SE) difference between 

specificc and nonspecific mean 

celll  fluorescence (MCF). 

NSS = non significant. 

WlioleWliole blood stimulation with (mycobacterial antigens. Previous studies have 

documentedd that LPS can downregulate the expression of granulocyte CXCR1 and 

CXCR22 in vitro [8, 9], The effect of other bacterial antigens on CXC chemokine 

receptorss is unknown. Therefore, we wished to determine the effect of LPS, LAM (a 

celll  wall component of M. tuberculosis) and LTA (a cell wall component of S. 

aureus)aureus) on the expression of CXCR1 and CXCR2 on granulocytes. In a first series of 

inn vitro experiments we found that LPS (10 ng/ml) induced a profound reduction in 

granulocytee CXCR2 expression, while downregulation of CXCR1 was modest (data 

nott shown). Since a maximal effect was observed after stimulations of 1-2 hour, 

furtherr incubations were done for 1 hour. All (myco)bacterial stimuli induced a 

downmodulationn of CXCR2, while CXCR1 levels remained unaltered (Figure 3). 
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II I 
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§ § 
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Figuree 3. Expression of granulocyte CXCR1 and CXCR2 after whole blood stimulation with LPS 

(100 ng/ml), LAM or LTA (both 10 ug/ml) for 1 hour. Data are expressed as mean (  SE) difference 

betweenn specific and nonspecific mean cell fluorescence (MCF) of 6 donors. *P< .05 for difference 

withh incubation of whole blood with medium (RPMI) alone. Before: expression before stimulation. 
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Figuree 4. 

Expressionn of granulocyte 

CXCR22 after whole blood 

stimulationn with LPS (10 ng/ml) 

co-incubatedd with NFKB 

inhibitorss NDGA and 4-BPB 

(bothh 20 uM; upper panels) or 

withh inhibitors of the p38 

(SB203580;; 2 uM) or the p42/44 

(PD098059;; 10 uM) MAPK 

pathwayss (lower panels). Data are 

expressedd as mean (  SE) 

differencee between specific and 

nonspecificc mean cell 

fluorescencee (MCF) of 6 donors. 

*P<< .05 for difference with 

incubationn of' whole blood with 

mediumm (RPMI) alone. 

RoleRole of NFKB, p42/44 MAPK and p38 MAPK To investigate the molecular 
mechanismm resulting in the downregulation of CXCR2, additional whole blood 
incubationss were performed. Recently, we have shown that NDGA and 4-BPB 
abrogatee NFKB activation [13]. Here, neither compound influenced LPS-induced 
downregulationn of CXCR2 on granulocytes (Figure 4, upper panel). Also, the p42/44 
MAPKK inhibitor PD098059 did not prevent LPS-induced CXCR2 downregulation. 
Thee p38 MAPK inhibitor SB203580 (2 U.M) however, partially prevented the 
reductionn in CXCR2 expression induced by LPS (Figure 4, lower panel). This was 
confirmedd in an additional experiment in which a higher concentration of SB203580 
(100 \xM) was used (Figure 5). As reported before [7-9], stimulation with TNF also 
resultedd in a downregulation of CXCR2. When co-incubated with SB203580, this 
effectt was abrogated. 

Discussion n 

Thee CXC chemokine receptors CXCR1 and CXCR2 play an important role in the 
recruitmentt of granulocytes to the site of an infection, and the activation of 
granulocytee antimicrobial effector mechanisms [19]. We here report that in vivo 
administrationn of low dose LPS to healthy humans induces a downmodulation of 
bothh receptors on circulating granulocytes. Patients with active TB only showed a 
reducedd expression of granulocyte CXCR2. In vitro, both bacterial and 
mycobacteriall  antigens could downmodulate granulocyte CXCR2, but not CXCR1, 
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CXCR2 2 

TNF*SB20358 8 

Figuree 5. 

Expressionn of granulocyte 

CXCR22 after whole blood 

stimulationn with LPS or rTNF 

(bothh 10 ng/ml) co-incubated 

withh p38 MAPK pathway 

inhibitorr SB203580 (10 uM). 

Dataa are expressed as mean (

SE)) difference between specific 

andd nonspecific mean cell 

fluorescencee (MCF) of 6 

donors.. *P< .05 for difference 

withh incubation of whole blood 

withh medium (RPMI) alone. 

+P<< .05 versus LPS or TNF. 

whichh in case of the LPS effect at least in part was mediated by the p38 MAPK 

pathway. . 

Thee effect of LPS on granulocyte CXC chemokine receptors has thusfar only been 

investigatedd in in vitro experiments, in which LPS was found to downmodulate both 

CXCR11 and CXCR2 [8, 9], presumably by reducing constitutive transcription of the 

geness encoding these receptors by a combination of transcriptional inhibition and 

decreasingg mRNA stability [20]. We only found a consistent in vitro effect of LPS on 

CXCR22 expression, while the LPS-induced reduction of CXCR1 expression was 

variablee from experiment to experiment. The apparent discrepancy with the studies 

byy Khandaker et al. may be explained by differences in the experimental design, i.e. 

theyy first isolated neutrophils and then stimulated them with 100 ng/ml LPS [8, 9], 

whereass we stimulated whole blood with 10 ng/mL LPS and performed FACS 

analysiss on unseparated white blood cells. It should be noted that also other stimuli, 

likee GRO-a[5], TNF [7], C5a and FMLP [6], have been reported to only 

downregulatee CXCR2, but not CXCR1, on granulocytes in vitro. Clearly, the 

expressionn of CXCR1 and CXCR2 is regulated differently, whereby CXCR1 is 

rapidlyy and virtually completely re-expressed after downregulation by its ligand IL-8, 

whilee the re-appearance of CXCR2 is slow and incomplete [5, 6]. 

Interestingly,, in vivo LPS did reduce the expression of both CXC chemokine 

receptors,, although the effect on CXCR2 was more profound. Previously, patients 

withh sepsis were reported to have a decreased expression of CXCR2, but not of 

CXCR1,, on granulocytes [10], Conceivably, our model of experimental endotoxemia 
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inn humans allowed a closer study of the kinetics of the alterations in granulocyte 

chemokinee receptor expression, and is a presumptive change in CXCR1 expression 

duringg clinical sepsis, like in in vitro studies [5, 6], only present transiently. 

Granulocytess may also be of importance in the initial defense against M. 

tuberculosis.tuberculosis. Patients with active TB have increased numbers of granulocytes in 

bronchoalveolarr lavage fluid obtained from the site of infection [21, 22], and 

granulocytess are considered to contribute to granuloma formation [23]. We therefore 

consideredd it of interest to evaluate CXC chemokine receptors in patients with TB. 

Wee found that only CXCR2 displayed a reduced expression on circulating 

granulocytes,, while CXCR1 levels were similar to those in healthy controls. While 

ourr studies were in progress, Meddows-Taylor et al. reported reduced expression of 

bothh CXCR1 and CXCR2 on granulocytes of patients with pulmonary TB with or 

withoutt HIV infection [12]. The most obvious differences with our study were, that 

inn the earlier investigation patients only had pulmonary TB, and that they had already 

beenn treated with antituberculous drugs for variable periods. In accordance with our 

inn vivo findings, LAM , a immunogenic component of the cell-wall of M. 

tuberculosis,tuberculosis, only reduced CXCR2 on granulocytes in vitro. 

Sincee littl e is known about the effect of other infectious stimuli besides LPS from E. 

colicoli on CXC chemokine receptors, we also determined the influence of LTA, the 

cell-walll  component of S. aureus on CXCR1 and CXCR2 levels on granulocytes in 

vitro.. LTA reproduced the LPS effect in vitro, i.e. downmodulation of CXCR2, but 

nott of CXCR1. Together these data suggest that the downregulation of CXCR2 is a 

generall  response of the granulocyte to an invading microorganism. 

Recently,, the involvement of metalloproteinases in LPS-induced downmodulation of 

CXCR11 and CXCR2 on granulocytes was demonstrated in vitro [9]. Besides 

metalloproteinasee inhibitors, also inhibitors of tyrosine kinases can reduce the 

downregulationn of CXC chemokine receptors [8, 24], presumably at least in part by 

abrogatingg metalloproteinase activation [25, 26]. Here, we report the role of the p38 

MAPKK pathway in the regulation of CXCR2 on granulocytes. A number of 

inflammatoryy mediators has been found to activate this signaling cascade in 

neutrophils,, including LPS and TNF [27-29]. Previous studies have indicated that 

activationn of p38 MAPK may be involved in various granulocyte effector functions, 

suchh as the upregulation of 32 integrins [30], chemotaxis and oxidative burst [28]. In 

thiss study, inhibition of p38 MAPK resulted in inhibition of CXCR2 downregulation 

inducedd by either LPS or TNF. Inhibition of the p42/p44 MAPK pathway did not 

influencee CXCR2 levels, which is in accordance with earlier findings that LPS does 

nott activate this pathway in neutrophils [29]. 

102 2 



CXCRlCXCRl and CXCR2 in endotoxemia and TB 

Inn genera], LPS regulated expression of cytokines and their receptors is dependent on 
thee activation of NFKB [31]. Neither NDGA nor 4-BPB, originally identified as 
inhibitorss of arachidonate metabolism, but now also known to be potent inhibitors of 
NFKBB dependent transcription [13], impaired CXCR2 downregulation. Hence, 
alternativee pathways mediate this effect. Receptors are constantly being produced 
andd exported to the plasma membrane and subsequently internalized and degraded in 
thee lysosome. p38 MAPK may be implicated in each one of these processes. In this 
respectt it should be noted that endocytosis coincides with p38 MAPK activation [32], 
whichh may be essential for receptor degradation. Evidently, more experimental work 
iss necessary to corroborate this suggestion. 

CXCC chemokine receptors critically determine many proinflammatory granulocyte 
functions.. The present study taken together with previous observations indicate that 
CXCR2,, and to some extent CXCRl, become downregulated upon the first 
encounterr with a bacterial or mycobacteria] pathogen. We previously reported the 
downregulationn of TNF and IL-1 receptors on granulocytes upon stimulation with 
bacteriall  antigens [33, 34]. It is conceivable that these responses reflect an attempt of 
thee host to limit excessive inflammation induced by granulocytes at the site of an 
infection. . 
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Abstract t 

Thee receptor for urokinase plasminogen activator (uPAR) is important for leukocyte 
migration.. The capacity of uPAR to function as an adhesion receptor is facilitated by 
complexx formation with complement receptor 3 (CR3), which is composed of 
CDllbb and CD18. Knowledge of regulation of leukocyte migration during 
tuberculosiss (TB) is limited. Therefore, we determined the expression of uPAR and 
CDllbb on circulating leukocytes of 8 patients with TB and 8 healthy controls. 
Expressionn of uPAR and CDllb was higher on monocytes in patients with TB than 
inn controls, whereas granulocytes showed non-significant increases. In vitro, 
lipoarabinnomannann (LAM) , a cell wall component of M. tuberculosis and 
lipopolysaccharidee (LPS) from E. coli shared the ability to enhance uPAR and 
CDllbb on monocytes and granulocytes. Furthermore, intravenous administration of 
LPSS to 8 healthy humans resulted in an increase of uPAR and CDllb on monocytes 
andd granulocytes. We conclude that uPAR and CDllb are concurrently upregulated 
onn monocytes during TB, which may be at least in part mediated by mycobacterial 
LAM . . 
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Introductio n n 

Bothh mononuclear and polymorphonuclear cells are implicated in the host response 

too M. tuberculosis. The process of migration of leukocytes from the vascular space 

intoo inflamed lung tissue involves rolling of cells along the vessel wall, followed by 

firmm attachment to the endothelium and transmigration [1]. In this process, the P2 

integrinn CDl lb, which together with CD 18 forms complement receptor 3 (CR3), 

mediatess vascular cell attachment. The receptor for urokinase plasminogen activator 

(uPAR,, CD87) can act as an adhesion receptor, and in vitro chemotaxis of monocytes 

andd granulocytes at least in part depends on the expression of uPAR [2-4]. uPAR is a 

glycosylphosphatidylinositol-linkedd receptor without a transmembrane domain, 

thereforee lacking a direct link to the cell interior. However, uPAR can form 

complexess with CR3 on monocytes [3, 5] and granulocytes [6, 7], thus resulting in 

signall  transduction. Indeed, complex formation with uPAR facilitates the adhesive 

functionn of CDl l b on monocytes, since blocking anti-uPAR antibodies suppress 

CDl l bb dependent adhesion of monocytes [8]. Disruption of the uPAR-CR3 

interactionn also inhibits granulocyte migration in vitro [9]. Taken together, the ability 

off  uPAR to interact with CR3 seems important for adhesion and migration of 

monocytess and granulocytes. 

Knowledgee of the regulation of cellular uPAR expression in relation with the surface 

expressionn of CD l l b in vivo is limited. Recently, we reported that a bolus 

intravenouss injection of lipopolysaccharide (LPS) into healthy humans was 

associatedd with an upregulation of monocyte uPAR expression, while the effect on 

granulocytee uPAR expression was inconsistent [10]. Thusfar, the expression of the 

uPAR/CR33 complex during infections in vivo has not been studied. Therefore, we 

foundd it of interest to measure cellular uPAR and CD1 lb expression in patients with 

tuberculosiss (TB). In addition, the capacity of lipoarabinnomannan (LAM , derived 

fromm M. tuberculosis) to influence cellular uPAR and CD l l b expression was 

comparedd with the effect of LPS, and the model of human experimental endotoxemia 

wass used to further study the kinetics of uPAR and CD l l b expression during 

inflammation. . 

Methods s 

PatientsPatients and controls. EDTA blood was obtained from 8 patients with culture proven 

TB.. The mean age of TB patients was 32  4 yrs and did not differ from the 8 

healthyy controls (29  2 yrs). Of the patients, 4 had pulmonary TB and 4 had 
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extrapulmonaryy TB. At the same day a patient was analyzed, blood was also obtained 
fromm a healthy control and prepared for fluorescence-activated cell sorter (FACS) 
analysiss (Calibrite; Becton Dickinson Immunocytometry Systems, San Jose, CA). 
WholeWhole blood stimulation. Blood was collected aseptically from six healthy subjects 
andd diluted 1:1 with RPMI 1640 (Bio Whittaker,Verviers, Belgium) to which LAM 
(11 u,g/ml, prepared from M. tuberculosis strain H37Rv, provided by J.T. Belisle (Fort 
Collins,, CO, National Institutes of Health Contract NOl-A 1-75320) or LPS (10 
ng/ml,, from Escherichia coli serotype 0111: B4; Sigma, St Louis, MO) was added, 
andd incubated at 37° C for 6 hours. 

HumanHuman experimental endotoxemia. Eight healthy male subjects, age 24  2 years, 
weree admitted to the clinical research unit of the Academic Medical Center, after 
documentationn of good health. The participants did not smoke, used no medication 
andd had no febrile illness within two weeks prior to start of the study. The study was 
approvedd by the institutional research and ethics committees and written informed 
consentt was obtained. All volunteers received a bolus intravenous injection of LPS 
(fromm Escherichia coli, lot G, U.S. Pharmacopeial Convention, Rockville, MD) at a 
dosee of 4 ng/kg body weight. Venous blood samples were obtained directly before 
andd 6 hours after injection of LPS. The timing of blood sampling was based on our 
previouss study in which we determined the effect of intravenous LPS on cellular 
uPARR expression in humans in vivo [10]. 

FACSFACS analysis. Erythrocytes were lysed with bicarbonate buffered ammonium 
chloridee solution (pH 7.4). After centrifugation, 1 x 106 leukocytes were resuspended 
inn PBS containing EDTA lOOmM, sodium azide 0.1% and bovine serum albumin 
5%.. Blood of patients was incubated with FITC-labeled mouse anti-human uPAR 
mAbb (clone VIM-5; Instruchemie, Hilversum, the Netherlands) or with mouse anti-
humann CD li b (Central Laboratory of the Netherlands Red Cross Blood Transfusion 
Service,, CLB), Amsterdam, the Netherlands) followed by a FITC-labeled F(ab')2 

goat-anti-mousee antibody (Zymed, San Francisco, CA). A murine isotype matched 
antibodyy was used to control for aspecific staining (IgGl, Becton, Dickinson & Co, 
Rutherford,, NJ). Blood from the in vitro experiments and blood from the volunteers 
receivingg LPS was incubated with PE-labeled mouse anti-human CDllb or mouse 
anti-humann uPAR (both from Pharmingen, San Diego, CA). Aspecific staining was 
controlledd for by incubation of cells with PE-labelled mouse IgGl (Coulter 
Immunotech,, Marseille, France). Data are presented as the difference between mean 
celll  fluorescence (MCF) intensities of specifically and nonspecifically stained cells. 
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StatisticalStatistical analysis. Values are given as means  SEM unless stated otherwise. Data 

weree analyzed using Wilcoxon test. P<0.05 was considered statistically significant. 

Results s 

ExpressionExpression of cellular uPAR and CD1 lb in patients with tuberculosis. Patients with 

activee TB had increased expression of both uPAR and CD1 lb on the cell surface of 

circulatingg monocytes compared to healthy controls (P<0.05, Figure 1). Although 

granulocytee uPAR and granulocyte CDl l b tended to be higher in patients than in 

controls,, the differences did not reach statistical significance. 
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Figuree 1. 
Expressionn of monocyte and 

granulocytee uPAR and CDllb 

inn 8 patients with tuberculosis 

andd 8 healthy controls. Data are 

expressedd as difference between 

specificc and nonspecific mean 

celll  fluorescence (MCF). 

Horizontall  lines represent 

medians.. NS = non significant. 

ExpressionExpression of cellular uPAR and CDllb after in vitro stimulation with 

{mycobacterial{mycobacterial stimuli. Next we determined whether LAM , a cell wall component 

off  M. tuberculosis, can influence uPAR or CDl l b expression. For this purpose we 

incubatedd whole blood with LAM for 6 hours. LAM significantly enhanced 

expressionn of uPAR and CDl l b on both monocytes and granulocytes, although 

granulocytee upregulation was less prominent. Stimulation of whole blood with E. 

colicoli LPS yielded similar results (Figure 2). 
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monocytes s granulocytes s 

Figuree 2. Expression of monocyte and granulocyte uPAR and CD1 lb after whole blood stimulation 

withh LPS (10 ng/ml) or LAM (1 u.g/ml) for 6 hours. Data are expressed as mean (  SE) difference 

betweenn specific and nonspecific mean cell fluorescence (MCF) of 6 donors. *P<0.05 for difference 

withh incubation of whole blood with medium (RPMI) alone. 

ExpressionExpression of cellular uPAR and CDllb in experimental endotoxemia. Having 

establishedd that LPS can upregulate cellular uPAR and CDl lb, we next used the 

humann experimental endotoxemia model to study uPAR and CDl l b expression 

duringg inflammation in vivo. Administration of LPS resulted in a strong upregulation 

off  monocyte uPAR and CDl l b expression (both P<0.05), and a more modest 

increasee in granulocyte uPAR and CDl l b expression at 6 hours post injection 

(P<0.05,, Figure 3). 

Discussion n 

uPARR has been implicated as an important mediator of leukocyte trafficking. The 

abilityy of uPAR to function as an adhesion receptor depends on an association with 

CR33 (CD1 lb/CD 18) [2, 7, 8]. Here, we demonstrate an increase in the expression of 

uPARR and CDl l b on circulating monocytes of patients with TB, while granulocyte 

uPARR and CDl l b was only modestly affected. In whole blood, mycobacterial LAM 

ass well as LPS induced enhanced uPAR and CDl l b expression on monocytes and 

granulocytes.. Also, in human experimental endotoxemia, uPAR and CDl l b were 

increasedd on both monocytes and granulocytes. These data indicate that uPAR and 

CDl l bb are concurrently upregulated on monocytes, and to a lesser extent on 
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granulocytess during TB, at least in part mediated by the LAM component of the 
mycobacteriall  cell wall. In this respect, the effect of LAM resembled that of LPS. 

< < 

£200 0 
£ £ 

* * 

i i 
Q Q 
O O 

£ £ 

Figuree 3. Expression of monocyte 

andd granulocyte uPAR and CDllb 

afterr intravenous injection of LPS 

(44 ng/kg) into 8 subjects. Data are 

expressedd as mean (  SE) 

differencee between specific and 

nonspecificc mean cell fluorescence 

(MCF).. *P<0.05 compared to t=0 

(beforee injection). 

monocytess granulocytes 

Thee host response to TB involves activation of mononuclear cells which in turn 
activatee CD4+ T cells, eventually resulting in the intracellular killing of tubercle 
bacillii  [11], Mice injected with LPS showed increased levels of uPAR mRNA in 
theirr lung tissue, indicating a role for uPAR in the pulmonary compartment during 
infectionn [12]. Also, CDllb expression on alveolar macrophages of patients with TB 
iss increased compared to normal subjects [13], and CDllb/CD18 expression was 
associatedd with the capacity of macrophages to bind M. tuberculosis [14]. We found 
increasedd expression of uPAR and CDllb on monocytes but not on granulocytes in 
bloodd of patients with TB. Mycobacterial LAM upregulated uPAR and CDllb on 
monocytess and to a lesser extent on granulocytes. In accordance, uPAR mRNA was 
increasedd in macrophages, but not in granulocytes of mice injected with LPS [12]. 

Previously,, we found an upregulation of uPAR on monocytes of healthy humans 
injectedd with LPS, whereas the increase in uPAR expression on granulocytes was 
inconsistentt [10]. An explanation may be that other staining antibodies were used 
and/orr the slightly smaller study population in the earlier study. In this previous 
report,, also heat-killed S. aureus and staphylococcal enterotoxin B, a superantigen 
fromm S. aureus, upregulated monocyte uPAR in vitro [10]. Taken together, the data 
suggestt that M. tuberculosis and LAM may influence the function of monocytes by 
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stimulatingg the surface expression of the adhesion mediating receptors uPAR and 
CDllb.. This effect is shared with both gram-positive and gram-negative bacterial 
stimuli.. Furthermore, our results suggest that monocytes are more sensitive than 
granulocytess in terms of uPAR upregulation upon stimulation. 
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Abstract t 

Replicationn of HTV is enhanced in HIV infected patients with active tuberculosis 
(TB),, returning to baseline after tuberculostatic treatment. Chemokine receptors 
CXCR44 and CCR5 can act as HIV coreceptors. We hypothesized that TB increases 
thee HIV load through upregulation of CXCR4 and CCR5. Expression of HIV-
coreceptorss CXCR4 and CCR5 was found elevated on CD4+ T cells in patients with 
TB,, and after in vitro stimulation with mycobacterial lipoarabinomannan. These data 
suggestt that the increase in HIV viremia during tuberculosis may occur through 
upregulationn of CXCR4 and CCR5 on CD4+ T cells, thereby accelerating HIV 
disease. . 
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Introductio n n 

Inn up to 50-67% of HIV patients, tuberculosis (TB) is the AIDS-defining diagnosis. 
Concurrentt infection with TB results in an enhanced susceptibility of immune cells 
forr HIV infection, facilitating HIV entry and replication [1, 2]. In vitro, monocytes of 
patientss with TB are more susceptible to HIV-infection [1]. Moreover, viral 
replicationn is increased in HIV-infected patients who develop active TB, returning to 
baselinee after treatment [2]. This finding is of clinical relevance since patients with 
TBB have an accelerated course of their HIV-infection. The chemokine receptors 
CXCR44 and CCR5 act as coreceptors for HIV entry into CD4+ T cells [3]. HIV 
coreceptorr expression correlates with enhanced HIV entry into cells and HIV 
replicationn [4, 5]. We hypothesized that TB stimulates HIV coreceptor expression, 
therebyy enhancing HIV entry into immune cells and HIV replication. 
Too investigate HIV coreceptor expression during TB, we measured CXCR4 and 
CCR55 by FACSanalysis after in vitro stimulation of whole blood with 
lipoarabinomannann (LAM) , a cell wall component of Mycobacterium tuberculosis 
andd in patients with TB. 

Methods s 

InIn vitro stimulation. Blood was collected from six healthy subjects using a sterile 
collectingg system consisting of a butterfly needle connected to a syringe (Becton 
Dickinson,, Mountain View, CA) and incubated at 37°C for 8 hours. Anticoagulation 
wass obtained using heparin (Leo Pharmaceutical Products, Weesp, the Netherlands; 
finall  concentration 10 U/ml blood). Whole blood was added to sterile polypropylene 
tubess and diluted 1:1 with RPMI 1640 (Bio Whittaker,Verviers, Belgium), to which 
LAMM (mannose-capped, isolated and prepared from M. tuberculosis strain H37Rv), 
kindlyy provided by J.T. Belisle (Colorado State University, Fort Collins, CO, under 
Nationall  Institutes of Health Contract NO1-A1-75320) was added at a concentration 
off  1 u,g/ml and stimulated for 8 hours at 37°C, after which fluorescence-activated cell 
sorterr (FACS) analysis was performed. 

PatientsPatients and controls. Blood was obtained from eight patients with active, culture 
provenn TB attending the Academic Medical Center (n=5), the Sint Lucas Hospital 
(n=2)) and the Municipal Health Center (n=l) in Amsterdam, the Netherlands, with a 
meann ) age of 31.9 2 yrs). Three patients with TB were HTV-seropositive, 
twoo were HTV-seronegative and the HTV-status of the remaining 3 was not 
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determined.. Of the patients, 4 had pulmonary tuberculosis and 4 had extrapulmonary 

tuberculosis.. On each day a patient was analyzed, blood was also drawn from 8 

healthyy HIV-seronegative controls 0 yrs). After collection, blood was 

immediatelyy prepared for FACS analysis. 

FlowFlow cytometry. Blood was prepared for 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. Triple staining was obtained by incubation for 1 hour with direct 

labeledd antibodies CD3-PE, CD4-Cy (both from Coulter Immunotech) and either 

CXCR4-FITCC or CCR5-FITC (R&D Systems, Abingdon, United Kingdom). Blood 

wass also incubated with FITC-labeled CD25 (CLB) and PE-labeled CD69 (Becton & 

Dickinson).. Nonspecific staining was controlled for by incubation of cells with 

FITC-labelledd mouse IgG2 (Coulter Immunotech, Marseille, France). Cells were 

thenn washed twice in ice cold cPBS and resuspended for flow cytofluorometric 

analysiss (Calibrite; Becton Dickinson Immunocytometry Systems, San Jose, CA). At 

leastt 10,000 lymphocytes were counted. Data on the number of positive cells were 

obtainedd by setting a quadrant marker for nonspecific staining. 

StatisticalStatistical analysis. Results are expressed as mean  SE unless stated otherwise. Data 

weree analyzed using the Wilcoxon test. P<0.05 was considered statistically 

significant. . 

Figuree 1. 

Expressionn of CXCR4 and CCR5 

onn CD4* T cells after whole 

bloodd incubation with 

Lipoarabinnomannann (LAM, 1 

ug/ml)) for 8 hours. *P<0.05 

versuss incubation with RPMI 

medium. . 

LAM M 
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CXCR4 4 CCR5 5 
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Results s 

Whenn compared to incubation with medium alone, LAM induced an upregulation of 

thee fraction of CD4+ T cells positive for CXCR4 (39.0  4.8 vs. 24.7  4.1 %) and 

forr CCR5 (27.5  5.5 vs 4.3  1.7 %, P<0.05 for both, Figure 1) after stimulation of 

wholee blood in vitro. 
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Figuree 2. 

Expressionn of CXCR4 and 

CCR55 on circulating CD4+ T 

cellss of 8 patients with active 

tuberculosiss (TB) and 8 healthy 

controls. . 

Havingg established that part of the cell wall of M. tuberculosis can upregulate HIV 

coreceptorr expression, we next determined CXCR4 and CCR5 in patients with active 

TB.. The percentage of circulating CD4+ T cells and CD8+ T cells in patients did not 

differr from controls (CD4: 41.3+4.7 versus 6 %; CD8: 3 versus 

55 %, NS). The fraction of circulating CD4+ T cells positive for CXCR4 and 

CCR55 was higher in TB patients than in healthy controls (Figure 2, P<0.005). The 

fractionn of circulating CD4+ T cells expressing lymphocyte activation markers CD25 

orr CD69 did not differ between patients and controls (CD25: 19.8 (1.0-44.3) versus 

25.33 (2.7-54.4), NS; CD69: 9.2 (0.4-74.6) versus 7.2 (0.3-54.4), NS), suggesting that 

thee observed upregulation is due to specific receptor stimulation by antigens and not 

duee to an activated state of lymphocytes during TB. 

Discussion n 

Thee relation of CXCR4 and CCR5 with HIV disease has been clearly demonstrated 

[3],, making knowledge of FIIV coreceptor expression during concurrent infection a 

clinicallyy important issue. This study is the first to report elevated CXCR4 and CCR5 

expressionn in patients with TB and after in vitro stimulation with an antigen derived 

fromm M. tuberculosis. Previously, it has been found that LAM can stimulate HIV 

expressionn in macrophages [6]. Together, the observed increase in viremia during TB 
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mayy occur through upregulation of CXCR4 and CCR5 on CD4+ T cells in HIV 
patients,, at least in part mediated by LAM, thereby accelerating HIV disease. 
HTV-seropositivee patients have increased CCR5 expression compared to HIV-
seronegativee controls [7]. In accordance, the two TB patients who were HIV-positive 
hadd the highest fraction of CD4+ T cells positive for CCR5. In contrast, CXCR4 has 
beenn found at low levels in HTV-seropositive patients [7]. We found elevated 
expressionn of CXCR4 in TB patients, with the two HIV-seropositive patients 
expressingg high and intermediate levels. The relation of CXCR4 and HIV disease is 
lesss clear then for CCR5 [3], and needs further investigation. In the two HIV-
seronegativee TB patients, expression of CXCR4 and CCR5 showed littl e overlap 
withh healthy controls, suggesting that the elevated levels of CXCR4 and CCR5 
duringg TB is not attributable to HIV alone. 

HTVV coreceptors are considered goals for HIV therapy. This study contributes to the 
ideaa that blocking CXCR4 and CCR5 may slow down disease progression during 
concurrentt infection [3]. 
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Abstract t 

Concurrentt infections in patients with human immunodeficiency virus (HIV) 
infectionn stimulate HTV replication. Chemokine receptors CXCR4 and CCR5 can act 
ass HIV coreceptors. We hypothesized that concurrent infection increases the HIV 
loadd through upregulation of CXCR4 and CCR5. Using experimental endotoxemia as 
aa model of infection, changes in HIV coreceptor expression were assessed in 8 
subjectss injected with lipopolysaccharide (LPS, 4 ng/kg) from a Gram-negative 
bacteria.. The expression of CXCR4 and CCR5 was increased 2-4 fold, 4 to 6 hours 
afterr LPS injection. In whole blood in vitro, LPS induced a time- and dose dependent 
increasee in the expression of CXCR4 and CCR5 on CD4+ T cells. Similar changes 
weree observed after stimulation with cell wall components of Mycobacterium 
tuberculosistuberculosis (Lipoarabinomannan) or Staphylococcus aureus (lipoteichoic acid), or 
withh staphylococcal enterotoxin B. LPS increased viral infectivity of PBMCs with a 
T-tropicc HIV strain. In contrast, M-tropic virus infectivity was reduced, possibly due 
too elevated levels of the CCR5 ligand cytokines RANTES and MlP-lfJ. LPS-
stimulatedd upregulation of CXCR4 and CCR5 in vitro was inhibited by anti-TNF and 
anti-IFNY.. Incubation with recombinant TNF or IFNy mimicked the LPS effect. Anti-
IL-100 reduced CCR5 expression, without influencing CXCR4. In accordance, rIL-10 
inducedd upregulation of CCR5, but not of CXCR4. Intercurrent infections during 
HIVV infection may upregulate CXCR4 and CCR5 on CD4+ T cells, at least in part 
viaa the action of cytokines. Such infections may favor selectivity of HIV for CD4+ T 
cellss expressing CXCR4. 
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Introductio n n 

Duringg the course of HIV infection, concurrent infections stimulate viral replication. 

Replicationn of HIV is enhanced in HIV infected patients with active tuberculosis, 

returningg to baseline after tuberculostatic treatment [1, 2]. Also, a number of other 

infectiouss diseases often encountered during the course of HIV infection has been 

reportedd to accelerate HIV replication [3-6]. LPS, the major cell wall component of 

gram-negativee bacteria, and staphylococcal antigens stimulate HIV expression in 

vitroo [7, 8]. Together, these data suggest that concurrent infection offers an 

advantagee to HIV to infect cells and to replicate. 

Chemokiness are chemotactic proteins which direct leukocytes to the site of 

inflammation.. Chemokine receptors CXCR4 and CCR5 can act as HIV coreceptors, 

togetherr with CD4, and are essential for viral entry into cells [9-13]. Individuals with 

aa homozygous defect in CCR5 are less susceptible to HIV-1 infection, suggesting a 

keyy role for this receptor in HIV-1 pathogenesis [14, 15]. Macrophage (M)-tropic 

HIVV isolates use CCR5 as coreceptor early in the course of HIV infection, whereas 

T-celll  tropic viruses use CXCR4 for entry into CD4+T cells, typically in a later stage 

off  infection. An expansion of receptor use to include CXCR4 has been associated 

withh a sharp decline in the number of peripheral CD4+ T cells [16], indicating that 

diseasee progression can correlate with HIV coreceptor type. 

Recently,, a number of studies has indicated that an increase in CXCR4 and CCR5 

expressionn is associated with an enhanced entry of HIV into cells of the immune 

systemm [17-21]. We hypothesized that during concurrent infection, invading 

microorganismss or their antigens upregulate HIV coreceptors on CD4+ T cells, 

resultingg in an increase in HIV replication. To test this hypothesis, we studied the 

expressionn of CXCR4 and CCR5 on CD4+ T cells in the well-defined model of 

humann endotoxemia [22] and after in vitro incubation with a lipid glycoprotein cell 

walll  component of Mycobacterium tuberculosis (lipoarabinomannan, LAMj , a cell 

walll  component of Staphylococcus aureus (lipoteichoic acid, LTAj and 

staphylococcall  enterotoxin B (SEB). The association of HIV coreceptor expression 

andd HIV infectivity was examined by measuring replication of T- and M-tropic 

virusess in LPS-stimulated CD4+ enriched PBMCs. Since cytokines influence HIV 

replicationn [23, 24], we also determined the role of important pro- and anti-

inflammatoryy cytokines with the use of neutralizing antibodies and recombinant 

products. . 
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Methods s 

InIn vivo study. Eight healthy male subjects, age 23  1 years (mean  SE), were 
admittedd to the clinical research unit of the Academic Medical Center, after 
documentationn of good health by history, physical examination, hematological and 
biochemicall  screening, chest X-ray and electrocardiogram. The participants did not 
smoke,, used no medication and had no febrile illness within two weeks prior to start 
off  the study. The study was approved by the institutional research and ethics 
committeess and written informed consent was obtained from all subjects prior to 
enrollment.. All volunteers received a bolus intravenous injection of LPS (from 
EscherichiaEscherichia coli, lot G, U.S. Pharmacopeia] Convention, Rockville, MD) at a dose of 
44 ng/kg body weight. Venous blood samples were obtained directly before the 
injectionn of LPS and 1, 2, 4, 6 and 24 hours thereafter. Blood was collected in 
heparinn containing vials and processed for flow cytometry immediately. 

FlowFlow cytometry. Heparinized whole blood was prepared for fluorescence-activated 
celll  sorter (FACS) analysis as follows. Erythrocytes in 4,5 ml whole blood were 
lysedd with bicarbonate buffered ammonium chloride solution (pH 7.4). Leukocytes 
weree recovered after centrifugation at 1450 rpm for 5 minutes and counted. 1 x 106 

cellss were resuspended in phosphate-buffered saline containing EDTA lOOmM, 
sodiumm azide 0.1% and bovine serum albumin 5% (cPBS) and placed on ice. Triple 
stainingg was obtained by incubation for 1 hour with direct labeled antibodies CD3-
PE,, CD4-Cy (both from Coulter Immunotech, Marseille, France) and either CXCR4-
FTTCC or CCR5-FITC (R&D Systems, Abingdon, United Kingdom). Nonspecific 
stainingg was controlled for by incubation of cells with FLTC-labelled mouse IgG2 
(Coulterr Immunotech). Cells were then washed twice in ice cold cPBS and 
resuspendedd for flow cytofluorometric analysis (Calibnte; Becton Dickinson 
Immunocytometryy Systems, San Jose, CA). At least 10,000 lymphocytes were 
counted.. Data on mean cell fluorescence intensity (MCF) are represented as the 
differencee between MCF intensities of specifically stained cells and nonspecificaily 
stainedd cells. Data on the number of positive cells were obtained by setting a 
quadrantt marker for nonspecific staining. 

InIn vitro studies. For each experiment, blood was collected from six healthy subjects 
usingg a sterile collecting system consisting of a butterfly needle connected to a 
syringee (Becton Dickinson, Mountain View, CA) and incubated at 37°C for 8 hours. 
Anticoagulationn was obtained using heparin (Leo Pharmaceutical Products, Weesp, 
thee Netherlands; final concentration 10 U/ml blood). Whole blood was added to 
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sterilee polypropylene tubes and diluted 1:1 with RPMI 1640 (Bio 
Whittaker,Verviers,, Belgium). LPS (from Escherichia coli serotype 0111: B4; 
Sigma,, St Louis, MO) was added for the time course (10 ng/ml) and dose-response 
study.. In separate experiments, LAM (mannose-capped, isolated and prepared from 
M.M. tuberculosis strain H37Rv), kindly provided by J.T. Belisle (Colorado State 
University,, Fort Collins, CO, under National Institutes of Health Contract NOl-Al -
75320),, LTA or SEB (both from Sigma Chemicals Co, St. Louis, MO) were added at 
aa concentration of 1 u,g/ml. Whole blood was also stimulated with LPS (10 ng/ml) in 
thee presence of a neutralizing mouse anti-human TNF monoclonal antibody (mAb, 
MAKK 195F, [25], kindly provided by Knoll, Ludwigshafen, Germany), a neutralizing 
mousee anti-human IFNy mAb, a neutralizing mouse anti-human IL-10 mAb (both 
R&DD systems) or an isotype-matched mouse IgG (Central Laboratory of the 
Netherlandss Red Cross Blood Transfusion Service (CLB), Amsterdam, the 
Netherlands).. The concentration of all antibodies was 10 u.g/ml, and whole blood 
wass incubated with recombinant (r) TNF (Knoll), rlFNy, or rIL-10 (both CLB, all 10 
ng/ml).. In addition, CD4+ enriched PBMCs were stimulated with PHA for 6 days, 
afterr LPS (10 ng/ml) was either added or omitted for 24 h. FACS analysis was 
performedd in whole blood and PBMCs as described above. 

InIn vitro HIV infection. PBMCs were isolated from fresh buffy coats by standard 
ficoll-hypaquee centrifugation and the CD4+ cell population enriched for by a 
negativee selection with CD8 immunomagnetic beads (Dynal, Amsterdam, the 
Netherlands).. The CD4+ enriched fraction was cultured for 4-6 days in RPMI media 
containingg 10% fetal calf serum (Bio Whittaker,Verviers, Belgium), 5 ng/ml PHA 
(Sigma)) and 100 units/ml recombinant IL-2 (Chiron, Amsterdam, Netherlands) and 
weree plated at 2.0xl05 cells per well in a 96 well plate. On day of infection the CD4+ 

enrichedd cells were treated either with or without LPS (100 ng/ml) for 8 hours at 
37°C,, after which a T-tropic molecular cloned virus (LAI) and an M-tropic molecular 
clonedd virus (SF162) were used to infect the cells. Infections were performed using 4 
foldd limiting dilutions of the virus, starting at 240 tissue culture infectious doses per 
welll  (TCID/well) down to 1 TCED per well. After a 2 hour incubation period the 
cellss were spun and washed 3 times and fed with fresh RPMI media containing IL-2. 
Thee cultures were carried for 10 days and fed with fresh IL-2 containing media on 
dayss 4, 7 and 10. Viral replication was monitored by the use of a standard p24 
antigenn ELISA assay as previously described [26]. 

ELISA.ELISA. RANTES, MlP-la and MTP-1(3 were measured with ELISA's (all from R&D 
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Systems;; Abingdon, United Kingdom) according to the instructions of the 

manufacturer.. The detection limits of assays were 31.5 (MlP-la, RANTES) and 15.6 

pg/ml(MIP-iP). . 

StatisticalStatistical analysis. All values are given as means  SEM. In vivo data were 

analyzedd by one way analysis of variance. Data of in vitro stimulations of whole 

bloodd were analyzed using the Wilcoxon test. P<0.05 was considered statistically 

significant. . 

Results s 

CXCR4 4 CCR5 5 

PP < 0.05 

hours s hours s 

Figuree 1. Upregulation of CD4+ T cell surface CXCR4 and CCR5 after intravenous injection of 

LPSS (4 ng/kg) into 8 subjects. Data expressed as mean (  SE) difference between specific and 

nonspecificc mean cell fluorescence (MCF) and as fraction of positive CD4+T cells. 

HIVHIV coreceptor expression on circulating CD4+ T cells during human endotoxemia. 

Injectionn of LPS was associated with transient influenza-like symptoms including 

headache,, chills, vomiting, myalgia and fever (peak temperatures: 38.6  0.3 °C). 

Injectionn of LPS induced a decrease in the number of lymphocytes (from 1.6  0.1 to 

0.33  0.0 x 109/L at 4 hrs, P<0.05). The fraction of CD4+ T cells decreased from 41.1 

 3.9 % to 28.4  5.7 % at 4 hrs (P<0.05). Intravenous LPS induced an increase in 
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thee expression of CXCR4 on circulating CD4+ T cells, peaking after 4 hours (MCF: 

fromm 43.8  11.7 at baseline to 187.2 ; p=0.001), and returning to the initial 

levell  of expression after 24 hours (Figures 1 and 2). In addition, the fraction of CD4+ 

TT cells expressing CXCR4 also increased significantly, peaking after 6 hours (from 

9.33  1.8 % at baseline to 42.6  9.7 %; p=0.002). LPS elicited an upregulation of 

CCR55 on circulating CD4+ T cells (MCF: from 40.1  15.2 to 79.4  16.5 at 6 hours; 

p<0.05),, returning to baseline after 24 hours. In contrast, the fraction of CCR5 

positivee CD4+T cells did not change after injection with LPS. 

beforee LPS 

afterr LPS 

«„.. ^^  | . , . „ . M„ l 

beforee LPS 

afterr LPS 

CXCR4 4 

Figuree 2. Histograms showing the mean channel fluorescence of CD4+ T cells positive for 

CXCR44 or CCR5 in a representative volunteer before and 6 hours after receiving LPS. 

HIVHIV coreceptor expression on CD4* T cells after whole blood stimulation with 

[mycobacterial[mycobacterial agents. Having established that LPS causes an increase in the 

expressionn of CXCR4 and CCR5 on circulating CD4+ T cells, we performed a dose 

responsee and time course study of this effect in whole blood in vitro (Figure 3). Both 

HTVV coreceptors were upregulated after 8 hours stimulation with LPS, which lasted 

forr 24 hours (CXCR4) or even 48 hours (CCR5). Since the in vivo effect of LPS was 

presentt at 6 hours, we chose to perform additional experiments with the 8 hour 

incubationn period. A dose of 10 ng/ml induced significant upregulation of both 

receptors.. When higher doses were used, no additional effect was seen (Figure 3). 

Next,, we sought to determine whether other bacterial products also upregulate HIV 

coreceptors.. For this purpose whole blood was incubated with LAM (a cell wall 

componentt of M. tuberculosis), LTA (a cell wall component of S. aureus) or SEB (a 

superantigenn produced by S. aureus). All three agents induced an upregulation of 

CXCR44 and CCR5 on CD4+ T cells (Figure 4). 
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ft ft Figuree 3. Upregulation of the 

fractionn of CD4* T cells 

expressingg CXCR4 and CCR5 

afterr stimulation with LPS. 

Upperr panels: Whole blood was 

stimulatedd for 8 h with different 

concentrationss of LPS. Lower 

panels:: whole blood was 

stimulatedd with LPS (10 ng/ml) 

forr different time periods. 

HIVHIV coreceptor expression and HIV replication in PBMCs. To determine whether 

HIVV coreceptor upregulation on CD4+ T cells correlates with HIV replication, an in 

vitroo system was developed with CD4+ enriched PBMCs. As in whole blood, LPS 

inducedd an increase in the fraction of CD4+ cells expressing CXCR4 (from 20.9% at 

baselinee to 49.9% after addition of LPS. Control: 22.3 %) and CCR5 (from 9.6 % at 

baselinee to 37.8% after addition of LPS. Control: 14.2%; results from one 

representativee experiment of 3 three separate experiments). 

CXCR4 4 CCR5 5 

Figuree 4. Upregulation of 

CD4++ T cell surface CXCR4 

andd CCR5 after whole blood 

stimulationn with 1 |-ig/ml of 

LAM ,, LTA or SEB for 8 hours. 

*P<0.055 compared with 

incubationn of whole blood with 

mediumm (RPMI) alone. Before: 

expressionn before stimulation. 
beforaa RPMI LAM LTA SEB D«foree RPMI LAM LTA SEB 
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Figuree 5. Infectivity of CD4+ enriched PBMCs with a T-tropic (upper graph) and a M-tropic 
(lowerr graph) virus. PBMCs were treated for 8 hours without LPS (light shaded bars) or with 
100ng/mll  LPS (dark shaded bars) before being infected for 2 hours with 4 fold limiting dilutions 
off  virus. After infection the cells were washed and cultured for a further 10 days and viral 
infectionn was monitored by p24 production. 

Infectivityy of LPS treated and non-treated CD4+ enriched PBMCs was determined 
usingg both the T-tropic (LAI) and M-tropic (SF162) molecular cloned viruses at 
limitingg dilutions of infectivity and determining viral p24 production on day 10 of 
culture.. Since the virus was washed out 2 hours after infection our assay monitors the 
infectabilityy of CD4+ cells during this period. With the T-tropic virus an increase in 
thee infectivity of the CD4+ enriched population was observed in the presence of LPS 
withh a tissue culture infectious dose (TCID) of 4 required to establish infection in 
contrastt to a TCID of 64 for the culture where no LPS was added (Figure 5). This 
increasee in T-tropic HTV infectivity coincided with the enhancement of CXCR4 cell 
surfacee expression. In contrast, the M-tropic virus (SF162) showed an increase in the 
levell  of virus required to establish infection on the LPS treated CD4+ enriched cells 
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(TCBDD 64) in comparison to those that were not (TCID 16). This decrease in M-
tropicc infectivity was despite the increase in CCR5 cell surface expression. The 
experimentt was repeated with 3 different donors and on each occasion LPS treatment 
off  the cells resulted in an enhancement of T-tropic infectivity and a suppression of 
M-tropicc viral infectivity (data not shown). Since it has been previously shown that 
LPSS treated macrophages can secrete elevated levels of (3-chemokines we wished to 
determinee whether an enhancement in the secretion of RANTES, MIP-lcc and MIP-
1(33 could explain the reduction in M-tropic viral infectivity. The levels of these 
chemokiness were measured in supernatant of LPS-stimulated and non-stimulated 
CD4++ enriched lymphocytes. LPS induced an increase in the concentration of MIP-
1(33 (14.6 vs 6.8 ng/ml in non-LPS stimulated cells) and RANTES (3322 vs. 1661 
pg/mll  ml in non-LPS stimulated cells) but not of MlP-la. 

Figuree 6. Role of TNF, IFNy, and IL-10 in LPS effects on CXCR4 and CCR5 expression on CD4*T 

cells.. Whole blood was incubated with LPS (10 ng/ml) and cytokine or control (10 ug/ml) or 

recombinantt cytokines (10 ng/ml) for 8 hours. Upper panels: effect of anti-TNF, anti-IFNy and anti-

IL-100 on LPS-induced effects. *P<0.05 compared with LPS+IgG (irrelevant control). Lower panels: 

effectss of recombinant TNF, IFNy and IL-10. Data represent the fraction of CD4+T cells that stained 

positivee for either CXCR4 or CCR5. Similar results were obtained for either CXCR4 or CCR5. 

*P<0.055 compared with RPMI. 

RoleRole of cytokines in HIV coreceptor upregulation on CD4+ T cells. Both intercurrent 
infectionss and experimental endotoxemia result in an enhanced cytokine production. 
Wee studied the role of TNF, IFNy and IL-10 in the LPS-induced effects on HIV 
coreceptorr expression (Figure 6). Therefore, whole blood was incubated with LPS in 
thee presence of an irrelevant antibody, or a neutralizing antibody against either TNF, 
IFNY,,

 or IL-10. The LPS-induced upregulation of the fraction of CD4+ T cells 
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positivee for CXCR4 was partially inhibited by anti-TNF and by anti-IFNy (P<0.05 

versuss incubation with LPS and an irrelevant antibody for both). Anti-IL-10 did not 

influencee the expression of CXCR4. Similarly, the LPS-induced upregulation of 

CCR55 expression was partially inhibited by anti-TNF and by anti-EFNy (P<0.05 

versuss incubation with LPS and an irrelevant antibody for both). Anti-EL-10 tended 

too reduce the LPS effect. To further examine the role of cytokines in the absence of 

LPSS stimulation, whole blood was incubated with either rTNF, rlFNy or rIL-10. In 

accordancee with the inhibiting effect of anti-TNF and anti-IFNy, expression of 

CXCR44 was upregulated by rTNF or rlFNy (P<0.05 versus RPMI for both), while 

rIL-100 had no effect on CXCR4. Expression of CCR5 on CD4+T cells was induced 

byy rTNF or rlFNy (P<0.05 versus RPMI for both). In contrast to the absence of an 

IL-100 effect on CXCR4, rIL-10 upregulated CCR5 on CD4+ T cells (P<0.05 

comparedd to RPMI) . 

Discussion n 

Concurrentt infections in patients with HIV are associated with an increase in HIV 

replicationn [3-6] and an enhanced susceptibility of immune cells for HIV infection 

[27].. The chemokine receptors CXCR4 and CCR5 serve as coreceptors for HIV entry 

inn CD4+ T cells. We used the model of intravenous LPS administration to healthy 

subjectss to test the hypothesis that intercurrent febrile diseases may result in 

enhancedd HTV replication through upregulation of HIV coreceptors on circulating 

CD4++ T cells. Indeed, we found that during human endotoxemia, both the surface 

expressionn of CXCR4 and CCR5 per CD4+ T cell, as well as the fraction of CD4+ T 

cellss expressing CXCR4 increased in peripheral blood. Stimulations of whole blood 

inn vitro with antigens derived from M. tuberculosis and S. aureus induced similar 

changess in CXCR4 and CCR5 expression on CD4+T cells. The hightened expression 

off  CXCR4 correlated with an increase in the infectability of CD4+ enriched PBMCs 

withh a T-tropic FUV-1 molecular cloned virus in vitro. In contrast, CCR5 surface 

expressionn did not result in an increased HIV infectability pattern but rather was 

associatedd with a decrease in replication of an M-tropic HIV-1 strain. Therefore, 

pathogenss commonly found in HIV-infected patients may increase viral burden in 

bloodd by upregulation of CXCR4. Moreover, intercurrent infections may contribute 

too the selection of CXCR4-using viruses during the course of disease progression. 
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Thee human endotoxemia model has some limitations. Intravenous injection of LPS 
inducess a short lasting febrile illness and an associated transient inflammatory 
response.. In addition, the model uses the circulation as the body compartment to 
whichh the stimulus is administered and in which the responses are measured. Hence, 
inn the present study the upregulation of HIV coreceptors was transient, just like the 
experimentallyy induced illness, and HIV coreceptor expression was only measured 
onn CD4+ T cells derived from peripheral blood, the body compartment that was 
challengedd with LPS. Presumably, similar changes in HIV coreceptor expression can 
bee observed for longer periods and in other compartments, when clinical diseases are 
studied.. Of special interest is the finding that macrophages may act as a reservoir for 
HTVV during concurrent infections [28]. Moreover, M. avium, a pathogen commonly 
foundd in HIV patients, has been found to increase CCR5 expression and stimulate 
HTVV production within macrophages [20]. 
Thee effect of LPS on HIV coreceptors in vivo was most evident for CXCR4. This is 
inn agreement with HTV coreceptor expression on macrophages after LPS stimulation 
[29].. CXCR4 expression correlated with infectability of PBMCs with T-tropic 
strains,, thereby supporting the idea that concurrent infections increase CXCR4 
expressionn and subsequent HIV replication. In contrast, CCR5 expression did not 
correlatee with an increase in replication of an M-tropic HIV strain. It has been shown 
thatt LPS induces production of CC-chemokines that inhibit HIV replication in T 
lymphocytess in vitro [30]. In accordance, the LPS stimulation of CD4+ enriched cells 
resultedd in the higher production of RANTES and MIP-lp\ Also, during LPS-
inducedd human endotoxemia, production of CC-chemokines is known to be 
enhancedd [31]. Hence, the net effect of LPS or other bacterial products on CCR5 
expressionn and production of CCR5 blocking ligands in vivo remains to be 
determined.. The HIV isolates associated with viral transmission and found early after 
infectionn are predominantly those which utilize the CCR5 coreceptor. In patients 
withh an advanced stage of disease, a switch in receptor use from CCR5 to CXCR4 is 
oftenn observed [16], suggesting that not only the extent of expression but also the 
typee of HIV coreceptor modulates the course of HIV infection. It has been proposed 
thatt a more favorable environment for T-tropic HIV-1 may result in viral transition 
off  M-tropic to T-tropic HIV phenotype, associated with disease progession [29]. 
Indeed,, since T-tropic but not M-tropic replication was associated with enhanced 
HIVV coreceptor expression, bacterial antigens may be involved in the emergence of 
X44 and R5X4 variants. 

Thee precise mechanism for the observed upregulation is unknown. Presumably, 
immunee activation and subsequent cytokine secretion modulate HIV disease [23]. 
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TNFF is reported to stimulate HIV expression in cell cultures [32] and during 
concurrentt infection [24]. EFNy induced CCR5 expression in a monocytic cell line, 
resultingg in enhanced HIV entry [18]. Moreover, it was found that anti-IFNy or anti-
TNFF can block HIV production in EL-2 stimulated PBMCs in vitro [33]. This points 
towardss an important role for these pro-inflammatory cytokines in HIV expression. 
Inn this study, LPS-induced upregulation of CXCR4 and CCR5 on CD4+ T cells was 
attenuatedd by anti-TNF and anti-IFNy. Furthermore, rTNF and rIFNy increased the 
fractionn of CD4+ T cells expressing CXCR4 and CCR5. Taken together, these data 
indicatee that TNF and IFNy may induce HIV expression through upregulation of HIV 
coreceptors. . 
IL-100 is the most important anti-inflammatory cytokine produced in the endotoxemia 
modell  [34]. It has been reported that IL-10 enhances CCR5, but not CXCR4 
expressionn on monocytes, correlating with an increase in HIV expression [17]. Also 
inn a T cell line, EL-10 synergized with TNF in enhancing HIV transcription [35]. We 
examinedd the effect of anti-IL-10 on LPS-induced HIV coreceptor expression. 
Similarr to the effect on monocytes, EL-10 influenced CCR5, but not CXCR4 on 
CD4++ T cells, i.e. rDL-10 upregulated CCR5 expression, while anti-DL-10 attenuated 
LPS-inducedd CCR5 upregulation. It is speculative why DL-10 only exerts effect on 
CCR5.. Considering the important role of EL-10 in mucosal diseases [36], it was 
suggestedd that EL-10 maintains CCR5 expression in mucosal tissues, facilitating 
primaryy HIV infection [17]. 

Inn summary, (myco)bacterial antigens increased the expression of CXCR4 and CCR5 
onn circulating CD4+ T cells in humans and in whole blood, through direct antigenic 
stimulationn of CXCR4 and CCR5 on CD4+T cells, as well as indirect stimulation of 
thesee receptors via cytokines. Expression of CXCR4 correlated with an increase in T-
tropicc HTV replication. Expression of CCR5 did not correlate with M-tropic 
replication,, possibly due to the production of blocking CC chemokines by bacterial 
products.. Therefore, concurrent infections during the course of an HIV infection may 
inducee a favorable environment for T-tropic viral strains. HIV coreceptors, 
consideredd targets for HIV therapy [37], may be important determinants of the course 
off  an HIV infection. Close surveillance and aggressive treatment of intercurrent 
diseasee in HIV infected patients is implicated. For some pathogens, adequate 
antibioticc prophylaxis may reduce the HIV load. 
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Abstract t 

Concurrentt infection in patients with human immunodeficiency virus (HIV) infection 

increasee the expression of HIV coreceptors CXCR4 and CCR5. Thalidomide has 

beneficiall  effects in a number of HIV-associated diseases. The effect of thalidomide 

onn CXCR4 and CCR5 expression on CD4+ T cells was determined. Thalidomide 

dosedependentlyy inhibited lipopolysacchande (LPS)-induced upregulation of 

CXCR44 and CCR5 in vitro. Anti-tumor necrosis factor (TNF) antibody also 

attenuatedd the LPS-induced HIV coreceptor upregulation, which was not further 

reducedd by thalidomide. Thalidomide (400 mg) was ingested by six men, and their 

bloodd was stimulated ex vivo with LPS, staphylococcal or mycobacterial antigens or 

anti-CD3/CD28.. All stimuli induced upregulation of HIV coreceptors, which was 

reducedd after ingestion of thalidomide. Thalidomide may be beneficial in the 

treatmentt of intercurrent infections during HIV infection by reducing the 

upregulationn of CXCR4 and CCR5 expression on CD4+ T cells induced by 

(myco)bacteriall  antigens, by a mechanism that involves inhibition of TNF. 
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Introductio n n 

Concurrentt infections in patients infected with human immunodeficiency virus (HIV) 

inducee an increase in HIV replication, resulting in a higher plasma viral load and 

progressionn of HIV disease. The chemokine receptors CXCR4 and CCR5 can act as 

HIVV coreceptors, and are essential for viral entry into cells [1]. An increase in 

CXCR44 and CCR5 expression is associated with an enhanced entry of HIV into cells 

off  the immune system [1]. In previous experiments, we found an increased 

expressionn of CXCR4 and CCR5 on circulating CD4+ T cells after intravenous 

injectionn of lipopolysaccharide (LPS) into healthy humans, and after in vitro 

stimulationn of whole blood with various (myco)bacterial antigens, suggesting that 

intercurrentt infections during HIV infection may induce HIV replication by 

upregulationn of HIV coreceptors [2]. 

Thalidomidee has been re-discovered as a beneficial agent in a number of diseases 

withh a different etiology and pathophysiology. It has been succesfully used in the 

treatmentt of patients with refractory tuberculosis (TB) [3] or with a Mycobacterium 

aviumavium infection [4]. Thalidomide was reported to stimulate a Thl type immune 

responsee in HIV-patients [5]. In particular patients with concomittant HIV and TB 

benefitt from thalidomide treatment, more so than patients with HIV infection only 

[3].. In vitro, HIV expression in macrophages stimulated with lipoarabinomannan 

(LAM ,, a highly immunogenic eel! wall component of Mycobacterium tuberculosis) 

wass inhibited by thalidomide, further endorsing the beneficial effect of thalidomide 

inn HIV-positive TB patients [6]. 

Studiess on the mechanism of action of thalidomide report the selective degradation 

off  mRNA of tumor necrosis factor-a (TNF) by thalidomide, resulting in reduced 

productionn of TNF protein [7]. TNF can enhance HIV replication in vitro [8]. In line 

withh these reports, thalidomide is considered to reduce HIV replication at least in 

partt via inhibiting TNF production [9, 10]. In the present study, we show that 

thalidomidee inhibits HIV coreceptor expression on CD4+ T cells induced by 

(myco)bacteriall  antigens. This may be a mode of action of thalidomide in HIV 

patientss with concomittant disease. 

Materia ll  and methods 

InIn vitro studies. For each experiment, blood was collected from six healthy donors 

usingg a sterile collecting system consisting of a butterfly needle connected to a 

syringee (Becton Dickinson, Mountain View, CA). Anticoagulation was obtained 
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usingg heparin (Leo Pharmaceutical Products, Weesp, the Netherlands; 10 U/ml 
blood).. Whole blood was diluted 1:1 with RPMI 1640 (Bio Whittaker,Verviers, 
Belgium)) to which LPS (10 ng/ml, from E. coli, serotype 0111 B4; Sigma) and/or 
differentt doses of thalidomide (racemic mixture, purchased from Griinenthal, GmbH, 
Stolberg,, Germany), dissolved in DMSO (Merck, München, Germany) and further 
dilutedd in RPMI, were added. Control incubation with RPMI contained the same 
amountt of DMSO in which the thalidomide was dissolved. Also, blood was 
stimulatedd with LPS in the presence or absence of thalidomide (10 JAg/ml) and/or a 
neutralizingg mouse anti-human TNF monoclonal antibody (mAb, MAK 195F, kindly 
providedd by Knoll, Ludwigshafen, Germany) [11] or an isotype-matched mouse IgG 
(Centrall  Laboratory of the Netherlands Red Cross Blood Transfusion Service (CLB, 
Amsterdam,, the Netherlands, both 10 u.g/ml). Blood was stimulated at 37°C for 8 
hours,, after which fluorescence-activated cell sorter (FACS) analysis was performed, 
ass described below. 

ExEx vivo study. Six healthy male subjects with a median age of 38 (range 33-44) 
ingestedd 400 mg of thalidomide orally. Blood was obtained directly before ingestion 
off  thalidomide and 3, 6 and 24 hours thereafter, as described above and one of the 
followingg reagents was added: LPS (10 ng/ml), LAM (mannose-capped, isolated and 
preparedd from M. tuberculosis strain H37Rv), kindly provided by J.T. Belisle 
(Coloradoo State University, Fort Collins, CO, under National Institutes of Health 
Contractt NO1-A1-75320), lipoteichoic acid from Staphylococcus aureus (LTA, 
Sigma;; 1 u.g/ml), staphylococcal enterotoxin B (SEB, Sigma; 1 u.g/ml) or anti-
CD3/CD288 (mouse anti-human CD3, clone SPVT3b, 1:500; mouse anti-human 
CD288 (Central Laboratory of the Netherlands Red Cross Blood Transfusion Service, 
CLB,, Amsterdam, the Netherlands, 1:1000). Blood was stimulated at 37°C for 8 
hours,, after which FACS analysis was performed, as described below. 

FlowFlow cytometry. Blood was prepared for 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 10G cells were resuspended in phosphate-buffered saline containing 
EDTAA lOOmM, sodium azide 0.1% and bovine serum albumin 5% (cPBS) and 
placedd on ice. Triple staining was obtained by incubation for I hour with the 
followingg directly labeled antibodies: anti-CD3-PE, anti-CD4-Cy (both from Coulter 
Immunotech,, Marseille, France) and either anti-CXCR4-FITC or anti-CCR5-FITC 
(R&DD Systems, Abingdon, United Kingdom). Nonspecific staining was controlled 
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forr by incubation of cells with FITC-labelled mouse IgG2 (Coulter Immunotech). 

Cellss were washed twice in cPBS and resuspended for flow cytofluorometric analysis 

(Calibrite;; Becton Dickinson Immunocytometry Systems, San Jose, CA). At least 

8,0000 lymphocytes were counted. Data on the number of CD4+ T cells positive for 

eitherr CXCR4 or CCR5 were obtained by setting a quadrant marker for nonspecific 

staining. . 

StatisticalStatistical analysis. All values are given as means  SEM. Data of in vitro 

stimulationss were analyzed using the Wilcoxon test for matched samples. Ex vivo 

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

statisticallyy significant. 

Results s 

CZDRPN» » 
• • L P S S 
B L P S + 11 pg 
E 33 LPS+10 ng 
Eff lLPS+100ng g 

RPMI I 
LPS*lgG G 
LPS+aTNF F 
LPS*thal+lgG G 

E ^^ LPS+thal+aTNF 

Figuree 1. Upper panels: Percentage of CD4+ T cells expressing CXCR4 and CCR5 after whole blood 

stimulationn with lipopolysaccharide (LPS, 10 ng/ml) in the presence of different concentrations of 

thalidomide. . 

Lowerr panels: Percentage of CD4+ T cells expressing CXCR4 and CCR5 after whole blood 

stimulationn with lipopolysaccharide (LPS) in the presence of thalidomide and/or an anti-TNF 

antibody.. Whole blood was incubated for 8 hours at 37° C. 

Dataa are E of 6 donors. *P<0.05 vs. RPMI. +P<0.05 vs. LPS. 

ThalidomideThalidomide dose-dependently inhibits LPS-induced HIV coreceptor expression in 

vitro.vitro. To determine the effect of thalidomide on HTV coreceptor expression, blood 

fromm healthy donors was stimulated with LPS in the presence of different 

concentrationss of thalidomide (Figure 1, upper panels). LPS induced an upregulation 
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off  both CXCR4 and CCR5 on CD4+ T cells (P<0.05 versus control). Addition of 

thalidomidee caused a dose-dependent inhibition of this LPS effect. A dose of 1 u.g/ml 

inhibitedd CXCR4 by 15.3+3.2 <%, and 10 ug/ml resulted in 21.2+4.7 % inhibition, 

relativee to CXCR4 expression after incubation with LPS alone. CCR5 was inhibited 

byy 53.9+11.4 9c (lug/ml) and 56.8+10.3 % {10 Ug/ml). Interestingly, the effect of 

thalidomidee on HIV coreceptor expression appeared biphasic, with 100 u.g/ml having 

lesss influence than 10 u.g/ml. 

ThalidomideThalidomide does not influence HIV coreceptor expression in the presence of anti-

TNF.TNF. Thalidomide inhibits TNF production by mononuclear cells [7, 12]. To 

determinee whether thalidomide inhibited HIV coreceptor expression via inhibition of 

TNF,, whole blood was stimulated with LPS in the presence of a neutralizing 

antibodyy to TNF, thalidomide, or both (Figure 1, lower panels). Both thalidomide 

andd anti-TNF partially blocked LPS-induced upregulation of CXCR4 and CCR5 on 

thee fraction of CD4 T cells (P<0.05 for all versus incubation with an irrelevant 

antibody).. Simultaneous addition of anti-TNF and thalidomide did not further reduce 

CXCR44 or CCR5 expression when compared to incubations with either anti-TNF or 

thalidomidee alone. 

ReducedReduced HIV coreceptor expression on CD4+ T cells after ingestion of thalidomide. 

Havingg established that thalidomide can inhibit LPS-induced upregulation of HIV 

coreceptorss on CD4+ T cells in vitro, we next determined the effect of a 400 mg oral 

dosee of thalidomide on CXCR4 and CCR5 expression following stimulation of 

wholee blood 'ex vivo'. Besides drowsiness, volunteers did not experience side 

effects.. Ingestion of thalidomide did not result in a change in leukocyte counts or 

differentiation.. In addition, CD4 and CDS counts did not change after ingestion of 

thalidomide.. In unstimulated blood (i.e. blood immediately processed for FACS 

analysis),, neither the number of CD4+ T cells nor the fraction of CD4+ T cells 

expressingg CXCR4 and CCR5 changed over time after ingestion of thalidomide (data 

nott shown). 

Concurrentt infections in HIV infected patients can be caused by gram-negative, 

gram-positivee and mycobacterial infections. Therefore, the effect of an oral dose of 

thalidomidee on HIV coreceptor expression on CD4+ T cells in humans was 

determinedd after ex vivo stimulation with LPS (a cell wall component of Gram-

negativee bacteria), LAM (a lipoglycan of the cell wall of M. tuberculosis), LTA (a 

celll  wall component of 5. aureus) and SEB (a superantigen from S. aureus). 
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Figuree 2. Percentage of CD4* T cells expressing CXCR4 and CCR5 in blood from 6 volunteers after 

ingestionn of thalidomide which has been stimulated for 8 hours with either lipopolysaccharide (LPS, 

100 ng/ml). lipoarabinomannan (LAM, 10 Hg/ml) or anti- CD3/CD28. Solid lines represent stimuli, 

dashedd lines is RPMI. Data are mean+SE. 

Inn addition, the effect of thalidomide on HIV coreceptor expression induced by anti 

CD3/CD28,, a specific T cell stimulus, was determined. All stimuli induced an 

increasee in CXCR4 and CCR5 expression on CD4 T cellls (P<0.05 for all versus 

incubationn with RPMI). Ingestion of thalidomide inhibited (myco)bacterial-induced 

upregulationn of CXCR4 and CCR5 (P<0.05 versus t=0 for LPS. LAM and CD3/28. 

figuree 2), an effect that was already evident after 3 hours, and peaked after 24 hours 

(therebyy ruling out a circadian effect). Thalidomide tended to also inhibit LTA and 

SEB-inducedd CXCR4 upregulation, but this effect did not reach statistical 

significancee (LTA: from 43.1+4.4 to 0 % and SEB: from 3 to 9.3+1.8 

%% positive CD4+ T cells after 24 hours). There was no effect of thalidomide on 

CCR55 expression. Interestingly, thalidomide also reduced CXCR4 expression on 

unstimulatedd CD4 T cells, probably because CXCR4 expression increases during 

incubationss at 37 °C [13]. 
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Discussion n 

Concurrentt infections in patients with HIV are associated with an increase in HIV 
replication.. The chemokine receptors CXCR4 and CCR5 serve as coreceptors for 
HIVV entry in CD4+T cells [1]. Enhanced expression of HIV coreceptors CXCR4 and 
CCR55 is correlated with an increase in HIV load [I] . We previously found a 
upregulationn of CXCR4 and CCR5 on CD4 T cells in humans injected with 
endotoxin,, and after in vitro stimulation with (myco)bactenal antigens [2] and this 
study).. Together, pathogens commonly found in HIV-infected patients may increase 
virall  burden in blood by upregulation of HIV coreceptors. In this study, thalidomide 
reducedd expression of CXCR4 and CCR5 on CD4+ T cells in blood from volunteers 
afterr ingestion of thalidomide and ex vivo stimulation with antigens derived from M. 
tuberculosis,tuberculosis, gram-positive and -negative bacteria. We hypothesize that a 
mechanismm of action of thalidomide in HIV patients with concurrent disease may be 
byy inhibition of HIV coreceptor expression. 

Thalidomidee reduces symptoms in patients with mycobacterial disease, presumably 
byy inhibiting production of TNF. Indeed, in patients with HIV and TB, thalidomide 
inducedd a reduction in TNF levels, which was associated with weight gain [3], Most 
studiess on the mechanism of action of thalidomide have concentrated on monocytic 
celll  lines, in which thalidomide selectively inhibits TNF production [7]. TNF induces 
HIVV replication [9], and anti-TNF blocks HIV-replication [6]. Thalidomide can 
inhibitt HIV replication in monocytes stimulated with LPS or LAM [6, 9]. Together, 
thalidomidee may reduce the HIV load via inhibition of TNF synthesis. In accordance, 
wee have previously found that anti-TNF inhibits and recombinant TNF increases the 
expressionn of CXCR4 and CCR5 [2]. In this study, both thalidomide and anti-TNF 
inhibitedd HIV coreceptor expression on CD4+ T cells. When thalidomide and anti-
TNFF were added together, no further inhibition was seen. Consistent with studies on 
thee mechanism of action of thalidomide in monocytes [7], thalidomide seems to 
influencee HIV coreceptor expression on CD4+T cells at least in part via inhibition of 
TNFF production. 

Inn previous in vitro experiments, no evidence was found that thalidomide has an 
effectt on purified CD4+ T cells [14]. In this study, thalidomide reduced HIV 
coreceptorr expression on CD4+ T cells in whole blood stimulated with 
(myco)bacteriall  antigens as well as with T eel activating anti-CD3/CD28. An 
explanationn may be that thalidomide needs an environment in which all blood cells 
aree present to have an effect on CD4+ T cells. Thalidomide treatment in a murine 
modell  of pulmonary tuberculosis resulted in reduction of lung mRNA expression of 
TNF,, but also of IL-6 and IL-10 [15]. Therefore, part of the beneficial effect of 

144 4 



ThalidomideThalidomide suppresses HIV coreceptors 

thalidomidee may be by modulation of cytokines other than TNF. In addition, 

thalidomidee was not toxic to CD4+T cells in concentrations up to 50 Hg/ml [14]. 

Inn summary, ingestion of thalidomide reduced the expression of CXCR4 and CCR5 

onn CD4+ T cells in human whole blood ex vivo stimulated with (myco)bacterial 

antigens,, in part via inhibition of TNF production. Thalidomide may be beneficial in 

thee treatment of intercurrent infections during HIV infection by inhibiting HIV 

coreceptorr expression. 
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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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Introductio n 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 

151 1 



ChapterChapter 14 

(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. 

LP SS LT A 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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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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Introductio n 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. 

159 9 



ChapterChapter 15 

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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Abstract t 

Oligodeoxynucleotidess (ODNs) containing CpG motifs activate immune cells to 

producee cytokines. CpG ODNs protect mice against intracellular bacteria by the 

inductionn of a Thl response. To determine the effect of CpG ODNs in pulmonary 

tuberculosis,, mice were treated with CpG or control ODNs at the time of intranasal 

infection.. CpG ODNs reduced mycobacterial outgrowth up to 5 weeks after 

MycobacteriumMycobacterium tuberculosis infection, which was associated with a decrease in 

inflammationn in lung tissue. CpG treatment was associated with elevated levels of 

interferonyy (IFNy) and decreased levels of interleukin (IL)-4 in the lungs, and an 

increasedd capacity of splenocytes to secrete Thl type cytokines. Repeated 

administrationn of CpG 2 weeks postinfection resulted in improved survival. 

Administrationn of CpG ODNs to IFNy-/- mice failed to reduce mycobacterial 

outgrowth,, indicating that CpG mediated protection is IFNy dependent. 
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Introductio n n 

Despitee optimism after the introduction of antituberculous agents in the 1950s, 

tuberculosiss (TB) remains the leading cause of death among infectious diseases, 

accountingg for 2 million deaths annually [1]. In addition to the increasing incidence 

off  TB, there is a global emergence of drug-resistant strains, posing a threat to 

existingg therapeutic possibilities [2]. The case fatality rate for multi-drug resistant TB 

iss 40-60%, which equals untreated TB [3]. Hence, new therapeutic strategies are 

requiredd for the control of TB. 

CpGG dinucleotides within bacterial DNA or synthetic oligodeoxynucleotides (ODNs) 

cann activate immune cells [4]. These sequence motifs are underrepresented in 

vertebratess [5], and it has been proposed that immune activation by CpG DNA has 

evolvedd as a result of evolutionary selections, contributing to host defense 

mechanismss that recognize invading microbial agents [6]. CpG motifs can stimulate 

BB cells, NK cells, T cells and macrophages to secrete cytokines [7]. A number of 

studiess indicate that CpG can switch on Thl immunity, with production of IgG2a 

immunoglobulinss [8-10] and a Thl dominated cytokine profile [7, 11-13]. Indeed, 

protectivee Thl biased immune responses can be induced by administration of CpG 

ODNss in animal models of listeria and leishmania infections. [13, 14, 15]. 

Itt is well known that a Thl immune response conveyes protection against infection 

withh M. tuberculosis. Indeed, mice deficient for EFNy or IL-12 are highly susceptible 

toTBB [16, 17]. 

Therefore,, in this study, we investigated the effect of CpG ODNs in a murine model 

off  pulmonary TB. Our results demonstrate that CpG ODNs protect against infection 

withh M. tuberculosis by inducing a Thl response. 

Methods s 

MiceMice .All experiments were approved by the Institutional Animal Care and Use 

Committeee of the Academic Medical Center. Balb/c mice (female, 7-8 weeks old, 

Harlann Sprague Dawley Inc., the Netherlands) were used. Each experimental group 

consistedd of 8 mice per time point. In some experiments, IFNy gene deficient (IFNy-

/-)) mice (Jackson Laboratory, Bar Harbor, Maine) back-crossed to a Balb/c 

backgroundd were used. 

ExperimentalExperimental infection. A virulent laboratory strain of Mycobacterium tuberculosis 

(H37Rv)) was grown in liquid Dubos medium containing 0.01% Tween 80 for 4 days. 
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AA replicate culture was incubated at 37 °C and stirred gently, harvested at mid-log 

phasee and stored in aliquots at -70 °C. Before each experiment, a vial was thawed 

andd washed twice with sterile saline to clear the mycobacteria of medium. Mice were 

anaesthesizedd by inhalation with isoflurane. During this brief anasthesia, intranasal 

inoculationn (l.n.) was conducted by placing 105 viable M. tuberculosis organisms in 

500 \i\ NaCl on the nares. The inoculum was plated immediately after inoculation to 

determinee viable counts. Control mice received 50 îl NaCi. After 2 and 5 weeks 

micee were anesthesized by FFM (fentanyl citrate 0.079 mg/ml, fluanisone 2.5 mg/ml, 

midazolamm 1.25 mg/ml in FLO; of this mixture 7.0 ml/kg intraperitoneally). 

OligodeoxynucleotidesOligodeoxynucleotides (ODNs). Phosphorothioate ODNs, which are resistant to 

nucleases,, were obtained from Eurogentec (Seraing, Belgium). The 

immunostimulatoryy CpG ODN has the sequence 5' TCCATGACGTTCCTGATGCT 

3'.. The control ODN in which the CpG motif was inversed has the sequence 5' 

TCCATGAGCTTCCTGATCCTT 3'. 30 ng CpG or control ODNs was dissolved in 

2000 u.1 NaCl and i.p. injected 2 h prior and 6 hours after M. tuberculosis infection. 

EnumerationEnumeration of mycobacteria. The lungs, liver and spleen were harvested and 

homogenizedd separately in sterile saline using a tissue homogenizer (Biospec 

Products,, Bartlesville, OK). 10-fold serial dilutions were plated on Middlebrook 

7H111 plates containing OADC enrichment (Difco, Braunschweig, Germany) and 

incubatedd at 37 °C in sealed bags. Colonies were counted after 3 weeks. 

PreparationPreparation of lung tissue for ELISA. Homogenates of lungs were diluted 1:1 with 

lysiss buffer (0.5% Triton X-100, 150 mM NaCl, 15 mM Tris, 1 mM CaCl and 1 mM 

MgCl,, pH 7.40) at 4° C for 20 minutes. Homogenates were then centrifuged at 

14,0000 rpm for 10 min. to remove cell debris, after which the supernatants were 

storedd at -20° C. Cytokines were measured by ELISA's according to the instructions 

off  the manufacturer. The following ELISA's (with detection limits in pg/ml) were 

used:: IFNy (31.2), IL-6 (37.5), IL-4 (31.2, all from R&D Systems, Abingdon, United 

Kingdom),, IL12p40, IL12p70 (both 31.2, Pharmingen, San Diego, CA), TNF (31.2, 

Genzyme,, Cambridge, MA) . 

SpleenSpleen cell stimulation assays. Single cell suspensions were obtained by crushing 

spleenss through a 40 u,m filter (Pharmingen). Lymphocytes were obtained by Ficoll-

Hypaquee density gradient centrifugation (Ficoll-Paque; Pharmacia Biotech, Uppsala, 

Sweden)) and washed extensively. Cells were suspended in RPMI medium containing 
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100 % fetal calf serum and 1% anlibiotic-antimycotic (GibcoBRL). Round bottom 

platess were coated overnight with anti-CD3 (clone nr. 145.2cll) and washed with 

sterilee PBS. 106 cells were added to each well, diluted with RPMI containing anti-

CD288 (Pharmingen) and incubated at 37 °C for 48 hours. Supernatant was harvested 

andd stored at -20 °C until assayed. 

HistologicalHistological Analysis. Lung and liver tissue samples were fixed in 10% neutral 

bufferedd formalin. After paraffin embedding, 4 u.m sections were stained with 

hematoxylinn and eosin or Ziehl-Neelsen (ZN) stain for acid fast bacilli. Slides were 

thenn coded and analyzed by a pathologist. Granulomas were defined as collections of 

100 or more macrophages and lymphocytes widespread in the peripheral lung 

parenchymm [18]. 

StatisticalStatistical analysis. Differences were compared using the Mann-Whitney-U test. 

P<0.055 was considered statistically significant. 

Results s 
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Figuree 1. 

Mycobacteriall  outgrowth in mice 

treatedd with 2x30 ug CpG ODNs or 

controll  ODNs and intranasally 

infectedd with 10" cfu's M. 

tuberculosis.tuberculosis. Horizontal lines 

representt median number of viable 

22 wks 5 wks bacteria 

CpGCpG ODNs reduce mycobacterial outgrowth. The inoculations with CpG ODNs 

weree not associated with adverse effects. Treatment with CpG resulted in a reduction 

off  the mycobacterial burden in lungs when compared to controls, which was present 

att 2 weeks (P=0.001), and lasted until at least 5 weeks after infection (P<0.001, 

Figuree 1). Mycobacterial burden was also investigated in distant organs. Outgrowth 
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inn the liver did not differ from controls after 2 weeks. After 5 weeks, CpG treated 

micee showed a large variation in the number of mycobacteria in the liver, which 

tendedd to be lower than in control mice (P=0.059). 
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Figuree 2. 

Meann  SE level of IFNy and IL-

44 concentrations in lungs or in 

supernatantss of 106 splenocytes of 

micee treated with 2x30 u,g CpG 

orr control ODNs and intranasally 

infectedd with 10' cfu's M. 

tuberculosis.tuberculosis. *P<0.05 (n=8 per 
groupp per time point). 

CytokineCytokine concentrations in lung tissue. A number of studies have demonstrated the 

Thll  stimulatory effect of CpG motifs [7, 11-13]. EFNy is considered the main Thl 

cytokine,, responsible for activation of macrophages and early T cell activation. To 

obtainn insight in mechanisms contributing to the inhibitory effect of CpG on 

mycobacteriall  outgrowth, IFNy as the principal Thl cytokine and LL-4 as the 

principall  Th2 cytokine were measured in lung homogenates of the mice used for 

bacteriall  counts in this study (Figure 2). CpG treated mice had higher IFNy 

concentrationss in the lung than mice treated with control ODNs (P<0.05). This 

differencee was most obvious at 2 weeks and was diminished at 5 weeks (P=0.06). 

FJL-44 concentrations were lower in lungs of CpG treated mice when compared to 

controlss (P<0.05). Again, this difference appeared early in the course of infection 

withh M. tuberculosis and had disappeared at 5 weeks. Therefore, the protective effect 

off  CpG in murine pulmonary tuberculosis seems to be associated with an enhanced 

Thll  and diminished Th2 response at the site of infection. LL-12 stimulates IFNy 

productionn and has been found important for the protective effects of CpG. IL-12 

existss in two forms, IL-12p40 and IL-12p70, the latter is biologically active [19] . 

Wee measured both forms in lung tissue, and found that at 2 weeks, concentrations of 

bothh LL12p40 and IL12p70 were lower in the CpG mice than in controls (P<0.05 and 
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SPLENOCYTES S 

Figuree 3. 

Meann  SE level IL-12p40 and 

p700 concentrations in lungs or 

inn supernatant of 10 

splenocytess of mice treated with 

2x300 ng CpG or control ODNs 

andd intranasally infected with 

10""  cfu's M. tuberculosis. 

*P<0.055 (n=8 per group per 
2 w k ss 5wks 2wks 5wks ,- • , , 

timee point). 

P=0.0011 resp., Figure 3). These differences were no longer observed at 5 weeks. Th2 

cytokiness other than EL-4 were also measured. There was no difference in levels of 

EL-100 and IL-6 between mice receiving CpG or control ODNs (Table). Macrophages 

aree important sources of TNF, which is essential for the formation of granulomas 

[20].. Therefore, we measured TNF levels in the lungs of mice. M. tuberculosis 

inducedd high levels of TNF, but no differences between CpG treated mice and mice 

receivingg control ODNs were found (Table). 

Table. . 

Cytokinee concentrations in lungs of mice intranasally infected with M. tuberculosis. 

22 wks 
CpG G control l 

55 wks 22 wks 55 wks 
TNF F 
IL10 0 
IL6 6 

8 8 
5 5 

1.1+0.2 2 

9 9 
5 5 

9.2+1.3 3 

3 3 
4 4 

1.4+0.3 3 

28.8+3.1 1 
2 2 

1 1 

CpGG (30 u.g) or control ODNs (30ug) were administered intraperitoneal'̂ at 2h before 
MycobacteriumMycobacterium tuberculosis infection and 6 hours thereafter. Data are mean + SE ng/ml of 8 mice per 
groupp per time point. 

CpGCpG increases the capacity of splenocytes to produce a Thl cytokine profile. Thl 

responsee was further studied by harvesting splenocytes during M. tuberculosis 

infection,, and the ability to release cytokines after stimulation with the T cell 

stimulatorr anti-CD3/CD28 was analyzed. Splenocytes of CpG treated mice produced 

moree EFNy compared to splenocytes from controls after 2 weeks (P<0.05). but not 

afterr 5 weeks (Figure 2). Levels of EL-4 tended to be lower in splenocytes of CpG 

treatedd mice after 2 weeks, which did not reach statistical significance due to a large 
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variationn (P=0.11). This suggests that CpG results in an enhancement of the ability of 

naivee splenocytes to mount a Thl response. The ability of splenocytes to produce IL-

122 was also measured. We found higher levels of IL-12p40 in supernatants of 

splenocytess of CpG treated mice after 2 weeks (P=0.06), but not after 5 weeks 

(Figuree 3). Splenocytes of both groups did not produce measurable IL-12p70. 

Figuree 4. 
Representativee histopathology (H&E staining) of lung of mice sacrificed two weeks (a and b.original 
magnificationn xl 10) and five weeks (c and d, original magnification x70) after M. tuberculosis 

infection.. Mice treated with CpG (b and d) show significantly less inflammation and granuloma 
formationn than control ODNs treated mice (a and c) in the course of infection. 

CpGCpG administration results in less inflammation in lungs of M. tuberculosis infected 

mice.mice. Two weeks after M. tuberculosis infection, control mice developed small well-

definedd granulomas composed primarily of lymphocytes and macrophages 

throughoutt the lung parenchyma (Figure 4). Moreover, peribronchiolar and 

perivascularr lymphocytic infiltrates were present. In contrast, CpG treated mice 

displayedd significantly less formation of granulomas and less lymphocytic infiltrates. 
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Inn accordance with the degree of inflammation, acid-fast positive bacilli were much 

moree abundant in control mice than in CpG-treated animals. After 5 weeks, the lungs 

off  both groups showed more inflammation with confluent granulomas composed 

primarilyy of macrophages, granulocytes and lymphocytes. Still CpG-treated mice 

displayedd less extensive inflammation of the lung parenchyma (50%) than untreated 

micee (70%). 
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Figuree 5. 

Survivall  of mice treated with 

2x300 ug CpG or control ODNs 

att t=0 and infected with 

MycobacteriumMycobacterium tuberculosis 

(n=100 per group, upper panel) 

orr treated with 2x30 Hg CpG 

controll  ODNs at t=0 and after 2 

weekss (n=10 per group, lower 

panels). . 

SurvivalSurvival experiments. To determine whether CpG had an effect on survival of M. 

tuberculosistuberculosis infection, 10 mice injected with CpG and 10 mice injected with control 

ODNss were followed for 4 months. During this observation period, 50% of the CpG 

treatedd mice died versus 60% of the control mice (Figure 5). Considering that the 

enhancementt of a protective Thl response after single CpG treatment was 

diminishedd after 5 weeks when compared to the more profound effect after 2 weeks, 

anotherr survival experiment was carried out in which CpG administration was 

repeatedd two weeks after infection with M. tuberculosis. After 4 months, 40% of 

controll  mice had died, whereas all CpG treated mice were still alive (Figure 5). 

ProtectionProtection by CpG is abrogated in IFNy gene knock-out mice. Protection conferred 

byy CpG against M. tuberculosis was associated with elevated levels of lung rFNy. 

Consideringg that IFNy is essential for host defense against TB, we wished to 

determinee whether this protection was mediated by IFNy. Thus, TB was induced in 

EFNy-/-- mice, which were sacrificed 2 weeks after infection. As has been shown 
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Figuree 6. 

Mycobacteriall  outgrowth in 

IFNy-/-- and IFNY +/+ mice 

treatedd with CpG or control 

ODNs,, intranasally infected 

withh 10 cfu's M. tuberculosis 

andd sacrificed after 2 weeks. 

Horizontall  lines represent 

mediann number of viable 

bacteria a 

beforee [17, 21], IFNy-/- mice had higher numbers of mycobacteria in their lungs 

comparedd to wild types (P<0.05, Figure 6). Consistent with the previous results, 

wild-typee mice receiving CpG had lower numbers of mycobacteria in their lungs 

thann mice receiving control ODNs. (P<0.05). However, in IFNy-/- mice, the 

differencee in mycobacterial outgrowth between mice receiving CpG or control ONDs 

wass abolished, indicating that protection by CpG is IFNy dependent. Histology 

confirmedd these findings, i.e. IFNy-/- mice had more inflammation than wild type 

mice,, but CpG and control mice showed the same amount of inflammation (Figure 

7). . 

Discussion n 

Inn this study, administration of CpG ODNs to mice infected intranasally with M. 

tuberculosiss resulted in enhanced survival and a reduction in mycobacterial burden at 

thee site of infection, as well as in distant organs. Compared with mice receiving 

controll  ODNs, the lungs of CpG treated mice displayed significantly less 

inflammation,, with less formation of granulomas and less lymphocytic infiltrates 

aroundd small vessels and bronchi, while necrosis was absent. The beneficial effect of 

CpG,, which was associated with a Thl type immune response, was mediated by 

IFNy,, as indicated by the absence of protection in IFNy-/- mice. 

Intratracheallyy instilled CpG ODNs in mice resulted in an increase in cell influx and 
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Figuree 7. 

Representativee lung histopathology (H&E staining) two weeks after M. tuberculosis infection in 

controll  ODNs treated IFNy+/+ mice (a), in CpG treated IFNy+/+ mice (b), in ODNs treated IFNy-/-

micee (c), and in CpG treated IFNy-/- mice (d). CpG treatment clearly prevents lung inflammation in 

controll  IFNy+/+ mice but has no beneficial effect in IFNy-/- mice (original magnification x 175). 

cytokinee production in the bronchoalveolar lavage fluid, thereby implicating a role 

forr CpG motifs in inflammatory lung diseases [22], We found that CpG ODNs 

conveyy protection in a murine model of pulmonary TB. These data are in line with 

previouss reports on the ability of bacterial DNA containing CpG motifs or synthetic 

CpGG ODNs to protect against intracellular bacteria [13-15]. The duration of 

protectionn and the fact that protection was present both in lung and in liver, suggests 

ann active response instead of a mere induction of intracellular killin g by 

macrophages.. Indeed, protection was associated with elevated levels of IFNY 'n the 

lung,, as well as an increase in the IFNy-producing capacity. The disappearance of the 

protectivee effect of CpG in IFNy-/- mice indicates that CpG-induced protection 

againstt TB was dependent on IFNy. This was also observed in a mouse model of 
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asthmaa [12] and of listeriosis [14]. Injection of CpG induced a sustained IL-12 
release,, associated with a protective effect against L, monocytogenes infection [14. 
IL-122 is a potent inducer of IFNy production by NK cells and T cells, and is 
consideredd essential for the generation of an optimal Thl response [19]. We found 
lowerr levels of both EL-12p40 and p70 in lungs of mice treated with CpG. It has been 
shownn that CpG can act directly on NK cells and T cells to produce IFNy [23]. Also, 
productionn of IFNy could be mediated by IL-18 [24]. Regardless of the mechanism, 
ourr data indicate that during TB, CpG-induced IFNy production may bypass the need 
forr IL-12 to shift towards a protective Thl response. 

Protectionn of a single administration of CpG lasted up to 27 days in murine 
leishmaniasiss and for 2 weeks in infection with L. monocytogenes [15]. We found 
thatt the protective effect of CpG during TB lasted at least 5 weeks. This difference 
mayy be explained by the lower replication time of mycobacteria compared to other 
pathogens.. When the time course of protection is coupled to the time course of 
bacteriall  growth, protection by CpG may be the result of activation of cells of the 
innatee immune system, which limits mycobacterial replication until an antigen-
specificc T cell response has developed. Interestingly, Thl cytokine levels in the lung 
ass well as in supernatants of stimulated splenocytes were elevated 2 weeks, but not 5 
weekss after infection. Apparently, an early protective Thl response is sufficient to 
reducee mycobacterial burden at later time points. However, survival was improved 
onlyy when CpG administration was repeated after 2 weeks. Further studies are 
warrantedd to establish the CpG regimen that confers optimal protection against M. 
tuberculosis. tuberculosis. 
Inn summary, treatment with CpG ODNs induces a protective Thl immune response 
inn murine pulmonary TB, resulting in enhanced survival, a reduction in 
mycobacteria!!  outgrowth and a decrease in inflammation. Protection was IFNy-
dependent.. These data provide the rationale for further development of CpG as a new 
adjunctivee therapy forTB. In previous studies, exogenous administration of IFNy has 
beenn shown useful as an adjuvant therapy for TB [25, 26]. CpG treatment results in 
endogenouss production of EFNy, which is subject to regulatory pathways of the 
innatee immune response. Presumably, this may be associated with less toxicity 
comparedd to exogenous IFNy administration. Another promising feature of CpG 
treatmentt is its long-term protection, requiring infrequent dosing. It should be noted, 
however,, that CpG may initiate inappropiate immune responses and has been 
reportedd to induce septic shock in mice, probably due to stimulation of TNF 
productionn [27]. Although no significant induction of TNF by CpG could be detected 
inn this study, further studies on possible toxicity are warranted. 
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Abstract t 

IL-11 signaling is required for the containment of infections with intracellular 

microorganismss such as Listeria monocytogenes and Leishmaniasis major. To 

determinee the role of EL-1 in the host reponse to TB, we infected IL-1 type I receptor 

deficientt (EUR7 ) mice, in which IL-1 does not exert effects, with Mycobacterium 

tuberculosis.tuberculosis. EL-1R7 were more susceptible to pulmonary tuberculosis, as reflected 

byy an increased mortality and an enhanced mycobacterial outgrowth in lungs and 

distantt organs, which was associated with defective granuloma formation, containing 

lesss macrophages and less lymphocytes, whereas granulocytes were abundant. 

Lymphocytess were predominantly confined to perivascular areas, suggesting a 

defectivee migration of cells into inflamed tissue in the absence of IL-1 signaling. 

Impairedd host defense in EL-1R7 mice was further characterized a decrease in the 

abilityy of splenocytes to produce interferony. These data suggest that IL-1 plays an 

importantt role in the immune response to M. tuberculosis. 
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Introduction n 

IL-11 is a potent pro-inflammatory cytokine that is implicated in numerous 

physiologicall  processes, as well as in the pathogenesis of a number of inflammatory 

diseasess [1]. IL-1 can bind two receptors. Whereas the IL-1R type II is a decoy 

receptor,, binding to IL-1R type I results in signal transduction. Also, IL-1R type I 

deficientt (IL-1R7) mice do not respond to IL-1 [2]. IL-1R type I therefore, seems 

responsiblee for the biological actions of IL-1. 

Thee acquired immune response to Mycobacterium tuberculosis infection is 

characterizedd by the formation of granulomas, consisting of macrophages, T cells 

andd granulocytes. The essential role of an intact Thl response in host defense against 

tuberculosiss (TB) is illustrated by reports of a markedly enhanced susceptibility to 

TBB of mice deficient for IFNy [3, 4] or IL-12 [5], A Thl response is also protective 

duringg other intracellular infections such as listeriosis and leishmaniasis [6]. IL-1 has 

beenn found to play a role in directing the T cell response during these infections. 

Indeed,, both IL-1RV mice and mice treated with a blocking antibody to the type I 

IL-1RR have a greatly decreased ability to control infection with Listeria 

monocytogenesmonocytogenes [2, 7]. In addition, EL-1R7" mice displayed higher parasite burdens 

thann normal wild type mice in a model of cutaneous leishmaniasis, which was 

associatedd with an enhanced Th2 response [8]. This suggests that IL-1 is involved in 

thee regulation of Thl/Th2 immune responses to infection with intracellular 

pathogens. . 

IL-11 is produced at the site of infection during TB as shown by elevated levels of IL-

11 in bronchoalveolar lavage fluid (BALF) [9] and IL-l p expression in granulomas in 

lungss of patients with tuberculosis (TB) [10]. Also, bronchoalveolar lavage cells 

obtainedd from the infected lung of TB patients spontaneous release IL-1(3 [11], This 

suggestss that IL-1 plays a role in host defense to TB in the pulmonary compartment. 

Indeed,, IL-1-coated beads are capable of inducing large granulomas in lung tissue, 

indicatingg that IL-1 is essential for the formation and maintenance of granulomas 

[12].. In this study, we determined the role of endogenous IL-1 in the pathogenesis of 

TB,, by comparing the course of this disease in IL-1R7" and IL-1R7+ mice 

intranasallyy infected with M. tuberculosis. 

Methods s 

MouseMouse strains. IL-1 receptor type I gene deficient (IL-1R7) mice back-crossed 6 

timess to a C57B1/6 background (kindly provided by Immunex Corporation, Seattle, 
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WA)) and their normal C57B1/6 wild type mice (IL-1R+/+, Harlan Sprague Dawley 

Inc.,, the Netherlands) were used. Sex- and age-matched (7-8 weeks old mice) were 

usedd in all experiments. Each experimental group consisted of 6-8 mice per time 

point.. IL-1R7" mice were normal in size, weight and fertility, and display no 

abnormalitiess in leukocyte subsets [13]. 

ExperimentalExperimental infection. A virulent laboratory strain of M. tuberculosis (H37Rv) was 

grownn in liquid Dubos medium containing 0.01 To Tween 80 for 4 days. A replicate 

culturee was incubated at 37 °C and stirred gently, harvested at mid-log phase and 

storedd in aliquots at -70 °C. Before each experiment, a vial was thawed and washed 

twicee with sterile saline to clear the mycobacteria of medium. Mice were 

anaesthesizedd by inhalation with isoflurane. During this brief anesthesia, intranasal 

inoculationn (i.n.) was conducted by placing 10 viable M. tuberculosis organisms in 

500 \i\ NaCI on the nares. The inoculum was plated immediately after inoculation to 

determinee viable counts. Control mice received 50 u.1 NaCI. After 2 and 5 weeks 

micee were anesthesized by FFM (fentanyl citrate 0.079 mg/ml, fluanisone 2.5 mg/ml, 

midazolamm 1.25 mg/ml in FLO; of this mixture 7.0 ml/kg intraperitoneally) and 

sacrificedd by bleeding out the vena cava inferior. 

ReverseReverse transcription PCR (RT-PCR) for cytokine message. Lung tissue samples 

weree homogenized in 1 ml of TRIzol Reagent (GibcoBRL, Lif e Technologies, Grand 

Island,, NY) and total RNA was isolated using chloroform extraction and isopropanol 

precipitation.. The RNA was dissolved in DEPC-treated water and quantified by 

spectrophotometry.. cDNA was synthesized by mixing 2 p.g RNA with 0.5 fig 

oligo(dT)) (GibcoBRL), and by incubating the solution (total volume 12 u.1) for 10 

minutess at 72°C. Subsequently, 8 JJ.1 of a solution containing 5x first strand buffer 

(Gibco/BRL),, 1.25 mM each of dNTPs (Amersham Pharmacia, Biotech, UK), 10 

mMM DTT (Gibco/BRL), and the Superscript Pre-amplification system (GibcoBRL) 

weree added and the final solution was incubated for 60 minutes at 37°C. For RT-

PCR,, equivalent amounts of cDNA (5 u.1) were amplified using a solution (20 u.1) 

containingg 4% DMSO (Merck, München, Germany), 12.5 u.g BSA (Biolabs inc., 

NewNew England), 1.25 mM of each dNTPs, lOx PCR buffer (0.67 M Tris-HCL (pH 

8.8),, 67 mM MgCl2, 0.1M [3-mercaptoethanol, 67 u.M EDTA, 0.166 M (NFLhSCu), 

0.55 U of AmphTaq DNA polymerase (Perkin Elmer Corp., Branchburg, NJ, USA), 

andd the forward (F) and the reverse (R) primers (lOOmM each). The PCR reactions 

weree carried out in the thermocycler Gene AMP® PCR System 9700 (Perkin Elmer, 

Norwalk,, CT) using a 5 minutes at 94°C sequence (1 cycle) and a final extension 
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phasee at 72°C for 10 minutes. The sequences and the cycle numbers were as follows: 

rL-la(F):5'CTCTAGAGCACCATGCTACAGAC3\ \ 

(R):: 5TGGAATCCAGGGGAAACACTG3,(30cycli), 

IL-P(F):: 5' TC ATGGG ATG ATG AT A ACCTGCT3', 

(R):: 5'CCCATACTTTAGGAAGACACGGAT3\ (30 cycli), p-actin (F): 

5'GTCAGAAGGACTCCTATGTG3',, (R): S^CTCGTTGCCAATAGTGATGS1 

(244 cycles). The PCR products were separated in 1.5% agarose gel containing 0.5x 

TBEE (50 mM Tns, 45 mM bone acid, 0.5 mM EDTA, pH8.3) with 0.5 ng/ml 

ethidiumm bromide. 

PreparationPreparation of lung tissue for ELISA. Homogenates of lungs were diluted 1:1 with 

lysiss buffer (0.5% Triton X-100, 150 mM NaCl, 15 mM Tris, 1 mM CaCl and 1 mM 

MgCl,, pH 7.40) at 4° C for 20 minutes. Homogenates were then centrifuged at 

14,0000 rpm for 10 min. to remove cell debris, after which the supernatants were 

storedd at -20° C. Cytokines were measured by ELISA's according to the instructions 

off  the manufacturer. Detection limits were 82 pg/ml (EL-la), 156 pg/ml (IL-lfJ, both 

fromm R&D Systems, Abingdon, United Kingdom). 

EnumerationEnumeration of mycobacteria. The lungs, liver and spleen were harvested and 

homogenisedd separately in sterile saline using a tissue homogenizer (Biospec 

Products,, Bartlesville, OK). 10-fold serial dilutions were plated on Middlebrook 

7H111 plates containing OADC enrichment (Difco, Braunschweig, Germany) and 

incubatedd at 37 °C in sealed bags. Colonies were counted after 3 weeks. 

HistologicalHistological Analysis. Lung and liver tissue samples were fixed in 10% neutral 

bufferedd formalin. After paraffin embedding, 4 urn sections were stained with 

hematoxylinn and eosin or Ziehl-Neelsen (ZN) stain for acid fast bacilli. Slides were 

thenn coded and analyzed by a pathologist for cellular infiltrate. Granulomas were 

definedd as collections of 10 or more macrophages and lymphocytes within the 

peripherall  lung parenchym [14] . For immunohistochemistry, lung tissue was snap 

frozenn in liquid nitrogen and 6(im thick cryosections were cut, collected on gelatine-

coatedd slides, air dried and fixed in ice-cold acetone for 15 minutes. Following PBS 

washes,, sections were incubated with 10% normal goat serum (Dako A/S, Glostrup, 

Denmark)) and then incubated overnight with FITC-labeled anti-CD4 and -CD8 

(Pharmingen).. Endogenous peroxidase activity was quenched by placing slides in a 

solutionn of sodium-azide/1% hydrogen peroxide (FLO:) for 10 minutes. Following a 

furtherr wash in PBS, sections were incubated with rabbit anti-FITC antibody and rat 
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anti-FITC-HRPP antibody (Dako, Denmark) diluted in PBS/1% normal mouse serum 

forr one hour each. Slides were developed using 1% H,0: and 3.3'-amino-9 ethyl 

carbazolee (Sigma, St.Louis, MO) and N,N-dimethylformamide for 10 minutes. 

Followingg counter staining with haematoxylin, sections were coated with glycerol 

andd a cover slip was applied. In control sections, the primary antibody was omitted. 

FlowFlow cytometry. Ceil suspension of lung tissue was obtained using an automated 

desegrationn device (Medi machine System; Dako, Glostrup, Denmark) and 

resuspendedd in RPMI (Biowhittaker, Verviers, Belgium). The cell suspension was 

clearedd from debris by filtering through a 40 (im filter (Becton-Dickinson, NJ). 

Leukocytess were recovered after centrifugation at 1450 rpm for 5 minutes and 

counted.. Two x I05 cells were resuspended in phosphate-buffered saline containing 

EDTAA lOOmM, sodium azide 0.1% and bovine serum albumin 5% (cPBS) and 

placedd on ice. Triple staining of lymphocytes was obtained by incubation for 1 hour 

withh directly labeled antibodies CD8-FITC, CD3-PE and CD4-Cy (Pharmingen, San 

Diego,, CA). Cells were then washed twice in ice cold cPBS and resuspended for 

floww cytofluorometric analysis (Calibrite; Becton Dickinson Immunocytometry 

Systems,, San Jose, CA). At least 5,000 lymphocytes were counted. Nonspecific 

stainingg was controlled for by incubation of cells with the appropriate control 

antibodies. . 

SpleenSpleen cell stimulation assays. Single cell suspensions were obtained by crushing 

spleenss through a 40 u,m filter (Pharmingen). Lymphocytes were obtained by Ficoll-

Hypaquee density gradient centrifugation (Ficoll-Paque; Pharmacia Biotech, Uppsala, 

Sweden)) and washed extensively. Cells were suspended in RPMI medium containing 

100 % fetal calf serum and 1% antibiotic-antimycotic (GibcoBRL). Round bottom 

platess were coated overnight with anti-CD3 (clone nr. 145.2c 11) and washed with 

sterilee PBS. 106 cells were added to each well, diluted with RPMI containing anti-

CD288 (1 ng/ml. Pharmingen) and incubated at 37 °C for 48 hours. IFNy and IL-4 

weree measured in the supernatant by ELISA according to the instructions of the 

manufacturerr (both from R&D Systems, Abingdon, United Kingdom). Detection 

limi tt for both was 31.2 pg/ml. 

StatisticalStatistical analysis. Differences in bacterial counts were compared using the Mann-

Whitney-UU test. P<.05 was considered statistically significant. 

188 8 



ProtectiveProtective role of IL-1 during tuberculosis 

Results s 

IL-1a a 

IL-1P P 

P-actin n 

NaCI I 

22 wks 5 wks 2 wks 5 wks 

IL-1R+/++ IL-1R-/-

Figuree 1. IL-ip . IL-1 a and 0-

actinn mRNA expression in 

lungss of IL-1R7" and IL-1RT 

micee determined by RT-PCR 2 

andd 5 weeks after intranasal 

infectionn with Mycobacterium 

tuberculosistuberculosis or NaCI. *P<0.05. 

Controll  mice received NaCI 

intranasally,intranasally, and were sacrificed 

afterr 2 weeks. Results were 

obtainedd from pooled lung 

homogenatess from 3 mice per 

strainn for each time point. 

ProductionProduction of 1L-la and 1L-1/3 in lungs. To investigate whether EL-la and IL-1 (3 

weree produced within the pulmonary compartment during TB, RT-PCR was 

performedd on lung homogenates. Messenger RNA of both IL- l a and EL-1 (3 was 

detectablee in lungs of IL-1R7" and EL-1R+/+ mice after infection with M. tuberculosis 

(Figuree 1). In addition, I l - l a and EL-1(3 protein was elevated in lungs of both mouse 

strainss during TB (Figure 2). 

50 0 

E E 
g>30 0 

^ 2 C H H 

an n i i 

ad d 

II IL-1R-/-
!! IL-1R+/+ 
]] control IL-1R-/-
]] control IL-1R+/+ 

Figuree 2. 

Meann  SE levels of IL-l a and 

IL-l pp in lungs of IL-1RT and 

IL-1RV""  mice infected with 

MycobacteriumMycobacterium tuberculosis. 

Controlss received saline (n=8 

perr group per time 

*P<.055 versus control. 

point). . 

22 weeks 5 weeks 

IL-1RVIL-1RV mice are more susceptible to M. tuberculosis infection. To determine the role 

off  endogenously produced EL-1 in host defense against TB, 20 IL-1R+/+ and 20 IL-

189 9 



ChapterChapter 17 

days s 

Figuree 3. 

Survivall  of IL-1RT and IL-

1R7++ mice infected with 

MycobacteriumMycobacterium tuberculosis 

(n=200 per group). 

1R77 mice were intranasally inoculated with M. tuberculosis and followed for 20 

weeks.. After the 20-week observation period of this survival experiment, all 20 BL-

1R+/++ mice were still alive. By contrast, 13 IL-1R7" mice (65%) had died, and the 

remainingg 7 IL-1R7 mice were terminally ill (Figure 3). 
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Figuree 4. 

Mycobacteriall  outgrowth in 

EL-1R7'' and IL-IR V mice in 

lungss (upper panels), liver 

(middlee panels) and spleen 

(lowerr panels)2 and 5 weeks 

afterr intranasal infection with 

M.M. tuberculosis. Horizontal 

liness represent median 

numberr of viable bacteria 

Mycobacteriall  outgrowth was 

significantlyy enhanced in LL-

1RTT mice in lungs at 2 and 5 

weeks,, and in liver and 

spleenss at 5 weeks. 

IL-1RVIL-1RV mice have enhanced mycobacterial outgrowth. The rate of mycobacterial 

outgrowthh in the lungs of IL-1R7" mice was increased compared to IL-1R+ + mice, as 

reflectedd by more M. tuberculosis cfu's after 2 weeks (P=0.005) and 5 weeks 
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(P<0.05.. Figure 4). M. tuberculosis is known to disseminate in mice [15, 16] . We 

investigatedd the role of IL-1 signaling in dissemination of TB by enumeration of 

mycobacteriaa in distant organs (Figure 4). After 2 weeks, there was no difference in 

thee number of mycobacteria in spleens and livers of IL-1R7 and IL-1R+/+ mice. 

However,, after 5 weeks IL-1R7 mice had a higher bacterial burden in spleen and 

liverr (P<0.05 vs. EL-1R7+ mice for both organs). After 20 weeks, when the survival 

experimentt was terminated, mycobacteria were counted in lungs of the remaining IL-

1R7""  (n=7) and IL-1R+/+ mice (n=20). Also at this late time point, lungs of IL-1R7" 

micee contained more mycobacteria than IL-1R+/+ mice (Figure 5). 

Figuree 5. Mycobacterial colony 
formingg units in the lungs of the 
remainingg IL-1R7" and IL-1R7+ 

micee of the survival experiment, 
200 weeks. Horizontal lines 
representt median number of 
viablee bacteria. These findings 
likelyy underestimate the 
differencee between IL-1R7 and 
IL-1R7++ mice since the majority 
off  IL-1R7 mice had already died 
att this time point. 
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DifferentialDifferential cellular infiltrate and granulomatous formation response in the lungs of 

infectedinfected IL-IR'I' mice. Two weeks after M. tuberculosis infection, IL-1R+/+ mice 

showedd numerous well-defined granulomas. At the same time, perivascular and 

peribronchiall  inflammation predominantly composed of lymphocytes was present. In 

IL-1R77 mice, the perivascular and peribronchial lymphocytic infiltrates dominated 

thee picture with less formation of granulomas (Figure 6a and b). After 5 weeks, IL-

1R++ + mice displayed a massive and almost diffuse infiltration of macrophages of 50 

too 80% of the lung parenchyme with lesser perivascular and peribronchial 

lymphocyticc infiltration (Figure 6c). Necrosis was not present. At variance, LL-1R7" 

micee presented small areas of necrosis with fibrin deposition together with an influx 

off  granulocytes. Apoptotic bodies were easily found. The lymphocytic infiltrates still 

concentratedd around vessels (Figure 6d). Twenty weeks after infection, IL-1R+/+ 

micee had almost totally cleared the infection, while in EL-1R7" mice more than 80% 

off  the lung parenchym was still highly inflamed (Figure 6e,f)- The immunostaining 

confirmedd the histological findings i.e. a more diffuse CD4+ T cell infiltration 

colocalizingg with macrophages at week 2 in EL-1R+/+ mice compared to IL-1R7" mice 

(figuree 7a and b). At 5 weeks, IL-1R7' mice displayed an infiltration of CD8+ cells 

whichh was not seen in IL-1R+ + mice (figure 7c and d). 
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Figuree 6. Histopathology of lungs. Two weeks after inoculation IL-1R+/+ mice displayed well-
definedd granulomas (6.a, HE staining, original magnification x 250) while IL-1R-/- mice showed a 
mildd perivascular and peribronchiolar lymphocytic infiltrates (6.b, HE staining, original magnification 
xx 250). After 5 weeks, granulomas were almost confluent in IL-1R+/+ mice with diffuse lymphocytic 
infiltratess (6.c, HE staining, original magnification x 500) while lymphocytes were still predominantly 
foundd in perivascular and peribronchiolar areas in IL-1R-/- mice (6.d, HE staining, original 
magnificationn x 500). At 20 weeks, only mild infection was present in lungs of IL1R+/+ mice (6.e, 
HEE staining, original magnification x 250) while in IL1R-/- mice, lung parenchym is almost totally 
inflamedd (6.f, HE staining, original magnification x 250). 
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Figuree 7. 
Immunostainingg for CD4+ and CD8+ T cells in lung tissue 5 weeks after inoculation. In IL-1R+/+ 
mice,, CD4+ T cells were found predominantly in granulomas (7.a, anti-CD4 staining, original 
magnificationn x 500) while in IL-1R-/- mice, CD4+ T cells were concentrated in perivascular and 
peribronchiolarr areas (7.b, anti-CD4 staining, original magnification x 500). CD8+ T cells were totally 
absentt in inflamed lungs of IL-1R+/+ mice (7.c, anti-CD8 staining, original magnification x 500) but 
weree clearly present in IL-1R-/- mice (7.d, anti-CD8 staining, original magnification x 500). 

LymphocyteLymphocyte subsets in lung tissue. Lymphocyte subsets in lungs were also analyzed 

byy FACS of cell suspensions obtained from lung tissue. The number of CD4+ and 

CD8++ T cells were increased in both BALF and lungs of mice inoculated with M. 

tuberculosistuberculosis compared to saline controls (data not shown). At 2 weeks after 

infection,, the fraction of CD4+T cells in lungs did not differ between EL-1R /"and IL-

1R+++ mice; at 5 weeks, in IL-1R7" mice the fraction of lung CD4T T cells was 

significantlyy higher than in EL-1R++ mice (table). CD8+ T cells in lungs of IL-1R7 

micee were increased already at 2 weeks and remained elevated at 5 weeks when 

comparedd to IL-lR+ + mice (table). 
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Table.. Cellular subsets in lungs of mice intranasally infected with M. tuberculosis 

22 wks 

55 wks 

IL-IR T T 

IL-1R+/+ + 

IL-1RV V 

IL - IR T T 

%CD3+ + 

733  1 

688 3 

733 * 

611 3 

%CD4+CD3+ + 

266  1 

255  1 

411 * 

299 3 

%CD8+CD3+ + 

333 * 

199  2 

266  1* 

1 1 

Dataa are mean+SE of 8 mice per group per time point, analyzed by FACS, expressed as percentage 
positivee cells within the lymphocyte gate. *P<0.05 vs. IL-1R+/+ mice 

SplenocytesSplenocytes of IL-1RV mice show a reduced Thl response after stimulation. To 

obtainn insight in mechanisms contributing to the increased mycobacterial outgrowth 

inn EL-1R7" mice, the ability of splenocytes harvested from IL-IR T and IL-1R+/+ mice 

afterr M. tuberculosis infection to produce a Thl response was analyzed. Splenocytes 

off  infected EL-1R7" mice produced markedly less IFNy compared to IL-1R+/+ 

splenocytess after stimulation with the T cell stimulator anti-CD3/anti-CD28 (P<0.05, 

Figuree 8). Splenocytes of uninfected control mice did not produce IFNy. Levels of 

thee prototypic Th2 cytokine EL-4 were low and similar in splenocyte cultures of IL-

1R+++ and IL-IR T mice (data not shown). 

Discussion n 

Wee demonstrate here that IL-1RI deficient mice, in which EL-l signaling is absent, 

succumbb to M. tuberculosis infection, associated with enhanced growth of 

mycobacteriaa at the site of infection, as well as in distant organs. The difference in 

mycobacteriall  load in IL-IR T and IL-1R+/+ mice was especially large at 20 weeks 

postinfection,, when the survival studies were terminated. Indeed, at this time point 

alll  IL-1R+/+ mice were still alive and displayed a relatively low number of 

mycobacteriaa in their lungs, while the lungs of the remaining 7 of 20 IL-IR T mice 

containedd several logs more M. tuberculosis cfu's. Compared with IL-1R 7+ mice, 

granulomass of IL-IR T mice had less macrophages and lymphocytes. The impaired 

hostt response in IL-IR T mice was further characterized by a dominant inflammatory 

response,, with large numbers of granulocytes and the presence of necrosis, while the 

cellularr immune response was diminished as reflected by a reduced ability of 

splenocytess to produce IFNy. The inadequate protective immune response of mice 

lackingg the type I EL-1 receptor may be due to a defective granuloma formation and a 

reducedd Thl response. 

Clinicall  outcome in TB correlates with the ability to form granulomas [17], 

demonstratingg the importance of granulomas in the containment of an M. 
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Figuree 8. Mean  SE IFNy 
concentrationss in supernatant of 
1066 splenocytes of IL-1R7 and 
IL-IRT**  mice obtained 2 or 5 
weekss after infection with M. 
tuberculosis.tuberculosis. Splenocytes were 
stimulatedd with anti-CD3/anti-
CD28.. Control splenocytes (Co) 
obtainedd from uninfected mice. 
N=66 per group per time point. 
*P<.055 versus IL-lRTmice. 

tuberculosistuberculosis infection. We report that in the absence of IL-1 signaling in a murine 

modell  of TB, granuloma contain less lymphocytes and macrophages in IL-1R7 mice. 

IL-11 is involved in the formation of granulomas, since recombinant IL-1 can directly 

inducee granuloma formation in lungs [12]. In addition, IL-1 is expressed in 

macrophagess during TB [10], and activated macrophages demonstrate an increased 

expressionn of IL-1 (3 [18, 19]. Together, IL-1 may be needed to activate macrophages 

forr an effective granuloma formation. Lymphocytes were predominantly confined to 

perivascularr and peribronchial sites. Therefore, migration of lymphocytes and 

mononuclearr phagocytes from the perivascular region into the inflamed lung seems 

too be impaired in the absence of IL-1 [14]. Interestingly, a lack in lymphocyte 

migrationn was also seen in TNF7" mice with TB [14]. 

AA protective immune response during TB is initiated by the production of Thl 

cytokiness from CD4+ T cells in response to mycobacterial antigens [20]. Indeed, 

IFNyy '/' and EL-127" mice are highly susceptible to TB [3-5], suggesting a key role for 

thesee cytokines in host defense to TB. Whereas resistance to M. tuberculosis is 

characterizedd by a Thl response, disease is associated with a Th2 response [21]. IL-1 

hass been found to be required for the regulation of Thl/Th2 responses [1, 8]. The 

absencee of IL-1 bio-activity resulted in exacerbation of L. monocytogenes and L. 

majormajor infection, suggesting a protective role for IL-1 in the host response to 

intracellularr bacteria [7, 8]. Similarly, in this study, the absence of IL-1 signaling was 

associatedd with an impaired host reponse to TB. The ability of splenocytes from IL-

1R77 mice to produce IFNY w as decreased when compared to IL-1R7+ mice. 

Therefore,, IL-1 seems important for the EFNy production capacity [22]. These results 

aree in line with a previous study reporting reduced IFNy production by stimulated 

drainingg lymph nodes from IL-1RT mice immunized with key hole limpet 

hemocyaninn [8]. 

Uponn histologic examination, inflammatory aspects were dominant in IL-1R7" mice, 

C:: ioo 

•• IL-1R7' 
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withh large numbers of granulocytes and the presence of necrosis. Consistently, an 
antibodyy to the IL-1 receptor was associated with granulocyte accumulation in vitro 
andd in mice injected with rhIL-I [23]. Together, the absence of IL-1 signaling seems 
too result in the accumulation of granulocytes. In addition to granulocytes, both CD4+ 

andd CD8+ T cells were elevated in lung tissue of EL-1RT mice, measured both with 
FACSanalysiss and immunohistochemistry. Considering that CD4+ and CD8+ T cells 
aree involved in protection against M. tuberculosis infection [24], these data indicate 
thatt the enhanced recruitment of CD4+ and CD8+ T cells in IL-1R7 mice cannot 
compensatee for the reduced resistance of these mice against TB. The exact 
mechanismm by which granulocytes and T cells dominate the lung pathology of IL-1R" 
/""  mice remain to be determined. 

Inn summary, this report demonstrates that EL-1RT mice, in which IL-1 signaling is 
absent,, are highly susceptible to M. tuberculosis infection, with enhanced 
mycobacteriall  outgrowth in lungs and distant organs. Loss of resistance to TB was 
associatedd with impaired granuloma formation and a lack in Thl mediated immune 
response.. We conclude that IL-1 has an important role in the generation of an 
adequatee host defense against infection with M. tuberculosis. 
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Abstract t 

Interleukinn (EL)-18 is a IFNy inducing cytokine that promotes Thl responses in vitro. 
Ann intact Thl response is considered important for host defense against tuberculosis 
(TB).. To determine the role of IL-I 8 in anti mycobacterial host defense, IL-18 gene 
deficientt (IL-18-/-) and IL-18+/+ mice were intranasally infected with M. 
tuberculosis.tuberculosis. We found that mycobacterial outgrowth in the lungs did not differ 
betweenn the two strains. Surprisingly however, growth of mycobacteria was reduced 
inn livers and spleens of IL-18-/- mice, although splenocytes of IL-18-/- mice had a 
reducedd ability to produce Thl cytokine IFNy, while the IL-4-producing capacity 
wass enhanced. These data suggest that the absence of bio-active IL-18 protects from 
disseminationn of TB to distant organs in a murine model of pulmonary TB 
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Introduction n 

Efficientt eradication of the M. tuberculosis in macrophages is mediated by a Thl 

immunee response, characterized by the production of interferon (IFN)y. EL-12 is 

knownn to promote the induction of EFNy producing Thl cells [1]. A Thl response 

determiness host defense against tuberculosis (TB), as mice deficient for EFNy [2, 3] 

orr IL-12 [4] have an enhanced susceptibility to TB. Although granulomas are thought 

too provide the best site for a coordinated interaction between T-cells and 

macrophages,, they are also a favorable environment for replication, thus promoting 

survivall  of the pathogen [5]. 

EL-188 has been identified as an LFNy inducing factor, especially in the presence of 

IL-122 [6], As such, IL-18 may be an important cofactor together with IL-12 to drive 

naivee T cells into development to Thl cells. In accordance, the receptor for IL-18 is 

expressedd on Thl but not on Th2 cells [7]. EL-18 has been found to contribute to the 

clearancee of intracellular pathogens, including Yersinia enterocolica [8] and 

SalmonellaSalmonella typhimurium [9]. Recently, Sugawara et al reported that 11-18 gene 

deficientt mice (EL-18-/-) mice had a relatively enhanced mycobacterial outgrowth of 

M.M. tuberculosis in lungs after airborne infection. Intravenous injection of M. 

tuberculosistuberculosis did not result in an increased mortality, however [10]. This study 

suggestedd that EL-18 serves a protective role during TB that is not as important as 

EFNyy or EL-12. We here report our results on the course of pulmonary TB in EL-18-/-

micee intranasally infected with M. tuberculosis. Mycobacterial outgrowth in lungs 

wass similar in EL-18-/- and normal wild type mice. However, much to our surprise, 

wee found a reduced dissemination of TB to extrapulmonary sites in EL-18-/- mice. 

Methods s 

MouseMouse strains. EL-18-/- mice back-crossed 6 times to a C57B1/6 background (kindly 

providedd by Dr. S. Akira, Hyogo College of Medicine, Hyogo, Japan [11]) and their 

normall  C57B1/6 wild type mice (IL-18+/+, Harlan Sprague Dawley Inc., Horst, the 

Netherlands)) were used. Sex- and age-matched (7-8 weeks old mice) were used in all 

experiments.. Each experimental group consisted of 8 mice per time point. EL-18-/-

micee were normal in size, weight and fertility, and without histopathologic 

abnormalitiess [11]. 

ExperimentalExperimental infection. A virulent laboratory strain of M. tuberculosis (H37Rv) was 

grownn in liquid Dubos medium containing 0.01% Tween 80 for 4 days. A replicate 
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culturee was incubated at 37 °C and stirred gently, harvested at mid-log phase and 

storedd in aliquots at -70 °C. Before each experiment, a vial was thawed and washed 

twicee with sterile saline to clear the mycobacteria of medium. Mice were 

anesthesizedd by inhalation with isoflurane. During this brief anesthesia, intranasal 

inoculationn (i.n.) was conducted by placing 105 or 106 viable M. tuberculosis 

organismss in 50 u,l NaCl on the nares. The inoculum was plated immediately after 

inoculationn to determine viable counts. After 2 and 6 weeks mice were anesthesized 

byy FFM (fentanyl citrate 0.079 mg/ml, fluanisone 2.5 mg/ml, midazolam 1.25 mg/ml 

inn FLO; of this mixture 7.0 ml/kg intraperitoneally) and sacrificed by bleeding out 

thee vena cava inferior. Control mice received 50 uJ of NaCl. 

EnumerationEnumeration of mycobacteria. The lungs, liver and spleen were harvested and 

homogenisedd separately in sterile saline using a tissue homogenizer (Biospec 

Products.. Bartlesville, OK). 10-fold serial dilutions were plated on Middlebrook 

7H111 plates containing OADC enrichment (Difco, Braunschweig, Germany) and 

incubatedd at 37 °C in sealed bags. Colonies were counted after 3 weeks. 

PreparationPreparation of lung tissue for ELISA. Homogenates of lungs were diluted 1:1 with 

lysiss buffer at 4°C for 20 minutes, centrifuged at 14,000 rpm for 10 min., after which 

thee supernatants were stored at -20°C. IL-18 was measured by ELISA according to 

thee instructins of the manufacturer (R&D Systems, Abingdon, United Kingdom, 

detectionn limit 32 pg/ml). 

SpleenSpleen cell stimulation assays. Single cell suspensions were obtained by crushing 

spleenss through a 40 u.m filter (Pharmingen). Lymphocytes were lysed with 

bicarbonatee buffered ammonium chloride solution (pH 7.4) and washed extensively. 

Cellss were suspended in RPMI medium containing 10 % fetal calf serum and 1% 

antibiotic-antimycoticc (GibcoBRL). Round bottom plates were coated overnight 

withh anti-CD3 (clone nr. 145.2cll) and washed with sterile PBS. 106 cells were 

addedd to each well, diluted with RPMI containing anti-CD28 (Pharmingen) and 

incubatedd at 37 °C for 48 hours. IFNy and IL-4 were measured in the supernatant by 

ELISAA according to the instructions of the manufacturer (both from R&D Systems, 

Abingdon,, United Kingdom). Detection limit for both was 312 pg/ml. 

HistologicalHistological Analysis. Lung and liver tissue samples were fixed in 10% neutral 

bufferedd formalin. After paraffin embedding, 4 u.m sections were stained with 

hematoxylinn and eosin or Ziehl-Neelsen (ZN) stain for acid fast bacilli. Slides were 
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thenn coded and analyzed by a pathologist for cellular infiltrate. Granulomas were 

definedd as collections of 10 or more macrophages and lymphocytes within the 

peripherall  lung parenchym [12]. 

StatisticalStatistical analysis. Differences between groups were compared using the Mann-

Whitney-UU test. P<0.05 were considered statistically significant. 

Results s 

LevelsLevels ofIL-18 in lungs. To determine whether IL-18 is elevated during TB, levels of 

IL-188 were measured in lung homogenates of mice infected with M. tuberculosis. 

Meann ) lung IL-18 of infected IL-18+/+ mice at 2 wks was 32.0  2.8, and at 6 

wkss 30.5  2.9 ng/mg tissue, and did not differ from lung levels of IL-18 uninfected 

salinee controls (29.4  3.6 ng/mg tissue at 2 wks). Mean level of IL-18 in lungs of 

EL-18-/-- mice at 2 wks was 1.3  0.4 and at 6 wks 2.9  0.7 ng/mg tissue (P<0.05 vs. 

salinee controls and vs. IL18+/+ mice). 
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months s 

SurvivalSurvival of IL-18 +/+ and IL-18 -/- mice intranasally infected with M. tuberculosis. 

Too determine the role of endogenously produced IL-18 in host defense against 

pulmonaryy TB, 10 EL-18+/+ and 10 IL-18-/- mice were intranasally inoculated with 

1055 cfu M. tuberculosis and followed for 5 months. After the observation period, all 

100 IL-18+/+ mice were still alive, while 2 IL-18-/- mice (20%) had died (non 

significant;; Figure 1). 

MycobacterialMycobacterial outgrowth in 1L-18+/+ and IL-18 -/- mice intranasally infected with 

M.M. tuberculosis. The effect of endogenous IL-18 on the outgrowth of M. tuberculosis 

inn lungs and distant organs was investigated in two separate experiments. First, IL-

18-/-- and EL-18+/+ mice were infected with 10' cfu M. tuberculosis, and 

mycobacteriall  outgrowth was determined in lungs and liver after 2 and 6 weeks. The 

numberr of M. tuberculosis cfu's was similar in lungs of both mouse strains at both 

timee points (Figure 2). Surprisingly, at 6 weeks, mycobacterial outgrowth in the liver 
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wass lower in IL-18-/- mice than in IL-18+/+ mice (P<0.05). To confirm this 

unexpectedd result, we performed a second experiment using a higher dose of 106 cfu 

ass inoculum, determining mycobacterial outgrowth in lungs, liver and spleen. This 

experimentt vielded similar results, i.e. while the number of mycobacteria in lungs did 
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Figuree 2. Mycobacterial 

outgrowthh in lungs and livers of 

IL-187""  and IL-18T mice 

intranasallyy infected with 105 

cfu'ss M. tuberculosis. Data are 

expressedd as mean  SE of 8 

micee per group per time point. 

*P<0.055 is significant versus 

IL-18+/++ mice 
22 wks 5 wks 

nott differ between tne mouse strains, less mycoDacteria were recovered from livers 

andd spleens from IL-18-/- than from IL-18+/+ mice, both at 2 and 6 weeks 

postinfectionn (Figure 3). Hence, these results suggest that endogenous IL-18 

facilitatess dissemination of M. tuberculosis to distant organs during pulmonary TB. 

TheThe immune response of splenocytes after stimulation. To determine the ability of EL-

18-/-- mice to produce a Thl response, splenocytes were harvested from IL-18-/- and 

IL-18+/++ mice 2 and 6 weeks after M. tuberculosis infection, and the level of IFN'y 

(thee prototypic Thl cytokine) after stimulation with the T cell stimulus anti-

CD3/anti-CD288 was measured. Splenocytes of infected EL-18-/- mice produced 

markedlyy less IFNY than splenocytes from infected IL-18+/+ mice (Figure 4). In 

contrast,, levels of the prototypic Th2 cytokine EL-4 were higher in splenocyte 

culturess of EL-18-/- mice than in those of IL-18+/+ mice (Figure 4). These data 

suggestt that EL-18-/- mice are less capable of inducing a protective Thl response 

duringg TB. 

CellularCellular infiltrate and granulomatous formation response. At 2 weeks after 

infection,, lungs of EL 18+/+ mice displayed relatively well-demarcated granulomas 

composedd of macrophages, lymphocytes and a limited number of granulocytes. At 
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thee same time point, perivascular and peribronchial inflammation was present. IL-18-

/-- mice developed large and poorly-defined granulomas rich in granulocytes. Thus, in 

ELI8-/-- mice lungs showed indiscrete granulomas with more diffuse inflammation 

withh relatively more granulocytes and signs of vasculitis than IL-18+/+ mice. At 5 

tali tali 
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Figuree 3. 

Mycobacteriall  outgrowth in 

lungs,, livers and spleens of IL-

1877 and IL-18T mice 

intranasallyy infected with 106 

cfu'ss M. tuberculosis. Data are 

expressedd as mean  SE of 8 

micee per group per time point. 

22 wks 5 wks 

weekss after infection, both groups of mice demonstrated highly inflamed lung 

parenchymm with relatively diffuse infiltration with macrophages and few 

lymphocytes.. The lungs of IL18-/- mice displayed relatively less inflammation than 

IL-18+/++ mice. Caseous necrosis or multinucleated giant cells were never observed. 

Discussion n 

EL-188 has been identified as an important cofactor for optimal IFNy production, 

drivingg T cells into development to Thl cells, and thereby contributing to host 

defensee against several intracellular pathogens [13-15]. We here report that a lack of 

IL-188 does not affect survival or mycobacterial outgrowth in lungs after intranasal 

infectionn with M. tuberculosis. Surprisingly however, the absence of bio-active IL-18 

conveyedd protection from dissemination of TB to distant organs in mice intranasally 

infectedd with M. tuberculosis, in spite of the fact that splenocytes of infected EL-18-/-

micee had a reduced ability to produce Thl cytokines. 
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Thee EFNy-inducing capacity of IL-18, in synergysm with EL-12, on immune cells 

suchh as NK, B and T cells and macrophages is well established in vitro [16-18]. 

Becausee of its Thl stimulating ability, it can be hypothesized that IL-18 contributes 

too host defense against intracellular pathogens. Indeed, EL-18-/- mice have an 
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Figuree 4. Mean  SE levels of IFNy and IL-4 concentration in supernatant of 10 splenocytes of IL-
18"/"" and IL-18*/* mice infected with 10' cfu M. tuberculosis, and ex vivo stimulated with anti-
CD3/anti-CD28.. *P<0.05 is significant versus IL-18+/+ mice. (n=8 per group per time point). 

increasedd susceptibility to Leishmania major infection [15]. Also, treatment with 

murinee recombinant IL-18 to mice enhanced clearance of Cryptococcus neoformans 

fromm the lungs [14]. However, administration of anti-IL-18 antibodies did not 

influencee survival of infected mice, suggesting that endogenously synthesized IL-18 

doess not contribute importantly to host resistance to cryptococci [14]. Previously, it 

wass reported that survival of mice intravenously infected with M. tuberculosis was 

nott influenced by a lack of IL-18 [10]. We found no difference in survival between 

IL-18-/-- and IL-18+/+ mice after infection via intranasal route. Furthermore, in our 

studyy IL-18-/- and IL-18+/+ mice demonstrated a similar mycobacterial outgrowth in 

lungss after infection with two different doses of M. tuberculosis. In contrast, 

Sugawaraa et al found an increased number of CFU in lungs of IL-18-/- mice after 

infectionn with a different M. tuberculosis strain (the virulent Kurono strain) via a 

nebulizerr [10]. Although the explanation for these different results remain to be 

established,, the use of different mycobacterial strains and/or methods of infection 

mayy have played a role. 

Ourr finding that IL-18-/- mice were relatively protected against dissemination to 

distantt organs was confirmed in two separate experiments using different 

mycobacteriall doses. Dissemination of tubercle bacilli from the lung to distant 

organss presumably occurs via the blood. The mechanism by which EL-18 apparently 

contributess to dissemination can not be dissected from our study. In the study by 

Sugawaraa et al, it was noted that the size of the granulomas in the lungs of IL-18 -/-

micee were larger than of 18+/+ mice after intravenous infection [10]. Granuloma size 

reducedd after the administration of exogenous IL-18, suggesting IL-18 plays a role in 

granulomaa formation in TB. In accordance, in our study IL-18-/- mice developed 
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largee and poorly-formed granulomas containing relatively many granulocytes. This 

deficiencyy in granuloma formation is reminiscent of that observed in TNF-/- mice 

[12]. . 

Figuree 5. Histopathology of lungs. Two weeks after inoculation IL-18+/+ mice displayed well-
demarcatedd granulomas (5a, HE staining, original magnification x 500) while IL-18-/- mice showed 
large,, indiscrate granulomas, containing more granulocytes than wild-type mice. (5b, HE staining, 
originall  magnification x 500). 

Att 6 weeks after infection, both mouse strains presented highly inflamed lung parenchyme with 
diffusee infiltration of macrophages, with less inflammation in the lungs of IL-18+/+ mice (5c, HE 
staining,, original magnification x 500) compared to littermates. (5d, HE staining, original 
magnificationn x 500). 

Inn line with its EFNy-inducing capacities, the absence of EL-18 resulted in a reduced 

abilityy of splenocytes to produce EFNy. This was not associated with an impaired host 

defense,, suggesting that the protective immune response to TB may in part be 

independentt of EFNy. Indeed, IL-18 was protective in a model of Salmonella 

typhimurium,typhimurium, without influencing EFNy levels [9], In accordance, studies with EFNy-

/-- mice have reported EFNy-independent mechanisms of resistance to infections such 

ass leishmaniasis and Chlamydia trachomatis [19]. Moreover, EFNy expression could 
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nott be detected in a resistant strain of mice infected with M. lepra [20], which is 

suggestivee for EFNy independent ways of protection in a mycobacterial infection. 

Also,, EL-18 can not stimulate IFNy production by itself, but needs the presence of EL-

12.. In our study, levels of EL-12p40 and p70 were higher in lungs of IL18-/- mice 

thann in IL-18+/+ mice, which may have compensated for the lack of IL-18 in the 

inductionn of EFNy. 

Althoughh exogenously administered IL-18 has been found protective for host defense 
againstt intracellular pathogens by induction of a Thl response, the role of 
endogenouss IL-18 is less clear. We found that the absence of endogenous EL-18 
protectedd against dissemination of TB to distant organs in mice intranasally infected 
withh M. tuberculosis. The Thl response was reduced in the EL-18-/- mice. Further 
studiess are warranted to establish the mechanism by which IL-18 contributes to 
disseminationn of TB. 
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Abstract t 

MycobacteriumMycobacterium tuberculosis bacilli are intracellular organisms that reside in 
phagosomess of alveolar macrophages (AMs). Extensive AM apoptosis has been 
demonstratedd within granulomas and broncho-alveolar lavage fluid of tuberculosis 
patients.. To determine the in vivo role of AM apoptosis in host defense against M. 
tuberculosistuberculosis infection, mice with pulmonary tuberculosis induced by intranasal 
administrationn of virulent M. tuberculosis, were treated intranasally with either 
liposome-encapsulatedd dichloromethylene diphosphonate (AM- mice) or saline 
(AM++ mice). AM- mice were completely protected against lethality, which was 
associatedd with a reduced outgrowth of mycobacteria in lungs and liver, and a 
polarizedd production of type 1 cytokines in lung tissue and by splenocytes stimulated 
exx vivo. AM- mice displayed deficient granuloma formation, but were capable of 
attractionn and activation of CD4+ T cells in the lung. These data suggest that AM 
apoptosiss serves a protective role during pulmonary tuberculosis. 

212 2 



AlveolarAlveolar macrophage apoptosis in tuberculosis 

Introduction n 

MycobacteriumMycobacterium tuberculosis is responsible for much morbidity and mortality 

worldwidee (1). The increasing incidence of antibiotic resistance, together with 

synergismm between HIV and tuberculosis, has heightened our interest in this 

importantt infectious disease and in mechanisms contributing to antimicrobial host 

defense. . 

Mycobacteriaa are intracellular pathogens that are taken up by host alveolar 

macrophagess (AMs), in which they either are killed or survive. Surviving bacilli start 

too proliferate and are released leading to infection of additional host cells. Apoptosis 

off  AMs could be an effective weapon to kil l or inhibit the growth of intracellular 

mycobacteria.. Several findings suggest that AM apoptosis plays an important role in 

tuberculosis.. Infection of human AMs with M. tuberculosis has been shown to 

inducee apoptosis in vitro (2). Furthermore, extensive apoptosis (50-70%) was found 

withinn tuberculous granulomas in lungs of tuberculosis patients (2), and a significant 

increasee in the number of apoptotic AMs was observed in bronchoalveolar lavage 

fluidd (BALF) from patients with active pulmonary tuberculosis (3, 4). Despite these 

observationss it is not clear which role AM apoptosis plays in the pathobiology of this 

diseasee and whether it increases or decreases the mycobacterial load in vivo. In vitro 

studiess suggest that apoptosis may be a macrophage defense mechanism to infection 

byy mycobacteria. Indeed, apoptosis of human monocytes limited the growth of M. 

aviumavium (5), M. bovis bacillus Calmette-Guérin (6) and M. tuberculosis (7). However 

inin vitro studies are not adequate to determine the net effect of AM apoptosis on the 

hostt response to tuberculosis. AMs have important phagocytic and immune functions 

thatt could be disturbed by the apoptotic process. Clearance of microorganisms that 

reachh the alveolar space relies partly on phagocytic AMs. Furthermore, macrophages 

presentt mycobacterial antigens to CD4+ T lymphocytes that are central in the 

acquiredd resistance to M. tuberculosis. Macrophages are a significant source of type 

11 cytokines during mycobacterial infection (8), which are known to be important for 

thee development of protective immunity (9). In addition, AMs produce fFN-y in 

responsee to M. tuberculosis (10), which is a pivotal mediator in host resistance to 

tuberculosiss (11, 12). Finally, mononuclear cells are involved in the formation of 

granulomas,, which are critical in restricting mycobacterial growth and dissemination 

(13).. Hence, theoretically AM apoptosis could have beneficial and detrimental 

effectss during tuberculosis in vivo. 
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Inn the present study we sought to determine the role of AM apoptosis in M. 

tuberculosistuberculosis infection in mice, using the well-validated method of intrapuimonary 

deliveryy of liposome-encapsulated dichloromethylene diphosphonate (clodronic-acid 

disodiumm salt tetrahydrate; ChMDP). Intratracheal administration of liposome-

encapsulatedd CL2MDP selectively depletes AMs (14) by apoptosis (15, 16) without 

damagingg other cell types in the lung (17). In this report we present the first evidence 

thatt AM apoptosis in vivo leads to improved clearance of M. tuberculosis bacilli. The 

inhibitionn of mycobacterial growth was associated with an enhanced Thl mediated 

immunee response. The antibacterial role of AM apoptosis in vivo suggests that this 

processs could be a host defense mechanism. 

Materiall and Methods 

Mice.Mice. Pathogen-free 6-week-old female BALB/c mice were obtained from Harlan 

Spraguee Dawley Inc. (Horst, the Netherlands) and were maintained in biosafety level 

33 facilities. The Animal Care and Use Committee of the University of Amsterdam, 

thee Netherlands, approved all experiments. 

ExperimentalExperimental infection. A virulent laboratory strain of M. tuberculosis H37Rv was 

grownn in liquid Dubos medium containing 0.01% Tween 80 for 4 days. A replicate 

culturee was incubated at 37°C, harvested at mid-log phase and stored in aliquots at -

70°C.. For each experiment, a vial was thawed and washed twice with sterile 0.9% 

NaCl.. Mice were anaesthetized by inhalation with isoflurane (Abbott Laboratories 

Ltd.,, Kent, U.K.) and infected with lxlO4 live bacilli in 50 \x\ saline, as determined 

byy viable counts on 7H11 Middlebrook agar plates. Bacterial administration was 

performedd intranasally (i.n.) as described previously (18, 19). Groups of eight mice 

perr time point were sacrificed 2 or 5 weeks post-infection, and lungs and liver were 

removedd aseptically. Organs were homogenized with a tissue homogenizer (Biospec 

Products,, Bartlesville, OK) in 5 volumes of sterile 0.9% NaCl, and 10-fold serial 

dilutionss were plated on Middlebrook 7H11 agar plates to determine bacterial loads. 

Coloniess were counted after 21-day incubation at 37°C. For cytokine measurements, 

lungg homogenates were diluted 1:1 in lysis buffer (150mM NaCl, 15mM Tns, ImM 

MgCl.H20,, ImM CaCh, 1% Triton, 100p.g/ml pepstatin A, leupeptin and aprotinin), 

andd incubated on ice for 30 min. Supernatants were sterilized using a 22 u.m filter 

(Corningg Incorporated, Corning. NY) and frozen at -20°C until assays were 

performed. . 

InIn vivo AM depletion. CI2MDP was a gift from Boehnnger Mannheim (Mannheim, 
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Germany).. Preparation of liposomes containing CbMDP was done as described 

previouslyy (17). For assessment of AM depletion, 5 uninfected mice per group were 

i.n.. inoculated with 100 \x\ of 0.9% NaCl, or ChMBP-liposomes. Two days later 

AMss were quantified in the BALF. For the tuberculosis experiments, 100 u.1 saline, 

orr CbMBP-liposomes were instilled 2 days before and 6, 14, and 25 days after M. 

tuberculosistuberculosis challenge. 

AssessmentAssessment of in vitro effect of CLiMDF'-liposomes on M. tuberculosis. 2.5x10' 

colonyy forming units (CFUs) were incubated in octuplicate in 96-well round bottom 

culturee plates in the presence of Lowenstein-Jensen medium (Becton Dickinson, 

Franklinn Lakes, NJ) with either 0.9% NaCl or CL2MDP-liposomes. After 48-h 

incubationn at 37°C in 5% CO:, colonies were counted. 

LungLung lavage. Bronchoalveolar lavage was performed to obtain intra-alveolar cells. 

Briefly,, mice were anesthetized, and the trachea was exposed through a midline 

incisionn and cannulated with a sterile 22-gange Abbocath-T catheter (Abbott, Sligo, 

Ireland).. The lungs were then lavaged with two 0.5 ml aliquots of sterile 0.9% NaCl. 

0.9-1.00 ml of lavage fluid was retrieved per mouse, and total leukocyte count was 

determinedd using a hemacytometer and TÜRK's solution (Merck, Gibbstown, N.J.). 

Thee number of AMs was calculated from these totals, using cytospin preparations 

stainedd with modified Giemsa stain (Diff-Quick, Baxter, McGraw Perk, IL) . 

HistologicalHistological analyses. The left lungs were removed 2 or 5 weeks after inoculation 

withh M. tuberculosis and fixed in 4% paraformaldehyde in PBS for 24 hours. After 

embeddingg in paraffin, 

4-/im-thickk sections were stained with hematoxylin-eosin. All slides were coded and 

semi-quantitativelyy scored for inflammatory infiltrates and granuloma format by a 

pathologist. . 

FACSFACS analysis. BALF cells obtained from mice 2 and 5 weeks post-infection were 

analyzedd by FACS (Becton Dickinson). Cells from six infected mice per group were 

pooledd for each time point and were brought to a concentration of 4x10 cells/ml 

FACSS buffer (PBS supplement with 0.5% BSA, 0.01% NaN3 and 100 mM EDTA). 

Immunostainingg for cell surface molecules was performed for 30 min at 4°C using 

directlyy labeled Abs against CD3 (anti-CD3-phycoerythrin), CD4 (anti-CD4-

CyChrome),, CD8 (anti-CD8-FITC, anti-CD8-PerCP), CD25 (anti-CD25-FITC) and 

CD699 (anti-CD69-FITC). All Abs were used in concentrations recommended by the 
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manufacturerr (Pharmingen, San Diego, CA). To correct for aspecific staining an 

appropriatee control antibody (rat IgG2, Pharmingen) was used. Cells were fixed with 

2%% paraformaldehyde, and surface molecules were analyzed by gating the CD3+ 

population.. The number of positive cells was obtained by setting a quadrant marker 

forr nonspecific staining. 

SplenocyteSplenocyte stimulation. Single cell suspensions were obtained by crushing spleens 

throughh a 40 |xm cell strainer (Becton Dickinson). Erythrocytes were lysed with ice-

coldd isotonic NH4CI solution (155 mM NH4CI, 10 mM KHCO3, 100 mM EDTA, pH 

7.4),, and the remaining cells were washed twice. Splenocytes were suspended in 

mediumm (RPMI 1640 (Bio Whittaker, Belgium), 10% fetal calf serum, 1% antibiotic-

antimycoticc (GibcoBRL, Lif e Technologies, Rockville, MD)), seeded in 96-well 

roundd bottom culture plates at a cell density of lxlO7 cells in triplicate, and 

stimulatedd with coated anti-CD3 (clone 145-2C11, house-made) and anti-CD28 

(clonee 37.51, Pharmingen) Abs. Supernatants were harvested after a 48-h incubation 

att 37°C in 5% CO2, and cytokine levels were analyzed by ELISA. 

CytokineCytokine measurements. Cytokines were measured in lung homogenates and spleen 

celll  supernatants by specific ELISA's using matched Ab pairs according to the 

manufacturer'ss instructions: IFN-y, IL-2, EL-4, (R&D Systems, Minneapolis, MN) 

andd IL-10 (Pharmingen). 

DataData statistical analysis. All values are expressed as mean  SEM. Comparisons 

weree done with Mann-Whitney U tests. For comparison of survival curves Kaplan-

Meierr analysis with a log rank test was used. Values of P < 0.05 were considered 

statisticallyy significant. 

Results s 

EffectsEffects of AM apoptosis on the course of infection. Intranasal administration of 

hposome-encapsulatedd CL2MDP resulted in >70% AM depletion in BALF of 

uninfectedd mice after 2 days (data not shown). Lungs of CL2MDP-liposome-treated 

micee presented large areas of degenerated macrophages with cell debris and 

apoptoticc bodies in the alveolar spaces 2 weeks post-infection (Fig. 1). This result is 

inn line with previous reports on the capacity of intratracheally administered 

CL2MDP-liposomess or CL2MDP-liposomes given by aerosol to deplete AMs (20, 

21). . 
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«Je'Ï Ï 

Figuree 1. A representative field 

off  lung parenchyme of AM -

micee 2 weeks post-infection 

showingg numerous cellular 

debriss in alveolar spaces 

togetherr with picnotic nuclei 

(HEE staining, original 

magnificationn xlOO). 

Too investigate the role of AM and AM apoptosis in the outcome of tuberculosis, 

CliMBP-liposomess were given i.n. 2 days before, and 6, 14 and 25 days after 

inductionn of tuberculosis (AM- mice). Mice administered with saline served as 

controlss (AM+ mice). Survival and bacterial load in lung and liver were analyzed to 

determinee resistance to tuberculosis. As shown in Fig. 2, survival in AM+ mice 

decreasedd extensively from day 35 onward, resulting in 90% mortality after 5 

months.. In sharp contrast, all AM- mice controlled the same infectious dose and 

survivedd the 5-month follow-up (P < 0.0001). 

Figuree 2. Effect of AM depletion 

'' _o-AM, o n survival of mice following M. 

-—AM -- tuberculosis infection. BALB/ c 

micee (n=10 per group) were 

intranasallyy administered with 

eitherr saline or CL2MDP-

11 G liposomes prior and after 

~[o~[o Ts loö 125 150 bacterial challenge of 1x104 M. 

day**  post-mfeaoi tuberculosis H37Rv. 

40--

30--

I--

Becausee of the impressive differences in survival, we determined whether differences 

existedd in mycobacterial load during earlier phases of the infection. The number of 

M.M. tuberculosis CFUs recovered from lungs were not significantly different between 

AM ++ and AM- mice 2 weeks post-infection (Fig. 3a). However, the mycobacterial 

loadd in the liver of AM- mice was substantially increased in comparison with AM+ 

micee (P = 0.02, Fig. 3b). At 5 weeks post-infection, significant differences in tissue 

contentt of M. tuberculosis bacilli were observed between AM+ and AM- mice. The 

lungss of AM- mice contained 7.5 fold-less viable mycobacteria than those of AM+ 

animalss (P = 0.028, Fig. 3c). The dissemination of organisms to the liver of AM-

micee was 3.6 times lower than that in AM+ mice (P = 0.011, Fig. 3c). 

Too exclude the possibility that liposome encapsulated CL2MDP had a direct effect on 
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b b 
L.. " I 

II I 
Figuree 3. Mycobacterial 

burdenss in lung and liver. 2 (a, 

b)) and 5 (c. d) weeks post-

infection.. Data are mean and 

SEMM of CFUs from eight mice 

perr group for each time point 

(*P<0.055 vs AM+ mice). 

mycobacteria,, M. tuberculosis was incubated in vitro in the presence or absence of 

thiss agent for 2 days. Bacterial counting demonstrated no direct antimycobactenal 

effectt of liposome encapsulated CL2MDP (data not shown). 

Togetherr these findings suggest that AM apoptosis plays an important role in 

controllingg M. tuberculosis infection. 

Histology.Histology. Two weeks after M. tuberculosis inoculation lungs of AM+ mice 

exhibitedd more or less well-defined granulomas comprising a majority of epithelioid 

andd foamy cells and a small number of lymphocytes throughout the parenchyma 

(Fig.. 4a). Dense lymphocytic infiltrates were also present around small vessels. 

Lungss of AM- mice showed a relatively diffuse infiltrate of granulocytes with 

prominentt perivascular lymphocytic infiltrates. Well-defined granulomas were not 

presentt (Fig. 4b). After 5 weeks the inflammatory infiltrates in lungs of all mice 

becamee more diffuse and intense with a cellular composition comparable in AM+ 

andd AM- mice. However, the lung parenchyma of AM- mice was less damaged than 

thee lungs of AM+ mice (Fig 4c and d). 

TT cell subsets. CD4+ T cells have an established role in protective immunity against 

M.M. tuberculosis infection (22-24), and must be stimulated with specific ligands on 

thee surface of APCs. To study whether AMs are important for the induction of CD4+ 

TT cell-mediated immunity we investigated the phenotypes of immune cells in the 

lungss by FACS analysis. As shown in Table 1 the percentages of CD4+ T cells did 

nott differ between AM+ and AM- mice. Moreover, in both groups the CD4+ 

lymphocytess were equally as assessed by the activation markers CD25 and CD69. 

218 8 



AlveolarAlveolar macrophage apoptosis in tuberculosis 

Figuree 4. Lung histopathology. a. Two weeks post-infection, lungs of AM+ mice showed well-shaped 
granulomas,, chiefly composed by macrophages and few lymphocytes (HE staining, original 
magnificationn x50). b. At the same time point, lungs of AM- mice displayed slight perivascular 
lymphocyticc infiltrates and degenerated macrophages in alveolar spaces. Well-defined granulomas 
weree not found (HE staining, original magnification x50). 

c.. Five weeks post-infection, lungs of AM+ mice displayed a diffuse inflammatory infiltrate 
predominantlyy composed of macrophages (HE staining, original magnification x25). d. Lungs of AM-
micee presented an almost normal aspect (HE staining, original magnification x25). Slides shown are 
representativee for a total of 8 mice per group for each time point. 

Besidee CD4+ T cells, CD8+ T cells have also been suggested to participate in host 

defensee against mycobacterial infections (22). However, the number and activation 

statee of CD8+ T cells was decreased in AM- mice as compared with AM+ mice at 

bothh 2 and 5 weeks post-infection, suggesting that these cells do not play a role in the 

improvedd outcome of tuberculosis AM- mice. 

CytokineCytokine expression patterns in lung. Since development of early T-helper 1 (Thl) 

cellularr immunity is essential for the elimination of M. tuberculosis (9), we 

investigatedd if the improved outcome of tuberculosis seen in the AM- mice was 
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Tablee 1. Effect of AM depletion on T cell subsets in BALF during tuberculosis" 
%% 2 weeks 

p.i. p.i. 

AM+ + 

AM--

CD4* CD4* 

41.1 1 

45.8 8 

CD8CD8+ + 

46.5 5 

31.2 2 

CD4*/CD25* CD4*/CD25* 

7.7 7 

11.3 3 

CD4+/CD69* CD4+/CD69* 

21.0 0 

27.9 9 

CD8*/CD25* CD8*/CD25* 

5.2 2 

6.7 7 

CD8*/CD69* CD8*/CD69* 

34.7 7 

20.8 8 

%% 5 weeis 

p.i. p.i. 
AM+ + 
AM--

46.0 0 

49.7 7 

47.9 9 

40.3 3 

2.7 7 

4.2 2 

16.1 1 

14.6 6 

0.7 7 

0.6 6 

29.6 6 

22.3 3 
aTT cell subsets in the BALF of mice infected with M. tuberculosis, 2 and 5 weeks post-infection (p.i.). 

Totall  cells collected from six mice per group per time point were pooled and immunostained. FACS 

analysiss was performed as described in the methods section. Results are expressed as % CD4+, CD8+, 

CD25+,, and CD69+ within the CD3+ population. 

associatedd with a shift in cytokine production early in the infection. We therefore 
measuredd the concentrations of Thl (JFN-y, and EL-2) and Th2 (1L-4, IL-10) 
cytokiness in the lung. As shown in Fig. 5, all cytokines were reduced in AM- mice 
comparedd to AM+ mice 2 weeks post-infection. Importantly, when compared to 
AM++ mice, Th2 cytokine concentrations were relatively more reduced than the levels 
off  Thl cytokines in AM- mice. As a consequence, the rFN-y/IL-4 ratio, with EFN-y 
ass a prototypic Thl cytokine and IL-4 as prototypic Th2 cytokine, was 1.5-fold 
higherr in AM- mice compared to AM+ mice (AM+ mice; 0.19  0.01, AM- mice; 
0.299  0.02, P< 0.003). 

AM+ + 
AM--

Figuree 5. Effect of AM depletion 

onn M. ruberculosis-msdidted 

inductionn of type 1 cytokines (a) 

andd type 2 cytokines (b) in lungs 

22 weeks post-infection. Data 

representt the mean and SEM of 

eightt mice (*P < 0.05 vs AM+ 

mice). . 

S U . :--

111 n i 
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ExEx vivo cytokine production by splenocytes from M. tuberculosis-infected mice. The 

abilityy of spleen cells, harvested 2 weeks post-infection with M. tuberculosis to 

producee cytokines ex vivo upon stimulation with coated anti-CD3 and anti-CD28 Abs 

wass investigated as another measure of Thl versus Th2 response. Spleen cells from 

AM -- mice secreted significantly higher levels of IFN-y and lower levels of EL-4, than 

splenocytess from AM+ mice (P - 0.046 for IFN-y, Fig. 6). Consequently, the IFN-

y/IL-44 ratio in AM- mice was 2.5-fold higher in AM- mice than in AM+ mice, 

demonstratingg a shift toward a Thl response (P = 0.006). 

Discussion n 

I I 
4 4 

I I 

Figuree 6. Splenocytes from 

infectedd AM- mice release more 

IFN-YY and less IL-4 

thensplenocytess from infected 

AM++ mice. Splenocytes were 

harvestedd 2 weeks after i.n. 

inoculationn with M. tuberculosis, 

andd stimulated for 48 h with anti-

CD3/CD288 Abs. Data are mean 

andd SEM of eight mice per group 

(*P<0.055 vs AM + mice). 

AMss may have a dual role during infection with M. tuberculosis. On the one hand, 

AMss have several tools to combat intracellular pathogens, such as the production of 

IFN-y,, and toxic effector molecules (reactive oxygen intermediates and reactive 

nitrogenn intermediates), and the deprivation of the intracellular iron availability. On 

thee other hand, mycobacteria may in part rely on the intracellular environment of 

AMss for their multiplication. We demonstrate here that induction of AM apoptosis in 

vivovivo improves the outcome of pulmonary tuberculosis, as indicated by a total 

protectionn against lethality and a profoundly attenuated outgrowth of mycobacteria in 

lungs.. These results suggest that AMs facilitate the growth of M. tuberculosis in the 

pulmonaryy compartment, and that AM apoptosis is part of the host defense 

mechanismss during tuberculosis. Interestingly, AMs do seem to have a significant 

rolee in the initial capturing of mycobacteria, as indicated by the observation that 2 

weekss post-infection AM- mice displayed enhanced dissemination to the liver. 
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Hostt cell apoptosis has already been demonstrated to be a defense strategy to limit 

thee growth of viruses, which like mycobacteria live intracellularly (25-27). The fact 

thatt AM apoptosis might contribute to host defense is further supported by 

observationss of an inverse relationship between apoptosis and virulence, i.e. the 

virulentt M. tuberculosis strain H37Rv induced less apoptosis upon human AM 

infectionn than the attenuated H37Ra strain (2). Hence, mycobacteria seem to have 

developedd ways to modulate the protective apoptotic process of AMs, and pathogen-

inducedd suppression of the host cell-death pathway may serve to evade host defenses 

thatt can act to limit the infection. It should be noted that the role of AMs in 

respiratoryy infections by extracellularly growing pathogens is opposite. Indeed, 

inductionn of AM apoptosis during Klebsiella pneumonia impaired host defense 

mechanismss (28). 

Thee most straightforward interpretation of the improved tuberculosis outcome in 

AM -- mice is that AM apoptosis reduces the viability of M. tuberculosis because the 

environmentt for intracellular replication and hiding is destroyed (29). Furthermore, 

apoptoticc bodies maintain their plasma membrane integrity so that bacilli are 

containedd from the extracellular environment and can be engulfed by newly recruited 

AMss (5). A further explanation for the protection observed with AM apoptosis may 

bee that the early immune response was dominated by a Thl-type profile that is 

essentiall  for resistance to mycobacteria (9). The predominance of Thl type cytokines 

inn AM- mice existed both in lung tissue, in which especially the concentrations of 

Th22 cytokines were decreased, and in supernatants of stimulated splenocytes. Wang 

etet al. (8) recently reported that lung macrophages harvested during mycobacterial 

infectionn release significant amounts of type 1 cytokines. In line with these 

observations,, we found lower levels of IFN-y, and IL-2 in lung homogenates 2 weeks 

post-infection.. However, the net in vivo effect of AM depletion was a relative type 1 

dominancee in the lung. 

Itt is conceivable that AMs may promote a milieu of tolerance in the lung to certain 

antigenss by suppressing the APC activity of pulmonary dendritic cells (30, 31). The 

suppressivee effects of AMs on the pulmonary immune response may serve to limit 

damagee caused by severe immune responses in lung tissue, but at the same time may 

impairr host defense during tuberculosis. In this context, it should be noted that AMs 

aree poor APCs (32-35) and that dendritic cells (36, 37) and interstitial macrophages 

(38)) are considered the most efficient APCs in the lung. Failure to receive the 

appropriatee costimulatory signals from APCs following antigen presentation renders 

TT cells anergic, which is correlated with an IL-2 (Thl cytokine) production defect 
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whereass the secretion of the Th2 cytokine IL-4 remains unchanged (39). It can be 

speculatedd that with the depletion of AMs, the APC activity of pulmonary dendritic 

cellss in enhanced, resulting in less anergic T cells leading to a relative predominance 

off  Thl production. It is furthermore conceivable that the reduced IL-10 levels in 

AM -- mice were involved in this shift, considering that IL-10 is derived from AMs 

(40,41)) and that this cytokine downregulates type 1 cytokine production (42). 

AM -- mice were fully capable of attraction and activation of CD4+ T cells in the lung. 

Thesee findings are in agreement with data indicating that AMs are defective APCs 

forr the initiation of primary immune responses. The influx and activation state of 

CD8++ T cells was however reduced. Wijburg et al. (43) analyzed cells from lung and 

mediastinall  lymph nodes and showed that AM depletion did not change the 

percentagee of CD8+ T cells during influenza virus infection. CL2MDP-liposome-

inducedd depletion of mononulclear cells in kidneys before the induction of 

glomerulonephritiss (44) or spleen prior to LPS stimulation (45) also showed no effect 

onn CD8+ T cell influx. A direct effect of CL^MDP-liposomes can therefore not 

explainn the decreased CD8+ T cell numbers in AM depleted mice shown in this 

study.. The reasons for the decrease in percentage and activation of CD8+T cell as a 

resultt of AM depletion are not clear. It is known that cytolytic CD8+ T cells can 

functionn as direct killers of M. tuberculosis infected macrophages (46). Possibly, 

antigen-specificc CD8+ cytolytic T lymphocytes get less signals for activation and 

migrationn to the lung for lysis of infected AMs because the apoptotic process already 

destroyedd these cells. 

Liposomess were used to encapsulate C^MDP, because these phospholipid spheres 

aree eagerly taken up by macrophages. Liposomes can reduce the phagocytic and 

migratoryy behavior of AMs (47) and may therefore influence host defense against M. 

tuberculosis.tuberculosis. In accordance, animals treated i.n. with liposomes only (i.e. without 

CL2MDP),, displayed a slight reduction in M. tuberculosis CFU in lungs and liver 

comparedd to AM+ mice (data not shown). Since we sought to determine the role of 

AM ss in pulmonary tuberculosis, control mice should have normal, non-suppressed 

AM ss (17). Therefore, mice given saline i.n., rather than mice given liposomes, were 

usedd as controls to assess the effect of AM apoptosis. 

Thiss study is the first to show that AM apoptosis in vivo is protective in M. 

tuberculosistuberculosis infection and that it is associated with an enhanced Thl mediated 

immunee response. AM apoptosis could therefore be an important antimycobacterial 

defensee process. The present results not only provide new insights into possible 

macrophagee antimicrobial defense mechanisms, but also reveal potentially new 

therapeuticc strategies to manage intracellular bacterial diseases. 
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Inn this thesis, immune responses to tuberculosis (TB) were studied using clinical and 
experimentall  methods. Cytokines and chemokines are mediators of immunity, which 
cann influence development of CD4+ T cells into a Thl or Th2 phenotype, thereby 
criticallyy influencing host response to TB. 

Thee first chapter of this thesis is a general introduction, discussing T cell responses to 
TB,, including classical paradigms on cytokine production. In Chapter 2, the 
prevalencee and morbidity of TB patients in the Academic Medical Center, where 
researchh for this thesis was performed, is described. Chapter 3 summarizes all 
patientss with a mycobacterial infection in the AMC. Furthermore, the characteristics 
off  patients infected with Mycobacterium xenopi were studied, showing that M. 
xenopixenopi is an emerging pathogen in human immunodeficiency virus (HlV)-infected 
patients.. The study indicates that existing criteria for disease due to M. xenopi should 
bee revised for HIV-infected patients. 

Clinicall  studies were performed in which sera of patients with active TB, patients 
duringg and after tuberculostatic treatment, persons who had been in close contact 
withh contagious TB and in healthy controls were collected. These sera provide a tool 
too study systemic concentrations of mediators of immunity in TB patients who are in 
variouss stages of disease. In Chapter 4, soluble tumor necrosis factor a receptor 
(sTNFR)) I and II, as well as interleukin (IL)-l receptor antagonist (IL-lraJ were 
foundd elevated during active TB compared to contacts and controls, declining during 
treatment.. The levels of sTNFRI and EL-lra were higher in patients with fever and 
anorexia.. Therefore, serum concentrations of sTNFR's I and II, and IL-lr a may serve 
ass markers of disease activity of TB. Sequential measurements of these cytokine 
inhibitorss may be useful in the monitoring of antituberculous therapy. 
Inn these sera, also Thl and Th2 cytokines were measured (Chapter 5). IFN-y was 
higherr in patients with active TB than in healthy controls, declining during treatment, 
whereass EL-12 was not elevated. Of Th2 cytokines, IL-6 and EL-10, but not EL-4 
serumm levels were elevated in patients with active tuberculosis and during treatment. 
Wee conclude that cytokines directing a Thl response (EL-12) or a Th2 response (IL-
4)) were not elevated in sera of patients with TB, and that no apparent Thl-Th2 
dichotomyy exists on the systemic level. 

Lipopolysaccharidee (LPS) is a principal stimulator of host defense against Gram-
negativee bacteria. LPS binding protein (LBP), bactericidal/permeability increasing 
proteinn (BPI) and soluble CD 14 (sCD14) bind LPS and regulate its toxicity. 
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Lipoarabinomannann (LAM), a cell wall component of Mycobacterium tuberculosis, 
sharess many physico-chemical properties of LPS. LAM is a highly immunogenic 
componentt of M. tuberculosis and a key molecule in the interaction between 
pathogenn and host. In Chapter 6, serum levels of these LPS-toxicity regulating 
proteinss were measured in sera of patients with TB. LBP, BPI and sCD14 were 
elevatedd in patients with active TB compared to contacts and controls, and declined 
duringg treatment. Therefore, LPS-regulating proteins may play a role in host defense 
duringg TB, presumably through interaction with LAM. 
Granulomaa formation during TB requires the recruitment of lymphocytes, 
macrophagess and neutrophils. In Chapter 7, chemokines that induce leukocyte 
migrationn were measured in sera of patients with TB. Serum IL-8, interferon-y-
inducable-protein-100 (IP-10), monocyte-chemoattractant-protein-1 (MCP-1), and to a 
lesserr extent macrophage-inflammatory-protein-ip (MIP-lf3) were elevated in 
patientss with TB. IP-10 and MCP-1, but not MIP-ip were higher in HIV-seropositive 
patientss than in FflV-seronegative patients with active TB. LAM induced release of 
IL-8,, MCP-1 and MIP-lf3, which was abrogated by TNF. LAM did not elicit IP-10 
release. . 

Inn Chapter 8, LAM was compared to LPS in its ability to induce pulmonary 
inflammationn in vivo. LAM resulted in a neutrophilic cell influx into the 
bronchoalveolarr lavage fluid (BALF). LAM also induced increases in the lung 
concentrationss of macrophage inflammatory protein 2, KC, TNF, IL-loc and IL-lfj . 
EL-1RR deficient (T) mice had less influx of granulocytes in their BALF than wild 
typee mice. Also, lung TNF levels were lower in IL-1RT mice. Therefore, LAM may 
bee an important stimulator of innate immunity in infection with M. tuberculosis via 
mechanismss that involve endogenous IL-1 activity. 

Inn the following chapters, clinical and experimental methods were combined to study 
mediatorss of immunity during TB. Cells in blood from patients with active TB were 
analyzedd for receptor expression using flow cytometry. To further study kinetics of 
receptorr expression, experimental endotoxemia was induced in healthy humans by 
intravenouss administration of LPS, which induces the release of endogenous 
inflammatoryy and immunomodulating proteins such as cytokines and chemokines. 
Chapterr 9 reports a transient downregulation of receptors for chemokine IL-8 
(CXCR11 and CXCR2) on granulocytes, while in TB patients only CXCR2 showed 
reducedd levels. In whole blood in vitro, LAM reduced CXCR2, but not CXCR1, 
expression.. CXCR2 downregulation induced by LPS or tumor necrosis factor-a in 
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vitroo was abrogated by a p38 mitogen-activated protein kinase (MAPK) inhibitor. 
Hence,, granulocytes may downregulate CXCR2, and to a lesser extent CXCR1, at 
theirr surface upon their first interaction with (myco)bacterial pathogens by a 
mechanismm that involves activation of p38 MAPK. 
Regulationn of migration of immune cells was further studied in Chapter 10. The 
receptorr for urokinase plasminogen activator (uPAR) is required for leukocyte 
migration.. The capacity of uPAR to function as an adhesion receptor is facilitated by 
complexx formation with complement receptor 3 (CR3), which is composed of 
CD11 lb and CD18. The expression of uPAR and CD1 lb was higher on monocytes in 
patientss with TB than in controls, whereas granulocytes showed a non-significant 
increase.. In vitro, LAM enhanced uPAR and CD1 lb on monocytes and granulocytes. 
Furthermore,, administration of LPS to healthy humans resulted in an increase of 
uPARR and CDllb on monocytes and granulocytes. Thus, uPAR and CDllb are 
concurrentlyy upregulated on monocytes during TB, which may be mediated by 
mycobacteriall  LAM. Also, monocytes are more sensitive than granulocytes in terms 
off  uPAR upregulation upon stimulation. 

HTVV patients are often coinfected with TB, which is associated with enhanced 
replicationn of HIV, returning to baseline after tuberculostatic treatment. Chemokine 
receptorss CXCR4 and CCR5 can act as HIV coreceptors. We hypothesized that TB 
increasess the HIV load through upregulation of CXCR4 and CCR5. In Chapter 11, 
expressionn of HIV-coreceptors CXCR4 and CCR5 was found elevated on CD4+ T 
cellss in patients with TB, and after in vitro stimulation with LAM. These data 
suggestt that the increase in HIV viremia during tuberculosis may occur through 
upregulationn of CXCR4 and CCR5 on CD4+ T cells, thereby accelerating HIV 
disease. . 
Pathogenesiss of co-infection with TB and HIV was further studied in Chapter 12, in 
whichh HIV coreceptor expression was found to be upregulated on CD4+ T cells in 
bloodd of humans injected with LPS. In vitro stimulation with mycobacterial LAM 
andd antigens from Gram-positive bacteria yielded similar results, suggesting that a 
widee array of pathogens can induce elevated HIV coreceptor expression. In vitro 
stimualtionn of CD4 enriched peripheral blood mononuclear cells with LPS, was 
associatedd with an increased HIV infectivity for T-tropic strains. Infectivity for M-
tropicc viruses however was decreased, possibly due to elevated levels of the CCR5 
ligandd cytokines RANTES and MIP-lp\ LPS-stimulated upregulation of CXCR4 and 
CCR55 in vitro was inhibited by anti-TNF and anti-EFNy. Incubation with 
recombinantt TNF or fFNy mimicked the LPS effect. Anti-IL-10 reduced CCR5 
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expression,, without influencing CXCR4. In accordance, rEL-10 induced upregulation 

off  CCR5, but not of CXCR4. Hence, intercurrent infections during HIV infection 

mayy upregulate CXCR4 and CCR5 on CD4+ T cells, at least in part via the action of 

cytokines.. Such infections may favor selectivity of HIV for CD4+ T cells expressing 

CXCR4. . 

Thalidomidee is increasingly being used as adjuvant therapy in mycobacterial and 

humann immunodeficiency virus (HIV) infection. In Chapter 13, the effect of 

thalidomidee on HIV coreceptors was studied in blood of healthy subjects after oral 

ingestionn of thalidomide. Thalidomide inhibited upregulation of CXCR4 and CCR5 

onn CD4+ T cells ex vivo stimulated with (myco)bacterial antigens. TNF treatment 

alsoo attenuated the LPS-induced HIV coreceptor upregulation, which was not further 

reducedd by thalidomide. These data suggest that thalidomide may be beneficial in the 

treatmentt of intercurrent infections during HIV infection by reducing the 

upregulationn of CXCR4 and CCR5 expression on CD4+ T cells induced by 

(myco)bacteriall  antigens, by a mechanism that involves inhibition of TNF. 

Chapterr 14 describes the effect of thalidomide on granulocytes of healthy men after 

ingestionn of thalidomide, and ex vivo stimulation with LPS or lipoteichoic acid 

(LTA) .. Both stimuli induced upregulation of granulocyte activation marker CD l l b 

whichh was reduced after ingestion of thalidomide. Neutrophil degranulation was 

determinedd by measurement of elastase and lactoferrin. Thalidomide ingestion 

resultedd in a reduced capacity to release elastase and lactoferrin after stimulation 

withh LPS and LTA, 3 hours after ingestion. Thus, a single oral dose of thalidomide 

attenuatess neutrophil activation upon ex vivo stimulation with bacterial antigens. 

Thee effect of thalidomide on T cells was studied in Chapter 15. Ingestion of 

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

productionn of the Thl cytokine interferon (IFN)-y and a decrease in anti-CD3/CD28-

inducedd IL-5 production. IL-4 release remained unchanged. These changes were 

accompaniedd by an increase in IL-12p40 release. Thus, a single oral dose of 

thalidomidee causes a Thl type response in healthy humans, which may at least in 

partt explain the positive effect of thalidomide in mycobacterial and HIV infection. 

Thee Thl-Th2 paradigm, which importantly determines outcome of TB, was further 

investigatedd in a murine model of TB. 

Chapterr 16 evaluates CpG oligodeoxynucleotides (CpG ODNs, synthetic bacterial 

DNAA sequences) as a new potential adjunctive treatment. CpG ODNs activate 
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immunee cells to produce Thl cytokines. To determine the effect of CpG ODNs in 
pulmonaryy TB, mice were treated with CpG or control ODNs at the time of 
intranasall  infection. CpG ODNs reduced mycobacterial outgrowth up to 5 weeks 
afterr M. tuberculosis infection, which was associated with a decrease in 
inflammationn in lung tissue. CpG treatment resulted in elevated levels of IFNy and 
decreasedd levels of IL-4 in the lungs, and an increased capacity of splenocytes to 
secretee Thl type cytokines. Repeated administration of CpG resulted in an improved 
survival.. Administration of CpG ODNs to LFNy deficient (IFNy-/-) mice failed to 
reducee mycobacterial outgrowth, indicating that CpG mediated protection is EFNy-
dependent.. A favorable feature of CpG treatment is its long-term protection, 
requiringg infrequent dosing. Together, CpG ODNs may be a promising new adjuvant 
therapyy in TB. 

Micee in which a specific gene is deleted (knock out mice), are an ideal tool to 
investigatee the role of this deleted gene during TB. 

IL-11 signaling is required for the containment of infections with intracellular 
microorganismss by influencing the balance of Thl/Th2 responses. To determine the 
rolee of IL-1 in the host reponse to TB, we infected IL-1 type I receptor deficient (IL-
1R7')) mice, in which EL-1 does not exert effects, with M. tuberculosis (Chapter 17). 
EL-1R77 mice succumbed to intranasal infection with M. tuberculosis, associated with 
higherr mycobacterial outgrowth in lungs and distant organs. Lymphocytes in lungs 
weree predominantly confined to perivascular areas, suggesting a defective migration 
off  cells into inflamed tissue in the absence of IL-1 signaling. Impaired host defense 
wass further characterized a decrease in the ability of splenocytes to produce IFNy. 
Together,, these studies reveal that EL-1R7 mice have an inadequate immune 
responsee to M. tuberculosis. 

Thee novel cytokine IL-18 induces a Thl response, thereby contributing to host 
defensee against intracellular pathogens. In Chapter 18, the role of endogenous IL-18 
duringg TB was studied in murine TB. A lack of EL-18 resulted in a decreased EFNy 
production,, but did not affect survival or mycobacterial outgrowth in the lungs. 
Surprisinglyy however, growth of mycobacteria was reduced in the liver and spleen of 
IL-18-/-- mice. This suggests that the absence of bio-active EL-18 protects from 
disseminationn of TB to distant organs in a murine model of pulmonary TB. 
Macrophagess are an important site for the killing of M. tuberculosis. However, they 
aree also an ideal environment for mycobacterial replication. The effect of depletion 
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off  alveolar macrophages was studied in a murine model of pulmonary TB (Chapter 
19).. We found that apoptosis of alveolar macrophages resulted in an enhanced 
clearancee of M. tuberculosis infection. The absence of macrophages did not result in 
decreasedd numbers of CD4 and CD8 T cells in the broncho alveolar lavage fluid, 
suggestingg that the induction of cell-mediated immuntiy was intact. Indeed, relative 
levelss of Thl cytokines were higher in lungs of macrophage-depleted mice when 
comparedd to controls. Also, splenocytes showed an enhanced ability to produce Thl 
cytokines. . 

Concludingg remark 

TBB is a global health problem. The long medication scheme and the emergence of 
drugg resistence pose a problem to current treatment possiblities, and new strategies 
forr the treatment of TB are called for. Increase in the knowledge of the pathogenesis 
off  TB can contribute to the design of new therapeutical options. Cytokines play an 
importantt role in determining disease outcome of TB. An intact Thl response, 
characterizedd by the production of IFNy, is essential for a protective immune 
responsee to TB. Immunotherapy which is aimed at augmenting a Thl response 
presumablyy is beneficial as an adjuvant therapy in TB. However, also EFNy 
independentt ways of protection were observed. 
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Samenvatting g 

Inn dit proefschrift worden immuun reacties tegen tuberculose (TBC) bestudeerd, 
gebruikk makende van zowel klinische als experimentele methoden. Cytokinen en 
chemokinenn dragen bij aan de ontwikkeling van CD4 T cellen tot een Thl of een Th2 
fenotype.. Deze ontwikkeling is van groot belang voor de uitkomst van de afweer 
reactiee bij TBC. 

Hoofdstukk 1 is een algemene inleiding. Hoofdstuk 2 behandelt prevalentie en 
morbiditeitt van TBC patiënten in the AMC. Hoofdstuk 3 beschrijft alle patiënten met 
eenn mycobacteriële infectie. M. xenopi wordt geïdentificeert als een belangrijke 
opportunistischee infectie in HIV patiënten. 

Klinischee studies in dit proefschrift behelsde het verzamelen van sera van patiënten 
mett actieve TBC, van patiënten die behandeld werden met tuberculostatica, van 
personenn die in aanraking waren geweest met besmettelijke TBC en van gezonde 
personen.. In Hoofdstuk 4 werd gevonden dat soluble tumor necrosis factor a 
receptorr (sTNFR) I en n, interleukin (EL)-l receptor antagonist (IL-lra) verhoogd 
warenn tijdens active TBC, geleidelijk aan verminderend gedurende therapie. STNFRI 
enn IL-lr a spiegels waren hoger in patiënten met koorts en anorexic Spiegels van 
sTNFR'ss en IL-lr a zouden kunnen fungeren als marker van ziekte activiteit in TBC. 
Hoofdstukk 5 beschrijft spiegels van Thl en Th2 cytokinen is sera van TBC patiënten. 
Opp sytemisch niveau kon een duidelijke dichotomie niet worden vastgesteld. 

Lipopolysaccharidee (LPS) stimuleert de afweer tegen Gram-negatieve bacteriën. LPS 
bindingg protein (LBP), bactericidal/permeqability increasing protein (BPI) en soluble 
CD144 (sCD14) reguleren LPS toxiciteit. Lipoarabinomannan (LAM) is een 
onderdeell  van de Mycobacterium tuberculosis, en lijk t structureel veel op LPS. In 
Hoofdstukk 6 werden spiegels van LPS regulerende eiwitten gemeten in sera van TBC 
patiënten.. LBP, BPI en sCD14 waren verhoogd tijdens actieve TBC, en namen af 
tijdenss therapie. LPS-regulerende eiwtitten zouden een rol kunnen spelen in de 
afweerr tegen TBC, vermoedelijk door een interactie met LAM. Lymfocyten, 
macrofagenn en neutrofielen dragen bij aan de formatie van granulomen tijdens TBC. 
Chemokinenn lokken cellen van het immuun systeem naar de plaats van infectie. De 
chemokinee EL-8, interferon y inducable protein 10 (IP-10), monocyte chemoattractant 
proteinn 1 (MCP-1) en iets midner duidelijk macrofphage inflammatory protein -lp 
(MIP-lp)) waren verhoogd in sera van TBC patiënten. IP-10 en MCP-1 waren hoger 
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inn HTVseropositieve patiënten vergeleken met HIV-seronegatieve patiënten. Met 

TBC.. LAM induceerde de productie van IL-18, MCP-1 en MIP-lp. 

Inn Hoofdstuk 8 werd het vermogen van LAM om een pulmonale ontsteking te 
inducerenn vergeleken met dat van LPS. Toediening van LAM resulteerde in een 
influxx van neutrofielen in de broncho alveolaire lavage vloeistof (BAL) en in een 
productiee van pro-inflammatoire cytokinen. Muizen deficient voor EL-IR hadden 
minderr influx van cellen. LAM zou een belangrijke mediator van de afweer reactie 
tegenn M. tuberculosis kunnen zijn. 

Inn de volgende hoofdstukken werden klinische en experimentele methoden 
gecombineerdd om de afweer tegen TBC te bestuderen. Met behulp van FACS 
analyzee werden receptoren op cellen van TBC patiënten gemeten. LPS werd 
toegediendd aan gezonde vrijwilligers teneinde de kinetiek van ontstekings 
mediatorenn te kunnen vervolgen. Hoofdstuk 9 beschrijft de downregulatie van 
receptorenn voor EL-8 CXCR1 en CXCR2 op neutrofielen van proefpersonen die LPS 
kregenn toegediend. In TBC patiënten werd enkel downregulatie van CXCR2 gezien. 
LAMM reduceerde CXCR2 expressie in vitro. Downregulatie van EL-8 receptors wordt 
waarschijnlijkk gemedieerd door p38 mitogen-activated protein kinase. 
Dee receptor voor urokinase plasminogen activator (uPAR) is belangrijk voor de 
migratiee van immuun cellen. De expressie van uPAR en CD li b is verhoogd op 
monocytenn van TBC patiënten. 

Patiëntenn met HTV zijn vaak tevens geïnfecteerd met TBC. Dubbel infectie gaat 
gepaardd met een verhoogde HIV replicatie. Chemokine receptoren CXCR4 en CCR5 
kunnenn als HTV coreceptor fungeren. Wij bedachten dat TBC de HIV load verhoogd 
doorr opregulatie van CXCR4 en CCR5. In Hoofdstuk 11 werd gevonden dat de De 
expressiee van CXCR4 en CCR5 was verhoogd op CD4 T cellen van TBC patiënten 
(Hoofdstukk 11) en gedurende experimentele endotoxinemie (Hoofdstuk 12). De 
infectiviteitt van CD4 T cellen voor HIV was verhoogd voor stammen die T cellen 
gebruiken,, maar verlaagd voor stammen die macrofagen gebruiken. Dubbel infecties 
kunnenn HIV coreceptoren opreguleren en selectiviteit van HIV voor T cellen die 
CXCR44 tot expressie brengen verhogen. 

Thalidomidee wordt in toenemende mate gebruikt als adjuvante therapie in 
mycobacteriëlee infecties en in HTV infectie. In Hoofdstuk 13, 14 en 15 wordt het 
effectt van een orale dosis thalidomide op immuun cellen van gezonde vrijwilligers 
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onderzocht.. Thalidomide verminderd de respons van T cellen en van granulocyten op 
bacteriélee antigenen. 

Hoofdstukk 16 bestudeerd de toepasbaarheid van CpG oligodeoxynucleotiden als 
nieuwee therapie tegen TBC in een diermodel. Toediening van CpG resulteerde in 
verminderingg van mycobacteriéle uitgroei, geassocieerd met een verminderde 
ontstekingss reactie. CpG biedt een langdurige bescherming, zodat weinig 
toedieningenn nodig zijn. 

Dee rol van IL-1 in de afweer tegen TBC werd bestudeerd in IL-IR -/- muizen. Deze 
muizenn vertoonden een verhoogde vatbaarheid voor TBC. IL-1 lijk t derhalve een 
belangrijkee rol te spelen in de afweer tegen TBC. 
Inn Hoofdstuk 18 werd de rol van IL-18 in TBC bekeken. Tegen de verwachting in 
warenn IL-18-/- muizen minder vatbaar voor TBC, implicerend dat IL-18 meerdere 
functiess omvat dan louter inductie van IFNy productie. Het effect van depletie van 
macrofagenn werd bestudeerd in Hoofdstuk 19. Apoptose van macrofagen leek een 
gunstigg effect te hebben op het vermogen om mycobacterién te klaren. 

Afsluitendee opmerking 

Tuberculosee is een wereldwijd gezondheids probleem. Huidige therapeutische 
mogelijkhedenn omvatten het langdurig gebruiken van toxische middelen. Daarbij 
komtt het probleem van de opkomst van resistentie tegen bestaande middelen. Dit 
alless roept om nieuwe therapeutische strategieën. Kennis van de pathogenese van 
tuberculosee kan bijdragen an het ontwikkelen van dergelijke strategieën. Cytokinen 
spelenn een belangrijke rol in het mediëren van de afweer tegen TBC. Een Thl 
responss is essentieel voor een beschermende afweer reactie. Immunotherapie gericht 
opp het vergroten van een Thl respons kan een gunstige adjuvante behandeling zijn 
tegenn tuberculose. 
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hebtt me weer doen beseffen wat een mooi vak pathologie is. Bill Paxton, thanks for 
thee splendid cooperation on the HIV experiments. One contagious pathogen at a 
time.. Jan Veenstra wil ik bedanken voor de samenwerking. Het blijf t denk ik 
moeilijkk om onderzoek op te starten in een perifeer ziekenhuis. 
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hebb gekregen om deze onbegrijpelijke bezigheden te doen. 
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Stellingen n 
behorendee bij het proefschrift "Immune responses to tuberculosis". 

1.. Immunomodulatie kan een belangrijke bijdrage leveren aan de 
therapeutischee opties bij tuberculose (dit proefschrift). 

2.. De inflammatoire respons tijdens tuberculose kan zowel leiden tot 
eenn beschermende immuun reactie als tot weefselschade (dit 
proefschrift). . 

33 Iedere patiënt met tuberculose dient op de aanwezigheid van 
antilichamenn tegen HIV te worden gecontroleerd (dit proefschrift). 

4.. Het meten van cytokine spiegels in de circulatie van patiënten met 
tuberculosee geeft geen afspiegeling van de situatie op de plaats van 
infectiee (dit proefschrift). 

5.. Men dient bedacht te zijn op infectie met M. tuberculosis dan wel 
reactivatiee van een oude tuberculose infectie bij RA patiënten die 
behandeldd worden met middelen die de interleukin-1 receptor 
blokkerenn (dit proefschrift), 

6.. Het blokkeren van HIV coreceptoren vormt een nieuw 
aangrijpingspuntt in de therapie van HIV patiënten (dit proefschrift). 

77 Experimenteren met Softenon tijdens de zwangerschap heeft, indien 
gangbaree laboratorium voorschriften in acht worden genomen, geen 
consequentiess voor de ongeboren vrucht 

8.. De mens is de gevaarlijkste infectieziekte aller tijden 
(Williamm McNeill. Uit;  Plagues and people). 

99 Je vindt datgene waarnaar je op zoek bent. 

10.. Een psychologie van de immunologie zou vermoedelijk uitwijzen dat 
TT cellen met bindingsangst en macrofagen met anorexia niet 
bijdragenn tot een adequate immuun respons. 

111 Onderzoek doen is het creëren van nieuwe onduidelijkheden. 

12.. De wereld is klein - maar met als je 'm moet bevolken. 
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