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GeneralGeneral Introduction 

SPECIFICC IMMUN E RESPONSE 

Survivall  of infections with different types of pathogens may depend on specific immunity, 

mediatedd by the activation of either type 1 or type 2 CD4* T helper (Th) cells ( T h l / T h2 cells) 

specificc for these pathogens '2. T hl cells predominandy develop in response to intracellular 

pathogenss including viruses. Thl cells produce high levels of IFNy and no IL-4, IL- 5 and IL-13 

andd in this way promote cell-mediated immune responses, in which IFNy is instrumental in the 

inductionn of intracellular killin g of the pathogens. In contrast, Th2 cells predominandy develop in 

responsee to helmiths. These cells produce IL-4, IL-5 and IL-13 and no IFNy and support 

humorall  immunity by providing help for B cell responses. T hl and Th2 cells reflect the extreme 

phenotypess of the spectrum, as the vast majority of Th cells show an intermediate cytokine 

profilee (ThO cells). 

Exaggeratedd T hl or Th2 responses may lead to disease. Indeed, chronic immune reactions 

dominatedd by Thl cells, have been associated with the development of autoimmune diseases 

suchh as multiple sclerosis 3;4. On the other hand, repeated or chronic responses to normally 

harmlesss environmental antigens result in allergic and atopic manifestations if dominated by Th2 

cellss 3. Therefore, both for protection against infections and to prevent immunopathology, the 

developmentt of Thl and Th2 cells needs to be tightly controlled. 

Differentiationn of naive CD4+ Th cells towards the Thl or Th2 phenotype has been shown to be 

largelyy directed by exogenous cytokines present in the micro-environment of the naive CD4+ Th 

celll  at the time of priming by antigen presentation to the T cell receptor (TCR). Although the 

mostt pronounced Th2 cell polarizing molecule is the cyiokine IL- 4 3;6, it is still a matter of debate 

whichh cells are the initial source of IL-4. The dominant factor important for Thl differentiation is 

thee cytokine IL-12, which selectively upregulates IFNy production and prevents IL- 4 production 

inn activated naive Th cells ;K. IL-12 is produced by various types of antigen presenting cells 

(APC),, including monocytes and, especially, dendritic cells (DCs) . 

D E N D R I T I CC C E L L S : S O U R CE O F i L - 1 2 

Naivee Th cells wil l develop into effector T cells upon activation by pathogen-derived antigens 

presentedd by APC, in particular, DC. Immature DC (iDC) reside at the potential sites of 

pathogenn entry, e.g. in the skin, the gut or in the lung epithelium. Upon activation by pathogens, 

D CC undergo a programme of maturation into effector DC during which they migrate to the 
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drainingg lymphoid organs where they effectively activate pathogen-specific naive T cells which 

residee there ''". 

Dur ingg maturation, the DC undergo several changes like the loss of their endoevtic capacity, the 

appearancee of intracellular M H C molecules on their cell surface, loaded with pathogen-derived 

peptides,, and the increased expression of costimulatory molecules required to activate naive T 

cells.. Recently, it has been realized that the condition under which the iDC are induced to mature 

inn the infected peripheral tissue, strongly determines the outcome of Th cell polarization in the 

drainingg lymph nodes. It is now clear that when mature effector DC engage T cells, they do not 

onlyy present pathogen-derived antigens in the context of MH C (signal 1) and co-stimulatory 

moleculess (signal 2), but they wil l also express molecules that determine adequate Th cell 

polarizationn (signal 3, Fig. 1) " . Of the molecules implicated in signal 3, 1L-12 is most prominent 

ass it induces IFNy production and prevents 1L-4 production in naive Th cells, as mentioned 

above.. The IL-12-producing capacity- of mature DC upon arrival in the lymph nodes is pre-

establishedd in their tissue of origin and is strongly influenced by environmental factors, present 

duringg their iniual activation as immature DC. These factors include both pathogen- and tissue-

derivedd molecules. Upon maturation, the capacity- to produce IL-12 is imprinted and is not 

susceptiblee to modulation anymore '2. 

Thee crucial role of I ] . 1 2 is implicated by experiments with IL-12-deficient mice that show an 

impairedd ability- to produce IFNy ' and by various other experiments with animal models. A well 

documentedd example is a model in which inbred mouse strains are infected with the intracellular 

pro tozoann l.eishmania major . Efficient intracellular killin g of the parasite is accomplished bv 

resistantt strains like C57BL/6 that are able to mount an appropriate Thl response that bv IFNy 

product ionn results in activating macrophages to clear the infection. In contrast, BALB/ c mice are 

nott able to control the infection. These mice develop a Th2 response instead, which does not 

mediatee sufficient activation of macrophages, and succumb. BALB/ c mice could be converted to 

aa healer phenotype by the administration of rlL-12 at the onset of infection '"vl . Thus, 

differentiationn of polarized subsets of Th cells can determine specific resistance or susceptibility, 

andd underlies development of protective cellular or humoral immune responses ' \ 

Becausee the level of II . 12 secretion by mature DC is of key importance for the outcome of Th 

celll  polarization, it is not only important to understand how IL-12 production by DC is 

determined,, but also how IL-12 responsiveness by Th cells is regulated. 
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Fig.. 1 Functional polarization of T helper cells. Polarization of naive Th cells (Tn) toward the 

Thll  or Th2 phenotype has been shown to be instructed by dendritic cells (DC) via at least three 

signals.. Antigen is presented in the context of MHCII to the T cell receptor (TCR) on the naive T 

helperr cell (Tn) (signal 1). At the same time, various costimulatory molecules will exchange 

additionall  signals between DC and Tn (signal 2). Polarization of naive Th cells is largely directed by 

exogenouss cvtokines present at the time of antigen presentation (signal 3). IL-12, produced by the 

DC,, is crucial for Thl development and IFNy production, whereas IL-4 will result in the 

developmentt of Th2 cells that secrete IL-4. The vast majority of Th cells, ThO cells, produce an 

intermediatee cytokine profile. Thl cells express the high-affinity ILT2R, consisting of a 151 and 152 

chain,, whereas Th2 cells are unable to respond to IL-12, because they lack expression of the 

signalingg IL-12RB2 chain. 

l N T E R L E U K I N - 1 22 R E C E P T O R 

IL-122 is a heterodimeric protein composed of two subunits designated p35 and p40. IL-12 

responsivenesss of Th cells depends on expression of the high-affinity IL-12 receptor (IL-12R), 

whichh is composed of two subunits as well, referred to as Bl chain 'l and B2 chain 2". The IL-12 

p35p400 heterodimer binds to the 131/B2 complex with high-affinity " . Both receptor subunits 

belongg to the class I family of cytokine receptors, characterized by conserved features, including 

thee WSxWS motif and four conserved cysteine residues in the extracellular part, believed to 
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Fig.. 2 Structure and signaling of the human IL-12R on Thl and Th2 cells. A functional high-

affinitvv IL-12R consists of two receptor subunits, a Bl and a B2 chain. Both subunits are members of 

thee class I receptor superfamily, which has several conserved domains: four conserved cysteine 

residuess (four thin lines), and a WSxWS motif (thick black line) in the extracellular part and several 

boxx motifs (not indicated) in the cvtoplasmic domain. The IL-12RB2 subunit contains three tyrosine 

(Y)) residues in its cytoplasmic domain, necessary for signaling. Upon ligation of IL-12, Tyk2 andjak2 

aree recruited to the Bl and 62 chain respectively and phosphorvlated. Subsequendy STAT4 is 

phosphorylatedd and will go to the nucleus and act on IL-12 sensitive genes. A) The high-affinity IL -

12RR is expressed on Thl cells and to a lesser extent on ThO cells. B) Th2 cells only express the non-

signalingg Bl chain, which can only bind IL-12 with low-affinity, but can not mediate STAT4 

activation. . 

contr ibutee to ligand recognition, and the box 1, 2 and 3 motifs in the intracellular part of which 

thee first is highly conserved. These regions have a potential role in signal transduction. Both 

receptorr subunits are important for high-affinity IL-12 binding . When expressed in transfected 

C OSS cells, each individual subunit binds IL-12 with low-affinity, but only co-expression of Bl 

andd 152 results in high-affinity binding sites 22. 
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Indeed,, both high and low-affinity IL-12 binding sites have been detected on PHA-activated 

lymphoblastss " , of which only the first reflect the functional, heterodimeric receptors. Although 

bothh subunits are required for high-affinity' binding, signal transduction relies mainly on the IL-

12RB22 chain and acts by virtue of its conserved cytoplasmic domains that contain three tyrosine 

residues.. Cytokines like IL-12 that bind class I cytokine receptors activate Janus Kinases (Jaks) 

andd signal transducers and activators of transcription (STAT) factors to mediate signal 

transduction.. In response to IL-12, Jak2 and Tyk2 are phorphorylated 2j. Jak2 binds to the box 1 

regionn in the cytoplasmic domain of IL-12RB2 "4 and Tyk2 is thought to bind to the Bl chain. 

Activationn of Jak kinases leads to STAT4 tyrosine phosphorylation, which is required for DNA 

bindingg ~\ Subsequendy STAT4 will dimerize, migrate to the nucleus and induce transcription of 

IL-122 responsive genes, like IFNy 26a' (Fig. 2A). 

L A C KK O F I N T E R L E U K I N 12 S I G N A L I N G I N A L L E R G E N - S P E C I F IC TH2 C E L L S 

Previouslyy we have shown that human allergen-specific Th cell clones, with strongly polarized 

Th22 cytokine profiles, cannot be induced by IL-12 to phosphorylate STAT4 or to display 

STAT4-DNAA binding activity. In addition, these cells did not produce IFNy mRNA or protein 28. 

Soonn after, it was shown that the lack of IL-12 signaling in Th2 cells derived from cord blood, 

wass due to the lack of expression of the 152 subunit of the IL-12 receptor, as was shown before in 

mousee Th2 cells "" (Fig. 2B). Th2 cells express normal levels of the Bl chain " . Our observation 

thatt the majority of allergen-specific Th2 cell clones from atopic patients are IL-12-unresponsive 

iss in line with previous studies in the murine model indicating the inability of IL-12 to reverse 

chronicc Th2 responses in vitro 1S:3u. As IL-12 is a key factor in Th cell polarization and IL-12 

responsivenesss depends largely on the expression level of the IL-12RB2 chain, it is important to 

unravell  the regulatory mechanisms underlying its expression. 

R E G U L A T I O NN O F H U M A N IL-12RB2 E X P R E S S I ON 

Neitherr the IL-12R131 nor the IL-12RB2 chain are expressed on resting naive Th cells. Both are 

transientlyy induced to low levels after triggering of the T cell receptor (TCR). IL-12RB1 and IL-

12RB22 mRNA can be detected 24 h after TCR stimulation and decline within a few davs 22. The 

initiall  expression of IL-12RB2 mRNA is strongly enhanced under Thl polarizing conditions i.e. in 

thee presence of exogenous IL-12. Under these conditions, the IL-12RB2 protein can be detected 

onn the cell surface, 24h after stimulation, reaching maximum levels at day 5, and declining 
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thereafter.. In humans, also type I interferons (IFNCX and IFNB) can induce STAT4 activation, IL -

12RB22 expression ' and Thl differentiation. This feature represents a species difference, as 

murinee Th cells do not phosphorvlate STAT4 in response to type I interferons . In contrast, in 

mousee T cells expression of the IL-12RB2 chain can be induced by IFNy ~ , and thus, may 

dependd on activation of STAT1 ' . In human T cells IFNy induces onlv marginal IL-12RB2 

expressionn . 

IL-12 2 

XX \ \ / 
directt or indirect effect 

onn IL-12RB2 gene ? 

protein n 

mRNA A 

Q^m m I2RG2 2 

Fig.. 3 Regulation of IL-12RJ12 gene transcription. A schematic representation of signaling 

eventss either inducing (APC, IL-12, IFNct/B) or inhibiting (IL-4) IL-12R/2 gene transcription. 

TCRR triggering of naive T cells results in low expression of the gene. IL-12, at least in part by 

activatingg STAT4, can strongly upregulate IL-12RB2 expression, whereas IL-4 through activation of 

STAT66 is thought to downregulate the gene. It is not known whether STAT4 and STAT6 affect IL-

12RB22 transcription directlv or whether other downstream molecules are involved in the 

transcriptionall  regulation of the gene. 
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Underr Th2 polarizing conditions, IL-12RB2 expression is quickly lost29;31, yielding polarized Th2 

cellss that are unable to transduce a signal in response to IL-12. Although the responsiveness to 

I F N a /BB is not lost during Th2 differentiation, these cytokines can not prevent IL-12 

unresponsivenesss in Th2 cells 34, suggesting that STAT4 activation alone is not sufficient to allow 

forr IL-12RB2 expression. The most important mechanism by which Th2 cells become IL-12-

unresponsivee involves IL-4. Most likely this pathway involves IL-4-induced STAT6 activation, in 

turnn inducing expression of the Th2-specific transcription factor GATA 3 35. It was shown that 

overexpressionn of GATA 3 in CD4-GATA3 transgenic mice increased Th2 cytokine production 

andd that antisense-GATA3 blockade in Th2 clones, reduced Th2 cytokines 35. Indeed, GATA 3 

wass shown to be direcdy involved in the regulation of transcription of Th2 cytokine genes like 

IL- 55 ' and GATA 3 dependent enhancer activity has been found within several regions 

surroundingg the IL- 4 gene y7;3B. Furthermore, ectopical expression of GATA 3 in IL-12 induced 

Thll  cells, inhibited IL-12RB2 mRNA expression y>, suggesting an important role of GATA 3 in 

thee IL-4-induced extinction of IL-12RB2 mRNA expression during Th2 development. 

I nn conclusion, several pathways regulating the expression of the human IL-12RB2 chain are 

knownn (Fig. 3). Triggering of the TCR is sufficient for the initial expression of functional IL-12 

receptorss on naive Th cells and depending on the cytokines present during priming, the IL-12R132 

chainn is up-regulated or quickly downregulated and T cells wil l then develop into IL-12 

responsivee Thl cells or IL-12 non-responsive Th2 cells 22. 

However,, the precise mechanisms underlying the regulation of IL-12RB2 chain expression, 

remainn to be elucidated. Therefore, analysis of the IL-12RB2 promoter and regulator)- regions is 

requiredd to provide insights into the molecular mechanisms by which TCR triggering and signals 

mediatedd by IL-12, IL- 4 and other cytokines are integrated to regulate IL-12RB2 chain 

expression.. This information may be useful to study whether the mechanisms of expression of 

thee IL-12RB2 chain are affected in T hl and /or Th2 associated diseases, which could eventually 

helpp to develop therapeutic interventions to correct such aberrations. 

SCOPEE OF THIS THESIS 

I nn this chapter (Chapter 1), a general introduction has been provided on the specific immune 

responsee with the important role for IL-12 in Thl development and IFNy production. I t is clear 

thatt IL-12 responsiveness depends on the expression of the high-affinity IL-12R, and that the 

responsivenesss depends on the expression of the 82 subunit. It is well documented that IL-12 
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andd IL- 4 act in opposite directions on Th cell differentiation and both cytokines are involved in 

thee regulation of IL-12RB2 expression in a positive or negative fashion, respectively. Thus IL -

12RB22 chain expression on Th cells is subject to extensive regulation. Littl e is known, however, 

aboutt the molecular mechanisms regulating the expression of this gene. In this thesis various 

studiess are described to gain more insight into the structure and regulation, the molecular 

mechanismss in particular, of the IL-12Rfi2 gene in human Th cells. 

I nn Chapter 2, the structure of the IL-12R/Ï2 gene is analyzed in detail with respect to intron 

localizationn and size. A comparison between the structure of this gene and the structure of other 

memberss of the class I family of cytokine receptors, suggests an evolutionary link. In addition, we 

describee an alternatively spliced mRNA, encoding a putative, truncated protein, lacking all 

signalingg potential. 

I nn Chapter 3 we start unraveling the molecular mechanisms underlying regulation of 

transcriptionn of the human IL- 12R/2 gene. A 0.6 kb proximal promoter fragment is analyzed by 

transfectionn of serial deletion-reporter constructs in Jurkat cells. It is shown that transcription of 

thee IL-12Rfi2 gene is regulated bv a non-typical promoter, lacking the classical TATA-box and 

dependingg on SP1-factors instead. Furthermore we identified a silencer element within the 

proximall  promoter region, involving Nuclear Factor of Activated T cells (NFAT), in a negative 

regulatorvv role. Next we investigated w7hether this complex was involved in regulation of the 

differentiall  expression of the IL-12Rfi2 gene in Thl and Th2 cells. 

Chapterr 4 deals with the question to what extent the loss of the 1L-12RB2 chain in Th2 cells has 

bearingg on the stability of the human Th2 phenotype, both in healthy and in atopic individuals. 

T oo answ-er the question wThether Th2 cell polarization is transient and repolarization is possible, 

full yy polarized Th2 cells were restimulated in the presence of IL-12. These cells were analyzed for 

expressionn of the IL-12RB2 chain, expression of the Thl and Th2 specific transcription factors 

T-bett and G AT A3, and cytokine profiles. 

I nn the absence of IL-12 and in the presence IL-4, T cells wil l polarize into Th2 cells involving 

activationn of STAT6 and induction of transcription factor GATA3. GATA 3 has been shown to 

bee Th2 specific and crucial for differentiation of Th2 cells. The 1.2 kb IL-12RB2 proximal 

p romoterr contains several GATA consensus sites and in Chapter 5 we set out to determine if 

G A T A 33 is involved in silencing the IL-12R./2 gene by acting as a negative regulatory' 

transcriptionn factor on gene transcription. 

Polymorphicc changes within the 5' and 3' regulator}- sequences and introns of genes may have a 

significantt effect on transcription since they may alter the structure of transcription factor binding 

sitess within gene promoters or the structure of enhancer and silencers at more remote regulatory 
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sites.. Therefore, we analyzed the 1.2 kb promoter region of the IL-12RB2 for the presence of 

polymorphicc sites as described in Chapter 6. One polymorphic site affected transcription activity 

andd the prevalence of this single nucleotide polymorphism (SNP) was compared between small 

cohortss of healthy and allergic asthmatic individuals. In Chapter 7, the results obtained in this 

projectt are discussed. 
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