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Chapterr  1 

Introductio n n 
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IMMUNITY Y 

Thee immune system serves to defend our bodies against infectious micro-organisms. Any 

immunee response involves, firstly, antigen recognition and, secondly, antigen neutralisation and 

orr elimination. Because micro-organisms come in many different forms, multiple mechanisms to 

recognisee and eliminate the invading micro-organism have evolved. Based on the capacity to 

recognisee and adapt the response to an antigen, the immune system in vertebrates can be 

dividedd in an innate (or natural) and a specific {or acquired) arm. Innate immunity is mediated by 

differentt cell types, which recognise a limited number of common antigens or molecular patterns 

presentt on various classes of micro-organisms. Innate responses do not change upon repeated 

exposuree to antigen. Specific immunity is mediated by T and B lymphocytes of which each 

individuall cell expresses an unique antigen receptor that recognises epitopes specific for 

singularr pathogens. Due to the presence of large number of lymphocytes this results in an 

enormouss diversity of the repertoire for antigen recognition. The specific immune system adapts 

uponn encounter with antigen. Memory formation guarantees a quicker, larger and more specific 

responsee in case of reencounter with a micro-organism. Innate and specific mechanisms of the 

immunee system do not function as separate entities but actively influence each other. Therefore 

anyy immune response is a combined, interactive effort of the innate and specific immune 

systemss to neutralise and/or eliminate the antigen. 

T H EE SPECIFIC IMMUNE RESPONSE 

Thee unique specificity of the antigen receptors of T and B lymphocytes severely reduces the 

possibilityy that lymphocytes will encounter their specific antigen by chance. To overcome this 

limitationn lymphocytes recirculate via the bloodstream and lymph between the different 

secondaryy lymphoid organs. In secondary organs antigens derived from the site of infection, 

eitherr by trapping or delivered on mature dendritic cells, are presented to the lymphocytes. 

Antigenn recognition by itself is not sufficient to activate a lymphocyte. To ensure that immune 

responsess only develop when needed, antigen in-experienced or naive lymphocytes need a 

secondd or costimulatory signal to become fully activated1. Under physiological conditions this 

signall is only given by antigen presenting cells under infectious circumstances. After full 

activation,, proliferation and differentiation results in the generation of large numbers of antigen-

specificc effector cells and effector molecules2, and the generation of memory T and B cells. 

Terminal-differentiatedd effector B cells or plasma cells secrete soluble forms of their antigen 

receptor.. These so-called antibodies are the mediators of the specific immune system to 

neutralisee extracellular pathogens. The germinal centre reaction is a specialised process in 

whichh memory B cells are formed3. To increase the affinity of their antigen receptor for the 

antigen,, activated B cells genetically change the molecular structure of their antigen receptor. 

Thiss process elegantly demonstrates the unique adaptive potential of the specific immune 

response. . 

Effectorr T cells can have a variety of functions. CD4+ effector T cells can help phagocytotic 

cellss to destroy vesicular and intracellular pathogens and help B or T cells in their response to 



antigen.. CD8+ T cells can recognise and kill infected cells and in this way contribute to the 

specificc immune response against intracellular pathogens. In marked contrast to B cell memory, 

TT cell memory is not acquired at a specific site nor genetically defined. However, with respect to 

celll surface phenotype and functional properties, memory T cells are different from naive T 

cells4. . 

REGULATIONN OF THE IMMUNE RESPONSE 

Ass for all biological processes, a beneficial outcome of the immune response strongly depends 

onn its regulation. The efficiency by which a particular type of antigen will be 

neutralised/eliminatedd will depend on the quantity and quality of the immune response that is 

induced.. Adjustment to the amount of antigen requires quantitative control of the immune 

response.. The distinct stages of an immune response, i.e. lymphocyte activation, proliferation, 

differentiation,, migration, death and execution of effector cell function, are subject to regulation. 

Activatingg and inhibitory receptors, like Toll-like receptors and Fc-receptors, locally produced 

solublee mediators, such as cytokines and chemokines, and direct cell-cell interaction mediated 

byy e.g. integrins and costimulatory molecules all participate in this process. 

Twoo families of proteins represent the main co-stimulatory molecules for T cells: the CD28 

family55 and the TNF receptor family6. CD28 is the classic costimulatory molecule and upon 

interactionn with either of its ligands (B7-1 or B7-2) will enhance T cell proliferation, IL-2 synthesis 

andd survival. The receptor CTLA-4 is the counter-actor of CD28. This protein can also bind B7-1 

andd B7-2 but will give inhibitory signals to the T cell. The balance between CD28 and 

expressionn CTLA-4 is thought to determine whether or not a T cell will becomes fully activated7. 

Thee activating receptor ICOS and the inhibitory receptor PD-1 are the other members of the 

CD288 family5. Like CD28, ICOS can enhance the expansion of T cells in vitro8. 

TNF-RECEPTORR FAMILY AND TNF FAMILY 

Membershipp of a protein to TNF-receptor family is defined by the presence of cysteine-rich 

repeatss of approximately 40 amino acids in the extracellular domain of a type-1 membrane 

protein9.. These cysteine rich repeats provide the motif for binding to the shared structures of the 

complementaryy family of TNF ligands10. TNF-like ligands are trimeric type II membrane or 

solublee proteins that exert their physiological effect by binding to TNF-receptor family members. 

Althoughh not confined to interactions between TNFR family members and their respective 

ligandss have important functions in the regulation of the immune response11. Based on their 

cytoplasmicc domains, the TNF-receptor family members can be divided into two groups1 . 

Signallingg via the death-domain containing family members can activate caspases and induces 

apoptosiss of the cell. Triggering of the non death-domain containing family members has been 

shownn to affect expansion, differentiation and survival of different cell-types of the immune 

system.. Although still largely controversial, interaction between a TNF-receptor family member 

andd its ligand might also effect the ligand' expressing cell via reverse signalling13"18. 



Onee of the main determinants regulating receptor function is availability of the ligand. In 

general,, antigenic activation is required for induction of ligand expression and ligand expression 

iss only transient12. Furthermore, soluble forms and signalling incompetent decoy receptors can 

bee generated19"22. These molecules compete with the functional receptors for ligand binding and 

therebyy reduce the accessibility of the ligand. Besides co-stimulatory molecules for T cells. The 

TNF-receptorr family also contains costimulatory molecules for B cells, such as CD40 and 
23''  24 

BCMA,, which are essential for developing humoral immune responses ' . 

T H EE MOLECULE S CD27 AND CD70 

CD277 is lymphocyte-specific member of the TNF receptor family. CD27 is expressed by 

thymocytes,, NK, T and B cells25. In man, CD27 expression and its regulation have been 

thoroughlyy characterised. On T and B cells, CD27 expression correlates with the antigen 

experiencee and differentiation status of the cell. Naive T cells constitutively express CD27 and 

antigenicc triggering upregulates this expression26'27. However, persistent stimulation with 

antigenn and the concomitant terminal differentiation into effector T cells is accompanied by loss 

off CD27 expression26:28. Naive B-ceils do not express CD27 but CD27 expression is induced 

and,, importantly, sustained after antigenic triggering29'30. Consequently, CD27 is a marker for 

memoryy B cells31 ;32. What happens with CD27 expression during terminal differentiation of B 

cellss is not clear. Recently, data showing CD27 expression on in vitro generated plasma cells 

hass been published33, however immunohistochemical data confirming these data are lacking. 

CD277 exerts its function after being crosslinked by its ligand CD7034;35. In analogy with CD27, 

antigenicc triggering upregulates CD70 expression on T and B lymphocytes. However, CD70 

expressionn does not mark a differentiation state but identifies recently activated lymphocytes. 

CD700 expression wanes after the removal of an antigenic stimulatus36. Besides antigen, 

accessoryy signals, such as costimulatory signals (e.g. CD28 or CD40) and cytokines regulate 

CD700 expression36,37. In histochemical-stainings of spleen or tonsil sections only a limited 

amountt of CD70 expressing cells can be found1735, which implies that together these control 

mechanismm very strictly regulate CD70 expression. 

Althoughh lymphocytes are responsible for the majority of CD70 expression, CD70 is also 

expressedd on other cell types. Thymic medullar epithelial cells (in human38'39), thymic medullar 

dendriticc cells (in mouse, chapter 3) and peripheral mature dendritic cells (chapter 3), can all 

expresss CD70. Non lymphocyte specific expression has recently also been described for CD27. 

Inn the mouse CD27 expression has been found on haematopoietic stem cells and has been 

suggestedd to discriminate between self-renewing and more committed developmental stages of 

hematopoieticc stem-cells41 (and R. Arens, unpublished data). 

EFFECTSS OF CD27/CD70 INTERACTION 

Numerouss in vitro studies have described the cellular effects of CD27 crossiinking on NK, T and 

BB cells. In synergy with antigenic triggering, ligation of CD27 on T cells increases 

proliferation^42"45,, cell survival46, TNF-a production47 and the generation of cytolytic T cells34, . 



Forr B cells CD27/CD70 interaction primarily enhances differentiation rather than proliferation . 

Inn T-cell dependent and T-cell independent systems for B cell activation increased numbers of 

plasmaa cells2949 and concentrations of Ig30'50 are found when CD27 is crosslinked. On NK cells 

CD277 can costimulate accessory molecule or cytokine induced NK activity51, but can also have 

effectss on its own. Human NK cells show enhanced cytolytic activity after crosslinking of 

CD2752;; IFN-y production and proliferation are increased by the sole triggering of CD27 on 

murinee NK cells53. "Reverse signalling", i.e. modulation of cellular function through the CD27 

ligand,, as a consequence of CD27/CD70 interaction has been described for human 

lymphocytes.. Addition of anti-CD70 mAb increased proliferation of T and B-CLL cells, in PHA 

stimulatedd cultures18 and PMA stimulated cell cultures17 respectively. 

Althoughh the in vitro effects of CD27 triggering on specific cell populations are well 

established,, the responsible intracellular events are much less defined. CD27-induced changes 

inn intracellular Ca2+51:54 levels and phosphorylation status26,54;55 have been described, but the 

interestt in these data has waned by the identification of the family of TNF-receptor associating 

proteins566 (Trafs). The different domains in these adapter proteins conduct the simultaneous 

associationn with TNF-receptors and intracellular (signalling) proteins. CD27 can bind Traf2, 3 

andd 55758. Traf2 was shown to be involved in the CD27-induced activation of the transcription 

factorr NF-KB57 and the c-Jun N-terminal kinase (JNK)58. Traf2 also associates with the inhibitors 

off apoptosis proteins (lAPs}59. The functions of Traf2 are in line, and compatible with, the 

functionss of CD27 in regulating cell expansion and differentiation. Besides Trafs, the pro-

apoptoticc protein SIVA can also bind to the intracellular tail of CD2760. Yet, the physiological 

meaningg of this finding is unclear, since the description of CD27 as an inducer of apoptosis is 

veryy limited. Until now, it is not known if there are any specific genes of which the expression is 

inducedd by CD27. However if so: the use of the recently-available DNA chips offer the promising 

possibilityy to reveal these genes . 

T H EE PROPOSED FUNCTION OF CD27/CD70 INTERACTION IN THE IMMUNE RESPONSE. 

Basedd on the above described, in vitro expression and functional data we proposed that 

CD27/CD700 interaction contributes to the determination of the size and function of the antigen 

primedd lymphocyte pool2562. The limited CD70 expression and its dependence on antigenic 

stimulationn will directly couple CD27's influence on the antigen-primed pool to the amount of 

antigen.. The significance of this hypothesis for the physiological role of CD27/CD70 interaction 

cann be tested in an in vivo model. 

MOUSEE MODELS 

Thee biological similarity between mouse and man and, more importantly, recent advances in our 

abilityy to manipulate the mouse genome has made the mouse the pre-eminent in vivo model to 

studyy biological process during health and disease63. Knock out and transgenic technology 

providess the means to study the specific contribution of a molecule of interest in two opposing 

situations.. In KO mice the protein of interest is absent and evidently its biological contribution 



nullified.. In contrast, in transgenic mice excessive expression of a molecule may lead to a 

dominantt contribution of the protein in certain biological responses. Functional importance, 

redundancyy and the proteins expression-level and -pattern will determine which of these 

approachess is going to be most informative. Combining both approaches will give 

complementaryy data. For extracellular proteins, administration of agonistic or antagonistic 

antibodiess can induce similar opposing situations. Although temporality of the effects makes this 

ann appealing approach, its use in study of immune regulation is limited. Being a component of 

thee immune system and an antigen, Ab can potentially influence an immune response and 

hencee obscure the meaning of the experimental result. 

Recently,, the first studies on the function of CD27/CD70 interaction in mouse models have 

beenn described. Infection of CD27J" mice with influenza virus has revealed a function of CD27 

forr the T-cell compartment. Absence of CD27 leads to reduced expansion and numbers of 

antigenn specific cells in primary and secondary immune responses. Noteworthy, this effect was 

mostt pronounced at the site of infection46. Several studies using antagonistic anti-CD70 mAbs 

havee been performed. In TCR transgenic mouse systems for LCMV infection6*65 administration 

off anti-CD70 mAb did not alter CD8+ or CD4+ T cell priming after primary infection with LCMV 

(M.. van der Broek, K. Tesselaar, unpublished data). Also after infection of mice with Letshmania 

majorr no effects were seen of anti-CD70 mAb40, Furthermore, neither in the spontaneous NOD 

modell for insulin dependent diabetes mellitus (IDDM)66 (N. Sarvetnick, personal 

communication)) or the collagen induced model for arthritis67 (P.P. Tak, K. Tesselaar, 

unpublishedd data) did administration of anti-CD70 mAb ameliorate disease outcome. Only in 

experimentall autoimmune encephalomyelitis (EAE) blocking CD27/CD70 interaction seemed to 

havee effect. Induction of EAE was prevented by administration anti-CD70 mAb, presumably by 

inhibitingg TNF-a production68. 

AIMM OF THIS THESIS 

Thee aim of this thesis was to investigate the role of CD27/CD70 interaction in the regulation of 

thee immune response in an in vivo (mouse) model. We chose to create an in vivo mouse model 

inn which CD70 is present as a dominant co-stimulatory molecule. To this end we first cloned and 

molecularr characterised murine CD70 (chapter 2). Subsequently anti-CD70 mAbs were 

generatedd and expression of CD70 was analysed. As in man, CD70 expression is highly 

restrictedd in the mouse (chapter 3). Transgenic expression of CD70 was thus expected to 

createe a dominant role for CD27/CD70 interaction. Transgenic mice constitutive^ expressing 

CD700 on al) B cells were generated and in chapter 4 we describe the generation and initial 

analysiss of the phenotype of the T and B cell compartment in CD70TG mice. The analysis of the 

TT cell compartment and the in vivo function of CD27 on T cells was further elaborated in the 

experimentss presented in chapter 5. Finally the role of CD27/CD70 interaction in the humoral 

immunee response was analysed in CD70TG mice (chapter 6). 
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SUMMARY Y 

Humann CD70 {CD27 ligand) is a type II transmembrane glycoprotein belonging to the tumour necrosis factor 

family.. The protein is not expressed on resting lymphocytes, but is rapidly induced on these cells after 

cellularr activation. Importantly, interaction of CD70 with its receptor CD27 gives a co-stimulatory signal for 

lymphocytee activation. Whereas CD27 has been molecularly characterised in the mouse, murine CD70 was 

undefinedd until now. Here we describe the cONA cloning and initial characterisation of murine CD70 

(mCD70)) and the determination of its gene structure, mCD70 is a polypeptide of 195 amino acids which has 

62%% homology with its human counterpart. In analogy to human CD70 (hCD70), mCD70 transcript levels 

aree strongly but transiently upregulated during lymphocyte activation which is in line with a role for the 

CD27/CD700 receptor pair early in the immune response. In accordance with the co-mitogenic activity of 

murinee CD27-specific mAb. recombinant mCD70 potently costimulates T-cefl proliferation. Finally, the 

mCD700 gene consist of three exons spanning -4kb DNA, and is localised on chromosome 17. 

INTRODUCTION N 

Memberss of the tumour necrosis factor receptor family are key regulators of cellular immune 

reactionss as they control proliferation, differentiation and, importantly, apoptosis of activated 

immunee cells. CD27, a member of this group of receptors, is expressed on the majority of 

maturee T cells and on memory-type B cells. Ligation of CD27, either through agonistic mAb or 

recombinantt ligand (CD70), generates a strong co-stimulatory signal for T-cell proliferation34,42. 

Importantly,, T-cell activation induces a marked upregulation of CD27 membrane expression 

especiallyy on unprimed (CD45RA+) T lymphocytes27'69. Furthermore .because CD27 cross-

linkingg preferentially costimulates the proliferation of unprimed T cells47,54, a role for CD27/CD70 

interactionss early in immune reactions has been postulated62. 

Thee CD27-ligand CD70 is a type II transmembrane glycoprotein which is expressed on 

activated,, but not on resting T and B cells18;3470. In agreement with a role for CD27/CD70 

interactionss during discrete stages of the immune response, expression of CD70 in vivo 

appearss to be very restricted38171. The limited expression pattern appears to be related to the 

factt cellular activation signals such as antigen, co-stimulatory molecules and cytokines, carefully 

tunee the level of CD70 expression on stimulated lymphocytes3771. T and B cells that express 

CD700 in vivo have a primed phenotype in comparison with CD70" cells. For instance circulating 

CD70++ T cells are considerably enriched for IFN-y secreting T cells36, whereas production of 

immunoglobulinn in response to T-cell derived helper signals is largely confined to CD70+ B-

cells36.. Interestingly, for some members of the TNF family, e.g. OX40L, CD40L and 

CD30L13'1516,72,73,, their function seems not to be restricted to their role as a ligand, but these 

proteinss apparently also have a signalling potential. Cross-linking of OX40L induces proliferation 

andd differentiation of murine splenic B-cells15 whereas CD40 transfectants can costimulate the 

activationn of CD4* cells13. Enhancement of T-cell proliferation upon crosslinking with CD70 mAb 

indicatess the possibility of signal transduction via CD7018. 

Recentlyy murine CD27 has been cloned, and its expression pattern and function have been 

analyzedd . in accordance with studies performed in the human system, mCD27 is expressed 



onn mature T-cells and cross-linking of mCD27 enhances T-cell proliferation . However, 

contraryy to human thymocytes where CD27 is expressed on single positive (CD4+ or CD8+) 

thymocytes755 and inducible on CD4XD8* cells, mCD27 is already expressed induced on 

immaturee CD4CD8CD25* thymocytes. Since it was previously found that, next to activated 

lymphocytes,, also thymic epithelial cells express CD7038, it was inferred that CD27/CD70 

interactionss may play a role in early T-cell development. Indeed, inhibition of CD27 function on 

immaturee CD4"CD8~CD25+ thymocytes in vivo impedes generation of the CD4+CD8+ thymocyte 

pool76.. To further elucidate the role of the interaction between CD27 and CD70 in vivo it was 

mandatoryy to characterize murine CD70. Herein we describe the cloning and characterization of 

thee mCD70 cDNA, the determination of the gene structure and chromosomal localization of the 

murinee CD70 gene. We also show that, in analogy to its human homologue, mCD70 is an 

activationn antigen that is rapidly but transiently upregulated after lymphocyte activation. Finally, 

thee functional characteristics of mCD70 are being described. 

MATERIAL SS AND METHODS 

Monoclonall antibodies and receptor-Fc proteins: CLB-T11.1/1, CLB-T11.2, HIK27 (all CD2 

mAb),, CLB-CD14/1, CLB-19/1. CLB-CD3/4.E, anti-HLA class II (E1), CLB-FcR granl (CD16) 

weree all produced at the Central Laboratory of the Netherlands Red Cross Blood Transfusion 

Servicee (CLB), Amsterdam, The Netherlands. Thy-1.2 (clone 53-2.1) and anti-l-Ad (clone AMS-

32.1)) were purchased from Pharmingen (San Diego, CA). Recombinant Receptor-Fc proteins 

weree a kind gift of dr. R. Goodwin, Immunex, Seattle WA. 

Cellss and cell culture: 771 is a MCF 1233 MuLV-transformed B cell line derived from a tumour of 

aa C57BL/10 mouse neonatally inoculated with this virus strain77. ARHO (Armenian hamster 

fibroblasts)) and hCD70-transfected 3T3 cells (3T3-hCD70, also a kind gift of Dr. R. Goodwin) 

havee been described previously38'43. Class II, anti-rat IgG magnetic beads and goat anti-mouse 

Igg magnetic beads (Advanced Magnetics, Cambridge, MA). Human PBMC were isolated from 

buffyy coats of healthy donors by Ficoll-lsopaque density centrifugation and subsequently T-cells 

weree purified by negative immunoselection with CD19, CD16, CD14 and MHC Class II mAbs 

andd goat anti-mouse IgG magnetic beads (Dynal, Oslo, Norway). Purity of the resulting 

populationss was tested by immunofluorescence with Thy-1.2 (murine) and CD3 (human) mAbs 

andd exceeded 90%. 

Floww cytometry: Cells were incubated with receptor-Fc-proteins (2 ng/ml) in binding buffer (PBS, 

containingg 0.5% BSA and 5% normal goat serum) for 30 min at 4 ;C, washed and stained with 

phycoerythrinn (PE) conjugated goat anti-human IgG Fc F(ab')2 (Immunotech, Marseille, 

France).. Subsequently, cells were analysed on a FACScan flowcytometer (Beckton and 

Dickinson,, Mountain View, CA). 



Biochemicall analysis: Immune-precipitation was performed as described previously . Briefly, 

cellss were labelled with 125l (Amersham Co., Bucks. UK) by the glucose/lactoperoxidase method 

andd lysed in 1% NP-40 buffer, containing 10 mM triethanolamine-HCI (pH 7.8), 150 mM NaCI, 5 

mMM EDTA, 1 mM PMSF, 20 ug/ml ovomucoid trypsin inhibitor, 1 mM Na-p-tosyl-L-lysine 

chloromethyll ketone, and 20 ug/ml leupeptin. After centrifugation, supernatants were precleared 

withh pooled human serum (5%) and protein G-sepharose (Pharmacia, Uppsala, Sweden), 

followedd by incubation with control-Fc protein (Ret-Fc (10 ug/ml)) and protein G-sepharose. 

Residuall Ret-Fc was removed by an incubation with protein G-sepharose. CD70 was 

subsequentlyy precipitated with murine or human CD27-Fc and complexes were adsorbed onto 

proteinn G-Sepharose, eluted and electrophoretically separated by 5 to 15% SDS-PAGE, and 

visualisedd by autoradiography. 

Isolationn of mCD70 cDNA: A lambda gt11 cDNA library was prepared using the Superscript 

choicee system for cDNA synthesis (Gibco/BRL, Gaithersburg, MD) and a lambda 

gt11/EcoRI/CIAP-treatedd vector kit (Stratagene, La Jolla, CA), according to the manufacturers 

instructions.. 771 poly(A)+ RNA was isolated, using a oligo (dT) cellulose column (Poly(A) quick 

mRNAA Isolation Kit (Stratagene) and used for first strand cDNA synthesis with oligo-(dT)i2-ia 

primers.. Only cDNAs larger than 500 bp were ligated in the lambda gt11 arms. 106 plaques 

weree hybridised with a 32P-labeled cDNA of hCD70 (nucleotides (nt) 298-74134), encoding the 

extracellularr part of hCD70. Hybridisation was performed for 16 hours at 65-C. Filters were 

washedd for 15 minutes in 2 x SSC, 0.1% SDS subsequently at 50, 55 and . Positive 

plaquess were purified and the inserts were subcloned in the EcoRI site of pcDNA3 (Invitrogen, 

Sann Diego, CA). 

Northernn blot analysis: A Northern blot containing 2 ug per lane 771 poly(A)+ RNA was prepared 

followingg standard procedures and a mouse multiple tissue Northern (MTN) blot, also containing 

approximatelyy 2 ug poly(A)+ RNA per lane, was obtained from Clontech (Palo Alto, CA). The 

blotss were hybridised with the 32P-labeled murine CD70 cDNA. 

Semii quantitative RT-PCR analysis: Single cell suspension of splenocytes and thymocytes (1 x 

106/ml)) were stimulated with Con A (5 ug/ml) and recombinant hlL-2 (10 ng/ml). After the 

indicatedd time of culture, cells (2 x 106) were collected and RNA was isolated with RNazol 

(Cinna/Biotecxx Laboratories, Int., Inc., Friendswood, Texas), Single strand cDNA was prepared 

inn a 20 ul reaction volume with 500 ng of oligo(dT)i2~i8 and 100 units Superscript!! (Gibco/BRL). 

AA 25 ul PCR reaction (50 mM KCl, 2 mM MgCI2, 10 mM Tris-HCI pH 9.0, 200 mM each dNTP, 

0.1%% Triton X-100, 200 nM each primer, 1.25 U Taq DNA Polymerase (Promega), 0.8 ul cDNA 

solution)) amplifying CD70 and hypoxanthine phosphoribosyltransferase (HPRT) was set up for 

thee cDNA derived from each sample. The following primers were used : 

CD70,, + strand primer 5'-GGATGCCGGAGGAAGGTCGCCC-3' 

-- strand primer, 5'-CAAGGGCATATCCACTGAACTC-3' 



HPRT,, + strand primer S'-TATGGACAGGACTGAACGTCTTGC-S' 

-- strand primer 5'-GACACAAACATGATTCAAATCCCTGA-3'. 

Minuss strand primers were fluorochrome labelled (CD70; 5' fluor, 6-FAM, HPRT; 5' fluor, 6-HEX 

(Perkinn Elmer, Foster City, CA)). To overcome the difference in fluorescence intensity between 

thee two labels a mixture of unlabeled (180 nM) and fluorochrome labelled (20nM) CD70 minus 

strandd primer was used. PCR products were resolved on a 5.2% acryl amide gel and analysed 

onn an ABI 373 automated DNA sequencer (Applied Biosystems, Foster City, CA) with 

GeneScann Analysis Software (Perkin Elmer). 

Transientt and stable expression of mCD70: COS-7 or ARHO cells were transfected with 

mCD700 cDNA using lipofectamine {Life Technologies, Inc., Gaithersburg, MD). Transiently 

transfectedd cells were used at day 3 after transfection. For stable transfection, ARHO cells (4 x 

105)) were transfected with 20 ug of plasmid DNA and cells were selected with G418 

(Gibco/BRL)) at 500 ng/ml in culture medium. Stable transfectants were tested for mCD70 

expressionn by FACS analysis and immunoprecipitation. 

Proliferationn assay: Proliferation assays were performed as described previously1 . I n 

short,, purified murine T cells (105/well) were stimulated suboptimally with Con A (2 ug/ml) and 

culturedd with cells, transiently transfected with mCD70 or mock transfected (5 X 104 cells/well). 

[3H]-Thymidinee incorporation was measured after 3 days of culture. Human T cells were 

stimulatedd with a combination of three anti-CD2 mAbs in the presence of the different 

transfectants.. [3H]-Thymidine incorporation was measured after 5 days of culture. 

Isolationn of genomic clones: Genomic clones were custom-isolated by Genome Systems, Inc. 

(St.. Louis, MO). For this, ES cell-derived genomic DNA (mouse strain 129/SvJ) was cloned 

usingg the bacteriophage P1 cloning system7879. A PCR-based screening strategy, using the 

mCD70-specificc primers, 

++ strand primer 5'-CTGGCTGTGGCCATCTGCTCC-3', 

-strandd primer 5'-CAAGGGCATATCCACTGAACTC-3', was used to isolate positive clones78. 

Threee positive clones, (plate 264, GS contr. No.12354; plate 289, GS contr. No.12355; plate 

317,, GS contr. No.12356) were identified and plasmid DNA was prepared according to the 

manufacturerss recommendations. 

Sequencee analysis and genomic structure determination: PCR products and P1 plasmids were 

sequencedd with a series of synthetic oligonucleotide primers and either the fmol DNA-

Sequencingg System (Promega Corp., Madison, Wl) or a DNA Sequencing Kit (Dye terminator 

cyclee sequencing ready reaction, Perkin Elmer). Dye-labelled sequences were analysed on an 

ABII 373 automated DNA sequencer (Applied Biosystems). The same primers were used to 

determinee the size of the introns by PCR. Sequences have been deposited to the 

GenBank/EMBLL Sequence Data Base (Accession number Y13636 (cDNA), Y13637 (exon 1 & 



exonn 2). Y13638 (exon 3)). Sequences were analysed with PC/Gene (Intelligenetics Inc., 

Geneva.. Switzerland). 

Fluorescencee In Situ Hybridisation (FISH): A FISH experiment was performed by Genome 

Systems,, Inc. (St. Louis). DNA from a P1 clone containing the mCD70 gene (GS contr. 

No.. 12354) was labelled with digoxigenin dUTP by nick translation. Labelled probe was 

combinedd with sheared mouse DNA and hybridised to normal metaphase chromosomes 

derivedd from mouse embryo fibroblasts cells, in a solution containing 50% formamide, 10% 

dextransulfatee and 2X SSC. Specific hybridisation signals were detected by incubating the 

hybridisedd slides in fluoresceinated anti-digoxigenin antibodies followed by counterstaining with 

DAPI.. The initial identification of the chromosome specifically labelled with the probe was based 

onn the banding pattern. This initial observation was confirmed by cohybridization of the mCD70 

specificc probe with a probe specific for the telomeric region of chromosome 17. Measurements 

off 10 specifically-hybridised chromosomes 17 determined the position of the probe relatively to 

thee heterochromatic-euchromatic boundary and the telomere of chromosome 17. A total of 80 

metaphasee cells were analysed with 69 exhibiting specific labelling. 

RESULTSS AND DISCUSSION 

Identificatio nn of a CD70 expressin g murin e cel l line . CD70 and its receptor CD27 are 

memberss of the TNF and TNF(R) families, which are both defined on the basis of structural 

homology.. Between species, receptors and ligands generally display relative low percentages of 

homologyy at the amino acid level. However, tertiary structure appears to be well conserved 

sincee in general receptors and ligands cross react across species7980. We set out to identify 

cellss expressing murine CD70 using a murine CD27-Fc recombinant protein as a probe. As is 

shownn in figure 1. the mCD27-Fc protein was capable to bind hCD70 as expressed on 

transfectedd mouse fibroblasts (3T3-hCD70). After screening a variety of murine T- and B-cell 

lines,, a MuLV-induced B-cell lymphoma line (771) was found to specifically bind mCD27-Fc. 

Perhapss not surprisingly. 771 cells were also capable to bind hCD27-Fc (figure 1). The 771 cell 

linee was considered a good candidate to isolate the mCD70 cDNA. 

3T3-hCD70 0 771 1 

11 1 T 1 

Fluoresencee intensity 

Figur ee 1 Human and murine CD27-FC proteins detect hCD70 and bind to a murine B-cell line 
FACSS analysis of 3T3-hCD70 (3T3 cells transfected with hCD70 cDNA) and the murine B-cell lymphoma line 771. Cells 
weree incubated with hCD27- (dashed curve), mCD27- (solid curve) or control (dotted curve) Fc-protein (2 ug/ml) and stained 
withh phycoerthrin-labelled goat anti-human IgG Fc 
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Figur ee 2 : Nucleotide sequence and predicted amino acid sequence of mCD70 cDNA. Amino acids 
comprisingg the predicted transmembrane region are doubly underlined, potential N-lmked glycosylationsites 
aree in bold. 

Clonin gg of the murin e CD70 cDNA. To clone the mCD70 cDNA a lambda gt11 cDNA library 

wass prepared of poly(A)+ RNA of the CD70-expressing B-cell lymphoma line 771. The library 

wass screened with hCD70 cDNA as a probe. Out of 106 plaques, 8 positive clones were 

isolated.. Using lambda gt11 specific primers, the insert size of the different clones was 

determinedd and the nucleotide sequence of the largest insert was analysed. The insert 

containedd an open reading frame of 595 nucleotides with the first ATG adjacent to a Kozak 

initiationn sequence. 80 nucleotides of 3' untranslated region and 176 nucleotides of 5' 

untranslatedd region (figure 2). Specific binding of mCD27-Fc to ARHO cells stably transfected 

withh mCD70 cDNA (AR-mCD70, figure 3) confirmed the integrity of the isolated cDNA. Thus. 

thee mCD70 cDNA encodes a polypeptide of 195 amino acids with a predicted molecular mass 

off 21 kDa that like human CD70 and other TNF family members has a type II membrane 

orientation.. Three potential N-glycosylation are found in mCD70. two of which are preserved 

betweenn man and mouse. It is assumed that individual members of the TNF family have a 

similarr trimeric tertiary structure. Comparative molecular modelling based on the resolution of 

thee X-ray crystal structure of TNFa, TNF|i and the complex of TNFp and soluble human 55 kD 

TNF(R),, has defined the proper, structurally-corrected, sequence alignment of the extracellular 

Figur ee 3 Recombinant mCD70 binds mCD27-Fc protein. 
FACSS analysis of mCD70 transfected ARHO cells (AR-mCD70). 
Cellss were incubated with mCD27 (solid curve) or control (dotted 
curve)) Fc-protein (2 ug/ml) and stained with phycoerthnn-
labelledd goat anti-human IgG Fc. 
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mCD77 O  MPEEGRPCPWVRWSGTAPQRQWPWLLLyVFITVFCCWFHCSGLLSKQQQR 5  O 
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b.CD700 MPEEGSGCSVRP.RPYGCVLR--AALVPLVAGLVÏCLVVC:QP.FAQAQQQL 4  8 

mCD700 LLSHPE?HTAELQL::iTVPRKDPTLRWC-A-.lgALC-R5FTHC-PELEEGHLR I  ]  " .  ' . 

hCD700 PLSSLGWDVAELQLMKTGPQQDPRLYWQGGPALGRSFLH'ir-ELDKGQLRI  9  -

mCD700 HQDGLYRLHIQVTLANCSSPGSTLQHRATIAVGICSPAAHGISLLRGRFG 1 2 5 

hCD700 HRDGIYMVHIQVTLAICSSTTASRHHPTTLAVGICSPASRSISLLRLSFH 12 3 

mCD77 0  QDCTVALQRLTYLVHGDVLCTNLTLPLLPSRNADETFFGVQWICP 19 5 

hCD700 QGCTIVSQRLTPLARGDTLCTNLTGTLLPSRNTDETFFGVQWVF.P 19 3 

Figur ee 4 : Compariso n of murin e and human CD70 sequences . 
identicall residues are denoted by a dash and similar residues are denoted by a colon. Residues conserved in most 
memberss of the TNF family are denoted by a bold colon. The predicted transmembrane regions are doubly underlined. 
Thee residues implicated in the |5-strands are in bold, whereas the residues possibly involved in receptor-ligand 
interactionn are underlined. 

partss of the different TNF family members81. Trimeric TNF family members are depicted as, 

threee sided, truncated pyramids. Each monomer contains 8 (3-strands connected by loops. The 

residuess important for subunit interaction are mainly mapped to regions in the (3-strands 

whereass residues implied in receptor binding are found in the loops, particularly in the loops 

locatedd on the lower part of the trimer. Comparison of mCD70 with hCD70 revealed an overall 

homologyy of 62% (figure 4). The amino acids in presumed (3-strands showed 84% homology, 

whereass the amino acids implied in ligand-receptor interaction showed 68% homology. All 

cysteines,, involved in disulfide bond formation in the hCD70 monomer are preserved in mCD70. 

Furthermore,, one additional cysteine is found in the extracellular part of the protein. The 

intracellularr parts of the proteins have a homology of only 33%. For TNF family members with 

knownn signalling potential relative high conservation of the intracellular part is found (CD30L 

67%.. CD40L 81%, OX40L 50%80"82. These observations do not argue in favour of the idea that 

thee intracellular part of CD70 plays a dominant role in signalling processes. 

Biochemica ll  analysi s of mCD70. To further characterise mCD70, biochemical analysis was 

performed.. The predicted molecular mass (21 kDa) of non glycosylated mCD70 was confirmed 

byy in vitro transcription and translation of the cDNA clone (results not shown). Upon 

immunoprecipitationn with mCD27-Fc or hCD27-Fc from cell surface iodinated 771 cell lysates a 

proteinn of 29 kDa was isolated (figure 5A). which is in good agreement with the reported 

molecularr mass of hCD703D. The presence of N-linked carbohydrates, which may (partly) 

explainn the difference between the predicted and observed molecular mass of mCD70, was 

shownn by N-glycanase sensitivity of the protein (data not shown). Under non-reducing 

conditionss mCD70 had a molecular mass of approximately 85 kDa. presumably representing 

thee trimeric form of the protein (figure 5B). Since interchain disulfide binding has not been 

reportedd for other TNF-related ligands it is unclear whether the trimer does contain such 
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Figur ee 5 Biochemical analysis of murine CD70. 
7711 (A, B) and Armenian hamster fibroblasts 
stablyy transfected with mCD70 (AR-mCD70). (C) 
(10')) were cell-surface iodinated and cell lysates 
weree prepared. After precleanng the lysates were 
sub|ectedd to precipitation with Ret-Fc protein 
(control)) and CD27-Fc or mCD27-Fc protein. 
Proteinss were separated by SDS PAGE under 
reducingg (A, C) and non-reducing (B) conditions 
andd detected by autoradiography. 
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interchainn bonds or whether it forms non-covalently linked SDS stable trimeric structure when 

thee intrachain bonds are intact83. Finally, biochemical analysis of AR-mCD70 confirmed that the 

molecularr mass of recombinant mCD70 was identical to endogenous mCD70. 

FunctionFunction  of  murine  CD70. Costimulation for T-cell proliferation and cytokine production is one 

off the most prominent functional consequences of the interaction between CD27 and 

QD7Q18;3<M77 W e preparecj ce||S transiently transfected with murine CD70 cDNA, analysed them 

forr mCD70 expression by FACS analysis (data not shown) and tested their ability to costimulate 

eitherr murine or human T-cells. Addition of mCD70 transfectants to murine T cells that had been 

suboptimallyy stimulated with Con A led to a profound increase of proliferation, depending on the 

expressionn level of the protein (figure 6). Furthermore. mCD70 transfectants were able to 

costimulatee human T-cell proliferation, showing the lack of species specificity on a functional 

level. . 

12c c 

Murinee T-cells Human T-cells 

mCD70-- D 3% mCD70- • mock 

Figur ee 6 mCD70 costimulates T-cell 
proliferation. proliferation. 
Murinee T-cells (105) were stimulated with Con A (2 
ug/ml)) in the presence of different transient mCD70 
(blackk bar 12% mCD70-. striped bar 3% mCD70') 
orr mock (white bar) transfected COS-7 cells (5 x 
10")) [3H]-Thymidine incorporation was measured 
afterr 3 days of culture. Human T-cells (105) were 
stimulatedd with a combination of three CD2 mAbs 
andd [3H)-thymidme incorporation was measured 
afterr 5 days of culture. Shown is one representative 
experimentexperiment out of two. means of triplicate cultures. 



Regulatio nn of CD70 expression . To determine the distribution of the mCD70 mRNA, Northern 

blotss with 2 ug of poly(A)+ 771 RNA and poly(A)* RNA from multiple tissues (heart, brain, 

spleen,, lung, liver, skeletal muscle, kidney and testis) were hybridized with JZP-labeled mCD70 

cDNA.. No specific signal could be detected after 3 weeks of autoradiography indicating very low 

levelss of mCD70 mRNA expression (data not shown). Therefore, kinetics of mCD70 mRNA 

expressionn were analysed by RT-PCR. Splenocytes and thymocytes were isolated and 

stimulatedd with Con A and IL-2, total RNA was isolated at the indicated times of culture and RT-

PCRR was performed. As is shown in Figure 7 only low levels of mCD70 mRNA can be detected 

inn freshly isolated splenocytes and thymocytes. However shortly after stimulation of either 

splenocytess or thymocytes a significant transient increase in mCD70 mRNA expression was 

seen.. For splenocytes the level of mCD70 mRNA peaked after 8 hours, while the highest level 

inn thymocytes could be detected after one day. This transient expression of mCD70 mRNA 

indicatess that only recently activated cells will express the CD70 protein. These observations in 

thee murine system correspond well with the observation that in human PBL only small 

percentagess of CD704 cells can be found, which have a primed phenotype2837. Future usage of 

mCD70-specificc mAb will allow the systematic analysis of CD70 expression in secondary 

lymphoidd organs during ongoing immune responses. This information will be essential 

understandd the exactt localisation and function of CD27/CD70 interactions in vivo. 
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Figur ee 7: RT-PCR analysi s of mCD70 
mRNAA expression . 
Splenocytess and thymocytes were 
stimulatedd with Con A (5 ug/ml) and 
recombinantt human IL-2 (10 ng/ml). Cells 
(2.100 ) were collected at different time 
pointss after stimulation. mRNA levels of 
mCD700 and HPRT were assessed by RT-
PCR.. Relative amounts of mCD70 mRNA 
|mCD70.'HPRT)) are shown. 
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Determinatio nn of the of the murin e CD70 gene structure . To determine the gene structure of 

thee mCD70 gene, P1 clones containing the mCD70 gene were isolated by a PCR-based-

strategy.. Further PCR analysis showed that all the P1 clones contained the entire coding 

sequencee of the murine CD70 protein. Therefore, only one of the three derived clones (No 

12354)) was used for further analysis. Intron/exon boundaries were determined by sequence 

analysiss and comparison with the mCD70 cDNA sequence. PCR analysis revealed the size of 

thee introns. As is shown in figure 8 the mCD70 gene consist of three exons, spread over 

approximatelyy 4 kb. The first exon encodes the 5'-untranslated region, the intracellular domain, 

thee transmembrane domain and the first 16 amino acids of the extracellular domain. Exon 2 

encodess another 11 amino acids of the extracellular domain, whereas the largest part (127 

aminoo acids) of the extracellular domain is encoded by exon 3. Exon 3 also encodes the 3'-



untranslatedd region. Table I shows the exon-intron organisation of the mCD70 gene. All exon-

intronn boundaries were found to obey the GT-AG rule for splice junctions . Recently the gene 

structuree of several TNF family members has been determined01 . Although there seems to 

bee no conservation of splice junctions, the genes have a similar organisation. In general the first 

exonn encodes the intracellular and transmembrane domain while the last exon encodes the 

largestt part of the extracellular region (7 of the 8 [̂ -strands and connecting loops). In this respect 

thee mCD70 gene has the same structure. 

Figur ee 8 Structur e of the murin e 
CD700 gene 
Schematicc representation of the 
murinee CD70 gene. Boxes denote 
thee different exons. The 5' and 3' 
untranslatedd regions are in white, the 
depictedd intracellular part is blocked, 
thee transmembrane region is in black 
andd the extracellular part is dotted. 

TABL EE I. 
Exon-lntro nn  organization of the murine CD70 gene 
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Chromosoma ll  locatio n of the mCD70 gene. Chromosomal localisation of the mCD70 gene 

wass performed by fluoresence in situ hybridisation. Metaphase chromosomes were hybridized 

withh a probe containing the mCD70 gene. This resulted in specific labelling of the middle portion 

off a small sized chromosome which, on the basis of its banding pattern, was identified as 

chromosomee 17. Cohybridization of the mCD70 specific probe with a probe specific for the 

telomericc region of chromosome 17 confirmed the initial result, as specific labelling of the 

telomericc region and the middle portion of chromosome 17 was observed. Measurements of 10 

specifically-hybridizedd chromosomes 17 demonstrated that the mCD70 gene is located at a 

positionn which is 50% of the distance from the heterochromatic-euchromatic boundary to the 

telomeree of chromosome 17. an area that corresponds to the boundary between bands 17C 

andd 17D (figure 9). 

cDNA A 

0.22 kb 



Figur ee 9 : Chromosoma l locatio n of the mCD70 gene 
Schematicc representation of mouse chromosome 17. The 
arroww indicates the location of the mCD70 gene 

CONCLUDINGG REMARKS 

Inn this report we describe properties of mCD70. This member of the TNF family shows both 

considerablee structural and functional homology with its human counterpart. Detailed analysis of 

expressionn and function in vivo will now help to elucidate the biological function of CD27/CD70 

interactionss in early T-cell development'6 and in the regulation of T- and B-cell responses36*""1'"89. 
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SUMMARY Y 

Thee interaction between CD27 and its ligand CD70 strongly augments effector T cell formation in vivo. 

Controll of CD27 function is partly reguiated by the restricted expression of CD70. We used newly developed 

anti-murinee CD70 mAbs to characterise CD70 expression in vitro and in vivo. Antigen receptor triggering in 

vitroo induced CD70 mRNA expression by T cells but, surprisingly, no detectable CD70 protein. B cells 

expressedd membrane CD70 protein after in vitro activation by anti-IgM Ab, LPS or anti-CD40 mAb. Addition 

off (FN-/to anti-IgM Ab stimulated B-cells reduced CD70 expression. CD70 membrane expression coutd 

alsoo be induced on the dendritic cell line D1 and on in vitro generated murine dendritic cells upon maturation. 

Immunohistochernistryy showed CD70 expression on medullar thymic dendritic cefls. In secondary lymphoid 

organss CD70 expression was found on scattered lymphocytes in the splenic red pulp and peripheral lymph 

nodes.. During immune responses to the hapten-carrier TNP-KLH, a low number of dispersed cells in splenic 

whitee pulp expressed CD70. Interestingly, however after influenza infection clusters of CD70 expressing Thy 

1.2++ cells could be seen in lung tissue. Thus, analogous to observations in the human system, in vivo 

expressionn of CD70 appears to be highly regulated which may limit excessive effector eel! formation after 

antigenicc stimulation. 

INTRODUCTION N 

Thee immune system has several effector mechanisms at its disposal to free the host of 

pathogens.. Since these effector mechanisms can also damage host substances, immune 

responsess should be tightly controlled. The tumour necrosis factor receptor (TNF-R) family 

memberss are transmembrane proteins which together with their respective TNF-related ligands 

havee been implicated in the regulation of cell death, proliferation, differentiation, survival and 

migrationn during adaptive immune responses23190"92. CD27 is a lymphocyte-specific member of 

TNF-RR family. Human and murine T, B and NK cells can express CD2725:43. Remarkably, in 

mann CD27 expression distinguishes different stages of B and T cell differentiation. On B cells 

CD277 is only found after BCR induced activation 17:30. CD27 expressing B-cells found in human 

peripherall blood all have undergone somatic hypermutation and therefore CD27 is considered a 
311 '32 

markerr for memory B-cells . Resting T cells constitutively express CD27, however 

differentiationn into effector T cells is accompanied by loss of CD27 expression28136. 

Analysiss of the functional consequences of CD27 interaction with its ligand, CD70, shows that 

thee differentiation status dependent expression of CD27 is functional and not coincidental. 

Ligationn of CD27 on human activated B cells in vitro results in plasma cell differentiation and 
299 30 49 89 

enhancedd immunoglobulin production . On T cells, triggering of CD27 enhances 

expansion,, induces secretion of several cytokines including TNF and promotes acquisition of 

cytotoxicity19,34'47.. In line with these in vitro observations, in CD27 knock out (KO) mice reduced 

numberss of antigen specific T cells were found in the lung after infection with influenza virus46. In 

contrast,, persistent triggering of CD27, by constitutive, B cell specific expression of CD70 in 

CD700 transgenic (TG) mice, leads to increased numbers of interferon-{IFN)-y secreting CD4+ 

andd CD8+T cells93 



Onee way to control function of TNF receptor family members is the transient and tightly 

regulatedd expression of the ligand12:90:94. In man, CD70 is expressed on antigen receptor 

activated,, but not on resting, T and B cells. While CD70 expression can be increased by CD28 

orr CD40 crosslinking, IL-4 down regulates CD70 expression3637. Probably due to CD70's 

transientt expression, human tissue sections only show CD70 expression on some T cells and 

extrafollicularr B cells. Occasionally, GC containing a large number of CD70+ B cells can be 

found38.. CD70 expression is also found in the medulla of human thymus38. Two papers, one 

usingg a CD27-lg fusion protein and one using an anti-CD70 mAb, have described flow 

cytometricc analysis of in vitro CD70 expression on murine lymphocytes45'95. In discrepancy with 

humann protein37 and murine mRNA44 expression data, only marginal CD70 expression was 

seenn on (in vitro activated) T cells45'95. Furthermore, the two papers described conflicting data 

forr CD70 expression on (activated) B cells. Interestingly, recently murine CD11c+ LN derived 

murinee dendritic cells also have been described to express CD7040. 

Inn this study newly developed anti-murine CD70 mAb were used to document the expression 

patternn of murine CD70 in vitro and in vivo. These findings are important to understand during 

whichh cell-cell interactions CD27/CD70 interaction possibly exerts its function. Moreover this 

informationn is needed to establish to what extend the mouse can be used as a model to the 

studyy the role of human CD27/CD70 interaction in vivo. 

MATERIALL AND METHODS 

Mice:: C57BL/6 and Balb/c mice were bred in the facilities of The Netherlands Cancer Institute 

andd CLB under specific pathogen free-conditions. Mice used for experiments were between 6 

andd 12 weeks of age at the start of the experiment. All animal experiments were carried out 

accordingg to institutional and national guidelines and approved by the Experimental Animal 

Committeee of respective institutes. 

Immunisation:: Mice (C57BL/6) were immunised with 100 ug 2,4,6-trinitrophenyl keyhole limpet 

hemocyaninn (TNP-KLH (Biosearch Technologies, Novato, CA)) in PBS (intra-peritonial (i.p.)) at 

dayy 0 and 28 after start of the experiment. Influenza virus (strain A/NT/60/68) infection was 

performedd as described elsewhere46. 

Generationn of anti-CD70 mAb: Armenian hamsters (Cytogen, West Roxbury, MA) were injected 

33 times i.p. with 107 irradiated (50 Gray) AR-mCD70 cells44 at weekly intervals. Two weeks after 

thee third injection serum was tested for CD70 reactivity. A booster injection (i.p., 107cells) was 

givenn and 3 days thereafter, hamsters were sacrificed. Splenocytes were fused with SP2/0 

murinee myeloma cells as described35. Fourteen days after fusion, hybridoma supernatants were 

testedd for the presence of CD70 Ab by flow cytometric analysis using phycoerythrin (PE) 

labelledd goat anti-hamster Ig. After limiting dilution, 2 stable clones (3B9, 6D8) were obtained. 

Bothh mAbs were purified from culture supernatant using protein A bound to Sepharose CL-4B 



beadss (Sigma). F(ab') 2 fragments were generated and conjugated to biotin or fluorescein 

isothiocyanatee (FITC), using standard procedures. 

Antibodiess and Fc proteins: Anti mouse-B220 (RA3.6B2), -CD3e (145-2C11), -CD4 (GK1.5), -

CD88 (2.43), -CD16/CD32 (2.4G2.) -MHC Class II (M5/114.15.2 (all ATCC, Rockville, MD)) and 

CD277 (LGA 3A10 43) mAbs were purified from hybridoma supernatant and FITC conjugated 

accordingg to standard procedures. Mab to CD40 (HM-40.3), CD28 (37.51) and B7-2-FITC (GL-

1),, CD4-peridinin chlorophyll protein (PerCP (RM4-5)), CD8a-PercP (53-6.7), CD11c-PE (HL3), 

CD19-FITCC (1D3) were purchased from Pharmingen (San Diego, CA) and goat anti-mouse IgM 

F(ab>> was purchased from Jackson ImmunoResearch (West Grove, PA) Recombinant 

receptorr Fc-proteins were gifts from Dr. R. Goodwin (Immunex, Seattle, WA). 

Cellss and cell culture: 771 is a MCF 1233 MuLV-transformed B cell line derived from a tumour of 

aa C57BL/10 mouse neonatally inoculated with this virus strain77. ARHO (Armenian hamster 

fibroblasts)433 and mCD70 transfected ARHO cells (AR-mCD70)44 have been described 

previously.. Single cell suspensions were obtained by grinding tissues through nylon sieves or 

flushingg femurs and tibias with a needle. Erythrocytes were removed by lysis with ammonium 

chloridee solution. For T-cell purification, murine lymph node single cell suspensions were 

depletedd of MHC class l l \ B22Cf lgM+ cells using anti-MHC class II, anti-B220 mAb, goat anti-

ratt IgG and rat anti-mouse IgM MACS microbeads (Milteny Biotec, Germany), and MACS (BS) 

depletionn columns following the manufacturers instructions. For B-cell purification, CD19+cells 

weree positively selected from splenocytes using goat anti-CD19 MACS microbeads beads and 

MACSS (MS+) separation columns following the manufacturers instructions. Purity of the resulting 

populationss was tested by immunofluorescence with anti-CD19 and anti-CD3 mAbs and 

exceededd 95%. Dendritic cells were generated in vitro as described96. In short, bone marrow 

suspensionn were depleted of CD4+, CD8+, B220+ and MHC class IT cells using the indicated 

mAbss and goat anti-rat IgG MACS microbeads and MACS (BS) depletion columns. Cells were 

seededd at 106/ml and grown in medium containing recombinant mouse GM-CSF (1 ng/ml, 

Pharmingen)) and IL-4 (1 ng/ml, Pharmingen). 'Dendritic' cells were harvested at day 8. Cells 

weree grown in IMDM containing 10% heat inactivated FCS, M2-ME, penicilin streptomycin and 

thee indicated stimuli (LPS (serotype 026:B, Sigma) recombinant IL-2, IL-4, IL-12, IFN-y 

(Pharmingen)) IL-10 (Endogen, Woburn, MA)) 

Biochemicall analysis: 771 cells (3.106/sample) were labelled with 125l (Amersham International, 

Amersham,, UK) by the glucose/lactoperoxidase method and lysed in 1% NP-40 buffer, 

containingg 10 mM triethanolamine-HCI (pH 7.8), 150 mM NaCI, 5 mM EDTA, 1 mM PMSF, 20 

ng/mll ovomucoid trypsin inhibitor, 1 mM Na-p-tosyl-L-lysine chloromethyl ketone, and 20 j.ig/ml 

leupeptin.. After centrifugation, supernatant was divided. One part was precleared with pooled 

humann serum (5%) and protein G-sepharose (Pharmacia, Uppsala, Sweden), the other part 

wass precleared with NHS (10%) and Protein A sepharose. CD70 was subsequently precipitated 



withh murine CD27-Fc. anti-CD70 mAb or an irrelevant control mAb and complexes were 

adsorbedd onto protein G or A -Sepharose, eluted and electrophoretically separated by 5 to 15% 

SDS-PAGE,, and visualised by autoradiography. 

Floww cytometry: Cells (3.105) were seeded in 96 well round bottom plates and incubated with 

anti-- CD16/CD32 mAb (5 ug/ml) in FACS buffer (PBS, 0.5% BSA). After washing, cells were 

stainedd with the indicated mAbs and a subsequent incubation with allophycocyanin (APC)-

labeiledd strepavidin (Pharmingen) was performed to detect biotin conjugated mAbs. All 

incubationn steps were for 30 min at . Cell staining was analysed on a FACSCaliburIM using 

Celll Quest software (Becton and Dickinson, Mountain View, CA). Viable cell populations were 

gatedd on basis of forward and side scatter and, where indicated, on basis of a histogram profile. 

Proliferationn assay: Proliferation assays were performed as described previously44. In short, 

purifiedd murine T cells (105/well) were stimulated with concanavalin A (Con A (Sigma, Saint 

Louis,, MO)) at the indicated concentration and cultured with mCD70-transfected or mock-

transfectedd ceils (5 x 104 cells/well). [3H]-Thymidine incorporation was measured after 4 days of 

culture.. [3H]-Thymidine (0.4 (iCi; Amersham International) was present for the last 16 hours of 

culture. . 

RT-PCRR analysis: Single cell suspensions of purified T-cells (1 x 10e/ml) were stimulated with 

immobilisedd anti-CD3 mAb (10 ug/ml). After the indicated time of culture, cells (2 x 106) were 

collectedd and RNA was isolated with RNazol (Cinna/Biotecx Laboratories, Int., Inc., 

Friendswood,, TX). Single strand cDNA was prepared in a 20 \i\ reaction volume with 500 ng of 

oligo(dT)i2-iaa and 100 units Superscript II (Gibco/BRL). A 25 \i\ PCR reaction (50 mM KCI, 2 mM 

MgCb,, 10 mM Tris-HCI pH 9.0, 200 mM each dNTP, 0.1% Triton X-100, 200 nM each primer, 

1.255 U Taq DNA Polymerase (Promega), 0.8 u.1 cDNA solution) amplifying CD70 and 

hypoxanthinee phosphoribosyltransferase (HPRT) was set up for the cDNA derived from each 

sample.. The following primers were used: CD70 

++ strand primer 5'-GGATGCCGGAGGAAGGTCGCCC-3', 

-strandd primer, 5'-CAAGGGCATATCCACTGAACTC-3' 

andd HPRT 

++ strand primer 5'-TATGGACAGGACTGAACGTCTTGC-3, 

-- strand primer 5'-GACACAAACATGATTCAAATCCCTGA-3'). PCR products were resolved on 

aa 1% agarose gel. 

Immunohistochemistry:: Cryostat sections of spleen, thymus, lymph node or lung (5 um thick) 

weree fixed in acetone and incubated with anti-CD16/CD32 mAb (5 ug/ml). Sections were 

subsequentlyy incubated with the indicated anti-mouse mAbs at saturating concentrations for 45 

min.. After thorough washing in PBS, sections were incubated with Alexa Fluor1 M 594 or 

peroxidasee conjugated strepavidin (Molecular Probes, Eugene, OR, Jackson 



ImmunoResearch).. Immunofluorescence stained sections were coverslipped using antifading 

mountingg media {Dako A/S, Glostrup, Denmark). Peroxidase activity was visualised with 0.05% 

3,3'-diaminobenzidinte-tetrahydrochloridee (DAB. Sigma) and sections were counter stained with 

hematoxylin. . 

RESULT S S 

Generatio nn and characterisatio n of mAb s directe d agains t mCD70. To generate specific 

reagentss to characterise murine CD70 expression, Armenian hamsters were immunised with 

hamsterr fibroblasts transfected with mCD70 cDNA {AR-mCD70). Eight percent of the 

supernatantss of the resulting hybridomas were reactive in immunofluorescence with the mCD70 

expressingg cell lines 771 and AR-mCD70. Specificity of the selected mAbs, 3B9 and 6D8, was 

confirmedd by biochemical analysis (figure 1A). As was shown for mCD27-Fc protein the anti-

mCD700 mAbs not only precipitated monomeric mCD70, but also the SDS resistant dimeric and 

trimericc forms of mCD70. Row cytometric analysis showed that 3B9 and 6D8 blocked each 

other'ss binding to 771 cells (data not shown). Although crossreactivity between mouse and 

humann CD27/CD70 interaction is observed44, the mAbs did not bind to human CD70 expressing 

cellss (data not shown). 

Thee consequence of anti-CD70 mAb binding to CD70 for CD27/CD70 interaction was tested 

inn two assays. The first effect of CD27/CD70 interaction, i.e. downmodulation of CD27 

expression35,, can be seen after coculture of activated murine T-cells with the CD70 expressing 

B-celll line 771 (figure 1B). As is shown in figure 1C, CD27 downmodulation can be blocked by 

additionn of anti-CD70 mAb 3B9 and 6D8, but not by addition of a negative control mAb. A 

secondd well-established effect of CD27/CD70 interaction is costimulation of [3H]-thymidine 

incorporationn by activated T cells. As is shown in figure 1D, addition of anti-mCD70 mAb 3B9 or 

6D88 {data not shown) prevented mCD70 induced enhancement of [3H]-thymidine incorporation 

off Con A-stimulated purified murine T cells. Thus addition of anti-CD70 mAb could block early 

andd late consequences of CD27 triggering indicating that anti-CD70 mAb prevents functional 

interactionn between mCD70 and CD27. 

Analysi ss  of CD70 expressio n on in vitr o activate d cells . In man CD70 expression on 

lymphocytess has been shown on antigen receptor stimulated of T and B cells in vitro. 

Concordantly,, FACS analysis of freshly isolated thymocytes, splenocytes, bone marrow and 

lymphh node suspensions showed no CD70 expression (figure 2). 

CD700 expression on murine lymphocytes has been implied by the presence of CD70 mRNA 

inn Con A activated thymocytes and splenocytes44. However, Oshima et al.4 did show only 

marginall CD70 membrane expression on murine anti-CD3/CD28 mAb stimulated T-cells. We 

thereforee analysed purified resting and anti-CD3 mAb activated T cells for CD70 mRNA and 

proteinn expression simultaneously (figure 3). No CD70 mRNA was detectable in unstimulated T 

cells,, however after stimulation with immobilised anti-CD3 mAb CD70 mRNA was readily 

detectablee by RT-PCR (figure 3). Despite the presence of CD70 mRNA, we were not able to 



' ' 

M.. (kD) 

-- 197 

B. . 

O O 

C.. «2 

Gateoo on CD4- cells —— T cells 
-•• T cells + 771 

100 10' 102 103 10'' 
CD277 fluoresence intensity 

I I 
Neg. . 
JU U 

zizi medium 
•• + 711 

3B99 6D8 
mAb b 

DAR-Mock k 
•• AR-mCD70 

Figuree 1 Characterisation of anti-mCD70 mAbs. 
(A)) Immunoprecipitation of mCD70 with anti-mCD70 mAbs, 3B9 and 6D8. and mCD27-Fc protein. CD70 was 
immunoprecipitatedd from a Nonidet P-40 lysate of cell-surface iodinated 771 cells Proteins were separated by SDS-
PAGEE under reducing conditions and delected by autoradiography. The outer right lane shows the immunoprecipitate 
off a negative control mAb. (B, C. D) Functional consequence of anti-CD70 mAb binding to CD70. (B. C) 
Downmodulationn of CD27 after interaction with CD70. Downmodulation was induced by a 4 hour coculture of anti-CD3 
mAbb activated T cells with the CD70' B-cell line 771 cells (B) Histogram profiles show the expression of CD27 on 
activatedd CD4' after culture with or without 771. Figure 1C shows the percentage of CD27- cells within the CD4-
population.. CD27 downmodulation could be blocked by addition of CD27 mAb (5 ug/ml) and CD70 mAb (3B9. 6D8 (5 
ug/ml)),, but not by a negative control mAb (5 ug/ml). (D) pHJ-Thymidine incorporation by suboptimally stimulated T-
cellss (10'/well. Con A (ug/ml)) was costimulated by addition of mCD70 transfected hamster fibroblasts (AR-mCD70) 
butt not by mock transfected hamster fibroblast (AR-mock). This costimulation could be blocked by addition of anti-
CD700 mAb (3B9 (5 ug/ml)) but not by a negative control mAb (5 ug/ml)). [3H]-Thymidine incorporation was measured 
afterr 4 days of culture. 

Thymus s Pin n TT cells 

Bonee marrow Spleen n cells s 

O O 

—— Neg. contr. 

—— CD70 

Figuree 2 Flow cytometric analysis of cells 
derivedd from different lymphoid tissues with 
anti-CD700 mAb 
Singlee cell suspension derived from the thymus, 
bonee marrow, peripheral lymph nodes and 
spleenn were analysed for the presence of CD70 
expressionn by flow cytorneytry. Splenic B and 
peripherall lymph node T cells were identified by 
doublee staining with the B cell marker B220 and 
thee T cell marker CD3 respectively. The 
histogramm profiles show representative results 
off 3 experiments. 
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detectt any substantial CD70 protein expression at the membrane at any of the time points 

analysedd (day 1. 2 and 4). Addition of anti-CD28 mAb. IL-2. IL-4. IL10. IL-12 or IFN-y to the cell 

culturess could not alter the outcome of the experiment (data not shown). We addressed different 

posttranslationall mechanisms that might explain the lack of CD70 membrane protein 

expression.. First, intracellular staining was done to examine whether CD70 was retained within 

thee cell. Second, membrane staining after culture in the presence of metalloprotease inhibitors 

orr anti-CD70 mAb was performed to examine whether CD70 was shed from the membrane. 

Third,, as was shown for human cells, naïve murine T cells constitutively express CD27, and 

afterr activation shed soluble CD27 (K. Tesselaar, unpublished data). This sCD27 probably 

retainss its ligand-binding site and thus could, by binding to CD70, prevent binding of anti-CDi70 

mAb.. Therefore, we analysed CD70 expression on activated CD27 KO T cells. In none of these 

experimentss we could detect CD70 protein. 
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Figur ee 3 CD70 mRNA expressio n by in 
vitr oo stimulate d T cells. 
Purifiedd T cells were stimulated with anti-CD3 
mAbb (immobilised. 5 ug/ml) and collected at 
thee indicated time after stimulation. Flow 
cytometricc analysis was performed to detect 
CD700 membrane expression. The presence of 
CD700 and a control (HPRT) mRNA was 
assessedd by RT-PCR. 
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Inn vitro analysis of CD70 expression on B cells was performed after stimulation with anti-IgM 

Abb or the T-cell independent antigen LPS. CD70 expression was analysed at 0. 1, 2. 3. 4 and 5 

dayss after start of the culture. Figure 4 shows representative results of CD70 expression on B-

cells.. Both stimuli. anti-IgM Ab and LPS. could induce CD70 expression on B cells. Anti-IgM Ab-

inducedd expression reached maximum levels at day 3/4 with 60%-75% of B cells expressing 

CD70.. LPS-induced CD70 expression showed a gradual increase over time, reaching a 

maximumm of approximately 25% positive B cells at day 4. For both stimuli CD70 expression 

sustainedd or declined after day 4. On human B cells CD40 crosslinking alone also induces of 

CD7035.. As is shown in figures 4A and B, CD40 crosslinking. in absence of any other stimuli, 

likewisee induces CD70 expression on murine B cells. Moreover, CD40 acted synergistically with 

IgMM and LPS. enhancing expression up to 95% CD70' cells for anti-IgM stimulated cells and up 

too 70% CD70+ cells for LPS stimulated cells. 

Apartt from antigen receptor signals, cytokines also control CD70 expression in human36'37. 

Wee tested the influence of different cytokines on CD70 expression on purified B-cells as 

inducedd by anti-IgM Ab, LPS or LPS /anti-CD40 mAb. Remarkably, as depicted in figure 4C. 

IFN-yy largely inhibited the induction of CD70 expression (3 to 7 fold, n=3) by anti-IgM Ab. IL-2, 



IL-44 or IL-12 did not affect CD70 expression (figure 4C and 4D). Addition of IL-10 slightly (1.5 

fold),, but consistently, reduced induction of CD70 expression by LPS (data not shown) and 

LPS/anti-CD400 mAb (figure 4D). 
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Figuree 4 : CD70 expression on in vitro stimulated B-cells 
(A.. B. C, D) Purified B cells were stimulated and FACS analysed for the percentage of CD70 expressing cells at the 
indicatedd time after stimulation. The graphs show representative results of 3 or more experiments. (A. B) Expression 
kineticss after stimulation with GAM IgM F(ab')2 (5 ug/ml)(»). (B) LPS (10 ug/ml)(«) (A, B) anti-CD40 mAb (HM40-3. 5 
ug/ml)(A)) or a combination of both stimuli (•). (C, D) CD70 expression at day 3 after addition of IL-2 (50 units/ml), IL-4 (2 
ng/ml).. IL-10 (2.5 ng/ml). IL-12 (2 ng/ml) or IFN-y (7 ng/ml) compared to (C) GAM IgM F(ab')2 or (D) LPS, anti-CD40 mAb 
stimulationn alone. 

Whilee in the human system CD70 expression seems to be lymphocyte specific9'. Akiba et al. 

recentlyy described CD70 expression on CD11c* dendritic cells40. The availability of a murine 

dendriticc cell-line (D198) and culture procedures to obtain dendritic cells in vitro permitted us to 

testt CD70 expression on dendritic cells. As is shown in figure 5. D1 cells and in vitro generated 

immaturee dendritic cells (CD11c*. MHC class lldul!) do not or hardly express CD70. However, 

afterr maturation, either LPS or anti-CD40 mAb induced, both cell types expressed CD70. 

Immunohistochemica ll  analysi s of CD70 expression . In accordance with described 

expressionn of CD70 in human thymic medulla"0. CD70 expression was found on cells in the 

medullaa of murine thymus. Notably, these CD70 expressing cells also stained positive for 

NLDC-145.. a marker for dendritic cells in thymic medulla". In vitro experiments have shown 

thatt CD70 is expressed on human and murine T and B cells early after antigenic stimulation. 

Thee small but easily detectable CD70" T and B-cell populations present in human peripheral 

blood363'' thus likely reflects the continuos antigenic challenge humans experience in a normal 

environment.. Probably because mice are kept under conditions with low antigenic pressure at 
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Figuree 5 CD70 expression on dendritic cells 
(A)) D1 cells were either untreated or stimulated with LPS (10 (ig/ml)(A) or anti-CD40 mAb (FGK-40. 30 |ig/ml)(«) and 
FACSS analysed for CD70 and B7-2 expression at the indicated time after stimulation. B7-2 expression is shown as a 
markerr for maturation. (B) CD11c' dendritic cells were generated by culturing bone marrow cell suspension in GM-CSF 
andd IL-4. After 8 days cells were harvested and recultured in the presence of GM-CSF (2 ng'ml)(B). LPS (5 ng/ml)(A) or 
anti-CD400 mAb (HM40-3, 2 5 ug/mi)(«). Cell suspensions were stained for CD11c. CD70 and MHC class II at the 
indicatedd time after restimulation. MHC class II and CD70 expression was analysed within the CD11c' cell population. 
(A,, B) Histogram profiles are shown for comparison of CD70 expression induced bv the different stimuli at dav 3 or 2. 
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Figuree 6 Immunohistochemical 
analysiss of CD70 expression. 
Tissuee sections derived from 4 week 
oldd ummmunised (upper panels) or 
122 week-old influenza virus infected 
C57BL66 mice (lower panels) were 
stainedd with the indicated markers. 
NLDC-1455 (green) stains the thymic 
cortexx and the dendritic cells present 
inn the thymic medulla. Ser4 (green) 
iss a marker for marginal zone 
macrophages.. The lower panelsb 
showss lung tissue-sections 14 days 
afterr secondary Influenza virus 
infection.. Serial sections were 
stainedd for CD70 and Thy-1.2 See 
alsoo supplement. 
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ourr laboratory we saw only very low numbers of CD70+ cells in tissue sections of unimmunised 

mice.. Some scattered cells in the red pulp of the spleen (figure 6) and dispersed cells in 

peripherall lymph nodes expressed CD70 (data not shown). To provide antigenic stimulation 

micee were immunised with TNP-KLH or influenza virus. Mice were sacrificed at day 2, 4 and 6 

afterr primary or day 7 after secondary TNP-KLH immunisation. Influenza virus infected mice 

weree sacrificed at day 7 or 14 after secondary immunisation. Secondary lymphoid organs and 

lungg tissue were analysed for CD70 expression. Although antigen-specific serum titers and CD8 

cellss confirmed an ongoing immune response, we were not able to detect large numbers of 

CD700 expressing cells. Sporadically single CD70+ cells could be detected in the splenic white 

pulpp after TNP-KLH immunisation but no CD70+ germinal centres in either lymph nodes or 

spleenn were found. Markedly however, clusters of CD70 expressing cells could be detected on 

lungg infiltrating cells 7 and 14 days after secondary influenza virus infection. The colocalisation 

off Thy1.2 and CD70 and the morphological appearance of the CD70+ cells strongly suggested 

thatt these CD70 expressing cells are in fact T cells. 

DISCUSSION N 

Inn this report we describe the generation of anti-muhne CD70 mAbs and the analysis of mCD70 

expressionn in vivo and in vitro. The mAbs were obtained by immunising Armenian hamsters with 

hamsterr fibroblast transfected with murine CD70. In this system one epitope on murine CD70 

seemedd to be immunodominant since the mAbs 3B9 and 6D8 could not only block each other's 

bindingg to CD70, but both mAbs also blocked the binding of all other generated Abs to CD70. 

Accordinglyy all Abs tested also inhibited the binding of CD70 to CD27. Still subtle differences 

betweenn the different mAbs may exist. Addition of anti-CD70 mAb 6D8, but not 3B9, enhanced 

[3H]-thymidinee incorporation by LPS stimulated purified CD70TG B-cells (unpublished data). 

Thiss effect can be best explained by signalling via CD70, a property also described for human 

CD7017. . 

Forr murine T cells, the presence of CD70 mRNA after activation and functional differences in, 

inn vitro cultures of CD27 KO T cells compared to wild-type cells46 are strong indications for the 

presencee of CD70 protein on murine T cells. Nonetheless, we were not able to detect any 

substantiall membrane CD70 protein expression on in vitro activated T-cells. Unfortunately, an 

extensivee survey of possible explanations for this lack of protein expression, i.e. intracellular 

retention,, shedding from the plasma membrane after proteolysis and shielding by CD27, yielded 

noo clues. However, immunohistochemistry showed CD70 on Thy1.2*" cells in the lung after 

influenzaa virus infection. It might therefore be that CD70 protein expression is regulated by a yet 

unknownn mechanism, which is operational in memory and or effector T-cells when migrating to 

sitess of infection. CD27/CD70 interaction could then, possibly by T-T cell interaction, regulate 

thee size of the effector pool at the site of infection. In this respect it is of interest to emphasise 

thatt the strongest reduction of influenza specific T cells in CD27 knock-out mice is seen not in 

lymphh nodes or spleen, but in the lungs46. 



Twoo recent reports have described the expression of CD70 on murine B cells. Hartwig et al. 

usedd a soluble CD27-lgG1 fusion protein to detect CD70. Briefly, they reported binding to 

restingg B-cells, which could be upregulated by anti-IgM Ab and LPS stimulation, but not by anti-

CD400 Ab stimulation. Oshima et al. generated a rat anti-CD70 mAb to detect murine CD70 

expression.. With this mAb they could not detect CD70 expression on resting B-cells. When B-

cellss were cultured in the presence of IL-4 and LPS or anti-CD40 mAb, but not anti-lgM mAb, 

CD700 expression was detected. Our data seems to be most compatible with CD70 expression 

dataa for human B-cells, i.e. induction of CD70 expression after anti-lgM Ab, anti-CD40 mAb or 

LPSS stimulation, and a synergistic effect of these activators. The discrepancy between the 

differentt data sets may be partly explained by the different nature (polyclonal versus 

monoclonal,, complete Ig versus. F (ab') 2 fragments) of the Abs used to induce crosslinking of 

CD400 or IgM. CD70TG mice constitutively expressing CD70 on their B cells have substantial 

disturbancess in the composition of their immune system93, notably a progressive decline in B 

celll numbers. It is thus unlikely that in wild-type mice, the CD27-lg fusion protein as described 

byy Hartwig et al., binds to functional CD70 present on resting B cells. Binding of the CD27-lg 

fusionn protein most likely reflects a binding affinity for a, yet unidentified structure on the surface 

off murine B cells. Biochemical analysis of the protein bound to the CD27-lg fusion protein 

shouldd solve this matter. 

Inn man, the Th2 cytokine IL-4 decreases CD70 expression after antigenic stimulation of 

lymphocytes36137.. Strikingly, a negative influence of the Th1 cytokine IFN-y was seen for CD70 

expressionn on anti-lgM Ab stimulated purified murine B cells. In CD70TG mice persistent CD27 
93 3 

triggeringg results in an increased proportion of IFN-y, but not IL-2 or TNF, producing T cells . 

Thee reduction in CD70 expression by IFN-y after anti-lgM Ab stimulation may therefore 

representt a negative feed back mechanism, which balances the number of IFN-y producing 

effectorr cells which are formed. This notion is strengthened by the fact that in case of activation 

off splenocytes not only IFN-y, but also the Th1 cytokines IL-2 and IL-12, which upregulate IFN-y 

production,, decreased CD70 expression on anti-lgM Ab activated murine B cells. 

Thee two signal model for T-cell activation prescribes that productive activation of naïve T-cells 

requiress two signals, one TCR derived signal (signal 1) and one costimulatory signal (signal 2). 

Inn the current concept of an adaptive immune response these signals are provided by mature 

dendriticc cell present in the secondary lymphoid organs. The constitutive expression of CD27 on 

naïvee T-cells, the in vitro consequences of CD27/CD70 interaction and the observed CD70 

expressionn on mature murine dendritic cells implicate a role for CD27/CD70 interaction as signal 

2.. The expression of CD70 on human mature dendritic cells (B. den Drijver, unpublished results) 

furtherr supports this assumption. However, taking in account that CD28 and CD27 derived 

signalss synergize for T-cell expansion4647 and that T cells have differential kinetics for 

responsivenesss to CD28 or CD27 derived signals, it seems more likely that CD27/CD70 

interactionn acts as a survival or differentiation signal for productively activated T-cells. 

Thee presence of CD70 in the thymus has now been described for mouse and man. 

Surprisingly,, the identity of the CD70 expressing cells in the thymus seems to differ between 



mann and mouse. Although coexpression with NLDC-145 clearly identifies the murine CD70 

expressingg thymic cells as dendritic cells, the identification of human CD70 expressing thymic 

cellss as epithelium is recently further substantiated by the described expression of CD70 on 

humann thymic carcinomas39. Using anti-CD27 mAb, a role for CD27/CD70 interaction in murine 

T-celll development has been described76. However this proposed role, i.e. synergy of CD27 

signallingg with pre-TCR signalling, was not confirmed by the analysis of the T cell compartment 

inn CD27 KO mice46. Still, a role for CD27/CD70 interaction either in negative or positive 

selectionn of T cells is not ruled out and would be in agreement with the presence of CD70 in 

humann and murine thymic medulla. 

Inn conclusion in mouse and in man, CD70 can be expressed on T, B and dendritic cells. For B 

lymphocytess CD70 expression is activation dependent and is regulated by cytokines. For T 

lymphocytess it seems that these cells do not only need to be activated to express CD70 protein 

butt also have to reach a particular differentiation state before CD70 expression becomes 

surfacee expressed. Also on dendritic cells CD70 expression is dependent on the stage of 

maturation.. In general both in mouse and man, CD70 expression is very tightly regulated and 

differss in this respect from a number of other co-stimulatory molecules. The importance of this 

strictt regulation is illustrated by the B-ce!l specific CD70TG mice: the enhanced production of 

effectorr cells in these mice leads to a IFN-y mediated depletion of B cells and later in life to a 

collapsee of the T-cell system. The observed similarities between CD70 expression in man and 

mousee justify the mouse as a model system to study the function of CD27/CD70 interaction in 

vivo. . 
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SUMMARY Y 

Thee interaction between the TNF receptor family member CD27 and its ligand CD70 provides a 

costimutatoryy signal for T ceil expansion. Normally, tightly regulated expression of CD70 ensures the 

transientt availability of this costimulatory signal. Mice expressing constitutive CD70 on B cells had higher 

peripherall T cell numbers that showed increased differentiation towards effector-type T cells. B cell numbers 

inn CD70 transgenic (TG) mice progressively decreased in primary and secondary lymphoid organs. This B 

celll depletion was caused by CD27-tnduced production of IFN-yin T cells. We conclude that apart from its 

rolee in controlling the size of the activated T cell poot, CD27 ligation contributes to immunity by facilitating 

effectorr T cell differentiation. 

INTRODUCTION N 

Adaptivee immune responses to pathogens require proper activation, expansion, differentiation 

andd migration of antigen-specific lymphocytes. T cell activation is initiated by ligation of the TCR 

byy peptide-MHC complexes. However, proliferation and acquisition of effector functions by 

naivee T cells only ensues when additional or costimulatory signals are provided by antigen 

presentingg cells (APC). The Ig superfamily member CD28, a receptor for both CD80 and CD86 

molecules,, is considered to be the primary co-stimulatory receptor for inducing high-level IL-2 

productionn and survival of T cells100. However, not all T cell-mediated immune responses are 

CD288 dependent, and additional co-stimulatory receptors have been identified including the 

CD288 relative ICOS and members of the TNF receptor {TNFR) family, e.g. CD27, OX-40 and 4-

1BB101.. Whether or not distinct costimulatory receptors alter the outcome of T cell activation in 

qualitativee terms is still poorly explored. 

TNFRR family members are type 1 membrane proteins containing cysteine-rich repeats, and 

cann be divided into two groups on the basis of their cytoplasmic domains102'103. The death 

domainn (DD) containing family members such as CD120a (TNFR1), CD95 {Fas/Apo-1), DR3, 

DR44 and DR5 can activate caspase cascades leading to apoptosis. The non-DD containing 

TNFRR family members include CD120b (TNFR2), LT-pR, CD27, CD30, CD40, OX40, 4-1 BB, 

HVEMM (ATAR, TR2), RANK (OPG), and GITR which affect expansion, differentiation and 

survival.. These TNFR family members can bind TRAF adaptor molecules, which are able to 

relayy signals to the intracellular compartment. Most TNF ligand family members are type II 

membranee molecules, and likely exist as homotrimers. The TNF-like ligands exert their 

physiologicall effects by binding to TNFR family members. Still, reverse signalling properties 

havee been reported for CD70 (CD27L), CD153 (CD30L), CD154 (CD40L), CD134L and 

(OX40L)15"18;73. . 

Murinee and human CD27 is expressed on T cells, B cells, and NK cells M '4 ' . Recently, 

CD277 expression has also been found on murine hematopoietic progenitor cells41. The 

expressionn of CD27 on naive T cells is constitutive, but after activation via the TCR-CD3 

complexx CD27 is strongly up regulated25. Subsequent, interaction between CD27 and its ligand 

CD700 induces a decrease of CD27 membrane expression and the release of its soluble form . 

Losss of CD27 expression markedly coincides with the acquisition of effector functions in 



humans288 as well as in mice {Baars et al., unpublished). CD70 is an activation molecule which is 
x.. • 2935-37 44 104 

transientlyy upregulated on both murine and human T and B cells after stimulation ' , 

andd recently found to be expressed on stimulated murine dendritic cells . Expression of CD70 

onn stimulated T and B lymphocytes appears to be under direct control of antigen since 

withdrawall of the antigen-receptor signal results in a rapid loss of cell surface expression. This 

regulationn may provide the immune system with a mechanism that allows clonal expansion of T 

cellss in an adaptive response to the presence of antigen. Although antigen receptor and 

costimulatoryy signals are the major inducers of CD70 on both T and B cells, expression of the 

moleculee is under strict cytokine regulation. Pro-inflammatory cytokines such as ll_-1a, IL-12, 

andd TNF strongly enhance CD70 expression whereas anti-inflammatory cytokines like IL-4 and 

IL-100 decrease CD70 expression37. 

Thee cytoplasmic tail of CD27 has been found to associate with TRAF2 and 5, and thereby to 

signall to Jun N-terminal kinase and to NF-KB57:50. In addition, Siva-1, a pro-apoptotic protein, 

hass been reported to bind to the cytoplasmic moiety of CD2760. In vitro studies revealed that 

bothh in human and mouse CD27/CD70 interactions are involved in T cell costimulation for 

expansionn and effector cell differentiation 34:42~44:47;104. It is of interest that whereas CD28 ligation 

stronglyy augments IL-2 synthesis and cell cycle progression10^106, CD27 ligation does not. 

Rather,, in vitro triggering of CD27 has been suggested to enhance TNF secretion47, promote 

thee generation of cytolytic T cells34,48 and prolong survival of CD3-stimulated T cells46. 

Whenn infected with influenza virus CD27-deficient mice display an impaired expansion of 

antigen-specificc T cells in both primary and secondary responses45. These observations infer 

thatt CD27/CD70 interactions co-regulate the size of the expanded T cell pool in vivo. 

Additionally,, the fact that ligation of CD27 not only induces loss of its membrane expression but 

alsoo the induction of effector functions may suggests that CD27/CD70 interactions are 

instrumentall in generating effector T cells. To create a situation, in which CD70 is present as a 

dominantt co-stimulatory ligand for T cells, TG mice were generated that constitutively express 

CD700 on B cells. Studies in these CD70TG mice demonstrate that the CD27/CD70 system is a 

highlyy potent activator of T cells in vivo and plays a regulatory role not only in expansion but 

alsoo in effector cell formation. 

MATERIA LL AND METHODS 

Generationn of CD70TG mice: DNA encoding the mCD70 gene was isolated from a P1 plasmid44 

andd cloned into the Hindlll site of pBluescript (KS+/-). Subsequently, a 6-kb DNA fragment 

containingg the human CD19 promoter (kindly provided by M. Busslinger, Research Institute of 

Molecularr Pathology, University of Vienna, Austria) was cloned into the Not! site of this plasmid, 

resultingg in a 14-kb construct. The construct was digested with Xhol and Sstll to release the 11-

kbb DNA fragment (figure 1A). DNA was microinjected into pronuclei of C57BL76 fertilised 

oocytess and implanted into pseudopregnant female C57BU6 mice. TG founders were identified 

byy Southern Blot analysis of tail DNA and propagated by mating with WT C57BL76 mice. 

Offspringg was tested for presence of the transgene by flow cytometric analysis of peripheral 



bloodd cells with anti-mCD70-FITC (clone 3B9). Mice were maintained under specific-pathogen-

freee conditions in the animal facility of the NKI. 

Mice:: Mice strains used: C57BL/6. CD27~" mice46, and TCRoTmice107 were bred and kept in 

thee animal facility of the NKI. CD95L" (FasL9ld) and TNFa" mice108 were kindly provided by Dr. 

J.P.. Medema (Leiden University Medical Center, Leiden), perforin-deficient miceo109 were kindly 

providedd by Dr. Ossendorp (Leiden University Medical Center, Leiden), and IFN-y " (C57BL/6-

lfngtrT,1Ts)) mice110 were purchased from Jackson Laboratories (BarHarbor, ME). All mice strains 

weree on a C57BL76 background, except for TCRof mice, which were on a mixed background of 

C57BL/66 and 129/Ola. Identification of mutant mice was performed as described by PCR 

analysiss of tail DNA or by FACS analysis of peripheral blood cells. 

Southernn Blot analysis: Genomic DNA was obtained from tail biopsies and digested with Hindlll, 

separatedd on a 0.8% agarose gel, transferred to Hybond membrane, and hybridized with 32P-

labeledd mCD70 cDNA probe, followed by washes and autoradiography. The probe was 

preparedd by PCR with the primers 5'-GGATGCCGGAGGAAGGTCGCCC-3' and 5'-

CAAGGGCATATCCACTGAACTC-3',, and with mCD70 cDNA as template. 

Floww cytometry: Single cell suspensions were obtained from spleen, lymph nodes (axillary, 

brachial,, inguinal and mesenteric), and thymus by grinding the tissues through nylon sieves, as 

welll as from bone marrow (femurs and tibias) by flushing the bones with a needle. Erythrocytes 

inn spleen, bone marrow and blood preparations were lysed with ammonium chloride solution. 

Cellss (4 x 105) were collected in 96-well U-bottomed plates in FACS staining buffer {PBS, 0.5% 

bovinee serum albumin, 20 mM NaNs). All samples were preincubated for 10 min with anti-

CD16/CD322 (FcBlock, clone 2.4G2, Pharmingen) and subsequently stained for 30 min at C 

withh antibodies. Finally, analysis was performed on a FACSCalibur,,', using Cell Quest software 

(Bectonn Dickinson). Viable populations were gated on the basis of forward scatter and side 

scatter,, and 20,000 cells/sample were analysed. 

Thee following antibodies were obtained from Pharmingen (San Diego, CA): CD3t-

allophycocyaninn (APC) (clone145-2C11), CD4-fluorescein isothiocyanate (FITC) or peridinin 

chlorophylll protein (PerCP) (clone RM4-5), CD5-phycoerythrin (PE) (clone 53-7.3), CD8a-PE or 

PerCPP (clone 53-6.7), CD25 (clone 7D4), CD40-FITC (clone HM40-3), CD43-PE (clone S7, 

clonee 1B11), CD44-PE (clone IM7), CD45R/B220-FITC, biotin or APC (clone RA3-6B2), 

CD62L-FITCC (clone MEL-14), CD69-FITC (clone H1.2F3), CD80-PE (B7-1, clone 16-10A1), 

CD86-PEE (B7-2, clone GL1), Ly-6A/E-Biotin (Sca-1, done D7), NK-1.1 (clone PK136), and 

Thy1.2-PEE (clone 51-8). Antibodies obtained from Southern Biotechnology Association 

(Birmingham,, AL, USA) were: IgM-FITC (clone 1B4B1) and IgD-PE (clone 11-26). The following 

antibodiess were purified from hybridoma supernatants and conjugated to FITC or biotin 

accordingg to standard procedures: CD3 (clone 145-2C11), CD4 (clone MT4), CD8 (clone 2.43)f 

CD277 (clone LG.3A10). CD70 (clone 3B9 and 6D8: Tesselaar et al., manuscript in preparation), 



MHC-classs II (clone M5/114), NK1.1 (clone PK136). For detection of biotinylated antibody, 

streptavidin-PEE (Caltag Laboratories, CA) or streptavidin-APC (Pharmingen) was used. 

Intracellularr staining for cytokines: Single cell suspensions of spleen and lymph nodes were 

stimulatedd for 4 h with 1 ng/ml PMA and 1 u.M ionomycin in the presence of the protein-

secretionn inhibitor Brefeldin A (1 ng/ml, all from Sigma Chemical Co., St. Louis, MO). After cell-

surfacee staining with FITC-conjugated anti-CD4-mAb and PE-conjugated anti-CD8 mAb in 

FACSS staining buffer, cells were washed followed by fixation (5 min, 4% PFA in PBS) and 

permeabilisationn (30 min, 0.1% saponin in FACS staining buffer). Next, cells were incubated for 

300 min in FACS staining buffer supplemented with 0.1% saponin, 5% normal mouse serum and 

2.55 ng/ml CD16/CD32 Fc Block. Cells were then incubated for 30 min with APC-conjugated 

anti-IL22 (clone JES6-5H4), or APC-conjugated anti-TNF mAb (clone MP6-XT22) or biotinylated 

anti-IFN--// mAb (clone XMG1.2) (all from Pharmingen) in FACS staining buffer with 0.1% 

saponin.. Incubation with streptavidin-APC (Pharmingen) was used to complete IFN-ystaining. 

Immunohistochemistry:: Spleen and lymph nodes from 4 and 8-week-old WT and CD70TG mice 

weree isolated and snap-frozen in liquid nitrogen; cryostat sections were double stained for B220 

andd CD3. The primary antibodies used were biotinylated anti-B220 mAb and FITC-conjugated 

anti-CD33 mAb (Pharmingen). For the detection of the biotinylated antibody, alkaline 

phosphatase-labelledd streptavidin (DAKO) was used whereas the FITC-conjugated antibody 

wass detected with a horseradish-peroxidase labelled rabbit-anti-FITC antibody (DAKO). 3.3-

amino-9-ethylcarbozolee (AEC) and 5-bromo-4-chloroindothyl phosphate (Sigma) were used as 

substratee for development. 

Analysiss of immunoglobulin levels: Levels of immunoglobulin subclasses in sera were measured 

byy sandwich ELISA, using unlabeled and biotinylated anti-mouse immunoglobulin isotype-

spectficc antibodies (Southern Biotechnology Associates). Diluted plasma was incubated at room 

temperaturee for 3 h, peroxidase and tetramethy I benzidine (MERCK, Darmstadt, Germany) was 

usedd as substrate. Antibody concentrations were calculated by using purified immunoglobulin 

isotypess as standards. 

Adoptivee transfer into CD27"' and CD27'~xCD70TG mice: Lymph nodes (superficial cervical, 

axillary,, brachial, inguinal and mesenteric) were isolated from 6-week-old WT, CD95L , 

perforin"'",, TNF«"''" and IFN-y"'" mice. Cells were incubated with rat-anti-MHC-class II and rat-anti-

B2200 antibodies, washed once and then incubated with goat-anti-rat IgG microbeads (Miltenyi 

Biotec,, Bergisch Gladbach, Germany). After washing, cells were magnetically separated and 

effluentt fractions were consistently found to be >95% CD3+ as evidenced by flow cytometry. 

Syngenicc recipients (CD27"'" or CD27""xCD70TG mice) were injected with T cells. After washing 

withh PBS, T cells (20 x 106 per recipient) were injected intravenously into tail of 6-week-old sex-

matchedd CD27"'~ and CD27'"xCD70TG syngenic mice. After 21 days, the recipients were 



sacrificedd and single cell suspensions were made from bone marrow (femurs and tibia), spleen 

andd lymph nodes (axillary, brachial, inguinal). Cells were counted and analysed by flow 

cytometryy to determine B220+ cells. 

Statisticall Analysis: All data are shown as mean values  standard deviations. Student's t test 

wass used to determine the level of significance of differences in population means. 

RESULT S S 

Generatio nn of B cell specifi c CD70TG mice . In normal immune responses CD70 is only 

transientlyy expressed on activated B cells36. To obtain constitutive CD70 expression in B cells, a 

constructt containing the mCD70 gene under control of the human CD19 promoter region111 was 

usedd to generate TG mice (figure 1A). The hCD19-mCD70 construct was injected into fertilised 

oocytess of C57BL/6 mice. Genomic Southern Blot analysis identified three founder mice 

carryingg 4-5 copies of the transgene (figure 1B). Two founder lines transmitted the transgene 

successfullyy (lines 12 and 13). FACS analysis of splenic cells of 4-week-old CD70TG mice, 

usingg anti-B220 and anti-CD70 antibodies, confirmed B cell-specific expression (figure 1C). The 

TGG lines 12 and 13 both gave specific expression of CD70 on B cells, and the copy numbers of 

respectivelyy 4 and 5 correlated with the amount of CD70 expression. The amount of CD70 

expressedd on founder line 12 was in the same order of magnitude as that on in vitro activated B 

cellss (data not shown). The experiments presented below were performed using both TG lines. 

Expansio nn and activatio n of the T cel l compartmen t in CD70TG mice . Based on the 

expressionn patterns of CD4 and CD8 (figure 2A) and thymic cellularity (data not shown), CD70 

overexpressionn on B cells had no overt consequences for T cell development in the thymus. 

Next,, we examined the amount of membrane expressed CD27 as a hallmark for functional 

interactionn between CD70 on B cells with CD27 on T cells. A strong reduction of CD27 

expressionn on T cells was observed in spleen and lymph nodes of CD70TG mice as compared 

too wild-type (WT), whereas in the thymus CD27 expression was normal (figure 2B). Thus, only 

inn the secondary lymphoid organs where B-T cell interactions can occur, downmoduiation of 

CD277 was observed. 

CD70TGG mice of 4- and 8-week-old had lymphadenopathy, most prominent in axillary, 

brachiall and inguinal lymph nodes. Compared with WT mice, the absolute numbers of CD4* 

andd CD8+ T cells in spleen and lymph nodes of CD70TG mice were significantly increased 

(figuree 3A). CD70TG mice of 4-week-old had an average increase of 18% of CD4+ and 28% of 

CD8^^ T cells in the spleen and of 40% of CD4+ and 44% of CD8+ T cells in the lymph nodes. At 

thee age of 8 weeks, CD70TG mice had an average increase of 23% of CD4+ and 31 % of CD8+ 

TT cells in the spleen and of 51% of CD4+ and 53% of CD8^ T cells in the lymph nodes. The 

forwardd scatter profile of gated CD3* cells, showed that CD70TG mice contained a higher 

percentagee of large, blastoid T cells in spleen and lymph nodes (figure 3B). In summary, 

transgenicallyy expressed CD70 functionally interacts with CD27 on T cells in the secondary 
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F iguree 1 : Generation of TG mice overexpressing CD70 in the B cell compartment. 
(A)) Schematic representation of the hCD19-mCD70 DNA construct, showing the human CD19 promoter region 
(hatchedd box), and the three exons of the mCD70 gene: the 5' and 3' untranslated regions (open boxes), the 
intracellularr part (blocked box), the transmembrane region (black box), and the extracellular part (dotted box). (B). 
Southernn Blot analysis of tail DNA Isolated from WT and CD70TG mice (founder lines 10. 12. and 13). 32P-labelled 
mCD700 cDNA was used as probe for the presence of the CD70 transgene. (C) Representative flow cytometric 
analysiss of CD70 expression. Splenocytes of 4-week-old WT and CD70TG mice (lines 12 and 13) were stained 
withh FITC-conjugated anti-CD70 mAb (clone 3B9) and APC-conjugated anti-B220 mAb and subjected to 
flowcytometry. . 
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Figuree 2: Normal T cell development and CD27 expression in thymus, but downmodulation of CD27 
expressionn in peripheral lymphoid organs of CD70TG mice. 
(A)) Normal T cell development in thymus of 4-week-old CD70TG mice. Thymocytes were stained with FITC-
conjugatedd anti-CD4 mAb and PE-conjugated anti-CD8 mAb. (B) CD27 expression is downmodulated on T cells 
off 4-week-old CD70TG mice in spleen and peripheral lymph nodes but not in thymus. Cell suspensions of thymus, 
spleenn and lymph nodes from WT and CD70TG mice were stained with FITC-conjugated anti-CD27 mAb and PE-
conjugatedd anti-Thy1.2 mAb. Numbers indicate the percentages of total viable cells (based on forward scatter and 
sidee scatter properties) within the defined quadrants. Shown are representative results of 8 independent 
experiments. . 
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Figur ee 3: Increased T cell numbers and an activated T cell compartment in CD70TG mice. 
(A)) Increased T cell numbers in spleen and peripheral lymph nodes of 4 and 8-week-old CD70TG mice (black 
bars)) as compared to WT mice (white bars). Cells from spleen and peripheral lymph nodes were counted and. 
afterr staining with FITC-conjugated anti-CD4-mAb and PE-conjugaled anti-CD8-mAb. analyzed by flow cytometry. 
Dataa represent the mean values  standard deviations of 6-10 individual mice. Asterisks denote a significant 
differencee (p<0.05) as determined by Student's t test. (B) Histogram profiles of splenic CD3* T cells for forward 
scatterr (FSC, linear scale) from 8-week-old WT and CD70TG mice. The percentages indicate the relative amount 
off blastoid cells within the T cell compartment. 
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Figur ee 4 : Increased differentiation towards memory/effector-type T cells in CD70TG mice. 
(A)) Increased percentages CD44''CD62Lney cells in spleen of CD70TG mice compared to WT mice. Single cell 
suspensionss of spleens, isolated from 8-week-old WT and CD70TG mice, were stained with FITC-conjugated anti-
CD62LL mAb and PE-conjugated anti-CD44 mAb and FACS analyzed. Numbers represent the percentages of 
positivee cells in indicated regions within the CD3~ gate. Separate analyses of CD4" and CD8- T cells gave similar 
resultss (not shown). Shown are representative results out of 8 independent experiments. (B) Increased expression 
off the high molecular weight isoform of CD43 on CD4* and CD8' T cells of CD70TG mice. Splenocytes were 
isolatedd from 8-week-old WT and CD70TG mice, and stained with PE-conjugated CD43 (1B11) mAb. and PerCP-
conjugatedd anti-CD4 mAb or anti-CD8 mAb. Numbers represent the percentages of CD431" cells within the CD4~ 
orr CD8' gate. (C) Increased percentages of IFN-y-producing T cells in CD70TG mice. Spleen cells of 8-week-old 
WTT and CD70TG mice were stimulated for 4 h with PMA'ionomycin in the presence of the protein-secretion 
inhibitorr Brefeldin A and subsequently intracellular^ stained for IL-2. TNFc/ and IFN-y. The percentage of positive 
cellss within the CD4- and CD8" gated cells are indicated. Each dot represents the cytokine production of the cells 
off one individual mouse (n=8). Asterisks denote significant differences (p<0.05) as determined by Student's t test. 
(D)) Higher expression of IFNy-responsive genes in CD70TG mice. Single cell suspensions of bone marrow and 
spleenn from 8-week-old WT and CD70TG mice were stained with anti-Sca-1 (Ly6A/E) mAb and anti-MHC-class II 
mAb.. Data presented are gated on total cell population for Sca-1. and gated on B220' cells for MHC-class II. 



lymphoidd organs and induces T cell expansion and activation in the absence of deliberate 

antigenicc challenge. 

Chroni cc expressio n of CD70 drive s differentiatio n toward s memory/effector-type . 

CD27ne99 T cells appear to represent effector type cells both in humans28 and in mice (Baars et 

al.,, unpublished data). In vitro studies have shown that CD70 transfected cell lines not only 

reducee CD27 expression but also induce a number ol effector functions in T cells34 48. We tested 

iff CD27/CD70 interactions are involved in memory/effector cell formation in vivo. For both CD4* 

andd CD8+ T cells of CD70TG mice a strong increase in the number of T cells with a 

memory/effectorr phenotype, i.e. CD44h'CD62LneQ 112, was found when compared to WT (figure 

4A).. The activation-associated isoform of CD43 was shown to be a reliable marker for effector 

CD8++ T cells113. Expression of this CD43 epitope was found to be enhanced on CD4+ and CD8+ 

TT cells from CD70TG mice thereby corroborating increased effector cell differentiation in these 

animalss (figure 4B). The increase of T cells with a memory/effector phenotype was evident not 

onlyy in spleen but also in peripheral blood and lymph nodes. Expression of the early activation 

markerss CD69 and CD25 was not significantly different between WT and CD70TG mice (data 

nott shown). 

Cytokinee expression was determined by intracellular staining of T cells that had been 

stimulatedd with phorbol ester and ionomycin. Comparable percentages of IL-2 and TNF 

producingg splenic CD4^ and CD8+ cells were found in CD70TG mice and their WT littermates 

(figuree 4C). However, a significant increase in IFN-y producing T cells was found in both CD4+ 

andd CD8+ T cells (figure 4C). In addition, the mean expression of IFN-y was on average 1.5 fold 

increasedd in T cells of CD70TG mice (data not shown). The enhanced IFN-y production 

correlatedd with upregulation of IFN-y-responsive genes such as MHC-class II on splenic B cells 

andd Sca-1 (Ly-6A/E) on bone marrow derived cells (figure 4D). Finally, levels of IL-4 were below 

detectionn thresholds in both WT and CD70TG animals (data not shown). These data indicate 

thatt CD70 potently stimulates the development of CD4+ and CD8+ memory/effector T cells. 

CD70TGG mice show a progressiv e declin e in B cel l numbers . In marked contrast to 

increasedd cellularity of the T cell compartment, B cell numbers were reduced in all lymphoid 

organss of CD70TG mice. Compared to WT mice, 4-week-old CD70TG mice had on average an 

83%% reduction in absolute B cell numbers in bone marrow and 58% in the spleen. At this age a 

normall amount of B cells was found in lymph nodes (figure 5A). The decrease in B cell numbers 

progressedd in 8-week-old CD70TG mice to 93% in bone marrow, 72% in spleen and 50% in 

lymphh nodes (figure 5A). In 12-week-old mice, B cells were hardly detectable in the lymphoid 

organss (98% reduction in bone marrow, 94% in spleen and 86% in lymph nodes). In 

addition,alsoo peritoneal B1 cells (lgM+CD5+) were diminished in CD70TG mice (data not 

shown).. The serum immunoglobulin levels in 4- and 8-week-o!d CD70TG mice were reduced, 

especiallyy lgG2a, lgG2b and lgG3 (figure 5B). 



Immunohistochemicall analyses of spleen sections of 4- and 8-week-old CD70TG mice with 

anti-CD33 and anti-B220 antibodies showed a characteristic segregation in the white pulp of T 

andd B cell areas (figure 5C) but enlarged T cell areas and diminished B cell follicles were 

observed.. Interestingly, in most cases B cell areas of CD70TG mice contained more T cells 

thann those of WT mice (note the section of 8-week-old CD70TG mice, figure 5C). 

Thee progressive decrease in B cell numbers could either be due to a block in B cell 

developmentt by an intrinsic property of the CD70TG B cells or by an elimination mechanism 

thatt is not cell autonomous. The in vitro responses of purified CD70TG B cells to 

lipopolysacharidee (LPS), anti-CD40 mAb and anti-IgM mAb were comparable to those of WT B 

cells,, indicating no intrinsic deficiency of the CD70TG B cells to respond to general stimuli (data 

nott shown). In addition normal antibody responses were found after primary immunisation with 

aa T cell-dependent antigen (TNP-KLH), but lower T cell independent antibody responses (TNP-

Ficoll)) were found (chapter 6). 

Analysiss of the B cell compartment in bone marrow of 4-week-o!d CD70TG mice and that of 

WTT mice revealed that the immature/mature fraction (B220+lgM+) of B cells was relatively more 

reducedd than the pro/pre-B cells (B220+lgM'; Figure 5D). In contrast, peripheral B cell subsets 

categorisedd into fractions I, II, and III, based on the relative levels of IgM versus IgD114, 

displayedd modest differences in their relative profiles (figure 5D). Together, these results 

indicatee that CD27/CD70 interactions negatively regulate B cell development in the bone 

marrow. . 

BB cel l depletio n in CD70TG mice is dependen t on CD27 and mediate d by T cells . To 

determinee whether interaction of the CD70 molecule with CD27 is required for the B cell 

depletion,, CD70TG mice were crossed with mice deficient for the CD27 gene. CD27"'" mice 

havee an undisturbed development of the lymphoid compartment and normal T and B cell 

numbers46.. Since CD27"'"xCD70TG mice have normal B cell numbers in both the primary and 

secondaryy organs (Table 1, figure 6), it can be concluded that CD27 is essential for the reduced 

BB cell numbers in CD70TG mice and corroborates the notion that CD70TG B cells have no 

intrinsicc impairment. 

Expressionn of CD27 in mice is found on T cells, B cells, NK cells and progenitor cells. Either 

off these cell types could be responsible for disturbed B cell development in CD70TG mice. 

Sincee only antigen-experienced B cells express CD27, a direct effect of CD27 triggering on B 

cellss is unlikely to be responsible for the decrease in B cell numbers. NK cell depletion with anti-

NK1.11 antibodies did not alter the reduction in B cell numbers in CD70TG mice as compared to 

controll antibody treated CD70TG mice (data not shown). To test T cell involvement, CD70TG 

micee were crossed with mice lacking T cells due to genomic deletion of the TCRu locus. The 

numberr of B cells in the bone marrow, spleen and lymph nodes of TCR«"xCD70TG mice was 

normall (table 1) which strongly implies that B cells are eliminated during development in a 
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Figur ee 5 : Progressive reduction of B cell numbers and reduced immunoglobulin levels in CD70TG mice 
(A)) Progressive reduction of B cell numbers in bone marrow, spleen and lymph nodes in 4- and 8-week-old 
CD70TGG mice. Cells from bone marrow, spleen and peripheral lymph nodes of 4- and 8-week-old WT (white bars) 
andd CD70TG (black bars) mice were counted and stained with anti-B220-APC and analyzed by flow cytometry. 
Dataa represent the mean values  standard deviations of 8 to 10 different mice. Asterisks denote significant 
differencess (p<0.05) as determined by Student's t test. (B) Serum immunoglobulin levels of 4 and 8-week-old WT 
(openn circles) and CD70TG mice (filled circles). Concentrations of different immunoglobulin isotypes were 
determinedd by iso-type-specific ELISA. Each circle represents an individual mouse. Asterisks denote significant 
differencess (p<0.05) as determined by Student's t test. (C) See suplplement:lmmunohistochemical staining of B 
andd T cells in the spleen of 4- and 8-week-old WT and CD70TG mice. Cryostat sections were double stained for 
B220-- B cells (blue stain) and CD3* T cells (red stain). (D) Reduction in numbers of immature and mature B cells 
inn CD70TG mice. Representative flow cytometric analysis of single cell suspensions of 4-week-old WT and 
CD70TGG mice from bone marrow and spleen. Cells were stained with mAbs specific for IgM. IgD and B220. 
Numberss indicate the percentages of the total gated viable cell populations that fall into the indicated squares. 
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(A)) Flow cytometric analysis of single-cell suspensions of spleens isolated from CD27-\ CD70TG and CD27" 
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TT cell-dependent fashion. Furthermore, since CD27 expression on progenitor cells in TCRa" 

xCD70TGG mice is normal (data not shown), it is unlikely that constitutive CD27 ligation on stem 

cellss is responsible for the alterations within the B cell compartment. 

Too directly assess the role of T cells in the B cell depletion, syngenic WT T cells were 

adoptivelyy transferred into CD27"'"xCD70TG mice. The recipients had a comparable B cell 

reductionn as the CD70TG mice (figure 6A). A modest reduction of B cell numbers occurs upon 

adoptivee transfer of effector cells into WT mice (data not shown), indicating that the activation 

andd differentiation towards effector T cells is dependent on the repeated interaction between 

CD277 and CD70. Thus, the reduced B cell numbers in the CD70TG mice is a consequence of 

thee interaction between CD70-expressing B cells and CD27-expressing T cells. 

Tabl ee 1. Total B cell numbers of CD70TG mice on CD27"'\ TCRof~Aand I FN 7'* backgrounds 

Mice e 

WT T 
CD70TG G 

CD27" " 
CD27"" x CD70TG 

TCRcT T 
TCR«xCD70TG G 

IFNy--
IFNy"" y CD70TG 

Bonee Marrow 
B220+lqM--

3.44 0 
0.55  0.1* 

3.7++ 1.5 
4.11  1.0 

2.44 + 0.9 
2.55 + 0.6 

4.22 + 0.6 
3.55 9 

B220+lqM+ + 

1.88 9 
0.11 " 

1.99 6 
2.66 0 

1.11 1O.4 
0.99 2 

1.66 7 
1.33 4 

Spleen n 
B220+ + 

56.77  7.8 
14.0-9.6* * 

4.11 0 
41.3+10.7 7 

45.11 +7.1 
40.88 + 3.5 

39.66 + 4.6 
39.77 + 6.2 

Lvmphh nodes 
B220+ + 

5.77 6 
2.7+1.7' ' 

4.33 1 
3.77 5 

n.d. . 
n.d. . 

3.00  0.4 
2.77 3 

Valuess (+ standard deviation) represent mean B cell numbers x 10e from 4-8 different 8-week-old miced. B cell 
numberss were calculated based on the percentage of lymphocytes expressing the indicated cell surface markers as 
determinedd by two-color immunofluorescence analysis with anti-IgM mAb and anti-B220 mAb of cell suspensions of 
bonee marrow, spleen and lymph nodes.' The percentage of cells were significantly less than in control littermates 
(p<0.05;; Student's ttest). 

TT cell-mediate d B cel l depletio n in CD70TG mic e is cause d by IFN-y. Both CD4* and CD8+ 

TT lymphocytes can eliminate other cells by three effector mechanisms: the perforin/granzyme 

system,, the CD95/CD95L system and secretion of cytokines such as IFN-y and TNFa115. To 

investigatee which of these effector mechanisms was involved in the T cell-mediated B cell 

depletionn in the CD70TG mice, adoptive transfers of T cells derived from mice deficient in 

cytotoxicc effector mechanisms were performed. Figure 6B shows that T cells derived from mice 

deficientt in perforin, CD95L or TNF were as capable as WT T cells to reduce B cell numbers in 

CD27''"" x CD70TG mice. In marked contrast, T cells from IFN-y"' mjce did not affect B cells 

numbers. . 

Too substantiate that IFN-y secretion is the effector mechanism mediating B cell depletion, 

CD70TGG mice were crossed with IFN-y ~ mice. Like CD70TG mice, IFN-y ~xCD70TG mice have 

ann activated T cell compartment as shown by enlarged lymph nodes and accumulation of 

CD44h,CD62Lnegg T cells (data not shown). Still, B cell numbers were normal when compared 

withh IFN-y"" mice (Table 1). Importantly, this observation not only formally rules out the 

possibilityy that the B cell depletion is caused by CD70 ligation on TG B cells by CD27, but 



establishess that constitutive triggering of CD27 on T ceils in vivo results in IFN-y-mediated B cell 

depletion. . 

DISCUSSION N 

CD27/CD700 interactions regulat e T-cel l expansion . Numerous in vitro studies have 

establishedd that CD27 transmits co-stimulatory signals for T-cell expansion. However, in these 

assayss the effects of CD27 ligation are relatively moderate when compared to the 

consequencess of CD28 triggering. Remarkably, the studies in the B cell-specific CD70TG mice 

heree show that the CD27/CD70 system is a very potent stimulator of T cell expansion in vivo. In 

agreementt with this presumed role, CD27" mice show a diminished expansion of antigen-

specificc T cells after influenza virus infection46. The signal transduced via CD27 is qualitatively 

differentt from the CD28 derived signal since CD27 ligation does not augment the production of 

IL-22 nor does it enhance cell cycle entry or activity in vitro4647. Indeed, although T cell activation 

iss evident in CD70TG mice, the percentage of IL-2 producing T cells is comparable to that of 

WTT mice. These studies appear to be in agreement with earlier observations that CD27 

signallingg does not exert its major effect via the induction of IL-2 . 

Thee TNFR family members OX40 and 4-1BB share a number of signalling components with 

CD27,, notably TRAF 2 and 5. As these receptors and their respective ligands can be expressed 

duringg the same stages of immune responses they may work either in series and/or parallel with 

CD277 to determine the size of expanded T cell pool. Recently, it has been shown that mice 

whichh can not utilise either OX40 or 4-1 BB receptor systems have, like CD27"'" mice, problems 

inn mounting adequate immune responses to protein and vira! antigens . Still, all these 

mutantt mice retain a certain capacity to respond to antigenic challenge, suggesting that co-

stimulatoryy receptors may compensate for the loss of others, 

CD27/CD700 involvemen t in the generatio n of effecto r T cells . In the B cell-specific CD70TG 

micee we observed a striking accumulation of CD27ne9CD43h'CD44h'CD62Lneg memory/effector 

typee T cells that produce increased amounts of IFN-y but not IL-2. Studies in the human system 

havee provided indirect evidence for the involvement of CD27/CD70 interactions in the 

generationn of effector-type cells. CD70 induces downmodulation of CD27 and release of its 

solublee form35. Concomitantly, CD27 triggering causes acquisition of CD8+ T cell effector 

function34:4SS Other studies have indicatedthat CD27 negativity can be regarded as a stable trait 

off both CD4+ and CD8+ cells effector T cells28. In support of their effector type status, CD27ne9 

peripherall T cells also lack CCR7 expression, which renders them unable to recirculate to lymph 

nodess but rather implies that they migrate to solid tissues120. The data obtained in the human 

systemm together with the findings of the CD70TG suggest that CD27/CD70 interactions are 

importantt in effector cell differentiation. In this scenario the amount of CD70 that is induced 

duringg infections is an important parameter for the number of effector T cells that are generated. 

Itt is unclear at this moment whether CD27 signalling itself is sufficient to drive differentiation 

towardss IFN-y secreting effector T cells or whether CD27/CD70 interactions only sensitises for 

differentiation-inducingg signals such as IL-12. Furthermore, as has been discussed for the 



regulationn of expansion of antigen-primed T cells, it is likely that to a certain extent the CD27 

signall can be bypassed by other receptors since CD27-deficient mice have a normal capacity to 

generatee IFN-y producing T cells45. 

Effect ss of CD70 outsid e the T cel l compartmen t depen d on enhance d secretio n of IFN-y. 

Inn CD70TG mice a strong reduction of B cell numbers in lymphoid organs and bone marrow is 

found.. This B cell depletion is not due to an intrinsic defect of CD70TG B cells because their 

capacityy to proliferate to a variety of stimuli is similar to that of WT B cells and they mount 

adequatee antibody responses to T cell-dependent antigens. Rather, depression of the B cell 

systemm is due to the effect of IFN-y secreting T cells that inhibit the outgrowth of B cells in the 

bonee marrow (figure 5D and 6B). A direct effect of IFN-y would be in accordance with several in 
121-123 3 

vitroo experiments showing inhibitory effects of IFN-y on proliferation of B cell precursors 

Furthermore,, IFN-yTG mice have a similar reduction of B cells in bone marrow, spleen and 

lymphh nodes124. Finally, SOCS-1 deficient mice that are hyper-responsive to IFN-y have a 

complexx phenotype including severe B cell depletion. As for CD70TG mice these clinical 

featuress are eliminated on an IFN-y"" background125. 

CD70TGG mice have a similar B cell phenotype as CD80 (B7.1) or CD86 (B7.2) TG mice. Both 

typess of mice have decreased B cell numbers in bone marrow126'128. CD86 expressing B cells 

aree specifically eliminated during their maturation due to interactions with T cells by an unknown 

mechanism127.. A similar mechanism might underlie the B cell depletion in CD80TG and 

CD86TGG mice as reported here for B cell depletion in CD70TG mice. CD70 and CD80/CD86 

aree unlikely to play successive roles in the same co-stimulatory pathway because CD70TG B 

cellss do not have increased levels of CD80/CD86 molecules (Arens, unpublished observations) 

norr do CD86TG B cells express CD70 (S. Fournier, personal communication). Expansion of the 

TT cell compartment appears to be more prominent in CD70TG than in either CD80TG or 

CD86TGG mice. This may partially be a technical issue related to the differences in the promoters 

usedd for expression of the transgene. Alternatively, CD28 signalling is physiologically 

counteractedd by CTLA-4 signalling, but a competitor of CD27 signalling has not been identified. 

Inn the absence of a natural antagonist, T cells may be unable to escape from the CD70 signal. 

Collectively,, data obtained with CD80TG, CD86TG and CD70TG mice show that deregulated 

deliveryy of co-stimulatory signals may have a severe impact on cells outside the T cell lineage. It 

iss important to note that in none of the described genetically modified mice (SOCS-r , 

CD70TG,, CD80TG, and CD86TG) deliberate antigenic challenge is needed to induce the 

effectss on the B cell lineage. This suggests that either environmental antigens, present under 

specificc pathogen free conditions, can induce levels of T cell activation sufficient for these 

effectss or that chronic co-receptor ligation in vivo is not a neutral event but has a stimulatory 

effectt for the T cell compartment even in the absence of TCR ligation. 

Pathophysiolog yy of deregulate d CD70 expression . In agreement with its strict regulation by 

antigenn and cytokines, CD70 is only sparsely detected in normal human lymphoid tissue1 . Still, 



abundantt CD70 expression has been documented in Hodgkin's and Reed-Sternberg cells, on 

lymphocytess from chronic B-cell lymphocytic leukaemia patients129. Markedly, also in chronic 

virall infections, prototypical I y HIV infection, enhanced expression of CD70 and aberrant CD27 

expressionn have been reported130. Finally, several studies in mouse tumour models have 

demonstratedd that CD70 is a potent adjuvant to induce anti-tumour T cell immunity131'133. Based 

onn the findings reported here, this may be related to the fact that CD27/CD70 could be 

instrumentall in the expansion of effector-type T cells. If indeed no counter-acting mechanisms 

forr the CD27 signal are operational this would make CD70 an attractive candidate adjuvant to 

promotee effector T cell differentiation, alone or in combination with other co-stimulatory ligands, 

too include in anti-tumour vaccines. 
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III has been proposed that human immunodeficiency virus (HIV-1), in addition too directly infecting and killing 

CD4** T cells, leads to T cell dysfunction and T cell loss by chronic immune activation13"1'136. We studied the 

effectss of continuous immune activation in mice that constitutiveiy express CD70. the ligand for the tumour 

necrosiss factor receptor (TNF-R) family member CD2734'4', on B cells. Young CD70 transgenic (TG) mice 

havee increased numbers of interferon (IFN)-/-secreting effector CD4" and CD8+ T cells in the secondary 

lymphoidd organs9 .̂ In spite of this apparently hyperactive immune system, most CD70TG mice die at the 

agee of 6-7 months from Pneumocystis carinii infection, a hallmark of T-cell immunodeficiency13713e. We here 

showw that in CD70TG mice T-cell proliferation is approximately 3 times higher than in wild-type {WT) mice. 

Furthermore,, an accumulation of effector T cells in spleens and a progressive decline of naive-T-cell 

numberss in spleens and lymph nodes of CD70TG mice is observed. In older mice thymic cellularity drops, 

whichh may further contribute to depletion of the naive T cell pool. Thus persistent delivery of costimulatory 

signals,, as may occur during chronic active viral infections, functionally and physically exhausts the T cell 

pooll and is sufficient to induce lethal immunodeficiency-

Occupationn of CD27 by its ligand CD70 augments T-cell expansion and effector cell formation in 

vitro34'47'48.. Studies in CD27 deficient mice have recently shown that this receptor-ligand 

interactionn is necessary for adequate expansion of antigen-specific T cells upon infection with 

influenzaa virus46. To study the impact of dominant CD27 signalling on immune reactions TG 

micee were generated that continuously express CD70 on B cells93. Initial analyses of these mice 

showedd a strong increase in the number of both CD4+ and CD8+ effector, IFN-y-secreting T cells 

inn the secondary lymphoid organs. Furthermore, a progressive B-cell depletion was observed, 

whichh could be attributed to the effect of IFN-y-producing T cells. We concluded that 

CD27/CD700 interactions promote effector T cell formation in vivo93. 

Duringg the first months of their life CD70TG mice appear healthy, show enhanced DTH 

reactionss and mount normal primary antibody responses to protein antigens (chapter 6). 

However,, as mice age they progressively fail to thrive, resulting at 20 weeks in a body weight of 

approximatelyy 80% of that of WT animals (figure 1A). Strikingly, most CD70TG mice die at 

youngg age (24-28 weeks) from Pneumocystis carinii pneumonia, an opportunistic infection 

(figuree 1B} usually seen in situations of severe T-cell immunodeficiency. Cachexia and 

opportunisticc infections are core symptoms of AIDS. Impairment of the T cell system in HIV-1 

infectedd individuals was initially believed to be caused by cytopathic effects of the virus134135. 

Recentlyy it has been emphasised that continuous activation of the immune system by high level 

replicatingg HIV-1 might be a decisive factor for the demise of the T cell compartment134135. The 

clinicall similarities between CD70TG mice and patients in late stage HIV-1 infection prompted 

uss to examine T-cell turnover and competence in CD70TG mice by measuring T-cell division, 

distributionn and function. To measure T-cell turnover, in vivo BrdU pulse-chase labelling 

experimentss were performed . After a 10 day period on BrdU containing water, CD70TG mice 

showedd an approximately 3-fold increase in the percentage of BrdU-labelled CD3+ T cells both 

inn peripheral lymph nodes (PLN, represented by axillary, brachial and inguinal lymph nodes) 

andd spleen (figure 2A) as compared to WT. The percentages of labelled cells rapidly dropped 



355 -

,, *  It  t 

CD70TG G 

Figur ee 1 Clinical symptoms in CD70TG mice (Founderline 13(F13)93). 
(A)) Cachexia in CD70TG mice. Male WT (o) and TG (•) mice were weighed al 4. 8. 13 and 20 weeks of age. The 
graphh shows the mean weight (n>6) +/- standard deviation. Significant differences (Student's t-test. p<0.05) 
betweenn mean values of WT and CD70TG are denoted by *. (B) Pneumocystis carinii infection in CD70TG mice. 
Histochemicall staining with hematoxylin and eosin was performed on formalin fixed lung tissue sections derived 
fromm WT (left panel) and CD70TG (right panel) mice. Original magnifications: 40 and 200 fold (insert). 

Figur ee 2 T-cell turnover in WT 
andCD70TGG mice(F1393). 
(A)) Increased T cell expansion. (B) T 
celll division and (C) increased T cell 
deathh in CD70TG mice. Flow 
cytometry933 was performed to 
determinee the percentage of (a) 
BrdU'.. (B) Ki-67- or (c) Annexin-V* 
andd PI"-' • cells within the 
CD3'populationn derived from WT 
(leftt panels) or TG (right panels) 
spleenn (primary axis, dots and solid 
lines)) or PLN (secondary axis, 
triangless and dotted lines) derived 
fromm mice sacrificed at the indicated 
age.. (A.B.C) Each symbol represents 
dataa from an individual mouse; lines 
representt the mean value of 2 to 6 
mice.. (A) Four-week-old mice were 
givenn drinking water containing BrdU 
(0.88 mg/ml) for 10 days'35. Mice 
weree sacrificed at 5.5, 6.5, 8.5 and 
10.55 weeks of age (i.e. 0. 1. 3 and 5 
weekss after stopping BrdU 
administration).. (A. B) After cell-
surfacee staining, intracellular BrdU 
andd Ki-67 staining was performed 
followingg the manufactures 

instructionn using a BrdU (FITC) Flow 
kitt and a Ki-67-PE set. respectively 
iPharmingen.. San Diego, CA). (C) 
Annexin-VV and PI staining was 
performedd with an APOPTEST-FITC 
kitt (Nexins Research BV. Kattendijk. 
Thee Netherlands) 
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Figur ee 3: T-cell cellularity in CD70TG 
micee (F1393). 
Absolutee numbers of total ((A.B) lines), 
naivee (black bars) or memory/effector T 
cellss (grey bars) of (A) spleen or (Bt PLN 
weree determined. T cell numbers were 
calculatedd by multiplying the number of 
mononuclearr cells with the percentage of 
CD3~(total).. CD3-CD62L |-|9nCD44ne^1111 

(naive),JJ or CD62Lne9;a""CD44'"9h 'dun 
(memory/effector)'44 cells as determined 
byy flow cytometry93. (C) Thymic 
cellularity.. Lymphoid organs were 
derivedd from WT (left panels) or 
CD70TGG (right panels) mice sacrificed at 
4.. 8. 13. and 20 weeks of age. Shown is 
thee mean value of 4 to 6 mice +/- the 
standardd deviation. Differences between 
meann values of WT and CD70TG at the 
indicatedd age are considered significant 
iff p<0.05 (Student's t-test). (A)  Denotes 
significantt differences in mean 
memory/effectoo T-cell numbers. Naive-T-
celll numbers also differed significantly at 
200 weeks. (B) Denotes significant 
differencess in the mean total, naive and 
memory/effectorr T cell numbers. (C) * 
Denotess significant differences in thymic 
cellularity. . 
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Figur ee 4 : Proliferative capacity of T cells from CD70TG mice 
inn vitr o (F1393). 
[3H]-Thymidinee incorporation was measured to determine the 
capacityy of the T cell compartment to clonally expand. T cells were 
purifiedd from mesenteric lymph nodes98 derived from mice at 4. 8 
andd 13 weeks of age and stimulated with PHA (•, (1 iig/ml) (105 

cells/well))) or anti-CD3, mAb (ulclone 145-2C11. immobilised. 10 
iig/ml)).. [3H]-Thymidine was added for the last 16 hours of a 96-hour 
culturee period. The stimulation index is defined as the mean [3H]-
thymidmee incorporation of 2 to 3 TG mice divided by the mean [3H]-
thymidmee incorporation of 2 to 3 WT mice The graph shows the 
meann value of two experiments +/- standard error of the mean ([3H]-
thymidinee incorporation range: 1396-10219 cpm (PHA stimulation) 
andd 1975-32966 cpm (anti-CD3 mAb stimulation)). 



whenn BrdU feeding was stopped which suggested that the increased labelling was not due to 

impairedd apoptosis, but rather reflected increased cell division. To address this we measured the 

percentagess cycling and apoptotic ceils within the T cell pool of PLN and spleen. CD70TG mice 

hadd increased percentages of T cells in cycle (figure 2B) in PLN (3.3% in TG vs. 1.3% in WT) and 

spleenn (14.5% in TG vs. 3.3% in WT), as measured by Ki-67 expression. FACS analysis of 

Annexinn V and propidium iodide (PI) staining was performed to estimate the percentage of 

apoptoticc cells (Annexin V+ r"). T cell death rates appeared to be relatively constant in WT 

micee and no differences were observed with CD70TG mice of 4, 8 and 13 weeks of age. In 20-

week-oldd CD70TG mice, an increase in percentages of apoptotic cells was seen in PLN (figure 

2C,, 40% in TG vs. 27% in WT, p<0.05 student's t-test) as well as spleen (42% in TG vs. 23% in 

WT,, p<0.05 student's t-test}. 

Thee impact of the increased proliferation was analysed by measuring total (CD3T), naive 

(CD3+CD62Lh,ghCD44ne9'dulV122 and memory/effector (CD3+CD62Ln^dullCD44h,sh/dul1)112 T cell 

cellularityy in secondary lymphoid organs (figure 3A, B). Comparison of CD70TG and WT splenic T 

celll cellularity showed moderately (1.5 fold) elevated T-cell numbers in CD70TG mice irrespective 

off age. Moreover, in agreement with the proposed role of CD27/CD70 interaction in effector cell 

formation,, an accumulation of memory/effector T cells and a concurrent decrease of naive T cells 

weree observed in CD70TG spleens. T cell hypercellularity was also observed in PLN of 4-week-

oldd CD70TG mice. Strikingly however, as mice aged a progressive decrease of CD3+ T-cell 

numberss occurred in PLN culminating in virtual empty lymph nodes at the age of 20 weeks. The 

compositionn of the T cell pool in PLN of CD70TG mice did not change over time, although 

comparisonn of CD70TG and WT mice showed a 2 fold increase in percentages of 

memory/effectorr cells in the PLN of CD70TG mice (data not shown). Thus, persistent exposure to 

CD700 augmented effector cell formation and concomitantly naive-T-ce!l numbers decreased. The 

increasedd splenic cellularity and hypocellular PLN in CD70TG mice may at least in part be 

explainedd by redistribution of memory/effector cells from PLN to blood and spleen4. Apart from the 

differentiation-relatedd consumption of naive T cells, naive-T-cell numbers may also decrease as a 

resultt of thymic impairment136. Thymic cellularity was analysed as a measure of de novo T cell 

production.. In comparison with WT mice 4, 8 and 13-week-old CD70TG mice had normal thymic 

cellularity.. However, in 20-week-old mice thymic cellularity collapsed; compared to WT, thymocyte 

numberss were decreased approximately 30 fold and thymic tissue was practically absent. 

Finally,, the ability of T cells to undergo clonal expansion was measured (figure 4). Irrespective 

off age, LN T cells of CD70TG mice had a reduced ability to divide upon stimulation with anti-CD3 

mAbb in vitro (stimulation index 0,46-0,66 of WT animals). In contrast, proliferation in response to 

phytohaemagglutininn (PHA) was adequate at young age (SI 1,75) but dropped (SI 0,63) as mice 

aged.. Thus, apart from to the progressive hypocellularity of the lymph nodes, T cell 

hyporesponsivenesss might contribute in undermining immunocompetence. 

Inn CD70TG mice a conspicuous number of phenomena are found that are considered to be 

keyy immunopathologic features of HIV-1 induced immunodeficiency: evidence for increased T-

celll turnover140; initial lymphadenopathy followed by depletion of lymph nodes141; increased 



apoptosiss of both CD4+ and CD8+ T cells142143; diminution of the naive CD44" and naive CD8+ T-

celll population144; and a progressive inability of T cells to respond ex vivo to antigen and 

mitogenicc stimuli145. For a long time it has been considered that direct146 or indirect147 cytopathic 

effectss ot HIV-1 accounted for the abundant immune abnormalities in HIV-1. More recently, it 

hass been put forward that chronic immune activation, resulting from the inability of the immune 

systemm to control HIV-1 replication, might contribute substantially to, and in fact could be the 

mainn determinant in the erosion of the immune system in HIV-1 infected individuals . Our 

studiess in the CD70TG mice conclusively show that persistent immune activation per se can 

resultt in a state of lethal immunodeficiency. 

Inn 10-week-old CD70TG mice, neutralising anti-CD70 mAb can reverse most features of 

immunee activation (data not shown) showing the dependence of the hyper immune status on 

persistentt CD27/CD70 interaction. Markedly, activated T cells from HIV-1 infected individuals 

havee enhanced CD70 expression130. If CD27/CD70 interactions are instrumental in driving 

hyperimmunee activation in HIV infection, it is of interest to consider targeting CD27/CD70 

interactionss to avoid detrimental consequences of persistent immune activation. 
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SUMMARY Y 

Interactionn between the TNF-receptor family member CD27 and its ligand CD70 gives a costimulatory signal 

forr plasma cell formation and IgG secretion in vitro. To test the role of CD27/CD70 interactions on specific 

antibodyy formation in vivo we analysed humoral immune responses in transgenic (TG) mice, constitutively 

expressingg CD70 on B cells. CD70TG B cells have no intrinsic defect to proliferate or differentiate into 

immunoglobulinn producing cells after stimulation in vitro. While anti-TNP IgM titers in T-cell-independent 

type-MM (TI-ll)(TNP-ficoll) humoral responses were not influenced by the constitutive CD70 expression. IgG 

anti-TNPP titers were elevated. In T-cell-dependent immune (TD) responses to TNP-KLH, CD70TG mice and 

WTT mice mounted similar primary antibody responses. Markedly however, no germinal centres (GC) were 

formedd in CD70TG mice. Consequently, secondary responses were impaired in CD70TG mice, as 

evidencedd by severely reduced anti-TNP IgGt serum levels and lack of affinity maturation. Together, these 

dataa suggest that CD27/CD70 regulate B cell differentiation by promoting signals that favour plasma cell 

formationn rather than germinal centre formation, resulting in reduced B-cell memory formation in CD70TG 

mice. . 

INTRODUCTION N 

TT and B cells that are activated during immune responses can differentiate into cells with 

differentt phenotype and function. Regulation of this process is not only necessary to effectively 

eliminatee the Ag but will also ensure the formation of immunological memory and the 

consequentt improved immune response after reencounter with the antigen. In T cell dependent 

immunee responses the main decision in B cell differentiation concerns the choice between 

differentiationn along the plasma cell pathway or the memory cell pathway. Different molecular 

controlss like transcription factors, cytokines and TNF-receptor family members have been 

describedd to regulate this decision in B cell differentiation149. 

CD277 is a TNF-R family member that regulates T cell expansion and T and B cell 

differentiation25.. CD27 expression is found on the majority of T and NK cells and subsets of B 

cells25,43.. In man the CD27+ B ceil populations are enriched for class-switched Ig expression150 

andd are solely responsible for Ig production after in vitro stimulation151. Immunohistoiogical 

analysiss shows CD27 expression on marginal zone B cells, isolated B cells within primary 

follicless and on B ceils present in GC's17. Together these data imply that CD27 is only 

expressedd on antigen experienced B cells. Indeed, all CD27+ B populations have undergone 

somaticc hypermutation and therefore CD27 is a marker for human memory B cells31. In mice, a 

loww percentage of splenic B cells express CD2743 but expression can be strongly enhanced 

afterr stimulation with anti-IgM Ab and anti-CD40 mAb (K. Tesselaar, unpublished data). 

CD277 exerts its function after ligation by its ligand CD7034. CD70 expression has been 

characterisedd in man36'37 and mouse and seems to be similar in both species (chapter 3). In 

vitroo analysis has shown CD70 expression on mature DCs and antigen activated, but not naive, 

TT and B cells. Furthermore, antigen-induced CD70 expression on lymphocytes is regulated by 

cytokiness and costimulatory signals36'37. Accordingly, CD70 expression in vivo is very restricted, 



evenn during an ongoing immune response, and seems to limit the interaction period between 

CD27andCD70. . 

Inn vitro studies have extensively shown that CD27 ligation on human B cells increases the 

numberr of Ig producing plasma cells, and augments Ig production in cell cultures152. Markedly, 

thee effect of CD27 ligation on B-cell proliferation is limited29. In vivo, the absence of CD27/CD70 

interaction,, either in CD27 knock out (KO) mice46 or after injection of a blocking anti-CD70 

mAb68,, did not to hamper the production of Ag-specific Ig after influenza infection46 or induction 

off experimental autoimmune encephalomyelitis68. In apparent contrast to the in vitro studies, it 

hass recently been reported that injection of a presumably stimulatory anti-CD27 mAb reduces 

Agg specific titers after primary NP-CCG153. 

Functionall consequences of CD27/CD70 interaction in vivo may be obscured by the 

abundancee of molecular interactions regulating immune responses. To create an in vivo 

situationn in which CD70 is present as a dominant co-stimulatory signal we generated transgenic 

mice,, which constitutively expresses the murine CD70 molecule on all B cells . The increased 

CD27/CD700 interaction in these mice leads, surprisingly without deliberate immunisation, to 

increasedd T-cell expansion and effector-cell differentiation, thereby highlighting the function of 

CD277 on T cells. The increased number of effector T cells in CD70TG mice disturbs B cell 

developmentt resulting in a progressive reduction of a normally-composed peripheral B cell 

compartment.. To resolve the role of CD27/CD70 interactions on B-cell memory and plasma cell 

formationn in vivo we herein studied humoral immune responses in CD70TG mice. 

MATERIAL SS AND METHODS 

Mice:: C57black/6, CD70TG C57black/693, TCRcT C57black/6107 and CD70TGxTCRcT/" mice 

weree bred in the facilities of the Netherlands Cancer Institute and CLB under specific pathogen 

free-conditions.. Mice used for experiments were between 4 and 12 weeks of age at the start of 

thee experiment. All animal experiments were carried out according to institutional and national 

guideliness and approved by the Experimental Animal Committees of the respective institutes. 

Immunisation:: Mice were immunised at the indicated age with 100 pg TNP^-KLH, 100 pg 

TNP^-KLHH emulsified in alum or TNP-AminoEthylCarboxymethyl-FICOLL (TNP24-AECM-

FICOLL,, Biosearch Technologies, Novato, CA) in PBS (i.p.) at day 0 (primary immunisation) or 

dayy 28 (secondary immunisation) after start of the experiment. Sera were collected at the 

indicatedd days after immunisation (day 0, 7 or 14, 28 (prior to secondary immunisation) and 35). 

TNP-KLHH was prepared by treatment of KLH (Sigma, MO) with picrylsulfonic acid (Sigma) using 

standardd methods. 

Monoclonall antibodies: Anti-mouse CD70 mAb (clone 3B9 (chapter3), was produced at the 

Centrall Laboratory of the Netherlands Red Cross Blood Transfusion Service, Amsterdam, the 

Netherlands.. Anti mouse-B220 (RA3.6B2), CD3e (145-2C11), CD16/CD32 (2.4G2), TER-119 

(alll ATCC, Rockville, MD)) and CD27 LGA 3A1043) mAbs were purified from hybridoma 



supernatantt and FITC conjugated or biotinylated according to standard procedures. Anti-CD40 

(HM-40.3),, CD3e-allophycocyanin (APC, 145-2C11), CD19-FITC (1D3), and CD138-PE (281-2) 

weree purchased from Pharmingen (San Diego, CA). Biotinylated Peanut-Agglutinin (PNA) was 

purchasedd from Pierce (Rockford, IL), Unlabelted and biotinylated goat anti-mouse (GAM)-lgM, 

GAM-lgGi,, GAM-lgG2A. GAM-lgG2band GAM-lgG3 (Southern Biotechnology Associates (SBA), 

Birmingham,, AL) were used in ELISA. For B cell stimulation GAM-IgM F(ab> was obtained 

fromm Jackson I mmu no Research (West Grove, PA). 

Determinationn of B cell characteristics in vitro: For B-cell purification, CD19+cells were positively 

selectedd from spienocytes using goat anti-CD19 MACS microbeads beads and MACS (MS+) 

separationn columns following the manufacturers instructions. Purity of the resulting populations 

wass tested by immunofluorescence with anti-CD19 and anti-CD3 mAbs and exceeded 95%. 

Purifiedd B cells (105/well) were cultured in 96-well microtiter plates at 37'C for the indicated 

periodd of time in 200 f.il Iscove's modified Dulbecco's medium (IMDM, Gibco BRL, Gaithersburg, 

MD)) supplemented with 10% heat-inactivated fetal calf serum (FCS, Euro Biochem, Bierges, 

Belgium),, gentamycin (43 ug/ml), and [J-mercaptoethanol (0.0035%). Triplicate cultures were 

stimulatedd with the indicated stimuli: LPS (5 ug/ml), Sigma), GAM-IgM F(ab')2 (5 ug/ml), IL-2 (50 

units/ml),, anti-CD40 mAb (5 u.g/ml). For determination of Ig production, culture supernatants 

weree harvested 7 days after start of the culture. Triplicate cultures were pooled and Ig levels 

weree determined by ELISA. Proliferation was measured by [3H]-thymidine incorporation. Sixteen 

hourss prior to harvesting, cells were pulsed with 0.2 jiCi/well [3H] thymidine (Amersham, 

Buckinghamshire,, UK). After harvesting, [3H]-thymidine incorporation was measured in a liquid 

scintillationn counter. FACS analysis was performed at the indicated time as described 

elsewheree . 

Enzyme-linkedd immunosorbent assay: Anti-TNP-specific Ig levels in serum were measured by 

ELISA.. Maxisorp 96-well plates (Nunc, Roskilde, Denmark) were coated with 1 pg/ml 

TNP30-BSAA in coating buffer (0.1 M sodiumcarbonate buffer (pH 9.7) for 16 hours at . This 

wass followed by alternate washing and the subsequent incubation steps, at room temperature: 

2%% milk in PBS (1 hour), Serum samples diluted in high performance ELISA buffer ((HPE, 

CLB),, 3 h), biotinylated GAM-lg of the indicated isotype ((0.1 ug/ml in HPE), 1 hour), 

streptavidin-conjugatedd horse radish peroxidase ((poly-HRP, CLB diluted 1/10,000), 45 min). 

Afterr the final wash, substrate was added (0.1 mg/ml TMB (3,3',5,5'tetramethylbenzidin, Merck, 

Darmstadt,, Germany)) and 0.06% hydrogen peroxide in 0.1 M sodium acetate (pH 5.5). The 

reactionn was stopped with 2 M H2SO4 and OD was measured at 450 nm. For determination of 

differencee in antibody affinity, plates were coated with TNP^-BSA or TNP2'5-BSA. For 

measurementt of Ig concentrations plates were coated with 1 jig/ml unlabeled GAM-IgM or a 

mixturee of GAM-lgGi, lgG2a, lgG2b and lgG3 Subsequent steps in the ELISAs were 

performedd as described above. Ig concentrations were calculated from linear standard curves 



generatedd with affinity-purified mouse IgM or IgG (SBA). Relative anti-TNP titers were 

determinedd using a serum with high anti-TNP titers as a standard. 

Immunohistology:: Spleen sections and LN were embedded in O.C.T. compound (Tissue-Tec, 

Miless Inc. Torrane, CA) and snap-frozen in liquid nitrogen. Acetone fixed tissue sections (5-7 

urn)) were incubated for 2 hours with appropriately diluted antibodies in PBS/0.5% BSA. 

Biotinylatedd antibodies were visualised with Alexa Fluor™ 488- or Alexa Fluor™ 594-conjugated 

streptavidinn (Molecular probes. Eugene. OR). Slides were mounted in Immuno Fluore Mounting 

Mediumm (ICN Biomedicals Inc., Aurora. OH) and fluorescent staining was analysed using a 

Leicaa DM RA microscope (Leica microsysytems, Weilberg. Germany) 

RESULTSS AND DISCUSSION 

Functiona ll  characteristic s of CD70TG B cells . To assess whether the constitutive CD70 

expressionn on B cells caused any intrinsic defect in cellular functions, purified CD70TG and WT 

BB cells were stimulated with LPS. As shown in figure 1A, B cells from CD70TG mice had a 

slightlyy enhanced potency to proliferate in response to LPS (similar data were found for 

stimulationn with ant-CD40 mAb +/- anti-IgM, data not shown). The determination of the 

percentagee of CD138b"9'" cells and the production of IgM and IgG was used to test the ability to 

differentiatee along the plasma cell pathway. After stimulation with LPS substantial numbers of 

CD138br'9h'' cells and large amounts of IgM and IgG were produced in vitro. As is shown figure 

1BB and C. CD70TG B cells were capable to differentiate into CD138Dngm and Ig producing cells. 
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Figur ee 1: Characteristic s of CD70TG B cells. 
(A)) Proliferative capacity and (B) the capacity to differentiate into CD138br'9hl and (C) Ig producing cells of purified 
BB cells derived from WT (white dots and bars) or CD70TG, F1393 ( black dots and bars) mice were determined. 
(A.. B) Purified B cells obtained from 4-week-old mice were stimulated with LPS and (A) [-H] thymidine 
incorporationn was measured. (B) Percentage of CD138cr9h'cells was determined by FACS analysis and (C) IgM 
andd IgG concentrations in supernatants after 7 days of culture were measured using ELISA. Concentrations were 
calculatedd using a standard concentration curve. Shown is one representative experiment out of 3 experiments 
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Humora ll  immun e response s in CD70TG mice : T cell 

independentt responses. After having confirmed the 

intrinsicc functional competence of CD70TG B cells in vitro, 

thee effect of persistent CD70 expression was first analysed 

inn T-cell-independent responses. In order to overcome the 

differencess in B cell numbers Tl-ll responses were 

analysedd after immunisation of CD70TG/TCRu" and 

TCRa""" mice with TNP-ficoll. In CD70TG/ TCRa" mice no 

TCRap1"" T cells, which in CD70TG mice are primarily 

responsiblee for the disturbance in B cell development, are 

presentt and B cell development proceeds normally93. 

Serumm samples were collected prior to and 6 days after 

immunisationn and analysed for the relative presence of 

anti-TNPP Ig of the different isotypes. Tissue sections were 

preparedd of spleens derived 6 days after immunisation, 

Immunohistochemistryy showed no overt difference in the 

numberr of splenic anti-TNP IgM producing cells (data not 

shown).. Concordantly. as is shown in figure 2, both WT 

andd CD70TG mice produced equal amounts of anti-TNP 

IgM.. the main isotype in Tl-ll responses. Surprisingly. anti-

TNPP Ig levels of all other isotypes were elevated in 

CD70TGG mice. This effect was most pronounced for lgG3 

andd lgG2a. 

Althoughh ample studies have shown the effect of CD27 

crosslinkingg on plasma cell differentiation1^  a role for 

CD277 in isotype switching is unreported. It is unlikely that 

thee effect we observe is caused by direct triggering of 

CD277 on B cells since others have shown that CD27 

upregulationn on mouse B cells is dependent on CD40 

signals,, which are absent in this model. Moreover, we did 

nott find any CD27 expressing B cells in spleen of these 

immunisedd mice (data not shown). Further, although the 

precisee mechanisms for class switching in Tl-ll responses 

Figur ee 2 T-cell-independent type 2 responses in CD70TG/TCR</''' mice. 
Nine-week-oldd TCRc/ and CD70TGXTCR</ mice were immunised with TNP-
Ficolll (100 ug. i.p.). Isotype specific anti-TNP titers were determined by TNP-
specificc ELISA. Shown are the titers in the median responding TCRr/ 'a and 
CD70TG/TCR«« (F1393) mice (n=3-5. each phenotype) Results are expressed as 
OD.;--- values. Shown is one representative experiment out of 3 experiments. 



aree unclear, cytokines, locally produced by T 

andd NK cells which are in close proximity to 

thee TNP-antibody forming cells in vivo , and 

havee been shown to regulate this process"3. 

CD277 is expressed on NK cells and in vitro 

crosslinkingg of CD27 on these cells is sufficient 

too stimulated NK cell proliferation and IFN-y 

production53.. In parallel with the effects on T 

cellss in CD70TG mice93, it is possible that 

CD277 expressed on NK cells is functionally 

crosslinkedd in CD70TG mice. It can thus be 

speculatedd that in CD70TG mice the Tl-ll 

responsee develops in an IFN-y enriched 

environment.. Since IFN-y promotes class 

switchingg to lgG3 and lgG2a in Tl-l l 

responses156,, this could explain the results in 

thee CD70TG mice. Increased anti-Ag specific 

titerss of all class switched isotypes are also 

foundd after induction of Tl-ll responses in the 

presencee of an agonistic anti-CD40 mAb in 

vivo157'158.. Taking in account that CD40 

triggeringg on B cell is a potent inducer of 

CD70388 (chapter 3) this might in fact result in 

enhancedd CD27/CD70 interaction. Although 

thee cellular and molecular basis remains to be 

definedd it appears that CD27/CD70 

interactionss create a microenvironment that 

promotess class switching in Tl-l l responses. 

Humora ll  immun e response s in CD70TG 

mice ::  T cell dependent responses. 

Too analyse T cell dependent responses, 4-

week-oldd mice were immunised with the hapten-

proteinn conjugate TNP-KLH without adjuvant, or 

withh the more immunogenic alum precipitated 

formm of the Ag. At the indicated time points after 

immunisationn (day 0. 7. 14, 28 and 35) serum 

sampless were collected and mice were 

sacrificiedd (day 14 or 35). Secondary 
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Figuree 3 : T-cell-dependent responses in 
CD70TGG mice. 
Primaryy and secondary antibody responses to 
hapten-proteinn conjugates were measured after 
immunisingg 4-week-old WT and CD70TG mice 
(F1393)) with TNP30-KLH. Mice were injected at day 
00 (primary immunisation) and day 28 (secondary 
immunisation)) after start of the experiment. Anti-
TNPP IgM and IgGl titers were determined by TNP-
specificc ELISA. Shown are the relative titers 
(arbitraryy units) of individual mice as determined by 
aa reference anti-TNP sera. Shown is one 
representativee experiment out of 4 experiments (2 
experimentss with TNP-KLH and 2 experiments with 
TNP-KLHH in alum). 
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Figuree 4 : Affinity maturation in CD70TG mice. 
Too determine the presence of high affinity anti-TNP 
lgG1-antibodies.. anti-TNP lgG1 titers of sera from 
WTT or CD70TG mice (F1393) were determined 7 
dayss after secondary immunisation with TNPJ H 
orr TNP30- KLH in alum by ELISA after coating 
withTNP3G-BSAA and TNP25-BSA. Shown are the 
OD4=-,, values for a given dilution after coating with 
TNP^-BSAA and TNP25-BSA. Each symbol 
representss an individual mouse. 



Figuree 5 : Germinal centre formation 
inn CD70TG mice. 
Immunohistochemicall analysis of spleen 
sectionn 14 days after primary 
immunisationn of 4-week-old mice WT 
(upperr panels) or CD70TG (lower panels) 
withh TNP^-KLH in alum. Spleen sections 
weree stained with the B cell specific anti-
B2200 mAb. Consecutive spleen sections 
weree stained with PNA for the detection 
off GC-B cells. See also supplement. 

immunisationn was performed at day 28 after 

immunisation.. In this protocol the numberr of 

splenicc B cells in CD70TG declines from number 

att 9 weeks of TNP-IgM and lgG1 levels were 

comparablee in WT and CD70TG mice at day 7 

(dataa not shown) and day 14 after immunisation 

(figuree 3). These results show that despite the 

reducedd B cell numbers. CD70TG mice were 

capablee of mounting normal primary Ab 

responses.. Similar results were obtained after 

immunisationn with TNP-KLH in alum. 

Secondaryy responses in CD70TG mice were 

severelyy disturbed. After either type of 

immunisationn anti-TNP lgG1 titers were 

approximatelyy 50 fold lower in CD70TG mice than 

inn WT mice. Activation and differentiation of 

memoryy cells into antibody forming cells (AFC) is 

thee main pathway leading to increased Ag-specific 

Igg levels cells during a secondary response15516 . 

Thee induction of anti-TNP IgM titers in CD70TG 

micee after secondary immunisation showed that 

thee reduced anti-TNP lgG1 in CD70TG mice were 

nott due to a general lack of B cells, but reflect a 

specificc effect on the number and/or function of 

memoryy B cells in CD70TG mice. 

Memoryy B cells are formed in germinal centres 

andd express, due to the process of somatic 

hypermutationn and affinity selection in this 

microenvironment.. Ig with increased affinity for the 

immunisingg Ag. Disturbed memory cell formation 

mightt be the result of disturbed GC reactions in 

CD70TGG mice. Determination of the affinity of 

lgG11 for TNP in the CD70TG mice strengthened 

thiss suggestion, i.e. in CD70TG mice high affinity 

anti-TNPP lgG1 was absent after secondary 

immunisationn (figure 4), The GC reaction was 

directlyy analysed by immunohistochemistry. Two 

weekss after primary immunisation mice were 

sacrificedd and spleen sections were analysed for 

thee presence of GC. As is shown in figure 5. PNA^ 



GCss are present within the primary follicles in WT mice after immunisation with TNP-KLH. In 

CD70TGG mice however, primary follicles are present but no apparent GC can be found. Thus in 

CD70TGG mice secondary humoral responses are disturbed by the lack of GC reactions in the 

primaryy response and the consequent lack of memory B cell formation. 

Multiplee mechanisms can explain the changes observed during TD responses in CD70TG 

mice.. During T cell dependent responses antigen-activated B cell migrate into the outer T zone 

wheree they interact with antigen activated T cells. Signals from the antigen activated T cells, 

importantlyy crosslinking of CD40 by CD40L, help to decide whether the B cells will remain in the 

extraa follicular foci (EFF) and become an antibody forming cell, or will migrate back into the 

primaryy follicle and start a GC reaction149161. Changed T cell helper activity would be an obvious 

mechanismm to explain the phenomena observed in the CD70TG mice. It was shown that in the 

CD70TGG mice differentiation of T cells into IFN-y-secreting effector T cells is promoted . IFN-y 

directlyy regulates proliferation and class switching of anti-CD40 mAb stimulated B cells in 

vitro1621633 but has not been implicated to regulate plasma cell differentiation or GC formation. 

Howeverr IFN-y has been described to down-regulate CD40L expression164 and could by this 

meanss regulate the B cell differentiation process. Beside the increase in IFN-y expression the 

enhancedd CD27/CD70 interaction may also have changed the quality or quantity of T cell helper 

function,, resulting in changed B cell differentiation. Initial analysis of T cell recall responses 

pointss to a mechanism in this direction since these recall responses are not only lower for 

CD70TGG T cells but addition of CD70TG splenocytes as APCs also lowers recall responses of 

WTT T cells (data not shown). 

Dataa with human cells suggest that CD27 crosslinking on B cells promotes plasma cell 

differentiation29,152.. In analogy, enhanced crosslinking of CD27 by constitutively expressed 

CD700 would be another obvious explanation for the results in the CD70TG mice. In this model, 

thee enhanced CD70 expression in CD70TG mice would instruct CD27+ B cells to stay in the 

EFF.. Concordantly, B cells could no longer migrate in to the primary follicle and start a GC 

reaction.. Consequently no memory B cells will be generated. 

Takenn together the analyses of T93 and B cell responses in the TG mice that express CD70 

ass a dominant costimulatory ligand support the idea that CD27 ligation results in enhanced 

effectorr cell formation. Although this response may be beneficial in initial coping with antigen, 

long-termm memory responses are strongly undermined. The pathophysiological effects of 

chronicc effector T-cell formation is dramatically demonstrated by the fact that CD70TG mice 

succumbb from T-cell immunodeficiency (chapter 5). Likewise, we here provide evidence for a B-

celll immunodeficiency. The strong effects of constitutive CD70 expression on both T and B cells 

underliness that effector cell formation needs to be highly regulated to maintain homeostasis in 

thee antigen-experienced lymphocytes pool. 
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CD277 AND CD70 IN THE HUMAN SYSTEM 

Thee TNF-receptor family members form with their respective TNF family members 

receptor/Iigandd pairs of which the interaction has important functions in the regulation of immune 

responses11.. Human CD27 is a lymphocyte lineage specific member of the TNF receptor family, 

whichh is expressed on CD3h'9hCD4+/CD8+ single positive thymocytes and on T, B and NK 

cells25.. In the iast decade substantial data has been gathered about the expression and function 

off CD27 in the human system. In peripheral blood (PB), CD27+ and CD27" T and B cell 

subpopulationss can be distinguished. Comparison of the CD27+ and CD27 T cell populations 

hass shown that CD27" T ceils express high levels of tissue-specific homing receptors but lack 

expressionn of CD62L, which is necessary for homing into the lymph nodes28165. Within the 

CD4+CD27"" population increased frequencies of IL-4 and IL-5 producing T cells are found165. 

Thee CD8+CD27" population is enriched for T cells expressing the cytotoxic mediators granzyme 

A/B,, perforin and CD95L and moreover CD8+CD27" T cells have, directly ex vivo, cytolytic 

function28.. CD27" T cells thus seem to phenotypically and functionally represent effector T cells. 

Alsoo for B cells, phenotypical and functional differences are observed between the CD27+ and 

CD27"" subpopulation. Functionally CD27* B cells, but not CD27' B cells can be induced to 

producee Ig in a T cell independent culture system in vitro151. Analysis of somatic mutations in 

rearrangedd V genes showed that only CD27+ PB B cells carry mutation in their V genes, thereby 
311 '32 

identifyingg CD27 as the general marker for memory B cells 

CD277 exerts its function after ligation by its ligand CD7018:47. CD70 expression is found in the 

thymicc medulla38, on mature dendritic cells (chapter 3) and on T and B lymphocytes173771 

(chapterr 3). On T and B lymphocytes, triggering of the antigen receptor regulates CD70 

expression^fchapterr 3). Resting lymphocytes do not express CD70, but after activation via 

thee antigen receptor CD70 expression is induced. CD70 expression is only sustained by 

continuouss antigen triggering193637 and CD70 expression on PB lymphocytes thus reflects 

recentt antigenic priming. Besides antigen, cytokines and co-stimulatory molecules also regulate 

CD700 expression. CD28 and CD40 can enhance antigen receptor induced expression on T and 

BB lymphocytes respectively1936. The cytokines TNF-a, IL-1a and IL-12 have been shown to 

enhancee CD70 expression on T cells and IL-4 decreases induction of CD70 on T and B cells. 

Thee first measurable consequence of CD27/CD70 interaction is shedding of the membrane 

boundd form of CD2735. After ligation by CD70 the membrane bound form of CD27 is shed by a 

metalloproteasee (K. Tesselaar, unpublished data), resulting in a soluble form of CD27. In 

synergyy with antigenic triggering, ligation of CD27 on T cells has been reported to enhances 

proliferation3^42"45,, cell survival46, TNF-a production47 and the generation of cytolytic T cells . 
29 9 

Onn B cells CD27 ligation has only limited effects on the expansion of B cells but has been 

shownn to promote plasma-cell formation2949150. The combined data in the human system imply 

thatt during an immune response CD27 is instrumental in regulating the size and function of the 

antigenn primed lymphocyte pool2562. The transient expression of CD70 suggests that the 

presencee of CD70 will define when CD27 function has its effect and thereby couples CD27's 

influencee on the antigen-primed pool to the amount of antigen. 



CD277 AND CD70 IN THE MURINE SYSTEM 

Bothh murine CD27 and CD70 have been cloned4474 and were shown to have high homology in 

theirr primary protein sequence to their human counterparts. Recombinant soluble forms of 

murinee CD27 and CD70 can bind to human CD70 and CD27 respectively, showing that also the 

tertiaryy structure of CD27 and CD70 are well preserved44. 

Expressionn of murine CD27 is not completely lymphocyte specific. Besides T, B and NK cells 

hematopoieticc stem cells also express CD2743 (R. Arens, unpublished data)41. As for human T 

cells,, CD27 expression on T cells is attained in the thymus4376. However, in contrast to the 

humann situation, in mice the pre-TCR and not the TCR regulates CD27 expression76. 

Consequently,, CD27 expression is found on virtually all thymocytes. In the periphery the 

majorityy of murine T cells express CD27 and up-regulation is induced by activation via the TCR. 

Smalll percentages of CD27" T cells can be found in spleen and peripheral lymph nodes of mice 

keptt in a specific pathogen free environment. Although the limited phenotypical data does not 

conclusivelyy describe the differentiation state of these cells they appear, as evidenced by high 

CD444 expression, to be antigen experienced (P. Baars, unpublished data). The fact that, 

comparedd to peripheral lymph nodes (PLN), higher percentages CD27" T cells are found in the 

spleenn might reflect that CD27' T cells have lost their capacity to re-enter the lymph nodes and 

aree effector cells. Ligation of CD27 on murine T cells co-stimulates T cell expansion as shown 

byy the enhanced [3H]-thymidine incorporation of anti-CD3 mAb stimulated T cells43"45. 

Withinn the murine B cell compartment only 2 to 10% of the cells express CD2743. This is in 

markedd contrast with the situation in humans were about 30% of PB are CD27+ 31. It is not 

knownn if in the mouse CD27 is a marker for memory B cells. The percentage of memory cells in 

non-intentionallyy immunised mice is very low166, but seems to mirror the number of CD27+ B 

cells.. Phenotypical analysis of CD27+ and CD27 B cells showed that CD27+ B cells are 

enrichedd for expression of the memory B-cell marker IgG and the GC B-cell marker GL-7 (P. 

Baars,, Y. Xiao, unpublished data). Thus antigen primed B cells seem to be preferentially found 

inn the CD27+ population. To date no data on the effects of CD27 ligation on B cells have been 

described. . 

Murinee CD70 is found in the thymic medulla and on T, B, and dendritic cells45:95(chapter3). 

Activationn via the BCR induces CD70 expression on B cells45 and this expression is enhanced 

byy ligation of CD40. In contrast to the human system, IFN-y but not IL-4 down-modulates CD70 

expressionn on B cells (chapter 3). On in-vitro generated dendritic cells CD70 expression is 

foundd after maturation induced by G-CMSF, LPS or anti-CD40 mAb (chapter 3). For T cells, in 

vitroo activation via the TCR does induce CD70 mRNA expression but no substantial protein 

expression45(chapterr 3.) Notably, CD70 expressing T cells are found in the lung and not in the 

spleenn after infection with influenza virus46. It thus seems that murine T cells do not only need to 

bee activated to express CD70 mRNA, but additively require yet undefined signals to express 

CD700 protein. 



Overalll it seems that CD27 and CD70 expression is quite comparable in human and mouse. 

Thesee similarities suggest that CD27/CD70 interaction may have analogous functions in human 

andd mouse. The data on CD27 function on murine T cells supports this suggestion. 

T H EE IN VIVO OF CONSEQUENCES OF CD27-CD27 INTERACTION ON THE ANTIGEN-PRIMED T 

LYMPHOCYTEE POOL 

Inn CD27''" mice reduced numbers of lung infiltrating CD4* and CD8+ T cells were found after 

intranasall influenza virus infection46. This effect was most pronounced in the secondary 

responsee in which not only the numbers but also the kinetics were comparable to the primary 

response.. Furthermore, analysis of antigen specific CD8+ T cells by tetramer staining showed a 

reductionn in numbers of virus specific CD8+ T cells in lung and spleen after primary and 

secondaryy infection. A possible role of CD27 on effector-cell differentiation was analysed by 

measuringg the capacity of the lung infiltrating CD4+ and CD8+ T cells to produce IFN-y and the 

capacityy of splenic antigen specific CD8+ population to exert cytolysis. Neither in the primary or 

thee secondary response, either of these function differed between CD27"" T cells and WT T 

cells46. . 

Inn CD70TG mice, CD70 is present as a dominant co-stimulatory signal93. The potency of 

CD277 as a co-stimulator of T cell expansion is shown by the strong increase of CD4+ and CD8+ 

numberr in spleen and PLN numbers in 4 and 8-week-old mice. However in this model system 

theree also is a striking accumulation of CD62Lne9/dullCD44h'9h/du" memory/effector cells that 

producee IFN-y but not IL-2, which suggest that CD27/CD70 interactions are important in effector 

TT cell formation . 

Thee data in the CD27_/ and CD70TG mice are consistent with a role for CD27/CD70 

interactionn in controlling the size of the antigen-primed pool. They are however not informative 

aboutt the mechanism by which CD27 exert its function. Comparison of [3H]-thymidine 

incorporationn and CSFE dilution can separate the contributions of cell survival and cell division 

too expansion. Comparison of CD27 T cells and WT cells in such an experiment, indicated a 

rolee for CD27 in cell survival46. In similar experiments with human celts and CD70 transfectants, 

celll division and [3H]-thymidine incorporation correlated, implying that CD27 co-stimulates T cell 

proliferationn (K. Tesselaar, unpublished data). In CD70TG mice an increase in T cell numbers is 

seen93.. Measurement of KI-67 expression in CD70TG mice shows a 2.5 fold increase of 

dividingg T cells. Concordantly, during an in vivo BrdU pulse-chase experiment approximately 2.5 

foldd more T cells were BrdU positive after the labelling period (chapter 5). Enhancement of cell 

proliferationn and survival are both compatible with these results. 

Effectorr T-cell formation is not blocked in CD27"'" mice46. However, the data in the CD70TG 

micee clearly point to a role for CD27 in T cell differentiation93. The postulation that in CD27"" 

micee the differentiation signal is provided by other co-stimulatory receptors is a possible 

explanationn for the discrepancy between these results. Furthermore, the experimental design to 

measuree effector cell differentiation might have influenced the outcome of the results. It can for 

examplee be assumed that only terminally differentiated effector cells migrate to the site of 



infectionn and consequently, as seen in CD27"" mice, only the numbers and not differentiation 

statuss of the T cells will differ at this site. 

Inn CD70TG mice there seems to be a specific increase in cells producing IFN-y and not IL-2 

orr TNF-a93. Ligation of OX-40, another TNF-receptor family member, specifically upregulates 

thee expression of the chemokine receptor CXCR5167. This suggests that co-stimulatory 

moleculess can drive differentiation into a certain direction. The nature of the co-stimulatory 

signall is however unclear. It could be either, instructive, permissive or selective. Whereas in an 

instructivee scenario CD27 by itself would direct cells to produce IFN-y, in a permissive situation 

CD277 would prime cells for differentiation signals like IL-12. A selective signal could involve 

survivall of IFN-y producing cells. Instruction of T cells by CD27 could entail the transcription 

factorss T-bet and gata-3, which have recently been shown to be sufficient to induce IFN-y and 

lL-44 production in T cellsl68;169. Deciphering of the intracellular and gene specific effects of CD27 

willl possibly shed light on this issue. 

TT CELL CO-STIMULATION 

Nextt to CD27, other molecules such as CD281, OX-4092 and 4-1BB90 can co-stimulate T cells. 

CD288 is the classic T cell co-stimulatory molecule and is constitutively expressed on T cells. 

Thee ligands for CD28, B7-1 and B7-2 are expressed on APCs, activated B and T cells. Ligation 

off CD28 enhances T-cell activation, proliferation (importantly by the induction of IL-2 production) 

andd survival. Besides CD28, the B7 molecules also bind to CTLA-47. Ligation of CTLA-4 

transducess inhibitory signals that modulate the CD3 and/or CD28 signals and thus counteracts 

CD288 function. OX-40 and 4-1BB are members of the TNF-receptor family. In contrast to CD27 

andd CD28 these molecules are only expressed on activated CD4+ and CD8+ T cells 

Likee CD70, the ligands for OX-40 and 4-tBB are regulated by antigen and can be found on 

dendriticc cells, activated B cells, macrophages (4-1 BBL) and activated T cells (OX-40L)12. Being 

memberss of the non-death-domain containing subfamily of TNF-receptors CD27, OX-40 and 4-

11 BB show similarity in their signalling pathways. All three can bind Traf2 and 3 and activate the 

transcriptionn factors NF-KB and the c-Jun N-terminal kinase (JNK) after ligation57156172"174. In vitro 

andd in vivo experiments have shown that ligation of OX-40 as well as 4-1 BB enhances CD44" 

andd CD8+ T cell differentiation, proliferation and/or survival92:104;116"1ie:170;175:176. Similarities in 

expressionn regulation, of both T cell co-stimulatory receptor and their ligands, and in signalling 

pathwayss suggest that there is redundancy in vivo. The immune response to LCMV and 

influenzaa virus has been studied in CD28"'"116:177, CD27"/46, OX40"118 and 4-1 BB""116:117 mice 

andd indeed deficiency for any of the co-stimulatory molecules impairs but not abolishes the T 

celll response. However these data are also compatible with a linear mode of action in which 

fine-tuningg of the immune response is achieved by consecutive interaction with different TNF-

receptorr family members. Whereas CD27 deficiency affects the size of the CD4+ and CD8+ 

effectorr pool after influenza virus infection46, OX-40 deficiency in this situation only affects the 

sizee of the effector CD4+ pool118. Likewise it has been shown that 4-1 BB specifically regulates 

thee size of the CD8+ effector pool after LCMV infection117. It is not clear how this divergence 



arisess but an easy explanation would be the differential expression of the various 

receptor/II igand pairs. 

Settingg the size of the antigen-primed pool is not only of importance at the initiation of the T 

celll response. When antigen has been neutralised, the effector T cell pool has to succumb and 

TT cell memory has to form. Interestingly, in vivo ligation of OX-40 and 4-1BB by antibody can 

inhibitt peripheral T cell deletion178:179 and OX-40 promotes long term survival of effector cells in 
180 0 

vitroo . Although this approach may not represent physiological conditions it does show the 

potentiall of TNF-receptor members to influence the size of the antigen-primed pool. In 

autoimmunityy and cancer the size and/or function of the antigen-primed pool does not meet its 

demands.. Modulating OX-40, 4-1 BB or CD27 function could be an interesting therapeutic 

intervention. . 

Otherr mice in which co-stimulatory molecules are present in a dominant fashion have been 

described.. In analogy with CD70TG mice, B7-2 TG127128 and 4-1 BBL TG181 mice show a 

progressivee depletion of B cells, which seems to be caused by disturbed B-cell development127. 

Itt seems likely that as for CD70TG mice enhanced generation of IFN-y producing 

memory/effectorr T cells is responsible for this disturbance. Accordingly, increased percentages 

off CD44hiQh T cells are found in B7-2 TG mice and crossing of B7-2 TG mice with TCRp''' mice 

preventss the B-cell depletion. 

Onlyy in CD70TG mice effects on T cell numbers have been described93 (chapter 5). This 

dramaticc change in the T cell compartment might partially be explained by the expression level 

off the transgene, but might also reflect the regulatory mechanisms of the co-stimulatory signal. 

Inn contrast to CD27, 4-1 BB expression is limited to activated T cells. CD28 is expressed on 

naivee T cells but its action is counter-acted by CTLA-4. As stated above in CD70TG mice 

chronicc co-stimulation enhanced T cell proliferation and differentiation, leading to increased T 

celll numbers in PLN and spleen of young CD70TG mice. However, as mice age PLN T cell 

numberss progressively decrease. This can be explained by the enhanced T cell differentiation, 

whichh will probably change the migratory behaviour of the T cells. While memory/effector T cells 

cann still migrate into the spleen they have lost the capacity to (re)enter the PLN. In CD70TG 

mice,, the population of PLN by thymic emigrants partially upholds PLN T cell numbers, since at 

thee moment that thymic cellularity collapses, PLN become virtually empty. In this time span the 

totall splenic T cell number does not alter significantly, while the percentage of memory/effector 

TT cells drastically increases. Old CD70TG mice hence show that chronic T cell co-stimulation 

cann have severe consequences for the size and composition of the T cell compartment. 

Thereforee deliberate manipulation of interaction in disease the manipulation of CD27/CD70 

interactionn in disease should be carefully controlled. 



T H EE IN VIVO OF CONSEQUENCES OF CD27-CD27 INTERACTION ON THE ANTIGEN-PRIMED B 

LYMPHOCYTEE POOL 

Thee analysis of the antigen-primed B cell pool in CD27 deficient mice has been restricted to the 

measurementt of virus specific Ig levels after primary and secondary influenza virus infection46. 

Normall levels of virus specific Ig were formed in CD27" mice indicating that CD27 is not 

requiredd for antibody production per se. Humoral immune responses were studied in greater 

detaill in CD70TG mice (chapter 6). Analysis of T-cell independent humoral responses was 

performedd in CD70TGn"CRa" mice that have a B cell compartment comparable to their non-

transgenicc counterpart. After immunisation with TNP-ftcoll similar numbers of TNP-specific 

plasmaa cells and levels of anti-TNP IgM were observed. This was also seen, despite the 

reducedd B cell numbers, after primary immunisation of CD70TG mice with the T-cell dependent 

antigenn TNP-KLH. Thus in CD70TG mice, there is no indication that CD27/CD70 interaction 

promotess plasma-cell differentiation. However, in CD70TG mice the humoral immune 

responsess are disturbed. Immunohistochemistry revealed that in CD70TG mice neither in the 

primaryy nor in the secondary immune response GCs are present. Consequently, after 

secondaryy immunisation reduced serum levels of anti-TNP IgG were present and high affinity 

anti-TNPP IgG was lacking. 

Thee cause of the disturbed GC formation in CD70TG mice is unclear. Both T cells and 

antigenn activated B cell express CD27 and modified T cell help and B cell behaviour might 

disturbb the GC formation. In a normal GC limited CD70 expression is found and the dominant 

expressionn of CD70 could lead to aberrant interaction with CD27 on T and/or B cells. Analysis of 

humorall responses after adoptive transfer of WT T or B cells into CD27"7CD70TG mice will 

distinguishh between these two components. 

CONCLUDINGG REMARK 

Inn summary we can conclude that, as proposed, CD27/CD70 interaction regulates the size and 

functionn of the antigen-primed lymphocyte pool. The fact that the function of CD27 is so 

prominentlyy revealed in CD70TG mice implies that under physiological circumstances CD70 

expressionn regulates CD27 function. Since antigenic triggering of lymphocytes determines 

CD700 expression, CD27/CD70 interaction directly couples the size and function of the antigen-

primedd lymphocyte pool to the amount of antigen. 
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Summary y 

Ann immune response is the combined effort of the different components of the immune system 

too neutralise antigen. As for all biological processes this reaction is quantitatively and 

qualitativelyy regulated. Interactions between TNF-receptor family members and their respective 

ligands,, the TNF family members, have important functions in the regulation of the immune 

response.. The molecules CD27 and CD70 are members of the TNF-receptor and TNF family 

respectivelyy and form a receptor ligand pair that can control human and murine T-cell expansion 

andd T and B cell differentiation in vitro. However the function of CD27/CD70 interaction in an 

immunee response is still unclear. We therefore set out to study the role of CD27/CD70 

interactionn in an in vivo mouse model. 

Too this end we first cloned murine CD70 (mCD70)(chapter 2). Murine CD70 protein is a 195 

amino-acidd type-ll membrane protein that is 62% homologous with human CD70. Biochemical 

analysiss of recombinant mCD70 shows a 29-kDa protein that is presumably present on the cell 

membranee as a trimertc molecule. In accordance with the co-mitogenic potential of human 

CD27/CD700 interaction, transfectants expressing recombinant mCD70 costimulate murine T-

celll proliferation. CD70 mRNA is hardly detectable in resting splenocytes or thymocytes, but as 

inn human lymphocytes, is present early after activation of these cells. Taken together, the 

above-presentedd data show that the characteristics of murine and human CD70 are highly 

similar. . 

Usingg recombinant mCD70 transfectants, monoclonal antibodies directed against mCD70 

weree generated. These mAbs were used to define the expression of the mCD70 protein 

(chapterr 3). As for CD70 mRNA, mCD70 protein is not expressed on resting lymphocytes. 

Lymphocytee activation in vitro induces mCD70 expression on B cells but not, despite the 

presencee of mRNA, on T cells. Next to antigen, cytokines also regulate mCD70 protein 

expressionn on B cells. Murine CD70 is also expressed on in vitro generated mature dendritic 

cells.. Immunohistochemistry showed mCD70 expression on thymic medullar dendritic cells. In 

peripherall lymphoid organs only a very limited number of dispersed mCD70 expressing cells 

cann be found, even during an ongoing immune response. However, clusters of mCD70 

expressingg cells could be found at the site of infection after influenza infection. Thus analogous 

too the observations in the human system, tight regulation highly restricts mCD70 expression in 

vivo.. As for murine CD70, the limited data on murine CD27 expression and function reflects the 

dataa of obtained in the human system. In the peripheral organs the majority of T cells and a 

smalll population of B cells express CD27. Activation of T and B cells via the antigen receptor 

enhances/inducess CD27 expression. Ligation of the CD27 on T cells co-stimulates T cell 

expansion.. The observed similarities between human and mouse CD27 and CD70 expression 

andd function are of importance because they justify the use of the mouse as a model system to 

evaluatee the general importance of CD27/CD70 interaction in vivo. 

Afterr establishing the analogy between human and mouse CD70-characteristics, a mouse 

modell in which CD70 is present as dominant co-stimulatory ligand for T and B lymphocytes was 



generated.. The mCD70 gene was cloned behind the human B cell specific CD19 promoter and 

transgenicc mice were produced (chapter 4). All B cells, and only B cells, in these mice 

constitutivelyy express CD70. In wild-type mice naive T-cells express CD27. However, interaction 

betweenn T and B cells in CD70TG mice induces the downmodulation of CD27 and implicates a 

functionall interaction between CD27 and CD70. In 4-week and 8-week-old CD70TG mice 

increasedd numbers of T cells are found in spleen and lymph nodes. Furthermore, alterations in 

thee percentages of cells expressing the surface molecules CD43, CD44 and CD62L, and the 

cytokinee IFN-y indicate that CD27/CD70 interaction is instrumental in the development of CD4+ 

andd CD8+ memory/effector cells. In contrast to the increased cellularity of the T cell 

compartment,, the cellularity of the B cell compartment progressively declines in CD70TG mice. 

Analysiss of the different development stages of bone-marrow derived and peripheral B cells 

revealedd a relatively increased reduction in the percentage of immature B cells and only modest 

differencess in the different peripheral B-cell fractions. Increased CD27/CD70 interactions thus 

mostt likely reduce B cell numbers by negatively regulating B cell-development in the bone 

marrow.. Crosses of CD70TG with CD27 mice and adoptive transfer of effector-molecule-

deficientt T-cells into CD70TGxCD27""'" mice show the mechanism that is responsible for the B 

celll depletion. CD70TGxCD27; mice have a normal B cell compartment. Adoptive transfer of 

WT,, CD95L", perforin"'* or TNF-a' T-cells in these mice leads to a significant reduction of B 

numberss cells in BM and spleen. However, IFN-y"'" T cells are not able to induce the B cell 

depletion,, indicating that T cells mediate the B cell depletion by an IFN-y dependent 

mechanism.. Crosses with TCRcc*'" and IFN-y7 mice confirm this conclusion. 

Surprisingly,, the fate of CD70TG mice is determined by the alterations in the T and not the B-

celll compartment (chapter 5). Although healthy during the first weeks of life, ageing CD70TG 

micee fail to thrive. Moreover, most CD70TG mice die at a relative young age of a sever 

Pneumocystiss carinii (PCI) infection. Failure to thrive and PC infections are characteristic-

pathologicall symptoms induced by severe T-cell immunodeficiency, as seen in patients 

sufferingg from HIV infection. A detailed longitudinal analysis of the T-cell compartment in 

CD70TGG mice revealed that in CD70TG mice the percentage dividing T cells is approximately 3 

timess as high as in wild-type mice and initially no differences in the percentages of apoptotic 

cellss are found. This leads to increased T-cell numbers in the spleen. The excessive 

CD27/CD700 interactions also induce memory/effector cell differentiation and the concomitant 

losss of CD62L expression. The inability of CD62Lneg cells to (re)enter peripheral lymph nodes 

(PLN)) might explain why, in spite of increased proliferation, T cell numbers in peripheral lymph 

nodess progressively decline. Influx of naive thymic emigrants probably counteracts this decline 

sincee the most dramatic decrease in PLN T cell numbers is seen at the moment that thymic 

cellularityy collapses. Finally, the in vitro proliferative capacity of CD70TG T-cells is reduced 

comparedd to this capacity of WT T-cells. It thus seems that in CD70TG mice the T cell pool 

deterioratess functionally as well as numerical. Comparing CD70TG mice and HIV patients 

showss similar clinical symptoms and a large number of analogous alterations in the T-cell 

compartment.. The cause of T-cell depletion in HIV patients is still a matter of debate. However, 



thee effects of the chronic costimulation in CD70TG mice strongly favour the hypothesis that 

chronicc immune activation is an important driving force in HIV induced T-cel! depletion. 

Inn the human system in vitro CD27 triggering on B cells induces plasma cell differentiation. 

Thee possible contribution of this function in the course of a humoral immune response was 

studiedd in CD70TG mice (chapter 6). Preliminary in vitro experiments with purified CD70TG B 

cellss showed that transgene expression had no effect on the intrinsic capacity of CD70TG B 

cellss to proliferate and differentiate into Ig secreting plasma cells. After induction of T-cell 

independentt humoral responses in TCRa_/7CD70TG mice, no influence was found on the 

numberr of TNP-specific plasma cells or anti-TNP IgM levels. Due to the absence of T cells 

thesee mice have normal B cell numbers and can be compared with their wild-type counterparts. 

Alsoo in primary T-cell dependent humoral responses in CD70TG mice, despite reduced B cell 

numbers,, normal levels of anti TNP-specific Ig were generated. Markedly however no visible 

GCC were formed. Consequently secondary responses were severely disturbed, as evidenced by 

reducedd anti-TNP lgG1 levels and lack of high affinity anti-TNP lgG1 antibodies. Together, 

thesee data suggest that CD27/CD70 interactions regulate B cell differentiation by promoting 

signalss that favour plasma cell formation rather than germinal centre formation, resulting in 

reducedd B-cell memory formation in CD70TG mice. 

Recentlyy the analysis of CD27 function in CD27 deficient mice was described. In accordance 

withh the increased numbers of T lymphocytes in CD70TG mice, reduced expansion of virus 

specificc T cells after influenza virus infection were observed. The finding that effector cell 

formationn was not hampered in CD27V" presumably reflects the potential of other co-stimulatory 

moleculess to compensate for the loss of CD27 expression. Division and survival are the 

determinantss that set the size of antigenic primed lymphocyte pool. The increased Kl-67 

expressionn and BrdU incorporation imply a role for CD27 in costimulation of cell proliferation. 

Nextt to co-stimulatory molecules cytokines are important factors for lymphocyte 

differentiation.. The nature of cytokines, instructive or selective, is still a matter of debate. 

Likewisee CD27's function can either be instructive, permissive or selective. Deciphering of the 

intracellularr and gene specific effects of CD27 will possibly shed light on this issue. 

Besidess CD27 the TNF receptor family contains other receptors with co-stimulatory capacity 

forr B and T cells. Similarities in expression regulation (of both receptor and ligand), in vitro 

functionn and intracellular signalling effects suggest that there is redundancy in vivo. Indeed in 

mostt cases deficiency for a specific TNF member only reduces and not abolishes the immune 

response.. However these data are also compatible with a linear mode of action in which fine-

tuningg of the immune response is achieved by consecutive interaction with different TNF 

receptorr family members. The total combination of the different signals will determine the 

differentiationn state of an individual cell. 

Inn summary we can conclude that, as proposed, CD27/CD70 interaction regulates the size 

andd function of the antigen-primed lymphocyte pool. The fact that the function of CD27 is so 

prominentlyy revealed in CD70TG mice implies that under physiological circumstances CD70 

expressionn regulates CD27 function. Since antigenic triggering of lymphocytes determines 
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S a m e n v a t t i n gg  voor niet ingewijden 

Hett immuun-systeem is ontstaan om. in ons lichaam aanwezige, ziekteverwekkende micro

organismenn onschadelijk te maken en het liefst te elimineren. Het immuun-systeem bestaat uit 

verschillendee componenten, en het gezamenlijke, interactieve proces van deze componenten 

omm een micro-organisme te verwijderen noemen we de immuun-respons. Verschillende cel 

typen,, zoals fagocyten en (T en B) lymfocyten, en uitgescheiden stoffen, zoals antistoffen en 

anti-microbiëlee stoffen, vormen de componenten van het immuun-systeem. Elke component 

heeftt zijn eigen werkwijze waarmee hij bijdraagt aan het verwijderen van de micro-organismen. 

Err is een grote verscheidenheid aan micro-organismen en het belang van de verschillende 

componentenn voor de effectieve verwijdering van een bepaald micro-organisme zal verschillen. 

Dee immuun-respons zal dus, zoals alle biologische processen, kwalitatief en kwantitatief 

gereguleerdd moeten worden. Voor cellen betekent dit dat ze receptoren op hun oppervlakte 

hebbenn zitten. Elk type receptor kan een specifiek type complementair molecuul (ligand) 

binden.. Er zijn verschillende vormen van liganden, bijvoorbeeld op de cellen aanwezige 

membraann eiwitten of locaal geproduceerde uitgescheiden eiwitten (cytokines). Na binding van 

zijnn ligand geeft een receptor een specifiek signaal door aan de cel. Dit signaal zal het gedrag 

vann de cel op een receptor specifieke wijze beïnvloeden. De interactie tussen een receptor en 

zijnn ligand reguleert dus het gedrag van een cel en biedt cellen de mogelijkheid om met elkaar 

tee communiceren (figuur 1). 

Figuurr 1 

Eiwittenn worden onderverdeeld in families op basis van structurele overeenkomsten. De TNF-

receptorr familie is een familie van eiwitten waarvan de functie van groot belang is voor de 

regulatiee van het gedrag van immuun-cellen en dus de immuun-respons. TNF-receptor 

familieledenn binden aan liganden welke zelf ook een familie vormen, n.l. de TNF familie. 

Interactiee van een TNF-receptor familie lid met zijn respectievelijke ligand. kan cel activatie. 

proliferatie,, uitrijping, migratie of dood beïnvloeden. CD27 en CD70 behoren tot de TNF-

receptorr familie en de TNF familie respectievelijk en vormen een receptor/ligand paar. CD27 

komtt en van de interactie tussen CD27 en CD70 is beschreven dat het in samenwerking met 
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antigeenn T lymfocyt expansie en T en B lymfocyt uitrijping in een kweekschaal (in vitro) 

reguleertt (figuur 2). Deze waarnemingen impliceren dat CD27/CD70 interactie betrokken zal zijn 

bijj het bepalen van het aantal effector cellen tijdens de immuun-respons. De complexiteit van de 

immuun-responss maakt het bestuderen van dit proces in een kweekschaal onmogelijk. In de 

muiss vertonen de meeste biologische processen en eiwitten die daarin betrokken zijn, grote 

overeenkomstt met deze processen in de mens. Bovendien kunnen we de muis genetisch zo 

manipulerenn dat we een duidelijkere beantwoording van onze vraagstelling verwachten. Dit 

alless tezamen heeft ons ertoe aangezet om de functie van CD27/CD70 interactie in een muis 

modell te bestuderen.Hiertoe hebben we allereerst muizen CD70 (mCD70) gekloneerd 

(hoofdstukk 2). Het kloneren van een specifiek cDNA kan worden vergeleken met het vinden van 

dee gecomprimeerde handleiding (mRNA) van een bouwpakket (eiwit). Uit de klonering van het 

mCD700 cDNA konden we concluderen dat de opbouw van het mCD70 eiwit een gelijkenis van 

62%% vertoont met de opbouw van het menselijk CD70. Met behulp van recombinant DNA 

techniekenn is het mogelijk om het mCD70 eiwit ook daadwerkelijk te laten bouwen in een cel. 

Biochemischee analyse van dit recombinant eiwit laat zien dat mCD70 een grootte van 29 kDa 

heeftt en waarschijnlijk als een complex van 3 CD70 eiwitten op de oppervlakte van de cel zit. In 

overeenstemmingg met de beschreven functie van de menselijke CD27/CD70 interactie in T cel 

expansiee leidt een interactie van recombinant mCD70 met CD27 tot een verhoogde aantal 

geactiveerdee muizen T cellen. Net zoals in de mens is het mRNA, noodzakelijk voor het 

producerenn van mCD70 eiwit, niet aanwezig in rustende, uit de milt of thymus afkomstige cellen. 



maarr wordt wel gevonden als deze cellen geactiveerd worden (figuur 3). Samenvattend kunnen 

wee zeggen dat de karakteristieken van muizen en menselijk CD70 zeer overeenkomen. 

Gebruikmakendd van cellen die recombinant mCD70 op hun membraan hebben, zijn we in 

staatt geweest antistoffen gericht tegen mCD70 te produceren. Een belangrijke eigenschap van 

eenn antistof is dat hij aan een specifieke molecuul (antigeen) zal binden. Anti-mCD70 antistoffen 

zijnn gebruikt om de expressie van het mCD70 eiwit te detecteren (hoofdstuk 3). In 

overeenstemmingg met het ontbreken van mRNA voor mCD70. wordt het mCD70 eiwit niet op 

rustendee lymfocyten gevonden. Maar als B lymfocyten geactiveerd worden in vitro, wordt de 

Antigeen n 

Antigeen n 

Figuurr 3 

expressiee van het eiwit geïnduceerd (figuur 3). Niet alleen antigeen geïnduceerde activatie, 

maarr ook cytokines reguleren de expressie van mCD70 op B lymfocyten. Hoewel geactiveerde 

TT cellen wel mCD70 mRNA produceren, kunnen we hierop in vitro geen mCD70 eiwit 

waarnemenn (figuur 3). Verder werd het mCD70 eiwit ook nog gevonden op in vitro 

gegenereerdee dendritische cellen, een andere cellulaire component van het immuun-systeem. 

Lymfoïdd weefsel wordt onderverdeeld in primair en secundair weefsel. Het beenmerg (BM) en 

dee thymus zijn de primaire weefsels, waar respectievelijk de B en T lymfocyten gevormd 

worden.. De milt en de lymfeklieren zijn secundaire lymfoïde weefsels en zijn de centrale 

plaatsenn in het lichaam waar tijdens een infectie lymfocyten geactiveerd worden en een 

immuun-responss zich ontwikkelt. Met behulp van immunohistochemie op weefsel-secties 

kunnenn we de expressie van eiwitten bestuderen zoals deze, onder gedefinieerde 

omstandigheden,, in het lichaam (in vivo) voorkomt. Met behulp van deze methode werd in 

gezondee muizen mCD70 expressie aangetoond op dendritische cellen in de medulla van de 

thymus.. In de lymfeklieren en de milt van gezonde muizen was alleen mCD70 eiwit te vinden op 



enkele,, verspreid liggende cellen. Tijdens een immuun-respons worden lymfocyten geactiveerd 

doorr antigeen en verwacht je CD70 op het oppervlak van de B lymfocyten {zie boven). Maar 

ookk in deze situatie werden er slechts enkele mCD70 expresserende cellen gevonden in de 

lymfeklierenn en de milt. Daarentegen werden er wel clusters van mCD70 expresserende cellen 

gevondenn op de plaats van infectie (de long) na influenza virus infectie. De zeer gelimiteerde en 

zeerr plaatselijke expressie van mCD70 impliceert dat net als in de mens, in de muis een strakke 

regulatiee CD70 expressie bepaalt. 

Nadatt de analogie tussen menselijk en muizen CD70 was vastgesteld werd een muizen-

modell gegenereerd om CD27/CD70 interactie te bestuderen (hoofdstuk 4). Het mCD70 gen 

werdd met behulp van DNA recombinant technieken achter een B lymfocyten specifieke 

promotorr geplaatst. Promotoren zijn gedeeltes op het genoom die bepalen wanneer en in welke 

cellenn van het bijbehorende gen mRNA geproduceerd zal worden. Door dit recombinant DNA 

mett behulp van genetische manipulatie in te brengen in het muizen genoom werden transgene 

(TG)) muizen gemaakt die continu mCD70 eiwit op het oppervlak van hun B lymfocyten hebben 

zittenn (figuur 4). In deze muizen is het CD70 constant en overvloedig aanwezig en zal de 

bijdragee van CD27/CD70 interactie in de regulatie van de immuun-respons niet meer beperkt 

wordenn door de beperkte expressie van CD70. CD27 komt in normale muizen tot expressie op 

TT lymfocyten die nog niet hun specifieke antigeen gebonden hebben (naïve T cellen). Co-

lokalisatiee van T en B cellen in CD70TG muizen leidt tot de afwezigheid van CD27 het 

oppervlakk van T lymfocyten. Het was bekend dat een functionele interactie van CD27 en CD70 

ertoee leidt dat CD27 van het membraan verwijderd wordt (figuur 1). De afwezigheid van CD27 

opp naïve T cellen impliceert dat er een functionele interactie tussen CD27 en CD70 plaats heeft 

gevonden.. Als gevolg van deze functionele CD27/CD70 interactie gaat een groter gedeelte van 

dee T lymfocyten delen en uitrijpen (figuur 4). In 4-weken en 8-weken oude CD70TG muizen 

wordenn grotere aantallen T cellen gevonden in de milt en de lymfeklieren. Verder impliceren de 

veranderingg in de percentages van T cellen met bepaalde oppervlakte kenmerken en in de 

percentagess T cellen die het cytokine IFN-7 produceren, dat CD27/CD70 interactie de uitrijping 

vann T lymfocyten naar het 'effector stadium reguleert (figuur 2 en 4). In tegenstelling tot de T cel 

aantallen,, nemen de B cel aantallen in CD70TG muizen in de loop van de tijd af. Analyse van 

dee verschillende ontwikkelings stadia van B cellen uit het BM en uit de secundaire lymfoïde 

organenn laat zien dat er relatief grote veranderingen plaatsvinden in de samenstelling van het B 

cell compartiment in het BM en dat in de lymfoïde organen de B cellen bijna normaal verdeeld 

zijnn over de verschillende stadia. Dit duidt erop dat de afname van de B cel aantallen 

waarschijnlijkk het gevolg is van een door de verhoogde CD27/CD70 interactie ontstane 

blokkadee in de B cel ontwikkeling (figuur 4). Kruisingen met CD27 "knock-out" muizen, welke 

doorr genetische manipulatie geen CD27 meer kunnen maken, en het toedienen aan 

CD27KO/CD70TGG van T cellen uit muizen waarin andere moleculen uit geëlimineerd zijn, laten 

zienn welk mechanisme verantwoordelijk is voor de B cel depletie. CD27KO/CD70TG muizen 

hebbenn een normaal B cel compartiment. Het toedienen van normale T cellen of T cellen die 

geenn CD95L, perforine of TNF-a, (allemaal moleculen die cellen kunnen doden) meer kunnen 



makenn leidt tot significante verschillen in de aantallen B cellen in het BM en de milt. Echter, 

wanneerr T cellen worden toegediend die geen IFN-y meer kunnen produceren, dan blijft het B 

cell compartiment ongewijzigd. Dit wijst erop dat het de T lymfocyten zijn die de B cel depletie 

mediërenn via een IFN-y afhankelijk mechanisme. Kruisingen van CD70TG muizen met T cel-

lozee en IFN-y deficiënte muizen bevestigen deze hypothes 

Hett lot van de CD70TG muizen wordt tot onze verbazing bepaald door de verandering in het 

TT en niet in het B cel compartiment van de muizen (hoofdstuk 5). Jonge CD70TG muizen zijn 

Schematischee representatie an ;D7Q Transgene muis 

S13PC C 

F i g u u rr  4 :Stap 1 Nieuwe T cellen O worden gevormd in de thymus en hebben CD27 op hun oppervlak . Nieuwe CD70TG B 

cellenn (£ worden gevormd in hel beenmerg en hebben CD70 op hun oppervlak. Stap 2: Zowel de nieuw gevormde T als B cellen 

begevenn zich via hel bloed naar de milt en de lymfeklieren. Stap 3 De nieuw gevormde T en B cellen ontmoeten elkaar in de milt ol 

dee lymfeklieren. Hel op T cellen aanwezige CD27 gaat een interactie aan met het op de CD70 aanwezige B cellen. Stap 4 Als 

gevolgg van deze interactie gaat het CD27 van het oppervlak van de T cellen af. en gaan antigeen geactiveerde T cellen delen O en 

uitnjpenn O Uitgenpie leffector) T cellen maken IFN-y en hebben geen CD62L meer op hun oppen/lak. Stap 5: De effector T cellen 

gaann circuleren, ze begeven zich via het bloed naar andere weefsels en weer terug naar de milt Ze kunnen niet terugkeren in de 

lymfeklierenn omdat ze geen CD62L meer op hun oppervlak hebben. Stap 6 a) In het beenmerg aangekomen zorgen de effector T 

cellenn via het IFN-y voor een blok in de aanmaak van nieuwe B cellen. Hierdoor nemen de B cellen geleidelijk aan af in aantal, b) Als 

gevolgg van de verhoogde deling en het onvermogen van de (effector) T cellen om de lymfeklieren binnen te gaan vinden we 

geleidelijkk aan steeds meer effector T cellen in de milt. Stap 7: In oude muizen komen er geen nieuwe T cellen meer uit de thymus 

Hett aantal T cellen in de lymfeklieren neemt nu zeer dramatisch af. Er komen geen uit de thymus afkomstige nieuwe T cellen meer 

binnenn en er gaan nog steeds effector T cellen weg De CD70TG muizen hebben nu een T cel deficiëntie in lymfeklieren Stap 8 

Effectorr T cellen hebben een beperkte levensduur. Als deze allemaal dood zijn en er geen nieuwe T cellen meer gemaakt worden 

nemenn uiteindelijk ook de aantallen af in de milt en heeft de CD70TG muis een totale T cel deficiëntie. 



gezondd en gedijen goed. Echter wanneer CD70TG muizen ouder worden blijven ze achter in 

gewicht.. Ook sterven CD70TG muizen gemiddeld op een veel jongere leeftijd en hebben op het 

momentt van overlijden altijd een zware Pneumocystis carinii infectie. Vermagering en PC 

infectiee zijn beide karakteristieke pathologische symptomen van patiënten die een ernstige T cel 

deficiëntiee hebben, zoal bijvoorbeeld HIV patiënten. Deze bevindingen waren de aanleiding om 

hett T cel compartiment in CD70TG muizen op verschillende leeftijden en in meer detail te 

analyseren.. Uit deze analyse blijkt dat in vergelijking met normale muizen ongeveer een 3x zo 

groott gedeelte van de T cellen in de CD70TG muis aan het delen is en een even groot gedeelte 

vann de T cellen in de CD70TG muis dood gaat. Dit leidt tot verhoogde T cel aantallen in de milt 

vann CD70TG muizen. De excessieve CD27/CD70 interactie in CD70TG muizen leidt er ook toe 

datt er meer T cellen uitrijpen (figuur 4). Deze uitrijping gaat gepaard met het verlies van het 

oppervlaktee molecuul CD62L. T cellen hebben dit oppervlakte molecuul nodig om via het bloed 

dee lymfeklieren te kunnen betreden. Het verlies van dit molecuul zou dus een verklaring kunnen 

zijnn waarom, ondanks de toegenomen deling, het aantal aanwezige T cellen in de lymfeklieren 

geleidelijkk aan afneemt. Instroming van naïeve, recent in de thymus gevormde (CD62L 

positieve)) T cellen vermindert deze verlaging misschien nog gedeeltelijk, aangezien op het 

momentt dat de cellulariteit van de thymus instort de meest dramatische afname van de T cei 

aantallenn in de lymfeklieren wordt waargenomen (figuur 4). Als laatste werd de capaciteit van T 

cellenn om te delen in vitro bepaald. Ook deze is verlaagd voor CD70TG T cellen. Het lijkt er dus 

opp dat het T cel compartiment in CD70TG muizen niet alleen verminderd is in aantallen maar 

ookk in functionaliteit. Als we nu nogmaals CD70TG muizen met HIV patiënten vergelijken zien 

wee niet alleen overeenkomsten in de klinische symptomen maar ook veel analogie in de 

veranderingenn in het T cel compartiment. Over wat de oorzaak is van de T cel depletie in HIV 

patiëntenn zijn de meningen nog steeds verdeeld. De aanname dat chronische immuun-activatie 

eenn belangrijke rol speelt in HIV geïnduceerde T cel depletie wordt echter sterk gesteund door 

dee beschreven effecten van chronische co-stimulatie in CD70TG muizen. 

Inn het humane systeem kan CD27 de uitrijping van geactiveerde B lymfocyten in antistof 

secreterendee plasma cellen reguleren. De mogelijke bijdrage van deze functie in de immuun-

responss is bestudeerd in CD70TG muizen (hoofdstuk 6). Voorbereidende in vitro 

experimenterenn hebben laten zien dat het tot expressie brengen van het transgene CD70 geen 

invloedd heeft op de intrinsieke capaciteit van de CD70TG B lymfocyten om te delen en uit te 

rijpenn in antistof secreterende plasma-cellen. Humorale immuun-responsen (figuur 5), in 

tegenstellingg tot cellulaire immuun-responsen, zijn immuun-responsen waarin eliminatie van het 

antigeenn met behulp van antistoffen de belangrijkste rol speelt. Afhankelijk van het soort 

antigeenn kunnen B lymfocyten aangezet worden tot antistof productie op een T lymfocyt 

onafhankelijkee of -afhankelijk wijze. Wanneer in TCRaKO/CD70TG muizen een T cel 

onafhankelijkee humorale respons geïnduceerd wordt vinden we geen waarneembare 

verschillenn in het aantal antigeen specifieke plasma-cellen of de spiegels van antigeen 

specifiekee antilichamen van het IgM type. Deze experimenten zijn uitgevoerd in 

TCRo.KO/CD70TGG muizen omdat, ten gevolge van de afwezigheid van T cellen, deze muizen 



evenveell B cellen hebben als in hun normale tegenpolen en verschillen in B cellen aantallen 

duss geen rol spelen bij de interpretatie van de resultaten. Voor T cel afhankelijke humorale 

responsenn maakt het uit of het antigeen voor de eerste keer aanwezig is (primaire respons) of 

datt het een hernieuwde ontmoeting is met het antigeen (secundaire respons). B lymfocyten 

kunnenn namelijk uitrijpen in twee verschillende typen, (effector) plasma-cellen of geheugen B 

lymfocyten.. Geheugen B lymfocyten worden gevormd tijdens een uniek proces, de kiem-

centrumm (KC) reactie. Tijdens dit proces worden de karakteristieken van de B lymfocyten 

zodanigg veranderd dat ze bij een volgende ontmoeting met het antigeen sneller zullen reageren 

enn bovendien antistoffen zullen produceren, die steviger aan het antigeen binden en van een 

anderr type zijn. Ook na de inductie van een primaire T cel afhankelijke repons worden in de 

CD70TGG muis normale spiegels antigeen specifieke antistoffen, van alle type, gevonden. Maar 

err vinden geen KC reacties plaats (figuur 5), wat van groot belang is voor de secundaire repons. 

Naa de inductie van een secundaire repons in CD70TG muizen zien we gereduceerde 

spiegelss van antigeen-specifieke antistoffen van het lgG1 typen en bovendien zijn er geen 
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antistoffenn met een verhoogde affiniteit voor het antigeen. Tezamen geven deze resultaten de 

indrukk dat CD27/CD70 interacties B cel uitrijping reguleren doordat ze plasma-cel vorming 

bovenn KC vorming bevorderen, wat resulteert in gereduceerde B cel geheugen vorming in 

CD70TGG muizen (figuur 5). 

Samenvattendd kunnen we zeggen dat CD27/CD70 interactie in vivo inderdaad betrokken is 

bijj het bepalen van de grootte van de effector lymfocyt pool. Omdat CD70 expressie in hoge 

matee afhankelijk is van antigene activatie van lymfocyten koppelt CD27/CD70 interactie de 

groottee van effector cel populatie direct aan de hoeveelheid antigen. Dat deze regulatie van 

groott belang is wordt onderstreept door het lot van de CD70TG muizen. 

Hoewell de functie van CD27/CD70 interactie duidelijk naar voren is gekomen in CD70TG 

muizen,, zijn er ook nog vele onduidelijkheden. Een belangrijke vraag is, of CD27/CD70 

interactiee de cellen zelf aanzet tot uitrijping of ze ontvankelijker maakt voor signalen die 

aanzettenn tot uitrijping. Hopelijk zal toekomstig onderzoek deze en vele andere vragen 

beantwoorden. . 
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ImmunohistochemicalImmunohistochemical  analysis 
ofof  CD70 expression. 
Tissuee sections derived from (upper 
panels)) 4 week old unimmunised or 
(lowerr panels) 12 week-old influenza 
viruss infected C57BL/6 mice were 
stainedd with the indicated markers. 
NLDC-1455 (green, thymus) stains the 
thymicc cortex and dendritic cells 
presentt in the thymic medulla. Ser4 
(green,, spleen) is a marker for 
marginall zone macrophages. Double 
positivee cells stain yellow. The lower 
panelss show lung tissue-sections 
derivedd 14 days after secondary 
influenzaa virus infection. Serial 
sectionss were stained for CD70 and 
Thv-1. . 

ProgressiveProgressive  B cell  depletion  in 
CD70TGCD70TG mice. 
Immunohistochemicall staining of B 
andd T cells in the spleen of 4- (upper 
panels)) and 8-week-old (lower panels) 
WTT and CD70TG mice. Cryostat 
sectionss were double stained for 
B220** B cells (blue) and CD3* T cells 
(red). . 

GerminalGerminal  centre  forma 
Immunohistochemicall analysi 
spleenn section 14 days after 
primaryy immunisation of 4-week-
oldd WT or CD70TG mice with 
TNP30-KLHH in Alum. Spleen 
sectionss were stained with the B 
celll specific anti-B220 mAb 
(green)) and anti-CD8 mAb(red). 
whichh stains T cells areas (upper 
panels).. Consecutive spleen 
sectionss (lower panels) were 
stainedd with PNA (green) for the 
detectionn of GC-B cells and GAM-
IgMM (red), which detects primary 
B-celll follicles and plasma cells. 
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