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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 
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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 



AA -r 

Med d 

11 \ 

ƒƒ / 

LJ-1 1 

1 1 

\ \ 

Dayy 3 

-LPS S 

—CD40 0 

11 2 3 
CD700 fluoresence intensity Days after stimulation 

D11 cells 

 Medium 

AA LPS 

 Anti-CD40 
11 2 3 

Dayss alter stimulation 

10Or r 10CCi i 

== 500 

11 2 
CD700 fluoresence intensity Days after stimulation 

CC 1 2 
Dayss after stimulation 

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. . 




