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Abstract 
CD70, the cellular ligand of the TNF receptor family member CD27, is expressed 
transiently on activated T and B cells and constitutively on a subset of B-CLL and large 
B-cell lymphomas. In the present study we used B cells constitutively expressing CD70 
to study the functional consequences of signaling through CD70. In vitro, CD70 ligation 
with anti-CD70 mAbs strongly supported proliferation and cell cycle entry of B cells sub-
mitogenically stimulated with either anti-CD40 mAb, LPS or IL-4. In this process the cell 
surface receptors CD25, CD44, CD69, CD95, and GL7 were upregulated whereas the 
expression of CD21, CD62L, slgM and slgD was decreased. Signaling through CD70 on B 
cells was dependent on the initiation of both PI3K and MEK pathways. In vivo exposure 
to either CD70 mAb or the CD70 counterreceptor CD27, downregulated CD62L and slgM 
on CD70-positive B cells. Addition of CD70 mAb to low dose LPS-stimulated CD70-
positive B cells strongly diminished IgG secretion and enhanced production of IgM. CD70 
signaling during T cell-dependent immune responses also decreased IgG specific 
antibody titers. Together, the in vitro and in vivo data demonstrate that CD70 has potent 
reverse signaling properties in B cells initiating a signaling cascade that regulates 
expansion and differentiation. 

Introduction 
After encountering antigens, B cells undergo a series of activation and maturation events, 

eventually leading to the formation of antibody-secreting plasma cells and memory cells. In T-

cell dependent B cell responses, initial B cell activation is linked to cell-contact-mediated 

interactions and to stimulation by cytokines. In delivering contact-dependent signals, members 

of the TNF-TNFR family guide survival, proliferation, and the formation of memory cells and 

plasma cells1. 

Fine-tuning of the signals from the TNF and TNFR family members is largely achieved by tight 

regulation of their expression. Most of the effects of TNFR-TNF interactions have been 

attributed to intracellular signaling events evoked by members of the TNFR family that can 

couple to two principal classes of cytoplasmic adaptor proteins: TRAFs (TNF receptor-

associated factors) and death domain containing molecules2. However, functional experiments 

have also provided evidence for signaling through TNF family members (also called reverse 

signaling). In particular, TNF3, CD153 (CD30L)4, CD154 (CD40L)5, CD197 (CD95L)6, CD137 (4-

1BBL)7, CD134 (OX40L)8, TRANCE9, TRAIL10 and LIGHT" have been shown to possess signal 

transduction capacity. Thus bidirectional signaling might be a general phenomenon in 

interactions of TNF-TNFR family proteins thereby abrogating the discrimination between 

receptor and ligand. 
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CD70 Signaling in B cells 

The TNFR family member CD27 is expressed on the majority of T cells and thymocytes and on 

subsets of natural killer cells, antigen-experienced B cells and hematopoetic stem cells12"15. Its 

ligand CD70 is transiently expressed on the surface of activated B, T and dendritic cells16;17. 

Functional studies have shown that CD27 ligation promotes TCR-driven T cell expansion and 

effector cell formation18"21. In addition to these costimulatory effects on T cells, several in vitro 

studies have indicated that CD27 ligation on B cells augments differentiation of B cells into 

antibody-secreting plasma cells22"24. 

In contrast to the tightly regulated physiological expression of CD70, constitutive expression of 

human CD70 is found on several malignancies including leukemias and lymphomas25"27, 

carcinomas2829, and brain tumors30. Previously, we showed that in vitro crosslinking of CD70 on 

CD70-expressing malignant B cells augmented proliferation raising the possibility that CD70 

functions as an activation receptor on malignant B cells27. To directly examine the 

consequences of CD70 signaling on B cell responses in vitro and in vivo, we used B cells 

constitutively expressing CD70. Our results demonstrate that CD70 ligation results in B cell 

proliferation and differentiation, especially in conjunction with Toll-like receptor 4, CD40 and IL-4 

receptor occupation. 

Results 
Enhanced B cell proliferation after CD70 ligation 

To study the effects of CD70 signaling in B cell responses, we used B cells from mice that 

constitutively express murine CD7021 on their surface and concomitantly lack CD2720, thereby 

preventing signaling via this molecule (Figure 1A). Crosslinking of CD70 with anti-CD70 mAbs 

modestly enhanced proliferation of these B cells as evidenced by thymidine incorporation 

(Figure 1A). In contrast, addition of anti-CD70 mAbs had no effect on proliferation of B cells 

obtained from WT or CD27"'" mice (Figure 1B). 

Upon stimulation through cell surface receptors such as CD40, Toll-like receptor 4 (TLR4) and 

BCR, resting B cells become activated and proliferate. To test whether CD70-derived signals act 

synergistically with other B cell stimuli, CD70+B cells were cultured with bacterial LPS, anti-

CD40 mAb, anti-IgM Ab or IL-4 either in the presence or absence of anti-CD70 mAb. Increased 

[3H]-thymidine incorporation was observed in response to suboptimal concentrations of LPS, a 

stimulus that activates B cells independently of BCR signaling via TLR4 (Figure 1C). In addition, 

CD70 ligation also synergized with anti-CD40 mAb or IL-4, whereas only marginal additive 

effects of anti-CD70 mAb on [3H]-thymidine incorporation were found with (sub)optimal anti-IgM 

Ab stimulation. Thus, CD70 crosslinking on B cells, either alone or in combination with TLR4, 

CD40, and IL-4 receptor derived signals enhanced B cell proliferation. 
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Figure 1. Enhanced B cell proliferation after CD70 ligation. (A) Purified splenic B cells were stained 
for B220 and anti-CD70 mAbs. Spleens of WT. CD27 and CD27 x CD70 Tg mice were isolated and B 
cells were purified using MACS magnetic separation system. (B) Increased CD70-induced B cell 
proliferation. Purified splenic B cells from wild-type. CD27 and CD27 x CD70 Tg mice were cultured in 
triplicates in 96-well microplates in presence of 5 /tg/mI anti-CD70 mAb (black bars) or control antibody 
(white bars). Proliferation was measured by [3H]-thymidine incorporation during the last 16 hour of a 3-day 
culture. The data are displayed as the mean cpm values ± standard error of one representative 
experiment out of three. (C) CD70-induced B cell proliferation is enhanced by CD40, TLR4 and IL-4R 
signaling. Purified splenic B cells from CD27~~ x CD70 Tg mice were stimulated with the indicated 
concentrations of (pg/ml) lipopolysaccharide (LPS). anti-CD40 mAb. polyclonal F(ab)2 goat anti-mouse 
IgM, or IL-4 (ng/ml) in presence of 5 jug/ml anti-CD70 mAb (black bars) or control mAb (white bars). 
Proliferation was measured as in (B). The data are displayed as the mean cpm values ± standard error of 
one representative experiment out of three. 

CD70 ligation on B cells promotes cell cycle entry 

The increased [3H]-thymidine incorporation observed after CD70 ligation might reflect enhanced 

cell survival, increased cell cycle progression or both. To distinguish between these possibilities, 

we first examined cell viability by flow cytometric detection using PI staining. However, no 

obvious increase in survival of CD70+ B cells was found after CD70 ligation (data not shown). 

Cell cycle progression was assessed at various time points after stimulation by monitoring 

CFSE dilution. We observed a strongly increased entry into the cell cycle of CD70-triggered B 

cells in combination with LPS or anti-CD40 mAb stimulation when compared to LPS or CD40 

stimulation alone (Figure 2). Remarkably, a fraction of the activated B cells without CD70 

ligation had undergone more cell divisions than that of CD70-triggered B cells. Similar results 

were found with IL-4 addition but not with addition of anti-IgM Ab (data not shown). Thus, CD70 

ligation on B cells promotes cell cycle entry. 
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Figure 2. CD70 ligation promotes cell cycle entry. For B cell division measurement, purified B cells of 
CD27 x CD70 Tg were labeled with the fluorescence dye CFSE, and incubated with 0.25 ,ug/ml LPS or 
1 jug/ml anti-CD40 in presence or absence of 5 jug/ml anti-CD70 mAb. Loss of CFSE fluorescence, 
indicating cell division progression, was measured by flow cytometry on day 2, 3 and 4. Dead cells were 
excluded by propidium iodide staining. Solid lines indicate CD70-activated cells and shaded histograms 
indicate controls. Data are representative of three independent experiments. 

CD70 ligation mediates expression of B cell activation and differentiation molecules 

Activation of B cells changes the expression of various molecules thereby reflecting the altered 

activation and maturation state. We examined the effects of CD70 ligation on the expression of 

cell surface B cell markers by flow cytometry. At day 3 after stimulation expression of CD25, 

CD44, CD69, CD86, CD95 and GL7 was increased on B cells triggered with anti-CD70 mAb 

and in combination with either LPS or anti-CD40 mAb, whereas expression of slgM, slgD, and 

CD62L was downregulated (Figure 3A). Comparable effects on the expression of B cell surface 

markers were found in presence of IL-4, whereas stimulation in combination with anti-IgM Ab 

only had marginal effects (data not shown). The anti-CD70 mAb had no effect on CD70-

negative WT and CD27"' B cells (data not shown). Increase of CD54 and CD23 was only found 

after CD70 ligation in combination with LPS whereas CD21/CD35 was found to be 

downregulated in combination with anti-CD40 mAb (Figure 3A). In addition, spleen-derived B 

cells showed comparable expression patterns of B cell surface molecules after CD70 signaling 

as B cells derived from peripheral lymph nodes (data not shown). 

The effect of CD70 ligation on the B cell activation was dose-dependent; higher concentrations 

of anti-CD70 mAb increased the expression of CD69 (Figure 3B) as well as the expression of 

CD25 and CD95 (data not shown). In addition, F(ab)2 fragments of anti-CD70 mAb resulted in 

similar findings as with whole antibody thereby excluding FcReceptor mediated effects (data not 

shown). In summary, stimulation through CD70 on B cells not only promotes cell cycle entry but 

also induces changes in cell surface expression of activation and differentiation molecules. 
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Figure 3. CD70 ligation mediates expression of B cell activation and maturation molecules. (A) 
Effects of CD70 signaling on B cell surface markers. Purified splenic B cells from CD27 x CD70 Tg mice 
were cultured in medium alone or stimulated with 0.25 ,ug/ml LPS or 1 ug/ml anti-CD40 mAb in presence 
of either 5 ug/ml anti-CD70 mAb (solid line histograms) or control mAb (shaded histograms). After 1 day 
of culture in medium alone or 3 days after LPS or CD40 stimulation B cells were analyzed by flow 
cytometry for surface expression of CD25. CD44. CD69. CD86, CD95 (Fas/APO-1), GL-7, CD62L. 
CD21/35, CD23, CD54. slgM and IgD. (B) Dose-dependent effects of CD70-induced upregulation of 
CD69 by anti-CD70 mAb. Cells were stimulated with 1 ug/ml LPS and increasing amounts of anti-CD70 
mAbs. Data represents the mean fluoresence intensity (MFI, black bars) and percentage of CD69* 
samples (white bars). All in vitro activation assays are representative of al least three independent 
experiments. Only live cells were analyzed, as dead cells were excluded by propidium iodide staining. 

CD70 signaling couples to PI3K and MEK pathways 

To elucidate the molecular basis of CD70 signaling, signal transduction pathways activated by 

CD70 triggering were analyzed. Therefore, CD27'" x CD70Tg B cells were treated with specific 

inhibitors of signal transduction pathways and subsequently cultured in presence of anti-CD70 

mAb or control mAb. Cell surface expression levels of CD25 and CD69 were determined by flow 

cytometry after 24 h as readout. CD70-mediated upregulation of CD25 and CD69 was blocked 

by preincubation with the phosphoinositide 3-kinase (PI3K) inhibitor LY294002 and the mitogen-

activated protein kinase/extracellular signal-regulated kinase kinase (MEK) inhibitors PD98059 

and U0126, whereas the p38 mitogen-activated protein kinase (MAPK) inhibitor SB203580, the 

mammalian target of rapamycin kinase (mTOR) inhibitor rapamycine, the Src tyrosine kinase 

inhibitor PPI and the Gicx-protein inhibitor pertussis toxin had no effect (Figure 4A). To 

demonstrate that CD70 signaling couples to PI3K and MEK pathways, we determined whether 

their downstream targets, protein kinase B (PKB) and extracellular signal-regulated kinase 

(ERK) respectively, were activated. Crosslinking of CD70 increased phosphorylation of PKB and 
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ERK1/2 without altering PKB and ERK1/2 protein levels (Figure 4B). Finally, while LY294002 

inhibited the CD70-mediated phosphorylation of PKB but not ERK1/2, U0126 inhibited 

phosphorylation of ERK1/2 but not PKB (Figure 4B). This indicates that CD70-mediated 

induction of these pathways apparently works in parallel rather than in series. Taken together, 

CD70 engagement on B cells couples to both PI3K and MEK pathways resulting in 

phosphorylation of their targets PKB and ERK1/2. 
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Figure 4. CD70 signaling couples to PI3K and MEK pathways. (A) CD70-induced enhancement of 
CD69 upregulation is blocked by the PI3K inhibitor Ly294002 and the MEK inhibitors U0126 and 
PD98059. Purified CD27 ' x CD70 Tg B cells were pretreated with 10 jM SB203580, 10 ,uM Ly294002, 2 
ng/ml rapamycine, 100 ng/ml pertussis toxin, 10 /uM PP1, 50 /WW PD98059 and 10 ,uM U0126 for 1 h and 
then cultured with 5 ,ug/ml anti-CD70 mAb or control mAb for 24 h. The cells were then collected and 
stained for cell surface expression of CD25 and CD69. (B) Engagement of CD70 on CD2T'~ X CD70 Tg B 
cells enhances activity of the PI3K target Akt and the MEK target ERK. Immunoblot analysis of total 
cellular lysates for Erk and PKB phosphorylation (pAkt and pErk) and expression (Erk and PKB). Before 
stimulation, purified B cells were pretreated for 30 min with 10 uM Ly294001 (the PI3K inhibitor) or 10 uM 
U0126 (the MEK inhibitor). Subsequently, cells were stimulated with anti-CD70 mAb for 5 and 15 min or 
left unstimulated (0 min). Data are representative of three independent experiments. 

Effects of CD70 ligation in vivo 

To test whether the CD70-mediated changes on B cell surface molecules can also occur in vivo, 

we analyzed the effect of CD70-specific mAb on B cells in CD27"'" x CD70 Tg mice. Ligation of 

CD70 in vivo with anti-CD70 mAb increased CD44 expression and decreased slgM and CD62L 

expression, consistent with the data obtained in vitro (compare Figure 3a and 5a). 
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To investigate whether CD70 ligation could also be accomplished by its natural counterreceptor 
CD27, we adoptively transferred CD27"/" or CD27"'" x CD70 Tg B cells into Ly5.1 (CD27+/+) mice. 
At day 4 after transfer, CD27"" x CD70 Tg (Ly5.2+) B cells in recipients displayed increased 
CD44 expression and decreased CD62L and slgM expression as compared to non-CD70 Tg B 
cells, indicating that CD27 contact is capable of modifying the phenotype of CD70-expressing B 
cells (Figure 5b). In addition, also fluorescently labeled CD27"'' x CD70 Tg B cells adoptively 
transferred into wild-type (CD27+/+) recipient mice displayed the characteristic CD44+CD62L 
lgMlow phenotype compared to CD27"'" recipient mice. In summary, these data indicate that 
ligation of CD70 on B cells either by CD70 mAb and its cellular ligand CD27 results in 
substantial B cell activation. 
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Figure 5. CD70 signaling in 
vivo. (A) Induction of CD70 
signaling in B cells by CD70 
mAb in vivo. CD27~~ and 
CD27 x CD70 Tg mice were 
injected with 500 ug anti-CD70 
mAb (solid line) or control mAb 
(shade histogram). At day 4, 
splenic B cells were isolated and 
stained with antibodies to the 
indicated cell surface markers. 
(B) Induction of CD70 signaling 
by CD27 in vivo. B cells from 
CD27 or CD27 " x CD70 Tg 
mice (Ly5.2) were adoptively 
transferred independently into 
Ly5.1 recipient mice. Gated 
Ly5.2 CD27 (shaded histo
gram) and Ly5.2 CD27' x 
CD70 Tg (solid line) B cells are 
shown. A representative result 
from two indepen-dent adoptive 
transfer experiments is shown. 
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Inhibition of plasma cell formation after CD70 ligation 
The hallmark of terminal differentiation of B cells is the formation of plasma cells and their 
secretion of immunoglobulins. Morphologically, B cells stimulated with both LPS and CD70 
exhibited less plasma cell features (such as eccentric nuclei, pale Golgi zone and basophillic 
cytoplasm) than B cells stimulated with LPS alone (Figure 6A). An additional indicator of plasma 
cell differentiation is the presence of cells positive for CD138 (Syndecan-1). B cell cultures 
stimulated with LPS and CD70 showed a decrease of CD138 positive B cells compared to 
cultures stimulated with LPS alone (Figure 6B). In presence of anti-CD40 mAb, CD70-triggered 
B cells had a more blastoid appearance, notably at day 4 after stimulation. In all CD40-
stimulated B cell cultures low frequencies of CD138 positive cells were found (Figure 6B). Taken 
together, signaling through CD70 inhibits the formation of plasma cells. 
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Inhibition of IgG secretion after CD70 ligation 

Engagement of CD70 in vitro on LPS-stimulated B cells caused an increase in the cumulative 

concentration of IgM antibodies after 7 days of culture, whereas IgG secretion was inhibited 

(Figure 7A). When B cells were stimulated with anti-CD40 mAb, CD70 ligation had no effect on 

IgM production but inhibited IgG production (data not shown). To test the effects of CD70 

signaling on antibody responses in vivo we compared the T cell-dependent antigen response to 

TNP-KLH in alum in CD27"'"xCD70 Tg mice with or without anti-CD70 mAb treatment. Whereas 

the TNP-specific IgM levels were similar, a considerable decrease in IgG levels was observed at 

day 7 (Figure 7B) and at day 14 (data not shown). To corroborate that CD27-CD70 interactions 

influence plasma cell differentiation in vivo we examined T cell-dependent antibody response to 

alum-precipitated TNP-KLH in CD70 Tg mice that do express CD27. Despite lower B cell 

numbers, caused by excessive IFN-y secretion in these mice21, the serum TNP-specific IgM 

antibody levels were increased as compared to WT mice whereas lower NP-specific IgG titers 

were found (Figure 7C). In CD70 Tg mice on an IFN-y deficient background, which have normal 

B cell numbers21, decreased TNP-specific IgG levels and similar IgM levels were found (Figure 

7D). Together, the in vitro and in vivo data suggest an inhibitory effect of CD70 ligation on the 

differentiation of IgG-secreting plasma cells. 
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Figure 6. CD70 ligation inhibits 
immunoglobulin secretion. (A) 
Morphological characterization in 
response to CD70 ligation. Enriched 
CD27 x CD70 Tg B cells were 
stimulated with LPS or anti-CD40 
mAb in presence or absence of 
CD70 triggering with 5 pg/ml anti-
CD70 mAb and at day 4 and 7 after 
stimulation cells were analyzed by 
staining with Jenner-Giemsa 
solution. Original magnification, 100 
x 10. (B) Decreased expression of 
the plasma cell marker CD 138 
(Syndecan-1) after CD70 ligation. 
Purified CD27 x CD70 Tg B cells 
stimulated with LPS or anti-CD40 
mAb in presence (solid line) or 
absence (shaded histogram) of 
CD70 triggering with anti-CD70 
mAb were analyzed at day 4 after 
stimulation for CD 138 expression. 
Data are representative of three 
independent experiments. 
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Figure 7. CD70 ligation inhibits immunoglobulin secretion. (A) Immunoglobulin secretion after CD70 
ligation in vitro. Enriched CD27 x CD70 Tg B cells were stimulated with 1 pg/ml LPS in presence or 
absence of CD70 triggering with 5/.ig/ml anti-CD70 mAb. The immunoglobulin concentrations in the 
supernatant of the B cell cultures were measured by ELISA at day 7 after stimulation. Data are displayed 
as optical density (y-axis) versus 3-fold dilution steps (x-axis). The data shown are representative of three 
independent experiments. (B. C. D) T cell-dependent antibody response. (B) 6-week-old CD27"" xCD70 
Tg mice injected with 0.5 mg anti-CD70 mAb or control mAb, (C) wildtype versus CD70 Tg mice and (D) 
IFN-y versus IFN-f~ x CD70 Tg mice were immunized with 100 /jg of TNP-KLH emulsified in alum. 
Isotype specific anti-TNP titers were determined in sera by TNP-specific ELISA on day 7 after 
immunization. Data are expressed as average values of five mice per group. 
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Discussion 
Effects of CD70 signaling on B cell terminal differentiation 
In the present study we have investigated the consequences of CD70 ligation in B cell activation 

and differentiation. By using B cells from mice constitutively expressing CD70, but lacking 

CD27, we were able to specifically examine the role of CD70 ligation without effects of CD27 

signals. Addition of CD70 mAb to these B cells promoted entry into the cell cycle (Figure 2) and 

altered expression of cell surface markers, especially in combination with TLR4, CD40 and IL-

4R derived signals (Figure 3, 5). Moreover, CD70 signaling inhibited plasma cell formation and 

IgG secretion (Figure 6, 7). 

Upon activation, B cells migrate towards the boundary of B and T cell zones due to altered 

expression of chemokine receptors31. At this particular site, B cells interact with activated, 

antigen-specific CD4+T cells, receiving costimulatory signals. Since activated B cells express 

CD7016'17 and activated T cells highly express CD2732, it might be that costimulation also occurs 

through CD70. In addition, expression of both CD70 and CD27 has been demonstrated on 

germinal center B cells in mice (Y. Xiao and J. Borst, unpublished data) and in human33. Thus 

signaling through CD70 on B cells at the T-B cell boundary as well as in germinal centers might 

influence the outcome of humoral immune responses. 

A previous study showed that addition of CD27 transfected cells to T-cell dependent human B 

cell cultures resulted in marked decreased IgG levels22, which may now be explained by our 

observation that signaling through CD70 inhibits IgG production. Although CD70 ligation 

promoted cell cycle entry, in presence of LPS or anti-CD40 mAb the CD70-triggered B cells 

underwent less cell divisions than cycling B cells without CD70 stimulation. This may explain the 

inhibitory effect of CD70 ligation on IgG production, given that IgG isotype switching is related to 

cell division number34. In contrast to the effects of CD70 signaling, signaling through CD27 on B 

cells results in enhanced plasma cell formation and increased IgG production22"24. Thus CD70 

and CD27-transduced signals in B cells appear to have opposing effects in the fine-tuning of B 

cell responses. 

Signal transduction pathways induced by CD70 signaling 

Although signaling through TNF receptor family members by the TRAF and death domain, have 

been extensively studied2, relatively little is known about the downstream signaling pathways 

employed by TNF family members. Although the cytoplasmic domains of individual TNF family 

members are evolutionary conserved across species, comparison between different family 

members showed relatively little homology and therefore provided no clues as to a generic 

signaling mechanisms used. It has been reported that a casein kinase I (CKI) consensus 

sequence is conserved in the cytoplasmic domains of human and mouse TNF, CD40L, CD95L, 

CD30L, 4-1 BBL, and of human, but not mouse CD7035. However, signaling properties have 

been described of TNF ligand family members lacking CKI motifs including OX40L, TRANCE, 

TRAIL, and mouse CD70 (our results). By deletion mutant studies it was shown that the 

sequence RPRFER of the cytoplasmic portion of OX40L was important for induction of c-jun and 

c-fos36. Furthermore, involvement of p38 MAPK was found in signaling through TRANCE9 and 

TRAIL10 on T cells. Here we found that signaling through murine CD70 on B cells results in 

phosphorylation of both AKT and ERK, being direct targets of PI3K and MEK, respectively 

(Figure 4). The activation of AKT and ERK likely associates with the response of the CD70-

triggered B cell, since these pathways are critically involved in anti-apoptotic signal transduction 

as well as cell cycle progression. Although it has been shown that BCR-induced phosphorylation 
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of ERK is dependent on PI3K via the Ras pathway , we found that CD70 triggering can activate 

MEK in a PI3K-independent manner. This implies either a common upstream signaling 

intermediate or multiple independent signaling pathways initiated by CD70 signaling. 

Role of CD70 signaling in malignancies 

Besides the restricted expression of CD70 in normal tissues, strong CD70 expression was found 

on Hodgkin's lymphoma, B-cell chronic lymphocytic leukemia and large B-cell lymphomas25"27. 

In addition to these hematological malignancies CD70 has also been reported to be present on 

various other malignancies28"30. The apparent deregulated expression of CD70 on malignant B 

cells suggests that CD70 might function as an agonistic receptor for malignant B cell growth27. A 

possible role for this interaction in lymphomagenesis is suggested by the observations that 

aggressive non-Hodgkin's lymphomas abundantly express CD70 and that blastoid 

transformation of mantle cell lymphoma coincides with the upregulation of CD7038. In this 

respect it is of interest to note the paradox that certain malignancies with a poor prognosis (e.g. 

Hodgkin's disease and anaplastic larger cell lymphoma) are characterized by a high infiltration 

of T cells3940. Potentially these infiltrating T cells can provide the CD27 as ligand for CD70 on 

the tumor cell. Alternatively, some tumor cells express CD70 together with CD27, suggesting 

that this interaction may constitute an autocrine circuit regulating malignant cell function. 

Taken together, our results provide evidence that signals through the TNF family member CD70 

in B cells results in enhanced cell cycle entry while preventing differentiation into IgG secreting 

plasma cells. We also suggest that CD70 signaling might be important in CD70-expressing 

malignancies. Therefore, modulation of the CD70 signaling pathway might be able to control the 

extent of (malignant) B cell responses and potentially provide therapeutic benefits to treat 

certain immune system disorders. 
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Materials and Methods 
Animals 

C57BL/6, CD27" 2 0 , CD70 Tg21 and CD27"'" x CD70 Tg mice on a B6 background were bred and 
maintained in the facilities of the Netherlands Cancer Institute. All mice used were 6-12 week-old. All 
animal experiments were performed according to institutional and national guidelines. 

Immunization and adoptive transfers 

Mice were immunized by intraperitoneal injection with 100 ug TNP-KLH emulsified in alum (Biosearch 
Technologies, Novato, CA). Sera were collected at day 0, 7, and 14. Anti-TNP-specific immunoglobulin 
(Ig) levels were determined by ELISA as described below. In vivo CD70 crosslinking was accomplished 
by intraperitoneal injection with 0.5 mg anti-mouse CD70 mAb (clone 6D8). For adoptive transfer purified 
splenic B cells (20 x 106) were resuspended in PBS and injected intravenously. 

B cell purification 
Single-cell suspensions of splenocytes were obtained by mincing through cell strainers, and erythrocytes 
were lysed with ammonium chloride solution. B cells were positively enriched by using CD19 MACS 
microbeads and the MACS system according to the manufacturers guidelines (Miltenyi Biotec, Bergisch 
Gladbach, Germany). The purity of the isolated cells was verified by flow cytometric analysis (>95% 
B220+). 

Determination of B cell characteristics in vitro 
Cell Culture. Purified B cells were cultured in IMDM medium (Gibco BRL, Gaithersburg, MD) 
supplemented with 10% heat-inactivated FCS, L-glutamine, gentamycin, and 5 x 10"5 M p-
mercaptoethanol. B cells were seeded at 1 or 5 x 105 cells/well in a final volume of 200 ul in 96-well flat-
bottom plates and incubated for the indicated time periods at 37°C in a humidified atmosphere containing 
5% C 0 2 . 

B cell activation. Cells were stimulated with various concentrations of either LPS (Sigma), anti-CD40 mAb 
(clone HM-40.3, Pharmingen), goat-anti-mouse-IgM F(ab')2 (Jackson ImmunoResearch, West Grove, PA), 
or IL-4 (50 units/ml) in presence or absence of anti-mouse CD70 mAb (clone 6D8). 
B cell proliferation assays. Cultures were pulsed with 0.2 |.iCi of [3H]-thymidine during the last 16 h of 3 
days, and incorporation was determined by using an automatic cell harvester and liquid scintillation 
counter. Data are displayed as mean ± SEM of triplicate cultures. Each experiment was performed three 
times yielding similar results, and the results of one representative experiment are shown. 
Cell cycle analysis. Cell cycle progression was analyzed by flow cytometry using CFSE 
(carboxyfluorescein diacetate succinimidyl ester). B cells (1 x 107) were washed three times with PBS, 
and subsequently CFSE was added to a final concentration of 5 uM in PBS. After 10 min at 37°C, labeling 
was stopped by adding 10% FCS-containing IMDM and cells were washed two times. CFSE labeled cells 
were cultured as described above with 0.25 ug/ml LPS or 1 ug/ml anti-CD40 in presence of anti-CD70 
mAb or control mAb for 2, 3 or 4 days. 

Inhibition of signal transduction pathways. The following signaling inhibitors were used: SB203580 at 10 
uM (Calbiochem), LY294002 at 10 uM (Sigma), rapamycine at 2 ng/ml (Sigma; all three kindly provided 
by L. Evers), PP1 at 10 uM. (Sanver Tech; kind gift from H. Versteeg), pertussis toxin at 100 ng/ml 
(Sigma; kindly provided by J. Wormmeester), PD98059 at 50 uM (Biomol) and U0126 at 10 uM (Biomol). 
All stock solutions were made in DMSO, except for rapamycin and pertussis toxin, which were dissolved 
in ethanol and RPMI, respectively. Purified B cells were pretreated with the inhibitors for 1 hour at 37°C 
prior to activation and the inhibitors were present in culture during the stimulation period. 
Morphological analysis. After 4 or 7 days culturing, B cells (3 x 104) were mounted on a glass slide by 
cytospin and fixed with 70% methanol for 3 min, followed by incubation with Jenner solution for 3 min and 
Giemsa staining solution for 13 min. 
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Flow Cytometry 

Cells (1-4x105) were incubated with antibodies for 30 min at 4CC in staining buffer (PBS containing 0.5% 
BSA and 0.05% azide). All stainings included preincubation with the anti-Fc receptor (CD16/CD32) 
antibody 2.4G2 (Pharmingen) to reduce Fc receptor-mediated binding. Propidium iodide (2 ug/ml) was 
added to samples before acquisition to exclude apoptotic or necrotic cells. Data acquisition was 
performed with FACS Calibur and analysis was carried out using CellQuestPro software (Becton 
Dickinson). Monoclonal antibodies used were: FITC, PE, or APC-labeled anti-B220. CD21/CD35, CD23. 
CD25, CD44, CD54, CD62L, CD69, CD86. CD95, CD138 and GL-7 (Pharmingen). FITC-labeled anti-IgM 
and PE-labeled anti-lgD were purchased from Southern Biotechnology Association. 

Determination of immunoglobulin titers by ELISA 

Maxisorb 96-well plates (Nunc, Roskilde. Denmark) were coated with 1 ug/ml TNP-BSA in 0.1 M 
sodiumcarbonate buffer (pH 9.7) for 16 hours at 4 'C . After blocking for 1 h with 2 % milk in PBS at room 
temperature, sera was added at an initial dilution of 1:100 with high performance ELISA (HPE) buffer CLB 
and 1:3 sequential dilutions and incubated for 3 h at room temperature. Plates were subsequently washed 
6 times and incubated with 0.1 ug/ml biotinylated rat-anti-mouse-lg (Southern Biotechnology Associates, 
Birmingham, AL) of the indicated isotype in HPE buffer for 1 hour at room temperature. After washing, 
plates were incubated with streptavidin-conjugated horse radish peroxidase streptavidin-HRP for 45 min, 
washed and developed with TMB substrate. The reaction was stopped with 2 M H2S04 and OD was 
measured at 450 nm. 

For measurement of Ig concentrations in 7-day-old cultures, plates were coated with 1 ug/ml unlabeled 
rat-anti-mouse-lg of the indicated isotype and collected supernatant were 1:10 diluted in HPE buffer. 
Subsequent steps were performed as described above. Ig concentrations were calculated from linear 
standard curves generated with affinity-purified mouse Ig (SBA). 

Immunoblotting 

B cells (1 x 107) were stimulated with anti-CD70 mAb (25 ug/ml) for 5 and 15 min, and subsequently lysed 
in ice-cold lysis buffer (50 mM Tris-HCI (pH 7.4), 1 % NP-40, 137.5 mM NaVI, 1 % glycerol, 1 mM sodium 
orthovanadate and 0.5 mM EDTA (pH 8.0). After centrifugation, cell lysates were resolved by 9% or 
10,5% SDS-PAGE and electroblotted to PVDF membrane. Blots were blocked in 2 % milk and incubated 
with primary antibodies. Anti-PKB, anti-phosphoPKB, anti-ERK1/2, and anti-phoshoERK1/2 antibodies 
were purchased from Cell Signaling Technology. After incubation with horseradish peroxidase-conjugated 
goat anti-rabbit, bound immunoglobulins were detected using enhanced chemiluminescence (ECL; 
Amersham Biotech) according to manufacturer's instructions. 
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