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ABSTRACT
Objective: Assess whether CD70+ B cells contribute to EAE.

Materials and Methods: MOG-specific TCR transgenic mice (2D2) were crossed 
with mice with constitutive CD70 expression on B cells. The development of EAE 
and the phenotype of B-T lymphocytes were studied in 2D2xCD70 animals. 

Results: Spontaneous EAE developed in 20% of 2D2xCD70 and 3% of 2D2 mice. EAE 
was also more severe in 2D2xCD70 versus 2D2 animals upon MOG immunization. 
The susceptibility of 2D2xCD70 to EAE was associated with fewer FoxP3+ T cells. 

Conclusions: Expression of CD70 by B cells aggravates EAE possibly by reducing 
the number of regulatory T cells.
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INTRODUCTION
B lymphocytes play important pathogenic roles in a wide variety of autoimmune 
diseases, as demonstrated by the association of autoimmune diseases with single 
nucleotide polymorphisms (SNPs) in molecules related to BCR signaling (1-4), 
defects in B cell central tolerance check points (5,6), the presence of disease-
specific autoantibodies (7-9), and the clinical efficacy of B cell directed therapies 
in diseases such as rheumatoid arthritis (10,11), type 1 diabetes (12) and systemic 
lupus erythematosus (13-16). B cells also play a pivotal role in autoimmune 
diseases that are considered driven by pathogenic T cells, with multiple sclerosis 
(MS) as prototypical example. MS does not display the genetic risk factors for B 
cell autoimmunity such as PTPN22 SNPs, and myelin-directed autoantibodies 
are not thought to be fully pathogenic (17-19). However, B cell depletion has a 
beneficial effect in this T cell mediated disorder (20). These findings in patients 
are paralleled by studies in myelin oligodendrocyte glycoprotein (MOG)-induced 
experimental autoimmune encephalomyelitis (EAE). This experimental MS model is 
heavily dependent on B cells (21, 22), even though knock-in of an MOG-reactive IgH 
gene does not result in pathology despite increased autoantibody titers (23). Using 
MOG-specific TCR transgenic animals (24), we demonstrated that MOG-specific B 
cells contribute to pathology by capturing, processing and presenting autoantigen 
to autoreactive T cells, hence triggering pathogenic T cell autoimmunity rather than 
by increasing autoantibody titers (25,26)

Besides TCR triggering by the MHC-antigen complex, T cell activation requires 
adequate costimulation by antigen presenting cells (APC) through molecular 
complexes such as CD40-CD40L (27,28), CD80/86-CD28 (29,30), ICOS-ICOSL 
(31,32), and CD70-CD27 (33,34). Most costimulatory molecules are not constitutively 
expressed on APCs but upregulated upon activation. Upregulation of costimulatory 
molecules is not only required for appropriate protective immune responses but 
also plays an important role in autoimmune disease as interference with these 
signals leads to significant protection in many experimental autoimmune models 
(35). Similarly, abrogation of CD80/86 costimulation by CTLA4-Ig treatment is a 
highly effective treatment for human RA (36). 

The role of B cells as APCs in T cell-mediated autoimmune diseases and the fact 
that costimulation can lower the activation threshold of T lymphocytes to allow a 
more diverse T cell response (37), raise the question whether altered expression 
of costimulatory molecules on B cells would be sufficient to activate self-reactive T 
cells and trigger the progression from autoimmunity to overt autoimmune disease. 
To address this issue, we crossed MOG-specific TCR transgenic mice (2D2 mice) in 
which 5% of the animals develop spontaneous EAE (24), with mice constitutively 
expressing CD70 on B lymphocytes (38). We previously reported that B cell specific 
CD70 overexpression on a wild type TCR background induces strong activation 
of T lymphocytes and IFNγ production by effector T cells (38). In this study, we 
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hypothesized that CD70 overexpression on B cells would have a similar effect on 
the MOG-specific autoreactive T cells, thus leading to a higher incidence and/or 
severity of EAE. If strong costimulation could cause overt autoimmune disease by 
modulating either the amplitude or the quality of the pathogenic and/or regulatory 
T cell response, the CD27-CD70 pathway could become a good therapeutic target 
in MS. Our results supported our hypothesis and showed that CD70 costimulation 
indeed triggered overt EAE, nevertheless, no changes were observed in the T cell 
effector compartment but rather in the regulatory T cell subset. 

MATERIALS AND METHODS
Ethics Statement

All animal experiments were performed according to The Netherlands local 
regulations and approved by the Animal Ethics Committee of the Academic Medical 
Center/University of Amsterdam. 

Animals

2D2 transgenic C57BL/6J mice were provided by Dr. V. Kuchroo (Harvard Medical 
School, Boston, MA) (24). CD70 F12 transgenic animals (38) were housed under 
SPF conditions in the animal facility of the Academic Medical Center/University 
of Amsterdam (Amsterdam, The Netherlands). 2D2 mice were crossed with CD70 
mice and the F1 generation of 2D2 and 2D2xCD70 littermates was used for EAE 
experiments. 

Experimental Autoimmune Encephalomyelitis

Non-immunized mice (32 control 2D2 mice and 44 2D2xCD70 littermates) were 
observed for 20 weeks for the development of spontaneous EAE. In a second set of 
experiments, EAE was induced by subcutaneous immunization of 7-8 week old mice 
(16 control 2D2 animals and 18 2D2xCD70 littermates) with 13 μg of recombinant rat 
myelin oligodendrocyte glycoprotein (MOG) (amino acid residues 1-125) (AnaSpec, 
Freemont CA) emulsified in complete Freund’s adjuvant (CFA) (Chondrex, Bellevue 
WA) and supplemented with 400 μg/ml of M. tuberculosis (Difco Laboratories, 
Sparks MD). Additionally, mice were injected intravenously on days 0 and 2 with 
200  ng of pertussis toxin (Sigma-Aldrich, St. Louis MI). The animals were scored 
daily for clinical signs of EAE on a 5-point scale: 0 = no disease; 1 = decreased tail 
tone; 2 = hind-limb weakness or partial paralysis; 3 = complete hind-limb paralysis; 
4 = front and hind limb paralysis. 

Serology

For the analysis of MOG-specific autoantibodies, we collected plasma from mice 
in homeostatic conditions or after immunization with MOG protein. IgG antibodies 
specific for MOG were determined using the Anti-MOG (1-125aa) IgG ELISA Kit 
(AnaSpec) following the manufacturer’s recommendations.
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Flow cytometric detection of surface proteins

Spleens were collected from non-immunized mice and from animals immunized with 
MOG. Single-cell suspensions were obtained, erythrocytes removed, and cells were 
stained at 4˚C with the indicated fluorochrome-conjugated anti-mouse monoclonal 
antibodies for surface markers or with isotype- and concentration-matched control 
antibodies. Antibodies used in this study included Alexa700-conjugated anti-CD3, 
Alexa700-conjugated anti-CD4, phycoerythrin (PE)-Cy7-conjugated anti-CD4, Alexa 
780-conjugated anti-CD8, PE-conjugated anti-vβ11, FITC-conjugated anti-CD44 
and APC-conjugated anti-CD62L (all eBioscience, San Diego, CA). Flow cytometric 
analysis was performed and analyzed using a 7-color FACS Canto (BD Biosciences, 
San Jose CA) and FlowJo software (Tree Star Inc., Ashland OR). The results are 
expressed as percentage of positive cells. 

Analysis of T cell survival

To assess apoptosis and survival capacity, splenic T cells were recovered and 
stimulated for 72 hours in vitro with MOG protein or anti-CD3/CD28 antibodies. 
Staining with 7-aminoactiomycin D (BD Biosciences) and APC-conjugated Annexin-V 
were used to quantify apoptotic and necrotic cells. The results are expressed as 
percentage of positive cells.

Analysis of T cell cytokine production. 

Splenic T cells were cultured in RPMI supplemented with 10% FCS, β-mercaptoethanol, 
L-glutamine, gentamicin sulfate and penicillin/streptomycin, and stimulated in 96-well 
plates for 6 hours with phorbol myristate acetate (PMA, 10 ng/ml; Sigma-Aldrich) 
and ionomycin (1 μM; Sigma-Aldrich). Alternatively, cells were stimulated with MOG 
protein (0.6, 1.6, 3 or 15 μg/ml; AnaSpec, Freemont, USA) or anti-CD3 (1 μg/ml) 
and anti-CD28 antibodies (1 μg/ml) (both kindly provided by Dr. L. Boon, Bioceros 
BV, Utrecht, NL) for 48 hours. For the detection of intracellular cytokines, Brefeldin 
A (5μg/ml; Sigma-Aldrich) was added for the last 4 hours of culture, and cells were 
fixed and permeabilized using an intracellular staining kit (BD BioSciences). Cells 
were stained with Alexa 488-conjugated anti-IL-17, PerCP-Cy5.5-conjugated anti-
IFNγ, PE-Cy7-conjugated anti-IL-2, and APC-conjugated anti-TNFα (eBiosciences). 

Flow cytometric detection of FoxP3+ T cells

To quantify the percentage of FoxP3+ cells, splenic lymphocytes were recovered, 
fixed and permeabilized with the FoxP3+ Transcription Factor Staining Buffer Set 
(eBiosciences), and stained at 4˚C with the indicated fluorochrome-conjugated anti-
mouse monoclonal antibodies or with isotype- and concentration-matched control 
antibodies: Alexa700-conjugated anti-CD3, phycoerythrin (PE)-Cy7-conjugated 
anti-CD4, Alexa 780-conjugated anti-CD8, PE-conjugated anti-vβ11 and APC-
conjugated anti-FoxP3 (eBioscience). To assess the effect of CD70 overexpression 
on FoxP3 positive T cells in vitro, CD4+ and B220+ cells were purified from splenic 
single-cell suspensions using anti-CD4 and anti-CD19 antibodies conjugated 
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to magnetic beads and MS columns (Miltenyi Biotec GmbH, Bergisch Gladbach, 
Germany). Cocultures of 5 x106 T and 5 x106 B cells/ml were set up in RPMI 
supplemented with 10% FCS, β-mercaptoethanol, L-glutamine, gentamicin sulfate 
and penicillin/streptomycin. Cells were cultured in 96-well plates with medium 
alone or medium supplemented with MOG peptide (1, 3 or 10 μg/ml; GenScript, 
Piscataway, NJ) or anti-CD3 (1 μg/ml) and anti-CD28 antibodies (1 μg/ml) (both 
provided by Dr. L. Boon, Bioceros BV, Utrecht, NL). Cells were recovered after 72 
hours and stained as indicated previously.

Statistics 

Gehan-Breslow-Wilcoxon test was used to compare the incidence of EAE between 
groups of mice. Flow cytometric data were compared using Mann-Whitney non-
parametrical t-test. P-values ≤ 0.05 were considered statistically significant. 

RESULTS
B cell-specific CD70 overexpression increased the susceptibility to EAE 

Non-immunized 2D2 single transgenic mice and 2D2xCD70 mice were monitored 
daily for the development of spontaneous EAE up to 20 weeks of age. In line with 
published data (24), only 1/32 (3%) 2D2 mice developed signs of neurological 
disease, starting at week 10 and reaching a maximal EAE score of 2. In contrast, 20% 
of the 2D2xCD70 mice (9/44, p=0.03) developed spontaneous EAE (Figure 1A). The 
median disease onset was 12 weeks (range: 5-17), the median maximum score was 
3 (range: 1-4), and the signs of disease followed the classical pattern of progressive 
paralysis from tail to hind limbs to front limbs. The severity of EAE, estimated by 
comparing the area under the curve of clinical scores in time per group, was also 
significantly higher in the 2D2xCD70 mice than in the 2D2 mice (p=0.03, Figure 1B). 

To study whether the constitutive expression of CD70 on B cells also enhanced the 
development of autoimmune disease after MOG immunization, 2D2 and 2D2xCD70 
animals were injected with a low dose of recombinant MOG protein in CFA. As CD70 
transgenic mice are characterized by a profound B cell depletion, we immunized 
the mice between week 7 and 8 of age because the number of B cells was still 
comparable between 2D2 and 2D2xCD70 mice at that age (data not shown). Clinical 
monitoring during 10 days indicated that upon immunization, EAE developed in 31% 
(5/16) of the single transgenic 2D2 mice versus 72% (13/18) of the 2D2xCD70 animals 
(p=0.012)(Figure 1C). Signs of disease appeared in both groups around the same 
time (2D2: median day 9 (range: 6-9 days) versus 2D2xCD70: median day 8 (range: 
8-9 days)). Nonetheless, the severity of EAE indicated by the area under the curve of 
the clinical scores of all animals per group, was significantly higher in the 2D2xCD70 
animals (p=0.02, Figure 1D). We were not able to observe disease over a longer time 
period as it is known that mice of the 2D2 background develop EAE of great severity 
upon immunization (24). However, the data of these two experiments demonstrated 
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that CD70 overexpression on B cells is sufficient to promote progression towards 
full-blown autoimmune disease in MOG-specific TCR transgenic animals. 

CD70 overexpression did not alter the B cell compartment in EAE 

As CD70 ligation can influence B cell proliferation and activation by reverse signaling 
(39), but also induces B cell depletion due to the formation of IFNγ producing T cells 
(38), we investigated whether the increased EAE susceptibility of the 2D2xCD70 
animals was associated with alterations in the B cell compartment. Non-immunized 
2D2 and 2D2xCD70 mice showed comparable numbers of splenic B cells at week 
7, but analysis at later time points indicated a progressive and significant drop 
in B cell numbers in 2D2xCD70 mice (p=0.004 at week 9 and p=0.009 at week 
12)(Figure 2A and 2B), suggesting that also in this model chronic costimulation 
through CD70 leads to B cell depletion over time (38). Immunization with MOG 
protein at week 7 did not influence B cell numbers as flow cytometric analysis 10 
days after immunization showed similar percentages of CD19+ cells in the spleen 
of 2D2 controls and 2D2xCD70 double transgenic mice (28% (23-29) versus 28% 
(23-34)) (Figure 2C). Further phenotypic and functional analysis of the splenic B cell 

Figure 1. EAE development in 2D2xCD70 mice. 2D2xCD70 and 2D2 mice were observed 
from 6 to 20 weeks of age to record the development of spontaneous EAE. Neurological 
signs of disease were scored daily. At the end of the experiment, the incidence (A) and the 
severity (B) of spontaneous EAE were compared between groups. In a second experiment, 
2D2xCD70 and 2D2 mice were immunized with a low dose of recombinant MOG protein. The 
development of EAE was monitored for 10 days and the neurological signs of disease were 
scored daily. The incidence (C) and the severity (D) of EAE were compared between groups. 
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population in immunized mice revealed similar numbers of CD19+ B cells with the 
CD5+ regulatory phenotype (12% (10-14) in 2D2 versus 10% (8-12) in 2D2xCD70)
(Figure 2D). Upon ex vivo stimulation with PMA/Ionomycin/LPS, a similar number 
of IL-10 producing CD5+ CD19+ B cells (data not shown) and a tendency towards 
decreased TNF expression by B cells in 2D2xCD70 mice (6% (5-7)) versus 2D2 
littermates (8% (6-9); p=0.054) were observed (Figure 2E). As to the potential 
impact of constitutive CD70 costimulation on autoantibodies, ELISA measurement 
of serum anti-MOG antibody levels at week 20 in non immunized mice actually 
revealed decreased titers in 2D2xCD70 mice (median OD: 0.08 (0.03-0.13)) versus 

Figure 2. Effect of CD70 costimulation on B cells. Blood was collected from 2D2xCD70 and 
2D2 mice in homeostatic conditions at 9 weeks (A) and 12 weeks (B) of age and the percentage 
of CD19+ B cells was determined by flow cytometry. 2D2xCD70 and 2D2 littermates were 
immunized with a low dose of MOG protein. At the peak of disease the frequency of CD19+ 
(C) and CD5+ regulatory B cells (D) in the spleen were determined by flow cytometry. The 
percentage of TNF producing B cells (E) was also determined by intracellular staining after 
ex-vivo re-stimulation. Serum was collected from non immunized 2D2xCD70 and 2D2 mice 
and the titers of anti-MOG autoantibodies were determined by ELISA (F).
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2D2 mice (median OD: 0.20, (0.16-0.23)) (Figure 2F). This observation was consistent 
with the phenotype of the CD70 single transgenic mice which show ablation of IgG 
antibodies (38). Taken together, alterations in B cell numbers and function did not 
explain the increased susceptibility of 2D2xCD70 mice to EAE as the decreases in 
B cells and autoantibodies are more compatible with protection against disease 
progression (40,41)

CD70 overexpression by B cells increased the number of autoreactive T cells 

Constitutive CD70 expression by B cells in TCR wild type mice leads to a significant 
expansion of effector CD4 and CD8 T cells through increased survival (37,38,42). 
A similar effect was observed in the 2D2 background as MOG-immunized animals 
displayed a similar overall splenic cellularity but an increase of the CD4+ T cells in 
2D2xCD70 mice (28% (26-31)) versus 2D2 littermate controls (22% (18-27); p=0.03) 
(Figure 3A). Additional characterization of the autoreactive T cell receptor showed that 
vβ11+ CD4+ T lymphocytes represented 25% (23-29) of the total lymphocyte pool in 
2D2xCD70 mice versus 20% (16-25) in 2D2 single transgenic animals immunized with 
MOG protein (p=0.028) (Figure 3B). Analysis of non immunized animals at week 12 
did not reveal a similar expansion of CD4+ T cells (28 vs 32%) (Figure 3C) or vβ11+ 

Figure 3. Effect of CD70 costimulation on the size of the T cell compartment. 2D2xCD70 
and 2D2 littermates were immunized with a low dose of MOG protein. The frequency of 
CD4+ (A) and vβ11+ CD4+ T cells (B) in the spleen were determined by flow cytometry 
10 days after immunization. As comparison, the frequency of CD4+ (C) and vβ11+ CD4+ T 
cells (D) was determined in peripheral blood of 2D2xCD70 and 2D2 mice in homeostatic 
conditions at 12 weeks of age. 
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CD4+ T cells (27 vs. 31% at week 12) (Figure 3D) in 2D2xCD70 versus 2D2 mice, thus 
confirming that this expansion was driven by the immunization with the autoantigen. 

To assess whether the expansion of the autoreactive CD4+ T cell pool in 2D2xCD70 
mice was related to enhanced T cell survival upon antigenic stimulation, we collected 
splenocytes from mice immunized in vivo with MOG, restimulated them in vitro with the 
same antigen and measured T cell survival by 7-AAD staining. CD4+ T cells of 2D2xCD70 
mice showed a significant albeit small survival advantage in comparison with 2D2 mice 
(p=0.04 after restimulation with 1.6 ug MOG/ml, p= 0.04 with 5 ug MOG/ ml; p=0.03 
with 15 ug MOG/ml). This difference was not observed upon non-specific stimulation 
with anti-CD3/CD28 and upon MOG stimulation of splenocytes obtained from non 
immunized animals (data not shown). The frequency of CD8+ T cells, which is very small 
in the 2D2 genetic background, was not different between 2D2 and 2D2xCD70 mice 
(data not shown). Taken together, these results indicate that constitutive expression of 
CD70 by B cells increases the size of the autoreactive T cell pool in the 2D2xCD70 mice, 
probably as a result of increased survival after in vivo priming. 

Constitutive CD70 expression by B cells did not alter the effector profile of 
autoreactive T cells

We next assessed whether the increase of autoreactive T cells upon MOG 
immunization in 2D2xCD70 mice was associated with an altered effector profile. 
Analysis of splenic vβ11+ autoreactive T cells, however, did not show a shift towards 
CD44+CD62L- effector cells in immunized 2D2xCD70 (10% (6-11)) versus 2D2 mice 
(8% (6-10)) (Figure 4A). Similarly, no differences were observed in the CD44+CD62L+ 
central memory and the CD44-CD62L+ naïve subsets (Figure 4B and C). 

As both Th1 and Th17 cells play a pathogenic role in EAE (43,44), we next 
assessed whether B cell specific CD70 overexpression had a qualitative rather than 
quantitative effect on effector T cells. In vitro PMA/ionomycine restimulation of 
splenocytes recovered after in vivo immunization with MOG revealed equivalent 
expression of IFNγ (12% (8-16) versus 12% (10-15)) (Figure 5A), IL-17 (6% (3-7) versus 

Figure 4. Effect of CD70 costimulation on the effector profile of T cells. 2D2xCD70 and 
2D2 littermates were immunized with a low dose of MOG protein. The frequencies of 
CD44+CD62L- (A), CD44+CD62L+ (B) and CD44-CD62L- (C) vβ11+ CD4+ T cells in the 
spleen were determined by flow cytometry 10 days after immunization. 
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5% (4-7)) (Figure 5B), and IL-2 (16% (11-18) versus 13% (11-16)) (Figure 5C) by CD4+ 
T lymphocytes in 2D2 versus 2D2xCD70 mice. However, 2D2xCD70 splenocytes 
contained fewer TNFα producing CD4 T cells than the 2D2 controls (42% (34-44) 
versus 50% (45-53); p=0.02) (Figure 5D). Consistent with these data on PMA/
Ionomycin stimulation, in vitro restimulation with 0.6ug/ml and 1.6ug/ml of MOG led 
to a significant lower number of TNFα expressing autoreactive T cells in 2D2xCD70 
versus 2D2 mice (p=0.01 and p=0.03, respectively), but this difference disappeared 
at higher doses (Figure 5D). In summary, these data indicate that constitutive CD70 
overexpression by B cells did not alter the effector profile of autoreactive T cells in 
this model with the exception of slightly decreased TNFα production. 

Figure 5. Effect of CD70 costimulation on the cytokine profile of T cells. Splenocytes from 
immunized mice were re-stimulated ex-vivo with PMA-Ionomycin and the percentages 
of IFNγ (A), IL-17 (B), IL-2 (C) and TNFα (D) producing cells were determined by flow 
cytometry. Splenocytes from immunized mice were also cultured with medium alone, MOG 
protein or anti-CD3/anti-CD28 antibodies. The percentages of TNFα (E) producing cells 
were determined by flow cytometry. 
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The constitutive expression of CD70 on B cells decreased the frequency of 
FoxP3+ T cells

As we did not observe a clear qualitative shift in the autoimmune effector T cells, 
we finally assessed whether constitutive CD70 expression by B cells might have 
affected the size of the regulatory T cell pool in vivo. We collected splenocytes of 
the 2D2 and 2D2xCD70 animals immunized with MOG protein and analyzed the 
expression of the transcription factor FoxP3 by CD4+ specific T lymphocytes. The 
percentage of vβ11+CD4+ T cells positive for FoxP3 was significantly reduced in 
the 2D2xCD70 mice (3% (3-5)) versus the 2D2 littermate controls (6% (5-7); p=0.04)
(Figure 6A). A similar reduction in FoxP3 positive T cells was also observed in the 
vβ11- CD4+ T cell subset (7% (5-8) in 2D2xCD70 versus 10% (8-15) in 2D2; p<0.001)
(Figure 6B). To establish whether overexpression of CD70 by B cells also affected 
the generation of FoxP3+ regulatory T cells in vitro, we cultured naïve 2D2 T cells 
with CD70 expressing B cells in vitro for 72 hours in the presence of MOG and TGFβ 
and measured the differentiation of T lymphocytes into CD4+ FoxP3+ T cells. For 
all the doses of MOG peptide tested, the frequency of FoxP3 expressing T cells 
was significantly decreased when CD70+ B cells were used as antigen presenting 
cells in comparison with wild type B cells (Figure 6C). In conjunction with the ex vivo 
data, our results illustrate that CD70-mediated costimulation provided by B cells 
is sufficient to impair the formation of antigen-specific FoxP3+ CD4+ regulatory T 
cells, possibly enhancing the susceptibility to autoimmunity. 

Figure 6. Effect of CD70 costimulation on the regulatory T cell compartment. 2D2xCD70 
and 2D2 littermates were immunized with a low dose of MOG protein. The frequencies of 
FoxP3+ vβ11+ (A) and FoxP3+ vβ11- CD4+ T cells (B) in the spleen were determined by flow 
cytometry 10 days after immunization. CD4+ T lymphocytes from non immunized 2D2 mice 
were cultured with CD70+ or wild type B lymphocytes in medium alone, anti-CD3/anti-CD28 
antibodies or different doses of MOG peptide. The percentages of FoxP3+ vβ11+ CD4+ T 
cells were determined by flow cytometry (C). 

CD70+ B cells trigger progression to EAE4

74



DISCUSSION
The development of an adequate T cell response is a multi-step process requiring 
not only recognition of the antigen by the T cell receptor (signal 1) but also 
appropriate costimulation (signal 2) and instructive signals by cytokines (signal 3) to 
allow for proliferation, survival, and differentiation into specific effector cells. Over 
the last years, extensive work on CD70-CD27 has established that this costimulation 
pair plays an important role in determining the outcome of T cell responses (34). 
CD70, which is transiently expressed on activated lymphocytes and dendritic cells, 
can engage CD27 on naïve and recently activated CD4+ and CD8+ T cells and 
thereby contribute to the formation of the effector pool by inducing proliferation 
and survival. Using a model of constitutive CD70 expression by B cells, we previously 
demonstrated that chronic costimulation through CD70 can cause immunopathology 
by exhausting the T cell and B cell pools (38,45). The impact of CD70 stimulation 
in autoimmune disease though, has not been thoroughly explored. In contrast to 
overexpression of other costimulatory molecules such as OX40L(46) and LIGHT (47), 
mice with constitutive expression of CD70 by B cells did not develop spontaneously 
autoimmune phenomena. However, these data remain difficult to interpret as B cells, 
which play a crucial role in many autoimmune diseases, are rapidly and profoundly 
depleted in an IFNγ dependent way by activated T cells in these mice (38). This 
depletion also precludes the study of classical autoimmune models such as collagen-
induced arthritis and MOG-induced experimental autoimmune encephalomyelitis 
as B cells are crucial to the pathogenesis of these diseases (22,48-50). 

Here, we circumvented this issue by using 2D2 TCR transgenic animals with 
specificity to MOG. These mice display clear subclinical autoimmunity but only rarely 
progress spontaneously to overt autoimmune disease (24). B cell depletion in CD70 
transgenic mice is dependent on TCR-triggering (45). As in the 2D2 animals the 
majority of the peripheral T cells are specific for MOG, an autoantigen sequestered 
in the central nervous system, we hypothesized that unless autoimmune disease 
was triggered, only few (non-MOG specific) T cells would be activated by the 
CD70 overexpression and thus IFNγ dependent B cell depletion would be delayed 
and mild in the 2D2xCD70 mice versus the CD70 mice. In agreement with this 
hypothesis, we observed normal numbers of B cells at week 7 and progressive but 
incomplete B cell depletion at week 9 and 12. Hence, the 2D2 TCR transgenic 
mouse provides a unique opportunity to study the effect of constitutive CD70 
costimulation by B cells on autoimmunity in general and on the progression of 
autoimmunity to overt autoimmune disease in particular. Moreover, autoreactive T 
cells can be easily tracked in these animals by the use of the vβ11 TCR chain; and 
we and others previously demonstrated that, when EAE develops in them, B cells 
play an important role as antigen-presenting cells (25,26). 

Two types of experiments confirmed our hypothesis that CD70 costimulation 
can trigger and/or accelerate autoimmune disease. Firstly, 20% of the 2D2 mice 
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overexpressing CD70 spontaneously developed EAE without MOG immunization. 
To extend this observation, we immunized 7 weeks old mice with MOG and observed 
a similar increase in incidence and severity of EAE in the presence of constitutive 
CD70 costimulation. We used low dosages of MOG in these experiments as 2D2 
mice develop very severe EAE upon full immunization, even in the absence of 
CD70 costimulation (24). These data are in agreement with studies showing that 
blocking anti-CD70 antibodies can prevent PLP-induced EAE (51) and suppress 
Theiler’s murine encephalomyelitis virus-induced demyelinating disease (52). Taken 
together, these data consistently indicate that CD70-mediated costimulation plays 
an important role in the development of T cell-dependent CNS autoimmunity.

Further analysis confirmed that the mechanisms of increased autoimmunity in the 
presence of constitutive CD70 expression are related to T cell rather than B cell 
alterations. Indeed, the number, phenotype and cytokine production of B cells was 
not altered upon MOG immunization in CD70 versus WT animals. Moreover, we 
did not observe an increase of anti-MOG antibodies in the diseases 2D2xCD70 
animals versus the 2D2 littermates. In contrast with the B cell compartment, analysis 
of the T cells indicated two major alterations. Firstly, we observed an expansion of 
the autoreactive vβ11+ CD4+ T cell pool in the 2D2xCD70 mice. This expansion 
is triggered by antigen-exposure, as it was not observed in 12 weeks-old non-
immunized animals. In vitro analysis suggested that this accumulation is most likely 
due to enhanced survival of the autoreactive T cells. However, in contrast with 
previous reports under homeostatic conditions as well as in tumour and viral infection 
models (53), this expansion was not associated with a shift towards effector-memory 
T cells. Functional analysis of the autoreactive T cells did not show an increase 
of Th1 or Th17 responses and even a moderate impairment of TNFα production. 
This suggests that the timing and tuning of the CD70-CD27 costimulation may be 
different in this autoimmune model versus the previously studied models and/or 
that the TCR transgenic T cells are less susceptible to these effects. Alternatively, 
the autoreactive T cells triggered by CD70 and MOG to develop into Th1 skewed 
effector cells migrate rapidly from the periphery to the CNS and can therefore not 
be detected in the lymphoid tissues in this model. 

The second major alteration in the T cell pool was the decrease in vivo and in 
vitro in FoxP3+ regulatory T cells. Previous analysis did not show an impact of 
CD70 overexpression on the frequency and/or activation status of T regs under 
homeostatic conditions (54), but the influence of CD70 over the course of an 
immune reaction may be different. Interestingly, recent studies using CD70-
expressing B cells from non-Hodgkin’s lymphomas and chronic lymphocytic 
leukemia (55,56) indicated that CD70 can induce FoxP3 expression and thereby 
enhance formation and survival of Tregs. The CD27/CD70 pathway has also been 
shown to be essential for the generation of regulatory cells after intratracheal 
delivery of alloantigens (57). Although we observe the opposite effect in our 
autoimmune model, which may again be related to the timing and tuning of CD70 
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costimulation during the immune response as well as the availability of the antigen, 
the concept of regulation of regulatory T cells by costimulatory molecules is not 
novel. Indeed, GITR-GITRL interactions were shown to promote expansion of both 
effector and regulatory T cells (58) whereas OX40/OX40L costimulation affects the 
induction of Tregs by expanding the memory T cell pool (59). Similarly, signaling of 
B7 molecules through CD28 and CTLA4 has been shown to differentially affect the 
effector and regulatory T cell pool, with important functional consequences in vivo 
(60). Our data thus indicate that CD70/CD27 interactions can reciprocally modulate 
the balance between autoreactive effector and regulatory T cells in autoimmunity 
and this shift in the balance may explain the increased incidence and severity of 
EAE in 2D2xCD70 transgenic mice. 

The fact that enhanced expression of CD70 by B cells triggers EAE in this model 
provides further support for the concept that B lymphocytes may promote 
autoimmune disease through a variety of mechanisms. Besides terminal 
differentiation towards autoantibody-producing plasma cells, B cells appear to be 
potent antigen presenting cells able to steer autoreactive T cell responses. Their role 
in T cell activation appears not only to be determined by their BCR-related ability to 
capture and process autoantigens with high efficacy but also by their expression of 
costimulatory molecules. The transgenic overexpression model used in the present 
study may mimic to a certain extend the unchecked CD70 expression in humans 
during chronic viral infections and autoimmune diseases such as rheumatoid 
arthritis and systemic lupus erythematosus (61-63), or the CD70-CD27 interactions 
evidenced in rheumatoid arthritis (64). Strikingly, diseases such as RA and MS 
might be triggered by viral infections, including EBV infection of B cells (65-70), 
and show a profound clinical response to B cell depletion by anti-CD20 (11,71). 
Whether abnormal expression of CD70 by chronically activated B cells contributes 
directly to the pathogenesis of these diseases remains to be further investigated. 
Nevertheless, this study highlights the fact that, besides CTLA-4, the blockade of 
other costimulatory pairs such as CD70-CD27, may hold therapeutic potential in the 
treatment of MS and other autoimmune diseases. 

ACKNOWLEDGEMENTS
This study was partially supported by the Dutch Arthritis Foundation (Reumafonds). 
Dominique Baeten was supported by a VIDI grant of The Netherlands Organization 
for Scientific Research (NWO). 

4CD70+ B cells trigger progression to EAE

77



1. Habib T, Funk A, Rieck M et al. Altered B 
cell homeostasis is associated with type I 
diabetes and carriers of the PTPN22 allelic 
variant. J.Immunol. 2012;188:487-496.

2. Arechiga AF, Habib T, He Y et al. 
Cutting edge: the PTPN22 allelic 
variant associated with autoimmunity 
impairs B cell signaling. J.Immunol. 
2009;182:3343-3347.

3. Harley JB, Alarcon-Riquelme ME, Criswell 
LA et al. Genome-wide association 
scan in women with systemic lupus 
erythematosus identifies susceptibility 
variants in ITGAM, PXK, KIAA1542 and 
other loci. Nat.Genet. 2008;40:204-210.

4. Kozyrev SV, Abelson AK, Wojcik J et al. 
Functional variants in the B-cell gene 
BANK1 are associated with systemic 
lupus erythematosus. Nat.Genet. 
2008;40:211-216.

5. Menard L, Saadoun D, Isnardi I et al. The 
PTPN22 allele encoding an R620W variant 
interferes with the removal of developing 
autoreactive B cells in humans. J.Clin.
Invest 2011;121:3635-3644.

6. Yurasov S, Wardemann H, Hammersen J et 
al. Defective B cell tolerance checkpoints 
in systemic lupus erythematosus. J.Exp.
Med. 2005;201:703-711.

7. Arbuckle MR, McClain MT, Rubertone 
MV et al. Development of autoantibodies 
before the clinical onset of systemic 
lupus erythematosus. N.Engl.J.Med. 
2003;349:1526-1533.

8. Nielen MM, van SD, Reesink HW et al. 
Specific autoantibodies precede the 
symptoms of rheumatoid arthritis: a study 
of serial measurements in blood donors. 
Arthritis Rheum. 2004;50:380-386.

9. LaGasse JM, Brantley MS, Leech NJ et al. 
Successful prospective prediction of type 
1 diabetes in schoolchildren through 
multiple defined autoantibodies: an 
8-year follow-up of the Washington State 
Diabetes Prediction Study. Diabetes Care 
2002;25:505-511.

10. Edwards JC, Szczepanski L, Szechinski J 
et al. Efficacy of B-cell-targeted therapy 
with rituximab in patients with rheumatoid 
arthritis. N.Engl.J.Med. 2004;350:2572-
2581.

11. Dorner T, Kinnman N, Tak PP. Targeting B 
cells in immune-mediated inflammatory 
disease: a comprehensive review of 
mechanisms of action and identification 
of biomarkers. Pharmacol.Ther. 
2010;125:464-475.

12. Pescovitz MD, Greenbaum CJ, Krause-
Steinrauf H et al. Rituximab, B-lymphocyte 
depletion, and preservation of beta-cell 
function. N.Engl.J.Med. 2009;361:2143-
2152.

13. Looney RJ, Anolik JH, Campbell D et al. 
B cell depletion as a novel treatment for 
systemic lupus erythematosus: a phase 
I/II dose-escalation trial of rituximab. 
Arthritis Rheum. 2004;50:2580-2589.

14. Camous L, Melander C, Vallet M et al. 
Complete remission of lupus nephritis 
with rituximab and steroids for induction 
and rituximab alone for maintenance 
therapy. Am.J.Kidney Dis. 2008;52:346-
352.

15. van Vollenhoven RF, Gunnarsson I, 
Welin-Henriksson E et al. Biopsy-
verified response of severe lupus 
nephritis to treatment with rituximab 
(anti-CD20 monoclonal antibody) 
plus cyclophosphamide after biopsy-
documented failure to respond 
to cyclophosphamide alone. 
Scand.J.Rheumatol. 2004;33:423-427.

16. Gunnarsson I, Sundelin B, Jonsdottir T et 
al. Histopathologic and clinical outcome 
of rituximab treatment in patients with 
cyclophosphamide-resistant proliferative 
lupus nephritis. Arthritis Rheum. 
2007;56:1263-1272.

17. Genain CP, Nguyen MH, Letvin NL et al. 
Antibody facilitation of multiple sclerosis-
like lesions in a nonhuman primate. 
J.Clin.Invest 1995;96:2966-2974.

18. Linington C, Bradl M, Lassmann H et 
al. Augmentation of demyelination in 
rat acute allergic encephalomyelitis 
by circulating mouse monoclonal 
antibodies directed against a myelin/
oligodendrocyte glycoprotein. 
Am.J.Pathol. 1988;130:443-454.

19. Schluesener HJ, Sobel RA, Linington C et 
al. A monoclonal antibody against a myelin 
oligodendrocyte glycoprotein induces 

REFERENCE LIST

CD70+ B cells trigger progression to EAE4

78



relapses and demyelination in central 
nervous system autoimmune disease. 
J.Immunol. 1987;139:4016-4021.

20. Hauser SL, Waubant E, Arnold DL et 
al. B-cell depletion with rituximab in 
relapsing-remitting multiple sclerosis. 
N.Engl.J.Med. 2008;358:676-688.

21. Gausas J, Paterson PY, Day ED et al. 
Intact B-cell activity is essential for 
complete expression of experimental 
allergic encephalomyelitis in Lewis rats. 
Cell Immunol. 1982;72:360-366.

22. Lyons JA, San M, Happ MP et al. B cells 
are critical to induction of experimental 
allergic encephalomyelitis by protein but 
not by a short encephalitogenic peptide. 
Eur.J.Immunol. 1999;29:3432-3439.

23. Litzenburger T, Fassler R, Bauer J et al. 
B lymphocytes producing demyelinating 
autoantibodies: development and 
function in gene-targeted transgenic 
mice. J.Exp.Med. 1998;188:169-180.

24. Bettelli E, Pagany M, Weiner HL et al. 
Myelin oligodendrocyte glycoprotein-
specific T cell receptor transgenic mice 
develop spontaneous autoimmune optic 
neuritis. J.Exp.Med. 2003;197:1073-
1081.

25. Bettelli E, Baeten D, Jager A et al. Myelin 
oligodendrocyte glycoprotein-specific 
T and B cells cooperate to induce a 
Devic-like disease in mice. J.Clin.Invest 
2006;116:2393-2402.

26. Krishnamoorthy G, Lassmann H, Wekerle 
H et al. Spontaneous opticospinal 
encephalomyelitis in a double-
transgenic mouse model of autoimmune 
T cell/B cell cooperation. J.Clin.Invest 
2006;116:2385-2392.

27. Grewal IS and Flavell RA. The role of CD40 
ligand in costimulation and T-cell activation. 
Immunol.Rev. 1996;153:85-106.

28. Elgueta R, Benson MJ, de Vries VC et al. 
Molecular mechanism and function of 
CD40/CD40L engagement in the immune 
system. Immunol.Rev. 2009;229:152-172.

29. Carreno BM and Collins M. The B7 
family of ligands and its receptors: new 
pathways for costimulation and inhibition 
of immune responses. Annu.Rev.
Immunol. 2002;20:29-53.

30. Slavik JM, Hutchcroft JE, Bierer BE. 
CD28/CTLA-4 and CD80/CD86 families: 

signaling and function. Immunol.Res. 
1999;19:1-24.

31. Simpson TR, Quezada SA, Allison JP. 
Regulation of CD4 T cell activation 
and effector function by inducible 
costimulator (ICOS). Curr.Opin.Immunol. 
2010;22:326-332.

32. Shilling RA, Bandukwala HS, Sperling AI. 
Regulation of T:B cell interactions by the 
inducible costimulator molecule: does 
ICOS “induce” disease? Clin.Immunol. 
2006;121:13-18.

33. Denoeud J and Moser M. Role of 
CD27/CD70 pathway of activation in 
immunity and tolerance. J.Leukoc.Biol. 
2011;89:195-203.

34. Nolte MA, van Olffen RW, van Gisbergen 
KP et al. Timing and tuning of CD27-CD70 
interactions: the impact of signal strength 
in setting the balance between adaptive 
responses and immunopathology. 
Immunol.Rev. 2009;229:216-231.

35. Nurieva RI, Liu X, Dong C. Yin-Yang of 
costimulation: crucial controls of immune 
tolerance and function. Immunol.Rev. 
2009;229:88-100.

36. Kremer JM, Westhovens R, Leon M et 
al. Treatment of rheumatoid arthritis by 
selective inhibition of T-cell activation with 
fusion protein CTLA4Ig. N.Engl.J.Med. 
2003;349:1907-1915.

37. van Gisbergen KP, Klarenbeek PL, Kragten 
NA et al. The costimulatory molecule 
CD27 maintains clonally diverse CD8(+) 
T cell responses of low antigen affinity to 
protect against viral variants. Immunity. 
2011;35:97-108.

38. Arens R, Tesselaar K, Baars PA et al. 
Constitutive CD27/CD70 interaction 
induces expansion of effector-type T cells 
and results in IFNgamma-mediated B cell 
depletion. Immunity. 2001;15:801-812.

39. Arens R, Nolte MA, Tesselaar K et al. 
Signaling through CD70 regulates B 
cell activation and IgG production. 
J.Immunol. 2004;173:3901-3908.

40. Ait-Oufella H, Herbin O, Bouaziz JD et al. 
B cell depletion reduces the development 
of atherosclerosis in mice. J.Exp.Med. 
2010;207:1579-1587.

41. Ruddle NH, Bergman CM, McGrath KM 
et al. An antibody to lymphotoxin and 
tumor necrosis factor prevents transfer of 

4CD70+ B cells trigger progression to EAE

79



experimental allergic encephalomyelitis. 
J.Exp.Med. 1990;172:1193-1200.

42. Hendriks J, Xiao Y, Borst J. CD27 
promotes survival of activated T cells and 
complements CD28 in generation and 
establishment of the effector T cell pool. 
J.Exp.Med. 2003;198:1369-1380.

43. El-behi M, Rostami A, Ciric B. Current 
views on the roles of Th1 and Th17 
cells in experimental autoimmune 
encephalomyelitis. J.Neuroimmune.
Pharmacol. 2010;5:189-197.

44. Jager A, Dardalhon V, Sobel RA et 
al. Th1, Th17, and Th9 effector cells 
induce experimental autoimmune 
encephalomyelitis with different 
pathological phenotypes. J.Immunol. 
2009;183:7169-7177.

45. Tesselaar K, Arens R, van Schijndel GM 
et al. Lethal T cell immunodeficiency 
induced by chronic costimulation via 
CD27-CD70 interactions. Nat.Immunol. 
2003;4:49-54.

46. Murata K, Nose M, Ndhlovu LC et 
al. Constitutive OX40/OX40 ligand 
interaction induces autoimmune-like 
diseases. J.Immunol. 2002;169:4628-
4636.

47. Wang J, Lo JC, Foster A et al. The 
regulation of T cell homeostasis and 
autoimmunity by T cell-derived LIGHT. 
J.Clin.Invest 2001;108:1771-1780.

48. Carter NA, Rosser EC, Mauri C. IL-10 
produced by B cells is crucial for the 
suppression of Th17/ Th1 responses, 
induction of Tr1 cells and reduction of 
collagen-induced arthritis. Arthritis Res.
Ther. 2012;14:R32-

49. Cho YG, Cho ML, Min SY et al. Type 
II collagen autoimmunity in a mouse 
model of human rheumatoid arthritis. 
Autoimmun.Rev. 2007;7:65-70.

50. Brand DD, Kang AH, Rosloniec EF. 
Immunopathogenesis of collagen 
arthritis. Springer Semin.Immunopathol. 
2003;25:3-18.

51. Nakajima A, Oshima H, Nohara C et al. 
Involvement of CD70-CD27 interactions in 
the induction of experimental autoimmune 
encephalomyelitis. J.Neuroimmunol. 
2000;109:188-196.

52. Yanagisawa S, Takeichi N, Kaneyama T et 
al. Effects of anti-CD70 mAb on Theiler’s 

murine encephalomyelitis virus-induced 
demyelinating disease. Brain Res. 
2010;1317:236-245.

53. Arens R, Schepers K, Nolte MA et al. 
Tumor rejection induced by CD70-
mediated quantitative and qualitative 
effects on effector CD8+ T cell formation. 
J.Exp.Med. 2004;199:1595-1605.

54. Libregts S, van Olffen RW, van der Sluijs 
KF et al. Function of CD27 in helper 
T cell differentiation. Immunol.Lett. 
2011;136:177-186.

55. Yang ZZ, Novak AJ, Ziesmer SC et al. 
CD70+ non-Hodgkin lymphoma B cells 
induce Foxp3 expression and regulatory 
function in intratumoral CD4+CD25 T 
cells. Blood 2007;110:2537-2544.

56. Jak M, Mous R, Remmerswaal EB et al. 
Enhanced formation and survival of 
CD4+ CD25hi Foxp3+ T-cells in chronic 
lymphocytic leukemia. Leuk.Lymphoma 
2009;50:788-801.

57. Aramaki O, Shirasugi N, Akiyama Y et 
al. Induction of operational tolerance 
and generation of regulatory cells after 
intratracheal delivery of alloantigen 
combined with nondepleting anti-CD4 
monoclonal antibody. Transplantation 
2003;76:1305-1314.

58. van Olffen RW, Koning N, van Gisbergen 
KP et al. GITR triggering induces 
expansion of both effector and regulatory 
CD4+ T cells in vivo. J.Immunol. 
2009;182:7490-7500.

59. Xiao X, Kroemer A, Gao W et al. OX40/
OX40L costimulation affects induction 
of Foxp3+ regulatory T cells in part 
by expanding memory T cells in vivo. 
J.Immunol. 2008;181:3193-3201.

60. Poirier N, Azimzadeh AM, Zhang T 
et al. Inducing CTLA-4-dependent 
immune regulation by selective CD28 
blockade promotes regulatory T cells in 
organ transplantation. Sci.Transl.Med. 
2010;2:17ra10-

61. Wolthers KC, Otto SA, Lens SM et 
al. Increased expression of CD80, 
CD86 and CD70 on T cells from HIV-
infected individuals upon activation 
in vitro: regulation by CD4+ T cells. 
Eur.J.Immunol. 1996;26:1700-1706.

62. Lee WW, Yang ZZ, Li G et al. Unchecked 
CD70 expression on T cells lowers threshold 

CD70+ B cells trigger progression to EAE4

80



for T cell activation in rheumatoid arthritis. 
J.Immunol. 2007;179:2609-2615.

63. Oelke K, Lu Q, Richardson D et 
al. Overexpression of CD70 and 
overstimulation of IgG synthesis by lupus 
T cells and T cells treated with DNA 
methylation inhibitors. Arthritis Rheum. 
2004;50:1850-1860.

64. Tak PP, Hintzen RQ, Teunissen JJ et al. 
Expression of the activation antigen CD27 
in rheumatoid arthritis. Clin.Immunol.
Immunopathol. 1996;80:129-138.

65. Pender MP. The essential role of Epstein-
Barr virus in the pathogenesis of multiple 
sclerosis. Neuroscientist. 2011;17:351-367.

66. Pender MP. Preventing and curing 
multiple sclerosis by controlling Epstein-
Barr virus infection. Autoimmun.Rev. 
2009;8:563-568.

67. Franciotta D, Salvetti M, Lolli F et al. 
B cells and multiple sclerosis. Lancet 
Neurol. 2008;7:852-858.

68. Toussirot E and Roudier J. 
Pathophysiological links between 
rheumatoid arthritis and the Epstein-
Barr virus: an update. Joint Bone Spine 
2007;74:418-426.

69. Sawada S, Takei M, Inomata H et al. What 
is after cytokine-blocking therapy, a novel 
therapeutic target--synovial Epstein-Barr 
virus for rheumatoid arthritis. Autoimmun.
Rev. 2007;6:126-130.

70. Franssila R and Hedman K. Infection 
and musculoskeletal conditions: Viral 
causes of arthritis. Best.Pract.Res.Clin.
Rheumatol. 2006;20:1139-1157.

71. Townsend MJ, Monroe JG, Chan 
AC. B-cell targeted therapies in 
human autoimmune diseases: an 
updated perspective. Immunol.Rev. 
2010;237:264-283.

4CD70+ B cells trigger progression to EAE

81




