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Cutting Edge: Critical Role for CD5 in Experimental
Autoimmune Encephalomyelitis: Inhibition of
Engagement Reverses Disease in Mice1

Robert C. Axtell,* Matthew S. Webb,† Scott R. Barnum,† and Chander Raman2†

The induction phase of experimental autoimmune en-
cephalomyelitis (EAE) in mice is T cell dependent and co-
receptors that regulate T cell activation modulate disease
development. We report here that mice lacking CD5, an
important modulator of T cell activation, exhibit signifi-
cantly delayed onset and decreased severity of EAE. The
resistance to EAE in CD5�/� mice was not due to the in-
ability of T cells to respond efficiently to stimulation with
MOG35–55 but was associated with the presence of ele-
vated frequency of apoptotic activated T cells in spleens
and DLN. We also observed a net decrease in peripheral
activated CD4� T cells in CD5�/� spleens and DLN 10
days after immunization. We further show that in vivo
blockade of CD5 engagement after induction of EAE by
soluble CD5-Fc, a treatment that induces elimination of
activated T cells, promoted recovery from EAE. Our stud-
ies indicate that CD5 regulates survival of activated T
cells and provides a target for treatment of T cell-depen-
dent autoimmune diseases such as multiple sclerosis. The
Journal of Immunology, 2004, 173: 2928–2932.

R egulating activation of T cells by coreceptors is a crit-
ical event in the induction and progression of experi-
mental autoimmune encephalomyelitis (EAE).3 Ani-

mals with genetic disruptions of CD28 costimulation or
signaling do not develop EAE (1, 2). Other studies report suc-
cessful treatment of EAE by using mAbs or soluble CTLA-4 to
block CD28 from binding to its ligands, B7-1 and B7-2 (3–5).
PD-1, a B7 family member, is a receptor that regulates T cell
activation and has been implicated in altering progression of
EAE. However, unlike CD28, PD-1 is a negative regulator of T
cell activation and therefore experiments that block PD-1 sig-
naling using antagonistic Abs increased disease severity in
mice (6).

CD5, a receptor expressed on all developing and mature thy-
mocytes, is an important regulator of T cell activation (7). The

known function of CD5 is to regulate signaling negatively
through the Ag receptor in thymocytes and mature T cells.
CD5�/� thymocytes and mature T cells are hyperresponsive to
Ag stimulation, demonstrating that this receptor attenuates sig-
nals through the TCR and regulates the threshold of signaling
(7–10). The level of expression of CD5 on thymocytes and pe-
ripheral T cells is proportional to the affinity/avidity of the
TCR:peptide:MHC and may be associated with its negative
regulatory function (11–13).

In this study, we examined the contribution of CD5 in de-
velopment and progression of EAE. We used MOG35–55 pep-
tide to induce EAE in wild-type (WT) and CD5�/� C57BL/6
mice and then we examined the clinical course of the disease.
Remarkably, we found that CD5�/� mice had both a delayed
onset and decreased disease severity. This resistance of CD5�/�

mice to EAE was associated with elevated activation-induced
cell death (AICD). We also found that acute expression of a
soluble CD5-Fc fusion protein 2 wk after induction of EAE
with MOG35–55 reversed the progression of disease in mice.
Overall, these results indicate that CD5 is involved in regulat-
ing T cell survival and blocking this activity is therapeutically
beneficial for treatment of EAE in mice.

Materials and Methods
Mice

C57BL/6 mice were purchased from The Jackson Laboratory (Bar Harbor,
ME). CD5�/� mice were backcrossed into C57BL/6 for 10 generations. All
animals were housed and treated in accordance to National Institutes of Health
guidelines.

EAE induction

Mice were immunized with 150 �g of MOG35–55 peptide (Biosynth Interna-
tional, Lewisville, TX) that was modified from a previously described protocol,
and EAE symptoms were monitored daily for 30–35 days using a standard clin-
ical score ranging from 0 to 6 (14). Briefly, mice received a single immunization
of peptide in CFA on day 0, followed by pertussis toxin on days 0 and 2. Ani-
mals with a clinical score �2 as defined by loss of tail tone are considered free of
clinical disease.
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T cell proliferation

Single-cell suspensions from spleens or draining lymph nodes (DLN) obtained
4 and 10 days after EAE induction were cultured in 96-well plates at 5 � 105

cells/well with different concentrations of MOG35–55 peptide or 10 �g/ml anti-
CD3, clone 145-2C11(NCCC, Minneapolis, MN) in triplicate. After 48 h,
cultures were pulsed with [3H]thymidine for an additional 18 h, and incorpo-
ration of thymidine was determined.

Flow cytometry and apoptosis assay

Single-cell suspensions of spleen and DLN cells were incubated with anti-
CD16/32 (2.4G2, FcR block) and then stained with anti-CD4-FITC (L3T4),
anti-panV�8-FITC(F23.1),anti-CD4-PE(L3T4),anti-CD8-PE(53-6.7),anti-
CD69 PE, or anti-CD4-biotin (L3T4) (eBiosciences, San Diego, CA) and
7-aminoactinomycin D (7-AAD; BD Pharmingen, San Diego, CA). Anti-
CD8-Alexa 647 (53-6.7) was donated by Dr. J. George (University of Alabama
at Birmingham, Birmingham, AL). To assay for early apoptotic events in T
cells, we measured loss of mitochondrial membrane potential by incubating
cells with dihexyloxacarbocyanine (DiOC6; Molecular Probes, Eugene, OR) at
a final concentration of 20 nM for 15 min at 37°C before staining (15). Stained
cells were analyzed using a FACSCalibur (BD Biosciences, San Jose, CA). For in
vitro apoptosis assay, splenocytes were cultured for 24 h in 96-well plates at 1 �
106 cells/well with different concentrations of anti-CD3. Frequency of apopto-
tic T cells was identified by staining with annexin V and 7-AAD (BD Pharm-
ingen) after gating out B220� (anti-B220-biotin, RA3-6B2) cells. Streptavidin-
allophycocyanin (BD Pharmingen) was used to detect biotinylated Abs.

Recombinant adenovirus generation and treatment of mice

Recombinant adenovirus encoding murine (Ad-mCD5Fc) or human soluble
CD5 (Ad-hCD5Fc) was generated by cloning the extracellular region of human
or murine CD5 in-frame with the Fc and hinge region of human IgG1 in
pShuttleCMV (gift from Dr. T. Zhou, University of Alabama at Birmingham)
as described previously (16). CD5-sufficient mice were treated with a single
injection of 108 viral particles, i.p., of either Ad-mCD5Fc or Ad-hCD5Fc 14
days after induction of EAE. Fusion proteins were detected in serum by an anti-
human IgG1 (Jackson ImmunoResearch Laboratories, West Grove, PA) ELISA
3 days after treatment.

Staphylococcal enterotoxin B (SEB) injections and viral treatment

WT mice were treated with a single injection of 108 viral particles, i.p., of either
Ad-mCD5Fc or Ad-GFP 1 day before an injection of SEB (85 �g; Sigma-
Aldrich, St. Louis, MO). Splenocytes were harvested 2 days after SEB injection
and stained as described above.

Statistics

Results were analyzed for statistical significance using a two-tailed Student’s t test.

Results and Discussion
To assess the role of CD5 in EAE, we followed disease progres-
sion in CD5�/� and CD5�/� C57BL/6 mice immunized with
MOG35–55. Since it is established that the lack of CD5 lowers
the threshold for activation through the Ag receptor, we pre-
dicted that EAE symptoms would be exacerbated in CD5�/�

mice (7–10). However, contrary to our expectations, EAE in
CD5�/� mice was significantly delayed in onset and attenuated
in severity (Fig. 1 and Table I). The incidence of disease, how-
ever, was similar in both CD5�/� and CD5�/� mice.

Since CD5 modulates thymic selection and/or alters reper-
toire, the protection that CD5 deficiency provides in EAE may
reflect a lower frequency of myelin oligodendrocyte glycopro-
tein (MOG)-specific T cells in the periphery. To address this
possibility, we stimulated spleen and DLN cells obtained 4 days
after induction of disease with MOG35–55 peptide and found
that at concentrations of 1 and 5 �g/ml, T cells from CD5�/�

mice proliferated more efficiently than those from CD5�/�

mice (Figs. 2, A and B). Furthermore, at 4 days after immuni-
zation, the frequency of activated CD4� T cells (CD69�) in
spleens and DLN was greater in CD5�/� mice than in
CD5�/� mice (Fig. 2C). These results demonstrate that T cells
from CD5�/� mice respond to MOG35–55 efficiently and

therefore rules out the possibility that the resistance to EAE in
CD5�/� mice is due to lack of MOG-specific T cells.

In contrast to day 4, CD5�/� T cells harvested 10 days after
induction of EAE proliferated poorly to restimulation with
MOG compared with WT; however, proliferation to anti-CD3
was not affected (Figs. 2, A and B and data not shown). Fur-
thermore, we also observed that on day 10 the frequency of ac-
tivated CD4� T cells in DLN and spleens of CD5�/� mice had
significantly decreased from day 4 (Fig. 2C). In contrast, the
frequency of activated CD4� T cells in spleens and DLN from
CD5�/� mice continued to increase. On day 10, the CD4 T
cells in spleens and DLN of CD5�/� mice was lower compared
with those of CD5�/� mice (spleen: 17.5 � 1.1 vs 20.6 � 1.3;
DLN: 17.0 � 0.6 vs 26.1 � 1.1, respectively; n � 7). These
results suggest that the immune response was in the contraction
phase in CD5�/� mice, whereas in CD5�/� mice, it was still in
the expansion phase. Consistent with this prediction, we ob-
served that frequency of apoptotic (DiOC6

low/7-AAD�)
CD4� T cells was significantly greater in CD5�/� mice than in
CD5�/� mice on day 10 in the spleen and on both days 4 and
10 in the DLN (Fig. 2D). To directly test whether the lack of
CD5 is associated with accelerated AICD, we cultured
CD5�/� and CD5�/� splenic T cells using various concentra-
tions of anti-CD3 for 24 h, followed by staining with annexin V
and 7-AAD. The results show that there is a higher frequency of
cells undergoing apoptosis (annexin V�/7-AAD�) among anti-
CD3-stimulated CD5�/� T cells compared with CD5�/� T
cells (Fig. 3). Based on these data, we propose that the delayed
onset and decreased severity of EAE in CD5�/� mice reflects

Table I. EAE disease severity, onset, and incidence in CD5�/� and WT
mice

CDIa Disease Onsetb Disease Incidence

CD5�/� 49.9 � 32.5 17.5 � 6.75 9/10
CD5�/� 22.8 � 15.9� 23.8 � 6.12� 10/11

a CDI is the mean of the sum of the daily clinical scores observed between days
1 and 30.

b Disease onset is the average day mice first had clinical scores of two or more for
2 consecutive days.

�, p � 0.05 vs CD5�/� mice with Student’s t test.

FIGURE 1. Clinical course of MOG35–55-induced EAE in CD5�/� and
CD5�/� mice. EAE was induced in CD5�/� and CD5�/� mice following s.c.
immunization with 150 �g MOG35–55 as described in Materials and Methods.
Results are the mean clinical score (bars represent SEM) from two independent
experiments.
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the rapid activation and proliferation followed by enhanced
death of MOG-specific CD4� T cells. Overall, these experi-
ments indicate that CD5 may be involved in regulating T cell
survival in addition to its established role as an attenuator of
proximal TCR/CD3 signaling. Our previous findings that
show a higher incidence of AICD following in vivo activation of
CD5�/� T cells and a recent report indicating that survival of
autoreactive T cells correlates with TCR and CD5 density is
consistent with our current observations (12, 13, 17).

CD5 may regulate survival through activation of the serine-
threonine kinase CK2, a critical regulator of cell survival and
apoptosis (18). We previously showed that engagement of CD5
activates CK2 (19), an activity that would be lacking in
CD5�/� T cells. This led us to predict that blockade of CD5
engagement will enhance AICD of activated T cells by inhibit-
ing CK2-dependent survival signals and be a beneficial treat-
ment of EAE. To investigate this hypothesis, we treated
CD5�/� mice 14 days after induction of disease with an ade-
novirus, Ad-mCD5Fc, that encodes the extracellular region of
murine CD5 fused to the Fc portion of human IgG1. The use
of this recombinant virus in mice allows for the expression of
elevated and sustained levels of CD5-Fc fusion protein similar

to that of Ad-CTLA4-Ig treatment studies (20). Our rationale
behind this approach was to use soluble mCD5Fc in mice to
block the endogenous ligand of CD5 from binding to the re-
ceptor. As a control, we treated a group of mice with Ad-
hCD5Fc. Within 3 days of treatment, serum of mice treated
with Ad-mCD5Fc or Ad-hCD5Fc contained 1.7 � 0.7 and 4.8

FIGURE 3. In vitro apoptosis in CD5�/� and CD5�/� splenocytes after
culturing with different concentrations of anti-CD3 (0–1 �g/ml) for 24 h. A,
Dot plots show annexin V and 7-AAD frequencies from the B220-subtracted pop-
ulation. B, Percent viable T cells (annexinV�/7-AAD�) were normalized to un-
stimulated cells. Results are the mean � SD from five independent experiments.

FIGURE 4. A–C, Treatment with Ad-mCD5Fc blocks progression of EAE.
EAE was induced in CD5�/� mice as described in Materials and Methods. Four-
teen days after EAE induction, mice were injected with 108 adenoviral PFU of
Ad-mCD5Fc or Ad-hCD5Fc, i.p., or left untreated. Clinical scores were mon-
itored for 30 days: Data were analyzed in A, all mice used in this study (Ad-
mCD5Fc, n � 12; Ad-hCD5Fc, n � 11; No treatment, n � 10); B, mice
treated with clinical scores �2 (Ad-mCD5Fc, n � 5; Ad-hCD5Fc, n � 6; No
treatment, n � 6); C, mice treated with clinical scores �2 (Ad-mCD5Fc, n �
7; Ad-hCD5Fc, n � 5; No treatment, n � 4); and D–E, Ad-mCD5Fc treatment
enhances AICD in V�8 cells in mice injected with SEB. D, Frequency of V�8� T
cells in spleens from mice treated with Ad-mCD5Fc or Ad-hCD5Fc after immu-
nization with SEB. Results are the mean � SD of five mice from each group. E,
Percentage of apoptotic (DiOC6

low) V�8 CD4� cells in spleens from mice treated
with Ad-mCD5Fc or Ad-hCD5Fc after immunization with SEB. Results are the
mean � SD of five mice from each group. �, p � 0.05; ��, p � 0.01.

FIGURE 2. Resistance of CD5�/�

mice to EAE is due to enhanced AICD. In
vitro MOG35–55 peptide induced prolifer-
ation of spleen (A) and DLN (B). from
CD5�/� and CD5�/� mice obtained 4
and 10 days after MOG35–55 treatment.
Results are the mean cpm � SD of tripli-
cates and represents one of three indepen-
dent experiments. C, Frequency of CD4�

cells expressing CD69 in spleens and
DLN from CD5�/� and CD5�/� mice 0,
4, and 10 days after immunization with
MOG35–55 peptide. Data represent the
mean � SD of seven mice from each
group. D, Frequency of apoptotic
(DiOC6

low) CD4� cells from spleens of
CD5�/� and CD5�/� mice 0, 4, and 10
days after EAE induction. Data represent
mean � SD from three independent ex-
periments, three mice per group. �, p �
0.1; ��, p � 0.05; ���, p � 0.01.
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�g/ml � 0.7 recombinant CD5-Fc protein, respectively. An
analysis of disease progression of all animals showed that treat-
ment of mice with Ad-mCD5Fc arrested disease, whereas Ad-
hCD5Fc treatment did not (Fig. 4A and Table II). Remarkably,
only one of five mice that had a clinical score �2 at the time of
treatment with Ad-mCD5Fc developed disease; in contrast, all
mice treated with Ad-hCD5Fc developed disease (Fig. 4B and
Table II). Even among the mice that had disease (�2) at the
time of Ad-mCD5Fc treatment, five of seven mice exhibited a
decrease in their clinical score of at least 1 (Fig. 4C and Table
II). This recovery was significantly greater than that of Ad-
hCD5-Fc-treated mice where only one of five recovered within
4 days. We predicted that recovery following the expression of
mCD5-Fc in mice was due to the elimination of activated T
cells as a result of CD5 blockade. To test this prediction, we
analyzed the effect Ad-mCD5Fc treatment on V�8� T cells
following activation with SEB in vivo. We found that spleens of
Ad-mCD5-Fc-treated mice had nearly a 30% loss in frequency
of V�8�CD4� cells compared with Ad-hCD5Fc-treated con-
trols (Fig. 4D). This diminished population of V�8�CD4�

cells was due to an increase of AICD, since we observed a sig-
nificant increase in apoptotic (DiOC6

low) V�8�CD4� cells in
Ad-mCD5Fc-treated mice compared with those of Ad-
hCD5Fc controls (Fig. 4E). These data demonstrate that solu-
ble CD5 enhances death of activated T cells by AICD.

The assumption here is that CD5-Fc functions as a decoy
receptor that blocks the engagement of endogenous CD5 by its
ligand, thereby counteracting prosurvival signals. Alternative
explanations are that CD5-Fc exerts its activity by preventing
recruitment of CD5 to the immune synapse or binding to an-
other cell surface protein. We believe the latter is unlikely, as we
observe no binding of CD5-Fc to any cell surface protein (data
not shown). The protection from EAE provided by CD5-Fc is
greater than the resistance of CD5�/� mice to disease (Fig. 1
and Fig. 4, A–C). This result may reflect that T cells in CD5�/�

mice lack both the inhibitory activity of CD5, which is consid-
ered engagement independent and survival activity, which is
engagement dependent (10, 19). Alternatively, the difference
may simply represent that CD5�/� mice, chronically lacking
CD5, have developed compensatory changes, which is unlikely
to occur when CD5 function is acutely lost such as following
CD5-Fc treatment. The precise signaling events that regulate
survival through CD5 are currently under investigation. How-
ever, we predict that CD5 engagement in activated T cells leads
to activation of CK2, which in turn promotes cell survival by
either direct negative regulation of proapoptotic proteins

such as Bid or by inducing expression of antiapoptotic pro-
teins such as Bcl-2 and Bcl-xL (18). The mechanism of action
of CD5-Fc proposed in this study differs from CTLA4-Fc
where protection is most likely a result of blockade in co-
stimulation (20, 21). This study suggests a novel function
for CD5 in regulation of survival of activated T cells. As we
report here, selectively eliminating activated T cells by tar-
geting CD5 offers an opportunity for treatment of autoim-
mune diseases such as multiple sclerosis, rheumatoid arthri-
tis, and systemic lupus erythematosus.
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