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Targeting RA Inflammation

A lthough calcineurin A is
expressed in immune
cells and is a mediator of

immune responses, its role in a
chronic inflammatory disease
such as rheumatoid arthritis (RA)
has not been demonstrated. Yoo
et al. (p. 2681) found higher ex-
pression of calcineurin A protein
in synovial tissues and in cultured
fibroblast-like synoviocytes (FLS) from RA patients than in those
from patients with osteoarthritis (OA) by immunohistochemical
staining and immunoblotting, respectively. Enzymatic activity of
calcineurin A was higher in RA FLS; it increased after treatment
with IL-1� or TNF-� and was accompanied by an increased re-
lease of intracellular calcium from stores in the nonendoplasmic
reticulum compartment, which were larger in RA, vs OA, FLS.
Cyclosporin A, used clinically to control inflammation in RA,
partially inhibited IL-1�- or TNF-�-stimulated production of
IL-6 and several matrix metalloproteinases in RA FLS cultures.
Whereas mRNA and protein for calcineurin-binding protein, a
natural noncompetitive inhibitor of calcineurin, are expressed
equally in RA and OA FLS, overexpression of the inhibitory do-
main by transfection of synoviocytes reduced calcineurin phos-
phatase activity and lowered levels of IL-6 and some matrix met-
alloproteinases. Injection of cyclosporin A into mice after
induction of collagen-induced arthritis significantly decreased ar-
thritis symptoms compared with controls. The authors suggest
that calcium and calcineurin A play significant roles in the initi-
ation and progression of synovial inflammation in RA and pro-
pose that cyclosporin A acts, in part, by blocking calcineurin A
activity.

CDR3 Loops Positively Select CD8�

T Cells

A lthough interaction of a peptide-MHC complex with
the TCR is required for positive selection of a T cell,
the roles of the complementarity determining regions

(CDRs) of the TCR in that interaction are not well understood.
Ferreira et al. (p. 2477) found skewed selection of the TCR-�
chain variable segment 9 (AV9) by tetramer binding to CD8� T
cells from anti-HY Ag TCR-� chain transgenic female H2b mice
immunized with syngeneic male cells. Semiquantitative AV tran-
script analysis confirmed the tetramer binding results and showed
that H2k and H2q mice transgenic for the same TCR-� chain had
different dominant AV segments. H2b hypervariable anti-CDR3
loops used longer, more flexible 5� AJ sequences reflective of the
preselection recombination blueprint, whereas non-H2b CDR3
loops used shorter, more rigid central AJ segments that did not
resemble the recombination blueprint. AV9 CDR3 loop variabil-
ity was high in H2b mice but very low in non-H2b animals. HY
peptides with variant N-terminal amino acids were bound
equally well by CD8� T cells from thymi and spleens of H2b

mice. Purified transgenic H2b CD8� T cells that bound the HY
tetramer had a very high proportion of AV9 rearrangements (flex-

ible type I loops); purified cells that bound a variant HY tetramer
with high affinity had a variant AJ profile consisting of shorter, less
flexible type II loops. The data indicate that type I AJ rearrangements
dominant in the presence of H2b are more peptide tolerant and lead
to positive selection, whereas type II AJ rearrangements use rare V-J
joins and require more extensive peptide-MHC engagement.

CD8� T Cells in CNS Demyelination

A lthough mice given CD4� T cells reactive for specific
myelin Ags develop a disease similar to multiple sclerosis,
several lines of evidence implicate CD8� T cells in CNS

demyelination. In a follow-up to their earlier work, Brisebois et al.
(p. 2403) showed that demyelinating disease onset and CNS infil-
tration by CD8� T cells in mice transgenic for the costimulation
molecule B7.2 (B7.2 Tg) were accelerated in the absence of CD4�

T cells. CDR3 spectratype analysis of V� chain TCR transcripts
indicated single peaks or skewed distributions of several V� fami-
lies in CNS infiltrating, but not peripheral, CD8� T cells from
preclinical B7.2 Tg mice lacking CD4� T cells; in animals with
overt disease, a Gaussian CDR3 length distribution was detected
for all V� families. Up-regulated surface expression of MHC class
I and costimulatory molecules occurred on microglia in preclinical
and diseased B7.2 Tg mice but not in a disease-resistant line of
B7.2 Tg mice lacking microglial expression of B7.2. IFN-�R�/�

B7.2 Tg mice did not develop neurological disease, had few CD8� T
cells infiltrating the CNS, and exhibited no up-regulated MHC ex-
pression on microglia. The investigators demonstrate in this novel
mouse model for spontaneous demyelinating disease that autoreactive
CD8� T cells in the CNS are the primary effectors and require early
IFN-�-dependent activation of microglia expressing B7.2.

Glycans on Activated T Cells

S urface N-linked glycan
structures are important
for T and B cell functions

during rest and activation.
Changes in glycan structure ob-
tained by direct analysis are as-
sumed to be the result of altered expression of glycosyltrans-
ferases. On p. 2431, Comelli et al. correlated MALDI-TOF mass
spectrometry profiling of glycan structures with glycosyltrans-
ferase expression analyses derived from custom microarrays.
Striking differences in MALDI-TOF mass spectrometry profiles
of N-linked glycans were detected between fresh CD8� or
CD4� T cells and CD8� or CD4� T cells activated in vitro with
anti-CD3 mAb plus IL-2/IL-12; no differences were detected be-
tween fresh B cells and B cells activated with anti-IgM mAb plus
IL-4. CD8� T cell activation resulted in a loss of charged sialic
acid and an increase in uncharged terminal hexose. Alterations in
terminal N-linked glycan expression were confirmed by lectin
binding patterns. Meaningful differences in expression of 40 of
122 glycosyltransferase genes were detected by comparative hy-
bridization of mRNAs from fresh and activated CD4� or CD8�

T cells to a custom DNA microarray. In particular, expression of
one of two enzymes involved in terminal glycosylation of
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O-linked glycans was increased, whereas the other was decreased.
Changes in gene expression were noted for 13 other genes rele-
vant to synthesis of terminal sequences in N-linked and O-linked
glycans. This analysis of glycan structure and glycosyltransferase
mRNA expression on fresh and activated T cells permits an as-
sessment of the regulation of glycosylation in the response of T
cells to their environment.

Lipoic Acid and MS

R eactive oxygen species
formed by monocyte in-
teraction with brain en-

dothelial cells facilitate transen-
dothelial migration across the
blood-brain barrier, demyelina-
tion, and axonal damage in mul-
tiple sclerosis (MS). Although the
protective effects of antioxidants are known for MS and its rodent
model, experimental allergic encephalomyelitis (EAE), their im-
pact on early lesion development has not been determined.
Schreibelt et al. (p. 2630) found that the antioxidant �-lipoic
acid (LA) protected rats against induced EAE and decreased leu-
kocyte infiltration into the brain and spinal cord in a dose-depen-
dent fashion. Impaired migration across a monolayer of brain
endothelial cells in vitro was demonstrated for monocytes from
LA-treated rats with EAE and for monocytes from healthy ani-
mals in the presence of LA or serum from LA-treated EAE rats or
after preincubation with LA. Leakage of FITC-dextran through
primary rat brain cell monolayers with adhered monocytes was
reduced by LA. Colocalization of fluorescent-labeled actin with
F-actin stress fibers was visualized by real-time confocal micros-
copy of brain endothelial cells exposed to superoxide; no F-actin
stress fibers formed in the presence of LA. The data indicate that LA
reverses the deleterious effect of monocytes breaching the blood-
brain barrier in EAE by inhibiting their transendothelial migration
and by preventing cytoskeleton rearrangement in endothelial cells
exposed to superoxide.

Presentation of MBP in MS

T he Goverman laboratory showed that myelin basic pro-
tein (MBP)-specific T cells are stimulated to proliferate
ex vivo by splenic dendritic cells (DCs). Since MBP-spe-

cific T cells are critical effectors of the CNS demyelinization seen
in multiple sclerosis (MS), it is important to determine whether
they are exposed to MBP in other peripheral lymphoid tissues. In
work from the same group, Seamons et al. (p. 2097) determined
that purified CD8�� or CD8�� DCs, or to a lesser extent rest-
ing B cells, from mouse lymph nodes stimulated naive and MBP-
activated MBP-specific T cells to proliferate ex vivo. Resting B
cells from lymph nodes of mice transgenic for a BCR specific
for a different Ag, of nontransgenic mice, or of irradiated Rag�/�

MBP�/� mice given MBP�/� bone marrow were equally stimu-
latory. Activated MBP-specific T cells exposed to resting
MBP�/� B cells proliferated less and produced lower amounts of
IL-2 and IFN-� during subsequent incubation with irradiated
MBP�/� lymph node cells than controls exposed to resting MBP�/�

B cells. Addition of exogenous MBP peptide to the resting MBP�/�

B cells increased the T cell proliferative and cytokine responses.
The authors show that both lymph node B cells and DCs stim-
ulate proliferation of naive MBP-specific T cells but that presen-
tation of endogenous MBP peptide by B cells tolerizes activated

MBP-specific T cells. Tolerance is overcome by addition of ex-
ogenous MBP peptide to the B cells.

Antigenic Mimicry in Chronic Lyme
Arthritis

T he etiologic agent of Lyme disease, the tick-borne spiro-
chete Borrelia burgdorferi, is eradicated with antibiotic
treatment. However, a subset of patients continues to

have chronic joint inflammation accompanied by germinal cen-
ter formation in the arthritic lesions in the absence of B. burgdor-
feri. To determine the target Ag, Ghosh et al. (p. 2486) isolated
synovial plasma cells from treatment-resistant Lyme arthritis pa-
tients and synthesized single chain variable region fragments
(scFvs) of highly expressed Igs. Additionally, scFvs were devel-
oped from Abs of PBMCs that recognized the prominent outer
surface protein A (Osp A) of B. burgdorferi. VH and VL domains
were cloned into expression vectors to generate seven anti-scFv
and anti-Osp A mAbs. Mass spectrometry identified the intracel-
lular scaffolding protein cytokeratin 10 (CK10) as the molecule
in human joint tissue lysates that bound to an anti-scFv mAb af-
finity column; immunoblotting and ELISA using purified CK10
confirmed the identification. Sera from treatment-resistant Lyme
arthritis patients bound CK10 in ELISA more strongly than con-
trol sera. Of two anti-Osp A mAbs, the one containing fewer V
region mutations bound Osp A strongly but CK10 weakly,
whereas the one with more V region mutations bound more
strongly to CK10 and more weakly to Osp A. This combination
of molecular biology and proteomics identifies autoantibodies
against CK10 that cross-react with the major spirochete protein
Osp A in treatment-resistant Lyme arthritis and suggest that an-
tigenic mimicry is involved in the chronic condition.

Vav1 Signaling in NK Cells

T he activating NKG2D
receptor on mouse NK
cells interacts with the

membrane-bound DNAX-acti-
vating protein of 10 kDa
(DAP10) or DAP12 to orches-
trate cytoskeletal remodeling
during the cytolytic response. Al-
though the Rho guanine nucleotide exchange factor Vav1 is
thought to couple with DAP10 during the response, the mecha-
nism of Vav1 function and its consequences are unknown.
Graham et al. (p. 2349) found that mouse Vav1�/�DAP12�/�

NK cells formed conjugates with target cells expressing a
NKG2D ligand, but their cytotoxicity was blocked compared
with wild-type, Vav1�/�, or DAP12�/� controls. Interaction of
tyrosine-phosphorylated DAP10 peptides with Vav1 in pull-
down assays was dependent on the presence of the adaptor Grb2
and occurred by PI3K activation following NKG2D cross-link-
ing. Wild-type and DAP12�/�, but not Vav1�/�DAP12�/�,
NK cells assumed a compressed morphology and accumulated F-
actin at the contact site when conjugated with target cells expressing
the NKG2D ligand as determined by anti-DAP10 mAb staining
and morphometric measurements. Microtubule organizing center
polarization occurred only in the control cells. The experiments pro-
vide genetic and biochemical evidence that Vav1 interacts with
DAP10 through Grb2 in NKG2D signaling and cytoskeleton reor-
ganization in activated mouse NK cells.

Summaries written by Dorothy L. Buchhagen, Ph.D.
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Comment on “CCR7 Is Critically
Important for Migration of
Dendritic Cells in Intestinal Lamina
Propria to Mesenteric Lymph
Nodes”

T he recent paper by Jang et al. (1), highlighted in In This
Issue (2), is part of a recent rediscovery of the myeloid
compartment of the intestinal lamina propria, which is

probably the largest macrophage population in the body. The
authors refer to these cells as dendritic cells, based on their ex-
pression of surface markers such as CD11c, but a dendritic cell
was originally defined as a cell that can present Ag to naive T
cells. The large majority of the stellate (or dendritic) cells of the
intestinal lamina propria expresses the macrophage-specific
F4/80 Ag, which is lost from mature Ag-representing cells, and
also expresses the CSF-1 receptor and a CSF-1R-EGFP reporter
gene (3) (see images of F4/80 and CSF-1R online �www.
macrophages.com�). The majority of the so-called dendritic
cells of the lamina propria is clearly phagocytic (1). Some 15
years ago, the myeloid cells of mouse lamina propria were iso-
lated, and the cells that could actually stimulate naive T cells in
a MLR were selectively enriched in the nonphagocytic popula-
tion (4). By contrast, the F4/80-positive phagocytes, which
were also strongly class II-MHC-positive, caused indomethacin-
sensitive repression of T cell activation. It is inescapable that the
large majority of the cells studied by Jang et al. (1) are not den-
dritic cells by the functional definition, and there is no evidence
that all, or indeed any, of them ever become cells that can
present Ag to naive T cells. They are the lamina propria
macrophages. They might acquire Ag-presenting activity. On
the other hand, they might actually be more important to the
maintenance of tolerance.

David A. Hume

Australian Research Council Special Research Centre
for Functional and Applied Genomics
Institute for Molecular Bioscience
University of Queensland
Brisbane, Australia
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Response to Comment on “CCR7 Is
Critically Important for Migration of
Dendritic Cells in Intestinal Lamina
Propria to Mesenteric Lymph Nodes”

I n response to a letter by Dr. David Hume (1), we would
like to point out that the following lines of evidence clearly
indicate that the lamina propria dendritic cells (LP-DC)

we reported (2) are indeed DC but not macrophages. As seen in
Fig. 1A in our recent analysis in which we used a 17.5% Accu-
denz solution instead of the original 15.5% solution to enrich
for light-density cells such as macrophages and DC from the
small intestinal LP, CD11chighCD11blow (R1) and
CD11chighCD11bhigh (R2) cell populations with dendritic
morphology were abundantly found and were strongly positive
for a DC-specific marker, DEC-205. With regard to F4/80 ex-
pression, R1 subset was clearly negative, but R2 was moderately
positive. Functional analysis revealed that both R1 and R2 sub-
sets can present alloantigen to naive T cells just as effectively as
splenic DC and lymph node DC (Fig. 1B, left column) and can also
present OVA efficiently to OVA-TCR expressing T cells (Fig. 1B,
right column). Thus, these DEC-205� LP-DC have the hallmark
of DC, i.e., potent Ag-presenting abilities to T cells.

Then, are the intestinal F4/80-positive, MHC class II-posi-
tive phagocytic macrophages described by Dr. Hume’s group
(3) also found in our analysis? The answer seems yes. They ap-
pear to represent CD11cintCD11bhigh cell population (R3) be-
cause they are strongly F4/80 positive, DEC-205 negative (Fig.
1A), and also strongly positive for MHC class II expression
(data not shown). Although this cell population was hardly de-
tectable in our original analysis (2), the use of 17.5% Accudenz
solution instead of 15.5% solution in the present series of anal-
ysis allowed us to visualize such cells.

Collectively, by functional definition, LP-DC (2) are indeed
DC with potent Ag-presenting abilities. Dr. Hume’s finding
(3) is also correct that macrophages are present in substantial
numbers in the small intestinal LP, but they appear clearly dis-
tinguishable from the LP-DC (2).

Myoung Ho Jang and Masayuki Miyasaka

Laboratory of Immunodynamics
Department of Microbiology and Immunology
Osaka University Graduate School of Medicine
Osaka, Japan
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Comment on “Cutting Edge: Anti-
CD25 Monoclonal Antibody
Injection Results in the Functional
Inactivation, Not Depletion, of
CD4�CD25� T Regulatory Cells”

I n a recent article, Kohm et al. (1) make a case for the in
vivo administration of anti-CD25 leading to a functional
inactivation of CD4�CD25� regulatory T cell (Treg),

rather than their deletion as has been previously assumed. The
majority of the data in the Kohm et al. article comes from the
use of the 7D4 (rat IgM) Ab. We believe it is important to em-
phasize that, overwhelmingly, “Treg depletion” studies use a
different clone, PC61 (rat IgG1). Kohm et al. suggest that
down-modulation of CD25 after Ab treatment could lead to a
misinterpretation that CD25-expressing cells are removed.
This may be the case when using 7D4. However, using FACS
analysis at the single cell level, we have previously reported that
PC61 administration leads to a rapid and dramatic loss of
CD25�Foxp3� cells without a corresponding increase in
CD25�Foxp3� cells (2). These data lead inevitably to the conclu-
sion that the commonly used PC61 Ab does, in fact, deplete
CD25-expressing Treg.

So we are left with the interesting situation of two anti-CD25
Abs having very different effects. This is perhaps not surprising
given their difference in isotype. These differences seem to be
reflected in disease. Kohm et al. have previously reported that
7D4 does not influence the course of experimental autoim-
mune encephalomyelitis (EAE) after optimal immune priming
(3, 4), whereas their most recent data do show exacerbation
when priming is suboptimal (1). In contrast, we and others have
found PC61 treatment to exacerbate/prolong EAE after both
optimal and suboptimal priming (2, 5–7). As a whole, these
studies indicate that Treg do have a controlling influence over
optimal disease, and their removal using PC61 allows for an
increase in severity and/or failure to recover. 7D4 appears not to
achieve this, but perhaps perturbs the Treg/T-aggressor balance
sufficiently to allow the conversion of silent autoimmunity into
overt autoaggression in the setting of suboptimal priming. It
will be important to dissect the mechanisms underlying disease
modification in both these settings.

Leigh A. Stephens and Stephen M. Anderton

Institute of Immunology and Infection Research
School of Biological Sciences
University of Edinburgh
Edinburgh, United Kingdom
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Comment on “Cutting Edge: Anti-
CD25 Monoclonal Antibody
Injection Results in the Functional
Inactivation, Not Depletion, of
CD4�CD25� T Regulatory Cells”

T he injection of anti-CD25 mAb to deplete CD25� reg-
ulatory T cells (TR) in mice has been common practice
to infer the function of TR. In a recent report, Kohm et

al. (1) claimed that injection of anti-CD25 mAb in mice results
in the functional inactivation, not depletion, of CD4�CD25�

TR. This conclusion was based on the analysis of mice that re-
ceived the rat-IgM 7D4 mAb or the rat IgG PC61. CD25 and
FOXP3 expression was determined by FACS analysis after 7D4
treatment but solely by RT-PCR after PC61 administration

Figure 1. CD11chigh subsets in the small intestinal LP are DC but not
macrophages. A, Low-density lamina propria cells were isolated from the
BALB/c small intestine using a 17.5% Accudenz gradient. Enriched cells
were stained for CD11b, CD11c, DEC-205, and F4/80 and analyzed by
flow cytometry. Several CD11c� subsets could be recognized on the basis
of their different CD11c/CD11b expression patterns: CD11chighCD11blow

(R1), CD11chighCD11bhigh (R2), CD11cintCD11bhigh (R3), and
CD11clowCD11bhigh (R4; consisting of mainly eosinophils). Histogram
FACS profiles shown on the right were acquired after gating on the R1, R2,
and R3 subsets. Shaded, isotype controls; open, stained for DEC-205 or
F4/80. B, LP-DC were examined for their Ag-presenting abilities. FACS-
sorted BALB/c LP-DC were either cocultured with CFSE-labeled
C57BL/6 spleen cells for 3 days (left column) or pulsed with OVA protein
first and then cocultured with CFSE-labeled OVA TCR transgenic CD4�

T cells (DO11.10; 1:20) for 3 days (right column). DC from other tissues
were also treated in the same way. T cell proliferation was measured by
CFSE dilution. Numbers within histograms indicate the percentage of pro-
liferated cells.
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