
© 2002 Macmillan Magazines Ltd
146 |  MARCH 2002 | VOLUME 2  www.nature.com/reviews/immunol

H I G H L I G H T S

Dendritic cells (DCs) form close con-
tacts with antigen-specific CD4+ and
CD8+ T cells, and these interactions
influence both parties: T cells are acti-
vated to proliferate while the matura-
tion of DCs is enhanced. At later
stages of the immune response, T-cell
killing of DCs might help to switch
off immune responses. Now, a third
type of DC–lymphocyte collabora-
tion has been revealed. Three papers
in The Journal of Experimental
Medicine explore human DC–natural
killer (NK) cell interactions and reveal
a contact-dependent cross-regulation.

NK cells are innate lymphocytes
that directly kill virally infected cells
and secrete cytokines that have potent

antiviral effects. Recent studies,
mostly in mice, indicate that DCs can
potentiate NK-cell activity and, under
certain conditions, NK cells have been
shown to kill DCs. But the DC–NK
relationship had not been examined
in detail. The new studies investigated
DC–NK interactions by culturing
human peripheral blood NK cells
with monocyte-derived DCs.

Gerosa and colleagues show that
DCs enhance NK-cell activation (as
measured by CD69 upregulation or
cytotoxic activity), but only in the
presence of inflammatory stimuli such
as lipopolysaccharide or interferon
(IFN)-α. In turn, activated NK cells
induce DC maturation, as indicated
by upregulation of the costimulatory
molecule CD86 and cytokine secre-
tion. DCs matured by activated NK
cells were shown to be fully capable of
stimulating naive T cells in vitro.

Piccioli et al. show that the DC:NK
ratio is crucial in determining the out-
come of the interaction. When DCs

outnumber NK cells, DCs mature
and secrete cytokines, and NK cells
are activated; however, if NK cell
numbers overwhelm DCs, DCs are
killed by NK cells and further NK
activation is prohibited. So, NK–DC
encounters can both amplify and
attenuate innate responses.

The third study by Ferlazzo et al.
shows that, in addition to CD69 up-
regulation and enhanced cytotoxicity,
contact with DCs promotes the ex-
pansion of NK cells. Like Piccioli et al.
they show that NK cells can kill DCs.
They also found, however, that mature
DCs are more resistant than immature
DCs to NK-cell-mediated lysis.

What then is the basis of the
DC–NK interaction? All three groups
show that DC activation by NK cells
requires cell-to-cell contact. In addi-
tion, DC activation appears to involve
tumour-necrosis-factor-α produced
by DCs and IFN-γproduced by NK
cells. Ferlazzo et al. used blocking
antibodies to show that the NK-cell

Although twins can have very different
personalities, telling them apart by looks
alone can be difficult. Similarly, CD4+

T helper (T
H

) cells develop into effector T
H

1
and T

H
2 cells, which are characterized by

their functions and cytokine profiles, but

which are not easily distinguished using
surface markers. Monney and colleagues 
now report in Nature the identification of
a transmembrane protein, T-cell
immunoglobulin- and mucin-domain-
containing molecule (Tim-3), which is
selectively expressed on the surface of T

H
1

cells and which may have a role in the
induction of autoimmune disease.

To identify new T
H

1-specific cell-surface
proteins the authors immunized rats with
T

H
1-cell clones and from these animals

generated and screened a panel of
approximately 20,000 monoclonal

antibodies. Two of the antibodies recognize a
cell-surface protein present on T

H
1 cells but

absent from T
H

2 cells. This protein was
identified as Tim-3. Further experiments
showed that Tim-3 is expressed on T

H
1 cells

but not on naïve T cells, B cells, macrophages
or dendritic cells. Tim-3 is not detectable on
T

H
1 cells until cells have undergone three

rounds of polarization with T
H

1-inducing
cytokines. Expression at this late stage of
T-cell development suggests that Tim-3
might not be involved in T-cell
differentiation but could be important for
the effector function of T

H
1 cells.

Monney and co-workers next investigated
the effect of Tim-3 antibody administration
on the development of experimental
autoimmune encephalitis (EAE), a mouse
model of multiple sclerosis, which is a T

H
1-

mediated autoimmune disease of the central
nervous system. Mice susceptible to EAE
were immunized with an encephalitogenic
protolipid protein peptide component of
myelin, given anti-Tim-3 antibody and
monitored for the development of EAE. Mice
treated with anti-Tim-3 antibodies rapidly
developed more severe disease than control
mice, showing enhanced inflammation and
demyelination. The demyelinating lesions in
the anti-Tim-3 antibody-treated mice were
filled with activated macrophages — one of
the major cell types responsible for myelin
destruction in EAE — which might explain
the exacerbated disease in these animals.
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Close encounters of
the third kind
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Cellular entry of HIV is dependent on interactions
between the viral envelope glycoprotein, host CD4
molecules and chemokine receptors (CCR5 and
CXCR4). Much of the work on mechanisms of HIV
entry has been performed in vitro, and additonal
factors that could be important for infections in
vivo remain poorly characterized. Recent work on
HIV infection has focused on the role of the den-
dritic cell (DC)-specific lectin DC-SIGN (dendritic-
cell-specific intercellular adhesion molecule
(ICAM)-3-grabbing non-integrin). Two papers in
Immunity now show that the HIV-1 protein Nef
upregulates DC-SIGN expression on DCs and that
binding of DC-SIGN mediates internalization of
virus particles into a non-lysosomal compartment,
which enhances infectivity.

DC-SIGN was previously shown to bind to 
glycoprotein 120 (gp120) of HIV. DCs that express
DC-SIGN can retain virions in an infectious state
for several days and augment infection of T cells,
although HIV is known to replicate inefficiently in
DCs. It has been proposed that DC-mediated trans-
port of virus from mucosal sites to secondary lym-
phoid tissues is important for the efficient transfer of
virus to T cells, but whether the virus is actually
internalized in DCs remains unclear.

The study from Olivier Schwartz’ group exam-
ined the role of HIV-1 Nef in viral infectivity. DC-
SIGN was found to be upregulated at the surface of
infected, but not uninfected, cells. Upregulation was
dependent on Nef, given that DCs infected with
Nef-deficient virus showed DC-SIGN staining pat-
terns similar to uninfected cells. Two putative inter-
nalization signals — a tyrosine-based motif and a
dileucine motif — are located in the cytoplasmic tail
of DC-SIGN. The role of these motifs was examined
using DC-SIGN-negative HeLa cells transfected
with plasmids encoding DC-SIGN or Nef, or both.

HeLa cells expressing wild-type DC-SIGN had very
little surface expression but a high rate of endocyto-
sis. By contrast, dileucine mutants of DC-SIGN
showed high levels of surface expression with little
or no internalization. Co-transfection with wild-
type DC-SIGN and Nef resulted in stable expression
of DC-SIGN at the plasma membrane. These results
show that Nef upregulates DC-SIGN surface expres-
sion by preventing internalization, which enhances
the ability of DCs to form clusters with lymphocytes
and facilitates viral transmission.

The study from Dan Littman’s group focused on
the role of DC-SIGN in internalization and infectiv-
ity of HIV-1. DC-SIGN was shown to mediate the
internalization of gp120 in a monocyte cell line
transduced with a DC-SIGN-encoding virus.
Fluorescence confocal microscopy showed that
whole viral particles could be internalized by human
DCs. After 45 minutes, most of the viral particles
were localized in a non-lysosomal compartment, and
these could be transmitted to a second target cell.
Low pH in this compartment was important for
maintenance of infectivity, given that neutralization
of pH abolished the ability of DC-SIGN-positive
cells to enhance infection of T cells.

Taken together, these results suggest that HIV
has evolved to exploit the function of DCs and
enhance viral transmissibility and infectivity.
Although several questions — such as how HIV
returns to the cell surface and what regulates this
process — remain to be answered, this new work
has implications for our understanding of HIV
pathogenesis.

Elaine Bell
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A SIGN for HIV

H I V

receptor NKp30 is essential for the
killing of DCs; however, inhibition of
NKp30 has no effect on the DC-
induced expansion of NK cells. The
other groups also failed to identify 
the DC factors that mediate NK-cell
activation.

Together, these studies describe a
new regulatory relationship in innate
immunity. In a commentary in the
same issue, Lawrence Zitvogel out-
lines the ways in which this two-way
negative and positive cross-regulation
might co-ordinate the initiation and
dampening down of innate responses
to infection.

Jennifer Bell
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The splenocytes of the mice treated
with Tim-3 antibody showed higher
basal proliferation and the spleens
contained higher numbers of
activated macrophages compared
with control animals. The enhanced
background proliferation in the Tim-
3-treated mice was dependent on an
interaction between anti-Tim-3-
treated T cells and macrophages.
These data indicate that engagement
of Tim-3 during 
T-cell activation affects interactions
between T cells and macrophages,
and results in macrophage expansion
and activation, which is probably
responsible for the increased severity
of this autoimmune disease.

The authors conclude that, because
T

H
1 and T

H
2 cells cross-regulate each

other’s function, expression of Tim-3
on T

H
1 cells might, in addition to its

role in development of
autoimmunity, also have therapeutic
implications for asthma and allergy.
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