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Imaging transplant rejection: a new view
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The success of organ transplantation is severely hindered by immune-mediated rejection, but the steps involved
in this process remain poorly defined. A new imaging study now reveals the sequence of events and immune cells
involved in graft rejection in a mouse model, providing insights into the points at which the immune system could be
rationally targeted to prevent transplant rejection (pages 744–749).
Organ transplantation offers the tantalizing
possibility of replacing injured or diseased
tissue with the corresponding tissue from
human or nonhuman sources. However, tissue
rejection poses a formidable barrier to success
ful transplantation. Immunosuppressive strat
egies have greatly improved the survival of
transplanted organs over the past few decades.
Although acute rejection can be successfully
prevented by immunosuppressive drugs,
chronic rejection and devastating drug side
effects still profoundly limit transplantation. It
is well accepted that graft rejection involves two
main stages: foreign antigen is brought to the
draining lymph node, and host immune cells,
particularly CD8+ T effector cells, invade the
graft, resulting in tissue destruction. But what
are the cell types that mediate these crucial
steps, and what routes do the cells take?
The skin contains two cell types that
detect danger signals such as tissue damage
or the presence of adjuvants: the superfi
cially located Langerhans cells (LCs) and
the deeper dermal dendritic cells (DDCs).
Normally, during immunization or infection,
these cells are rapidly mobilized and migrate
via the lymphatic vessels into the drain
ing lymph node. Some adjuvants can more
effectively mobilize DDCs and LCs, and thus
adjuvant choice may have a role in polarizing
subsequent T cell responses. Antigen recogni
tion in the lymph node relies on robust T cell
motility and dendritic cell probing that enable
antigen-specific T cells to locate and respond
to antigen on the surface of dendritic cells1–4.
However, for transplant rejection, an impor
tant issue is whether the antigen-presenting
cells that trigger T cells are from the donated
organ or the host. Recent work has shown that
donor-derived dendritic cells in a skin graft
are efficiently eliminated by recipient natural
killer (NK) cells within the first 24 h, tipping
the balance in favor of indirect presentation
by recipient dendritic cells5. But, if this is the
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Figure 1 Cellular dynamics in skin transplant rejection. Imaging of the site of the skin graft (top left)
and participating donor and recipient cell types (top right) carried out by Celli et al.9. On day 1 after
transplant (middle left), recipient monocytes (green) begin to enter the grafted tissue, and donor dermal
dendritic cells begin to disappear (orange turning to gray), leaving behind LCs (light green). Collagen
fibers (blue) and lymphatic vessels (red) are also shown. In the lymph node, (bottom), recipient
monocytes are shown as they begin to enter bringing in foreign antigens. DDCs (crossed out) are killed
by recipient NK cells. Recipient monocytes are shown priming a group of T cells (dark blue), resulting in
a pool of effector T cells (light blue) that subsequently migrate out of the lymph node. Nearby recipient
dendritic cells (yellow) may also participate in indirect presentation and priming. On day 6, massive
infiltration of monocytes is seen in the skin graft (middle), and effector T cells (both CD4 and CD8)
begin to migrate laterally into the graft from adjacent recipient tissue. By day 10 (right), CD8 + cells
have destroyed foreign cells, leading to necrosis and the final stages of rejection.

case, how does antigen make it into lymph
nodes where T cells are primed?
Recent advances in two-photon microscopy
and new preparations for imaging have begun
to reveal the dynamic cellular choreography
that underlies immune responses6. Over the
past decade, a new window has opened on
the intimate details of T cells, B cells and den
dritic cells as they migrate and interact. Much
work has concentrated on lymph node cel
lular dynamics, and intravital immunoimag
ing has been particularly useful to investigate
the long-range migrations of DDCs and LCs
as they traffic from the skin to lymph node7,

how DDCs, T cells and B cells interact within
the lymph node6, and how central memory
and effector T cells exit the lymph node and
migrate to and within inflamed skin8.
In this issue of Nature Medicine, Celli et al.9
now extend the use of intravital immunoim
aging to provide the first visualization of the
sequence of events occurring during transplant
rejection in a mismatched skin graft (Fig. 1).
Infiltrating CD11b+ monocytes first appear in
the graft within 24 h and can then be subse
quently detected in the draining lymph node.
After initial priming, T cells undergo episodes
of cell division before escaping the lymph node
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and then circulate via the blood before entering
the tissue. The skin-homing CD8+ cells migrate
through tissue and initially encounter foreign
tissue at the graft boundary, leading to killing
of the graft by CD8+ T effector cells. The eluci
dation of this series of events involved in graft
rejection might allow the strategic targeting of
key steps using immunotherapy to allow trans
plant tolerance.
By imaging an ear skin graft and the draining
lymph node in mice using two-photon intra
vital imaging preparations and cell-labeling
strategies, Celli et al.9 take an important
step forward in understanding the complex
choreography of graft rejection. Their work
makes three important contributions.
First, early and late events at the transplant
site and intermediate events in the draining
lymph node, where T cell priming occurs, are
beautifully visualized. The representative twophoton videos clearly illustrate the dynamics of
T cells, monocytes and dendritic cells, allowing
the authors to establish an important frame
work for further studies into extending tissue
graft survival9.
Second, the authors clarify the mecha
nism by which foreign antigen is brought to
the lymph node by visualizing the kinetics
of monocyte infiltration into the graft and
using a two-step graft transfer experiment

that still results in T cell priming. They show
that CD11b+ monocytes not only infiltrate the
graft, but these same cells travel back to the
lymph node and substantially prime T cells
there9. Whether graft rejection is primarily
mediated by direct or indirect presentation of
antigen has remained a controversial matter;
this work provides additional support for
indirect presentation facilitated by host
monocytes that invade the graft and transport
antigen to the draining lymph node. CD11b+
mononuclear cells are thus strongly impli
cated in carrying foreign antigen from graft
tissue to cross-prime both CD4+ and CD8+
T lymphocytes.
Third, Celli et al.9 reveal the dynamics of
responding T cells that infiltrate and recognize
foreign antigen at the graft, resulting in massive
tissue destruction. Importantly, they show that
CD8+ and CD4+ effector T cells invade the graft
from adjacent normal tissue and do not directly
travel to the revascularized graft itself 9.
In summary, a well-coordinated cellular
response to foreign tissue results in transplant
rejection. This response involves host mono
cytes that deliver foreign antigen to the lymph
node, dendritic cells that present the antigen
to T cells within the lymph node and effector
T cells that migrate back to the tissue graft to
destroy the foreign tissue. Host NK cells also

play a part in limiting direct presentation by
killing donor dendritic cells. It is exactly this
sequence of events that must be prevented to
permit survival of transplanted organs. In addi
tion to blocking T cell activation (for example,
via cyclosporin A to target the Ca2+ calcineu
rin pathway) or blocking egress of activated
T effectors from lymph node (for example,
using fingolimod to target S1P receptors), Celli
et al.9 call our attention to monocyte traffick
ing as a possible target for the development of
future immunosuppressive drugs that could be
used to prevent transplant rejection.
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Wormless without wingless
Dan Doherty & Kathleen J Millen
A mouse model of Joubert syndrome helps identify a crucial role for Wnt signaling in early cerebellar proliferation
and midline fusion (pages 726–731). Reduced activity of this pathway causes cerebellar hypoplasia reminiscent of
the cerebellar malformation observed in humans with Joubert syndrome.
Joubert syndrome (JBTS) is a congenital
disorder causing hypotonia, abnormal eye
movements and cognitive impairment.
Although JBTS is rare, the known genetic
causes of JBTS make it an excellent model
for studying biological mechanisms under
lying ataxia and intellectual disability, as
well as fundamental processes involved in
human brain development. JBTS is one of
an emerging group of disorders with over
lapping phenotypes termed ‘ciliopathies’
Dan Doherty and Kathleen J. Millen are in the
Division of Genetic Medicine, Department of
Pediatrics, University of Washington, Center for
Integrative Brain Research, Seattle Children’s
Hospital, Seattle, Washington, USA.
e-mail: ddoher@u.washington.edu

because they are caused by dysfunction of the
primary cilium organelle1. This membranecovered, microtubule-based projection present
on the apical surface of most cells has only
recently been implicated as an essential cellular
antenna that transduces chemo-, mechano- and
light sensation, and it mediates Sonic hedgehog
(Shh), platelet-derived growth factor-α and
other key signaling pathways, depending on
the cell type2.
JBTS is distinguished from other neuro
developmental and ciliopathy disorders by a
distinctive brain malformation that looks like
a molar tooth on brain imaging. The ‘molar
tooth sign’ results from hypoplasia of the
midline cerebellar vermis (meaning ‘worm’
in Latin) combined with thickened connec
tions between the cerebellar nuclei and the
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brainstem (the superior cerebellar peduncles).
Defects in neuronal migration and axon guid
ance are readily apparent from imaging and
neuropathology; however, the mechanisms
underlying the cerebellar vermis hypopla
sia remain a mystery. In this issue of Nature
Medicine, Lancaster et al.3 show that Wnt
(wingless) signaling has a crucial role in early
vermis development, using mouse models
for JBTS that show pathological similarities
to human disease. Remarkably, the vermis
defects in the mutant mice can be largely res
cued by treatment with lithium, a downstream
activator of Wnt signaling, raising the possi
bility that Wnt stimulation could improve the
cerebellar defects in fetuses with JBTS.
In humans, AHI1 (encoding Jouberin, or
Jbn) is one of 11 genes known to cause JBTS.
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