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During transplant rejection, migrating T cells infiltrate the grafted organ, but the signals that direct this migration are
incompletely understood. In this issue of the JCI, Walch et al. debunk two classical paradigms concerning transplant
rejection, with important consequences for the design of antirejection therapeutics.
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During transplant rejection, migrating T cells infiltrate the grafted organ, 
but the signals that direct this migration are incompletely understood.  
In this issue of the JCI, Walch et al. debunk two classical paradigms  
concerning transplant rejection, with important consequences for the design 
of antirejection therapeutics.

Transplant rejection begins with the 
migration and influx of recipient T cells 
into the transplant. Many, but not all, of 
these T cells bear TCRs specific for donor 
alloantigen. If migration to and infiltra-
tion of the transplant by tissue-damag-
ing anti-donor T cells can be neutralized, 
even temporarily, the recipient anti-donor 
allograft response would be significantly 
weakened and more amenable to low-dose 
or tolerizing therapies.

The current dogma explaining the initial 
phases of the allograft response is based 
on the leukocyte migration paradigm (1). 
Chemokines, a family of small transmem-
brane proteins that attract migratory T 
cells bearing specific receptors for them, 

are believed to draw T cells to the trans-
plant. Then, the interaction of T cell sur-
face integrins with molecules present on 
donor endothelial cells retain T cells and 
enable their transmigration into the trans-
plant. When chemokines interact with 
chemokine receptors, chemokine recep-
tor–associated Gαi proteins are activated, 
and a pertussis toxin–sensitive signaling 
cascade is initiated. The downstream Gαi 
signaling pathway induces conforma-
tional changes in the integrins expressed 
on chemokine-activated T cells (2). These 
changes enhance the affinity of integrins 
such as VLA-4 for surrounding tissues, 
thought to be endothelial venules, of the 
transplant (Figure 1).

Chemokine production is markedly ampli-
fied within inflamed tissues, and transplant 
procedures, especially those involving 
deceased donors, inevitably lead to ische-
mia-reperfusion injury, resulting in inflam-

mation of the endothelium and chemokine 
expression (3, 4). Thus, it has been widely 
believed that chemokines, which regulate  
T cell traffic in lymphoid tissue, also play a 
pivotal role in transplant rejection.

Against this theoretical backdrop, and 
influenced by the surprisingly weak thera-
peutic effect of antibodies directed against 
chemokine receptors upon transplant sur-
vival (5–7), Walch et al. tested the authen-
ticity of the classical leukocyte migration 
paradigm in mouse cardiac and renal trans-
plant models (8). In short, they confirmed 
an important role for the integrin VLA-4, 
but found that the paradigm did not hold 
true for the role of chemokines in directing 
the massive influx of recipient anti-donor 
T cells in the allograft response.

Chemokine receptor signaling  
in the allograft response
To investigate the role of chemokine recep-
tors in the allograft response, Walch et 
al. used passive T cell transfer models in 
which recipient strain T cells are injected 
into syngeneic lymphopenic hosts. They 
found that infiltration into allografts by 
pertussis toxin–treated memory or acti-
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with donor-reactive T cells. Thus, in stark 
contrast to the previously accepted dogma, 
infiltration of donor-reactive CD8+ T cells 
into the transplant and rejection are not 
dependent upon chemokines.

TCR activation and donor-reactive  
T cell migration to the transplant
If chemokines emanating from an 
inflamed endothelium are not involved 
in drawing donor-reactive T cells into the 
transplant, what is responsible for this 
crucially important step in the allograft 
response? Walch et al. confirmed an impor-
tant role for integrins in enabling infiltra-
tion of the allograft, but their results made 
clear the chemokine receptor Gαi signaling 
pathway is not involved. Knowing that 
activation of the TCR complex, like activa-
tion of chemokine receptors, induces func-
tionally critical conformational change 
in integrins, the authors studied the role 
of donor antigen in the influx of CD8+ 
donor-reactive and non–donor-reactive  
T cells. Again, a passive lymphocyte trans-
fer system was used, but in this series of 
experiments, CD8+ T cells were harvested 
from mice bearing transgenic TCRs that 
do or do not recognize donor antigen. 
Both sets of T cells were able to infiltrate 
transplants; however, T cells that do not 
express receptors for donor antigen did 
not infiltrate transplants unless accom-
panied by TCR donor-reactive T cells. 
These T cell populations also differed in 
their requirements for chemokine recep-
tor or TCR activation in infiltrating the 
transplant (Figure 1). Inactivation of the 
chemokine receptor–linked Gαi protein 
signaling pathway with pertussis toxin 
prevented migration of CD8+ T cells bear-
ing the non–donor-reactive TCR complex, 
but not T cells bearing the donor-reactive 
TCR complex (8). Similar conclusions have 
emerged in an analysis of T cell migration 
in an autoimmune mouse model of type 1 
diabetes (9, 10).

Walch et al. performed two-photon 
intravital imaging to further analyze infil-
tration by TCR transgenic CD8+ T cells. 
Donor antigen–initiated responses, but not 
chemokine receptor–initiated responses, 
were shown to be responsible for the migra-
tion and adhesion of CD8+ donor-reactive 
TCR T cells to the capillary lumina, which 
in turn led to transmigration of donor- 
reactive effector T cells into the transplant. 
Previously, donor endothelial cells were 
believed to be solely responsible for presen-
tation of antigen to T cells migrating into 

by pertussis toxin–treated donor-reactive 
memory T cells was only slightly delayed 
compared with controls (8).

That chemokine-stimulated migration 
of donor-reactive CD8+ activated effector 
or memory T cells to host lymphoid tissue 
is not a necessary prelude to infiltration 
and rejection of the transplant was corrob-
orated by experiments in transplant recip-
ients that lack secondary lymphoid tissues 
(e.g., lymph node and spleen). Interestingly, 
purified and passively transferred naive  
T cells or even memory-type T cells that 
do not recognize donor antigens did not 
infiltrate the transplant unless these non–
donor-reactive T cells were cotransferred 

vated effector CD8+ T cells previously 
stimulated with donor cells was unim-
paired, whereas migration to lymph 
nodes was affected (8). Hence, migration 
of memory or activated effector CD8+ 
T cells to the allograft is not dependent 
upon activation of chemokine receptors. 
The same conclusions were reached in 
experiments analyzing rejection of newly 
engrafted organs, when inflammation 
caused by ischemia-reperfusion injury is 
present, and in hosts in which transfer of 
lymphocytes was delayed to 50 days after 
transplantation, after dissipation of ische-
mia-reperfusion–related inflammation. 
In these experiments, rejection mediated 

Figure 1
Integrin avidity determines T cell infiltration of transplants. (A) Low-affinity integrins in resting  
T cells are converted to a high-affinity state by exposure to chemokines, also a stimulus for migra-
tion of non–donor-reactive T cells to the transplant. (B) Integrin affinity may also be altered by 
antigen recognition, which initiates infiltration of the transplant by T cells bearing TCRs for trans-
plant antigens. Figure adapted with permission from Cellular and Molecular Immunology (14).



commentaries

2362	 The Journal of Clinical Investigation      http://www.jci.org      Volume 123      Number 6      June 2013

paradigm. Cell. 1994;76(2):301–314.
	 2.	Bolt S, et al. The generation of a humanized, 

non-mitogenic CD3 monoclonal antibody which 
retains in vitro immunosuppressive properties. Eur 
J Immunol. 1993;23(2):403–411.

	 3.	Shulman Z, et al. Lymphocyte crawling and trans
endothelial migration require chemokine trigger-
ing of high-affinity LFA-1 integrin. Immunity. 2009; 
30(3):384–396.

	 4.	Famulski KS, et al. Molecular phenotypes of acute 
kidney injury in kidney transplants. J Am Soc Nephrol.  
2012;23(5):948–958.

	 5.	Hancock WW, Gao W, Faia KL, Csizmadia V. 
Chemokines and their receptors in allograft rejec-
tion. Curr Opin Immunol. 2000;12(5):511–516.

	 6.	Halloran PF, Fairchild RL. The puzzling role of 
CXCR3 and its ligands in organ allograft rejection. 
Am J Transplant. 2008;8(8):1578–1579.

	 7.	Oberbarnscheidt MH, et al. Memory T cells migrate 
to and reject vascularized cardiac allografts inde-
pendent of the chemokine receptor CXCR3. Trans-
plantation. 2011;91(8):827–832.

	 8.	Walch JM, et al. Cognate antigen directs CD8+ T 
cell migration to vascularized transplants. J Clin 
Invest. 2013;123(6):2663–2671.

	 9.	Calderon B, Carrero JA, Miller MJ, Unanue ER. 
Cellular and molecular events in the localization 
of diabetogenic T cells to islets of Langerhans. Proc 
Natl Acad Sci U S A. 2011;108(4):1561–1566.

	 10.	Calderon B, Carrero JA, Miller MJ, Unanue ER. Entry 
of diabetogenic T cells into islets induces changes 
that lead to amplification of the cellular response. 
Proc Natl Acad Sci U S A. 2011;108(4):1567–1572.

	 11.	Pober JS, Tellides G. Participation of blood vessel 
cells in human adaptive immune responses. Trends 
Immunol. 2012;33(1):49–57.

	 12.	Chatenoud L, Bluestone JA. CD3-specific antibod-
ies: a portal to the treatment of autoimmunity. Nat 
Rev Immunol. 2007;7(8):622–632.

	 13.	Keymeulen B, et al. Insulin needs after CD3-anti-
body therapy in new-onset type 1 diabetes. N Engl J 
Med. 2005;352(25):2598–2608.

	 14.	 Abbas AK, Lichtman AH, Pober JS. Cellular and 
Molecular Immunology. 4th ed. Philadelphia, Penn-
sylvania, USA: Saunders; 2000.

immunosuppressive and even immune 
tolerance–promoting effects are obtained. 
Attempts to obviate these side effects by 
structural changes in the antibody have 
proven partially, but not totally, success-
ful (12, 13). Further improvements in anti-
body design or adaptation of multiagent 
strategies that enable successful treatment 
with lower and safer doses of anti-CD3 
are required. The work of Walch et al. (8) 
serves to refocus attention on the initi-
ation of the allograft response from the 
chemokine/chemokine receptor pathway 
toward activation of the TCR complex. 
While paradigms may be dashed, this work 
elucidates the molecular basis of the initial 
stages of the allograft response. This newly 
obtained and more complete understand-
ing of this process will have substantial 
implications for transplant medicine.
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the vascular lumen (11). However, Walch et 
al. found that bone marrow–derived APCs 
such as dendritic cells were more effective 
in retaining T cells within the graft than 
were endothelial cells. Infiltration of non–
donor-reactive T cells into the transplant 
was enabled by cotransfer with donor-reac-
tive T cells (8).

Clinical implications
Even perfect matching of major histocom-
patibility locus antigens between donor 
and recipient does not obviate the need 
for immunosuppressive therapy, because 
mismatches for the myriad of minor his-
tocompatibility antigens can also lead 
to rejection. As blockade of chemokine/
chemokine receptor interactions will not 
block the initial stages of rejection, an 
alternative approach might be to treat with 
antibodies directed at the TCR complex.

Indeed, treatment with antibodies 
directed at a nonpolymorphic compo-
nent of the TCR complex provides a well- 
appreciated therapeutic option to block 
the initial stages of the allograft response. 
Upon TCR activation, CD3 proteins poly-
merize with T cell antigen receptor pro-
tein (reviewed in ref. 12). Stimulation of 
the TCR complex by anti-CD3 leads to 
polymerization with the TCR, transiently 
activating T cells. Subsequently, T cell 
activation leads to an outpouring of proin-
flammatory cytokines, before the TCR 
complex is lost from the cell surface and 

Blazing a new TRAIL in hematopoietic cell 
transplantation
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There is a ying/yang to most biological therapies, and the balance of efficacy 
versus toxicity is delicate and sometimes difficult to achieve in favor of the 
patients. When the therapeutic window is wide, these therapies can be used 
in the majority of patients, but when the therapeutic window is narrow, the 
decision to proceed must be carefully balanced with a thoughtful risk-ben-
efit analysis. In this issue of the JCI, Ghosh et al. tackle one of the major 
obstacles in hematopoietic cell transplantation (HCT) technology: balanc-
ing the beneficial antitumor effect with the harmful anti-host effect.
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HCT describes the process of introducing 
new donor cells into a host, most often 
to treat hematological malignancy. The 
aim of treatment is to replace the dam-

aged hematopoietic cells with normal 
stem cells, and requires the rebuilding of 
a new immune system, since the original 
needs to be destroyed to allow for donor 
engraftment. The new immune system 
can recognize virulent microbial agents, 
alloantigens, and tumor-specific anti-
gens, leading to the beneficial graft-ver-
sus-tumor/leukemia (GVL) effect. On the 
other hand, donor T cell recognition of 
host antigens can result in graft-versus-
host disease (GVHD) (1). The occurrence 
of GVHD is the single greatest obstacle 


