
Blazing a new TRAIL in hematopoietic cell transplantation

Nelson Chao

J Clin Invest. 2013;123(6):2362-2363. https://doi.org/10.1172/JCI69909.

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-benefit analysis. In this issue of the JCI, Ghosh et al. tackle one of the major obstacles in hematopoietic
cell transplantation (HCT) technology: balancing the beneficial antitumor effect with the harmful anti-host effect.
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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 
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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 
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suppressed im mune responses if every acti-
vated T cell were eliminated.

We are now entering an exciting era 
in which adoptive cellular therapies are 
more commonplace, and the use of engi-
neered T cells is expanding. The approach 
described in this article of manipulating 
TRAIL expression before transplantation 
may provide a unique opportunity to tar-
get tumor cells without inducing GVHD. 
As mentioned above, cells overexpressing 
TRAIL could also be quite useful as an 
“off-the-shelf” third-party infusion follow-
ing lymphodepletion in a patient, resulting 
in GVL activity during the lymphopenic 
period, followed by rejection of the allo-
geneic TRAIL+ cells after recovery of host 
immunity. Indeed, the work by Ghosh et al. 
(6) suggests that TRAIL+ T cells could exert 
their antitumor effects during this period 
of lymphodepletion, ridding the patient 
of the malignancy without altering their 
ability to fight viral infections. This manu-
script advances the field of cellular therapy 
by documenting the potential of separat-
ing GVHD from GVL: the prevention of 
GVHD not only without loss of GVL, but 
actual enhancement of GVL.
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used these cells in adoptive transfer exper-
iments (6). As expected, they observed 
that TRAIL+ T cells were highly active in 
vitro and in vivo in a murine model. Sur-
prisingly, however, they also found that 
these same cells led to reduced GVHD 
through the induction of apoptosis of 
alloreactive T cells (fratricide) and of 
host APCs, which upregulate the TRAIL 
receptor, death receptor 5 (DR5), follow-
ing radiation (Figure 1). Further, using 
mice infected with lymphocytic chori-
omeningitis virus (LCMV), they found 
that TRAIL+ T cells do not significantly 
impair antiviral responses. These data 
suggest that this population of TRAIL+  
T cells is unique in that the cells can 
remove the T cells that are responsible 
for GVHD through fratricide, but they 
do not kill off the T cells that convey pro-
tection from viral infections. Ghosh et al. 
further suggest that these TRAIL+ T cells 
could be used “off the shelf ” through a 
third-party donor and demonstrate that 
human TRAIL+ T cells have enhanced 
cytotoxicity against several freshly iso-
lated chronic lymphocytic leukemia cells.

Conclusions and further directions
Like all good articles, this work raises 
interesting questions. The first caveat to 
keep in mind is that these are data from 
murine models. While this is an impor-
tant first step, human T cell biology may 
differ substantially, and more work will 
need to be done before this advance is 
translated to patient therapy.

It will be interesting and important to 
determine how these TRAIL+ T cells traf-
fic differently from other populations, 
since the luciferase images suggest that 
they do not pool in the gut at day 7 com-
pared with wild-type, luciferase+, or GFP+ 
cells. It is possible that TRAIL+ T cells 
are deleting the gut APCs, resulting in 
reduced T cell activation.

Furthermore, it is difficult to explain 
why these TRAIL+ T cells do not suppress 
an antiviral response in a similar manner to 
the alloresponse. The authors suggest that 
this may be related to increased cytotoxicity 
of the TRAIL+ T cells (6), but the molecular 
details of this remain to be elucidated. Last, 
it would be useful to know how long these 
cells would persist in vivo, as continued 
survival of TRAIL+ T cells would result in 

to successful allogeneic stem cell trans-
plantation, and the prevention of GVHD 
while preserving GVL is the holy grail of 
research in this field.

Finding a balance
Several early experimental models test-
ing the potential for GVL by allogeneic 
cells failed because of the induction of 
GVHD (2, 3). As van Bekkum and de Vries 
described the state of the field in 1967, “It 
seems to be extremely difficult to induce 
that precise degree of graft versus host 
reactivity which will kill the leukaemic 
cells but which is at the same time mild 
enough to allow survival of the host” (4). 
By the mid-1970s, the clinical data demon-
strated a lower leukemia relapse rate, and 
a significant survival advantage was asso-
ciated with the development of GVHD 
(5). Thus, the understanding of the basic 
biology of T cells was still insufficient to 
balance GVHD and GVL.

Following the TRAIL
In this issue of the JCI, Ghosh et al. pres-
ent tantalizing data to suggest that it 
may be possible to actually enhance GVL 
without increasing the risk of develop-
ing GVHD (6). This group previously 
demonstrated that TNF-related apopto-
sis-inducing ligand (TRAIL) is required 
for optimal GVL activity (7). In the cur-
rent article, Ghosh et al. genetically engi-
neered T cells to overexpress TRAIL and 

Figure 1
The promise of TRAIL+ T cells in allo-HCT. The 
new sheriff (TRAIL+ T cells) kill off DR5+ cells 
while sparing other T cells, thus achieving the 
prevention of GVHD without loss of GVL.


