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Allogeneic hematopoietic cell transplantation (HCT) represents a potentially curative treatment for a variety of hematologic
malignancies due to the well-recognized graft-versus-leukemia/lymphoma (GVL) effect that is mediated by donor-derived
alloreactive T cells. However, graft-versus-host disease (GVHD) is mediated by the same T cells and remains a
significant clinical problem associated with substantial morbidity and mortality. In this issue of the JCI, Ni and colleagues
used several murine models of GVHD to evaluate the effect of CD4+ T cell depletion on GVL versus GVHD and revealed
that depletion of CD4+ T cells leads to the upregulation of PD-L1 by recipient tissues and donor CD8+ T cells. Interaction
of PD-L1 with PD-1 in GVHD-targeted tissues resulted in CD8+ T cell exhaustion and apoptosis, thereby preventing
GVHD, whereas PD-L1 interactions with CD80 in lymphoid tissue promoted CD8+ T cell survival and expansion, thereby
enhancing the GVL response. By separating these seemingly similar alloreactive T cell responses based on the context of
interaction, the results of this study may lay the groundwork for the development of effective clinical strategies to enhance
GVL while minimizing GVHD following allogeneic HCT.
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GVL versus GVHD
For a variety of hematologic malignancies, 
including acute and chronic leukemias 
and lymphomas (1), allogeneic hemato-
poietic cell transplantation (HCT) can be 
a potentially curative therapeutic strat-
egy. Allogeneic HCT can benefit these 
malignancies due to the well-recognized 
graft-versus-leukemia/lymphoma (GVL) 
effect that is mediated by donor-derived 
alloreactive T cells. Unfortunately, these 
same T cells are also responsible for graft-
versus-host disease (GVHD) (2), which 
results in significant morbidity and mortal-
ity. While depletion of T cells from donor 
allografts prevents GVHD, removal of these 
cells results in increased graft failure and 
increased rates of tumor relapse. Similarly, 
immunosuppressive agents used to prevent 
or treat the pathologic GVHD response also 
reduce the beneficial GVL response.

The difficulty in separating GVL from 
GVHD rests in the underlying similarity of 
the alloreactive T responses behind both 
processes. Over the past decades, tremen-
dous efforts have been made to identify 
specific immune mechanisms underlying 
GVL versus GVHD in order to separate 
them. Several promising clinically appli-
cable approaches have been identified 
for promoting GVL and reducing GVHD, 
including depletion of subpopulations of 
GVHD-associated donor naive T cells, 
selection of GVL-maintaining memory 
T cells (3, 4), administration of donor NK 
cells that provide GVL without GVHD (5, 
6), and, more recently, the use of alloge-
neic chimeric antigen receptor T cells that 
target tumor cells with limited capacity for 
GVHD induction (7). Furthermore, GVHD 
occurs primarily in parenchymal tissues, 
such as liver, skin, and intestine, whereas 

GVL targets hematologic tumors in the 
lymphoid tissue, such as lymph nodes and 
spleen, and the bone marrow; therefore, 
strategies to separate GVL from GVHD 
based on their differences in tissue micro-
environment that may affect alloreactive T 
cell responses are desirable to explore.

Role of PD-L1 in separating 
GVL from GVHD
Programmed death ligand-1 (PD-L1) 
was originally discovered as a B7 homo-
log that costimulated T cell proliferation 
and cytokine production (8). However, 
PD-L1 is best characterized by its immune 
inhibitory function as a result of PD-L1/
programmed death-1 (PD-L1/PD-1) inter-
actions between antigen-presenting cells 
and T cells that result in T cell exhaustion 
and apoptosis (9, 10). As PD-1 is highly 
expressed by tumor-infiltrating lympho-
cytes and PD-L1 is expressed by many 
tumors (11), engagement of PD-L1/PD-1–
mediated inhibition offers an immune 
checkpoint by which tumors can evade 
the host immune response (12, 13). Multi-
ple clinical trials have evaluated the abil-
ity of mAbs that target the PD-L1/PD-1 
interactions that are inhibitory to T cells 
to increase the tumoricidal properties of 
tumor-infiltrating T cells (14, 15).

While many studies have focused on 
the inhibitory functions of PD-L1, other 
reports have demonstrated that PD-L1 
is important for T cell proliferation and 
cytokine production (8, 16), leading to the 
hypothesis that, in addition to PD-1, anoth-
er PD-L1–binding partner existed (17). 
Shortly thereafter, CD80 was identified 
as a binding partner for PD-L1 by expres-
sion cloning using a cDNA library prepared 
from Cd28–/–Ctla-4–/– T cells (18). For CD4+ 
T cells, PD-L1/CD80 interactions inhibit 
proliferation and cytokine production (18), 
but the opposite appears to be the case for 
CD8+ T cells. For example, PD-L1 has been 
shown to play a critical costimulatory role 
for antigen-specific CD8+ T cells during 
microbial infection as well as for protective 
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Allogeneic hematopoietic cell transplantation (HCT) represents a potentially 
curative treatment for a variety of hematologic malignancies due to the 
well-recognized graft-versus-leukemia/lymphoma (GVL) effect that is 
mediated by donor-derived alloreactive T cells. However, graft-versus-host 
disease (GVHD) is mediated by the same T cells and remains a significant 
clinical problem associated with substantial morbidity and mortality. In this 
issue of the JCI, Ni and colleagues used several murine models of GVHD to 
evaluate the effect of CD4+ T cell depletion on GVL versus GVHD and revealed 
that depletion of CD4+ T cells leads to the upregulation of PD-L1 by recipient 
tissues and donor CD8+ T cells. Interaction of PD-L1 with PD-1 in GVHD-
targeted tissues resulted in CD8+ T cell exhaustion and apoptosis, thereby 
preventing GVHD, whereas PD-L1 interactions with CD80 in lymphoid tissue 
promoted CD8+ T cell survival and expansion, thereby enhancing the GVL 
response. By separating these seemingly similar alloreactive T cell responses 
based on the context of interaction, the results of this study may lay the 
groundwork for the development of effective clinical strategies to enhance 
GVL while minimizing GVHD following allogeneic HCT.
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The data presented by Ni and col-
leagues demonstrate the importance of 
context-dependent function of PD-L1 in 
influencing donor CD8+ T cell responses 
during the process of GVL versus GVHD 
and reveal a critical role for CD4+ T cells 
in regulating these processes. A con-
text-dependent function of PD-L1 was also 
recently described by Saha et al. (24), who 
found that GVHD was reduced in mice 
receiving Pdl1–/– donor cells but that the 
GVL response was maintained. Ni and col-
leagues added to this finding by demon-
strating that PD-L1/CD80 interactions 
are critical to the GVL effect. More impor-
tantly, Ni et al. have provided an exciting 
and translatable strategy that involves 
CD4+ T cell depletion in an effort to pre-
vent GVHD but maintain an effective GVL 
response, thereby improving the outcome 
of allogeneic HCT. However, there are sev-
eral unanswered questions from the study 
by Ni and colleagues that require further 
investigation. First, it is not clear how 
depletion of CD4+ T cells initially leads to 
increased IFN-γ production in vivo. Ni et 
al. attributed the elevation of IFN-γ pro-
duction to increased CD8+ T cell expansion 
in the absence of CD4+ T cells. However, 
as the IFN-γ–dependent enhancement of 
PD-L1/CD80 interactions between CD8+ 
T cells is important for survival and expan-
sion of this population, it is possible that 
the initial increase in IFN-γ production in 
CD4+ T cell–depleted mice could be from 
other IFN-γ–producing cells, such as NK 
and/or NKT cells. Second, in addition to 
increased IFN-γ, Ni and colleagues also 
observed a reduction in IL-2 production in 
the absence of CD4+ T cells. Because CD8+ 
T cells require IL-2 for their activation and 
proliferation, a potential role for reduced 
IL-2 production in the observed decrease 
in GVHD cannot be ruled out. Third, stud-
ies have shown that upregulation of PD-L1 
by IFN-γ is a local effect (15). As Ni and 
colleagues only showed an increase in sys-
temic IFN-γ levels in the absence of CD4+ 
T cells, it would be important to delineate 
whether IFN-γ expression is also increased 
within the local environment. Similarly, in 
addition to IFN-γ, other cytokines, such as 
IL-27 and TGF-β, can upregulate expres-
sion of PD-L1 (25, 26). Although Ni et al. 
found no notable differences in serum 
IL-27 concentrations in recipients treat-
ed with anti-CD4 mAb compared with a 

finding using multiple GVHD models (two 
murine allogeneic HCT models and a 
human → mouse xenogeneic HCT model) 
and two tumor models, including one that 
was previously shown to be partially resis-
tant to the GVL effect (23). In these mod-
els, CD4+ T cell depletion increased serum 
IFN-γ levels, leading to upregulation of 
PD-L1 in recipient tissues and donor CD8+ 
T cells (Figure 1). In GVHD target tissues, 
Ni and colleagues found that increased 
PD-L1/PD-1 interactions between recipient 
tissues and donor CD8+ T cells led to T cell 
exhaustion and apoptosis, thereby prevent-
ing GVHD. In lymphoid tissues, enhanced 
PD-L1/CD80 interactions between CD8+ T 
cells augmented T cell survival and expan-
sion and preserved the GVL response. Ni 
and colleagues concluded that the outcome 
of the PD-L1–mediated effect on CD8+ T 
cells depends on whether CD4+ T cells are 
present, the nature of the interacting part-
ner expressed by CD8+ T cells, and the tis-
sue microenvironment.

immunity against infection with Listeria 
monocytogenes (19) and Salmonella (20). It 
has also been shown that PD-L1 expres-
sion by activated antigen-specific CD8+ T 
cells is required for their survival following 
expansion through both the inhibition of 
apoptotic T cell death by increasing levels 
of the antiapoptotic protein BCL-xL and 
by decreasing T cell–T cell fratricide (21). 
Blockade of PD-L1/CD80 interaction, as 
occurs in PD-1–deficient and PD-L1–defi-
cient mice or with administration of an 
anti–PD-L1 mAb (clone 43H12 specifically 
blocks PD-L1/CD80 interaction and pre-
serves PD-L1/PD-1 interactions), reduces 
phosphorylation of key signal transduction 
molecules in the TCR signaling and CD28 
costimulatory pathways, including ZAP-
70, AKT, mTOR, and rpS6 (16).

In this issue, Ni and colleagues report 
that in vivo depletion of CD4+ T cells follow-
ing allogeneic HCT prevents GVHD while 
maintaining an effective GVL response 
(22). Ni et al. rigorously demonstrate this 

Figure 1. The effect of CD4+ T cell depletion on GVL versus GVHD. Depletion of CD4+ T cells 
following allogeneic hematopoietic cell transplantation (HCT) increases systemic levels IFN-γ and 
decreases IL-2. The changes in these cytokines in turn promote expansion of CD8+ T cells in lymphoid 
tissue with the capacity to target malignant host cells via PD-L1/CD80 interactions. Conversely, in 
GVHD-targeted tissues, CD4+ T cell depletion enhances the interaction of PD-L1/PD-1 interactions 
between CD8+ T cells and cells of GVHD-targeted tissues, thereby increasing exhaustion and apopto-
sis of host-attacking CD8+ T cells.



The Journal of Clinical Investigation   C O M M E N T A R Y

1 6 2 9jci.org   Volume 127   Number 5   May 2017

 4. Zheng H, et al. Effector memory CD4+ T 
cells mediate graft-versus-leukemia without 
inducing graft-versus-host disease. Blood. 
2008;111(4):2476–2484.

 5. Ruggeri L, et al. Effectiveness of donor 
natural killer cell alloreactivity in mis-
matched hematopoietic transplants. Science. 
2002;295(5562):2097–2100.

 6. Bachanova V, Miller JS. NK cells in therapy of 
cancer. Crit Rev Oncog. 2014;19(1–2):133–141.

 7. Brudno JN, et al. Allogeneic T cells that  
express an anti-CD19 chimeric antigen recep-
tor induce remissions of B-cell malignancies 
that progress after allogeneic hematopoietic 
stem-cell transplantation without causing 
graft-versus-host disease. J Clin Oncol. 
2016;34(10):1112–1121.

 8. Dong H, Zhu G, Tamada K, Chen L. B7-H1, a 
third member of the B7 family, co-stimulates 
T-cell proliferation and interleukin-10 secretion. 
Nat Med. 1999;5(12):1365–1369.

 9. Park JJ, et al. B7-H1/CD80 interaction is required 
for the induction and maintenance of peripheral 
T-cell tolerance. Blood. 2010;116(8):1291–1298.

 10. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. 
PD-1 and its ligands in tolerance and immunity. 
Annu Rev Immunol. 2008;26:677–704.

 11. Chakravarti N, Prieto VG. Predictive factors 
of activity of anti-programmed death-1/
programmed death ligand-1 drugs: immuno-
histochemistry analysis. Transl Lung Cancer Res. 
2015;4(6):743–751.

 12. Ahmadzadeh M, et al. Tumor antigen-specific 
CD8 T cells infiltrating the tumor express high 
levels of PD-1 and are functionally impaired. 
Blood. 2009;114(8):1537–1544.

 13. Taube JM, et al. Colocalization of inflammatory 
response with B7-h1 expression in human mela-
nocytic lesions supports an adaptive resistance 
mechanism of immune escape. Sci Transl Med. 
2012;4(127):127ra37.

 14. Chen L, Han X. Anti-PD-1/PD-L1 therapy of 
human cancer: past, present, and future. J Clin 
Invest. 2015;125(9):3384–3391.

 15. Topalian SL, Drake CG, Pardoll DM. Immune 
checkpoint blockade: a common denomina-
tor approach to cancer therapy. Cancer Cell. 
2015;27(4):450–461.

 16. Cassady KM, Zhou J, Riggs A, Zeng D. PD-L1/
CD80 and PD-L1/PD-1 signaling reciprocally 
regulate alloreactive CD8+ T cell glycolysis, pro-
liferation, apoptosis, and Gvhd-inducing capaci-
ty. Blood. 2015;126(23):4282.

 17. Dong H, Chen X. Immunoregulatory role of 
B7-H1 in chronicity of inflammatory responses. 
Cell Mol Immunol. 2006;3(3):179–187.

 18. Butte MJ, Keir ME, Phamduy TB, Sharpe AH, 
Freeman GJ. Programmed death-1 ligand 1 
interacts specifically with the B7-1 costimulatory 
molecule to inhibit T cell responses. Immunity. 
2007;27(1):111–122.

 19. Rowe JH, Johanns TM, Ertelt JM, Way SS. 
PDL-1 blockade impedes T cell expansion 
and protective immunity primed by atten-
uated Listeria monocytogenes. J Immunol. 
2008;180(11):7553–7557.

 20. Lee S-J, O’Donnell H, McSorley SJ. B7-H1 
(programmed cell death ligand 1) is required 

modulating other forms of CD8-mediated 
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been shown to play an important role in the 
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In summary, PD-L1/CD80 and PD-L1/
PD-1 signaling reciprocally regulate CD8+ 
T cell expansion and function. Balancing 
the two signaling pathways allows donor 
CD8+ T cells to mediate the GVL effect 
without causing GVHD. Future efforts 
aimed at leveraging differences in micro-
environment-regulated signaling pathways 
may allow overlapping, yet clinically diver-
gent, immune functions to be separated.
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