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Attenuating coinhibitory molecules for the treatment of cancer is gaining a 
great deal of attention as a strategy for immunotherapy. The B and T lym-
phocyte attenuator (BTLA, CD272) is a novel coinhibitory molecule struc-
turally and functionally related to CTLA-4 and PD-1. A study in this issue 
of the JCI by Derré et al. reveals that BTLA is expressed on virus-specific 
human CD8+ T cells but is progressively downregulated after their differen-
tiation from a naive to effector phenotype (see the related article beginning 
on page 157). Surprisingly, tumor-specific human CD8+ T cells continue 
to express BTLA even after their differentiation to an effector phenotype. 
Remarkably, vaccination of melanoma patients with CpG led to BTLA 
downregulation on tumor-specific human CD8+ T cells, concomitant with 
restoration of their functionality. We discuss these findings in the context 
of the expanding field of cosignaling molecules and their implications for 
T cell–based therapies for cancer.

Two families of cosignaling molecules, the 
CD28 family and the TNF receptor (TNFR) 
family, are master regulators of the immune 
system at the cell surface (1–3). During cell-
to-cell contact, specific recognition occurs 
between various cosignaling molecules, and 
this interaction ignites a plethora of signal-
ing events, resulting in either the activation 
(costimulation) or the attenuation (coinhi-
bition) of T cell function and proliferation 
(Figure 1). Indeed, cosignaling molecules are 
among the first responders of the immune 
system to self, foreign, and tumor antigens. 
A key feature of cosignaling molecules is 
that their functions are dependent on the 
TCR signal, and these cosignaling molecules 
(often referred to as “signal 2”) are necessary 
to direct, modulate, and fine-tune the TCR 
signal (often referred to as “signal 1”).

Overview of lymphocyte cosignaling
It has been nearly 40 years since Bretscher 
and Cohn first proposed the “two-signal” 
model for T cell activation, and while the 
details have become increasingly complex, 
the simplicity of the model provides a basic 
framework with which to understand mech-
anisms that maintain immune tolerance 
(4). In the mid-1980s, CD28 was identified 

as the first cosignaling molecule. CD28 
provides the dominant signals required for 
full activation of naive lymphocytes and 
thus is called a costimulatory molecule. 
Shortly after the discovery of CD28, cyto-
toxic T lymphocyte antigen–4 (CTLA-4) was 
identified as a protein that shares ligands 
and structural homology with CD28 (5). 
In contrast to CD28, however, CTLA-4 was 
found to inhibit T cell responsiveness and 
is thus considered a coinhibitory molecule. 
Manipulation of the CTLA-4 pathway using 
antibody blockade has shown considerable 
promise for the treatment of patients with 
cancer, and these clinical data have moti-
vated investigators to search for other coin-
hibitory molecules for clinical benefit.

Several additional coinhibitory mol-
ecules have been identified in the past 
decade, including programmed death–1 
(PD-1), lymphocyte activation-gene 3 
(LAG-3), CD160, and the B and T lympho-
cyte attenuator (BTLA). BTLA is the most 
recently identified receptor of the CD28 
family and is structurally related to CTLA-4  
and PD-1 (6). BTLA binds the herpes virus 
entry mediator (HVEM). Interestingly, 
HVEM is a member of the TNFR family; 
and its interaction with BTLA is the first 
demonstration of crosstalk between the 
CD28 and TNFR families (7), an observa-
tion that has profound implications for 
the complexity of regulation of the innate 
and acquired immune systems.

In contrast to mice lacking CTLA-4 or 
PD-1, young BTLA-deficient mice show no 
obvious signs of autoimmunity; however, 
with age, they develop autoimmune hepa-
titis and other signs of immunopathology 
(8). Furthermore, mice lacking BTLA are far 
more susceptible to EAE, a model of T cell–
mediated autoimmune disease that shares 
several features with MS (6). Interestingly, 
BTLA blockade prevents proliferation and 
cytokine production by T cells, while BTLA 
triggering leads to decreased antimicro-
bial and autoimmune responses in mice, 
suggesting that BTLA may have an impor-
tant role in restraining cellular immunity. 
However in humans, little is known about 
the contribution of BTLA to tolerance and 
immunopathology, or to its functional 
effect on antigen-specific T cells in vivo.

Cancer patients have abnormal 
expression of BTLA
In this issue of the JCI, Derré and cowork-
ers report that naive human CD8+ T cells 
express high levels of BTLA on their cell 
surface (9). However in bulk and influenza-
specific CD8+ T cells in healthy donors and 
cancer patients, they found that the surface 
expression of BTLA is gradually downregu-
lated during differentiation of human CD8+ 
T cells from the naive to effector cell pheno-
type (Figure 2A). Remarkably, this is not the 
case for tumor-specific human CD8+ T cells. 
In sharp contrast, these cells persistently 
expressed high levels of BTLA in vivo and 
remained susceptible to functional inhi-
bition by the BTLA ligand HVEM (Figure 
2B). Importantly, the authors demonstrate 
abundant expression of HVEM in a subset 
of melanomas and show that tumor-specif-
ic CD8+ T cells in these patients were inhib-
ited by interaction of BTLA with HVEM on 
the tumor, even after progressive differen-
tiation of the T cells.

Additional investigation by Derré et al. 
revealed persistent BTLA expression on 
spontaneously elicited tumor antigen 
Melan-AMart-1–specific CD8+ T cells from 
melanoma patients and after conven-
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tional peptide vaccination consisting of a  
Melan-A26-35 peptide and incomplete 
Freund’s adjuvant (9). As modeled in Fig-
ure 2B, these cells possess minimal func-
tionality upon tumor encounter. Surpris-
ingly, the addition of a TLR9 agonist, CpG, 
to the vaccine comprising Melan-A26-35 
peptide and incomplete Freund’s adjuvant 
led to “normalization”: progressive BTLA 
downregulation in vivo on those cells and 
resistance to BTLA-HVEM–mediated inhi-
bition, as assessed by the capacity of these 
cells to produce IFN-γ after recognition of 
tumor antigen (Figure 2C).

This work (9) catapults the field of tumor 
immunotherapy forward by demonstrat-
ing, for the first time to our knowledge, that 
BTLA is a valid target for cancer immuno-
therapy. The coinhibitory molecule BTLA 
can inhibit tumor-specific human CD8+ T 
cells; and vaccination with CpG adjuvants, at 
least in part, overcomes this barrier by down-
regulating BTLA. CpG-mediated downregu-
lation of BTLA correlates with restoration of 
the in vivo effector function of tumor-specific 
human CD8+ T cells. These data underscore 
the therapeutic potential of exploiting the 
BTLA pathway to treat patients with cancer 

and infectious disease as well as patients with 
autoimmunity. Thus, a therapeutic immune 
intervention to treat infectious or malignant 
disease would involve blocking BTLA-medi-
ated T cell inhibition, whereas this pathway 
could be pharmacologically augmented to 
promote BTLA-mediated T cell inhibition 
or tolerance for patients with autoimmune 
diseases or for allograft recipients.

Exciting findings lead to new 
questions
The current studies raise fundamental ques-
tions for further investigation. The present 

Figure 1
The B7/CD28 family interactions and their function outcomes. The B7/CD28 family members are characterized by their common immunologlobu-
lin extracellular binding domains, and their signaling pathways are driven mainly by their intracellular, tyrosine-containing motifs. In addition to the 
specific antigen–dependent signal provided by the MHC-antigen complex to the TCR, the cell-surface interactions involving the B7/CD28 family 
of cosignaling molecules provide a second signal to T cells to enhance or inhibit the TCR signal, which influences the proliferative capacity and 
functional fate of the T cell. In addition to CD28 ligation by B7-1 and B7-2, T cell costimulation can be mediated by ligation of inducible costimula-
tor (ICOS) via its ligand ICOS-L or can be mediated by ligation of the newly reported trim-like transcript 2 (TLT-2) via its ligand B7-H3. Also, in 
addition to CTLA-4, BTLA, CD160, and PD-1, which exert their effects via ligation by their respective ligands, is a new molecule referred to as 
butyrophilin/B7-like molecule (BTNL2), a coinhibitory molecule that mediates signaling of activator protein 1 (AP1) and nuclear factor of activated 
T cells (NFAT) via a ligand that remains elusive (as indicated by a question mark). Costimulatory interactions are shown in green, coinhibitory 
interactions in red. TREMR, triggering receptors expressed on myeloid cells receptor. Adapted with permission from Cell (21).
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data convincingly demonstrate that vaccina-
tion with CpG downregulates BTLA expres-
sion on tumor-specific T cells in patients in 
vivo and that this somehow results in the 
enhanced activation and function of these 
cells (9). However, at a clinical level, it will be 
important to confirm these data in future 
studies involving randomized cohorts of 
patients in order to exclude seemingly minor 
differences in the performance status and 
other variables of patients enrolled in cancer 
vaccine studies that can have major impact 
on the observed responses. Moreover, further 

studies will be required to obtain a mechanis-
tic understanding of this effect. For example, 
Derré and colleagues have not yet examined 
how this vaccination strategy might impact 
the expression of CD160, a coinhibitory 
molecule present on the same patient cells. 
HVEM interacts not only with BTLA but also 
with CD160 and LIGHT (an inducible lym-
photoxin-like molecule that competes for 
HVEM) (Figure 3). While ligation of LIGHT 
via HVEM-expressing tumors stimulates T 
cell responses (Figure 3C), ligation of BTLA 
(and perhaps CD160) via HVEM-expressing 

tumors transmits coinhibitory signals to T 
cells (Figure 3, A and B). Thus, HVEM is a 
bidirectional molecular switch capable of 
regulating T cell activation by costimula-
tion or coinhibition, the outcome of which 
depends on the ligand engaged. It is conceiv-
able that vaccination also downregulates the 
expression of CD160 and that this also aug-
ments T cell activation. Indeed, the HVEM-
BTLA interaction is likely to be exceedingly 
complex, as T cells can express 5 different 
ligands for HVEM (10), and therefore the 
interactions within this receptor system 
require further investigation. Such investi-
gations will be important, as they may shed 
light onto whether the CD160 pathway is of 
therapeutic merit as well, or if the molecule 
is simply a passenger with BTLA.

Speiser and colleagues previously report-
ed efforts to use TLR agonists in conjunc-
tion with vaccination in patients with mel-
anoma (11). Combining the TLR9 agonist 
CpG with a Melan-A26-35

MART-1 peptide and 
incomplete Freund’s adjuvant increased the 
number of Melan-A26-35

MART-1–specific T 
cells by greater than 10-fold compared with 
vaccination without CpG. This heightened 
the immune response; however, it did not 
promote tumor regression. These findings 
might imply that the Melan-A26-35

MART-1–
specific T cells induced by CpG and vaccina-
tion are functionally tolerized. For example, 
the tumor-reactive T cells might be tolerized 
by Tregs, as hypothesized by this group and 
others, who reported an elevation of Tregs 
in the tumors of vaccinated patients receiv-
ing CpG. The present work implies that it is 
not only Tregs that hamper the immunity 
in these patients. Besides Tregs, inhibition 
via BTLA and perhaps CD160 may play a 
key role, given that BTLA may be expressed 
on virtually all tumor-specific CD8+ T cells 
at every stage of differentiation. Discerning 
how CpG differentially impacts on tumor-
specific T cell effector functions by Tregs 
versus BTLA will be important.

It is intriguing that BTLA expression is 
maintained at high levels despite tumor-
specific CD8+ T cell differentiation to effec-
tor cells (9), unlike the case of influenza 
virus–specific CD8+ T cells, which progres-
sively downregulate their BTLA expression 
after differentiation from a naive to effector 
phenotype. Interestingly, however, signifi-
cant proportions of EBV- and CMV-specific 
CD8+ T cells persistently expressed BTLA, in 
contrast to influenza-specific CD8+ T cells, 
suggesting that either differences in TCR 
affinity or chronic antigenic exposure may 
sustain BTLA expression and thus inhibi-

Figure 2
BTLA expression inhibits tumor-specific human CD8+ T cell function, which can be overcome 
by vaccination with CpG. In this issue of the JCI, Derré et al. report that naive human CD8+ 
T cells express high levels of the coinhibitory molecule BTLA on their surface. They find that 
BTLA can inhibit the function of tumor-specific human CD8+ T cells. In vivo, vaccination of 
melanoma patients with CpG dampened this inhibition, at least in part, by downregulating 
BTLA. (A) The surface expression of BTLA is gradually downregulated during differentiation 
of virus-specific human CD8+ T cells from a naive (CCR7+CD45RA+) to an effector cell pheno-
type (CCR7dimCD45RA–). These differentiated cells produce high amounts of IFN-γ. (B) The 
surface expression of BTLA is maintained on tumor Melan-AMart-1–specific human CD8+ T cells 
from patients vaccinated with conventional peptide vaccination consisting of a Melan-A26-35 
peptide and incomplete Freund’s adjuvant (IFA) even after their differentiation to an effector 
phenotype, and this is associated with impaired functionality, as indicated by their reduced 
capacity to produce IFN-γ. (C) The vaccination of melanoma patients with the TLR agonist 
CpG led to progressive BTLA downregulation on tumor Melan-AMart-1–specific human CD8+ 
T cells and resistance to BTLA-HVEM–mediated functional inhibition and robust production 
of IFN-γ. These data not only underscore the therapeutic potential of CpG but also reveal the 
clinical importance of the BTLA pathway.
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tion of specific CD8+ T cells. Understand-
ing the mechanism by which some antigen-
specific T cells downregulate BTLA while 
others do not will be important.

Future directions
Given that CpG triggers innate immunity 
via TLR9, the question naturally arises, 
Do all forms of innate activation down-
regulate BTLA expression, and does this 
process enhance tumor-specific T cell acti-
vation? More than 100 years ago, William 
Coley tried to exploit the innate arm to 
treat patients with cancer (12). He reported 
tumor regression in some of his patients 
given the mixture of bacteria consisting of 
heat-killed cultures of Streptococci and Serra-
tia marcescens. Since then, investigators have 
made major advancements in safely trigger-
ing innate immunity (13). Furthermore, it 
is now accepted that lymphodepletion with 
chemotherapy or total body irradiation 
activates the innate immune system via 

release of TLR4 agonists not only from the 
tumor but also from the radiation-injured 
gut (14, 15). Thus, it will be interesting to 
determine how innate activators, such as 
TLR agonists or chemotherapy, impact on 
the expression of BTLA as well as on other 
coinhibitory and costimulatory molecules 
expressed on tumor-specific T cells.

Human B cells highly express TLR9, and 
given that melanoma patients have recently 
been shown to have major abnormalities in 
the B cell compartment (16), it is possible 
that perturbed availability of B cells with 
abundant TLR9 contributes to the persis-
tent BTLA expression in the self-reactive T 
cells described in cancer patients.

These novel findings in patients with can-
cer support the need to develop therapeutic 
interventions to interfere with BTLA-medi-
ated immune regulation. Tumor-specific T 
cells are often primed on “bad” or immature 
APCs, and one view has been that this leads 
to T cells with a poor proliferative capac-

ity and impaired functionality. The present 
results showing restoration of seemingly nor-
mal T cell differentiation and at least partial 
reversal of function with BTLA antagonism 
are a source of optimism that suboptimal 
antitumor responses can be rescued in can-
cer patients (9). Furthermore, given the ini-
tial promising clinical results to date of the 
adoptive transfer of T cells in patients with 
melanoma, the stage is now set to incorpo-
rate CpG adjuvanted vaccination strategies 
with BTLA blockade therapy. Importantly, 
this work has broader implications, similar to 
those revealed with the discovery of CTLA-4.  
Given that BTLA is expressed on cells with 
a naive phenotype, perhaps its therapeutic 
disruption will yield greater promise for the 
treatment of patients with cancer than that 
achieved with CTLA-4 blockade, or perhaps 
their combined antagonism will permit opti-
mal T cell–mediated tumor immunity.

From a therapeutic perspective, there is 
a strong rationale for developing antago-
nistic and perhaps agonistic antibodies 
to BTLA; however, the complexity of this 
receptor and ligand system may present 
a challenge. Furthermore, since antago-
nism of both CTLA-4 and PD-1 has already 
shown promise in clinical trials (17), it is 
likely that combination blockade may be 
more potent and more toxic, given that the 
mechanism of action of each of these coin-
hibitory receptors is different (3, 10).

Another issue to be resolved is clarifying 
the mechanism of CpG-mediated “correc-
tion” of BTLA expression. It is possible that 
the CpG adjuvant results in TLR9-mediated 
cross-presentation on plasmacytoid den-
dritic cells and that this remedies the origi-
nally suboptimal presentation that occurs 
on melanoma cells via direct presentation 
or on immature, myeloid-derived dendritic 
cells during the natural course of tumor pro-
gression. Another possibility to be excluded 
is whether CpG may directly increase the 
immunogenicity of melanoma cells.

The present results suggest that in situ-
ations of chronic antigen exposure, such 
as cancer and EBV and CMV infection, 
BTLA expression is sustained, while in 
situations where antigen persistence is 
extinguished, BTLA expression is turned 
off. It may be that contexts that promote 
the establishment of true memory require 
downregulation of BTLA. Recent studies in 
mice indicate that BTLA is required for the 
induction of tolerance (18), and it is per-
haps not surprising that tumors may take 
advantage of this pathway to inhibit adap-
tive immunity.

Figure 3
Models of interaction among HVEM, BTLA, CD160, and LIGHT and their various functional 
effects on tumor-specific human CD8+ T cells. BTLA, CD160, and LIGHT are differentially 
expressed on tumor-specific CD8+ T cells, and depending on their expression, they can medi-
ate distinct outcomes: immune tolerance or effective immunity against tumor targets. Three 
potential interactions are shown. Left: If BTLA or CD160 is expressed and LIGHT expression is 
either low or absent, the coinhibitory BTLA-CD160-HVEM complex will be dominant, resulting 
in negative regulation of the tumor-specific CD8+ T cell by the human tumor. Middle: If LIGHT, 
BTLA, and CD160 are all expressed, they might form a complex with HVEM. This could trimer-
ize HVEM, resulting in positive or negative regulation of the T cell by the tumor. Right: If LIGHT 
is expressed with little to no BTLA or CD160, the tumor-specific T cells receive a positive signal 
from the HVEM-expressing tumor, resulting in robust functional activation of the tumor-spe-
cific T cell. Thus, attenuation of BTLA via either CpG or antibody blockade might augment T 
cell–mediated immunotherapy for cancer. Potent tumor-specific T cell responses are mediated 
with conventional vaccination and CpG, which downregulates BLTA expression on T cells, as 
revealed by new findings reported by Derré et al. (9) and as represented in the right panel. 
Adapted with permission from Trends in immunology (22).
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Finally, recent results indicate that the 
induction of expression of ICOS, a costimu-
latory molecule related to CD28, on CD4+ 
cells correlates with positive responses to 
cancer immunotherapy in patients with 
prostate cancer (19, 20). The present results 
(9) suggest that persistent BTLA expression 
on the surface of T cells with tumor specific-
ity is a poor prognostic biomarker and that 
the loss of BTLA expression consequent to 
cancer immunotherapy may be a positive 
biomarker of response. The data reported in 
this issue of the JCI by Derré and coworkers 
are robust and are likely to provide insight 
particularly given that they are derived from 
human studies, which often reveal disease 
mechanisms not evident in murine studies.
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Sodium channels gone wild: resurgent current 
from neuronal and muscle channelopathies
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Voltage-dependent sodium channels are the central players in the excitabil-
ity of neurons, cardiac muscle, and skeletal muscle. Hundreds of mutations 
in sodium channels have been associated with human disease, particularly 
genetic forms of epilepsy, arrhythmias, myotonia, and periodic paralysis. In 
this issue of the JCI, Jarecki and colleagues present evidence suggesting that 
many such mutations alter the gating of sodium channels to produce resur-
gent sodium current, an unusual form of gating in which sodium channels 
reopen following an action potential, thus promoting the firing of another 
action potential (see the related article beginning on page 369). The results of 
this study suggest a widespread pathophysiological role for this mechanism, 
previously described to occur normally in only a few types of neurons.
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Our understanding of channelopathies — 
human disorders arising from mutations 
of ion channel genes — has gone through 
several waves of discovery. First, there was 

the implication that ion channels may 
play a causal role in disease pathology 
from the observation of abnormal ionic 
conductances in muscle biopsied from 
individuals with myotonia or periodic 
paralysis, studied using microelectrode 
recording (1, 2). Then came identification 
of mutations in ion channel genes, made 
possible by discovery of ion channel gene 
superfamilies; disease-associated muta-
tions were identified by genome-wide 
linkage studies or by a candidate gene 
approach guided by the discovery of aber-
rant conductances in affected cells (3). 
This approach enabled the identification 
of numerous channelopathies in heart, 


