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Abstract
Fine-tuning the immune response and maintaining tolerance to self antigens involves a complex
network of co-stimulatory and co-inhibitory molecules. The recent FDA approval of ipilimumab, a
monoclonal antibody blocking CTLA-4, demonstrates the impact of checkpoint regulators in
disease. This is reinforced by ongoing clinical trials targeting not only CTLA-4, but also the PD-1
and B7-H4 pathways in various disease states. Recently two new B7 family inhibitory ligands,
VISTA and B7-H6 were identified. Here we review recent understanding of B7 family members
and their concerted regulation of the immune response to either self or foreign pathogens. We also
discuss clinical developments in targeting these pathways in different disease settings, and
introduce VISTA as a putative therapeutic target.

Costimulatory and co-inhibitory molecules: fine tuning the immune
response

The immune response is regulated by an array of molecules required to defend the body
against danger signals and foreign bodies as well as maintain tolerance to self-antigens. This
is achieved in part through the regulation of T cell function. T cell activation requires two
signals. The first is activation through the T-cell receptor (TCR) by recognition of antigen
presented by the major histocompatibility complex (MHC) on antigen presenting cells
(APCs). The second involves the ligation of co-stimulatory and co-inhibitory molecules
expressed on APCs and T cells belonging to the B7 and tumor necrosis factor (TNF)
families. In the absence of co-stimulation, T cells are rendered unresponsive (anergic) [1]. In
addition, a subset of co-stimulatory molecules mediate bi-directional signaling through the
APCs, indicating that these molecules form part of a complex network critical in preventing
the onset of autoimmunity [2]. The significance of modulating these pathways during the
past decade was highlighted in 2011 by the FDA approval of ipilmumab f, an antibody
targeting CTLA-4 in cancer. The ability to successfully target checkpoint regulators has
since led to multiple clinical trials with antibodies targeting the pathway of the B7 family
member PD-1. In parallel to the advances in cancer, ongoing work is being down to utilize
CTLA-4 and B7-H4 fusion proteins, respectively, for the treatment of autoimmune diseases.
The aim of this article is to address the role of B7 family co-stimulatory and co-inhibitory
molecules and their recent clinic advances. We also discuss their structure and expression
and how they relate to one another. Finally, we introduce the novel molecule VISTA and it's
significance as a putative co-inhibitory target in future clinical studies.
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Co-stimulatory B7 family ligands and receptors
B7-CD28

The best-characterized co-stimulatory molecule is CD28, a glycoprotein constitutively
expressed on the surface of naïve T cells [3, 4]. CD28 forms a homodimer on the cell
surface and binds to B7-1 (CD80) and B7-2 (CD86) expressed on APCs such as dendritic
cells, B cells and macrophages. In the immunological synapse, signaling through CD28
leads to recruitment of Src homology 2 proteins that bind to tyrosines in the immunoreceptor
tyrosine activating motif (ITAM) in the CD28 tail. Signaling through CD28 lowers the T
cell threshold for optimal cell activation [5], induces T cell proliferation, up-regulates the
anti-apoptotic molecule (Bcl-Xl) [6], and increases IL-2 production [7].

Despite the co-stimulatory properties of CD28, the CD28 pathway as a therapeutic target has
attracted interested based on the success of monoclonal CD3 antibodies (OKT3) therapy in
clinical trials and the role of CD28 on survival and homeostasis of regulatory T cells (Treg)
[8]. In 2006, a London based phase I clinical trial with TGN1412, a CD28 superagonist
monoclonal antibody, resulted in a catastrophe. The healthy volunteers recruited to the trial
developed a cytokine-release syndrome (CRS) due to the “superactivation” of T cells by
TGN1412. This led to a systemic burst of pro-inflammatory cytokines with the individuals
requiring life support [9]. This baffled scientific investigators worldwide as to why CRS was
not detected in the preclinical studies. To address this question, follow up studies found that
the ability of CD28 superagonists to increase regulatory T cells is compromised in the
presence of effector memory T cells. This was not taken into consideration during the
preclinical studies and explains the onset of CRS as the source of pro-inflammatory
cytokines originated from CD4+ effector memory T cells [10, 11]. In addition, subsequent
studies showed that another contributory factor to the adverse reaction in the volunteers was
due to the dosage of TGN1412, which led to higher receptor occupancy on human T cells
compared with preclinical studies in mouse and primates [11, 12].

ICOSL-ICOS
ICOSL (also known as B7h, B7-H2, B7RP-1, LICOS, GL50, and CD275) was identified as
a homolog of B7 and found to be the ligand of inducible costimulator (ICOS). It is
constitutively expressed on B cells, dendritic cells, and macrophages and can be induced on
non-hematopoietic cells in response to inflammatory signals [13, 14]. ICOS, as the name
suggests, is up-regulated on activated T cells. In humans, but not mice, ICOSL can also bind
CD28 and CTLA-4 [15]. Engagement of ICOSL supports the formation of follicular helper
T cells through the induction of the transcription factor Bcl6 and is critical for germinal
center formation [16]. In addition, it can promote T cell production of several cytokines
including IL-10, IL-4, IL-5, IFNy, and IL-17 [17-20]. It can also influence the function of
both effecter and regulatory T cells that can result in contrasting results depending on which
cell type the effect dominates. For example, ICOS deficient mice have exacerbated
experimental autoimmune encephalomyelitis (EAE) but are also less susceptible to collagen
induced arthritis (CIA) [21, 22]. On a non-obese diabetic (NOD) background, ICOS and
ICOSL deficient mice are protected from developing diabetes, but do develop autoimmunity
in the neuromuscular system instead [23]. These findings make it difficult to predict what
the outcome of strategies to target this pathway would be.

Currently targeting of ICOSL-ICOS pathway does not appear to be aggressively pursued for
the treatment of disease. However, this pathway may be of interest to consider during the
treatment with anti-CTLA-4 antibody (ipilimumab). Studies in mice suggest that the
protective anti-tumor T cell responses formed during this treatment are dependent on this
pathway [24].
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Co-inhibitory B7 family ligands and receptors
B7-CTLA-4

Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) is a type I transmembrane protein transiently
expressed on the surface of T cells within 24-48 hours after activation and constitutively
expressed on Tregs [25]. It forms a homodimer and outcompetes CD28 with a higher
affinity and avidity for B7-1 and B7-2. This may occur by forming a lattice structure at the
immunological synapse to deliver an inhibitory signal through the T cells [26]. However,
another possible mechanism suggests CTLA-4 expressing cells trans-endocytose ligands on
neighboring cells preventing CD28 co-stimulation [27].

CTLA-4 is comprised of an extracellular, hydrophobic transmembrane and cytoplasmic
domain/tail containing an immunoreceptor tyrosine inhibitory motif (ITIM), which recruits
the phosphatases Src homology region 2 domain-containing phosphatase-1 (SHP-1) and 2
(SHP-2) to reduce T cell activation. This is achieved by increasing the threshold for
activation, up-regulating indoleamine 2, 3-dioxygenase (IDO) and reducing IL-2 production
[25]. CTLA-4 is critical in maintaining peripheral tolerance as demonstrated by
lymphoproliferation and the onset of autoimmunity in CTLA-4-/- mice [28].

The first application of CTLA-4 as a potential therapeutic target was demonstrated using a
CTLA-4-Ig fusion protein consisting of the extracellular CTLA-4 domain fused to the Fc
IgG1 region, which alleviated disease in a model of collagen induced arthritis (CIA) as well
as in lupus mice [29-31] This led to clinical trials with abatacept (Bristol-Myers Squibb, NJ,
USA), a CTLA-4-Ig fusion protein composed of the human CTLA-4 extracellular domain
linked to a modified human IgG1 domain genetically engineered to prevent signaling and
effector function through the Fc portion [32]. In the clinic, abatacept was approved to treat
rheumatoid arthritis (RA) patients owing to a reduction in disease activity and increase in
the frequency of Tregs in RA patients [33]. CTLA-4-Ig has also been investigated in
multiple sclerosis and shown to reduce the proliferation of myelin basic protein [34] and in
an ongoing phase II Type 1 Diabetes Mellitus trial (NCT00505375) [35]. In addition,
CTLA-4-Ig prolongs graft survival in various animal transplant models [36]. Similarly,
treatment with belatacept, a human CTLA-4-Ig differing from abatacept by two amino acids
and conferring a higher avidity for B7 is currently in phase II trials renal transplantation
patients (NCT00035555).

In contrast to CTLA-4-Ig designed to suppress T cell activation, antibodies against CTLA-4
are attractive in cancer immunotherapy to increase T effector cell function. Clinical trials
with two human anti-CTLA-4 antibodies termed ipilimumab (Yervoy) (Medarex/Bristol-
Myers Squibb, Princeton, NJ, USA) and tremilimumab (Pfizer, New York, NY, USA;
sublicensed by MedImmune) show the importance of targeting an inhibitory receptor.
Ipilimumab, a fully human CTLA-4 IgG1 monoclonal antibody with a half life of 12-14
days, and tremelimumab, a fully human IgG2a antibody with a half life of approximately 22
days, have proved successful in clinical trials with cancer patients. In patients with advanced
melanoma both antibodies reduce tumor size and metastases development although toxicity
in various tissues was observed [37]. A phase III clinical trial with tremelimumab in
advanced melanoma patients failed to demonstrate a significant survival rate [38].
Combinational therapy of ipilimumab with a melanoma specific gp100 peptide vaccine
significantly increased survival in patients with advanced melanoma by 3.5 months [39].
This later led to the identification of ICOS as a biomarker of anti-CTLA-4 therapy in cancer
patients [40, 41]. Ipilimumab (CA184-009) also effectively reduces prostate-specific antigen
(PSA) levels in prostate cancer patients [42].
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PD-1-PD-L1/2
In 1992, a, type I transmembrane protein termed programmed death 1 (PD-1) (CD279) was
identified. PD-1 is expressed on T cells, Tregs, exhausted T cells, B cells, activated
monocytes, dendritic cells (DCs), natural killer (NK) cells and natural killer T (NKT) cells.
It consists of a transmembrane domain, stalk, an immunoglobulin superfamily domain and
an intracellular domain containing an ITIM and immunoreceptor tyrosine-based switch
motif (ITSM) [2]. PD-1 binds to two ligands: programmed death ligand -1 (PD-L1) and
programmed death ligand-2 (PD-L2) [43]. PD-1-PDL-1/PD-L2 ligation results in the
phosphorylation of intracellular tyrosines in ITIM and ITSM which bind SHP-1 and SHP-2
to deliver an inhibitory signal into the T cell by down regulating Bcl-XL expression and
regulating T cell differentiation [2]. Thus its ability to cause cell death is indirect. PD-1 is
basally expressed on the cell surface and inhibits both PI3K and Akt activity. In contrast,
CTLA-4 expression is transient and targets Akt [44]. Bidirectional signaling also occurs
through the PD-1 pathway. Signaling through PD-1 shuts down T cell function, and
signaling through PD-L1 or PD-L2 on DCs alters cytokine production and maturation [2].

PD-L1 (B7-H1, CD274) a type I transmembrane protein consisting of an IgV-like domain,
IgC-like domain, signal sequence, transmembrane domain and intracellular domains. PD-L2
(B7-DC, CD273), like PD-L1, is also a type I transmembrane comprised of a signal
sequence, IgV-like domain, IgC-like domain, stalk, transmembrane domain and cytoplasmic
domains [2]. PD-L1 is constitutively expressed on murine and human antigen presenting
cells, non-hematopoietic cells and non-lymphoid organs such as heart, lung, placenta and
liver [2]. In contrast, PD-L2 expression is restricted to macrophages and DCs. In addition to
binding PD-1, PD-L1 also binds to CD80 to deliver an inhibitory signal [45].

The significance of PD-1 as a negative checkpoint regulator was shown by the development
of arthritis and lupus-like glomerulonephritis in PD-1-/- mice bred on a lupus prone
background lpr/lpr [46] and the development of autoimmune dilated cardiomyopathy in
BALB/c PD-1-/- mice [47]. In addition, murine studies show that PD-1 blockade enhances
disease severity in NOD mice [48] and in the EAE model [49]. PD-1 blockade can also
enhance anti-tumor immunity [50] as its ligands expression is elevated on tumor cells [2],
preventing an anti-tumor immune responses [37].

There are several clinical trials investigating the PD-1-PD-L1/2 pathway. Patients with
hematopoietic malignancies were treated with a humanized IgG1 monoclonal anti-PD-1
antibody termed CT-011 (Cure Tech Ltd) [51]. In addition, trials using a human IgG4 anti-
PD-1 antibody termed MDX-1106 (Medarex), lacking FcR binding, showed tumor
regression by increasing T cell infiltration at the metastatic sites in patients with solid cancer
[52]. There are also ongoing trials for MDX-1106 therapy in patients with relapsed
malignancies (NCT00441337). In addition to anti-PD-1 antibody blockade, a phase I clinical
trial in cancer with an anti-PD-L1 antibody named MDX-1105 (Bristol-Myers Squibb) is
currently ongoing (NCT00729664). At present there is also an ongoing phase I trial
investigating the role of a PD-L2 monoclonal antibody to treat patients with stage IV
melanoma (NCT00658892).

During the past three years the number of pharmaceutical companies investing in the
blockade of the PD-1-PD-L1/2 pathway has excelled with data showing that toxicity is less
compared with anti-CTLA-4 antibodies. This includes AMP-224 (Amplimmune and
GlaxcoSmithKline). Furthermore, the safety in targeting the PD-1 pathway was highlighted
by using the PD-1 blocking antibody BMS-936558. The study showed a 28% and 27%
response rate in melanoma and renal cell cancer patients, respectively. Importantly low
toxicity and sustained responses were observed [53]. PD-L1 expression is also observed on
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tumor target cells in clinical responders suggesting it could be used a biomarker for anti-
PD-1 therapy.

BTLA-HVEM
B and T lymphocyte attenuator (BTLA, CD272) is a type 1 glycosylated transmembrane
glycoprotein and member of the immunoglobulin superfamily. BTLA is constitutively
expressed on naïve T cells, Th1 cells, T follicular cells, NK cells, NKT cells, B cells, DCs
and macrophages [54, 55]. Structural analysis show that BTLA contains an ITIM and ITSM
motif within the cytoplasmic tail similar to PD-1 resulting in the recruitment of SHP-1 and
SHP-2 to deliver an inhibitory signal to T cells by reducing cell proliferation and IL-2
production. BTLA competes with LIGHT (TNFSF14/CD258) for binding to herpesvirus
entry mediator (HVEM). Bidirectional signaling through the BTLA-HVEM pathway has
been reported [55], where the signal is dependent on how the ligation is formed [56].

At present there are no clinical trials with BTLA. However preclinical studies in mice show
that blocking BTLA or BTLA-/- mice increase disease onset in autoimmunity [54, 57]. In
mice, BTLA prolongs the survival of MHC-mismatched cardiac allografts [58]. A recent
study has shown a beneficial effect of BTLA in suppressing tumor specific T cells in
individuals receiving stem cell undergoing stem cell transplantation by increasing CD8+ T
cells specific for minor histocompatibility antigens (MiHA) on malignant cells [59].

B7-H3
B7-H3 (also known as CD276) was identified based on its sequence similarity to the
extracellular domain of other B7 family members and is a type I transmembrane protein
containing IgV and IgC-like domains [60]. In humans, but not mice, B7-H3 has an alternate
isoform containing a tandem repeat of IgV and IgC domains (VCVC) and this isoform is the
more common form expressed [61]. However, the functional significance of this difference
is unclear. At a transcription level, B7-H3 is widely expressed in both lymphoid and non-
lymphoid organs; however, detection of protein is more limited to cell types such as recently
activated monocytes, T cells, B cells, and NK cells [60]. B7-H3 can also be shed under
homeostatic conditions and elevated levels are correlated with some cancers and disease
states such as sepsis and meningitis [62-64].

The receptor(s) for B7-H3 has not been conclusively identified. Initial reports on B7-H3
suggested that could serve as either a co-stimulatory or co-inhibitory molecule with the
results varying widely with the disease model. This gives rise to the notion that it may have
more than one possible binding partner that dictates function. One group has suggested that
TREM-like transcript 2 (TLT-2, TREML2) as a possible receptor that allows enhanced IL-2
and IFNy production in T cells [65]. However, another group reported that it provided
negative, rather than positive, co-stimulation and could not confirm binding to TLT-2 [66].

One monoclonal antibody against B7-H3 (8H9), recognizing the isoform containing four
immunoglobulin-like domains, is in development for the treatment of cancer. This clone
recognizes B7-H3 expressed on several solid tumor samples, including brain cancers, but is
not expressed on normal central nervous system tissue [67]. When conjugated to a
radioactive isotype, it appeared to show safety and efficacy in patients with neuroblastoma
that metastasized to the central nervous system [68]. There is also interest to further expand
this study to patients with diffuse intrinsic pontine glioma, another aggressive brain cancer,
as B7-H3 expression has been detected on some patient samples and there are very limited
treatment options for this disease [69].

Therapy with an antibody against B7-H3 may also prove beneficial in cancers found outside
of the central nervous system. Its expression has been reported on tumor cell lines and/or
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patient specimens in prostate, breast, lung, gastric, colorectal, endometrial, and skin cancers,
often correlated with increased tumor size [70-77]. B7-H3 expression was also associated
with decreased numbers of tumor infiltrating lymphocytes and suppression of anti-tumor T
cell responses [75, 77-79]. Some work also suggests that the ability of tumors to metastasize
to other sites also can also be enhanced by its expression [73, 76].

B7-H4
B7-H4 (also known as B7S1, B7×, and Vtcn1) is another B7 family member, being a type I
transmembrane protein that shows some homology with other family members in its
extracellular domain. By mRNA, it is detected on most non-hematopoietic tissues; however,
protein expression is more limited, confining itself to induced expression on antigen
presenting cells as well as expression on cancer cells [80-83]. A soluble form of B7-H4 can
also be detected in the serum of rheumatoid arthritis patients and ovarian cancer patients. In
mice, soluble B7-H4 correlates with increased age and disease severity in lupus-prone
BWF1 mice and mice with CIA [84].

While the receptor for B7-H4 is unknown, its function consistently appears to be that of co-
inhibitor molecule whose engagement decreases proliferation and IL-2 production in T cells
as well as the expansion of neutrophil progenitors [85, 86]. Over-expression of B7-H4 on
the pancreatic islets can protect mice from CD4 and CD8 T cell mediated autoimmunity [87,
88], and it can also prolong islet allograft survival after transplantation [89-92]. Treatment
with B7-H4 Ig fusion protein can also reduce the incidence of the autoimmune diabetes in
NOD mice as well as the incidence and severity of disease in a CIA model [93, 94]. In the
CIA model, it was also observed that B7-H4 deficiency and, respectively, treatment with
soluble B7-H4 resulted in increased disease incidence and severity [94]. A phase I study of
AMP-110, a B7-H4 Ig fusion protein, for use in patients with rheumatoid arthritis is ongoing
(NTC01878123).

There are indications that this molecule may also be worth targeting in some forms of
cancer. In gastric cancer, tissue specimens from patients evaluated for mRNA and/or protein
expression showed that higher levels of B7-H4 were associated with poor prognosis and
decreased survival rates [95-97]. In one of these studies, an inverse correlation with its
expression and T cells infiltrating tumors was also observed [95]. Work on lung cancer cell
lines shows that B7-H4 expression by the cancer cells and on tumor associated macrophages
results in inhibition of anti-tumor T cell responses [98, 99]. Patient samples show that
increased B7-H4 expressing macrophages in blood correlated with tumor size and metastasis
in lung carcinomas [100]. Similar observations of enhanced B7-H4 expression and impaired
patient survival is also seen in esophageal squamous cell carcinoma and melanoma cases
[101, 102]. In ovarian cancer, its expression was also observed, and transfection of B7-H4
into a tumor cell line showed a growth advantage in immunodeficient mice suggesting that it
can promote cancer growth independently of inhibiting an adaptive immune response [103].
It was also found to be preferentially expressed in non-dividing tumor cells from brain
glioma samples [104]. Ebstein-Barr virus transformed B cells can acquire B7-H4 expression
and its engagement with anti-B7-H4 antibody is associated with FasL upregulation and cell
arrest [105, 106].

B7-H6-NKp30
B7-H6 was originally identified as being a ligand of NKp30, a natural cytotoxicity receptor
found on human NK cells. Like the other members of the B7 family, B7-H6 contains two
extracellular Ig domains and sequence homology with other members [107]. The structure of
B7-H6 and NKp30 interactions has been determined, showing that it comparatively has a
larger region of interaction with this receptor ligand pair than with other family members
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and their receptors [108]. Unlike the other B7 family members, it is not detected on any
normal human tissue and cell samples. However, it is present on several tumor cells lines of
both hematopoietic and non-hematopoietic origin. Engagement of B7-H6 on tumor cells by
NKp30 on NK cells results in increased cytotoxicity and the release of IFNγ [107].

Preclinical work suggests that B7-H6 may prove useful to target tumor cells expressing it.
Incubation of a tumor cells with a fusion protein containing B7-H6 and 7D8, an antibody
that recognizes CD20, enhanced NK cell mediated activation and cytotoxicity in vitro [109].
Furthermore, in mouse T cells transfected with a chimeric antigen receptor consisting of the
extracellular portion of NKp30 and the signaling domain of CD28 can inhibit the growth of
tumor cells expressing B7-H6 in vivo. This protection also appears to enhance anti-tumor
responses to other antigens as mice that cleared the primary tumor were also resistant to re-
challenge with tumor not expressing B7-H6 [110]. This work suggests that these techniques
may prove useful to target B7-H6 expressing tumors.

VISTA
V-domain Ig suppressor of T cell activation (VISTA), also known as Differentiation of
Embryonic Stem Cells 1 (Dies1), Gi24, and PD-1 homolog (PD-1H), is a 55-65kDa type 1
membrane protein belonging to the immunoglobulin family. Structural analysis shows that
the extracellular domain of VISTA bears homology to PD-L1. VISTA consists of an
extracellular domain containing an extracellular IgV domain linked to a stalk region,
transmembrane segment and cytoplasmic domain. The IgV domain of VISTA is unique
from other members of the immunoglobulin superfamily as it contains three additional
cysteine amino acids. Hence, VISTA was not assigned a PD-L name due to lack of
similarity[111]. The receptor for VISTA is currently unknown and is being actively
investigated in our laboratory.

In contrast to PD-L1, VISTA expression is hematopoietically restricted and highly
expressed on mature myeloid derived APCs and to a lesser extent on T cells and Tregs. In
mice its expression is positively correlated with the marker CD11b and its found on tumor
infiltrating lymphocytes. In addition, like PD-L1, VISTA induces Foxp3 expression in T
cells. In vitro, VISTA expressing APCs or soluble VISTA-Ig fusion proteins inhibit T cell
proliferation, cytokine production and expression of the T cell activation markers CD44 and
CD69 [111] (Figure 1). It was shown to be critical for the differentiation of embryonic stem
cells in particular, the bone morphogenetic protein (BMP4) signaling pathway [112]. One
study also showed that its expression on tumor cells promoted tumor growth via membrane
type (MT) 1- matrix metalloproteinase (MMP) by increasing cell motility [113].

Use of monoclonal antibodies against VISTA has given conflicting results. In vitro studies
using antibody to block its activity show enhanced T cell responses to APCs expressing
VISTA. In vivo this same anti-VISTA antibody accelerates disease incidence and severity of
EAE. In contrast, another group using a different monoclonal anti-VISTA antibody found
that it could prevent the development of graft-versus-host disease in both semi-allogeneic
and fully allogeneic murine models [114]. How in some models anti-VISTA can enhance
immunity and in others suppress, is currently unresolved. It is possible that in the case of
graft-versus-host disease the antibody used deletes VISTA+ cells. Further work is warranted
to understand VISTA targeting in disease models to determine its effects.

Conclusions
Challenges remain for the development of products targeting B7 family checkpoint
regulators. In the case of co-stimulatory molecules such as CD28, potential toxicity of
agonist antibodies is a concern. Additionally, as ICOS can be both a positive and negative
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regulator of immune response further characterization of this molecule in various disease
states is necessary if this pathway is targeted for clinical development. Receptor
identification of B7-H3, B7-H4, and VISTA may also be key to fully understanding their
therapeutic potential, particularly if bi-directional signaling is involved, and in its absence
extensive work in preclinical models is needed to fully elucidate the effects of treatments
regulating these pathways.

Over the past 10 years we have seen the birth of immunotherapeutic strategies that are
substantively changing the way we treat human disease. The targeting of co-stimulatory and
co-inhibitory molecules has proven to be an effective therapeutic strategy in both
autoimmunity and cancer, respectively. This is exemplified by ipilimumab and ongoing
clinical trials targeting the PD-1 pathway that illustrate the benefits of treatment with less
toxicity. These regimens have since led to the identification of biomarkers to identify
responders so treatments can to targeting to specific cancer patient populations. In addition
there may be even greater benefits by targeting the use of checkpoint regulators in
combination with standard of care regimens and other immunotherapeutic approaches. The
use of antibodies and Ig fusion proteins targeting B7 family checkpoint regulators may
prove beneficial towards the treatment of numerous human diseases.
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Highlights

In the clinic, targeting blocking the CTLA-4 and PD-1 pathway is advantageous in
cancer patients.

Preclinical studies show that B7-H4 and B7-H6 are promising targets in cancer.

VISTA, a novel B7 inhibitory ligand maybe a therapeutic target in cancer and
autoimmunity.
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Figure 1. B7 Family of co-stimulatory and novel co-inhibitory molecules
T cell activation requires two signals. Signal 1 is mediated by Major histocompatibility
complex (MHC) molecules presenting cognate peptide (P) on antigen presenting cells
(APCs) to the T cell receptor (TCR) on T cells forming an MHC-P complex. To sustain full
T cell activation, a second signal is required to deliver either a co-stimulatory (B7-H1/B7-
H2-CD28, inducible costimulator (ICOS) - inducible costimulator ligand (ICOSL) or co-
inhibitory (B7-H1/B7-H2-cytotoxic T lymphocyte antigen 4 (CTLA-4), programmed death
ligand -1/2 (PD-L1/PD-L2) - programmed cell death 1 (PD-1), B and T lymphocyte
attenuator (BTLA) - herpesvirus entry mediator (HVEM) signal. The receptors for B7-H3
and B7-H4 are unknown. Studies indicative that B7-H3 binds to putative co-stimulatory and
co-inhibitory receptors. In contrast, B7-H4 binds to a putative co-inhibitory receptor only.
The receptor for the inhibitory ligand V-domain Ig suppressor of T cell activation (VISTA)
is unknown. Functional studies show that VISTA delivers a negative signal to the T cell.

Ceeraz et al. Page 15

Trends Immunol. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


