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Introduction
C H A P T E R  1

Immune checkpoint molecules play a central role in 
regulating the activities of different immune cell types. These 
molecules have either stimulatory functions that promote 
immune cell activation to protect the host from invading 
pathogens and developing malignancies, or inhibitory 
functions that suppress immune cell activation to dampen 
inflammation, maintain immune homeostasis, and prevent 
tissue damage. Tumor cells frequently exploit immune 
checkpoint pathways by up-regulating the expression 
of ligands that activate inhibitory receptors on different 
immune cell types, allowing them to evade destruction by 
the host’s immune system. As a result, researchers have 
focused on targeting immune checkpoint molecules for 
cancer immunotherapy using either agonists of immune cell 
stimulatory receptors or antagonists of inhibitory receptors. 

While remarkable success has been achieved by targeting the 
T cell co-inhibitory receptors, CTLA-4 and PD-1, clinicians 
have also found that monoclonal antibodies directed against 
CTLA-4, PD-1, or the PD-1 ligand, PD-L1, are only effective 
in a minority of cancer patients and some patients that 
initially respond to treatment with these antibodies, can 
become resistant or relapse due to an up-regulation of other 
immune checkpoint pathways. Therefore, additional immune 
checkpoint regulators that may serve as immunotherapeutic 
targets, either alone or in combination, are being sought. This 
eBook details some of the current and emerging immune 
checkpoint molecules that are being investigated as potential 
targets for cancer immunotherapy and the products that we 
offer for studying these molecules.

https://www.bio-techne.com/reagents/proteins/immune-checkpoint-proteins?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/reagents/proteins/immune-checkpoint-proteins?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/ctla-4?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/pd-1?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/pd-l1-b7-h1?pdfSource=true-immunecheckpointtargetsebook
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The B7 family of proteins consists of ten surface 
glycoproteins, B7-1/CD80, B7-2/CD86, B7-H1/PD-L1, B7-DC/
PD-L2, B7-H2/ICOS L, B7-H3, B7-H4, B7-H5/VISTA, B7-
H6, and B7-H7/HHLA2. B7 family proteins are expressed 
on antigen-presenting cells and regulate T cell activation 
by interacting with T cell-expressed immune receptors 

belonging to the CD28 family, which includes CD28, CTLA-4, 
PD-1, ICOS, BTLA, and CD28H. These interactions serve as 
antigen-independent, secondary signals that either promote 
or inhibit T cell activation, following recognition of the 
antigenic peptide/major histocompatibility complex (MHC) 
by the T cell receptor (TCR).

B7-CD28 Families
C H A P T E R  2

Interactions between the B7 and CD28 family proteins regulate T cell activation. T cell activation requires two signals: 1) recognition of the antigenic peptide/
major histocompatibility complex (MHC) by the T cell receptor (TCR) and 2) antigen-independent co-stimulation induced by interactions between co-signaling 
molecules expressed on antigen-presenting cells (APCs) and their T cell-expressed receptors. The B7 family proteins are co-signaling molecules, expressed on 
antigen-presenting cells (APCs) or tumor cells, that interact with T cell-expressed immune receptors belonging to the CD28 family to transduce either co-
stimulatory or co-inhibitory signals that regulate T cell activation (Signal 2). 
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B7-1/CD80, B7-2/CD86, CD28, and CTLA-4

CD28 and CTLA-4 are T cell-expressed receptors that bind 
to the B7 family proteins, B7-1/CD80 and B7-2/CD86, which 
are primarily expressed on antigen-presenting cells (APCs). 
While CD28 is constitutively expressed on naïve T cells 
and provides a co-stimulatory signal upon binding to these 
ligands, CTLA-4 is up-regulated on T cells following T cell 
activation and delivers a co-inhibitory signal following 
ligand-binding. CTLA-4 binds to both B7-1/CD80 and B7-2/

CD86 with a higher affinity than CD28, and as a result, the T 
cell response is down-regulated following up-regulation of 
CTLA-4. 1 

CTLA-4 is also constitutively expressed on regulatory T 
cells and has been shown to remove B7-1/CD80 and B7-2/
CD86 from APCs by trans-endocytosis, suggesting another 
mechanism by which CTLA-4 may down-regulate the T cell 
response. 2, 3 In addition, CTLA-4 induces the production of 
indoleamine 2,3-dioxygenase (IDO) by dendritic cells (DCs), 

https://www.rndsystems.com/pathways/t-cell-co-signaling-pathway-lig-recept-interactions?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/cd28?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/ctla-4?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/pd-1?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/icos?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/btla?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/tmigd2-cd28h?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/b7-1-cd80?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/b7-2-cd86?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/pathways/mechanisms-of-regulatory-t-cell-mediated-suppression?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/pathways/mechanisms-of-regulatory-t-cell-mediated-suppression?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/indoleamine-2-3-dioxygenase-ido?pdfSource=true-immunecheckpointtargetsebook
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B7-1/CD80 and B7-2/CD86 mediate T cell co-stimulatory and co-inhibitory 
effects by binding to either CD28 or CTLA-4. Following recognition of the 
antigenic peptide/major histocompatibility complex (MHC) by the T cell 
receptor (TCR), binding of B7-1/CD80 or B7-2/CD86 to CD28 provides a 
co-stimulatory signal to promote T cell activation. Following T cell activation, 
the co-inhibitory receptor, CTLA-4, is up-regulated and binds with higher 
affinity to B7-1/CD80 and B7-2/CD86 than CD28, resulting in a down-
regulation of T cell activity. In cancer, tumor-associated macrophages express 
B7-1/CD80 and B7-2/CD86, which allows them to suppress the functions of 
activated T cells through CTLA-4. Up-regulated expression of CTLA-4 and 
other inhibitory receptors is also associated with tumor-specific T cell 
exhaustion. This dysfunctional T cell state is characterized by a decrease in 
proliferative capacity and reduced T cell effector functions that prevent 
effective tumor elimination.
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leading to degradation of the amino acid tryptophan and 
the production of immunosuppressive metabolites such as 
kynurenine. 4, 5 Both the depletion of tryptophan and the 
production of kynurenine inhibit T cell proliferation and 
activity, indicating that CTLA-4 may also indirectly regulate 
T cell activity by acting on DCs.

Up-regulated and sustained expression of CTLA-4 along with 
other inhibitory receptors is associated with T cell exhaustion 
in cancer.6-8 T cell exhaustion is a dysfunctional state that 
is characterized by reduced T cell proliferation, decreased 
cytokine production, and reduced cytotoxicity, which leads 
to a down-regulation of the T cell-mediated anti-tumor 
immune response. As a result, blockade of CTLA-4 may not 
only improve anti-tumor immune responses by suppressing 
CTLA-4-mediated T cell co-inhibitory signaling and 
inhibiting the suppressive activity of regulatory T cells, but 
also by partially restoring the functions of exhausted T cells. 
To date, CTLA-4, along with PD-1, and PD-L1 are the most 
common proteins being targeted for cancer immunotherapy. 8 
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B7-1/CD80 Induces IL-2 Secretion by Jurkat Cells. Jurkat human acute T cell 
leukemia cells were stimulated with Recombinant Human B7-1/CD80 Fc 
Chimera (R&D Systems, Catalog # 10133-B1) in the presence of PHA. IL-2 
secretion was measured in cell culture supernatants using the Human IL-2 
Quantikine® ELISA Kit (R&D Systems, Catalog # D2050). The ED50 for this 
effect is 0.025-0.15 ug/mL.

Affinity Measurements and Binding Kinetics of the CTLA-4:B7-1 Interaction by 
Surface Plasmon Resonance. Sensorgram data of captured Avi-tag Biotinylated 
Recombinant Human CTLA-4 Fc tag (R&D Systems, Catalog # AVI7268) binding 
to Recombinant Human B7-1 Fc tag (R&D Systems, Catalog # 10133-B1). 
Briefly, recombinant human CTLA-4 Fc-tag Avi-tag biotinylated protein was 
captured at a low coupling density to the active flow cell via the Avi-tag biotin. 
Recombinant human B7-1 Fc-tag protein at a concentration range between 82 
pM and 21 nM was flowed over both active and uncoupled reference flow cells 
at each concentration. Kinetic sensorgrams were fit to a 1:1 binding model to 
determine the binding kinetics and affinity, with an interaction affinity of 
KD=0.2511 nM. The corresponding overlaid kinetic fits with the residual plot 
shown below. The corresponding steady state affinity fit is shown to the right. 
The experiment was performed on a Biacore T200, GE Healthcare.
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https://www.rndsystems.com/blog/immunology-news-researchers-identify-nr4a-and-tox-transcription-factors-mediators-cd8-t-cell?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-b7-1-cd80-fc-chimera-protein-cf_10133-b1?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-b7-1-cd80-fc-chimera-protein-cf_10133-b1?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/elisa-kits/human-il-2-quantikine-elisa-kit_d2050?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/elisa-kits/human-il-2-quantikine-elisa-kit_d2050?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-ctla-4-fc-chimera-avi-tag-protein-cf_avi7268?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-ctla-4-fc-chimera-avi-tag-protein-cf_avi7268?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-b7-1-cd80-fc-chimera-protein-cf_10133-b1?pdfSource=true-immunecheckpointtargetsebook
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PD-L1, PD-L2, and PD-1

PD-1 is a second T cell co-inhibitory receptor belonging to 
the CD28 family whose expression is induced on T cells 
following TCR stimulation or in the presence of specific 
cytokines. PD-1 binds to two ligands, PD-L1/B7-H1 and 
PD-L2/B7-DC, which are expressed on antigen-presenting 
cells and up-regulated in response to IFN-gamma.1 Binding 
of PD-1 to either PD-L1 or PD-L2 interferes with early TCR/
CD28 signaling and inhibits IL-2 production and T cell 
proliferation, T cell effector functions, and T cell survival.2-4 
Tumor cells frequently up-regulate PD-L1, allowing them 
to suppress anti-tumor T cell responses and evade immune 
system destruction. 2, 4-6 Similar to CTLA-4, up-regulated 
expression of PD-1 is also associated with T cell exhaustion 
in cancer, and blocking the functions of PD-1 or PD-L1 with 
antagonistic monoclonal antibodies has been shown to boost 
the anti-tumor immune response in many different types of 
human cancer. 4, 7, 8
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Binding of PD-L1 or PD-L2 to PD-1 delivers a T cell co-inhibitory signal. 
Following TCR activation, expression of the co-inhibitory receptor, PD-1, is 
induced on naïve T cells. Ligation of PD-1 by either of its ligands, PD-L1/B7-H1 
or PD-L2/B7-DC, expressed on antigen-presenting cells (APCs) inhibits 
TCR-mediated T cell proliferation and cytokine production. In cancer, PD-L1 is 
frequently expressed by tumor cells and other cells present in the tumor 
microenvironment including tumor-associated macrophages (TAMs) and 
myeloid-derived suppressor cells (MDSCs). PD-L1 expressed on tumor cells, 
TAMs, or MDSCs binds to T cell-expressed PD-1 and suppresses T cell-mediated 
anti-tumor immune responses. Up-regulated expression of PD-1 is also found on 
exhausted T cells in cancer and is thought to contribute to T cell dysfunction.

R
es

p
o

ns
e

Time

Time

PD-1:PD-L1 Sensorgrams

-10

-10
-20 0 20 40 60 80 100 120

-5
0
5

10
15
20
25

-20 0 20 40 60 80 100 120
S

0

10

20

30

40

50

60

70
RU

KD=1.122 uM

R
es

p
o

ns
e

Concentration

PD-1:PD-L1 Steady State Affinity Fit

0
0 2e-6 4e-6 6e-6 8e-6 1e-5 1.2e-5 1.4e-5

10

20

30

40

50

60

70

RU

KD=1.528 uM

Affinity Measurements and Binding Kinetics of the PD-1:PD-L1 Interaction by 
Surface Plasmon Resonance. Sensorgram data of captured Avi-tag 
Biotinylated Recombinant Human PD-L1 His tag (R&D Systems, Catalog # 
AVI9049) binding to Recombinant Human PD-1 His tag (R&D Systems, 
Catalog # 8986-PD). The corresponding overlaid kinetic fits with the residual 
plot shown below. The concentration of Recombinant Human PD-1 His-tag 
ranged from 3.2 nM to 13.2 μM. The corresponding steady state affinity fit is 
shown below. The experiment was performed on a Biacore T200, GE 
Healthcare.

Purity of Recombinant Human PD-L1/B7-H1. The purity of Recombinant 
Human PD-L1/B7-H1 Fc Chimera (R&D Systems, Catalog # 156-B7) was 
assessed by CE-SDS on Maurice under reducing (R) and non-reducing (NR) 
conditions and visualized in Compass for iCE software. The gel view is shown 
as an inset with the relative migration time (RMT) on the electropherogram 
shown on the far right-hand side of the gel. For more information on using 
Maurice CE-SDS for protein purity analysis, please see the next page.
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B7-H2/ICOS L and ICOS

ICOS is another CD28 family receptor that is primarily 
expressed on activated T cells. It binds to B7-H2/ICOS L 
expressed on antigen-presenting cells and promotes T cell 
proliferation and increased cytokine production by Th1 
and Th2 cells.1 Conversely, the ICOS/ICOS L pathway has 
also been shown to enhance the development and activity 

https://www.bio-techne.com/t/pd-1?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/pd-l1-b7-h1?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/pd-l2-b7-dc?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-pd-l1-b7-h1-his-tag-avi-tag-protein-cf_avi9049?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-pd-l1-b7-h1-his-tag-avi-tag-protein-cf_avi9049?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-pd-1-his-tagged-protein-cf_8986-pd?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-pd-l1-b7-h1-fc-chimera-protein-cf_156-b7?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-pd-l1-b7-h1-fc-chimera-protein-cf_156-b7?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/target/icos?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/b7-h2?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/th1-cells?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/th2-cells?pdfSource=true-immunecheckpointtargetsebook
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Binding of B7-H2/ICOS L to T cell-expressed ICOS delivers a T cell co-
stimulatory signal that enhances Th1 and Th2 cytokine production. Following 
TCR activation, ICOS is expressed on activated T cells, and is further enhanced 
upon CD28 co-stimulation. Binding of ICOS to its ligand, B7-H2/ICOS L, which 
is expressed on antigen-presenting cells (APCs), delivers a co-stimulatory 
signal that enhances the production of cytokines by Th1 and Th2 cells. 
Conversely, ICOS L/ICOS signaling may also enhance the development and 
activity of regulatory T cells in the tumor microenvironment, which may 
contribute to the suppression of anti-tumor immune responses.
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Purity of Recombinant Human ICOS. The purity of Recombinant Human ICOS 
His tag (R&D Systems, Catalog # 9865-CS) was assessed by CE-SDS on 
Maurice under reducing (R) and non-reducing (NR) conditions and visualized 
in Compass for iCE software. The gel view is shown as an inset with the 
relative migration time (RMT) on the electropherogram shown on the far 
right-hand side of the gel.

Introducing Maurice™ CE-SDS for Protein 
Purity Analysis

Although still used in the industry for protein purity analysis, SDS-PAGE is 

self-limiting in terms of sensitivity, reproducibility, and its semi-quantitative 

nature. To improve protein purity characterization, we now offer Maurice™, 

a fully automated system that utilizes a capillary electrophoresis (CE-SDS) 

workflow to produce high-resolution, reproducible data. The advantages of 

this system are listed below and many of the protein purity analysis data 

figures that you will see in this eBook were generated using Maurice.

Advantages of the Maurice system include its: 

• Versatility: Maurice provides separation results displayed 
in gel view and as an electropherogram to enhance 
comparison

• Ease-of-use: Maurice’s simplified operation and workflow 
means less errors and time saved on operator training

• Ability to provide results faster: results can be obtained in 
hours, rather than days

• Accurate, precise, and reproducible data generation: 
Maurice provides high-quality data that you can trust

of regulatory T cells, suggesting that it may have pro-tumor 
effects as well.2, 3 In a mouse model of melanoma, ICOS or 
ICOS L knockout mice elicited a reduced response to anti-
CTLA-4 therapy, while in other tumor models, ICOS co-
stimulation in combination with CTLA-4 blockade was shown 
to enhance the anti-tumor immune response.4-7 In contrast to 
these results, ICOS and ICOS L have also both been reported 
to be expressed on different types of cancer cells or tumor-
infiltrating immune cells, and to be associated with tumor 
progression and poor overall survival.2, 8, 9 Therefore, both 
agonist and antagonist antibodies targeting the ICOS/ICOSL 
pathway are still being evaluated for cancer treatment.5

Learn more about this instrument-based replacement for SDS-PAGE in this Application Note | 
Comparing SDS-PAGE with Maurice CE-SDS for Protein Purity Analysis 

https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-icos-aa-21-134-his-tag-protein-cf_9865-cs?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-human-icos-aa-21-134-his-tag-protein-cf_9865-cs?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/regulatory-t-cells--tregs?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/resources/literature/comparing-sds-page-maurice-ce-sds-protein-purity-analysis?pdfSource=true-immunecheckpointtargetsebook
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B7-H3

B7-H3 is one of several members of the B7 family that binds 
to a currently unidentified receptor expressed on activated T 
cells.1, 2 In humans, there are two isoforms of B7-H3, one with 
a single IgV-like and IgC-like domain, and a second, more 
common isoform that has a tandem repeat of the IgV-like and 
IgC-like domains.2, 3 B7-H3 was initially characterized to be 
a T cell co-stimulatory molecule due to its ability to promote 
both CD4+ and CD8+ T cell proliferation and enhance       
IFN-gamma secretion, but it was subsequently found to have 
T cell inhibitory functions as well.1, 4, 5 B7-H3 was shown to 
inhibit T cell proliferation, Th1 responses, and IL-2 and IFN-
gamma secretion, as well as natural killer (NK) cell activity.4-7 
These conflicting results have led to the hypothesis that B7-
H3 may bind to two different receptors, one that stimulates T 
cell activity and one that inhibits T cell activity. In cancer, B7-
H3 is overexpressed in a number of different tumor tissues 
and high levels of B7-H3 correlate with a poor prognosis 
and an increased potential for metastasis.8, 9 In addition, a 
soluble form of B7-H3 can be generated by ADAM-mediated 
ectodomain shedding, and serum levels of soluble B7-H3 
are significantly higher in patients with different types of 
cancer.6 In tumor-bearing mice, a blocking antibody against 
B7-H3 has been shown to enhance anti-tumor immune 
responses, suggesting that B7-H3 may be a future target for 
immunotherapy.10, 11
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B7-H3 Inhibits IFN-gamma Secretion by Anti-CD3-Stimulated Human T Cells. 
Human T cells were treated with an immobilized Mouse Anti-Human CD3 
epsilon Monoclonal Antibody (R&D Systems, Catalog # MAB100) and the 
indicated concentrations of Recombinant Cynomolgus Monkey B7-H3      
(R&D Systems, Catalog # 9426-B3). IFN-gamma secretion was measured using 
the Human IFN-gamma Quantikine ELISA Kit (R&D Systems, Catalog # 
DIF50C). The ED50 for this effect is typically 1-10 μg/mL.

Recombinant Human B7-H3. The purity of Avi-tag Biotinylated Recombinant 
Human B7-H3 His tag (R&D Systems, Catalog # AVI2318) was assessed by 
CE-SDS on Maurice under reducing (R) and non-reducing (NR) conditions 
and visualized in Compass for iCE software. The gel view is shown as an inset 
with the relative migration time (RMT) on the electropherogram shown on the 
far right-hand side of the gel. For more information on using Maurice CE-SDS 
for protein purity analysis, please see the side bar on page 7.
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B7-H3 binds to an unidentified receptor and can mediate both T cell co-
stimulatory and co-inhibitory effects. Two human isoforms of B7-H3 (2Ig-B7-H3 
and 4Ig B7-H3) have been described. Some studies have shown B7-H3 to be a T 
cell co-stimulatory molecule, while others have demonstrated that it can function 
as a T cell co-inhibitory molecule. Although the receptor(s) for B7-H3 have yet to 
be identified, the data suggests that like B7-1/CD80 and B7-2/CD86, B7-H3 may 
have more than one receptor, one that stimulates and one that inhibits T cell 
activity. B7-H3 has been reported to be expressed in several human tumors and 
its expression typically correlates with a poor prognosis.
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B7-H4

Similar to B7-H3, B7-H4 is also highly expressed on various 
tumor cell types and tumor-associated macrophages and 
high expression correlates with tumor aggressiveness and 
reduced survival in a number of different types of cancer.1, 2 
Although it has yet to be identified, a B7-H4 receptor appears 
to be expressed on activated T cells and to inhibit T cell 
proliferation, cytokine production, and cytolytic activity.3-5 
Additionally, B7-H4 signaling is thought to promote the 
expansion of myeloid-derived suppressor cells (MDSCs), a 
heterogeneous population of immature myeloid cells with 
immunosuppressive properties that accumulate in the tumor 
microenvironment.2 Similar to B7-H3, a soluble form of B7-H4 
can be generated by ADAM-mediated ectodomain shedding, 
and high levels in the blood of cancer patients has been 
correlated with a poor prognosis.6 

B7-H4 (R)
B7-H4 (NR)

Relative Migration Time

A
b

so
rb

an
ce

 (m
A

U
)

1 1.5 2 2.5 3

0

2

4

6

8

10

12

14
3

2

10
20
33

55

103

178

270

RMTkDa M
W

B
7-

H
4 

(R
)

B
7-

H
4 

(N
R)

Purity of Avi-tag Biotinylated Recombinant Human B7-H4. The purity of 
Avi-tag Biotinylated Recombinant Human B7-H4 Fc Chimera (R&D Systems, 
Catalog # AVI8870) was assessed by CE-SDS on Maurice under reducing (R) 
and non-reducing (NR) conditions and visualized in Compass for iCE software. 
The gel view is shown as an inset with the relative migration time (RMT) on the 
electropherogram shown on the far right-hand side of the gel. For more 
information on using Maurice CE-SDS for protein purity analysis, please see 
the side bar on page 7.
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B7-H4 binds to an unidentified receptor on activated T cells and inhibits T cell 
functions. Although the receptor for B7-H4 has yet to be identified, research 
suggests that it binds to a receptor expressed on activated T cells and inhibits 
T cell proliferation and effector functions.
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B7-H4 Inhibits IFN-gamma Secretion by Anti-CD3-Stimulated Human T Cells. 
Human T cells were treated with an immobilized Mouse Anti-Human CD3 
epsilon Monoclonal Antibody (R&D Systems, Catalog # MAB100) and the 
indicated concentrations of Recombinant Rat B7-H4 Fc Chimera                 
(R&D Systems, Catalog # 10085-B7). IFN-gamma secretion was measured 
using the Human IFN-gamma Quantikine ELISA Kit (R&D Systems, Catalog # 
DIF50C). The ED50 for this effect is typically 1-6 μg/mL.
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cells(APCs) to suppress T cell functions. B7-H5/VISTA 
deficient mice accumulated spontaneously activated T 
cells, secreted high levels of pro-inflammatory cytokines, 
and developed more severe experimental autoimmune 
encephalomyelitis than control mice, with B7-H5/VISTA on 
both T cells and APCs contributing to disease  
severity.4, 6 Additionally, treatment of CD4+ T cells with a B7-
H5-specific agonistic antibody was shown to inhibit CD4+ T 
cell activation both in vitro and in vivo, demonstrating that B7-
H5 is a CD4+ T cell inhibitory receptor.4 This T cell intrinsic 
effect of B7-H5/VISTA is thought to occur by  
B7-H5/VISTA interacting with either itself or another 
receptor through T cell-T cell interactions.7 The ligand for 
B7-H5 may also be expressed on tumor cells, allowing tumors 
to directly inhibit T cell activity through B7-H5/VISTA. Our 
own in-house data demonstrates that VSIG-3/IGSF11 is a 
ligand of B7-H5/VISTA and that this interaction can inhibit 
human T cell proliferation and cytokine production, although 
the significance of this interaction in vivo is still unknown.8

Multiple studies suggest that B7-H5/VISTA is involved 
in regulating anti-tumor immunity. In the original study 
that identified B7-H5/VISTA, the authors showed that its 
overexpression on tumor cells inhibited the protective anti-
tumor immune response.2 A subsequent study demonstrated 
that in mouse tumor models, B7-H5/VISTA expression 
was up-regulated on both CD11b+Gr1+ myeloid cells and 
regulatory T cells present in the tumor microenvironment, 
as well as on tumor cells under hypoxic conditions.9 This 
study demonstrated that blockade of B7-H5/VISTA using a 
monoclonal antibody enhanced the proliferation, infiltration, 
and effector functions of tumor-specific T cells, decreased 
the number of myeloid-derived suppressor cells present in 
the tumor microenvironment, inhibited the development 
and activity of regulatory T cells, and suppressed tumor 
growth. Expression of B7-H5/VISTA in human tumors has 
typically been found to increase with tumor progression 
and correlate with poor survival.10 Recent studies have also 
shown that B7-H5/VISTA expressed on tumor cells decreases 
the number of tumor-infiltrating CD8+ T cells in syngeneic 
mouse tumor models and that an anti-VISTA antibody 
prolongs the survival of tumor-bearing mice.11 Furthermore, 
it was recently suggested that VISTA expressed on tumor-
associated macrophages (TAMs), myeloid-derived suppressor 
cells (MDSCs), or tumor epithelial cells may interact with 
T cell-expressed PSGL-1 under acidic conditions, enabling 
it to inhibit immune activation specifically in acidic 
microenvironments such as the tumor microenvironment.12 
As a result of these and multiple other studies demonstrating 
the immunosuppressive activity of B7-H5/VISTA, researchers 
are now looking at targeting this protein either alone or 
in combination with other immune checkpoint therapies, 
depending on the tumor phenotype.13

B7-H5/VISTA/PD-1H

B7-H5/VISTA is T cell inhibitory checkpoint protein that 
is primarily expressed on hematopoietic cells, with the 
highest expression in humans being on myeloid cells, CD4+ 
T cells, and FoxP3+ regulatory T cells.1-3 In contrast to other 
B7 family ligands which contain both IgV-like and IgC-like 
domains in their extracellular regions, the extracellular 
domain of B7-H5/VISTA contains a single IgV-like domain 
similar to the B7 family receptors, CD28, CTLA-4, and ICOS. 
Unlike other B7 family members, B7-H5/VISTA has been 
suggested to function as both a T cell co-inhibitory ligand 
and a co-inhibitory receptor.1, 2, 4, 5 As a co-inhibitory ligand, 
B7-H5/VISTA acts through an unidentified T cell-expressed 
receptor to directly inhibit T cell functions. This conclusion is 
supported by the observation that a recombinant  
B7-H5/VISTA Ig fusion protein inhibited CD4+ and CD8+ 
T cell proliferation, IL-2 and IFN-gamma production, 
and promoted the conversion of naïve T cells into FoxP3+ 
regulatory T cells in vitro.1, 2 In agreement with these studies, 
overexpression of B7-H5/VISTA on bone marrow-derived 
dendritic cells reduced T cell proliferation and cytokine 
production, and this effect was neutralized by a B7-H5/
VISTA-specific monoclonal antibody.2 

As a co-inhibitory T cell receptor, B7-H5/VISTA has been 
shown to function independently of antigen-presenting
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B7-H5/VISTA functions as both a T cell inhibitory ligand and receptor. B7-H5/
VISTA is expressed on both antigen-presenting cells (APCs) and T cells and 
has been shown to function as both a T cell co-inhibitory ligand and receptor. 
As a ligand, B7-H5/VISTA on APCs or tumor cells binds to an unidentified 
receptor expressed on activated T cells and inhibits T cell proliferation and 
cytokine production. Recently, it has been suggested that expression of 
B7-H5/VISTA on tumor cells or myeloid cells present in the tumor 
microenvironment may inhibit T cell functions by interacting with T cell-
expressed PSGL-1 under acidic conditions. In addition to functioning as a T 
cell co-inhibitory ligand, T cell-expressed B7-H5/VISTA functions as a 
co-inhibitory receptor to suppress T cell functions. This interaction has been 
proposed to occur by B7-H5/VISTA interacting with either itself or a currently 
unidentified protein through T cell-T cell interactions, or through tumor cell-T 
cell interactions, if the ligand for B7-H5/VISTA is expressed on tumor cells.

https://www.rndsystems.com/resources/posters/vsig-3igsf11-ligand-vistapd-1h-and-inhibits-human-t-cell-function?pdfSource=true-immunecheckpointtargetsebook
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B7-H5/VISTA Inhibits Anti-CD3-Induced IL-2 Secretion by Human T Cells. 
Human T cells were incubated with an immobilized Mouse Anti-Human CD3 
epsilon Monoclonal Antibody (R&D Systems, Catalog # MAB100) and the 
indicated concentrations of Recombinant Human B7-H5/VISTA Fc Chimera 
(R&D Systems, Catalog # 7126-B7). IL-2 secretion was measured in cell culture 
supernatants using the Human IL-2 Quantikine ELISA Kit (R&D Systems, 
Catalog # D2050). The ED50 for this effect is typically 1-6 μg/mL.

Related Links
VSIG-3/IGSF11 is a Ligand of VISTA/PD-1H and Inhibits Human T Cell Function Scientific Poster

Biofunctions of Three New B7 Family Members Scientific Poster

Anti-Human VISTA Antibodies Neutralize the Binding of VSIG-3 and VISTA. 
Biotinylated Recombinant Human VISTA Fc Chimera (R&D Systems, Catalog # 
BT7126; 1 µg/mL) was pretreated with the indicated concentrations of Sheep 
Anti-Human B7-H5/VISTA or Mouse Anti-Human B7-H5/VISTA Antibodies 
(R&D Systems, Catalog # AF7126 or Catalog # MAB71261) or Normal Sheep 
IgG or Mouse IgG2B Isotype Controls (R&D Systems, Catalog # 5-001-A or 
Catalog # MAB0041) and then added to ELISA plates containing immobilized 
Recombinant Human VSIG-3 Fc Chimera (R&D Systems, Catalog # 9229-VS ; 2 
µg/mL). After washing away any unbound proteins, Streptavidin-HRP         
(R&D Systems, Catalog # DY998) and substrate solution (R&D Systems, 
Catalog # DY999) were added to the wells. The color development was 
stopped and the intensity of the color was measured using an ELISA plate 
reader.

Fluorokines™ Fluorescent-Labeled Immune Checkpoint Ligands

Utilize R&D Systems™ new Fluorokines fluorescent-labeled 
immune checkpoint ligands to easily identify 
or sort cells expressing their corresponding immune 
checkpoint receptors. Fluorescent-labeled immune 
checkpoint ligands bind to cells expressing their cognate 
receptors in a highly specific manner, allowing the 
direct detection of these cells by flow cytometry.

Advantages of Fluorescent-labeled Proteins for Detecting 
Target Molecules:

• Direct detection: No secondary antibody is needed 
to detect Fluorokines, reducing processing time and 
eliminating the possibility of background staining that 
may occur by indirect detection using a secondary 
antibody

• High levels of bioactivity: Fluorokines are rigorously 
tested for specificity and to ensure that they retain the 
same high level of activity as the corresponding unlabeled 
recombinant protein

• High lot-to-lot consistency: Each new protein lot is tested 
side-by-side with previous lots and with a master lot to 
ensure high lot-to-lot consistency

• Conjugated to Alexa Fluor® dyes: Alexa Fluor® dyes offer 
intense fluorescence and excellent photostability

Alexa Fluor® is a registered trademark of Molecular Probes, Inc., 
Eugene, OR. 

Browse our selection of Fluorokines | 
bio-techne.com/research-products/reagents-kits/
proteins/fluorokines-fluorescent-labeled-proteins
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B7-H6 and NKp30

Unlike other B7 family proteins, B7-H6 is not expressed in 
normal human tissues under steady-state conditions, but 
its expression can be induced under inflammatory stress.1 
Accordingly, B7-H6 has been shown to be expressed on 
a variety of different tumor tissues.1 B7-H6 binds to the 
NKp30 activating receptor on natural killer (NK) cells and 
induces cytotoxicity, thereby promoting the anti-tumor 
immune response.1-2  Conversely, it has also been shown that 
soluble B7-H6, which can be generated by ADAM-mediated 
ectodomain shedding, is associated with reduced expression 
of NKp30 and NK cell dysfunction in some forms of cancer.3 
Additionally, B7-H6 was found to promote tumor cell 
proliferation and inhibit apoptosis in studies utilizing either 
human breast cancer or glioma cell lines, further suggesting 
that B7-H6 may be involved in driving tumorigenesis.4, 5 
Similarly, high level expression of B7-H6 in human ovarian 
cancer was positively correlated with tumor progression and 
metastasis.6 Together, these observations suggest that B7-H6 
may represent a promising therapeutic target.
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B7-H6 binds to the NKp30 activating receptor on natural killer cells. 
Expression of B7-H6 is induced under inflammatory conditions and B7-H6 
overexpression is frequently observed in tumors. Although B7-H6 binds to 
NKp30, an activating receptor expressed on natural killer (NK) cells, high level 
expression of B7-H6 in tumor tissues is commonly associated with tumor 
progression. Similarly, soluble B7-H6 has been demonstrated to down-
regulate NKp30 expression on NK cells and inhibit NK cell activity, suggesting 
that B7-H6 may negatively regulate the immune response under certain 
conditions.

NKp30 Binds to B7-H6. Recombinant Human B7-H6 (R&D Systems, Catalog # 
9309-B7) was immobilized at 1 μg/mL, 100 μL/well and the indicated 
concentrations of Recombinant Human NKp30/NCR3 Fc Chimera               
(R&D Systems, Catalog # 1849-NK) were added. Recombinant Human NKp30 
bound with an ED50 of 0.02-0.1 μg/mL.

B7-H6 Induces IFN-gamma Secretion by NK-92 Cells. NK-92 human natural 
killer lymphoma cells were treated with the indicated concentrations of 
Recombinant Human B7-H6 Fc Chimera (R&D Systems, Catalog # 7144-B7). 
IFN-gamma secretion was measured using the Human IFN-gamma 
Quantikine ELISA Kit (R&D Systems, Catalog # DIF50C). The ED50 for this effect 
is typically 0.6-3 μg/mL.
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B7-H7/HHLA2

B7-H7, also known as HHLA2, is the only member of the 
B7 family that is found in humans but not in mice. Unlike 
other B7 family members, B7-H7 has three extracellular 
immunoglobulin-like domains with an IgV-IgC-IgV 
arrangement. Similar to B7-H3, B7-H7 has been reported to 
have both co-stimulatory and co-inhibitory functions.1 While 
B7-H7 on antigen-presenting cells (APCs) has been shown 
to bind to CD28H/TMIGD2 on naïve T cells and promote 
T cell proliferation and cytokine production, B7-H7 has 
also been shown to inhibit T cell proliferation and reduce 
cytokine secretion.1-3 One explanation for these seemingly 
contradictory findings is that B7-H7 has two receptors with 
CD28H being a co-stimulatory receptor that is gradually lost 
during T cell activation, which allows a second, unidentified 
co-inhibitory receptor to become the preeminent B7-H7 
receptor.3 B7-H7 is expressed in a number of human cancers 
and its expression typically correlates with metastasis and a 
poor prognosis, suggesting that tumor cell-expressed B7-H7 
interacts with a B7-H7 co-inhibitory receptor expressed on 
activated T cells to inhibit the anti-tumor immune response.4
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B7-H7/HHLA2 can mediate T cell co-stimulatory effects by binding to 
CD28H/TMIGD2 but may also mediate T cell co-inhibitory effects by binding 
to an unidentified receptor. B7-H7/HHLA2 is expressed on antigen-
presenting cells (APCs) and binds to the T cell-expressed receptor, CD28H, to 
stimulate T cell proliferation and cytokine production. Conversely, B7-H7/
HHLA2 has also been shown to function as a T cell co-inhibitory molecule, 
suggesting that B7-H7/HHLA2 may interact with a second unidentified 
receptor that inhibits T cell activity.

B7-H7/HHLA2 Binds to CD28H/TMIGD2. Recombinant Human CD28H/
TMIGD2 Fc Chimera (R&D Systems, Catalog # 8316-TR) was coated on a plate 
at 0.125 μg/mL and the indicated concentrations of Biotinylated Recombinant 
Human B7-H7/HHLA2 Fc Chimera (R&D Systems, Catalog # BT8084) were 
added. Recombinant Human B7-H7/HHLA2 bound with an ED50 of 0.025-
0.125 μg/mL.

B7-H7/HHLA2 Inhibits Anti-CD3-induced IL-2 Secretion by Human T Cells. 
Human T cells were incubated with an immobilized Mouse Anti-Human CD3 
epsilon Monoclonal Antibody (R&D Systems, Catalog # MAB100) and the 
indicated concentrations of Recombinant Human B7-H7/HHLA2 Fc Chimera 
(R&D Systems, Catalog # 8084-B7). IL-2 secretion was measured in cell culture 
supernatants using the Human IL-2 Quantikine ELISA Kit (R&D Systems, 
Catalog # D2050). The ED50 for this effect is typically 0.075-0.75 μg/mL in the 
presence of a Goat Anti-Human IgG Fc Polyclonal Antibody (R&D Systems, 
Catalog # G-102-C).
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BTLA, HVEM, and LIGHT

B and T lymphocyte attenuator (BTLA) is a co-inhibitory 
receptor belonging to the CD28 family that is structurally 
similar to CTLA-4 and PD-1.1 The extracellular domain 
of BTLA contains a single IgI-like domain followed by a 
transmembrane segment and a cytoplasmic tail that contains 
an immunoreceptor tyrosine-based inhibitory motif (ITIM) 
and an immunoreceptor tyrosine-based switch motif (ITSM), 
which are involved in mediating inhibitory signaling.2-4 
BTLA is expressed on B cells, T cells, natural killer (NK) 
cells, dendritic cells (DCs), and macrophages 5. While 
naïve CD4+ and CD8+ T cells express low levels of BTLA, 
BTLA expression is rapidly up-regulated following T cell 
activation.6, 7

In contrast to the other CD28 family receptors which 
interact with B7 family ligands, BTLA binds to herpesvirus 
entry mediator (HVEM), a member of the TNF receptor 
superfamily.8 HVEM is widely expressed on a variety of 
immune cell types, including dendritic cells, naive T and 
B cells, NK cells, monocytes, and neutrophils.6 Binding 
of HVEM to BTLA inhibits T cell and B cell activation, 
proliferation, and cytokine production, and serves as an 
inhibitory checkpoint regulating the accumulation of 
dendritic cells in lymphoid tissues.8-12 Additionally, in 
contrast to naïve effector T cells which down-regulate 
HVEM expression upon activation, HVEM expression on 
regulatory T cells is up-regulated upon stimulation and its 
binding to BTLA, expressed on effector T cells, enhances their 
suppressive activity.7 
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Cynomolgus Monkey CD160 Binds to HVEM. Recombinant Mouse HVEM/
TNFRSF14 Fc Chimera (R&D Systems, Catalog # 2516-HV) was immobilized at 
0.5 μg/mL and the indicated concentrations of Recombinant Cynomolgus 
Monkey CD160 Fc Chimera (R&D Systems, Catalog # 10197-CD) were added. 
Recombinant Cynomolgus Monkey CD160 bound with an ED50 of 1.5-9 ng/mL.

Purity of Recombinant Cynomolgus Monkey CD160. The purity of 
Recombinant Cynomolgus Monkey CD160 Fc Chimera (R&D Systems, 
Catalog # 10197-CD) was assessed by CE-SDS on Maurice under reducing (R) 
and non-reducing (NR) conditions and visualized in Compass for iCE software. 
The gel view is shown as an inset with the relative migration time (RMT) on the 
electropherogram shown on the far right-hand side of the gel.
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HVEM serves as a molecular switch regulating both T cell co-stimulatory and 
co-inhibitory signaling. HVEM is a TNF receptor superfamily protein that 
interacts with BTLA, CD160, LIGHT, and Lymphotoxin-alpha. While binding of 
HVEM to BTLA or CD160 produces a T cell co-inhibitory signal, HVEM binding 
to LIGHT or Lymphotoxin-alpha delivers a T cell co-stimulatory signal. The 
HVEM-BTLA interaction can also inhibit T cell functions by HVEM on 
regulatory T cells binding to T cell-expressed BTLA, which increases the 
suppressive activity of regulatory T cells. 

https://www.bio-techne.com/t/btla?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/hvem-tnfrsf14?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-mouse-hvem-tnfrsf14-fc-chimera-protein-cf_2516-hv?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-mouse-hvem-tnfrsf14-fc-chimera-protein-cf_2516-hv?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-cynomolgus-monkey-cd160-fc-chimera-protein-cf_10197-cd?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-cynomolgus-monkey-cd160-fc-chimera-protein-cf_10197-cd?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/p/proteins-enzymes/recombinant-cynomolgus-monkey-cd160-fc-chimera-protein-cf_10197-cd?pdfSource=true-immunecheckpointtargetsebook


15

Simultaneously Survey the 
Expression of Immune Checkpoint 
Targets and Immune Cell Markers 
in the TME with RNAScope™ In 
Situ Hybridization Assays

RNAscopeTM technology enables rapid and 
efficient detection of the co-expression profiles 
of any target mRNAs, including immune 
checkpoint targets, cytokines, and cell-specific 
markers, with single-molecule sensitivity and 
high specificity in formalin-fixed paraffin-
embedded (FFPE) tissues. This technology 
can be combined with immunohistochemistry 
(IHC) or immunofluorescence (IF) on the same 
slide for detecting target RNAs and proteins 
simultaneously. 

Features of RNAscope ISH Assays:

• Spatially map and quantify specific RNAs in 
individual intact cells and tissues

• Detect up to 12 RNA targets in FFPE tissues 
and 48 targets in fixed and frozen tissues 
using the RNAscope HiPlex assay 

• Proprietary probe design ensures target 
specific binding and provides a high signal-
to-noise ratio

• Can be combined with IHC or IF on the same 
slide for simultaneous visualization of RNA 
and protein biomarkers

• Catalog probes are available for over 40,000 
targets in 400+ species with made-to-order 
target probes ready in 2 weeks

• Cited in over 6,500 publications across 
multiple different research areas

Learn more about using RNAscope for 
Immuno-Oncology Research | acdbio.com/

science/applications/research-areas/
immuno-oncology

Besides BTLA, HVEM also interacts with the 
immunoglobulin superfamily (IgSF) receptor, CD160, and 
the TNF superfamily proteins, Lymphotoxin alpha and 
LIGHT.13-15 While binding of HVEM to BTLA or CD160 
delivers an inhibitory signal, HVEM also has the ability to 
stimulate the effector functions of immune cells on which it 
is expressed by binding to LIGHT or Lymphotoxin alpha.6, 13-15 
As a result, HVEM has been described as a molecular switch 
regulating both co-stimulatory and co-inhibitory signaling.

In cancer, BTLA was reported to be expressed on CD8+ T 
cells isolated from the peripheral blood of melanoma patients 
and crosslinking of BTLA on these cells with HVEM on 
melanoma cells was shown to inhibit T cell expansion and 
IFN-gamma production.16 A second study demonstrated 
that BTLA up-regulation on tumor antigen-specific CD8+ T 
cells contributed to their dysfunction, and blockade of BTLA 
could at least partially restore CD8+ T cell proliferation and 
cytokine production.17 Additionally, this study demonstrated 
that blockade of both BTLA and PD-1 could synergistically 
improve the expansion and proliferation of tumor antigen-
specific CD8+ T cells, when compared with anti-BTLA or 
anti-PD-1 treatment alone. The improvement in CD8+ T cell 
proliferation was even further enhanced with blockade 
of BTLA, PD-1, and TIM-3, suggesting that BTLA, PD-
1, and TIM-3 all contribute to the dysfunction of tumor 
antigen-specific CD8+ T cells in melanoma. Based on these 
observations, BTLA is being investigated by immuno-
oncology researchers and clinicians as a potential next 
generation target for cancer immunotherapy.

As the world’s leading developer and manufacturer of 
recombinant proteins, Bio-Techne offers a comprehensive 
range of R&D Systems™ bioactive B7-CD28 family proteins 
in a variety of different species with Fc or His tags, as 
well as an expanding line of Avi-tag biotinylated proteins 
for studying the most common therapeutic targets like 
PD-1 and CTLA-4, as well as potential next generation 
immuno-oncology targets. Our catalog also includes 
human and mouse antibodies for detecting B7 and CD28 
family proteins, which have been qualified for different 
applications, including one or more of the following: 
blocking/neutralization, flow cytometry, ICC/IHC, Western 
blot, and CyTOF. Additionally, we offer DuoSet™ ELISA 
Development Systems for detecting soluble human B7-H1, 
B7-H2, B7-H3, B7-H5, B7-H6, PD-1, and PD-L1.

For more information about the B7-CD28 families of immune 
checkpoint proteins | bio-techne.com/reagents/proteins/b7-
cd28-family-proteins
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Butyrophilins are a more recently identified class of T 
cell co-inhibitory/co-stimulatory molecules that belong 
to the immunoglobulin superfamily. These proteins are 
structurally related to the B7 family and appear to have 
similar immunomodulatory functions. In humans, the 
butyrophilin family consists of seven butyrophilins, BTN1A1, 
BTN2A1, BTN2A2, BTN2A3, BTN3A1, BTN3A2, BTN3A3, five 
butyrophilin-like proteins, BTNL2, BTNL3, BTNL8, BTNL9, 
BTNL10, and the SKINT-like (SKINTL) protein. In mice, 
eleven butyrophilin family members have been described to 
date, BTN1A1, BTN2A2, BTNL1-2, BTNL4-7, BTNL9-10, and 
SKINTL, although these typically differ from their human 
counterparts.

With the exception of BTN3A2, BTNL2, and BTNL10, 
butyrophilins have one extracellular IgV-like domain and 
one extracellular IgC-like domain, a transmembrane region, 
and a cytoplasmic B30.2 domain, which distinguishes them 
from the B7 family. In contrast to the other butyrophilin 
family members, BTNL2 has two extracellular IgV-like 

and two IgC-like domains and lacks the intracellular B30.2 
domain, as do BTN3A2 and BTNL10. Most butyrophilins that 
have been characterized to date inhibit T cell proliferation 
and cytokine production by acting through currently 
unidentified receptors.1-4 The exceptions are BTN3A2, BTNL8, 
BTN2A1, and BTN3A1. BTN3A2 was shown to enhance 
intraepithelial infiltration of CD4+ and CD8+ T cells in ovarian 
cancer tissues, while BTNL8 was found to promote anti-
CD3-stimulated human T cell proliferation and cytokine 
secretion.5, 6 Additionally, BTN2A1 and BTN3A1 have 
recently been shown to be involved in the Vgamma9Vdelta2 
TCR-mediated recognition of phosphoantigens on stressed 
cells, which results in activation of the major peripheral 
subset of gamma delta T cells.7-10 Although further research 
is needed to identify the key binding partners of many 
of the other butryophilin proteins and the pathways 
by which they regulate T cell functions, structural and 
functional similarities between these proteins and the B7 
family members suggest that the butyrophilins should be 
investigated as potential targets for cancer immunotherapy.

Butyrophilins
C H A P T E R  3

Butyrophilins function as co-signaling molecules to regulate T cell activation. Similar to the B7 family, proteins belonging to the butyrophilin subfamily of the 
immunoglobulin superfamily regulate T cell proliferation and cytokine production. Most of the buytrophilins that have been characterized to date, including human 
BTN1A1, BTN2A2, BTN3A1, BTNL2, and mouse BTNL1, act through unidentified receptors to inhibit T cell proliferation and cytokine production.
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Bio-Techne exclusively offers a large selection of             
R&D Systems bioactive recombinant butyrophilin proteins, 
along with human or mouse antibodies against a number 
of butyrophilin family members to further researchers’ 
abilities to investigate the functions of these molecules as 
immune checkpoint regulators.

For more information about the butyrophilin family of 
immune checkpoint proteins | bio-techne.com/reagents/
proteins/immune-checkpoint-proteins/butyrophilin
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BTN1A1 and BTN3A1 Inhibit Anti-CD3-induced IL-2 Production by Human T 
Cells. Human T cells were incubated with an immobilized Mouse Anti-Human 
CD3 Monoclonal Antibody (R&D Systems, Catalog # MAB100; 1μg/mL) and 
the indicated concentrations of (A) Recombinant Human BTN1A1              
(R&D Systems, Catalog # 8467-BT) or (B) Recombinant Human BTN3A1/
CD277 Fc Chimera (R&D Systems, Catalog # 8539-BT). IL-2 secretion was 
measured in cell culture supernatants using the Human IL-2 Quantikine ELISA 
Kit (R&D Systems, Catalog # D2050). The ED50 for this effect is typically 0.5-2.5 
μg/mL for Recombinant Human BTN1A1 and 1-5 μg/mL for Recombinant 
Human BTN3A1/CD277. The purity of (A) Recombinant Human BTN1A1   
(R&D Systems, Catalog # 8467-BT;1 μg/lane) and (B) Recombinant Human 
BTN3A1/CD277 (R&D Systems, Catalog # 8539-BT; 1 μg/lane) was assessed 
by SDS-PAGE analysis under reducing (R) and non-reducing (NR) conditions 
(inset).
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BTNL9 Inhibits Human CD4+ T Cell Proliferation. Human CD3+ T cells were 
isolated from PBMCs using the MagCellect Human CD3+ T Cell Isolation Kit 
(R&D Systems, Catalog # MAGH101). CFSE-labeled T cells were treated with a 
combination of plate-bound anti-CD3 and either plate bound Recombinant 
Human BTNL9 Fc Chimera (R&D Systems, Catalog # 9659-BT;10 µg/mL) or 
vehicle control for 5 days. Cells were stained with an APC-conjugated Mouse 
Anti-Human CD4 Monoclonal Antibody (R&D Systems, Catalog # FAB3791A) 
or an APC-conjugated Mouse Anti-Human CD8 Monoclonal Antibody      
(R&D Systems, Catalog # FAB1509A) and gated by flow cytometry.
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CD47 and the 
SIRP Proteins

C H A P T E R  4

In contrast to the T cell-related immune checkpoint pathways 
that are being targeted for cancer immunotherapy, the 
SIRP/CD47 pathway is an innate immune checkpoint that 
suppresses the phagocytic activity of myeloid cells.1 CD47, 
also known as Integrin-associated protein and OA3, is 
an atypical member of the immunoglobulin superfamily 
possessing a single IgV-like domain at its N-terminus, five 
transmembrane-spanning segments, and an alternatively 
spliced cytoplasmic C-terminus that lacks a signaling 
domain.2 CD47 is ubiquitously expressed on normal cells and 
serves as a marker of “self” to prevent healthy autologous 
cells from undergoing phagocytosis.3 As a result, it has also 
been called a “don’t eat me” signal. 

Inhibition of phagocytosis is mediated by CD47 binding to 
SIRP alpha, another immunoglobulin superfamily member, 
that is highly expressed on the surface of myeloid cells, 
including macrophages, dendritic cells (DCs), neutrophils, 
and monocytes.3, 4 SIRP alpha contains an extracellular 
domain with a single N-terminal IgV-like domain that 
interacts with the IgV-like domain of CD47, followed by 
two IgC-like domains, a transmembrane segment, and a 
cytoplasmic tail with two immunoreceptor tyrosine-based 
inhibitory motifs (ITIMs).5 Binding of CD47 to SIRP alpha 
promotes phosphorylation of the ITIM domains in the 
cytoplasmic tail of SIRP alpha, leading to the recruitment 
of the SHP1/2 phosphatases, which subsequently 
dephosphorylate downstream targets to negatively regulate 
phagocytosis.6-8 
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The CD47-SIRP alpha signaling pathway is a myeloid cell-specific phagocytosis checkpoint that can be exploited by tumor cells. CD47 is a ubiquitously expressed 
protein that serves as a marker of “self”. Binding of CD47 to SIRP alpha on myeloid cells inhibits myeloid cell-mediated phagocytosis. By overexpressing CD47, 
tumor cells frequently exploit this pathway, allowing them to evade detection and phagocytic destruction. In addition to its interaction with SIRP alpha, CD47 
interacts with Thrombospondin-1, and this interaction also has immunosuppressive effects including the inhibition of T cell and dendritic cell activation and the 
generation of regulatory T cells.
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Recombinant Mouse SIRP alpha Activity is Suppressed by a Soluble Version 
of the CD47 Receptor. Red blood cells from mouse whole blood were 
incubated with the indicated concentrations of immobilized Recombinant 
Mouse SIRP alpha Fc Chimera (R&D Systems, Catalog # 7154-SA) for 1 hour at 
37˚C. The plate was washed to remove non-adhered cells and red blood 
adhesion was assessed (green line). When Recombinant Mouse SIRP alpha Fc 
Chimera was immobilized at 2 µg/mL, the effect could be antagonized by the 
addition of soluble Recombinant Mouse CD47 Fc Chimera (R&D Systems, 
Catalog # 1866-CD; blue line).
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Affinity Measurements and Binding Kinetics of the CD47:SIRP alpha 
Interaction by Surface Plasmon Resonance. Sensorgram data of captured 
Avi-tag Biotinylated Recombinant Human CD47 Fc tag (R&D Systems, Catalog 
# AVI4670) binding to Recombinant Human SIRP alpha His tag (R&D Systems, 
Catalog # 9378-SA). The corresponding overlaid kinetic fits with the residual 
plot shown below. The concentration of Recombinant Human SIRP alpha 
His-tag ranged from 6.85 nM to 3.51 μM. The corresponding steady state 
affinity fit is shown to the right. The experiment was performed on a Biacore 
T200, GE Healthcare.

In addition to SIRP alpha, CD47 also binds with significantly 
lower affinity to SIRP gamma, which is expressed on human 
T cells, and is thought to play a role in transendothelial 
migration.9 Other CD47-interacting proteins include the 
extracellular matrix protein, thrombospondin-1, and various 
integrins, including integrin alpha V beta 3, integrin alpha 
2b beta 3, integrin alpha 2 beta 1, and integrin alpha 4 beta 1, 
which it interacts with in cis.10-12 Significantly, the interaction 
of thrombospondin-1 with CD47 has also been reported 
to have immunosuppressive effects, which include the 
inhibition of T cell activation, generation of regulatory T cells 
from naïve or memory T cells, and negative regulation of 
dendritic cell activation and cytokine production.13-16

CD47 overexpression is common in a variety of hematologic 
and solid tumor cancers and it typically correlates with 
a poor prognosis, suggesting that tumor cells can exploit 

the SIRP alpha/CD47 pathway to evade phagocytic 
destruction.13-21 Blocking antibodies against CD47 have 
been shown to promote macrophage-mediated tumor 
cell phagocytosis in vitro and inhibit tumor growth and 
metastasis in multiple xenograft or syngeneic mouse cancer 
models.22, 23 Additionally, CD47 blockade has been shown 
to enhance antigen uptake and presentation, and cytokine 
secretion by dendritic cells and macrophages, resulting in 
an increase in the activation of tumor-specific cytotoxic T 
cells.3, 23-25 Studies in mouse tumor models have suggested 
that blockade of SIRP alpha or CD47, used in combination 
with other immune checkpoint inhibitors that target PD-1 or 
CTLA-4, may have synergistic anti-tumor effects.23

For more information about the SIRP family proteins and 
CD47 | bio-techne.com/reagents/proteins/sirp-cd47-pathway

Bio-Techne offers R&D Systems bioactive recombinant 
proteins for all five SIRP family proteins, with a variety 
of tags, along with recombinant human and mouse CD47 
and a wide selection of anti-CD47 and anti-SIRP alpha 
antibodies that are validated for a range of applications, 
including blocking/neutralization, flow cytometry, 
immunocytochemistry, and Western blot.
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IDO/TDO and the 
Kynurenine Pathway

C H A P T E R  5

Tryptophan is an essential amino acid produced by the 
human body that is primarily metabolized by the kynurenine 
pathway, which plays a role in regulating the activities of 
different immune cell types.1 Indoleamine-2,3-dioxygenase 
(IDO1 or IDO2) and tryptophan-2,3-dioxygenase 2 (TDO2) 
are key enzymes that catalyze the initial and rate-limiting 
step in this pathway. The activities of these enzymes 
convert L-tryptophan to N-formyl-kynurenine, which is 
then further converted into kynurenine. This impacts the 
immune system first, by depleting tryptophan from the local 
microenvironment, which inhibits T cell proliferation and 
activity,2-5 and second, by producing kynurenine, a potent 
immunoregulatory molecule, which inhibits T cell and 
natural killer cell proliferation and activity, and promotes the 
differentiation of regulatory T cells.6-9 

IDO and TDO are expressed by a variety of cell types 
including stromal, vascular, tumor, and immune cells, in 
particular antigen-presenting cells.10 Additionally, IDO 
expression is strongly induced by inflammatory molecules 
such as IFN-gamma, IL-6, and TNF-alpha and multiple 
tumor cell types have been shown to express IDO, TDO, 
or both enzymes.10-12 High level expression of IDO by 
tumor cells correlates with the expansion, recruitment, and 
activation of myeloid-derived suppressor cells (MDSCs), 
tumor aggressiveness, and resistance to immune checkpoint 
blockade.13 As a result, the kynurenine pathway and 
specifically small molecule inhibitors of IDO are being 
investigated by immuno-oncology researchers as potential 
immunotherapeutic drugs. 
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High level expression of IDO and TDO by tumor cells or cells in the tumor 
microenvironment inhibits the functions of T cells and natural killer (NK) cells. 
IDO and TDO, two enzymes involved in the metabolism of tryptophan, are 
produced by tumor cells or other cells present in the tumor microenvironment, 
including tumor-associated macrophages (TAMs), myeloid-derived suppressor 
cells (MDSCs) and antigen-presenting cells (APCs). High level expression of 
IDO and TDO contribute to a favorable environment for tumor progression as 
they increase the rate of tryptophan degradation, leading to the depletion of 
tryptophan from the tumor microenvironment and the production of the 
immunosuppressive metabolite, kynurenine. Together, these conditions 
suppress T cell and natural killer (NK) cell proliferation and activity and 
promote the generation of regulatory T cells. 
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Measurement of IDO2 Enzyme Activity. The activity of Recombinant Human 
IDO2 (R&D Systems, Catalog # 9967-AO) was measured by its ability to 
oxidize L-tryptophan to N-formyl-kynurenine. The activity of the R&D Systems 
IDO2 enzyme (orange) was found to be approximately 4-fold greater than a 
competitor’s IDO2 (green). The negative control is shown in red.

Measurement of TDO2 Enzyme Activity. The activity of Recombinant Human 
TDO2 (R&D Systems, Catalog # 9768-TD) was measured by its ability to 
oxidize L-tryptophan to N-formyl-kynurenine. The activity of the R&D Systems 
TDO2 enzyme (orange) was approximately 10-fold greater than a 
competitor’s TDO2 (green). The negative control is shown in red.
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Bio-Techne offers a range of R&D Systems enzymes in the 
kynurenine pathway along with Tocris™ small molecule 
inhibitors of some of these enzymes for immuno-oncology 
research.

For more information about the Kynurenine pathway | bio-
techne.com/reagents/proteins/kynurenine-pathway-proteins
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LAG-3
C H A P T E R  6

Lymphocyte Activation Gene 3 (LAG-3), also known as 
CD223, is a type I transmembrane protein that belongs to 
the immunoglobulin superfamily (IgSF). It is expressed as a 
dimer or oligomer on the surface of activated CD4+ and CD8+ 
T cells, regulatory T cells, Tr1 cells, natural killer (NK) cells, 
and plasmacytoid dendritic cells (pDCs).1, 2 Similar to PD-1 
and CTLA-4, LAG-3 is also up-regulated on exhausted T cells 
in cancer.2, 3 LAG-3 is structurally homologous to CD4 in that 
it has four extracellular Ig-like domains, but it also contains 
an extra loop on the membrane-distal Ig-like domain that 
is not present in CD4. This extra loop allows LAG-3 to bind 
to MHC class II molecules expressed on antigen-presenting 
cells (APCs) or tumor cells with significantly higher affinity 
than CD4, and negatively regulate T cell receptor (TCR) 
signaling.4, 5

In addition to MHC class II molecules, Galectin-3, LSECtin, 
and Fibrinogen-like protein 1 (FGL1) are also LAG-3  
ligands.2, 6-8 Significantly, all three of these proteins are 
expressed on various tumor cell types and inhibit T cell 
responses, making it unclear which ligands are primarily 
responsible for the immunosuppressive functions of 
LAG-3.6, 8 Although the mechanisms by which LAG-3 
signals are not well understood, LAG-3 has been shown 
to negatively regulate T cell activation, proliferation, and 
cytokine production, inhibit pDC activation, and enhance 
the suppressive activity of regulatory T cells.9-15 LAG-3 has 
also recently been suggested to inhibit cytokine secretion by 
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LAG-3 is an immunosuppressive receptor that inhibits T cell activity and 
promotes the suppressive activity of regulatory T cells. LAG-3 binds to 
multiple ligands including MHC class II, Galectin-3, LSECtin, and Fibrinogen-
like protein 1 (FGL1), which have all been reported to have T cell inhibitory 
effects. On regulatory T cells, LAG-3 expression enhances their suppressive 
function and can inhibit dendritic cell maturation and immunostimulatory 
capacity through its interaction with MHC class II. Similar to PD-1, TIM-3, TIGIT, 
and BTLA, LAG-3 is also up-regulated on exhausted T cells and natural killer 
cells in cancer and is thought to contribute to their dysfunction.
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Bio-Techne offers R&D Systems bioactive recombinant 
proteins for LAG-3 and its ligands, along with 
fluorochrome-conjugated antibodies for detecting LAG-3, 
Galectin-3, and LSECtin to further our understanding of 
the immunomodulatory effects of LAG-3.

For more information about LAG-3 and its ligands | bio-
techne.com/lag-3-protein

mature NK cells.16 On regulatory T cells, LAG-3 was found 
to engage MHC class II on DCs and inhibit DC maturation 
and their immunostimulatory capacity.17 Conversely, a 
soluble variant of LAG-3 was shown to bind to MHC class II 
molecules on immature DCs and induce their maturation, 
leading to enhanced CD8+ T cell antigen cross- 
presentation.18, 19

Similar to PD-1, LAG-3 is frequently up-regulated on 
tumor-infiltrating lymphocytes (TILs) and while blockade 
of LAG-3 alone was found to be only weakly effective in 
reducing tumor growth in some mouse tumor models, 
blockade of both LAG-3 and PD-1 synergistically enhanced 

anti-tumor immunity and survival, when compared with 
anti-PD-1 alone.20, 21 In many of these mouse tumor models, 
the improvement in the anti-tumor immune response was 
attributed to an increase in the number of tumor-infiltrating 
CD8+, or CD8+ and CD4+ T cells, and an accompanying 
increase in IFN-gamma production that was observed 
following anti-LAG-3/anti-PD-1 treatment. As a result, 
researchers are now evaluating an antagonistic anti-LAG-3 
antibody either alone, or in combination with anti-PD-1, in 
clinical trials.22, 23 Additionally, due to the observation that 
soluble LAG-3 has immune-stimulatory effects, a soluble 
recombinant form of LAG-3, known as IMP321, is also being 
evaluated in phase I testing in combination with anti-PD-1.
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LILRB Receptor 
Family

C H A P T E R  7

The leukocyte immunoglobulin-like receptors (LILRs), 
also known as Ig-like transcripts (ILTs), are a family of 
immunoregulatory receptors expressed by a range of 
hematopoietic cell types, including monocytes, macrophages, 
dendritic cells, granulocytes, natural killer (NK) cells, T cells, 
and B cells.1 The LILR family consists of both stimulatory 
receptors that belong to the LILRA subfamily (LILRA1-6) 
and inhibitory receptors that belong to the LILRB subfamily 
(LILRB1-5). While the LILRA receptors promote immune 
cell activation by signaling through immunoreceptor 
tyrosine-based activation motifs (ITAMs), the LILRB 
receptors inhibit immune cell activation by signaling through 
immunoreceptor tyrosine-based inhibitory motifs (ITIMs). 

The LILRB subfamily proteins are human and primate-
specific, with paired immunoglobulin-like receptor B 
(PirB) and gp49B1 being the only mouse receptor orthologs 
identified to date.2 Several ligands have been reported for 

human LILRB1/ILT2 and LILRB2/ILT4 including classical 
(HLA-A, HLA-B, and HLA-C) and non-classical (HLA-E, 
HLA-F, and HLA-G) MHC class I molecules, S100A8 and 
S100A9, and the viral MHC homolog, UL18, for LILRB1/ILT2, 
and several angiopoietin-like proteins (ANGPTLs), CD1d, 
myelin-associated glycoprotein (MAG), oligodendrocyte 
myelin glycoprotein (OMgp), oligomeric beta-amyloid 
(A beta), and reticulon 4 (RTN4/NOGO) for LILRB2/
ILT4.2 Unlike LILRB2/ILT4, LILRB1/ILT2 requires beta2-
microglobulin for binding to HLA ligands.3, 4 Additionally, 
LILRB1/ILT2 has been shown to bind more strongly to 
HLA-G than to classical HLA class I molecules, while 
LILRB2/ILT4 binds more strongly to ANGPTL proteins than 
to HLA-G.2-4 ANGPTL proteins have also been found to 
interact with both LILRB4 and LILRB5 and HLA-class I has 
also been reported to be a LILRB5 ligand, but the ligands for 
LILRB3 have yet to be identified.2, 5 
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Leukocyte immunoglobulin-like receptors mediate immune cell stimulatory and immune cell inhibitory effects. Members of the LILRA and LILRB subfamilies bind 
to a range of different ligands including MHC class I molecules, angiopoietin (ANGPT) and angiopoietin-like (ANGPTL) proteins, and other proteins as shown in the 
graphic and described in the text. Interactions between the LILR family proteins and their ligands either promote (LILRA; shown on the left) or inhibit (LILRB; shown 
on the right) immune cell activation. LILRBs in particular are being investigated as potential therapeutic targets due to their immunosuppressive effects. 
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Due to their immunosuppressive properties, members of the 
LILRB subfamily are considered to be immune checkpoint 
receptors. Ligands of LILRBs, such as HLA-G can be highly 
expressed on tumor cells and the interaction of HLA-G 
with LILRB1 has been shown to inhibit the functions of NK 
cells, dendritic cells, monocytes/macrophages, T cells, and 
B cells, allowing tumors to evade immune detection.1, 6, 7 
LILRBs are also up-regulated or expressed on various cancer 
cell types, as well as on immune cells found in the tumor 
microenvironment including tumor-associated macrophages 
(TAMs) and myeloid-derived suppressor cells (MDSCs), and 
are thought to contribute to tumor growth, angiogenesis, and 
metastasis.7 Blockade of LILRB2 in a Lewis lung carcinoma 
model was shown to enhance anti-tumor immune responses, 
reduce the numbers of granulocytic MDSCs and regulatory T 
cells, and inhibit tumor progression both on its own, and to a 
significantly greater extent when combined with anti-PD-L1 
treatment.8 Taken together, these results suggest that LILRBs 
may represent future targets for cancer immunotherapy.

Bio-Techne offers a complete range of products for 
immuno-oncology researchers studying the effects 
of different LILRs, including R&D Systems bioactive 
recombinant human proteins and antibodies for all of the 
LILRB and LILRA subfamily members. 

For more information about the LILRA/B receptor family | 
bio-techne.com/reagents/proteins/lilr-proteins
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Human Angiopoietin-like 7 (ANGPTL7) Binds to LILRB2/ILT4. Recombinant 
Human LILRB2/ILT4 (R&D Systems, Catalog # 8429-T4) was coated on a plate 
at 2 μg/mL and the indicated concentrations of Recombinant Human 
Angiopoietin-like 7 (R&D Systems, Catalog # 914-AN) were added. 
Recombinant Human ANGPTL7 bound with an ED50 of 25-150 ng/mL. 

With the surge in immuno-oncology research, 

there is a need for serum-free, xeno-free media 

options for the ex vivo expansion of immune 

cells. Take an important step towards defined 

cell culture and improve the consistency of 

your cell therapy process with ExCellerate™ 

media. The ExCellerateTM Human T Cell Media, 

Human NK Cell Media, and Human B Cell 

Expansion Media provide optimized serum-free 

culture environments for the robust expansion 

of specific immune cell types under xeno-free 

conditions.

Key Benefits of ExCellerate Media:

• Reduces variability in your media 

composition

• Streamlines comparability testing if raw 

material changes are required

• Facilitates regulatory compliance during 

clinical transition

• Optimized for use with R&D Systems™ 

cytokines

• Reduced time to market for your cell therapy

Learn more about our ExCellerate 
media options | bio-techne.com/
reagents/cell-culture-reagents/

excellerate
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Cell Cultures With 
Excellerate™ 
Human T Cell, 
Nk Cell, Or B Cell 
Expansion Media
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TIGIT, DNAM-1, 
CD96, and PVRIG

C H A P T E R  8

TIGIT, DNAM-1/CD226, CD96, and PVRIG are 
immunoglobulin superfamily (IgSF) receptors that share 
CD155/PVR and/or CD112/Nectin-2 as ligands, but mediate 
opposing effects on lymphocyte functions. While DNAM-1/
CD226 acts as a co-stimulatory receptor, TIGIT, PVRIG, and 
CD96 have all been suggested to function as co-inhibitory 
receptors. Further details about each of these receptors, 
their immuno-regulatory effects, and their potential as next 
generation immuno-oncology targets are described below. 

TIGIT

T cell immunoreceptor with immunoglobulin and ITIM 
domains (TIGIT), also known as VSTM3, VSIG9, and 
WUCAM, is an inhibitory immunoglobulin superfamily 
(IgSF) receptor, with a gene structure that resembles 
members of the CD28 family.1 TIGIT contains an extracellular 
region with a single IgV-like domain, followed by a 
transmembrane segment, and a cytoplasmic domain with 
an immunoreceptor tyrosine-based inhibitory motif (ITIM) 
and an immunoglobulin tail tyrosine-like (ITT) motif that 
both contribute to inhibitory signaling. TIGIT is expressed 
on activated and memory T cells, regulatory T cells, follicular 
helper T (Tfh) cells, and natural killer (NK) cells.1-5 Similar 
to PD-1 and TIM-3, it is also highly expressed on exhausted 
T cells and exhausted natural killer (NK) cells in chronic 
infections and in cancer.6, 7

TIGIT binds to three different Nectin or Nectin-like 
molecules, CD155/PVR, CD112/Nectin-2, and CD113/
Nectin-3, but it binds with highest affinity to  
CD155/PVR.3, 4, 8 CD155/PVR and CD112 are primarily 
expressed on dendritic cells (DCs), T cells, and non-
hematopoietic cell types including epithelial cells, endothelial 
cells, and tumor cells.1-4 Ligation of TIGIT by CD155/PVR was 
originally shown to inhibit T cell proliferation and cytokine 
production by inducing tolerogenic DCs, but was also later 
found to directly inhibit TCR-mediated T cell activation, 
proliferation, and cytokine production.1, 4, 5, 9 On regulatory T 
cells, high level expression of TIGIT is associated with lineage 
stability, enhanced suppressive activity, and induction of IL-
10 expression.10-12 Significantly, ligation of TIGIT on regulatory 
T cells promotes the secretion of Fgl2, which inhibits both 
Th1 and Th17 cell differentiation, but is unable to inhibit Th2 
differentiation, resulting in a shift in the immune response 
away from a pro-inflammatory Th1 or Th17-like response 
towards a Th2-type response.9, 13 On NK cells, binding of 
TIGIT by either CD155/PVR or CD112 inhibits NK cell 
cytotoxicity.3, 14 Therefore, TIGIT may suppress immune 
responses by acting on multiple different immune cell types.

In cancer, CD155 and CD112 are overexpressed on a broad 
range of tumors, and TIGIT is highly expressed on mouse and 
human tumor-infiltrating lymphocytes (TILs).6, 11, 15-20 On CD8+ 
TILs, TIGIT expression correlates with high level expression 
of PD-1 and TIM-3, and is associated with a dysfunctional 
phenotype.11, 20 On tumor-infiltrating regulatory T cells, TIGIT 
expression is associated with increased suppressive capacity 
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TIGIT, PVRIG, CD96, and DNAM-1/CD226 bind to CD155/PVR and/or CD112 
and have opposing effects on lymphocyte functions. TIGIT, PVRIG, CD96, and 
DNAM-1/CD226 are immunoglobulin superfamily receptors that mediate 
opposing effects on lymphocyte functions following ligand binding. All of 
these receptors bind to one or more of the following nectin or nectin-like 
molecules, CD111/Nectin-1, CD112/Nectin-2, CD113/Nectin-3, and CD155/
PVR, which are frequently overexpressed on a broad range of tumors. TIGIT 
binds to CD155/PVR, CD112 and CD113 and inhibits both T cell and NK cell 
activity. Conversely, DNAM-1/CD226 binds to CD155/PVR and CD112 and 
promotes CD8+ T cell and NK cell activity. PVRIG and CD96/TACTILE are 
additional T cell and NK cell inhibitory receptors that compete with DNAM-1/
CD226 for binding to CD112 or CD155/PVR, respectively. Although the 
interaction between CD155/PVR and CD96/TACTILE has been shown to 
inhibit CD8+ T cell and NK cell functions in mice, whether this interaction 
mediates co-inhibitory or co-stimulatory effects in humans is still being 
investigated. In addition to its expression on T cells and NK cells, TIGIT may 
also be expressed on tumor cells and interact with T cell- or NK cell-expressed 
CD155/PVR, leading to a down-regulation of T cell and NK cell activity.

and IL-10 production.11 In TIGIT knockout mice bearing either 
B16F10 melanoma or MC38 colon carcinoma tumors, tumor 
growth was delayed due to enhanced CD8+ T cell activity.11 
Subsequent experiments utilizing either TIGIT deficient 
mice or TIGIT blockade in other mouse tumor models 
demonstrated similar results, although the delay in tumor 
progression in some studies was also attributed to increased 
NK cell activity.7, 21-23 Additionally, it was reported that while 
blockade of TIGIT or PD-L1 alone had a minimal effect 
on tumor growth and survival in a colorectal carcinoma 
mouse tumor model, blockade of both TIGIT and PD-L1 or 
TIGIT and PD-1 significantly improved anti-tumor immune 
responses.6 Similar results were obtained using dual TIGIT/
PD-1 blockade in a mouse glioblastoma model.24 A significant 
reduction in tumor growth and metastasis, coupled with 
prolonged survival was also observed in TIGIT deficient 
tumor-bearing mice treated with anti-TIM-3 antibodies 
compared with control mice, suggesting that dual blockade 
of TIGIT and TIM-3 could also synergistically improve 
anti-tumor immune responses.11 As a result of these studies, 
a monoclonal anti-TIGIT blocking antibody is currently 
being evaluated in clinical trials for treating advanced and 
metastatic tumors.25

Bio-Techne offers R&D Systems bioactive recombinant 
TIGIT, CD155/PVR, CD112/Nectin-2, and CD113/Nectin-3 
proteins with a variety of different tags, along with 
antibodies against these targets that are validated for a 
range of applications. In addition to TIGIT/VSTM3/VSIG9, 
there are a number of related VSTM and VSIG proteins 
whose effects on different immune cells have yet to be fully 
explored. R&D Systems researchers have screened several 
VSTM and VSIG family proteins and have unpublished 
data that suggests that many members of these families 
may regulate T cell activity. Bio-Techne exclusively offers 
R&D Systems bioactive recombinant VSTM and VSIG 
family proteins to further our current understanding of the 
effects of these proteins on different immune cell types and 
determine whether they may represent next generation 
immune checkpoint targets.

For more information about VSTM family proteins | 
rndsystems.com/products/vstm-family-new-b7-immune-
checkpoint-targets 

For more information about VSIG family proteins | 
rndsystems.com/products/vsig-igg-superfamily-members-
potential-new-immunotherapeutic-drug-targets
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VSIG8 inhibits anti-CD3 induced human CD3+ T cell proliferation. CFSE-
labeled T cells were treated with a combination of plate-bound Mouse 
Anti-Human CD3 Monoclonal Antibody (R&D Systems, Catalog # MAB100;1 
μg/mL) and either plate-bound Recombinant Human VSIG8 Fc Chimera    
(R&D Systems, Catalog # 9200-VS;10 μg/mL) or Recombinant Human IgG1-Fc 
Chimera (R&D Systems, Catalog # 110-HG; 10 μg/mL) for 5 days. T cells were 
analyzed by flow cytometry.

RELATED LINKS
VSIG8 is a Co-inhibitory Ligand and an Immune Checkpoint Molecule for Human T Cells Scientific Poster

VSIG-3/IGSF11 is a Ligand of VISTA/PD-1H and Inhibits Human T Cell Function Scientific Poster
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Affinity Measurements and Binding Kinetics of the CD155/PVR:TIGIT 
Interaction by Surface Plasmon Resonance. Sensorgram data of captured 
Avi-tag Biotinylated Recombinant Human CD155/PVR Fc Chimera               
(R&D Systems, Catalog # AVI9174) binding to Recombinant Human TIGIT 
His-tag (R&D Systems, Catalog # 9525-TG). The corresponding overlaid kinetic 
fits with the residual plot shown below. The concentration of Recombinant 
Human TIGIT His-tag ranged from 0.2 nM to 400 nM. The corresponding 
steady state affinity fit is shown below . The experiment was performed on a 
Biacore T200, GE Healthcare.
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VSTM4 inhibits IFN-gamma secretion by PBMCs. Human peripheral blood 
mononuclear cells were treated with an anti-CD3 antibody and the indicated 
concentrations of   (R&D Systems, Catalog # 2086-VT). IFN-gamma secretion 
was measured in cell culture supernatants using the Human IFN-gamma 
Quantikine ELISA Kit                 (R&D Systems, Catalog # DIF50C). The ED50 for 
this effect is 1-10 μg/mL.
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DNAM-1/CD226

Besides binding to TIGIT, CD155/PVR and CD112 also bind 
with lower affinity to the co-stimulatory receptor, DNAM-1/
CD226, which is primarily expressed on natural killer (NK) 
cells, T cells, B cells, and monocytes.1-3 In contrast to TIGIT 
ligation, activation of DNAM-1/CD226 by CD155/PVR or 
CD112 promotes CD8+ T cell and NK cell cytotoxicity and 
cytokine production, and suppresses tumor growth.1, 4 As a 
result, DNAM-1/CD226 and TIGIT represent paired receptors 
with opposing effects on T cell and NK cell activity, similar to 
the CD28 and CTLA-4 paired receptor system.5 
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CD96/TACTILE 

Further adding to the complexity of TIGIT-DNAM-1/CD226 
signaling network, CD155/PVR and CD112 have both 
been reported to bind to additional receptors. In addition 
to binding to TIGIT and DNAM-1/CD226, CD155/PVR 
also binds to the IgSF receptor, CD96/TACTILE, which is 
expressed almost exclusively on T cells and natural killer 
(NK) cells.1-3 Assessment of the binding affinity of CD155/
PVR for CD96/TACTILE revealed that it binds to CD96/
TACTILE with higher affinity than it binds to DNAM-1/
CD226, but with lower affinity than it binds to TIGIT.4 
Notably, recent studies also identified CD111/Nectin-1 
as a second CD96 ligand.3, 5 Although there are some 
discrepancies in the existing data regarding the effects of 
human CD96, most studies in mice suggest that similar to 
TIGIT, CD96 competes with DNAM-1/CD226 for CD155/PVR 
binding and acts as an inhibitory receptor on NK cells and 
CD8+ T cells.6-10 Ligation of CD96 by CD155/PVR was shown 
to inhibit IFN-gamma production by mouse NK cells, while 
blockade of CD96 was found to enhance CD8+ T cell activity 
and suppress tumor growth in mouse tumor models.4, 8, 9 
Although this data is intriguing, further research is needed 
to fully understand whether human CD96 also functions as a 
T cell and NK cell inhibitory receptor. 

PVRIG/CD112 R

In addition to binding to TIGIT and DNAM-1/CD226, CD112 
also binds with high affinity to PVRIG/CD112 R, a poliovirus 
receptor-like protein, which is expressed on T cells, natural 
killer (NK) cells, and NKT cells.1-3 While DNAM-1/CD226 
competes with PVRIG for binding to CD112, TIGIT has little 
effect on the CD112-PVRIG interaction.1 Similar to TIGIT, 
PVRIG functions as a co-inhibitory receptor on both T cells 
and NK cells.1-4 Binding of CD112 to PVRIG inhibits T cell 
proliferation and function, and disruption of this interaction 
using either PVRIG deficient mice or antagonistic anti-
PVRIG antibodies, enhances CD8+ T cell functions and 
reduces tumor growth in syngeneic mouse tumor models.1,3 
Furthermore, combined PVRIG and PD-L1 blockade was 
shown to synergistically improve anti-tumor immune 
responses in mouse tumor models.3 In humans, PVRIG was 
found to be co-expressed with PD-1 and TIGIT on tumor-
infiltrating lymphocytes (TILs), and antagonistic anti-PVRIG 
antibodies combined with anti-TIGIT or anti-PD-1 antibodies 
synergistically improved the effector function of CD3+ 
TILs isolated from patients with multiple different types of 
cancers.4 The results of these studies indicate that PVRIG is a 
checkpoint target and suggest that the therapeutic potential 
of anti-PVRIG antibodies alone, or in combination with 
anti-TIGIT or anti-PD-1 antibodies, should be investigated in 
cancer patients. 

Bio-Techne offers R&D Systems bioactive recombinant 
proteins and antibodies for investigating the interactions 
between TIGIT, DNAM-1/CD226, CD96, PVRIG 
and their ligands, along with the immunoregulatory 
effects associated with these receptors. Our portfolio 
includes Fc, His, and Avi-tag biotinylated recombinant 
proteins for a variety of species and both unlabeled and 
fluorochrome-conjugated antibodies that are validated for 
multiple applications, including blocking/neutralization, 
flow cytometry, CyTOF, immunocytochemistry/
immunofluorescence, and Western blot.

For more information about TIGIT, DNAM-1/CD226, CD96, 
and PVRIG | bio-techne.com/reagents/proteins/tigit-protein
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TIM-3
C H A P T E R  9

T cell immunoglobulin- and mucin-domain-containing 3 
(TIM-3), also known as Hepatitis A virus cellular receptor 2 
(HAVCR2), is a member of the TIM family of proteins, which 
consists of TIM-1, TIM-3, and TIM-4 in humans and  
TIM-1-8 in mice.1 TIM family proteins are type I 
transmembrane glycoproteins with an extracellular domain 
consisting of an N-terminal IgV-like domain, a mucin-
like domain and a stalk domain, with potential O- and 
N-linked glycosylation sites, respectively. The extracellular 
domain is followed by a transmembrane segment, and 
with the exception of TIM-4, a cytoplasmic tail with a 
conserved region of five tyrosine residues that are critical for 
downstream signaling.2,3 TIM-3 is expressed on IFN-gamma-
producing CD8+ T cells and Th1 cells, and at lower levels on 
Th17 cells, and has been shown to negatively regulate T cell 
proliferation and cytokine production.1-6 Additionally, TIM-3 
is expressed on subsets of regulatory T cells, dendritic cells 

(DCs), macrophages, monocytes, and mast cells.7, 8 It is also 
highly expressed on exhausted T cells and natural killer (NK) 
cells in chronic infections and in cancer, similar to PD-1.9-12 

The IgV domain of TIM-3 has been shown to bind to four 
different ligands, including galectin-9, phosphatidylserine 
(PtdSer), high mobility group protein B1 (HMGB1), and 
CEACAM-1.13-18 Galectin-9, the first identified TIM-3 ligand, 
was found to bind to the carbohydrate motif in the IgV 
domain of TIM-3 and induce Th1 cell apoptosis.13 In contrast 
to Galectin-9, which has a distinct binding site on TIM-3, the 
other TIM-3 ligands have overlapping binding sites in the 
FG-CC’ loop region in the IgV domain of TIM-3.3 PtdSer is a 
molecule that is exposed on the surface of apoptotic cells that 
binds not only to TIM-3, but also to TIM-1 and TIM-4, and has 
been implicated in macrophage and dendritic cell-mediated 
uptake of apoptotic cells and antigen cross-presentation.19 

TIM-3 suppresses immune cell functions by acting on multiple different immune cell types. TIM-3 is an inhibitory receptor expressed on multiple hematopoietic 
cell types. High level expression of TIM-3 on CD8+ T cells and natural killer (NK) cells is associated with an exhausted phenotype, while TIM-3 expression on 
tumor-associated FoxP3+ regulatory T cells (Tregs), marks a subset of Tregs with enhanced suppressor functions and increased resiliency. TIM-3 binds to four 
different ligands including Galectin-9, CEACAM-1, HMGB1, and phosphatidylserine (PtdSer).  TIM-3 is expressed on Th1 cells and binding of galectin-9 to TIM-3 on 
these cells induces Th1 cell apoptosis. IFN-gamma produced by Th1 cells up-regulates the expression of galectin-9, which promotes the expansion of myeloid-
derived suppressor cells (MDSCs). MDSCs produce increased levels of galectin-9, further driving Th1 cell apoptosis and CD8+ T cell exhaustion. TIM-3 also binds to 
CEACAM-1, which is required for TIM-3 glycosylation, stability, and its ability to negatively regulate T cell responses. Additionally, TIM-3 interacts with the 
damage-associated molecule, HMGB1, which inhibits the ability of HMGB1 to transport tumor-derived nucleic acids into endosomes in tumor-associated dendritic 
cells to initiate anti-tumor immune responses. Finally, TIM-3 binds to PtdSer on apoptotic cells and mediates apoptotic cell uptake and antigen cross-presentation 
by dendritic cells. How this interaction may affect TIM-3+ T cells is currently unknown. 

TUMOR CELL MACROPHAGE, DENDRITIC CELL,
or NEUTROPHIL

T CELL

NAIVE OR MEMORY T CELL

DENDRITIC CELL

APC

Positively regulates
integrin functions

Cell Adhesion
Cell Migration

Integrins:
alphaV beta3

alpha2b beta3
alpha2 beta1
alpha4 beta1

Inhibits
phagocytosis

Promotes
transendothelial migration

Inhibits TCR-mediated activation

Induces regulatory T cell development

Inhibits activation and
cytokine production

SIRP 
gamma

CD47

CD47

CD47

SIRP 
alpha

Thrombospondin-1

Thrombospondin-1

or

Negatively regulates
integrin functions

=  IgV-like domain

=  IgC-like domain

=  ITIM domain

CD47

Proliferation

https://www.bio-techne.com/t/tim-1-kim-1-havcr?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/tim-3?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/tim-4?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/th1-cells?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/th17-cells?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/blog/immunology-news-researchers-identify-nr4a-and-tox-transcription-factors-mediators-cd8-t-cell?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/natural-killer-cells--nk-cells?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/natural-killer-cells--nk-cells?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/galectin-9?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/hmgb1-hmg-1?pdfSource=true-immunecheckpointtargetsebook
https://www.bio-techne.com/t/ceacam-1-cd66a?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/research-area/apoptosis?pdfSource=true-immunecheckpointtargetsebook


32

HMGB1 is a damage-associated molecule that also binds to 
TIM-3.16 HMGB1 is released by stressed or dying cells and 
plays a role in transporting nucleic acids into endosomes, 
which is necessary to promote activation of the innate 
immune response against pathogens and tumors. Binding of 
HMGB1 to TIM-3 interferes with this process and therefore 
inhibits innate immunity and the anti-tumor immune 
response. Finally, TIM-3 interacts with CEACAM-1 and the 
cis interaction between these two proteins has been shown to 
be required for TIM-3 glycosylation, stability, and its ability 
to inhibit T cell functions.3, 17 CEACAM-1 and TIM-3 can also 
interact in trans to negatively regulate T cell responses.3 

TIM-3 is highly expressed on CD8+ tumor-infiltrating 
lymphocytes (TILs) and on CD4+ regulatory T cells in 
multiple forms of cancer.3, 7, 11, 20, 21 All TIM-3+ CD8+ TILs 
co-express PD-1 and these T cells represent the most 
dysfunctional population of CD8+ TILs in both mouse tumor 
models and in many different types of human cancer.22 While 
blockade of TIM-3 alone was shown to have variable effects in 
different mouse tumor models, blockade of both TIM-3 and 
PD-1 was found to synergistically reduce tumor  
growth.9, 22-24 The positive anti-tumor effects observed by 
combined TIM-3/PD-1 blockade was attributed to both 

restoring the function of exhausted CD8+ TILs, including 
tumor antigen-specific T cell proliferation and cytokine 
production, as well as inhibiting the immunosuppressive 
functions of TIM-3+ regulatory T cells. Additionally, 
combined TIM-3/PD-1 blockade may improve anti-tumor 
immune responses by restoring the activity of exhausted NK 
cells, inhibiting the Galectin-9-TIM-3-mediated expansion 
of immunosuppressive myeloid-derived suppressor cells 
(MDSCs), and/or preventing TIM-3 on intratumoral DCs 
from interacting with HMGB1, thereby restoring activation 
of the innate immune response by tumor cell-derived 
nucleic acids. 25, 26 Therefore, combination therapies targeting 
TIM-3 and PD-1 or CTLA-4, or those which target TIM-3 in 
combination with agonist antibodies for T cell co-stimulatory 
receptors warrant further exploration. 

Bio-Techne offers R&D Systems bioactive recombinant 
proteins for TIM-3, Galectin-9, CEACAM-1, and HMGB1, 
along with fluorochrome-conjugated antibodies for 
detecting these molecules to further our understanding of 
the immunosuppressive functions of TIM-3 and its ligands.

For more information about TIM-3 and its ligands | bio-
techne.com/reagents/proteins/tim-3-protein
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TIM-3 Inhibits Anti-CD3-induced IL-2 Secretion by Human T Cells. Human T 
cells were incubated with an immobilized Mouse Anti-Human CD3 epsilon 
Monoclonal Antibody (R&D Systems, Catalog # MAB100; 1μg/mL) and the 
indicated concentrations of Recombinant Cynomolgus Monkey TIM-3       
(R&D Systems, Catalog # 7914-TM). IL-2 secretion was measured in cell culture 
supernatants using the Human IL-2 Quantikine ELISA Kit (R&D Systems, 
Catalog # D2050). The ED50 for this effect is typically 0.5-3 μg/mL. 
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TIM-3 Binds to Galectin-9. Recombinant Human Galectin-9 (R&D Systems, 
Catalog # 2045-GA) was immobilized at 1 μg/mL, 100 µL/well, and the 
indicated concentrations of Recombinant Human TIM-3 (R&D Systems, 
Catalog # 10241-TI) were added. Recombinant Human TIM-3 bound with an 
ED50 of 0.065-0.65 μg/mL.

Purity of Recombinant Human TIM-3. The purity of Recombinant Human 
TIM-3 (R&D Systems, Catalog # 10241-TI) was assessed by SDS-PAGE analysis 
under reducing (R) and non-reducing (NR) conditions and visualized by 
Coomassie® Blue staining.
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In contrast to blocking inhibitory immune checkpoint 
receptors to improve anti-tumor immune responses, 
researchers are also looking at using agonists of co-
stimulatory immune checkpoint receptors. The majority of 
these co-stimulatory receptors are members of the tumor 
necrosis factor receptor superfamily (TNFRSF). They are 
primarily expressed on the surface of T cells, B cells, and/
or natural killer (NK) cells and upon activation, with either 
their ligands or agonistic antibodies, they promote signaling 
pathways that enhance the survival, proliferation, and 
effector functions of these cells. The anti-tumor effects of 
stimulating these receptors alone, or in combination with 
antibodies that block inhibitory receptors like CTLA-4 or 
PD-1, are being actively explored. Details about the primary 
TNFRSF co-stimulatory molecules that are currently being 
investigated as immuno-oncology targets are described in 
the text to the right.

Activation of immune cell co-stimulatory receptors belonging to the TNF 
receptor superfamily is another strategy being investigated for cancer 
immunotherapy. As an alternative to blocking inhibitory immune checkpoint 
receptors to restore anti-tumor immune responses, agonists of co-stimulatory 
immune checkpoint receptors are also being explored. Many of these 
co-stimulatory receptors belong to the TNF receptor superfamily and have 
been shown to be involved in enhancing the proliferation and effector 
functions of T cells and/or natural killer (NK) cells, while some also inhibit the 
activity of regulatory T cells.

4-1BB – 4-1BB L

4-1BB, also known as CD137 and TNFRSF9, is widely 
expressed on a variety of immune cell types, including 
activated CD4+ and CD8+ T cells, regulatory T cells, natural 
killer (NK) cells, NKT cells, and dendritic cells.1-5 4-1BB binds 
with high affinity to its ligand, 4-1BB Ligand/TNFSF9, which 
is expressed on activated macrophages, B cells, and dendritic 
cells.6-8 This interaction transduces a co-stimulatory signal 
that promotes the activation, proliferation, and survival of 
CD4+ and CD8+ T cells, independent of CD28 co-stimulatory 
signaling.8-11 Stimulation of 4-1BB on CD8+ T cells increases 
TCR signaling and the cytotoxic activity of these cells.12 
Likewise, stimulation of 4-1BB on NK cells increases both the 
production of IFN-gamma and their cytolytic activity.13 4-1BB 
is up-regulated on human NK cells following Fc receptor 
ligation and subsequent 4-1BB stimulation enhances NK 
cell-mediated killing by antibody-dependent cell-mediated 
cytotoxicity.14-16 On dendritic cells (DCs), 4-1BB is strongly 
expressed during DC maturation and its stimulation 
promotes up-regulation of B7-1/CD80 and B7-2/CD86, 
increased cytokine production, and increased survival.3, 17 

In mouse tumor models, researchers have observed potent 
anti-tumor immune responses following treatment with 
agonistic anti-4-1BB antibodies, which were attributed to an 
increase in CD8+ T cell and NK cell activity, combined with a 
decrease in the suppressive activity of regulatory T cells.18-20 
Furthermore, studies utilizing anti-CTLA-4 antibodies 
with agonistic anti-4-1BB antibodies in mouse tumor 
models demonstrated that this combination therapy could 
synergistically improve anti-tumor immune responses.21-23 As 
a result, the effectiveness of agonistic anti-4-1BB antibodies 
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Explore Our Expanding Catalog 
of Avi-Tag Biotinylated Proteins 
For Immune Checkpoint Targets

Biotinylated proteins can be 
powerful tools for assessing 
protein-protein interactions 
or screening antibody or 
small molecule libraries for 
potential therapeutics. We 
now offer a wide assortment 
of Avi-tag biotinylated 
recombinant proteins for 
immune checkpoint targets.
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Human 4-1BB Ligand Binds 4-1BB. Recombinant Human 4-1BB/TNFRSF9 
(R&D Systems, Catalog # 9220-4B) was immobilized at 50 ng/mL and the 
indicated concentrations of Recombinant Human 4-1BB Ligand (R&D Systems, 
Catalog # 2295-4L) were added. Recombinant Human 4-1BB Ligand bound 
with an ED50 of 2.5-15 ng/mL.

CD27 – CD27 L/CD70

CD27, also known as TNFRSF7, is primarily expressed on 
T cells, B cells, and natural killer (NK) cells. While CD27 is 
only weakly expressed on naïve CD4+ and CD8+ T cells, it 
is up-regulated following T cell activation.1, 2 CD27 binds to 
CD27 Ligand/CD70, expressed on activated dendritic cells, 
B cells, T cells, and NK cells, and this interaction provides a 
CD28 complementary T cell co-stimulatory signal.3-9 Ligation 
of T cell-expressed CD27 promotes antigen-specific CD4+ and 
CD8+ clonal expansion, supports Th1 and CD8+ effector T 
cell differentiation, and promotes effector T cell survival.5, 10-15 
A soluble form of CD27 can also be produced by proteolytic 
shedding of CD27 from the surface of activated T cells.4 
Although CD27 is not expressed on naïve B cells, it is up-
regulated on activated B cells, and promotes the generation of 
effector and memory B cells, and B cell expansion in germinal 
centers.3, 4 Additionally, CD27 is expressed on NK cells and 
has been shown to enhance NK cell proliferation and IFN-
gamma production following ligation.2 

In mice bearing EL-4 lymphoma tumors, researchers 
demonstrated that transgenic expression of CD70 promotes 
tumor regression in a CD8+ T cell-, IFN-gamma-dependent 
manner.16 A mouse agonistic anti-CD27 antibody was also 
shown to have anti-tumor effects in immunocompetent mice 
bearing syngeneic T cell or BCL1 lymphoma, and similar 
results were obtained in a mouse model of melanoma.17-19 A 
fully human agonistic anti-CD27 antibody was also shown 
to have potent anti-tumor efficacy in human CD27 transgenic 
syngeneic mouse tumor models.20 When combined with anti-

alone, or in combination with either an agonistic anti-OX40 
antibody, or with antagonistic antibodies against immune 
checkpoint inhibitors, are currently being investigated for 
treating several different types of human cancers.24, 25 

Features of Avi-tag Biotinylated Recombinant 
Proteins:

• Consistent, highly specific labeling: 
Biotinylation only occurs on a single lysine 
residue in the Avi-tag, resulting in the 
generation of a homogeneous product

• Uniform orientation of the protein: When 
bound to a streptavidin-coated surface, the 
Avi-tag biotinylated protein orientation will 
be uniform due to the precise control over 
biotinylation

• Same high level of activity as the unlabeled 
protein: All R&D SystemsTM biotinylated 
proteins are rigorously tested to ensure that 
they exhibit the same level of bioactivity as 
the corresponding unlabeled protein 

If you don’t see the product that you need listed 
on our website, contact us. From scratch protein 
development to customizing a protein that we 
already offer, our Custom Protein Services team 
will create a product that fits your experimental 
needs.

Explore our expanding selection of Avi-tag 
Biotinylated Proteins | bio-techne.com/re-

agents/proteins/avi-tag-proteins
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CTLA-4 blocking antibodies, this human anti-CD27 antibody 
synergistically improved the anti-tumor immune response.21 
As a result, agonistic anti-CD27 and anti-CD70 antibodies 
are being investigated in clinical trials for treating both 
hematologic malignancies and solid tumors.22, 23
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CD27 Ligand/CD70 Induces IL-8 Secretion by Human Fibrosarcoma Cells. 
HT1080 human fibrosarcoma cells transfected with human CD27 were treated 
with the indicated concentrations of Recombinant Human CD27 Ligand/
TNFSF7 (R&D Systems, Catalog # 9328-CL). IL-8 secretion was measured in 
cell culture supernatants using the Human IL-8/CXCL8 Quantikine ELISA Kit 
(R&D Systems, Catalog # D8000C). The ED50 for this effect is 5-25 ng/mL.

CD40 – CD40 L

CD40, also known as TNFRSF5, is a type I transmembrane 
receptor belonging to the TNF receptor superfamily that is 
expressed on the surface of antigen-presenting cells (APCs), 
including dendritic cells, macrophages, monocytes, and B 
cells.1, 2 Its ligand, CD40 Ligand, is expressed on activated 
T cells and B cells, and its expression can be induced on 
natural killer cells, monocytes, basophils and mast cells in 
response to inflammation.3 Ligation of CD40 by CD40 Ligand 
promotes B cell activation, proliferation, and T cell-dependent 
humoral responses.3, 4 Additionally, CD40 activation triggers 
signaling pathways that lead to the production of cytokines, 
co-stimulatory molecules, adhesion molecules, and enzymes 
that affect both the cellular and humoral immune  
responses.5, 6 Due to the ability of the CD40/CD40 Ligand 
interaction to affect the expression of co-stimulatory 
molecules on APCs and their cytokine production, including 
TNF-alpha and IL-12, CD40 signaling indirectly regulates T 
cell priming, T cell activation, and Th1 polarization. 

CD40 has been found to be expressed on a wide range of 
tumors and has been shown to have context-dependent 
tumor-promoting or tumor-inhibiting effects.6 While co-
expression of CD40 and CD40 Ligand on tumor cells can 
promote their proliferation and motility, the CD40/CD40 

CD40/TNFRSF5 (ng/mL)
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CD40/TNFRSF5 Binds to CD40 Ligand. Recombinant Human CD40 Ligand/
TNFSF5 (R&D Systems, Catalog # 6420-CL; HEK293-expressed) was 
immobilized at 2 μg/mL, 100 μL/well and the indicated concentrations of 
Avi-tag Biotinylated Recombinant Human CD40/TNFRSF5 Fc Chimera      
(R&D Systems, Catalog # AVI10380) were added. The concentration of Avi-tag 
Biotinylated Recombinant Human CD40 that produces 50% optimal binding 
is 40-320 ng/mL.

GITR – GITR L

Glucocorticoid-induced TNF receptor family-related protein 
(GITR), also known as TNFRSF18, is a co-stimulatory type 
I transmembrane receptor belonging to the TNF receptor 
superfamily. It is expressed at low levels on resting CD4+ and 
CD8+ T cells and is up-regulated following T cell activation.1-4 
GITR is also expressed on natural killer (NK) cells and is 
expressed at high levels on CD4+CD25+ regulatory T cells, 
where it is further up-regulated upon activation.5-7 GITR 
binds to a type II transmembrane protein known as GITR 
Ligand/TNFSF18. GITR Ligand is primarily expressed on 
antigen-presenting cells, including dendritic cells (DCs), 
macrophages, and B cells, and has been shown to be up-
regulated on DCs following activation.8-10 Ligation of 
GITR by GITR Ligand stimulates anti-CD3-induced T cell 
proliferation, co-stimulates CD4+ and CD8+ T cell activation, 
and promotes NK cell activation, cytotoxicity, and IFN-
gamma production.1, 3, 4, 7, 8 Additionally, stimulation of GITR 
on regulatory T cells, promotes cell proliferation, but inhibits 
their suppressive activity.4, 6, 11 

Ligand interaction can also have direct cytotoxic effects on 
tumor cells or inhibit tumor growth through the activation 
of APCs. Significantly, agonistic anti-CD40 antibodies 
have been shown to stimulate potent anti-tumor CD8+ T 
cell responses in a syngeneic mouse lymphoma model.7-9 
In patients with different types of advanced stage cancers, 
encouraging anti-tumor results have also been observed in 
phase I testing of both recombinant human CD40 Ligand and 
agonistic anti-CD40 antibodies.10-12 Many of these agonists 
are still being evaluated in ongoing clinical trials, suggesting 
that stimulating the CD40/CD40 Ligand pathway may be 
a promising future therapeutic strategy for treating some 
forms of cancer.13, 14
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Analysis of the Specificity of Alexa Fluor® 647-labeled Recombinant Human 
GITR Ligand. Streptavidin-coated beads conjugated to Biotinylated Anti-
Human GITR Ligand Monoclonal Antibody (R&D Systems, Catalog # BAM6943) 
were stained with the indicated concentrations of Recombinant Human GITR 
Ligand Alexa Fluor® 647  Protein (R&D Systems, Catalog # AFR6987).

Alexa Fluor® is a registered trademark of Molecular Probes, Inc., Eugene, OR. 

GITR is considered to be an intriguing target for cancer 
immunotherapy as GITR agonists activate CD8+ and 
CD4+ effector T cells, while also inhibiting the function of 
regulatory T cells. In several syngeneic mouse tumor models, 
both a recombinant mouse GITR Ligand-Fc fusion protein 
and agonistic anti-GITR antibodies were found to stimulate 
potent anti-tumor immune responses.12-16 The effectiveness 
of these agonists was attributed to their ability to promote 
increased tumor infiltration by CD4+ and CD8+ T cells, 
expansion of IFN-gamma-secreting CD8+ T cells and NK 
cells, and depletion of intratumoral regulatory T cells.12-16 
Furthermore, combination therapies using anti-CTLA-4 
antibodies and anti-GITR antibodies displayed synergistic 
anti-tumor activity.12, 17As a result, a number of agonistic 
anti-GITR antibodies are being evaluated in phase I clinical 
trials.18, 19

OX40-OX40 L

OX40, also known as TNFRSF4 and CD134, is a type I 
transmembrane protein that is up-regulated and transiently 
expressed on activated CD4+ and CD8+ T cells, activated 
natural killer (NK) cells, NKT cells, and neutrophils.1-4 It 
binds to a type II transmembrane protein known as OX40 
Ligand (OX40 L), which is inducibly expressed on activated 
antigen-presenting cells, including B cells, macrophages, and 
dendritic cells (DCs), in response to inflammatory cytokines 
or following activation of the B cell receptor (BCR), CD40, or 
toll-like receptors (TLRs).3, 5 The interaction between OX40 
and OX40 L provides a potent T cell co-stimulatory signal 
that promotes T cell proliferation, survival, and effector 

functions.3-5 Additionally, OX40 signaling can inhibit the 
suppressive activity of regulatory T cells and stimulate NK 
cell cytotoxicity and IFN-gamma production, in the presence 
of antibody:Fc receptor binding.2, 6, 7

Both agonistic anti-OX40 monoclonal antibodies and an OX40 
Ligand-Fc fusion protein were shown to promote tumor 
regression in mouse tumor models, which was attributed to 
increased T cell infiltration of the tumor, and the expansion 
and effector functions of both CD4+ and CD8+ T cells.8-12 
Several studies in preclinical models also demonstrated that 
combined treatment using either anti-CTLA-4 or anti-PD-1 
blocking antibodies with an agonistic anti-OX40 antibody 
could synergistically improve the anti-tumor immune 
response.13-15 A mouse anti-OX40 agonistic antibody was also 
tested in patients with advanced cancers and was shown to 
be well-tolerated  and to have similar immuno-stimulatory 
effects as were previously observed in mouse tumor models.16 
Collectively, the data suggest that OX40 agonists alone, or in 
combination with inhibitory immune checkpoint blockade, 
may represent potential strategies for treating some forms of 
cancer.
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OX40 Ligand Binds to OX40/TNFRSF4. Recombinant Human OX40/TNFRSF4 
(R&D Systems, Catalog # 9969-OX) was immobilized at 0.25 μg/mL and the 
indicated concentrations of Recombinant Human OX40 Ligand/TNFSF4     
(R&D Systems, Catalog # 1054-OX) were added. Recombinant Human OX40 
Ligand bound with an ED50 of 0.25-1.5 ng/mL.
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Flow Cytometry-Validated 
Conjugated Antibodies For 
Identifying Immune Cell Types

Bio-Techne offers R&D Systems bioactive recombinant 
proteins for all of the co-stimulatory TNF receptor 
superfamily members that are being investigated as 
immuno-oncology targets and their ligands. Our portfolio 
includes proteins for a variety of different species with 
different tags including an expanding selection of Avi-
tag biotinylated proteins. Additionally, we offer a wide 
selection of antibodies against these targets that are 
validated for a range of applications to help advance our 
understanding of the immune-stimulatory functions of 
these molecules.

For more information about co-signaling molecules 
belonging to the TNF receptor superfamily | bio-techne.com/
reagents/proteins/tnfrsf-co-stimulatory-immune-checkpoint-
proteins and rndsystems.com/pathways/tnf-superfamily-
pathway-human-lig-recept-interactions-their-associated-
functions 
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Purity of Recombinant Human OX40/TNFRSF4. The purity of Recombinant 
Human OX40/TNFRSF4 (R&D Systems, Catalog # 9969-OX) was assessed by 
SDS-PAGE analysis under reducing (R) and non-reducing (NR) conditions and 
visualized by Coomassie® Blue staining. 

Learn More About Flow Cytometry Antibodies | bio-techne.com/methods/flow-cytometry

The Bio-Techne family brands, R&D Systems and 
Novus Biologicals, are committed to providing the 
highest quality antibodies to support your research. 
Analyze the expression of immune checkpoint targets 
or their ligands using our selection of flow cytometry-
validated antibodies.

Features of Our Flow Cytometry Antibody Portfolio:

• Our catalog of R&D Systems fluorochrome-
conjugated antibodies consists of hundreds of 
unique, world-renowned clones, many of which 
have been used to establish CD nomenclature 
through HLDA workshops

• Our catalog of Novus Biologicals flow cytometry 
antibodies includes an expansive collection of 
both proprietary antibodies and some of the most 
highly referenced antibody clones on the market

• With both the R&D Systems and Novus Biologicals 
selection, we offer fluorochrome-conjugated 
antibodies for detecting 3,500+ unique surface and 
intracellular targets
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Other Potential 
Next Generation 
Immuno-Oncology 
Targets

C H A P T E R  11

In addition to the current and emerging next generation 
immuno-oncology targets that have been described in this 
eBook, there are still additional molecules or molecule 
families with immune-regulatory functions that may serve as 
future immunotherapeutic targets. 

Bio-Techne is focused on developing new reagents to make it 
possible to investigate the activities and expression profiles 
of these molecules to determine if some of these may also 
be immune checkpoint proteins with immunotherapeutic 
potential. Explore the following pages on our website to 
learn more about these additional potential next generation 
immuno-oncology targets.

• AMIGOs as T Cell Suppressors

• CEACAMs: Adhesion Molecules as Novel Targets for 
Cancer Therapies

• Siglecs: Targets for Immune Regulation and Cancer 
Immunotherapy

• VSIG IgG Superfamily Members: Potential New 
Immunotherapeutic Drug Targets

• VSTM Family: New B7-like Immune Checkpoint Targets

https://www.rndsystems.com/product-highlights/new-data-amigos-t-cell-suppressors?pdfSource=true-immunecheckpointtargetsebook
https://www.rndsystems.com/products/ceacams-adhesion-molecules-novel-targets-cancer-therapies-rd-systems?pdfSource=true-immunecheckpointtargetsebook
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Products for Investigating the Expression 
and Functions of Current and Emerging 
Immune Checkpoint Targets

Find recombinant proteins for immune checkpoint targets
bio-techne.com/reagents/proteins/immune-checkpoint-
proteins

Use our interactive Cell Markers Resource tool to find key 
markers for identifying different immune cell types and 
locate the flow cytometry antibodies that you need
rndsystems.com/cellmarkers

Browse our selection of FluorokinesTM fluorescent-labeled 
immune checkpoint ligands
bio-techne.com/research-products/reagents-kits/proteins/
fluorokines-fluorescent-labeled-proteins

View our reagents for immune cell isolation and culture
bio-techne.com/research-areas/immunology/immune-cell-
selection

Explore our complete selection of blocking antibodies 
for immune checkpoint research
rndsystems.com/product-highlights/immune-checkpoint-
blockade-blocking-antibodies

Learn about how RNAScopeTM technology can be combined 
with immunofluorescence or immunohistochemistry for 
simultaneously detecting immune checkpoint targets and 
immune cell markers in intact cells 
bio-techne.com/reagents/rnascope-ish-technology

Explore how Simple Western™ assays on Wes can be used 
with Single-cell Westerns™ on Milo to profile immune cell 
populations in the tumor microenvironment
bio-techne.com/resources/literature/wes-milo-synergize-
profile-immune-cell-populations-tumor-microenvironment

Monitor the immune response with our ELISA Kits. Find the 
right kit for your research
bio-techne.com/reagents/elisa-kits

Learn the advantages of Maurice CE-SDS compared with 
traditional SDS-PAGE for evaluating protein purity
bio-techne.com/resources/literature/comparing-sds-page-
maurice-ce-sds-protein-purity-analysis

Immune Checkpoint Targets 
Wall Poster

Learn about more promising targets for 
immuno-oncology research by requesting 
our new immune checkpoint targets wall 
poster. This poster outlines the current and 
emerging immune checkpoint molecules 
being investigated as potential cancer 
immunotherapy targets. 

Request Your Poster | bio-techne.com/re-
sources/literature/immune-checkpoint-tar-

gets-for-cancer-immunotherapy-re-
search-poster
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 Immune Checkpoint Proteins page

Butyrophilin and Butyrophilin-like Proteins: 
B7-related Modulators of T Cell Function 
Scientific Poster

T Cell Co-Signaling Ligand:Receptor 
Interactions Interactive Pathway

Blog: Researchers Identify NR4A and TOX 
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