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Summary

Observations noting the presence of white blood cell infiltrates within tumors date back more than 

a century, however the cellular and molecular mechanisms regulating tumor immunity continue to 

be elucidated. The recent successful use of monoclonal antibodies to block immune regulatory 

pathways to enhance tumor-specific immune responses for the treatment of cancer has encouraged 

the identification of additional immune regulatory receptor/ligand pathways. Over the past several 

years, a growing body of data has identified B7-H4 (VTCN1/B7x/B7S1) as a potential therapeutic 

target for the treatment of cancer. The potential clinical significance of B7-H4 is supported by the 

high levels of B7-H4 expression found in numerous tumor tissues and correlation of the level of 

expression on tumor cells with adverse clinical and pathologic features, including tumor 

aggressiveness. The biological activity of B7-H4 has been associated with decreased inflammatory 

CD4+ T-cell responses and a correlation between B7-H4-expressing tumor-associated 

macrophages and FoxP3+ regulatory T cells (Tregs) within the tumor microenvironment. Since 

B7-H4 is expressed on tumor cells and tumor-associated macrophages in various cancer types, 

therapeutic blockade of B7-H4 could favorably alter the tumor microenvironment allowing for 

antigen-specific clearance tumor cells. The present review highlights the therapeutic potential of 

targeting B7-H4.
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1 | INTRODUCTION

The immune system of humans and other mammals is responsible for providing protection 

against both infection and the possibility of neoplastic transformation. Such protection is 

mediated both by a humoral immune response and by a cell-mediated immune response. The 

humoral response results in the production of antibodies and other biomolecules that are 

capable of recognizing and neutralizing foreign targets (antigens). In contrast, the cell-

mediated immune response involves the activation of macrophages, natural killer cells, and 
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antigen-specific cytotoxic T cells, and the release of various cytokines in response to the 

recognition of an antigen.1 An important goal of current research in both autoimmune 

disease and cancer treatment is to develop new therapies to specifically targeting immune 

cells. In autoimmunity, the goal is to alter T-cell receptor (TCR) and/or co-stimulatory 

molecule signaling to decrease deleterious inflammatory immune responses, while in cancer 

immunotherapies are intended to increase inflammatory immune cell function thereby 

allowing for increased tumor killing. The recent significant successes in cancer treatment 

with antibodies specific for the immune regulatory molecules programmed death-ligand 1 

(anti-PD-L1), 2 programmed death-1 (anti-PD-1), 3 and cytotoxic T-lymphocyte-associated 

protein 4 (anti-CTLA-4) 4 has given impetus to the development of additional 

immunotherapeutic approaches for the cancer treatment. While the use of anti-PD-L1 and 

anti-CTLA-4 has been shown to increase life expectancy in patients with certain cancers, a 

significant proportion of treated patients do not respond, and these drugs are not useful in all 

cancers.2,4,5 Therefore, the rationale exists to develop alternative immune modulatory 

therapies that may be functional in the non-responder patient population.

The present review will focus on the biological activity of V-set domain containing T-cell 

activation inhibitor 1 (VTCN1/B7x/B7S1/ B7 homolog 4), commonly known as B7-H4, and 

its role in immune cell function. The main body of work completed to date has been a mix of 

studies assessing the ability of an agonistic B7-H4 immunoglobulin fusion protein (B7-H4 

Ig) to be used as a therapeutic in mouse models of autoimmune disease, the use of B7-H4 

knockout mice in various model systems, and the expression profile of B7-H4 within human 

tumors. While the summation of the data published to date all point toward B7-H4 

functionally decreasing inflammatory CD4+ T cell directly and B7-H4 directly increasing 

the number and function of regulatory CD4+ T cells, the actual ability of B7-H4 blockade to 

decrease tumor burden will not be fully known until both consistent B7-H4 positive mouse 

tumor models as well as high quality anti-B7-H4 monoclonal antibodies are fully 

interrogated in a systematic manner.

2 | T-CELL ACTIVATION AND THE ROLE OF CLASSICAL B7 PROTEINS

The requirement of naive T cells to receive two signals to become fully activated was first 

proposed by Lafferty and Cunningham.6 This two-signal hypothesis has become the basis 

for many potential therapeutics for the treatment of autoimmune disease and cancer. The 

first signal received by a naive CD4+ T cell is from the antigen-specific TCR interacting 

with an antigenic peptide presented in the context of major histocompatibility complex II 

(MHC II) on the surface of professional antigen-presenting cells (APCs). The antigenic 

peptides presented by MCH II are derived from both self and non-self antigens that have 

been phagocytosed, processed and presented by the APC. Conversely, CD8+ T cells receive 

signal one via antigen-specific TCR recognition of peptides presented in the context of 

MHC I, and these peptides are derived from self, viral, intracellular bacterial, and tumor 

expressed antigens by various cells within the body.7,8 Therapies designed to regulate this 

first signal to CD4+ T cells have been explored via the use of non-mitogenic anti-CD3 and 

altered peptide ligands. 9–12 In the field of cancer immunotherapy, the use of chimeric 

antigen receptor (CAR) T cells has been studied to determine if tumor antigen-specific T 

cells will allow for lead to tumor killing and disease clearance.13,14
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The second set of signals required for antigen-specific T-cell activation are delivered via co-

stimulatory molecules that are expressed on the cell surface of activated APCs, and 

cytokines that are either produced by the APC and/or by the activated CD4+ T cell itself. 

Classically, B7-1 (CD80) and B7-2 (CD86) expressed on the surface of the APC interact 

with the co-receptor CD28 that is constitutively expressed on the surface of naive CD4+ T 

cells.15 The overall effect of CD28 ligation is to increase the level of proliferation and 

cytokine production, promote cell survival, and enhance expression of CD40 ligand 

(CD40L) and adhesion molecules necessary for trafficking, such as very late antigen-4 

(VLA-4) (α4β1 integrin). 16 Following activation, T cells begin to express the negative 

regulatory protein, CTLA-4 that also interacts with CD28. The co-stimulatory molecule 

pairs, CD28:CD80/CD86 and CD40:CD40L, and cellular adhesion molecules, such as 

VLA-4, represent putative therapeutic targets for blockade of autoreactive CD4+ T-cell 

activation and trafficking to inflammatory sites. For example, the blockade and conversely 

the stimulation of CD80/CD86:CD28/ CTLA-4 interaction has been tested clinically. In 

autoimmune disease indications of rheumatoid arthritis, CTLA-4 Ig has been shown to 

inhibit CD4+ T-cell action.17 On the converse side of the CD80/ CD86:CD28/CTLA-4 

interaction, a monoclonal antibody specific for CTLA-4 has been shown to enhance 

inflammatory T-cell function and tumor clearance.4 The efficacy of the aforementioned 

therapeutics provided the rationale for the development of new immune-based therapeutics 

that can either block or conversely stimulate the same immune regulatory pathways to treat 

both autoimmune and cancer, respectively.

3 | B7 SUPERFAMILY PROTEINS

The ability of the immune system to decrease peripheral activation of self-reactive T cells is 

dependent on the level and type of co-stimulatory molecules expressed on the surface of 

APCs, and/or the type of co-stimulatory molecule receptors expressed by CD4+ T cells.18 

Alternatively, ligation of inhibitory molecules associated with CD4+ T cells during and/or 

following T-cell activation can effectively suppress T-cell responses. Over the past several 

decades, multiple B7/CD28-family members have been identified. CD80 is classically 

known to interact with both CD28 and CTLA-4, but more recent data show that CD80 also 

interacts with PD-L1/ B7-H1.19 To further confound the study of B7/CD28-family member 

proteins, the resultant functionality of a specific antibody treatment is also dependent upon 

the immune cell type targeted, as well as the specific antibody clone used. One such example 

is that cross-linking of CD80 on B cells induces a decrease in B-cell function and survival,20 

while cross-linking CD80 on CD4+ T cell induces an increase in inflammatory cytokine 

secretion and increased CD4+ T-cell survival.21 Blockade of co-stimulatory signals, e.g. with 

CTLA-4 Ig to block CD28-mediated signal 2, has proven not to be the panacea for 

autoimmune disease therapy that was originally envisioned. However, monoclonal antibody 

blockade of co-inhibitory receptors, e.g. CTLA-4 and PD-1, has proven extremely useful for 

enhancing the immune response in cancer therapy.2,4

Further investigations into the ligands of the CD28 receptor have led to the identification and 

characterization of a set of related B7 molecules (the “B7 Superfamily”).22,23 There are at 

least eight members of the B7-family: B7-1 (CD80), B7-2 (CD86), the inducible co-

stimulator ligand (ICOS-L; B7-H2), the programmed death-1 ligand (PD-L1; B7-H1), the 
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programmed death-2 ligand (PD-L2; B7-DC), B7-H3 (B7-RP2), B7-H4,24,25 and B7-H6.26 

Besides the typical co-stimulatory function of B7/CD28-family members, recent data show 

that some B7-family member proteins function by skewing CD4+ T-cell responses toward a 

specific effector phenotype. An example of an immune regulatory receptor/ligand pair is 

PD-1/ PD-L1. Mice deficient in PD-L1 expression show an increase in the level of myelin 

oligodendrocyte glycoprotein peptide (MOG35-55)-induced chronic experimental allergic 

encephalomyelitis (C-EAE) as compared to wildtype C57BL/6 mice, and treatment of mice 

with a blocking anti-PD-L1 monoclonal antibody induces an increase in the number of 

MOG35-55-specific CD4+ T cells-producing gamma-interferon (IFN-γ) and interleukin-17 

(IL-17). 27 Also, activation of naive CD4+ T cells in the presence of beads coated with anti-

CD3/ 28 plus PD-L1 Ig in the presence of CD4+ T-helper cell (Th1 cell)-or Th17 cell-

promoting conditions has been shown to decrease the number of resultant IFN-γ- and IL-17-

producing cells, respectively, while increasing the number of CD25+/forkhead box 3+ 

(Foxp3+) cells when activated in the presence of induced regulatory CD4+ T cell (iTreg 

cell)-promoting conditions.28

The ICOS/ICOS-L interaction has been shown to favor Th2 cell differentiation, and IL-4 

production.29 In contrast to this finding, the induction of local expression of ICOS Ig within 

a xenograft led to increased graft survival, and potentially increased the number of 

CD4+CD25+Foxp3+ T cells at the periphery of the graft.30 Besides PD-L1, PD-L2 is also a 

ligand for PD-1,22 and PD-L2 Ig has been shown to have a two–sixfold higher affinity for 

PD-1 as compared to PD-L1.31 While a complete understanding of the biological 

significance of the differential PD-L2 and PD-L1 interaction with PD-1 remains to be 

determined, PD-L2 knockout mice exhibit reduced levels of IFN-γ, reduced IgG2a 

responses, and a decreased capacity to clear hepatic tumors. 32 Additionally, PD-L2 has been 

shown to interact with repulsion guidance molecule b (RGMb).33 The identification of this 

additional receptor for PD-L2 points to the presence of other possible non-classical receptors 

and receptor complexes for B7-family member proteins. In the case of PD-L2: RGMb 

interaction, these proteins are thought to form a large multimeric protein complex composed 

of the primary PD-L2-binding partner protein, i.e. RGMb, that interacts with the other 

proteins within a multimeric protein complex, i.e. bone morphogenetic protein (BMP) and 

neogenin, which serve as the signaling component of the PD-L2: RBGMb/BMP/neogenin 

complex.33 This finding serves as a shift away from the strict assumption of a one-to-one 

protein interaction for B7-family member proteins with the associated functional receptors. 

Therefore, while PD-L1 and PD-L2 have a shared receptor, i.e. PD-1, there are differences in 

function when comparing the two different ligands. This difference may be due to the higher 

affinity of PD-L2 for PD-1 as compared to PD-L1, and PD-L1 interacting with CD80 vs PD-

L2 interacting with RBGMb/BMP/neogenin. These data support the hypothesis that some of 

the more novel B7-family members regulate CD4+ T-cell differentiation toward specific 

effector cell phenotypes, in contrast to the function of CD28 expressed on CD4+ T cells.

As mentioned previously, the resultant effect of monoclonal antibody treatment is dependent 

upon the clone of monoclonal antibody used. For example, the 10F.9G2 clone of anti-PD-L1 

monoclonal antibody blocks both the PD-1: PD-L1 interaction and the CD80:PD-L1 

interaction, while the 10F.2H11 clone only blocks the CD80:PD-L1 interaction and not the 

PD-1: PD-L1 interaction.34 Likewise for anti-CD80 monoclonal antibodies, the 1G10 clone 
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blocks both the CD28:CD80 and CTLA-4: CD80 interactions, as well as the CD80:PD-1 

interaction. In contrast, the 16-10A1 clone only blocks the CD28:CD80, CTLA-4: CD80 

interaction,34 while also inducing direct intracellular signaling within CD80+ target cells,21 

and does not inhibit the CD80:PD-1 interaction.34 Additionally, several of the B7/ CD28-

family members interact with as yet unidentified receptors, and still other B7-family 

member proteins, like B7-H6, interact with non-classical CD28-like receptors, i.e. NKp30 

expressed on the surface of NK cells.26,35,36 Therefore, the specific cell type targeted, the 

level of the targeted molecule and the associated ligands expressed within the tissue(s), as 

well as the specific monoclonal antibody used must all be considered when analyzing 

experimental results.

4 | B7-H4 IDENTIFICATION AND EXPRESSION

B7-H4, also known as B7x, B7S1 or VTCN1, was first identified via bioinformatics by three 

separate laboratories,24,37–39 and the existence of B7-H4 was later shown via expression of 

both B7-H4 mRNA and B7-H4 protein by human serous ovarian cancers and breast cancers, 

while relatively little to no B7-H4 was found to be expressed within normal tissues.40 The 

B7-H4 protein possesses 282 amino acid residues, which have been categorized as 

comprising an amino terminal extracellular domain, a large hydrophobic transmembrane 

domain and a very short intracellular domain (consisting of only two amino acid residues). 

Like other B7-family members, B7-H4 possesses a pair of Ig-like regions in its extracellular 

domain. The B7-H4 protein has an overall structure of a type-I transmembrane protein. The 

protein has minimal (about 25%) homology with other B7-family members.41 The human 

B7-H4 cDNA sequence has been used to identify a murine B7-H4 homolog. The level of 

identity between the murine and human orthologs (approximately 87%) suggests that B7-H4 

is highly conserved evolutionarily.24

In contrast to other B7-family members that have tightly regulated mRNA expression 

patterns, B7-H4 mRNA is widely expressed. Its expression has been found in the brain, 

heart, kidney, liver, lung, ovary, pancreas, placenta, prostate, skeletal muscle, skin, small 

intestine, spleen, stomach, testis, thymus, thymus, and uterus.24,25 However, despite the 

widespread expression of B7-H4 mRNA, the presence of B7-H4 protein on the surface of 

normal cells is limited.24 For example, freshly isolated human T cells, B cells, monocytes, 

and dendritic cells do not express B7-H4 on their cell surfaces, however B7-H4 expression 

can be induced on such cells after in vitro stimulation with lipopolysaccharides (LPS), 

phytohemagglutinin (PHA), IFN-γ, phorbol 12-myristate 13-acetate (PMA), or 

ionomycin.24 Additionally, the expression of B7-H4 changes in various strains of mice with 

age. For example, a noticeable decrease in the expression of B7-H4 within the pancreatic 

islets of NOD mice is present by approximately 10 weeks of age and mice present with a 

significant loss of B7-H4 expression by 15 weeks of age.42 In contrast to the decreased 

expression of B7-H4 protein by pancreatic islet cells, the level of B7-H4 mRNA appeared to 

be increased within the pancreatic islets of NOD mice during this same timeframe. 

Therefore, there is an apparent disparity between the level of B7-H4 expression on the 

pancreatic islet cells and the level of B7-H4 mRNA expressed by the same population of 

cells. This disparity between the protein and mRNA expression profiles in the NOD was 

found to correlate with an increase in the level of soluble B7-H4 present within the blood. 
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Besides B7-H4 being present on the cell surface, B7-H4 can also be cleaved from the 

surface of cells via the metalloproteinase nardilysin (N-arginine dibasic convertase 1 

(NRD1)).42 While the immunofluorescent staining of pancreas sections shows an age-related 

decrease in B7-H4 expression by pancreatic islet cells, the level of NRD1 expression within 

the pancreatic islets is increased. In NOD mice, the loss pancreatic islet cell expressed B7-

H4 may either be a genetically induced phenotype or this alteration in the level of surface 

B7-H4 may be induced by inflammatory immune cells infiltrating into the pancreatic islets. 

The loss of B7-H4 from the pancreatic islet cells did not appear to be solely due to the 

presence of inflammatory immune cells, as determined by the transfer of splenocytes from 

diabetic NOD mice into B6g7 mice.43 Therefore, it was concluded that a genetic difference 

between strains of mice may be responsible for this alteration in NRD1-induced cleavage of 

B7-H4 from the surface of pancreatic islet cells. Taken together, the expression of B7-H4 

cell surface protein appears to be activation induced and may represent an immune 

mechanism by which immune homeostasis can be induced within sites of inflammation. 

Additionally, the finding of such a wide distribution of B7-H4 expression suggests that the 

function of B7-H4 is quite distinct from that of other inhibitory B7 molecules.41

In addition to cell surface expressed co-stimulatory molecules, the presence or absence of 

secreted cytokines may affect immune cell function. For example, the production of IFN-γ 
or IL-4 by activated CD4+ T cells, or IL-12 by APCs directs the local population of naive 

CD4+ T cells to differentiate toward the IFN-γ-producing Th1 cell or IL-4-producing Th2 

cell phenotype, respectively.44 Recently, a third population of CD4+ effector T cells has been 

identified that secrete IL-17. Th17 cells secrete IL-17, IL-6, IL-22, GM-CSF, and TNF-α, 

and these cells have been shown to differentiate from a naive CD4+ T cells activated in the 

presence of TGF-β and IL-6.45 CD4+ Th17 cells are critical for the induction of 

experimental autoimmune encephalomyelitis (EAE). This finding runs counter to the 

historical hypothesis that EAE is a Th1 cell-mediated disease, but explains the findings that 

EAE is exacerbated in mice lacking IFN-γ or the IFN-γ receptor. Interestingly, EAE is 

differentially decreased in the p35 knockout and p40 knockout mice,46 i.e. the two subunits 

that make up IL-12, but this may partly be explained by the decrease in the level of IL-17 

produced and the survival of Th17 cells due to an absence of IL-23.47

During immune homeostasis, there is a balance between the activities of pro-inflammatory 

and anti-inflammatory T cells such that immune surveillance is maintained. Evidence has 

emerged that TGF-β is a critical differentiation factor that regulates this balance dependent 

upon the absence or presence of IL-6. The cytokine TGF-β is a critical differentiation factor 

for the generation of Treg cells in the presence of IL-2. On the opposing side of this balance, 

if the naive CD4+ T cells are activated in the presence of both TGF-β and IL-6, the resulting 

cells differentiate into a Th17 cell phenotype. Therefore, the development of an immune-

mediated therapy for autoimmune disease may work either alone or in combination via one 

of three possible mechanisms: (i) induction of energy in self-reactive CD4+ T cells; (ii) 

deletion of self-reactive CD4+ T cells by apoptosis; and/ or (iii) immune deviation/

regulation. Similarly, the seeming counter intuitive findings may also be explained by the 

downstream immune regulatory role of pro-inflammatory cytokines, such as IFN-γ that 

induces the expression of the immune inhibitory protein PD-L1.48,49 Similarly, both 

recombinant and tumor microenvironment-derived IL-6 and IL-10 have been shown to 
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stimulate monocyte/macrophage B7-H4 expression,50 while GM-CSF was found to reduce 

B7-H4 expression. This observation is similar to the regulatory mechanism for B7-H4 

expression on myeloid dendritic cells.51 Locally produced IL-6 and IL-10 may be secreted 

by a combination of tumor cells, tumor-associated macrophages, and Treg cells present 

within the local tumor microenvironment.52,53 As will be discussed below, there is a 

functional connection between B7-H4 and the number/function of cells. Therefore, these 

data provide a potential mechanistic link by which IL-6, IL-10, B7-H4, and Treg cells 

present in the tumor microenvironment are functionally connected.

5 | B7-H4 EXPRESSION AND CANCER

Recent studies have demonstrated various cancer cells and tissues overexpress B7-H4 

protein,54–57 and that B7-H4 protein expression within tumors correlates with various 

pathological and clinical characteristics. The expression level of B7-H4 protein in ovarian 

cancer is related to cancer types, cancer stage, the numbers of Tregs, and patient 

survival.58–60 For example, the data from 107 ovarian carcinoma patients show that patients 

with a higher level of B7-H4 expressed by tumor-associated macrophages had an increased 

number of Treg cells within the tumors, and these patients had a shorter life expectancy. 60 

Additionally, more than 90% of endometrial and breast cancers express B7-H4 protein,61 

and B7-H4 protein expression in renal cell carcinoma,62–64 melanoma,65 breast,66 lung,67,68 

gastric,69 colorectal, 70 pancreatic,71 and prostate72 cancer are associated with one or more 

clinicopathological factors, including increased tumor size, increased primary tumor 

classification, increased TNM malignant tumor score, decreased survival, and decreased 

number of tumor-infiltrating T cells.

For example, frozen tissue samples from 259 renal carcinoma patients that had been treated 

with nephrectomy were stratified into 106 patients with B7-H4− tumors, and 153 patients 

with B7-H4+ tumors. The data show that 77 of the 153 patients with B7-H4+ tumors had a 

primary tumor size of 7 cm or greater, as compared to only 27 out of the 106 patients that 

had B7-H4− tumors.63 Similarly, from this same cohort of patients 84 of 153 (54.9%) B7-

H4+ tumor patients had a primary tumor classification of pT2 or greater, and 85 of 153 

(55.6%) B7-H4+ tumor patients had a TNM stage groups of II or greater. This is in contrast 

to the B7-H4− tumor cohort of patients where 33 of 106 (31.1%) patients had a primary 

tumor classification of pT2 or greater, and 37 of 106 (34.9%) with a TNM stage groups of II 

or greater.63 In an attempt to determine if a relationship exists between B7-H4 expression 

within human melanoma and disease outcome, the data show that 28 or 29 primary tumors 

were found to be B7-H4+ and 26 or 29 metastatic tumors were also B7-H4+. 65 Similar to the 

previously discussed renal carcinoma study, the authors stratified the patient samples into a 

B7-H4 high patient population and a B7-H4 low patient population. In doing so, the median 

survival of the B7-H4 high patients was only 42.2 months, as compared to 106.9 months for 

the B7-H4 low patient population.65 Similar to the previously mentioned study assessing 

changes in systemic levels of soluble B7-H4 in aging NOD mice,43 the level of soluble B7-

H4 present within the sera of patients with renal cell carcinoma and gastric cancer has been 

reported to correlate with disease severity. Serum levels of soluble B7-H4 in gastric cancer 

patients were significantly higher than those of healthy control volunteers. While soluble 

B7-H4 is significantly increased in patients with gastric cancer, only 50 of 132 (37%) gastric 
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cancer patients displayed increased levels. Further analysis of this patient population showed 

that the level of soluble B7-H4 might serve as a predictive indicator of tumor size, lymph 

node metastasis, depth of tumor invasion, cancer stage, and life expectancy.73

Similar to the findings that cellular activation by inflammatory mediators upregulates B7-H4 

expression, in renal cell carcinoma B7-H4 mRNA and protein expression are upregulated 

after stimulation with IL-2, IFN-α, and IFN-γ. 62 However, the tumor microenvironment is a 

complicated environment characterized by infiltration of T cells, B cells, tumor-associated 

macrophages, mast cells and dendritic cells, and high levels of cytokines. Therefore, the 

cytokine network in the tumor microenvironment may have a dual function of modulating 

the expression of B7-H4 on both cancer cells and infiltrating immune cells. In human 

ovarian cancer, tumor-associated Tregs can trigger macrophages to secrete IL-6 and IL-10, 

and IL-6 and IL-10 in turn stimulate APCs to express B7-H4.60 In human lung cancer, 

tumor-associated macrophages were shown to produce IL-10, TNF-α, and a small amount of 

IFN-γ, that can also induce human lung cancer cells to express B7-H4.74 This finding was 

confirmed by data showing that the administration of IL-10 or TNF-α upregulated the 

expression of B7-H4 on the human Lewis lung carcinoma cell line.74 In addition to the 

cytokines produced by tumor-infiltrating immune cells, hypoxia is an important selective 

force in the pathogenesis of cancer.75 For example, the multiple myeloma bone marrow 

microenvironment has been shown to be hypoxic.76 A recent study demonstrated that 

hypoxia upregulated B7-H4 expression in primary CD138-positive multiple myeloma cells 

and cancer cell lines.77 While most of the discussed studies focused on the triggering factors 

involved in B7-H4 expression, the signaling pathways that participate in B7-H4 expression 

remain largely unknown. The complexity of the tumor microenvironment may significantly 

affect B7-H4 expression and distinct molecular mechanisms of such regulation also require 

further elucidation.

6 | B7-H4 AND FINDINGS ASSOCIATED WITH A PUTATIVE B7-H4 

RECEPTOR

B7-H4 expression by cancer cells has been suggested to be a putative mechanism by which 

these cells evade anti-tumor immune responses. 68,78–80 Therefore, discussion of published 

findings regarding the biological function of B7-H4 in other immune models is warranted. 

The generation of a B7-H4 Ig-fusion protein has been the focus of multiple research groups 

over the past several of years, and these data have been enabled identification of the in vivo 

biological function of B7-H4. Besides the critical balance between Th1/Th17 cell and Treg 

cells during autoimmune disease models, such as EAE, published data show that 

alternatively activated macrophages (M2 cells) are able to suppress EAE induced by the 

transfer encephalitogenic T cells.81 Further, M2 cells have been suggested to have 

neuroprotective activity as opposed to pro-inflammatory M1 cells.82 As a potential 

mechanism, co-culture of CD4+ T cells with IL-10/ TGF-β-treated macrophages that express 

B7-H4 has been shown to decrease CD4+ T-cell proliferation and subsequently induces an 

increase in the number of CD4+ T cells that express FoxP3.83 B7-H4 Ig treatment has also 

been shown to directly modulate the level of inflammatory CD4+ T-cell function,84–86 and is 

currently in clinical development. The ability of B7-H4 Ig to be used therapeutically has 
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been tested in both the NOD model of type-I diabetes and in β-islet cell transplantation. 

First, B7-H4 Ig treatment of prediabetic NOD mice reduced the disease incidence as 

compared to Control Ig-treated mice.86 Additionally, initial attempts to determine a putative 

mechanism of action for the B7-H4 Ig-induced decrease in the level of disease severity was 

found to be correlated with a decrease in the level of CD4+ T-cell proliferation ex vivo, and a 

transient increase in the number of Treg cells in vivo. B7-H4 also protects allografts and 

generates donor-specific tolerance, and prevents the development of autoimmune diabetes. 

More importantly, B7-H4 plays an indispensable role in alloimmunity in the absence of the 

classic CD28/CTLA-4: B7 pathway, suggesting a synergistic/ additive effect with other 

agents such as CTLA-4 on inhibition of unwanted immune responses.86

As mentioned above, B7-H4: B7-H4 receptor (B7-H4R) interactions negatively regulate 

inflammatory CD4+ T cells. Overexpression of a membrane-bound form of B7-H4 was 

found to be anti-inflammatory, 50 and lack of B7-H4 expression during both EAE and T1D 

is associated with increased disease severity and decreased numbers of Treg cells.87 

Overexpression of a soluble form of B7-H4 increased disease severity in collagen-induced 

arthritis (CIA), while treatment with a B7-H4 Ig that putatively could cross-link the B7-H4R 

via binding of Fc receptors by the Fc portion of B7-H4 Ig decreased the level of disease 

severity in CIA,88 PLP139-151-induced R-EAE in SJL/J mice, MOG35-55-induced C-EAE in 

C57BL/6 mice,84 and type-1 diabetes in NOD mice.85,86 Additionally, B7-H4 Ig treatment 

of CD4+ T cell cultures is only inhibitory to the CD4+ T-cell responses if B7-H4 Ig is plate-

bound, bead-bound, or added into cultures containing APCs, live or irradiated, expressing Fc 

receptors.84 In addition, B7-H4 Ig has the unique property of specifically blocking the 

differentiation of naive mouse and human CD4+ T cells into inflammatory Th1 and Th17 

cells, while enhancing the numbers and suppressive function of Tregs.84 While the identity 

of the B7-H4R remains to be determined, these findings indicate that B7-H4 Ig functions as 

a receptor agonist. Additionally, the soluble B7-H4 overexpression experiments support the 

previously mentioned data showing that soluble B7-H4 within the blood increases with age 

in NOD mice and may serve as a biomarker in gastric cancer and renal cell carcinoma.

Consistent with observation that the extracellular domain of B7-H4 has only about 25% 

amino acid homology with other B7-family members, B7-H4 does not bind to known B7-

family receptors, i.e. CTLA-4, ICOS, PD-1, or CD28. Efforts to identify a B7-H4-specific 

receptor have revealed that such a receptor is (i) expressed on activated T cells24; (ii) binding 

of B7-H4 fusion protein to its putative receptor on T cells was found to significantly inhibit 

T-cell proliferation and cytokine (IL-2, IFN-γ, and IL-17) production84; (iii) B7-H4-induced 

inhibition of T cells was found to be non-reversible by CD28 co-stimulation25; and (iv) the 

optimal level of B7-H4 Ig binding to activated CD4+ T cells is achieved by the inhibition of 

actin polymerization prior to incubation of the cells with B7-H4 Ig for flow cytometric 

analysis. 84 B7-H4 has been found to arrest cell cycle progression of T cells in G0/Gi 

phase24 suggesting that the protein mediates its inhibitory effects by arresting the cell cycle 

rather than by inducing apoptosis. As mentioned previously, data generated in our laboratory 

show that B7-H4 expression is induced on the surface of monocytes in a cytokine-dependent 

manner.50 Additionally, we have found that both mouse and human monocytes will bind B7-

H4 Ig in a cytokine-dependent manner, and that culture of these B7-H4 Ig-binding 

monocytes in the presence of plate-bound B7-H4 Ig both alters monocyte morphology, as 
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determined by an increase in cellular spreading, an increase in the level of secreted TGF-β, 

and a decrease in the level of secreted TNF-α as compared to monocytes cultured in the 

presence of plate-bound species and isotype control antibody (J.R. Podojil, M.-Y. Chiang, 

S.D. Miller, unpublished observation). This latter finding suggests that B7-H4 expression by 

monocytes within an inflammatory site may serve both a monocyte population-extrinsic 

immune modulatory function on activated T cells, but also a monocyte population-intrinsic 

function within the monocytic cells themselves.

7 | FUNCTIONAL CONNECTION BETWEEN B7-H4 AND TREGS

The association between inflammation and cancer dates back more than a century to 

observations noting infiltration of large numbers of white blood cells into tumors.89 Several 

studies have now identified two main pathways linking inflammation and cancer.90–92 First, 

the intrinsic pathway linking inflammation and cancer includes genetic alterations that lead 

to inflammation and carcinogenesis. Second, the extrinsic pathway linking inflammation and 

cancer is characterized by microbial/viral infections or autoimmune diseases that trigger 

chronic inflammation within tissues that are thereby associated with the eventual 

development of cancer.93 In either case, both of these pathways activate pivotal transcription 

factors of inflammatory mediators (e.g. NF-κB, STAT3, and HIF-1) resulting in the 

recruitment of inflammatory immune cells.94 One such inflammatory immune cell 

population is the tumor-associated macrophage that provides a link between inflammation 

and cancer. Macrophages are immune system cells derived from activated blood monocytes. 

Macrophages are primarily recognized as participating in inflammatory responses induced 

by pathogens or tissue damage by acting to phagocytize and remove pathogens, dead cells, 

cellular debris, and various components of the extracellular matrix. Macrophages have been 

found to constitute an important constituent in the tumor microenvironment and to represent 

up to 50% of the tumor mass. In addition to mediating phagocytosis, macrophages secrete 

pro-angiogenic growth factors and matrix-remodeling proteases, and thus play a role in the 

development of the vascular infrastructure, i.e. angiogenesis, required for tumor 

development and growth.95 While the recruitment of inflammatory macrophages into the 

tumor microenvironment would be expected to aid in the activation and guidance of tumor 

antigen-specific T-cell responses, the presence of macrophages within a tumor may also 

assist the growth of the tumor. A number of studies provide evidence that the presence of 

tumor-associated macrophages within the tumor is a negative prognostic factor of 

survival. 94,96,97 As has been previously discussed, the local production of inflammatory 

cytokines by the tumor-infiltrating macrophages, as well as by inflammatory T cells, may 

also induce the expression of immune regulatory proteins, such as B7-H4-promoting 

inhibition of the tumor antigen-specific immune response. In further support of this 

conclusion, B7-H4 is overexpressed in tumor-associated macrophages including those 

present in ovarian tumors.50,60

B7-H4 Ig binds to CD4+ T cells in an activation-dependent manner, indicating that B7-H4 

may function as a co-inhibitory (negative co-stimulatory) molecule for CD4+ T cells.84–86 

This is supported by our previous findings showing that B7-H4 Ig can downregulate IL-17 

and IFN-γ production of mouse T cells in the absence of Treg cells.84 Similarly, B7-H4 

expression by tumor cells is a putative mechanism by which these cells evade anti-tumor 
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immune responses. In the majority of breast and ovarian cancers, B7-H4 mRNA is expressed 

at approximately twofold or greater than the level expressed within normal tissue,41 and B7-

H4 protein is present in half of early stage and two-thirds of late stage ovarian tumors.77 

Additionally, tissues from breast, uterus, ovary, colon, and pancreas tumors showed a 

statistically significant increase in the percentage of cells expressing B7-H4.98 In the 4T1 

metastatic breast cancer model, transfer of tumor cells into B7-H4−/− mice resulted in fewer 

lung nodules, enhanced survival, and decreased tumor infiltration of immunosuppressive 

cells, as compared to wildtype mice that received the 4T1 cells.99 Based on these findings 

expression of B7-H4 within the tumor microenvironment, either by the tumor cells and/or by 

infiltrating monocytes is hypothesized to promote immune evasion. In support of this 

hypothesis, B7-H4 Ig treatment of mice during EAE has been shown to increase the number 

and function of Treg cells.84 Therefore, the expression of B7-H4 on either the tumor cells 

and/or tumor-infiltrating leukocytes would increase the number, function, and stability of 

tumor-associated Treg cells.

Treg cells can accumulate in both the peripheral blood and the cancer microenvironment and 

have been shown to expand during cancer progression suggesting that Treg cells may play a 

pivotal role in suppressing anti-tumor immunity.100 In support of this hypothesis, Treg cell 

depletion or functional suppression results in augmented T-cell immune responses against 

cancer in both mice and humans.101 As an additional link between B7-H4 and Treg cells, a 

study using human cervical carcinoma found that B7-H4 promoted the growth of Treg 

cells.99 Another study demonstrated that B7-H4 promoted cancer tolerance and may 

contribute to Treg cell development in colorectal cancer.70 To address the linkage between 

B7-H4 expression and the number/percentage of Treg cells, 4T1 metastatic breast cancer 

cells were transferred into both wildtype and B7-H4−/− mice. In B7-H4−/− mice, the 

percentage and overall number of CD4+Foxp3+ Tregs was reduced and a significantly higher 

ratio of effector CD4+ and CD8+ T cells was observed.98 Collectively, the above findings 

suggest that, B7-H4 promotes Treg cell development and inhibits effector T-cell immune 

responses.

APCs are a subgroup of cells that includes DCs, macrophages, and monocytes that are 

involved in the initiation and regulation of the T-cell response. Cheng and co-workers found 

that the secretion of IL-10, TNF-α, and IFN-γ by T cells is elevated after blocking B7-H4 

expression on tumor-infiltrating DCs,54 and Treg cells triggered high levels of IL-10 to be 

secreted by APCs, thereby inducing APC B7-H4 expression and rendering these APCs 

immunosuppressive.51 Peripheral blood samples collected from gastric cancer patients have 

been found to contain increased percentages of circulating B7-H4+ monocytes, and that 

these monocytes inhibited the proliferation of CD4+ T cells and significantly suppressed 

IFN-γ production by CD4+ T cells compared with B7-H4− monocytes.102 Therefore, it has 

been hypothesized that B7-H4+ monocytes may be one of the critical mechanisms mediating 

immune evasion in gastric cancer.

Paradoxically, there is a lack of B7-H4 expression on the surface of established ovarian 

cancer cell lines and primary ovarian carcinoma cells obtained from patient ascites and solid 

neoplastic lesions103 in contrast to primary malignant cells from ovarian cancer patients that 

express significant amounts of B7-H4. Therefore, the limited expression of B7-H4 by tumor 
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cell lines has been a hurdle that needs to be overcome to accurately assess the functional role 

of B7-H4 by tumor cells in vivo. An interesting study has been published examining the 

disparity of B7-H4 expression on tumor cells in vivo vs in vitro. Mice were inoculated with 

an ovarian cancer cell line that did not express B7-H4 on its surface, but contained 

cytoplasmic levels of B7-H4 detectable by immunoblotting. While the surface expression of 

B7-H4 on these cells increased upon in vivo passage, B7-H4 expression was rapidly 

downregulated following re-culturing of the tumor cells in vitro. This finding was not 

limited to the ovarian cancer cell line, as tumor-associated macrophage-derived factors were 

shown to promote the expression of B7-H4 on the surface of Lewis Lung carcinoma cells in 

vivo.74 Additionally, B7-H4 expression inversely correlated with the numbers of 

lymphocytes infiltrating renal cell cancer lesions, providing a direct link between the 

expression of B7-H4 on the surface of malignant cells and the presence of tumor-associated 

macrophage-derived cytokines.64 These results indicate that surface expression of B7-H4 on 

cancer cells increases in response to microenvironmental cues and may promote immune 

evasion.

The previous discussion regarding B7-H4 expression focused on the biological activity of 

B7-H4 on immune cell function, yet little is known as to how B7-H4 may function to 

regulate tumor growth. B7-H4 expression has the capacity to hinder the function of myeloid-

derived suppressor cells, as demonstrated by 4T1 tumors in B7-H4−/− mice having increased 

T cell-and pro-tumor myeloid-derived suppressor cell-associated transcripts. Although the 

opposing effects of anti-tumor T cells and pro-tumor myeloid-derived suppressor cells led to 

no changes in the growth of primary 4T1 tumors, a significant alteration in the 

immunoediting of in vivo passaged 4T1 cells occurred. This was evident, as a secondary 

injection of in vivo passaged 4T1 cells from B7-H4−/− mice that were then transferred into 

wildtype mice resulted in slower tumor growth and greater immunogenicity relative to 4T1 

tumors that were initially passaged in wildtype mice. The observed differences in tumor 

growth were further found to be absent if either in vivo passaged 4T1 cells from B7-H4−/− or 

wildtype mice were transferred into T cell-deficient or T cell-depleted mice, supporting the 

notion that 4T1 tumors that had grown in the absence of host B7-H4 developed reduced 

resistance to T cell-mediated immune attack.104

While B7-H4 overexpression on tumor cells was thought to play a dominant role, it is 

possible that abundant B7-H4 proteins on the surface of tumor cells can impair the effector 

functions of tumor-infiltrating lymphocytes akin to a molecular shield model as proposed for 

PD-L1.105,106 In support of this hypothesis, it has been shown that the quantity of B7-H4 on 

the surface of pancreatic islet cells positively correlates with their resistance to T-cell attack 

in murine models of type-I diabetes.87 However, the above data show that host B7-H4 

contributes to differences in both pro-and anti-tumor immune components, which drives the 

differences observed in immunoediting between B7-H4−/− and wildtype mice. There is some 

evidence that B7-H4 may play immune-independent, tumor-intrinsic roles in tumorigenesis. 

For example, ectopic overexpression of B7-H4 in human ovarian cancer cells led to 

enhanced tumor growth in scid mice.40 Additionally, the knockdown of B7-H4 in human 

breast cancer cells rendered them more susceptible to anoikis in vitro.40 While, the relative 

importance of B7-H4 expression in tumor cells vs host immune cells has also been 

speculative and the above findings that immune cell expressed B7-H4 may alter anti-tumor 
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T-cell immunity with little B7-H4 in tumors in the 4T1 model, B7-H4-mediated 

immunotherapies may need to be considered for targeting in cancers even without B7-H4 

overexpression directly by the tumor.

Several lines of evidence suggest oncogenic processes and antitumor immunity can also 

drive B7-H4 overexpression. A small study on melanoma patients found that a high level of 

B7-H4 did not correlate with the degree of CD8+ T-cell infiltration.65 This may suggest that 

the immunosuppressive function of B7-H4 may function by inhibiting the entry of CD8+ T 

cells into the tumor. Additionally, data show that B7-H4 expression in other types of tumors 

negatively correlated with the number of tumor-infiltrating immune cells.66,68 This finding is 

supported by mouse model data showing that B7-H4 is not highly induced in 4T1 tumor 

cells under conditions in which PD-L1 and MHC class II were abundantly expressed, 

presumably in response to IFN-γ-producing T cells. These findings suggest that B7-H4 

expression within the tumor microenvironment may inhibit the immune cell infiltration into 

the tumor. Also, the expression of B7-H4 by human breast cancer cell lines has been shown 

to be dependent on a pathway frequently altered in cancer, i.e. phosphoinositide 3-kinase/ 

mTOR/ p70 S6kinase signaling.107 Lastly, human B cells express a high level of B7-H4 

upon EBV-mediated transformation in vitro in the absence of other inflammatory immune 

cells/cytokines.108 Similarly, a recently published paper shows that peripheral blood B cells 

have increased expression of B7-H4 in non-small cell lung cancer and colorectal cancer 

patients.109 Therefore, the overexpression of B7-H4 in cancer cells may also be due to 

oncogenic processes and may be associated with the low immunogenic nature of the 

developing tumor.

8 | USE OF ANTI-B7-H4 ANTIBODIES

Within the tumor microenvironment, the production of specific cytokines by immune cells 

has been shown to modulate the expression of co-stimulatory molecules on both tumor-

infiltrating immune cells, and on the tumor cells themselves. Therefore, the activated T cell-

mediated immune response potentially plays a critical role in the cancer microenvironment 

and cancer immunotherapy.110 Many studies indicate that B7-H1, B7-H3, B7-H4, and B7-

H6 are expressed by specific human cancers and that the expression of these proteins is 

associated with cancer progression.111 Thus, agonistic and blocking anti-B7-H4 antibodies 

and soluble B7-H4 protein have been proposed for the treatment of inflammatory disorders. 

The expression of B7-H4 at the surface of both malignant and tumor-infiltrating 

immunosuppressive cells establishes a rationale for the development of therapeutic 

approaches based on the targeting of B7-H4. Development of an anti-B7-H4 monoclonal 

antibody for the treatment of cancer in preclinical studies has been completed. While a few 

studies have reported the use of anti-B7-H4 antibodies in vivo, it still remains to be 

determined if B7-H4-specific antibodies induce intracellular signaling within the B7-H4-

expressing cells, or if the antibodies function via blockade of B7-H4: B7-H4R interaction. 

For example, anti-B7-H4 antibodies have been found to greatly increase the levels of IL-2 

production by splenocytes in vitro, and to lead to a stronger immune response in vivo.25,41 It 

should be noted, however, that majority of the anti-B7-H4 antibodies used for identifying 

B7-H4 protein expression have been produced by the individual laboratories “in house” and 

are not available commercially, with the exception of the anti-B7-H4 antibodies used for the 
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assessment of B7-H4 expression in the published lung,68 prostate, 72 gastric,112, and renal113 

cancer studies. With this knowledge, the varied anti-B7-H4 antibody clones used by 

different laboratories on different tissue types make interlaboratory comparison difficult. 

Warnock et al. have screened several different anti-B7-H4 antibodies from commercial 

sources and found three anti-B7-H4 antibody clones that gave moderate expression on 

human pancreas tissues and mononuclear cells. Their findings show that the anti-B7-H4 

antibody clone H74 provided the most consistent IHC staining for comparison of normal and 

disease tissues.61 Western Blot analysis using clone H74 identifies a major strong diffuse 

B7-H4 protein band in the 50-to 80-kd range. B7-H4 size heterogeneity is most prominently 

shown in a retrovirus-transduced B7-H4 overexpressing RK3E cell line compared to MCF-7 

and SKBR3 breast cancer cell lines, and may be due to the variable N-linked glycosylation 

in the full-length B7-H4 protein.25,80

To determine the functional ability of anti-B7-H4 antibody to function as a therapeutic in 

cancer, a recently published study assessed the functional activity of the 1D11 clone of anti-

B7-H4 antibody. The reported immunohistochemistry analyses show that membrane 

expressed B7-H4 was limited to the ductal epithelia of breast, acinar cells and ductal 

epithelium of pancreas, tubule epithelium of kidney, bile duct epithelium, and epithelia of 

trachea/lung, cervix, and placenta. Additionally, B7-H4 membrane staining was present in 

80%–94.8%,80,114 thereby providing the rationale to assess the ability of anti-B7-H4 

treatment to decrease tumor burden. To identify the subtype most useful for conducting 

efficacy studies, out of the 113 breast cancer samples surveyed, included TN, HR+, and 

HER2+ subtypes of breast cancer, all subtypes analyzed showed significant expression of 

B7-H4.114 Clone 1D11 has broad species specificity (human, non-human primate, and 

rodents) that allows for evaluation in preclinical models of both rodents and non-human 

primates. Anti-B7-H4 clone 1D11 has been shown to bind the Ig-V like domain of B7-H4, 

and use of this antibody on CIA, EAE, and tumors models was shown to not modulate 

disease. However, when the 1D11 clone of anti-B7-H4 antibody was used to generate a drug 

conjugate of monomethyl auristatin E (MMAE), linked to engineered cysteines of anti-B7-

H4 (h1D11)-MC-vc-PAB-MMAE (h1D11 TDC), the data show that treatment induces 

durable tumor regression in both cell line and patient-derived xenograft models of triple-

negative breast cancer.114

Besides classical monoclonal antibodies, generation of recombinant single-chain variable 

fragments (scFvs) specific for B7-H4 has been reported. The use of scFvs is suggested to 

allow for the targeting of selected cell populations both as naked molecules and upon 

conjugation to endotoxins, nanoparticles, radioisotopes, or protein domains. Via a 

combination of protein-and cell-based screening approaches, scFvs specific for human B7-

H4 were selected based on their affinity for soluble and cell surface B7-H4, as well as on 

their ability to reverse T-cell inhibition. These B7-H4-specific scFvs were tested in an in 

vitro model system in which B7-H4 molecules expressed either in cis on APCs or cancer 

cells, or in trans on tumor-polarized macrophages, to determine if these anti-B7-H4 scFvs 

could reverse the inhibition function of B7-H4. The data show that an anti-B7-H4 scFv fully 

reverses the B7-H4-induced inhibition of T-cell function using recombinant B7-H4, peptide-

pulsed B7-H4+ APCs, tumor-polarized B7-H4+ macrophages co-cultured with B7-H4− 

cancer cells, as well as B7-H4-transduced malignant cells.103
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9 | CONCLUSION

The present review has highlighted the role of B7-H4 as an immune inhibitory protein, and 

the potential role that B7-H4 plays immune evasion and tumorigenesis. Although not yet 

targeted clinically, the advantage of targeting B7-H4 may be twofold as B7-H4 is expressed 

on both tumor cells and tumor-associated macrophages in various cancer types. For example, 

while the use of anti-PD-L1 and anti-CTLA-4 has been shown to significantly increase 

patient life expectancy, there are patients treated with anti-PD-L1 and anti-CTLA-4 that are 

non-responders. 2,4,5 In comparing B7-H4 to other immune regulatory molecules, such as 

CTLA-4 and PD-1/ PD-L1, CTLA-4 and PD-1 are expressed on activated T cells and their 

inhibitory effect occurs primarily in secondary lymphoid tissues.22 In contrast, both PD-

L148,49,115 and B7-H451,63,66,112 may be expressed by tumor-infiltrating APCs and tumor 

cells within the local tumor microenvironment. Therefore, strong rationale exists for the 

development of alternative immune modulatory therapies for the treatment of the tumor 

patient population non-responsive to current check point inhibitors.

Results from several mouse in vivo and human in vitro studies utilizing various anti-B7-H4 

antibodies have shown success in rescuing T-cell function in vitro,24,25,116 augmenting T-

cell responses in vivo,24,25 and reducing tumor burden in a murine lung cancer model,74 

demonstrating proof of concept for targeting B7-H4. As illustrated in Figure 1, while the 

presence of an inflammatory microenvironment within the tumor would appear to be 

favorable for tumor cell killing, the presence of these inflammatory cytokines and hypoxia 

have been shown to induce the expression of B7-H4 on the surface of both the tumor cells 

and monocyte/macrophages. The presence of cell surface B7-H4 would then interact with 

the unidentified B7-H4R that is expressed by activated T cells, thereby decreasing 

inflammatory T-cell responses and increasing Treg cell function within the tumor. Therefore, 

the blockade of B7-H4: B7-H4R interaction via anti-B7-H4 blocking antibodies or soluble 

B7-H4 lacking an Ig-fusion protein domain would allow for the maintenance of the 

inflammatory T-cell response. However, while studies of the past decade have offered insight 

into the functional role of B7-H4 in tumor biology and immune evasion, no anti-B7-H4-

targeted therapies have been investigated clinically. The majority of the research regarding 

B7-H4 has focused the functional consequence of B7-H4 interaction with the putative B7-

H4R on the B7-H4R-expressing cell, several papers indicate distinct intracellular effects 

such as decreased apoptosis, enhanced proliferation, and facilitated metastasis in B7-H4-

expressing cells themselves. Besides the level of cell surface expressed B7-H4, studies 

assessing the level of soluble B7-H4 in serum have shown B7-H4 to be a putative biomarker 

for the level of disease.43,73 This, however, may be a potential confounder with the use of 

B7-H4-binding reagents, as B7-H4-binding reagents, i.e. anti-B7-H4 monoclonal antibody, 

may form immune complexes in the blood. Therefore, many opportunities still exist to 

determine if treatment with a B7-H4-blocking therapeutic, either alone or in combination 

with other therapies, will overcome the B7-H4-mediated inhibition of inflammatory T-cell 

function within the tumor microenvironment and can provide clinical benefit in cancer.
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FIGURE 1. 
Blockade of B7-H4: B7-H4R interaction. Inflammatory cytokines and other cytokines/

factors within the tumor microenvironment, such as IL-2, IL-6, IL-10, IFN-α, IFN-γ, TNF-

α, and hypoxia, have been shown to induce B7-H4 expression on both tumor cells and 

monocytes/ macrophages. Additionally, activated T cells have been shown to express the B7-

H4R via specific binding of B7-H4 Ig, which also modulates T cells function via decreasing 

inflammatory T-cell responses while increasing Treg function. In the case of tumor and 

tumor-associated macrophage expressed B7-H4, the interaction of the B7-H4R-expressing T 

cells with B7-H4-expressing tumor cells or tumor-associated macrophages would decrease 

the inflammatory and proliferative response by the T cells, while increasing the number and 

function of the Treg cells. Therefore, the blockade of the B7-H4: B7-H4R interaction is 

hypothesized to allow for the maintenance of the inflammatory T-cell response within the 

tumor microenvironment
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