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Abstract: Although the mortality rate of osteosarcoma (OS) patients has improved, there
are still many unsolved problems concerning how to reduce recurrence and metastasis. In the
tumor microenvironment, immune escape plays a more important role in tumor progression
and development. Many costimulatory molecules of the B7 family have been reported to be
involved in regulating immunological interactions between OS cells and immune cells.
Among these molecules, B7-H1 and its receptor, programmed death-1 (PD-1), have been
the focus of the fields of tumor immunology and have been recently applied in clinical trials
of therapies for several solid tumors. These therapies, referred to as B7-H1/PD-1 checkpoint
blockade therapies, are designed to block the interaction between the two molecules.
Although the mechanism has been reported in some malignancies, the specific impact of B7-
H1/PD-1 expression on OS has not been well defined. Here, we review the expression,
function, and regulatory mechanism of the B7-H1/PD-1 axis in OS and introduce and
compare the advantages and disadvantages of B7-H1/PD-1 immunotherapies in OS.
Keywords: osteosarcoma, immunotherapy, B7-H1, PD-1

Introduction
B7 molecules compose a large family of molecules that are expressed on the cell
membrane and that participate in the activation or inhibition of immune cells,
especially T cells.' > As a group of molecules that provide the second signal,
costimulatory molecules, which mainly include B7-1/B7-2 and B7-H2, bind recep-
tors on the surface of T cells to activate downstream signaling, but coinhibitory
molecules, which consist of B7-H1/programmed death-1 (PD-1), B7-H3, B7-HS
and B7-H6, inhibit activated T cells via specific receptors.*® Great progress in
immunotherapy targeting these molecules has improved the outcomes of cancer
patients. The checkpoint of the B7-HI1/PD-1 axis has been studied relatively
thoroughly in cancer and plays an important role in cancer progression.
Immunotargeted drugs, such as pembrolizumab, durvalumab and tremelimumab,
have been applied to treat a large number of different tumors, such as non-small cell
lung cancer, hepatocellular carcinoma and prostate cancer, in the clinic and have
prolonged patient survival and improved patient quality of life.'* "

Osteosarcoma (OS) and other pediatric solid tumors arise from abnormal differ-
entiation processes of mesenchymal stem cells and account for less than 1% of all
tumors.'*'> These tumors often occur in children and young adults.'®'” The treatment
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for OS and other pediatric solid tumors has been greatly
improved since the development of neoadjuvant chemother-
apy. However, OS recurrence and metastasis rates are still
high."®!"” The immune checkpoint B7-H1/PD-1 is critical in
OS and other pediatric solid tumors.?*** Recent studies have
shown that B7-H1/PD-1 monotherapy is less effective and
can easily cause many adverse reactions in OS patients.”' >*
However, combination therapy has a more positive effect on
OS in vitro and in vivo.?’! In this review, we will focus on
combination therapy strategies for OS and pay close attention
to the structure, function, regulation and prognostic value of
the B7-H1/PD-1 axis.

Structure, Expression and Functions
of B7-HI/PD-I

B7-HI1, known as also known as or CD274, was first
identified in the GenBank database in 1999. It is a type
I transmembrane protein containing an IgV-like domain,
an IgC-like domain, a signal sequence, a transmembrane
domain, and intracellular domains encoded by the CD274
gene on human chromosome 9. B7-HI is mainly
expressed on antigen-presenting cells (APCs) and in
some kinds of normal tissues.*>* B7-H1 provides
the second signal for effector T cells, whereas major his-
tocompatibility complex (MHC) molecules recognize
T-cell receptor (TCR) as the first signal.>> PD-1, also
named CD279, functions as a receptor of B7-H1 to trans-
duce signals in effector T cells, was first identified in 1992
and is located on human chromosome 2.>® PD-1 regulates
the function of immune cells, including T cells, B cells,
natural killer (NK) cells, natural killer T (NKT) cells,
macrophages, and dendritic cells (DCs).*”** Structurally,
PD-1 consists of a transmembrane domain, a stalk, an Ig
superfamily domain, and an intracellular domain contain-
ing an immunoreceptor tyrosine-based inhibitory motif
(ITIM) and immunoreceptor tyrosine-based switch motif
(ITSM).*' When the ligand B7-HI interacts with the
receptor PD-1, the intracellular tyrosines in the ITIM and
ITSM are activated by binding with SH2-domain contain-
ing tyrosine phosphatase 1 (SHP-1) and SH2-domain con-
taining tyrosine phosphatase 2 (SHP-2), which then
transmit inhibitory B7-H1-derived signals to a variety of
signaling proteins, such as PI3K/Akt, STAT3 and STATS,
to inhibit immune cells.*'** Therefore, the B7-H1/PD-1
axis plays an important role in immunosuppression in the
tumor microenvironment. However, the effect of the B7-

H1/PD-1 axis needs to be clarified through further
exploration.

Prognostic Value and Regulation of
B7-HI/PD-1 in OS

In the OS microenvironment, B7-H1/PD-1 has been widely
expressed on some kinds of cell types, including tumor cells
and immune cells, such as T cells, macrophages, DCs and
NK cells.”**" In a study of 107 samples, 25% were posi-
tive for both PD-1 and B7-H1 expression, and high B7-H1
expression was significantly associated with tumor-
infiltrating lymphocytes (TILs), DCs, NK cells, and event-
free survival.”> In the same work, 43.5% of 69 samples
stained positive for B7-H1. Another study suggested that
positive B7-H1 expression was significantly correlated with
TILs, tumor location and pathological grade.*> Additionally,
univariate analysis showed that patient survival was pro-
longed in the high B7-H1" TIL and CD8" TIL groups and
was shorter in the PD-1" TIL group, whereas there was no
statistical significance.”® Nevertheless, B7-HI expression
was relatively significant in predicting OS progression.**
Forty-eight percent of metastatic OS microarrays exhibited
positive B7-H1 expression in the study by Sundara et al, and
PD-1 could be a predictive marker for OS metastasis as
determined by receiver operating characteristic (ROC)
curve analysis.*> Therefore, the levels of B7-H1/PD-1 in
OS are quite significant for predicting OS progression and
patient prognosis. It is important to further explore the
mechanism by which B7-H1/PD-1
development.

The B7-H1/PD-1 axis could be regulated by immune
cells, stromal cells or their secreted cytokines in the OS

promotes OS

microenvironment. Studies have suggested that IFN-y and
IL-6 promote B7-H1 expression in vitro.***® In vivo studies
showed that the secretion of IFN-y by CD8" T cells is
predictive of high B7-H1 expression, which further leads
to immune tolerance.*® Gao et al found that higher PD-1 was
expressed on CXCRS5 Tth cells, which could interact with
B7-H1 on OS cells, leading to reduced IL-21 secretion from
CXCR5'Tth cells. However, B7-HI expression could be
enhanced indirectly by inducing IFN-y secretion from
CD8" T cells when exogenous IL-21 was added.*” B7-H1
expression is also influenced by the interaction of intracel-
lular molecules with various signaling pathways. B7-H1
expression was found to be impaired when histone deacety-
lase 6 (HDACG6) expression was knocked down or an
HDACS6 inhibitor was added. HDAC6 has been shown to
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positively regulate the expression of B7-H1 via the STAT3
pathway. However, B7-H1 upregulation was inhibited if
STAT3 was knocked down.*® Faciogenital dysplasia 1
(FGD1) is an intracellular protein that binds to phosphatase
and tensin homolog deleted on chromosome ten (PTEN) to
suppress tumor growth and invasion. In OS, knockdown of
FGD1 expression leads to the inhibition of B7-Hl
expression.”® PTEN downregulation or mutation affects sig-
naling between FGD1 and B7-H1, whereas high PTEN
expression negatively regulates B7-H1 expression by inter-
acting with the PI3K/Akt and NF-kB signaling pathways.>
Therefore, B7-H1 expression is regulated not only by
secreted proteins but also by molecules located on the cell
membrane or cytoplasm, which further lead to the activity or
inhibition of downstream pathways.

Endogenous noncoding RNAs are an important class of
small molecules that influence B7-H1 expression at the post-
transcriptional level.”! miRNA-200a can bind PTEN mRNA
transcripts to induce B7-HI1 upregulation indirectly.’’

— Inhibition
——>Promotion

Proliferation
Invasion O
Protein synthesis

Figure | B7-HI/PD-1 signaling pathway in osteosarcoma.

CDS8*T cell

However, miR-140 directly binds B7-H1 mRNA transcripts
to decrease the expression of B7-HI1, as shown by
a luciferase reporter assay in a study by Ji et al.”> More
importantly, overexpression of miR-140 increases IL-10,
IFN-y and TNF-a expression in OS, and high IFN-y expres-
sion stimulates the expression of B7-H1.>? Upstream of
miRNAs, long noncoding RNAs regulate B7-H1 by interact-
ing with miRNAs. Zhang et al revealed that LINC00657
activates B7-H1 expression by suppressing miR-106a
levels.™ Consequently, there is a closed feedback loop in
OS cells in which B7-H1 levels are regulated via multiple
pathways (Figure 1).

Therapeutic Strategies for OS
Targeting B7-HI1/PD-1

A large number of studies have fully elucidated that the
B7-H1/PD-1 axis has a complicated role in tumor devel-
opment and progression.”**> Nevertheless, the inhibitory
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effects of immune checkpoint inhibitors, including those
targeting the B7-H1/PD-1 checkpoint, have been proven to
induce positive antitumor responses in diverse
cancers.'®"'® However, the reported effects of these inhi-
bitors on sarcoma are elusive due to the complicated
heterogeneity of sarcoma. In studies of OS, anti-B7-H1
/PD-1 treatment alone could have some positive effects,
but it could not suppress OS progression or obviously
improve patient outcomes.>**® In Davis and his collea-
gues’ study, partial responses (PR) were only observed in
patients with Hodgkin lymphoma and non-Hodgkin lym-
phoma, but were not observed in other tumour types,
including OS.’® Their clinical observation was similar
with those of the Sarcoma Alliance for Research through
Collaboration SARCO028 study. Only one of the 22 patients
with osteosarcoma who were included exhibited PR
(5%).”” However, the combination of anti-B7-H1/PD-1
therapy with other adjuvant modalities, such as radiother-
apy, chemotherapy or other treatments, has shown appre-
ciable beneficial effects in OS patients.’® *° However,
related studies and clinical trials are still in the infant
stage, and here, we discuss the recent data on the different
combinations of B7-H1/PD-1 blockade in OS treatment

and the future perspectives of these therapies.

Combination with Chemotherapy

Various lines of evidence in experimental mouse models
and clinical trials support the progress of targeting B7-H1
/PD-1 in improving OS therapy. For example, Wang et al
demonstrated that B7-H1 expression was upregulated
when doxorubicin was used alone in mice. As expected,
the combination of doxorubicin with an anti-B7-HI anti-
body could significantly decrease tumor size within the
first two weeks and upregulate the proportions of CD4"
T cells, CD8" T cells and cytotoxic T lymphocytes (CTLs)
in the experimental group.”® Markel also showed that 20
pg anti-B7-H1 antibody could decrease Tcell exhaustion to
levels observed in the control group, with a corresponding
increase in CTLA-4 expression on cytotoxic T cells in the
majority of mice tested.®' In another study, Lussier and his
colleagues found that the expression of B7-H1 and PD-1
was upregulated in a mouse model of metastatic OS and
promoted the immune tolerance of tumor-reactive T cells
toward OS. Although anti-B7-H1 therapy could partially
improve T cell function in vitro and in vivo and prolong
survival with fewer pulmonary metastases during disease
progression, ultimately, pulmonary disease could unfortu-
nately not be overcome by monotreatment in mice.*® This

finding also gave us further indication that combinational
immunotherapies that block alternative inhibitory receptor
pathways on T cells or other immune cells may lead to
more efficient restoration of T cell function and improve
the outcome of metastatic OS.

In addition to mouse OS model results, clinical trial
evidence seemed more convincing for the evaluation of the
effects of anti-B7-H1/PD-1 therapy combined with che-
motherapy in OS patients. Cesne et al launched a Phase 2
clinical trial using pembrolizumab (directly blocking the
interaction between B7-H1 and PD-1) in combination with
metronomic cyclophosphamide in patients with advanced
OS (NCT02406781). These authors showed that four
patients had obvious tumor shrinkage and that one patient
achieved a partial response (PR). On average, the 6-month
nonprogression rate was 13.3% (95% confidence interval
[CI]: 1.7-40.5).>° This result suggested that PD-1 inhibi-
tion showed only modest activity in patients with
advanced OS. However, we noticed that only 2 of 14
patients with available tumor material showed positive B7-
H1 expression, indicating that the nonactive B7-H1/PD-1
pathway correlated with limited benefit from PD-1 block-
ade in OS.*® However, another open-label, phase 2 trial
showed positive results concerning a B7-HI inhibitor
combined with apatinib that was applied in OS patients.
This trial found that patients with a B7-H1 tumor propor-
tion score >5% and pulmonary metastases had a tendency
toward a longer PFS than the other patients (p=0.004 and
0.017, respectively). Patients with positive B7-H1 expres-
sion had fewer related toxic effects.’’ Although immu-
notherapy for OS did not seem to be as effective as other
solid tumors, further clinical trials should explore more
joint strategies and implement appropriate correlative stu-
dies to better understand the underlying mechanisms.

Combination with Radiotherapy

Radiotherapy is critical for the treatment of patients with
most solid tumors in both curative and palliative settings.
Although OS has been considered X-ray-resistant,’”
a recent innovative technique could deliver modulated
high-precision intensity and image-guided radiation ther-
apy; thus, radiation has become an alternative treatment in
minimizing the local tumor without excessive damage to
surrounding normal tissues.®> Therefore, radiation might
be a particularly useful therapeutic option for pediatric
patients with OS. In a study by Yutaka et al, X-ray irradia-
tion combined with anti-B7-H1 and anti-CTLA-4 antibo-
dies led to faster and more prolonged regression in mouse
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OS tumors than monotherapy, and adding X-ray irradiation
significantly increased the probability of the abscopal
effect. Moreover, combined therapy has successfully
inhibited distant metastasis to some extent and is probably
associated with the higher recruitment of CDS8 TILs after
irradiation and lower Tregs and higher CD8/Tregs.®* This
result strongly suggested that an optimal radiation delivery
regimen can help increase antitumor efficacy. In another
model of brain metastatic OS established by Xia and
colleagues, there was an apparent improvement in the
peripheral blood, including enhanced numbers of CD4"
and CDS8" T cells and decreased numbers of myeloid-
derived suppressor cells (MDSCs) after combination treat-
ment with an anti-PD-1 antibody and radiation therapy. In
the microenvironment of OS, T-cell infiltration and IFN-y
secretion were promoted concurrently.’® Currently, the
clinical effect of X-ray irradiation combined with immune
checkpoint blockade on OS is still unknown. However,
clinical trials with checkpoint blockade therapy have
reported beneficial effects in other tumors, including breast

cancer,’

bladder cancer®® and cervical and uterine
cancer.®” Overall, more clinical data showed that radiation
therapy combined with checkpoint inhibition synergizes,
which not only enhances antitumor efficacy but also

induces the abscopal effect outside of the radiation field.

Combination with Other Targeted Drugs
It is generally assumed that immune cell-based therapy has
the potential to eliminate tumors due to its specialized antigen
recognition activity to specifically kill tumors.”® However,
the effects of this therapy on OS were not satisfactory because
of the absence of specific tumor antigens in OS.®” Therefore,
immune checkpoint inhibitors combined with cell-based
immunotherapies would be alternative promising treatment
modalities for OS patients. A recent study found that the
stromal cell-derived factor 1/C-X-C chemokine receptor
type 4 (SDF-1/CXCR4) axis was a crucial factor in recruiting
MDSCs into the OS microenvironment and that MDSCs
contributed to facilitating immunosuppression and impeding
tumor progression by inhibiting a number of activated CTLs
in the OS microenvironment. However, positive and effective
improvements to the inhibition of tumor growth and prolon-
gation of survival status in mice were observed in the group
treated with anti-PD-1 antibody combined with SDF-1/
CXCR4 inhibitor; these outcomes were far better than those
of the monotherapy group.®® Additionally, Shi et al found that
the survival of mice was increased from 37 days to 50 days
and that tumor weight decreased by 60% when tumor-bearing

mice were treated with PI3K protein inhibitor and an anti-PD
-1 antibody compared with control monotreatment.”
L-arginine is an important amino acid for the maintenance
of normal immune cellular functions, but it is usually scarce
in the tumor environment, leading to T-cell dysfunction and
apoptosis. Therefore, He et al showed that L-arginine supple-
mentation showed a trend in strengthening PD-1 expression
on CD8" T cells. Therefore, the combination of L-arginine
with an anti-B7-H1 antibody might become an ideal method
to suppress OS and promote immunity. Their experimental
results confirmed the previous hypothesis that L-arginine
combined with an anti-B7-H1 antibody would not only
improve mouse survival but also enhance the number and
activity of CD8" T cells, which also inhibits the growth of
MDSCs in a significant manner.”' Although advanced pro-
gress has been made in different experimental trials, there is
an urgent need to establish diversified and personalized alter-
native regimens for OS treatment.

Combination with Other Checkpoint

Inhibitors

Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) is
another checkpoint inhibitor that participates in the inhibi-
tion of activated T cells by binding to its ligands, CD80 and
CD86.”* In checkpoint inhibitor monotherapy, anti-B7-H1
/PD-1 or anti-CTLA-4 antibodies have been shown to be
effective in promoting T cells and suppressing OS malig-
nancy, respectively.”*’* However, more progress has been
observed in the combined application of immune check-
point inhibitors with other therapy modules, and similar
effects have also been found when different checkpoint
inhibitors were combined.”” Lussier and his group found
that the expression of CD80/CD86 and CTLA-4 was
enhanced with anti-B7-H1 treatment. Direct effects, such
as the long-term mouse survival rate being approximately
60% with combination treatment compared to 0% survival
with anti-B7-H1 therapy alone, were observed.”> Therefore,
dual o-CTLA-4/0-B7-H1 treatment was adopted in their
metastatic OS mouse model, and the effects appeared to
be synergistic and better than the use of a-CTLA-4 mAb
alone. This result might be attributed to reactivating TIL
activities and thus promoting tumor clearance via blockade
of nonoverlapping pathways. Similar results were also
found in studies by Shimizu et al, who also investigated
different combinations of immune checkpoint inhibitors in
a metastatic OS model. The results showed that B7-H1/PD-
1 axis blockade combined with other checkpoint inhibitors
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led to prolonged survival of more than 16 weeks in the

experimental group, while the mice in the control groups

survived only 80 days.”®”” Further evaluation with hema-
toxylin and eosin (H&E) and IHC staining showed that the
levels of CD8" lymphocytes in the combination therapy

group were also higher than those

in the control

group.’®”” The combination of multiple checkpoint inhibi-

tors could be significantly more effective than monotherapy

usage at present. However, further studies are needed to

determine how these combination therapies affect the

human body.

Concluding Remarks
In recent years, immunotherapy has become a promising

treatment for cancer. The interaction between B7-H1 and

PD-1, which are immune checkpoint molecules that regulate

different signaling pathways, is the basis of immunosurveil-

lance. However, research has shown that therapeutic effects

were not obvious with anti-B7-H1/PD-1 monotherapy alone,

which could not completely inhibit OS development. The

occurrence and progression of OS are complicated and could

benefit from the effectiveness of combination therapy. This

review describes studies that have meaningfully shown that

comprehensive treatment is more effective than anti-B7-H1

/PD-1 monotherapy in animal research and clinical trials.

This is a critical first step in the development of OS treat-

ments. It is quite likely that multiple drugs will need to be

combined to treat OS, further improving patient survival.

Nevertheless, a great amount of research in areas such as

combination biomarkers for diagnosis and side effects

remains to be explored. In the future, molecular and DNA/

RNA research on the regulatory mechanism of B7-H1/PD-1
should be pursued to build the foundation for OS inhibition
and/or the control of side effects.
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