
Citation: Rasic, P.; Jeremic, M.;

Jeremic, R.; Dusanovic Pjevic, M.;

Rasic, M.; Djuricic, S.M.; Milickovic,

M.; Vukadin, M.; Mijovic, T.; Savic, D.

Targeting B7-H3—A Novel Strategy

for the Design of Anticancer Agents

for Extracranial Pediatric Solid

Tumors Treatment. Molecules 2023, 28,

3356. https://doi.org/10.3390/

molecules28083356

Academic Editor: Małgorzata Jeleń
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Abstract: Recent scientific data recognize the B7-H3 checkpoint molecule as a potential target for
immunotherapy of pediatric solid tumors (PSTs). B7-H3 is highly expressed in extracranial PSTs
such as neuroblastoma, rhabdomyosarcoma, nephroblastoma, osteosarcoma, and Ewing sarcoma,
whereas its expression is absent or very low in normal tissues and organs. The influence of B7-H3 on
the biological behavior of malignant solid neoplasms of childhood is expressed through different
molecular mechanisms, including stimulation of immune evasion and tumor invasion, and cell-
cycle disruption. It has been shown that B7-H3 knockdown decreased tumor cell proliferation and
migration, suppressed tumor growth, and enhanced anti-tumor immune response in some pediatric
solid cancers. Antibody-drug conjugates targeting B7-H3 exhibited profound anti-tumor effects
against preclinical models of pediatric solid malignancies. Moreover, B7-H3-targeting chimeric
antigen receptor (CAR)-T cells demonstrated significant in vivo activity against different xenograft
models of neuroblastoma, Ewing sarcoma, and osteosarcoma. Finally, clinical studies demonstrated
the potent anti-tumor activity of B7-H3-targeting antibody-radioimmunoconjugates in metastatic
neuroblastoma. This review summarizes the established data from various PST-related studies,
including in vitro, in vivo, and clinical research, and explains all the benefits and potential obstacles
of targeting B7-H3 by novel immunotherapeutic agents designed to treat malignant extracranial solid
tumors of childhood.
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1. Introduction

Childhood cancer is defined as the group of cancer that arises between birth and nine-
teen years of age and involves nearly 400,000 new cases yearly [1]. Solid tumors represent
half of all malignant neoplasms of childhood and comprise the central nervous system
(CNS) and extracranial solid tumors. Neuroblastoma (NB), nephroblastoma (also known as
Wilms tumor (WT)), and sarcomas, including rhabdomyosarcoma (RMS), osteosarcoma
(OS), and Ewing sarcoma (ES), are the most common extracranial solid tumors in the
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pediatric population [2]. Poor survival of patients with high-grade, refractory, or metastatic
pediatric solid tumors (PSTs) despite currently available combinations of surgery, cytotoxic
chemotherapy, and radiation has led to an overflow of research seeking new therapeutic
modalities [2–7].

The last decade brought advancements in the development of targeted immunotherapy
significantly improving the prognosis of many adult solid tumors. Despite these results,
immunotherapy for extracranial solid tumors of childhood remains in the early phase of
development, and its clinical significance has yet to be examined. The principal reasons for
the lower success of anticancer immunotherapy in children are the low tumor mutational
burden and the limited number of actionable or targetable mutations in PSTs. Moreover,
PSTs are characterized by a paucity of tumor-infiltrating lymphocytes (TILs) which makes
them resistant to immunotherapeutic modalities such as immune checkpoint inhibitors.
With the absence of TILs, the expression of programmed cell death protein 1 (PD-1),
programmed cell death ligand-1 (PD-L1), and programmed cell death ligand-2 (PD-L2) is
also low across PSTs and research has been conducted to find new checkpoint molecules
that can be used as a target [3].

The results of many recent studies reveal that the B7 homolog 3 (B7-H3) checkpoint
molecule seems to be an attractive target for immunotherapy in various adult cancers [8,9].
This molecule was also confirmed to be expressed in extracranial PSTs such as NB, RMS, WT,
OS, and ES [4,10–12], as well as in childhood CNS tumors [13–15], whereas its expression
is absent or very low in normal tissues and organs [16]. Consequently, different studies
identified the potential of B7-H3 as a therapeutic target in both CNS [4,7,13] and non-CNS
PSTs [4,6,17–19]. In this review, we summarize the established data from various pediatric
cancer-related studies including in vitro, in vivo, and clinical research, and explain all the
benefits and potential obstacles of targeting B7-H3 by novel immunotherapeutic agents
designed to treat malignant extracranial solid tumors of childhood.

2. B7-H3

B7-H3 (also known as CD276) is a type I transmembrane glycoprotein discovered
in 2001 as a homolog of the B7 family molecules [9]. It involves two extremely similar
isoforms in humans, 2Ig-B7-H3 and 4Ig-B7-H3, determined by their extracellular domain,
which comprises one or two identical pairs of immunoglobulin variable (IgV)-like and an
immunoglobulin constant (IgC)-like domains. This molecule is encoded by a gene located
in chromosome 15 and B7-H3 mRNA is found in most normal tissues [8,20]. However, the
B7-H3 protein is relatively rarely expressed in physiological conditions, probably due to the
activation of post-transcriptional regulatory mechanisms [8,21]. Several studies discovered
that particular types of microRNA (miRNA) could suppress B7-H3 expression by targeting
the B7-H3 3′-untranslated mRNA region (3′ UTR), which may explain the way of controlling
the expression of this molecule [22–24]. B7-H3 is found to be constitutively expressed on
amniotic fluid stem cells, osteoblasts, endothelial cells, and nonimmune resting fibroblasts.
In addition, B7-H3 expression could be induced in T and B lymphocytes, natural killer (NK)
cells, and antigen-presenting cells, such as dendritic cells and macrophages [21].

On the other hand, B7-H3 is widely expressed among cancer cells of various adult
human malignancies including colorectal cancer, gastric cancer, esophageal cancer [9],
pancreatic cancer [25], liver cancer [26], lung cancer [27], breast cancer [28], ovarian can-
cer [29], prostatic cancer [30], and renal cell carcinoma [31]. Although the expression of this
molecule in PSTs is much less examined, the studies verify that B7-H3 is also overexpressed
in CNS tumors [14] and extracranial solid tumors of childhood [4,10,11]. Furthermore,
B7-H3 is proven to influence the biological behavior of many types of cancer through
various immunological and nonimmunological molecular mechanisms. This molecule
impacts the biological functions of immune system cells, including CD8+ T cells, CD4+ T
cells, γδ T cells, CD45RO+ T cells, macrophages, and NK cells, and plays a pivotal role in
regulating the innate and adaptive immune responses [9,32–34]. Although previously rec-
ognized as a costimulatory molecule that promotes T cell activation and interferon-gamma
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(IFN-γ) production [35], the majority of currently available data confirm that B7-H3 exerts
coinhibitory effects on T cell responses, which may allow tumor cells to evade immune
destruction [9,33,34,36]. Furthermore, by modulating intracellular signal transduction path-
ways, such as Janus kinase/signal transducer and activator of transcription (JAK/STAT),
phosphatidylinositol 3-kinase/protein kinase B (also known as Akt)/mammalian target of
rapamycin (PI3K/Akt/mTOR), extracellular signal-regulated kinase (ERK), and nuclear
factor-Kb (NF-Kb), B7-H3 may influence cancer cell metabolism, and promote invasion,
metastasis, and resistance to anticancer therapy [9,37–41]. Therefore, the presence of B7-H3
has been correlated with a worse prognosis in many solid malignant tumors [9,42]. Over
the past few years, many attempts have been made to interrupt the B7-H3 functions in
cancer cells and find an adequate B7-H3-related therapeutic modality that will provide
better survival for patients with various malignancies [4,6,8,43–46].

3. Regulation of B7-H3 Expression in Extracranial PSTs

The B7-H3 molecule was shown to be widely expressed on extracranial PSTs [4,12,33,43,44].
While the B7-H3 transcript is ubiquitously expressed in a wide range of solid tumors as well as
in normal tissues, the B7-H3 protein is primarily expressed only in tumor tissues [8].

Regulation of gene expression includes mechanisms that control the intensity and mode
of gene activity in certain conditions and specific cells. Although regulation of gene expres-
sion at the pre-transcriptional and transcriptional levels has been the most explored [47],
current studies are increasingly focused on the examination of post-transcriptional gene
regulation [48,49]. Many molecules among which are numerous mRNA-binding proteins
and miRNAs are included in different post-transcriptional regulatory mechanisms of gene
expression such as alternative mRNA splicing, mRNA polyadenylation, mRNA stability, and
protein translation [48,50].

MiRNAs are a major class of small noncoding RNA molecules, usually called “master
regulators” of gene expression [51,52]. It has been projected that miRNAs regulate the
expression of nearly 30% of the protein-coding genes [53]. In most cases, they recognize
and bind to specific sequences at the 3′ UTR of their target mRNAs to induce translational
repression and mRNA deadenylation and decapping [54]. In addition to numerous phys-
iological functions, miRNAs have been linked to many diseases, among others, tumor
formation [55,56]. Alterations in miRNA expression have been confirmed in different
cancers [57,58]. Abnormal miRNA expression in cancer may be either detected as down-
or upregulation, meaning various families of these molecules could act either as onco-
genes or as tumor suppressors [53]. Forasmuch as the abovementioned roles of miRNAs
as regulators of cancer formation and metastasis, different studies have investigated the
relationship between miRNA and B7-H3, as a carcinogenesis-associated protein, primarily
expressed only in tumor tissues [22,23,59,60]. It has been noticed that a specific member of
the miRNA family, miR-29a, was vastly expressed in normal tissues, but downregulated
in different solid tumors, including sarcomas, NB, and brain tumors. Additionally, B7-H3
protein expression correlated contrariwise with miR-29 levels in these tumors [22]. Results
of different studies confirmed that miR-29 miRNAs downregulate B7-H3 expression by
targeting B7-H3 3′UTR, which contains a miR-29 binding site [22,59,60]. Finally, Cheung
et al. demonstrated the miR-29 downregulation in NB metastatic to the CNS compared
with primary tumors. MiR-29 downregulation in metastatic NB was also associated with
increased expression of several oncoproteins, including B7-H3, confirming once again the
metastatic role and way of expression control of the B7-H3 molecule [61].

Other molecules that could act as transcriptional regulators, microRNA sponges, and
protein templates, are circular RNAs (circRNAs) [62]. Acting as miRNA sponges, circRNAs
could compete with endogenous RNAs in regulating post-transcriptional levels of gene
expression. It was noticed that hsa_circ0021347 circRNA is downregulated in OS and in a
strong converse relationship with B7-H3 expression in OS tissue [63].

Furthermore, the expression of B7-H3 was also related to some tumor-specific muta-
tions [64]. Previous studies discovered a range of genetic alterations in pediatric cancer;
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some of which may be found in several types of PSTs (such as the TP53 mutation), while oth-
ers are tumor-specific [65]. The literature search reveals two studies that examined the asso-
ciation between B7-H3 expression and tumor-specific genetic mutations in extracranial PSTs,
namely in RMS [64]. RMS is the most common pediatric soft tissue sarcoma comprising
5–8% of all childhood cancers. According to the latest World Health Organization-defined
histological criteria, RMS is further subdivided into four subgroups, including embryonal,
alveolar, spindle cell/sclerosing, and pleomorphic RMS, with the latter one only found
in the adult population. Most alveolar RMS (ARMS) are characterized by the presence of
translocations t(2;13)(q35;q14) or t(1;13)(p36;q14) [3]. These translocations create fusion
genes that produce chimeric proteins containing the strong transcriptional transactivation
domain from FOXO1 and the DNA-binding domains of PAX3 or PAX7 [66]. One group
investigated the relationship between B7-H3 and PAX3-FOXO1 in ARMS. It is well known
that expression of PAX3-FOXO1 contributes to poor prognosis in patients with ARMS, but
the role of B7-H3 in this tumor was not previously elucidated. The authors showed that the
knockdown of PAX3-FOXO1 decreased the expression of B7-H3 in the ARMS cell line, indi-
cating that PAX3-FOXO1 positively regulates B7-H3 expression. Additionally, they showed
that expression of B7-H3 and PAX3-FOXO1 is associated with the upregulation of the
pathways crucial for tumor cell migration [64]. The other study, performed by Lavoie et al.,
identified the expression of B7-H3 in 91.5% (122/132) of RMS tumor specimens. However,
there was no statistically significant difference between PAX3/7-FOXO1 fusion-positive
and -negative RMS in B7-H3 expression [33]. The above-mentioned opposite findings
demand a further investigation regarding the relationship between genetic mutations in
RMS and B7-H3 expression. This might lead to discovering the additional genetic factors
that contribute to the regulation of B7-H3 expression.

4. B7-H3 and the Immunity in Extracranial PSTs

Although the basic B7-H3-related immunological molecular mechanisms are far less
examined in childhood cancers than in adult ones [9,67–70], recent studies have begun to
discover the influence of this molecule on immune evasion in PSTs [12,33,71].

The immune system plays a pivotal role in detecting and destroying transformed cells.
Tumor cell elimination, as well as immune evasion, are determined by complex interactions
between cancer cells and the tumor microenvironment (TME). The TME represents a
complex and dynamic system consisting of tumor cells, endothelial cells, fibroblasts, and
immune cells (including T and B lymphocytes, NK cells, monocytes and macrophages,
myeloid-derived suppressor cells, and dendritic cells). Different subsets of TILs suppress
or stimulate tumor growth and metastasis through direct interactions and the production
of soluble molecules including growth factors, cytokines, and chemokines. Apart from the
possible suppression of anti-tumor responses by some types of TILs, the immune system
might also promote tumor development through a selection of less immunogenic, unstable
variants [72].

Most currently available scientific data recognize the B7-H3 molecule as a suppressive
factor in anti-tumor immunity [9,33,36]. Moreover, evaluation of the type, number, and
location of TILs within the tumor has considerable prognostic value in various adult
malignancies [73]. A negative correlation between cytotoxic and effector lymphocyte tumor
infiltration and B7-H3 expression was proved in many adult tumors [74–78].

PSTs are generally considered immunologically “cold” because of their low immuno-
genicity, which can be attributed to a low mutational burden and consequently low neoepi-
tope expression, as well as low expression of major histocompatibility complex class I
(MHC-I). This low immunogenicity leads to a deficiency in lymphocyte tumor infiltration
and an insufficient anti-tumor reactivity of the few TIL present [79].

Recent research proved that the additional factor contributing to the regulation of
tumor lymphocyte infiltration in PSTs might be the expression of B7-H3 by cancer cells. The
B7-H3 overexpression was associated with lower CD8+ T cell infiltration in adult tumors
such as gastric, esophageal, prostate, and breast cancers [75,77,78,80]. It was also found that
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B7-H3 expression in RMS and OS was inversely correlated with the density of infiltrating
CD8+ T lymphocytes [12,33]. Furthermore, Lavoie et al. found that B7-H3 knockout in
RMS tumor cells increased T cell-mediated cytotoxicity [33]. Another group of authors
examined the dynamics of B7-H3 expression regarding tumor progression in nude mice
with OS. The expression and distribution of B7-H3 changed in the early, middle, and late
stages of tumor formation. Reverse transcription polymerase chain reaction (RT-PCR) and
Western blotting showed that B7-H3 expression was lower in the early and middle stages
of tumor development, while B7-H3 mRNA and protein were overexpressed in the late
stage. Additionally, they noticed that the number of CD3+ T cells statistically significantly
decreased in the late phase of the disease [71]. These results prove that B7-H3 not only
promotes OS progression but may be vital in suppressing immune surveillance in pediatric
bone and soft tissue sarcoma [12,33,71].

Regulatory T lymphocytes (Tregs) are another subset of T cells that, as a component
of the TME, can modulate anti-tumor immunity. In physiological conditions, these cells
play an essential role in maintaining immune tolerance and controlling the inflammatory
response. However, in the TME, Tregs may inhibit anti-tumor immunity by suppressing
the function of immune effector cells through a variety of mechanisms [81]. Previous
studies on adult patients showed a positive correlation between Treg infiltration and B7-H3
expression in esophageal carcinoma and non-small cell lung cancer [77,82]. Lavoie et al.
observed similar findings, detecting that B7-H3-rich PAX3/7-FOXO1 fusion-positive RMS
had a higher Treg infiltration, indicating the immunosuppressive role of B7-H3 in these
tumors [33].

NK cells constitute 5–10% of the peripheral blood and take an important part in the
anti-tumor immune response. They represent cytotoxic effectors able to recognize and
destroy a range of different cancer stem cells and undifferentiated or poorly differentiated
tumor cells as well as to recognize and lyse virus-infected cells. NK cells exert cytotoxic
effects by releasing perforin and granzyme B which lead to necrosis or apoptotic cell death
in susceptible targets. These cells also mediate direct and antibody-dependent cellular
cytotoxicity (ADCC) against tumors, and they can also regulate the functions of other cells
through the secretion of chemokines and cytokines [83]. Among cytotoxic lymphocytes,
NK cells represent the most potent anti-tumor effectors and promising weapons against
aggressive tumors such as NB. Having a low expression of MHC-I molecules, NBs are
resistant to cytotoxic T-cell anti-tumor activity. Since NK cells are especially important
in targeting and lysing MHC-I deficient cells, the modulation of their activity could be
promising in the treatment of NB [84]. In the study by Castriconi et al., 4Ig-B7-H3 molecules
expressed at the NB cell surface exerted a protective role from NK cell-mediated lysis,
proving the immunosuppressive role of B7-H3. The authors also showed that this inhibitory
effect could be reversed by masking the 4Ig-B7-H3 with monoclonal antibody (mAb) [34],
which could potentially be used in anti-tumor targeted therapy. On the contrary, it was
found that B7-H3-highly expressing RMSs were enriched with NK cells, which demands
further study to understand the complexity of B7-H3–NK cell interaction [33].

Tumor-associated macrophages (TAMs) are another important constituent of the TME.
In general, they are proven to suppress immune cytolytic function, promote tumor growth
and metastases, and are usually associated with a poor prognosis in most pediatric sarcoma
subtypes [85]. Activated macrophages are often classified into M1 (classical-activated)
and M2 (alternative-activated) phenotypes. Generally, M1 macrophages are related to
the promotion of inflammatory response against invading pathogens and tumor cells,
whereas M2 macrophages tend to exert an immune-suppressive phenotype, stimulating
tissue repair and tumor progression [86]. In colorectal and hepatocellular carcinoma, B7-
H3 tumor expression was associated with the polarization of M1 to M2 macrophages,
confirming the immunosuppressive role of B7-H3 [67,87]. However, Lavoie et al. detected
that B7-H3-high expressing RMSs were enriched in M1 macrophages [33]. The positive
correlation between B7-H3 expression and tumor-suppressive subtype of macrophages
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raises the question of determining the additional factors influencing the interaction between
B7-H3 and TAM infiltration in pediatric sarcomas.

5. B7-H3-Related Nonimmunological Molecular Mechanisms of Carcinogenesis in
Extracranial PSTs

Nonimmunological molecular mechanisms of tumorigenesis that are influenced by
B7-H3 are widely examined in the tumors of adulthood [8,9,69,88]. However, there is still
a lack of research regarding this field in pediatric solid cancers, and just a few studies
provided results in this field [11,12,64]. Hereby, we present all the scientific data regarding
B7-H3-related nonimmunological mechanisms of carcinogenesis in PSTs and denote the
points that require further research.

5.1. Signaling Pathways

It was previously proved that B7-H3 is involved in the control of several signaling
pathways including JAK/STAT, PI3K/Akt/mTOR, and Ras/Raf/MEK [9,40,41]. These sin-
gling pathways are important for various cellular processes, such as growth, proliferation,
differentiation, apoptosis, embryo development, and immune system control. On the other
hand, it has been observed that aberrant activation of these signaling pathways is present in
many cancers, especially in chemotherapy-resistant tumors and metastatic disease [89–91].
Several studies indicate that B7-H3 overexpression inhibits the apoptosis of tumor cells
via inadequate activation of the JAK2/STAT3 pathway [41]. The overexpression of B7-H3
in colorectal cancer has been shown to increase cancer cell migration and invasion [37]
and induces resistance to apoptosis by upregulating this signaling pathway [92]. Further-
more, Liu et al. showed that B7-H3 silencing increased the sensitivity of breast cancer
cell lines to chemotherapy as a consequence of inhibition of the JAK2/STAT3 signaling
pathway [93]. Similarly, the studies showed that B7-H3 downregulation or inhibition can
make tumor cells more sensitive to inhibitors of PI3K/Akt/mTOR and Ras/Raf/MEK
signaling pathways [94]. Additionally, decreased expression of B7-H3 in breast cancer may
reduce glycolytic capacity and increase cancer cell sensitivity to Akt/mTOR inhibitors [95].
Moreover, Liu et al. investigated the relationship between B7-H3 and the Ras/Raf/MEK
pathway in breast cancer. They showed that overexpression of B7-H3 led to an increase in
cancer stem cell pool size and promoted drug resistance via MEK activation. This correla-
tion between B7-H3 and MEK was confirmed later in the patients’ samples. Additionally,
the same group of authors showed that B7-H3 activates MEK through B7-H3–major vault
protein (MVP) interaction, independent of the classical Ras-mediated pathway [96].

The role of the above-mentioned molecular pathways is also examined in pediatric
tumors. It is suggested that treatments with drugs that reduce phosphorylation of the
JAK/STAT pathway could decrease the viability of OS cells [97]. Moreover, Yan et al.
provided strong evidence of the anti-tumor effect of JAK inhibitor AZD1480 in NB, RMS,
and ES family tumors, indicating that downregulation of the JAK/STAT3 pathway could be
beneficial for these patients [98]. Furthermore, mutation of RAS is observed in hematologic
malignancies and several PSTs, such as PAX-fusion negative RMS, relapsed NB, melanoma,
and malignant ectomesenchymoma, and several ongoing clinical trials test RAS-inhibitors
in pediatric patients [99,100].

Although the abundant expression of B7-H3 in PSTs was observed by recent studies
and shown to be associated with tumor aggressiveness and worse prognosis [4,11,12,64], the
potential relationship between JAK2/STAT3, PI3K/Akt/mTOR, and Ras/Raf/MEK and B7-
H3 in PSTs has still not been examined and further research is needed. However, a study by
Kanayama et al. [64] proved that B7-H3 stimulates ARMS cell migration by regulating the
expression of C-X-C chemokine receptor type 4 (CXCR4), and it was previously proved that
this metastasis-associated molecule can activate different downstream signaling pathways
such as JAK2/STAT3, PI3K/Akt, ERK, and NF-Kb in various cancers [101–104].
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5.2. Matrix Metalloproteinases

Matrix metalloproteinases (MMPs) represent a family of zinc-dependent endopep-
tidases. The activity of these enzymes is controlled by regulatory proteins called tissue
inhibitors of metalloproteinases (TIMPs), as well as by some other molecules such as α2-
macroglobulin and β-Amyloid precursor protein. Although MMPs activity is an important
part of cell proliferation, differentiation, angiogenesis, wound healing, and apoptosis, these
enzymes are found to contribute to the pathogenesis of different types of cancer and non-
cancerous diseases such as arthritis, atherosclerosis, and myocardial infarction [105,106].
The association between B7-H3 and MMP-2 and MMP-9 is well examined in some adult
cancers [107–109]. Both the above-mentioned MMPs were shown to correlate positively
with B7-H3 expression in colorectal cancer [107]. Furthermore, Tekle et al. reported that the
B7-H3 knockdown resulted in reduced migration and invasion potential of melanoma cells
in vitro and decreased their metastatic capacity in vivo. The silencing of B7-H3 also led to
a reduced level of metastasis-associated proteins MMP-2 and Stat3, and, simultaneously,
an increase in TIMP-1 and -2 levels [108]. Additionally, Xu et al. detected a positive corre-
lation between B7-H3 and MMP-2 and revealed that the simultaneous determination of
these two molecules could predict the prognosis of patients with pancreatic cancer [109].
Regarding the extracranial PSTs, B7-H3 and MMPs’ relationship was examined only in OS.
Firstly, Wang et al. found that B7-H3 increased OS cell invasion. Then, they also showed
that MMP-2 levels were increased in B7-H3-transfected OS cells, suggesting that B7-H3
regulates the invasion of OS cells at least partly through MMP-2 [12].

5.3. Cell-Cycle Control

The cell cycle represents the intracellular sequence of events, leading to cell division
and the formation of two daughter cells. It comprises four phases in eukaryotes—the G1, S,
G2 (together called interphase), and the M phase—mitosis [110]. The cell cycle progression
from one phase to the succeeding is controlled by sequential activation and inactivation
of many “checkpoints” that surveil the status of the cell and by various environmental
signals. Disruption of the physiological regulation of cell-cycle progression and division is
a critical event in the development of cancer [111]. B7-H3 was proven to be involved in the
modulation of the cell cycle in some adult tumors [9,112].

One of the cell-cycle control mechanisms is achieved through the retinoblastoma/E2F1
(Rb/E2F1) pathway [113]. The Rb protein is a tumor suppressor that has a significant role in
the negative control of the cell cycle, while its inactivation is related to the development of
various types of cancer. When in a hypophosphorylated state, this protein forms a complex
with E2F factors, making them unable to activate the transcription of the genes necessary
for progression from the G1 to the S phase [114]. Zhang et al. examined the effect of B7-H3
knockdown on the cell cycle of human NB cells and its impact on tumor growth in vivo.
Using immunohistochemical staining, they showed that B7-H3 was widely expressed in
specimens of NB, and that expression was associated with poor overall survival. Afterward,
they revealed that the knockdown of B7-H3 inhibited the proliferation of human NB cells
in vitro and increased the accumulation of cells at the G0/G1 phase. Finally, they proved
that the knockdown of B7-H3 inhibited tumor growth in vivo by upregulation of Rb and
the suppression of E2F1 [11].

6. Targeting B7-H3—The Strategy in the Treatment of Extracranial PSTs

Many studies have provided strong evidence that B7-H3 is a valuable target protein
for immune-based anti-tumor therapy due to its overexpression across different types of
adult cancers but seldom in normal cells [9,16,68]. The abundant expression of B7-H3 was
also found in the most common extracranial solid tumors of childhood such as NB, WT,
RMS, OS, and ES [4,11,12,33], whereas its expression is absent or very low in healthy tissues
and organs [16,43].

In vitro and in vivo studies showed that experimental depletion or blocking of B7-H3
in extracranial PSTs may enhance the anti-tumor immune response and inhibit tumor cell



Molecules 2023, 28, 3356 8 of 20

proliferation and migration [11,33,34,64]. Castriconi et al. showed that 5B14 mAb-mediated
masking of 4Ig-B7-H3 molecules on the NB cell surface enhanced NK cells-mediated tumor
lysis [34]. Moreover, Lavoie et al. proved that B7-H3 knockout increased T cell-mediated
cytotoxicity in RMS [33]. Moreover, in the study by Kanayama et al. B7-H3 knockdown
in ARMS was related to the attenuation of tumor cell migration [64]. Finally, Zhang et al.
demonstrated that the knockdown of B7-H3 inhibited the proliferation of human NB cells
in vitro and impaired tumor growth in vivo by inducing cell-cycle arrest [11].

Regarding the molecular mechanisms of carcinogenesis explained earlier in this review,
targeting B7-H3 could be a promising strategy for the design of immunotherapeutic agents
for PST treatment. The several types of targeted therapy, including mAbs (Tables 1 and 2),
chimeric antigen receptor-T (CAR-T) cell, and chimeric antigen receptor-transduced NK
(CAR-NK) cell therapy (Tables 3 and 4) underwent experimental testing in PSTs.

Table 1. B7-H3-targeting mAb-based anti-tumor agents in preclinical studies involving extracranial
PSTs.

Study
(Reference) Agent/Drug Route of

Administration Study Models

Modak et al. [18]
131I-labeled 8H9

mAbs 1 Intravenous Cell line-derived RMS
xenograft model

Kurmasheva et al. [5] MGC018 ADCs Intraperitoneal
Patient-derived NB,

OS, ES, and RMS
xenograft models

Kendsersky et al. [43]
m276-SL-

pyrrolobenzodiazepine
ADCs

Intraperitoneal
Patient-derived and

cell line-derived PSTs
xenograft models

1 8H9 mAb—a B7-H3-targeting mAb also known as omburtamab. Abbreviations: B7-H3: B7 homolog 3; mAb:
monoclonal antibody; PSTs: pediatric solid tumors; RMS: rhabdomyosarcoma; ADCs: antibody-drug conjugates;
NB: neuroblastoma; OS: osteosarcoma; ES: Ewing sarcoma; RMS: rhabdomyosarcoma.

Table 2. B7-H3-targeting mAb-based anti-tumor agents in clinical studies involving PSTs. The table
shows the studies on extracranial PSTs as well as the studies involving their metastases in the CNS.

Study/Phase
(Reference) Agent/Drug Route of

Administration Study Participants Status

NCT00089245
Phase I

[115]

131I-labeled 8H9
mAbs 1 Intrathecal

Patients with
refractory, recurrent, or

advanced CNS or
leptomeningeal cancer

Active, not
recruiting

NCT03275402
Phase II/III

[116]

131I-labeled 8H9
mAbs

Intraventricular

Patients with NB
metastatic to CNS or
with leptomeningeal

metastases

Recruiting

NCT02982941
Phase I

[117]
Enoblituzumab 2 Intravenous

Patients with relapsed
or refractory NB, RMS,
OS, ES, WT, or DSRCT

Completed

NCT05064306
N/A
[118]

131I-omburtamab Intraventricular

Patients with solid
tumors and

CNS/leptomeningeal
involvement

Available

NCT04022213
Phase II

[119]
131I-omburtamab Intraperitoneal

DSRCT and other
tumors with peritoneal

involvement
Recruiting

1 8H9 mAb—a B7-H3-targeting mAb also known as omburtamab. 2 Enoblituzumab—a B7-H3-targeting mAb
also known as MGA271. Abbreviations: B7-H3: B7 homolog 3; mAb: monoclonal antibody; PSTs: pediatric solid
tumors; CNS: the central nervous system; NB: neuroblastoma; RMS: rhabdomyosarcoma; OS: osteosarcoma; ES:
Ewing sarcoma; WT: Wilms tumor; DSRCT: desmoplastic small round cell tumor.
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Table 3. B7-H3-targeting CAR-T cells in preclinical studies involving extracranial PSTs.

Study
(Reference) Agent/Drug Study Models

Majzner et al.
[4] B7-H3 CAR-T cells

- Orthotopic xenograft models of
ES and OS
- Metastatic OS xenograft model

Talbot et al.
[17] B7-H3 CAR-T cells

- In vitro OS model
- Orthotopic spontaneously metastasizing
OS xenograft model

Nguyen et al.
[120] B7-H3 CAR-T cells

- In vitro OS model
- Locoregional OS xenograft model
- Systemic OS xenograft model

Zhang et. al.
[45] B7-H3 CAR-T cells - In vitro OS model

- Patient-derived xenograft model of OS

Birley et al.
[121] B7-H3 CAR-T cells - In vitro NB model

- In vivo NB model

Du et al.
[44] B7-H3 CAR-T cells - In vitro NB model

- Metastatic NB xenograft model

Moghimi et al.
[122] GD2-B7-H3 CAR-T cells - In vitro NB model

- Metastatic NB xenograft model

Tian et al.
[123]

BiCis GPC2/B7-H3
CAR-T cells

- In vitro NB model
- Patient-derived xenograft model of NB

Grote et al.
[46] B7-H3 CAR-NK-92 - In vitro NB model

- Three-dimensional NB spheroid model
Abbreviations: B7-H3: B7 homolog 3; CAR: chimeric antigen receptor; PSTs: pediatric solid tumors; ES: Ewing
sarcoma; OS: osteosarcoma; NB: neuroblastoma; GD2: disialoganglioside; BiCis: bicistronic; GPC2: glypican 2;
NK: natural killer.

Table 4. B7-H3-targeting CAR-T cells in clinical studies involving PSTs. The table shows the studies
on extracranial PSTs as well as the studies involving their metastases in CNS.

Study/Phase
(Reference) Agent/Drug Study Participants Status

NCT05562024
Phase I

[124]

B7-H3 CAR-T cells
TAA06

Patients with
relapsed/refractory NB Recruiting

NCT04897321
Phase I

[125]
B7-H3 CAR-T cells

Patients with OS, RMS, ES,
NB, WT, DSRCT, and other

B7-H3-expressing PSTs
Recruiting

NCT04483778
Phase I

[126]

41BBζ
B7-H3-EGFRt-DHFR

CAR-T cells

Children and young adults
with relapsed or refractory

non-CNS solid tumors
Recruiting

NCT04637503
Phase I/II

[127]

4SCAR-T cells
targeting GD2, PSMA

and B7-H3

Patients with
relapsed/refractory NB Recruiting

NCT04864821
Early Phase I

[128]
B7-H3 CAR-T cells Patients with NB and OS Not yet

recruiting

NCT04432649
Phase I/II

[129]

4SCAR-T cells
targeting B7-H3

Patients with refractory
and/or recurrent

solid tumors
Recruiting

Abbreviations: B7-H3: B7 homolog 3; CAR: chimeric antigen receptor; PSTs: pediatric solid tumors; CNS: central
nervous system; NB: neuroblastoma; OS: osteosarcoma; RMS: rhabdomyosarcoma; ES: Ewing sarcoma; WT:
Wilms tumor; DSRCT desmoplastic small round cell tumor; EGFRt: truncated epidermal growth factor receptor;
DHFR: dihydrofolate reductase; 4SCAR: fourth-generation CAR.
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6.1. mAbs

Monoclonal antibodies are monovalent laboratory-made antibodies produced by a
single B cell clone and predetermined to bind to the same epitope [130]. Different molecular
mechanisms are responsible for the anti-tumor functions of mAbs. Firstly, they can enhance
the anti-tumor immune response by activating Fc-mediated killing, including NK cell-
ADCC, neutrophil-ADCC, complement-mediated cytotoxicity, complement-dependent
cellular cytotoxicity, and antibody-dependent cell-mediated phagocytosis [3]. Moreover,
mAbs can exert their role through the suppression of the tumor signaling pathways,
inhibition of angiogenesis, and delivery of payloads to the targeted tumor site [131]. To
become a pharmacologically active drug, mAbs can be linked to either a radioisotope
(producing antibody-radioimmunoconjugates), a highly potent cytotoxic drug (making
antibody-drug conjugates, ADCs), or protein toxins (giving rise to immunotoxins) [132].

Various studies investigated the role of radioimmunotherapy in PSTs, especially in
NB, the most common extracranial PST. The metastatic lesions of NB are present in more
than 50% of patients, being most commonly located in bone marrow, bone, and liver.
Secondary lesions in CNS are rare with an overall estimated prevalence of 1.7–11.7% [133].
In 2010, Kramer et al. published the results of a clinical study testing compartmental
intrathecal antibody-based radioimmunotherapy in patients with recurrent metastatic CNS
NB. They showed that adding intrathecal administration of 131I-labeled 8H9 murine mAbs
targeting B7-H3 to other therapeutic modalities, such as surgery, craniospinal irradiation,
and chemotherapy could improve the survival of patients with relapsed CNS NB [134].
In 2015, Ahmed et al. performed the humanization, affinity maturation, and epitope
mapping of 8H9 mAb based on structure determination, modeling, and yeast display
methods [135]. Two years later, Kramer et al. published impressive results regarding the
overall survival of eighty patients with NB metastatic to CNS treated with intraventricular
131I-8H9 in the NCT00089245 study. They found that 56% of the patients were alive at
a median of 58 months of follow-up [136]. Furthermore, recently published results of a
phase I clinical trial showed markedly increased survival of patients with NB metastatic to
CNS treated with intraventriculary administrated 131I-omburtamab (8H9), compared to
historical data [115]. This drug has also been studied systemically in patients with NB and
CNS/leptomeningeal metastases in another ongoing open trial (NCT03275402) [116].

Another phase I trial evaluated intraperitoneal 131I-omburtamab in patients with
desmoplastic small round cell tumor (DSRCT), a rare sarcoma of adolescents and young
adults that primarily involves the peritoneum and has poor long-term survival despite
aggressive multimodality treatment. In 52 tested patients (including 48 patients with
DSRCT, three patients with RMS, and one with ES) investigators found no maximum
tolerated dose or dose-limiting toxicities but two transient grade 4 neutropenia and one
thrombocytopenia [19]. Based on the encouraging preliminary data obtained from this
phase I trial and the favorable toxicity profile of the tested drug, the authors initiated a phase
II trial which will examine the effect of intraperitoneal application of 131I-omburtamab in
patients with DSRCT and other tumors with peritoneal involvement (NCT04022213) [119].
Furthermore, in a study by Modak et al., radiolabeled 8H9 showed potent anti-tumor
activity in RMS xenografts, with excellent selectivity [18]. However, further clinical research
regarding this agent in RMS treatment is needed.

The safety, tolerability, pharmacokinetics, pharmacodynamics, immunogenicity, and
preliminary anti-tumor activity of another anti-B7-H3 mAb, enoblituzumab (MGA271),
were examined in a phase I clinical trial (NCT02982941). This study was conducted on
children and young adults with B7-H3-expressing relapsed or refractory malignant solid
tumors including NB, RMS, OS, ES, WT, and DSRCT, but the results have not yet been
published [117].

Clinical trials regarding ADCs in the treatment of malignant tumors started in the
1980s, but the results pointed to problems with drug toxicities and showed no clinical
efficacy. The development of synthetic biochemistry contributed to the creation of a new
generation ADCs that promise to improve tissue specificity and cytotoxicity compared
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to their predecessors. Each ADC consists of three main components—an antibody, a
linker, and a payload, and its clinical properties depend on the characteristics of all three
of these components. Nine ADCs are currently approved for cancer treatment, with
many more of them being tested in preclinical and clinical studies [137]. MGC018 is a
duocarmycin-based humanized ADC targeting B7-H3 that exhibited selective cytotoxicity
for B7-H3-expressing tumor cells and potent in vivo activity against various adult cancer
preclinical models [5]. This drug has also entered clinical studies for several adult cancers
(NCT05551117, NCT05293496) [138,139]. Likewise, the results of Kurmasheva et al. suggest
that MGC018 exerts profound anti-tumor activity in preclinical models of select PST models
in a B7-H3-specific manner [5]. Furthermore, Kendsersky et al. investigated the activity
of the B7-H3-targeting ADC m276-SL-pyrrolobenzodiazepine (m276-SL-PBD) in pediatric
solid malignancy patient-derived and cell line-derived xenograft models. The m276-SL-PBD
ADC showed potent anti-tumor activity against PST xenografts with limited toxicity [43].

6.2. CAR-T

A novel strategy to genetically modify patients’ T cells, including CAR-T cell therapy
and T cell receptor (TCR) T cell therapy, has achieved substantial advances in cancer treat-
ment. The CAR-T cell therapy begins with a collection of the patient’s blood and isolating T
lymphocytes. After activation and amplification in vitro, T cells are modified by viral vector
transfection to express specific CARs on the T cell surface that recognize cancer-specific
antigens, which is followed by infusion back into the patient’s body. A CAR is a recombi-
nant receptor with tumor-antigen-binding and T cell-activating functions [140]. It consists
of an extracellular ligand-binding domain, a spacer (hinge) domain, a transmembrane
domain, and one or more cytoplasmic domains [141,142]. The extracellular domain is a
single-chain variable antibody domain (scFv), which can recognize specific tumor antigens.
The hinge/transmembrane (H/Tm) domain is composed of immunoglobulin superfamily
members, such as CD8, CD28, or IgG, and plays a role in signal transduction. The intracel-
lular activatory domain of first-generation CARs is in most cases the CD3ζ chain of the TCR
or the γ chain of the Fc receptor (FcRγ). Furthermore, second-generation CARs commonly
include an activatory domain (CD3ζ or FcRγ) linked to costimulatory domains gained from
native costimulatory molecules such as CD28 and 41BB, whereas the third-generation con-
structs consist of CD3ζ with two costimulatory cytoplasmic domains [140,141]. Moreover,
a fourth generation of CARs is produced using further advanced genetic modifications,
comprising transgenes for cytokine release and other costimulatory ligands. T lympho-
cytes transduced with these fourth-generation CARs are also known as T cells redirected
for universal cytokine-mediated killing (TRUCKs) [143,144]. Finally, the fifth-generation
CAR-T cells contain additional intracellular domains compared to their antecedents. Their
CARs include truncated cytoplasmatic domains of cytokine receptors (e.g., subunit beta
of interleukin-2 receptor) with a motif for binding transcription factors such as STAT-3/5.
Therefore, the secreted signal makes CAR-T cells remain active and generate memory T
cells, and also stimulates and reactivates the immune system [143,144].

CAR-T cell therapy showed remarkable effects in treating hematological malignancies
and improved survival of patients with certain types of leukemia and lymphoma [145].
Currently, six CARs targeting CD19 or B cell maturation antigen (BCMA) are approved
by the Food and Drug Administration [123]. Oppositely, the implementation of CAR-T
cell therapy in solid tumors is still in the early stages of development and represents a
significant challenge [145]. The factors contributing to lower CAR-T cell therapy success in
solid tumors include heterogeneous expression of tumor-associated antigens (TAAs), chal-
lenges in finding tumor-specific antigens, CAR-T cell exhaustion and limited persistence,
problems with penetrating physical cancer barriers and trafficking to tumor sites, and an
immunosuppressive TME for CAR-T cells. Just a few TAAs such as disialoganglioside
(GD2), L1 cell adhesion molecule (L1-CAM), glypican 2 (GPC2), anaplastic lymphoma
kinase (ALK), neural cell adhesion molecule 1 (NCAM-1), and B7-H3 are identified as
possible targets for CAR-T cell therapy in PSTs [123].
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Majzner et al. tested B7-H3 CAR-T cells’ in vivo activity on xenograft models of lethal
childhood cancers, including orthotopic models of ES, OS, and medulloblastoma. Systemic
administration of B7-H3 CAR-T cell-mediated regression and eradication of established OS,
ES, and medulloblastoma xenografts. Additionally, the authors demonstrated substantial
B7-H3 CAR-T cell activity against the metastatic OS model, leading to near-complete
survival of the experimental mice [4]. Similarly, the potent activity of B7-H3 CAR-T cells
in controlling primary and preventing metastatic disease in the orthotopic spontaneously
metastasizing xenograft model of OS was confirmed by Talbot et al. [17].

Furthermore, Nguyen et al. proved that various designs of CARs influence the anti-
tumor activity of B7-H3 CAR-T cells. Firstly, they confirmed high B7-H3 expression in
OS, RMS, DSRCT, NB, and malignant peripheral nerve sheath tumors [120]. However, the
expression of B7-H3 in ES was low or absent [120], which is opposite to previous studies [4].
They have also performed analysis of T cells expressing B7-H3-CARs with various combina-
tions of H/Tm (CD8α vs. CD28) and costimulatory (CD28 or 41BB) domains: CD8α/CD28,
CD8α/41BB, CD28/CD28, and CD28/41BB. It was demonstrated that CAR-T cells with
CD28 costimulation had superior in vitro anti-tumor effects against metastatic OS cell
lines compared to those with the 41BB costimulatory domain. Additionally, it was shown
that incorporating a 41BB costimulatory domain into the CD28-CAR was detrimental to
effector function while expressing 41BB ligand (41BBL) on the surface of CD28-CAR-T
cells was beneficial. In their in vivo study of locoregional OS and systemic lung cancer
models, CD8α/CD28- and 41BBL-CAR-T cells had superior anti-tumor activity compared
to other CAR-T cell populations, providing significantly better survival, with no significant
differences between both constructs. In the systemic OS model, 41BBL-CAR-T cells had
enhanced anti-tumor activity compared to all other CAR-T cell populations [120]. In an-
other study, Zhang et al. constructed third-generation B7-H3 CAR-T cells that contained
the B7-H3-specific scFv with a CD8 leading sequence, a CD8 H/Tm sequence, as well as
the intracellular signaling domain of 41BB, CD28, and CD3ζ in tandem. The developed
CAR-T cells exerted high anti-tumor efficacy in a dose-dependent manner against OS both
in vitro and in vivo [45].

The dependence of CAR-T cells’ anti-tumor activity on different CAR designs was
also tested by Birley et al. Firstly, they performed the screening of scFvs libraries to identify
an optimal binder for B7-H3 CAR-T cells. Among seventeen candidates, the TE9 binder
was proven to be the leading one. Then, the authors created the second-generation CARs.
In vitro assays found that second-generation CAR-T cells with a structure TE9-CD8 H/Tm-
CD28-CD3ζ had the optimal anti-tumor effects against NB cell lines. In repeat challenge
and in vivo model of resistant NB, this type of B7-H3 CAR-T cell showed tumor retardation
and penetrance superior to GD2 CAR-T cells recently tested in a clinical trial [121].

Moreover, the study by Du et al. showed that B7-H3 CAR-T cells effectively controlled
tumor growth in metastatic xenografts of NB without causing toxicity, which potentially
makes them suitable for clinical use [44]. The excellent anti-tumor activity of B7-H3 CAR-T
cells against NB was also confirmed by in vitro and in vivo studies by Moghimi et al. Their
experiments also detected fatal neurotoxicity in mice treated with GD2 murine CAR-T cells
having the CD28 costimulatory domain, but not with those having 41BB costimulation. This
confirms once again that the choice of a costimulatory domain in CAR design might play a
crucial role in determining CAR-T cell effects. To reduce the possibility of systemic toxicity
of GD2 CAR, the authors used a novel approach to create a synthetic Notch (SynNotch)
gated CAR-T cells, GD2-B7-H3 CAR-T, recognizing GD2 as the gate and B7-H3 as the
target. The SynNotch strategy enables precise control over CAR-T cell activity, leading to
improved selectivity and safer treatment [122]. When the SynNotch receptor binds to a
TAA, the transcriptional activator domain of the receptor is released, which induces the
expression of genes coding CAR that selectively binds to the other TAA. Consequently, the
expression of the second CAR is dependent on its gate, and this kind of CAR-T cell can
only kill cancer cells expressing both target antigens [122,146]. The GD2-B7-H3 CAR-T cells
exhibited improved specificity without causing neurotoxicity. These cells also showed a
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lower exhaustion profile, greater metabolic fitness, and better in vivo anti-tumor activity
after repeated in vitro stimulation compared to standard B7-H3 CAR-T cells [122].

Heterogeneous expression of TAAs among cancer cells represents a major obstacle
to CAR-T cell therapy success. Tian et al. examined the expression of GPC2 and B7-H3
in NB. Although GPC2 and B7-H3 mRNAs were highly expressed in NB cell lines and
tumor samples in comparison to normal tissues, 32% and 18% of NB samples expressed
low levels of GPC2 and B7-H3 mRNA, respectively. However, when mRNA expression of
both TAAs was combined, 95% of NB samples expressed one or both molecules at a high
level. The authors also found that the protein expression level of both targets correlated
with mRNA levels. To overcome the heterogeneity, Tian et al. created bicistronic (BiCis)
CAR-T cells targeting both B7-H3 and GPC2 [123]. Oppositely to the SynNotch system,
which relies on an “AND” logic gate model created to minimize off-tumor toxicity [122],
the BiCis system is based on an “OR” logic model [123]. BiCis GPC2/B7-H3 CAR-T cells
were highly effective in the elimination of NB cells in vitro and in xenografts models, and
exerted longer T cell persistence and greater resistance to T cell exhaustion compared with
single antigen CAR-T cells [6,123].

In the past few years, the effects of B7-H3 CAR-T cells in extracranial PSTs have
been tested in clinical trials NCT05562024 [124], NCT04897321 [125], NCT04483778 [126],
NCT04637503 [127], NCT04864821, [128], and NCT04432649 [129], but their results have
not yet been reported (Table 4).

Apart from CAR-T cell therapy, CAR-NK cells have been recognized as an attractive
therapeutic option for the treatment of malignant tumors [147]. This kind of immunother-
apeutic modality has shown some advantages over CAR-T cell therapy. Firstly, CAR-T
cell therapy requires the use of autologous T cells due to alloreactivity and the possibility
of graft-versus-host disease. On the other hand, NK cells are not activated through the
MHC pathway and have a diminished risk for alloreactivity, meaning the autologous
NK cells are not necessary for CAR-NK cell production. Moreover, CAR-T cell activa-
tion might lead to a massive release of inflammatory cytokines, causing cytokine release
syndrome and neurotoxicity. However, the use of CAR-NK cells helps avoid these side
effects because these cells are prone to produce different profiles of cytokines upon their
activation compared to CAR-T cells [148]. Most CAR-NK cell studies used NK-92 cells, a
continuously expanding, IL-2-dependent human NK cell line, which exerts phenotypic
and functional features of activated NK cells, except the expression of CD16 (FcγRIII).
Grote et al. proved that B7-H3 CAR-NK-92 cells exerted potent anti-tumor activity against
NB cell lines in vitro, without unwanted off-target cytotoxic effects. Moreover, B7-H3
CAR-NK-92 cells exhibited increased cytotoxicity in a three-dimensional NB spheroid
model. This kind of laboratory model bridges the gap between in vitro and in vivo models
by simulating in vivo morphology, polarity, cell connectivity, gene expression, and tissue
architecture. Finally, B7-H3 CAR-NK-92 cells produced multiple NK effector molecules as
well as immunity-stimulating cytokines [46].

7. Conclusions

In the past decade, immunotherapy significantly improved the survival of adult
patients with various solid cancers. However, being considered immunologically “cold”,
PSTs were far less responsive to modern immunotherapeutic modalities. In recent years,
research on childhood cancers has identified B7-H3 as a molecule possessing the great
potential to become a leading therapeutic target. This molecule is abundantly expressed
on PSTs and minimally expressed or absent on normal tissues making it ideal for limiting
off-target drug toxicity.

The advances in synthetic biochemistry facilitated the construction of various im-
munotherapeutic agents and their testing in preclinical settings. B7-H3-targeting ADCs
exhibited profound anti-tumor effects against preclinical models of pediatric solid malig-
nancies. Furthermore, the remarkable anti-tumor activity of B7-H3 CAR-T cells in PSTs
was observed by in vitro and in vivo studies. We emphasize that the proper design of
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CAR is a key point for CAR-T cells’ effectiveness. It was demonstrated that the choice of
CAR’s costimulatory domain significantly influences its properties. Additionally, combined
targeting of B7-H3 and some other TAAs, such as GD2 or GPC2, by CAR-T cells provided
excellent preclinical results. Designing the dual targeting CARs for PSTs immunotherapy
could limit the off-tumor toxicity or help to overcome the problems with the heterogeneous
expression of TAAs. Moreover, the development of B7-H3 targeting CAR-NK cells has
become an attractive alternative for dealing with some weaknesses of CAR-T cells, such as
therapy-induced side effects.

Finally, the results of clinical trials show that B7-H3 mAbs linked to radioisotopes exert
potent anti-tumor activity and have a favorable toxicity profile in some PSTs. Although
there have not been enough published results of clinical trials regarding B7-H3 as an
immunotherapeutic target in extracranial solid cancers of childhood, the amount of clinical
research in this field has significantly increased in recent years. In the future, it is crucial
to precisely determine the molecular mechanisms of B7-H3 tumor-promoting activity in
extracranial PSTs. This will help us understand the possible ways to impair the effects of this
checkpoint molecule. Ultimately, it will ease the creation of effective immunotherapy-based
drugs which could be used to treat refractory and metastatic PSTs.
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