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ABSTRACT
◥

B7-H3 is overexpressed in various solid tumors and has been
considered as an attractive target for cancer therapy. Here, we
report the development of DS-7300a, a novel B7-H3–targeting
antibody–drug conjugate with a potent DNA topoisomerase I
inhibitor, and its in vitro profile, pharmacokinetic profiles, safety
profiles, and in vivo antitumor activities in nonclinical species.

The target specificity and species cross-reactivity of DS-7300a
were assessed. Its pharmacologic activities were evaluated in several
human cancer cell lines in vitro and xenograft mouse models,
including patient-derived xenograft (PDX) mouse models in vivo.
Pharmacokinetics was investigated in cynomolgus monkeys. Safety
profiles in rats and cynomolgus monkeys were also assessed.

DS-7300a specifically bound to B7-H3 and inhibited the growth
of B7-H3–expressing cancer cells, but not that of B7-H3–negative

cancer cells, in vitro. Additionally, treatment with DS-7300a and
DXd induced phosphorylated checkpoint kinase 1, a DNA damage
marker, and cleaved PARP, an apoptosis marker, in cancer cells.
Moreover, DS-7300a demonstrated potent in vivo antitumor activ-
ities in high–B7-H3 tumor xenograft models, including various
tumor types of high–B7-H3 PDX models. Furthermore, DS-
7300a was stable in circulation with acceptable pharmacokinetic
profiles in monkeys, and well tolerated in rats and monkeys.

DS-7300a exerted potent antitumor activities against B7-H3–
expressing tumors in in vitro and in vivo models, including PDX
mouse models, and showed acceptable pharmacokinetic and safety
profiles in nonclinical species. Therefore, DS-7300amay be effective
in treating patients with B7-H3–expressing solid tumors in a clinical
setting.

Introduction
B7-H3, also known as CD276, is a type I transmembrane protein

belonging to theB7 family that includes immune checkpointmolecules
such as PD-L1, B7–1, andB7–2 (1, 2).HumanB7-H3has two isoforms:
one has a single pair of immunoglobulin (Ig) variable (V)-like and Ig
constant (IgC)-like domains in the extracellular region (2Ig B7-H3)
and the other has two pairs of IgV-IgC domains (4Ig B7-H3), whereas
mouse B7-H3 has only one isoform (2Ig B7-H3). It has been reported
that 4Ig B7-H3 is the dominant isoform in human tissues (3–6). B7-H3
is highly expressed on various types of human solid cancers including
lung, esophageal, endometrial, prostate, and breast cancers. Several
studies have also reported that B7-H3 overexpression was correlated
with poor prognosis in various types of cancers (7–13). In tumor
tissues, B7-H3 is expressed in tumor cells and tumor stromal cells such
as tumor vascular endothelial cells, pericytes, and fibroblasts (14, 15).

In normal human tissues, B7-H3 expression is broadly observed at the
mRNA level, but protein expression is limited and remains at relatively
low levels in the organs such as liver, colon, ovary, and pros-
tate (1, 14, 16, 17). Some physiologic functions of B7-H3 have been
reported. It was identified as a costimulatory molecule of T-cell
function (1). On the other hand, recent evidence suggests that B7-
H3 is a coinhibitory molecule and promote tumorigenesis by regu-
lating tumor-infiltrating immune cells (6). In addition, B7-H3 plays a
role in cancer progression, migration, invasion, antiapoptosis, meta-
bolic reprogramming, and angiogenesis (6, 18). However, no counter-
receptors of B7-H3 have been identified. Recently, the IL20 receptor
subunita (IL20RA) has been reported as a putative binding partner for
B7-H3 (19), but the role of B7-H3 in IL20RA-expressing cells is still
unknown. Although the physiologic functions of B7-H3 remain to
be fully elucidated, it is expected to be an attractive target for
anticancer therapies due to its expression profiles and epidemio-
logic data. Several treatment modalities targeting B7-H3, such as
enhanced antibody-dependent cellular cytotoxicity (ADCC) anti-
bodies, CD3-bispecific antibodies, chimeric antigen receptor
(CAR)-T cells, and antibody–drug conjugates (ADC), have been
under development (6, 17, 20–23); however, no B7-H3–targeting
therapeutic agents have been approved to date.

ADCs, composed of an mAb, linker, and biologically active payload
such as cytotoxic drugs, are designed to exert potent antitumor activity
against the target-expressing cancer cells by delivering the payload into
the cells in a target-dependent manner (24). Therefore, they have the
potential for a wide therapeutic window with reduced off-target
systemic toxicity. Several ADCs have been approved and a large
number of clinical studies for new ADCs are currently ongoing (24).
Recently, a unique linker-payload technology platform, DXd-ADC
technology, has been developed which consists of an enzymatically
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cleavable tetra-peptide–based linker and a novel exatecan derivative
(DXd) payload (25–27). DXd is a more potent DNA topoisomerase I
(TOP1) inhibitor than SN-38, an active metabolite of irinotecan (26).
TheDXd-ADC technology has a linker stable in plasma, a payloadwith
a short systemic half-life, and an ADC in which the average drug-to-
antibody ratio (DAR) can be optimized to up to 8 for each
target (25–30). A novel HER2-targeting ADC, trastuzumab deruxte-
can, to which the DXd-ADC technology was applied, has been
reported to exhibit potent antitumor activities in preclinical mod-
els (26, 31). T-DXd also showed robust efficacy in clinical trials (32–38)
and has recently been approved in the United States, Japan, the EU,
and the UK for the treatment of adult patients with unresectable or
metastatic HER2-positive breast cancer who have received two or
more prior anti-HER2–based regimens in themetastatic setting, and in
Japan and the United States for the treatment of adult patients with
HER2-positive unresectable advanced or recurrent gastric cancer that
has progressed after a trastuzumab-containing regimen. Further, the
DXd-ADC technology has been applied to other targets for cancer
therapy and several DXd-ADC programs are under clinical
development (28–30).

We generated DS-7300a, a novel B7-H3–targeting ADC, using
DXd-ADC technology, which is composed of a humanized anti–
B7-H3 mAb, an enzymatically cleavable tetra-peptide–based linker,
and a potent TOP1 inhibitor, DXd.DS-7300a is designed to bind toB7-
H3 on the cell surface; upon binding, it is internalized into cancer cells
and releases its DXd in cytoplasm after its linker is being cleaved with
enzymatic processing. The released DXd inhibits TOP1 activity and
leads to the apoptosis of target cancer cells. In this article, we describe
the nonclinical profiles of DS-7300a, including pharmacologic activ-
ities, pharmacokinetics, and safety profiles in nonclinical species.

Materials and Methods
Antibodies and ADCs

The parental anti–B7-H3 antibody (Ab), a humanized IgG1
mAb, was generated by humanization of the mouse anti-human
B7-H3 mAb, which was obtained by the immunization of mice with
human breast adenocarcinoma MCF-7 cells (20). DS-7300a was
produced in accordance with the procedure published previous-
ly (25, 26), conjugating exatecan derivative-based cytotoxic payload
DXd to the parental anti–B7-H3 Ab. The drug distribution was
analyzed by hydrophobic interaction chromatography. The isotype
control ADC was produced in the same manner as DS-7300a with a
comparable DAR.

IHC analysis of B7-H3 expression
Human tumor tissue microarrays (TMA) were provided from

University Hospital Basel, Switzerland. In vivo xenograft tumor sam-
ples were collected from untreated xenograft model mice. The tumor
samples were fixed in 10% neutral buffered formalin and embedded in
paraffin, and 4-mm–thick tissue sections were used for IHC using
BenchMark ULTRA (Ventana Medical Systems, Inc.). The slides were
deparaffinized and incubated in Tris-based antigen retrieval solution
(CC1) for 32 minutes at 100�C. Then, the slides were sequentially
incubated with anti-human B7-H3 mAb (Daiichi Sankyo, final con-
centration of 5 mg/mL) as a primary antibody for 24 minutes at 36�C,
and OptiView Universal DAB Kit with anti-Rb HQ (RRID:
AB_2833075) was used according to the manufacturer’s instructions.
The slides were finally counterstained with hematoxylin andmounted.
Whole slide images were captured by NanoZoomer-XR (Hamamatsu
Photonics) andH-scorewas calculated using theHALO image analysis

software (Indica Labs): H-score ¼ (3 � % tumor cells with strong
membrane staining) þ (2 � % tumor cells with moderate membrane
staining)þ (1�% tumor cells with weakmembrane staining). TheH-
score could range from 0 to 300.

Cell lines
The human acute lymphocytic leukemia cell line CCRF-CEM

(RRID:CVCL_0207), the human lung adenocarcinoma cell line
Calu-6 (RRID:CVCL_0236), and the Chinese hamster ovary cell line
CHO-K1 (RRID:CVCL_0214) were purchased from ATCC. The
human rhabdomyosarcoma cell line RH-41 (RRID:CVCL_2176) and
human endometrial adenocarcinoma cell line MFE-280 (RRID:
CVCL_1405) were purchased from the Leibniz Institute DSMZ
(Braunschweig, Germany). All of the cells were cultured with appro-
priate media supplemented with 10% heat-inactivated FBS [minimum
essential medium (MEM) for Calu-6, RPMI1640 Medium for RH-
41 and CCRF-CEM, Ham F-12K (Kaighn) Medium for CHO-K1],
or 20% heat-inactivated FBS [RPMI 1640 Medium/MEM for MFE-
280 supplemented with 1� insulin, transferrin, and selenium (ITS)]
at 37�C in a humidified atmosphere containing 5% CO2. All cell
lines were authenticated by short tandem repeat profiling and were
routinely tested for Mycoplasma by PCR. Cells were used within 10
passages after thawing.

ELISA
Immunoplates were coated with recombinant C-terminal His-

tagged human B7 family proteins, 0.05 mg/mL hB7-H1 (PD-L1),
hB7-H2, hB7-H3 (4Ig), hB7-H5, hB7-H6, hB7–1, hB7–2, and hPD-
L2 or 0.2 mg/mL hB7-H4 overnight at 4�C, washed, blocked with 1%
BSA, and then incubated with 40 mg/mL DS-7300a or isotype control
ADC for 1 hour at 22�C. All of the human B7 family proteins were
purchased from R&D Systems. Anti-His (RRID:AB_11204427) and
isotype control (RRID:AB_2891079) antibodies (BioLegend, Inc.)
were also used as positive and negative controls, respectively. After
washing, horseradish peroxidase (HRP)-conjugated anti-human IgG
antibody (RRID:AB_2337596, Jackson ImmunoResearch Laborato-
ries, Inc.) for the detection of DS-7300a and isotype control ADC, or
HRP-conjugated anti-mouse IgG antibody (RRID:AB_92581, Merck
KGaA) for the detection of anti-His and isotype control antibodies
were added and incubated for another hour. After washing, 3,30,5,50-
tetramethylbenzidine (TMB) soluble reagent (ScyTek Laboratories,
Inc.) was added and then the reaction was stopped by addition of TMB
stop buffer (ScyTek Laboratories, Inc.). The absorbance at 450 nmwas
measured using a microplate reader, Infinite M200 PRO (TECAN
Austria GmbH).

Cell-based ELISA
The cross-reactivity of DS-7300a with the other human B7 family

proteins, hHHLA2 and hBTNL2, was evaluated by cell-based ELISA.
CHO-K1 cells were transiently transfected with expression plasmid
vectors encodingN-terminal FLAG-tagged human B7 family proteins,
hB7-H3 (4Ig), hHHLA2, and hBTNL2, and amock plasmid vector as a
negative control in a collagen-coated plate and incubated overnight at
37�C in a humidified atmosphere containing 5% CO2. The transfected
cells were incubated with PBS containing 50% FBS for 45 minutes at
37�C in a humidified atmosphere containing 5% CO2 and then
incubated with 40 mg/mL DS-7300a for 1 hour at 4�C. Anti-FLAG
antibody (RRID:AB_1134266, BioLegend, Inc., 4mg/mL)was also used
to confirm the protein expression. After washing, HRP-conjugated
anti-human IgG antibody for DS-7300a or HRP-conjugated anti-rat
IgG antibody (RRID:AB_2338144, Jackson ImmunoResearch
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Laboratories, Inc.) for anti-FLAG antibody was added and incubated
for another hour at 4�C. After washing, TMB soluble reagent was
added and then the reaction was stopped by addition of TMB stop
buffer. The absorbance at 450 nm was measured using Infinite M200
PRO. The species cross-reactivity and the binding affinity of DS-7300a
to cynomolgus monkey, rat, and mouse B7-H3 proteins were also
evaluated by cell-based ELISA. CHO-K1 cells were transiently trans-
fected with expression plasmid vectors encoding N-terminal FLAG-
tagged B7-H3 orthologs, human B7-H3 (4Ig and 2Ig), cynomolgus
monkey B7-H3 (4Ig and 2Ig), rat B7-H3, and mouse B7-H3 in a
collagen-coated plate and incubated overnight at 37�C in a humidified
atmosphere containing 5% CO2. The transfected cells were incubated
with serially diluted DS-7300a for 1 hour at 4�C. Anti-FLAG antibody
(4 mg/mL) was also used to confirm the protein expression. After
washing, HRP-conjugated anti-human IgG antibody for DS-7300a or
HRP-conjugated anti-rat IgG antibody for anti-FLAG antibody was
added and incubated for another hour at 4�C. After washing, TMB
soluble reagent was added and then the reaction was stopped by
addition of TMB stop buffer. The absorbance at 450 nmwasmeasured
using InfiniteM200 PRO. The EC50 value calculated by a sigmoid Emax

model was defined as the dissociation constant (Kd) value that
indicates the binding affinity of DS-7300a.

In vitro stability in plasma
The release rate of DXd from 100 mg/mL DS-7300a in mouse, rat,

monkey, and human plasma and buffer containing 1% BSA was
evaluated at 37�C for up to 21 days. Plasma and buffer samples were
deproteinized with ethanol and then analyzed by LC-MS/MS (LC,
Shimadzu; MS, AB SCIEX). The release rate of DXd was calculated
using the mean concentration of DXd (N ¼ 3).

Flow cytometry
For the B7-H3 expression analysis in each cell line, cells were stained

with PE-conjugated anti-human B7-H3 antibody (anti–B7-H3-PE,
RRID:AB_10831020, Miltenyi Biotec Inc.) or PE-conjugated isotype
control antibody (mIgG2b-PE, RRID:AB_2661750, Miltenyi Biotec
Inc.) on ice for 30 minutes in the dark. The cells were washed, and the
fluorescence intensity of each stained cell was measured by a flow
cytometer (Becton, Dickinson, and Company, FACSCanto II).

Cytotoxicity assay
Cells were seeded into 96-well low-cell-adhesion cell culture

plates at 2,000 cells per well. After overnight incubation, each
serially diluted test substance (DS-7300a, parental anti-B7-H3 Ab,
isotype control ADC, and DXd) was added then all of the plates
were incubated for 6 days. After the incubation, cell viability was
evaluated using 3D Cell Viability Assay (Promega Corp.) in accor-
dance with the manufacturer’s instructions. The luminescence was
measured by a microplate reader, ARVO X3 (PerkinElmer Japan
Co., Ltd.). The concentration of each substance inducing 50%
inhibition (IC50) in each cell line was estimated in accordance with
the sigmoid Emax model.

Western blotting
RH-41 cells were treated with 10 mg/mL DS-7300a, parental anti-

B7-H3 Ab, isotype control ADC, or 10 nmol/L DXd for 72 hours. The
cells were washed, collected, and then lysed in RIPA buffer supple-
mented with Halt protease and phosphatase inhibitor cocktail
(Thermo Fisher Scientific Inc.). The lysates were collected after
centrifugation at 21,500 x g for 10 minutes at 4�C, and their protein
concentration was quantified using Pierce BCA Protein Assay

(Thermo Fisher Scientific Inc.). Equal amounts of proteins were
subjected to Simple Western analysis using the Wes System (Protein-
Simple Japan K.K.), in accordance with the manufacturer’s instruc-
tions. In brief, cell lysates were mixed with master mix and heated
at 95�C for 5 minutes. The samples, biotinylated ladder, anti-
checkpoint kinase 1 (Chk1) antibody (RRID:AB_627257, Santa Cruz
Biotechnology, Inc.), anti-phosphorylated Chk1 (Ser317) antibody
(RRID:AB_2783865), anti-cleaved PARP (Asp214) antibody (RRID:
AB_331426), and anti–b-actin antibody (RRID:AB_2242334) (Cell
Signaling Technology, Inc.), HRP-conjugated secondary antibodies
(RRID:AB_2860576 and RRID:AB_2860577), streptavidin-HRP,
chemiluminescent substrate (ProteinSimple Japan K.K.), and wash
buffer were loaded into the microplates containing separation and
stacking matrices. After microplate loading, the separation electro-
phoresis and immunodetection steps were conducted in the capillary
system of the Wes System. The measurement was performed using
Wes System software, Compass for SW (ProteinSimple Japan K.K.).

Animal studies
All animal experiments performed in this study were approved by

the Institutional Animal Care and Use Committee at Daiichi Sankyo
Co., Ltd.

Xenograft studies
Cancer cell-line–derived xenograft studies

RH-41 and MFE-280 models were established by injecting 5 � 106

cells suspended in Matrigel/DPBS (1:1), while a Calu-6 model was
established by injecting 3 � 106 cells suspended in saline, subcutane-
ously into female CAnN.Cg-Foxn1nu/CrlCrlj mice (Charles River
Laboratories Japan, Inc.), respectively.

PDX studies
CTG-2093, CTG-0166, CTG-0820, and CTG-1061 studies were

performed by Champions Oncology, Inc. Models were established by
inoculating tumor fragments derived frompatients with small cell lung
cancer (SCLC), non–small cell lung cancer (NSCLC), head and neck
cancer, and bladder cancer, respectively, which were maintained in
host mice, subcutaneously into female Hsd: Athymic Nude-Foxn1nu

mice (Envigo).
Group assignment was carried out when the tumor volume reached

approximately 100 to 300 mm3. The tumor-bearing mice were treated
with DS-7300a or relevant controls intravenously on days 0 and 14.
The tumor volume defined as 0.5� length�width2 (cell-line–derived
xenograft models) or 0.52 � length � width2 (PDX models) and the
body weight were measured twice a week. The antitumor activity was
evaluated on day 28 (in the case of the CTG-1061 model, on day 22),
where tumor growth inhibition (TGI, %) was calculated according to
the following equation: 100 � [1 – (average tumor volume of the
treatment group)/(average tumor volume of the vehicle control
group)]. Tumor volumes were compared between the vehicle control
group and the treatment groups. The vehicle control group was
administered 10mmol/L acetate buffer (pH5.5) containing 5% sorbitol
or 10 mmol/L histidine buffer (pH5.9) containing 9% sucrose and
0.02% polysorbate 20.

Pharmacokinetic study in monkeys
DS-7300a was administered once intravenously at 0.3, 1, 3, and

10 mg/kg to male cynomolgus monkeys. Plasma concentration of
DS-7300a, total antibody (drug conjugated and unconjugated anti-
body), and DXd were measured up to 28 days post dose, and
determined by a ligand binding assay using Gyrolab xP workstation
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(Gyros Protein Technologies AB) for DS-7300a and total antibody,
and LC-MS/MS for DXd, respectively. Below lower limit of quan-
tification (BLQ) for DS-7300a and total antibody: < 0.100 mg/mL,
BLQ for DXd: < 0.100 ng/mL. The pharmacokinetic parameters
were calculated by noncompartmental analysis with Phoenix Win-
Nonlin (Ver. 6.4, Certara).

Toxicity studies in rats and monkeys
DS-7300a was intravenously administered once every 2 weeks

(three times in total) to Crl:CD(SD) rats, the non–cross-reactive
species to DS-7300a, or cynomolgus monkeys, the cross-reactive
species. Clinical signs, bodyweight, food consumption, clinical pathol-
ogy, and peripheral blood lymphocyte subsets were monitored
throughout the study. Necropsy was performed on the day after the
last administration, along with histopathologic analysis. The revers-
ibility of the toxic changes was assessed in a subsequent 2-month
recovery period in both rats and monkeys.

Statistical analysis
All statistical analyses except for in the toxicity studies were

performed using SAS SystemRelease 9.2 (SAS Institute Inc.). Statistical
analysis in the toxicity studies was performed using MiTOX System
(Mitsui Zosen Systems Research Inc.). All EC50 and IC50 values with
95% confidence interval (CI) were determined by a sigmoid Emax

model. Dunnett multiple comparison tests were used to compare the
vehicle control group and the treatment groups in cell-line–derived
xenograft model studies, and unpaired t test was used to compare the
vehicle group and the treatment group in PDX model studies.

Data availability statement
The data generated in this study are available within the article and

its supplementary data files.

Results
Expression profile of B7-H3 in solid tumors

To investigate the expression profile of B7-H3 in solid tumors, we
performed IHC analysis of B7-H3 expression on human solid tumor
TMAs (Fig. 1; Supplementary Fig. S1). In tumor tissues, positive
staining of B7-H3 was observed in the tumor cells as well as in the
vasculature/endothelium and fibrous stromal cells (Fig. 1A), and B7-
H3 was expressed on various types of solid tumors (Fig. 1B). Fur-
thermore, we analyzed the B7-H3 expression levels of H-score of the
tumor cells across various tumor types in the TMAs. A high frequency
of highH-scores of B7-H3 expression was observed in various types of
solid tumors, including melanoma, endometrial cancer, squamous
NSCLC, and bladder cancer (Fig. 1C).

Characterization of DS-7300a
A schematic structure of DS-7300a is shown in Fig. 2A. DXd was

conjugated with anti-B7-H3 mAb via a tetra-peptide–based linker
to reduced cysteine residues of the mAb. DS-7300a is designed to
release the DXd payload after proteolytic cleavage of the linker by
lysosomal enzymes such as cathepsins (26). The DAR of DS-7300a
is 4 on average.

To confirm the target specificity of DS-7300a, we assessed its
binding activity to human B7 family proteins by ELISA and cell-
based ELISA. DS-7300a bound to human B7-H3, but no binding was
detected to other human B7 family proteins B7-H1, B7-H2, B7-H4,
B7-H5, B7-H6, B7–1, B7–2, and PD-L2 in ELISA (Fig. 2B; Supple-
mentary Fig. S2A). DS-7300a also bound to humanB7-H3–transfected

CHO-K1 cells, but not to other human B7 family proteins HHLA2-
and BTNL2-transfected CHO-K1 cells in cell-based ELISA (Fig. 2C;
Supplementary Fig. S2B). These results indicate that DS-7300a
specifically binds to human B7-H3 but does not cross-react with
the other human B7 family proteins. Furthermore, we assessed the
species cross-reactivity of DS-7300a by cell-based ELISA using
human, cynomolgus monkey, rat, and mouse B7-H3–transfected
CHO-K1 cells. DS-7300a bound to human and cynomolgus monkey
4Ig B7-H3 with similar binding affinities, but not to rat or mouse
B7-H3 (Fig. 2D; Supplementary Fig. S2C; and Supplementary
Table S1). DS-7300a also bound to cynomolgus monkey 2Ig
B7-H3 with similar binding affinities to human 2Ig B7-H3 (Sup-
plementary Table S1). These data suggest that the cynomolgus
monkey is an appropriate species for nonclinical pharmacokinetic
and toxicologic studies of DS-7300a. We confirmed the in vitro
stability of DS-7300a in human, cynomolgus monkey, rat, and
mouse plasma. The release rates of DXd from 100 mg/mL DS-7300a
after a 21-day incubation ranged from 1.5% to 5.3% (Fig. 2E),
indicating that DS-7300a is stable in plasma in vitro.

In vitro cell growth inhibition by DS-7300a
The cell growth inhibitory activity of DS-7300a was evaluated using

a human rhabdomyosarcoma cell line, RH-41, a human endometrial
adenocarcinoma cell line, MFE-280, and a human acute lymphocytic
leukemia cell line, CCRF-CEM. Flow cytometric analysis showed that
human B7-H3 was expressed on the cell surface of RH-41 and MFE-
280 cells, whereas B7-H3 expression was not detected on the CCRF-
CEM cells (Fig. 3A; Supplementary Table S2). DS-7300a inhibited cell
growth against B7-H3–expressing RH-41 cells with an IC50 value of
0.371 nmol/L (54.4 ng/mL; 95% CI, 48.1–61.6 ng/mL), and MFE-280
cells with an IC50 value of 0.132 nmol/L (19.4 ng/mL; 95% CI, 17.7–
21.2 ng/mL), but not against B7-H3–negative CCRF-CEM cells
(Fig. 3B). Neither a parental anti-B7-H3 Ab nor isotype control ADC
exhibited cell growth inhibitory activity in these cells (Fig. 3B). On the
other hand, all of the cell lines tested were susceptible to DXdwith IC50

values of 1.00 nmol/L (95% CI, 0.915–1.09 nmol/L) for RH-41 cells,
0.357 nmol/L (95% CI, 0.311–0.409 nmol/L) for MFE-280 cells, and
0.549 nmol/L (95% CI, 0.489–0.617 nmol/L) for CCRF-CEM cells
(Supplementary Fig. S3). Taken together, these results indicate that
DS-7300a exhibits B7-H3–dependent cytotoxic effects in vitro.

Induction of DNA damage and apoptosis in cancer cells by DS-
7300a

DXd is known to induce DNA damage and lead to apoptosis in
cancer cells (26, 29). To verify the contribution of DXd to the
cytotoxic effect of DS-7300a, we evaluated DNA damage and
apoptosis induced in RH-41 cells treated with DS-7300a, DXd,
parental anti–B7-H3 Ab, and isotype control ADC. The results
showed that both DS-7300a and DXd induced phosphorylation of
Chk1, which is a DNA damage marker (39, 40), and cleavage of
PARP, which is an apoptosis marker (41). On the other hand,
parental anti–B7-H3 Ab induced neither of these (Fig. 3C).
Although the isotype control ADC induced the phosphorylation
of Chk1 to a lower level than that induced by DS-7300a and DXd
itself, the isotype control ADC did not induce cleavage of PARP
(Fig. 3C). Collectively, these results suggested that DNA damage
and apoptosis in cancer cells treated with DS-7300a were caused
specifically by DXd released from DS-7300a. In conclusion, the
TOP1 inhibitory activity of DXd released from DS-7300a is con-
sidered to be one of the mechanisms of action for the cytotoxic
effect of DS-7300a.
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In vivo antitumor activities of DS-7300a in xenograft models
In vivo antitumor activities of DS-7300a were also evaluated using

cell-line–derived RH-41, MEF-280, and human lung adenocarcinoma
Calu-6 xenograft mouse models. As predicted from B7-H3 expression
in vitro (Fig. 3A; Supplementary Table S2), high levels of B7-H3
expression in tumors were observed in all of the cell-line–derived
xenograft models by IHC analysis. The H-scores of B7-H3 expression
in RH-41, MFE-280, and Calu-6 tumors were 209, 151, and 180,

respectively (Fig. 4A). DS-7300a potently inhibited tumor growth
even though isotype control ADC showed relatively little effect on
tumor growth. DS-7300a exhibited significant antitumor activities in
all of the models tested, with TGIs of 90% (3 mg/kg) and 98%
(10 mg/kg) for RH-41, 67% (0.3 mg/kg), 100% (1 mg/kg), and
100% (3 mg/kg) for MFE-280, and 71% (1 mg/kg), 95% (3 mg/kg),
and 99% (10 mg/kg) for Calu-6, compared with the vehicle
control group at 28 days after the initial administration (P <

Figure 1.

IHC analysis of B7-H3 expression on
human tumor tissues. A, Representa-
tive B7-H3 expression pattern in TMA
tissue by B7-H3 IHC and image of
hematoxylin and eosin (H&E) staining.
Esophageal cancer (top) and normal
esophagus tissue adjacent to tumor
(bottom). Arrow, vasculature/endo-
thelium; arrowhead, fibrous stromal
cells; asterisk, basal cells. Scale bar,
100 mm. B, Representative B7-H3 IHC
images of human tumor tissues. Scale
bar, 100 mm. C, B7-H3 expression on
various human solid tumors. B7-H3
IHC analysis was performed using
TMAs. H-score of B7-H3 expression on
tumor cells in each sample was calcu-
lated. Number in parentheses indi-
cates the number of samples. Ad, ade-
nocarcinoma; ca, cancer; Endomet,
endometrial; Eso, esophageal cancer;
HCC,hepatocellularcarcinoma;HNSCC,
head and neck squamous cell carci-
noma; N, nontumor epithelium; RCC,
renal cell carcinoma; Sq, squamous;
T, tumor cells.
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0.001; Fig. 4A). These results indicate that DS-7300a exhibits potent
antitumor activities against B7-H3–expressing tumors through
target-specific payload delivery.

To further examine the therapeutic potential of DS-7300a in more
clinically relevant models, we evaluated its antitumor activities using
PDX mouse models of various tumor types; human SCLC CTG-2093,
human NSCLC CTG-0166, human head and neck cancer CTG-0820,
and human bladder cancer CTG-1061. In all of the PDXmodels tested,
high levels of B7-H3 expression in tumors were observed, with an H-
score of 260 for CTG-2093, 157 for CTG-0166, 193 for CTG-0820, and
177 for CTG-1061 (Fig. 4B). DS-7300a showed potent and significant

antitumor activities at 10 mg/kg in all of the PDXmodels with TGIs of
100% for CTG-2093, 100% for CTG-0166, 97% for CTG-0820, and
88% forCTG-1061, comparedwith the vehicle control group at 28 days
(or 22 days for CTG-1061; this shorter period was because the vehicle
control group was terminated early due to the rapid growth of the
tumor) after the initial administration (P < 0.001 for CTG-2093 and
P < 0.01 for the other PDX models; Fig. 4B). There was no obvious
body weight loss in mice treated with DS-7300a in all of the models
tested in this study (Supplementary Fig. S4). These results suggest that
DS-7300a has therapeutic potential against various B7-H3–expressing
solid tumors.

Figure 2.

Characteristics of DS-7300a.A, Schematic structure of DS-7300a.B and C,Binding activity of DS-7300a against human B7 family proteins. Recombinant proteins of
human B7-H1, B7-H2, B7-H3 (4Ig), B7-H4, B7-H5, B7-H6, B7–1, B7–2, and PD-L2 were incubated with DS-7300a or isotype control ADC and binding activities were
measured by ELISA. CHO-K1 cells expressing human B7-H3 (4Ig), HHLA2, and BTNL2 were incubated with DS-7300a and binding activities were measured by cell-
based ELISA. Each value represents the mean and SD (N¼ 3). D, Species cross-reactivity of DS-7300a. CHO-K1 cells expressing human (4Ig), cynomolgus monkey
(4Ig), rat, andmouse B7-H3 were incubated with DS-7300a and binding activities were evaluated by cell-based ELISA. Each value represents themean and SD (N¼
3). E, In vitro stability of DS-7300a in plasma. The release rate of DXd from 100 mg/mL DS-7300a in human, monkey, rat, andmouse plasmawas calculated using the
mean concentration of the released DXd (N ¼ 3).
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Figure 3.

In vitro cytotoxic effects of DS-7300a.A andB,B7-H3 expression on human cancer cells and in vitro cell growth inhibition byDS-7300a. RH-41 (rhabdomyosarcoma),
MFE-280 (endometrial adenocarcinoma), and CCRF-CEM (acute lymphocytic leukemia) cells were stained with PE-conjugated isotype control (mIgG2b, gray open
histogram) or antihuman B7-H3 antibody (gray closed histogram) and then analyzed by flow cytometry. Cells were cultured with DS-7300a, parental anti–B7-
H3 Ab, and isotype control ADC for 6 days, and then cell viability was examined. Each value represents the mean and SD (N ¼ 3). C, DNA damage and
apoptosis induced by DS-7300a. RH-41 cells were treated with 10 mg/mL DS-7300a, parental anti–B7-H3 Ab, isotype control ADC, or 10 nmol/L DXd for
72 hours. Then, the cells were harvested and analyzed by Western blotting for phosphorylated Chk1 (pChk1) as a DNA damage marker and for cleaved PARP as
an apoptosis marker.
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Figure 4.

Antitumor activities of DS-7300a in xenograft mousemodels. Representative B7-H3 IHC images of tumors and H-scores were also shown for each model. Scale bar,
100 mm. The indicated H-score represents the mean of H-scores in three tumor samples. The arrowhead indicates the time point of treatment. Each value represents
the mean and SE of tumor volume. A, Antitumor activities of DS-7300a in cell line–derived xenograft models. Mice inoculated with human cancer cells, RH-41, MFE-
280, or Calu-6 (NSCLC) were treated with DS-7300a, vehicle control, or isotype control ADC intravenously on days 0 and 14 (N ¼ 6 mice/group). B, Antitumor
activities ofDS-7300a invarious tumor types of PDXmodels. PDXmicewere treatedwith 10mg/kgDS-7300a or vehicle control intravenously ondays0 and 14 (N¼ 5
mice/group). CTG-2093, SCLC PDX; CTG-0166, NSCLC PDX; CTG-0820, head and neck cancer PDX; CTG-1061, bladder cancer PDX.
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Pharmacokinetics of DS-7300a in cynomolgus monkeys
DS-7300a was administered once intravenously at 0.3, 1, 3, and

10 mg/kg to cynomolgus monkeys, and then plasma concentration of
DS-7300a, total antibody, and DXd were measured up to 28 days
postdose. The plasma concentration of DS-7300a increased dose-
dependently. The terminal elimination half-life (t1/2) at 0.3, 1, 3, and
10 mg/kg was 3.24, 5.11, 7.89, and 4.81 days, respectively (Fig. 5;
Supplementary Table S3). No clear differences in the pharmacokinetic
profiles were observed between DS-7300a and the total antibody,
suggesting that the linker of DS-7300a is stable in plasma in vivo
(Fig. 5; Supplementary Table S3). Additionally, low plasma concen-
tration of DXd was detected at the limited time points only in
monkeys dosed at 10 mg/kg (Fig. 5), indicating the low systemic
exposure to DXd due to the stable linker of DS-7300a and short
systemic half-life of DXd.

Safety profiles of DS-7300a in rats and cynomolgus monkeys
To assess the general toxicity profile of DS-7300a, 1-month inter-

mittent intravenous dose toxicity studies were conducted in cyno-
molgusmonkeys as a cross-reactive species for DS-7300a and in rats as
a non–cross-reactive species, based on the data of the species cross-
reactivity of DS-7300a (Fig. 2D). A summary of repeated dose toxicity
studies is shown in Table 1.

In the rat study, no animals died or showed amoribund outcome up
to 200mg/kg, the highest dose tested. In themonkey study, no death or
moribund outcome was observed at any dose level throughout the
study period. However, severe lung toxicity was found in one monkey
at 80 mg/kg, the highest dose tested. Although the major safety
concerns of TOP1 inhibitors in clinical use are gastrointestinal toxicity
and bone marrow toxicity (42), no severe changes were observed in
these tissues in either rats or monkeys, with the very slight histopath-

ologic findings of single cell necrosis in the crypt epithelium in the
small and/or large intestines, and no abnormal changes in the bone
marrow in monkeys. Taking the findings together, the severely toxic
dose in 10% of the animals (STD10) was determined to be greater than
200mg/kg for rats, and the highest nonseverely toxic dose (HNSTD) in
cynomolgus monkeys was considered to be 30 mg/kg. DS-7300a was
well tolerated in rats and monkeys in the 1-month intermittent dose
toxicity study.

Discussion
Here, we report the development of DS-7300a, a potent TOP1

inhibitor, DXd-based ADC targeting B7-H3. DS-7300a exhibited
DXd-derived antitumor activities against B7-H3–expressing tumors
in preclinical models and acceptable safety profiles in monkeys.

DS-7300a utilizes the same linker-payload technology as trastuzu-
mab deruxtecan, the HER2-targeting ADCwhich is recently approved
for treating adult patients with HER2-positive breast and gastric
cancers. DS-7300a was designed to have a DAR of 4 on average to
maintain a better safety margin with reference to the knowledge of
datopotamab deruxtecan, a TROP2-targeting ADC (30). As expected,
DS-7300a strongly inhibited tumor growth in vivo, was stable in
monkey plasma in vitro and in vivo, andwas well tolerated inmonkeys.

DS-7300a inhibited the growth of B7-H3–expressing cancer cells
but not that of B7-H3–negative cancer cells in vitro, although all of the
cells testedwere sensitive to the free payloadDXd itself. In addition, the
changes in DNA damage and apoptosis markers resulted by DS-7300a
or relevant controls in B7-H3–expressing RH-41 cells suggest that DS-
7300a exerts cytotoxic effects through the TOP1 inhibitory activity of
DXd released from DS-7300a. In the evaluation of the antitumor
activities ofDS-7300a in cell-line–derived xenograftmodels, DS-7300a

Figure 5.

Pharmacokinetics of DS-7300a in monkeys. DS-7300a was administered once intravenously at 0.3, 1, 3, and 10 mg/kg to cynomolgus monkeys. Plasma
concentrations of DS-7300a, total Ab, and DXd were determined. Each value represents the mean and SD (N ¼ 3).
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exhibited potent antitumor activities of tumor regression against the
high–B7-H3 models tested in this study. In these models, isotype
control ADC also showed nonspecific antitumor activities, but they
were much lower than those by DS-7300a at the same dose levels,
suggesting that DS-7300a demonstrated B7-H3–dependent antitumor
activities in vivo. In theMFE-280 xenograftmodel, DS-7300a exhibited
potent antitumor activities with TGI of 100% at 1 and 3 mg/kg, low
doses compared with those in the other high–B7-H3 models. In
addition, MFE-280 cells were highly susceptible to DXd in vitro,
suggesting that the variation of DXd sensitivity among the cell lines
may affect the antitumor activities of DS-7300a. Further investigation
including less sensitive cell lines to DXd will help us to understand the
importance of payload sensitivity in antitumor activity of DS-7300a.

We confirmed the high level of B7-H3 expression in various types of
solid tumors in the TMAs. Therefore, the PDXmousemodel studies in
NSCLC, SCLC, head and neck cancer, and bladder cancer were
performed to examine the therapeutic potential of DS-7300a in more
clinically relevant tumor models. DS-7300a exerted potent antitumor
activities in these high–B7-H3–expressing PDX models. To under-
stand a correlation between the efficacy of DS-7300a and B7-H3
expression, further comprehensive analysis using PDX models with
various B7-H3 expression levels will be required. In addition to B7-H3
expression on tumor cells, other factors may also contribute to the
sensitivity of DS-7300a. For instance, overexpression of drug efflux
transporters, lack of expression of a restriction factor for replicative
stress, Schlafen 11 (SLFN 11), and low expression or inactivation of
lysosomal enzymes might also affect susceptibility to DS-
7300a (24, 42, 43). Further mechanistic analysis will help us to better
understand the factors conferring sensitivity to DS-7300a. B7-H3 is
expressed not only in tumor cells but also in stromal cells such as tumor
endothelial cells and fibroblasts in tumor tissues. Thus, DS-7300a may
exert more potent antitumor activities in humans by targeting not only
B7-H3–expressing tumor cells but also B7-H3–expressing stromal
cells in tumor tissues (14). Since DS-7300a does not bind tomouse B7-
H3, the effect of DS-7300a on the mouse-derived stromal cells in
xenograft tumors could not be evaluated in the xenograft studies.
Moreover, the released DXd shows bystander antitumor activity on

neighboring cells in tumor tissues due to its high membrane perme-
ability (31) whichmay be expected to extend antitumor activity of DS-
7300a even in heterogeneous tumor tissues. Further comprehensive
analysis using patient tissue samples obtained from the ongoing
clinical study of DS-7300a will be required to understand the DS-
7300a antitumor activity in humans. In this study, we did not examine
the contribution ofDS-7300a to antitumor immunity, although B7-H3
has been reported to be an immune checkpointmolecule (2, 6). Further
investigation may be warranted to elucidate the potential immune
effect of DS-7300a for cancer immunotherapy.

DS-7300a showed acceptable pharmacokinetic profiles in monkeys,
the cross-reactive species. Although the total body clearance (CL) of
DS-7300a might be affected by target mediated drug disposition
(TMDD) due to the distribution of DS-7300a to B7-H3–expressing
nontumor cells such as stromal cells, the CL values were decreased in
dose-dependent manner, and TMDD seemed to be almost saturated at
the higher doses, which are supposed to be the clinically relevant doses.
Further analysis will be required to compare pharmacokinetics
between humans and monkeys.

In the toxicity study, DS-7300a showed an acceptable safety profile
in monkeys. The HNSTD in monkeys was considered to be 30 mg/kg
since severe lung toxicity was observed in one monkey at 80 mg/kg,
the highest dose tested. It has been reported that B7-H3 expression
is almost undetectable in normal human lungs (14, 17); however,
B7-H3 expression in the monkey lungs is still unclear. Further
evaluation is necessary to elucidate the mode of mechanisms of the
lung toxicity related to DS-7300a in monkeys. In the studies of
trastuzumab deruxtecan, lung toxicity in monkeys (26, 27, 44) and
interstitial lung diseases (ILD)/pneumonitis related to trastuzumab
deruxtecan in humans (33–38) were observed. Therefore, careful
safety monitoring in humans is required in clinical study of DS-
7300a.

In summary, we generated a novel B7-H3–targeting ADC
conjugated with the potent TOP1 inhibitor DXd, DS-7300a. DS-
7300a exerted potent antitumor activities in high-B7-H3–expres-
sing tumors in preclinical models including PDX mouse models
through B7-H3–specific payload delivery. Furthermore, DS-7300a

Table 1. Summary of repeated dose toxicity studies in rats and monkeys.

Species Crl:CD(SD) rats Cynomolgus monkeys

Regimens 0, 20, 60, and 200 mg/kg 0, 10, 30, and 80 mg/kg
Intravenous, every 2 weeks for 4 weeks (3 times in total) Intravenous, every 2 weeks for 4 weeks (3 times in total)

Animals (N) 10/sex/group (main): all dose groups 3/sex/group (main): all dose groups
5/sex/group (recovery): 0 and 200 mg/kg 2/sex/group (recovery): all dose groups

Lethal dose >200 mg/kg >80 mg/kg
Body weight ≤60 mg/kg: normal ≥10 mg/kg: decreased (slight and transient)

200 mg/kg: decreased
Urinalysis ≤60 mg/kg: normal ≤80 mg/kg: normal

200 mg/kg: increased protein
Hematology ≤60 mg/kg: normal ≥10 mg/kg: decreased RBC, Hb, Ht

200 mg/kg: decreased WBC, LYM, and NEU, increased monocytes 80 mg/kg: increased PLT and fibrinogen
Blood chemistry ≤60 mg/kg: normal ≤30 mg/kg: normal

200 mg/kg: increased UN 80 mg/kg: decreased albumin
Target organs
and tissues

≥20 mg/kg: intestine ≥10 mg/kg: intestine, skin (injection site)
≥60 mg/kg: bone marrow ≥30 mg/kg: skin
200 mg/kg: kidney, skin, testis, thymus, tooth (incisor) 80 mg/kg: kidney, lung, thymus
No severe change. All changes reversible except in the testis. No severe change except in the lungs. All changes slight

and reversible except in the lungs.
STD10/HNSTD STD10: >200 mg/kg HNSTD: 30 mg/kg

Abbreviations: Hb, hemoglobin; Ht, hematocrit; LYM, lymphocyte; NEU, neutrophil; PLT, platelet; RBC, red blood cell; UN, urea nitrogen; WBC, white blood cell.

Yamato et al.

Mol Cancer Ther; 21(4) April 2022 MOLECULAR CANCER THERAPEUTICS644



showed acceptable pharmacokinetic and safety profiles in mon-
keys. Accordingly, DS-7300a may be effective in treating patients
with B7-H3–expressing solid tumors. A first-in-human phase I/II
study of DS-7300a in patients with advanced solid tumors is
currently in progress (NCT04145622).
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