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(MSC) therapy.

To improve the safety and efficacy of gene and cell therapies, we are developing
Good Manufacturing Practice (GMP)—based production systems for high-quality
viral vectors and cell products. Our primary focuses include oncolytic virotherapy;
gene therapy and vaccine development using adeno-associated virus (AAV)
vectors; genetically modified T-cell therapy; T-cell therapy for viral infections
following hematopoietic stem cell transplantation; and mesenchymal stromal cell

Construction of large-scale viral vector purifica-
tion systems

Parvovirus-based vectors, including adeno-associ-
ated virus (AAV) vectors, are regarded as one of the
most promising modalities for gene therapy and vac-
cine development, as they enable efficient delivery of
therapeutic genes to a wide range of tissues while
minimizing adverse effects. However, gene therapy
products based on AAV vectors that have been ap-
proved in recent years have reached record-high pric-
es, raising concerns about the financial burden on
healthcare insurance systems and posing a significant
societal challenge. This issue largely stems from the
complexity and labor-intensive nature of AAV vector
manufacturing processes.

The production of AAV vectors can be broadly di-
vided into three stages: (i) upstream processes, in-
cluding cell culture and AAV production; (ii) down-
stream processes, involving purification and separa-
tion of crude viral preparations; and (iii) quality con-
trol (QC) processes, which determine the final quality
of the vectors. To address these challenges, the Okada
Laboratory has been developing a range of efficient
and high-quality AAV vector manufacturing and
quality control technologies at each stage of the pro-
duction pipeline, as outlined below.

(i) Upstream processes: development of original, nov-
el AAV vector—producing cell lines; development of
novel plasmids that enhance AAV vector yield and
increase the proportion of full capsids; and develop-
ment of novel nonwoven scaffold materials for cell
culture.

(if) Downstream processes: development of a novel
ultracentrifugation-based technology that enables
rapid purification of large quantities of AAV vectors
(zonal ultracentrifugation); and development of a
novel AAV vector purification method using sur-
factants and hollow-fiber systems.

(iiif) QC processes: development of a novel method for
discriminating full AAV particles using solid-state na-
nopores.

Development of an oncolytic virus therapy using
third-generation herpesvirus G47D

G47A is a third-generation oncolytic herpes sim-
plex virus type 1 (HSV-1) developed for cancer thera-
py. It is a triple-mutant virus engineered to enhance
tumor-selective replication and improve safety. The
development of G47A represents a major advance in
the field of oncolytic virotherapy. Three genetic mod-
ifications introduced into the HSV-1 genome signifi-
cantly improve its safety profile compared with earli-



198

er oncolytic viruses, enabling selective replication in
cancer cells while sparing normal tissues and induc-
ing both innate and adaptive antitumor immune re-
sponses. G47A has demonstrated promising efficacy
across multiple cancer types, including glioblastoma,
prostate cancer, and malignant melanoma. In a Phase
II clinical trial involving patients with residual or re-
current glioblastoma, G47A achieved a 1-year surviv-
al rate of 84.2% and a median overall survival of 20.2
months. Preclinical studies further demonstrated ro-
bust antitumor activity in both subcutaneous and or-
thotopic tumor models. Combination strategies have
also highlighted the therapeutic potential of G47A.
When administered together with immune check-
point inhibitors, G47A induced complete tumor re-
gression in more than two-thirds of mice in a melano-
ma model, underscoring its capacity to enhance
antitumor immunity. Importantly, the development
of G47A represents a successful academic-led transla-
tional effort, spanning discovery, preclinical valida-
tion, and clinical application. Its safety and efficacy
were confirmed in an investigator-initiated clinical
trial conducted at IMSUT Hospital in patients with
malignant glioma. Based on these results, an applica-
tion for manufacturing and marketing approval was
submitted in 2020, and G47A was approved in 2021 as
a regenerative medical product (teserpaturev; De-
lytact) for the treatment of malignant glioma. As re-
search progresses, G47A and other oncolytic viruses
are expected to become integral components of multi-
modal cancer treatment strategies.

Development of a treatment for Duchenne muscu-
lar dystrophy (DMD) using MSCs

One promising therapeutic approach for Duchenne

muscular dystrophy (DMD) involves cell therapy us-
ing mesenchymal stromal cells (MSCs). Repeated sys-
temic administration of MSCs, leveraging their im-
munomodulatory properties, can effectively regulate
chronic inflammation in dystrophic muscle, leading
to improvements in motor and cardiac function.
These findings suggest that MSC therapy has the po-
tential to delay disease progression in patients with
DMD. While MSC therapy shows promise for the
treatment of DMD, further research is needed to fully
elucidate its characteristics and potential long-term
effects. As the field of regenerative medicine contin-
ues to advance, MSC therapy may offer new hope for
improving the quality of life of patients with DMD.

Enhancement of CAR-T cell therapy via interleu-
kin (IL)-7 and chemokine (C-C motif) ligand 19
(CCL19) production

IL-7/CCL19-expressing CAR-T cells (7x19 CAR-T
cells) have demonstrated promising therapeutic effi-
cacy in preclinical models of refractory solid tumors,
including glioblastoma and pancreatic cancer. This
enhanced efficacy is attributed to early T-cell activa-
tion mediated by IL-7 and increased migratory capac-
ity driven by CCL19. However, sustained IL-7-medi-
ated activation may induce mid- to long-term CAR-T
cell exhaustion, potentially increasing the risk of clin-
ical relapse. In our research, we aim to develop a
next-generation CAR-T cell therapy that maintains
prolonged antitumor efficacy by incorporating strate-
gies to mitigate T-cell exhaustion in 7x19 CAR-T cells.
This approach represents a novel effort to extend the
therapeutic benefits of CAR-T cell therapy to a broad-
er population of patients with refractory malignan-
cies.
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