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Japanese Society for Inherited Metabolic Diseases (JSIMD) Award

"Development of a New Treatment for
Inherited Mucopolysaccharidoses and
Establishment of a Biomarker"

From Rare to Common

SHUNJI TOMATSU, MD. PHD.

Position: Professor, Principal Research Scientist, and Director of
Skeletal Dysplasia Center, Pediatric Orthopedic Surgery, Nemours
Children's Health

Phone: (302) 298-7336 Email: stomatsu@nemours.org
Address: 200 Powder Mill Rd, Wilmington, DE 19803

Professor, Department of Pediatrics, Thomas Jefferson University,
Philadelphia, PA.

Professor, Department of Biological Sciences, University of
Delaware

Introduction: I am deeply honored to receive the Japanese
Society for Inherited Metabolic Diseases (JSIMD) Award in
2024 for the 'Development of a New Treatment for Inherited

AY
#1005 AL—AR
. Holezw

Mucopolysaccharidoses and Establishment s i
of a Biomarker' at the 65th Japan Society J
for Inherited Metabolic Anomalies. This

award is a testament to the collective
efforts of our team and the impact of our
research on the lives of those affected by
these diseases. I am the sixth awardee from
Gifu University and am thrilled to join the

awardee club at Gifu.
¥V &3
1993

2004

LT ( ( i
(started at 1976) ic aci { ic acid disorders
MPS ass disease disease Beta-ketothiolase

deficiency

I have been mentored by Prof. Orii for many years, even after
I came to the United States. I remember his words, “A professor
is lonely but should not become a naked king,” and “The
more the rice ripens, the more it bows its head.” Without his
continuous encouragement, I could not have reached here. I also
feel it is a miracle that I could survive in the USA for over 30
years as a scientist. [ also received the 2024 Research Excellence

Award, Delaware Valley at Nemours Children’s Health, because of
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Research History for Mucopolysaccharidoses

Gifu University 1984-1995

‘ 1989

Saint Louis University 1995-2011
Nemours 2011-present

1991-

. 1998-
8 -

‘ 2002-

my long-term achievements in Morquio Research. I am honored

to have it and happy to share this fantastic news with the Morquio
families.

I graduated from Gifu University
School of Medicine in 1984 and joined
the Department of Pediatrics led by
Prof. Orii, MD, PhD. After 12 years
of clinical practice and research, I
became an assistant professor at the
Edward A. Doisy Dept of Biochemistry
and Molecular Biology, Saint Louis
University School of Medicine in 1995 (led by Prof. William
S. Sly, MD, Chairman). I was promoted to professor in 2008. I

William S. Sly, MD

moved to the current institution, Nemours Children’s Hospital,
Delaware (NCH-D), in 2011. I have continuously worked on MPS

research for over 40 years.

NEMOURS
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Nemours Children’s Hospital, Delaware

I am now the Head of the Skeletal
Dysplasia Laboratory at NCH-D
and a professor of Pediatrics at
Thomas Jefferson University
and the University of Delaware.
I have authored over 280 peer-
reviewed publications since 1997
(h-index: 57 in Scopus; 71 in Google
Scholar). Especially, I am very

honored to share the chapter book,

“Mucopolysaccharidoses Update,”
with Prof. Orii. I could also contribute to twelve patents issued
and six ones filed. Our research field and expertise have been in
inherited metabolic disorders and genetic diseases, especially
mucopolysaccharidoses (MPS), a group of lysosomal storage
disorders, for over 40 years. We have contributed to gene cloning,
identification of gene mutations, phenotype/genotype correlation,
protein structure biology, clinical diagnosis, diagnosis and therapy
development, patient registry, natural history program, newborn
screening, proteomics, identification of biomarkers, and clinical
trials in the MPS field; hematopoietic stem cell transplantation
(HSCT), enzyme replacement therapy (ERT), gene therapy, and
substrate reduction therapy (SRT). We contributed to developing
and publishing various therapeutic approaches by targeting
ERT, HSCT, SRT, and gene therapies (AAV, CRISPR Cas9,
and lentiviral vectors) on MPS mouse models. We established a
glycosaminoglycan assay system by ELISA and LC-MS/MS. As
a PI or co-investigator, we have been awarded many NIH grants.
I am conducting 1RO1HD102545-01A1; Non-invasive functional
assessment and pathogenesis of Morquio A (PI), IROIHD104814-
01A1; Enhancement of Newborn Screening Diagnostic Paradigms
to Improve the Efficacy of Treatment for Krabbe Disease,
Pompe Disease, and Mucopolysaccharidosis Type 1 (site PI),
FNIH RFP NUMBER: 2022-BGTC-005; AAV Gene Therapy
for Mucopolysaccharidosis IVA Protocol NEM101 (Co-PI),
1R43HD114328-01; Safety, pharmacokinetics, and efficacy studies

of RTB:GALNS product in Morquio A mouse model (site-PI),
1R43AR084638-01; Cell-based Gene Therapy for MPS IVA (site-
PI), and 4R44HD102242-02; Identification of glycosaminoglycans
for newborn screening and therapeutic monitoring of
mucopolysaccharidoses (Co-I). Furthermore, we have published
around 180 manuscripts related to Morquio A since 1991. Major
studies on Morquio A have been performed by our group and
collaborators for the past 35 years involving both basic and clinical
research: 1) cloning of human GALNS gene, 2) identification
of over 170 mutations, 3) tertiary structure of GALNS and
purification of recombinant human GALNS, 4) establishment of
five different murine models, 5) KS assay by ELISA and tandem
mass spectrometry, 6) educational CD, 7) International Morquio
Registry, 8) ERT on a mouse model, 9) development of growth
chart, 10) assessment of therapeutic efficacy by targeting ERT,
gene therapies including AAV, HSCT, SRT on Morquio A mouse
models, 11) Biannual Morquio Conference since 2011, and 12)
establishment of GAG assay system by ELISA and LC-MS/MS.
According to these activities at NCH-D, we have over 110
patients with Morquio A under our multidisciplinary team, despite
a rare disorder, and have over 100 related publications in the past
10 years as a leading institute worldwide. The “holistic” natural
history study to elucidate the disease was conducted, including
those that evaluated blood KS values, height (bone growth) and
establishment of growth chart, pulmonary function, gait analysis,
bone mineral density, skeletal images (X-rays, CT, MRI for trachea
and skeletal), activity of daily living questionnaire, and finger
laxity. Thus, we have established a broad international network
among patients, their families, Morquio A society, physicians,
and local communities, creating a global community dedicated to

Morquio A research and care.

WO e k- §
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Small Molecular Therapy

Research Scheme

Our Lab: Our current research laboratory is a diverse and
dynamic team of 17 members, each bringing their unique skills

and perspectives: a PI, an assistant professor, a lab manager, two
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postdoctoral fellows, five Ph.D. students, three master students,
two undergraduates, and two research assistants.

Our lab motto is “Writing a paper, Writing a grant!” I also
remember the Greek philosopher Socrates's saying, “All I know
is that I know nothing.” We must pursue Science and Medicine
continuously and consistently on behalf of the patient community
and families.

Finally, I have an opportunity to mentor the students and staff
at Nemours and the University of Delaware. I ask them to think
of any “C” word leading to success. These “C” words are not just
a concept, but a powerful tool that will enable us to develop and
succeed in innovative, integrated ideas in science and medicine.
Each person has their own C words, and they are the 10 C's leading
to the pathway to success: in my case, 1. Chance, 2. Change, 3.
Challenge, 4. Competence, 5. Communication, 6. Compassion, 7.
Commitment, 8. Continuity, 9. Consistency, 10. Collaboration and
Cooperation.

I strongly believe that without Compassion and Commitment,
Collaboration and Cooperation, and Competence we cannot make

the best medicine for rare disorders.

1st Morquio Symposium (July 19-21, 2012: Wilmington, DE)

I have assembled a group of outstanding co-investigators and

collaborators with strong expertise and track records to accomplish
the proposed research. This team has worked together efficiently
to generate compelling data and will continue to ensure the
progress of the proposed research. I highly appreciate our long-
term collaboration with the researchers at academic institutes and
pharmaceutical companies in Japan.

I am also pleased to have medical doctors and students from
Japan join our institute soon.

I am eagerly looking forward to the possibility of our
collaboration and to the opportunity to meet you soon. Your

potential contribution is highly valued and appreciated.

Warmest Regards,

Shunji Tomatsu, MD, PhD

Ongoing Research Projects
1. IR01-HD102545, NIH, NICHD, Tomatsu (PI) 05/01/21-

04/30/26
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Title: Non-invasive functional assessment and pathogenesis of
Morquio A.

2. IROIHD104814-01A1, NIH, NICHD, Langan, T.J. (PI), Role:
Site-PT  03/2022 — 02/2027
Title: Enhancement of Newborn Screening Diagnostic
Paradigms to Improve the Efficacy of Treatment for Krabbe
Disease, Pompe Disease, and Mucopolysaccharidosis Type 1

3. FNIH RFP NUMBER: 2022-BGTC-005 Tomatsu (PI)
04/2023 — 03/2027
Title: AAV Gene Therapy for Mucopolysaccharidosis IVA
Protocol NEM101

4. 1R43HD114328-01, NIH, ACOSTA, WALTER (PI), Role: site
PI 12/1/2023 - 11/30/2024
Title: Morquio a Therapy Integrating Gene Transfer with
Lectin-Enhanced Enzyme Delivery to Treat Multisystemic
Clinical Impairments of Rare Metabolic Childhood Diseases

5. 1R43AR084638-01, NIH, MOUNZIH, KHALID (PI), Role:
site P1 08/01/2024 — 07/31/2025
Title: Cell-based Gene Therapy for MPS IVA

6. Capsida Biotherapeutics, Inc., Tomatsu (PI) 09/2021 — 08/2025
Title: Glycosaminoglycan assay for mucopolysaccharidosis 11
specimens

7. A Cure for Robert, Inc. 01/2023 — 12/2023
Title: Molecular and cellular validation of CRISPR/Cas9-
based genome editing in hematopoietic stem cells for
mucopolysaccharidoses I[IVA

8. A Cure for Robert, Inc. Tomatsu (PI) 01/2020 —
RSCH Morquio Syndrome Fellow: Donation to support
Morquio Syndrome fellows working in Dr. Tomatsu’s lab

9. Morquio Foundations Tomatsu (PI) 01/2016 —
RSCH Morquio Syndrome: Donation to support travel and lab

costs associated with research on Morquio Syndrome.

Research Interests

For over thirty-five years, our group has been at the forefront
of bench-to-bed diagnosis and treatment for a rare hereditary
disease, Mucopolysaccharidosis (MPS), with a special focus on
MPS IVA (Morquio A syndrome). Our work, which includes
the identification of disease-related genes, generation of animal
models, establishment of diagnostic approaches, and development
of therapeutic strategies such as AAV, lentivirus vector, and
CRISPR/Cas 9 gene editing gene therapies, has significantly
advanced the field of MPS research.

Current Projects
1. Non-invasive functional assessment and pathogenesis of
Morquio A.

2. Enhancement of Newborn Screening Diagnostic Paradigms to



JSIMD News Letter

Improve the Efficacy of Treatment for Krabbe Disease, Pompe
Disease, and Mucopolysaccharidosis Type 1

3. Identification of glycosaminoglycans for newborn screening
and therapeutic monitoring of mucopolysaccharidoses.

4. AAV Gene Therapy for Mucopolysaccharidosis IVA Protocol
NEM101

5. In vivo lentiviral gene therapy for Mucopolysaccharidosis [IVA

6. Ex vivo lentiviral gene therapy for Mucopolysaccharidosis IVA

7. Glycosaminoglycan assay for mucopolysaccharidosis II
specimens

8. Molecular and cellular validation of CRISPR/Cas9-
based genome editing in hematopoietic stem cells for

mucopolysaccharidoses IVA

Moreover, the Accelerating Medicines Partnership® (AMP)
Bespoke Gene Therapy Consortium (BGTC) was established
under the Foundation of the National Institutes of Health (FNIH)
in 2021.

The FNIH-BGTC grant, awarded in May 2023, marks a
significant milestone in rare disease research. This grant will fund
a first-of-its-kind gene therapy clinical trial for eight rare disorders,
including Morquio A, with a comprehensive process and review.
The outcomes of this trial have the potential to revolutionize the

treatment of these rare disorders.

Comprehensive process for selecting rare diseases for BGTC clinical program

14 candidates
selected based on
required and

62 disease
nominations received
through open

Paired with vector
manufacturing for
first-in-human clinical
trial

= 8 diseases selected
submission process

for clinical, research,
patient communities

preferred criteria,
request full clinical
trial proposals

SFNIH
Affected Organ Disease Name (pseudonym) Institution Conducting the
System Gene study
Congenital Hereditary Endothelial SLC4A11 University of California Los
Dystrophy Angeles
Ocular NPHP5-Retinal Degeneration NPHP5 University of Pennsylvania
Retinitis pigmentosa 45 CNGBI Columbia University
Multiple Sulfatase Deficiency SUMF1 Children’s Hospital of
Philadelphia
4 Spastic paraplegia 50 AP4M1 University of Texas
Reurcisical i prrapest Snnthwezern
Charcot Marie Tooth disease type 4J FIG4 University of Texas
Southwestern
Propionic Acidemia PCCB National Human Genome
. Research Institute
Systemic Morquio A Syndrome GALNS Nemours Children’s Health

(Mucopolysaccharidosis IVA)

The goals of FNIH-BGTC are:
* Support the generation of a standard operational playbook for
developing gene therapies for rare diseases
* Pilot use of streamlined templates, master regulatory files, and

uniform manufacturing processes

* Generate critical data on safety and efficacy

*FNIH AMP® BGTC, a public-private partnership between
the National Institutes of Health (NIH), U.S. Food and Drug
Administration (FDA), biopharmaceutical and life science

companies, and non-profit and other organizations.

Natural History of Morquio A

Since 2007, we have investigated the natural history of Morquio
A and have established the Morquio registry (over 400 patients)
and Morquio growth chart (2008), as well as two autopsied cases.
We have found unique skeletal features of Morquio A, marked
short stature, low bone mineral density, narrowing trachea, and
an abnormal gait pattern. We have also described over 50 related
publications along with the new drug development to have an
impact on the bone. These findings make us ready to conduct a
systemic natural history program with non-invasive methods for
Morquio A patients, and these non-invasive tests will be applied to

clinical endpoints in clinical trials.

Development of non-invasive tests for Morquio A

Children with MPS IVA often have obstructive and restrictive
lung diseases, which can be life-threatening. In clinical practice,
chest wall and formal respiratory function tests are difficult to
perform owing to their small size and cooperation. Moreover, most
wheelchair-bound or post-operative patients with severe muscle
weakness (atrophy) cannot perform physical assessments like the
6-minute walk or 3-minute stair climb tests. Therefore, objective
non-invasive measurements are required to demonstrate the
feasibility of daily activity, the severity of cervical compression
and stenosis, and hyperlaxity of joints and thoracopulmonary
function patterns. We have investigated feasible non-invasive
studies on Morquio A, such as non-invasive pulmonary function
tests, assessment of tracheal obstruction, bone mineral density,

hearing loss, gait analysis, ADL, etc.

Establishment of glycosaminoglycans (GAGs) analysis and
biomarker for MPS

We developed a GAG assay for MPS using molecular biology,
ELISA, and LC-MS analysis. Studies on GAG assay for MPS have
been performed: 1) development of KS and HS assays by ELISA,
2) development of CS, DS, HS, and KS assays by tandem mass
spectrometry, and 3) evaluation of GAG levels in MPS patients

and mice.
Newborn screening for MPS

Development of a novel newborn screening method for MPS

that enables early diagnosis and potential treatment, preventing

19



JSIMD News Letter

severe irreversible damage and leading to a better quality of life.
We established a GAG assay for newborn DBS and identified 1
MPS patient out of 17000 samples. This screening system can be

used for either 1st or 2nd tier screening.

Development of innovative therapies for MPS
We have developed and evaluated the therapeutic efficacy of
HSCT, gene therapy, and enzyme replacement therapy for MPS in

human and animal models. Bone-targeting is directly related to the

primary concern of MPS type IV (Morquio A).

Research Members
We have multiple international researchers from 8 different

countries.

Shaukat Khan: PhD, research scientist and assistant professor.

* Tissue-specific AAV and tandem promoters for the treatment of
MPS IVA.

* Evaluate the effect of prolonged GALNS enzyme exposure on
MPS IVA mouse model bone pathology.

* High-throughput screening of newborn and MPS dried blood
spots by RapidFire.

* Impact of small molecules in vitro and in vivo

* Small activating RNA therapy for mucopolysaccharidosis type I

* Glycosaminoglycans analysis in plasma, soft tissue, and bone

* Glycosaminoglycans analysis in 100,000 dried blood spots

Yasuhiro Ago: MD, PhD, and visiting scholar.
Accessing novel biomarkers of MPS IVA available in a clinical

setting.

Andrés Felipe Leal: PhD, and post doc fellow.
» Assessment of an iron oxide-coupled CRISPR/nCas9 gene
editing on mucopolysaccharidosis type [IVA mouse model.
* CRISPR/Cas9-based ex vivo gene therapy for Morquio A

syndrome.
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Betiil CELIK: PhD, and postdoc fellow.
1. In vivo and ex vivo lentiviral gene therapy applications for
MPS IVA mouse models.
2. Engineered CART cells for GALNS tolerance induction.
3. Bone targeting lentiviral gene therapy for the treatment of MPS
IVA (grant awarded by the National MPS Society)

Angelica Maria Herreiio-Pachon: PhD student.

* Molecular and Cellular Validation of CRISPR/nCas9-
based Genome Editing in Hematopoietic Stem Cells for
Mucopolysaccharidoses IVA.

* Induction of Immune Tolerance to Cas9 protein in MPS IVA

mice.

Nidhi Fnu: PhD student.

* Integrase-deficient lentiviral Vector as a platform for efficient
CRISPR/Cas9-mediated gene editing for Morquio A Syndrome

* Efficacy of CRISPR-Cas9 gene editing in the Morquio A mouse
model with induced Cas9 immune tolerance.

* CRISPR-Cas9 mediated knock-in effectiveness at different safe
harbor sites in MPS IVA fibroblasts.

» Evaluation of Integrase-Deficient Lentiviral vector-based
CRISPR-Cas9 gene-edited hematopoietic stem cells in MPS
IVA.

* Newborn screening for mucopolysaccharidoses; Measurement
of GAGs by automated high-throughput mass spectrometry/
RapidFire

Sampurna Saikia: PhD student.

Oral administration of peptides into mucopolysaccharidosis
IVA mice to produce immune tolerance for the enzyme
N-acetylgalactosamine-6-sulfate sulfatase in AVV9 gene therapy

treatment.

Amali Karunathilaka: PhD student.

* Fetal AAV mediates gene therapy for mucopolysaccharidosis
IVA and Hypophosphatasia

* Neonatal AAV-mediated gene therapy with tandem promoters
for mucopolysaccharidosis [IVA

* Neonatal scAAV-mediated gene therapy for mucopolysaccha-
ridosis IVA

 Signal sequence effect on AAV-mediated gene therapy for

mucopolysaccharidosis IVA

Krishna Sai Musini: Master student.
CRISPR/nCas9-based gene therapy for mucopolysaccharidosis

IVA using non-viral vectors
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Georgina Neema Baya: PhD student.

In vivo and ex vivo lentiviral gene therapy applications for MPS

IVA mouse models.

Jacky Michelle Guerrero Vargas: MS, research assistant. Works
with Dr. Khan.

Sahou, Marie: BC, graduate student, and clinical coordinator.

Non-invasive Functional Assessment and Pathogenesis of Morquio

A.

Alexa Shih: undergraduate student.

Lan He: PhD, lab manager.

Publications in 2024-2025

1.

Ago Y, Rintz E, Musini KS, Ma Z, Tomatsu S. Molecular
Mechanisms in Pathophysiology of Mucopolysaccharidosis
and Prospects for Innovative Therapy. Int J Mol Sci. 2024 Jan
17;25(2):1113. doi: 10.3390/ijms25021113. PMID: 38256186.

. Khan SA, Nidhi F, Leal AF, Celik B, Herrefio-Pachon

AM, Saikia S, Benincore-Florez E, Ago Y, Tomatsu S.
Glycosaminoglycans in mucopolysaccharidoses and other
disorders. Adv Clin Chem. 2024; 122:1-52. doi: 10.1016/
bs.acc.2024.06.011. Epub 2024 July 23. PMID: 39111960.

. Donsante S, Pievani A, Palmisano B, Finamore M, Fazio

G, Corsi A, Biondi A, Tomatsu S, Piazza R, Serafini M,
Riminucci M. Modeling skeletal dysplasia in Hurler syndrome
using patient-derived bone marrow osteoprogenitor cells.
JCI Insight. 2024 Mar 8;9(5): e173449. doi: 10.1172/jci.
insight.173449. PMID: 38456506.

. Leal AF, Herreno-Pachon AM, Benincore-Florez E,

Karunathilaka A, Tomatsu S. Int J] Mol Sci. 2024 Feb
20;25(5):2456. doi: 10.3390/ijms25052456.

. Alvarez JV, Bravo SB, Chantada-Vazquez MP, Pena C, Colon

C, Tomatsu S, Otero-Espinar FJ, Couce ML. Morquio A
Syndrome: Identification of Differential Patterns of Molecular
Pathway Interactions in Bone Lesions. Int J Mol Sci. 2024 Mar
12;25(6):3232. doi: 10.3390/ijms25063232. PMID: 38542208

. Rintz E, Celik B, Fnu N, Herrefio-Pachon AM, Khan S,

Benincore-Florez E, Tomatsu S. Adeno-associated virus-
based gene therapy delivering combinations of two growth-
associated genes to MPS IVA mice. Mol Ther Nucleic Acids.
2024 May 7;35(2):102211. doi: 10.1016/j.omtn.2024.102211.
eCollection 2024 June 11. PMID: 38831899.
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