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Mucolipidosis (ML II/III, ICD) is a rare autosomal recessive disorder caused by a mutation in the
GNPTAB gene or the GNPTG gene. The GNPTAB gene encodes the «/ [ subunits (and GNPTG gene encodes
the vy subunit) of the enzyme N-acetylglucosamine—1-phosphotransferase (GNPT). GNPT helps to couple
phosphate groups to mannose residues (mannose—6-phosphate moieties, M6P) on lysosomal enzymes.
Pathogenic variants of GNPTAB or GNPIG cause abnormal GNPT function which lead to inappropriate
trafficking of lysosomal enzymes to the extracellular compartment. To date, no effective enzyme
replacement therapy for ML II/III has been invented. For patients with lysosomal storage disorders
like ML II/III, HSCT (Hematopoietic stem cell transplantation) aims to provide donor—derived
hematopoietic cells that produce lysosomal enzymes with M6P moiety allowing for intracellular
uptake with appropriate trafficking to the lysosome for substrate degradation. In fact, there have
been several reports from the US, Germany and Japan where HSCT has been done and the results show
some efficacy for patients with ML II/III. However, HSCT has three challenges.As for bone marrow
transplantation, it is not easy to obtain MLA-matched donors for transplantation. Secondly, various
drugs for transplantation such as immunosuppressants may cause serious consequences. In addition,
engraftment failure and GVHD are also problems which must be solved. So, we are developing
autogenous transplantation therapy for patients with ML II/III using new genome editing technology,
the CRISPR-Cas3. In brief, patients’ cells are taken out and treated by the CRISPR-Cas3 ex vivo,
then returned to the patient. The transplanted cells will be expected to supply lysosomal enzymes
with M6P moiety like HSCT.

Now, we are trying to cut and repair fibroblasts and iPS cells of patients with ML II/III using
CRISPR-Cas3 technology. Alongside this research, we are also trying to transplant human
hematopoietic stem cells differentiated from the repaired iPS cells and umbilical cord blood
cells’ hematopoietic stem cells into Gnptab ‘knock out’ mice. By the end of this year, we
generated three different ML II/III patients’ iPS cells (more than three clones respectively). As
it is reported previously that there is no hot spot in pathogenic variants of ML patients, it is
necessary to produce more than one iPS cell strain. Next, we successfully designed gRNA for the
genome editing of one patient with ML II/III, which enabled us to cut the GNPTAB gene of the
patient’ s iPS cells. Umbilical cord blood cells were taken from 5 healthy neonates and their
mothers and cultured in vitro. Then we measured the activity of the lysosomal enzymes. The
umbilical cord blood cells were then transplanted into our mice via tail veins and under renal
membranes after preconditioning. The transplanted umbilical cord blood cells were found to be alive
at least for two weeks.

There are 12 ML II/III patients who were diagnosed at our hospital, and about 40 patients in
Japan. We are going to establish patient registration for ML II/III in Japan within a couple of
years. If ex vivo genome edited cell transplantation therapy is established in ML II/III, it can be
applied to many other lysosomal diseases. In addition, since CRISPR —Cas3 technology is unique to
Japan and is expected to be applied to various gene therapies for many congenital diseases, the

results of this research are expected to be applied to a wide range of diseases in the future.



