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ATR-X syndrome is caused by mutations in ATRX, which encodes a chromatin-remodeling
protein. ATRX protein predominantly binds to DNA G-quadruplex (G4), regulating transcription.
Recently, the loss of function of ATRX to bind G4 can lead to aberrant expression of many genes.
We have already found that a G-binding porphyrin compound, PMPyP4, improved the cognitive
function of Atrx mouse. But chronic use of PMPyP4 has severe toxicity. The purpose of this
research group is to develop the treatment for ATR-X syndrome patients with 5-aminolevulinic
acid, or 5-ALA, which is a natural amino acid and is metabolized into porphyrin in vivo.

Dr Wada (Kyoto Univ.) is the research group leader, and have integrated the basic and clinical
research. For the clinical study in the near future, the registry system of ATR-X patients have
been established.

Prof. Shioda  (Gifu Pharmaceutical Univ.) is the leading researcher of this group, and found
that ALA can improve the abnormal cognitive function of Atrx mouse, and normalized the
aberrant expression of synapse-related genes by its ability of biding to G4 in the neuron developed
from iPS cell of a ATR-X patient. He has also found that an imprinted gene, XIr3b, is the key
target gene of ATRX protein for cognitive function of ATR-X syndrome.

Prof. Fukunaga (Tohoku Univ.) have analyzed the abnormal expression of Ca2+/calmodulin-
dependent protein kinase gene and its effect on epigenetics, which is involved in intellectual
disability and developmental abnormality.

Prof. Sugiyama (Kyoto Univ.) has analyzed the relationship between G-quadruplex
formation and gene expression, using next gereration sequencing system and microarray analysis.
He has found several targeting genes regulated by ATRX protein [ChemBioChem. 2016, 17, 928-
935], and developed a new G-quadruplex binding ligand [ChemBioChem. 2016, 17, 1317-1322].

Prof. Tanabe (Graduate Univ. Advanced Science) has analyzed the relationship between
chromatin territory, gene expression and epigenetic state, and the effect of ALA on them, using
3D-FISH technique for fibroblasts from healthy controls and ATR-X patients.

Dr Okamoto (Osaka Women’s and Children’s Hosp.) has evaluated seven ATR-X syndrome
patients, and suggested that their abnormal behavior, developmental level, digestive tract function,
epileptic attack frequency could work as biomarkers for evaluating the effect of ALA for ATR-X
patients in the clinical study in the near future.

Dr Kurosawa (Kanagawa Child. Med. Center) has analyzed the relationship between their
clinical and genetic information, and established the system of diagnosing ATR-X syndrome
patients rapidly and adequately.

Ms shimbo (Kanagawa Child Med. C) has analyzed many ATR-X patients for their diagnosis,
and suggested some apparent missense mutations should be evaluated carefully, as if they should
affect their splicing.

During these three years of this research, we have been doing our study almost on schedule and
gathered enough information of basic research for clinical study of ALA-treatment for ATR-X
syndrome patients. We are now preparing to start the clinical study in the near future.
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