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Purpose and significance of research and development

Traditionally, mitochondrial disease is diagnosed by a combination of clinical symptoms, family
history, brain imaging, lactate—pyruvate ratio in blood and cerebrospinal fluid (during exercise),
muscle biopsy, and finally genetic diagnosis. Mitochondrial disease often affects infants and
young children, and invasive procedures such as CSF sampling, blood sampling, exercise stress,
and muscle biopsy in infants and young children are difficult in clinical practice. In maternally
inherited forms of MELAS and MERFE mitochondrial disease, genetic testing is also associated with
significant ethical and social problems, such as conflict within families

We conducted a proof—-of-principle test using clinical specimens to determine whether mitochondrial
disease can be diagnosed by measuring metabolites of modified tRNA in urine with an LC/MS mass
spectrometer AMED - H29 Advanced Measurement Analysis Technology and Equipment Development Program,
Element Technology Development Type). Measurement of modified nucleosides in urine was found to
be a better diagnostic marker than conventional markers for the same disease

Therefore, in this research and development, we developed a system that can rapidly and accurately
diagnose mitochondrial diseases, which are rare and intractable diseases, by measuring modified

nucleosides in urine.

Overview of developed devices and systems
Mitochondrial disease diagnosis system (composed of the following) was developed.

Fully Automatic Urine Sample Pretreatment System coupled with High Performance Liquid

Chromatograph Mass Spectrometer (LC/MS)

We have developed a fully automatic pretreatment system for urine samples
A disk control system has been developed, and a pretreatment apparatus linked to a high—performance
liquid chromatograph mass spectrometer (LC/MS) for analysis after pretreatment has been completed.
* By hand, the urine is collected and mixed with the solvent in a vial, and then the vial is
loaded into an HPLC autosampler, which is fully automatic from pretreatment to analysis
Usually, a sampler is set in the preparation equipment, but in this development, an HPLC
autosampler was utilized. This results in:
1. The sample and data file must match,
2.You can take advantage of the cooling function of the autosampler,
3. Increase the number of samples up to 100
and the like
* Since the sample after the pretreatment is introduced into the LC/MS without loss, the highly
sensitive analysis becomes possible
=> Only 10uL of the sample (urine) is required for pretreatment (analysis).
* By interlocking the pretreatment device with the LC/MS device, the process from pretreatment

to analysis of the target modified nucleoside can be performed within 15 minutes
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Diagnostic software

After analysis, we developed software that automatically calculates, discriminates, and diaghoses

mitochondrial disease diagnostic equations.

- After automatic calculation from the analysis result, the judgment result report can be
automatically created

» From the start of the diagnostic software to the completion of the analysis can be performed
in about 1 minute (% according to the number of samples)

As a result of the evaluation of the diagnostic accuracy using this diagnhostic system, it was

found that the target value “Sensitivity: > 94%; specificity: > 90%” which can be judged to be

effective for the diagnosis was cleared

Development of a reagent kit for pretreatment

In this diagnostic system, a standard reagent for modified nucleosides is used in the first
dilution step of the sample (urine). A kit for the reagent was developed.

The storage stability of this reagent kit was evaluated, and it was confirmed that the following
criteria were met

- Store at the candidate concentration and temperature for 12 months, and the change in

concentration of the target ingredient must be within the appropriate range



