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Background:

In order to support super-aging society in Japan, it is essential to maintain vision, which is directly related to quality of
life, and it is very important to control glaucoma, which has a high morbidity rate. In particular, it is very important to
control glaucoma, which has a high morbidity rate. There is an urgent need to predict the progression of severe
glaucoma, which causes rapid progression of visual field loss and loss of visual acuity, and to provide optimal
preemptive and personalized medical care from the perspective of medical economics.

Glaucoma is an ocular disease characterized by optic nerve atrophy caused by multiple factors, including ocular blood
flow, as well as high intraocular pressure, and the resulting irreversible visual field defects. Glaucoma affects 5% of
people over the age of 40 and is the leading cause of blindness in Japan, and the number of patients with blindness due
to glaucoma continues to increase. While recent technological advances have begun to reduce the number of patients
blinded by diabetes, the number of patients blinded by glaucoma continues to increase. The only evidence-based
treatment for glaucoma is IOP reduction, but there is an unmet medical need as 40% of patients continue to experience
progressive visual field loss after treatment. Therefore, there is a significant social need and market for the
development of new therapeutic agents other than existing IOP-lowering treatments. In addition, glaucoma is
considered a multifactorial disease, and the pathophysiology may differ from individual to individual. Because of the
lack of appropriate biomarkers, drug development targeting IOP-independent factors has not yet been successful.
Approximately 70% of glaucoma patients in Japan have normal tension glaucoma, and there are many cases in which
IOP-independent factors have been suggested.

Furthermore, the drug delivery system (DDS) technology can reduce systemic side effects by local administration,
improve adherence in patients with dementia and other conditions that are difficult to treat with eye drops, and achieve
sufficient drug concentration in the retina, which has been difficult to achieve with eye drops, leading to new areas of
drug discovery. This will lead to drug discovery in new areas. In this research, we will utilize the company's
knowledge of pharmacokinetics and formulations such as DDS, patient stratification based on analysis of clinical data
and biological samples of patients held in academia, compound screening systems using cultured cells, and drug
efficacy evaluation systems using disease-specific animal models to efficiently and innovatively develop new drugs.
The objective of the project is to develop innovative drugs efficiently and effectively by utilizing the patient
stratification system based on the analysis of clinical data and biological samples of patients, compound screening

system using cultured cells, and drug efficacy evaluation system using disease-specific animal models.

Results and Significance:

The ophthalmological examination database (data items include visual acuity, intraocular pressure, corneal
thickness, Humphrey's field of view, optical axial length, retinal nerve fiber layer thickness and optic nerve
papilla shape measured by spectral domain OCT (SD-OCT), which are common examination items in
glaucoma treatment) accumulated at the Tohoku University Ophthalmology Department to date, plus basic
data from daily examinations, such as blood pressure and BMI, as well as special tests such as ocular blood
flow and oxidative stress measurements. The basic data were obtained by adding laboratory data such as
blood pressure and BMI, as well as special tests such as ocular blood flow and oxidative stress measurements.
The registered cases were carefully examined, and those cases that could be entered into the project were
selected to create a data set for analysis. Finally, various blood-derived data such as neurotrophic factors and
cytokines from approximately 1,000 glaucoma patients were used to classify them into four pathological
factors (A, B, C, and D).

Subsequently, metabolome analysis was conducted to examine the correlation between the pathological
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factors and metabolites in the blood of glaucoma patients. The metabolome analysis was conducted at Tohoku
University Tohoku Medical Megabank Organization, and data were accumulated using nuclear magnetic
resonance (NMR) for approximately 1,000 cases. The K-means analysis of the metabolite data obtained this
time, referring to the basic data obtained at the Megabank Organization in the past, showed a trend of
correlation between metabolites and clinical test results in specific metabolite clusters (metabolite clusters 1
to 8) (Metabolite clusters 1 and clinical tests (1) correlated with each other, for example). These results
suggest that measuring metabolites may be able to predict pathophysiology when clinical tests are difficult
to perform.

In addition, multivariate analysis using logistic regression methods found multiple metabolites
correlated with pathology in each pathological factor (pathological factor A: none, pathological factor B: 3
metabolites, pathological factor C: 6 metabolites, pathological factor D: 6 metabolites), suggesting the
possibility of stratifying patients by specific pathological factors. Although more detailed studies are needed
in the future, the results obtained in this study may lead to personalized medicine tailored to the segment of
glaucoma patients with specific phenotypes among all glaucoma patients.

In the compound screening process, we first selected approximately 1,000 compounds from a library of
commercially available compounds that were considered suitable for DDS formulations based on the physical
properties of the compounds and other indicators, with drug repositioning in mind. The compounds that met
certain criteria in the in vitro evaluation system for each pathological factor were then evaluated for efficacy
using the corresponding in vivo animal models.

As a result of evaluating compounds with each pathological factor, several hit compounds were obtained in
the in vitro mouse cultured cell evaluation system (pathological factor A: 6 compounds, pathological factor B:
4 compounds, pathological factor C: 12 compounds, pathological factor D: 2 compounds). Several hit
compounds were also obtained in the evaluation system using in vitro human-derived neural-like cells
(pathological factor A: 2 compounds, pathological factor B: 1 compound, pathological factor C: 3 compounds,
pathological factor D: none). Subsequent evaluation of the hit compounds in both mouse- and human-derived
neural-like cells using in vivo animal models reflecting each corresponding pathological condition showed no
clear efficacy of the in vitro hit compounds under the current conditions. However, this study was considered
to be of some significance because a series of in vitro/ in vivo evaluation platforms were established to
examine the glaucomatous optic neuroprotective effects of the candidate compounds. In the future, it will be
necessary to evaluate compounds using models that better reflect the pathological conditions classified by
the candidate stratification markers.

In summary, this study identified a group of metabolites that may be useful in classifying the
pathophysiology of glaucoma and achieved some results regarding stratification, but further studies are
needed. Although no new candidate compounds for glaucoma treatment were identified, a series of in vitro/in

vivo platforms for drug efficacy evaluation were established.



