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Thesis Abstract
Analysis of the Mechanisms of the Regulation of Intracellular D-Aspartate concentration

and the D-aspartate-induced Testosterone Production in Cultured Cell Lines.

Yusuke Takano

Reduced testosterone production in elderly men causes late-onset hypogonadism (LOH syndrome), leading to
decreased quality of life. D-Aspartate (D-Asp) is one of the known factors that promote testosterone synthesis.
Experiments using primary cultured rat Leydig cells have shown that D-Asp is taken up by the cells and promotes
testosterone production by enhancing the expression of steroidogenic acute regulatory protein (StAR) in the presence
of luteinizing hormone (LH). However, the mechanisms of D-Asp-induced StAR expression are largely unknown.
Elucidating the mechanism is expected to lead to a better understanding of testosterone-related diseases. This study
aims to elucidate the mechanisms by which D-Asp promotes testosterone production, including the potential
upregulation of StAR expression, and to explore its implications for the development and treatment of testosterone-
related diseases. In chapters 1 and 2, the focus was on validating and establishing the LC/MS/MS method for
measuring D- and L-amino acids in cultured cells, respectively. Chapter 3 aimed to establish an experimental method
using a cultured cell line to study the mechanisms of D-Asp-induced testosterone production by measuring steroid
hormones in I-10 cells. This was achieved by establishing an LC/MS/MS method to measure steroid hormones in I-
10 cells. In chapter 4, the regulatory mechanisms of StAR gene expression by D-Asp in I-10 cells were investigated
using the experimental method established in chapter 3, with the aim of elucidating the mechanism of D-Asp-induced

testosterone production. In the following chapters, the findings of this study are summarized.

Chapter 1: Validation of D,L.-Amino Acid Determination Using a Chiral Derivatization LC/MS/MS Method
In Chapter 1, the validation of the chiral derivatization LC/MS/MS method using the N*-(5-Fluoro-2,4-
dinitrophenyl)-L-leucinamide (FDLA) derivatization reagent was performed, and as the results, it was shown that the
calibration curves for D-Asp and D-Serine (D-Ser) showed good linearity, with limits of quantitation at 174.5 pM
and 36.3 pM, respectively. In addition, the intra-day variation test showed that the assay was accurate at
concentrations of 5 uM or higher, and good recovery was obtained even at 4 uM in the addition recovery test. In
conclusion, this assay is useful for the simple and efficient determination of D-Asp and D-Ser in biological samples,
and can be used to analyze the intracellular concentration regulation mechanism and physiological functions of D-

Asp.

Chapter 2: Analysis of the Regulatory Mechanism of Intracellular D-Amino Acid Concentration

In chapter 2, the FDLA-derivatized LC/MS/MS method was used to measure D- and L-amino acids in HepG2
cell lysates and the culture medium, and the results showed that these amino acids are detectable in these samples.
The study also suggested that D-Asp may be biosynthesized by aspartate racemase and metabolized by D-Aspartate
oxidase in HepG2 cells. In contrast, no D-amino acids, including D-Asp, were detected in 1-10 cells. These findings
indicate that this assay can be utilized to investigate the regulatory mechanisms of intracellular D-Asp content. By

using this assay, it is possible to identify new D-Asp-producing cells, analyze the regulatory mechanisms of



intracellular D-Asp concentration in those cells, and determine the subcellular localization of D-Asp in Leydig cells,
which are the target cells of D-Asp. This approach may facilitate the elucidation of D-Asp-mediated inter-organ

networks and the mechanism underlying the promotion of testosterone production.

Chapter 3: Establishment of an Experimental System Using I-10 Cells to Study D-Asp-Induced Testosterone
Production

In chapter 3, the method for measuring various steroid hormones using LC/MS/MS has been established. By using
this method, the analysis of the effect of D-Asp on testosterone production in I-10 cells became possible. Using this
experimental system, it was shown that D-Asp promotes testosterone production in I-10 cells in the presence of
Menaquinone-4 (MK-4). Additionally, the FDLA-derivatized LC/MS/MS method established in chapter 2 was
utilized to analyze D-Asp, revealing that it was taken up by I-10 cells. Based on these findings, the experimental
system utilizing I-10 cells, an established cell line, was shown to be useful for elucidating the molecular mechanism
by which D-Asp promotes StAR expression, which is thought to be difficult to accomplish with primary cultured

cells.

Chapter 4: Analysis of the Mechanism of the D-Asp-induced Testosterone Production

In chapter 4, the regulatory mechanism of StAR gene expression by D-Asp using the experimental system
established in Chapter 3 was analyzed and found that D-Asp promotes StAR expression and increases testosterone
production in the presence of MK-4. Furthermore, it was also found that the responsive element of D-Asp in the
StAR promoter is different from that of MK-4. These results indicate that D-Asp acts on a different StAR promoter
region than MK-4 and promotes its expression. Further studies identifying the transcription factors that
bind to the D-Asp responsive element in the StAR promoter and analyzing the effect of D-Asp on their
activation are expected to clarify the regulatory mechanism of StAR expression by D-Asp. Overall,
this study contributes to the understanding of the biological functions of D-Asp and the potential as

therapeutic agents.

Summary

In conclusion, this study demonstrated that FDLA-derivatized LC/MS/MS is useful to detect D-
Asp in cell lines in which D-amino acids have not been previously detected and analyze the regulatory
mechanisms of intracellular D-Asp contents in these cells. Additionally, the experimental system
using I-10 cells established in this study is valuable for studying the molecular mechanisms of D-Asp-
induced testosterone production. The findings of this study may contribute to develop new strategies
for the treatment of low testosterone levels and improve the quality of life for elderly men who suffer

from LOH syndrome.
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