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Functional magnetic resonance imaging (fMRI) is a noninvasive imaging technique for 
measuring brain activity using the blood-oxygen-level-dependent (BOLD) signal based on the 
principle of nuclear magnetic resonance (NMR).

have been conducting research to 
elucidate the mechanisms of 
mammalian ferti l ization and 

reproduction, with an interest in “why the 
number of pups per delivery differs among 
species” and “why the male/female ratio is 1:1”
The sex of mammals is determined depend-
ing on whether a Y-chromosome-bearing 
sperm (Y-sperm) or an X-chromosome-bear-
ing sperm (X-sperm) fertilizes the ovum. In 
2019, for the first time in the world, we identi-
fied the protein that is found in X-sperm, but 
not in Y-sperm, and discovered that the sex 
ratio can be changed by utilizing functional 
differences of Y- and X-sperms. 
Y-sperm and X-sperm are produced in equal 
numbers, so the sex ratio is 1:1 in most mammals. 
However, Y- and X-sperms have partially different 
genes (not bearing the other sex chromosome). 
We hypothesized that Y- and X-sperms might 

have potential functional differences to express 
specific proteins. To verify this hypothesis, we 
collected all RNAs in mouse sperm and then the 
sequences were analyzed. By narrowing down 
genes expressed from X-chromosomes or 
Y-chromosomes, we discovered a protein present 
only in X-sperm, “TLR7.” 
We then investigated conditions under which 
functional differences are demonstrated 
between X-sperm having TLR7 and Y-sperm 
not having TLR7. As a result, it has been found 
that under TLR7-ligand condition, the 
production of adenosine triphosphate (ATP), 
which is the primary energy carrier in all living 
organisms, was decreased only in X-sperm. 
Furthermore, the motility of X-sperm 
decreased and X-sperm sank to the bottom, 

whereas Y-sperm showed no effect and swam 
up to the upper layer, exhibiting high motility. 
We have succeeded in the selective production 
of a male or female in mice and cattle by 
applying this method of “easily separating X- 
and Y-sperms” to in vitro fertilization.
This research result can be summarized very 
simply as follows: We discovered functional 
differences of X-sperm and Y-sperm and 
succeeded in the selective production of a 
male or female by separating X- and Y-sperms. 
However, this achievement was not easily 
obtained. We repeated over and over the 
process of developing a hypothesis, creating a 
story to prove the hypothesis, and then 
executing that story. Our achievements are the 
result of our hard and steady research efforts 
over five years. In my opinion, the best part of 
research is the joy that we feel when we can 
neatly prove phenomena that surpass our 
hypothesis, by examining unexpected results 
without being disheartened by failures.
Our research results have received a huge 
response from across Japan and abroad. In 
beef cattle production, the demand for male 
calves is higher. It is because male cattle or 
bulls grow bigger than females and can be sold 
at higher prices. In short, economic efficiency 
is higher for livestock farmers. The method we 
have developed does not require large-scale 
equipment. Therefore, in the future, it may 
become possible for individual livestock 
farmers to selectively produce males or 
females. We wish to contribute to livestock 
production by promoting the practical 
application of this technique so that it can be 
used at livestock production sites.

Your right and left hands are very similar, yet 
they are not identical. This property is called 
chirality. Our research has revealed that chiral 
magnets made only from right-handed materials 
are completely different from normal magnets. It 
is becoming clear that problems with chiral 
magnets have commonalities with problems in molecule biology and 
high energy physics. The Center is working to elucidate chirality-related 
problems from a basic science perspective.

HU aims to create world-class research centers on 
a continuous basis by providing support for 
research groups conducting active research 
activities to drive their further development.

HU selects and provides priority support to promising 
research initiatives, which are researcher groups who 
have the potential to grow into independent 
world-class research centers (Centers of Excellence).
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Hiroshima Drug-Delivery Research 
Center Using Photoirradiation
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Promising Research Initiatives

Hiroshima Institute of Plate ConvErgence
Region Research (HiPeR)
Hiroshima Institute of Health Economics
Research (HiHER) 
Advanced Core for Energetics (HU-ACE)
Hiroshima Research Center for Healthy Aging (HiHA)
Chirality Research Center (CResCent)
Core of Research for Energetic Universe (CORE-U)
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The Research Center for Animal Science 
The Research Center for Drug Development
and Biomarker Discovery 
Research Center for Innovative Diagnosis and
Treatment of Depression 
Research Center for Nitrogen Recycling
Energy Carrier
HiSENS Research Center
Research Center for the Mathematics on
Chromatin Live Dynamics
Research Center for Hepatology and Gastroenterology

Centers of Excellence

Network for Education and Research on
Peace and Sustainability (NERPS) 

Network-type Research Center

NERPS aims to become an education and research 
center with three features: (1) an internationally 
competitive research hub for issues related to 
peace, the global environment and the SDGs; (2) a 
hub for problem-solving based on education and 
research activities involving researchers in humanities and social 
sciences; and (3) an education and research hub where a diverse range 
of actors, including individuals, NGOs, companies, governments and 
international organizations, collaborate on a global scale.

Chirality Research Center to elucidate
the mystery of right- and left-handedness

sychiatric diagnosis is based on 
doctor's observation of clinical 
symptoms and signs. Therefore, 

objectivity and reliability of such psychiatric 
diagnosis have been questioned. As other 
reasons of difficulty in diagnosis, there are 
wide variety of patients' clinical courses and 
treatment response patterns.
To overcome these challenges, it is important 
to develop brain biomarkers using simple 
measurements, in order to categorize 
psychiatric disorders and to evaluate treatment 
effects even when several disorders have 
similar symptoms. In addition, if psychiatric 
disorders may be caused by abnormal brain 
activity, it would be the most efficient 
treatment to modulate or change the brain 
activity directly towards that of healthy 
people.
As an example, we have shown for the first 
time that it would be possible to diagnose 
whether or not the patient is one major 
subtype of depression (with melancholic 
features) with high accuracy, based on 
specific abnormal brain activity using 
techniques of artificial intelligence (AI). It is 
expected that these results would make it 
possible to diagnose some depression 
subtypes with 10-minute fMRI assessment in 
the future.
Furthermore, we have been working on 
development  of  t reatment  methods  
using neuroimaging techniques.  The 

fMRI  n eu r o f e edba c k  i s  a  l e a r n i ng  
method for participants to monitor and 
learn how to modulate their own brain 
activity during real-time feedback of target 
brain activation patterns. Because of its 
usefulness as a self-regulation method, it 
has attracted increasing attention as a 
new treatment approach. Development of 
these approaches would make it possible to 
offer individually-optimized treatments 
based on individual brain activity.
Understanding brain functions, it is not 
enough to accumulate knowledge about 

associated location and materials. More and 
more collaboration projects have become 
common among computational brain sciences 
and experimental brain sciences. The 
biomarker and neurofeedback studies 
mentioned above are also one of the results of 
those research projects. These days, many 
brain  sc ient is ts  and researchers  are  
interested in higher  brain functions 
including decision making, emotion, attention, 
and consciousness. It would be critically 
meaningful to take psychiatric disorders as 
disorder models to elucidate the mechanism of 
higher brain functions. We hope that such 
understanding would be a boon to people 
suffering from psychiatric and mental 
disorders.

P

Participants learn self-regulation strategies by trial and error to 
modulate their own brain activity in the desired direction during 
real-time neurofeedback of visualized their own brain activity. 

Visual feedback

Subject

fMRI Real-time fMRI image analysis
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Contributing to the world’s food
problems by elucidating the mechanisms
of genes that determine sex

Diagnosis of psychiatric disorders 
using brain functional images and AI
～ paving the way for new treatment approaches

Discovered the protein “TLR7” (red 
portion), which is found only in a 
spermatozoon bearing an X 
chromosome (X-sperm) (Umehara 
et al., PLOS Biology, 2019)

Succeeding in separating X- and Y-sperms by stimulating 
only X-sperm (Umehara et al., PLOS Biology, 2019)

Succeeding in producing male cattle by applying the 
technique developed using mice to cattle
(Photo provided by Oita Prefectural Agriculture, 
Forestry and Fisheries Research Center)

X-sperm

▼ An egg fertilized by an X-sperm develops
     into a female.

▼ An egg fertilized by a Y-sperm develops
     into a male.

Y-sperm

TLR7
(protein found only in X-sperm)

Before culture After culture

Sperm maintaining
a high motility
(Y-sperm)

Sperm whose
motility decreased
(X-sperm)

Ten brain functional connections that contribute to the 
diagnosis of major depressive disorder with melancholia 
were identified from about 10,000 connections.
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