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“Curiosity” is the key energy for science.

Professor, Division of Metabolic Medicine, RCAST, The University of Tokyo

The epigenome, a new target for preventive medicine

What is your research topic?

Our research topic is “the epigenome”. Epi means “on”, so this epigenome
is a higher-order system that regulates gene expressions from the genome.
Epigenomics is a system pivotal for adaptation to environmental changes.
We are especially focusing on lifestyle disease such as hypertension,
glycolipid disorders, and atherosclerosis and vascular biology toward the
development of innovative therapeutic strategies (Fig. 1).

We are particularly focusing on fat tissue (also called “adipose
tissue”). Fat tissue contains fat cells (also known as adipocytes) that store
nutrients as a form of triglyceride (i.e., fat), and when needed, breaks them
down to dissipate energy for heat generation. Fat tissue is also important as
an endocrine organ: fat cells secrete hormones such as leptin to control
feeding through the central nervous system. Furthermore, under a cold
environment, brown-like fat cells emerge in subcutaneous fat tissues that
consume stored nutrients to generate heat. These have been named “beige fat
cells,” and they actively produce heat (Fig.3, 4). Because brown and beige
fat cells consume fat and glucose quite well, they are now being actively
studied as a new therapeutic target for lifestyle-related diseases.

Epigenomics plays a crucial role in enabling living beings to adapt to
environmental stimuli (Fig.2). Environmental stimuli are received at the cell
surface receptor, transmitted via intracellular signaling pathways, and add
chemical modifications to the genome as the epigenome in the nucleus.
Epigenomic modifications are maintained through cell divisions, thereby
playing a role as a memory system at cellular levels. Thus, the epigenomic
system allows the generation of approximately 200 types of cells from a
single fertilized egg. Each individual cell can preserve their own identities
and are also capable of adapting to the given environment by changing cell

fate (i.e., qualities and functions) in tissue, for example, from fat storage to

fat burning cells for heat production to adapt to a cold environment. By further

elucidating this system, we will develop ways to prevent and treat obesity and

associated comorbidities.
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A cozy interdisciplinary laboratory

What is the atmosphere in your lab?
We have many international and multidisciplinary students in our lab, where you can also experience English
conversation and research presentation. We are accepting students not only from schools of medicine but also from

many other schools of life sciences if they are interested in our research.

We are studying the epigenome and metabolism, and lifestyle diseases including obesity, hypertension, diabetes,
hyperlipidemia, and so on using molecular biology techniques and genetically engineered animals. We are currently

interested in paternal and maternal inherited epigenomes.

“Curiosity” is the energy for doing science and all three of “luck, not pursuing
nearsighted benefit, and perseverance”, are the keys to your success.

Please give a message to students including what you expect from them.

We welcome enthusiastic, innovative, and cooperative students interested in our research. We welcome students
not only from schools of medicine but also from other fields of life sciences that include dentistry, science,
engineering, pharmacy, agriculture, veterinary medicine, and more. Once you join us, I urge you all to face science
with “curiosity”. Curiosity is the source of energy and good luck. Go for it. “Luck, not pursuing near sighted benefits,
and perseverance” are the key attitude that will lead you to success. I believe that only the “truth” remains in the
history of science. I have never forgotten the exciting moments when I made important discoveries. I hope you will
always be curious, never give up pursuing science, and thereby contribute to the progress of physiology, medicine,
and life science. Though it is a bit long, please read my column, “Devote yourself to pursue the truth”, at the end

of the article.

Pharmaceutical, medical devices and food-related, researchers and clinicians

What career paths are available to the students after they graduate? What are the graduates doing well
there?

I have been running the Sakai lab for more than 17 years, and our graduates have been hired at pharmaceutical
related companies such as Astellas Pharma, medical devices related companies such as GE Health Care, food related
companies such as Morinaga, while other researchers have become professors, associate professors and senior

lecturers. Of course, some of our graduates are playing active roles in the hospital as clinicians.

Is it possible to study while working at a hospital or in a company?
Yes, it’s possible. While running our department over the years, we have accepted graduates from clinical research
labs and pharmaceutical companies (Sumitomo and Astellas Pharma). They have published fine papers and earned

their PhD. Also, we accept and supervise graduates from other universities.



COLUMN

Columnl: Go for the Truth, DO NOT go for a compromise.

My former supervisors, Dr. Goldstein JL and Dr. Brown MS, started research on atherosclerosis in the 1980s. At
that time coronary artery diseases were prevalent and a social concern in the US. They devoted themselves in
working on this issue as physician scientists and discovered the low-density lipoprotein (LDL) receptor, the receptor
for the main carrier of cholesterol containing lipoprotein called LDL (also known as atherogenic lipoprotein). They
further found that its genetic defect causes familial hyper-cholesterolemia, a disease that causes juvenile
atherosclerosis and a high incidence of cardiovascular diseases. These discoveries won them the Nobel Prize in
1985. Their research had a tremendous influence on me; it was just like an “art,” far beyond a “science.” In their
lab, I felt as though [ was drawing beautiful pictures on a large white canvas under their supervision. Their science
was very precise, transparent, and very clear, just like putting the multiple pieces of a jigsaw puzzle together,
although they were really strict on the data and tough on us. We were able to eventually discover what we were
looking for based on a hypothesis. It was astonishing to me how thoroughly they devoted themselves and put their
energy into the science.

However, when I joined them in 1994, I started lab work in the midst of a very tough situation. At that time,
transcription factor SREBP, which regulates intracellular cholesterol homeostasis, was their main project.
Especially, discovering the converting enzyme that activates precursor SREBP was most important. A candidate
protein had already been found by a postdoc who discovered SREBP. Both doctors really wanted to believe that
this was it, and my project was to prove it. However, all the data I obtained was against their hypothesis. I was a
villain (bad guy) for them! But I insisted on my opinion that the candidate protein was not the one we wanted and
it eventually turned out that I was correct. Three and a half years later, I succeeded in discovering the genuine
“SREBP converting enzyme” that activates precursor SREBP, namely S1P. I can never forget that exciting moment.
Only the truth remains in the history of science. This SREBP pathway is now described in the textbooks! I am
lecturing to my undergraduate as well as to graduate students. I am happy that I can tell them this story with
excitement and the vivid memories of what I went through for this discovery in Dallas. I hope all students will

approach the core science with curiosity and to contribute to the advance of medical science.

@ Please take a look at our site! Click the following URL.
For more details=http://www.mm.rcast.u-tokyo.ac.jp/topics/2011-01-04.html

€ The most authoritative journals for cell biologists, Cell Press celebrated its 40™ anniversary by introducing 25
landmark papers with featured commentaries. Twenty years have passed, and my paper from those days was
chosen as one of these.

For more details= http://www.mm.rcast.u-tokyo.ac.jp/topics/182.html

Column 2: My life with “Kame-roh”, telling the arrival of spring.
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Cold and hunger are two major threats to homeothermic animals. Adipose
tissue functions to protect animals from such environmental stresses. Heat
production to maintain body temperature in cold environments is called
“adaptive thermogenesis”. Stored fat in fat cells (adipocytes) is broken
down to generate fatty acids, which circulate in the blood stream, and are

taken up for ATP production or heat generation in oxidative tissues such as

muscles, liver, and brown adipose tissue.

By the way, I have a pet named “Kame-roh”. She is a turtle (see the
photo, she was five years old at that time). “Kame” means turtles in Japanese and the suffix “roh” means it’s a boy.
However, a few years ago, when I took him to the pet shop, the veterinarian said that Kame-roh was female, but she is
still called Kame-roh. Turtles are not thermostatic reptiles; therefore, they reduce their body temperatures under cold
environments and become less active in winter. When winter comes, she hides herself in dark places in my home and
spends the wintertime there every year. This is reminiscent of the “torpor” or “hibernation” of small animals or bears.
By reducing their body temperature and activities, which are mediated by metabolism, hibernating animals consume
minimum energy throughout winter. Wintertime goes by and it becomes warmer, little by little, she resumes her
metabolism by moving, making a rattle sound; her shell is so hard that when she moves, she makes sounds as if people
are walking in leather shoes. The rattle sound is a wakeup call that let us know spring has come!

When she came to my home, she was as little as a baby's palm size, but now, she's as big as the stone used in
Curling, one of the sports in Olympic game (in which players slide stones on a sheet of ice toward target area)! Yet, she
cannot maintain her body temperature against cold environments; she feels cold when I touch her. Thermostatic animals
can keep constant body temperature and the metabolic enzymes work best at 37 degrees Celsius, which is why they can
move fast under any environmental temperature. This helps them trigger their “fight-or-flight” response in the face of
enemies. I do not know how enzymes in reptiles (poikilotherm) can work at even lower body temperatures to produce
the ATP for them to move, or at least for their hearts to move. I need to study this more.

Well, you might suppose that turtles walk slowly as in the story of "The Tortoise and the Hare", one of Aesop's
Fables. Did you know that the turtle walks pretty fast in summer? She approaches me very fast when she wants to be
fed. Now you understand how lovely and friendly turtles are, I guess, and she walks very slowly in winter indeed.

Perhaps "The Tortoise and the Hare” fable is a story set in winter?

PROFILE
Juro Sakai

Professor, Division of Metabolic Medicine, RCAST, the University of Tokyo

He graduated from Tohoku University School of Medicine in 1988. After his residency in internal medicine in Sendai
City Hospital, he entered the Graduate School of Medicine of Tohoku University (the former Department of 2nd internal
medicine). After he graduated and obtained his PhD degree in 1994, he started his postdoctoral fellowship under 1985
Nobel Prize laureates Drs. Goldstein & Dr. Brown’s lab in University Texas Southwestern Medical Center. During his
stay in Dallas, Dr. Sakai found the converting enzyme of SREBP, a key transcription factor of cholesterol biosynthetic
and uptake pathways.

He came back to Japan in 1998 and worked as a chief physician in internal medicine at Iwadeyama Hospital. He became
an assistant professor in the Tohoku University Hospital (Nephrology, Hypertension and Endocrinology Department) in
April 2000. In December 2001, he became a group leader of the ERATO Yanagisawa Orphan Receptor Project and in
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January 2003 he was appointed project professor at the University of Tokyo, and became a full Professor at the
University of Tokyo in 2010.  Since 2017, he has also become a full professor in his current position (Professor, Tohoku

University Graduate School of Medicine).

Website: http:/www.mm.rcast.u-tokyo.ac.jp/

Press Release: About "Epigenomic Adaptation to the Environment" published in Nature Communications.

http://www.mm.rcast.u-tokyo.ac.jp/topics/547.html

The Asahi Shimbun Digital: Identification of the “switch” enzyme that makes body fat flammable in mice.

http://www.mm.rcast.u-tokyo.ac.jp/topics/549.html

Yomiuri Shimbun column: “Elucidation of Epigenomic Machinery” from “Seiryo School (Tohoku University,
School of Medicine)”
http://www.mm.rcast.u-tokyo.ac.jp/topics/550.html

The international media has also covered the topic:
ABC News “Can being cold help you lose weight?”
https://abcnews.go.com/Health/cold-lose-weight/story?id=54631686

Press release in English

https://www.u-tokyo.ac.jp/en/utokyo-research/research-news/enduring-cold-temperatures-alters-fat-cell-

epigenetics.html
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