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Okayama University research: Link between biological-clock disturbance and brain
dysfunction uncovered

(Okayama, 30 October) Researchers at Okayama University describe in the Journal of
Neuroscience that a certain protein known to play a major role in circadian rhythmicity —
humans’ intrinsic 24-hour biological cycle — is also key to proper brain functioning. The
findings may increase our understanding of neurological diseases and guide the
development of future treatments.

Patients suffering from psychiatric or neurological diseases often have irregular sleep patterns.
In fact, neurodegenerative diseases, such as Alzheimer’s, are believed to be caused by a
disturbed biological response to the day/night cycle (a.k.a. circadian rhythm). A team of
researchers led by Takeshi Takarada from Okayama University has now identified a link
between circadian rhythm disturbance and brain dysfunction. The scientists showed that a
protein called Bmall, known to play an important role in circadian rhythmicity, also regulates
the stability of the blood—brain barrier (BBB), a semipermeable membrane in the brain that
separates blood from other, extracellular fluid.

Takarada and colleagues made their discovery by studying the function of Bmall in transgenic
green-fluorescent-protein (GFP) mice. The introduction of GFP is a commonly used
biomedical technique for obtaining fluorescence microscopy images — in this case, of the
brains of mice. First, the researchers found that deletion of Bmall molecules results in an
increased activity of astrocytes, a type of cell in the brain that provide biochemical support to
the BBB. They then observed that Bmall deficiency leads to higher-than-normal permeability
of the BBB due to pericyte dysfunction. Pericytes are cells needed to sustain proper BBB
function; they regulate capillary blood flow.

As to the origin of the pericyte dysfunction causing reduced integrity of the BBB, the scientists
were able to show that Bmall deletion affects the expression of platelet-derived growth
factor receptor B (PDGFRPB) proteins in pericytes, which leads to a decrease in pericyte
coverage of blood vessels in the brain. This reduced coverage was found to be age-dependent.
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The work of Takarada and colleagues clearly establishes a connection between circadian
rhythms and the physiological stability of the BBB: Bmall is involved in both. The scientists
therefore concluded that “... Bmall may represent a novel target for the discovery and
development of therapies for many neurodegenerative and/or psychiatric disorders related
to abnormal BBB integrity.”

Background

Circadian rhythms and Bmall

A biological process showing a natural periodic cycle of 24 hours — an Earthly day — is called
a circadian rhythm. The mechanism behind such processes, seen in plants, animals, fungi and
certain types of bacteria, is called a circadian clock. In humans, circadian rhythm disturbances
are associated with psychiatric diseases such as bipolar disorder and neurodegenerative
diseases such as Alzheimer’s disease.

An important molecular component of the circadian-clock mechanism is brain and muscle aryl
hydrocarbon receptor nuclear translocator-like protein 1 (Bmall); it regulates certain
biochemical processes in the 24-hour cycle.

Takeshi Takarada and colleagues have now examined the role of Bmall in brain function, and
found that reduced levels of Bmall affected the proper functioning of the blood—brain barrier
(BBB), establishing a link between circadian rhythm disorders and neurological pathologies.

BBB

The blood—brain barrier (BBB) is a semipermeable membrane, separating blood circulating in
the brain from other fluid in the central nervous system. It regulates the transit of water,
certain gases and molecules like glucose and amino acids required for neural function. A
properly functioning BBB features three particular types of cells: astrocytes, endothelial cells
and pericytes. By looking at mice with a reduced Bmall content, Takarada and colleagues
discovered astrocyte hyperactivity and pericyte dysfunction, with the latter compromising the
integrity of the BBB.
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Caption
Confocal microscopy images showing the evolution of astrocyte activity (GFAP; increasing
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with age) and pericyte marker expression (Desmin, CD13, PDGFRp; decreasing with age) in
mice with Bmall deficit.

Reference

Ryota Nakazato, Kenji Kawabe, Daisuke Yamada, Shinsuke lkeno, Michihiro Mieda, Shigeki
Shimba, Eiichi Hinoi, Yukio Yoneda & Takeshi Takarada. Disruption of Bmall impairs blood—
brain barrier integrity via pericyte dysfunction. Journal of Neuroscience, September 14, 2017.
DOI: 10.1523/JNEUROSCI.3639-16.2017
http://www.jneurosci.org/content/early/2017/09/14/INEUROSCI.3639-16.2017

Correspondence to

Associate Professor Takeshi Takarada, Ph.D.

Department of Regenerative Science, Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Okayama University,

2-5-1 Shikata-cho, Kita-ku, Okayama 700-8558, Japan

e-mail : takarada@okayama-u.ac.jp

Associate Professor
Takeshi Takarada

OKAYAMA University
1-1-1 Tsushima-naka, Kita-ku, Okayama 700-8530 Japan © OKAYAMA University



(] okavama uN1v. e-Bulletin OU-MRU Vol.45 October 2017

Further information e
Okayama University
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About Okayama University (YouTube):
https://www.youtube.com/watch?v=iDL1cogPRYI

Okayama University Image Movie (YouTube):
https://www.youtube.com/watch?v=KU3hOIXS5kk

Okayama University Medical Research Updates (OU-MRU)

Vol.1 : Innovative non-invasive ‘liquid biopsy’ method to capture circulating tumor cells
from blood samples for genetic testing

Vol.2 : Ensuring a cool recovery from cardiac arrest

Vol.3 : Organ regeneration research leaps forward

Vol.4 : Cardiac mechanosensitive integrator

Vol.5 : Cell injections get to the heart of congenital defects

Vol.6 : Fourth key molecule identified in bone development

Vol.7 : Anticancer virus solution provides an alternative to surgery

Vol.8 : Light-responsive dye stimulates sight in genetically blind patients
Vol.9 : Diabetes drug helps towards immunity against cancer

Vol.10 : Enzyme-inhibitors treat drug-resistant epilepsy

Vol.11 : Compound-protein combination shows promise for arthritis treatment
Vol.12 : Molecular features of the circadian clock system in fruit flies

Vol.13 : Peptide directs artificial tissue growth

Vol.14 : Simplified boron compound may treat brain tumours

Vol.15 : Metamaterial absorbers for infrared inspection technologies

Vol.16 : Epigenetics research traces how crickets restore lost limbs

Vol.17 : Cell research shows pathway for suppressing hepatitis B virus

Vol.18 : Therapeutic protein targets liver disease

Vol.19 : Study links signalling protein to osteoarthritis

Vol.20 : Lack of enzyme promotes fatty liver disease in thin patients

Vol.21 : Combined gene transduction and light therapy targets gastric cancer
Vol.22 : Medical supportive device for hemodialysis catheter puncture
Vol.23 : Development of low cost oral inactivated vaccines for dysentery
Vol.24 : Sticky molecules to tackle obesity and diabetes

Vol.25 : Self-administered aroma foot massage may reduce symptoms of anxiety
Vol.26 : Protein for preventing heart failure

Vol.27 : Keeping cells in shape to fight sepsis

Vol.28 : Viral-based therapy for bone cancer

Vol.29 : Photoreactive compound allows protein synthesis control with light
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Cancer stem cells’ role in tumor growth revealed

: Prevention of RNA virus replication
Vol.32 :
Vol.33 :
Vol.34 :
Vol.35 :
: Overloading of protein localization triggers cellular defects
Vol.37 :
Vol.38 :
Vol.39 :
Vol.40 :
Vol.41 :
Vol.42 :
Vol.43 :

Enzyme target for slowing bladder cancer invasion
Attacking tumors from the inside

Novel mouse model for studying pancreatic cancer
Potential cause of Lafora disease revealed

Protein dosage compensation mechanism unravelled
Bioengineered tooth restoration in a large mammal
Successful test of retinal prosthesis implanted in rats
Antibodies prolong seizure latency in epileptic mice
Inorganic biomaterials for soft-tissue adhesion

Potential drug for treating chronic pain with few side effects
Potential origin of cancer-associated cells revealed

Protection from plant extracts

OKAYAMA University

1-1-1 Tsushima-naka, Kita-ku, Okayama 700-8530 Japan

© OKAYAMA University



[ oxavama un1v. e-Bulletin OU-MRU Vol.45 October 2017

@ About Okayama University
Okayama University is one of the largest comprehensive universities in Japan with
roots going back to the Medical Training Place sponsored by the Lord of Okayama and
established in 1870. Now with 1,300 faculty and 13,000 students, the University offers
courses in specialties ranging from medicine and pharmacy to humanities and physical
sciences.
Okayama University is located in the heart of Japan approximately 3 hours west of

Tokyo by Shinkansen.

Website: http://www.okayama-u.ac.jp/index e.html
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Hirofumi Makino, M.D., Ph.D. “Okayama University supports
President , Okayama University the Sustainable Development Goals”
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