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Advanced Manufacturing / 3D printing Glossary 

 
Additive Manufacturing (AM) also known as 3D printing, is an appropriate 
name to describe the technologies that build 3D objects by adding layer-upon-layer of 
material. 

 
 
Light Polymerized 3D Printer: 3D uses photopolymers as 
consumables. This method involves photo-reactive monomer having the property of 
curing with light of a sufficient energy to drive the reaction from liquid to solid. In the 
family of light polymerized 3D printer, Sterolithography (SLA), Digital Light Processing 
(DLP), Liquid Crystal Display (LCD) etc. are related technology subtypes. 

SLA DLP
LCD  

 
Phase Change Material (PCM): is a substance with a high heat of fusion. 
It can store and release large amount of energy during the process of melting & freezing 
(changing from one phase to another). 

 
 
Photopolymer: is polymer which changes its properties when exposed 
to light with a fixed wavelength. The most common form of light used is UltraViolet (UV) 
Laser. 
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3D Bioprinting of Tissues and Organs 

Sean Murphy, Wake Forest Baptist Medical Center 

 

Additive manufacturing, otherwise known as three-dimensional (3D) printing, is driving 

major innovations in many areas, such as engineering, manufacturing, art, education 

and medicine. Recent advances have enabled 3D printing of biocompatible materials, 

cells and supporting components into complex 3D functional living tissues. 3D bioprinting 

is being applied to regenerative medicine to address the need for tissues and organs 

suitable for transplantation. Compared with non-biological printing, 3D bioprinting 

involves additional complexities, such as the choice of materials, cell types, growth and 

differentiation factors, and technical challenges related to the sensitivities of living cells 

and the construction of tissues. Addressing these complexities requires the integration of 

technologies from the fields of engineering, biomaterials science, cell biology, physics 

and medicine. 3D bioprinting has already been used for the generation and 

transplantation of several tissues, including multilayered skin, bone, vascular grafts, 

tracheal splints, heart tissue and cartilaginous structures. Other applications include 

developing high-throughput 3D-bioprinted tissue models for research, drug discovery 

and toxicology. 
 

Background Review Article: 
 
Murphy, Sean V., and Anthony Atala. "3D bioprinting of tissues and organs." Nature 
biotechnology 32.8 (2014): 773-785. 
 
[article available on electronic agenda book] 
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3D Printing Functional Materials & Devices 
Michael C. McAlpine & Benjamin Mayhugh, University of Minnesota 

 
The development of methods for interfacing high performance functional devices with 
biology could impact regenerative medicine, smart prosthetics, and human-machine 
interfaces. Indeed, the ability to three-dimensionally interweave biological and functional 
materials could enable the creation of devices possessing unique geometries, properties, 
and functionalities. Yet, most high quality functional materials are two dimensional, hard 
and brittle, and require high crystallization temperatures for maximal performance. 
These properties render the corresponding devices incompatible with biology, which is 
three-dimensional, soft, stretchable, and temperature sensitive. We overcome these 
dichotomies by: 1) using 3D printing and scanning for customized, interwoven, 
anatomically accurate device architectures; 2) employing nanotechnology as an enabling 
route for overcoming mechanical discrepancies while retaining high performance; and 3) 
3D printing a range of soft and nanoscale materials to enable the integration of a diverse 
palette of high quality functional nanomaterials with biology. 3D printing is a multi-scale 
platform, allowing for the incorporation of functional nanoscale inks, the printing of 
microscale features, and ultimately the creation of macroscale devices. This 
three-dimensional blending of functional materials and ‘living’ platforms may enable 
next-generation 3D printed devices. 
 

 
. 

 
Background Review Article: 
 
Kong, Yong Lin, et al. "3D printed bionic nanodevices." Nano Today (2016). 
 
[article available on electronic agenda book] 
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Crystalline Gels for Light-induced Polymerized 3D Printing  
Jin Gong, Yamagata University 

 
3D printing, also known as Additive Manufacturing (AM), was first commercialized in 1986, 
and has been growing at breakneck speed since 2009 when Stratasys’ key patent expired. 
Currently the 3D printing machines coming on the market can be broadly classified into three 
categories from the material state point of view: plastic filament printers, powder (or pellet) 
printers, film printers and liquid photopolymer printers. 
 
Much  of  the  work  in  my  laboratory  revolves  
around  the  crystalline  gels.  We  have succeeded  in  
developing  them  with  high  toughness,  high  
flexibility,  particularly  with many   functions   as   
shape   memory,   energy   storage, freshness-retaining, 
water-absorbing, etc. These crystalline gels are synthesized 
by light-reduced radical polymerization that involves 
photo-reactive monomer having the property of curing with 
light of a sufficient energy to drive the reaction from liquid 
to solid. Note that the light polymerized 3D printing uses the 
same principle. To open up possibilities for broader 
applications of our crystalline functional gels, we began to be 
interested in making them available for 3D printing. 
 
In this paper, I share with you our latest research on the 3D 
printing crystalline gels, mainly on special two functional gels 

of shape memory gel 
[1, 2] 

and energy storage gel. Their 

crystalline properties were evaluated on a Differential 
Scanning Calorimetry (DSC) and the results are shown in 
Figure 1. Results that both shape memory gel and energy storage gel show sharp peaks 
verified both of them have high crystallization. 
 
(1) Shape Memory Gels 
The crystalline shape memory gels were synthesized by radical bulk polymerization from 
vinyl monomers with acrylamide, alkyl or other functional side chains. The vinyl double 
bonds of monomers are reactive by facilitating macromolecular chain growth that yields linear 
main chains of gels. The side chains of monomers are mainly unreactive during the radical 
polymerization process while they have critical influence on properties of gels. The shape 
memory gel has two “amazing” properties: its superelasticity and the ability to change shapes. 
You can pull it to more than seven times and it will come back into its original shape quickly 
(Figure 2). Shape memory gels can be offered with different levels of hardness, elongation, 
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tear resistance and tensile strength by using in a variety of monomers with different side 
chains. Carp models were created using shape memory gels different in strength and 
flexibility on a light polymerized 3D printer (LumiForge, Lumi industries, Italy) as also shown 
in Figure 2. 

 
  
(2) Energy Storage Gels 
Latent heat storage systems are highly efficient and 
environmentally friendly way to use residual heat and store 

renewable energy [3]. Crystalline gels can provide an energy 

storage capacity by using the phase change property of their 
side chains. New phase change microcapsules having 
multivinyl groups on the surface were designed and 
synthesized by suspension  polymerization  first.  The 
obtained microcapsules have the major diameter ranging 
between 10 μm and 30 μm (Figure 3).  Then  using  the 
radical photo-reactive microcapsules as  crosslinker,  the 
energy storage gels were developed. 
Gel gears (Figure 4) were built up using also a light 
polymerized 3D printer iBox  Nano  (iBox  printers,  USA). 
The 3D printing can be addressed, but the optimization of gel 
liquid components,  curing  time,  cure  thickness, 
resolution from the printer etc. should be performed further to 
increase the manufacturing accuracy to grow objects with 
smoother surface and higher structural strength. 
 
References 

1. J. Gong, H. Furukawa, Expected Materials for the Future, 13(1), 5-8(2013) (in Japanese). 
2. J. Gong, S. Igarashi, K. Sawamura, H. Furukawa, Adv. Mater. Res., 746, 325-329(2013). 

3. Y. Shibasaki, K. Fukuda, J. Polym. Sci. Polym. Chem. Ed., 17, 2947-2959(1979). 
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Computational Cosmology: Observation and Theory Glossary 
 

 
Acoustic wave is a density fluctuation traveling with adiabatic compression and 
expansion.  
 
Chemical enrichment  is the increase of the fraction of the metals in a gas 
system. In astronomy, atoms other than hydrogen and helium are called “metals”. 

 
 
Cosmic microwave background (CMB) is relic radiation 
left over from the early Universe. In every direction, nearly uniform intensity is observed. 
The spectrum matches well to a blackbody with 2.725K. 

2.725K  
 
Dark matter structure consists of only dark matter and is 
gravitationally self-bounded. Another name is dark matter halo. 

  
 
Gravitational lens is the deflection of light by a gravitational source. 

 
 
Nucleosynthesis is the creation of atoms from the protons, neutrons, and 
electrons in the early universe. 

 
 
Spectroscopic survey is to obtain spectra of many astronomical objects 
with a spectrograph. We can estimate the distance and nature of a galaxy with the 
spectroscopic information. 
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The Origin of the Diversity Seen In the Present-Day Universe 
Masayuki Akiyama, Tohoku University 

 
Astronomical observation is a “time travel”: we can look back the history of the universe 
thanks to the finite speed of light. We know that the present-day universe is filled with 
various astronomical objects from planets in the small scale to clusters of galaxies in the 
largest scale. On the other hand, it is also known that the physical conditions, i.e. 
temperature, density and chemical composition, in the early universe were highly 
uniform. With astronomical observations, we are tracing the history of the universe 
starting from the “uniformity”, and trying to understand the physical mechanisms which 
create the “diversity” seen in the present-day universe. 
  

In the small scale, we are tracing the chemical “enrichment” history of the universe. The 
first atomic composition is determined in the nucleosynthesis during the Big Bang. In the 
early universe, the gas is dominated by hydrogen and helium, and the first stars and 
galaxies are formed from the fresh gas. Once the first stars finish their lives, various 
kinds of atoms are spread into the interstellar space, and the next generation stars are 
formed from the “enriched” gas. Repeating the star formation cycle, the gas in the 
galaxies is more and more enriched. Finally small particles are formed in the metal 
enriched gas, and the particles grow into planets.  
 

In the large scale, we are tracing the formation and evolution of galaxies, and 
establishment history of the largest scale structure in the universe. The spatial 
distribution of the galaxies in the present universe follows filamentary large scale 
structure including clusters of galaxies and voids. The large scale structure is originated 
from weak fluctuations imprinted in the distribution of the matter in the early universe. 
Growth of the structure is driven by the gravity dominated by the dark matter, and the 
expansion history of the universe, which depends on the nature of the dark energy.  
The formations of the diversities in the small and large scales depend on each other. The 
chemical enrichment, which results in the small scale diversity, is caused by the cycles of 
star formations in galaxies, whose formation and evolution are driven by the dark matter 
and dark energy in the large scale. In other words, existence of “life” is strongly 
connected to the frame-work of the universe. 

 
A large spectroscopic survey of galaxies is one way to really trace back the cosmic 
history in both of the small and large scales. Currently such large survey is limited to the 
nearby universe, but next generation instruments on large telescopes can extend the 
surveys toward early universe, and we will witness the history of the “diversity” 
established from the “uniformity”. 

 

Fig: Overview of the cosmic history in both of the small and large scales. 
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Supercomputer Simulations of Structure Formation in the Universe 
Tomoaki Ishiyama, Chiba University 

 
Over the last few decades, our understanding of the Universe has advanced significantly. According 
to the recent observation of the cosmic microwave background, dark matter exists five times as much 
as baryonic matter including atoms. It is the only matter which we can see through our eyes. Dark 
matter is something which interacts other matter through only the gravity and we cannot see through 
our eyes. This fact means that most of our Universe is made of something that we don’t know yet and 
even cannot see by our eyes. 
 
Interestingly, although particle nature of dark matter is still unknown, we can recognize indirectly its 
existence through the gravitational interaction. For example, we can identify it from the velocity 
dispersions of galaxies, the rotational velocities of galaxies, and gravitational lenses.  
 
Dark matter is dominant as the source of gravity. Structure formation of the Universe proceeds 
hierarchically. Smaller-scale dark matter structures formed first from initial density fluctuations 
imprinted shortly after the Big Bang, and they then merge into larger-scale structures (Figure 1). At 
about 100 million years after the Big Bang, first stars and galaxies began to form in massive dark 
matter structures. Therefore, studying dark matter structures is important to understand not only what 
dark matter is, but also origins of the Milky Way, the solar system, the earth, and lives.  
 
Numerical simulations are only tools to trace the evolution of individual structures, and thus have 
been playing a pivotal role to study them. Since dark matter structures exist in wide mass ranges 
larger than 20 orders of magnitude (earth mass to clusters of galaxies) and evolve over the long 
history of the Universe (14 billion years), huge simulations by supercomputers are demanded. 
Achieving large simulations efficiently on modern supercomputers (more than 10,000 CPUs) is 
challenging work, scientists have to develop innovative numerical algorithm and optimize their codes. 
At the same time, this situation has been facilitating cross disciplinary exchange about numerical 
simulations.  
 
Our goal is to understand how structures in the Universe form and evolve by supercomputer 
simulations. This will help to improve the wisdom of humanity and develop new technologies. In this 
talk, I will review the current status of our work and to show the future perspective of our attempt. 

 
 
Fig 1. Evolution (left to right) of dark matter structures reproduced by two supercomputer 
simulations. The spatial sizes in the top (bottom) four panels are 5.4 and 0.33 comoving billion 
light years. Values in each of panels show the age of the Universe after the Big Bang. Brightness 
is corresponding to dark matter density.  
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How did the Hot Big Bang Begin?                                   
Mustafa Amin, Rice University 

 
Quantum fluctuations in matter and spacetime are ever present. When combined with a 
rapid, accelerated expansion of space in our universe’s infancy (inflation), these 
fluctuations can seed the formation of galaxies and ultimately, us. Such a picture is being 
exquisitely tested by measuring the patterns of light from the time of formation of the first 
atoms as well as the spatial distribution of galaxies in the cosmos. 
 
Inflation, however, leaves the universe cold and empty. How did inflation end? How did 
the universe get populated with matter and radiation (reheating)? To recover the 
standard hot big bang, the stuff responsible for inflation must be converted into a hot 
thermal soup of matter, teeming with highly energetic particles. This conversion can be 
dynamically rich with explosive particle production (preheating), formation of solitons, 
generation of ripples in space and could even hold the secret to why there is more 
matter than antimatter. This era in the very early universe – between the end of inflation 
and before the first nuclei are born – presents a gap in the understanding of our cosmic 
history. 
 
The typical energies during this early period are high compared to what can be probed in 
our most powerful accelerators – hence the physics is necessarily speculative. To 
reveal the secrets of this era we can take two approaches: (1) Calculate the dynamics of 
this period using analytic techniques and (often) detailed numerical simulations in the 
context of specific models and then compare to observations. (2) Take a “statistical” 
approach where we put on “foggy” glasses and only try to calculate coarse grained, but 
universal information which can be constrained by observations. In this talk, I will discuss 
my ideas and efforts within these approaches for probing our origins. 
 
Further Reading: 
1. A. Guth, “The Inflationary Universe”, Basic Books (1998) 

2. The LAMBDA website: https://lambda.gsfc.nasa.gov/ 

3. M. A. Amin et.  al, “Nonperturbative dynamics of reheating after inflation”, IJMP D24 
(2014) [arXiv:1608.01213] 

4. M. A. Amin et.   al, “Oscillons after Inflation”, Phys.   Rev.   Lett.   108, 241302 
(2012) [arXiv:1106.3335] 

5. M. A. Amin & D. Baumann, “From Wires to Cosmology”, JCAP 1602, no. 02, 045 (2016) 
[arXiv:1512.02637] 



 

2016 Japanese-American Kavli Frontiers of Science  

Decision-making: A Behavioral Economics and Neuroscience Perspective Page - 26 

Decision-Making: A Behavioral Economics and Neuroscience Perspective
Glossary 

 
Basal ganglia  (or basal nuclei) comprise multiple subcortical nuclei, of 

varied origin, in the brains of vertebrates, which are situated at the base of the 
forebrain. The basal ganglia are associated with a variety of functions including: 
control of voluntary motor movements, procedural learning, routine behaviors or 
"habits" such as bruxism, eye movements, cognition and emotion. 

 
Cerebral cortex  is the cerebrum's (brain) outer layer of neural tissue in 

humans and other mammals. It plays a key role in memory, attention, perception, 
awareness, thought, language, and consciousness. 

 
Discrete choice  is the choices made by people among a finite set of 

alternatives, such as mode of transport (car, bus, rail), which car to purchase, which 
place to visit for holidays… 

 
Economics of happiness studies happiness, life satisfaction and 

related concepts, typically combining economics with other fields such as 
psychology, health and sociology. 

 
Easterlin paradox  is an empirical finding by Prof. R. 

Easterlin. Within a given country, individuals with higher incomes tend to report 
higher happiness scores. In cross-country comparison, however, higher national 
incomes are not significantly associated with reported happiness scores. 

 
Executive functions  , also known as cognitive control, are a set of 

cognitive processes – including attentional control, inhibitory control, working 
memory, reasoning, problem solving, planning – that are necessary for the 
cognitive control of behavior.  

 
Functional magnetic resonance imaging (fMRI) is a 

functional neuroimaging procedure using MRI technology that measures brain 
activity by detecting changes associated with blood flow. When an area of the brain 
is in use, blood flow to that region also increases. 

 
Moral licensing  describes the subconscious phenomenon whereby 

increased confidence and security in one’s self-image makes that individual worry 
less about the consequences of subsequent immoral behavior and, therefore, more 
likely to make immoral choices. 
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Pro-drop language  is a language in which certain classes of 

pronouns may be omitted when they are in some sense pragmatically inferable. 
 
Reinforcement learning  is an area of machine learning, concerned with 

how agents ought to take actions in an environment so as to maximize some notion 
of cumulative reward.  

 
Reward system  is a group of neural structures responsible for incentive 

salience ("wanting" or desire), pleasure ("liking" or hedonic value), and positive 
reinforcement. 

 
Social preferences are a type of preference associated with others’ 

status including interpersonal altruism, fairness, reciprocity, and inequity aversion. 
 
Striatums is a subcortical part of the forebrain and a critical component of the 

reward system. It receives glutamatergic and dopaminergic inputs from different 
sources and serves as the primary input to the basal ganglia system. The striatum 
coordinates multiple aspects of cognition, including motor and action planning, 
decision-making, motivation, reinforcement, and reward perception. 

 
Thalamus situated between the cerebral cortex and the midbrain. Some of its 

functions are the relaying of sensory and motor signals to the cerebral cortex, and 
the regulation of consciousness, sleep, and alertness. 

 
Utility  is a measure of preferences over some set of goods and services in 

economics. 
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Your Brain Made You Do It 

Samuel M. McClure, Arizona State University 

 

In the mid-1990s, a model was developed that explained the function of midbrain 

dopamine neurons using reinforcement learning algorithms from computer science. In 

many ways, the talks in this session are direct descendants of this work. In short, this 

model described how people and animals learn the value of, and hence acquire 

preferences for, object in the world in terms of well-known brain systems. Spurred by 

this discover, tremendous advances have occurred in accounting for decision-making 

based on brain function – a field referred to as neuroeconomics. These advances have 

occurred all levels of description, from detailed accounts of changes at synapses to how 

characteristics of brain function explain larger-scale patterns of behavior and 

preferences. I will provide a brief summary of work done on brain reward systems to 

prepare the stage for Profs. Frank and Yamada. 
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Deconstructing Neural Mechanisms of Impulsive Choice 
Michael Frank, Brown University 

 

Impulsivity is a substantial risk factor for aberrant behavior, especially in stressful 

environments.  However, the construct of impulsivity is multi-faceted and can be 

decomposed into multiple component processes that are related to aberrations in distinct 

neural mechanisms of decision making. We build on theoretical and empirical work 

identifying two distinct forms of impulsivity linked to separate mechanisms within circuitry 

connecting the frontal cortex with the basal ganglia. The first involves a reward learning 

problem associated with elevations in dopamine, causing an asymmetry in learning from 

positive vs. negative decision outcomes and a bias to seek immediate rewards. The 

second involves a cognitive control problem associated with dysfunctional 

communication between prefrontal cortex and subthalamic nucleus, leading to a failure 

to adaptively pause or inhibit the decision process during difficult choices. I will present 

an overview of these mechanisms and relevant empirical studies designed to test them 

using an integrative approach, spanning computational models, human and animal 

research including measurements of neural activity and perturbations of these 

mechanisms using pharmacological and brain stimulation techniques.  

 

Additional Resources: 

http://ski.clps.brown.edu/ScienceNewsDBS.pdf  

http://ski.clps.brown.edu/pubs-online.html   
 
 
Background Review Article: 
 
Maia, Tiago V., and Michael J. Frank. "From reinforcement learning models to psychiatric 
and neurological disorders." Nature neuroscience 14.2 (2011): 154-162. 
 
[article available on electronic agenda book] 
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Social Preference: Measurement Issues, Interventions, and Its Origin 
Katsunori Yamada, Kindai University 

 
Traditional economics theories assume that individuals make decisions to maximize their 
utility from absolute levels of own income/consumption, but behavioral evidence shows 
that social comparisons influence individuals’ well-being. Since such social preference 
can be distortive forces on economic growth (Yamada, 2008), it is critically important to 
understand them in forming economic and social policies.  
 
Despite well-stocked evidence from economics of happiness, debate still continues 
because conflicting results on Easterlin paradox has caused skepticism toward 
well-being data. By using functional magnetic resonance imaging (fMRI), we provided 
biological evidence showing limitations of happiness data (Tanaka, Yamada, et al. 2016): 
when people report happiness on a bounded scale of, i.e., 1 to 9, the re-scaling process 
from intrinsic utility to happiness scores causes activation of the reward system. It 
implies that happiness scores suffer from overstatement biases. 
 
I then propose a new way of measuring social preferences via discrete choice 
questions, whereby we collect choice data instead of subjective evaluation data such as 
happiness. We have applied the method to Japan (Yamada and Sato, 2013), and the US 
and the UK (Shigeoka and Yamada 2016). Evidence from Japan holds that social 
preference dampens about 54 percent of increase in utility, as compared to when there 
are no comparison effects. Seeking a way to mitigate such losses of welfare due to 
comparisons, we randomly manipulated respondents from the US and UK with simple 
information to change comparison attitudes. However, our treatment lead UK 
respondents to make more comparisons, probably due to moral license effects. US 
respondents were not affected by the intervention. Since this is a new challenge for 
behavioral economists, we call for more efforts to establish an effective intervention 
scheme to change preferences.  
 
Finally, I will introduce my recent experiment on the origins of preferences which focus 
on the use of specific languages. While traditional economics assumes that preferences 
are given by nature, linguists regard them to be nurtured. For the first time, we have 
established that there is a causal effect between the use of pro-drop sentences and 
social preference. 
 
References 
- Yamada, K. (2008) Macroeconomic Implications of Conspicuous Consumption: A 

Sombartian Dynamic Model, Jour. Econ. Behav. & Org. 67, 322-337. 
- Tanaka, SC, K. Yamada, et al. (2016) Overstatement in happiness reporting with 

ordinal, bounded scale. Scientific Reports 6, 21321. 
- Yamada, K. and M. Sato (2013) Another Avenue for Anatomy of Income 

Comparisons, Jour. Econ. Behav. & Org. 89, 35-57. 
- Shigeoka, H. and K. Yamada (2016) Income-comparison Attitudes in the US and the 

UK: Evidence from Discrete-choice Experiments, NBER Working Papers, w21998. 
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Deep Brain Stimulation and Neuromodulation of Neurodegenerative Disorders

Glossary 
 

Brain–computer interface (BCI) : Direct communication 
pathway between the brain and an external device. It is also called brain-machine interface (BMI). 

Cerebral cortex :  The neural tissue that is outermost to the mammalian brain. It 
plays a key role in perception, cognition, language, decision making, and motor behavior. It is 
divided into a number of functional subareas including the visual cortex, the auditory and the 
motor cortex. 

 

Deep brain stimulation  is a highly effective surgical procedure to treat several 
disabling symptoms in patient with Parkinson’s disease. Through implanted electrodes to specific 
target regions, such as subthalamic nucleus, and globus pallidus, high frequency electrical 
impulses are delivered via an implantable pulse generator. 

 

Parkinson’s disease is typically characterized by motor symptoms, such as 
shaking (tremor), increase in muscle tone (rigidity), inability to initiate movement (akinesia), 
slowness of movement (bradykinesia), postural instability. It results from degeneration of 
dopamine neurons in substatia nigra, a region in the midbrain. 

 

Spinal cord : A long, thin, tubular bundle of nervous tissue and support cells that extends 
from the brain through the spine. It mediates the transmission of neural signal from the brain to 
skeletal muscles, from sensory receptors to the brain. 

 

Supra-spinal system: Nervous system innervates spinal cord. Those 
include cerebral cortex, basal ganglia, brain stem and cerebellum.

 

Transcranial magnetic stimulation employs the principle of electromagnetic 
induction, first discovered by Michael Faraday, in which a changing magnetic field gives rise to a 
companion electric field which induces electrical currents in nearby conductive structures. In the 
case of TMS, a large pulse of current in the external stimulating coil generates a rapidly changing 
magnetic field that rises to, and falls from, 1 Tesla or more within 1 ms. This field can penetrate 
the scalp and skull with little impedance and the electrical field it induces causes currents to flow 
in the brain.  
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Deep Brain Stimulation and Neuromodulation of Neurodegenerative Disorders 
Masashi Hamada, The University of Tokyo 

 
Brain stimulation techniques have proven their potential to modulate brain activity. 
Therefore the techniques are rapidly transforming research into how the brain works and 
are developing into new ways to treat disease. The most successful brain stimulation 
treatment is deep brain stimulation (DBS) for patients with Parkinson’s disease. DBS 
sends high frequency electrical impulses, through implanted electrodes, to specific brain 
regions, resulting in improvement of parkinsonian symptoms. The other method is 
transcranial magnetic stimulation (TMS), a safe and non-invasive method of stimulating 
neurons in intact humans. TMS uses electromagnetic induction to induce weak electric 
currents in the brain. There is good evidence that repetitive application of TMS (repetitive 
TMS, rTMS) can produce after-effects, offering potential for clinical application in variety 
of neurological and psychiatric diseases. Although the mechanisms of this after-effect 
are not fully understood, it is generally assumed that rTMS induced effects may closely 
relate to synaptic plasticity, such as long-term potentiation (LTP) or depression (LTD). 
Given that recovery from any brain disease depends on “relearning” new patterns of 
activity (presumably using synaptic plasticity) to maximize the use of remaining brain, 
plasticity induced by rTMS may be an effective therapeutic option to improve recovery. In 
many ways, the field of brain stimulation is a new paradigm shift, as it opens up new 
possibilities not only to gain neurophysiological insight into how the brain works but also 
to develop effective ways of neuromodulation. 
 
References 
 
Wichmann T, DeLong MR. Deep Brain Stimulation for Movement Disorders of Basal 
Ganglia Origin: Restoring Function or Functionality? Neurotherapeutics. 
2016;13(2):264-83. 
 
Ridding MC, Rothwell JC. Is there a future for therapeutic use of transcranial magnetic 
stimulation? Nat Rev Neurosci. 2007;8(7):559-67. 
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Basal Ganglia Circuits in Health and Disease 
Daniel Leventhal, University of Michigan 

 
The basal ganglia are deep brain structures conserved from invertebrates to man, with 
clear importance to normal human behavior and common neuropsychiatric syndromes. 
Precisely what the basal ganglia do, and how they do it, however, remain poorly 
understood. Early clues to their function came from “natural lesion” studies, in which the 
function of neural systems is inferred from abilities lost when they are damaged. A 
common and disabling example of basal ganglia dysfunction is Parkinson Disease (PD). 
Clinically, it is characterized by tremor, slowness of movement (bradykinesia), rigidity, 
and gait disturbances. Its most prominent pathologic feature is degeneration of a basal 
ganglia nucleus whose primary function is to deliver dopamine to other basal ganglia 
nuclei. In the late 1960s, clever methods were developed to restore brain dopamine 
levels and ameliorate PD motor symptoms. Nonetheless, PD remains a source of 
significant disability. 
 
The next significant therapeutic advance came in the 1990s with the advent of deep 
brain stimulation (DBS), in which implanted electrodes pass current into specific basal 
ganglia regions. Suddenly, deep brain recordings were available in humans, as well as 
the ability to compare distinct circuit manipulations. Observations during DBS surgery 
caused leading models of basal ganglia function to be modified, emphasizing neuronal 
activity patterns over simple firing rates. However, the causal chain from dopamine loss 
to the physiologic changes observed during DBS to clinical symptoms remains poorly 
understood. 
 
I will discuss progress towards understanding how the basal ganglia in general, and 
dopamine specifically, contribute to motor control in health and disease. I will emphasize 
lessons learned during DBS surgeries, and how they have been translated back and 
forth between humans and animal models. Importantly, while PD and DBS provide a 
window into basal ganglia function in a specific pathologic condition, these findings are 
providing important insights into a range of neuropsychiatric syndromes associated with 
basal ganglia abnormalities. 

 
Background Review Article: 
 
Shen, Helen. "Neuroscience: Tuning the brain." Nature 507.7492 (2014): 290. 
 
[article available on electronic agenda book] 
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Restoring Lost Functions via Artificial Neural Connection 
Yukio Nishimura, Kyoto University 

 
 
Functional loss of limb control in individuals with spinal cord injury or stroke can be 
caused by transection of descending and ascending pathways those connects cortical to 
spinal network, although neural circuits locate above and below the impaired site 
remains their function.  An artificial neural connection that bridges the lost pathway has 
potential to restore the functional loss. I will show an artificial neuronal connection that 
bridges supra-spinal system and spinal network beyond the lesion site restore lost 
function.  The artificial connection was produced by a brain-computer interface that can 
detect the neural activity and converted in real-time to activity-contingent electrical 
stimuli delivered to nervous system. A promising application is to bridge impaired 
biological connections, as demonstrated for cortically controlled electrical stimulation to 
paretic muscles.  Our results document that monkey utilized artificial connection to 
restore hand function, instead of physiological connections.  A second application of the 
artificial connection is the volitional 
walking in patients in spinal cord 
injury (SCI) could be restored by 
muscle-controlled non-invasive 
magnetic stimulation to lumbar spinal 
cord in human.  Patients with severe 
SCI could regain volitional control of 
walking which are initiate, stop 
walking and change the step cycles volitionally through artificial connection.  A third 
application involves delivery of activity-dependent deep brain stimulation at subcortical 
reward sites, which can operantly reinforce the cortical or muscle activity that generates 
the stimulation. These paradigms have numerous potential applications, depending on 
the input signals, the computed transform and the output targets. 
 
References 
Kato K, Sasada S, Nishimura Y. Flexible adaptation to an artificial recurrent connection 
from muscle to peripheral nerve in man. J Neurophysiol. 2016 Feb 1;115(2):978-91. 

Sawada M, Kato K, Kunieda T, Mikuni N, Miyamoto S, Onoe H, Isa T, Nishimura Y. 
Function of the nucleus accumbens in motor control during recovery after spinal cord 
injury. Science. 2015 Oct 2;350(6256):98-101.  

Sasada S, Kato K, Kadowaki S, Groiss SJ, Ugawa Y, Komiyama T, Nishimura Y. 

Volitional walking via upper limb muscle-controlled stimulation of the lumbar locomotor 
center in man. J Neurosci. 2014 Aug 13;34(33):11131-42. 
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Environmental Archaeology/ Paleoclimate Glossary 
 

Ancestral Pueblo: The archaeological term for American Indian 
village farmers who lived in masonry dwellings, often in contiguous roomblocks, and 
made decorated pottery.  

Crown fire: A wildfire that burns in the canopy of the forest, usually with very 
high mortality rates. 

Dendrochronology:  The science of tree-ring dating, including the 
climate, fire, and ecological information recorded in the tree rings. 

Discontinuous ephemeral streams: small stream drainages that only carry 
surface water infrequently. 

Fire scar:  Distinctive damage to tree ring cross section caused by a surface 
fire. 

Fire regime: The regular patterns by which wildfires occur in a 
particular landscape. This usually includes the regular frequency, size, seasonality, 
behavior, and ecological consequences thereof. 

Geoarchaeology: The application of earth science methods and techniques 
to archaeological problems. 

Intertropical Convergence Zone (ITCZ) is the area where the trade 
winds in the northern and southern hemispheres come together. The convergent air 
convects upward and develops thick rainy clouds (i.e. cumulonimbus). In general, the 
ITCZ moves north in the northern hemisphere summer and south in the southern 
hemisphere summer. It affects the rainfall in tropical regions.

Maya civilization is a civilization which uniquely developed in central 
America from 1,000 BC to the 16th century. Mayan people developed a sophisticated 
writing system, as well as sophisticated calendars and advanced astronomy. 
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Mega-fires: Unusually large and damaging fires that are not part of the 
historical fire regime for a particular landscape. 
 
Sediment consists of fine particles, usually minerals, microfossils and/or 
volcanic ash. They are transported by water, wind or glacier and settle in the ocean or 
lake bed, or on land. The deposits from minerals dissolved in water are also called 
sediment. 

Social-Ecological Resilience: The ability of a coupled 
human-natural system to respond to shocks or disturbances and still maintain the same 
structure, function, and identity. 

Solar activity is an approximately 11 year cycle where the sun’s surface 
activity increases and decreases. 

11  

Surface fire: A wildfire that burns in grassy fuels, downed needles, and 
downed branches. These fires often kill seedlings but leave 
mature trees unharmed. 

Varve is an annual layer of sediment deposited in 
response to seasonal variations. 1

1 1
 

 
Western Apaches:  An American Indian tribe composed of small 
bands who were seasonally mobile, part-time gardeners and part-time hunter-gatherers. 

X-ray fluorescence (XRF) analysis is one of the elemental analytical 
methods using X-rays. The type and concentration of constituent elements are obtained 
by measuring the energy distribution and intensity of X-ray fluorescence when the 
sample is irradiated by X-rays. X
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High Resolution Studies of Past Human-Environment Interactions  
Hiroo Nasu, SOKENDAI: The Graduate University for Advanced Studies 

 
Environmental reconstruction in the past several thousand years becomes more 
significant issue to understand the mechanism of environmental change. Recent 
unexpected huge natural disasters taught us that observation data of centennial scale 
are not enough, but we need millennial scale environmental data, to better understand 
the interactions of environmental change and past human societies. It will provide us 
several clues to think how to survive in the changing environment near future.   
 
Millennial scale past environment was well studied from the 1980’s using several 
environmental archives such as lake and ocean sediments, however, the resolution of 
the dating was not sufficient. Although we need several thousand years long data set of 
environment archives, the each environmental proxy should be analyzed annual to 
several decadal resolution to correlate with the several events of the human history, such 
as land use change, population fluctuation, agricultural activity, war, rise and fall of 
civilization, etc.  
 
Recently, we have developed our technique to use annual resolution of 
paleoenvironment archives, such as tree rings, verve sediments, coral, and speleothem. 
And also, we have developed more accurate calibration curves for radiocarbon dating. In 
this session, I will present the high resolution verve sediment data of Lake Suigetsu in 
Japan, which is refining the radiocarbon dates can be converted to the calendar time 
more accurate. Dr. Roos will present recent developed model based high resolution tree 
ring studies of fire-climate-human interactions in the ponderosa pine forest in the 
southwestern US where large scale forest fire occurs frequently. In considering the 
beneficial and sustainable fire regimes, his research has been noted as having a big 
contemporary significance. Dr. Kitaba will present very new findings of annual verve 
sediment in the lowland Guatemala, where is the center of Maya Civilization. The special 
verve sediment has potential to understand solar-climate interactions.  
 
 
Background Review Article: 
 
Bronk Ramsey et al. (2012) A Complete Terrestrial Radiocarbon Record for 11.2 to 52.8 
kyr B.P. Science 338(6105) 370-374. 
 
[article available on electronic agenda book] 
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Footprints of the Sun Left in a Tropical Lake  

Ikuko Kitaba, Ritsumeikan University  

 

Since the dawn of time, people have developed advanced civilizations by using natural 

rhythms. In Central America, where 

the Mayan civilization originated, the 

climate changes rhythmically during 

the year. A band of thick rainy clouds 

(Intertropical Convergence Zone: 

ITCZ) develops in this region and the band follows the sun’s seasonal movement. That 

brings the dry and wet seasons every year. 

 

The lake sediment in Lake Petexbatún, north Guatemala, is very special. The clear 

annual layers (varves), consisting of the dry and wet seasonal sub-layers, have been 

deposited over the last 600 years. In addition, these varves are 10 times thicker than 

most varves found elsewhere, which means they are the highest quality varves in the 

world.  

 

In this research, we analyzed the elements of the varves and made a ‘natural rain gauge’. 

We reconstructed the rainfall variation in this region using this gauge. We found that the 

comprehensive wet-dry patterns synchronize with the temperature changes in the 

northern hemisphere. The reconstructed rainfall pattern shows a significant drying trend 

over the last 100 years, during which time the rainfall fluctuations became larger. It can 

also be seen from the peaks in rainfall that the wet-dry pattern has followed a ca. 9-11 

year cycle. This result implies that the Mayan climate has been affected by solar activity 

over hundreds of years.  
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Fire, Climate, and Society in the Ancient Southwest:  
Ancient Lessons for Sustainable Fire Management 

Christopher Roos, Southern Methodist University 
 
In 2015 alone, the US spent more than $2 billion suppressing wildfires.  More than 
100,000 people may have died from direct and indirect effects of Indonesian peat and 
forest fires that same year. Policymakers and land managers are aware that wildfires are 
creating new challenges. However, these fire problems have largely been considered 
ahistorically, as if humans learning to live in flammable environments is a new 
phenomenon. Archaeological records, however, indicate that human communities have 
been living in flammable landscapes for millennia. What lessons can be learned from the 
successes (and failures) of past societies in their relationship with wildfires? How might 
these lessons contribute to our understanding of contemporary wildfire problems? 
 
In my research, I bridge archaeological records of past human occupation and land use, 
with paleoecological records of past fire activity, and paleoeclimate syntheses of 
climate-driven changes in fire activity. My research focuses on the fire-dependent, dry 
conifer forests of the Southwestern US, where novel fire behavior is threatening human 
lives, property, and infrastructure as well as transforming the ecosystems in 
unprecedented ways. These forests were home to American Indian farming and hunting 
communities since the start of the Common Era, during which fire use was an important 
livelihood tool, as well as an abundant natural phenomenon in the surrounding forests. 
Integrated histories of climate, people, and fire reveal the subtle but important long-term 
consequences of fire using human communities in a fire adapted and fire dependent 
forest. 
 
References for further reading 
Bowman, DMJS, Balch, JK, Artaxo, P, Bond, WJ, Carlson, JM, Cohrane, MA, D'Antonio, CM, DeFries, RS, 
Doyle, JC, Harrison, SP, Johnston, FH, Keeley, JE, Krawchuck, MA, Kull, CA, Marston, JB, Moritz, MA, 
Prentice, IC, Roos, CI, Scott, AC, Swetnam, TW, van der Werf, GR, Pyne, SJ (2009) Fire in the Earth 
System. Science 324, 481-484. 
Bowman, DMJS, Balch, JK, Artaxo, P, Bond, WJ, Cochrane, MA, D'Antonio, CM, DeFries, RS, Johnston, 
FH, Keeley, JE, Krawchuk, MA, Kull, CA, Mack, M, Moritz, MA, Pyne, SJ, Roos, CI, Scott, AC, Sodhi, NS, 
Swetnam, TW (2011) The human dimension of fire regimes on Earth. Journal of Biogeography 38, 
2223-2236. 
Fischer, AP, Spies, TA, Steelman, TA, Moseley, C, Johnson, BR, Bailey, JD, Ager, AA, Bourgeron, P, 
Charnley, S, Collins, BM, Kline, JD, Leahy, JE, Littell, JS, Millington, JDA, Nielsen-Pincus, M, Olsen, CS, 
Paveglio, TB, Roos, Christopher I, Steen-Adams, MM, Stevens, FR, Vukomanovic, J, White, EM, Bowman, 
DMJS (2016) Wildfire risk as a socioecological pathology. Frontiers in Ecology and the Environment 14, 
276-284. 
Liebmann, MJ, Farella, J, Roos, CI, Stack, A, Martini, S, Swetnam, TW (2016) Native American 
depopulation, reforestation, and fire regimes in the Southwest United States, 1492–1900 CE. Proceedings 
of the National Academy of Sciences 113, E696-E704. 
Roos, CI, Bowman, DMJS, Balch, JK, Artaxo, P, Bond, WJ, Cochrane, M, D'Antonio, CM, DeFries, R, 
Mack, M, Johnston, FH, Krawchuk, MA, Kull, CA, Moritz, MA, Pyne, S, Scott, AC, Swetnam, TW (2014) 
Pyrogeography, historical ecology, and the human dimensions of fire regimes. Journal of Biogeography 41, 
833-836. 
Roos, CI, Scott, AC, Belcher, CM, Chaloner, WG, Aylen, J, Bird, RB, Coughlan, MR, Johnson, BR, 
Johnston, FH, McMorrow, J, Steelman, T (2016) Living on a flammable planet: interdisciplinary, 
cross-scalar and varied cultural lessons, prospects and challenges. Philosophical Transactions of the Royal 
Society B: Biological Sciences 371, 
Swetnam, TW, Farella, J, Roos, CI, Liebmann, MJ, Falk, DA, Allen, CD (2016) Multi-Scale Perspectives of 
Fire, Climate and Humans in Western North America and the Jemez Mountains, U.S.A. Philosophical 
Transactions of the Royal Society B: Biological Sciences 
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Good Sleep: Relief from Sleep Disorders Glossary 
 

 
Growth hormone: is a peptide hormone that is not only important for 
growth but also for homeostasis and immune functions.

 
 
REM sleep:  (which stands for rapid eye movement sleep) is a phase of 
sleep first reported in 1953, as a state accompanied by rapid eye movement and dreams. 
REM sleep contributes to about 10~15% of total sleep. 1953

10-15%
 

  
Slow waves:  are slow oscillatory brain activity observed from the surface of the 
brain during non-REM sleep. Slow waves are generated by the slow and synchronous 
oscillation of neurons in the neocortex. Slow waves are often used as a measure for 
sleep depth. Slow waves are known to be important for memory consolidation that 
occurs during non-REM sleep. 
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Mystery of Sleep 
Akihiro Yamanaka, Nagoya University 

 
We spend almost one third of our life time just to 
sleep. Sleep is well conserved in wide range of 
species nevertheless sleep makes animal 
defenseless. Additionally sleep deprivation from 
animal resulted in death. These facts suggest that 
sleep has important physiological role and has 
benefits for survive. During sleep, we repetitive two 
different type of sleep, that is non-REM sleep and 
REM sleep (Figure 1). Initial sleep is non-REM 
sleep, you lose consciousness by dropping brain 
activity during non-REM sleep. 
Electroencephalogram (EEG) showed wider and 
low frequency wave called slow wave or delta wave. 
However, entering REM sleep, brain activity is 
relatively high in REM sleep. EEG showed narrow and high frequency wave called theta wave. 
Muscle is completely relaxed and you have vivid dream during REM sleep. These 
sleep/wakefulness state changes are a very intriguing physiological phenomenon. We fall asleep 
at least once per day. After sleeping for a while, we can wake up naturally. And we feel refreshed 
mind and vigorous when we woke up. The mechanism regulating sleep/wakefulness cycle and 
physiological role of sleep has not been completely understood so far. 
 
Recently, new experimental techniques for neuroscience such as optogenetics or 
pharmacogenetics were developed (Boyden et al., 2005; Armbruster et al., 2007). These 
techniques allow us to control the activity of specific type of neurons using light or chemical 
substance using whole animal. Applying these techniques to sleep research, we can analyze 
causality between activity of specific type of neurons and sleep/wakefulness state changes. For 
example, the activity of orexin/hypocretin neurons in the hypothalamus was manipulated by 
using optogenetics or pharmacogenetics enabled control sleep/wakefulness state changes in 
mice (Adamantidis et al., 2007; Tsunematsu et al., 2011; Inutsuka et al., 2014). These results 
suggested that orexin/hypocretin neurons have an important role on the maintenance of 
wakefulness. In 2014, orexin receptors selective antagonist was placing on the market as a 
sleeping drug. This new drug induces sleep similar to natural sleep without affecting sleep 
architecture. 
  
Taken together, recent progress in sleep research start to reveal the role and regulatory 
mechanism of sleep and to change our daily life. 
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Why Do We Need Sleep? 
Our Current Understanding of the Roles of REM and Non-REM Sleep 

Yu Hayashi, University of Tsukuba 
 
1. Introduction 
We spend nearly one-third of our life sleeping. Sleep is, just like eating or drinking is, essential for 
living. Almost everyone has experienced the feeling of falling to pieces after a night of poor sleep. 
Insufficient sleep not only causes distress but is also a risk factor for traffic accidents, metabolic 
syndromes, mood disorders, Alzheimer’s disease, etc. Even the stem cells donated from 
subjects with insufficient sleep perform poorly after transplantation to the recipient. In one 
extreme case, human errors attributed to sleep loss and shiftwork were reported to have 
contributed to the tragic Space Shuttle Challenger accident. Thus improving people’s sleep 
quality is beneficial for the whole society, and such concepts have led to activities such as the 
“Start School Later movement”. 
 
However, unlike eating or drinking, why sleep is so essential remains a mystery. In a radical 
experiment in which rats were not allowed to sleep at all, the sleep-deprived rats exhibited drastic 
symptoms such as excess body weight loss and severe skin lesions, and invariably died within a 
couple of weeks (Rechtschaffen and Bergmann, Sleep, 2002). The direct cause of such drastic 
symptoms remains unknown. Over the night, our sleep cycles between two distinct states, rapid 
eye movement (REM) sleep (which is the major source of vivid dreams) and non-REM sleep. 
Abnormal balance of the two sleep states is a common and early symptom in various psychiatric 
disorders, suggesting that both sleep states play important roles. These two sleep states are 
evident only in specific vertebrate species, and thus elucidating their functions might be a key to 
understanding our complex brain (Fig. 1). 

Fig. 1 -REM sleep and non-REM sleep are unique to certain vertebrate species. 
 
2. Non-REM sleep and slow waves 
Various physiologic changes occur during sleep, including increased growth hormone secretion 
(Takahashi et al, 1968) and enlargement of the brain interstitial space which might allow 
clearance of waste products from the brain (Xie et al, 2013). Even a short nap can drastically 
improve memory consolidation. Many of the currently clarified roles of sleep are mainly attributed 
to non-REM sleep, including the secretion of growth hormone and the consolidation of memories 
(Takahashi et al, 1996; Rasch et al, 2007). Interestingly, many of these effects of non-REM sleep 
are positively correlated with the intensity of slow waves, a kind of oscillatory brain activity that 
appears specifically during deep non-REM sleep (Gronfier et al, 1996; Marshall et al, 2006). 
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Fig. 2- We established transgenic mice in which REM 
sleep can be artificially inhibited. 

Thus, securing a good amount of deep non-REM sleep seems a key to getting “good sleep”. 
 
3. REM sleep: a run-up to get “good non-REM sleep”? 
By contrast, the function of REM sleep is far 
less understood and controversial. While 
many people have proposed that dreaming 
during REM sleep is a procedure to 
organize our memories, the roles of REM 
sleep in learning and memory is yet an 
ever-lasting controversy. However, if a 
person or animal is deprived of REM sleep, 
later, a huge rebound of REM sleep occurs, 
implying that, for some reason, we do need 
to get REM sleep. Our group previously 
identified a group of neurons in the brain 
that strongly suppress REM sleep. Genetic 
manipulation of these neurons allowed us to 
establish transgenic mice where REM sleep 
can be inhibited at any arbitrary timing (Fig. 
2). Analyses of these mice suggested that 
one function of REM sleep is to enhance 
slow waves during subsequent non-REM 
sleep, and that the cyclic emergence of 
REM sleep might perhaps be to get “good non-REM sleep”, although the underlying mechanism 
is totally unknown (Hayashi et al, 2015). 
 
4. Conclusion and future perspectives 
Many transgenic mouse models which allow the manipulation of sleep are being developed by 
our group and other groups, and provide insights to the function of sleep. In the near future, we 
believe that there will also be a clear answer as to why we cannot live without sleep. In addition, 
although most of the currently adopted drugs for insomnia do increase total sleep amount, the 
resulting sleep has reduced deep non-REM sleep and REM sleep, thus quality. The identification 
of neurons that regulate sleep should also contribute to developing novel drugs for treating sleep 
problems.  
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Sleep and Circadian Contributions to Health                               
Cathy Goldstein, University of Michigan 

 
 
Sleep is a critical part of the human experience; however, sleep is treated as an 
expendable commodity with nearly 30% of Americans sleeping six hours or less.1 In 
addition to reduced sleep duration, approximately 20-30% of the workforce is engaged in 
non-conventional shiftwork which requires that sleep take place at atypical times.2 The 
negative repercussions of poor sleep on alertness and performance have been 
experienced by nearly all of us first hand; but a growing body of evidence suggests that 
the impact of disturbed sleep may be more widespread. 
 
Two-process model of sleep 
Sleep is controlled by a two-process model, comprised of the homeostatic sleep drive 
and circadian rhythm.3 The homeostatic sleep drive increases the longer one is awake 
and is dissipated by sleep. If sleep was controlled entirely by the homeostatic sleep drive, 
we would sleep in multiple bouts across the 24-hour day. Therefore, organisms possess 
an internal timing system or circadian rhythm. Circadian rhythms are the intrinsic, 
biological processes that allow an organism to adapt to the external, environmental 
changes resultant from the 24-hour rotation of the earth on its axis. The most obvious 
circadian rhythm in humans is the pattern of sleep and wake which aligns to the 
light-dark cycle. During the day the circadian alerting signal promotes wake, and during 
the night the neurons of the suprachiasmatic nucleus of the hypothalamus are quiescent 
such that there is a high propensity for sleep. The circadian rhythm results from the near 
24-hour oscillation of core clock gene expression via a genetic 
transcriptional/translational feedback loop.4 
 
Circadian control of physiological processes 
Ten to twenty percent of the genome is expressed rhythmically5,6 and virtually all organ 
systems demonstrate circadian timing as evident by the 24-hour variation in 
cardiovascular, immune, metabolic, endocrine, and other physiological function.7,8 
Further, the peripheral cells of most organs contain molecular clock machinery.4  
 
Impact of sleep loss and circadian disruption on health 
Ample evidence suggests that circadian disruption via aberration of the central clock or 
externally imposed abnormalities in light-dark cycle results in significant health 
consequences. Shift-work is the human model of circadian disruption given the overlap 
of the work period with the time of high sleep propensity while the time allotted for sleep 
aligns with the circadian promotion of wakefulness. Shift-work has been associated with 
cardiovascular9, metabolic9 ,neoplastic10, reproductive11, and gastrointestinal12 
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consequences. Apart from the circadian disruption that accompanies shift work, sleep 
that is short in duration may also result in similar risks13.   
 
Given the above, the importance of adequate, appropriately timed sleep transcends 
alertness and is a critical component of overall health and wellbeing. 
 
1. Ford ES, Cunningham TJ, Croft JB. Trends in Self-Reported Sleep Duration among 

US Adults from 1985 to 2012. Sleep. May 2015;38(5):829-832. 
2. McMenamin T. A time to work: recent trends in shift work and flexible schedules. 

Monthly labor review. 2007;130:9-11. 
3. Borbely AA. A two process model of sleep regulation. Human neurobiology. 

1982;1(3):195-204. 
4. Andreani TS, Itoh TQ, Yildirim E, Hwangbo DS, Allada R. Genetics of Circadian 

Rhythms. Sleep medicine clinics. Dec 2015;10(4):413-421. 
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Academy of Sleep Medicine and Sleep Research Society on the Recommended 
Amount of Sleep for a Healthy Adult: Methodology and Discussion. Sleep. 
2015;38(8):1161-1183. 
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Manipulating the genetic code Glossary 
 

 
CRISPR-Cas9 system   : This is a prokaryotic 
immune system that confers resistance to foreign genetic elements such as those 
present within phages. 
 
Genome editing : The CRISPR-Cas9 system is recently used for genome 
editing.  By delivering the Cas9 nuclease and appropriate guide RNA into a cell, the 
genome of the cell can be cleaved at a desired location, allowing existing genes to be 
removed and/or new ones added. 
 
Optogenetics : This is a biological technique, which involves the use of light 
to control cells in living tissue that have been genetically modified to express 
light-sensitive actuators.  For example, neuronal control has been achieved using a 
light-sensitive ion channel, known as channelrhodopsin. 
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Manipulating the Genetic Code 
Blake Wiedenheft, Montana State University 

 

Viruses that infect bacteria (i.e. phage) are the most diverse and abundant biological 

agents on the planet, causing roughly 1023  infections every second 

(Rodriguez-Valera et al Nat Rev Microbiol, 2009). The selective pressures imposed 

by viral predation have resulted in the evolution of numerous viral defense systems 

(Labrie et al Nat Rev Microbiol, 2010). Historically our appreciation for microbial 

immune systems had been restricted to innate defense mechanisms, but a 

sophisticated adaptive immune system has recently been discovered (Sorek et al 

Annu Rev Biochem, 2013). Bacteria acquire resistance to viral challengers by 

integrating short fragments of foreign nucleic acid into CRISPR (clustered regularly 

interspaced short palindromic repeat) loci in their own genome. CRISPRs serve as 

molecular vaccination cards by maintaining a genetic   record of prior encounters 

with foreign transgressors. In this introduction, I will explain how CRISPRs were 

discovered and present a mechanistic model that provides a foundation for 

understanding how the emerging new properties of this defense system are now 

being routinely repurposed for genome engineering in a wide variety of cell  types 

and multicellular organisms (Peter et al Cell, 2016 and Kawano et al Nature Chem. 

Biol. 2016). The creative application of these immune systems illustrates how basic 

research can lead to unexpected innovations with applications in environmental and 

medical sciences (van Erp et al 2014). 
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CRISPR/Dcas9 for Reprogramming of the Human Genome 
Stanley Qi, Stanford University 

 
The mammalian cells use complex transcriptional and epigenetic programs to determine 

fate and function. The ability to reprogram the expression of multiple genes in the 

genome provides a powerful approach for understanding biology and modeling disease. 

Here I will present the CRISPRi method, which was repurposed from the bacterial 

CRISPR system, as a genetic toolkit for multiplexed, reversible, sequence-specific gene 

regulation. We have developed a general orthogonal dCas9-based platform to enable 

parallel transcriptome manipulation. The CRISPRi method enables high-order genetic 

interrogation, allowing large-scale screening of individual or combinatorial genes with 

important phenotypes. We further applied the technologies to address the needs for 

disease modeling using stem cells. We aim to apply the non-editing based genome 

engineering approaches for therapeutics. 
 
Background Review Article: 
 
Dominguez, Antonia A., Wendell A. Lim, and Lei S. Qi. "Beyond editing: repurposing 
CRISPR-Cas9 for precision genome regulation and interrogation." Nature Reviews 
Molecular Cell Biology (2015). 
 
[article available on electronic agenda book] 
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Optical Control of the Genome 
Moritoshi Sato, The University of Tokyo 

 
The genome consists of more than 20,000 genes and 
is essential for most of biological phenomena.  To 
understand these biological phenomena, including 
diseases, and to utilize or modify them, approaches 
that enable the genome to be regulated at will are 
required.  
 
For targeted genome regulation, a new class of 
technology, known as the CRISPR-Cas9 system, has 
offered powerful tools.  Several studies have shown 
that the catalytically inactive mutant of Cas9 
nuclease (dCas9) fused with the transcriptional 
activator domain enables targeted activation of 
user-defined endogenous genes.  However, this 
technology is unable to offer precise spatiotemporal 
control of gene expression, despite the fact that 
many biological phenomena are regulated by highly 
dynamic patterns of gene expression. 
 
We developed a light-inducible, RNA-guided 
programmable system for endogenous gene activation 
based on the CRISPR-Cas9 system (Fig. 1) (Ref. 1).  
We demonstrated that this optogenetic system allows 
rapid and reversible targeted gene activation by light.  
Using this system, we exemplified photoactivation of 
multiple user-defined genes in mammalian cells.  The 
CRISPR-Cas9-based, photoactivatable transcription 
system offers a simple and versatile approach to 
precise gene activation. 
 
Based on the CRISPR-Cas9 system, we also 
developed another optogenetic system, named 
photoactivatable Cas9 (paCas9) (Fig. 2) (Ref. 2).  We 
divided the Cas9 nuclease into two fragments and 
connected photo-inducible dimerization proteins (Ref. 3) 
to the fragments, leading to the development of paCas9 
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Fig.1. CRISPR-Cas9-based photoactivatable 
transcription system. 

Fig.2. Photoactivatable Cas9 nuclease 
for light-induced genome editing. 
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of which nuclease activity is switchable with light.  Different from the photoactivatable 
transcription system, paCas9 allows direct editing of DNA sequence of the genome by 
light stimulation. 
 
We developed the CRISPR-Cas9-based optogenetic systems.  Genome editing 
technology and optogenetics technology have emerged as different technologies from 
each other so far.  The works described above merge these emerging research fields 
together. 
 
 
References: 

(1) Y. Nihongaki, S. Yamamoto, F. Kawano, H. Suzuki and M. Sato, 
“CRISPR-Cas9-based photoactivatable transcription system” Chem. Biol., 22, 
169-174 (2015). 

(2) Y. Nihongaki, F. Kawano, T. Nakajima and M. Sato, “Photoactivatable CRISPR-Cas9 
for optogenetic genome editing” Nat. Biotechnol., 33, 755-760 (2015). 

(3) F. Kawano, H. Suzuki, A. Furuya and M. Sato, “Engineered pairs of distinct 
photoswitches for optogenetic control of cellular proteins” Nat. Commun., 6, 6256 
(2015). 

 
 
Background Review Article: 
 
Knox, Margaret. "The Gene Genie." Scientific American 311.6 (2014): 42-46. 
 
[article available on electronic agenda book] 
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New Directions in Mathematical Epidemiology Glossary 
 

 
Emerging infectious disease: is an infectious disease whose incidence 
has increased in the past 20 years and could increase in the near future. 20

 
 
Epidemic: is the rapid spread of infectious disease to a large number of people 
in a given population within a short period of time, usually two weeks or less, in excess of 
our expectation.  
 
MCMC (Markov Chain Monte Carlo):  is an inferential 
method (or algorithm) by which a sampling of parameters is conducted from a probability 
distribution based on constructing a Markov chain that has the desired distribution as its 
equilibrium distribution.

 
 
MERS (Middle East respiratory disease): is a viral respiratory 
infection caused by the MERS-coronavirus (MERS-CoV) which has originally been 
harbored by camel population. MERS

 
 
MLE (maximum likelihood estimation): is a method of estimating 
unknown parameters of a mathematical or statistical model given empirical data.

 
 
Superspreader: is a host—an organism infected with a 
disease—that infects disproportionally more secondary contacts than other hosts also 
infected with the same disease. 2

2  
 
Zika virus: is a member of the virus family Flaviviridae and the genus 
Flavivirus. It is spread by daytime-active Aedes mosquitoes, such as A. aegypti and A. 
albopictus. 
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New Directions in Mathematical Epidemiology 

Dylan Shepardson, Mount Holyoke College 

 

Mathematical and statistical models play an increasingly important role in informing 

public health workers, clinicians, and policy makers. It is often not possible to test 

epidemiological hypotheses directly through experiment, and a reliable model gives us a 

way of assessing alternative scenarios and interventions. Increasing computational 

power and access to larger and more complex data sets have allowed the field to move 

beyond traditional compartmental models of disease transmission. At the same time, 

there has been a growing recognition of the ongoing challenge of responding rapidly and 

effectively to newly emerging and re-emerging diseases like SARS, MERS, Ebola, and 

Zika. Much of the current research in mathematical epidemiology is directed toward 

understanding the role of population heterogeneity, nonhomogeneous mixing, and 

epidemiological contact networks in the dynamics of disease transmission, and to finding 

ways to use data from a wide array of sources to develop models that can be deployed to 

respond to newly emerging and re-emerging diseases in real time. 

 

References 

Brauer F, van den Driessche P, Wu J (Eds.). (2008). Mathematical Epidemiology. 

Springer Lecture Notes in Mathematics, Berlin. 
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Analyses of National and Global Strategic Plans for  
Disease Prevention and Control 

Chaitra Gopalappa University of Massachusetts Amherst 
 
The White House National HIV/AIDS Strategy calls for reduction in HIV incidence in the 
United States by 25% by 2020. The United Nations Sustainable Development Goals on 
Non-communicable Diseases (NCDs) calls for reduction in premature deaths from NCDs 
by one-third globally by 2030. While there exists these political commitments, there is a 
growing recognition that, under constrained resources, successfully achieving these 
goals requires a highly effective strategic plan for intervention implementation. While 
traditionally public health intervention guidelines are based on evidence of its impact 
measured independently though clinical trials or mathematical models, achieving 
national and global targets requires a paradigm shift in analyses of interventions. These 
arise from the fact that population-level disease prevention and control involves 
implementation of multiple intervention programs that dynamically interact with each 
other such that the overall impact is not a direct sum of the individual parts. Further, for 
communicable diseases, the trajectory of disease spread are defined by dynamical 
interactions between multiple parameters related to individual behavior, socio-economic 
conditions, population contact structures, and biological factors of the infectious agent. 
With the rise in computational feasibility and growing availability of data, mathematical 
models can play an increasingly important role through innovative techniques for 
simulating the above complicated dynamics, integrating disparate data sources to derive 
significant information that otherwise cannot be inferred through any of the data sources 
independently, analyzing multiple alternative combinations of interventions, and further 
informing data collection for more accurate design of models in the future. I will discuss 
our work in this area. 
 
Background Review Article: 
 
"Chaitra Gopalappa, Paul G. Farnham, Yao-Hsuan Chen, and Stephanie L. Sansom  
Progression and Transmission of HIV/AIDS (PATH 2.0): A New Agent-Based Model to 
Estimate HIV Transmissions in the United States, Medical Decision Making 
0272989X16668509, first published on September 19, 2016 
doi:10.1177/0272989X16668509" 
 
[article available on electronic agenda book] 
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Real Time Research Response to Emerging Infectious Disease Epidemic 
Hiroshi Nishiura, Hokkaido University 

 
When an emerging infectious disease appears in our society, the most prioritized task for 
mathematical epidemiologists is to respond to the epidemic, analyzing epidemiological 
and other empirical datasets, elucidating core components of epidemiological dynamics 
and clarifying the infectiousness, pathogenicity and virulence during the course of 
epidemic. Ideally, good feedback should be given to the government and also to the 
public in real time, helping to plan effective interventions against the growth of cases. 
Here outbreak studies of Middle East respiratory syndrome (MERS) and Zika virus are 
presented, highlighting how real-time studies have helped deciphering the transmission 
and natural history of these two infectious diseases. When MERS outbreak occurred in 
Korea, our research team was committed to identifying heterogeneous patterns of 
transmission and death. Devising a novel statistical model that addresses censoring 
issue during the course of an epidemic, risk factors of MERS death were identified. 
Genomic information of viruses was shown to help confidently reconstruct the 
transmission tree, thereby identifying superspreaders as arising from patients who 
visited multiple healthcare facilities. Similarly, real time studies of Zika virus successfully 
quantified country-specific risk of Zika virus importation and outbreak using airline 
transportation network data and also previous epidemic record of dengue and 
chikungunya viruses. Whereas those studies are certainly useful for public purpose, 
validity and reliability of those findings and common pitfalls have yet to be systematically 
explored, and moreover, talented experts to be engaged in real time studies have yet to 
be trained. These are likely to be the key for future risk assessment of infectious 
diseases in real time. 
 
References 
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