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EDITORIAL
Ever since Alexander A. Maximow; a Russian-American physician, biologist and scientist 
discovered stem cells and Yamanaka’s recent discovery of the four factors of pluripotency, 
the field has been abuzz with the possibility of a cure-all solution to the medical woes. The 
discovery of a group of cells with the ability to differentiate into the myriad of cells that 
make up the human body is astounding. No one segment of the life sciences has captured 
the attention of the masses from medical practitioners to the layman alike more than the 
promise stem cells bring to healthcare. Its curative potential has been exploited for research 
in almost every disease from genetic disorders to cancer. 

The idea of being able to revert damaged cells back to its original pre-disease state or 
the correction of inherited disorders by replacing them with healthy versions or even growing 
a whole new organ for replacement without the worry of rejection would be a tremendous 
leap forward for medical science. Despite such a promising future, the use of stem cells has 
been plagued with political and ethical controversy in order to find the balance between 
the ethical uses of stem cells for research while simultaneously supporting its advancement. 
With its potential for regenerative, therapeutic and personalized medicine, how far along 
are we from reality? 

This month we’ve put together a collection of articles that traces the progress of stem 
cell for both research and therapy. Our authors question stem cell’s current standing as well 
as its future. It won’t be anytime soon before stem cells become a mainstay form of therapy. 
Nevertheless, it is important keep abreast with the latest in the field. 

In other news, this month, we’ve introduced a new section – Young Investigators 
which is a spinoff from a very well-received special edition we did last year, “Singapore’s 
Next-Gen Researchers”. Here we showcase the aspiring research talents of students in the 
pursuit of the life sciences. We kick it off with research done by the students of Republic 
Polytechnic. Moving forward, we invite Principle Investigators to nominate your students 
or you, yourself to submit abstracts for consideration for publication. We’ll promise you full 
editorial support on our end.  

Sulastri Kamis
Editor

Asia Pacific Biotech News

Check out our website at www.asiabiotech.com
Sign up for our mailing list to get updates at www.worldscientific.com/page/newsletter-sign-up
Air your views and suggestions by writing to in to the editorial team (Letters to the Editor) at biotech_edit@wspc.com
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S chizophrenia, bipolar disorder and  
 depression share common genetic  
 variations, a new study has found, 

with researchers saying they can now 
calculate how much of the risk for developing 
such disorders can be traced to genes.

The new findings improve our 
understanding of the complex interplay 
between genes and environmental factors 
in the development of mental illness and 
may one day help clinicians tailor better 
treatments.

The study, the result of collaboration 
between 372 researchers from across 
the globe, involved analysis of genetic 
data from 75,000 people, using a type of 
genetic variation called single nucleotide 
polymorphisms (SNPs).

The researchers were able to calculate 
that 23% of the risk of developing 
schizophrenia can be linked to the SNP 
genetic variation.

For bipolar disorder, 25% of the risk 
can be traced for genes, while for major 
depression the figure was 21%.

At least 17% of the risk of developing 
autism can be linked to genes, while for 
attention deficit hyperactivity disorder 
(ADHD), the figure was 28%.

Crucially, the researchers used data on 
unrelated people, meaning the results were 
purely a reflection of genetic risk rather 
than, for example, a common upbringing 
among siblings.

“Although a genetic underpinning 
of psychiatric disorders is mostly well 
accepted based on family records, occasional 
non-scientific literature has expressed 
doubt about this, suggesting shared family 
environment is responsible,” said lead 
researcher of the new study, Associate 
Professor Naomi Wray, from the Queensland 
Brain Institute.

“Our method for determining the 
genetic contribution uses information from 
DNA and uses unrelated people. In this way, 
our estimates demonstrate that genetic 
factors are responsible for an important 
proportion of risk.”

AUSTRALIA

Schizophrenia, bipolar disorder and depression share  
genetic roots: study

The results showed genetic similarities 
common to people with an increased risk of 
developing schizophrenia, bipolar disease or 
major depression.

However, Professor Wray noted that 
“disease only occurs when we carry a 
burden of risk variants as well as experience 
environmental risk factors – the lottery of 
life.”

“Part of the importance of our work 
is to demonstrate that there is a detectable 
genetic signal. Understanding the causes of 
psychiatric disorders has been an area of 
no-progress for so long. The genomics era 
has led to good progress in other disorders, 
but progress has been slower in psychiatry,” 
she said.

“Our results demonstrate a crack in 
the door that can be used to lever it open 
further.”

Philip Mitchell, Scientia Professor 
and Head of the School of Psychiatry at 
University of New South Wales, said the 
new study represented a major step forward.

“I think it’s a very important paper. 
There’s two take home stories in this paper,” 
he said.

“The first is we can now say that we 
now know that many genes contribute to 
the genetic risk and that about a quarter of 
the known inheritance of these conditions is 
accounted for by variants that are common,” 
he said.

“The other side of it is we now know, 
when you look at these specific genetic 
variations, there’s enormous genetic overlap 
between the conditions. It doesn’t account 
for all causation but there’s this substantial 
overlap. The big overlaps are between 
schizophrenia and bipolar, bipolar and 
depression, and also schizophrenia and 
depression.”

Professor Mitchell said it would be 
some time before these findings could be 
used in practice.

“But in a short space of time, we have 
gone from knowing hardly any of the genetic 
variations involved in these conditions, to 
knowing that common genetic variants 
explain about a quarter of the risk. That’s 
a huge step that’s happened very quickly,” 
he said.

“It confirms these are multi gene 
disorders. The risk of getting these conditions 
is determined by many genes. Ultimately, 
once we understand the genes, that tells 
you the biochemical pathways for molecular 
abnormalities and that helps us develop 
better treatments.”

Sunanda Creagh 
Source: The Conversation

“Disease only occurs when we carry a burden of 
risk variants as well as experience environmental 
risk factors – the lottery of life.”—Associate 
Professor Naomi Wray, Queensland Brain 
Institute.
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T he Indonesian Ministry of Health  
 will introduce a new immunization  
 program, and a pentavalent vaccine 

for babies aged 2 months to 1 year. One 
shot of the pentavalent vaccine will prevent 
babies from five diseases at once, including 
Diphtheria, Tetanus, Pertussis, Hepatitis B 
and Haemophilus influenzae Type B.

The pentavalent vaccine, produced by 
Bio Farma, has been in development since 
2007. The product will be launched along 
with the new immunization program by the 
Ministry of Health.

The combination of five antigens is 
possible due to the similar schedule for 
2, 3 and 4 month old babies. With the 
pentavalent vaccine, babies will require only 
one shot which contains the five antigens. 
Babies are currently given two shots in one 
period of time, the DTPHB and HIB vaccines. 
Some babies require three shots, DPT, 
Hepatitis B and HIB vaccines.

INDONESIA

Bio Farma launches pentavalent vaccine, combining 5 antigens
The Production Director of Bio Farma, 

Juliman, said besides lowering the frequency 
of babies' shots, the pentavalent vaccine 
leads to greater efficiencies. "The use of 
pentavalent vaccine is expected to diminish 
production costs, cold chain costs, injector 
costs, and encourage health officers to be 
efficient. This cost efficiency will translate 
to affordability for the people."

Juliman added that with the various 
advantages, the use of pentavalent vaccine 
is projected to become a future trend for 
vaccine producers in developing countries. 
Juliman spoke during the Global Alliance 
for Vaccines and Immunization (GAVI), held 
at Bio Farma.

Bio Farma has held clinical trials for the 
pentavalent vaccine since 2010. The vaccine 
has passed the Phase III clinical trial process, 
ensuring its efficacy for humans. The trial 
was conducted with Hasan Sadikin Hospital 

/ Medical Faculty of Padjajaran University 
and Cipto Mangunkusumo Hospital / Medical 
Faculty of Indonesian University. Pentavalent 
has also been registered with the National 
Agency of Drug & Food Control (NADFC). 

"This year we will produce and supply 
the vaccine to four provinces, West Java, 
Bali, NTB and Yogyakarta, while later we will 
be able to produce and fulfill the demand 
of all provinces of Indonesia," said Juliman. 
He predicted that the pentavalent vaccine 
demand in Indonesia will reach 15 million 
doses a year, based on the average number 
of babies' births in Indonesia of 5 million 
per year.

Besides fulfilling domestic demand, 
Bio Farma plans to export the vaccine to 
the other countries after the vaccine passes 
the WHO prequalification assessment, a 
requirement for the vaccine to be accepted 
internationally.
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A  RIKEN research team has discovered  
 an enzyme called Rines that  
 regulates MAO-A, a major brain 

protein controlling emotion and mood. 
The enzyme is a potentially promising drug 
target for treating diseases associated with 
emotions such as depression.

Monoamine oxidase A (MAO-A) is 
an enzyme that breaks down serotonin, 
n o r e p h i n e p h r i n e  a n d  d o p a m i n e , 
neurotransmitters well-known for their 
influence on emotion and mood. Nicknamed 
the “warrior gene”, a variant of the MAO-A 
gene has been associated with increased risk 
of violent and anti-social behavior.

While evidence points to a link between 
MAO-A levels and various emotional patterns, 
however, the mechanism controlling MAO-A 
levels in the brain has remained unknown.

Now, a research team headed by Jun 
Aruga at the RIKEN Brain Science Institute 
has shown for the first time that a ligase 
named Rines (RING finger-type E3 ubiquitin 
ligase) regulates these levels. Their research 
shows that mice without the Rines gene 
exhibit impaired stress responses and 
enhanced anxiety, controlled in part through 
the regulation of MAO-A levels.

As the first study to demonstrate 
regulation of MAO-A protein via the ubiquitin 
proteasomal system, this research presents a 
promising new avenue for analyzing the role 
of MAO-A in brain function. Further research 
promises insights into the treatment of 
anxiety, stress-related disorders and impaired 
social functions.

JAPAN

Researchers uncover brain molecule regulating human emotion, 
mood

While evidence points to a link between MAO-A levels and various 
emotional patterns, however, the mechanism controlling MAO-A levels 
in the brain has remained unknown.
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A sian biomass markets are witnessing  
 profound shifts in trade and  
 feedstock sourcing with South 

Korea and Japan setting the pace for China, 
Thailand, Indonesia and Malaysia. The 
Korean RPS (Renewable Portfolio Standard) 
and the Japanese feed-in tariffs (FiTs) for 
biomass have been important enablers of 
biomass trade in the region. Despite the 
potential, the Asian biomass market still 
face an uncertain future due to diverse 
challenges in cultivation, sub optimal pellet 
capacities, price volatilities, and cross border 
trade shifts. Korean and Japan’s demand for 
bioenergy depends on competitive sourcing 
of pellets from global sources. Moving 

KOREA

Meeting booming Asian pellet demand: How competitive are 
regional players?

forward, global and regional Asian pellet 
suppliers will have to invent novel supply 
models to remain competitive.

 Among the panelists are Chang Joo 
Ok, President & CEO of Korea East-West 
Power Co., delivering the keynote address 
and Timothy Ong, interim Chairman of Pellet 
Association Malaysia (PAM) speaking on the 
new initiatives in Malaysian biomass trade.

 Addressing Biomass pellet trade 
and development of wood pellets market 
trends is Prof. Gyu-Seong Han from 
Chungbuk National University (Forest 
Product Marketing Center), while global 
trade dynamics end was covered by Nick 

Tsirigotis of EDF Trading. Sharing DONG 
Energy’s experiences in conversion of coal to 
wood pellets fired power plant is Jens Price 
Wolf and elaborating on sustainable supply 
strategies will be Matt Bovelander of Indufor 
Asia Pacific Ltd.

 An inside perspective on going 
biomass-based power generation projects 
from South Korea's top power utilities, 
Korea Southern Power (KOSPO), Korea East-
West Power (EWP), Korea South-East Power 
(KOSEP), Korea Western Power (KOWEPO) 
and Korea Midland Power (KOMIPO) allows 
for a rare opportunity to assess the emerging 
scenario.

Source: Idaho National Library/Flickr/CC
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A  new strategy that cripples the ability  
 of the dengue virus to escape the host  
 immune system has been discovered 

by A*STAR's Singapore Immunology Network 
(SIgN). This breakthrough strategy opens a 
door of hope to what may become the world's 
first universal dengue vaccine candidate 
that can give full protection from all four 
serotypes of the dreadful virus. This research 
done in collaboration with Singapore's 
Novartis Institute of Tropical Diseases (NITD) 
and Beijing Institute of Microbiology and 
Epidemiology was published in the Plos 
Pathogens journal, and is also supported by 
Singapore STOP Dengue Translational and 
Clinical Research (TCR) Programme grant. 

Early studies have shown that a 
sufficiently weakened virus that is still strong 
enough to generate protective immune 
response offers the best hope for an effective 
vaccine. However, over the years of vaccine 
development, scientists have learnt that 
the path to finding a virus of appropriate 
strength is fraught with challenges. This 
hurdle is compounded by the complexity 
of the dengue virus. Even though there are 
only four different serotypes, the fairly high 
rate of mutation means the virus evolves 
constantly, and this contributes to the great 
diversity of the dengue viruses circulating 
globally. Furthermore, in some cases, the 
immune response developed following 
infection by one of the four dengue viruses 
appears to increase the risk of severe dengue 
when the same individual is infected with 
any of the remaining three viruses. With 
nearly half the world's population at risk 
of dengue infection and an estimated 400 
million people getting infected each year, the 
need for a safe and long-lasting vaccine has 
never been greater. 

The new strategy uncovered in this 
study overcomes the prevailing challenges 
of vaccine development by tackling 
the virus' ability to 'hide' from the host 
immune system. Dengue virus requires 

SINGAPORE

New strategy to disarm the dengue virus brings new hope for a 
universal dengue vaccine

the enzyme called MTase (also known as 
2'-O-methyltransferase) to chemically 
modify its genetic material to escape 
detection. In this study, the researchers 
discovered that by introducing a genetic 
mutation to deactivate the MTase enzyme 
of the virus, initial cells infected by the 
weakened MTase mutant virus is immediately 
recognized as foreign. As a result, the desired 
outcome of a strong protective immune 
response is triggered yet at the same time 
the mutant virus hardly has a chance to 
spread in the host. 

Animal models immunized with the 
weakened MTase mutant virus were fully 
protected from a challenge with the normal 
dengue virus. The researchers went on to 
demonstrate that the MTase mutant dengue 
virus cannot infect Aedes mosquitoes. This 
means that the mutated virus is unable to 
replicate in the mosquito, and will not be 
able to spread through mosquitoes into our 
natural environment. Taken together, the 
results confirmed that MTase mutant dengue 
virus is potentially a safe vaccine approach 
for developing a universal dengue vaccine 
that protects from all four serotypes. 

The team leader, Dr. Katja Fink from 
SIgN said, "There is still no clinically approved 

vaccine or specific treatment available for 
dengue, so we are very encouraged by the 
positive results with this novel vaccine 
strategy. Our next step will be to work on 
a vaccine formulation that will confer full 
protection from all four serotypes with a 
single injection. If this proves to be safe in 
humans, it can be a major breakthrough for 
the dengue vaccine field."

Associate Professor Leo Yee Sin, 
Clinical Director of Communicable Diseases 
Centre and Institute of Infectious Disease 
and Epidemiology at Tan Tock Seng Hospital 
who heads the Singapore STOP Dengue 
Translational and Clinical Research (TCR) 
Programme said, "We are into the seventh 
decade of dengue vaccine development, 
this indeed is an exciting breakthrough 
that brings us a step closer to an effective 
vaccine."

Acting Executive Director of SIgN, 
Associate Professor Laurent Renia said, 
"Dengue is a major public health problem 
in many of the tropical countries. We are 
very delighted that our collaborative efforts 
with colleagues in Singapore and China 
have made a promising step towards a cost-
effective and safe dengue vaccine to combat 
the growing threat of dengue worldwide."

Source: Javier Devilman/Flickr/CC
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S chematic diagram illustrating the  
 concept of a prevascularized hydrogel.  
 The adjacent fibers could be used to 

pattern other cell types around the vessels.
Researchers at the Institute of 

Bioengineering and Nanotechnology 
(IBN) have developed a simple method of 
organizing cells and their microenvironments 
in hydrogel fibers. Their unique technology 
provides a feasible template for assembling 
complex structures, such as liver and 
fat tissues, as described in their recent 
publication in Nature Communications.

According to IBN Executive Director 
Professor Jackie Y. Ying, “Our tissue 
engineering approach gives researchers great 
control and flexibility over the arrangement 
of individual cell types, making it possible to 
engineer prevascularized tissue constructs 
easily. This innovation brings us a step closer 
toward developing viable tissue or organ 
replacements.” 

IBN Team Leader and Principal Research 
Scientist, Dr. Andrew Wan, elaborated, 
“Critical to the success of an implant is its 
ability to rapidly integrate with the patient’s 
circulatory system. This is essential for the 
survival of cells within the implant, as it 
would ensure timely access to oxygen and 
essential nutrients, as well as the removal 
of metabolic waste products. Integration 
would also facilitate signaling between the 
cells and blood vessels, which is important 
for tissue development.” 

An organized approach to 3D tissue engineering
Tissues designed with pre-formed 

vascular networks are known to promote 
rapid vascular integration with the host. 
Generally, prevascularization has been 
achieved by seeding or encapsulating 
endothelial cells, which line the interior 
surfaces of blood vessels, with other cell 
types. In many of these approaches, the 
eventual distribution of vessels within a 
thick structure is reliant on in vitro cellular 
infiltration and self-organization of the 
cell mixture. These are slow processes, 
often leading to a non-uniform network of 
vessels within the tissue. As vascular self-
assembly requires a large concentration of 
endothelial cells, this method also severely 
restricts the number of other cells that may 
be co-cultured. 

Alternatively, scientists have attempted 
to direct the distribution of newly formed 
vessels via three-dimensional (3D) co-
patterning of endothelial cells with other 
cell types in a hydrogel. This approach allows 
large concentrations of endothelial cells 
to be positioned in specific regions within 
the tissue, leaving the rest of the construct 
available for other cell types. The hydrogel 
also acts as a reservoir of nutrients for the 
encapsulated cells. However, co-patterning 
multiple cell types within a hydrogel is 
not easy. Conventional techniques, such 
as micromolding and organ printing, are 
limited by slow cell assembly, large volumes 
of cell suspension, complicated multi-step 

processes and expensive instruments. 
These factors also make it difficult to 
scale up the production of implantable 3D 
cell-patterned constructs. To date, these 
approaches have been unsuccessful in 
achieving vascularization and mass transport 
through thick engineered tissues. 

To overcome these l imitations, 
IBN researchers have used interfacial 
polyelectrolyte complexation (IPC) fiber 
assembly, a unique cell patterning technology 
patented by IBN, to produce cell-laden 
hydrogel fibers under aqueous conditions 
at room temperature. Unlike other methods, 
IBN’s novel technique allows researchers to 
incorporate different cell types separately 
into different fibers, and these cell-laden 
fibers may then be assembled into more 
complex constructs with hierarchical tissue 
structures. In addition, IBN researchers are 
able to tailor the microenvironment for 
each cell type for optimal functionality by 
incorporating the appropriate factors, e.g. 
proteins, into the fibers. Using IPC fiber 
assembly, the researchers have engineered 
an endothelial vessel network, as well as 
cell-patterned fat and liver tissue constructs, 
which have successfully integrated with the 
host circulatory system in a mouse model and 
produced vascularized tissues. 

The IBN researchers are now working 
on applying and further developing their 
technology toward engineering functional 
tissues and clinical applications.

“Our tissue engineering approach gives researchers great control 
and flexibility over the arrangement of individual cell types, making 
it possible to engineer prevascularized tissue constructs easily."—
Professor Jackie Y. Ying, IBN Executive Director
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T hermo Fisher Scientific Inc.  expanded  
 its global cell culture and bioprocessing  
 capabil it ies by opening a new 

manufacturing plant in Singapore to produce 
dry powder media (DPM), a crucial cell 
culture raw material used to manufacture 
biologics, including vaccines, anti-cancer 
therapeutics, and others. The facility is the 
first-ever cell culture DPM production site 
in Singapore and is designed to address 
the increased global requirements from 
biopharmaceutical companies to mitigate 
critical raw material supply risks. 

Thermo Fisher Scientific opens its first dry powder media 
facility in APAC region

Singapore facility delivers manufacturing redundancy and increases supply assurance for global biologic 
drug discovery and production

 Located in Tuas, the 30,800 square foot 
(2,861 square meters) facility will provide 
critical manufacturing redundancy of DPM 
to help ensure a secure and uninterrupted 
supply to biopharmaceutical customers 
globally. The facility will also serve as an 
additional logistics hub for DPM distribution 
to Asia Pacific customers. According to a 
recent BCC research report, the DPM market 
in Asia has been estimated to grow to 
US$220million by 2016, representing a 20% 
compound annual growth rate, the highest 
in the world for media products.  

 “Asia continues to be our fastest-
growing market and a central contributor 
to our growth,” said Greg Herrema, 
president of Biosciences at Thermo Fisher 
Scientific. “Our new Singapore facility 
further strengthens our global presence, 
expands our manufacturing infrastructure 
and establishes local production capabilities 
to meet increased demand for biologic drug 
discovery and development in Asia.”

 Featuring state-of-the-art pin milling 
technology, the new Singapore DPM facility 
is a cGMP manufacturing plant — mirroring 
the functionality and quality systems used 
in Thermo Fisher’s DPM facility in the United 
States. The facility and equipment used are 
in compliance with 21 CFR 820 cGMP, ISO 
9001:2000, and ISO 13485:200 guidelines.

 According to the Singapore Economic 
Development Board (EDB), Singapore’s 
biopharmaceutical sector contributed about 
S$22.8 billion in output in 2011 and more 
than 6,000 jobs. In particular, Singapore’s 
eight biologics manufacturing facilities have 
invested approximately S$2.4 billion, and 
employed more than 1,700 people.

  “Singapore is committed to the 
development of the supporting industry 
for biologics manufacturing, through 
local talent development as well as with 
specialized infrastructure such as cold chain 
logistics services,” said Thien Kwee Eng, 
Assistant Managing Director, Singapore EDB. 
“We strongly welcome Thermo Fisher’s DPM 
facility, which would further strengthen 
Singapore’s supporting ecosystem and 
position us as the leading biologics hub in 
Asia.” 

 “Congratulations to Thermo Fisher 
on the opening of their dry powder media 
manufacturing facility in Tuas,” said Dennis 
Tan, Director, Biomedical and Chemicals 
Cluster, JTC Corporation. “The establishment 
of this DPM facility affirms Singapore’s 
attractiveness as a location for the biologics 
supply and manufacturing value chain, and 
is at the doorstep of our Tuas Biomedical 
Park, a world-class biopharmaceutical 
manufacturing hub.”

“Singapore is committed to the development 
of the supporting industry for biologics 
manufacturing, through local talent 
development as well as with specialized 
infrastructure such as cold chain logistics 
services,” said Thien Kwee Eng, Assistant 
Managing Director, Singapore EDB. 
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A lready the world’s leader in custom  
 nucleic acid synthesis, Integrated  
 DNA Technologies  ( IDT)  has 

expanded its manufacturing capabilities 
to Singapore. IDT is now able to provide 
locally-manufactured oligonucleotides to 
researchers in Singapore and throughout 
the region from the company’s first synthesis 
facility in Asia.

 In January of 2012, IDT acquired the 
oligo business of Singapore’s top supplier, 1st 
BASE Pte. Ltd. Shortly thereafter, IDT began 
work to create a state-of-the art hub for 
oligo manufacturing and support dedicated 
to the Asian market. IDT completed the nearly 
SGD 6 million project in spring of 2013, and 
the Singapore company’s synthesis and other 
processes are now fully integrated with IDT’s 
operations in the US and Europe. 

 IDT’s investment in Singapore means 
that researchers throughout the region can 
now enjoy quicker delivery of the same high 
quality custom nucleic acid products they 
expect from IDT. Through its Asian network 
of highly skilled sales professionals and 
21 appointed distributors, IDT now serves 
Malaysia, Indonesia, Thailand, Taiwan, the 
Philippines, Vietnam, Bangladesh, Hong 
Kong, Nepal, Sri Lanka, and Myanmar from its 
Singapore company. In the coming months, 
IDT will expand the services it offers from 
Singapore to include all the Asia Pacific 
region’s major markets.

 “Our new synthesis and support 
capabilities in Singapore increase the speed 
with which we can deliver IDT products to 
our customers in Asia by 2-3 days,” noted 
Trey Martin, Chief Operating Officer at IDT. 
“Scientists can move forward with their 
research that much more quickly, which will 
add to the value IDT already contributes to 
their important work.”

 Said Dr Joseph A. Walder, Founder and 
CEO of IDT, “For several years, we’ve looked 
forward to the day that we could bring to 
Asia what has made IDT so successful in 
North America and Europe – the highest 
quality custom biology products, delivered 
quickly, at prices that enable new and more 
research.  Our team in Asia now has a world 

World’s largest supplier of custom nucleic acids opens 
SGD 6 million manufacturing facility in Singapore

class facility in Singapore, with the support 
of IDT’s global infrastructure backing it 
up.  We’re proud to offer its benefits to the 
scientific community in Asia.”

 “We s t rong ly  we lcome IDT ’s 
decision to set up a new oligonucleotide 
manufacturing facility that supports the 
scientific community in Singapore and the 

extended Asia Pacific region. Oligonucleotide 
manufacturing is knowledge-intensive, and 
requires a high proportion of skilled degree 
and diploma holders. This new investment 
will create excellent job opportunities for 
Singaporeans,” said Mr Kevin Lai, Director, 
Biomedical Sciences, Singapore Economic 
Development Board. 
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H aplogen, a biotechnology company  
 developing antiviral therapies, and  
 CeMM, the Center for Molecular 

Medicine of the Austrian Academy of 
Sciences, are making available their large 
collection of human cell lines that are 
deficient for single genes, which they have 
been building over the past three years 
as part of a public-private partnership. 
The partnership, through Haplogen, will 
distribute requested cell lines to the 
research community. The collection and 
the technological advances that enabled 
its development were published in Nature 
Methods. It currently includes cell line clones 
covering 3,000 different human genes, which 
represents about one third of all the genes 
that are active in these cells. The collection 
will continue to expand until all the genes 
have been targeted.

Although cell lines of human origin 
have been around for many years, they are all 
vastly different from each other, making them 
very difficult to control when performing 
genetic experiments, thereby limiting their 

EUROPE

CeMM and Haplogen make available the world’s largest 
collection of engineered human cell lines

use particularly for drug discovery efforts 
and discovering the function of genes. This 
new collection circumvents this problem 
by providing individual gene mutations in 
an otherwise identical genetic background.

Prof. Giulio Superti-Furga, Director 
of the CeMM who initiated this project 
commented: “This collection will fuel 
research in molecular medicine where 
the vast majority of human genes remain 
poorly understood and await functional 
characterization. Obtaining human cells 
where an individual gene is inactivated has so 
far been difficult and very tedious. With this 
largest human cell line collection available to 
date we expect to drive countless scientific 
discoveries in the research community.”

“The creation of those precise mutants 
has become possible by the use of a haploid 
cell line. Destroying a single gene in haploid 
cells will immediately cause a detectable 
change – in contrast to our natural cells 
that always bear two copies of each gene” 
explains Thijn Brummelkamp, the inventor 
of the haploid genetics technology in human 

cells that was used to create this collection, 
and founder of Haplogen.

Georg Casari, CEO of Haplogen: “In this 
publication we show that these cell lines 
really behave as if only the gene of choice is 
no longer present. We have taken great care 
to document that the gene products are gone 
and that those clones have new properties 
as compared to the parental, unmodified cell 
line. We are excited to provide and distribute 
this resource to researchers world-wide and 
contribute to the advancement of medical 
research. Our goal is to eventually obtain 
mutant cell lines for every human gene.” 
He continued: "At Haplogen we use this 
collection as an indispensable component 
in our research and development of antiviral 
medications for treating a wide range of 
harmful infectious diseases. This partnership 
of academic research at CeMM and private 
investment by the company has made it 
possible to finance this collection and build 
a resource to the benefit beyond the two 
institutions for scientists all over the world.”
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S tem cell genes seek each other in  
 the cell nucleus. So a study by the  
 Hubrecht Institute in Utrecht, the 

Netherlands, has found, published in Nature. 
“It’s a new way of looking at DNA.”

Prof. Dr. Wouter de Laat of the 
Hubrecht Institute and his colleagues have 
shown that DNA strings in embryonic stem 
cells are folded in a unique manner. The DNA 
appears to be folded in such a way that all 
‘stem cell genes’ are located close to each 
other. The activity of these genes ensures 
that stem cells remain stem cells and they do 
not change into other types of cells.

Shaping the stem cell genome
The so-called stem cell factors are 

responsible for the special DNA folding in 
embryonic stem cells. These are proteins 
that can only be found in stem cells and with 
which normal cells can be reprogrammed 
into stem cells. Without these proteins, 
stem cells lose their unique DNA folding. 
The proteins attach to DNA strings in various 
places and ‘pull’ the strings together.

“We don’t know exactly why these 
genes have to be so close to each other”, says 
De Laat. “But of course it’s entirely possible 
that this will allow the stem cell genes to be 

sequenced in an improved and more stable 
manner. It makes stem cells more robust.”

The findings by De Laat and his 
colleagues underline the importance of 
the three-dimensional organization of DNA 
strings. It was previously thought that only 
the sequence of the genetic letters in the 
DNA was important. But it seems that it is 
important for genes with a comparable role 
to literally be close to each other. “This is 
a new way of looking at DNA. The spatial 
organization of the DNA actually forms an 
additional control layer.”
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A  solar-powered sterilizer could provide  
 remote areas in the developing world  
 with a portable, off-grid solution 

for sanitizing medical instruments and 
equipment, according to a study.

In remote, resource-poor locations, 
the lack of readily available sterilization 
processes for medical or dental tools 
increases the risk of disease propagation.

 Now, researchers from Rice University 
in the United States have developed two 
prototype sterilization devices that harness 
the sun's power: one to sanitize medical 
equipment and the other to sterilize human 
waste without the need for an external 
electricity source. Their work was published 
in Proceedings of the National Academy of 
Science.

 Both devices are modified versions 
of the steam-based autoclave systems used 

in modern medical facilities to eradicate 
infectious microorganisms from surfaces and 
liquids with a blast of high-pressure steam.

 "Although steam-based sterilization 
is the primary method of choice for the 
processing of medical waste in the developed 
world, the large energy requirement for 
operation is the fundamental limitation for 
its adoption in developing countries, with 
limited or nonexistent access to sources of 
electricity sufficient to power such systems," 
the study says.

The new devices consist of a vessel 
containing water and gold nanoparticles that 
is placed in sunshine collected using a solar 
dish. The nanoparticles absorb the sunlight 
and this heat produces steam.

The process does not damage the 
nanoparticles, so they can be reused.

 The systems maintain temperatures 

MIDDLE EAST

Off-grid solar sterilizers could aid remote areas
between 115 and 132 degrees Celsius for 
the time period sufficient to sterilize the 
contents of a 14.2 liter volume, which 
is in accordance with US Food and Drug 
Administration sterilization guidelines.

 Both devices passed the standard test of 
killing a reference strain of the heat-resistant 
bacteria Geobacillus stearothermophilus — 
used to check the performance of standard 
steam-based autoclave systems — in a 
sample over 30 minutes.

 The researchers say their prototypes 
could be altered to provide steam for 
direct use in water purification, cooking, 
or electricity generation. However, they 
declined to comment on whether the devices 
have been field-tested, who will produce 
them and how they will be made available 
to developing countries.

 Lead researcher Naomi Halas, professor 
of biomedical engineering at the university, 
tells SciDev.Net: "We would prefer not to 
answer questions regarding our technology. 
Any information not disclosed in our paper 
is not for public knowledge at the present 
time."

 Tony Collins, managing director of UK-
based autoclave manufacturer Priorclave, 
says that the devices could have a significant 
impact in developing countries, but also 
suggests a modification.

 "Some consideration should be given 
to a method of ensuring the items to be 
sterilized stay at or above the required 
temperature for the required time without 
having to watch the process," he says.

 Hilmi Salem, a research professor and 
director-general of the Applied Sciences and 
Engineering Research Centres at Palestine 
Technical University, says that the use of gold 
nanoparticles raises questions about cost 
and whether the devices will be affordable 
to poor communities.

 "It remains to be seen whether the 
apparatus and technical support will be 
available to them under manageable and 
suitable terms," Salem adds.

Source: Science Development Network

Source:  
Abi Skipp/Flickr/CC



15

BIOBOARD

www.asiabiotech.com

NORTH AMERICA

Exercise improves sleep, but not overnight

I t can take four months of regular aerobic  
 exercise to help insomnia sufferers get  
 a good night’s sleep, researchers say. 

“If you have insomnia you won’t 
exercise yourself into sleep right away,” 
says lead study author Kelly Glazer Baron, 
a clinical psychologist and director of the 
behavioral sleep program at Northwestern 
University Feinberg School of Medicine. “It’s 
a long-term relationship. You have to keep 
at it and not get discouraged.”

This is the first long-term study to 
show aerobic exercise during the day does 
not result in improved sleep that same night 
when people have existing sleep problems. 
Most studies on the daily effects of exercise 
and sleep have been done with healthy 
sleepers.

The study also showed people exercise 
less following nights with worse sleep. 
“Sleeping poorly doesn’t change your aerobic 
capacity, but it changes people’s perception 
of their exertion,” Baron says. “They feel 
more exhausted.”

“This new study shows exercise and 
sleep affect each other in both directions: 
regular long-term exercise is good for sleep 

but poor sleep can also lead to less exercise. 
So in the end, sleep still trumps everything 
as far as health is concerned,” says senior 
author Phyllis Zee, a neurology professor at 
Feinberg and director of the Sleep Disorders 
Center at Northwestern Memorial Hospital.

Baron decided to analyze the daily 
effect of exercise after hearing her patients 
with insomnia complain the exercise she 
recommended didn’t help them right 
away. The findings are detailed in a study 
published in the Journal of Clinical Sleep 
Medicine.

“They’d say, ‘I exercised so hard 
yesterday and didn’t sleep at all,’” Baron 
says. “The prevailing thought is that exercise 
improves sleep, but I thought it probably 
wasn’t that simple for people with insomnia.”

“Patients with insomnia have a 
heightened level of brain activity and it takes 
time to re-establish a more normal level 
that can facilitate sleep,” Zee says. “Rather 
than medications, which can induce sleep 
quickly, exercise may be a healthier way to 
improve sleep because it could address the 
underlying problem.”

The study participants were older 
women, who have the highest prevalence of 
insomnia. Exercise is an optimum approach 
to promote sleep in an older population 
because drugs can cause memory impairment 
and falls. Baron thinks the results also could 
apply to men because there is no evidence of 
gender differences in behavioral treatments 
for insomnia.

For the study, Baron performed an 
analysis of data gathered by the team during 
a 2010 clinical trial that demonstrated the 
ability of aerobic exercise to improve sleep, 
mood, and vitality over a 16-week period in 
middle-age-to-older adults with insomnia. 
She and colleagues examined the daily sleep 
data from 11 women ages 57 to 70.

The key message is that people with 
sleep disturbances have to be persistent 
with exercise. “People have to realize that 
even if they don’t want to exercise, that’s the 
time they need to dig in their heels and get 
themselves out there,” Baron says. “Write a 
note on your mirror that says ‘Just Do It!’ It 
will help in the long run.”

Source: Northwestern University
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A  strain of rice genetically engineered  
 to protect against diarrheal disease  
 could offer a cost-effective way to 

protect children in developing countries, 
according a study published in the Journal 
of Clinical Investigation.

Researchers engineered the rice, called 
MucoRice-ARP1, by adding an antibody to 
fight rotavirus originally found in llamas in 
the rice genome.

Rotavirus is the leading cause of severe 
diarrhea in young children and infants, 
killing more than 520,000 people each year, 
according to the WHO. More than 85% of 
those deaths occur in impoverished countries 
in Africa and Asia.

The team fed MucoRice-ARP1 to mice 
they subsequently infected with rotavirus, 
and found these mice had significantly less 
virus than mice fed normal rice.

The rice could be used to complement 
vaccinations to protect children when they 
are at their most vulnerable to rotavirus, say 
the researchers.

But it had not yet been tested on 
humans, and could take a decade before a 
final product is ready for distribution, says 
one of the study's authors Yoshikazu Yuki, of 
the University of Tokyo in Japan.

The WHO has recommended since 
2009 that rotavirus vaccines be included in 
national immunization programs.

But studies have s ince shown 
that these vaccines are less effective in 
developing countries than in industrialized 
countries, protecting only 50–60% of 
people immunized in developing countries, 
compared with 85–98% in industrialized 
countries.

The reasons for the drop in effectiveness 
are not yet established, but weakened 
immune systems are a likely factor says 
Miren Iturriza-Gomara, a virologist at the 
UK-based University of Liverpool and one 
of the study's authors.

MucoRice-ARP1 could complement 
existing vaccine schedules. It would not be 
a substitute for a vaccine, she says, "but it's 
something that in certain situations could 
be very helpful".

For example, the rice could be given to 
children under two years old when rotavirus 

GM rice delivers antibodies against deadly rotavirus
infection is most likely to prove fatal.  

The research team found that 
MucoRice-ARP1 is most effective when 
consumed as a powder diluted with water, 
although the antibodies could also be 
ingested either in cooked rice or by drinking 
the water in which MucoRice-ARP1 is boiled.

Iturriza-Gomara says the rice could 
also prove useful during rotavirus outbreaks 
by lowering transmission rates.

Previous clinical trials in Bangladesh 
have already established that the antibody 
arp1 can protect against rotavirus.

Originally found in llamas, arp1 is ideal 
for oral immunotherapy as it is not readily 
digested by the acids in the human stomach, 
according to Iturriza-Gomara.

"L lamas produce s ing le-chain 
antibodies which have two important 
properties: one, they are very small and can 
reach areas of the pathogen which otherwise 
might not be reached by other antibodies 
and also because they are single-chain they 
are very resistant," Iturriza-Gomara says. 
"Normal human antibodies are dual-chained. 
If you eat it and it goes through the stomach, 
the acid will break it and therefore it won't 

be active in the intestine which is where 
you want it."

MucoRice-ARP1 would have to be 
eaten regularly to ensure protection.

"Once you have engineered the rice, 
then it's just a matter of growing it," says 
Iturriza-Gomara. She says the ease of 
growing rice, and the fact that it is widely 
produced as a staple food makes it a good 
vehicle for delivering the antibody. "It can 
also be stored for years without changes in 
its edibility," she says.

While the initial results are promising, 
says Mathuram Santosham, a leading 
rotavirus researcher at Johns Hopkins 
University, United States, "substantially 
more research is needed to understand the 
potential impact of this intervention in 
humans".

"In the meantime, it is important to 
remember that we have highly effective 
tools, which are available now, including 
rotavirus vaccines, oral rehydration solution 
and zinc supplementation," Santosham 
says. "We must ensure that all the currently 
available tools are made available to every 
child in the world."
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B abies deprived of certain hormones  
 in the womb could be at greater risk  
 of being anxious as adults, according 

to new research with mice.
Insulin-like growth factor-2 has been 

shown to play a major role in fetal and 
placental development in mammals—and 
changes in expression of the hormone have 
been implicated in growth restriction in 
the womb.

“The growth of a baby is a very 
complex process and there are lots of 
control mechanisms which make sure that 
the nutrients required by the baby to grow 
can be supplied by the mother,” says Trevor 
Humby, a behavioral neuroscientist at Cardiff 
University.

“We were interested in how disrupting 
this balance could influence emotional 
behaviors a long time after being born, as 
an adult.”

In order to explore how a mismatch 
between supply and demand of certain 
nutrients might affect humans, Humby and 
colleagues examined the behavior of adult 

L ampreys have a sophisticated immune  
 system with three types of white  
 blood cell that resemble our B and T 

cells, new research shows.
Studying lampreys allows biologists 

to envision the evolutionary past, because 
they represent an early offshoot of the 
evolutionary tree, before sharks and fish.

Scientists have identified a type of 
white blood cell in lampreys analogous to 
the “gamma delta T cells” found in mammals, 
birds, and fish. Gamma delta T cells have 
specialized roles defending the integrity 
of the skin and intestines, among other 
functions.

The results are published in the journal 
Nature. The finding follows an earlier study 

Lampreys hint at how immune cells evolved
showing that cells resembling two main 
types of white blood cells, B cells, and T cells, 
are present in lampreys.

In the human immune system, B cells 
can differentiate into antibody-secreting 
cells and can grab their targets directly, while 
T cells generally recognize their targets only 
through cell-to-cell contact.

“We have been able to define another 
lineage of T-like lymphocytes in lampreys,” 
says first author Masayuki Hirano, assistant 
professor of pathology and laboratory 
medicine at Emory University School of 
Medicine and the Emory Vaccine Center.

“This suggests that the genetic 
programs for all three lineages of white 
blood cells are very ancient.”

Hirano says the results indicate that 
distinct cells with functions that are similar 
to gamma delta T cells may have existed in 
the last common vertebrate ancestor, before 
jawed and jawless vertebrates diverged 
around 500 million years ago.

Source: Emory University

UNITED KINGDOM    

Anxiety may start in the womb
mice with a malfunctioned supply of a  
vital hormone.

 “We achieved this by damaging a 
hormone called Insulin-like growth factor-2, 
important for controlling growth in the 
womb,” Humby says.

“What we found when we did this 
was an imbalance in the supply of nutrients 
controlled by the placenta, and that this 

imbalance had major effects on how subjects 
were during adulthood—namely, that subject 
became more anxious later in life.

“These symptoms were accompanied 
by specific changes in brain gene expression 
related to this type of behavior. This is the 
first example of what we have termed 
‘placental-programming’ of adult behavior.

“We do not know exactly how these 
very early life events can cause long-range 
effects on our emotional predispositions, but 
we suspect that our research findings may 
indicate that the seeds of our behavior, and 
possibly vulnerability to brain and mental 
health disorders, are sown much earlier than 
previously thought.”

Although these studies were carried 
out in mice, the findings may have wider 
implications for human development, the 
researchers say. Further studies are planned 
to investigate the brain mechanisms linking 
early life events, placental dysfunction, and 
the emotional state of adults.

Source: Cardiff University
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O ne kind of wine-grapes cultivation  
 technique in the upper reaches of  
 Minjiang River” was licensed with a 

national invention patent by the The State 
Intellectual Property Office to the scientists 
of Chengdu Institute of Biology, Chinese 
Academy of Sciences (CAS).

The upper reaches of the Minjiang 
River is an ethnic minorities areas, where 
the native social economic level is still 
underdeveloped. The dry river valley is an 
optimal climate resource for plantation 
especially for wine-grape cultivation. 

However the traditional pruning methods 
brought many problems such as unbalanced 
growth between vegetative and reproductive 
components of grapevine, lower set fruit 
rate, poor fruit quality epidemic and loose 
clusters.

The scientists of Chengdu Institute of 
Biology, CAS have studied the living habits 
of the wine-grapes transplanted in the upper 
reaches of Minjiang River for ten more years. 
They identified the underlying problem and 
invented a new kind of technique by pruning 

the lateral twigs of the wine-grapes in the 
native areas. 

By use of this technique, the total leaf 
area of the vine can be controlled properly to 
avoid over-pruning the lateral twigs which 
leads to winter-bud germination and over-
growth of pathogens and insects because 
of redundant branches and crowded space. 
This technique can save labor cost, improve 
the grape fruit quality and quantity, thus 
promoting the wine-grapes cultivation 
industry in the upper reaches of the  
Minjiang River.

Unique wine-grapes cultivation technique invented
“

Source: tribp/Flickr/CC
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A n international team, consisting  
 of scientists from the University of  
 California San Diego, BGI and other 

institutes, has investigated the entire DNA 
code of Andean individuals with chronic 
mountain sickness (CMS), or Monge’s 
disease to unravel the puzzle of genetic 
mutations associated with CMS from whole-
genome level. The study published online 
in American Journal of Human Genetics, 
provides evidence to support whole-genome 
sequencing as an ultimate approach to 
advance the understanding of the genetic 
basis of CMS and its treatment.

More than 140 million humans have 
permanently settled on high altitude regions 
in various locations around the world, such 
as the Ethiopian plateau in East Africa, 
the Tibetan plateau in Asia and the Andes 
Mountains in South America. These native or 
long-time residents are likely to be affected 
by CMS, especially those living over 3000 
meters and many of them are desperate to be 
cured from the symptoms. The team decoded 
the genomes of some local residents to 

unravel the genetic mechanism and develop 
safer treatments for CMS. 

In this study, a total of 20 Andean 
individuals were sequenced, including ten 
individuals with CMS and ten not with 
CMS as control. Researchers surveyed 
the entire spectrum of variations with 
high efficiency, and found 11 regions that 
showed significant differences in haplotype 
frequencies consistent with selective sweeps. 
In these regions, two genes, ANP32D and 
SENP1, were found to have significantly 
increased expression in the CMS individuals 
compared to the non-CMS ones, and played 
an essential role in hypoxia tolerance. 

The genomic data also enabled 
researchers to better understand the 
mechanisms of human adaptation to 
hypoxia. They speculated that the increased 
expression of SENP1 may play a role in the 
basic pathogenesis of polycythemia in CMS 
individuals. ANP32D acts as an oncogene, 
which may alter cellular metabolism in a 
fashion that is similar to that of cancer cells, 
especially given that such cells can flourish 
in low oxygen conditions.

“Whole-genome sequencing serves 
as an ultimate approach to advance the 
understanding of the genetic basis of CMS,” 
said, Xin Jin, project manager of BGI, “Our 
study provides an unbiased framework to 
identify and validate the genetic basis of 
adaptation to high altitudes, and highlight 
the potentially targetable mechanisms for 
CMS treatment.”

Dr. Dan Zhou and Dr. Gabriel Haddad, 
the leading scientists of this project from 
University of California San Diego, said, 
“Hypoxia is a common pathogenic factor in 
many human diseases. Understanding the 
mechanisms underlying hypoxia tolerance 
is essential to develop novel therapeutic 
strategies to treat these clinical conditions. 
Current studies combine the power of whole 
genome sequencing, in vitro human cell 
model and in vivo. Drosophila model allowed 
us not only to identify candidate genes that 
are associated to hypoxia adaptation but also 
to functionally evaluate their contributions 
to the trait. This unique unbiased framework 
has the potential to be applied to identify 
causal mutations in human diseases.

Whole-genome sequencing unravels the puzzle of 
chronic mountain sickness

Source: dynamosquito/Flickr/CC
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C hina plans to improve the health  
 services it provides in Africa  
 and expand its medical aid there, 

according to the International Cooperation 
unit at China's National Health and Family 
Planning Commission.

"We will expand medical aid in Africa, 
although there are many challenges," Ren 

China eyes health research cooperation with Africa
Minghui, director general of International 
Cooperation at China's National Health and 
Family Planning Commission, tells SciDev.
Net.

Further collaboration will be discussed 
at the Ministerial Forum on China-Africa 
Health Cooperation in Beijing.

Ren says he will make changes so 

that more African patients can be treated, 
and will also improve the quality of the 
Chinese researchers in medical teams that 
go to Africa.

This year marks the 50th anniversary 
of the first Chinese medical team arriving in 
Africa. There are more than 1,000 medical 
researchers providing health services in 42 
African countries.  

The Chinese government has spent 
about US$4.9 million on building 30 modern 
hospitals in Africa. It has also set up more 
than 30 anti-malaria centers in Africa and 
spent another US$81 million on medical and 
anti-malaria equipment.

China aims to improve not only 
the medical service, but also education 
and research programs, teaching African 
researchers about traditional Chinese 
medicine.

"China plans to train Africans to 
understand public health policies, prevention 
services and key infectious diseases," says 
Ren.

Ren hopes Chinese local governments, 
NGOs, enterprises and international 
organizations can provide financial support 
for medical aid in Africa.

Some local Chinese governments 
have built small medical centers in African 
countries. Jiangsu province, for example, 
has built several medical centers, including 
a minimally invasive surgical center and an 
ophthalmology center, in Tanzania.

Kong Qingyu, the leader of a medical 
team in Guinea and vice-president of An 
Zhen Hospital of the Capital University of 
Medical Sciences, says Guinea is "too weak 
in orthopedics, cardiology, internal neurology 
and neurosurgery because the equipment is 
too expensive".

When his team arr ived at the 
hospital, there were only a few patients 
in orthopedics, but after they carried out 
successful operations, the number of 
patients increased tenfold and the wards 
became full, Kong says.

Source:  
Science Development Network

Source: T-Hino/Flickr/CC
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S tem cell therapy has the potential  
 to repair and regenerate damaged  
 tissues. Unlocking this potential 

requires effective methods both for isolating 
and expanding stem cells and for tracking 
their ultimate fate when introduced into 
their host. A study published online in the 
high impact journal Nature Nanotechnology 
describes new methods for isolating, 
expanding, and labeling lung stem cells, that 
uses fluorescent nanodiamonds to track the 
fate of individual cells. This technology may 
offer insights into the factors that determine 
the acceptance of transplanted stem cells 
and their ability to regenerate within a host.

The labs, headed by John Yu, M.D., 
Ph.D., Distinguished Chair of Institute of 
Cellular & Organismic Biology, and Huan-
Cheng Chang, Ph.D., Distinguished Research 
Fellow, Institute of Atomic and Molecular 
Sciences, Academia Sinica, collaborated on 
the work.

First, they developed a new stem cell 
isolation method for lung stem cells (LSCs), 

Diamonds are for finding stem cells
using cell surface glycoprotein markers 
discovered by specialized proteomic analysis. 
They demonstrated that cells isolated with 
this method possess not only the abilities to 
self-renew and differentiate into lung tissues, 
but also the in vivo homing and regenerative 
abilities expected of a LSC.  Next, they used 
fluorescent nanodiamonds (FNDs) to label 
these cells. FNDs are novel imaging probes 
which are not only chemically robust and 
fluorescently stable, but also biologically 
inert and nontoxic. These nanoparticles 
can be readily taken up by cells through 
endocytosis. When excited by green-yellow 
light, the built-in fluorophores emit stable 
far-red emission with a fluorescence lifetime 
of up to 15 ns, much longer than 1 ~ 4 ns 
of endogenous and exogenous fluorophores 
commonly used in cell biology. This property 
makes it possible to separate FND emission 
from strong autofluorescence backgrounds 
of host tissue, using special strategies.

The authors successfully demonstrated 

the use of this system to isolate LSCs, engraft 
them in mouse models of lung injury, and 
track single cell fates. They illustrated that 
FND-labeled LSCs preferentially home in to 
injured lungs more rapidly than to uninjured 
controls, enabling the lung epithelium to 
be restored more rapidly. In addition to 
demonstrating the therapeutic potential of 
such treatment, these results also support an 
“active homing” model in which transplanted 
LSCs proactively migrate to injured tissue, as 
opposed to non-specific/passive entrapment.

Yu and Chang suggested that this 
method has broad applicability to stem cell 
research, and that similar techniques could 
be used to monitor the uptake of different 
kinds of stem cells in other tissues.

This team includes PhD students Tsai-
Jung Wu from Institute of Biochemistry 
and Molecular Biology, National Yang-
Ming University, and Yan-Kai Tzeng at 
Department of Chemistry, National Taiwan  
University, Taiwan.

Source: Kim Alaniz/Flickr/CC



22

EYE ON CHINA

ASIA PACIFIC BIOTECH NEWS

F orging ahead in their quest to  
 develop effective carbohydrate-based  
 vaccines, a research team led by 

Academia Sinica President, Dr. Chi-Huey 
Wong, and Associate Research Fellow, Dr. 
Chung-Yi Wu of the Genomics Research 
Center (GRC) recently developed vaccine 
candidates against prostate cancer and 
the pathogen that causes meningococcal 
meningitis, and have made further progress 
in understanding the connection between 
molecule of interest SSEA4 and the spread 
of cancer cells. The related research was 
recently published in three articles in top 
chemistry journals.

Cell surfaces are coated by sugar 
structures (glycans), which often differ 
on normal human cells and on bacteria 
or diseased cells (such as cancer cells). 
The differences in these sugar structures 
help disease cells to evade attacks from 
host immune systems and make diseases 
more deadly. They can also be exploited to 
develop anti-bacterial/anti-cancer vaccines, 
or used as early cancer detection tools; 
therefore, identifying and understanding 
these molecules has become an important 
topic in glycoscience research.

In research published in July in the 
prestigious Journal of the American Chemical 
Society, the team from the GRC detailed 
the synthesis of a vaccine candidate that 
induced effective, specific antibodies to 
eradicate prostate cancer cells in mice. 
Prostate cancer is the most common cancer 
for men in developed countries such as the 
USA. As the fatality rate increases gradually 
every year, prevention and treatment for 
the prostate cancer are urgently needed. 
In 2005, Dr. Hakomori discovered that the 
amount of RM2 antigen increases as prostate 
cancer progresses; therefore, RM2 antigen is 
an excellent biomarker for prostate cancer 
staging and a good target for developing 
prostate cancer vaccine. The research team 
from the GRC is the first ever to successfully 
synthesize this complex glycan molecule and 
further attach it to carrier protein CRM197 to 

Chi-huey Wong’s team make advances in quest to  
develop carbohydrate-based vaccines

create a prostate cancer vaccine candidate, 
which combined the previously developed 
glycolipid adjuvant C34 for vaccine tests in 
a mice animal model.

The research team also synthesized 
the capsular sugars of the important 
but problematic Neisseria meningitidis 
(meningococcus bacteria) (Serogroup W135) 
and then used them to synthesize vaccines 
and test them on mouse models using the 
same strategy as with the prostate vaccine 
research above. The results showed that the 
vaccines successfully induced antibodies to 
neutralize the sugar structures. The vaccines 
then were further examined to demonstrate 
the bactericidal activity of various lengths 
of sugars, and the results showed that the 
length as short as tetrasaccharide (with 4 
sugars) could sufficiently induce bactericidal 
activity. The effectiveness of this synthesized 
vaccine may revolutionize the requirement 
of high biosafety level for current Neisseria 
meningitides vaccine production, in which 
the necessary polysaccharides are acquired 
from pathogenic bacteria and often exist as 
mixtures of many components. This study 
also provides a new approach to obtain 
the necessary polysaccharides by synthesis 
to create a molecular vaccine that is 
homogeneous, more consistent, and better 
quality controlled. This research has been 
published in the prestigious German journal, 
Angewandte Chemie International Edition.

Besides these exciting results in 
vaccine developments, this research 
team also furthered understanding of the 
correlation between breast cancer marker, 
SSEA-4, and spread of cancer. SEEA-4 (a 
hexasaccharide glycolipid with sialylated 
end), is considered to be a human stem 
cell marker. The research team previously 
discovered that SSEA-4 is highly expressed 
on breast cancer cells and breast cancer 
stem cells but not found on normal cells. 
Moreover, some studies have reported SSEA-
4 is related to cancer progression; therefore, 
SSEA-4 is considered an excellent target for 
designing breast cancer vaccine or treatment 

antibody, but the functions and mechanism 
of SSEA-4 are still not fully understood. The 
research team used SSEA-4 magnetic beads 
and glycan microarray to identify FKBP4 as 
specific binding protein for SSEA-4 in breast 
cancer cells (MCF-7). The team further found 
that FK-506, the known FKBP4 inhibitor, can 
reduce the activity of FKBP4 in the MCF-7 
and, thus, decrease the distribution of SSEA-
4 on MCF-7. This study also confirmed that 
FKBP4 is the carrier to transport SSEA-4 to 
surface after it was synthesized in the cell. 
Prior to this study, scientists have found 
that using FK-506 to inhibit the expression 
of FKBP4 can reduce tumor cell metastasis. 
Thus, the team speculated that reducing 
expression of SSEA-4 on cancer cells or 
inducing SSEA-4 antibody (e.g. the new 
generation breast cancer vaccine developed 
by this research group) can effectively reduce 
the probability of tumor cell metastasis. 
This study not only sheds light on the 
relationship between SSEA-4 and cancers 
but also provides important information 
for cancer treatment. The results have also 
been published in prestigious Journal of the 
American Chemical Society.

The technologies related to the 
prostate cancer and Neisseria meningitides 
(Serogroup W135) vaccines have been 
transferred to a biotech company for further 
development.

The first author of the prostate cancer 
vaccine development article is Dr. Hong-
Yang Chuang of the Chemistry Department, 
National Taiwan University. The first author 
of Neisseria meningitides Serogroup W135 
vaccine development article is Dr. Chia-Hung 
Wang of the joint Ph.D. program of the 
Genomic Research Center, Academia Sinica 
and Institute of Biochemistry and Molecular 
Biology, National Yang-Ming University. The 
first author of the study of the relationship 
between breast cancer marker SSEA-4 and 
cancer spread is Dr. Ting-Chun Hung, of the 
Chemistry Department, National Taiwan 
University.
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S c i n o P h a r m  ( C h a n g s h u )  
 Pharmaceuticals and Sundia MediTech  
 Company Ltd. has announced a 

strategic alliance to seek more opportunities 
for collaboration in Contract Research 
and Manufacturing Services (CRAMS) in 
mainland China and to tap into this large 
and growing business potential.

The cooperat ion wi l l  combine 
Sundia's diversified technical know-how 
and capabilities in new drug R&D with 
ScinoPharm's process R&D and commercial 
production advantages, especially in the field 
of highly potent oncological APIs.

"Resources from our Changshu 
site in Jiangsu province, China, and the 
Shanghai-based CRO company Sundia will be 
combined to establish a robust collaboration 
with single-source solutions to address 
the increasing number of multinational 
companies shifting their drug development 
research and clinical trials in China," reported 
Dr. Jo Shen, CEO of ScinoPharm Taiwan and 

ScinoPharm Changshu teams up with Sundia MediTech 
chairman of ScinoPharm Changshu.

"Sundia has established long-standing 
and strong relationships with a number of big 
pharmaceuticals and small/ medium-sized 
biotech companies from the US, Europe, 
Japan and South Korea in the fields of 
chemistry, biology, preclinical, formulation 
and API manufacture, helping our clients 
and partners to bring drugs to the market 
efficiently," said Dr. Chen Chen, Sundia's 
CEO." Sundia is very pleased to have the 
opportunity to work with ScinoPharm, 
a world-leading process R&D and API 
manufacturing service provider. I am sure 
that the strategic partnership between 
Sundia and ScinoPharm will have mutual 
benefits, helping each other to thrive in both 
international and China Market."

Founded by a group of veterans from 
the US biopharmaceutical industry in 2004, 
Sundia MediTech Company Ltd. is a Shanghai-
based Clinical Research Organization (CRO) 
providing drug discovery and development 

services worldwide with a research team of 
over 600 employees. Currently, Sundia has 
successfully established collaborations with 
over 100 clients in North America, Europe, 
and Japan, according to the company.

Founded in 2009,  ScinoPharm 
Changshu is located at Changshu Economic 
Development Zone in Jiangsu Province. 
ScinoPharm Changshu is a subsidiary of 
ScinoPharm Taiwan Ltd., which is a process 
R&D and API manufacturing service provider 
to the global pharmaceutical industry. With 
research and manufacturing facilities in 
both Taiwan and China, ScinoPharm offers 
services ranging from custom synthesis for 
early phase pharmaceutical activities to 
brand companies as well as APIs for the 
generic industry. The company also provides 
a vertically integrated, one-stop-shopping 
service for its API customers by expanding 
into the field of oncological injectable 
formulations.
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Table 1.  Most of our body, which looks deceptively permanent, is actually in a state of constant flux as old cells are discarded and new ones generated in their place.

Genes, Stem Cells, and 
Regenerative Medicine

Hwa A. Lim
D’Trends, Inc., California, USA

Regeneration
The human body may look like a fairly 
permanent structure. Most of it is actually 
in a state of constant flux as old cells 
are discarded and new ones generated in 
its place. Each kind of tissue has its own 
turnover time, partially dependent on the 
workload endured by its cells,.

The epidermis (surface layer of the skin) 
is recycled every two weeks or so. The reason 
for the relatively quick replacement is that 
the skin surface is the body’s “saran wrap”, 
and it can be easily damaged by scratching, 
solvents, and wear and tear. The red blood 
cells bruised and battered after traversing 
nearly 1,000 miles through the maze of the 
body’s circulatory system, last only 120 days 
or so on average.  They are then dispatched 
to the graveyard in the spleen. The liver is 
the detoxifier of all natural plant poisons and 
drugs that pass a person’s lips.  Its life on the 
chemical warfare front is quite short, with a 
turnover time of between 300 - 500 days.1

Other tissues have lifetimes measured in 
years, but they are still far from permanent.  
For a structure that looks as permanent as the 
skeleton, the body’s twin construction crews 
of bone-dissolving and bone-rebuilding cells 
combine to remodel it constantly.  The entire 
human skeleton is replaced every 10 years 
or so in adults.

The same may not be said of the neurons 
of the cerebral cortex, the inner lens cells of 
the eye and perhaps muscle cells of the heart.  
On present evidence, they seem to be the 
only pieces of the body that last a lifetime.  
The inner lens cells, for example, form during 
embryonic development and then lapse into 
inertness for the rest of the owner’s lifetime.  
In fact, they are so inert that they dispense 
altogether with their nucleus and other 
cellular organelles. Once these cells are 
established, they function until they die or 
the organism of which they are a part dies.  

Development does not cease after birth.  
Some cells in the body cannot reproduce.  
Other cells, including those in the liver, blood 

vessels, pancreas and body tissues, however, 
multiply by simply replicating. This is evident 
in liver cells — when liver cells die, other liver 
cells divide to make up for the loss.

There is yet another category of cells 
which originate from undifferentiated cells 
known as stem cells. When a stem cell 
divides, each of its two daughter cells has 
two choices: it can remain a stem cell, or it 
can differentiate into another cell type.  In 
other words, stem cells remain uncommitted 

CELL LIFETIME REMARKS

Gut surface 5 days The epithelial cells that line the surface of the gut last only for a few days.

Skin 14 days The entire skin surface is replaced every two weeks or so.

Red blood 120 days Red blood cells last about 120 days before being sent to the spleen for destruction.

Liver 1 year Liver cells have a turnover time of 300 to 500 days.

Bone 10 years The entire skeleton system is replaced every 10 years or so.

Muscle 15.1 years Rib muscle cells have an average lifespan of 15 years.

Gut 15.9 years Cells of the main body of the gut, or jejunum, regenerate every 16 years or so.

Heart Permanent Muscle cells of the heart may last a lifetime.

Brain Permanent Neuron cells of the visual cortex do not regenerate.

Eye Permanent Lens cells of the eye last a lifetime.
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until they receive signals from the body to 
develop into specialized cells.  For example, 
blood cells — white and red blood cells — 
originate from a single type of stem cell.  
Stem cells are thus the body’s primordial 
master cells that have the capacity to 
grow into other specialized cells, including 
those that replicate, and those that do not 
regenerate.

Now comes the burning question: If 
the body remains so perpetually youthful 
and vigorous, and so eminently capable 
of renewing its tissues, why does not 
regeneration continue forever?  A theory is 
that the DNA accumulates mutations and its 
information is gradually degraded.  A second 
theory blames the DNA of the mitochondria, 
which lacks the repair mechanisms available 
for the chromosomes.  A third theory is that 
stem cells that are the source of new cells in 
each tissue eventually grow feeble with age.

But this is only part of life’s journey.  In 
the course of life, we sometimes get injured 
in our quests or in self-defense. Modern 
life has changed so much that everyone — 
young and old, rich and poor, employed and 
unemployed, married and unmarried, well 
and sick — experiences stresses of his or her 
own: Norms are now becoming abnorms; 
anachronistic views are being displaced; 
keeping up with the Joneses; social issues, 
familial problems — both intra- and inter-
family — are all adding to the challenges 
of modern life. Stresses of life arising from 
these fears and other “uninvited guests” can 
adversely affect health.

Our immune system may come under 
attack (in infectious diseases such as flu), 

or our immune system may run amok (in 
immune system disorders such as asthma, 
type 1 diabetes, and leukemia).  Degenerative 
diseases (including cancer, diabetes, heart 
disease, Parkinson’s disease and Alzheimer’s 
disease) lead to the function or structure of 
the affected tissues or organs to increasingly 
deteriorate over time, whether due to normal 
bodily wear or lifestyle choices such as eating 
habits...2

All of these — injuries, illnesses, and 
stresses — contribute to compromise the 
regenerative capacity of tissues and organs.3

Regenerative 
Medicine
Currently the only way to compensate 
for diseased or injured tissues or organs 
is through bionic implants and organ 
transplants.

Regenerative medicine is a new 
innovative technique to replace or repair 
defective or diseased tissues or organs by 
in vivo (in the living body) means or in vitro 
(in the laboratory) design for in situ (in the 
natural environment) usage to restore the 
structure and function of those damaged 
tissues or organs.4

This new technique — for therapeutic use 
in the treatment of incurable, debilitating, 
and chronic disease — encompasses many 
novel approaches to treatment of disease and 
restoration of biological function through 
the following methods:

• Using therapies that prompt the body to  
 autonomously regenerate damaged tissues  
 or organs (in vivo means),

• Using tissue engineered implants to  
 prompt regeneration (in vitro design and  
 in vivo stimulation),

•  Direct transplantation of healthy tissues or  
 organs into damaged environments  
 (in vitro design and in situ usage).

Collectively, these new treatments of 
regenerative medicine allow for at least 
two substantial advances over the current 
state of medicine. The first advance is the 
potential to in vivo (in the living body) 
regenerate currently irreparable damaged 
tissues or organs so that they return to full 
functionality.  The second advance is to be 
able to produce tissues or organs in vitro (in 

the laboratory) to be used for transplantation 
purposes when regeneration is not possible.

The failure of a tissue to regenerate 
can be due to various factors. The two most 
obvious are a lack of regenerative-competent 
cells, the lack of an environment favorable 
to regeneration, or a combination of both.  
This suggests that virtually all adult cells 
(with the exception of B and T cells) have 
the potential to engage in regeneration.  
This idea is compatible with the fact that 
present in all cells is a complete genome.  The 
genome can, in principle, be reprogrammed 
to regenerate tissues and appendages, or 
even complete organisms.5

Stem Cell —  
The Magic Cell
Stem cells are almost magical in their power. 
Imagine a single cell that has the ability to 
turn into almost anything — a heart cell, 
a pancreatic insulin-producing cell, or a 
brain cell. Imagine the good that could be 
accomplished with these cells: to repair 
a heart damaged by heart attack, or cure 
diabetes, or repair a brain damaged by stroke. 
The possibilities for regeneration and repair 
of diseased or damaged organs are almost 
endless. Stem cells could truly usher in a new 
age of medicine, in particular, regenerative 
medicine.

At present there are a limited number 
of effective stem cell therapies available for 
people. The most common, and most proven, 
is the blood-stem-cell transplant. This can 
be accomplished through a bone-marrow 
transplant or by using umbilical-cord cells, 
which also have blood stem cells.  This sort of 
transplant can restore the ability of a person 
to make both red cells, which carry oxygen, 
and the blood cells of the immune system, 
which are needed to fight infection.

Stem-cell therapies have also been used 
in people to treat diabetes, heart disease, 
and kidney disease, with promising results.  
Another use of stem cells is to correct 
corneas of the eyes that have been scarred 
by infection or trauma.  But we are really in 
just the beginning phases or learning how 
to use stem cells to treat human diseases.6—9

In mouse models researchers have used 
stem cells to treat spinal injuries, Parkinson’s 
and other devastating conditions, with 
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encouraging outcomes. Over the past few 
years, legions of scientists have worked out 
conditions for converting mouse embryonic 
stem cells into many different types of cells 
that could be used to help patients.  The stem 
cell work on mice has also been extended 
to humans. In the future, these cells could 
provide a powerful elixir for the treatment 
of many diseases, helping us extend lifespan 
dramatically, and perhaps even making it 
possible for paraplegics to walk again.10

Master Switch in 
Adult Cells
Could it be possible to find a gene or genes 
that could take an adult, differentiated 
cell, and turn back the clock, reverse its 
development, and transform or reprogram 
it back into a (embryonic) stem cell? At 
first glance this would seem an impossible 
fantasy, but incredibly, however, it has now 
been done!

As you might expect, this was not an 
easy task.  Scientists had studied embryonic 
stem cells carefully and knew all of the genes 
they expressed. The problem is they express 
a lot of genes, over ten thousand. Which of 
these genes might be the secret answer to 
making adult stem cells revert back to stem 
cells?  The detective work begins with some 
clues. We knew that one class of genes, 
those that encode transcription factors, 
would provide the best candidates; these 
are the genes that regulate other genes and 
are capable of initiating genetic programs.

By limiting the candidate genes to these 
encoding transcription factors we were still 
left with a list of over a thousand. To trim 
the list further, we can compare the genes 
expressed in the embryonic stem cells to 
those expressed by other cell types.  These 
genes are rarely expressed anywhere else, 
suggesting that they might be particularly 
good candidates for driving the stem-cell 
genetic program, and for reverting adult 
differentiated cells into stem cells. After 
applying this filter there were a few dozen 
candidate genes left. And when each of 
these genes was tried individually, nothing 
happened. 

This suggested that perhaps we just 
would not be able to reverse development 
and turn adult cells back into embryonic 

stem cells, or that perhaps it would be 
possible, but would require a combination 
of genes instead of a single gene. So many 
different combinations were tried.

Amazingly, it worked!  Shinya Yamanaka 
and his colleagues at Kyoto University found 
that when a magic mix of four active genes 
(including c-myc, sox2, klf4, and oct4, which 
are now called Yamanaka factors) were 
introduced into an adult mouse cell it was 
possible to transform (or reprogram) the 
adult cell into a stem cell. This new stem 
cell was essentially indistinguishable from 
one derived from an early embryo: It was 
possible to induce it to form many distinct 
types of adult differentiated cells, including 
those from the pancreas, heart, and brain.  
Furthermore, this adult-derived stem cell 
passed the ultimate test: it was possible to 
turn this stem cell into a complete individual, 
a mouse, with all cell types present and 
normal. In the lexicon of developmental 
biology, this cell is totipotent — it is able to 
give rise to all of the different kinds of cells 
found in an adult.11

Since then, further progress has been 
made, and the list of factor genes has been 
cut down to two, then to one factor with 
substituting chemicals (small molecules), 
and then to all substituting chemicals.12-14

The discovery of a method to turn (or 
reprogram) differentiated adult cells into 
stem cells completely changed the landscape 
of therapeutic medicine, in particular, 
regenerative medicine.  It is now possible to 
think of taking a patient, removing some skin 
cells (for example), turning these into stem 
cells, and then using these stem cells for a 
host of different therapeutic applications.  
These cells, called induced pluripotent 
stem cells (iPSCs), eliminate the ethical 

controversies surrounding stem cells derived 
from embryos, and because they are actually 
derived from the patient’s adult cells, they 
are a perfect genetic match and would not 
be rejected by the patient’s immune system 
when reintroduced into the patient’s body.  
The power of these adult-derived embryonic 
stem cells is unmistakable and they offer 
enormous promise in saving lives.

There are still many, mysteries associated 
with these cells, but progress has been 
steadily made. For example, the magic 
cocktail of four genes only worked in a 
fraction of cells. When the procedure was 
first described it was very inefficient: of ten 
thousand skin cells from an adult treated 
with these genes, only a few, may be ten 
at most, would actually become stem cells.  
More recent developments have dramatically 
improved the efficiency, with success rates 
as high as one in ten reported.

We still do not understand why some 
adult cells are reversible while others fail to 
do so (at least at present time).  Nevertheless, 
the efficiency is still high enough to be of 
use because a single stem cell can be grown 
in culture under the right conditions to give 
millions, or billions, of stem cells.  Stem cells 
(and iPSCs) continue to divide for a very long 
time. So it will indeed be possible to turn 
skin cells into stem cells, albeit with low 
efficiency, and then grow the stem cells in 
culture to expand their numbers, and to use 
them for disease therapy.

Pathbreaking to 
Nobel
Shinya Yamanaka first created iPSCs in 2006, 
using mouse adult cells.  Unfortunately, two 

Figure 1. (Left) Shinya Yamanaka, now professor and director of the Center for iPS Cell Research and 
Applications (CiRA), Kyoto University, began work on stem cell on mice, and then on humans. His 
pathbreaking work in creating induced pluripotent stem cells (iPSCs) from adult cells earned him the 2012 
Nobel Prize in Physiology or Medicine.  (Right) Yamanaka receiving his Nobel Prize from His Majesty King 
Carl XVI Gustaf of Sweden at the Stockholm Concert Hall, December 10, 2012.
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of the four factor genes used — c-myc and 
klf4 — are oncogenic.11

A year later in 2007, at least two 
groups, including that of S. Yamanaka and 
of James Thomson, successfully extended 
the technique used in mouse on human cells 
(fibroblasts).15—19  In later studies, Yamanaka 
showed that iPSCs could be created even 
without c-myc. The process would take 
longer and was not as efficient, but the 
resulting tissues, organs or organisms did 
not develop cancer.20—22 Since, induced 
pluripotent stem cells (iPSCs) have been 
made from adult stomach, liver, blood cells 
and other tissues.23—26

Now, hundreds of scientists around 
the world are employing the Yamanaka 
factors and related techniques to search for 
solutions to a host of relentless illnesses.  
Expectedly, for his pathbreaking work on 
reversing adult cells into induced pluripotent 
stem cells, Yamanaka (with John B. Gurdon 
for his work done in 1962, the year Yamanaka 
was born) was awarded the 2012 Nobel Prize 
in Physiology or Medicine, only six years after 
his discovery.  This is rather unusual for the 
Nobel committees typically reward research 
done more than a decade before; to make 
sure it has stood the test of time.

Yamanaka’s work has modified the 
trajectory of embryo stem cell research, 
circumventing ethical concerns, into a path 
that is acceptable to all.  Some scientists 
even joke that Yamanaka deserves not only 
a Nobel Prize for medicine, but also a Nobel 
Prize for ethics!

Applications
The idea of reprogramming cells has also 
been put to work in basic research on 
disease, through an approach sometimes 
called “disease in a dish” (or in vitro). The 
reprogramming allows scientists to create 
particular kinds of tissue they want to study, 
like lung tissues for studying cystic fibrosis, 
or brain tissue for Huntington’s disease.  By 
reprogramming cells from patients with a 
particular disease, they can create new tissue 
with the same genetic background, and 
study in the lab (in vitro).  That can give new 
insights into the roots of the disease.27—31 

In November 2012, within a month after 
the Nobel Prize announcement, researchers 

from Austria, Hong Kong and China presented 
a protocol for generating human iPSCs from 
exfoliated renal epithelial cells present in 
urine.  This method of acquiring donor cells 
is comparatively less invasive and simple.  
These urinary iPSCs (UiPSCs) were found to 
show good differentiation potential, and thus 
represent an alternative choice for producing 
pluripotent cells from normal individuals or 
patients with genetic diseases, including 
those affecting the kidney.32

Stem cell research is progressing, rapidly 
and steadily, in various fronts. The current 
areas of research include:

Drug development 
An international collaborative effort, 
StemBANCC, formed in 2012 to build a 
collection of iPS cell lines for drug screening 
for a variety of hard-to-treat diseases 
(including peripheral nervous disorders, pain, 
dementia, migraine, autism, schizophrenia, 
bipolar disorder and diabetes), is being 
managed by Oxford University, UK. As of 
date, the effort pools funds and resources 
from 10 pharmaceutical companies and 23 
universities.  The goal is to generate a library 
of 1,500 iPS cell lines to be used in early 
drug testing.33

Organs for transplantation
A proof-of-concept effort to use iPSCs to 
generate human organs for transplantation 
has been carried out in Japan. Human 
“liver buds” (iPSC-LBs) were grown from a 
mixture of three different kinds of stem cells: 
hepatocytes coaxed from iPSCs, endothelial 
stem cell (to form lining of blood vessel) 
from umbilical cord blood, and mesenchymal 
stem cells (to form connective tissue). This 
new approach allows different cell types to 
self-organize into complex organ, mimicking 
the process of fetal development. After 
growing in vitro for a few days, the liver 
buds were transplanted into mice (in situ) 
where the “liver” quickly connected with 
the host blood vessels and continue to grow.  
Most importantly, it performed regular liver 
functions, including metabolizing drugs and 
producing liver-specific proteins.34

Clinical Trial
The first human clinical trial using autologous 
(from one part of the body to another in the 

same individual) iPSCs has been approved by 
the Japan Ministry of Health and would be 
conducted in 2014 by the Riken Center for 
Developmental Biology and the Institute of 
Biomedical Research and Innovation Hospital 
in Kobe. iPSCs derived from skin cells of six 
patients suffering from age-related macular 
degeneration (AMD) — AMD is the leading 
cause of blindess in the industrialized world 
and accounts for about 9% of all blindness 
globally — would be reprogrammed to 
differentiate into retina pigment epithelial 
(RPE) cells. The cell sheet would be 
transplanted into the affected retina where 
the degenerated RPE tissue has been excised.  
The benefits of using autologous iPSCs are 
that there is theoretically no risk of rejection 
and it sidesteps ethical quandaries of using 
embryonic stem cells.35

The eyes themselves are particularly 
well suited to transplant therapies because 
they are inherently protected from normal 
inflammatory immune responses that 
counter diseases. This protected status is 
referred to as “immune privilege”, displayed 
only by the eye and the brain.   

Other Issues
While the stem cell and regenerative 
medicine communities are working hard 
to have further breakthroughs, other 
opportunists have been tapping into stem 
cell and stem cell research breakthroughs, 
sometimes prematurely.

• Cosmeceuticals

Cosmeceutical skincare products, for  
instance, have been claiming that they 
are using stem cell technology to aid 
rejuvenation. In actual fact, as far as we 
can tell, at least at the point of this writing, 
these products contain not a strain of stem 
cell, contrary to their misleading claims.  
The active ingredients in these products are 
Mitostime (an algae extract) and Phyko AI-PF 
(phyco: seaweed), and Derm SRC/Seractin.  
The claim should properly be phrased as 
follows: “These ingredients support a healthy 
environment for stem cells”.36

That is, these products are designed to 
stimulate the skin’s own stem cells, which are 
layered between the epidermis and dermis. 
These cells are constantly dividing, with 
newer cells slowly moving to the surface 
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and older cells being shed from the top layer. 
As people age, this turnover process slows, 
causing the loss of elasticity, uniform color 
and other characteristics that give skin a 
youthful appearance. The goal of many 
skincare manufacturers is to find substances 
that provoke adult skin stem cells to behave 
like younger cells, speeding up the skin-
turnover cycle.

On another but related front, in the 
quest to show how single genes can initiate 
extensive programs of development, it has 
been discovered that there are genes that 
are capable of dramatically altering the 
developmental state of individual cell types.  
One of the first discovered extraordinary 
examples of this is the MyoD gene, which can 
change many different cell types into muscle.

In a culture that fetishizes slimness, this 
was quite a striking finding. For example, 
the addition of an active MyoD gene to 
an adipoblast, a fat cell, would convert it 
into a muscle cell. Instead of driving the 
formation of an entire structure or organ, 
which involves many different cell types, 
the MyoD gene is converting one type of 
cell into another. This is still a considerable 
accomplishment, requiring the MyoD gene to 

start within the cell a genetic cascade that 
involves large numbers of genes. Someday 
we might be able to rub a MyoD cocktail on 
our fat tummies and develop six-pack abs, 
without the exercise.37

• Designer-Gene

It is also conceivable that we can turn  
induced stem cells into eggs and sperms  
by using the right set of culture conditions.   
This could have enormous implications in 
terms of offering much higher numbers of 
embryos to screen for the presence of desired 
gene combinations.

As is well known, men produce huge 
numbers of sperm, but women produce 
relatively few eggs at a time. Even with 
multiple rounds of hormone treatments it 
is possible to retrieve at best a few dozen 
eggs from a woman for in vitro fertilization, 
for example. This means there can only be a 
few dozen embryos to choose among.  The 
use of adult-derived stem cells (iPSCs) offers 
the potential to produce unlimited numbers 
of embryos for screening. For example, a 
tiny amount of skin (fibroblasts) is taken 
from a woman, and a few of those skin cells 
are turned into induced pluripotent stem 
cells (iPSCs).  These few cells are amplified 
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by growing in cell culture to essentially 
unlimited numbers of stem cells, which 
would then be turned into eggs by changing 
the culture conditions.

The challenges now is we have not yet 
worked out all of the details of how to turn 
stem cells into functional eggs, but much 
progress have been made, allowing us to turn 
stem cells into the precursors of eggs. It is 
not unlikely that in the future we will figure 
out how to turn these precursors into eggs, 
which would then be fertilized by sperm 
from the father, using in vitro fertilization 
techniques. This would give, in principle, an 
unlimited numbers of embryos, which would 
then be genetically assayed by removing 
single cells and performing whole genome 
DNA sequencing.  The DNA sequences would 
reveal the predicted character combinations 
of the potential progeny, such as health, 
longevity, appearance, intelligence, and so 
on. The parents could choose the embryo 
with the best or most desirable combination 
of genes, according to their criteria, and this 
embryo would be implanted into the uterus 
of the mother and be born nine months 
later, ushering in a new age of designer-
gene baby.38
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A lthough the mainstream media  
 hype about stem cells has noticeably  
 calmed in the last few years this 

should not detract from the considerable 
success within the industry itself, which 
has surpassed the expectations of many 
scientists. This editorial aims to explain in 
lay terms the types of stem cell therapies 
currently being used to treat patients, 
the hurdles that exist before they can 
become standard, everyday treatments and 
a promising solution which can be used to 
overcome these challenges.  

Without going into details about the 
various categorizations of stem cell types, 
their use for medical purposes can be broken 
down into two main areas. They can be 
extracted directly from a patient, or from 
his/her previously banked blood sample 
and, after various types of laboratory or 
manufacturing processes, be implanted or 
injected back into that same patient. This 

Stem Cell Therapies – 
What Happened and Where Next?

John Dangerfield
Chief Operating Officer, SG Austria Pte Ltd / Austrianova Singapore Pte Ltd

Council Member, BioSingapore

type of treatment is known as autologous 
cell therapy. The second broad category of 
treatment is when a patient receives cells 
from a third party source. These so called 
allogeneic treatments are when a single 
source of cells is expanded to generate a 
large quantity of one, identical cell-based 
product which can then be stored and 
shipped for use by any patient, anywhere 
and at any time. 

Both autologous and allogeneic stem 
cell therapies are performed regularly at 
state hospitals as well private hospitals 
and specialized clinics outside of major 
regulatory control systems such as the USA 
Food and Drug Administration agency (FDA), 
the European Medicines Agency (EMA) or 
any particular country’s own equivalent 
thereof. However, most of such less or non-
regulated treatments are autologous because 
it is easier from a safety and regulatory 
perspective to implant a patient’s own cells 

back. There are currently hundreds of such 
stem cell treatment centers all around the 
world, many of which offer unapproved  
treatments [1]. However, there are also a few 
properly regulated stem cell treatments 
which are approved by a country’s medical 
agency after undergoing the formal 
process of clinical trials and showing that 
manufacturing standards can be met. Such 
biological manufacturing environments 
are regulated under an internationally 
recognized code of Good Manufacturing 
Practice (cGMP). In the autologous setting, 
this usually just invokes the careful defining 
of a process whereby a patient’s stem cells 
are taken into a GMP environment for 
culturing and expansion to larger numbers. 
Allogeneic products of course need to be 
characterized in more detail for safety 
reasons and the path to official approval is 
a far more lengthy and costly one. 

Whether it be for stem cells or any 
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other kind of cell therapy, allogeneic 
treatments are the clear focus for industry, 
they are the basis of almost all large scale 
commercial cell-based therapy efforts. This 
is because the autologous process cannot 
be made into an “off-the-shelf” pre-
manufactured product as the cells need to be 
individually manufactured for each patient. 
Autologous cell therapy is more amenable 
to be administered as a medical process, 
similar to bone marrow transplantation, at 
a medical center. 

Although ideal from the perspective 
of having a one-for-all, storable, shippable 
treatment, allogeneic products are far more 
technically challenging from a number 
of perspectives. Any new treatment must 
firstly pass close scrutiny by professional 
authorities like FDA or EMA. For example that 
the cells are safe, both from the perspective 
of not carrying any adventitious agents 
(such as pathogenic bacteria or viruses 
from the source donor or picked-up during 
the developmental processes) and also that 
when freed into the body of another being 
that they will not grow out-of-control and 
potentially form a tumor. This is generally 
referred to as the tumorigenicity of a cell, 
whereby for a stem cell a type of tumor 
known as a teratoma can form; a well-
known risk factor associated with stem cell 
infusion [2].

S e c o n d l y,  a  f u l l - s c a l e  c G M P 
manufacturing process must be put in place. 
This is the case even for the earlier stages 
of development such as the first clinical 
trials in humans, before it’s even known if 
the product can work effectively. Of course 
this is the same for any pharmaceutical 
product; however, established systems are 
in place for drug manufacturing whereas 
the cell therapy industry is much younger 
meaning there are still significant risk factors 
in designing and setting up what is, in the 
vast majority of cases, a highly novel process. 
Apart from financial considerations there 
are technical challenges to be overcome 
since many kinds of stem cells can still 
only be grown in two-dimensional culture  
systems [3]. Stem cells are by nature very 
sensitive to changes in their environment or 
physical pressure upon them, meaning they 
can rarely be manipulated for production in 
large scale growth systems such as three-

dimensional, stirred bioreactors which 
actuate stresses onto the cells, potentially 
changing their characteristics. This means 
the possibilities for large scale production 
are limited due to manpower intensiveness 
and costs. 

Finally there are challenges once the 
final stem cell product is implanted into 
the patient. When injected into any area, 
even muscle or other solid tissues, the cells 
disperse very quickly. One reason for this 
is because living cells are independently 
mobile. It may also be because they are 
being cleared by the patient’s immune cells 
or because they are dying due to natural 
cell-cycling processes such as apoptosis 
or necrosis. Thus, a combination of events 
determines the acute and chronic fate 
of stem cells in the body [4]. Due to this 
fast disappearance, a huge number of 
cells need to be implanted. For a typical 
stem cell product, 20-200 million cells 
must be implanted to have the desired  
effect [5]. Implanting such numbers of cells 
into a patient is a worry especially when one 
considers that multiple treatments may be 
necessary for certain indications. 

Fortunately, there is a highly promising 
technology known as microencapsulation 
or bioencapsulation designed to overcome 

many, if not all, of these issues [6, 7]. A 
Singapore based company SG Austria Pte 
Ltd has developed a unique process called 
Cell-in-a-Box® which they use for their 
own products in the area of oncology and 
stem cell therapeutics but they also offer as 
a platform technology to other companies 
or researchers [8, 9]. By means of this and 
similar bioencapsulation processes, any living 
cell, including stem cells, can be physically 
immobilized into biologically inert beads or 
capsules and produced according to GMP 
guidelines [10]. Typically such capsules are 
in the size range of one millimeter (one 
tenth of a centimeter) and can hold up to 
ten thousand cells each. Implantation of 
encapsulated cells using this method has 
been shown to be safe and well tolerated in 
27 patients in clinical trials [11, 12]. Depending 
on a number of factors such a potency of 
the cells and severity of the indication, 
typically between 100 and 1000 capsules are 
implanted to treat a condition. Due to the 
characteristics of the cell friendly material 
inside the capsule, stem cells which will 
normally only grow in two-dimensional 
culture systems can be cultured in large 
scale industrial stirred bioreactors (see 
Figure 1B). As such, the general benefits of 
the bioreactor system can be gained, such as 

Figure 1. The advantages encapsulation can bring to stem cell therapies. (A) Cartoon characterization 
showing the all-important pores through the capsule wall which allow cell nutrients, oxygen and important 
signaling molecules from the tissues of the patient to enter “in” to the capsule as well as allowing the 
therapeutic factors and waste from the cells “out”. (B) Microscope picture of cells encapsulated by Cell-
in-a-Box® technology and stained with a fluorescent biomarker which shows live cells in green and dead 
cells in red. In this example a clinically approved neural stem cell line has been encapsulated showing 
that the cells are metabolically active over long periods and migrate into clusters called neurospheres. 
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high oxygenation levels and fast processing 
times. This allows GMP up-scaling without 
the associated drawbacks which would 
negatively affect most types of stem cells, 
such as when the stirring vortex of the 
bioreactor causes sheer stresses as the cells 
physically bang into each other and the walls 
of the bioreactor.

Further down the line, the capsules 
are also able to help out once implanted 
into the patient. Instead of being able to 
wander off, encapsulated cells are now 
fixed at the desired location because of the 
relatively large size of the capsules. This 
allows the cells to act at the chosen site of 
implantation for longer periods in time, in 
turn meaning that far fewer cells in total 
need to be implanted to have the same 
action. Of course, the capsules also protect 
the cells from attack by the patient’s immune 

cells. Although many types of stem cells are 
considered non-immunogenic, at some point 
there will be interactions with the patient’s 
cells which will in turn cause changes 
to (or clearance of) the implanted stem  
cells [4]. Due to the porous nature of the 
capsule outer-wall, which allows nutrients 
and well as cellular signaling factors to go 
in as well as therapeutic factors to come out 
of the capsules, the necessary interactions 
with the implantation site (e.g. wound factor 
signaling) can still take place, but the cells 
themselves cannot be cleared allowing 
longer lasting therapeutic activity (see Figure 
1A). Finally, capsules can be removed after 
treatment is complete, a consideration which 
makes them especially attractive to the 
patient and authorities alike due to safety 
reasons as well as making multiple rounds 
of treatment viable if necessary.     

Currently, there are at least three 
approved allogeneic stem cell-based 
therapies on the market world-wide and 
stem cells have been or are being tested 
in more than 4600 other clinical trials. It’s 
interesting that these treatments still exist 
despite the issues and challenges mentioned 
above. Indeed one could fairly challenge 
most if not all current stem cell therapy 
approaches about these concerns. However, 
due to the great therapeutic potential 
they are already showing, they are still 
fast emerging in biomedicine today. Most 
experts would agree that stem cell products 
will benefit from enhancing technologies, 
such as bioencapsulation, in order to enable 
cheaper and faster manufacturing, improve 
storage and shipping options, enhancing 
their efficacy in the patient as well as making 
them safer.
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T he Department of Economic and  
 Social Affairs of the United Nations  
 has projected a world population of 

9.2 billion by 2050. A quarter of these, that 
is 2.4 billion, will be over 60 years of age. It 
is to be expected that a major part of these 
2.4 billion will need regenerative medicine, 
representing an enormous challenge, but also 
an enormous market. 

Suzanne Kadereit
University of Konstanz, Germany

Immune Rejection of  
Stem Cell Transplants,  

Where Are We Standing?

With the advent of stem cells, particularly 
of human pluripotent stem cells (PSCs) such 
as embryonic stem cells (ESCs), nuclear 
transfer stem cells (NT-SCs) and induced 
pluripotent stem cells (iPSCs), as well as 
realistic culture expansion protocols, hopes 
for cures for degenerative diseases have 
soared. Compared to adult stem cells which 
grow sparsely or not at all in culture, PSCs 

are particularly attractive for regenerative 
medicine as they can be expanded in culture 
to sufficiently high quantities of cells, can 
be differentiated in culture into all cell 
types desired and thus alleviate the extreme 
shortage of human transplant material that 
has resulted in the death of many patients. 

But while the quantity, purity and quality 
of stem cell-derived cells has improved 
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significantly over the last decade, one major 
aspect has been neglected: the reaction of 
the patient’s immune system to such cells 
after transplantation [1]. Embryonic stem cells 
are derived from supernumerary blastocysts 
(early embryonic stage) generated in large 
quantities around the globe during infertility 
treatments. Such blastocysts can be donated 
and cell lines that grow indefinitely can be 
generated. Such cells are however allogeneic 
for any given patient, i.e. not a genetic 
match, and would be rejected (destroyed) 
by the patient’s immune system. In order to 
circumvent mismatching, PSCs can also be 
generated by using human oocytes in which 
the DNA has been replaced with the patient’s 
own DNA. This feat was recently achieved 
when the first human cloned cell line was 
generated [2]. Whether this approach will 
be used for patients in the future remains 
to be seen, as it is work intensive, time 
consuming and would entail a significant 
price tag. Moreover, such cells would still 
carry the mitochondrial DNA of the oocyte 
donor and could potentially elicit rejection 
by the patient [3].  A faster approach to obtain 
patient-matched PSCs is through direct 
reprogramming of the patient’s somatic 
cells to pluripotency. While fast and cheap, 
this method induces, however, significant 
mutations in the generated cells and it is not 
clear at this point whether this caveat can be 
circumvented. Moreover, for most patients in 
need of regenerative medicine, iPSCs derived 
from their own cells may be of questionable 
desirability. By the time most people need a 
transplant, the cells of the body, in particular 
the skin cells, have been exposed to decades 
of noxious environmental influences leading 

to an accumulation of genetic and epigenetic 
changes. These changes may then be 
potentiated through the reprogramming 
process and extensive culturing of the cells, 
generating cells with a high potential for 
tumorigenesis.

In animal models a long list of 
degenerative diseases such as cardiovascular 
disease, diabetes, Parkinson’s disease, spinal 
cord injury and more have been cured. 
However, in most instances human cells 
were transplanted into mutant mouse 
strains incapable of an immune response. 
Only few studies reported transplantation 
into immune-competent primate models, 
more similar to humans than mutant 
rodents. In the human setting, more than 5 
decades of solid organ and hematopoietic 
stem cell transplantation have taught us 
that immune reactions between patient 
and graft are a major problem, significantly 
restricting graft availability to any given 
patient. High polymorphism (differences) 
in major histocompatibility proteins (HLA 
genes) on the surface of almost all the cells 
in the body elicits an immune reaction by 
the immune system of any other individual 
but an identical twin. The more HLA genes 
matched between the patient and the donor, 
the less strong this response becomes and 
can be reduced to tolerable levels by immune 
suppressing drugs. However, matching to 
such a level is rare between patient and 
potential donors, which severely reduces 
the donor pool for any given patient. 
Many patients die on waiting lists for 
transplantation. Also, immune suppression, 
often to be taken life-long, carries major 
side effects such as increased risk for 

infections. Viral or fungal infections are 
particularly dangerous for the patient as no 
effective drugs truly exist. Often immune 
suppression has to be relaxed, potentiating 
chronic rejection which often can no longer 
be stopped, even  by increasing immune 
suppression again, resulting in the loss of 
the graft sooner or later. Other major and 
frequent side effects include renal failure, 
osteoporosis, and the increased risk for 
developing cancer.

A priori, it has to be assumed that any 
cells from a non-identical sibling-donor 
would be rejected by the immune system of 
the patient. Adding to this is the potential 
to generate immunogenic graft cells by the 
expanded culture period required to generate 
sufficient and differentiated cells. It has been 
shown that during these highly artificial 
processes, cells may acquire surface markers 
recognized as foreign by the recipient. Thus, 
it cannot be excluded that even NT-SCs or 
hIPSCs could acquire immunogenicity during 
their generation in culture, and extended 
time in culture during the differentiation 
process.

Interestingly, it was found that human 
ESCs, in their pluripotent stage and up to 
a certain stage of differentiation, are not 
rejected. On the contrary, they seem to 
regulate the immune response by impacting 
directly on lymphocytes, attenuating their 
normal response to allogeneic cells. Murine 
ESCs also regulate the immune response, but 
with different mechanisms than the human 
cells. Response to differentiated cells is still 
not clear. In the murine setting, diverging 
results have been reported with reports 
showing rejection or no rejection. More 

"But while the quantity, purity and quality of stem cell-derived cells 
has improved significantly over the last decade, one major aspect has 
been neglected: the reaction of the patient’s immune system to such 
cells after transplantation."
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differentiated human cells however, elicit a 
rejecting immune response when tested in 
vitro against allogeneic human lymphocytes. 
Whether undifferentiated iPSCs also have 
immune regulatory capabilities is not 
investigated in much detail at this stage. 
It is also not clear at this point, whether 
human iPSCs would be rejected or not after 
transplantation into patients. Conflicting 
results have been obtained with murine 
iPSCs transplanted into mice. One report 
has shown a rejection when murine iPSCs 
were injected into syngeneic mice. This 
may be due to minor histocompatibility 
genes which are not necessarily identical 
in syngeneic mice (identical in major 
histocompatible genes). Other reports have 
shown an absence of rejection in syngeneic 
mice.  In a primate model, a recent report has 
shown that monkey iPSCs were not rejected 
in the monkeys from which the cells were 
derived. This result may be more predictive 
of the human clinical setting than murine 

studies. While transplantation of iPSCs into 
patients has not been attempted yet, the 
first transplantation of PSCs has taken place. 
Recently, human ESCs were differentiated 
to retinal pigment epithelial cells, the cells 
that degenerate during age-related macular 
degeneration (a leading cause of blindness 
in the over 60 years old) and transplanted 
into two patients with macular degeneration. 
Both patients did not show any rejection of 
the transplanted cells [5].

One other very interesting stem cell 
worth mentioning when discussing immune 
rejection after transplantation of cellular 
grafts, are mesenchymal stem cells (MSCs), 
a type of adult stem cells. These stem cells, 
best isolated out of bone marrow, fat tissue 
and umbilical cord, have a certain capacity 
to be expanded in culture and can thus 
yield cell quantities relevant for human 
transplantation. Several cell types can 
be generated from these cells, including 
bone, cartilage and tendon, muscle cells 
and (potentially) neurons. Moreover, these 

cells have a very interesting and well 
characterized immune phenotype in that 
they can regulate the immune system 
on several levels. These cells can thus be 
transplanted, without major rejection 
across compatibility barriers, into allogeneic 
patients.  They can also be used as ‘immune 
therapy’ in that they can be co-injected to 
reduce rejection of other cells or organs. They 
may also be able to regulate autoimmune 
disease. Most importantly, MSCs can be 
expanded and banked easily, and as rejection 
is low, they could be potentially used for any 
given patient. Accordingly, several companies 
are already selling MSCs for transplantation 
purposes.

While there still remains a lot of progress 
to be achieved to enable wide spread use of 
stem cell grafts for regenerative purposes, 
current reports suggest that in the future 
transplantation of stem cells will be feasible 
and may provide grafts for a wide range of 
degenerative diseases.
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H ippocampus, important for making  
 new memories and maintaining  
 normal mood function [1,2], is one 

of the brain regions well known for robust 
compensatory reaction (plasticity) when 
faced with an injury or loss of neurons. 
Damage to the hippocampus can occur 
from multiple causes. These may include 
head injuries resulting from falls or motor 
vehicle accidents, loss of blood flow due 
to clots/plaques in arteries supplying 
the hippocampus, sudden occurrences of 
seizures resulting from head trauma, brain 
infections, brain tumors, stroke, exposure 
to certain neurotoxins and alcohol/drug 
withdrawal, prolonged exposure to severe 
stress, and Alzheimer’s disease. Most 
prominent compensatory changes that occur 
in the acute phase after injury comprises 
of increased production of new neurons 
(neurogenesis) from resident neural stem/
progenitor cells and elevated levels of 
factors (neurotrophic factors) released by 
surviving neurons and glia to minimize 
neurodegeneration as well as to promote 
reorganization of connections of existing 
neurons [3-5]. Although it is unclear why 
such changes are so prominent in the 
hippocampus but mostly a low-key affair 
in other brain regions, these changes are 
believed to signify innate mechanisms 
that restrain the overall dysfunction of the 
hippocampus. 

Therapy for 
Hippocampus Injury

Can Neural Stem Cells Help?

Ashok K. Shetty
Professor and Director of Neurosciences, Institute for Regenerative Medicine

Texas, United States

Nevertheless ,  ear ly  post- in jury 
compensatory changes are insufficient for 
functional recovery because most injuries 
to the hippocampus have a tendency to 
evolve into impairments in functions such as 
learning, memory and mood, and/or chronic 
temporal lobe epilepsy characterized by 
spontaneous seizures [6-8]. These neurological 
abnormalities in the chronic phase after 
injury are associated with greatly reduced 
proliferation of neural stem cells (altered 
stem cell activity), abnormal migration 
and integration of newly born neurons 
(aberrant neurogenesis), and greatly declined 

concentration of neurotrophic factors [3,4]. 
Therefore, therapeutic interventions that are 
competent for averting the evolution of initial 
hippocampal injury into mood and memory 
impairments and chronic epilepsy have 
considerable importance. In particular, there 
is a need to develop treatment approaches 
that are efficacious for maintaining a 
normal extent of new neuron production 
and appropriate integration of newly added 
neurons in the injured hippocampus. This 
need stems from the fact that ongoing 
neurogenesis in the hippocampus plays a 
vital role in maintaining normal memory 
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and mood function [1,9,10], and the possibility 
that altered neurogenesis after injury 
contributes to an abnormal reorganization 
of the hippocampal circuitry, memory and 
mood impairments and chronic epilepsy [11,12]. 

Neural stem cell grafting therapy 
is currently considered as one of the 
most promising approaches for easing 
hippocampus injury-induced neurological 
impairments. This notion is supported 
by several properties of these cells. 
First, these cells can survive in hypoxic 
conditions prevailing in the injured brain 
regions, migrate and integrate into regions 

exhibiting neuron loss despite an adverse 
microenvironment [13]. Second, these cells 
can replace some of the lost interneurons 
that secrete the inhibitory neurotransmitter 
gamma-amino butyric acid to regulate the 
activity of principal neurons and to maintain 
normal network function. Third, a significant 
faction of the progeny of neural stem cells 
can differentiate into astrocytes capable 
of secreting distinct neurotrophic factors  
that promote neuroprotection, ease  
seizures [14] and improve neurogenesis 
through stimulation of the proliferation 
of neural stem cells residing in the  
hippocampus [15]. 

Indeed, several studies in animal 
models demonstrate the promise of neural 
stem transplantation approach for easing 
dysfunction of the hippocampus following 
injury. For instance, our recent study 
demonstrated that grafting of neural 
stem cells expanded from the anterior 
subventricular zone (a precinct around 
the lining of forebrain ventricles rich in 
neural stem/progenitor cells) of postnatal 
brain into the hippocampus of young adult 
rats early after injury is highly beneficial 
for promoting functional recovery [16]. In 
particular, this study provided clear evidence 
that grafting of neural stem cells into the 
hippocampus is a highly efficacious approach 
for counteracting the hippocampal injury-
induced mood and memory dysfunction.  
Preservation of normal mood and memory 
function after hippocampal injury was 
associated with robust survival and 
pervasive migration of graft-derived cells, 
differentiation of substantial percentages 
of graft-derived cells into various subtypes 
of interneurons secreting the inhibitory 
neurotransmitter gamma-amino butyric 
acid, and glial cells such as astrocytes, 
oligodendrocytes and oligodendrocyte 
progenitors [16]. Considerable fractions of 
graft-derived cells also expressed several 
beneficial neurotrophic factors which include 
the glial cell line-derived neurotrophic 
factor, brain-derived neurotrophic factor, 
fibroblast growth factor, and vascular 
endothelial growth factor, all of which are 
neuroprotective and neurogenesis enhancing 
factors. Indeed, neural stem cell grafting 
counteracted the injury-induced reductions 
and abnormalities in the production of 

new neurons (abnormal neurogenesis). This 
was accomplished through maintenance of 
normal level of activity in endogenous neural 
stem cells residing in the hippocampus 
and by providing protection to a class of 
interneurons in the hippocampus that 
guide newly born neurons generated from 
stem cells into appropriate areas in the 
hippocampus [16].  Another recent study in 
a mouse model of unilateral hippocampal 
neurodegeneration also reported similar 
findings [17]. In this study, grafting of neural 
stem cells overexpressing the insulin-like 
growth factor-1 into the hippocampus early 
after injury significantly prevented injury-
induced cognitive decline [17]. Additional 
analyses revealed that early neural stem cell 
grafting after injury maintained neurogenesis 
to near normal levels and prevented adverse 
alterations in astrocytes, a type of non-
neuronal cells in the brain that react to 
injury and contribute to inflammation 
through proliferation as well as hypertrophy. 
Moreover, functional benefits of grafting 
were linked with survival of grafted neural 
stem cells and their differentiated progeny 
(neurons and glia).

Studies in several other animal 
prototypes have also shown beneficial 
effects of neural stem cell grafts for easing 
hippocampal injury and inducing functional 
recovery. Wang et al [18] examined the 
effects of grafting of human neural stem 
cells in an animal model of traumatic 
brain injury. They found that neural stem 
cell grafting considerably eased traumatic 
brain injury induced progressive axonal 
degeneration. Grafting also blocked the 
abnormal accumulation of amyloid precursor 
protein, a protein that forms abnormal 
aggregates all over the brain in people with 
Alzheimer’s disease and is also believed 
to play a key role in the evolution of 
initial traumatic brain injury induced 
neurodegeneration into a state of cognitive 
decline. Park and colleagues [19] examined 
the effects of grafting of human neural stem 
cells that are genetically modified to secrete 
the synthesizing enzyme of acetylcholine (a 
neurotransmitter vital for making memories) 
into the hippocampus following an injury. 
They demonstrated that neural stem cell 
grafts considerably eased hippocampal injury 
induced learning and memory deficits and 
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increased the level of acetylcholine. 
Likewise, a study in an animal model of 

Alzheimer’s disease has also shown beneficial 
effects of neural stem cell grafts placed into 
the hippocampus [13]. This study examined 
the effects of neural stem cell grafts placed 
into the hippocampus of aged transgenic 
mouse (3xTg-AD mouse) exhibiting the 
properties of Alzheimer’s disease. Authors 
reported that despite the widespread and 
established pathology typified by amyloid 
precursor protein plaques and tau-protein 
mediated neurofibrillary tangles, neural 
stem cell grafting eased spatial learning 
and memory deficits seen in Alzheimer’s 
mice. Fascinatingly, grafted neural stem cells 
did not alter plaques or tangles that were 
prevalent in the brain but improved cognition 
through robust enhancement of hippocampal 
synaptic density, mediated by secretion of 
brain-derived neurotrophic factor, a protein 
important for synaptic function, memory 
and mood. Overall, this study showed that 
neural stem cell grafting could be efficacious 
for easing even complex behavioral deficits 
associated with Alzheimer disease.  

Hippocampus injury inflicted by status 
epilepticus (an occurrence of seizure activity 
for an extended period) or traumatic brain 
injury can also lead to chronic epilepsy 
characterized by spontaneous recurrent 
seizures.  A recent study suggests that 
early grafting of neural stem cells after 
status epilepticus can considerably ease 
spontaneous seizures occurring in the 
chronic phase after status epilepticus [20]. 
Status epilepticus was induced through 
graded intraperitoneal injections of a 
neurotoxin kainic acid and grafting of neural 
stem cells was performed seven days after 
status epilepticus. Analyses of behavioral 
spontaneous seizures at 3-5 months after 
status epilepticus revealed greatly reduced 
frequency and intensity of spontaneous 
seizures in rats receiving neural stem cells 
grafts after status epilepticus, in comparison 
to rats receiving no transplants or dead 
neural stem cell grafts [20]. Continuous video-
electroencephalographic recordings for 120 
hours also revealed substantially reduced 
frequency and intensity of spontaneous 
seizures in rats receiving neural stem cell 
grafts. It comprised considerable reductions 
in the frequencies of all spontaneous 

seizures as well as stage V seizures (the 
most severe form of seizures), and the 
percentage of recorded time spent in 
seizures. Characterization of recognition 
memory function using a novel object 
recognition test demonstrated preserved 
memory function in rats receiving neural 
stem cell grafts after status epilepticus. 
These rats also exhibited greatly reduced 
depressive-like behavior than the control 
status epilepticus animals receiving no grafts. 
Examination of hippocampal tissues revealed 
an excellent yield of graft-derived cells and 
differentiation of significant fractions of 
graft-derived cells into neurons including 
the inhibitory gamma-amino butyric acid 
expressing interneurons, and astrocytes 
secreting neurotrophic factors. Neural stem 
cell grafting after status epilepticus also 
preserved host interneurons synthesizing 
neuropeptide Y, a protein secreted by a 
subclass of interneurons having anti-seizure 
and neuroprotective effects. Collectively, this 
study demonstrated that grafting of neural 
stem cells into the hippocampus early after 
status epilepticus is beneficial for restraining 
the evolution of status epilepticus induced 
injury into a state of chronic epilepsy and 
cognitive and mood impairments.

From the results of studies discussed 
above, it is clear that neural stem cell 
grafting approach is highly promising for 
preventing or easing hippocampal injury 
mediated impairments in memory and 
mood, and chronic epilepsy development. 
However, one of the major issues to resolve 
prior to its clinical application in humans 
is, how to obtain adequate numbers of 
human-derived neural stem cells suitable for 
grafting? Neural stem cells can be obtained 
from a variety of sources, which include 
autopsied tissue samples from neural stem 
cell enriched regions of fetal, postnatal or 
adult brain. However, these sources may not 
be sufficient for routine clinical application 
of neural stem cell grafting for neurological 
disorders because of issues such as the need 
to harvest tissues for stem cell expansion 
within a short period of time after death, 
and a potential variability between autopsy 
samples collected from different age groups 
and at different time intervals after death. 
Furthermore, expansion of human neural 
stem cells from autopsied adult brain 
samples in culture may not match levels 
observed from rodent brains in terms of 
obtaining adequate numbers of neural stem 
cells for grafting. 
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The  above  l im i ta t ions  compe l 
investigators to consider additional sources 
of neural stem cells for clinical use. In 
this context, neural stem cells obtained 
from pluripotent human embryonic stem 
cells isolated from the blastocyst stage of 
embryo or induced pluripotent stem cells 
obtained through somatic nuclear transfer 
or reprogramming of post-mitotic cells such 
as skin fibroblasts seem ideal because they 
can easily generate unlimited numbers of 
neural stem cells for grafting [21-23]. Yet, the 

potential for forming teratoma (a mixed 
tumor comprising tissue types generated 
from ectoderm, endoderm and mesoderm 
lineage cells), and genetic and epigenetic 
abnormalities are major barricades for the 
clinical use of neural stem cells derived from 
pluripotent stem cells [23,24]. Eradicating the 
potential for teratoma formation is vital to 
every clinical transplantation therapy using 
cells generated from human pluripotent 
stem cells because the presence of even 
a single pluripotent stem cell in neural 

stem cell suspension may pose a threat for 
generating tumors after grafting. Hence, 
the cell therapy field using cell types 
generated from pluripotent stem cells is 
moving with caution even though preclinical 
data supporting the safety and functional 
effectiveness of cells derived from such 
cells are growing [23]. In particular, the field 
is looking forward to the development of 
advanced teratoma elimination techniques 
in order to avoid tumors from neural stem 
cells generated from pluripotent stem cells 
following grafting.
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S tem cells of mouse or human origin  
 are well known for their capacity  
 to self-renew and prol iferate 

into various specialized cell types. Stem 
cells are classified broadly according to  
their origin (1);

1. Embryonic stem cells (derived from the  
 inner cell mass of blastocysts or growing  
 embryos)

2. Adult stem cells (derived from various  
 adult tissues like bone marrow, eye, hair,  
 adipose tissue etc.)

Further, stem cells can be classified 
in two categories based on either their  
potency or potential to differentiate into 
various cell types; i) The embryonic stem cells 
which are either totipotent or pluripotent 
and ii) somatic or adult stem cells which 
are multipotent.  Totipotent cells have the 
ability to form both embryonic and extra-
embryonic tissues (placenta and umbilical 
cord) that can develop into a viable, complete 
embryo while pluripotent cells are localised 
to the internal cell mass of the blastocyst 
and form only embryonic tissues. As stem 
cells differentiate, they gradually lose 
pluripotency and differentiate into multiple-
cell types representative of all 3 germ layers, 
which are the ectoderm, mesoderm and 
endoderm.  In adults, multipotent stem cells 
have limited potential to develop into various 
cell types.  For example, bone marrow stem 
cells can differentiate mainly into white 
blood and red blood cells, but not into liver 
or skin cells.

The usage of stem cells is rapidly 
becoming popular in research, medical 
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biotechnology,  and in regenerative 
medicine.  Embryonic stem cells remain 
in an undifferentiated state in vitro, when 
maintained in optimum conditions (for 
example, on feeder cells), appropriate cell 
culture media and growth factors.  They can 
be harvested and made to grow as clusters of 
suspension bodies called ‘embryoid bodies’.  
These embryoid bodies are representative 
of early post-implantation embryos. These 

aggregates have the ability to grow into all 
3 germ layers (Figure 1).  The differentiation 
and developmental potential of these 
embryoid bodies closely mimic those of 
growing embryos.  This property makes 
embryoid bodies an ideal testing ground 
of various drugs and chemicals that have 
varying intensities of embryotoxicity.  

D u r i n g  t h e  c o u r s e  o f  l i v i n g , 
many chemicals and potential toxins 
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enter the human serum through food 
additives, pharmaceuticals, household 
cleaning reagents, etc. Most of these 
chemicals can have adverse effects on 
the reproductive ability of an individual or 
on the developmental and differentiation 
potential of a growing foetus. Usually, 
embryotoxicity tests are tests done to 
establish these unknown toxicities of a 
wide range of chemicals and drugs using 
mouse or rat whole embryos cell culture.  
But these kinds of tests are time-consuming, 
expensive and also involve a lot of animal 
testing using mice, rats and rabbits. Due 
to the economical and ethical concerns 
of conventional embryotoxicity testing, 
many government aided agencies like 
ECVAM, ICCVAM and JCVAM (the European, 
Interagency Committee and Japanese 
Centres for Validation of Alternative 
Methods, respectively) are encouraging the 
development and validation of alternative 
methods to animal testing. These agencies 
have promoted the use of embryonic stem 
cell derived embryoid bodies as an in vitro 
alternative method. This type of testing, 

called EST or embryonic stem cell testing, 
has already successfully classified many 
chemicals according their toxic severity into: 
non-embryotoxic, weakly embryotoxic and 
strongly embryotoxic reagents.

Some of the endpoints tested in a 
typical EST are the assessment (2-3) of 
inhibition of differentiation into various 
cell types like cardiomyocytes, endothelial 
cells, chondrocytes and osteoblasts, etc., 
cytotoxicitiy effects on murine stem cells and 
murine fibroblasts.  These assays generate vital 
information for pharmaceutical companies, 
the food industry and the cosmetic industry 
on chemicals with developmental toxicities.  
It has been shown in many reports that the 
EST prediction of embryotoxicity ranges 
from 78 – 100% accuracy depending on 
whether the chemicals are strongly or weakly 
embryotoxic (2-5).

The purpose of this project is to 
investigate whether mouse embryonic 
stem cells (mESCs) could be a replacement 
and a simulative model for embryotoxicity 
in human cells. In order to determine the 
embryotoxic potential of chemicals like 

pharmaceutical drugs or food additives, two 
endpoints were assessed: the cytotoxicity 
of the chemicals and effects on pluripotent 
potential of mESCs.  A cell titre determining 
assay (called MTS assay) was conducted to 
assess the cytotoxicity level of the chemicals 
on mESCs cells. Alkaline phosphatase 
staining was used to determine whether 
the chemical-treated mESCs retain their 
pluripotent properties. It is shown that 
cells that were exposed to chemicals 
like caffeine and monosodium glutamate 
(MSG) in concentrations below 150µm 
have maintained cell viability and retained 
pluripotency, while cells that were exposed 
to concentrations higher than 150µm were 
observed to become necrotic or apoptotic.  
The tested chemicals were compared against 
hydrogen peroxide and glucose as positive 
and negative controls, respectively.  The 
project has shown promising results in the use 
of mESCs in determining embryotoxic effects 
of chemicals. By including differentiation 
assays and chemical recovery assays, we can 
further develop this project into a complete 
testing ground for therapeutic drugs and 
food additives.  

Figure 1: Overview of embryotoxicity assays using mouse embryonic stem cells (mESCs)
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Methodology
Based on information garnered from the 
literature, the effects of two food-related 
compounds; caffeine and monosodium 
glutamate or MSG, on mouse embryonic 
stem cells were carried out.  The effects of 
these two compounds were tested against 
a negative control (glucose) and a positive 
control (hydrogen peroxide).

It has been shown that caffeine levels 
can be easily quantified in blood, plasma, or 
serum. Plasma caffeine levels are usually in 
the range of 2–10 mg/L in coffee drinkers, 
and 40–400 mg/L in cases of acute over 
dosage (6). There are varying ranges of 
caffeine in many beverages; for example, 
40 to 180 mg/150 ml for coffee, 24 to 
50 mg/150 ml for tea, 15 to 29 mg/180 ml 
for cola, 2 to 7 mg/150 ml for cocoa, and 
1 to 36 mg/28 g for chocolate. Caffeine 

absorption from the gastrointestinal tract is 
rapid and reaches 99% in humans in about 
45 min after ingestion. The hydrophobic 
properties of caffeine allow its passage 
through all biological membranes. There is no 
blood-brain barrier to caffeine in the adult 
or the fetal animal. Studies on high-dose 
caffeine exposure in developing embryos 
showed that higher doses of human maternal 
caffeine exposure decreases the body weight 
of newborn offspring,  as well as the sizes of 
their head and upper limb (7). 

Monosodium glutamate (MSG) has been 
shown to penetrate the placental barrier. 
The uptake of MSG in the fetal brain is 
twice as much as that in the maternal brain 
in Kunming mice (8). The adverse effects of 
MSG increase with higher concentrations. 
High doses (100 µg/ml) of MSG may cause 
endocrine disruption and may also stunt 
the skeletal development of the growing 

embryos. MSG added to 12-day chick embryo 
retinas in culture causes severe morphologic 
damage to the retina (as judged by light 
microscopic examination). Damage is evident 
after a few hours with concentrations as low 
as 0.3 mM (9). Based on the aforementioned 
results, MSG may harm human off springs 
if they are exposed to high dose of MSG-
laced foods. 

To test for embryotoxicity, we cultured 
mESCs on 0.1% gelatin-coated dishes for 
48 hours using standard culturing protocols.  
The cells were then harvested and counted, 
and 1X105 cells/well was plated onto  
12-well plates. After 24 hours of incubation, 
each plate was treated with each chemical 
compound in varying concentrations for 
another 24 hours of incubation, as shown 
in Figures 2 and 3 for caffeine and MSG, 
respectively. Two ranges were tested: 50 
– 500µM with increments of 50µM, and 
50-500mM with increments of 50mM.  Cells 
were analyzed pre- and post-treatment with 
all four chemicals. Two end-points were 
tested; cytotoxic effects using MTS assay 
and inhibitory effects on pluripotency using 
alkaline phosphatase assay.

The MTS assay is a colorimetric, cell 
proliferation assay that helps to quantify 
viable cells.  The assay is composed 
of two solutions; a novel tetrazolium 
compound [3-(4, 5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt 
(MTS), and an electron coupling reagent 
(phenazine methosulfate; PMS). In viable 
cells, dehydrogenase enzymes can convert 
MTS into formazan product, whereas in dead 
cells, MTS remains unchanged. Absorbance 
measurement of formazan at 490nm is a 
direct indicator of number of viable cells. The 
alkaline phosphatase assay is a qualitative 
test of pluripotency and differentiation in 
stem cells.  In this method, cells are stained 
with a mixture of napthol and fast red 
violet.  The presence of alkaline phosphatase 
enzyme in pluripotent cells results in a dark 
pink color.  Lighter shades indicate that the 
cells are losing pluripotency and are tending 
towards differentiation.  In the case of 
embryotoxicity, lack of dark staining in cells 
implies that the chemicals have an inhibitory 
effect on pluripotency.Figure 2: Cell morphologies before and after treatment with  Caffeine at concentrations of 50 – 500mM
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Results and 
Discussion 
This investigation on the embryotoxic 
effects of caffeine and monosodium 
glutamate was conducted for a period of 
six months as a final year project that was 
supported by Republic Polytechnic.  We have 
successfully established mESCs cultures, 
derived embryoid bodies and conducted 
relevant assays like MTS and AP stain.  We 
analysed the morphology of cells before and 
after 24 hours of treatment.  Our results 
show that glucose has a growth promoting 
effect on the mESCs at all concentrations 
tested.  Cells did not show any adverse 
cytotoxic effects, as expected for glucose.  
In contrast, our positive control of hydrogen 
peroxide showed extreme cytotoxic effects 
at concentrations as low as 100µM.  The 
morphological abnormalities like presence 
of vacuoles, apoptotic bodies and cell death 
are supported by our cell counts, estimated 
using MTS assay.  In the micromolar range of 
chemical concentrations, the glucose treated 
cells showed a healthy increase in cell counts 
from an initial count of 1X105 cells/well to 
a maximum count of 20 X 105 cells/well.  In 
the case of caffeine and MSG, there was a 
drop in cell proliferation as evidenced by the 
cell counts of 5 X 105 cells/well in both cases. 
This drop is comparable to a similar drop in 
the case of hydrogen peroxide (<5 X 105 cells/
well). A more pronounced morphological 
effect and drop in cell proliferation was 
seen at the higher range of millimolar 
concentrations. In addition, cells treated 
with caffeine and MSG showed the presence 
of necrosis.  AP staining was done at only two 
concentrations for each chemical; 50mM 
and 500mM.  The results indicate that the 
chemicals do not affect pluripotency at 
50mM concentrations.  But cytotoxicity kills 
most cells at 500mM, hence, it is difficult to 
estimate if there is any real inhibitory effect 
on pluripotency. Figure 3: Cell morphologies before and after treatment with  MSG at concentrations of 50 – 500mM

The assays and experiments designed in 
this project have provided some preliminary 
information on the cytotoxic effects of 
common food compounds like caffeine and 
monosodium glutamate. However, it is still 
premature to classify these chemicals as non-
embryotoxic, weakly embryotoxic or strongly 
embryotoxic reagents. These experiments 
have only tested the effects on cells after a 
brief exposure to the chemicals for 24 hours.  
There are still many questions that need to be 
addressed; for example what is the recovery 
rate of the cells after removal of chemicals; 
what is the effect of the chemicals on ES cell 

differentiation into cardiomyocytes or into 
cells of ectodermal and endodermal lineages; 
what is the safe limit for consumption of 
these chemicals; do these chemicals cause 
accelerated differentiation in stem cells, etc. 
Nevertheless, these assays offer an attractive 
alternative to the laborious task of animal 
testing.  They are also easily adaptable to 
the high-throughput testing of chemicals.  
In conclusion, this methodology shows good 
potential for development into a complete 
testing ground for pharmaceuticals and  
food additives.

During the course of living, many chemicals and potential toxins enter 
the human serum through food additives, pharmaceuticals, household 
cleaning reagents, etc. 
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S tem cells are unique cells of early  
 embryos as well as the adult body  
 that possess the ability to divide and 

differentiate into diverse cell types. At the 
same time they maintain their own presence 
by cell division, resulting in the continuous 
presence of cells capable of regenerating 
adult tissues. The use of adult stem cells has 
been successfully employed to treat bone and 
blood related disorders such as leukemia, 
through bone marrow transplants. Currently, 
stem cell therapy is being developed for a 
variety of damaged or diseased organs such 
as diabetes. 

Stem cell therapy is an emerging field 
and a large amount of research is currently 
being carried out by institutions such as 
hospitals, universities and medical centers. 
In Asia-Pacific, 63% of pipeline molecules 
are being researched by academia. The 
emergence of institutional research has 
boosted stem cell discoveries. China and 
Japan witness only a negligible industry 
presence in stem cell research, as academic 
institutions dominate – however in contrast, 
India has the presence of both industry and 
academia. The major institutions engaged 
in stem cell research in India are LV Prasad 
Eye Institute (LYPEI) for Limbal Stem Cell 
Technology (LSCT), and the Post Graduate 
Institute of Medical Education and Research 
(PGIMER) for stem cell therapy for type 2 
diabetes mellitus.

With the anticipated launch of JCR 
Pharmaceuticals’ JR-031 in Japan in 2014, 
and FCB Pharmicell’s Cerecellgram (CCG) in 
South Korea in 2015, the stem cell therapy 
market is expected to grow in value from 
$545 m in 2012 to $972 m in 2018, at a 
Compound Annual Growth Rate (CAGR) 
of 10%. 

Netherlands Foreign Investment Agency

Stem Cell Research –  
The New Growth Engine

The stem cell therapy market in Asia-Pacific is poised to offer significant contributions in the future, thanks 
to renewed interest by the respective governments of India, China, Japan, South Korea and Singapore to 
provide cures for a range of diseases.

“Stem cells are the gateway to an 
understanding of how we form and how 
our tissues degenerate. Because of that, 
they are at the center of large investments 
in developed countries and continents. They 
represent our great chance to find cures 
for many still incurable diseases,” says 
Ms Suzanne Sweerman, Exeutive Director, 
South East Asia of the Netherlands Foreign 
Investment Agency (NFIA). 

The Dutch-European 
Connection
For many years now, the European 
Commission has been supporting research 
in several disciplines by stimulating the 
creation of research consortia. These are 
short-term enterprises with long-term 
impacts: they bring together European 
scientists from different nations who are 
among the leading experts on topics that are 

considered strategic for Europe.  European 
and Dutch scientists have always been at 
the forefront of stem cell research and 
regenerative medicine.  Earlier this year, 
the University Medical Centre Groningen 
in the Netherlands (in collaboration with 
the Hubrecht Institute in Utrecht) together 
with MIT (USA) was selected for a large-
scale infrastructure and scientific project 
to develop stem cell research in Russia. 
The Russian Vavilov Institute of General 
Genetics and Moscow’s Skolkovo Institute 
of Science and Technology (Skoltech) set up 
the first Center for Research, Education and 
Innovation (CREI) in the field of stem cell 
biology.  The Center will focus on various 
research lines, including identifying and 
isolating adult stem cells from tissues and 
organs, producing induced pluripotent stem 
cells (iPS cells) and reprogramming cells. 
Designing stem cell models for research 
into neurodegenerative diseases, metabolic 
diseases, cancer and auto-immune diseases 
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will eventually lead to new stem cell 
treatment and drugs for patients.

According to Ms. Sweerman, there will 
be strong financial support for the CREI from 
the Russian government to commercialize 
the considerable opportunities from 
biomedical research. Fifteen of these five-
year long research projects will be founded 
by 2020 and possess a cumulative budget 
of $675 million.

The Netherlands has also established 
national stem cell centers. The breakthroughs 
generated in the Netherlands position these 
national initiatives among the leading groups 
in the world. The Netherlands Institute 
for Regenerative Medicine (NIRM) is an 
example of an innovative and integrative life 
sciences research and development program. 
It comprises two former existing research 
consortia: Stem Cells in Development and 
Disease (SCDD) and the Dutch Program 
for Tissue Engineering (DPTE). Integration 
of these consortia in NIRM combines 
cutting-edge research in stem cell biology 
with advances in tissue engineering, so 
as to improve existing and create novel 
regenerative medical treatments. 

“Together, these biomedical research 
fields involving cells and biomaterials will 
lead to innovative approaches to promote the 
regeneration of damaged or diseased tissues 
and organs,” Ms. Sweerman says.

Some of the exciting research taking 
place in the Netherlands includes:

Stem Cells  
and Cancer
The same biological signals that cause 
the formation of wings in the fruit fly 
are responsible for tissue maintenance in 
our organs. One of the key regulators of 
this universal communication mechanism 

between cells in all organisms from mollusk 
to vertebrate is the Wnt signal pathway. The 
study of this pathway is one of the ongoing 
interests of Professor Hans Clevers of the 
Netherlands’ Hubrecht Institute. In numerous 
groundbreaking publications, the biologist 
and medical doctor deciphered the role of 
Wnt signals for stem cells and cancer. 

The focus of his research is on the 
epithelial cells that form the inner lining 
of the intestine. In order to enhance the 
uptake of nutrients, the gut surface is 
enlarged by millions of small cavities and 
finger like protrusions or villi.  The short-
lived, specialized cells of the intestinal 
mucosa have to be permanently renewed 
by stem cells that are settled in the lower 
part of the cavities. During maturation and 
specialization these cells move to the top of 
the villi where they finally shed off into the 
lumen of the intestine.

Professor Clevers demonstrated that if 
the Wnt signaling pathway is blocked, the 
supply of fresh specialized cells ceases and 
stem cells disappear from the intestine.  
The converse is true for the development 
of cancer. In almost every case of colon 
carcinoma, activating mutations of the 
Wnt signaling pathway are found, mostly 
within the APC gene. He was able to 
show that mutations in this gene result in 
permanent activation of the Wnt signal, 
putting cells into a dividing stem cell like 
state. In this diseased state they escape 
differentiation and cell death resulting in 
the accumulation of dividing non-functional 
cells. Accumulation of additional mutations 
leads to a metastatic tumor. Ever since 
the lab of Hans Clevers identified the Wnt 
pathway as the major player in the onset of 
cancer, it has become n important target for 
the development of new therapies against 
cancer. 

A recent breakthrough from Professor 
Clevers’ group was the recent identification 
of a Wnt pathway target gene, the membrane 
protein Lgr5 that is unique in that it 
marks small cycling cells at crypt bottoms. 
Subsequently, he was able to identify that 
the cells are stem cells of the small intestine 
and colon, the hair follicle, the stomach, the 
liver and the pancreas. 

The study of these stem cells revealed 
that given the right growth conditions 
mimicking in vivo physiological requirements, 
we could establish an in vitro culture of 
healthy and diseased human tissue with 
virtually unlimited expansion capacity.  
More importantly and in contrast to all 
previous attempts, the organoids maintain 
histologically and genetically normal 
characteristics. Therefore the cells represent 
a unique new source of cells for regenerative 
medicine as well as a source of cells for drug 
development. 

“A better understanding of cancer 
developement is vital to the quest for new 
treatment methods. Clevers’ research makes 
the possibility of regenerative medicine more 
realistic,” Ms. Sweerman proudly adds.

In February 2013, Professor Clevers 
became one of eleven recipients of the 
Breakthrough Prize in Life Sciences for his 
work on Wnt signaling in tissue stem cells 
and cancer. Silicon Valley aristocrats Mark 
Zuckerberg, Sergey Brin and Yuri Milner 
jointly established this most lucrative annual 
prize to recognize excellence in research 
aimed at curing intractable diseases and 
extending human life.

Crippling 
Osteoarthritis
A revolutionary jab made from stem 
cells found in tummy fat could soon stop 
osteoarthritis in its tracks. The breakthrough 
provides hope for millions of people around 
the world who suffer from the incurable 
condition and could potentially save 
thousands from needing joint replacement 
surgery. Dutch and French researchers found 
that injecting stem cells harvested from 
a patient’s own waistline protects joints 
against crippling damage. It appears to be 
the closest experts have come to halting the 
disease using stem cells.
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The therapy works by stopping 
destruction of cartilage – the ‘shock 
absorber’ tissue inside which gets ground 
down by osteoarthritis – and by protecting 
ligaments.

A single dose of stem cells extracted 
from adipose tissue – fat which accumulates 
around the stomach – more than halved 
damage to knee joints in mice. The findings, 
revealed at the American College of 
Rheumatology in Chicago, could mark a 
turning point in the search for a treatment. 

Many sufferers rely on anti-inflammatory 
painkillers to ease their suffering, but these 
can damage the stomach if used long-term. 
About 60,000 people a year end up needing 
a knee replacement. 

Significantly, adipose tissue is relatively 
easy to access and is thought to be the 
most abundant source of adult stem cells 
in the body. According to some estimates, it 
contains 40 times more stem cells than bone 
marrow. Scientists are already using these fat 
cells in the search for cures for cancer, heart 
disease and spinal injuries.

Researchers at Radboud University in 
the Netherlands and the National Institute 
of Health and Medical Research in France 
injected adipose stem cells into the joints of 
mice with arthritic knees. The cells, known 
as mesenchymal cells, have the capacity to 
grow into a variety of body tissues. Some 
mice received the jab seven days after 
osteoarthritis first set in, others 14 days 
after – which would translate into a few 
weeks or months in humans. 

When it was given sooner, the jab cut 

destruction of cartilage by 54% compared 
with those injected with a dummy jab. 
After six weeks, they had half the amount 
of ligament damage. The jab also slowed a 
process called synovial activation, where the 
soft membrane around the joint becomes 
inflamed, in some cases by as much as 30%.

Treating Burn 
Victims
Traditional non-communicable diseases like 
diabetes, cancer and cardiovascular diseases 
continue to receive much attention from 
the international community and have seen 
developments all across the globe, albeit 
more extensively by the Dutch. However, 
the Dutch have gone beyond the traditional 
definition of non-communicable diseases to 
include the plight of burn victims.   
 Four students from the Dutch 
University of Leiden have pioneered an 
award-winning concept for the treatment of 
burns victims: 3D printed skin. Their project 
‘SkinPrint’ has already won the largest 
student entrepreneurship award in the 
Netherlands and looks set to revolutionize 
the treatment of burns patients.

Skin grafts are a painful but necessary 
part of the current treatment of burns. 
However, harvesting skin from suitable sites 
on the body is painful, time-consuming 
and not always possible. SkinPrint hopes to 
answer these shortcomings by combining a 
3DBioprinter with the advanced technology 
of induced Pluripotent Stem Cell (iPS), which 

enables the creation of stem cells from 
specialized cells, such as hair or skin cells. 
These cells are then used as the ‘ink’ for the 
bioprinter.

The printed cells eventually go on to 
form all the layers of the skin. With the use 
of iPS personalized medicine is achieved: the 
patient is treated with material derived from 
his or her own cells. The team is working with 
renowned Swiss skin expert Ernst Reichmann 
and hope to gain necessary approvals from 
the European Medicines Agency for their 
process.

Hospitals should be able to offer printed 
skin treatments within five years.

A Promising Future
Although promising, stem-cell research 
remains at a very early stage and few 
human trials have taken place. But scientists 
are already excited about its potential 
impact on regenerative medicine.  There 
is growing evidence that stem cells can be 
used to treat currently untreatable diseases 
or offer a viable solution to the limited 
availability of donor material for whole organ 
transplantation.   An important challenge for 
the near future is to establish safe production 
protocol and efficient transplantation 
technologies to translate stem cell research 
to an effective therapy. 

Medical researchers believe that in the 
future it will be possible to use stem cells to 
treat diseases such as diabetes, heart disease, 
HIV/AIDS, hepatitis, arthritis and cancer that 
are problematic in the developing world.
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P latelets have an important role to play  
 in the clotting of blood. When platelet  
 aggregation is not under control, 

excessive aggregation occurs, leading to the 
blockage of the blood vessels.  Reduction in 
blood supply or the dislodging of clots from 
their site of origin may damage vital organs 
like the brain or heart; leading to a stroke or 
heart attack. [1], [2] 

Asian Study of  
Thienpyridine Drug 

Interactions (ASThien-DI)

Th ienopyr id ine  drugs  such as 
Ticlopidine, Clopidogrel and Prasugrel are 
anti-platelet drugs commonly prescribed 
for patients to prevent excessive platelet 
aggregation. Ticlopidine, approved by FDA 
in 1991, is currently rarely used because 
of the risk of serious side effects including 
aplastic anemia. Clopidogrel was approved 
in 1997 while Prasugrel was approved 

only in 2009. [3] Studies have shown that 
Prasugrel in a 60 mg loading dose was 
found to inhibit adenosine diphosphate 
(ADP)-induced platelet aggregation more 
rapidly, consistently and to a greater extent 
than a 300 mg standard loading dose of 
Clopidogrel in both healthy volunteers 
and patients undergoing Percutaneous 
Coronary Intervention (PCI). [4] Compared 
to standard doses of Clopidogrel, Prasugrel 
is more efficiently metabolized to its active 
metabolites, providing a more pronounced 
platelet inhibition with less inter-subject 
variability. [2] Despite these, Prasugrel is 
still less frequently prescribed compared to 
Clopidogrel. This could possibly be due to 
the fact that Clopidogrel is comparatively 
more affordable and has been in the market 
for a longer duration compared to Prasugrel. 

Studies have also shown that there 
was significant inter-individual variability 
in patients’ responses to Clopidogrel. 
Clopidogrel is a pro-drug that has to undergo 
a complex biochemical pathway before it is 
converted into an active form which binds 
specifically and irreversibly to the platelet 
P2RY12 receptor, inhibiting ADP-mediated 
platelet activation and aggregation. 
There are various genes modulating the 
intestinal absorption (ABCB1) and the 
metabolic activation of Clopidogrel in the 
liver by cytochrome P450 isoenzymes (e.g. 
CYP2C19, 3A5) as well as Paraoxonase 
PON-1. The activity of CYP 450 isoenzymes 
are affected by environmental influences, 
drug-drug interactions and single nucleotide 
polymorphisms. [7] These may in turn result in 
variations in the amount of active metabolite 
produced. 

Smoking is one environmental factor 
that has been shown to enhance the 
inhibition of platelet aggregation directly as 
well as via the induction of CYP 1A2 activity 
that is involved in the metabolic activation 
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of Clopidogrel. [8] This leads to the patient’s 
hyper-responsiveness to Clopidogrel, and so 
increases the risk of bleeding.

Patients who are on Clopidogrel are 
commonly on many other medications 
(polypharmacy) due to the complexity of 
their medical conditions. Research has 
shown that drugs from classes such as 
proton pump inhibitors, lipophilic statins 
and dihydropyridine calcium channel 
blockers reduce the effect of Clopidogrel by 
competing for CYP, and/or inhibit CYP 2C9, 
CYP 2C19 and CYP 3A4 isoenzymes that are 
required for Clopdigorel to take effect. [7], [9], 

[10] Hence, the concurrent use of any of such 
drugs may result in patients having a poor 
response to Clopidogrel and the inability 
to prevent the formation of blood clots as 

Figure 1: Isoenzymes involved in metabolic activation of Clopidogrel

effectively. Table 1 below shows examples 
of commonly used drugs that interact with 
Clopidogrel.

Single nucleotide polymorphisms 
(SNPs) are single DNA nucleotides whereby 
one base is substituted by another. The base 
replacement can lead to a change in the 
amino acid sequence which in turn affects 
the protein produced. This may or may not 
affect the enzymatic activity. [11] Single 
nucleotide polymorphisms of CYP 2C19*2/ 
*3/ *17, ABCB 1, CYP3A5*3 and CYP 2B6 have 
been found to contribute to inter-individual 
responses towards Clopidogrel response. [10] 

Paraoxonase-1 (PON 1) is the most 
recent implicated SNP which demonstrated 
that patients with a mutated PON 1 gene 
have a higher risk of stent thrombosis. [12] 

Among the SNPs, ABCB 1, CYP 2C19*2/ *3 
and CYP 3A5*3 have been found to result 
in loss-of-function or decreased activity 
of cytochrome, leading to a decrease in 
activation of Clopidogrel. On the other hand, 
CYP 2C19*17 and PON 1 have been found to 
increase the activity of cytochrome leading 
to an increase in activation of Clopidogrel. 

Gene t i c  va r i a t i on s  and  d rug 
interactions may attenuate the antiplatelet 
effect of Clopidogrel. Hypo-responsiveness to 
Clopidogrel (and thus suboptimal inhibition 
of platelet aggregation) has been linked to a 
heightened risk of adverse ischemic events or 
thrombotic complications post-PCI. 

The preliminary findings of the Asian 
Study of Clopidogrel Pharmacogenetics 
(ASCLOP) based on 53 Asian subjects 
revealed that CYP 2C19*2 and 3A5*3 
variations were the most prevalent, with 
the latter likely to be more significant in 
Singapore’s local population. It was also 
observed that, in patients who were CYP 
3A5*3 poor responder variants, having 
concomitant 3A4-inhibiting drugs dampened 
Clopidogrel’s antiplatelet effect.

This ASThien-DI study is a joint research Table 1: Examples of Drugs that Interact with Clopidogrel

DRUG CLASSES THAT COMMONLY 
INTERACTS WITH CLOPIDOGREL

EXAMPLES OF DRUGS

Proton Pump Inhibitors Omeprazole, Esomeprazole, Pantoprazole

Lipophilic Statins Atorvastatin, Lovastatin, Simvastatin

Dihydropyridines Nifedipine, Amlodipine
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Geraldine Lai Dunlin a graduate from the Republic Polytechnic School of Applied Science, Diploma 
in Pharmaceutical Science. Academically, she was inducted into the Roll of Honours List in AY2012 
Semester 1 and the winner of Module award for Patient Care in AY2012 Semester 2. She embarked on 
a one-year-long final year project (FYP) in collaboration with Khoo Teck Puat Hospital. Her FYP (Asian 
Study of Thienopyridine-Drug Interactions (ASThien-Di) was selected to represent Republic Polytechnic in 
the Young Scientist Symposium held on 13th March 2013 at the Singapore Science Centre. The project’s 
findings also qualified as one of the top 100 poster exhibits at the BioPharma Asia Convention 2013 
held from 18-21 March 2013.

Ong Sher Lyn graduated with a Diploma in Pharmaceutical Sciences (Merit) from Republic Polytechnic. 
This team-based Final Year Project titled, ‘Asian Study of Thienopyridine-Drug Interactions (ASThien-Di)’ 
is her first stepping stone into the field of R&D for biotech-pharma related industries. Continuing her 
quest to broaden her understanding as well as exploring newer pastures, Sher Lyn is currently awaiting 
commencement into Nanyang Technological University to read a double degree in Biological Science 
and Psychology.

See Jing Rou, is a graduate from Republic Polytechnic, School of Applied Sciences. She is the recipient of 
the Gold Medal Award in Diploma in Pharmaceutical Sciences. During her study in Republic Polytechnic, 
she has won several module prizes and was consistently on the academic roll of honours. She took up a 
one-year-long Final Year Project in collaboration with Khoo Teck Puat Hospital (KTPH), Singapore entitled 
Asian Study of Thienopyridine-Drug Interactions (ASThien-Di). This project was selected to represent 
Republic Polytechnic to present the project’s finding at the Young Scientist Symposium 2013. The project 
findings were also qualified as one of the top 100 posters exhibited at the BioPharma Asia Convention 2013.

About the Authors

project between Khoo Teck Puat Hospital and 
Republic Polytechnic. A total of 63 patients 
who were on Clopidogrel during the study 
period were recruited and had their blood 
drawn (2X3ml EDTA tubes) for genotyping 
and (1X1.8ml Sodium Citrate 3.2% tube) 
for measuring platelet reactivity using the 
VerifyNow meter.  The blood samples were 
sent to the National University of Singapore 
for analysis in which genotyping was using 
the polymerase-chain reaction-restriction 
fragment length polymorphism (RFLP) assay. 
Platelet reactivity was measured using the 
VerifyNow meter, which is an easy-to-operate 
point-of-care device. It is a turbidimetric-
based optical detection system which 
measures platelet-induced aggregation as 
an increase in light transmittance. It is an 
FDA-labelled whole blood assay used to 

measure the level of platelet P2Y12 receptor 
blockade. A Platelet Reactivity Unit (PRU) of 
>235 shows high platelet reactivity or poor 
response to Clopidogrel.

Results from the study showed that 
environmental factors and the concurrent 
use of interacting drugs do indeed lead 
to inter-individual variability in patients’ 
response to Clopidogrel. Other possible 
factors may include gender and ethnicity. 
Based on this study, females were shown 
to have higher ratio of non-responders as 
compared to males. A comparison between 
Chinese, Malays and Indians in the sample 
population revealed that Indians have a 
higher ratio of non-responders as compared 
to the other ethnic groups. Although many 
studies have shown that concurrent use 
of interacting drugs affect Clopidogrel 

response, [13], [14] data analysis via the use 
of Chi Square and Fisher’s Test in this study 
show that there is no statistically significant 
difference between the wild type and mutant 
gene of CYP 3A5*3 with regards to the 
response of Clopidogrel on patients who 
took lipophilic statins and dihydropyridines; 
and CYP 2C19*2/ *3/ *17 for those who took 
proton pump inhibitors concurrently with 
Clopidogrel. 

In conclusion, the type of genes (wild 
type versus mutant) may not be the sole 
causative factor leading to variations in 
Clopidogrel response. Other factors such as 
levels of enzyme expression, environmental 
influence and even patient-specific 
parameters like diet or lifestyle may play a 
role as well.
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R ecognizing the region’s need to  
 work towards self-sufficiency in  
 plasma products, Bioplasma World 

Asia 2013 will bring together, for the 
second consecutive year, the Asian and 
international blood plasma community 
on 03- 04 September 2013  at the  
Grand Hyatt, Bali. Plasma fractionators, 
blood centers, health authorities and other 
industry stakeholders will converge at this 
much awaited gathering to discuss strategic 
issues and explore opportunities within Asia-
Pacific’s plasma therapeutics sector.

Asia faces a shortage in plasma and 
plasma products, with only 20% of the 
total world volume being fractionated here, 
despite comprising 60% of the world’s 
population. Several factors come into 
play, such as insufficient funding and 
a weak blood collection infrastructure. 
However, Asian countries have begun to 
make efforts in strengthening their capacity 
for plasma fractionation, and developments 
are underway.

B iop lasma Wor ld  As ia  2013 ’s 
distinguished panel of speakers will share 
information and debate issues relating to 
the Asian plasma landscape, regulatory 
landscape, business strategies, market trends, 
and partnership opportunities to facilitate 
the development of the region’s plasma 
industry. Supported by the PPTA (Plasma 
Protein Therapeutics Association) and 
IPFA (International Plasma Fractionation 
Association), this event will be co-located 
with Asia’s first ever Bloodborne Pathogen 
Safety Workshop – a unique gathering 
bringing together regional and international 
stakeholders in the blood collection and 
transfusion sector to help safeguard the 
quality of collected blood.

Upcoming Bioplasma gathering 
organized by IMAPAC to help 

facilitate the growth and innovation  
of quality plasma products in Asia

Key speaking faculty for the Bioplasma 2013 event includes:

•  Dr. Russell Basser, Senior Vice President of Global Clinical Research & Development,  
 CSL Benring, USA

•   Mr. Jan M. Bult, President and CEO, Plasma Protein Therapeutics Association (PPTA),  
 USA

•   Pan Ruo-Wen, Senior Vice President, Hualan Biologicals, China

•  Dr. Ranjit S. Ajmani, Chief Executive Officer, PlasmaGen BioSciences, Bangalore, India

•  Kim Young-ho, Managing Director, Overseas Business Division, Green Cross Corporation,  
 Korea

•  Dr. Thierry Burnouf, Professor, Taipei Medical University, Taiwan

•  Jan Over, Strategic Affairs, Sanquin Plasma Products, The Netherlands

•  Dr. Wolfgang Teschner, Director of Plasma Product Developmet/Product Support  
 Department, Baxter, Austria

•  Mr. Theo Evers, Senior Advisor, International Plasma Fractionation Association (IPFA),  
 Amsterdam, Netherlands

•  Stephanie Gunn, Deputy General Manager, National Blood Authority, Australia

•  Dr. Yuyun SM Soerdarmono, Director of Central Blood Center, Indonesian Red Cross,  
 Indonesia

•  Dr. Chandra Viswanathan, Senior Vice President, Reliance Life Sciences, India

•  Dr. Chris Shue, President and CEO, Shanghai Syndegen Biopharmaceutical Company,  
 China

•  Dr. Pierre-François Falcou, Alliances Director, LFB Biomedicaments, France

•  Dr. Surinder Singh, Director, National Institute of Biologicals, India

•  Johan Prevot, Executive Director, International Patient Organisation for Primary  
 Immunodeficiencies (IPOPI), Portugal

•  Eric Youssef, European Plasma Market Director, Merck Millipore

•  Jerry A. Holmberg, Director, Scientific Affairs, Novartis Vaccines and Diagnostics, Inc.

Here are some brief testimonials from the attendees of last year’s event: “Very 
informative and helpful for me to understand the overview of plasma product in Asia!” —  
Hua Zhang, Chief GMP Inspection, CCE, ShFDA, China. “Good start! Looking forward to 
return!” — K Y Tan, General Manager, Haemonetics, Hong Kong. “Excellent content and great 
information on plasma products!” — Sunil Saigal, Director, Consolidated Products, India.

For more information on the upcoming event, please contact Natasha Jiandani 
on Natasha.jiandani@imapac.com or call +65-6493-1871.
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G E Hea l thca re  L i f e  Sc i ences  
 announced a joint program with  
 Osaka University to offer students 

access to GE Healthcare’s cutting-edge 
expertise in training and technologies 
for biopharmaceutical research and 
manufacturing, to help support future 
growth of the sector in Japan.  The program, 
Interdisciplinary Program for Biomedical 
Sciences (IPBS), is Osaka University’s 
government-funded commitment to 
graduate education, which aligns with GE 
Healthcare Japan’s “Life Sciences Academy,” 
a GE Healthcare initiative launched in April 
2013 with the objective of supporting the 
development of life sciences researchers in 
Japan. Of the 14 IPBS graduate students, 
four visited GE Healthcare Life Science’s 
Uppsala site for three weeks from August 
to September 2013.

 While at GE Healthcare in Uppsala, 
the Osaka University students experienced 
day-to-day life in an R&D laboratory, closely 
working with GE Healthcare scientists 
and engineers. The students received 

GE Healthcare Life Sciences and Osaka University team up to 
develop future leaders of Japan’s life sciences sector

comprehensive training in GE Healthcare’s 
advanced bioprocessing technologies and 
gain first-hand experience of protein 
interaction analysis and laboratory-scale 
protein purification using GE Healthcare 
instruments including Biacore™ and 
MicroCal™ systems for label-free analyses 
and ÄKTA™ pure chromatography systems. 

Anders Fält,  Head of R&D, Bio-Analysis 
Systems, GE Healthcare Life Sciences, 
commented, “This joint program with 
Osaka University is a great way to share 
our knowledge and expertise, as well as 
encourage and inspire the life sciences 
researchers and manufacturing professionals 
of tomorrow.  Specifically, we’re providing 
an opportunity for students from one of 
the leading Japanese universities  to be 
introduced to the latest technologies and 
workflows from GE Healthcare, taking them 
closer to becoming tomorrow’s leading life 
scientists.“ 

 Kiyoshi Takeda, MD, PhD, the 
coordinator of the Interdisciplinary Program 
for Biomedical Sciences (IPBS) at Osaka 

University, commented, “Our program seeks 
to educate young life scientists so that they 
will play an active role at the front lines of 
global-scale research collaborations whether 
it would be in the industry, academic or 
government sectors, during their careers. 
We strongly believe our students will gain 
valuable experience from the internship 
at the GE Healthcare Life Sciences R&D 
Center in Uppsala. Our joint program with 
GE Healthcare is an excellent example of 
cooperation between university and industry, 
a collaboration that has not been possible in 
the traditional Japanese education system. 
We hope such a collaborative educational 
program will strengthen the relations 
between academia and industry for the 
coming generations, leading the way to 
advanced treatment research for intractable 
diseases.”

During their visit, on which they 
will be joined by their Professor, Masayuki 
Miyasaka, a world-renowned immunologist, 
the students will also meet scientists at the 
SciLifeLab at the Karolinska Institutet, one 
of the largest medical universities in Europe. 
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T o stay ahead of the diverse and  
 evolving needs of its global customer  
 base, Quintiles signed an agreement 

to acquire Novella Clinical, a full-service 
clinical research organization (CRO) focused 
primarily on emerging oncology customers 
as well as those in the medical device and 
diagnostics sectors.  

“The expertise and insight the Novella 
team brings will be a strong addition to 
our existing capabilities and help further 
differentiate Quintiles in an increasingly 
competitive marketplace,” said Paula Brown 
Stafford, President, Clinical Development 
at Quintiles. “Novella’s understanding of 
emerging companies, as well as our shared 
commitment to quality, customer service, 
and above all, the patients we ultimately 
serve, makes this acquisition a good fit 
for both organizations. We look forward 
to working collaboratively with Novella to 
leverage the synergies that exist between 
our companies to help drive business growth 
while continuing to meet the needs of our 
customers.”

 Novella’s infrastructure and approach 
to clinical research were created with the 
operational needs of its unique customer 
base in mind, and constructed to best 
support these specific customer groups. By 
joining Quintiles, Novella will be able to 
continue this specialized focus while at the 
same time leveraging Quintiles’ scale and 
resources to provide new global capabilities 
to its existing and future customers.

 “We are extremely excited about the 
opportunity to join Quintiles – the global 
leader in our industry,” said Richard Staub, 
President and CEO of Novella.  “Since our 
founding fifteen years ago, Novella has been 
committed to serving emerging companies 
by offering personal attention and flexibility 
in addition to our extensive therapeutic 
experience. By joining Quintiles, we will 
be able to extend the geographic reach of 
our services exponentially while remaining 
committed to the values and business 
approach that makes us a great partner to 
our customers.”

Novella is headquartered in Research 
Triangle Park, N.C., and has more than 800 

Quintiles acquires Novella Clinical
professionals located throughout North 
America and Europe. Upon completion of 
this transaction, Novella will operate as 
a unit within Quintiles and be known as 
“Novella Clinical, a Quintiles company.”  The 
transaction, which is subject to standard and 

customary closing conditions, is expected to 
close later this quarter. 

 Financial terms of the transaction 
are not being disclosed. The acquisition is 
not expected to have a material impact on 
Quintiles’ 2013 earnings per share.
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T im Reiner has been appointed as  
 Mundipharma’s Head of Business  
 Development for Asia, Latin America 

and the Middle East/North Africa with effect 
from 1 June, 2013, to further strengthen the 
company’s presence in key growth regions. 

Tim joins Mundipharma Pte. Ltd. from 
McKinsey where he spent the last 7 years 
on the McKinsey Global Rotation Program, 
leading more than 55 consulting projects 
across pharmaceutical, consumer, and other 
healthcare and industrial clients. Since 2010, 
he was one of the leaders in McKinsey’s 
EMEA Pharmaceutical and Medical Products 
Practice, and co-founded the Healthcare/
Private Equity practice joint-venture. 

During his tenure, in addition to his 

Tim Reiner joins Mundipharma’s regional office
client service, he led the development 
of McKinsey’s standard approach for 
pharmaceutical and medical product 
diligences, and served as faculty at 
McKinsey’s internal private equity and due 
diligence trainings. Prior to McKinsey, Tim 
worked with a mid-market private equity 
fund and the University of Minnesota’s 
Ventures Enterprise to identify investment 
opportunities in biopharmaceuticals and 
other industries. 

Raman Singh, Regional Director, Asia 
Pacific, Latin America, Middle East and 
Africa, said, “We are delighted to have Tim 
on board with Mundipharma in Singapore, 
bringing his rich experience and proven 
leadership abilities in pharmaceutical and 

medical products practices across multiple 
important markets globally. Having him 
head our business development in Asia, 
Latin American, and the Middle East/
North Africa will bring positive growth and 
help Mundipharma further strengthen our 
operations throughout these developing 
regions.” 

Tim Reiner, who relocated to Singapore 
in June, said, “I’m excited to be joining 
Mundipharma, a company with such wide 
reach globally, and that has been delivering 
consistently high quality products in the field 
of pain management. It’s great to be part 
of a company still very open to exploring 
new fields and dedicated to expanding its 
business for patients worldwide.”
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D aiichi Sankyo Company, Limited will  
 expand its Take a New challenge  
 for Drug diScovery (TaNeDS) Global 

Program, a collaborative drug discovery 
program with universities and research 
institutions based in Japan, to Germany, 
Switzerland and Austria. As part of the 
program, Daiichi Sankyo is seeking to 
work with innovative partners for research 
that could result in novel drug discovery 
candidates and novel new drugs.

 The TaNeDS program is open to 
researchers of any nationality employed by 
universities, research institutes and start-

Daiichi Sankyo to expand its collaborative drug discovery 
program to Germany, Switzerland, and Austria

up companies in Germany, Switzerland 
and Austria who can conduct research in 
those countries with projects that align 
with Daiichi Sankyo’s research areas of 
interest, which include novel biologic agents 
(antibody drugs, etc.) for treatment of 
cancer, small-molecule cancer therapeutics, 
novel drug treatments for diabetes and 
complications of diabetes, novel mechanisms 
for genetic disorders, novel target molecules 
and delivery systems for nucleic acid 
treatments, and technology for protein x-ray 
crystallography.

 Daiichi Sankyo and U3 Pharma GmbH 
(headquarters, Munich, Germany; hereafter, 
U3 Pharma), a wholly owned subsidiary of 
Daiichi Sankyo, will select institutions that 
match their research needs and demonstrate 
originality, potential and promise as drug 
discovery candidates.

 The TaNeDS collaborative drug 
discovery project was launched in Japan in 
2011 to help discover new lines of research 
through open innovation. Many researchers 
in Japan have applied to the program and 
research on selected themes is currently 
being conducted.
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E urofins Scientific specializing in food,  
 environment and pharmaceutical  
 products testing, has signed an 

agreement with GE Healthcare for the 
exclusive right to offer GE Healthcare’s 
Cytiva™ Cardiomyocytes for drug discovery 
and early development cardio toxicity 
screening services. 

The agreement allows Eurofins 
Panlabs to provide a unique offering for 
an early predictive measure of cardiac 
toxicity and function in a cost-effective 
and time-efficient manner compared to 
current expensive and time-consuming 
animal testing models. The initial range of 
cardiotoxicity screening services covered by 
the exclusive right will be expanded during 
the term of the agreement.

Eurofins Panlabs strengthens drug discovery services with  
GE Healthcare’s Cytiva™ Cardiomyocytes

In drug development, up to three 
quarters of toxicity problems remain 
undetected until preclinical or later stages. 
Cardiotoxicity and hepatotoxicity are 
common causes of drug safety liabilities and 
withdrawal of drugs during development. 
The availability of more biologically relevant 
and predictive assays and cell models is key 
to helping improve the success rate and 
reducing the cost of the drug discovery and 
development process. 

GE Healthcare is pioneering the 
development of human cell-based models 
such as Cytiva Cardiomyocytes, which 
provide a biologically relevant alternative 
to current cell models and primary cells for 
predictive cardiotoxicity testing.

Comments from Dr. Usha Warrior, 
Senior Director, Eurofins Panlabs: “This 

agreement gives us exclusivity in the 
CRO space to develop new assays for key 
indicators of cardiotoxicity using Cytiva 
cells for our clients. It also demonstrates 
our commitment to continuously develop 
the portfolio of services we offer to help 
clients systematically reduce the risk in the 
drug discovery  and development process.” 

Eric Roman, General Manager of 
Research and Applied Markets, GE Healthcare 
Life Sciences, said: “The agreement with 
Eurofins Panlabs will help realize our vision 
of bringing the benefits of human cell-based 
assays and models to pharmaceutical and 
cell science research. Cardiotoxicity is a 
common cause of late-stage drug failure, so 
it’s vital that developers have access to the 
right tools to help reduce this high attrition 
rate and to help increase patient safety.”
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AUGUST 2013
6 - 10 August
Prostate Cancer World Congress 
Incorporating 14th Australasian Prostate 
Cancer Conference
Australia
Tel: 011-61-3-9682-0244
Fax: 011-61-3-9682-0288
Email: pcwc2013@icms.com.au
URL: http://www.prostatecancerresearch.org.
au/conferences

16 - 17 August
Australasian Gynaecological Endoscopy & 
Surgery (AGES) Pelvic Floor Symposium & 
Workshop 14
Sydney, Australia
Contact Person: Mrs. Michele Bender 
Tel: 011-61-2-9967-2928
Fax: 011-61-2-9967-2627
Email: conferences@ages.com.au
URL: http://www.ages.com.au/

7 - 9 August
International Congress on Natural Sciences 
and Engineering (ICNSE)
Bali, Indonesia
Contact person: Chelsea Kao
Tel: + 886 2 2740 1498
Fax: + 886 2 2752 2642
URL: http://www.icnse.org/

16 - 17 August
World Congress on Gastrointestinal Cancer: 
Asian Perspectives
China
Tel: 770-751-7332
Fax: 770-751-7334
Email: meetings@imedex.com
URL: http://imedex.com/gi-cancer-congress-
asia/index.asp

16 - 18 August
The Annual International Conference on 
Science and Engineering in Biology, Medical 
and Public Health (BioMedPub)
Jakarta, Indonesia
E-mail: biomedpubconf2013@gmail.com   
URL: http://www.biomedpub.org/

20 - 21 August
5th BioProcess International China
Shanghai, China
Contact: Shanice Soh
Tel: +65 6508 2461
Email: shanice.soh@ibcasia.com.sg
URL: http://www.ibclifesciences.com/
BPIChina/overview.xml/

20 - 25 August 
2013 Australian & New Zealand Society of 
Cardiac & Thoracic Surgeons (ANZSCTS) 
Annual Scientific Meeting
Australia
Tel: 011-61-2-9328-0605
Fax: 011-61-2-9362-1433
Email: info@ascts.org
URL: http://www.anzscts.org/

22 - 24 August
9th Singapore International Congress of 
Obstetrics & Gynaecology (9SICOG 2013)
Singapore
Email: secretariat.sicog@ubm.com
URL: http://www.sicog2013.com/

24 - 29 August
27th International Pediatric Association 
Congress of Pediatrics
Melbourne, Australia
Tel: 011-41-22-908-0488
Email: enquiries@mcec.com.au
URL: http://www2.kenes.com/IPA/Pages/
home.aspx

24 - 25 August
2013 2nd International Conference on 
Biotechnology and Food Engineering  
(ICBFE 2013)
Contact person: Ms. Feng
E-mail: icbfe@cbees.org
URL: http://www.icbfe.org/

26 - 27 August
Annual International Conference on 
Agriculture: Environmental Studies and 
Engineering (AESE 2013)
Singapore, Singapore, Singapore
Tel: +65 6327 0166
Fax: +65 6327 0162
URL: http://agri-conf.org/

27 - 31 August 
2013 Annual Scientific Meeting of Australian 
& New Zealand Society of Occupational 
Medicine (ANZSOM)
Australia
Contact Person: Amanda Sillcock 
Email: amandas@bigpond.net.au
URL: http://www.anzsom.org.au/EDUCATION-
TRAINING/Annual-Scientific-Meeting-2013/
ANNUAL-SCIENTIFIC-MEETING-.asp

27 - 29 August 
3rd International Public Health Conference 
& 20th National Public Health Colloquium
Kuching, Malaysia
Phone: 011-60-3-9145-6041
Fax: 011-60-3-9145-6670
Email: collo.secretariat@gmail.com
URL: http://www.pubhealthcollo.org/
pubhealthcollo.asp

28 - 31 August 
5th Biennial Meeting of the International 
Society for Gastrointestinal Hereditary 
Tumours
Australia
Contact Person: Heather Howard or  
Rania Horaitis 
Tel: 011-61-3-8344-1823 /  
011-61-3-8344-1831
Email: info@meeting-makers.com
URL: http://wired.ivvy.com/event/cairn

30 - 31 August 
2013 Annual Meeting of Australasian 
Diabetes in Pregnancy Society (ADIPS)
Sydney, Australia
Tel: 011-61-3-5983-2400
Fax: 011-61-3-5983-2223
URL: http://www.adipsasm.org/

30 August - 3 September 
16th Tri-Annual International Pediatric 
Nephrology Association Congress
China
Email: secretariat@ipna2013.org
URL: http://www.ipna2013.org/ipna/

30 August - 1 September 
Asia Pacific Stroke Conference
China
Tel: 011-852-2911-7931
Fax: 011-852-2838-7244
Email: apsc2013@mci-group.com
URL: http://www.apsc2013hk.com/en/

30 August - 1 September 
Symposium of the Asia Pacific League of 
Associations for Rheumatology
Indonesia, Bali
Contact: Shidah Isa 
Tel: 011-65-6292-4710
Fax: 011-65-6292-4721
Email: aplarsymposium@kenes.com
URL: http://www2.kenes.com/aplar/pages/
home.aspx



64 

ONFERENCE
C A L E N D A RC

ASIA PACIFIC BIOTECH NEWS

2 - 6 September 
13th Congress of the Asian Society of 
Transplantation
Japan
Tel: 011-81-6-6229-2555
Fax: 011-81-6-6229-2556
Email: cast2013@congre.co.jp
URL: http://www.congre.co.jp/cast2013/

2 - 4 September
Bioplasma World Asia 2013
Bali, Indonesia
Contact Person: Patricia Chong
Tel: +65 6493 1871
Email: patricia.chong@imapac.com
URL: http://www.imapac.com/index.
php?page=BioplasmaWorldAsia2013

3 - 6 September
12th Australian Palliative Care Conference
Canberra, Australia
Tel: 011-61-2-9954-4400
Fax: 011-61-2-9954-0666
Email: apcc2013@dcconferences.com.au
URL: http://www.dcconferences.com.au/
apcc2013/

4 - 5 September
Vitafoods Asia 2013
Hong Kong, China
Contact: Caroline Watson
Tel: +44 (0)20 7017 5408
Email: caroline.watson2@informa.com 
URL: http://www.vitafoodsasia.com/wbbte

4 - 6 September 
5th Partnerships in Clinical Trials
Shanghai, China
Contact: Shanice Soh
Tel: +65 6508 2461
Email: shanice.soh@ibcasia.com.sg
URL: http://www.iirusa.com/clinicaltrialsasia/
event-welcome.xml

5 - 8 September
The 8th Asia Pacific IAP Congress
Busan, South Korea
Bexco
Contact Person: Ms. Chloe Jo 
Tel: 82-260-002-502 
Email: abstract@apiap2013.org

SEPTEMBER 2013
5 - 8 September
3rd International CME, Workshop & 
Conference on Cost Effective Use of 
Technology in Emergency Healthcare
Contact: Dr Deepak Agrawal 
Tel: 011-91-98-6839-8565
Email: ceuteh2013@gmail.com
URL: http://jpnatc.com/conference/
ceuteh2013/

6 - 7 September 
9th Annual Conference of Indian Society for 
Bone & Mineral Research (ISBMR)
India
Email: isbmrindia@gmail.com
URL: http://www.isbmr.org/2013-isbmr-
annual-conference.asp

12 - 14 September 
9th Scientific Meeting of the Australasian 
Society for Breast Disease
Australia
Tel: 011-61-7-3847-1946
Fax: 011-61-7-3847-7563
Email: info@asbd.org.au
URL: http://www.asbd.org.au/meetings.php

12 - 16 September
17th Congress of the International Society 
for Burn Injuries (ISBI)
Sydney, Australia
E-mail: privatehealthcareaustralia2012@
arinex.com.au
http://isbi2014.com/

21 - 24 September
World Congress of Gastroenterology
Shanghai, China
Tel: 011-65-6346-4402
Fax: 011-65-6346-4403
Email: congress_international@gastro2013.
org
URL: http://www.gastro2013.org/

23 - 25 September
6th China Medical Biotech Forum
Shenzhen, Zhejiang , China
Shenzhen Convention & Exhibition Center
Contact Person: Ella Yu 
Tel: 86-411-847-996-09814 
Email: ella@cmbfcon.com
URL: http://www.medbioforum.org/

23 - 25 September
2nd World Congress of Food Science and 
Technology 2013
Hangzhou, China
Contact Person: Helen Tian 
Tel: 86-411-845-756-69855
Email: helen@foodstcongress.com

24 - 25 September
Biosimilars Asia Congress 2013
Singapore
Contact: Kathryn Randall 
Email: k.randall@oxfordglobal.co.uk
URL: http://www.biosimilarsasia-congress1.
com/

24 - 25 September
Cell Culture Asia Congress 2013
Singapore
Contact: Kathryn Randall 
Email: k.randall@oxfordglobal.co.uk
URL: http://www.cellcultureasia-congress1.
com/

24 - 26 September 
Vaccine World China 2013
Chengdu, China
Contact Person: Jen Cheng
Tel: +65 6493 1871
Fax: +65 6270 2792
Email: jen.cheng@imapac.com
URL: http://www.imapac.com/index.
php?page=VaccineWorldChina2013

26 - 28 September 
Malaysian Society of Interventional 
Radiology 2013
Malaysia / Kuala Lumpur 
Contact: Shu Shan Bhd
Tel: 011-60-3-2162-0566
Fax: 011-60-3-2161-6560
Email: mysir2013@console.com.my
URL: http://www.mysir.org
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1 - 3 October
Practical Approach to Process Scale-Up in 
the Pharmaceutical Industry
Kuala Lumpur, Malaysia
Contact Person: Sean Safarkhani
Tel: +603 2141 5357    
Fax: +603 2141 5350
Email: sean.safarkhani@fleminggulf.com
URL: www.fleminggulf.com

1 - 4 October
Special Congress on Addiction and  
Mental Health
Malaysia / Kuala Lumpur 
Email: cinpspecialcongress@icms.com.au
URL: http://cinpspecialcongress.com/

3 - 5 October
10th Meeting of Asian Society of 
Cardiothoracic Anesthesiologists
Singapore
Contact Person: Joey Choo 
Tel: 011-65-6618-2235
Fax: 011-65-6886-9536
Email: register@events360.com.sg
URL: http://asca2013.sg/

6 - 9 October
23rd World Congress on Ultrasound in 
Obstetrics & Gynecology
Sydney, Australia
Tel: 011-44-20-7471-9955
Fax: 011-44-20-7471-9959
Email: congress@isuog.org
URL: http://www.isuog.org/
WorldCongress/2013/

8 - 9 October 
2nd Palm Oil Africa- Gabon
Gabon, Africa
Contact Person: Ms. Hafizah Adam
Tel: +65 6346 9218
Email: hafizah@cmtsp.com.sg
URL:  http://www.cmtevents.com/main.
aspx?ev=131042&pu=222793

8 - 10 October
LabAsia 2013
Kuala Lumpur, Malaysia
Tel: +603 8023 0820  
Fax: +603 8023 0830
Email: enquiry@ecmi.com.my
URL: http://www.lab-asia.com/index.php/
malaysia

10 - 12 October 
GBCC 2013 (Global Breast Cancer 
Conference 2013) 
Seoul, South Korea
Contact Person: Jay Hwang
Tel: +82 2 501 7065 or +82 2 3452 7291
Fax: +82 2 3452 7292
Email: gbcc@intercom.co.kr
URL: http://www.gbcc.kr

12 - 16 October 
17th Congress of the International Society 
for Burn Injuries (ISBI)
Sydney AUSTRALIA 
Email: privatehealthcareaustralia2012@
arinex.com.au
http://isbi2014.com/

12 - 14 October 
BIT’s 6th Annual World Congress of 
Regenerative Medicine & Stem Cells-2013
Dalian, China
Contact Person: laura@bitconferences.com 
Tel: 0086-411-847-996-09801

12 - 14 October
1st Annual World Congress of Geriatrics and 
Gerontology 2013
Dalian , Liaoning, China
Contact Person: Julia Wang
Tel: 86-411-845-756-69873 
Email: julia@wcgg-bit.com

14 - 17 October
Stem Cells in Science and Medicine
Suzhou, China
Tel: 224-592-5700
Fax: 224-365-0004
Email: isscr@isscr.org
URL: http://www.isscr.org/home/confseries/
suzhou-2013

17 - 19 October
2013 SICOT Orthopaedic World Congress
Hyderabad, India
Tel: 011-32-2-648-6823
Fax: 011-32-2-649-8601
Email: congress@sicot.org
URL: http://www.sicot.org/?id_page=657

19 - 22 October 
4th International Conference on Stem Cells 
and Cancer (ICSCC-2013): Proliferation, 
Differentiation and Apoptosis
Mumbai, Maharashtra, India
Contact person: Prof. Dr. Sheo Mohan Singh
Email: icscc2013@gmail.com
URL: http://www.icscc.in/

20 - 24 October
The 23rd Asian and Oceanic Congress of 
Obstetrics and Gynaecology 2013 
Bangkok, Thailand 
Contact Person: Kenes Asia
Tel: +66 2 748 7881
Fax: +66 2 748 7880
Email:  aocog2013@kenes.com
URL: http://www.aocog2013.org/

21 - 23 October
BioMalaysia & Bioeconomy Asia Pacific 2013 
Conference & Exhibition
Johor Bahru, Malaysia
Contact Person: Jeanne Loh 
Email: jeanne@protempgroup.com
Tel: +60361406666
URL: www.biomalaysia.com.my 

23 - 26 October
2013 Annual Meeting of the Asia Pacific 
Chapter of the Tissue Engineering & 
Regenerative Medicine International Society 
(TERMIS)
Shanghai, China
Contact Person: Zhi-Yong Zhang
Tel: 011-86-21-3429-1002 ext. 2304
Fax: 011-86-21-3429-2305
Email: termis2013@gmail.com
URL: http://www.termis.org/ap2013/

24 - 27 October
2013 Diabetes Asia
Malaysia
Tel: 011-60-3-7876-1676
Fax: 011-60-3-7876-1679
Email: enquiry@nadidiabetes.com.my
URl: http://www.nadidiabetes.com.my/
article.php?aid=145

25 - 27 October
2013 Paediatric Acute Care Conference
Australia
Tel: 011-61-40-493-8656
Email: info@apls.org.au
URL: https://www.apls.org.au/pac-
conference/pac-2013-conference

25 - 27 October
8th Asian Conference on 
Pharmacoepidemiology (ACPE)
China
Contact Person: Ms. Janet Yeung 
Tel: 011-852-2831-5110
Fax: 011-852-2817-0859
Email: info@acpe-hongkong.org
URL: http://acpe-hongkong.org/

25 - 27 October
2nd World Summit on Echocardiography
New Delhi, India
Contact Person: Raju Gandha 
Tel: 011-91-124-463-6700
Fax: 011-91-124-410-2075
Email: raju@kwconferences.com
URL: http://www.wsecho.com/

25 - 27 October
4th Asia Pacific-Singapore Otology 
Neurotology & Skull Base Congress
Singapore
Contact Person: Tan Ee Sia 
Tel: 011-65-6618-2235
Fax: 011-65-6886-9536
Email: register@events360.com.sg
URL: http://apsonscgh.weebly.com/

27 - 30 October
15th World Conference on Lung Cancer 
Sydney, Australia 
Contact Person: Grit Schoenherr
Tel: +1 604 681 2153
Fax: +1 604 681 1049
Email: WCLC2013@icsevents.com
URL: http://www.2013worldlungcancer.org
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