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Foreword

Since its establishment in 1996, the National Health Research Institutes has aimed at advancing med-
ical knowledge and developing biotechnology through its state-of-the-art intramural research programs, 
while continuing to fulfill its many other roles, including acting as a think tank for medical health re-
search and development, promoting cooperation to boost Taiwan’s biotechnology industry, and advising 
the government on health-related policies. 

The recent discovery of the widespread contamination of food with the harmful plasticizer DEHP 
has raised great concern. Studies have already found that people in Taiwan have DEHP levels two to 
three times higher than elsewhere; and among pregnant women the levels can reach as high as thirty-
fold. This can have far-reaching health effects, especially for fetuses and children. As part of its mandate 
to help serve the nation’s health needs, NHRI has already conducted several long-term studies of the 
developmental effects of environmental hormones, including DEHP, on newborns and pregnant women. 
NHRI is continuing its work by forming a team of experts to conduct further research (such as a cohort 
study) and to advise the government on how best to deal with this critical issue.

This report outlines NHRI’s research highlights and achievements in the year 2010. Despite having 
to deal with budget cuts rooted in the global economic slowdown and having to pay enormously high 
maintenance costs because of a hike in the electricity rate, NHRI had a tremendously successful year due 
to the hard work and talent of all those with NHRI. To name a few, their accomplishments over the past 
year include:

• publishing more papers than in any previous year

• winning national innovation awards

•  achieving improved results in research and development

•  conducting several phase I and phase II clinical study in investigational new drugs and vaccines

•  filing for and receiving more patents

•  expanding cooperation with biotechnology companies to commercialize new products.

Further testament to recent achievements is that in May 2011 NHRI’s fifth and the sixth institutes 
were formally established: the Institute of Molecular and Genomic Medicine, and the National Institute 
of Infectious Disease and Vaccinology, respectively. The latter was formed by combining the Division of 
Infectious of Diseases and the Vaccine Research and Development Center.

This growth further enhances NHRI’s environment as a place where self-motivated scientists can use 
their expertise, passion, and creativity to expand medical knowledge for the well-being of people around 
the world.

Kenneth K. Wu, M.D., Ph.D.
President of NHRI
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Institute of Biotechnology and Pharmaceutical 
Research
Mission

In August 2010, the Division of Biotechnology and Pharmaceutical Research (DBPR), which had 
been established in 1998, was reorganized into the Institute of Biotechnology and Pharmaceutical Re-
search (IBPR). The institute aims to conduct integrated new drug R&D to develop patented novel drugs 
and technologies; to promote collaboration with industrial, academic, and research partners; to institute 
technology transfers, furthering R&D accomplishments; and to build a novel drug R&D technology 
platform that will be not only one of the most important novel drug research centers in Taiwan but also 
important on the international level. This significant assignment is executed via:

• establishment and maintenance of an integrated multi-disciplinary drug discovery team to conduct R&D 
work in fields including molecular biology, medicinal chemistry, molecular modeling, automated high-
throughput screening, pharmacokinetics, drug metabolism, animal pharmacology, and pharmaceutical 
development;

• discovery and development of novel therapies for locally prevalent diseases and others, based on medical 
needs;

• development of a collaborative network with domestic academic, research, and industrial partners through 
research cooperation and drug-candidate transfers to best utilize available resources and promote the insti-
tute’s research achievements.

Chiung-Tong 
Chen

Yu-Sheng Chao
Director

Xin Chen Chern Jyh-Haur 
Chern

Hsing-Pang Hsieh

Weir-Torn JiaangMing-Shiu Hung Jinq-Chyi Lee Shiow-Ju Lee Shiow-Lin Pan

Tsu-An John Hsu

Kak-Shan Shia

Shau-Hua Ueng Su-Ying Wu Shiu-Hwa Yeh Teng-Kuang Yeh Yueh Andrew 
Yueh
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Major Achievements
In their role as the upstream of Taiwan’s drug 

R&D system, IBPR’s integrated research groups 
cooperatively participate in new drug research, 
identification, and further development. The iden-
tified drug candidates are then linked to the mid-
stream and downstream of the drug development 
system for scale-up synthesis, formulation studies, 
CMC (chemistry, manufacturing and control) and 
GMP (good manufacturing practice) production, 
GLP (good laboratory practice) toxicity and toxi-
cokinetic studies, safety pharmacology studies, 
and further clinical trials to create a competitive 
advantage in the biotechnology and pharmaceuti-
cal industries. Meanwhile, the groups make good 
use of domestic research resources to build up re-
lated advanced technologies to upgrade new drug 
R&D in Taiwan.

A. Drug Discovery

The institute continues to identify lead com-
pounds and drug candidates, and to move these 
into the preclinical and clinical stages. As of De-
cember 2010, institute members have been granted 
54 patents and had 243 papers published.

1. Anti-cancer drug discovery

Since chemotherapy is not a cure for all can-

cers and its side effects often include serious dis-
comfort for patients, investigating new targeted 
therapies for cancers has become an important 
strategy in novel drug discovery. Advantages of 
targeted therapies include:

• valid clinical efficacy; 

• reduction in R&D time;

• higher safety assessment in conformity with the 
trend in personalized medicine.

In 2007 the institute began several target-
based cancer projects against 4 series of molecular 
targets: Aurora A and B kinases, epidermal growth 
factor receptor kinase (EGFR), indoleamine 
2,3-dioxygenase (IDO), and FMS-like tyrosine 
kinase 3 (FLT3). Several potential lead compounds 
have been found. Lead optimization is being fur-
thered; potency improvements are being made to 
form drug-like physicochemical properties; novel 
proprietary molecules are being developed; and 
animal pharmacology is being improved.

(1) Aurora kinase inhibitors

Aurora kinases belong to the serine/threonine 
subclass of kinases and are involved in the regu-
lation of mitosis. Aurora A is involved in centro-
some maturation and separation, bi-polar spindle 
assembly, and mitotic entry. Aurora B is essential 
for accurate chromosome segregation and cytoki-
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nesis. Both Aurora A and B levels are up-regulated 
in various cancers, including breast and colorectal 
cancers; the deregulated Aurora kinase activity has 
been linked to genetic instability, defects in cen-
trosome function, spindle assembly, chromosome 
alignment, and cytokinesis, all of which can lead to 
tumorigenesis. Based on analysis of the structures 
of aurora kinase inhibitors that had entered clinical 
trials, the institute screened its in-house compound 
library collection for Aurora kinase inhibition to 
identify a compound as a novel aurora kinase in-
hibitor. Researchers are working on identifying 
compounds that can improve oral bioavailability 
as well as increase the therapeutic index (Figure 1).

Figure 1. Drug design of Aurora inhibitors.

erlotinib, first-generation EGFR tyrosine kinase 
inhibitors (TKIs), have both been approved for the 
treatment of NSCLC by the U.S. Food and Drug 
Administration — in 2003 and 2004, respectively. 
However, the clinical benefits of these first-gener-
ation TKIs are modest because of the development 
of drug-acquired resistance within 6–12 months 
of the initiation of therapy. Therefore, the institute 
wishes to discover second-generation medicines as 
EGFR inhibitors for NSCLC patients. A lead com-
pound has been identified with oral in vivo activity 
and demonstrated to have significant anticancer ef-
ficacy. Further modifications are ongoing to iden-
tify promising “development candidates.”

(3)  Indoleamine 2,3-dioxygenase inhibitors

Immunotherapeutic strategies against cancer 
have received intensive study. Indoleamine 2,3-di-
oxygenase (IDO) is a new molecular target owing 
to its role in tolerance and immunosuppression by 
controlling tryptophan catabolism. Prior studies 
on IDO inhibitors indicate their abilities to limit 

tumor growth. When combined 
with chemotherapeutic agents, IDO 
inhibitors lead to rapid regression 
of established malignancies in mice. 
To identify novel and selective IDO 
small-molecule inhibitors, virtual 
and high-throughput screenings 
have been initiated to identify hit 
compounds; several classes of po-
tential IDO inhibitors have already 
been identified for further study 
(Figure 2).

Figure 2. The inhibition of IDO activity by compound 1 in 
comparison to reference compound.

(4)   FLT3 kinase inhibitors

Acute myeloid leukemia (AML) 
is the most common type of leuke-

mia in adults. AML is an aggressive disease with 
rapid growth of abnormal leukemic cells in bone 
marrow that results in failure of production of 
normal blood cells. FLT3, a cell-surface receptor 
belonging to the class III receptor tyrosine kinase 
family, plays a pivotal role in differentiation and 
survival of hematopoietic stem cells in bone mar-
row (Figure 3). FLT3 kinase, a promising molecu-
lar target for development of inhibitors for therapy 
of AML, is frequently over-expressed and mutated 
in AML patients. A number of small-molecule 
FLT3 inhibitors have entered clinical phase I and 
II trials. At NHRI, IBPR has discovered 2 novel 
series (sulfonamide series and urea series) of po-
tent FLT3-targeted small molecule inhibitor. 

(2) EGFR kinase inhibitors

Lung cancer is the leading cause of cancer 
death worldwide. Non-small cell lung cancer 
(NSCLC) comprises 80% of lung cancer. Epi-
dermal growth factor receptor (EGFR) is over-
expressed in 50% of NSCLC; and its expression 
is correlated with poor prognosis. Gefitinib and 
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Figure 3. Structure of FLT3 (FMS-like tyrosine kinase 3).

 2. Anti-diabetes drug discovery

Type 2 diabetes (T2D) has become prevalent 
worldwide; and the number of T2D patients is ex-
pected to increase even more with the prevalence 
of obesity. T2D has resulted in many complica-
tions in addition to mortality, such as cardiovascu-
lar diseases and associated neuropathy, which have 
increased the economic burden to society. There-
fore, development of new pharmacotherapeutics 
for T2D is an urgent medical need.

(1) Cannabinoid receptor 1 (CB1) antagonists

Cannabinoid receptor 1 (CB1), in addition to 
its well-known effect on appetite control mediated 
by its central action, is present in several metabolic 
tissues to regulate lipid and glucose homeostasis. 
Increasing evidence indicates that the CB1 present 
in the peripheral tissues, including fat and liver, 
could be a potential target to ameliorate metabolic 
syndromes such as T2D. It is widely accepted that 
CNS adverse effects are significantly attenuated 
when drugs act exclusively on receptors or en-
zymes located in the peripheral system rather than 
CNS. As such, instead of developing conventional 
brain-penetration CB1 antagonists, a new subject 
focused on exploring peripherally restricted CB1 
antagonists was then initiated. An IBPR research 
team found a compound that possessed a much 
higher concentration in blood than in the brain, im-
proved metabolic parameters, induced weight loss, 
and increased body temperature in high-fat diet-
induced obese mice. Researchers keep developing 
a series of peripherally acting CB1 antagonists 
by peripheral chemical modifications to generate 
more polar analogues, wherein brain penetration 
will be expected to be significantly reduced (Figure 
4).

Figure 4. Animal models for evaluation of central respons-
es of CB1 compounds.

(2) Sodium-dependant glucose co-transporter (SGLT2) 
inhibitors

The kidney plays an important role in the 
regulation of plasma glucose. After filtration of 
plasma glucose in the kidney glomerulus, more 
than 99.0% of the renal glucose is reabsorbed. In-
hibition of SGLT2 is thus expected to suppress the 
renal glucose reabsorption and increase the excre-
tion of urinary sugar, and consequentially reduce 
glycemic levels. In addition, preclinical studies 
have indicated that SGLT2 inhibitors do not in-
duce significant increases in urinary electrolyte ex-
cretion or hypoglycemia. Hence the development 
of SGLT2 inhibitors as anti-diabetic drugs has 
received widespread attention across the pharma-
ceutical industry. At IBPR, researchers aim to de-
sign and synthesize a series of metabolically stable 
β-glycosides as potential anti-diabetes drugs.

3. Anti-infectious drug discovery

Hepatitis C virus (HCV) infection is a major 
health problem with an estimated 170 million 
infected people worldwide. HCV, a small (+)-
RNA virus in the family Flaviviridae, was ini-
tially described in 1989 and has 6 genotypes with 
numerous subtypes. If left untreated, hepatitis C 
can progress to cirrhosis, hepatocellular carci-
noma (HCC), and liver failure, making it a major 
cause of liver transplantation. No vaccine is cur-
rently available to prevent hepatitis C; and exist-
ing treatments for chronic hepatitis C are limited. 
Interferon, with or without ribavirin, is the current 
standard care for treating chronic HCV infections. 
However, this therapy in genotype 1 HCV patients 
has limited efficacy and poor tolerability. In addi-
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out the world. To deal with 
this pressing health concern, 
the institute has formed a re-
search network with Chang 
Gung University, National 
Tsing Hua University, and 
National Chiao Tung Univer-
sity, and has gathered experts 
in influenza biochemistry and 
pharmacology for the drug 
discovery mission against 
the influenza virus. Through 

well-established assay screening, 4 types of 
molecular influenza virus inhibitors have been 
identified.

(2) Inhibition of protein kinases has been proven 
one of the effective drug discovery approaches. 
The Development Center for Biotechnology, 
the Industrial Technology Research Institute 
(ITRI), and IBPR have individually established 
several in vitro molecular-based as well as cell-
based screening platforms. Since integration 
and sharing resources will accelerate the R&D 
of potential drug leads, the institute has built up 
a collaborative mechanism so that IBPR, ITRI, 
and the Development Center for Biotechnology 
can share kinase activity assay technologies. 
The collaboration efforts are expected to be 
beneficial for the participating parties by broad-
ening the assay capability spectrum on kinases 
and reducing the cost of drug discovery, while 
allowing each to keep the own intellectual 
property rights to their own compounds. The 
ultimate goal of the project is to facilitate the 
discovery of hit compounds and/or drug leads 
by any of the participating parties.

B. Core Facilities and Services

1. High-throughput screening core

The core operates by integrating the technolo-
gies behind automated operation platforms, assays 
for rapid detection, and database management. In 
the past year, several active compounds have been 
obtained, including anti-HCV compounds, DPP-
IV inhibitors, and anti-cancer and anti-obesity 
compounds. In addition, as a core facility for the 
National Science and Technology Program for 
Biotechnology and Pharmaceuticals (NSTP-BP), 
the high-throughput screening core provides ser-
vices for in vitro testing of synthetic compounds 
and natural products for anti-cancer and anti-

tion, this treatment is frequently associated with 
significant side effects that can lead to discontinu-
ation of therapy in approximately 20% of patients. 
Thus there is an urgent need for the development 
of more efficacious anti-HCV agents with fewer 
limitations and less side effects. Here IBPR re-
searchers report the synthesis and identification of 
a new class of potent and specific small molecule 
inhibitors targeting the NS5A protein (Figure 5). 
An identified drug candidate, DBPR110, exhibited 
extremely potent anti-HCV activity. In addition, 
DBPR110 showed good oral bioavailability and 
was well tolerated in animal studies, with elevated 
liver concentrations relative to plasma levels, and 
potential for once-daily dosing in humans. Resis-
tance studies to date suggest that DBPR110 will 
likely have a high resistance barrier requiring mul-
tiple substitutions within the NS5A gene. These re-
sults clearly demonstrate DBPR110’s potential as 
a therapeutic for the treatment of HCV infection. 
The institute plans to move the anti-HCV candi-
date to preclinical development phase in 2011.

Figure 5. NS5A exists in 2 distinct phosphorylated forms. They play different roles in 
various parts of the viral life cycle.

4.	 Pain	relievers	—	Opioid	allosteric	modifiers

Opioids are the most effective analgesics in the 
world; but related addiction and tolerance effects 
are serious clinical problems. Thus, it is highly 
desirable to design an analgesic that does not have 
side effects. Agonists and antagonists of opioid re-
ceptors have similar structures; the difference lies 
in the ability to interfere with the movement of the 
fourth transmembrane domain (TM4) of opioid 
receptors. An antagonist will change to an agonist 
when a mutant form of the opioid receptor ignores 
the side chain modification of the antagonist. A re-
search team of IBPR has launched a project to find 
a new approach for pain management.

5.	 Across-field	research	collaboration	and	resource	
sharing in novel drug R&D

(1) Influenza remains a critical health issue through-
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diabetes agents in various projects of the program.

2. Recombinant protein core

The core offers a unified technological infra-
structure for efficient protein expression and pu-
rification to provide sufficient enzymes for large-
scale compound screening as well as structural 
biology initiatives. The core is working to express 
and purify recombinant proteins, such as EGFR 
kinase, Aurora A and B kinases, and influenza 
neuraminidases.

3. Medicinal chemistry for lead optimization core

This supports mission-oriented projects within 
the institutes or across institutes and synthesizes 
series of analogues for each identified pharmaco-
phore in order to optimize the drug’s properties.

4. In vivo / Ex vivo pharmacology core

The core has established a series of in vivo 
/ ex vivo pharmacological models and identified 
several drug leads and candidates against cancer, 
diabetes, enterovirus, and obesity. It also works on 
problems related to acute toxicity and toxicologi-
cal dose range finding in support of drug discovery 
and preclinical development.

Figure 6. Histocultured human tumor xenografts.

5. Pharmacokinetics and drug metabolism (PKDM) 
core

This core provides pharmacokinetic (PK), 
pharmacodynamic, drug metabolism (DM), and 
toxicokinetic support in characterizing drug dis-
position and elimination in animals for lead opti-
mization and identification of preclinical develop-
ment candidates.

C. Development of Drug Candidates

After a drug candidate is selected for further 
development, regulatory agencies require detailed 
information on the formulation, pharmacokinetics, 
drug metabolism, safety pharmacology, and animal 
toxicology of the new candidate for the investiga-
tional new drug (IND) submission. During a new 
drug’s early preclinical development, the primary 
goal of a drug R&D project is to determine if the 
compound is reasonably safe for initial use in hu-
mans, and if the compound exhibits pharmacologi-
cal activity that justifies commercial development. 
All information generated from the preclinical 
studies will be used to evaluate and design the 
clinical trials in humans. The specific aims of the 
preclinical development are to characterize the se-
lected drug candidates for the following in compli-
ance with the regulations for IND evaluation:

• pharmacokinetics/ drug metabolism

• safety pharmacology

• toxicity/ IND-directed toxicology studies

• formulation evaluation and development

• bioanalytical chemistry method validation

• scale-up synthesis

• manufacturing program / quality control 
process.

1. Preclinical development of anti-cancer drug 
candidates

Two anti-cancer drug candidates — DBPR104 
and DBPR204, which are compounds with anti-
tubulin activity — have been discovered at the 
institute. DBPR104, which underwent acute and 
sub-acute toxicology studies during 2005 and 
2006, demonstrates anti-mitotic activity and poten-
tiality in treatment of various malignancies, par-
ticularly in patients with drug resistance. Another 
orally active drug candidate, DBPR204, has been 
in preclinical development since 2007. Technolo-
gies relating to these 2 anti-cancer candidates were 
transferred to SynCore Biotechnology Co., a sub-
sidiary of Sinphar Group, for further development 
and clinical studies in 2008. With the cooperation 
of IBPR and SynCore Biotechnology Co., the U.S. 
Food and Drug Administration approved the IND 
application of DBPR104 in July 2010; in Novem-
ber of the same year the Taiwan Food and Drug 
Administration approved the IND application for 
phase I clinical trials. The drug candidate will be 



12 Institute of Biotechnology and Pharmaceutical Research

boosted into the phase I clinical stage at National 
Cheng Kung University in early 2011.

2. Preclinical development of an anti-diabetes drug 
candidate

A novel dipeptidyl peptidase IV (DPP-IV) in-
hibitor for the treatment of T2D, DBPR108, was 
discovered by IBPR researchers through rational 
design and chemical optimization. Compared with 
Galvus and Januvia, 2 drugs already on the mar-
ket, DBPR108 demonstrates better in vitro DPP-
IV inhibition, better solubility, less plasma protein 
binding, relatively good selectivity, and fewer side 
effects. In animal studies, DBPR108 with good 
pharmacokinetic properties shows it is as good or 
better at lowering blood sugar than Galvus and 
Januvia by oral dosing (Figure 7).

In line with the national Biotechnology Indus-
try Guide Team’s program to promote successful 
biotech investments and to accelerate the develop-
ment of DBPR108, the institute has organized a 
joint project with local pharmaceutical companies 
to establish critical technical platforms and pro-
duction pipelines with high commercial value in 
an attempt to set the stage for local biotech compa-
nies or to help existing companies transfer findings 
into high value-added biotechnology and phar-
maceutical research. The preclinical studies for 
DBPR108 are ongoing. The institute is expected 
to apply for IND from the Taiwan Food and Drug 
Administration by the end of 2011. This project 
not only presents a full drug development from a 
small molecule compound to a drug candidate in 
the therapeutic area of diabetes, it also promises to 
be a domestic new chemical entity (NCE) to enter 
a Phase I “first-in-human” clinical trial in Taiwan.

D. Public Service / Meeting the National Health 
Challenges

As influenza remains a critical health issue 
throughout the world, the institute has formed a 
research team to execute a National Science Coun-
cil funded project on drug discovery against the 
influenza virus. This team includes the scientists 
from Chang Gung University, National Tsing Hua 
University, National Chiao Tung University, and 
Academia Sinica. Since August 2006 the team has 
been searching for novel compounds to inhibit 
reproduction of the influenza virus. Through well-
established assay screening, some different types 
of molecular influenza virus inhibitors have been 
identified. More analogues will be synthesized ac-
cording to structure-activity relationship to iden-
tify lead compounds for better anti-virus activity 
and further PKDM analysis.

E. Collaboration and Technology Transfer

IBPR has established itself as the flagship in 
drug discovery in Taiwan. The institute has devel-
oped an effective, integrated drug discovery team 
within NHRI that has become the model for the 
entire country and that also serves as a cornerstone 
of national programs by acting as a drug screening 
center. The institute focuses on drug discovery and 
drug development; it also cooperates with about 
20 domestic academic institutes and more than a 
dozen pharmaceutical companies to promote their 
upstream achievements of drug discovery to mid-
stream drug development through mission-orient-
ed collaborative projects and technology transfers.

Figure 7. The crystal structure of anti-diabetes drug candidate DBPR108.
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National Institute of Cancer Research

Mission
The National Institute of Cancer Research, formerly the Division of Cancer Research, is tasked with 

integrating and coordinating basic and clinical research to facilitate the development of innovative strate-
gies for the prevention, diagnosis, and treatment of prevalent cancers in Taiwan. These missions are con-
solidated through a platform consisting of basic scientific research in the lab, early-phase clinical trials 
and translational research in cooperative cancer wards, large-scale and multicenter studies, and subspe-
cialty training programs for medical staff, as coordinated by the Taiwan Cooperative Oncology Group 
(TCOG).

Jang-Yang Chang
Director

Hui-Ju Mandy 
Ch’ang

I-Shou Chang Jeffrey Shu-Ming 
Chang

Kwang-Yu Chang Wun-Shaing 
Wayne Chang

Li-Tzong Chen Ya-Wen Chen Shuang-En 
Chuang

Tze-Sing Huang Wen-Chun Hung Shih-Sheng Jiang

Alan Yueh-Luen 
Lee

Chia-Huei Lee Su-Fang Lin Ko-Jiunn Liu Tsang-Wu Liu Her-Shyong Shiah

Jen-Yang Chen

Ching-Chuan Kuo

Shine-Gwo Shiah

Hui-Jen TsaiNeng-Yao Shih Kelvin Kun-Chih 
Tsai

Winston C. Y. Yu

Joint Appointed 
Principal 
Investigators:

Ann-Lii Cheng
Gi-Ming Lai
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Major Achievements
The National Institute of Cancer Research is 

divided into several parts: the Division of Clinical 
Research, the Division of Basic Research, TCOG, 
and the National Clinical Trial Research Network. 
Below are some of the institute’s recent research 
achievements.

A. Clinical Research

The institute’s Division of Clinical Research, 
which is located in Tainan, began collaborating 
with National Cheng-Kung University Hospital’s 
center for clinical trials and research in oncology 
to set up a clinical trial platform for early-phase 
clinical trials in the field of oncology. This has 
been recognized as a critical step toward enhanc-
ing the new drug and new indication developments 
for the industry, facilitating translational research 
via bridging industry and academic society, and 
searching for and providing potential effective 
treatment for cancer patients.

Since 2009 the division has collaborated with 
National Cheng-Kung University Hospital on a 
study at the division’s early phase trial center of 
the drug PEP02’s effects on colorectal cancer, pan-
creatic cancer, and gastric cancer.

1. Colorectal cancer

This division and National Cheng-Kung Uni-
versity Hospital have recruited 15 patients since 
June 2009. The target is 17 patients with 6 dose 
levels, with the doses estimated to be completed 
by June 2011.

2. Pancreatic cancer and gastric cancer

These 2 trial studies will be performed in mul-
tiple trial centers. For pancreatic cancer, the ex-
pected target is 39 patients, 20 of whom have been 
recruited since March 2009.

In addition, the team has conducted a phase I 
trial of the RAD001 pharmacokinetic for advanced 
hepatocellular carcinoma. The study entered phase 
II trials in 2009, with 20 of the targeted 46 patients 
recruited by the end of 2010.

In recent years the institute has conducted 
many studies, sometimes in cooperation with Na-
tional Cheng-Kung University Hospital. These 
include the following:

• a phase I and pharmacokinetic study of biweekly 
PEP02 (liposome irinotecan) in patients with 
metastatic colorectal cancer refractory to first-
line oxaliplatin-based chemotherapy;

Translational Medicine

 Drug Development, 
Diagnostic Technology & 
Exp. Therapeutics 

 Drug Resistance 
 Oral Cancer 
 Pancreatic Cancer 

Health Policies 
& Services

Development 
Strategy 

Basic Research
 

 Molecular and 
Cellular Oncology 

 Viral Oncology 
 Tumor Immunology

Infrastructure 

Clinical Trials 
 

 Phase I 
 Phase II 
 Phase III 

Cancer Clinical Trials Database 

Oncology Subspecialty Training Program

National Clinical Trial Research Network 
New Drug Clinical Trial System and Operation Mechanism 
Cancer Center Agreement 
Seminars / Outpatient & Inpatient Services 
International Cooperation 

Research Framework
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• a randomized phase I/II of rapamycin analog, 
RAD001, in advanced hepatocellular carcinoma 
— with a pharmacokinetic study of RAD001;

• a phase II study of PHY906 plus capecitabine in 
patients with advanced or metastatic hepatocel-
lular carcinoma;

• a phase I study of irinotecan and tegafur-uracil/
leucovorin with PHY906 modulation in colorec-
tal cancer patients — with a pharmacokinetic 
study of irinotecan;

• a phase I open label / phase II randomized, 
double-blind, multicenter study investigating the 
combination of RAD001 and sorafenib (nexavar) 
in patients with advanced hepatocellular carci-
noma;

• a phase II study of PEP02 as a second-line thera-
py for patients with metastatic pancreatic cancer;

• an open-label phase I dose-escalation study of 
sorafenib plus S-1 in advanced solid tumors;

• a phase I/II study of sorafenib combined with 
thalidomide in advanced or metastatic hepatocel-
lular carcinoma;

• a randomized phase II study of PEP02, irinotecan 
or docetaxel as a second-line therapy in patients 
with locally advanced or metastatic gastric or 
gastroesophageal junction adenocarcinoma;

• a phase II study of combining cetuximab with 
twice-weekly paclitaxel/cisplatin concurrent 
chemoradiotherapy (TP-CCRT) followed with 
or without esophagectomy for locally advanced 
esophageal squamous cell carcinoma (ESCC);

• a phase II randomized study of induction chemo-
therapy followed by concurrent chemo-radiother-
apy in locally advanced pancreatic cancer;

• a phase II study of neoadjuvant bio-chemother-
apy with cetuximab, paclitaxel, and cisplatin 
(CPC) followed by cetuximab-based concurrent 
bio-radiotherapy in high-risk locally advanced 
oral squamous cell carcinoma (OSCC);

• a randomized, phase II of gemcitabine plus ox-
aliplatin (GEMOX) with or without cetuximab in 
advanced biliary cancer (BTC).

The aim of clinical trial studies is to investi-
gate the safety, efficacy, and feasibility of study 
drugs in patients; to develop new anticancer drugs 
and new treatments; and to help ensure that pa-
tients receive the highest quality medical treatment 
in the most effective therapeutic way.

B. Basic Research

The Division of Basic Research has initiated 
study programs in oral cancer, viral oncology, mo-
lecular and cellular oncology, and experimental 
therapeutics.

1. Oral cancer study program

Oral cancer is the sixth most common cancer 
around the world when grouped together with 
pharyngeal cancer; and its incidence has been in-
creasing, especially in Southeast Asian countries 
and Taiwan. In Taiwan, the incidence of oral can-
cer has exceeded nasopharyngeal carcinoma and 
stomach cancer since 1997 and become the fourth 
most common cancer among men. The etiology 
of male oral cancer is well established and usually 
involves the use of tobacco and alcohol, which can 
act both independently and synergistically. The 
prevalence of this malignancy in different parts 
of the world reflects different forms and extents 
of exposure to these etiological agents. In Taiwan, 
tobacco chewing is prevalent, usually in the form 
of a betel quid (BQ) that contains the leaf of the 
betel vine wrapped around areca nut, lime, and 
tobacco. Other forms of tobacco use (e.g., ciga-
rette smoking) are also potent risk factors for oral 
cancer. In addition, previous works have shown 
that the occurrence of oral cancer in Taiwan was 
123-fold higher in patients who drank alcohol, 
chewed BQ, and smoked than in abstainers. The 
etiology of female oral cancer seems different 
from that among men. Although there’s no related 
publication to date, the team has observed that the 
great majority of female oral cancer has not been 
associated with BQ chewing, alcohol drinking, 
or cigarette smoking. The research team used mi-
croarray technologies to systemically investigate 
the genetic and epigenetic alterations for 2 popu-
lations of oral cancer in Taiwan. The training set 
includes a cohort of 40 male oral cancer patients 
with habits of BQ chewing, alcohol drinking, and 
cigarette smoking, and a cohort of 20 female oral 
cancer patients without habits of BQ chewing, 
alcohol drinking, and cigarette smoking. Utilizing 
the microarray database, the researchers tried to 
identify the poor-prognostic molecular biomarkers 
for patients at high risk for metastasis and tumor 
recurrence. To further validate the efficacy of the 
predictor, they assessed the efficacy of the gene 
sets in a test set containing 120 male patients and 
50 female patients with oral cancer. The results 
strongly suggested that oral cancer has 2 common 
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tumor suppressor genes (TSGs), both of which are 
frequently silenced by promoter hypermethylation. 
The research team thus defined an epigenetic bio-
marker for oral cancer in Taiwan; these genetic al-
terations might contribute to the gender-preference 
associated with this malignancy. Further, the po-
tential candidate TSGs might provide entry points 
for gene therapy of oral cancer.

The institute study also reviewed the published 
literature on the association between genetic varia-
tions and oral cancer risk. During the review pro-
cess, researchers noticed that no meta-analysis had 
been conducted to examine the roles of ADH1B 
and ADH1C genetic variations in the development 
of oral cancer. A meta-analysis was thus under-
taken to evaluate the association between ADH1B 
and ADH1C polymorphisms and oral cancer risk 
(Figures 1 and 2). In addition, since pharyngeal 
and laryngeal cancers have similar risk factors as 
oral cancer and are often grouped together with 
oral cancer (known as head and neck cancer) for 
epidemiologic investigation, the research team 
decided to expand their meta-analysis to include 
pharyngeal and laryngeal cancers as well.

A total of 27 articles identified from a MED-
LINE search were included in the meta-analysis. 
A reduced risk for head and neck cancer was as-
sociated with carrying the high activity ADH al-
leles (ADH1B*2, ADH1C*1) that confer faster 
metabolism of ethanol to acetaldehyde (meta-odds 
ratio (OR) ADH1B: 0.52; 95% confidence interval 
(CI), 0.38–0.71; meta-OR ADH1C: 0.87; 95% CI, 
0.76–0.99). The magnitude of effect was strongest 
among studies in Asian populations (meta-OR AD-

H1B: 0.32, 95% CI, 0.20–0.50; meta-OR ADH1C: 
0.41, 95% CI, 0.15–1.16). In addition, the associa-
tion between ADH1B and head and neck cancer 
risk was particularly strong among subjects with 
high alcohol consumption, suggesting the presence 
of gene–environment interaction between alcohol 
consumption and ADH1B variation on the risk of 
head and neck cancer.

These results underscore the importance of 
ADH1B and ADH1C in describing the association 
between alcohol consumption and the risk of head 
and neck cancer, particularly in Asian popula-
tions. Most information regarding the role of ADH 
genes in the development of head and neck cancer 
among Asians is from Japan. There is a lack of 
such information for the Taiwanese population; 
therefore, the research team plans to evaluate the 
influence of genes on the alcohol metabolizing 
pathways on head and cancer risk among the Tai-
wanese population.

According to the Bureau of Health Promo-
tion, Department of Health, Taiwan, the incidence 
of head and neck cancer ranks sixth among all 
cancers in Taiwan, with 5,458 cases occurring in 
2007. Though the established risk factors for head 
and neck cancer are smoking, alcohol drinking, 
and betel quid chewing, not everyone who has 
these habits will develop head and neck cancer, 
suggesting, first, that the oncogenic process for 
head and neck cancer is still not fully understood 
and, second, the importance of genetic contribu-
tion. ADH1B and ADH1C alleles coding for ef-
ficient metabolism of ethanol to acetaldehyde 
(and thus a faster clearance of systemic ethanol) 

Figure 1. ADH1B meta-analysis. Figure 2. ADH1C meta-analysis.
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appear to be protective for head and neck cancer, 
possibly due to (1) decreasing the opportunity for 
oral microflora to produce acetaldehyde locally 
from a prolonged systemic circulation of ethanol; 
(2) preventing ethanol from acting as a solvent for 
other carcinogens; and (3) a consequent peak in 
systemic acetaldehyde exposure that could cause a 
person to drink less than people with slow metabo-
lism due to the discomfort associated with high 
systemic acetaldehyde level. The results from this 
study helped generate several hypotheses that can 
be tested in future studies. Among Taiwanese men, 
whose incidence of head and neck cancer ranks 
second in the world, the prevalence of drinking 
can be as high as 35%; therefore, understanding 
the biological mechanism of alcohol-induced on-
cogenesis can help devise preventive strategies to 
reduce the occurrence of head and neck cancer.

2. Viral oncology study program 

Epstein-Barr virus (EBV) DNase (BGLF5) is 
an alkaline nuclease and has been suggested to be 
important in the viral life cycle. However, its ef-
fect on host cells remains unknown. Serological 
and histopathological studies have found that EBV 
DNase seems to be correlated with carcinogen-
esis. Therefore, the research team investigated the 
effect of EBV DNase on epithelial cells, finding 
that expression of EBV DNase induces increased 
formation of micronucleus, an indicator of ge-
nomic instability, in human epithelial cells. Using 
gamma-H2AX formation and comet assay, the 
researchers also demonstrated that EBV DNase in-
duces DNA damage. Furthermore, using host cell 
reactivation assay, they found that EBV DNase ex-
pression repressed damaged DNA repair in various 
epithelial cells. Western blot and quantitative PCR 
analyses revealed that expression of repair-related 
genes was reduced significantly in cells express-
ing EBV DNase. Host shut-off mutants eliminate 
shut-off expression of repair genes and repress 
damaged DNA repair, suggesting that the shut-
off function of BGLF5 contributes to repression 
of DNA repair. In addition, EBV DNase caused 
chromosomal aberrations and increased the micro-
satellite instability (MSI) and frequency of genetic 
mutation in human epithelial cells. The team thus 
proposed that EBV DNase induces genomic in-
stability in epithelial cells (perhaps by induction 
of DNA damage and also by repression of DNA 
repair), subsequently increasing MSI and genetic 
mutations, and may contribute consequently to the 

carcinogenesis of human epithelial cells (Figure 
3). This work was published in Nucleic Acids Re-
search (38:1932–1949, 2010).

Seroepidemiological studies implicate a corre-
lation between EBV reactivation and the develop-
ment of nasopharyngeal carcinoma (NPC). More-
over, N-nitroso compounds are known chemical 
carcinogens in preserved foodstuffs and cigarettes 
and have been implicated as risk factors contribut-
ing to the development of NPC. Here, NPC cell 
lines latently infected with EBV (NA and HA) and 
the corresponding EBV-negative NPC cell lines 
(NPC-TW01 and HONE-1) were used as the mod-
el system in this study. The research team demon-
strated that the reactivation of EBV increases with 
increasing concentrations of N-methyl-N’-nitro-
N-nitrosoguanidine (MNNG). MNNG at a single 
non-toxic concentration (0.1 μg/ml) did not induce 
discernible reactivation of EBV; but repeated 
treatment with this concentration of MNNG sig-
nificantly induced viral reactivation. Furthermore, 
low-dose MNNG (0.1 μg/ml) had a synergistic 
effect with 12-O-tetradecanoylphorbol-1,3-acetate 
(TPA) / sodium butyrate (SB) (10 ng/ml and 0.75 
mM, respectively) on EBV reactivation. Through 
a promoter activity assay, MNNG was found to 
enhance the transcriptional activity of Rta on Rta 
and Zta promoters. Using siZta to block EBV re-
activation, the concomitant induction of genome 
instability was diminished indicating that reactiva-

Figure 3. The nuclease activity of EBV DNase is important 
for the effect of DNA damage.
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tion is critical for enhancing genome instability. 
Co-treatment with TPA/SB and MNNG markedly 
increased the levels of γH2AX and ROS formation 
in NPC cells, which may be responsible for the in-
crease of genome instability. These findings offer 
a possible mechanism by which N-nitroso com-
pounds induce reactivation of EBV and contribute 
to malignant progression by enhancing genome in-
stability in NPC cells. The results were published 
in Chemico-Biological Interactions (188:623–634, 
2010).

and in vivo anti-cancer activities. Among them, 
17-allylamino-17-demethoxygeldanamycin is a 
first-in-class HSP90α inhibitor and is currently in 
phase II clinical trials. Nevertheless, most studies 
regarding HSP90α have focused on its function 
as a cytosolic chaperone; the secretion of HSP90α 
has been less well studied until recently. HCT-8 
colon cancer cells secreted HSP90α and increased 
invasiveness upon serum starvation. The concen-
trated conditioned medium of serum-starved HCT-
8 cells was able to stimulate the migration and 
invasion of non-serum-starved cells, which could 
be prevented by treatment with an anti-HSP90α 
antibody. Recombinant HSP90α (rHSP90α) also 
enhanced HCT-8 cell migration and invasion, sug-
gesting a stimulatory role of secreted HSP90α in 
cancer malignancy. HSP90α binding to CD91α 
and Neu was evidenced by the proximity ligation 
assay, and rHSP90α-induced HCT-8 cell invasion 
could be suppressed by the addition of anti-CD91α 
or anti-Neu antibodies. Via CD91α and Neu, 
rHSP90α selectively induced integrin αV expres-
sion, and knockdown of integrin αV efficiently 
blocked rHSP90α-induced HCT-8 cell invasion. 
rHSP90α induced the activities of ERK, PI3K/Akt, 
and NF-κB p65; but only NF-κB activation was 
involved in HSP90α-induced integrin αV expres-
sion. Additionally, the research team investigated 
the serum levels of HSP90α and the expression 
status of tumor integrin αV mRNA in colorectal 
cancer patients. Serum HSP90α levels of colorec-
tal cancer patients were significantly higher than 
those of normal volunteers. Patients with higher 
serum HSP90α levels exhibited significantly ele-
vated levels of integrin αV mRNA in tumor tissues 
as compared with adjacent non-tumor tissues. Fur-
thermore, tumor integrin αV overexpression was 
significantly correlated with TNM (tumor, node, 
metastasis) staging. The results were published in 
the Journal of Biological Chemistry (285:25458–
25466, 2010).

The c-myc promoter-binding protein-1 (MBP-
1) is a transcriptional suppressor of tumorigenesis 
and thought to be the product of alternative trans-
lation initiation of the α-enolase (ENO1) transcript. 
An institute research team cloned a 2552-bp novel 
cDNA with a putative coding sequence of MBP-1 
and functionally examined its ability to encode the 
MBP-1 protein. The obtained MBP-1 was similar 
to ENO1 in that it was widely and differentially 
expressed in a variety of normal tissues and can-
cer cells. Experiments using MBP-1 promoter-

The human papillomavirus (HPV) oncoprotein 
E7 is a major transforming protein. The E7 protein 
does not possess intrinsic enzymatic activity, but 
rather functions through direct and indirect inter-
actions with cellular proteins, several of which are 
well known cellular tumor suppressors. Using the 
yeast two-hybrid system, the research team found 
that transforming growth factor-beta inducible 
early gene 1 (TIEG1), a member of the Krüppel-
like family (KLF) that has been implicated as a 
putative tumor suppressor, interacts and forms 
a specific complex with HPV-16 E7. TIEG1 has 
been shown to mimic the effects of TGF-beta in 
various carcinoma cells and plays a critical role in 
the apoptotic cascade. The team’s results indicate 
that E7 binds to the C-terminus of TIEG1 and in-
duces its degradation via the ubiquitin pathway. 
E7 not only increased the ubiquitination of TIEG1 
but also influenced the ability of TIEG1 to affect 
apoptosis. The results suggest that suppression of 
TIEG1-mediated signaling by E7 may contribute 
to HPV-associated carcinogenesis. This was pub-
lished in International Journal of Biochemistry 
and Cell Biology (42:1831–1839, 2010).

3. Molecular and cellular oncology study program

Heat shock protein 90α (HSP90α) is a molecu-
lar chaperone that aids in proper protein folding, 
maturation, and intracellular trafficking of numer-
ous proteins. Thus far, more than 100 proteins 
have been identified that are regulated by HSP90α, 
including Akt, Neu/Her-2 (ErbB2), HIF-1α, Bcr-
Abl, Raf-1, and mutated p53. Many of these pro-
teins are important mediators of signal transduc-
tion and cell cycle control and are also involved in 
the development and progression of cancer cells. 
Increasing evidence has suggested HSP90α as a 
novel therapeutic target. By inhibiting HSP90α’s 
chaperone activity, many HSP90α inhibitors cause 
the destabilization and eventual degradation of cli-
ent proteins, and therefore, exhibit potent in vitro 
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tients with non-cancer-associated diseases, and 178 
cancer patients, including stage I, II, and IV non-
small cell lung cancer, small cell lung cancer, and 
breast cancer. The ENO1 autoantibody levels were 
determined by enzyme-linked immunosorbent as-
say. Compared with the healthy individuals, the 
levels of ENO1 autoantibodies were significantly 
decreased in stage IV non-small cell lung cancer, 
small cell lung cancer, and breast cancer patients. 
Consistently, this phenomenon was also observed 
in tumor-grafted mice. Using logistic regression 
analyses, data show that the titer status of ENO1 
autoantibody level was highly associated with 
the late stage of lung and breast cancers when 
compared with those of healthy controls. In con-
trast, there were no statistical differences between 
healthy controls and early stages of non-small cell 
lung cancer patients; and total amounts of serum 
immunoglobulin A, immunoglobulin G, and im-
munoglobulin M levels in stage IV non-small cell 
lung cancer patients were not significantly distinct 
from those of the healthy controls. Thus, reduction 
in total immunoglobulin did not contribute to the 
decreased ENO1 autoantibody levels in the malig-
nant stage of cancer patients. A marked decrease 
in the basal level of serum ENO1 autoantibodies 
is a common malignant event of lung and breast 
cancers, suggesting that ENO1 autoantibody may 
serve as a prognostic marker to monitor the dis-
ease progression of these cancer patients. These 
findings were published in the Japanese Journal 
of Clinical Oncology (40:663–669, 2010).

4. Experimental therapeutics study program

Troglitazone (TGZ) is a synthetic thiazolidine-
dione drug belonging to a group of potent peroxi-
some proliferator-activated receptor gamma (PPAR 
gamma) agonists known to inhibit proliferation, 
alter cell cycle regulation, and induce apoptosis in 
various cancer cell types. TGZ is an oral anti-type 
II diabetes drug that can reverse insulin resistance. 
For more than 100 years, aspirin, a nonselec-
tive cyclooxygenase (COX) inhibitor, has been 
successfully used as an anti-inflammatory drug. 
Recently, aspirin (ASA) and some other nonste-
roidal anti-inflammatory drugs (NSAIDs) have 
drawn much attention for their protective effects 
against colon cancer and cardiovascular disease; 
it has been observed that ASA’s anti-tumor effect 
can be attributed to inhibition of cell cycle pro-
gression, induction of apoptosis, and inhibition 
of angiogenesis. In the report the research team 
demonstrated for the first time that, when adminis-

driven luciferase reporter assays, biochemical cell 
fractionation followed by RT-PCR detection of the 
cytoplasmic mRNA, and transcription/translation-
coupled reactions consistently demonstrated that 
this novel transcript was alternatively transcribed 
from intron III of the ENO1 gene and was feasible 
for MBP-1 production. Hypoxia treatments signifi-
cantly increased the transcriptional activation of 
the MBP-1 gene. Blocking the proteasomal degra-
dation by MG132 stabilized the MBP-1 protein in 
cells. Compared with the translation efficiency for 
production of the MBP-1 protein, the MBP-1 tran-
script was 17.8 times more efficient than the ENO1 
transcript. Thus, the team suggests that this newly 
discovered transcript is a genuine template for the 
protein synthesis of MBP-1 in cells, and that opti-
mal expression of this gene in tumors may lead to 
effective clinical therapies for cancers. These data 
were published in FEBS Journal (277:4308–4231, 
2010).

Elevation of serum autoantibodies to ENO1 
is often seen in inflammation diseases. However, 
it is unclear whether the levels of serum ENO1 
autoantibodies could be affected during tumor pro-
gression. Hence, the research team attempted to 
determine the relative serum ENO1 autoantibody 
levels in healthy individuals and in patients with 
various stages of lung and breast cancers. Sera 
were obtained from 99 normal individuals, 21 pa-
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terestingly, this compound induced apoptotic cell 
death through the caspase 8-Fas/FasL dependent 
pathway, instead of through the mitochondria/
caspase 9-dependent pathway. Notably, several 
KB-derived multidrug resistant cancer cell lines 
overexpressing P-gp170/MDR and MRP were 
sensitive to chamaecypanone C. Taken together; 
these findings indicate that chamaecypanone C is a 
promising anticancer compound that has potential 
for management of various malignancies, particu-
larly for patients with drug resistance (Biochemical 
Pharmacology 79(9):1261–1271, 2010).

SOX9 is an important transcription factor 
required for development and has been impli-
cated in several types of cancer. A research team 
at the institute has shown that sox9 expression 
is upregulated in lung adenocarcinoma and has 
demonstrated how it is associated with cancer 
cell growth. Data mining with 5 microarray data 
sets containing 490 clinical samples, quantitative 
reverse transcription-PCR validation assay in 57 
independent samples, and immunohistochemis-
try assay with tissue microarrays containing 170 
lung tissue cores were used to profile sox9 mRNA 
and protein expression. Short interference RNA 
suppression of sox9 in cell lines was used to scru-
tinize functional role(s) of SOX9 and associated 
molecular mechanisms. sox9 mRNA and protein 
were consistently overexpressed in the majority 
of lung adenocarcinoma. Knockdown of sox9 in 
lung adenocarcinoma cell lines resulted in marked 
decrease of adhesive and anchorage-independent 
growth in concordance with the upregulation of 
p21 (CDKN1A) and downregulation of CDK4. In 
agreement with higher sox9 expression level in 
lung adenocarcinoma, the p21 mRNA level was 
significantly lower in tumors than that in normal 
tissues, whereas the opposite was true for CDK4, 
supporting the notion that SOX9 negatively and 
positively regulated p21 and CDK4, respectively. 
Finally, whereas sox9-knockdown cells showed 

tered in combination, TGZ and ASA can produce 
a strong synergistic effect in growth inhibition and 
G(1) arrest in lung cancer CL1-0 and A549 cells. 
Examination by colony formation assay revealed 
an even more profound synergy. In Western blot, 
combined TGZ and ASA also could downregulate 
Cdk2, E2F-1, cyclin 81, and cyclin D3 proteins, as 
well as the ratio of phospho-Rb/Rb. Importantly, 
apoptosis was synergistically induced by the com-
bination treatment, as evidenced by caspase-3 
activation and PARP cleavage. The involvement 
of PI3K/Akt inhibition and p27 upregulation, as 
well as hypophosphorylation of Rac1 at ser71, 
were demonstrated. Taken together, these results 
suggest that clinically achievable concentrations of 
TGZ and ASA used in combination may produce 
a strong anticancer synergy that warrants further 
investigation for its clinical applications. The re-
sults were published in Molecular Carcinogenesis 
(49:235–246, 2010).

Microtubules are a popular target for antican-
cer drugs. Chamaecypanone C, is a natural oc-
curring novel skeleton compound isolated from 
the heartwood of Chamaecyparis obtusa var. for-
mosana. An institute study has demonstrated that 
chamaecypanone C induced mitotic arrest through 
binding to the colchicine-binding site of tubulin, 
thus preventing tubulin polymerization. In addi-
tion, cytotoxic activity of chamaecypanone C in a 
variety of human tumor cell lines has been ascer-
tained, with IC(50) values in nanomolar ranges. 
Flow cytometric analysis revealed that chamaecy-
panone C treated human KB cancer cells were 
arrested in G(2)-M phases in a time-dependent 
manner before cell death occurred. Additional 
studies indicated that the effect of chamaecypa-
none C on cell cycle arrest was associated with an 
increase in cyclin B1 levels and a mobility shift of 
Cdc2/Cdc25C. The changes in Cdc2 and Cdc25C 
coincided with the appearance of phosphoepitopes 
recognized by a marker of mitosis, MPM-2. In-

Figure 4. IHC analysis of SOX9 in clinical lung ADC specimens. The scoring of SOX9 staining intensity was represented by 
3 cases in A to C.
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significantly attenuated tumorigenicity in mice, 
sox9 transfectants consistently showed markedly 
stronger tumorigenicity. The researchers’ data 
suggest that SOX9 is a new hallmark of lung ad-
enocarcinoma, in which SOX9 might contribute 
to gain of tumor growth potential, possibly acting 
through affecting the expression of cell cycle regu-
lators p21 and CDK4 (Figure 4).

tal, gastric, prostate, and nasopharyngeal cancers, 
along with patient guidelines for brain tumors as 
well as for radiotherapy. Other published cancer-
practice guidelines for clinicians include ones 
for GOG, lung cancer, cancer pain management, 
prostate cancer, and colorectal cancer. TCOG also 
issues a quarterly publication aimed at the cancer 
research community: the Taiwan Cooperative 
Oncology Group News, which includes reports 
on TCOG’s ongoing clinical trials and activities. 
Special issues of TCOG News have included such 
monographs as MALToma in Taiwan and Lympho-
ma in Taiwan, which collected and summarized 
the clinical experiences of physicians from vari-
ous hospitals witnessing the progress of domestic 
medicine.

TCOG also hosts important gatherings. For 
example, in November 2010 it held its 14th annual 
meeting in conjunction with the Asia-Pacific Con-
gress on Pancreas and Biliary Tract Cancer and the 
2010 International Conference on Translational 
Cancer Research. Since 1997, these annual events 
have provided a forum for clinicians, researchers, 
and medical professionals from Taiwan and be-
yond to exchange practice and information about 
cancer treatments (Fugure 5).

D. National Clinical Trial Research Network

This project, which established the National 
Clinical Trial Network, is aimed at integrating the 
previously isolated clinical trials in Taiwan into a 
disease-oriented clinical research network, and at 
building a firm foundation for Taiwan’s biomedi-
cal industry while simultaneously attracting mul-

C. Taiwan Cooperative Oncology Group 
(TCOG)

As the first multi-center clinical trials organi-
zation in Taiwan, TCOG conducts clinical trials 
for cancer treatment. This network connects 18 
teaching hospitals throughout Taiwan.

TCOG has established an executive commit-
tee, 11 clinical study groups, and 2 quality-moni-
toring committees. Each study group is responsible 
for the formulation of specific cancer diagnosis 
consensus statements on treatment and preven-
tion, clinical trial research protocol write-ups, and 
patient enrollments. The audit committee also con-
ducts yearly audits to assure high-quality data col-
lection and compliance with GCP in TCOG trials. 
The data safety and monitoring committee reviews 
the safety, interim, and serious adverse event (SAE) 
reports of TCOG’s active trials to monitor the 
safety and ethics of trials.

TCOG has already completed 29 trials and has 
8 ongoing ones. There are 2 new clinical protocols 
that have revised by their principal investigators 
and are being examined by the local institutional 
review board. TCOG has produced therapy guide-
lines on cervical, breast, oral cavity, lung, colorec-

Figure 5. Delegates to the Asia-Pacific Congress on Pancreas and Biliary Tract Cancer in conjunction with the 14th TCOG 
Annual Meeting & 2010 International Conference on Translational Cancer Research.
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tinational pharmaceutical firms to Taiwan to carry 
out large-scale clinical trials of new drugs and thus 
help enhance the quality and standards of domestic 
biomedical research.

Upon approval of the National Cancer Act, 
NHRI was conferred with the responsibility to es-
tablish the National Cancer Research Center and 
was placed in charge of the coordination, control, 
and naturalization of all cancer-related research, 
diagnoses, treatments, new drug developments, 
and clinical trials with the ultimate goals of reduc-
ing cancer incidence and mortality. Therefore, the 
experience of TCOG is vital for carrying out the 
task.

The National Institute of Cancer Research has 
2 projects under the National Clinical Trial Net-
work. One has brought in 2 global trials on breast 
cancer, ALTTO and Neo-ALTTO, and has served 
as a coordinator between sites in Taiwan and the 
sponsor, the Breast International Group. The other 
project is the Tumor Marker Reference Labora-
tory, which provides services such as IHC, FISH, 
and gene polymorphism detection. Moreover, the 
Tumor Marker Reference Laboratory is preparing 
to apply for ISO certification in “laboratory capac-
ity and quality requirements” as a way of having 
its standards in technology and quality manage-
ment recognized.

Figure 6. Some TCOG publications.
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Institute of Cellular and System Medicine

Mission
Established in 2008, the Institute of Cellular and System Medicine aims to provide new information 

on the mechanisms of important chronic diseases and disorders to develop new diagnostic methods and 
therapeutic agents for prevention and treatment by using integrated cellular, molecular, and system ap-
proaches. The main research activities are to understand cellular and molecular aspects of human multi-
organ/system chronic diseases and to develop cell-based strategies for treating those diseases. To achieve 
its goals, the institute has established 3 research groups.

• The Regenerative Medicine Research Group focuses on (1) identifying the signaling pathways for embry-
onic stem cell renewal and directed differentiation; (2) using stem cell reprogramming techniques in re-
generative medicine; (3) characterizing molecular aspects of neural stem cell differentiation and its appli-
cation for nerve repair; and (4) studying the immunosuppressive properties and mechanisms of placenta-/
adult-tissue-derived stem cells and exploring their therapeutic potentials.

• The Cardiovascular and Metabolic Medicine Research Group focuses on (1) vascular protection, search-
ing for protecting molecules and their signaling transduction; (2) inflammation, looking for novel inflam-
mation factors that are 
involved in cardiometa-
bolic disorders; and (3) 
metabolic dysregula-
tion in human diseases 
such as cardiometabolic 
disorders and aging-
related diseases.

• The Age-Related Dis-
ease Research Group 
focuses on (1) inves-
tigating the role of in-
flammation on muscu-
loskeletal cells and (2) 
aging-related cellular 
changes.

In addition, an interdis-
ciplinary stem cell research 
program was established to 
foster basic, translational, 
and clinical research on 
stem cells. The govern-
ment selected this program 
to serve as the nation’s 
flagship stem cell center. 
The program will focus on 
basic and clinical research 
pertinent to cardiovascular, 
musculoskeletal, and pe-
ripheral nerve diseases.
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Research Framework

Major Achievements

Integrated Research

An Interdisciplinary Stem Cell Flagship
Program: Signaling Molecules for Stem Cell 
Survival Proliferation and Differentiation (by 
Drs. Kenneth K. Wu, Jun-Yang Liou, Betty 
Linju Yen, and Shaw-Fang Yet)

In 2010, Dr. B. Linju Yen’s laboratory suc-
cessfully generated induced pluripotent stem (iPS) 
cells from neonatal human umbilical vein endo-
thelial cells (HUVEC) with the use of only 2 non-
oncogenic factors, Oct4 and Sox2. Reprogram-
ming of somatic cells has attracted great interest in 
recent years because of the finding that introduc-
tion of 4 genetic factors — c-Myc, Oct4, Sox2, 
and Klf4 — can reprogram human somatic cells 
back to pluripotency. These iPS cells are similar to 
embryonic stem cells (ESCs) but can be patient-
specific and generated without the objections relat-
ed to ethical concerns about embryo use. However, 
several of the factors used are oncogenic, such as 
c-myc and Klf-4, making therapeutic application 
currently unfeasible. Dr. Yen’s group has found 

Basic Research

Translational Research

Clinical Research

Regenerative Medicine Research
• neural stem cells and applications
• placenta-derived multipotent cells
• other kinds of adult stem cells

Cardiovascular and Metabolic 
Medicine Research 
• cardiovascular research
• immune system study
• system biology research

Age-Related Disease Research
• skeletal-related research
• signaling on aging

• research seminars, workshops, and education training courses
• training masters and doctoral students, as well as postdoctoral fellows 
• cooperation with other institutes and integration of research resources

that HUVEC are proliferative and express high 
levels of the transcription factor Klf4, thus allow-
ing for reprogramming with only 2 non-oncogenic 
factors. These 2-factor iPS cells (iHUV2F) showed 
ESC-like morphology (Figure 1) and acquire the 
ability to express pluripotency markers endog-
enously. iHUV2F cells can differentiate into cell 
phenotypes of all 3 germ layers in vitro, as well as 
form teratomas when injected into immunocom-
promised mice, revealing the potential to differ-
entiate and develop in vivo (Figure 2). This work 
was published in Arteriosclerosis, Thrombosis, 
and Vascular Biology and featured a commentary 
that stated the work proved the feasibility of repro-
gramming without oncogenes and that highly pro-
liferative and easily obtained human fetal somatic 
cells could be used for generation of iPS cells.

Drs. Kenneth K. Wu and Jun-Yang Liou’s re-
search team has shown that Rho kinases (ROCK) 
play an important role in murine ESCs. Their 
research findings show that use of ROCK inhibi-
tor results in differentiation of murine ESCs into 
neural progenitor cells. These findings represent 
an important development for culture of neural 
progenitor cells and their application in neural re-
generative medicine.
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Figure 1. Generation of iPS cells from HUVEC with 2 factors. (A) Morphology of HUVECs prior to reprogramming; (B) 
initial colony formation ~7 days after reprogramming; (C) formation of ESC-like colonies of iHUV2F (passage #9); 
and (D) pluripotency marker alkaline phosphatase staining of iHUV2F.

Figure 2. In vitro and in vivo differentiation of iHUV2F cells. (Upper panel) Immunofluorescence staining of protein ex-
pression representative 3 embryonic germ layers in differentiated iHUV2F cells: AFP (green), vimentin (red), and 
nestin (green); and (lower panel) immunofluorescence staining of AFP (green), vimentin (red), and GFAP (green) in 
iHUV2F-derived teratoma.

further showed that RFX1/1, RFX1/2, RFX1/3, 
and RFX2/3 complexes specifically bind the 18-bp 
sequence. Furthermore, RFX2/3 complex could be 
detected only in the nuclear extract of FGF1 posi-
tive cells, not in negative cells. Notably, RFX1, 
RFX2, and RFX3 have been suggested as cilio-
genic transcription factors to maintain the function 
of primary cilia, which are crucial for cell division. 
The research team found evidence that these 3 
RFX transcription factors could directly bind the 
18-bp and contribute to the regulation of FGF1 
promoter and neurosphere formation. RNA inter-
ference knockdown of RFX2 could significantly 
reduce the percentage of F1BGFP(+) cells and 
neurosphere formation in U-1240 MG/F1BGFP(+) 
cells, whereas overexpression of RFX2 resulted in 
the opposite (Figure 3). RFX1 and RFX2 played 
different roles in the regulation of FGF1 promoter. 
RFX3 may function as a bystander and cooperate 
with RFX1 and RFX2 to form dimeric complex 
binding to 18-bp cis-element of F1B promoter. In 
summary, RFX1, RFX2, and RFX3 could bind the 

Regenerative Medicine Research

A. Neural Stem Cell

1. Transcriptional control of the fate of neural stem 
cells

Fibroblast growth factor 1 (FGF1) has been 
shown to exert neurotrophic, mitogenic, and neu-
romodulatory effects in the mammalian central 
nervous system. The research team has previously 
identified FGF-1B as the major transcript of FGF1 
gene expressed in the brain. The 540-bp (−540 to 
+31) sequence (F1B) upstream of the 1B transcrip-
tion start site is shown to drive a heterologous 
luciferase reporter in cultured cells and the SV40 
T-antigen in transgenic mice. The 18-bp (−484 to 
−467) cis-elements in F1B promoter are crucial 
for FGF-1B expression. In this study, the team 
demonstrated by chromatin immunoprecipitation 
assay that regulatory factor X-1 (RFX1), RFX2, 
and RFX3 bind the 18-bp sequence in vivo. Using 
electrophoretic mobility supershift assay, the team 
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18-bp cis-element of F1B promoter and coopera-
tively regulate FGF1 promoter. These ciliogenic 
RFX transcription factors may differentially regu-
late cell growth and the progression of cell cycle 
through modulating FGF1 expression and primary 
cilia. The research team has an ongoing study 
to characterize the FGF1(+) cells in the brain of 
F1BGFP transgenic mice. Interestingly, the team 
observed that the F1BGFP(+) cells in adult brain 
exhibit characteristics of NSPCs. In addition, the 
team also observed that RFX1, RFX2, and RFX3 
transcription factors differentially colocalized 
with F1BGFP(+) cells in adult mouse brain. Fu-
ture work on characterization of F1BGFP(+) cells 
in vivo will help clarify the relationship among 
NSPCs, F1BGFP(+) cells and RFX transcription 
factors in adult neurogenesis.

2. Role of the nuclear envelope protein SUN1 in the 
human progeroid syndrome 

Nuclear lamins are type V intermediate fila-
ments that form a 30–100 nanometer meshwork 
underlying the nuclear envelope (NE). Mutations 
in LMNA have been found in 11 clinically distinct 
tissue-specific degenerative diseases collectively 
termed “laminopathies,” which include muscular 
dystrophy, cardiomyopathy, lipodystrophy, and 
progeria. In addition to providing mechanical 
support to the nucleus and cytoskeleton, recent 
progress in the understanding of nuclear-lamina 
associated diseases has revealed intriguing con-
nections between the envelope components and 
nuclear processes, including chromosome organi-
zation, gene expression, DNA repair, and cell cy-
cle progression. One of the most noteworthy NE-

Figure 3. Knockdown of RFX2 transcription activator by RNAi in U-1240 MG/F1BGFP(+) cells could significantly decrease 
capability in neurosphere formation. The decrease could be rescued by adding FGF1 to the medium. Scale bar, 100 
μm.

associated diseases is Hutchinson-Gilford progeria 
syndrome (HGPS), which is caused by a point 
mutation on the LMNA gene. Patients affected 
with HGPS have a mean lifespan of 13 years and 
appear to have aging-like phenotypes such as alo-
pecia, sclerosis, wrinkling, and arteriosclerosis. NE 
ruffling is the hallmark of skin fibroblasts isolated 
from HGPS patients. However, how this defective 
lamin A mutantation (named progerin) causes the 
clinical phenotype of HGPS is not completely un-
derstood. Dr. Chi’s lab demonstrated that the inte-
gral NE protein SUN1, a component of the linker 
of the nucleoskeleton and cytoskeleton (LINC) 
complex, is required for progerin-induced NE ruf-
fling in HGPS cells. SUN1 immunofluorescence 
staining was found to be increased in all recorded 
HGPS cells. In contrast, another SUN-domain pro-
tein, SUN2, was not accumulated in HGPS cells. 
Knocking down SUN1 expression using RNAi 
ameliorated nuclear ruffling and reduced senes-
cence in HGPS cells. Moreover, progerin was not 
able to induce nuclear morphology change in cells 
that were depleted of SUN1 but not SUN2. These 
findings provide a link of the SUN-domain pro-
teins to the disease mechanism of HGPS syndrome 
and opened a new direction for the therapeutic 
treatment of HGPS syndrome.

3. Mechanisms of membrane-bound protease in 
neural stem /progenitor cells migration and 
neuroinflammation

In the normal brain, constitutive neurogenesis 
is found in 2 locations: the subventricular zone 
(SVZ) of the lateral ventricle (LV), which gives 
rise to interneurons in the olfactory bulb, and the 
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dentate gyrus subgranular zone of the hippocam-
pus (HP), which gives rise to neurons in the den-
tate granule cell circuitry for memory and learn-
ing. It has been shown that proliferation of neural 
progenitor (NP) cells in both locations is enhanced 
after brain injuries, and that streams of neuroblasts 
are attracted by and move toward the injured sites. 
However, there is not significant endogeneous 
neurogenesis to regenerate the damaged areas. 
This problem is partly due to insufficient numbers 
of cells surviving or reaching the damaged sites. 
Nevertheless, this has raised the possibility of 
inducing neurogenesis, since these proliferating 
cells may be able to replace damaged brain cells. 
Secreted factors such as cytokines, neurotrophic 
factors, growth factors, proteoglycan, and extracel-
lular proteases have significant influence on neuro-
genesis under both physiological and pathological 
conditions (Figure 4).

Dr. Lee’s laboratory showed, for the first time, 
that a member of the type II transmembrane serine 
protease plays a critical role in NP cell mobility 
and in stem cell-niche cross-talk (Journal of Bio-
logical Chemistry, in press; Figure 5). Expression 
of this protease in the central nervous system is 
cell-type restricted and primarily expressed in NP 
cells and neurons. Blocking its expression or its 
activity prevents NP cell traverse of reconstituted 
basement membrane, while over-expression of this 
protease promoted it. The NP cell mobilization in-
duced by either vascular endothelial growth factor 
or hepatocyte growth factor was also impaired by 
knocking down expression of this protease. This 
type II transmembrane serine protease, in part, acts 
upstream of matrix metalloproteinase 2 in promot-
ing NP cell mobility. Other mechanisms could 
include bridge cell surface signaling pathways. In 
ESC differentiation to neural cells, knockdown of 
this protease had no effect on entry of ESCs into 
the neural lineage. High expression or activity 
of this protease, however, shifted the population 
dynamics from NP cells toward neurons to favor 
neuronal differentiation. This protease clearly is 

the key molecule in activation of brain endothelial 
cell p38 MAPK signaling during interaction with 
NP cells.
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Figure 4. Expression of the type II transmembrane serine protease (red) on the surface of NP cells (green). Blue is DAPI 
staining of cell nuclei.

Figure 5. The type II transmembrane serine protease is crit-
ical for NP cell mobility. CTRL: control, KDCtrl: 
control for gene knockdown, KD: knockdown of 
the protease by siRNA.

B. Human Term Placenta-Derived
Multipotent Cells (PDMCs) Research

Dr. Yen’s laboratory has also continued its 
work on elucidating the immunomodulatory prop-
erties of placenta-derived multipotent cells (PD-
MCs; Stem Cells 24:2466–2477, 2006), a popula-
tion of fetal-stage stem cells they isolated and have 
well-characterized. In 2009, Dr. Yen’s laboratory 
found that PDMCs harbor strong immunosup-
pressive effects against natural killer lymphocytes 
(NKs). Interactions between maternal NKs and 
fetal tissues are important in mediating maternal-
fetal tolerance. PDMCs were found to suppress 
NK cell-mediated interferon-γ (IFN-γ) production 
and cytotoxicity against MHC-I null target cells. 
In addition, as third-party cells these multipotent 
cells are also able to suppress NK cytotoxicity, 
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which is partially mediated by up-regulation of the 
inhibitory receptor (killer inhibitory receptor, KIR) 
and down-regulation of the activating receptor 
(NKp30) on NKs. Moreover, IFN-γ-induced sur-
face expression of HLA-G (an immunomodulatory 
non-classical MHC-I found on fetal tissues) on 
PDMCs contributes to suppression of NK effector 
cell functions. These results have recently been 
in revision for the journal Cell Transplantation. 
With their broad immunosuppressive properties, 
PDMCs may represent a potential cell source for 
future clinical applications.

C. Regulation of the Homeostasis State of 
Hair Follicle Stem Cells

The epidermis prevents the loss of body fluid 
and also protects the body from external insults. 
After the initial morphogenesis, hair follicles 
undergo repeated cycles of catagen (regression 
phase), telogen (resting phase), and anagen (pro-
liferation phase) throughout the adult lifetime. In 
both cases, tissue homeostasis is maintained by 
distinct stem cells that give rise to cell populations 
of epidermal lineage and follicular lineage. Im-
paired epidermal barrier permeability often leads 
to skin disease, such as ichthyosis vulgaris and 

Figure 6. Deletion of Notch signaling in the Tgfb3-expressing domain leads to atopic dermatitis-like disease and improper 
proliferation and differentiation of hair follicle stem cells. (A) Phenotypic comparison between control and mutant 
mice at P75. (B) Dermal inflammatory infiltrates in mutant mice indicated an allergic inflammatory response. (C) 
Mutant mice have increased serum IgE after 6 weeks old. (D) Mutant hair follicles displayed a decrease in hair fol-
licle stem cell marker (CD34) and an increase in basal keratinocyte marker (K14) in the isthmus.

atopic dermatitis; and abnormality in hair cycle 
regulation commonly results in alopecia in hu-
mans.

Dr. Liang-Tung Yang’s laboratory used the 
Cre/loxP system to generate conditional gene tar-
geted mice, which allows inactivation of critical 
components of Notch signaling pathway in the 
skin. Using Tgfb3-Cre mice that target gene dele-
tion in the suprabasal layer of the epidermis and 
hair follicle lineages, Dr. Yang found that Notch 
signaling is required for late-stage epidermal dif-
ferentiation and hair cycle homeostasis. Deletion 
of Notch signaling in the epidermis led to full-
blown atopic dermatitis-like disease in adult mice. 
Moreover, Notch signaling deletion in hair follicle 
lineages resulted in a decrease of hair follicle stem 
cell markers and an increase of basal keratinocyte 
marker in the isthmus. The mutant hair follicles 
displayed a delay in anagen re-entry and dysregu-
lation of proliferation and apoptosis during the hair 
cycle transition, which may be caused by improper 
proliferation and differentiation of hair follicle 
stem cells. The team’s longterm goal is to study 
the molecular mechanism underlying epidermal 
barrier formation and identity maintenance of hair 
follicle stem cells (Figure 6).
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Cardiovascular and Metabolic 
Medicine Research

A. Cardiovascular Research

1. Cysteine-rich protein 2 in vascular smooth mus-
cle cells

Dr. Shaw-Fang Yet’s laboratory previously 
found that an absence of cysteine-rich protein 2 
(CRP2, gene symbol Csrp2) enhances vascular 
smooth muscle cell (VSMC) migration and in-
creases neointima formation following arterial 
injury. In light of the critical role of CRP2 in the 
response to injury, the team sought to elucidate 
the molecular mechanisms that preserve CRP2 
expression in adult blood vessels. Maintaining 
or upregulating CRP2 expression in adult ves-
sels might blunt VSMC migration and potentially 
protect against intimal thickening and restenosis. 
The team found that although CRP2 expression 
during development is independent of CArG regu-
latory elements, CRP2 expression in adult VSMC 
requires CArG elements within the first intron 
(Figure 7). The team’s results suggest that distinct 
mechanisms regulate CRP2 expression in VSMC 
that are controlled by separate embryonic and 
adult regulatory modules (Arteriosclerosis, Throm-
bosis, and Vascular Biology 30:835–842, 2010).

Figure 7. Intronic CArG elements regulate CRP2 expres-
sion in adult but not in developing vasculature.

2. Research on protective mechanism of 
prostacyclin

Drs. Kenneth K. Wu and Jun-Yang Liou’s re-
search team has previously identified that prosta-
cyclin (PGI2) induced a protective protein 14-3-3ε 
upregulation. Elevated 14-3-3ε expression protects 
endothelial and cancer cells from oxidative stress-
induced cell death. The research team has shown 
that PGI2 induced 14-3-3ε expression interacts 
with the pro-apoptotic Bad. 14-3-3ε sequesters 
Bad in the cytosol and prevents its mitochon-
drial translocation, thereby protecting cells from 
mitochondria-mediated apoptosis (Arteriosclerosis, 
Thrombosis, and Vascular Biology 26:1481–1487, 
2006; Cancer Research 67:3185–3191, 2007; Mo-
lecular Pharmacology 74:1399–1406, 2008).

More recently, the research group has discov-
ered that 14-3-3 affects the activation of NFκB to 
regulate transcriptional expression of focal adhe-
sion kinase (FAK). Pharmacologically suppressed 
NFκB activity with selective proteasome inhibitor 
decreased FAK expression and cancer cell migra-

tion (Life Sciences 86:199–206, 2010). The group 
also found that 14-3-3 is tightly controlled by 
a transcription factor of endoplasmic reticulum 
(ER)-stress stimuli, XBP-1. They have proved that 
ER-stress activates XBP-1 binding to the specific 
domain of 14-3-3 promoter region. Through col-
laboration, they reported that FAK and 14-3-3 
proteins are overexpressed in hepatocellular car-
cinoma (HCC) (Figure 8). The overexpression of 

Figure 8. Proposed mechanistic model of 14-3-3 on cell 
survival and migration.



30 Institute of Cellular and System Medicine

FAK and 14-3-3 proteins predicts tumor metastasis 
and worse overall survival in HCC patients (Hu-
man Pathology 40:1384–1390, 2009; Human Pa-
thology 42:129–135, 2011). Thus, 14-3-3ε, alone or 
combined with FAK, could be a novel prognostic 
biomarker and therapeutic target for HCC.

Figure 9. A novel class III PI3K-ARF6 axis pathway medi-
ates TLR9 signaling by regulating the cellular 
uptake of CpG ODN.

B.	 Inflammation	and	Metabolic	Research

1. Studying of immune system activated by TLR 
ligands

CpG oligodeoxynucleotides (CpG ODN) cel-
lular uptake into endosomes, the rate-limiting step 
of Toll-like receptor 9 (TLR9) signaling, is critical 
in eliciting innate immune responses. ADP-ribo-
sylation factor 6 (ARF6) belongs to the Ras super-
family, which is critical to a wide variety of cel-
lular events. The research team demonstrated that 
ARF6 is associated with CpG ODN/TLR9-medi-
ated responses. Inhibition of ARF6 impaired CpG 
ODN-induced NFκB activation, kinase activation, 
and cytokine production without affecting expres-
sion of TLR9 or MyD88, and without affecting the 
interaction of TLR9 with CpG ODN and MyD88. 
Confocal imaging revealed that inhibition of ARF6 
impaired CpG ODN-induced TLR9 trafficking to 
endolysosomes and retained TLR9 in the endoplas-
mic reticulum. Additional study showed that CpG 
ODN uptake was increased in cells expressing the 
constitutively active ARF6 mutant but impaired in 
ARF6-defective cells. Overexpression of class III 
PI3K has been implicated in increasing CpG ODN 
uptake. However, this enhancement of CpG ODN 
uptake was suppressed in ARF6-defective cells. 
Inhibition of CpG ODN uptake with the PI3K in-
hibitor wortmannin was recovered in active ARF6 
mutant expressed cells. These results suggest that 
class III PI3K was required for the downstream 
ARF6 regulation of CpG ODN uptake. Together, 
these findings demonstrate that a novel class III 
PI3K-ARF6 axis pathway mediates TLR9 signal-
ing by regulating the cellular uptake of CpG ODN 
(as shown in Figure 9). Selective activation or in-
hibition of class III PI3K or ARF6 might be useful 
for certain immunological or therapeutic applica-
tions.

2.	 Regulation	of	inflammatory	mechanism	research

Inflammation plays an important role in many 
diseases, such as cardiovascular disease, meta-
bolic disorders, and cancer. Dr. Kenneth K. Wu’s 
research focuses on anti-inflammatory mechanism 
in human, using COX-2 as a model. The data 

show that the proliferative fibroblasts secrete small 
molecular weight compounds that suppress in-
flammation-induced COX-2 expression at the tran-
scriptional level. Work is in progress in Dr. Wu’s 
laboratory to isolate the small molecular chemicals 
by multidisciplinary approaches and elucidate the 
underlying mechanisms.

C. System Medicine Research in Androgenic 
Treatment of Hormonal Therapy-Relapsed 
Human Prostate Tumors in LNCaP
Xenografts Model

Prostate cancer is the most common non-cu-
taneous carcinoma of men in the United States. It 
has become the fifth common male cancer in Tai-
wan; and androgen ablation therapy has become 
the primary treatment for prostate cancer that has 
spread beyond the prostate gland to distant sites, 
such as lymph nodes, bone, lung, liver, and brain. 
Androgen ablation therapy typically uses luteiniz-
ing hormone-releasing hormone (LHRH) agonists 
or bilateral orchiectomy to decrease the produc-
tion of androgens to stop or limit the growth of 
prostate cancer. However, 80–90% of the patients 
who receive androgen ablation therapy ultimately 
develop recurrent androgen-independent tumors 
12–33 months after androgen ablation therapy. The 
median overall survival of patients after tumor re-
lapse is 1–2 years. Observations at the institute and 
at other laboratories suggest that androgen might 
be a potential therapy for advanced prostate can-
cer.

To mimic the clinical situation of androgen 
treatment of hormone-refractory prostate cancer 
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after long-term androgen deprivation, the research 
team treated androgen-independent androgen re-
ceptor (AR)-positive LNCaP 104-R2 cells, which 
were derived from androgen-dependent LNCaP 
104-S cells after long-term androgen deprivation, 
with androgen. Androgen inhibited proliferation 
of 104-R2 cells via reduction of c-Myc and Skp2, 
as well as via accumulation of p27Kip1, resulting 
in G1 cell cycle arrest. 104-R2 cells adapted to 
androgen treatment and the adapted cells, R2Ad, 
were androgen-insensitive with low levels of AR, 
high levels of c-Myc and Skp2, and low levels 
of p27Kip1. Overexpression of AR in R2Ad cells 
regenerated an androgen-repressed phenotype, 
while knockdown of AR in 104-R2 cells gener-
ated an androgen-insensitive phenotype. LNCaP 
104-R2 tumor xenografts in castrated mice re-
gressed after testosterone treatment; but some 
cells (R2Ad) adapted to androgen suppression and 
evolved as androgen-insensitive tumors. AR and 

prostate-specific antigen (PSA) mRNA and pro-
tein decreased during adaptation. Liver X receptor 
(LXR) signaling pathway plays an important role 
in homeostasis of fatty acids and cholesterol. The 
team’s previous observations indicated that LXR 
signaling-related genes may play important roles 
during prostate cancer progression from hormone-
dependency to hormonal refractory. They thus de-
termined the expression of LXR signaling-related 
genes during the transition from 104-R2 cells to 
R2Ad cells. Expression of SREBP-1c, ABCG1, 
and ApoD mRNA was higher in 104-R2 and R2Ad 
cells compared to 104-S cells, while expression 
of ABCA1 and CYP27 mRNA was lower in 104-
R2 and R2Ad compared to 104-S cells, suggesting 
that liver X receptor (LXR) signaling may play a 
role in prostate cancer progression. Meta-analysis 
of array data on clinical samples from PubMed 
GEO profile datasets revealed that gene expression 
of CYP27 was lower in metastatic prostate tumors 

..

.
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and may be a potential biomarker for advanced 
prostate cancer. The study suggested that long-
term androgen ablation therapy may thus produce 
relapsed cancer cells that are androgen-insensitive 
and refractory to further androgen therapy. 

Aging-related Disease Research

Role	of	Inflammation	in	the	Pathogenesis	and	
Treatment of Osteoarthritis

Osteoarthritis (OA), characterized by chronic 
degeneration of the cartilage of joints, affects 
more than half of aged people. Trauma, excessive 
weight and continual “wear and tear” have long 
been thought to be the major factors behind os-
teoarthritis. However, recent clinical studies have 
indicated that inflammation plays a critical con-
tributing factor in the progression of this disease. 
Although the impact of OA on pain and functional 
impairment of aged people is huge, current therapy 
is still limited in pain relief and anti-inflammation 
because no drugs have yet been proven to have 
disease-modifying efficacy. So there is an urgent 
need to improve the options to treat OA. As a re-
sult, Dr. Ling-jun Ho’s laboratory has adopted a 
new approach to investigate the immune mecha-
nism in inflammation-mediated osteoarthritis 
and to look for potential therapies to prevent this 
disorder. By using chondrocytes obtained from 
osteoarthritis patients receiving knee replacement, 
the immunomodulatory effects and mechanisms of 
phytoestrogen “bavachin” on interleukin-1 (IL-1) 
activated chondrocytes have been demonstrated. 
The team reported that bavachin may potentially 
protect cartilage from inflammation-mediated 
damage in joints through reducing IL-1 induced 
chemokines production. The mechanism of action 
is through blocking IL-1β-induced activation of 
IKK-IκBα-NF-κB signaling pathway (European 
Journal of Pharmacology 636:181, 2010). In addi-
tion, the team also found that resveratrol, a compo-
nent of red wine, preserves the potential effect on 

inhibiting advanced glycation end products (AGEs) 
induced expression of inflammatory mediators 
iNOS-NO and COX-2-PGE-2 in chondrocytes. 
Such effects were likely mediated through inhibit-
ing IKK-IκBα-NF-κB and JNK/ERK-AP-1 signal-
ing pathways. By targeting these critical signaling 
pathways, resveratrol decreased AGEs-stimulated 
expression and activity of MMP-13 and prevented 
AGEs-mediated destruction of collagen II. Histo-
chemical analysis further confirms that resveratrol 
could prevent AGEs-induced degradation of pro-
teoglycan in cartilage explants (Arthritis Research 
& Therapy 12:R167, 2010). Through the investi-
gations into how aging contributes to the patho-
genesis and mechanisms of OA development, the 
team has shown that the accumulation of AGE in 
the cartilage can mediate the iNOS-NO and COX-
2-PGE-2 as well as MMPs and ADAMTSs pro-
duction, which leads to cartilage breakdown. The 
results indicate that JAK/STAT3 pathway plays 
a critical role in the regulation of AGE mediated 
cartilage matrix homeostasis through modulation 
MMP-13 and ADAMT5 production. Therefore, the 
Jak-STAT signaling might be used as a potential 
target for OA therapy and prevention (Figure 10).

Figure 10. Role of Jak-STAT signaling on AGEs mediated 
cartilage matrix degradation.
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National Institute of Infectious Diseases and 
Vaccinology

The National Institute of Infectious Diseases and Vaccinology was formally established in May 2011 
by combining the Division of Infectious of Diseases and the Vaccine Research and Development Center. 
It has become the sixth Institute formed within the National Health Research Institutes.
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Division of Infectious Diseases

Mission
Established in 1997 as the Division of Clinical Research, the division has been conducting important 

infectious diseases research and clinical training in Taiwan and has been advising the government on 
policies to solve medical/health problems. In 2009 it was renamed the Division of Infectious Diseases. 
Its missions are:

• to conduct surveillance and epidemiology of antibiotic resistance in important bacteria (including tubercu-
losis)/fungi and viral infection (influenza virus, enterovirus, and human immunodeficiency virus) in order 
to build prevention strategies;

•  to conduct basic studies to explore the molecular mechanism of drug resistance and virulence in bacteria 
(including tuberculosis) and fungi;

•  to study the pathogenesis and virulence factors of clinically important viruses (e.g., Epstein-Barr virus, 
hepatitis B virus, human immunodeficiency virus) in order to investigate possible therapeutic targets;

•  to provide evidence-based results for national policy-making;

•  to organize symposia and training courses for education, and to conduct international coordination to keep 
up with international standards.

Research Framework

Major Achievements

A. Advocacy on Judicious Antimicrobial Use 
and Research on Antimicrobial Resistance

1. Taiwan Surveillance of Antimicrobial Resistance 
and advocacy on antimicrobial control policy

The Taiwan Surveillance of Antimicrobial Re-
sistance (TSAR) is a biennial national surveillance 
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program executed by Dr. Tsai-Ling Yang Lauder-
dale’s team. The most recent round of TSAR (TSAR 
VI, 2008) indicated a persistent and/or increased 
resistance to broad- and extended-spectrum an-
timicrobials, including the last-line agents. Mul-
tidrug-resistant organisms (MDROs) are highly 
prevalent, especially in isolates from ICU and 
hospital-acquired infections (HAI). Nearly half 
(44–46%) of the HAI Escherichia coli and Kleb-
siella pneumoniae in TSAR VI are resistant to ex-
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tended-spectrum β-lactams (ESβ, cefotaxime, and/
or ceftazidime). Carbapenems are the last drugs of 
choice for treating these ESβ MDROs; but carba-
penem resistance in these 2 species was detected 
in TSAR VI (2008) collection, albeit at a low rate 
(<1%). The rapid increase of carbapenem-resistant 
Acinetobacter baumannii (CRAB) in Taiwan hos-
pitals (49% of the AB isolates in 2008 compared 
to 16% in 2004 and 32% in 2006, p < 0.001) is a 
sharp reminder of the need for timely detection 
and intervention measures to control the further 
development and spread of carbapenem-resistant 
MDROs.

In fungal infections, Dr. Hsiu-Jung Lo’s team 
revealed that Candida tropicalis is the most com-
mon non-Candida albicans species in Taiwan. 
Moreover, with the exception of Candida krusei 
(which is intrinsically resistant to fluconazole), C. 
tropicalis has the highest fluconazole resistance 
rate among all Candida species (Medical Mycol-
ogy 48:328–334, 2010). Dr. Lo also investigated 
yeast colonization in the oral cavities of clinically 
healthy individuals. Candida albicans (57.7%) 
was the dominant species of yeast isolates from 
323 students and staff at the National Health Re-
search Institutes, Taiwan. This is the first report to 
study yeast colonization in healthy population in 
Taiwan (Medical Mycology 49:103–106, 2011). 
Furthermore, antibiotic treatments were associated 
with increased rates of yeast colonization in HIV-
infected patients, whereas antiretroviral therapy 
and pneumococcal vaccination protected patients 
from yeast colonization (Journal of Clinical Mi-
crobiology 48:2609–2612, 2010).

2. Molecular mechanisms of drug resistance and 
virulence of bacteria and fungi

In 2010, Dr. Tsai-Ling Yang Lauderdale fo-
cused on genotypic studies of selected MDROs in 
the TSAR collection to increase our understanding 
of their molecular epidemiology and mechanisms 
of resistance. She also increased collaboration 
with various researchers, such as the Division of 
Infectious Diseases’ Dr. Feng-Jui Chen to study 
oxacillin-susceptible/mecA-positive Staphylococ-
cus aureus in the TSAR collection. They con-
ducted further studies on mecA-positive S. aureus 
with borderline oxacillin susceptibility and found 
the commercial antimicrobial susceptibility testing 
methods to have low sensitivity in detecting these 
isolates as MRSA. Studies are also being con-
ducted by Drs. S.C. Chang and J.T. Wang and col-

leagues in collaboration with Dr. Lauderdale to in-
crease our understanding of the impact of MDRO 
infections using the TSAR database. The results 
of a multicenter study on the risk factors and out-
come of hospitalized patients with infections due 
to CRAB have already been published (Journal of 
Hospital Infection 75:304–308, 2010). 

In collaboration with different infectious dis-
eases physicians in Taiwan, Dr. Lauderdale’s team 
has also performed active surveillance for MRSA 
carriage in intensive care unit patients (European 
Journal of Clinical Microbiology and Infectious 
Diseases 29:1553–1559), and conducted studies to 
investigate emerging resistance including MRSA 
genotype and mechanism of resistance to dapto-
mycin (Antimicrobial Agents and Chemotherapy 
54:4038–4040, 2010) and fluoroquinolone-resis-
tant Haemophilus influenzae (Journal of Hospital 
Infection 75:304–308, 2010).

In the study of Acinetobacter baumannii (A. 
baumannii), Dr. Leung Kei Siu’s team studied mo-
lecular characterization of β-lactamase genes and 
their genetic structures in Acinetobacter genospe-
cies 3 (AG3) isolates in Taiwan. The results sug-
gest that AG3 may obtain the antibiotic resistance 
genes, especially β-lactamase genes, from clinical 
or environmental Acinetobacter spp. through dif-
ferent gene acquisition mechanisms that include 
integrons, IS elements, and a novel integrase. Be-
sides, Dr. Siu’s team also validated the contribution 
of the blaOXA-58 gene and its promoter to β-lactam 
resistance in Acinetobacter genomic species 13TU. 
The genetic structures flanking blaOXA-58 and their 
contribution toward antimicrobial resistance were 
investigated (Antimicrobial Agents and Chemo-
therapy 54:2699–2703; 3107–3112, 2010).

In the study of Klebsiella pneumoniae, Dr. 
Siu’s team clarified the association between outer 
membrane protein (Omp) loss and virulence. The 
data showed that loss of OmpK36 in K. pneumo-
niae resulted in increased antimicrobial resistance, 
increased susceptibility to neutrophil phagocytosis, 
increased resistance to serum killing, and reduced 
virulence (Journal of Antimicrobial Chemotherapy 
65:986–990, 2010).

Dr. Chia-Yu Chi analyzed whether there are 
differences in the distribution of S. aureus genes 
encoding for toxins and virulence factors and 
antimicrobial resistance patterns in patients with 
uncomplicated staphylococcal bacteremia (SAE) 
compared to infective endocarditis (IE). There 
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were no significant differences in antibiotic sus-
ceptibility patterns between the 2 groups, and no 
significant genetic differences of genes encoding 
for virulence factors between isolates from the IE 
and SAB groups, including the genes encoding for 
adhesins. Dr. Chi demonstrated that some of these 
genes may be essential for S. aureus bloodstream 
infection but were not associated with the forma-
tion of vegetations (Journal of Clinical Microbiol-
ogy 48:292–294, 2010).

The accessory gene regulator (agr) locus con-
trols many of the virulent toxins involved in S. aure-
us pathogenesis. AgrC is a two-component signaling 
receptor for sensing AIP signal molecules. Dr. Feng-
Jui Chen’s team used site-directed mutagenesis to 
substitute residue 116 in TM4 of AgrC with the 
other 19 amino acids and found that residue 116 in 
TM4 of AgrC may be involved in stabilizing inter 
and/or intrahelical interactions. Dr. Chen demon-
strated that residue 116 of AgrC with the hydro-
phobic property will make the conformation of the 
whole AgrC receptor more stable and less likely to 
be activated, while that with the hydrophilic prop-
erty will make it easy to be activated.

Overexpression of efflux pumps, such as 
CDR1 and CDR2, is major mechanism contribut-
ing to drug resistance. Dr. Lo’s team determined 
the involvement of two transcription factors, 
Ndt80p and Tac1p, as well as CDR1 and CDR2, in 
drug and stress responses in Gu5, a clinical flucon-
azole resistant isolate. The cdr1/cdr1 cdr2/cdr2 
cells are hypersusceptible to all tested agents. In 
Gu5, both Ndt80p and Tac1p are involved in azole 
resistance by regulating different targets. In addi-
tion, these 2 transcription factors have different 
roles in response to different stresses.

B. Research and Advocacy on Tuberculosis 
Control

Tuberculosis continues to be a major cause of 
disease and death in Taiwan. Division researchers 
Drs. Horng-Yunn Dou and Ih-Jen Su discovered 
that the Beijing modern strain of M. tuberculosis 
was the most common genotype in the Han Chi-
nese population and among veterans in Taiwan. 
From a collection of 338 Beijing strains, a total 
of 9 independently evolving Beijing sublineages 
were identified in 2010 (Figure 1). Thus, the data 
suggest that mutations in the DNA repair enzymes 
may more likely be present in the modern Beijing 
sublineages but also that they were not associated 

with the presence of MDR (Clinical Microbiology 
and Infection, 2010, Epub ahead of print).

Figure 1. Scheme of the proposed evolution of Beijing lin-
eages.

C.	 Surveillance	of	Viruses	(Influenza	and	
Enteroviruses)

1.	 Surveillance	of	influenza	virus

Through her phylogenetic analysis of influ-
enza virus, Dr. Jen-Ren Wang found that a pro-
gressive drift occurred among southern Taiwan A 
(H3) influenza isolates over the past flu seasons. 
The 2010 Northern Hemisphere vaccine-like strain 
(A/Perth/16/09-like) was first identified in south-
ern Taiwan in August 2009; and southern Taiwan 
H3N2 isolates have already shown some varia-
tions from the A/Perth/16/09 strain at antigenic 
sites A, C, D, and E. Furthermore, 2 clusters of A/
Perth/16/09-like strains have circulated in southern 
Taiwan since July 2010. One of them is the same 
as A/Perth/16/09-like strains in antigenic sites; 
another contained variations in antigenic sites A 
and E. Hemagglutination inhibition tests revealed 
that the clinical isolates H3N2 subtype circulat-
ing in southern Taiwan did not show reduced HI 
titer when compared with the vaccine strain, A/
Perth/16/09. In a division study of influenza B 
virus, at least 2 lineages of influenza B — B/
Florida/4/2006-like (Yamagata lineage) and B/
Brisbane/60/08-like (Victoria lineage) — were 
co-circulating in 2009–2010 in southern Taiwan. 
The major clinical isolate was B/Brisbane/60/08-
like (Victoria lineage), which the World Health 
Organization recommended for 2010–2011 North-
ern Hemisphere vaccine compositions. The B/
Brisbane/60/08-like clinical isolates were influenza 
B reassortants.

Novel pandemic influenza H1N1 (pH1N1) virus 
spread rapidly across the world in 2009, leading to 
a phase-6 influenza pandemic alert. For national 
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preparedness, the division began a pH1N1 pro-
gram in September 2009. Drs. Chia-Yu Chi and 
Jen-Ren Wang revealed that the presence of some 
level of cross-reactive antibody in Taiwanese 50 
years or older and in elderly subjects who may 
already have been exposed to the 1918 virus had 
high neutralizing antibody titer to the 2009 pH1N1 
(Figure 2). Nature infection with the Taiwan 
2006–2008 seasonal H1N1 viruses may induce 
cross-reactive antibody response to 2009 pH1N1 
(Clinical and Vaccine Immunology 17:1958–1962, 
2010). Based on the potential crisis of pH1N1, the 
division proposed a 3-year (2011–2013) program 
to further study the pathogenetic mechanism, pig 
animal model, and drug development of pH1N1.

Figure 2. Titers of neutralizing antibody against the 2009 pandemic H1N1 virus among serum donors, according to age distri-
bution.

2. Surveillance of enteroviruses

In the study of phylogenetic analysis of VP1 
gene of the enterovirus type 71 (EV71) in southern 
Taiwan in 2009 and 2010, Dr. Jen-Ren Wang dem-
onstrated that isolates from 2009 were clustered 
into B5 genotype. However, isolates from 2010 
were clustered into C4 genotype; these are closely 
related to the C4a strains associated with the 2008 
epidemic in China. This raises the possibility that 
EV71 viruses were transmitted around the Asia-
Pacific region. Dr. Min-Shi Lee performed an 
epidemiological cohort study of EV71 infections 
in northern Taiwan. By June 2008, follow-up was 
completed on 309 neonates, including blood col-

lection at 6 months of age. Among the 154 sero-
positive neonates, 3 remained seropositive and 151 
became seronegative at 6 months of age. Accord-
ing to those results, infants less than one year old 
are in a high-risk group for EV71 infection. Dur-
ing the 2008–2009 nationwide epidemics, age-spe-
cific incidence rates of EV71 infections in young 
children increased gradually from 1.71 per 100 
person-years at 0–6 months of age to 4.09, 5.74, 
and 4.97 per 100 person-years at 7–12, 13–24, and 
25–36 months of age, respectively.

D. Tumor Virology

1. Pathogenesis and therapy of HBV-related 
hepatocarcinogenesis

Dr. Su’s laboratory demonstrated that HBV pre-
S mutants play a potential role in the pathogenesis of 
hepatocellular carcinoma (HCC) and that ground 
glass hepatocytes represent a preneoplastic lesion 
of HCC. The pre-S2 mutant can selectively up-
regulate cyclin A and induce nodular proliferation 
and the transformation of hepatocytes in trans-
genic mice. Signal pathways such as VEGF/Akt/
mTOR and JAB1/p27/RB/Cyclin A were identified 
to be associated with tumor development and are 
potential candidate for prevention or target therapy 
(Journal of Gastroenterology and Hepatology 
23:1169–1174, 2008). In 2008, Dr. Su’s team fur-
ther demonstrated that HBV pre-S mutants could 
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upregulate growth factor VEGF-A to promote 
proliferation and growth of hepatocytes (Hepatol-
ogy 49:1962–1971, 2009); this was also important 
for further work. In 2010, Dr. Su collaborated with 
National Cheng Kung University Hospital to in-
vestigate whether specific patterns of GGH in non-
tumorous liver are associated with the recurrence 
of HBV-related HCC after surgery. The data re-
vealed that assessment of GGH patterns or HBsAg 
expression in the non-tumorous liver provides an 
easily recognized, new risk marker for the recur-
rence of HBV-related HCC after hepatic resection 
(Figures 3, 4) (Cancer, in press).

Figure 3. Hepatitis B surface antigen (HBsAg) expression 
patterns in the nontumorous liver tissues.

2. Pathogenesis and therapy of EBV-associated he-
mophagocytic syndrome and malignancies (T cell 
lymphoma and nasopharyngeal carcinoma)

Dr. Su’s team previously demonstrated that the 
EBV LMP-1 protein can inhibit XLP-SAP expres-

Figure 5. Rosiglitazone treatment showed significant im-
provement of survival in HVP-infected rabbits 
(Group A and Group B represent rabbits receiv-
ing rosiglitazone treatment on Day 7 and Day 20, 
respectively, after HVP infection).

Figure 4. The association between recurrent hepatocellular 
carcinoma and different patterns of HBsAg ex-
pression.

sion and activate the TRAF2,5/NFκB/ERK signal-
ing pathway via ATF-5, leading to enhanced cy-
tokine production, providing a common pathway 
or pathogenesis for hemophagocytic syndrome. 
Activation of NFκB represents a key pathway for 
the progression from EBV infection of T cells to 
T cell lymphoma (American Journal of Pathology 
170:1607–1617, 2007). By using cDNA microar-
ray analysis, the research team later identified 
ATF5 as the candidate transcriptional repressor 
for SAP expression in LMP1 expression T cells. 
LMP1 up-regulated ATF5 via TRAFs/NFκB sig-
nals to suppress SAP gene expression (American 
Journal of Pathology 173:1397–1405, 2008). Most 
recently, animal studies using a PPAR agonist, 
rosiglitazone, revealed improved control for virus-
associated hemophagocytic syndrome (Figure 5) 
(Antiviral Therapy 15:71–81, 2010).

Dr. Yao Chang’s team compared EBV-infected 
nasopharyngeal carcinoma (NPC) cells with and 
without spontaneous expression of viral latent 
membrane protein 1 (LMP1) and found that cul-
ture supernatants of LMP1-positive tumor cells 
exert enhanced chemo-attraction to primary T cells 
(Figure 6). This study corroborates that endog-
enous LMP1 in EBV-infected NPC cells induces 
multiple chemokines to promote T cell recruit-
ment and perhaps other pathogenic events in NPC 
(Virology 405:464–473, 2010). Furthermore, after 



National Institute of Infectious Diseases and Vaccinology 39

analyzing expression of programmed death-1 (PD-
1), the marker of T-cell dysfunction, and its bind-
ing ligands in NPC tumor tissues, Dr. Chang pro-
posed that PD-1 expression in intratumoral CD8 
cells reflects selective suppression of the cytotoxic 
lymphocytes in NPC tumor microenvironment 
and predicts the tumor recurrence after conven-
tional therapies (Modern Pathology 23:1393–1403, 
2010).

Figure 6. Profiles of chemokines secreted from HONE-GV2 and HONE-GV8 cells.

E. Epidemiology and Risk Factor Analyses of 
HIV Infection (AIDS)

Dr. Fan-Chen Tseng cooperated with National 
Cheng Kung University Hospital and National Tai-
wan University Hospital to study the epidemiology 
related to early HIV detections using clients’ data 
from voluntary HIV testing clinics and outreach 
programs in gay bathhouses. Among HIV-1(+), 
recent vs. long-standing — i.e., infected within 
the previous 6 months or infected longer than 6 
months, respectively — were differentiated by the 
IgG-capture BED-EIA, and risk factors were ana-
lyzed. In clinics, independent factors associated 
with delayed diagnosis of HIV infection by multi-
variate regression were as follows: females (OR = 
2.44 vs. males, p = 0.2), older age (OR = 1.72 for 
each decade, p = 0.005), and MSM (men who had 
sex with men) (OR = 5.26 vs. non-MSM males, p 
= 0.007). The study in the gay bathhouses revealed 
that 38.6% of those infected with HIV-1 had re-
ceived their diagnosis within 6 months of infection 

(i.e., these were recent infections); and incidence 
of HIV increased from 7.8% in 2004 to 15% in 
2007 (p-trend < 0.001) (AIDS Behavior, 2010).

F. International Cooperation

The division continues to support the Vietnam 
Virology Laboratory project, which it established 
in 2006 in cooperation with Taiwan’s Centers for 
Disease Control and National Cheng Kung Uni-
versity Hospital to study enterovirus epidemiology, 
conduct a milrinone trial for EV71-induced pulmo-
nary edema, and investigate EBV-hemophagocytic 
syndrome in Vietnam.

In a comprehensive analysis of hemophagocyt-
ic lymphohistiocytosis (HLH) in Vietnamese chil-
dren, Dr. Ih-Jen Su addressed early diagnosis and 
found evidence supporting that a more appropriate 
regimen is demanded for treating HLH patients in 
tropical areas like Vietnam (British Journal of Hae-
matology 148:301–310, 2010). For the milrinone 
clinical trial, a total of 90 cases had been enrolled 
by March 31, 2010. The data showed milrinone re-
duced the mortality of patients with EV71-induced 
cardiovascular collapse. The Division of Infec-
tious Diseases has helped NHRI set up virology 
laboratories and a cooperation office in Vietnam’s 
Children’s Hospital No. 1. This international col-
laboration will benefit not only the health situation 
in Vietnam but also that in Taiwan by helping to 
minimize the threat of a severe infectious disease 
pandemic.
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Vaccine Research and Development Center

Mission
NHRI’s Vaccine Research and Development Center implements the government’s directives in the 

field of vaccines through proactive and transparent teamwork to sustain a productive and innovative re-
search and development environment. In recent years the center’s achievements include:

• establishing the infrastructure and facilities for developing novel vaccines and immunotherapeutic candi-
dates to fulfill Asian health care needs;

•  building and implementing cGMP facilities for manufacturing BCG vaccine and for manufacturing vac-
cine candidates for regional phase I and II clinical trials;

•  developing the ability to respond to emergency requests by the national government for vaccines against 
pandemic diseases and bioterrorism;

•  establishing and running forums for training and educating young scientists in vaccine-related biotechnol-
ogy.

The center was founded in June 2003, when it had just 1 staff member. Now, under the direction of 
Dr. Pele Chong, the center has more than 140 staff members. In the Research and Technology Develop-
ment group, there are 9 principal investigators and more than 30 research assistants and postdoctoral fel-
lows running 5 platform technologies: vaccinomics, genetic engineering, vaccine formulation and deliv-
ery system, bioprocesses development, and bioanalytical chemistry. Vaccine Development is the largest 
group, with more than 100 staff members, including chiefs, managers, section heads, technical special-
ists, and contracted research assistants.

Research and Development Framework

G. Symposia and Education

The Division of Infectious Diseases has held 2 
academic symposia and 5 scientific meetings. The 
Symposium on Infection Control and Antimicro-

bial Resistance was held on August 1, 2010. The 
symposium provided a chance for medical experts 
from the United States, Europe, and Taiwan to ex-
change information on their countries’ experiences 
in the control of hospital infection.
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Major Achievements
The Vaccine Research and Development Cen-

ter is already playing an important role in Taiwan’s 
vaccine industry. For many vaccines the biologi-
cal correlates of efficacy are not yet known or are 
at best poorly understood. Such correlates will be 
established only through comprehensive, system-
atic, and in-depth immune monitoring of natural 
disease and efficacy trials. The Vaccine Research 
and Development Center is establishing the infra-
structure enabling it to perform those tasks and 
continuing its efforts to become the best vaccine 
center in Asia. In addition, to help ensure long-
term financial support the Vaccine Research and 
Development Center in investigating using its cur-
rent product-development programs to establish its 
cGMP facility as a technology-transfer unit. The 
center has already formed a strategic alliance with 
a local biotechnology company and helped pro-
duce GMP-grade clinical trials material for H1N1 
flu vaccine.

A. Taiwan Human Vaccine R&D Program

In order to implement the government’s policy 
to develop vaccine self-manufacturing capability, 
strengthen the infrastructure for vaccine research, 
and respond to any threat from emerging infec-
tious diseases, this project is integrating resources 
and expertise from all relevant fields to establish a 
national vaccine research and development team 
dedicated to local important vaccine research and 
production.

Influenza is a great public health concern 
both domestically and internationally. The World 
Health Organization is encouraging all countries 
to strengthen their preparedness for pandemic in-
fluenza through vaccine research and development 
and to build vaccine platforms that ensure self-suf-
ficiency in manufacturing ability. Enterovirus type 
71 can cause severe neurological disease, even 
death. The mortality rate in Taiwan from this has 
been particularly high compared to other countries, 
leading the nation’s Centers for Disease Control 
to devote special attention to targeted vaccines for 
this. The drug resistance of Meningococcus group 
B is also a potential threat to global health; the 
center’s preliminary animal studies data, however, 
show that the subunit vaccine for Meningococcus 
group B is feasible.

Based on public health concerns and the need 
to respond to pandemic outbreaks, the Vaccine 

Research and Development Center is targeting the 
development of vaccines against H5N1 influenza, 
enterovirus type 71, and Meningococcus. The proj-
ect seeks to enter phase I clinical trials for all 3 of 
the targeted vaccines within 5 years.

1.	 H5N1	influenza	project

In 2010, the team completed H5N1 candidate 
vaccine (ProVEU) with 60 test subjects for the 
phase I clinical trial (Figure 7). The team also 
performed 2 test runs of 30 liters microcarrier bio-
reactor for H5N1 flu virus production. In the test 
runs, the HA titers were 512/50 μL and 1024/50 
μL; based on this, 100,000 doses of 15 mcg HA 
estimated could be prepared per year. The team 
also performed 150 liters bioreactor with HA titer 
of 512/50 μL; based on this titer, 150,000 doses 
of 15 mcg HA could be prepared every 3 months. 
The team found that the presence of D-form ste-
reoisomer in the native-peptide sequence increased 
the resistance of peptide segment from hydrolysis, 
a feature of great interest for further in vivo ap-
plications. Also interestingly, CpG- or LPS-elicited 
dendritic cell maturation was modulated by co-
stimulation of lipidated indolicidin or indolicidin 
stereoisomers. Moreover, PELC (a proprietary 
water-in-oil-in-water nanoemulsion comprising 
bioresorbable polymer/Span 85/squalene) has the 
potential to overcome antigenic competition and 
broaden the neutralizing antibody responses, in 
comparison with alum adjuvant.

Figure 7. Cell-based H5N1 influenza vaccine (for clinical 
trial use).

2. Enterovirus type 71 project

The team has prepared 4 lots of bulk and 2 lots 
of clinical trial materials, completed the qualifica-
tions of all SOPs for QC tests, and received vali-
dation reports for the master cell bank, working 
cell bank, and end-of-production cells. The reports 



42 National Institute of Infectious Diseases and Vaccinology

3. Meningococcal recombinant vaccine project

In early 2010, the team filed a U.S. patent appli-
cation (no. 61/372, 617) for a purification method 
of recombinant lipoprotein. In order to be ready 
for clinical trials, a cGMP-certified facility for 
manufacturing the prototype vaccine of MGBvac 
was established. A kanamycin resistant E. coli 
expression system has been developed to produce 
the recombinant Ag473 (antigen component of 
MGBvac) in a 20L fermentation scale. More than 
7 batches of upstream processes and 3 batches 
of downstream processes have been conducted 
to demonstrate the robustness and the quality of 
production. To support the preclinical and the pro-
spective clinical phase I trials, one batch of end 
product, designated “MGBvac” (lot no. 40-06-
0101), was prepared by filling vaccine in a multi-
ple-dose vial (3 mL/vial, 40 mcg/mL, 20 mcg/0.5 
mL per dose). The validations of cell banks for the 
vaccine production — including MCB, WCB, and 
end-of-production cells — have been conducted 
by Bioreliance UK, according to international 
regulations and guidelines. The identity, purity, 
and stability of MGBvac were examined using 
state-of-the-art technology, including both GC 
and LC mass spectroscopy. All the QC tests for 
the product release have been performed and are 
expected to be ready for toxicology studies soon. 
The experimental design of animal studies in mice 
and the rabbit models was reviewed by Taiwan’s 
Center for Drug Evaluation. Documentation for an 
Investigation New Drug (IND) application, pre-
clinical studies, biochemical characterizations of 
vaccine, animal toxicology studies, and QC tests of 
MGBvac are being performed. Clinical trials are 
expected to start in 2011 after the IND submission 
and approval by the Department of Health (Figure 9).

found no contamination in the cell bank. A study 
completed in April 2010 found no oncogenic prop-
erties in the end-of-production cells. The team also 
completed the validation of both master and work-
ing virus seeds, with the subsequent reports show-
ing there was no contamination in the virus seeds. 
And it completed pre-clinical animal toxicology 
studies in both rat and rabbit models. The find-
ings demonstrate that enterovirus type 71 vaccine 
caused no adverse events. The team submitted the 
Chemistry, Manufacturing, and Controls dossier 
and obtained permission from Taiwan’s Food and 
Drug Administration to initiate phase I clinical tri-
als, which began at Taipei Veterans General Hos-
pital and National Taiwan University Hospital in 
December 2010 (Figure 8).

Figure 8. Cell-based enterovirus type 71 vaccine (for clini-
cal trial use).

Figure 9. Meningococcal recombinant vaccine (for clinical 
trial use).

B. Research and Technology Development

Program A: Immune-regulatory platform and its 
application in vaccine research and development

•  TGF-β and IL-6 expressed in tumor microenvi-
ronments are thought to be important mediators 
of both host defense immune responses and tu-
mor survival. In the presence of both TGF-β and 
IL-6, Tnc17’s differentiation and growth would 
be facilitated; therefore, the EG-7 (EL-4 thy-
moma transfected with OVA) tumor model was 
established to investigate the effect of Tnc17 on 
tumor growth. The team is analyzing the profile 
of Tnc17 in peripheral blood and at the tumor 
sites of cancer patients in order to understand the 
role of Tnc17 in the host immune system and 
tumor development. The results will benefit the 
development of vaccines for chronic viral infec-
tions such as HPV.

•  Blood samples were obtained from 111 head 
and neck squamous cell carcinoma (HNSCC) 
patients and 25 healthy volunteers as normal 
controls. Intracellular IL-17 expression was ana-
lyzed on the CD4 and CD8 cell populations by 
FACS Calibur. The team found that the percent-
ages of circulating IL-17+ T cells were increased 
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in HNSCC patients as compared to those in the 
healthy controls (P<0.05). Abundant expressions 
of TGF-β and IL-21 (which can promote IL-17 
expressing cells) were found in patients’ tumor 
tissues. Most importantly, populations of IL-17+ 
T cells reaching maximal levels in both CD4+ 
and CD8+ populations were found in advanced 
tumors. This finding suggests that IL-17+ T cells 
play an important role in tumor pathogenesis; 
moreover, a significant drop of circulating IL-17+ 
T cells was found in the patients who received 
the standard treatment. In vitro studies indicated 
that the addition of TGF-β could inhibit the lytic 
ability of immune cells. The team concluded that 
Tnc17 cells are elicited in the peripheral circula-
tion of HNSCC patients. Further study of molec-
ular mechanisms, the function and interactions of 
IL-17+ cells with different immune cell subsets or 
tumors, are urgently required to help develop im-
munotherapeutic strategies that might overcome 
tumor immunesuppression.

•  RT-PCR and real-time RT-PCR for detecting and 
quantifying 3 FOXP3 isoforms were developed. 
These three isoforms — full length FOXP3 
(FOXP3fl), FOXP3 with exon 2 deletion iso-
forms (FOXP3-Δ2), and FOXP3 with exons 2 
plus 7 deletions (FOXP3-Δ2-Δ7) — had been 
found to express in human CD4+FOXP3+ Treg 
cells. The detection and quantification of FOXP3 
isoforms allowed the team to further elucidate 
the expression of these moieties in relation to the 
functionality of the different CD4+FOXP3+ T 
cells found in human circulation. This develop-
ment is significant because this relationship is still 
not well defined in the literature. In addition, this 
development will provide a system to analyze 
whether and how differential expression of these 
FOXP3 isoforms may correlate with the func-
tionality of Treg cells in subjects with chronic 
disorders, as dysfunction of Treg cells could ac-
count for the abnormal immunoregulatory circuit 
that leads to the development of related diseases. 
In addition, the discovery of 3 other new FOXP3 
isoforms will provide the opportunity to further 
study the relationship between their differential 
expression and the functionality of Treg cells in 
chronic disease setting in greater detail.

•  The discovery that Pam-Indo possesses im-
munomodulatory properties has opened up the 
opportunity to further investigate its therapeutic 
potential to treat chronic disorders such as type 1 
diabetes and allergies, and to reduce the reacto-

genicity of vaccine formulation, which may be 
required for some vaccines. These further studies 
could lead to the development of Pam-Indo as a 
therapeutic agent for commercialization.

•  The team has demonstrated that both the genera-
tion of Treg cells and the suppressive activities of 
uMSCs were mediated by TGF-β1. The secreted 
level of IL-6 in MSC culture medium was sig-
nificantly higher when compared with control 
medium. The team intends to develop a reporter 
system to systematically analyze how the com-
bination of different cytokines and other soluble 
factors derived from MSCs regulate the expres-
sion of Foxp3 and RORrt genes.

•  In order to know what factor secreted from 
MSCs contributed to the modulation of immune 
activities, MSC culture supernate was analyzed 
by cytokine array. Results showed that the level 
of IL-6 in MSC-CM increased significantly 
and that IL-17 secretion by T lymphocytes was 
modulated by MSCs. IL-17 was detected in 
MSCs-T co-cultured system when cells were 
stimulated by PHA in both ELISA and intra-
cellular staining. The major cells for generating 
IL-17 were CD4+CD45RA+ lymphocytes, not 
CD4+CD45RA+ T lymphocytes. The team is 
seeking to determine whether MSCs can influ-
ence the differentiation of Th17 or Tnc17 subsets 
by interacting with T lymphocytes directly or by 
releasing soluble factors. The team has devel-
oped a reporter system to systematically analyze 
how the combination of different cytokines and 
other soluble factors derived from MSCs could 
regulate the expression of Foxp3 and IL-17. In 
addition, the team can now test which factors are 
involved in promoting or suppressing the expres-
sion of Foxp3 and RORrt, and how the Treg and/
or Th17 cells are generated.

•  Dendritic cells (DCs) play a vital role in regulat-
ing the connection between innate and adaptive 
immunity. MSCs have the power not only to 
influence the activities of T lymphocytes but also 
to override the stimulation of DCs. The team has 
established a differentiation platform for human 
monocyte-derived dendritic cells (MDDCs). Us-
ing endocytosis and MLR assay, most surface 
molecules for DC functions — including CD80, 
CD86, HLA-DL, CD40, and CD11c — were 
found up-regulated in vitro. Growth-related on-
cogenes (GROs) are highly secreted in MSC-CM 
and treatment of GRO-γ during differentiation 
of MDDC, causing reductions of expression of 
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surface proteins, endocytosis, and MLR activities 
in MDDCs similar to those of MSC-CM. These 
findings not only provide evidence of an immu-
no-suppressive function of GRO-γ in MSC-CM, 
but also present the controlling mechanism of 
GRO-γ/CXCR2 in regulating differentiation of 
MDDCs and their therapeutic roles in chronic in-
flammation, autoimmunity, allergic diseases, and 
prevention of transplant rejection.

Program B: Lipid-based immunopotentiator and 
delivery system for novel vaccine development

This program focuses on the development of 
immunotherapeutic vaccines based on the geno-
types of Asian-specific human papillomaviruses 
(HPVs). Gential warts and cervical cancer are 
major diseases associated with HPV infection. Ac-
cording to their oncogenic potential, HPV are di-
vided into high-risk genotypes (HPV16, 18, 31, 45, 
33, 35, 39, 52, 56, 58, and 59) and low-risk geno-
types (HPV6 and 11). The distribution of HPV se-
rotypes varies, depending on geographical regions. 
In Western countries, the most prevalent serotypes 
are 16, 18, 33, and 45. In Asia, HPV16, 18, 58, 
and 52 are the most prevalent serotypes associated 
with high-grade squamous intraepithelial lesions 
or cervical cancer. Two prophylactic HPV vac-
cines based on recombinant L1 virus-like particles 
(Gardasil and Cervarix) were recently approved 
for prevention of HPV infection and cervical can-
cer. Gardasil is a tetravalent vaccine (HPV16, 18, 6, 
11), whereas Cervarix is a bivalent vaccine (HPV16 
and 18). HPV types 52 and 58, which are among 
the most prevalent in Asia, are not covered by 
these vaccines. Furthermore, these vaccines can-
not be effective as therapeutic vaccines in infected 
individuals. The mortality associated with cervical 
cancer is very high in Asia (48%). The center’s 
overall objective is thus to develop therapeutic 
HPV vaccines for the Asian population.

1. Delivery of antigenic epitopes of HPV oncopro-
teins as novel immunotherapeutic vaccines against 
cervical cancer

Two peptides of HPV18 not only induce T 
cell responses in HLA-A11 transgenic mice, but 
also stimulate T cells derived from mice immu-
nized with DNA that encodes the HPV18 E6-E7 
protein. Furthermore, both peptides can stimulate 
PBMCs of HPV18-infected volunteers to secrete 
IFN-γ; these results indicate that both peptides are 
naturally processed CTL epitopes. Information on 

the discovery of HPV-derived CTL epitopes was 
published in 3 papers (Cancer Biology Therapy, 
2009; Clinical and Vaccine Immunology, 2010; 
Journal of Medical Virology, 2010). In order to 
improve the therapeutic effect of CTL epitope-
based vaccines, the novel adjuvant is important 
for the peptide-based vaccines development. In a 
previous study (Molecular Immunology, 2010), 
the team found that rlipo-D1E3 could activate 
dendritic cells (DCs) through TLR2. It is of inter-
est to develop TLR2 ligands as novel adjuvant 
from rlipo-D1E3. The team collaborated with Dr. 
Chih-Hsiang Leng, also of the Vaccine Research 
and Development Center, to prepare lipo-Nter 
(N-terminal fraction from trypsin-digested rlipo-
D1E3). The lipo-Nter was identified to have the 
DC-activating activity through TLR2. However, 
the team found that the purified lipo-Nter needs 
TLR6 as co-receptor for TLR2 signaling. The lipo-
Nter could increase antigen presentation ability 
in vitro and induce strong peptide-specific CD8 T 
cells proliferation in vivo. In animal studies, the 
data suggested that the lipo-Nter enhances the 
anti-tumor activity of both recombinant mutant E7 
(rE7m) and E7-derived peptide in animal model. 
Furthermore, the anti-tumor effect is stronger than 
incomplete adjuvant or synthetic lipopeptide ana-
log Pam3CSK4 as adjuvant. These results demon-
strate that lipo-Nter could be a good adjuvant for 
cancer immunotherapy.

2. Establish synthetic lipopeptides as intrinsic adju-
vant for cancer vaccine development

The team found that a non-lipidated long pep-
tide could be taken up by DCs and that the peptide 
could be co-localized with the early endosomes. 
The uptake of non-lipidated peptide by DCs was 
inhibited at low temperatures and/or by depoly-
merization of actin filaments or microtubules. In 
contrast, lipidated peptide was internalized by DCs 
at low temperatures; and the rate of internaliza-
tion was not inhibited when actin filaments and/
or microtubules were depolymerized. Moreover, 
only lipidated peptide was internalized by the non-
phagocytic cells, Jurkat cells. Both the endosome/
lysosome and proteasome degradation pathways 
were necessary for non-lipidated peptide presenta-
tion for activation of CD8+ T cells; but only the 
proteasome degradation pathway was sufficient to 
process lipidated peptide for MHC class I presen-
tation. The team further found that immunization 
of mice with lipidated peptide enhanced peptide-
specific T cell responses and induced stronger 
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antitumor responses than the immunization with 
non-lipidated peptide. Taken together, these stud-
ies demonstrate that DCs cross-present lipidated 
peptide through an endocytosis-independent path-
way and promote strong anti-tumor effects in vivo.

3. Establishment of recombinant lipoprotein with 
intrinsic adjuvant for vaccine development

Last year, the team demonstrated the HPV 
oncoprotein E7-specific CTL responses could be 
induced after administration of recombinant lipo-
protein E7m (rlipo-E7m) but that rE7m-specific 
CTL responses could not. This year, the team 
further validated the efficacy of rlipo-E7m in vivo 
for protection against the challenge of TC-1 tumor 
cells. After being vaccinated with rlipo-E7m, 83% 
of mice remained tumor free, while around 33% of 
mice were tumor free after being vaccinated with 
rE7m. Importantly, in the therapeutic model 83% 
of those receiving a single dose of rlipo-E7m re-
mained tumor free, whereas only 18% of mice re-
ceiving rE7m immunization remained tumor free. 
These results demonstrated the efficacy of E7m 
was dramatically increased in its lipidated form 
and could be a promising candidate for therapeu-
tic vaccine against HPV associated tumors. In the 
future, the team will study the details of protection 
effects after vaccinated of rlipo-E7m and try to 
demonstrate the protection mechanism of lipidated 
immunogens.

The Vaccine Research and Development Cen-
ter team received the National Innovation Award 
for this recombinant lipoprotein technology at the 
meeting of the Institute for Biotechnology and 
Medicine Industry on May 17, 2010. The U.S. 
patent on “Lipidating Sequences and Use Thereof 

for Producing Lipidated Proteins in E. coli” was 
granted on November 16, 2010 (Figure 10).

Figure 10. The National Innovation Award at the seventh 
meeting of the Institute for Biotechnology and 
Medicine Industry.

Program C: Development of dengue vaccine

The recombinant domain III of dengue E pro-
tein (ED IIIs) and lipidated ED IIIs were expressed 
in the Escherichia coli BL21 and C43 (DE3), 
respectively. After isopropylthiogalactoside induc-
tion, the recombinant protein was purified with 
immobilized metal affinity chromatography col-
umns. A polymyxin B agarose column was used 
to remove the endotoxin. The endotoxin levels of 
the purified recombinant proteins were determined 
by the Limulus amebocyte lysate assay, and the 
resulting endotoxin levels were found to be below 
30 EU/mg. The team has prepared more than 30 
mg recombinant proteins for ED III and lipidated 
ED III (total 8 vaccine candidates).

The neutralizing ability of the antiserum from 
the different mouse immunized groups against the 
4 serotypes of dengue virus was assessed using 
focus reduction neutralization tests (FRNT). In 
general, the neutralizing antibody activities were 
found to be weak in mice immunized with ED III 
alone or with ED III formulated with aluminum 
phosphate; but mice immunized with DEN-2 ED 
III produced much stronger neutralizing antibody 
responses. Mice immunized with lipidated ED III 
alone were able to induce substantial neutralizing 
antibody responses. Particularly, lipidated DEN-2 
ED III and lipidated DEN-4 ED III induced strong 
neutralizing antibody activities.

When the team mixed 4 serotypes’ ED IIIs 
(tetra ED III) as tetravalent vaccine candidates, 
neutralizing antibody titers were found to be high-
er in mice vaccinated with lipidated tetra ED III 
than mice vaccinated with tetra ED III formulated 
with aluminum phosphate. These results indicate 
that lipidated ED IIIs are potential dengue vaccine 
candidates.

Program D: Mucosal genetic vaccine against in-
fectious diseases

•  Previously, the team developed candidate RSV 
vaccines, replication-defective adenoviruses car-
rying F gene inserts of the RSV B1 strain (rAd-F). 
Mucosal delivery of rAd-F in mouse immuno-
genicity was found to have the F-specific mu-
cosal immune responses known to be protective 
against RSV infection in the mouse challenge 
model. In addition, the team has identified human 



46 National Institute of Infectious Diseases and Vaccinology

HLA-A2 specific CD8 epi-tope from RSV F pro-
tein and proved its immunogenicity in the induc-
tion of CD8+ T cell activation and the prevention 
of RSV infection. These candidate vaccines are 
currently being evaluated in a preclinical study. 
After passing assessment, these vaccine products 
may have great benefits and be used in the public 
health against RSV infection. Adenovirus vector-
based vaccine technology can also be applied to 
other infectious diseases.

•  The use of live attenuated viral vectors appears 
promising, especially because multiple antigens 
can efficiently be presented to the immune sys-
tem. Attenuated measles virus (MV) vaccine 
represents a number of essential features for 
the development of candidate prophylactic and 
therapeutic vaccines. Among these features are 
the safety, immunogenicity, and cost effective-
ness of the recombinant vaccines. Several stud-
ies have showed MV vector can bypass existing 
antibodies and induce specific humoral and cel-
lular immune responses in vivo against HIV and 
flavivirus. In this project, the team developed a 
platform technique based on the recombinant 
MV vector and to deliver the HPV E6 and/or E7 
gene by mucosal or other routes to induce an im-
munity against cervical cancer in a mouse model. 
The results of this project can provide useful 
information in cervical cancer therapy and MV 
vector application. In 2010, the team followed up 
on previous studies and finished 4 major projects. 
In the first, the team constructed 4 recombinant 
MV plasmids, including an original MV full-ge-
nome plasmid (pMV), a plasmid containing MV 
genome with 1 foreign gene expression cassette 
(pMV-ATU1), and 2 plasmids containing HPV 
mutant E7 gene (pMV-E7m and pMV-UbE7m). 
In the second project the team tested the im-
munogenicity of E7m in mouse model by DNA 
vaccine and found an E7-specific cytotoxic T cell 
response was induced and contributed to a 40% 
of survival rate after TC-1 tumor cells challenge. 
The team also constructed a plasmid express-
ing an ubiquitin-E7m fusion protein to increase 
the antigen-presenting ability for better immune 
responses and protections. Third, the team estab-
lished a novel MV helper 293 cell line to express 
MV N, P, and L proteins. The team designed and 
constructed a new tri-cistronic plasmid (pNPL) 
containing 3 gene-expression cassettes. By gene 
recombination, the team selected 6 clones of 
pNPL transfectants and detected MV N, P, and L 

genes present in the genomic DNA. And, fourth, 
the team tested the expression of foreign gene 
in MV plasmid by using a luciferase reporter 
gene. Luciferase activity in transient pMini-Luc 
transfected Vero cells increased more than 10-
fold. This suggests that the team’s pMV-ATU1 
can express foreign gene correctly in mammalian 
cells. The team plans to study the production of 
recombinant viral vaccines, to and evaluate the 
immunogenicity and protection of cervical can-
cer vaccine in human CD46 transgenic mouse 
model.

Program E: A single-dose multivalent vaccine 
against	pandemic	influenza	and	enterovirus

This project focuses on the use of micro-en-
capsulation technology for single-dose pandemic 
influenza and enterovirus multivalent vaccine 
developments. The team found that the mice that 
received PELC/CpG-formulated inactivated H5N1 
whole-virion vaccine (A/Vietnam/1194/2004 NI-
BRG-14, clade 1) could easily and quickly reach 
100% of seroprotection against a homologous vi-
rus strain and effective cross-protection against a 
heterologous virus strain (A/Whooper swan/Mon-
golia/244/2005, clade 2.2). However, there was no 
cross-protection response between H5N1/H1N1 or 
H5N1/EV71 viruses. The use of combo vaccines is 
a practical way to generate neutralizing antibodies 
against 2 viruses simultaneously. One should keep 
in mind, however, that a combo vaccine is not a 
procedure just to put the antigens together. New 
adjuvants will be required to overcome antigenic 
competition since the immunized cells have lim-
ited receptor numbers. The research results suggest 
that PELC has potential for overcoming antigenic 
competition. Regarding the adjuvant combination 
systems — i.e., an additional component, CpG, 
was added to the delivery systems (e.g., alum and 
PELC) — the humoral response data implied that 

Comparison of Components of Examples of Vaccine Adjuvants

Adjuvant Unit Components 

Emulsion adjuvants

MF59a Novartis squalene, Tween 80, Span 85 

AS03b GSK squalene, Tween 80, α-tocopherol

AF03c Sanofi-Pasteur squalene, polyoxyethylene cetostearyl ether, 
Span 85, mannitol

PELC VRDC, NHRI squalene, PEG-b-PLACL, Span 85 

Combination adjuvants

AS04d GSK alum, MPL 

PELC/CpG VRDC, NHRI PELC, CpG

a based on Focetria; b based on Pandemrix; c based on Humenza; d based on Cervarix
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it is beneficial to add the intracellular receptor 
TLR9 agonist CpG to PELC emulsion instead of 
to alum adjuvant. With a PELC emulsified deliv-
ery system, combination vaccines could merge into 
a single product, reducing the number of injections 
required to prevent infectious diseases such as 
influenza and enterovirus. Combination vaccines 
will become the trend for vaccine development.

C. Publications & Patents

Publications (2010)

Patents (2004–2010)

 Publication Accepted &
in Press

Submitted Total

Number 52 8 5 65

 In Review In 
Application

Approved Total

Number 2 34 3 39

Figure 11. Members of the Second International Symposium on Vaccine from Research to Product Launch.

D. Establishment of Forum for Training and 
Educating Local Young Scientists in
Vaccine-Related Biotechnology

In 2010 the Vaccine Research and Develop-
ment Center held 2 symposia, 8 training courses, 
and 3 lectures. One of the symposiums was “The 
Second International Symposium on Vaccine from 
Research to Product Launch,” which was held 
October 7–8, 2010, and organized by NHRI, the 
Department of Health, and the Centers for Disease 
Control. The main purpose of this symposium was 
to share the experiences in vaccine research and 
development to meet the needs of healthcare in 
Asia. Vaccine Research and Development Center 
had invited 31 speakers who were well-known in 
vaccine industry and/or academic field, to pres-
ent their outstanding research achievements. This 
symposium provided its more than 300 partici-
pants not only the opportunity to discuss and col-
laborate, but also to share information on down-
stream manufacturing. The participants obtained 
the latest information on international progress in 
vaccine R&D (Figure 11).
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Institute of Molecular and Genomic Medicine

Mission
In May 2011, the Division of Molecular and Genomic Medicine (DMGM), which had been estab-

lished in 1997, was reorganized into the Institute of Molecular and Genomic Medicine. The function of 
the institute is to develop outstanding research programs to better understand the molecular and genetic 
basis of diseases prevalent in Taiwan, with an eventual goal of providing better strategies for the detec-
tion, treatment, and prevention of those diseases. It has been working toward this goal by establishing 
state-of-the-art laboratories at NHRI, by conducting disease-related basic and applied research, and by 
collaborating with researchers nationwide and abroad.

The institute is forming distinct but integrated research groups and developing emerging molecular 
and genetic techniques to meet the challenges of medical research in the twenty-first century. 

The primary mission and goal of the institute is to improve health and prevent diseases. In pursuing 
this goal, the institute will:

• form distinct integrated research groups;

•  recruit promising young scientists, postdoctoral fellows, and students;

•  develop and apply modern molecular and genomic methodology to conduct high-quality research toward 
the understanding, prevention, and cure of diseases; and

•  promote genomic and molecular genetic research and related biotechnology development in Taiwan.

The institute also works toward the following:

•  development of state-of-the-art molecular and genomic technology and identification of genes and mo-
lecular mechanisms involved in diseases prevalent in Taiwan including cancer, infectious diseases, and 
inherited diseases;

•  translational application of newly identified disease genes and newly developed methodology in clinical 
and biotechnological industries, respectively;

•  establishment of inter-divisional and inter-institutional research collaboration.
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Chromosome/genomic 
microarray analysis 

Functional analysis
of gene/protein 
signaling 

Clinical samples & 
animal and cell models 

Establishment and 
application of new 
technology platforms 

Disease-related
genes/proteins & 
therapeutic targets 

Clinical application 

Research Framework

Major Achievements
Research activities in the DMGM can be broadly 

divided into 3 areas: functional genomics, devel-
opment and disease models, and molecular signal-
ing and cancer.

A. Functional Genomics Research Group

1. Novel IL31RA gene mutation and ancestral 
OSMR mutant allele in familial primary cutane-
ous amyloidosis

Primary cutaneous amyloidosis (PCA) is an 
itchy skin disorder associated with amyloid de-
posits in the superficial dermis. The disease is 
relatively common in Southeast Asia and South 
America. Autosomal dominant PCA has been 
mapped earlier to 5p13.1–q11.2; and 2 pathogenic 
missense mutations in the OSMR gene, which 
encodes the interleukin-6 family cytokine recep-
tor oncostatin M receptor beta (OSMRb), were 
reported. Here, the research team investigated 29 
Taiwanese pedigrees with PCA and found that 10 
had heterozygous missense mutations in OSMR: 
p.D647V (1 family), p.P694L (6 families), and 
p.K697T (3 families). The mutation p.P694L was 
associated with the same haplotype in 5 of 6 fami-
lies and was also detected in 2 sporadic cases of 
PCA. Of the other 19 pedigrees that lacked OSMR 
pathology, 8 mapped to the same locus on chromo-
some 5, which also contains the genes for 3 other 
interleukin-6 family cytokine receptors, includ-
ing interleukin-31 receptor A (IL31RA), which 

can form a heterodimeric receptor with OSMRb 
through interleukin-31 signaling. In 1 family, the 
team identified a point mutation (c.1562C4T) in 
the IL31RA gene that results in a missense muta-
tion, p.S521F, which is also sited within a fibro-
nectin type III-like repeat domain (as observed in 
the OSMR mutations). PCA is a genetically het-
erogeneous disorder; but this study shows that it 
can be caused by mutations in 2 biologically asso-
ciated cytokine receptor genes located on chromo-
some 5. The identification of OSMR and IL31RA 
gene pathology provides an explanation of the 
high prevalence of PCA in Taiwan as well as new 
insight into disease pathophysiology. This finding 
was published in the European Journal of Human 
Genetics (18(1):26–32, 2010).

2. A role for the CISD2 gene in lifespan control and 
human disease

Aging, which affects all organ systems, is 
one of the most complex phenotypes. Recent dis-
coveries in long-lived mutant mice have revealed 
molecular mechanisms of longevity in mammals 
which may contribute to the understanding of why 
humans age. These mutations include naturally oc-
curring spontaneous mutations and those of mice 
genetically modified by modern genomic tech-
nologies. It is generally believed that the most fun-
damental mechanisms of aging are evolutionarily 
conserved across species. The following types of 
longevity mechanisms have been intensively stud-
ied: suppression of the somatotropic (growth hor-
mone/insulin-like growth factor 1) axis, decreased 
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metabolism and increased resistance of oxidative 
stress, reduced insulin secretion and increased in-
sulin sensitivity, and delayed reproductive matura-
tion and reduced fertility. In addition, many of the 
mutations have a sex-dependent effect on lifespan, 
and when present in different genetic backgrounds 
the effects of the same gene mutation can vary 
considerably.

CISD2, the causative gene for Wolfram syn-
drome 2 (WFS2), is an evolutionarily conserved 
novel gene. Recently, the research team has dem-
onstrated that CISD2 is involved in mammalian 
lifespan control; this work also establishes WFS2 
as a mitochondria-mediated disorder and effective-
ly links CISD2 gene function, mitochondrial integ-
rity and aging in mammals. In wild-type mice, the 
expression levels of CISD2 decrease in an age-de-
pendent manner during the natural aging process; 
this correlates with mitochondrial breakdown and 
parallels the development of an aged phenotype. 
Future work will examine how the CISD2 knock-
out mouse helps researchers to understand WFS2 
pathogenesis, as well as exploring the potential 
effects of increased CISD2 expression. In addition, 
it will be of great interest to compare gene activ-
ity and/or protein function between normal human 
populations and long-lived centenarian groups. 
Together, human and mouse genetic studies should 
provide evidence as to whether CISD2 is a “master 
gene” for extreme old age. This finding was pub-
lished in Annals of the New York Academy of Sci-
ences (1201:58–64, 2010).

B. Development and Disease Models 
Research

1. Complexity of cis-regulatory organization of 
six3a during forebrain and eye development in 
zebrafish

Six3a belongs to the SIX family of homeodo-
main proteins and is expressed in the most anterior 
neural plate at the beginning of neurogenesis in 
various species. Though the function of Six3a as a 
crucial regulator of eye and forebrain development 
has been thoroughly investigated, the transcrip-
tional regulation of six3a is not well understood. 
To elucidate the transcriptional regulation of six3a, 
the research team performed an in vivo reporter 
assay. Alignment of the 21-kb region surrounding 
the zebrafish six3a gene with the analogous region 
from different species identified several conserved 
non-coding modules. Transgenesis in zebrafish 

identified 2 enhancer elements and 1 suppres-
sor. The D module drives the GFP reporter in the 
forebrain and eyes at an early stage, while the A 
module is responsible for the later expression. The 
A module also works as a repressor suppressing 
ectopic expression from the D module. Mutational 
analysis further minimized the A module to 4 
highly conserved elements and the D module to 
3 elements. Using electrophoresis mobility shift 
assays, the team also provided evidence for the 
presence of DNA-binding proteins in embryonic 
nuclear extracts. The transcription factors that may 
occupy those highly conserved elements were also 
predicted. This study provides a comprehensive 
view of six3a transcription regulation during brain 
and eye development and offers an opportunity to 
establish the gene regulatory networks underlying 
neurogenesis in zebrafish. This finding was pub-
lished in BMC Developmental Biology (10(1):35, 
2010).

2. Vgl1, a multi-KH domain protein, is a novel 
component	of	the	fission	yeast	stress	granules	re-
quired for cell survival under thermal stress

Multiple KH-domain proteins, collectively 
known as vigilins, are evolutionarily highly con-
served proteins that are present in eukaryotic organ-
isms from yeast to metazoa (Figure 1). Proposed 
roles for vigilins include chromosome segregation, 
mRNA metabolism, translation and tRNA trans-
port. As a step toward understanding its biological 
function, the research team has identified the fis-
sion yeast vigilin, designated Vgl1, and investi-
gated its role in cellular response to environmental 
stress. Unlike its counterpart in Saccharomyces 
cerevisiae, the team found no indication that Vgl1 
is required for the maintenance of cell ploidy in 
Schizosaccharomyces pombe. Instead, Vgl1 is 
required for cell survival under thermal stress, 
and vgl1D mutants lose their viability more rap-
idly than wild-type cells when incubated at high 
temperature. As for Scp160 in S. cerevisiae, Vgl1 
bound polysomes accumulated at endoplasmic 
reticulum (ER), but in a microtubule-independent 
manner. Under thermal stress, Vgl1 is rapidly re-
localized from the ER to cytoplasmic foci that are 
distinct from P-bodies but contain stress granule 
markers such as poly (A)-binding protein (Figure 2) 
and components of the translation initiation factor 
eIF3. Together, these observations demonstrated 
in S. pombe the presence of RNA granules with 
similar composition as mammalian stress granules 
and identified Vgl1 as a novel component that re-
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quired for cell survival under thermal stress. This 
finding was published in Nucleic Acids Research 
(38(19):6555–6566, 2010).

Figure 2. Co-localization of Vgl1 with poly (A)-binding 
protein (PABP) under thermal stress. Merged im-
ages of fluorescence micrographs showing Dcp2-
tdTomato (red) and Vgl1-GFP (green) localization 
in living cells grown at 30 °C and after a 15-min 
incubation at 42 °C. Bar: 5 μm.

Figure 1. Schematic representation of the domain structures of S. pombe Vgl1, S. cerevisiae Scp160, Drosophila Ddp1 and 
human Vigilin. Note that only the classical KH domain structures (hexagon) containing non-interrupting Gly-X-X-
Gly sequences are shown.

3. Deubiquitylating enzyme, Cops6, regulates dif-
ferent developmental processes during early ze-
brafish	embryogenesis

Zebrafish cops6 encodes a putative deubiqui-
tylating enzyme (DUB) that belongs to the JAMM 
family. It consists of 297 amino acids and includes 
the Mov34/MPN/PAD-1 (PF01398) domain. Ubiq-
uitylation is involved in many cellular processes 
and deconjugation of ubiquitin-modified substrates 
is important to maintain a sufficient amount of free 
ubiquitin in the cell. A DMGM team has found 
that cops6 plays different roles in early embryonic 
development in the zebrafish, including dorsoven-
tral patterning, convergent extension movement, 
and brain formation. In addition, the team’s find-
ings indicate that cops6 plays an anti-apoptotic 
role during segmentation. Overall, the study, which 
consolidates the team’s previous work on zebrafish 
DUB genes, corroborates the hypothesis of multi-
functional roles for DUB genes during develop-
ment. These findings were published in the Inter-
national Journal of Developmental Biology.

C. Molecular Signaling and Cancer Research

1. JNK pathway-associated phosphatase dephos-
phorylates focal adhesion kinase and suppresses 
cell migration

JNK pathway-associated phosphatase (JKAP, 
also named DUSP22) is expressed in various tis-
sues, indicating that JKAP may have an impor-
tant biological function. The team showed that 
JKAP localized in the actin filament-enriched 
region. Expression of JKAP reduced cell migra-
tion, whereas a JKAP mutant lacking catalytic 
activity (JKAP-CS) promoted cell motility. JKAP 
efficiently removed tyrosine phosphorylation of 
several proteins. The team has identified focal ad-
hesion kinase (FAK) as a substrate of JKAP. Over-
expression of JKAP, but not JKAP-CS mutant, 
decreased FAK phosphorylation at tyrosine 397, 
576, and 577 residues in H1299 cells. Consistent 
with these results, decreasing JKAP expression 
by RNA interference promoted cell migration and 
Src-induced FAK phosphorylation. Taken together, 
this study identified a new role for JKAP in the 
modulation of FAK phosphorylation and cell mo-
tility. This finding was published in the Journal of 
Biological Chemistry (285:5472–5478, 2010).

2. Prognostic implications of EGFR and KRAS 
gene mutations, and EGFR gene copy numbers 
in surgically resectable non-small cell lung can-
cer patients in Taiwan

In a survival study for 164 non-small cell lung 
cancer patients, the research team has demonstrat-
ed that EGFR mutations were associated with bet-
ter survival, which could provide new insights into 
the mechanism of cancer progression. For such a 
tumor biology, in the future clinical trials for adju-
vant therapy in NSCLC patients, a stratification by 
EGFR mutation may be necessary to avoid an un-
even distribution of the EGFR mutation that may 
confound the final survival data. This finding was 
published in the Journal of Thoracic Oncology 
(5(8):1175–1184, 2010).
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3.	 Pin1	promotes	TGF-β-induced	migration	and	
invasion

Transforming growth factor-β (TGF-β) regu-
lates a wide variety of biological activities. It 
induces potent growth inhibitory responses in nor-
mal cells, but promotes migration and invasion of 
cancer cells. Smads mediate the TGF-β responses. 
TGF-β binding to the cell surface receptors leads 
to the phosphorylation of Smad2/3 in their car-
boxyl-terminus as well as in the proline-rich linker 
region. The serine/threonine phosphorylation sites 
in the linker region are followed by the proline 
residue. Pin1, a peptidyl-prolyl cis/trans isomer-
ase, recognizes phosphorylated serine/threonine-
proline (pS/T-P) motifs. Here the team shows that 
Smad2/3 interacts with Pin1 in a TGF-β-dependent 
manner (Figure 3). 

The team further shows that the phosphorylat-
ed threonine 179-proline motif in the Smad3 linker 
region is the major binding site for Pin1 (Figure 
4). Although epidermal growth factor (EGF) also 
induces phosphorylation of threonine 179 and 
other residues in the Smad3 linker region same as 
TGF-β, Pin1 is unable to bind to the EGF-stimu-
lated Smad3. Further analysis suggests that phos-
phorylation of Smad3 in the carboxyl-terminus is 
necessary for the interaction with Pin1. Depletion 
of Pin1 by shRNA does not affect significantly on 
TGF-β-induced growth inhibitory responses and 
a number of TGF-β/ Smad target genes analyzed. 
In contrast, knockdown of Pin1 in human PC3 
prostate cancer cells strongly inhibited TGF-β-
mediated migration and invasion. Accordingly, 

TGF-β induction of N-cadherin, which plays an 
important role in migration and invasion, is mark-
edly reduced when Pin1 is depleted in PC3 cells. 
Since Pin1 is overexpressed in many cancers, the 
team’s findings highlight the importance of Pin1 in 
TGF-β-induced migration and invasion of cancer 
cells. These findings were published in the Journal 
of Biological Chemistry (285(3):1754–1764, 2010).

Figure 3. Pin1 binds to Smad2/3 in a TGF-β-dependent man-
ner.

Figure 4. Pin1 binding to Smad3 requires both the linker 
and the C-tail phosphorylation, and the Thr-179 is 
the major binding site for Pin1.

4. Functional interaction between Smad3 and 
S100A4	(metastatin-1)	for	TGF-β-mediated	can-
cer cell invasiveness

Transforming growth factor-β (TGF-β) induc-
es a cytostatic response in most normal cell types. 
In cancer cells, however, it often promotes me-
tastasis, and its high expression is correlated with 
poor prognosis. The research team demonstrated 
that S100A4, a metastasis-associated protein, also 
called metastatin-1, can physically and function-
ally interact with Smad3, an important mediator 
of TGF-β signaling. As it does to its known target 
proteins, S100A4 binds to Smad3 in a Ca2+-depen-
dent manner. The S100A4-binding site was located 
in the N-terminal region of Smad3. S100A4 bind-
ing to Smad3 and related Smad2 can potentiate 
their transcriptional activity. When exogenously 
expressed in MCF10CA1a.cl1, an MCF10-derived 
breast cancer cell line, S100A4 increased TGF-
β-induced metalloproteinase-9 (MMP-9) expres-
sion. On the other hand, depletion of S100A4 by 
small interfering RNA from MDA-MB231 cell 
line resulted in attenuation of MMP-9 induction 
by TGF-β. Consistent with these observations, 
S100A4 increased cell invasion ability induced by 
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TGF-β in MCF10CA1a.cl1. Because expression 
of both S100A4 and TGF-β is highly elevated in 
many types of malignant tumors, S100A4 and 
Smad3 may cooperatively increase metastatic 
activity of some types of cancer cells. These 
findings were published in Biochemical Journal 
(426(3):327–335, 2010).

5.	 HNF-4α	determines	hepatic	differentiation	of	
human mesenchymal stem cells from bone 
marrow

Several studies have demonstrated that HNF-
4α may act as a master gene in a transcription 
factor cascade that could drive hepatic differentia-
tion. These studies suggest that high expression of 
HNF-4α may be a simple strategy for the induc-
tion of hepatic differentiation and the functions of 
hepatocyte-like cells derived from stem cells in the 
cell culture system. The research team demonstrat-
ed that human bone marrow MSCs can be differ-
entiated into hepatocyte-like cells according to the 
procedure established by Lee et al. Furthermore, 
overexpression of a single liver-enriched transcrip-
tion factor, HNF-4α, could significantly improve 
the differentiation status of hepatocyte-like cells 
through activation of several target genes. Appar-
ently, these more differentiated hepatocyte-like 
cells will provide a better cell source for future 
clinical applications and in vitro hepatotoxicity 
models for drug screening (World Journal of Gas-
troenterology 16(40):5092–5103, 2010).

6. Pre-existing antibody 
response against 2009 
pandemic influenza 
H1N1 viruses in Tai-
wanese population

Novel pandemic influ-
enza H1N1 (pH1N1) virus 
spread rapidly across the 
world in 2009. Due to the 

important role of the antibody-mediated immunity 
in the protection of influenza infection, the re-
search team investigated the cross-reactive neutral-
izing antibodies against 2009 pH1N1 of 229 stored 
sera from donors born between 1917 and 2008 in 
Taiwan, using enzyme-linked immunosorbent as-
say-based microneutralization test. The peak of cu-
mulative geometric mean titer was in donors aged 
over 90 years and declined sharply afterward. 16 
of 27 subjects (59%) aged over 80 years had cross-
reactive antibody titer of 160 or more against the 
2009 pH1N1, whereas none of the donors from age 
9 to 49 had an antibody titer of 160 or more. This 
study shows the presence of some level of cross-
reactive antibody in Taiwanese 50 years or older; 
and the elderly subjects who perhaps had already 
been exposed to the 1918 virus had high neutral-
izing antibody titer to the 2009 pH1N1. These data 
also indicate that natural infection with the Taiwan 
2006 and 2008 seasonal H1N1 viruses may induce 
cross-reactive antibody response to 2009 pH1N1 
(Clinical Vaccine Immunology 17(12):1958–1962, 
2010).

7. Antagonism between MCT-1 and p53 affects the 
tumorigenic outcomes

MCT-1 oncoprotein accelerates p53 protein 
degradation via a proteosome pathway. Synergis-
tic promotion of the xenograft tumorigenicity has 
been demonstrated in circumstance of p53 loss 
alongside MCT-1 overexpression. However, the 
molecular regulation between MCT-1 and p53 
in tumor development remains ambiguous. The 
team speculates that MCT-1 may counteract p53 
through the diverse mechanisms that determine the 
tumorigenic outcomes. MCT-1 has now been iden-
tified as a novel target gene of p53 transcriptional 
regulation. MCT-1 promoter region contains the 
response elements reactive with wild-type p53 but 
not mutant p53. Functional p53 represses MCT-
1 promoter activity and MCT-1 mRNA stability. 
In a negative feedback regulation, constitutively 
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expressed MCT-1 decreases p53 promoter function 
and p53 mRNA stability. The apoptotic events are 
also significantly prevented by oncogenic MCT-1 
in a p53-dependent or a p53-independent fashion, 
according to the genotoxic mechanism. Moreover, 
oncogenic MCT-1 promotes the tumorigenicity in 
mice xenografts of p53-null and p53-positive lung 
cancer cells. Because the inhibitors of p53 (MDM2, 
Pirh2, and Cop1) are constantly stimulated by 
MCT-1 oncoprotein, p53 reactivation cannot sup-
press tumor growth in vivo. The oppositions be-
tween MCT-1 and p53 are first confirmed at mul-
tistage processes that include transcription control, 
mRNA metabolism, and protein expression. MCT-
1 oncogenicity can overcome p53 function that 
persistently advances the tumor development. 
These findings were published in Molecular Can-
cer.

D. Collaborations

1. Establishing an active research environment in 
DMGM

DMGM expects to have 15 laboratories at NHRI 
by December 2012. The division hopes to have 6–10 
people in each laboratory, which would give DMGM 
nearly 120 people in total. DMGM encourages coop-
eration, innovation, and team spirit. Regular meetings 
and reviews will be conducted to enhance interaction, 
discussion, and competition. The director’s office pro-
motes not only scientific but also social activities to 
cultivate a pleasant and productive environment. 

2. Collaboration with other NHRI research units

DMGM provides multifaceted basic research 
cores for all of NHRI. But DMGM does more than 
meet technological needs. It also actively reaches 
out for collaboration with other units in NHRI, 
such as the National Institute of Cancer Research 
(on the programs for breast cancer, oral cancer, and 
prostate cancer) and the Institute of Biotechnology 
and Pharmaceutical Research (on establishing high 
throughput assays and screening schemes for drug 
development).

3. Collaboration with local institutes in the Hsin-
chu, Taichung, and Taipei areas

Recognizing that students are a driving force 
for research, DMGM has help NHRI establish 
graduate programs on biotechnology in medicine 
and structure biology (with National Tsing Hua 

University), molecular medicine (with National 
Central University), life science (with the National 
Defense Medical Center), and molecular and cel-
lular biology (with National Taiwan University). 
Furthermore, through the division’s efforts, NHRI 
participates in the aging and medical research pro-
gram at China Medical University. The division 
also has a collaborative program on breast cancer 
with the Industrial Technology Research Institute 
and an oral cancer research program with Chang 
Gung University. Division members have given 
lectures and laboratory courses to students at local 
universities.

4. International collaboration

The division has established a collaborative 
research program with the University of Califor-
nia, San Diego on the genomic sequencing and 
bioinformatic analysis of pathogenic bacteria. It 
has also established an agreement on collaboration 
with Fudan University on the exchange of gene 
knockout mice and other related research materi-
als.

5. Participation in the National Research Program 
for Biopharmaceuticals

DMGM’s research in cancers (liver and lung), 
microbial genomics, and innovative technology 
are in line with those of the National Research 
Program for Biopharmaceuticals. Through the 
program, the division can apply for grant sup-
port as well as join national efforts in studying the 
diseases that are most relevant to the health of the 
residents of Taiwan.

6. Engaging with the health care system and bio-
tech industry

The government and public increasingly want 
to know how research spending has benefited so-
ciety. As NHRI is supported by the Department 
of Health, the division is obligated to attune itself 
to the needs of the health care system. Not only 
should the division adjust its research focus based 
on disease prevalence, it should also target projects 
based on specific issues of the health care system. 
Finally, research activities can be linked to re-
search development in the biotechnology industry; 
accordingly, the division closely monitors industry 
trends, for example biomarkers applicable for the 
diagnosis and therapeutic targeting of diseases.
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Research Framework

Major Achievements

Integrated Programs

A. Healthy Aging Longitudinal Study in 
Taiwan (HALST)

The institute is conducting a longitudinal study 
on a cohort of more than 5,000 men and women 
ages 55 years or older to address issues related 
to healthy aging. The study population consists 
community-based middle age to elderly men and 
women in the catchment area of 7 hospitals (2 in 
the north of Taiwan, 2 in the middle, 2 in the south, 
and 1 in the east — about half urban, half rural). 
The data collected include blood and urine speci-
mens, and the results of interviewer-administered 
questionnaires and physical examinations. In addi-
tion, the cohort is followed annually for mortality 
and morbidity, with re-examinations conducted 
every 4 years.

Integrated 
Programs

Biostatistics and 
Bioinformatics

Genetic Studies 
Clinical Trials 
Bioinformatics 
Public Health and Epidemiology 
Statistical Methodology Research 

Geriatric 
Research

Community/Epidemiology Studies 
Clinical Geriatric Syndrome Studies 
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Mental Health 
and Addiction 
Medicine
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Addiction Medicine Basic/Clinical Research 
Addiction Medicine Education/Training 
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Health Policy 
Research and 
Development

Health Promotion 
Health Care System 
Health Disparity 
Health-related Informatics & Infrastructure 

Health Promotion 
Translation

Health Promotion for an Aging Population 
Health Promotion for Children and 
Adolescents 

Nutrition Medicine 
Research

Healthy Aging Longitudinal Study in Taiwan 
Interventional Study of Geriatric Frailty, 
Osteoporosis, and Depression in a 
Community Based Randomized Trial 
In silico reconstructions of metabolic and 
transcriptional regulatory networks for 
Klebsiella pneumoniae 

The research team began the study in March 
2008 by developing a protocol, writing operations 
manual, conducting pilot testing, training staff, 
and running a rehearsal. The baseline examina-
tion began in November 2008 and will last for 3 
years. The examination consists of 2 parts: a home 
visit and a clinic examination. The home visit in-
cludes interviewer-administered questionnaires 
(informed consent, contact/follow-up information, 
socio-demographic data, health condition/medical 
history, physical functioning, geriatric conditions, 
mental health, cognitive function, social and health 
environments, lifestyles, and quality of life) and 
physical assessment (anthropometry, blood pres-
sure, and physical performance). Home visits take 
approximately 2 hours each. The clinic examina-
tion includes informed consent, urine collection, 
blood pressure, phlebotomy, Primary Care Evalu-
ation of Mental Disorders (high-risk people only), 
EKG, ABI, the get up and go test, a brief physical 
examination, and a 6-minute walk test. Clinic ex-
aminations take approximately 1.5 hours each. The 
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quality of the data collection is being monitored 
continuously. The responsible investigators and the 
co-investigators are experienced in the correspond-
ing areas of research. Most of them are members 
of NHRI and internationally known scholars; 
and they have been collaborating successfully on 
various projects for many years. The investiga-
tors meet via conference calls or have face-to-face 
meetings twice a month to discuss issues related to 
the examination, quality of data, scientific direc-
tion, data analyses, and manuscript preparation.

The team has already completed the fieldwork 
for 4 sites (Miaoli, Chiayi, Yangmei, and Chang-
hua), with home visits and clinical examinations in 
the hospital conducted with a total of 2,935 partici-
pants. The team is now conducting the fieldwork 
and clinic examinations for the next 2 sites, which 
are in Hualien.

The study provides a unique opportunity to 
enhance our understanding of the cardiovascular 
disease risk factor profile, physical and mental per-
formance, frailty, quality of life, and morbidity and 
mortality in a representative cohort of older people 
in Taiwan. It provides an opportunity to assess 
the effects of healthy lifestyles on the prevention 
of chronic illnesses, disability, and quality of life 
in older ages. This study of the effects of healthy 
lifestyles in middle and older ages on overall 
health among older persons has particular societal 
relevance given the marked growth in the number 
of elderly in the Taiwanese population, and their 
extensive chronic disease-related morbidity, dis-
ability, loss of independence, large health care 
costs, and mortality. The results of this study will 
inform policy regarding the allocation of resources 
for promoting healthy lifestyles so that the aging 
population can better resist morbidity and disabil-
ity, maintaining a high quality of life and reducing 
health care costs.

B. Interventional Study of Geriatric Frailty, 
Osteoporosis, and Depression in a 
Community Based Randomized Trial

This project completed analysis of the pilot 
study with 12-month follow up data. It had three 
major findings. First, for frailty, subjects in the 
frailty osteoporosis intergraded care group (FOIC) 
had better improvement of frailty status compared 
with subjects in the frailty osteoporosis usual care 
group (FOUC) at 3 months, when the intervention 
was just finished (45% vs. 27%, p = 0.033) after 

adjusting multiple confounders. Second, for osteo-
porosis, at baseline, 25% of the FOIC group sub-
jects and 16% of the FOUC group subjects were in 
the normal BMD range (T > −1, p = 0.262); at 12 
months the FOIC group subjects had significantly 
better BMD than the FOUC group subjects (27% 
vs. 11%, T > −1, p = 0.032). And third, for depres-
sion all intervention outcomes between the depres-
sion integrated care group subjects and Depres-
sion Usual Care group subjects were similar at all 
times. The findings clearly show the positive effect 
of interventions, such as rehabilitation exercise, 
psychological consultation, and nutrition educa-
tion. Moreover, they may contribute substantially 
to the early detection of frailty, osteoporosis, and 
depression, thus helping to prevent the occurrence 
of geriatric syndromes.

C. In silico Reconstructions of Metabolic and 
Transcriptional Regulatory Networks for 
Klebsiella pneumoniae

This collaboration between NHRI and Profes-
sor Bernhard Palsson’s laboratory at the University 
of California, San Diego, is aimed at establish-
ing systems biology infrastructures for microbial 
research, conducting genomics-based projects on 
selected bacterial pathogens, and developing novel 
approaches for microbial systems biology. This 
project focuses on the computational reconstruc-
tions of metabolic and transcriptional regulatory 
networks of 3 bacterial pathogens, Klebsiella 
pneumoniae, Acinetobacter baumannii, and Staph-
ylococcus aureus. In the first 2 years, the team 
focused on Klebsiella pneumonia. The genomic 
sequences have been computationally annotated. 
To take advantage of the E. coli network recon-
structions, the annotated open reading frames have 
been compared with the E. coli genome to identify 
orthologous protein pairs. The proportion of E. 
coli network that involves identifiable orthologous 
target-species proteins has been retrieved as an 
initial draft of network reconstruction. The initial 
in silico network models, with manual curations, 
have generated testable, quantitative predictions of 
metabolic or regulatory behaviors of the modeled 
organisms, which, iteratively, will be experimen-
tally examined and validated. The experimentally 
validated models are being applied to biomedical 
studies in the other components of this project.

A Web server dubbed MrBac (Metabolic 
network Reconstructions for Bacteria) has been 
built to streamline the metabolic network recon-
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struction. A draft reconstruction of the Salmo-
nella Typhimurium LT2 metabolic network was 
generated by MrBac and shown to share as high 
as 94% of gene-associated reactions with one of 
the extensively curated models of the Salmonella 
Typhimurium LT2 metabolic network. MrBac is 
freely available at http://sb.nhri.org.tw/MrBac. 
In addition, the team has also reconstructed an 
experimentally validated genome-scale metabolic 
network of Klebsiella pneumoniae MGH 78578, 
iYL1228, which can be applied to study microbial 
metabolic behaviors and metabolic engineering, 
and to identify potential drug targets. This work 
has been accepted by the Journal of Bacteriology.

Biostatistics and Bioinformatics 
Research

A. Genetic Studies

1. Progression evaluation and cardiovascular out-
comes	of	hypertensive	families	―	a	follow-up	
genetic study of the Taiwan SAPPHIRe cohort

This team has cooperated with Stanford Uni-
versity, National Taiwan University Hospital, Vet-
erans General Hospitals, and Tri-Service General 
Hospital on a genetic project for hypertension and 
has established a data-coordination center in Tai-
wan to facilitate efficient cooperation. Many anal-
yses have been conducted, yielding some novel 
findings about the relationship of candidate genes 
and blood pressure /metabolic variables. Linkage 
studies were also conducted, producing some very 
promising results. Furthermore, a new statistical 
tool was developed for the data analysis. Recent 
results include the following.

(1) The research team obtained significant evi-
dence that the human urea transporter-2 (HUT2) 
gene may play a certain role in developing 
metabolic syndrome and its related traits in 
Asian population. This result was published in 
Clinica Chimica Acta (411:2009–2013, 2010).

(2) The team found that sex-specific differences 
in heritability and the genotype-sex interaction 
effects were substantially significant for most 
examined obesity-related traits. Several QTLs 
with strong linkage evidence were identified 
after incorporating genotype by sex (G × S) 
interactions into the linkage mapping. Sex-
specific analyses demonstrated that these link-
age signals all resulted from females rather 

than males. Bivariate linkage analyses showed 
several obesity-related traits were influenced 
by a common set of QTLs. These results were 
published in Human Genetics (128:501–513, 
2010).

(3) An institute team has developed a model-free 
approach to the study of the number of false 
discoveries for large-scale simultaneous family 
based association tests in which the associa-
tion between a set of markers in a candidate 
gene and a group of phenotypes is studied and 
the set of discoveries is decided by applying a 
threshold to the test statistics. Their paper on 
this has been accepted by Human Genetics.

2. Genetic epidemiological study of lung cancer in 
Taiwan and clinical applications (GELAC)

This team works with lung cancer specialists 
in 6 medical center hospitals. The team has already 
recruited 3,454 cases and 2,874 controls. Based 
on the human subject resources already gathered 
and the results of tests of more than a dozen sus-
ceptibility genes identified in the previous phase, 
the project has enhanced previous research and 
has been found to be capable of being extended to 
more comprehensive approaches, such as genome-
wide association studies and genomic profiling 
studies. These results have been published in PLoS 
Genetics (6:e1001051, 2010). The researchers per-
formed a genome-wide association (GWA) study 
using the Illumina 610K platform in 1,100 indi-
viduals, including 550 lung adenocarcinoma and 
550 controls from the GEFLAC cohort organized 
in the previous phase. Using this approach, the 
team looked for allelic variations associated with 
lung adenocarcinoma in a genome-wide manner. 
They used the PLINK software package to per-
form quality checks and association analysis. The 
quality-check analyses included call rate, Hardy-
Weinberg equilibrium test, inbreeding coefficient 
estimate, and population structure tests, with the 
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data quality found to be very satisfactory. Based 
on the association analysis, one SNP rs2736100 on 
chromosome 5 was identified as having a strong 
association with lung cancer (p = 1.3 × 10−11). 
These results need to be verified by replications on 
independent samples. The team collaborated with 
a research group at the U.S. National Institutes of 
Health’s National Cancer Institute to expand the 
sample size to replicate their GWAS findings. The 
genotyping work on their 1,200 case-control pairs, 
in which cases were female nonsmoking lung can-
cer, was combined with genotyping data from the 
National Cancer Institute for combined analysis. 

Pooled results demonstrated genome-wide signifi-
cance for a locus on Chromosome 5p15.33 (p = 2.6 
× 10−20).

B. Clinical Trials

This research team is in charge of data man-
agement, statistical design, and analysis of the 
multi-institutional clinical trials conducted by the 
Taiwan Cooperative Oncology Group (TCOG), as 
well as trials for new drug evaluation. The team’s 
careful control of data quality was one of the key 
components in the success of the trials. In the past 
year, the team established a new, integrated, state-
of-the-art clinical trial information management 
system and the standard procedures for preparation 
of a clinical study report.

Briefly, TCOG has 8 ongoing trials, 16 com-
pleted trials, and 1 protocol under development. 
The Division of Mental Health and Addiction 
Medicine has 5 ongoing trials, 3 terminated trials, 
and 1 protocol under development. The National 
Institute of Cancer Research has 2 ongoing trials 
and 1 protocol under development. The team also 
participated in clinical trials for new drug evalua-
tion. In order to conduct high quality clinical trials 
efficiently, the infrastructure for the Clinical Trial 
Information Management System (CTIMeS) and 
statistical analysis was continuously enhanced and 
upgraded. The standard operating procedures were 
redesigned in new formats and have been revised, 
reviewed, and approved.
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The team has adopted the Electronic Data Cap-
ture system to establish the CTIMeS system for 
the collection of clinical data in electronic format 
for the conduct of clinical researches. Historically, 
clinical research data were collected on paper 
forms that were sent to the Statistical Center so the 
information could be added to a database and used 
in statistical analysis. CTIMeS, however, is Web-
based software, so the data entry can be conducted 
by physicians, nurses, or study coordinators at the 
local medical setting. Therefore, the new system 
can increase data accuracy and decrease the time 
before data is ready for clinical research. In 2010, 
the team used CTIMeS to conduct 1 clinical trial 
initiated by TCOG.

This team has also helped the Clinical Trial 
Research Network to promote the use of CTIMeS 
to additional hospitals. The China Medical Univer-
sity Hospital has made especially notable use of 
the CTIMeS system to conduct clinical trials, such 
as in the first clinical trial to use CTIMeS for data 
management: “The Safety and Efficacy of Cilo-
stazol in Ischemic Stroke Patients with Peripheral 
Arterial Disease (SPAD Study).”

C. Bioinformatics

1.	 Profiling	time-course	expression	of	virus	genes	―	
an illustration of Bayesian inference under shape 
restrictions

Several studies of the genome-wide tempo-
ral transcriptional program of viruses, based on 

microarray experiments, have been useful in the 
construction of gene regulation networks. The bio-
logical interpretations in these studies, however, 
are often directly based on normalized data and 
some crude statistics, which provide only rough 
estimates of limited features of the profile and may 
incur biases. This work introduces a hierarchi-
cal Bayesian shape restricted regression method 
for inferring the time-course expression of virus 
genes. Estimates of many salient features of the 
expression profile — such as onset time, inflec-
tion point, maximum value, time to maximum 
value, and area under curve — can be obtained 
immediately by the proposed method. Applying 
this method to a baculovirus microarray time-
course expression data set, the team demonstrated 
that many biological questions can be formulated 
quantitatively and yield insights into baculovirus 
biology. These results were published in Annals of 
Applied Statistics (3:1542–1565, 2009).

2. Deciphering biological network dynamics in sys-
tems biology

The research team is constructing and updat-
ing eukaryotic protein-protein interaction networks 
from recent high-throughput interactome studies 
of various species. The team has also integrated a 
statistical model into an NHRI protein interaction 
database for validation of two-hybrid assays of 
Helicobacter pylori and the prediction of putative 
protein interactions not yet discovered experimen-
tally (hp-DPI, http://dpi.nhri.org.tw/hp/, Bioinfor-
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matics, 2005). Using a more sophisticated statisti-
cal method based on maximum likelihood and an 
expression profile, the team integrated a database 
called flydpi for the interactome of Drosophila 
melanogaster (http://flydpi.nhri.org.tw, BMC 
Bioinformatics, 2006). Additionally, this team 
constructed a topological analyzer to extract hubs 
and motifs from the complex networks Hubba and 
HUNTER (http://hub.iis.sinica.edu.tw, Nucleic Ac-
ids Research, 2008 and http://hub.iis.sinica.edu.tw/
Hunter, BMC Bioinformatics, 2010), respectively. 
Researchers will start to integrate transcriptomics, 
evolutionary traits, spatiotemporal scenarios and a 
topological analyzer (http://hub.iis.sinica.edu.tw/
spotlight, submitted, 2011) with the network view-
er they developed to reconstruct new interactomes 
for research communities worldwide.

3. Evolution of duplicate genes and protein phos-
phorylation in mammals

One of the institute’s teams has explored the 
relationship between gene family size conserva-
tion and evolutionary rates in primate species. 
Gene duplication is a major mechanism that drives 
genome evolution and functional innovation. The 
evolution of duplicate genes is thus critical in 
biological studies. By comparing the genomes of 
humans, chimpanzees, and rhesus macaques, this 
team found that the duplicate genes that belong to 
size-conserved families evolve more slowly than 
singleton genes, which in turn evolve more slowly 
than duplicate genes of the non-size-conserved 
families. Furthermore, the team demonstrated that 
size-conserved family genes tend to be a higher 
proportion of essential genes, more highly ex-
pressed, and less compact than non-size-conserved 
family genes. Therefore, the team suggested that 
gene family conservation can serve as an indicator 
of evolutionary rates. These results were published 
in Molecular Biology and Evolution (27:1750–
1758, 2010).

In view of the recent controversy over the 
evolution of protein phosphorylation, this team 
re-examined the evolutionary rates of phosphory-
lated serine, threonine, and tyrosine residues in 
vertebrates. They showed that phosphorylated 
serine and threonine indeed evolved more slowly 
than non-phosphorylated ones in both ordered and 
disordered protein regions. However, the same 
trend was not observed for tyrosine. The increased 
selection pressure on phosphorylated serine and 
threonine indicates functional importance of these 

amino acid residues. In addition, the team found 
that humans gained more phosphorylated threo-
nine residues and lost fewer phosphorylated ty-
rosine residues than mice after the human-mouse 
divergence. The reasons and biological implica-
tions for such gains/losses remain unknown but 
are worth further exploration. These results were 
published in Molecular Biology and Evolution 
(27:2548–2554, 2010).

4. Genetic Principles of Molecular and Phenotypic 
Evolution and their Biomedical Applications

In 2010, institute researchers made signifi-
cant progress in four topics related to the genetic 
principles of molecular and phenotypic evolution. 
First, the research team found that, in mammals, 
the impact of extracellularity is independent of 
the impact of gene essentiality, and that it was 
the strongest among all the factors examined. 
The team’s findings suggest that different rules 
govern the pace of protein sequence evolution in 
mammals and yeasts. This study was published in 
Genome Biology and Evolution (2:39–43, 2010). 
Second, due to the central importance of gene du-
plications in biology, this team proposed a novel 
model for duplicate gene evolution, termed the 
“expression reduction model,” and has confirmed 
this proposed model by experimental data in 
yeasts and mammals. The model is able to ex-
plain long-term maintenance of duplicate genes 
in the genome and its genetic redundancy, a long-
standing biological mystery, and was published in 
Trends in Genetics (26:425–430, 2010). Exploring 
molecular mechanisms underlying the model, the 
team further found that during mammalian evolu-
tion, DNA methylation plays a predominant role in 
achieving dosage rebalance after gene duplications 
by inhibiting transcription initiation of duplicate 
genes, highlighting the impact of epigenetic con-
trol in molecular evolution. The manuscript from 
this study is currently in revision at Genome Re-
search. Third, analyzing 5,199 mouse genes with 
recorded mutant phenotypes, the team found that 
genes exclusively affecting morphological traits 
when mutated (dubbed “morphogenes”) and those 
exclusively affecting physiological traits (dubbed 
“physiogenes”) have different molecular functions 
and other gene properties. Morphogenes evolve 
faster in expression profile, but slower in protein 
sequence and gene gain/loss than physiogenes. 
Thus, morphological and physiological changes 
have a differential molecular basis. This finding, 
which is applicable to numerous biomedical stud-
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ies, was published in Proceedings of the National 
Academy of Sciences of the United States of Amer-
ica (107:7353–7358, 2010). A related study on the 
organism complexity exploiting mouse phenotypic 
data resulted in another paper being published in 
the same journal (107:18034–18039, 2010). And 
fourth, to serve the community of biological sci-
ence in the post-genomic era, the team developed 
MamPhEA (http://evol.nhri.org.tw/MamPhEA), a 
Web application dedicated to understanding func-
tional properties of mammalian gene sets based 
on mouse-mutant phenotypes. It allows users to 
conduct enrichment analysis on predefined or 
user-defined phenotypes, gives users the option to 
specify phenotypes derived from null mutations, 
produces easily comprehensible results, and sup-
ports analyses of genes of all mammalian species 
with a fully sequenced genome. MamPhEA was 
published in Bioinformatics (26:2212–2213, 2010) 
and has been in service since July 2010.

D. Research in Public Health and 
Epidemiology

1. Sampling and Data Coordination Center of the 
National Health Interview Survey

In 2010, the research team completed the cal-
culations of the various weights of the interview-
ers, wrote a sampling design report for the 2009 
National Health Interview Survey, compiled the 
corresponding code book, split the complete sur-
vey outcomes into separate files, and implemented 
the files into the National Health Interview Survey 
Information System data bank. Related informa-
tion concerning the 2009 National Health Inter-
view Survey has been updated and can be found at 
http://nhis.nhri.org.tw.

Using the 2001 National Health Interview Survey 
outcomes linked with the 2002 Taiwanese Survey on 
Hypertension, Hyperglycemia, and Hyperlipidemia 
(TwSHHH) dataset, this team has completed several 
manuscripts and co-authored one paper published 
in BMC Endocrine Disorders. In one submitted 
manuscript, the team proposed a multiple-cutoff 
determination method and used classification of 
obesity levels with BMI as an example. The pro-
posed method has several advantages, including 
adjusting for potential confounding covariables, 
simultaneously determining multiple cutoffs, and 
having an easy and intuitive interpretation. In 
another study whose manuscript that is close to 
completion, the team found that waist circumfer-
ence for women had a higher population attribut-
able risk (PAR) than metabolic syndrome to CVD 
related mortality within a 6-year follow-up period, 
and post-menopause women were especially vul-
nerable to the related risk. Gender and age also 
played an important role in the relationship be-
tween metabolic disorders and all-cause and CVD 
related mortality.

2. Research on environmental exposure assessment

The succinct progress in year 2010 can be di-
vided into four main areas.
(1) Exposure assessment

Retrospective exposure estimation by using 
repeated blood sample measurements is detailed 
in an institute paper published in Stochastic Envi-
ronmental Research and Risk Assessment (24:445–
454, 2010). A follow-up paper using metabolite 
in urine to retroactively estimate environmental 
exposure has been submitted. Another paper dis-
cussing the spatial association between sample 
dioxin concentrations collected in the vicinity of 
local incinerator and the distance to the incinera-
tor has been accepted by SERRA; its principles 
may be applied in other environmental research 
problems for source identification. In a joint work 
with Professor Pranab K. Sen of the University of 
North Carolina at Chapel Hill, the research team 
proposes a multivariate permutation test for dioxin 
fingerprint analysis that may be applied in many 
situations.
(2) Occupational and environmental health

For better exposure estimation of air pollu-
tion such as PM2.5, pollutant concentration level at 
a specific location and date is estimated with the 
help of a 2-stage spatiotemporal land use regres-
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sion, with additional information from a geological 
information system (GIS). A manuscript will be 
completed within 2 months and will be submitted 
to Atmospheric Environment.
(3) Food safety and risk assessment

For food safety risk assessment, one paper 
discussing melamine safety level in infant formula 
has been accepted by Food Additives & Contami-
nants, Part A- Chemistry, Analysis, Control, Ex-
posure & Risk Assessment. Another paper on the 
relationship between beef consumption and variant 
Creutzfeldt-Jakob disease (vCJD) has been sub-
mitted for a planned special issue of Risk Analysis, 
and another paper on the prevalence of vCJD in-
fection in Britain is under revision to submit to a 
journal.
(4) Environmental epidemiology

A co-authored paper on the relationship be-
tween air pollution and diabetes is under revision 
for journal submission; another, discussing lung 
function in children, has been accepted by Pedi-
atrics. New developments concerning risk assess-
ment and regulation standards of PM2.5 are under-
way.

3. Analysis of virus sequence data with application 
to surveillance system

The HA1 domain of Influenza A viruses is criti-
cal for immune escape and host receptor recog-
nition. However, the association between HA1 
evolution and host species-specific adaptations re-
mains unclear. The research team has identified the 
amino acid sites that are related to the host species-
specific adaptations by systematically comparing 
the evolutionary dynamics of HA1 between hu-
man and avian hosts for both the H1N1 and H3N2 
viruses. The team was thus able to refine the “posi-
tively selected sites” in the HA1 domain of these 2 
virus subtypes to those that occur only in humans. 
The team further demonstrated that the refined sets 
can accurately reflect influenza epidemics. Their 
retrospective study shows that when substitutions 
occur at more than 3 out of these identified sites in 
the same year, an epidemic is very likely to occur. 
Therefore, this approach could potentially be used 
in determining whether new influenza vaccines are 
needed. These results were in Vaccine (28:7890–
7896, 2010).

E. Statistical Methodological Research

1. Genetic statistics methodological studies: multi-
point association mapping for complex diseases

An institute team applied the models for link-
age and association mappings to endophenotype 
selection, where the linkage or association rela-
tionship between the trait locus and the endophe-
notype could be accessed directly in affected sib 
pairs or in case-control or trios designs. The rela-
tionship can be evaluated parametrically and non-
parametrically with adjustment of other covariates. 
Since the trait locus is estimated from linkage or 
association mapping, it is clear that it is a sus-
ceptibility locus for the disease of interest. The 
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significance of the effect from the candidate endo-
phenotype as well as the efficiency was improved 
by incorporating the candidate endophenotype; 
and both can be assessed. The most valid endophe-
notypes for the disease can then be identified. The 
advantage of this approach is that it does not re-
quire specification of an underlying genetic model, 
which is mostly unknown for complex diseases. 
Hence, estimation of the parameters is robust to a 
wide variety of genetic mechanisms. In addition, 
the association between the susceptibility locus 
and the candidate endophenotype in case-control 
studies can also be examined directly through both 
parametric and non-parametric approaches with 
adjustment of confounding covariates.

This team evaluated the proposed approaches 
on endophenotype selection through intensive sim-
ulation studies. A wide variety of genetic models 
for a disorder and the candidate endophenotypes 
were generated; and the best endophenotype based 
on its genetic effects was selected and evaluated. 
The related work has been completed in linkage 
analysis for family studies and association analysis 
for case-parent trio designs, with the results pub-
lished in BMC Genetics (11:67, July 14, 2010) and 
Human Heredity (69(4):229–241, 2010), respec-
tively.

The team also applied these approaches to a 
diabetic case-control study and identified an endo-
phenotype for diabetes from some available quan-
titative phenotypes. However, this identified endo-
phenotype is not statistically significant. Currently, 
the team is working to apply these approaches to 
another data set to select good endophenotypes for 
diabetes.

In summary, the team’s simulation study and 
data example both demonstrate that incorporating 
endophenotypes into fine-mapping improves the 
efficiency of estimating the disease locus. By com-
paring the results of incorporating different endo-
phenotypes, this approach can help investigators to 
select a proper biomarker mediating or moderating 
the function of the disease gene. In addition, com-
parisons of the disease locus estimates from the 
original and proposed parametric and non-para-
metric approaches help investigators to confirm 
the estimated disease locus and the association be-
tween the endophenotypes and the disease, which, 
further, helps elucidate etiology of the disease.

2. Designs and evaluations in non-inferiority trials

In the past year, the research team focused on 
the design of a non-inferiority trial with binary 
outcomes and proposed a statistical methodology 
to evaluate the efficacy of the new treatment in 
a non-inferiority trial with gold standard design. 
The corresponding statistical model and hierarchi-
cal hypotheses were constructed. A statistical test 
procedure was proposed; and consequently the 
statistical power function was derived. Based on 
the power function of the test in non-inferiority 
of the test treatment to the active control, sample 
size calculations can be carried out to achieve a 
given power. In addition, the family-wise error 
rate is controlled in the level of α for the particu-
lar hierarchical testing procedures. Furthermore, 
a sample size allocation rule is derived to attain 
optimal power. The research team showed that 
when using the proposed method instead of the 
balance design, sample size reduction of at least 
20% is always possible for different combinations 
of design parameters, with even 50% sample size 
reduction sometimes achievable. In addition, the 
proposed optimal sample size allocation allows 
more patients to be treated instead of being given 
a placebo or left untreated. Thus, the proposed 
statistical method is not only very economical but 
also ethical in a non-inferiority clinical trial with 
gold standard design.

3. Analysis of spatiotemporal data with application 
to surveillance system

In this project, the research team considers that 
epidemic rates may be subject to seasonal change, 
environmental factors, and regional variability in 
population and size. The team thus used techniques 
of stochastic processes integrating those effects 
to develop a prediction method for disease rates. 
In the proposed method, they used distances be-
tween towns as a measure for population mobility, 
and considered seasonal change as a time factor. 
In addition, some environmental effects, such as 
humidity and temperature, were set as explanatory 
variables in a model. In order to combine all the 
factors simultaneously in the model, the team uti-
lized a generalized linear mixed model to include 
spatiotemporal random variables in estimating 
equations. After theoretical derivation, information 
for statistical inference can be obtained. The team 
applied the proposed method to an enterovirus data 
set collected by the Centers for Disease Control of 
Taiwan.
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Geriatric Research
The institute’s geriatric research team strives 

to improve quality of life and promote healthy ag-
ing for the elderly in Taiwan. This division designs 
and conducts research programs to explore the 
issues of geriatric syndromes from community/
epidemiology and clinical aspects, and to promote 
and lead collaboration and the sharing of research 
results for the continuing improvement of the 
quality of geriatric care.

A. Community/Epidemiology Studies

1. Socio-demographic and health-related factors as-
sociated with cognitive impairment in the elderly 
in Taiwan

Cognitive impairment is an age-related con-
dition, as the rate of cognitive decline rapidly 
increases with aging. The research team analyzed 
data from 2,119 people aged 65 years and over 
who participated in the 2005 National Health In-
terview Survey. Cognitive impairment was defined 
as having a score on the Mini Mental State Ex-
amination lower than 24. The χ2 test and multiple 
logistic regression models were used to evaluate 
the association between cognitive impairment and 
variables of socio-demography, chronic diseases, 
geriatric conditions, lifestyle, and dietary fac-
tors. The prevalence of cognitive impairment was 
22.2%. The results of multivariate analysis indi-
cated that low education, being single, low social 
support, lower lipid level, history of stroke, physi-
cal inactivity, non-coffee drinking, and poor physi-
cal function were associated with a higher risk of 
cognitive impairment. Most of the characteristics 
in relation to cognitive impairment identified in 
their analysis are potentially modifiable. These 
results suggest that improving lifestyle behaviors 
such as regular exercise and increased social par-
ticipation could help prevent or decrease the risk 
of cognitive impairment. Further investigations 
using longitudinal data are needed to clarify these 
findings.

2. Nutritional status and long term morbidity & 
mortality in a middle and old age cohort

The researchers have followed up the 200 sub-
jects originally recruited in 2007; but only 133 sub-
jects came back for the survey. The research team 
found 5 main points of interest. (1) In the anthro-
pometric data, there was no significant increase of 
body weight in men and women, but a significant 

increase in the average waist circumference (3.6 
cm: 2.4 cm in men and 4.2 cm in women). (2) 
The body fat percentage significantly increased 
by an average 2.84% (1.68% in men and 3.39% in 
women). (3) There was no significant increase in 
total calories intake; however, the macronutrient 
intake of carbohydrate and lipid proportion were 
significantly different. The proportion of carbo-
hydrate intake decreased, while the proportion 
of lipid intake significantly increased. It could be 
that the elderly would like to cut down the starch 
intake and increase the intake of nuts and protein 
when getting older. (4) The bone mineral density 
of lumbar spine increased significantly after 3 
years. This may be because these subjects were 
relatively healthy and prone to awareness of their 
health status and thus seek methods to improve 
their bone health. (5) The prevalence of several 
chronic diseases — such as hypertension, diabetes, 
and hyperlipidemia — increased significantly.

B. Clinical Geriatric Syndrome Studies

1.	 Gender-specific	association	between	self-reported	
sleep duration and falls in high-functioning older 
adults

The research team examined 135 women and 
121 men from the annual Health Examination for 
the Elderly Program at National Taiwan University 
Hospital. The association of sleep duration with 
falling was examined by using multiple logistic 
regressions. The team approximated risk ratio (RR) 
of falls from the adjusted odds ratio (OR) after 
correction of falls incidence in the previous year. 
After adjusting for multiple confounding factors, 
including use of antihypertensive and psycho-
tropic medications, the OR of falls for each hour 
decrease in sleep duration was 1.95 (95% CI 1.24–
3.06). Moreover, women with sleep deprivation 
had greater odds of falls within the previous year 
than women with longer sleep durations. The es-
timated RR of falls comparing women with short 
sleep duration (sleep < 5 hours) to those without 
was 2.98 (95% CI 1.32–4.62). They did not find an 
association among men. The team concluded that 
sleep deprivation is independently associated with 
falls in women, but not in men. Short sleep dura-
tion may be an indicator to identify women at risk 
for falling.

2. Cerebrovascular correlates of physical perfor-
mance and cognitive function in old adults

Using arterial stiffness to detect preclinical 
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cerebrovascular disease, the research team exam-
ined the extent of white matter lesion (WML) on 
cranial magnetic resonance imaging, as well as 
measured arterial stiffness among 93 participants 
(mean 72.46 years) from the annual Health Exami-
nation for the Elderly Program (HEEP) 2006–2007 
at National Taiwan University Hospital. The team 
found that the prevalence of white matter lesions 
was high among the participants. Periventricular 
hyperintensity (PVH) and deep white matter hy-
perintensity (DWMH) were found in 71 (76%) 
and 58 (62%) participants, respectively. Various 
degrees of WML were observed in 80 participants 
(86%). Hypertension, use of anti-hypertensive 
medications, and elevated blood pressure were 
identified as risk factors of WML. The brachial-
ankle pulse wave velocity (baPWV) and heart-
ankle PWV (haPWV) were correlated with many 
metabolic risks, including systolic blood pressure, 
pulse pressure, and serum triglycerides. The baP-
WV and haPWV were greater in participants with 
higher grades of WML in the multivariate analy-
ses. The receiver operating characteristics analyses 
demonstrated that area under curves for haPWV 
to identify moderate-to-severe PVH and DWMH 
were 0.78 (95% CI 0.66–0.91) and 0.72 (95% CI 
0.59–0.85), respectively. The team concluded that 
greater PWV is associated with higher grades of 
WML among high-functioning older adults. These 
findings support the notion that measurement of 
arterial stiffness is useful in clinical practice for 
detection of preclinical cerebrovascular disease.

3. Thigh muscle volume predicted by anthropomet-
ric measurements and correlated with physical 
function in the older adults

From September 2007 to October 2008, 69 
subjects aged 65–90 years old from greater Tai-
pei were enrolled to undergo magnetic resonance 
imaging (MRI), bioelectrical impedance analysis 
(BIA), and anthropometric measurements. The 
MRI measured thigh volume, which was positive-
ly correlated with all anthropometric data, quadri-
ceps muscle strength, fat-free mass, and predictive 
muscle mass, but negatively associated with age, 
timed up and go test, and 5 m walk speed time.

The research team also developed a predic-
tion equation model by anthropometric measure-
ments — including age, gender, weight, and thigh 
circumference — for thigh muscle volume; the 
model provides a simple, easy, and noninvasive 
method for everyday clinical practice and follow-
up (r2 = 0.745).

The paper has been accepted by the Journal of 
Nutrition, Health and Aging.

4. Geriatric syndrome in Taiwan

An inevitable degeneration of multiple organ 
systems accompanies aging. As the aging popula-
tion continues to escalate in Taiwan, clinical mani-
festations of aging, accordingly, have been elevat-
ed to the status of diseases, demanding treatment 
and leading to the birth of the concept of “geriatric 
syndrome,” which is defined as multifactorial 
health conditions that occur when the accumu-
lated effects of impairments in multiple systems 
render an older person vulnerable to physiological 
and psychiatric challenges. The team collected 12 
new, original articles on relevant studies in Taiwan 
and published them together in a special edition 
of the Archives of Gerontology and Geriatrics 
(Volume 50, Supplement 1, 2010). The publication        
highlighted geriatric syndrome and disability pre-
vention for older frail adults, and was also aimed 
at prompting further studies in this relatively new 
field.

C. Basic Research

Rosiglitazone inhibits monocyte/macrophage adhesion 
through de novo adiponectin production in human 
monocytes

Rosiglitazone (RSG) has a variety of actions 
on both insulin sensitization and anti-atherogenic 
effects. The molecular effect of RSG on monocyte/
macrophage function in terms of de novo synthesis 
of adiponectin is not fully understood. The re-
search team examined the regulation of adiponec-
tin expression in human monocytes/macrophages 
by RSG and its function on monocyte adhesion 
during initiation of atherosclerosis. Adiponectin 
was expressed and upregulated during monocyte 
differentiation. The expression of adiponectin 
was enhanced, albeit at a much lesser degree, by a 
peroxisome proliferator-activated receptor gamma 
(PPAR-γ) agonist RSG, which was similar to what 
was found in adipocytes. Monocyte adhesion was 
remarkably reduced when the cells were treated 
with RSG for 12 h. This inhibitory effect of RSG 
was abolished by specific anti-adiponectin anti-
bodies but not by non-immune immunoglobulin 
G in a serum-free condition. Adiponectin-induced 
suppression on monocyte adhesion was inhib-
ited by a selective AMP-activated protein kinase 
(AMPK) inhibitor compound C. The reduced 
expression and/or function of adhesion molecule 
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integrins may underlie the mechanism contributing 
to reduced monocyte adhesion upon AMPK acti-
vation. The data suggest that the inhibitory effect 
of RSG on monocyte adhesion might be at least in 
part through de novo adiponectin expression and 
activation of an AMPK-dependent pathway, which 
might play an important role in atherogenesis.

Mental Health and Addiction Medicine
The team conducts multi-dimensional trans-

lational research on psychiatric and addictive 
problems, integrating basic, clinical, and public 
health research approaches, and works to establish 
a multi-step training system to nurture researchers 
in neuroscience, psychiatric medicine, and addic-
tion medicine. This division has 3 main research 
themes: multi-dimensional integrated research on 
addiction, genomic/pharmacogenomics/neurosci-
ence studies on major psychiatric disorders, and 
epidemiological studies on psychiatric disorders. 
The institute also has established an infrastructure 
to facilitate this research, including 3 core facili-
ties: the Animal Core, the Taiwan Psychiatric Re-
search Network (TPRN), and a therapeutic drug 
monitoring system.

A. Multidimensional Integrated Translational 
Research on Addiction

1. Basic research

The Animal Core, a prenatally opioid-exposed 
animal model designed by Dr. Ing-Kang Ho, sup-
ports the basic science research program of opioid 
addiction by serving seven sub-projects within the 
addiction program. It ensures the unified animal 
treatment protocol is carried out correctly and pro-
vides needed animals for each of the participant 
laboratories. The animal model uses pregnant fe-
male rats to generate offspring for studying effects 
of prenatal exposure to opioids on several behav-
ioral and biochemical tests.

Pregnant Sprague-Dawley (CD®IGS) female 
rats were randomly assigned to different groups 
and were subcutaneously injected with normal 
saline, lipopolysaccharide (LPS), morphine, mor-
phine plus LPS, methadone, and buprenorphine 
opioids or vehicle during gestational period. The 
offspring were weaned at postnatal day 28 and 
were maintained at the core until requested by the 
investigators. Furthermore, the team observed and 
reported variances of behavioral outcome, body 
weight, number of pups per dam, etc., for each 
sub-project.

(1) Enhancement of tolerance development to mor-
phine on opioid prenatally exposed animals

Dr. Ing-Kang Ho’s research team used prena-
tally opioid-exposed animals to study the effects 
of prenatally opioid exposed offspring on opioid-
induced antinociception. Animals prenatally ex-
posed to morphine, methadone, or buprenorphine 
developed tolerance to morphine faster than their 
controlled mates. In the animal model, prenatal 
exposure to higher dose of buprenorphine also 
resulted in higher mortality and much less sensi-
tivity to morphine-induced antinociception than 
prenatal exposure to morphine or methadone. This 
indicates that buprenorphine in higher doses may 
cause long-term effects on the offspring and not 
be an ideal maintenance drug for treating pregnant 
women. This study provides a reference in select-
ing doses for clinical usage in treating pregnant 
heroin addicts. The details were published in the 
Journal of Biomedical Science (17:46–56, 2010).
(2) Methamphetamine-induced behavioral changes on 

opioid prenatally exposed animals

Dr. Ing-Kang Ho’s research team used prena-
tally opioid-exposed animals (animal core support-
ed) to establish the methamphetamine (METH)-in-
duced behavioral sensitization model for studying 
how prenatal opioid exposure affects METH-
induced behavioral changes. The team investigated 
effects of prenatal exposure to opioid (morphine, 
methadone, or buprenorphine) on the METH-
induced behavioral sensitization in the subjects’ 
adulthood. They used open field locomotor behav-
ior to ensure that the METH-induced behavioral 
sensitization model can be used for the study. 
Preliminary findings in this study show a quicker 
development rate of METH-induced behavioral 
sensitization in prenatally buprenorphine-exposed 
group than other groups tested. In the environ-
ment associated with the reward test, prenatally 
buprenorphine-exposed offspring showed greater 
sensitivity to lower doses of METH in conditioned 
place preference tests. This indicates that prenatal 
exposure to a higher dose of buprenorphine caused 
long-term effects on the offspring and may affect 
the dopamine system related reward system.
(3) Alterations in signaling and endocytosis of het-

erodimeric	μ-opioid	receptor	/	opioid	receptor-like	
1 following chronic opioid exposure

Opioid receptors are the major binding mol-
ecules of opioids. Since the 1970s, scientists have 
been working diligently on how chronic opioid 
exposure leads to tolerance or dependence via 
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stimulating opioid receptors, activating Gi/Go 
proteins, and regulating secondary messengers 
such as cyclic AMP (cAMP). However, previ-
ous investigations have focused mostly on drug 
responses of a single subtype of opioid receptor 
and ignored the possibility of heterodimer forma-
tion among different opioid receptor subtypes. 
The in vitro cell models, HEK 293 cells stably co-
expressing μ-opioid receptor (MOR) and opioid 
receptor-like 1 (ORL1), have been established by 
Dr. Ing-Kang Ho’s research team to explore how 
methadone and buprenorphine affect cell physi-
ology in the context of heterodimerized opioid 
receptors. Biochemical, pharmacological, and 
electrophysiological techniques were applied to 
elucidate the alterations in signaling after chronic 
exposure to opioids. Utilizing homogeneous time-
resolved fluorescence (HTRF) technology-based 
cAMP assay, the researchers examined the changes 
of cAMP concentration resulting from exposure 
to morphine, methadone or buprenorphine. Acute 
exposure to opioids led to adenylate cyclase (AC) 
activity inhibition in cells co-expressing MOR and 
ORL1. Following chronic exposure, AC activity 
was oppositely superactivated. Moreover, this AC 
superactivation was amplified by naloxone treat-
ment, similar to the clinical observation of nalox-
one precipitation on the withdrawal syndrome of 
the heroin addicts. These preliminary findings in-
dicate that the in vitro cell model of co-expressed 
human MOR and ORL1 receptors acts as a useful 
tool to reveal the molecular mechanism of heroin 
addiction and withdrawal.
(4) Glia-neuron interactions in opiate addiction

Prenatal exposure to opiates or endotoxins may 
affect cerebral oxidative stress and immunity in 
offspring. The resulting consequences may cause 
aberrant glial function and disrupt the glia-neuron 
interactions, ultimately leading to abnormal brain 
function. Dr. Feng-shiun Shie’s research team has 
investigated the molecular mechanism of the im-
pact of prenatal exposure of opiate on the brain 
functioning in the offspring.

A significant increase in LPS-induced immune 
response was found in primary microglia derived 
from neonates with prenatal exposure of buprenor-
phine or methadone, as compared to those of the 
saline control. Furthermore, the primary astrocyte 
derived from neonates with prenatal exposure of 
buprenorphine showed an altered lipid metabolism 
as evidenced by increased gene expressions of the 
lysophosphatidic acid (LPA) producing enzyme, 

autotaxin/ENPP2 (2.5-fold, p < 0.001), and LPA 
receptor 1/EDG2 (3.4-fold, p < 0.001), indicating 
an elevated oxidative stress at basal condition. In 
contrast, the LPS-induced immune responses ap-
pear to be suppressed in the primary microglia 
derived from neonates with prenatal exposure of 
LPS. The data indicate that prenatal exposure to 
opiate or LPS may epigenetically compromise the 
cerebral immune functions of the offspring, mak-
ing brain function vulnerable to environmental 
challenges. Thus, the offspring with prenatal expo-
sure to opiate or endotoxin may be predisposed to 
certain brain disorders.

Future work will focus on the regulatory mech-
anism of the impact of prenatal exposure of bu-
prenorphine on the glial immunity of the offspring. 
The research team will also investigate the role of 
lipid metabolites, especially LPA, in the induction 
of brain oxidative stress. The data from this study 
may provide insights into the mechanism underly-
ing the physiological/pathological impact of prena-
tal exposure of opiate or endotoxin on the newborn 
and confer a molecular basis for therapeutic inter-
vention for opiate addiction.
(5) Opioid drugs with liver metabolic enzymes 

expressions

It is rarely reported that, in pregnant women 
with bacterial lipopolysaccharide (LPS) infection, 
taking opioid drugs could affect the liver metabol-
ic enzymes in their offspring. Dr. Yu-Li Liu’s re-
search team tested whether morphine with or with-
out LPS prenatal exposure affected cytochrome 
P-450 (CYP) enzymatic expressions in 13-week-
old rat offspring. The CYP enzymatic expressions 
were evaluated by quantitative polymerase chain 
reaction. Four groups were pretreated in pregnant 
rats: saline, morphine (subcutaneous injection of 
morphine twice a day during gestation embryo 
stage 3 (E3) to E20 with initial dose of 2 mg/kg 
and an increment of 1 mg/kg in each week), LPS 
(intraperitoneal injection of 10000 U/kg of LPS 
at gestation E11), and morphine plus LPS. The 
team found that the week-13 male offspring had 
significantly higher expression of Cyp3a23 (p = 
0.021; CYP3A4 in human) and Cyp3a9 (p = 0.049; 
CYP3A5 in human) in the prenatal exposure of 
morphine than the saline group, but had lower 
Cyp2d4v1 (CYP2D6 in human) expression in the 
prenatal exposure of morphine plus LPS than the 
saline group (p = 0.041). The team concluded that 
prenatal morphine exposure might still have been 
affecting the CYP enzymatic expressions of the 
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week-13 adult offspring. This finding is in prepara-
tion.
(6) Methadone therapeutic drug monitoring and 

pharmacogenomics

Dr. Yu-Li Liu’s research team had used a 
liquid chromatography-photodiode array (LC-
PDA) method with a chiral analytical column was 
developed to determine the plasma levels of en-
antiomers of methadone and its chiral metabolite, 
2-ethylidene-1,5-dimethyl-3,3-diphenyl-pyrrol-
idine (EDDP), without the standard compounds of 
R-form or S-form enantiomers. This method was 
established by examining the characteristics of 
recombinant cytochrome P-450 (CYP) isozymes, 
where CYP2C19 prefers to metabolize R-metha-
done and CYP2B6 prefers to metabolize S-metha-
done. The team incubated the racemic methadone 
standard with either enzyme for 24 h and identi-
fied the retention times of R- and S-methadone to 
be around 10.72 and 14.46 min, respectively. Fur-
thermore, they determined the retention times of 
R- and S-EDDP to be approximately 6.76 and 7.72 
min, respectively. No interferences were shown 
through the retention times of morphine, buprenor-
phine, and diazepam. With the high recovery rate 
of a solid-phase extraction procedure, this method 
was applied in analyzing plasma concentrations of 
7 methadone maintenance patients where R- and 
S-methadone and R- and S-EDDP were 233.4 ± 
154.9 ng/mL, 185.9 ± 136.3 ng/mL, 84.4 ± 99.4 
ng/mL, and 37.6 ± 22.9 ng/mL, respectively. These 
data suggest that the present method can be ap-
plied for routine assay for plasma methadone and 
EDDP concentrations for patients under treatment. 
This finding was published in Biomedical Chro-
matography (24:782-788, 2010).

2. Clinical Research

(1) Molecular genetic study of addiction

Heroin addiction is a chronic mental disorder 
with a high relapse rate and a high genetic predis-
position. To investigate the genetic underpinnings 
of heroin addiction, Dr. Chen’s laboratory com-
pared the total gene expression profiles of lympho-
blastoid cells between 20 male heroin addicts and 
20 male controls using an oligonucleotide-based 
total gene expression microarray. They identi-
fied 870 differentially expressed gene transcripts 
between heroin addicts and control subjects, in-
cluding 262 up-regulated and 608 down-regulated 
gene transcripts. Further pathway analysis of these 

differentially expressed gene transcripts revealed 
several genetic pathways associated with heroin 
addiction, including the T cell receptor signaling 
pathway. They verified the differential expression 
of several selected genes in expanded sample sizes 
using real-time quantitative PCR. Their data sup-
port the idea that heroin addiction is a complex 
genetic disorder with involvement of polygenes 
and several perturbed pathways. The differentially 
expressed genes can be considered as candidate 
genes for heroin addiction when looking for genet-
ic variants associated with heroin addiction; and 
examining the perturbed pathways can bring new 
insights into the pathogenesis of heroin addiction 
in future studies.
(2) Clinical research of addiction

Dopamine receptor partial agonists have been 
proposed as potential candidate agents for the 
treatment of psychostimulants abuse. Aripiprazole 
is a dopamine D2/D3 receptor partial agonist that 
is current used as an antipsychotic drug in clinical 
settings. Dr. Chen’s laboratory examined whether 
aripiprazole can suppress the methamphetamine-
induced locomotor response that is used as an 
indicator for potential clinical use. In ICR mice 
pre-exposed to methamphetamine (1 mg/kg sub-
cutaneous injection once daily for 7 days), they 
found that repetitive administration of aripiprazole 
(1, 5, 10 mg/kg; intraperitoneal injection once dai-
ly for 1 week) enhanced the locomotor response to 
the challenge of methamphetamine (0.5 mg/kg) as 
compared with that in control animals. In addition, 
in ICR mice naive to methamphetamine, they also 
found that repetitive administration of aripiprazole 
(5 mg/kg intraperitoneal injection once daily for 
1 week) enhanced the locomotor response to the 
challenge of methamphetamine (0.5 mg/kg). The 
enhanced locomotor response to methamphet-
amine in both methamphetamine-pre-exposed and 
methamphetamine-naive mice lasted at least 4 
weeks in this study. Together, the data suggest that 
repetitive administration with aripiprazole may 
have cross-sensitization with methamphetamine 
in mice. Hence, caution should be exercised when 
treating psychiatric patients with a history of meth-
amphetamine abuse. This finding was published in 
Behavioural Brain Research (216:621–625, 2011).
(3) Outcomes of opioid-dependent subjects on metha-

done maintenance treatment

Methadone maintenance treatment (MMT) has 
been implemented in Taiwan since 2006. Treat-
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ing opioid addiction as a health issue rather than 
a legal problem represents a milestone. More than 
30,000 opioid-dependent subjects have completed 
MMT, and about 11,000 more are still undergo-
ing treatment. The study thus aims to establish a 
clinical research network for MMT outcome study, 
develop standardized MMT outcome assessment 
instruments, and identify the predictors of MMT 
outcome.

Dr. Sheng-chang Wang has established a clinical 
collaborative addiction research network, which, 
as of 2010, comprised 8 hospitals in the northern 
and central Taiwan and covered more than 20% 
Taiwan’s MMT subjects. An outcome assessment 
instrument, the Treatment Outcomes Profile (TOP), 
has been translated into Mandarin and validated 
for clinical addition research. The findings of 
a health-related quality of life (HRQOL) study 
among MMT subjects indicated that all domains of 
HRQOL were significantly lower in MMT subjects 
than in healthy controls. Male, MMT repeater, and 
adverse events related to methadone predict worse 
HRQOL; but employment is associated with better 
HRQOL in this population.
(4) Biochemical indexes and genetics of heroin addic-

tion	and	treatment	efficacy

Although the scientific community has been 
exploring heroin addiction and treatment methods 
for many years, little is known about the molecular 
mechanisms of health recovery from the disorder. 
So far, the clinical efficacy of medical treatment is 
based on the behavioral abstinence of the patients. 
Still, the biology of their psychological and physi-
cal status does not appear as an indicator of re-
covery. Recently, Dr. El-Wui Loh’s research team 
collaborated with Dr. Tsuo-Hung Lan, finding that 
augmentation of N-acetylcysteine (NAC) in meth-
adone maintenance treatment (MMT) in heroin 
addicts increases their retention rate. This finding 
provides a hint that may lead to a better under-
standing of the biological changes occur in the 
recovery process from heroin addiction. NAC is a 
mucolytic agent and the substrate of glutathione. 
Importantly, glutathione is the strongest known 
antioxidant in the human body. Its concentration 
is higher in brain than in peripheral blood. Also, it 
acts as a carrier/storage place for glutamate. More-
over, glutathione can bind on N-methyl-D-aspartate 
(NMDA) receptor to play the role of neuroregula-
tor or neurotransmitter. Because animals lacking 
NMDA receptor subunit NR2A are more likely 
to show withdrawal syndrome induced by opiates 

than those without, manipulation on glutathione-
related pathways may prevent heroin addiction and 
promote recovery from the addiction. To explore 
this possibility in advance, the team is first exam-
ining the anti-oxidation indicators in the blood 
samples of heroin addicts, and evaluating their re-
lationship with heroin addiction, efficacy of MMT, 
and NAC augmentation.

The project is still in its first year, the institu-
tional board having approved the study protocol in 
June 2010. Although heroin addicts tend to avoid 
others and it is difficult to obtain their consensus to 
join a research project, through about 6 months of 
effort the research team has recruited 120 heroin 
addicts, collecting blood samples and recording 
their clinical status on heroin, methadone, and 
NAC. The team is analyzing anti-oxidation indica-
tors of some of the samples; preliminary statistics 
on the 120 subjects will be available in the first 
quarter of 2011.

3. Education/Training in Addiction Medicine

The institute, in collaboration with the Taiwan-
ese Society of Addiction Science, has established 
the Taiwanese Addiction Fellowship Training 
Program (TAFT). This 3-year training program in 
addiction science includes 1 year of coursework, 
1 year of clinical training, and 2 years of research 
training. An orientation ceremony was held on 
July 9, 2010, to declare the beginning of the train-
ing program at NHRI’s Zhunan campus. To date, 
the program has enrolled 27 highly motivated 
attending physicians from many health centers, 
including the Taipei City Psychiatric Center, Bei-
tou Armed Forces Hospital, Tri-Service General 
Hospital, Bali Psychiatric Center, Shin Kong Wu 
Ho-Su Memorial Hospital, Chang Gung Medical 
Foundation Keelung Branch, Chutung Hospital, 
Taoyuan Mental Hospital Department of health, 
Far Eastern Memorial Hospital, China Medical 
University Hospital, Taichung Veterans General 
Hospital, Changhua Christian Hospital, TsaoTung 
Psychiatric Center, Chi Mei Medical Center, 
Chung Shan Medical University Hospital, Chia-
Nan Psychiatric Center, and Buddhist Tzu Chi 
General Hospital.

The executive committee has approved 11 
public and private medical institutes as clinical 
training sites: These institutes are Taipei City Psy-
chiatric Center, Beitou Armed Forces Hospital, 
Tri-Service General Hospital, Bali Psychiatric 
Center, Taoyuan Mental Hospital, China Medical 
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University Hospital, Taichung Veterans General 
Hospital, Changhua Christian Hospital, TsaoTung 
Psychiatric Center, Chia-Nan Psychiatric Center, 
and Kaohsiung Kai-Suan Psychiatric Hospital. The 
fellows have accomplished their research progress 
reports and have finished visiting several govern-
mental and non-governmental organizations that 
focus on the prevention and treatment of substance 
abuse.

B. Genomic Studies on Major Psychiatric 
Disorders / Etiological Studies of Major 
Psychiatric Disorders

1. Autism

Autism is a childhood-onset neurodevelop-
mental disorder with a strong genetic basis in its 
etiology. Conventional karyotype analysis has 
revealed that chromosomal structural aberrations 
such as translocation, inversion, deletion, and du-
plication play a role in causing autism spectrum 
disorders (ASD). In addition, recent array-based 
comparative genomic hybridization (array CGH) 
studies discovered that submicroscopic deletion 
and duplication of DNA segments also contrib-
uted significantly to the genetic etiology of ASD. 
Together, these studies indicate that genomic rear-
rangement is an important genetic mechanism of 
ASD. Using karyotyping analysis and array CGH 
technology, Dr. Chen’s laboratory identified a 
subtelomeric deletion of approximately 6.8 Mb at 
4q35.1 – 35.2 and a terminal deletion of approxi-
mately 2.4 Mb at 8p23.2-pter in 2 autistic boys, 
respectively. These 2 deletions were further vali-
dated using fluorescent in situ hybridization and 
real-time quantitative polymerase chain reaction; 
and their breakpoints were delineated using high-
resolution array CGH. The 4q deletion is a rare de 
novo mutation, while the transmission of 8p dele-
tion is unknown because the father of the patient 
was unavailable for study. These 2 deletions are 
rare mutations and were not found in the addi-
tional 282 patients with ASD or in the 300 control 
subjects from the Taiwanese population. The iden-
tification of these 2 chromosomal deletions con-
tribute to our understanding of the genetic basis of 
ASD, and the haploinsufficiency of several genes 
located at the deleted regions of chromosome 8p 
and 4q may contribute to the clinical phenotypes 
of autism. This finding was published in Clinical 
Genetics (78:449–456, 2010).

2. Schizophrenia

Hypofunction of N-methyl-D-aspartate (NMDA) 
receptor-mediated signal transduction has been im-
plicated in the pathophysiology of schizophrenia. 
Post-synaptic density protein 95 (PSD-95) plays a 
critical role in regulating the trafficking and activ-
ity of the NMDA receptor; and altered expression 
of PSD-95 has been detected in the post-mortem 
brain of patients with schizophrenia. Dr. Chen’s 
laboratory examined whether the DLG4 gene that 
encodes PSD-95 may confer genetic susceptibility 
to schizophrenia. Dr. Chen’s team re-sequenced 
the core promoter, all the exons, and 39 untrans-
lated regions (UTR) of the DLG4 gene in 588 
Taiwanese schizophrenic patients and conducted 
an association study with 539 non-psychotic sub-
jects. They did not detect any rare mutations at the 
protein-coding sequences of the DLG4 gene asso-
ciated with schizophrenia. Nevertheless, they iden-
tified 4 polymorphic markers at the core promoter 
and 5’UTR and 1 single nucleotide polymorphism 
(SNP) at the 3’UTR of the DLG4 gene in this 
sample. Genetic analysis showed an association 
of a haplotype (C–D) derived from 2 polymorphic 
markers at the core promoter (odds ratio = 1.26, 
95% confidence interval = 1.06–1.51, p = 0.01), 
and a borderline association of the T allele of the 
rs13331 at 3’UTR with schizophrenia (odds ratio 
= 1.19, 95% confidence interval = 0.99–1.43, p 
= 0.06). Further reporter gene assay showed that 
the C-D-C-C and the T allele of the rs13331 had 
significantly lower activity than that of their coun-
terparts. Their data indicate that the expression 
of the DLG4 gene is subject to regulation by the 
polymorphic markers at the core promoter region, 
5’ and 3’ UTR of the gene, and is associated with 
the susceptibility of schizophrenia. This finding 
was published in PLoS ONE (5:e15107, 2010).

3. Clinical pharmacogenomics of antidepressant 
response

(1) CYP1A2 predicts paroxetine treatment response

Paroxetine is a drug of choice in the treatment of 
major depressive disorder (MDD). Its metabolism 
has recently been reported because of the cyto-
chrome P-450 (CYP) enzyme 1A2. Dr. Yu-Li Liu’s 
research team has tested whether genetic poly-
morphisms in CYP1A2 were associated with the 
treatment efficacy and side effects of paroxetine. A 
total of 241 MDD patients who had taken parox-
etine continually for 8 weeks were recruited, and 
their steady state paroxetine concentrations were 
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measured at weeks 2, 4, and 8. The genotypes of 
these patients were assessed for the presence of 9 
single nucleotide polymorphisms (SNPs) that were 
selected from the HapMap Han Chinese ethnic 
group, from the literature report, or through their 
functional role in the CYP1A2 gene. The allele 
types for SNPs rs4646425 (permutation P = 0.03), 
rs2472304 (permutation P = 0.01), and rs2470890 
(permutation P = 0.004) showed significant associ-
ations with paroxetine treatment remission at week 
8. Response rates in the Hamilton rating scale 
for depression (HAM-D) and for anxiety (HAM-
A) were significantly associated with the SNPs 
rs4646425 (P = 0.0126 and 0.0088 for HAM-
D and HAM-A, respectively) and rs4646427 (P 
= 0.0067 and 0.0196 for HAM-D and HAM-A, 
respectively). The inducible SNP rs762551 had a 
significant association with the paroxetine dose at 
week 4 (permutation P = 0.012). The team did not 
find an association between these SNPs and the 
side effects or serum concentrations of paroxetine. 
Genetic variants in the CYP1A2 region may be 
indicators of the treatment response of MDD pa-
tients to paroxetine. This finding was published in 
Pharmacogenomics (11:1535–1543, 2010).
(2) ABCB1 polymorphisms predicts escitalopram 

treatment response

ABCB1 (ATP-binding cassette, sub-family 
B [MDR/TAP], member 1) is a drug transporter 
protein expressed on the epithelial cells of the in-
testine and the endothelial cells of the blood-brain 
barrier (BBB). Dr. Yu-Li Liu’s research team had 
tested whether genetic polymorphisms within the 
ABCB1 gene were associated with the severity 
of depression and the effectiveness of antidepres-
sant escitalopram (S-CIT) to treat major depres-
sive disorder (MDD). Twenty single nucleotide 
polymorphisms (SNPs) in the ABCB1 gene were 
selected and genotyped in 100 MDD patients who 
had undergone S-CIT treatment continuously for 8 
weeks. The serum concentrations of S-CIT and its 
metabolites (S-desmethylcitalopram and S-dides-
methylcitalopram) were then measured at weeks 2, 
4, and 8. The ABCB1 genotypes of rs1922242 (P 
= 0.0028) and rs1202184 (P = 0.0021) showed sig-
nificant association with the severity of depressive 
symptoms as assessed by the Hamilton Depression 
Rating Scale for depression (HAM-D) adjusted 
with anxiety (HAM-A). The haplotype block 
rs1882478-rs2235048-rs2235047-rs1045642-
rs6949448 (from intron 27 to intron 26) of ABCB1 
was found strongly associated with the remission 

rate (global P = 0.003, df = 69), where haplotype 
T-T-T-C-C was associated with a slower remission 
rate upon S-CIT treatment (P = 0.001). The hap-
lotypes may not be indicators for the severity of 
depression or anxiety. These findings suggest that 
SNPs in the ABCB1 gene may be indicators of 
the severity of depression and of the likely S-CIT 
treatment remission response in MDD and have 
been accepted by the Journal of Pharmacogenet-
ics and Genomics (2011 in press).

4. Schizophrenia candidate genes search on IL-6

The levels of interleukine-6 (IL-6) and its 
receptor (soluble IL-6R) have been reported to 
be elevated in the plasma and cerebrospinal fluid 
of schizophrenic patients. In this study, Dr. Yu-
Li Liu’s research team had tested the associa-
tion of genetic variants of IL-6 and IL-6R with 
schizophrenia. Genotyping of 3 single nucleotide 
polymorphisms (SNP) for each IL-6 (IL-6-1, IL-
6-2, and IL-6-3) and IL-6R (rs4845617 = IL-6R1, 
rs4553185 = IL-6R2, and rs4379670 = IL-6R3) 
gene was performed in 100 patients with schizo-
phrenia and 113 normal controls. The polymor-
phisms of IL-6R2 were genotyped using Tetra-
primer ARMS PCR. IL-6R3 polymorphisms were 
genotyped using restriction fragment length poly-
morphism with Apo I enzyme as the restriction 
enzyme. All other polymorphisms were genotyped 
using the direct sequencing method. The team 
found a di-nucleotide haplotype block and a tri-
nucleotide haplotype block in the genes of IL-6 
and IL-6R, respectively. None of the 6 SNPs or 
their haplotypes showed a significant association 
with schizophrenia. The IL-6-2 SNP showed a 
nominally significant association with the positive 
symptoms of schizophrenia (p = 0.0472). The team 
concluded that the genetic variants of IL-6 and IL-
6R are not associated with schizophrenia. In order 
to verify this result, further study using a larger 
sample size and exploring the association between 
the genotype of IL-6-2 and plasma level of IL-6 is 
recommended. This finding was published in Neu-
roscience Letters (468:330–333, 2010).

5. The role of hippocampal neurogenesis in major 
depression

Dr. Sabrina Wang has established 2 rat models 
for studying the relationship of adult neurogen-
esis and major depression. Using the chronic mild 
stress animal model and 3 strains of rats that dis-
played different hypothalamus pituitary adrenal 
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axis (HPA axis) responsiveness, she found HPA 
axis hyperactivity was highly related to the de-
pressive behavior. This finding was published in 
Behavioural Brain Research (213:94–102, 2010). 
However, chronic mild stress itself is not strong 
enough to change adult neurogenesis. On the other 
hand, the learned helplessness animal model of 
depression clearly showed that only the animals 
that displayed depressive behavior had reduced 
hippocampal adult neurogenesis in the dorsal 
dentate gyrus. This finding was published in Neu-
roscience (171:153–61, 2010). As shown in Figure 
1, the doublecortin (DCX) labeled young neurons 
are significantly reduced in learned helplessness 
rats (LH). The BrdU and Ki-67 labeled proliferat-
ing cells are also significantly reduced in LH rats. 
Importantly, stress alone without inducing help-
lessness behavior (NoLH) will not reduce adult 
neurogenesis. This is a clear demonstration of the 
link between depressive behavior and adult neuro-
genesis.

Figure 1. The DCX-labeled young neurons are significantly 
reduced in learned helplessness rats (LH). The 
BrdU- and Ki-67-labeled proliferating cells are 
also significantly reduced in LH rats. Importantly, 
stress alone without inducing helplessness behav-
ior (NoLH) does not reduce adult neurogenesis.

6. Glial functions in Alzheimer’s disease therapy: a 
common pathway to the recovery of brain 
disease

Abnormal glial functions have been implicated 
in the development of many brain diseases. For 
example, microglia-mediated neuro-inflammation 
has been implicated in the pathogenesis of Alz-
heimer’s disease (AD) and is critical in propagating 
tissue damage after brain injury in stroke. To de-
velop AD therapy, Dr. Feng shiun Hsie’s research 
team recently found that a newly synthesized 
compound may pharmacologically manipulate 
AD pathogenesis. Unlike other anti-inflammatory 
drugs that only deactivate microglial activation, 

the lead compound #326 appears to promote 
Aβ phagocytosis while inhibiting LPS-induced 
microglial immune responses. Importantly, com-
pound #326 is also neuro-protective. Similarly, the 
team’s data also demonstrate that compound #326 
not only reduces both infarct volume and oxidative 
stress in middle cerebral artery occlusion (MCAO) 
treated rats, but also confers clinical potential for 
post-traumatic treatment. To gain insights into the 
molecular mechanism of the brain disease patho-
genesis, the research team has been working on 
regulatory machinery of microglial activation in 
brain disease. Among the many aspects of this cur-
rently being studied are TGF-beta1 in microglia 
chemotaxis, DBP in microglia-mediated neuro-
inflammation, and activation of aryl hydrocarbon 
receptor in glial immunity.

C. Psychiatric Epidemiological Studies

Epidemiology of child and adolescent mental disorders 
in Taiwan

To understand the longitudinal utilization of 
BZD, a research team from the division examined 
the National Health Insurance Research Database 
for 1997–2005. The team found that nearly 3%–
5% of incident BZD young users received long-
term prescriptions annually. Among those long-
term BZD users, one-quarter were accelerating 
or chronic users. Prior history of psychoses was 
associated with 4-fold increased risk of accelerat-
ing BZD use in young adolescents, while the risk 
estimate was 2-fold in old adolescents. The study 
found that youngsters’ risk of becoming chronic 
BZD users was significantly elevated by a history 
of epilepsy, receiving psychiatric prescriptions 
only, or taking long half-life BZDs only (Adjusted 
Odds Ratio [aOR] = 2–5). Hypnotic indication-
associated risk of chronic use was significant only 
in young adolescents (aOR = 2.16).

As to methylphenidate (MPH) utilization, the 
study found that approximately 30% of children 
or adolescents received methylphenidate treatment 
within the year of their ADHD diagnosis. Regard-
less of psychiatric comorbidity, young patients 
who were of lower socioeconomic status (e.g., 
enrollment status III) or from southern Taiwan, 
received the diagnosis at older ages, during school 
days, in a district hospital/clinic, or by specialists 
in pediatrics or psychiatry tended to start MPH 
treatment sooner. In the non-comorbid ADHD 
group, male gender and a change in doctor upon 
subsequent visits were found to be associated with 



74 Institute of Population Health Sciences

increased hazards to start MPH medication by 
36% and 38%, respectively. The retention rates 
for MPH treatment declined after 3 months; and 
only one-third of the youth remained in treatment 
by the end of the sixth month. Receiving the di-
agnosis in adolescence and having initial MPH 
prescription at a hospital rather than at a medical 
center were both associated with greater hazards 
of discontinuation; having the change in treatment 
location at subsequent visit may increase treatment 
retention.

The research team also investigated service-pro-
vider and individual factors accounting for methyl-
phenidate early refill among ADHD-affected chil-
dren and adolescents; the resulting paper is close to 
submission. A total of 2,176 incident ADHD cases 
had 2 or more visits in a year; and a total of 11,708 
visits with methylphenidate prescribed by 248 
physicians were identified. Multilevel models were 
conducted to estimate risk association of early re-
fill, defined by 7-or-more days overlap in prescrip-
tion days. Roughly 30% incident ADHD received 
methylphenidate prescription within a year upon 
diagnosis; the annual occurrence of early refill was 
4.2% (n = 129). The intraclass correlation coeffi-
cient was estimated 37.75% at the individual level 
and 7.77% at the physician level. Multilevel logis-
tic regression suggests the effects of prescription 
(e.g., weeks of prescription, aOR = 1.29, 95% CI: 
1.12–1.49), patient attributes (e.g., central region 
of residence, aOR = 2.59, 95% CI: 0.81–10.73) 
and service-provider attributes (e.g., age of physi-
cians, aOR = 2.29, 95% CI: 1.12–4.68) are salient. 
Closer attention to individual and service-provider 
attributes that increase the risk of early refilled 
methylphenidate should be addressed in future 
research and examinations of the clinical decision-
making process.

Health Policy Research and 
Development

The Division of Health Policy Research and 
Development aims to identify urgent needs in 
public health, the medical system, health educa-
tion, and manpower resources; to conduct health 
policy research; and to provide evidence-based 
recommendations to the government for formulat-
ing health policies. The division’s had significant 
achievements in 2010, in areas including research 
outcome, health research cooperation and academ-
ic exchange, and health-related informatics and 
infrastructure.

A. Research Outcome

1. Child and Adolescent Behaviors in Long-term 
Evolution (CABLE)

Data from 1,621 students followed from fourth 
to eleventh grade (2001–2008) as part of the 
CABLE project were used to investigate the pat-
terns of developmental trajectory of social anxiety 
among boys and girls from fourth to eleventh 
grade and to examine related factors. The results 
revealed that girls had significantly higher social 
anxiety than boys from fourth to eleventh grade. 
Students’ social anxiety may increase greatly dur-
ing junior high school. Developmental trajectory 
patterns of social anxiety among boys were sig-
nificantly associated with parental punishment, 
parental support, parental conflict and interaction 
with peers. Girls’ developmental trajectory pat-
terns were significantly associated with parental 
punishment and interaction with peers. Girls’ so-
cial anxiety is high across all years. Preventive and 
intervention programs should be initiated early in 
elementary school. Parents should provide boys 
with more support, avoid conflicts, punish children 
less, and encourage children to interact more with 
their peers.

2. A longitudinal research database of child health 
in Taiwan

This study investigated the incidence of poten-
tially preventable hospitalizations in the first two 
years of life among children born between July 1, 
2003 and June 30, 2004 (n = 218,158) in the Na-
tional Health Insurance system of Taiwan; it also 
examined income disparities in potentially pre-
ventable hospitalizations across income categories. 
The research team found high hospital admission 
rates and lengths of stays for lower respiratory in-
fections among young children in all income cate-
gories. Use of hospital care among young children 
was significantly higher in the poorest category 
than among better-off children for acute injuries 
and poisonings as well as for lower respiratory in-
fections. The findings suggest a need for increased 
attention to these 2 disease types.

3. Epidemiologic study of diabetic nephropathy in 
a cohort with type 2 diabetes

The research team used the NHRI-initiated 
community-based diabetic intervention program, 
A Prospective Study on Diabetes Management 
through an Integrated Delivery System, which 
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contained follow-up data of the 1,223 participants 
with type 2 diabetes who had been given a ques-
tionnaire interview and biomarker examination ev-
ery 6 months since 2008. The findings show that:

(1) Higher insulin resistance, higher blood pres-
sure, and higher glycemic control were risk 
factors for diabetic nephropathy. The reduction 
of insulin resistance and good control of blood 
pressure and glycemic level could decrease the 
incidence of diabetic nephropathy. This study 
provided good clinical diabetic control guide-
lines to prevent diabetic nephrology and to 
improve the quality of life and health care for 
diabetic patients.

(2) Dietitian-led management of diabetes can im-
prove glycemic control in patients with poorly 
managed type 2 diabetes in primary care clin-
ics in Taiwan. Changes in carbohydrate intake 
were independently associated with improve-
ments in glycemic control. Emphasizing the 
need for carbohydrate counting in nutrition 
education programs for diabetic patients could 
improve glycemic levels significantly.

(3) Smoking increased the risk of DM nephropa-
thy regardless of age, duration of diabetes mel-
litus, or status of blood pressure control. To 
decrease the incidence of diabetic nephropathy, 
the research team reinforces the urgent need to 
encourage diabetic smokers to quit smoking as 
early as possible.

4. Program of quality improvement in the diagnosis 
and therapeutics of digestive endoscopy in 
Taiwan

This project focused on the rebleeding rate 
of peptic ulcer after endoscopic hemostasis, the 
properness of gastroprotective agents, and po-
tential drug interactions to provide evidence for 
improving endoscopic quality. The research team 
that found age, non-steroidal anti-inflammatory 
drugs, proton pump inhibitors (PPIs), H2 receptor 
antagonists (H2RAs), aspirin, renal failure, and 
liver failure all contribute to peptic ulcer rebleed-
ing. PPIs and H2RAs are under use in high risk 
populations of peptic ulcer rebleeding. In contrast, 
they also found that PPIs and H2RAs were associ-
ated with higher risk of acute coronary syndrome 
rehospitalization if they were concomitantly used 
with clopidogrel. The safety issue of combining 
clopidogrel with PPIs/H2RAs should be a signifi-
cant consideration in clinical practice. These ob-

servations provided evidence for policy makings 
in patients with peptic ulcer bleeding and receiving 
concomitant drug use.

5. Study of the public’s health literacy in Taiwan

To develop the Mandarin Health Literacy Scale 
(MHLS), a health literacy measurement tool, 
the research team employed several procedures, 
including an expert panel, item generation, the 
Delphi process, readability testing, pilot testing, 
and field testing. Fifty items were included in 
the MHLS for the validation study; and 323 sub-
jects completed the questionnaire survey. Results 
show that the MHLS had good internal reliability 
(Cronbach’s α = 0.95). This project conducted 
the national health literacy survey at the end of 
2009, finding that 29% of women had low health 
literacy. Low health literacy was associated with 
increased age, less education, lower income, and 
residence in a more rural region. Holding con-
stant socio-demographic characteristics and health 
knowledge, women with low health literacy are 
less likely to monitor physical changes, less likely 
to check food expiration dates, and more likely to 
smoke. Findings suggest that health literacy may 
play an important role in determining women’s 
health-related behaviors. Another study on health 
literacy and health care utilizations showed that, 
holding constant socio-demographic characteris-
tics and co-morbidities, low health literacy was as-
sociated with poor psychological health status but 
not with health care utilization.

6. Education and workforce of domestic medical 
personnel

As part of the division’s mission to aid in the 
development of future health policies on the train-
ing for and certification of healthcare providers, 
this project invited a total of 87 scholars and spe-
cialists to join forums for discussion and consen-
sus building. These experts included scholars and 
specialists from academia, hospitals, institutes, and 
relevant government offices, including the Exami-
nation Yuan, the Department of Health, the Minis-
try of Education, and the Council of Labor Affairs. 
These experts were divided into 4 subcommittees: 
residency training program accreditation, dentistry 
workforce planning and training, public health 
workforce planning and training, and nursing 
workforce planning and training. Between 2007 
and 2010 this project convened 6 steering com-
mittee meetings and 73 expert panels to discuss 
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relevant topics. Four books on related suggestions 
were published: Physician Training and Education 
— Current Status and Perspectives, Dental Work-
force 2020: Education, Supply and Demand (Fig-
ure 2), Nursing Workforce & Nurse Practition-
er System: Vision and Challenges (Figure 3), and 
Public Health Education & Workforce: Current 
Status & Perspectives (Figure 4).

7. Establish an academic network for cooperation 
on international health policy

This project focused on issues related to the 
World Health Organization (WHO). It produced 
“Exploration of the role of WHA observership: 
future strategies for the participation of Taiwan 
in the WHO,” an article published in the Taiwan 
Journal of Public Health. Senior health officials 
have recognized its important academic and na-
tional policy contributions. The research systemat-
ically collected and organized data on the subject, 
a first in Taiwan, enabling the government to use 
it as a reference and blueprint for strategies for 
Taiwan’s participation in the WHO. In addition, 
the research team was invited to publish an article 
about the impact of climate change on health by 
the peer-reviewed journal of the United Nations’ 
Standing Committee on Nutrition. In the article, 
the researchers addressed the impact of climate 
change and natural disasters on health and food 
security in Asia, and proposed responding policies. 
Furthermore, this project drew up 7 policy recom-
mendations focusing on strategies for Taiwan’s 
participation in the WHO (especially focusing on 
the WHA), health aid strategies, food, and health 

Figure 2. Cover of Dental Workforce 2020: Education, Supply and Demand.

Figure 3. Cover of Nurse Workforce & Nurse Practitioner System: Vision and Challenges.

Figure 4. Cover of Public Health Education & Workforce: Current Status & Perspectives.

security between Taiwan and mainland China. The 
articles were delivered to the relevant government 
agencies, including the Department of Health, the 
Ministry of Foreign Affairs, and the National Se-
curity Bureau.

B. Health Research Cooperation and 
Academic Exchanges

1.	 Profiles	of	youth	in	the	early	21st	century

The research team is collaborating with re-
searchers at Academia Sinica and the Bureau of 
Health Promotion to create profiles of the youth in 
the early 21st century. They are focusing especially 
on the topics of excessive television viewing time, 
unhealthy eating behavior, and first experimental 
smoking. The results are being provided to the 
Bureau of Health Promotion to aid in the design of 
health promotion programs.
(1) Excessive television viewing time

The gender-specific group-based trajectory 
analysis identified 4 patterns of trajectory for each 
gender: Low–Low, High–Low, Low–High, and 
High–High. After adjusting for the influence of 
demographic characteristics, obesity-related be-
haviors, parental BMI, age, and puberty, the rela-
tionship between excessive television viewing and 
BMI remains significant. Boys in the High–High 
group had higher BMI than those in the Low–Low 
group. For girls, the BMI of the High–High group 
was higher than that of the High–Low group. The 
findings support that excessive television view-
ing is related to adolescent BMI (Figures 5 and 6). 
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However, sedentary behavior is a very complex 
concept; excessive television viewing is just one of 
the aspects. The relationship between use of other 
media and BMI and also the path of sedentary be-
havior to childhood obesity should be investigated 
further.

Figure 6. Trend of BMI by trajectories of excessive televi-
sion viewing (boys).

(2) Unhealthy eating behavior

The results of the group-based modeling iden-
tified 5 different trajectories of unhealthy eating 
behaviors: low stable, moderate stable, moderate 
declining, moderate rising, and high stable. Stu-
dents with fathers who had frequently unhealthy 
eating behavior were more likely to be classified 
into the moderate declining and high stable trajec-
tories. Mothers’ unhealthy eating behaviors were 
significantly related to all trajectories except the 
low stable one. Parents’ unhealthy eating behavior 
had significant long-term effects on the develop-
ment of adolescents’ unhealthy eating behavior. 

Figure 5. Trend of BMI by trajectories of excessive televi-
sion viewing (girls).

The results further our understanding of factors as-
sociated with the development of unhealthy eating 
habits at a young age, and hence may be used to 
assist in the development of early preventive pro-
grams.
(3) First experimental smoking

A total of 2,686 fourth graders participated in 
the study in 2002. The incidences of trial smoking 
were 3.12%, 3.99%, 2.84%, 5.98%, 5.25%, 5.00%, 
and 5.98% from the years 2002–2008, respective-
ly. Children who were male, lived in a rural area, 
came from a single-parent family, had parents who 
smoked, and had more peers who smoked were 
more likely to try smoking earlier. The influence 
of parents and peers on smoking initiation demon-
strated a gradient effect. The research team recom-
mended that schools strengthen their anti-smoking 
programs by teaching adolescents how to over-
come peer pressure to conform and by providing 
programs that attract teenagers away from smok-
ing. Health promotion programs should increase 
public awareness of the role that parental smoking 
plays in children’s likelihood to try out smoking; 
such programs should also help adults quit smok-
ing.

2. Fifth annual meeting on health policy research

In order to promote academic exchange and 
facilitate collaboration among academic institu-
tions, the division began organizing conferences 
on health policy in 2006. The overall theme of the 
conference in 2010 was “Evidence and Knowledge 
Translation in Health Policy” (Figure 7). The objec-
tive of this conference was to bring the people’s 
and the governments’ attention to the importance 
of empirical evidence to policymaking and the im-
portance of finding the best ways to translate that 
evidence into policy actions. Starting in 2010, the 
Institute of Population Health Sciences has been 
working closely with the Bureau of Health Pro-
motion in this regard. The conference committee 
invited Bureau of Health Promotion representa-
tives, NHRI researchers, and university profes-
sors to share their recent research and discuss 
the gaps between research and health policy. In 
the morning session, the director-general of the 
Bureau of Health Promotion, Dr. Chiou Shu-Ti, 
discussed translational research-linking evidence 
and health promotion; and Dr. Hsiung Chao, the 
director of Knowledge Translation Initiatives at 
NHRI, discussed the initiatives taken by NHRI 
to translate such knowledge into policy and how 
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those initiatives might continue. The commit-
tee had invited Dr. Chen Liang-Kung to provide 
empirical evidence for the cost-effectiveness of 
Geriatric Services in Taiwan for policy references. 
Topics discussed in the afternoon session included 
offspring birth weight and parental cardiovascular 
mortality, childhood obesity, diabetes, prolonged 
mechanical ventilation, risk evaluation and prepa-
ration for pandemic influenza, and risk assessment 
of thimerosal in vaccines for children. More than 
250 people participated.

Figure 7. The Fifth Annual Meeting on Health Policy Research — Evidence and Knowledge Translation in Health Policy.

C. Health Informatics Research and 
Development

1. Research on value judgment and logic for al-
locating health care resources in the National 
Health Insurance (NHI) system

Through literature review and discussion with 
cooperative clinicians, the research team formu-
lated a set of criteria to interpret each patient’s 
historic records of inpatient services linked to 
mechanical ventilation. They also formulated cri-
teria for determining the time of each incidence of 
prolonged mechanical ventilation, and subsequent 
weaning and death. They then developed a set 
of SAS programs to analyze each NHI enrollee’s 
historic claims data and death data based on these 
criteria to construct a database that contains lon-

gitudinal data on health outcomes and healthcare 
expenditures for new patients with prolonged 
mechanical ventilation in years 1998–2006. In to-
tal, 50,481 new PMV patients in these years were 
identified. This database can provide data for stud-
ies on designing a better mechanism of providing 
mechanical ventilation services, and can thus help 
the government reduce unnecessary NHI expendi-
tures on such services.

2. Research on cost utility of resource use in the 
National Health Insurance

This project has generated a population data-
base that contains information on incidences of 
hypertension and diabetes in years 2002–2006, 
and data on incidences of end-stage renal disease, 
ischemic heart disease, cerebrovascular disease, 
and death for all new hypertensive patients and 
all diabetic patients of 2002–2006. The database 
also contains these patients’ longitudinal data on 
patterns of using antihypertensive, anti-diabetes, 
and anti-lipid drugs, as well as demographic and 
socioeconomic conditions. This database can be 
an important foundation for cost-effectiveness and 
cost-utility analysis for different medication use 
patterns, and can help the government establish 
more efficient coverage of pharmaceuticals in the 
NHI system, and subsequently achieve the aim of 
saving NHI resources.
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3. Establishment of an evidence-based medicine 
research & development center and East-Asian 
Cochrane network

In order to enrich resources for evidence-
based medicine (EBM) and accelerate clinical ap-
plications, since 2007 the division has subscribed 
to the Cochrane Library, an EBM database, and 
since 2010 has provided free access to 40 teaching 
hospitals in Taiwan. The division has already held 
more than 13 EBM educational programs, reach-
ing over 1,100 participants. In order to evaluate 
the outcome of the division’s promotion strategies 
and the utilization status of the Cochrane Library, 
a division project also conducted 2 surveys in 
2007 and 2009 to investigate the beliefs about, at-
titudes toward, knowledge of, skills in, barriers to, 
and behaviors regarding EBM among healthcare 
professionals in regional hospitals. Findings of the 
surveys demonstrated that the nationwide program 
provided by the division is useful in the diffusion 
of EBM implementation. The manuscript for these 
data was published in the International Journal 
for Quality in Health Care (22(5):430–436, 2010). 
In addition, to help reduce the language barrier 
that prevents some from making use of the pre-
dominantly English-language Cochrane Library, 
the division launched a 3-year project translating 
abstracts of the Cochrane Database of Systematic 
Review (CDSR) into Mandarin. To date, more than 
3,200 abstracts have been translated and reviewed, 
all of which can be downloaded for free from the 
Evidence Based Practices Guidelines Platform 
(Figure 8). Moreover, the research team has built up 
an East-Asian Cochrane network. In 2010 NHRI 
hosted the third meeting of the East Asian Co-
chrane Alliance (EACA). Representatives from 
Japan, South Korea, Singapore, and Hong Kong 

attended the meeting, reached a consensus on the 
vision for and missions of EACA, and finalized 
the alliance’s strategic plan. This plan has been 
submitted to the Australasian Cochrane Centre for 
review.

Figure 8. Cochrane Database of Systematic Reviews (“Ab-
stracts”) at http://clc.nhri.org.tw/admin/clcmain1.
aspx.

4. Development of health policy e-academy

In 2010, the research team translated the expe-
rience of the creation of Healthy People 2020 in 
Taiwan into an e-learning course focusing on the 
development of white papers for health policy — 
an e-learning first in Taiwan. This approach can 
not only provide fundamental knowledge of health 
white papers to all health professionals but also 
help provide platforms for the spread of knowl-
edge from future projects.

5. Determinants in health disparity: a GIS ap-
proach — geographical accessibility and avail-
ability assessment

This project applied a new method, the multi-
layer and multi-class dasymetric model, to solve 
the population distribution in order to pinpoint 
with greater accuracy areas with low accessibil-
ity to health care. The research team took Chiayi 
County as the study area. Through the population 
distribution model, R2 was found to be 0.9872 be-
tween the adjusted population and the census pop-
ulation data; this can represent the real distribution 
of Chiayi County. Establishment and examination 
the spatial inequality method will be helpful in 
identifying the relationship between health dispari-
ties and environment.

Health Promotion Translation
The project entitled “The Translation of Knowl-

edge for Health Promotion Policy” is a collabora-
tion between NHRI and the Bureau of Health 
Promotion. It consists of teams in 3 research areas: 
Health Promotion in Children & Adolescents, 
Health Promotion in Aging Population, and Cancer 
Prevention Intervention. Several research investi-
gators and the research teams from the Institute of 
Population Health Sciences have joined the Chil-
dren & Adolescents team and the Aging Popula-
tion team to help the Bureau of Health Promotion 
translate research findings into policy recommen-
dations aimed at resolving urgent and important 
health issues.

Another institute research team is helping the 
Bureau of Health Promotion validate the quality 
of Taiwan’s birth registry and birth certificate data 
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sets, finish an analysis of the healthcare utilization 
of women with infertility problems, and analyze 
the incidence of birth defects. Institute research 
teams have also focused on issues such as smok-
ing, alcohol drinking, obesity, suicide, and vio-
lence. The Health Promotion in Children & Ado-
lescents team, for example, has advised the Bureau 
of Health Promotion on healthcare expenditure 
related to the prevention of obesity.

Researchers are also examining issues related 
to Taiwan’s aging population, including obesity in 
older adults, functional status and healthy aging, 
comprehensive geriatric assessment and frailty 
in the elderly, and the relationship between body 
mass index & metabolic syndrome and cardiovas-
cular disease & survival. Institute researchers have 
also reviewed the relationship between chronic 
kidney disease and medication usage, and plan to 
hold a forum to exchange information and discuss 
the best approaches to the prevention of kidney 
disease.



Divisions



82 Division of Environmental Health and Occupational Medicine

Division of Environmental Health and 
Occupational Medicine
Mission

The Division of Environmental Health 
and Occupational Medicine seeks to 
improve prevention and treatment of 
diseases caused by environmental and 
occupational hazards in Taiwan through 
scientific understanding of these hazards 
and diseases. It focuses especially on 
three main tasks:

•  establishing world-class research 
laboratories within the division and 
conducting vigorous research to ad-
dress various environmentally and 
occupationally related health issues of 
importance in Taiwan;

•  establishing research networks with 
scientists in other governmental agen-
cies, academic institutes, and research 
organizations to create critical mass 
and support coordinate research in Tai-
wan as well as to promote the education and training of the nation’s future health scientists;

•  providing needed scientific consultation, assistance, and research expertise to the government in Taiwan 
on critical health issues confronted by the nation.

Short-term goals include to use arsenic and endocrine disruptors as examples to learn how to assess 
exposure effects and how the toxins interact with each other; to foster interdisciplinary research teams, 
including for epidemiological studies, in vivo animal studies, and in vitro studies; to tackle major envi-
ronmental and occupational health issues in Taiwan; and to collaborate with Kaohsiung Medical Univer-
sity and National Taiwan University to develop independent study.

The mid-term goal is to build-up the strategies for the diagnosis, intervention, and prevention of oc-
cupational and environmental diseases; to interact with and integrate national and international occupa-
tional medicine groups; and to establish data and specimen banks for epidemiological cohort studies.

The long-term goals of the Division of Environmental Health and Occupational Medicine include to 
promote “Healthy People and Healthy Workers;” to reduce environmental and occupational disease mor-
bidity and extend longevity; and to establish an internationally recognized research institute.

Major Achievements

A. Metal Toxicity Research Program

1. Interaction of arsenic and cigarette smoke in 
lung cancer development

When investigating the expression profile of 
inflammatory-related cytokines induced by ETS 
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and arsenic exposure in mouse lung and bronchi-
ole-alveolar lavage fluid, the research team found 
no differences in any parameters for pulmonary 
function test among any of the four groups. This 
result suggests that this 4-week exposure of ETS/
arsenic may not be long enough to influence pul-
monary functions. In bronchoalveolar lavage fluids 
(BALF) as well as BALF macrophages, the total 
cell number showed no difference among the four 
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Occupational Medicine Research Program
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Surveillance of Human Internal Dose of
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Metal Toxicity Research Program 

groups. However, the numbers of dead epithelial 
cells were increased in arsenic alone and ETS-
arsenic co-exposed groups. This may suggest that 
the exposure of arsenic on mice led to pulmonary 
epithelial cell injury. Moreover, alveolar enlarge-
ment was observed on ETS and arsenic exposed 
mice. This alveolar enlargement was further con-
firmed as emphysematous lesions by EVG stain. 
The mean length intercept (MLI) indicated that 
only co-exposure of ETS and arsenic significantly 
increased the size of alveolar space.

2. Impact of nickel on female lung cancer

The research team examined whether nickel 
may induce IL-10 and PD-L1 expressions to sup-
press T-cell immunity, and then to cause HPV 
persistent infection. A549 cells were treated with 
NiCl2 in time- and dose-course experiments. In 

Research Framework

the time-dependent experiment, the highest PD-
L1 mRNA expression level induced by 2.5 μM 
NiCl2 was at 2 hours into treatment. Moreover, 
NiCl2 induced PD-L1 mRNA expressions in a 
dose-dependent manner. However, IL-10 mRNA 
expressions were only slightly induced by NiCl2. 
Therefore, the team will investigate the role of 
PD-L1 induced by Ni exposure on HPV-associated 
lung tumorigenesis.

3. Arsenic and nano-ZnO’s impact on cardiovascu-
lar diseases

This study investigated inflammatory effects 
of zinc oxide (ZnO) particles on vascular endothe-
lial cells. The effects of 50-nm and 100-nm ZnO 
particles on human umbilical vein endothelial 
cells (HUVECs) were characterized by assaying 
cytotoxicity, cell proliferation, and glutathione 
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levels. Treatments with ZnO concentrations ≤ 45 
μg/ml were performed to determine the expression 
of intercellular adhesion molecule-1 (ICAM-1) 
protein, an indicator of vascular endothelium in-
flammation, revealing that ZnO particles induced 
a dose-dependent increase in ICAM-1 expression 
and marked increases in NF-κB reporter activ-
ity. Overexpression of IκBα completely inhibited 
ZnO-induced ICAM-1 expression, suggesting that 
NF-κB plays a pivotal role in regulation of ZnO-
induced inflammation in HUVECs. Additionally, 
TNF-α, a typical inflammatory cytokine, induced 
ICAM-1 expression in an NF-κB-dependent man-
ner, and ZnO synergistically enhanced TNF-α-
induced ICAM-1 expression. This study reveals 
an important role for ZnO in modulating inflam-
matory responses of vascular endothelial cells via 
NF-κB signaling, which could have important im-
plications for treatments of vascular disease.

4. Blood heavy metal concentrations and their 
health effects among Taiwan female immigrants

This study recruited 496 immigrants and 191 
natives to assess differences in blood metal lev-
els, oxidative stress, gene polymorphism, and 
demographic characteristics. The research group 
found that blood lead, mercury, and cadmium in 
immigrants were significant higher than those in 
natives. There were no statistically significant dif-
ferences between the 2 groups in these genotypes: 
ALAD, HFE (H63D), TF (P570S), and VDR (folk, 
bsml, apal). Therefore, the genetic variations in 
these study populations were similar and could 
not affect blood metal levels in the comparison. 
The gene variant in XRCC1 (rs25487) and HFE 
(rs1799945) displayed elevated risk of oxidative 
stress, such as MDA in both immigrant and native 
groups.

Figure 1. Follow-up study of 8–9-year-old children born to pregnant women exposed to environmental hormones. Registry 
and blood pressure measurement (top left); physical examinations, including lung function (bottom left); devel-
opmental assessments, including intelligence quotient (top right); and clinical check-up by a pediatrician (bottom 
right).
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B. Environmental Hormone Research 
Program

In order to study the developmental effect as-
sociated with phthalate, the division utilized its 
birth cohort to first determine the phthalate inter-
nal doses in children aged 0, 2–3, and 5–6 years. 
The research team found that the concentration 
of most of individual phthalate metabolite in chil-
dren at 8–9 years is lower than those at 5–6 years. 
The exposure levels of low-molecular phthalate 
metabolites (MMP, MEP, MnBP) were higher in 
girls than in boys, whereas those of high-molecular 
phthalate metabolites (MBzP, MEHP, 5OH-MEHP, 
5oxo-MEHP) were higher in boys than in girls (but 
did not reach statistical significance). It is possibly 
that the exposure sources of phthalates in boys and 
girls are different because of their daily contact 
with toys or other objects, their habits, or their ac-
tivities as they grow up.

Leptin and creatinine adjusted urinary con-
centrations of MMP and mono-isobutyl phthalate 
(MiBP) in girls were correlated. For boys, leptin 
and creatinine adjusted urinary concentrations of 
MiBP and sum of DEHP metabolites were corre-
lated. Adiponectin and creatinine adjusted urinary 
concentrations of MMP were correlated in both 
genders, but adiponectin and creatinine adjusted 
urinary concentrations of 2-ethyl-5-hydroxyhexyl 
phthalate was found only in boys. No significant 
increasing risk of high sensitivity C-reactive pro-
tein (hs-CRP) was found for children with higher 
phthalate exposure using logistic regression.

In girls, there is a significantly positive cor-
relation between MnBP (marginal), MBzP, 5OH-
MEHP, 5oxo-MEHP, sum MEHP (marginal), and 
total IgE. After adjustment for family history of al-
lergic diseases and family income, only the second 
tertile of MBzP had increased risk of asthma (aOR 
= 4.51, 95% CI: 1.36–15.00).

C. Occupational Medicine Research Program

1. Exposure of diesel exhaust on cardiovascular 
effects

In order to investigate the potential cardiovas-
cular effects of exposure to diesel exhaust (DE), 
repeated measurements of inflammation, thrombo-
sis, myocardial infarction, and heart failure mark-
ers during a 4-week follow-up period were per-
formed for garage maintenance workers and bus 
drivers. Increments in 2-naphthol (2-NP), cardio-

vascular markers of high sensitive C-reactive pro-
tein (hs-CRP), homocystein (Hcy), and myoglobin 
(Myg) were found during the 4-week follow-up 
period among garage maintenance workers. Gen-
eralized estimating equations (GEEs) models were 
further applied to correlate repeated measurements 
of myoglobin level with DE exposure, adjusted for 
confounding factors such as age, BMI, betel chew-
ing, and alcohol consumption. The results showed 
that significant association between DE exposure 
and myoglobin (p = 0.05). However, the associa-
tion between DE exposure and D-dimer was mar-
ginally significant (p = 0.083) after adjusting for 
confounding factors. These findings suggest that 
exposure to DE may lead to increased risk of car-
diovascular diseases or myocardial infarction.

2. Study of heat acclimation and heat exposure

The research team conducted a heat acclima-
tion and heat exposure study on members of a 
naval vessel. The team recruited 195 individuals, 
including 96 heat-exposure individuals and 99 
controls. Wet bulb globe temperature (WBGT) and 
cumulative noise exposure (CNE) were estimated 
for each working environment. Each participant 
was assigned to a working environment according 
to his workplace and time spent working. Using 
ELISA, the team tested the plasma HSP70 for 195 
individuals before and after sailing. After adjusting 
for baseline HSP70, CNE, and smoking amount, 
the research team found that HSP70 in the heat 
exposure group was higher at a statistically signifi-
cant level than that in the non-exposure group (P = 
0.014). Other oxidative stress biomarkers, such as 
urine 8-OHdG and urine N7-MeG, were not statis-
tically significant between these 2 groups. HSP70 
might be the biomarker of heat acclimation.

3. Environmental exposure assessments in occupa-
tional cancers

For individual cases of suspected occupational 
cancer, the research group has established an in-
vestigation model through cooperation with indus-
trial hygienists to conduct environmental-exposure 
assessments to determine contributions from oc-
cupational exposure. The group has conducted 9 
field walkthrough surveys in workplaces during 
the period from July 2008 to November 2010 and 
has written certificates for 8 cases of malignant 
mesothelioma due to occupational asbestos expo-
sure, 1 case of nasopharyngeal carcinoma related 
to exposure to chromium and nickel in welding, 1 
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case of lung adenocarcinoma related to exposure 
to chromium from the electroplating process, and 
1 case of lung cancer related to exposure to paint 
that probably contained chromium pigment.

The team evaluated the impact of malignant 
mesothelioma (MM) in Taiwan based on the 27-
year review of the national cancer registry. The 
team found a trend of increasing incidence of MM 
in Taiwan, as well as a substantial impact: 14.2 
expected years of life lost (EYLL) due to the oc-
currence of a case of malignant mesothelioma. 
These findings highlight the significant burden 
of asbestos-related malignancy, which may help 
spur policy-makers to push for the prevention of 
asbestos-related health risks.

4. Health markers in nanoparticle-exposed workers

In order to establish and identify the health 
markers of workers dealing with nanomaterials 
in manufacturing facilities, the division cooper-
ated with the Institute of Occupational Safety 
and Health (IOSH) to establish a nanoparticle-
exposed cohort and investigate the potential health 
biomarkers from the longitudinal and cross-sec-
tional design. The team recruited 135 nanoparticle-
exposed workers from 13 plants in Taiwan, along 
with 56 administrative workers in the same plants. 
A questionnaire was used to collect personal data 
and potential confounders. Control Banding from 
Nanotool Risk Level Matrix was adopted to cat-
egorize the risk level. The biomarkers investigated 
include pulmonary inflammation markers, car-
diovascular disease markers, genotoxicity comet 
assay, luciferase reporter assays for the activation 
of inflammation-related transcription factors, and 
activities and polymorphisms of antioxidant en-
zymes.

Carbon nanotube, nano-silicon oxide (SiO2), 
and nano-titanium oxide (TiO2) were the 3 most-
encountered substances among the exposed work-
ers. Cross-sectional study showed that Clara cell 
protein (CC16) and high-sensitive CRP (hsCRP) 
were significantly increased in risk level (RL) 2 
& RL3 and were dose-dependent. Low frequency 
(LF) in heart rate variability (HRV) and vascu-
lar cell adhesion molecule (VCAM) were also 
marginally significantly increased in RL3 but not 
dose-dependent. No differences in symptoms, cy-
tokines, 8OHdG, fibrinogens, time domain in HRV, 
micronucleus, antioxidant enzymes activities, or 
lung function were observed. Longitudinal follow-
up with repeated measurements at an interval of 

6 months also showed that the levels of CC16 
and VCAM decreased in parallel with decreas-
ing exposure levels. In conclusion, biomarkers of 
small airway damage (CC16) and lung inflamma-
tion (hsCRP) can serve as health effect markers of 
exposure to nanoparticles. Biomarkers of injuries 
to endothelium (VCAM) and sympathetic activa-
tion (LH in HRV) may also serve as health effect 
markers of nanoparticle exposure.

5. Gene–work exposure interaction in herniated 
intervertebral disc

Herniated intervertebral disc (HIVD) has been 
listed as a compensable occupational disease in 
Taiwan. A hospital-based case-control study was 
constructed to examine the gene–work exposure 
interaction in causing HIVD. A total of 83 cases 
and 83 controls were recruited in this case-control 
study. Meanwhile, the research team recruited 
fruit-market workers highly exposed to weight-
lifting to determine the roles of genetic susceptibil-
ity. A total of 221 fruit-market workers participated 
in the cross-sectional study. Every participant was 
given a questionnaire, an MRI and BMD assess-
ment, a blood test, and a genomic analysis; ad-
ditionally, photographs were taken for simulated 
working postures and lumbar load estimations by 
3d-SSPP. In conclusion, a relationship between cu-
mulative work lifting load and risk of disc diseases 
was found in the hospital-based case-control study 
and the cross-sectional study among fruit work-
ers. The THBS2 genotype might be a susceptible 
marker among highly exposed people. Further 
study of the dose-response relationship between 
lift load and HIVD as well as genetic susceptibility 
to HIVD will be performed in the near future with 
a greater number of study subjects.

D. Surveillance of Human Internal Dose of 
Important Pollutants in Taiwan

The research team selected, by stratified ran-
dom sampling, 1,955 subjects: 997 from the years 
1993–1996 and 870 from 2005–2008 from the 
Nutrition and Health Survey in Taiwan project 
overseen by Dr. Wen-Han Pan (formerly with Aca-
demia Sinica and now at NHRI), and 88 subjects 
ages 0–6 years from the Taichung area. The team 
measured important, ubiquitous, and industrial-
related metals, including urinary lead, cadmium, 
copper, cobalt, gallium, indium, thallium, arsenic, 
chromium, and RBC mercury. Comparing the metal 
concentrations in the present study with threshold 
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values, the team found some subjects have exceed-
ed the threshold levels. The highest percentages 
exceeding threshold were, in descending order, 
cadmium (> 1 μg/L: 29%), arsenic (> 100 μg/L: 
22%; > 50 μg/L: 33%), cobalt (> 2 μg/L: 17%), 
and RBC mercury (> 20 μg/L: 6% based on the 
formula obtained from the previous study). How-
ever, the data of arsenic was based on 51 individu-
als from Taipei, Taoyuan, and Hsinchu counties; 
it may be biased due to small sample size. In con-
clusion, the important metal pollutants in Taiwan 
were cadmium, arsenic, cobalt, and mercury.

E. Impact of Environmental Pollution on 
Health Inequality

Health inequity is an important issue in Tai-
wan among long-term employees. The incidence 
of most major diseases — e.g., cancers, cardiovas-
cular diseases, pulmonary diseases, skin diseases, 
diseases of the digestive system, and diseases of 
the genitourinary system — among workers in the 
heavy industry sector were significantly lower than 
those in business-sector workers. However, heavy 
industry sector workers had significantly higher 
incidences than business-sector workers of conta-
gious, vigorous, and stress-related disorders and 

reproductive hazards, such as infectious and para-
sitic diseases; endocrine, nutritional, and metabolic 
diseases; immunity disorders; mental disorders; 
diseases of the nervous system (except meningitis); 
diseases of the musculoskeletal system and con-
nective tissue; and congenital anomalies. Heavy 
industry sector workers had also higher incidences 
of malignant neoplasm of female genitourinary 
organs, ischaemic heart disease, fractures, and in-
tracranial and internal injuries.

For the single-pollutant model, MI admissions 
were significantly associated with presence of all 
pollutants except PM10 and SO2 on warm days (> 
25 °C). Statistically significant positive associa-
tions were observed for all pollutants on cool days 
(< 25 °C). On warm days, CO and O3 remained 
statistically significant in all 2-pollutant models. 
NO2 remained significant after either PM10 or SO2 

was included in the model. No associations were 
found with PM10 or SO2 levels in the 2-pollutant 
models. On cool days, NO2 remained statistically 
significant in all 2-pollutant models. PM10 re-
mained significant after the inclusion of SO2, CO, 
and O3. CO remained significant after the inclusion 
of PM10, SO2, and O3. SO2 remained significant af-
ter NO2 and O3 were included in the model.
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Division of Medical Engineering Research

Mission
Established in 2000, the Division of Medical Engi-

neering Research aims to maintain high standards in its 
research, conduct interdisciplinary and multi-institutional 
research collaboration, and promote the medical engi-
neering industry in Taiwan with product-oriented research 
and development.

The division focuses primarily on 4 medical engi-
neering research areas: biomechanics, biomaterials & 
tissue engineering, medical imaging, and biophotonics & 
bioelectronics. While the division has continued to main-
tain its productive and award-winning research program 
in biomechanics and biophotonics, biomedical imaging 
has gradually become its main target, resulting in an in-
tegrated research program in interventional MRI. When-
ever applicable, research findings are followed through 
with technology transfers, patent applications, and the 
development of new medical products.

The division is keeping up with the rapid develop-
ment of medical engineering research around the world, 
such as through its research into tissue engineering and 
regenerative medicine, which will integrate biomaterials, 
cell biology, and micro-flow channel systems to develop 
competitive tissue regenerative medical products. In addi-
tion, its research into biomechanics and bioelectronics is 
moving into R&D of medical innovations for the elderly 
and miniature devices for home health care. Given the 
division’s many research accomplishments, its excellent 
biomedical products will help improve Taiwan’s health 
care system and have a positive influence on the develop-
ment of Taiwan’s biomedical industry.

Major Achievements

A. Biomaterials and Tissues Engineering

1. Thermo-sensitive hydrogel as cell carrier for 
nucleus pulposus regeneration

Intervertebral discs (IVDs) are the joints of 
human spine, located within the adjacent vertebra 
body. An IVD has 2 major components: nucleus 
pulposus (NP) and annulus fibrous (AF). Many 
recent studies have suggested that IVD degenera-
tion is one of the major causes of low back pain. 
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Enormous amounts of money are spent because of 
low back pain; for example, in 2001, medical ex-
penditure in Taiwan for low back pain was NT$7.6 
billion (US$203 million), which was 2.3% of the 
country’s expenditure on medical treatment. Find-
ing appropriate ways to treat pathological interver-
tebral discs is a pressing and challenging issue. In 
a study, a team from the Division of Medical En-
gineering Research developed a thermo-sensitive 
and injectable hydrogel as a carrier of NP cells. 
The mixture of hydrogel and NP cells can be in-
jected into the degenerated IVD to regenerate NP.
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The developed thermo-sensitive chitosan/β-GP 
hydrogel was able to preserve the viability and 
proliferation of NP cells. When cultured in the 
developed hydrogel, NP cells could increase the 
synthesis of important extracellular matrix (ECM) 
components and regulate the expression of cata-
bolic factors. However, access to healthy NP cells, 
especially autologous cells, is very limited in clini-
cal settings. Mesenchymal stem cells (MSCs) are 
an attractive cell source of intervertebral discs tis-
sue engineering given their ability to differentiate 
down multiple lineages (Figure 1).

This study also shows that the chitosan/β-GP 
hydrogel offers desirable gelation kinetics, ap-
propriate mechanical characteristics for handling, 
and a suitable environment for the maintenance of 
MSCs in a metabolically active and proliferative 
state. MSCs could regulate the isolated NP cells 
back to normal through paracrine communications 
in the 3D co-culture system to promote NP cells 

proliferation, enhance the desired ECM synthesis, 
and inhibit the expression of matrix metallopro-
teinases. In addition, MSCs co-cultured with the 
NP cells could express ECM-related genes, in-
cluding type II collagen and aggrecan which were 
similar to that of native NP cells. The results of the 
study show that MSCs can be considered a highly 
attractive cell source for IVD tissue engineering.

2. Investigation of the feasibility of “cell enhance-
ment” by isolated and cultured human and rab-
bit corneal endothelial cells by injection into an-
terior chamber to improve the quality of cornea 
donors

Taiwan does not have enough cornea donors 
to meet the demand here. Recently, however, it has 
been possible to improve the availability and qual-
ity of donor corneas for surgery by enhancing the 
corneal endothelial cells (CECs) density of cornea 
donors. Investigators with the division devised 
a project to test the feasibility of biodegradable 
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Figure 1. Injectable chitosan/GP hydrogel as cell carrier for nucleus pulposus regeneration.
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membranes in transplanting CECs to reconstitute 
a structural and functional endothelial monolayer, 
which would be an important step toward restoring 
human vision.

Results from a short-term study suggest that 
the transplanted cultured human CECs sheet could 
be integrated into rabbit corneas denuded of endo-
thelium. Moreover, the corneas returned to a near 
normal thickness, indicating the usefulness of bio-
engineered human CECs sheet. The research group 
in the division has developed a novel strategy for 
corneal endothelial reconstruction with a bioengi-
neered cell sheet. They have shown that it is pos-
sible to fabricate the bioengineered human corneal 
endothelium in vitro by the temperature-modulated 
detachment of cultured cell sheets from thermo-
responsive supports. The group’s methods allow 
for adult human CECs monolayer (with normal 
morphology and viability) to be obtained without a 
need for cell carriers during cultivation. The group 
also found peripheral CECs express the progenitor 
cell surface marker. This may imply the existence 
of corneal endothelial committed stem cells in the 
corneal periphery. Finally, the group will inject hu-
man CECs into corneal anterior chamber, which 
may prove to be a powerful approach to the treat-
ment of corneal opacity (Figure 2).

Figure 2. A novel strategy for corneal endothelial recon-
struction with cultivated human progenitor-like 
CEs.

3. Study of traditional Chinese medicine as protein 
modulators on application of bone-tissue
engineering

Traditional Chinese medicine (TCM) has long 
been used to treat bone disease. However, little 
scientific or systemic research has been performed 
to test its effectiveness as a modern orthopedic 
method. To improve upon this, a TCM-chip system 
has been used to investigate interactions between 
orthopedic TCMs and bio-molecules.

In 1997, the research team began investigating 
the scientific validity of orthopedic TCMs. Some 
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of these medicines were administrated by bone-tis-
sue implantation. Preliminary results showed that 
orthopedic TCMs accelerated the regeneration of 
rabbit bone due to osteoinductive growth. In terms 
of cell biology, TCM could induce osteoblasts and 
osteoclasts to maturation and activation, respec-
tively, by enhancing cellular differentiation, calci-
fication, and ACP protein expression. The team is 
studying the complex process of TCM acceleration 
through the use of protein chips, which has been 
shown to be an efficient biomolecular method. In 
2002, the team began developing a TCM-chip sys-
tem. The system employs an SPR detector in the 
chip to detect protein–protein interaction (PPI) in 
real time. It has been applied to discovering immu-
nosuppressive and anti-cancer drugs. In this study, 
the TCM-chip system was also applied to bone-
tissue engineering to screen TCM for stem cell 
regulation and to study the molecular mechanism 
of TCM action. 

At the beginning of 2009, the team began study-
ing the effect of orthopedic TCMs on stem cells; this 
involved the differentiation of mesenchymal stem 
cells. The results showed that gǔsuìbǔ, a TCM, en-
hanced differentiation. The research team has fol-
lowed up its study by using the TCM-chip system 
on the membrane proteins of stem cells to investi-
gate the effect of TCM in this area.

B. Biomechanics & Cell Biology

1. Molecular mechanism of phenotypic modulation 
of human aortic smooth muscle cells

Dr. Jeng-Jiann Chiu of the division has devel-
oped interdisciplinary approaches at the interface 
of physiology, medicine, and engineering to eluci-
date the cellular and molecular mechanisms of the 
regulation of vascular functions, with a special em-
phasis on the transduction of mechanical stimuli, 
such as blood flow-induced shear stress, into intra-
cellular signaling and the ensuing gene expression 
and functional responses in health and disease. 
The results are related to clinical problems such as 
atherosclerosis, gene therapy, and functional tissue 
engineering. Atherosclerosis, a disease of arteries 
responsible for most cardiovascular-related mor-
bidity and mortality, develops with multiple cellu-
lar mechanisms including proliferation and pheno-
typic modulation of vascular smooth muscle cells 
(SMCs). Dr. Chiu’s study has provided the molec-
ular mechanism of SMC proliferation in response 
to various extracellular stimuli. In 2010, Dr. Chiu 

published several papers in prestigious journals, 
including Physiological Reviews (in press; impact 
factor = 37.7), Journal of Biological Chemistry 
(285:37872–37883, 2010), Journal of Biological 
Chemistry (285:30–42, 2010), Journal of Bone 
and Mineral Research (25:627–639, 2010), and 
Journal of the Science of Food and Agriculture 
(91:134–141, 2011).

2.	 Microfluidic	chip	for	cancer	metastasis	studies

Over 90% of cancer patient death is related to 
cancer metastasis. Cancer cell migration is one of 
the important steps associated with spread of can-
cer to form metastasis and therefore, understand-
ing how cancer cells migrate is a major topic in 
cancer research. Using cancer cell lines as models 
to test drugs effects in vitro plays an indispensable 
roll in cancer research and anti-cancer drug devel-
opment.

In 2010 NHRI’s Translational Microfluidics 
Laboratory began the development of a novel can-
cer cell migration microfluidic chip that research-
ers hope will improve the efficiency and reduce 
the cost of current cancer cell migration assays 
by taking advantage of the high-precision and 
low-sample-consumption features of microfluidics 
and BioMEMS technologies. In the past year, the 
laboratory has designed and fabricated the chip 
to generate chemoattractant, and has developed a 
computational model to analyze fluids in the chip’s 
microfluidic channels (Figure 3). The laboratory 
is currently developing on-chip cell culture tech-
niques and expects to start cancer cell migration 
experiments in 2011.

C. Biophotonics & Bioelectronics

1. Conditional imaging reporter transgenic models 
for	inflammatory	diseases

This project aims to develop conditional trans-
genic and multimodality imaging technology and 
explore their applications in researching various 
human diseases, especially inflammatory diseases. 
The research team has generated a novel RU486 
inducible fluorescent Cre transgenic mouse model 
and demonstrated that it is a useful tool in condi-
tional transgenic research. The team has also gen-
erated MCP-1 reporter mouse and inducible Hsp60 
mouse models, and has explored applications of 
these transgenic mouse models in diagnosis and 
therapy. The key to the completion of this project 
(as well as its most exciting part) is to perform 
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2. Interactive ischemia control system for nanopar-
ticle-adjuvant cancer therapy

The current study is to design interactive is-
chemia control systems for nanoparticle-adjuvant 
therapy for cancers such as hepatoma. Pringle sur-
gery is a surgical treatment to operate the hepatic 
dearterialization by temporary hepatic artery oc-
clusion. This is where the hepatic artery collaterals 
are completely ligated. To improve the curative 
rate of hepatoma and palliate the risk of death 
and associated damage of normal liver tissue, 
episodes of temporary hepatic artery occlusion 
have to be precisely controlled in sense of the oc-
clusive tension on the hepatic artery wall and the 
actual oxygen transport to the localized tumor and 

multimodality (optical, PET, and SPECT/CT) ani-
mal imaging. The team has already generated the 
first trimodality transgenic mouse model and has 
applied for a corresponding U.S. patent (Figure 4). 
They have also developed the first MRI and opti-
cal dual imaging reporter gene and a variety of hu-
man breast tumor models specific for small animal 
imaging study in the preclinical testing or for drug 
discovery. The specialized transgenic mice and 
tumor models established in this laboratory will 
greatly facilitate biomedical research, providing a 
good example of translational medical engineering 
research benefiting health research.

Figure 4. The first trimodality imaging reporter mouse dem-
onstrating a specific bioluminescence expression 
in the head of transgenic mouse.

Figure 3. Cancer cell migration microfluidic chip and com-
putational model of fluids in microchannels.

the normal liver tissue. The operation of Pringle 
surgery involves liver ischemia and subsequent 
reperfusion, which would induce oxidative stress 
to both hepatoma cancer cells and healthy hepatic 
cells. Thus, in order to maximize the therapeutic 
efficacy of Pringle surgery and minimize its col-
lateral damage at the same time, the liver ischemic 
level and time have to be judiciously selected. To 
define and reach the best curative operation of 
Pringle surgery, the team thus first designed a vas-
cular ischemia control system in which a specially 
machined, tension-adjustable mechanical arm 
with micro-surgical head is used for the surgical 
operation. The occlusive tension is automatically 
feedback controlled by the real-time hepatic oxy-
gen measurement using the method of oxygen-
dependent quenching of phosphorescence. The 
multifunctional mesoporous silica nanoparticles 
will be synthesized and introduced to such an interac-
tive platform to function not only as a phosphores-
cence probe for oxygen measurement but also as an 
adjuvant chemotherapeutic moiety after conjugation 
with anti-cancer drugs such as doxorubicin (Figure 5).

The relationship of hepatocellular carcinoma 
survival rate and hepatic oxygen level manipu-
lated by the interactive ischemia control system 
for Pringle surgery will be established. This will 
be an important reference for Pringle surgery. In 
brief, implementation of the interactive ischemia 
control system will provide a platform not only for 
Pringle surgery but also for a spectrum of surgical 
processes that involves ischemia, such as organ 
transplantation, traditional cardiopulmonary by-
pass, and tumor enucleation.
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Figure 5. The drug delivery platform of pH-sensitive meso-
porous silica nanoparticle (MSN-Hydrazone-Dox) 
could potentially be used in the chemotherapeutic 
treatment of liver cancer. Surface charge manipu-
lation of MSN-Hydrazone-Dox could increase 
its cell uptake via endocytosis. Hydrolysis of pH-
sensitive linker’s hydrazone bond in the acidic 
environment of endosomes/lysosomes releases 
doxorubicin (Dox) intracellularly from the MSN’s 
nanochannels, resulting in highly efficient apo-
ptotic cell death.

D. Industrial Development on Biomedical 
Imaging

After completing the prototyping and integra-
tion of an “MRI-guided high-intensity focused 
ultrasound system” dedicated to uterine fibroids 
thermal ablation treatment, a high-intensity fo-
cused ultrasound (HIFU) engineering team shifted 
its focus to liver tumor applications in 2010. Sev-
eral technologies were developed, such as the design 
and fabrication of a 2-dimensional HIFU phased 
array transducer, the design of a multi-channel 
power amplifier, the integration of a HIFU array 
transducer with the 1.5T MRI system, MRI necrot-
ic contrast, MRI thermometry, and thermal dose 
monitoring. Detailed descriptions follow.

1. Development of two-dimensional HIFU phased 
array transducer

A 512-element dual-curvature focused ultra-
sound phased array transducer (see Figure 6) has 
been developed for noninvasive ablative treatment 
of liver tumors. The array was constructed in-
house using piezocomposite material and structure 
with a rectangular aperture of 10 × 17 cm and dual 
radii of curvature, i.e. 16 cm and 24 cm. In order 
to perform the electronic focusing dynamically in 
2 directions, a commercial 256-channel ultrasound 

driving instrument was employed to drive the ar-
ray transducer with a symmetric control. Results of 
numerical simulations were consistent with in vi-
tro studies. Silicon phantom and pork experiments 
demonstrated the array could move the focus from 
14 cm to 20 cm in the depth direction and steer 
the focus from −3 cm to 3 cm in the azimuthal 
direction by tuning the phase of each element. The 
major advantage of the developed array is the ar-
ray just uses 256 independent elements to achieve 
2-dimensional wide-range dynamic focusing.

Figure 6. Dual-curvature HIFU phased array probe for the 
treatment of liver tumor.

2.	 Design	of	multi-channel	high-power	amplifier

Phased array transducer has become a use-
ful design when focused ultrasound is applied for 
thermal treatment in clinical practice. Unlike the 
fixed focus produced at the geometric center by a 
single-element transducer, an ultrasound phased 
array can steer the ultrasonic energy focal point to 
an arbitrary position by driving each element with 
a signal of the appropriate but different phase, 
therefore achieving dynamic focus scanning by 
electronically altering the relative phases of the 
driving signals for all elements.

Figure 7 shows the modules in the driving sys-
tem. The system can be divided into 3 key parts: 
the control kernel, the multiple channel driving 
module, and the PC-controlling terminal. The con-
trol kernel contains a microcontroller with field-
programmable-gate-array (FPGA)-based hardware 
control unit embedded in the multiple-channel 
driving system. This design employs a 2-stage (or 
so-called master–slave stage) microcontroller unit 
(MCU) in conjunction with the FPGA circuits. In 
the system so designed, one master microcontroller 
was embedded in the circuit in order to provide 2 
functions: (1) to serve as the communication unit 
to the upstream PC interface through the universal 
synchronous–asynchronous receiver transmitter 
(USART) protocol to receive the designated soni-
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cation parameters (including power and relative 
phase difference among each channel); and (2) to 
provide power control using a pulse-width modu-
lation (PWM) output port to alter the DC output 
voltage of the voltage-controlled buck converter 
(0–100% at 8-bit resolution).

The slave MCU in MCU/FPGA module was 
designed to provide several functions: to serve as 
the communication unit to the downstream FPGA 
unit, to generate specified frequency command 
for among the channels into the FPGA stage, to 
assign the phase difference among the channels 
into FPGA stage, and to receive the feedback ana-
log signal from the directional coupler (described 
below) through the A/D input port to monitor the 
output power of each piezoelectric ceramic ele-
ment and transmit it back to the master MCU.

The digital phasing signal containing specified 
frequency and phase was then generated through 
the FPGA I/O output under the synchronized trig-
gered signal and output to the downstream driving 
modules. The power sensing circuit designed in 
the driving module can feedback forward and re-
flected power signals to the master MCU and then 
upload them to the PC-terminal through USART 
communication protocol, so that the individual 
power consumption for each channel can be shown 
and updated in real-time on the PC terminal moni-
tor.

Figure 7. Overall architecture of the multiple-channel 
ultrasonic driving system for ultrasound phased 
array driving.

3. Integration of HIFU transducer with MRI
system

An MRI-guided HIFU system — including 
a HIFU transducer, motion-control system, and 
image-processing software — was designed and 

4. MRI necrotic contrast

In addition to optimizing the performance of 
MRI temperature mapping, the research team has 
developed a sequence to produce a clear contrast 
for the ablated lesion undergoing necrosis against 
the surrounding un-heated tissues. This Inversion 
Recovery based technique allows a mark to be 
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constructed. The HIFU-transducer was packaged 
with a water bag and attached to above the treated 
object in an arc structure. That allows the ultra-
sound power to pass through the water bag to the 
object with less than 5% attenuation. The trans-
ducer and its housing can be driven by ultrasound 
motors to move with 3 degrees of freedom. The 
software was developed in the C and JAVA pro-
gramming languages and was run on a Windows 
XP PC. It provides all the necessary functions to 
control and monitor a HIFU ablation procedure, 
such as power control, transducer positioning, 
workstation to MRI scanner communication, real-

time MRI temperature mapping 
and measurement, and lesion tis-
sue necrosis monitoring (Figure 
8). Extensive experiments have 
been performed, using the HIFU 
transducer and mechanical devices 
inside the in-house 1.5T MRI sys-
tem as guidance and navigation, on 
in vitro porcine meat samples, as 
well as on in vivo mini-pig leg and 
induced uterine fibroids models, to 
determine the threshold of lesion 
formation for the design of optimal 
treatment protocols.

Figure 8. MRI-guided HIFU system, (a) the setup of mini-
pig leg HIFU ablation, (b) the HIFU transducer 
and the support/motion control device, (c) treat-
ment plan software, (d) temperature time profile 
at the ultrasound focus during pork meat HIFU 
ablation, and (e) the MRI temperature map.
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a.

b.

c.

Thermal Dose (T43, Min) Lesion Imaging Sagittal View

produced on the MRI scan for the treated lesion(s) 
during and after the ablation procedure. Figure 9b 
shows the temperature maps of in vitro pork meat 
sample during the heating/cooling cycles of the 
pork meat HIFU ablation experiment, in which 
the order of ablation on a vertical row of 4 lesion 
points was (2, 4, 1, 3), fused onto the coronal le-
sion scans showing necrosis contrast. Figure 9c 
shows the temperature time profiles of the 4 lesion 
points, each with clear residual heat from adjacent 
points affecting the temperature evolution in time. 
Figure 9a is the corresponding slice on the meat 
sample.

5. MRI thermometry and thermal dose monitoring

Temperature distribution maps for the in vivo pig 
leg muscle experiment can be seen in Figure 10. In 
the case of pig leg ablation, the thermal dose and the 
lesion image have high correlation (Figure 8).

Figure 9. Pork meat HIFU ablation.

Figure 10. Thermal dose and necrotic images of in vivo pig 
leg HIFU ablation.

An MRI-guided HIFU tumor ablation tech-
nology platform has been established. While the 
research team continues to work to collect animal 
experiment data to move into clinical trial and 
commercialization of the uterine fibroids product, 
it is also studying the liver tumor model of mini-
pigs and performing experiments to verify the so-

lutions developed previously to resolve the issues 
of ultrasound blockage by rib-cage as well as that 
of movement due to breathing. The research team 
expects an MRI-guided HIFU system for liver tu-
mor treatment will be fully developed and on the 
market in Taiwan in 5 years.

E. Application of Ultrasound in the Diagnosis 
and Treatment

Study of soothing diabetic neuropathy-induced pain by 
low-intensity focused ultrasound (I)

Most people with diabetes develop some form 
of neuropathy, the most common being peripheral 
neuropathy. This kind of nerve pain caused by 
diabetes can make the gentlest touch painful in 
the toes, feet, legs, hands, and arms, significantly 
worsening the patients’ quality of life. In a clinic, 
the first treatment step is to bring blood glucose 
levels within the normal range to help prevent 
further nerve damage; and then doctors usually 
use oral medications to help relieve diabetic nerve 
pain. However, the medications have adverse side 
effects, including kidney damage. Using low-
intensity focused ultrasound (LOFU) to temporar-
ily block the action potential of nerve to soothe the 
pain was proposed in this project. In the first year 
(2010) several objectives were achieved, including 
a self-developed LOFU probe specific for rat ex-
periments (Figure 11), the design of a LOFU probe 
for blocking peripheral nerve in human foot, and a 

Figure 11. Picture of the in-house LOFU probe for rat ex-
periments.



96 Division of Medical Engineering Research

the nerve was subject to the LOFU (Figure 12). 
The team is studying the threshold of ultrasound 
parameters to block the CAP signal without nerve 
damage.

(a) (b)

Figure 12. (a) Control group: CAP was 2.14 mV with the peak latency of 0.87 ms when the stimulus was 1 V/0.1 ms and the 
temperature of nerve was 22.1 °C. (b) After the nerve was exposed to LOFU of 123.55 W/cm2 for 30 s, CAP in-
creased to 2.8 mV with the shorter peak latency of 0.57 ms when the stimulus was 1 V/0.1 ms and the temperature 
of nerve was 31.5 °C.

nerve action potential stimulating/receiving tech-
nology platform integrated with the LOFU probe. 
Results of experiments on in vitro rat sciatic nerve 
showed that the compound action potential (CAP) 
and conduction velocity gradually increased after 
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Immunology Research Center

Mission
The Immunology Research Center 

was established in 2007. The center aims 
to (1) establish gene-targeted animal 
models for the studies of immunological 
diseases, cancer immunology, infectious 
diseases, and inflammation; (2) establish 
a transgenic/gene-targeted mouse bank 
for immunology studies; (3) investigate 
immune cell signal transduction and the 
regulation of the immune system; (4) de-
velop novel immunological techniques and immunotherapies; (5) train prospective students and postdoc-
toral fellows to strengthen immunology studies in Taiwan; and (6) facilitate the integration of basic and 
clinical immunology studies in Taiwan.

The center’s current research focuses on using gene-deficient mice to study signal transduction 
mechanisms and the roles of signaling molecules in the regulation of the immune system and inflamma-
tion, as well as to investigate the roles of various protein kinases, protein phosphatases, adaptor proteins, 
and Toll-like receptors in immune cell differentiation and activation.

Research Framework

Immunology
Research
Center

establish gene-deficient mouse models for protein kinases
(e.g., MAP4Ks) and protein phosphatases (e.g., DUSPs)

determine the roles of kinases and phosphatases in immune
cell signal transduction, innate and adaptive immunity,
tumorigenesis, inflammation, and autoimmune diseases

study the functions of adaptor molecules in B lymphocytes
and tumors

research the activation mechanism and function of Toll-like
receptors

investigate cancer immunology and cancer immounotherapies

Tse-Hua Tan
Director

Ching-Yu Huang Yu-Wen SuTsung-Hsien
Chuang
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Major Achievements

A. JNK Pathway-Associated Phosphatase 
Dephosphorylates Focal Adhesion Kinase 
and Suppresses Cell Migration

Dual-specificity phosphatases (DUSPs), in-
cluding MAPK phosphatases (MKPs), can dephos-
phorylate both tyrosine and serine/threonine resi-
dues. Most MKPs consist of a conserved catalytic 
region and an extended regulatory region. Some 
DUSPs lack this regulatory domain and thereby 
have low molecular weights; they have been clas-
sified as atypical DUSPs. JNK pathway-associated 
phosphatase (JKAP, also named DUSP22) is 
expressed in various tissues, indicating that it 
may have an important biological function. The 
research team demonstrated that JKAP local-
izes to the actin filament-enriched region (Figure 
1A). Expression of JKAP reduces cell migration, 
whereas a JKAP mutant lacking catalytic activity 
(JKAP-CS) promotes cell motility. Using a gap-
closing assay to monitor cell migration ability, the 
JKAP-expressing cells migrate significantly more 
slowly than control cells. Interestingly, JKAP co-
localized with actin filaments in the lamellipodia 
of the leading edges of migratory cells. JKAP 
efficiently removes tyrosine phosphorylation of 

several proteins. The researchers identified focal 
adhesion kinase (FAK) as a substrate of JKAP. 
Overexpression of JKAP, but not of JKAP-CS 
mutant, decreased FAK phosphorylation at Y397, 
Y576, and Y577 residues in H1299 cells. Endog-
enous JKAP were efficiently knocked down in the 
cells stably transfected with shJKAP-2. Consistent 
with these results, decreasing JKAP expression 
by RNA interference promotes cell migration and 
Src-induced FAK phosphorylation at Y397, Y576, 
and Y577 residues, further confirming that JKAP 
is a physiological modulator of FAK signaling. 
Taken together, this study reveals a novel role for 
JKAP in the modulation of FAK phosphorylation 
and cell motility (Figure 1B) (Journal of Biologi-
cal Chemistry 285:5472–5478, 2010).

Figure 1. (A) H1299 cells were stably transfected with GFP (upper panel) or GFP-tagged JKAP (lower panel), and stained 
with TRITC-conjugated phalloidin for F-actin and DAPI for nucleus. (B) The diagram shows that JKAP dephos-
phorylates FAK at Y397, Y576, and Y577, and suppresses cell migration.

B. 14-3-3sigma Regulates B-Cell Homeostasis 
through Stabilization of FOXO1

14-3-3σ (14-3-3sigma) regulates cytokinesis 
and cell cycle arrest induced by DNA damage; but 
its role in the immune system is unknown. Using 
gene-targeted 14-3-3σ-deficient (i.e., KO) mice, 
the research team studied the role of 14-3-3σ in B-
cell functions (Figure 2). Total numbers of B cells 
were reduced by spontaneous apoptosis of periph-
eral B cells. Upon B-cell antigen receptor engage-
ment in vitro, KO B cells did not proliferate prop-
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erly or up-regulate CD86. In 
response to T-cell-independent 
antigens, KO B cells showed 
poor secretion of  antigen-
specific IgM. This deficit led to 
increased lethality of KO mice 
after vesicular stomatitis virus 
infection. KO B cells showed 
not only elevated total FOXO1 
transcriptional activity but also 
increased FOXO1 degradation. 
Coimmunoprecipitation re-
vealed that endogenous 14-3-3σ 
protein formed a complex with 
FOXO1 protein. The results 
suggest that 14-3-3σ maintains 
FOXO1 at a consistent level 
critical for normal B-cell anti-
gen receptor signaling and B-cell 
survival (PNAS in press).

Figure 2. Immunohistochemical analysis shows the severe reduction of B-cell 
area (B; brown color) in the spleen of 14-3-3σ knockout (KO) mice. 
Wild-type mice (WT), T-cell area (T; blue color).

C. Functions and Molecular 
Mechanisms for Control 
of Toll-like Receptor 
Activation

Toll-like receptors (TLRs) are key 
pattern-recognition receptors in in-
nate immune cells for the detection of 
diverse microbial pathogens. Activa-
tion of TLRs triggers innate immune 
responses and subsequently leads to 
activation of adaptive immune re-
sponses for host defense to microbial 
infections. Nevertheless, over activa-
tion of these receptors can provoke 
inflammatory diseases and autoim-
mune diseases. Thus, the extent and 
duration of TLR activations need to 
be properly controlled to prevent ex-
cessive and prolonged responses.

One of the Immunology Re-
search Center’s teams has examined 
the function of TLRs and signaling 
pathways in TLR activations. Activation of TLRs 
induces different cellular responses, including 
autophagy, inflammatory responses, and anti-viral 
responses. The team investigated the function of 
signaling molecules — including MyD88, TRIF, 
TIRAP, TRAM, and Beclin 1 — in mediating dif-
ferent TLR functions. These studies showed that 
Beclin 1 was involved in TLR-mediated autopha-
gy but did not play a role as a positive regulator or 

negative regulator in TLR-mediated inflammatory 
responses and antiviral responses. This is distinct 
from the functions of MyD88 and TRIF, with the 
former mediating TLR-mediated inflammatory 
responses, while the latter mediated TLR-induced 
anti-viral responses. These results suggest that fol-
lowing TLR activation, the signaling leading to 
different TLR functions diverges from the TLR 
signalosome (Figure 3).

Figure 3. Schematic of the roles of signaling molecules in controling TLR-
mediated host-defense responses. Ligation of TLR activates in-
flammatory responses and antiviral responses as well as induces 
autophagy for host defense against microbial infections. The sig-
naling leading to these responses diverges from the TLR signal-
some. MyD88 mediates NF-κB activation; TRIF mediates IFN-β 
production; and Beclin 1 is involved in signaling for induction of 
autophagy.
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D. DUSP4 Regulates CD4 T 
Cell Proliferation and 
Cytokine Responses

DUSPs are part of the nega-
tive-feedback regulation of mi-
togen-activated protein kinases 
(MAPKs). In addition, DUSPs 
are also involved in the regula-
tion of other signaling pathways 
such as Src family kinases, fo-
cal adhesion kinase (FAK), and 
signaling transducer and activa-
tion of transcription (STAT). To 
study the functions of DUSPs 
in the immune system, the re-
search team generated DUSP4-
deficient mice and characterized 
their immune cell development 
and functions.

Despite showing that DUSP4 
was dynamically regulated in de-
veloping wild-type T cells, the re-
search team did not observe any 
alteration in the development of 
DUSP4-/- T cells. However, upon 
stimulation, DUSP4-/- T cells 
exhibited hyperproliferation that was accompanied 
by expedited induction of CD25 and enhanced 
secretion of IL-2. Mixed T cell proliferation assay 
further indicated that these phenotypes resulted 
from intrinsic factors such as intracellular signal-
ing defects or transcriptional alterations. Finally, 
co-immunoprecipitation implicated the interac-
tion between DUSP4 and STAT5, an activator of 
IL-2 signaling. These results therefore suggest that 
DUSP4 may negatively regulate CD4 T cell pro-
liferation by dephosphorylating and inactivating 
STAT5 to impede IL-2-induced transcription pro-
grams (Figure 4A). The team is currently pursuing 
the mechanisms for the DUSP4-mediated regula-
tion on STAT5, including the validation of dephos-
phorylation and the identification of domains of 
interaction. They will also use immunization and 
autoimmune disease mouse models (Figure 4B) to 
test whether this altered CD4 T cell proliferation 
has an impact upon proper immune functions.

Figure 4. (A) Schematic of potential DUSP4-mediated reg-
ulations on T cell activation. Orange oval, surface 
receptor. Red rectangle, kinase. Blue rectangle, 
phospholipase. Pink/green diamond, transcription 
factor. Purple oval, DUSP4. Solid arrow, direct 
activation. Dotted arrow, indirect activation. T-
shaped arrow, direct inhibition. Blank wide arrow, 
nuclear translocation. Bilayer plasma membrane 
(top) and nuclear envelope (bottom) are shown. 
Second messenger Ca2+ ion is also shown. (B) 
Colon sections from autoimmune colitis tissues 
were analyzed by H and E staining. Thickened 
submucosal layer (*), lymphocyte infiltration (#), 
and the loss of goblet cells (+) are indicated.

A

B
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VGH-Taipei

Center for Nanomedicine Research

Mission
Nanomedicine is an application of 

nanotechnology (the engineering of tiny 
machines) to prevent and treat diseases in 
the human body. Nanomedicine explora-
tion is biologically motivated discovery 
and development that incorporates nano-
technology tools, devices, and processes 
to provide fundamental insights into cel-
lular functional and dysfunction, and leads to therapeutic interventions for disease. Although this disci-
pline is still in its infancy, it has the potential to change medical science dramatically.

NHRI’s Center for Nanomedicine Research was officially established in 2004 to integrate interdisci-
plinary research teams to explore important medical issues and provide possible resolutions to possible 
solutions in important medical diagnosis, prognosis and therapeutics that are still obstacles according to 
the current science and technology. The center is also responsible for promoting the applications of nano-
technology to medically important issues in Taiwan. The center’s missions are:

•  to integrate and coordinate intramural and interdivisional nanomedicine research at NHRI;

•  to integrate and coordinate extramural nanomedicine research activities through collaborations with uni-
versities and medical centers;

•  to educate and foster researchers in Taiwan’s nanomedicine field;

•  to provide a platform for exchange of research experience and activities for nanomedicine researchers;

•  to promote industry collaboration, technology transfers, the disclosure of research accomplishments, and 
the development of relevant patent portfolios.

Research Framework

Chung-Shi Yang
Director

Dong-Ming Huang Shu-Yi LinRen-Kun Chen
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Major Achievements

A. Nanoscience and Nanotechnology in 
Environment, Health, and Safety 
Evaluation

Nanomaterials can have different chemical, 
physical, and biological characteristics. Almost 
every area of human activity will be affected by 
future nanotechnologies. Medicine, food, clothing, 
defense, national security, environmental clean-
up, energy generation, electronics, computing, 
and construction are among the leading sectors 
that will be changed by nanotechnology innova-
tions. The analysis firm Lux Research predicts that 
by 2015 nanotechnology will be incorporated in 
US$3.1 trillion of manufactured goods worldwide 
and will account for 11% of manufacturing jobs 
globally.

Nanometer-scale particles also raise environ-
ment/health/safety (EHS) issues. The center’s EHS 
research focuses on 3 categories: standardized ex-
posure protocol, in vitro cell-based investigation, 
and in vivo animal-based investigation. The center 
has created a device that generates and spreads 
airborne nanoparticles into an exposure chamber, 
with the particle size distribution and concentra-
tion measurable in real-time. With this device, 
different types of nanoparticles can be used for in 
vitro cell-based and in vivo animal-based investi-
gations, such as the following. The center has em-
ployed quantum dots (QDs) as the model probe, 
exploring their acute and chronic biological effects 
in both culture cells and rodents. Furthermore, the 
center’s researchers continue to investigate other 
types of nanoparticles, including mesoporous 
silicate nanoparticles (MSNs), zinc oxide (ZnO), 
carbon nanotubes, and titanium dioxide (TiO2). 
Through the integrated efforts of various intramu-
ral divisions, the center has established a complete 
research infrastructure to undertake systemic and 
in-depth investigations of nano-scaled particles in 
biological systems.

1. Semiconductor quantum dots as model materials 
for cellular studies and pharmacokinetic studies 
and safety assessments

QDs have great potential to become one of the 
most useful tools for biomedical applications. For 
in vitro cell-based studies, QDs have been added 
into different types of cell lines, including those 
of brain, lung, and liver cancer. The research team 

observed that this did not greatly affect cell viabil-
ity; however, a significant perinuclear translocation 
of mitochondria was noted after QD treatment. In 
addition, microarray studies revealed that many 
metal-related genes were differentially expressed 
following QD treatment.

Comprehensive, quantitative, time-course re-
sults from long-term pharmacokinetic and mass 
balance studies of QD705 in laboratory animals 
have been studied. The results demonstrated that 
QD705 persisted and accumulated in the spleen, 
liver, and kidneys for at least 28 days with little 
or no disposition but was gradually and partially 
eliminated by 6 months. Furthermore, in the case 
of the heavy metal cadmium (Cd) accumulated in 
the kidney up to 6 months, the change in the Cd/
Te ratio strongly suggests the possibility of QDs’ 
disintegration. Therefore, the application of QDs 
containing toxic metal, such as cadmium, should 
be avoided when formulating nanoparticles for 
biological applications in humans.

The research team first observed the swollen 
mitochondria with the loss of cristae structure in 
proximal tubular epithelial cells of ICR mice at 
the fourth week after injection of 40 pmol QD705. 
The team further observed the alteration of mito-
chondrial functions by QD705 in dose-dependent 
and time-dependent manners. These results suggest 
that respiratory function of mitochondria could be 
used as sensitive parameters for the evaluation of 
toxicity of metal based nanomaterials.

On the basis of these studies, a physiologically 
based pharmacokinetic simulation model was de-
veloped with excellent predictive capability for the 
time-dependent kinetic and distributional changes 
of QD705 in tissues, giving the team the leading 
place in Taiwan for pharmacokinetic and safety 
studies for nanoparticle platforms. This platform 
will facilitate the development of nanomaterials 
and help evaluate their bio-safety. These results 
were published in Environmental Health Perspec-
tives, Environmental Science and Technology, 
Nanotechnology, and Nanotoxicity (Figures 1, 2).

2. Nanoparticle exposure chamber system

One of the key steps in a comprehensive nano-
safety study is to evaluate nanoparticles’ ADME 
through different portals of entry. Researchers 
should agree that both injection and inhalation are 
preferential routes for nanoparticle exposure ow-
ing to emerging biomedical application of paren-
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teral nanoparticles and huge production of nano-
powders used outside medicine, such as titanium 
dioxide (TiO2) and zinc oxide (ZnO), which are 
used in cosmetics and sunscreen lotion. Intrave-
nous injection of nanoparticles can be essential 
for nano-safety investigation; however, it cannot 
completely reflect the ADME fate of inhalable 
nanoparticles.

Part 1: The research team developed a platform 
named the nanoparticle exposure chamber system. 
The nanoparticle exposure chamber can provide 
multiple functions in: (a) safe environment for 
handling nanomaterials, (b) real-time size and 
concentration measurement for airborne nanopar-
ticles, and (c) nano-toxicity evaluation for inhal-
able nanoparticles. In 2010, the team licensed it to 

a domestic company (King Lab Equipment 
Manufacturing), demonstrating a good 
connection between academia and industry. 
This company can proceed to small scale 
pilot production of nanoparticle exposure 
chamber system and promote the sale in 
the domestic and international markets 
(Figure 3).

Part 2: TiO2 nanoparticles were sprayed 
into atmosphere in the nanoparticle expo-
sure chamber system for safety evaluation. 
Examination by transmission electron mi-
croscope indicated that TiO2 nanoparticles 
were trapped by macrophage in lung. Rela-
tively low amounts of TiO2 were observed 
in gastrointestinal tract, which might result 
from uptake through ingestion route during 
the whole body exposure experiment.

Part 3: The research team first report direct 
evidence for the body (feces) clearance of 
the administered zinc oxide nanoparticles 
(ZnONPs). Such study on the quantitative 
clearance of administered ZnONPs can 
be achieved only with R-ZnONPs since 
these radioactive nanoparticles keep the 
original and pristine surface and can be 
used for accurate quantification, avoiding 
the interference of abundant endogenous 
zinc moieties. A similar method, taking 
advantage of the radioactive and pristine 
form of other types of nanoparticles could 
be applied as an essential protocol to fulfill 
the extensive demands of nano-safety as-
sessment.

Figure 3. Nanoparticle exposure chamber system for inha-
lation evaluation (Taiwan patent: I 312411; U.S. 
patent issued).

Figure 1. Comparison of PBPK model simulations with 
experimental tissue concentrations of QD705 6 
months following intravenous dosing.

Figure 2. A time course study on changes of Cd/Te molar 
ratio (Cd/Te ratio) in the spleen, liver, and kidneys 
of ICR mice treated with 40 pmol of QD705.

Environmental Science and Technology (42:6264–6270, 2008)

Nanotechnology (20:215101-215109, 2009)
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due to several factors, principle of which are the 
high concentration of PdTPP conjugated within 
MSNs and the role that MSNs play as a facilitator 
for endocytotic cell uptake (which dramatically in-
creases the intracellular density of singlet oxygen 
upon photoirradiation). Therefore, MSN-PdTPP is 
a promising PS for PDT. With the ability of PdTPP 
to serve as an in vivo contrast agent for oxygen 
sensing and imaging, MSN-PdTPP holds great 
promise as a nano-platform for cancer theranos-
tics. These results were published in the Journal of 
Materials Chemistry (Figure 4). 

2. Nanotechnology in stem cell applications — stud-
ies of stem cell biology using mesoporous silica 
nanoparticles

To monitor the fate of transplanted cells in vivo 
is a key issue for developing successful stem cell 
therapies. Nanotechnology is currently undergoing 
explosive development on many fronts. Especially 
in the biomedical field, technology plays an in-
novative role in various applications, including 
imaging, drug delivery, biomarkers, and biosen-
sors. In stem cell tracking, the use of nanoparticles 
composed of magnetic resonance imaging (MRI) 
contrast agents — e.g. superparamagnetic iron 
oxide (SPIO) and gadolinium (Gd) — is the most 
considered. However, stem cell tracking by these 
nanoparticles has two major serious limitations: 
their low cellular internalization efficiency and the 
harmful effects on the biological functions of stem 
cells. Therefore, the major goal of the project is to 
develop a useful nanoparticle with highly efficient 
cellular internalization and biocompatibility. The 

B. Nanoscience and Nanotechnology in
Medicine Applications

Cancer research and regenerative medicine, 
such as stem cell tracing, are perhaps the most 
clinically complex areas of medical research. 
Nanomedicine bears the potential to provide an 
effective answer to the complexity of cancer as 
it offers more therapeutic and diagnosis options 
compared to present conventional therapy. For 
cancer diagnosis and therapeutics, inorganic de-
livery vehicles encapsulating imaging agent and 
therapeutics molecules are developed. For stem 
cell tracing, different combinations of inorganic 
based nanoparticles or organic/inorganic compos-
ite nanoparticles are employed in both in vivo and 
in vitro investigations.

1. Nanotechnology in cancer research — studies 
of cancer theranostics using mesoporous silica 
nanoparticles

The research team has covalently conjugated 
the PS Pd-porphyrin onto the surface of MSNs 
and evaluated their photodynamic therapy (PDT) 
potential in the treatment of breast cancer cells. 
Pd-porphyrin is a synthetic metallo-porphyrin with 
a long phosphorescence lifetime; it is well known 
in use for quantitative in vivo oxygen sensing and 
imaging. The team extended the functionality of 
Pd-porphyrins from their original “diagnostic” role 
in oxygen sensing and imaging to a “therapeutic” 
role in PDT. In their MDA-MB-231 breast can-
cer studies the research team observed significant 
photo-induced cytotoxicity, which was most likely 

Journal of Materials Chemistry (19:1242–1257, 2009)

(a) (b)

Figure 4. (a) A photodynamic model of mesoporous silica nanoparticles (MSNs) and (b) the covalent modification of PdTPP 
onto the nano channel surface of MSNs.
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biocompatibility of SPIO nanoparticles is the pre-
requisite for stem cell labelling for MRI tracking. 
The team also studies the biocompatibility of a 
commercial SPIO, Ferucarbotran, for MRI track-
ing of stem cells. These results were published in 
Nano Letters, Biomaterials, Small, Toxicology and 
Applied Pharmacology, and FASEB.

Additionally, the research team has developed 
RBC-derived vesicles (RDVs), which are highly 
biosafe to their autologous mesenchymal stem 
cells as manifested by cell viability, differentiation, 
and gene microarray assays, and which possess 
potential as intracellular delivery vehicles for other 
biomedical applications. These results were pub-
lished in Nanotechnology; U.S. and Taiwan patent 
applications are pending (Figure 5).

C. Nanoscience and Nanotechnology in 
Molecular Imaging

Molecular imaging methods afford the pos-
sibility of visualizing nanomaterials in vivo and 
in vitro for the investigation and 
research in novel nanomaterials of 
imaging and therapeutic modality, as 
well as of real-time observation of 
in vivo biologic events from the mo-
lecular level to the level of the whole 
body of animals, thus aiding clinical 
treatment.

Engineering nano-sized materials for in 
vivo monitoring, tracking, and imaging

To develop a novel multi-func-
tional radioactive nanocarrier for in 
vivo diagnosis and therapeutics, the 
research team used an efficient NIR 
fluorescence contrast agent with high 
stability for in vivo optical imaging 
and organ-specific delivery; this was 
designed using biocompatible MSN. 
The NIR imaging moiety of the in-
docyanine green (ICG) molecule 
was incorporated into MSN-TA by 
electrostatic interactions; and both the 
chemical and physical characteris-
tics and in vivo biodistribution of the 
synthesized MSN-TA-ICG were de-
termined and depicted. Furthermore, 
given that the ICG loading decreased 
only 5% of the surface area on MSN, 
the availability of remaining space 
could be further modified for the transport of Figure 5. The delivery of USPIO particles into MSCs by 

RDVs.

Nanotechnology (21:235103–235111, 2010)

therapeutic drugs. The site-directed delivery of 
therapeutics in vivo is thus becoming possible 
by surface functionalization of the particles with 
different functional groups, charge density, and 
targeting molecules. The target-oriented selectivity 
and biocompatibility of MSN can further ensure 
the MSN-TA-ICG functions as an efficient optical 
imaging agent. The research team believes this is 
the first report of NIR-MSN developed for in vivo 
optical imaging. These results were published in 
Advanced Functional Materials.

D. Nanoscience and Nanotechnology in
Exploration Biomaterials and
Biomedical Applications

Different types of nanoparticles — including 
organic, inorganic, and hybrid (organic-inorganic 
composite nanoparticles) — are synthesized and 
characterized for their possible biological and 
medical applications. Organic nanoparticles in-
clude PLGAs, micelles, liposomes, and chitosans; 
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these materials are used as possible formulation 
substances. Inorganic nanoparticles include meso-
porous nanosilicaes nanoparticles and iron oxide-
based or nanogold-based nanoparticles used in 
imaging, as therapeutic substances, or as delivery 
vehicles. Hybrid organic and inorganic nanoparti-
cles include liposomal iron oxide, liposomal gold, 
and gold quantum dots. These novel nano-sized 
materials are developed for possible formulation 
substance and in vivo biomedical applications.

1. Thermal sensitive liposome drug control release 
platform

This project is to develop a hybrid organic/inor-
ganic nanocarrier platform to fit five characteris-
tics: visualized traceability, systemic biocompat-
ibility, site-specific delivery, controlled release, 
and the capability of carrying drugs. The research 
team has synthesized a thermosensitve liposome 
encapsulated iron oxide nanoparticle as a nano-
vehicle platform to control the release of encapsu-
lated drugs by heating the iron oxide nanoparticles 
under an alternative magnetic field. In the future, 
such a device platform could be applied to simul-
taneous magnetic resonance imaging and non-
invasive drug release in temperature-sensitive 
applications. The results were published in Nano-
technology; and U.S. and Taiwan patent applica-
tions have been filed (Figure 6). 

HEAT

pore volume, highly ordered pore structure, and 
adjustable pore size. A team from the Center for 
Nanomedicine Research has synthesized meso-
porous silica nanoparticles (MSN) with different 
densities of surface positive charges (TA). When 
these drug-loaded MSN-TA nanoparticles were 
placed in a physiological buffer solution (pH = 7.4), 
a partial negative surface charge on the MSN-TA 
was generated due to the deprotonation of silanol 
groups, and the strong electrostatic repulsion trig-
gered a sustained release of the loaded molecules. 
MSN-TA as a nano-vehicle for pH-dependent 
loading and controllable release of anionic drug 
molecules can be used as an oral delivery drug 
system targeting the intestine. These drugs can 
remain trapped in the nano-vehicle when passing 
through the stomach’s acidic environment and be 
released in intestine, where the environmental pH 
is close to neutral.

In order to trace MSN in vivo, the team labeled 
isotopes in channels of MSN through stannous 
reduction. From the biomedical images of single-
photon emission computed tomography (SPECT), 
the 99mTc-MSN-TA was not assimilated by gastro-
intestinal tract but was almost completely excreted 
through intestine into feces. This suggests that 
MSN-TA nano-vehicle could be used for oral ad-
ministration and safely excreted after releasing the 
drugs in intestine. The results demonstrate MSN-
TA can serve as an invaluable oral delivery carrier 
to protect acid-labile drugs from acid degradation 
in stomach. The results were published in Ad-
vanced Functional Materials; and U.S. and Taiwan 
patent applications have been filed (Figure 7).

Figure 6. Schematic representation of the stabilization of zwitterionic diazeniumdiolate by loading liposomes where the basic 
environment slowed down NO release for sustaining release and heat-induced proton influx of thermo-sensitive li-
posomes and subsequent NO release.

Nitric Oxide (23:60-64, 2010)

2. Mesoporous silica nanoparticles as a novel nano-
therapeutic and diagnosis delivery systems

Mesoporous silica materials have generated 
vast interest due to their large surface area, large 
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were published in Chemical Communi-
cations and the Journal of the Ameri-
can Chemical Society; and U.S. and 
Taiwan patent applications have been 
filed.

4. Radiation and nanotechnology — 
green synthetic protocol for gold 
nanoparticles & radioactive gold 
nanoparticle

For millenia, gold has attracted 
the attention of people in many fields, 
including the economy and the arts. 
But the emergence of nanoscience and 
nanotechnology has revealed something 
new. Gold nanoparticles (GNPs) can 
function in medical detection, diagno-
sis, and therapy, while preserving bulk 
gold’s important properties of stability, 
bio-compatibility, and safety.

Owing to the clinical potentiality 
of the GNP-based platform for drug 

delivery, the Center for Nanomedicine Research 
and Division of Medical Engineering Research in 
NHRI has established two remarkable techniques: 
(1) innovative green protocol for gold nanopar-
ticles production, and (2) preparation and medical 
applications of radioactive gold (198Au) nanopar-
ticles, in conjunction with the Nuclear Science and 
Technology Development Center at National Tsing 
Hua University, National Synchrotron Radiation 
Research Center, and Institute of Physics at Aca-
demia Sinica.

Using recyclable nano-size silica beads as a 
template, gold ions can be converted to GNPs after 
irradiating ionic gold solution under a high-energy 
photon source. The GNPs are stable, size tunable, 
and nontoxic and can also be exchanged from the 
surface of beads by adding small molecule drugs, 
proteins, antibodies and/or synthetic polymers to 
fabricate surface-modified GNPs. The integra-
tion of therapeutic payloads, targeting signals, and 
nano-gold demonstrates invaluable potential, in 
terms of both clinical and pre-clinical applications.

Based on similar principles, solutions contain-
ing gold ions are feasible to form GNPs in nuclear 
reactors. The naturally abundant gold, 197Au, can 
capture a neutron in nuclear reactor and further 
convert to radioactive gold, 198Au, and provid-
ing beta and gamma rays from radioactive GNPs. 
The high-energy beta rays are beneficial to cancer 

3. Gold quantum dots for real time monitoring of 
cell apoptosis application

Gold quantum dots (GQDs) have subnano-
meter size and intensive fluorescence which can 
be used as a new biological probe for intracel-
lular targeting and imaging. A research group in 
the Center for Nanomedicine Research developed 
a novel strategy based on a thiol-molecule (i.e. 
11-mecaptodecanonic acid, MUDA) GQDs to 
congugate biomolecules, such as SV40 nuclear-
localization signal (NLS), for intracelluar target-
ing. Importantly, the GQDs are functionalized with 
a protein-cleavable peptide (DEVD) and two spe-
cific peptides such as nuclear export signal (NES) 
and nuclear localization signal (NLS) for shuttling 
between the nuclear and cytoplasm as a sensing 
probe. The NES and NLS peptide can enable the 
GQDs to exit and enter the nuclear, respectively. 
The GQD-based molecular probe has a dynamatic 
distribution between nuclear and cytoplasm, re-
sulting the GQDs can be observed in intracellular 
space including nuclear and cytoplasm before the 
cell death. While the cell apopotic process was 
initiated, the DEVD was recognized and disrupted 
by a specific protein (i.e. caspase-3) in cytoplasm. 
Therefore, the shuttling GQDs will gradually ac-
cumulate in cytoplasm rather than in nuclear after 
the cell death. The novel strategy based on the 
GQD-molecular sensor has a promising potential 
for intracellular imaging and targeting. The results 

Angewandte Chemie International Editon (21:8214-8219, 2010)
Figure 7.   The pH-sensitive MSN drug delivery platform in 

the chemotherapeutic treatment of liver cancer.
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therapy, while the gamma rays are practical for di-
agnostic imaging; thus, radioactive GNPs are a po-
tential multimodality platform. The research team 
plans to produce radioactive gold nanoparticles (as 
Reagent A) at various nuclear reactors worldwide 
and prepare payloads and surface modifying for-
mulation (as Reagent B) in current good manufac-
turing practice (cGMP) production lines. The final 
goal is to conveniently admix Reagent A and B in 
hospitals and immediately apply it to diagnostic 
and therapeutic purposes.

The above-mentioned techniques are capable 
of joining nano-derived technology with a drug 
delivery platform for research on the application of 
in vitro diagnosis, bio-medical imaging, and drug 
delivery for cancer, as well as for stem cell related 
medicine. Pre-clinical applications have already 
shown extremely high performance. The research 
team shows the promise of achieving great results 
in the new area of radio-nano-bio research.
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