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Since its establishment in 1996, the National Health Research Institutes has done much more 
than just keep abreast with the many new materials and techniques used in biomedical and health 
research; it has even helped advance these through its state-of-the-art intramural research pro-
grams, while continuing to fulfill its many other roles, including acting as a think tank for medical 
health research and development, promoting cooperation to boost Taiwan’s biotechnology indus-
try, and advising the government on health-related policies.

This volume, the 2009 NHRI Annual Report, outlines NHRI’s research highlights and 
achievements over the past year, which have value not just in their advancement of human knowl-
edge and health care but also in their potential applications in the biotechnology industry. Recent 
milestones include the establishment of the NICR/NCKUH cooperative early-phase clinical trials 
center to seek and provide potential effective treatments for cancer patients, the discovery of a 
transcriptional pathway that is critical for protection against neuronal apoptosis and cerebral in-
farction, the demonstration for the first time that Cisd2 is involved in mammalian life-span con-
trol, the identification of a series of lead compounds by focusing on developing novel anti-HCV 
therapeutic agents, the development of HIFU transducer technology at the Division of Medical 
Engineering Research, and the official opening of the Vaccine Research and Development Cen-
ter’s cGMP facility. Some of NHRI’s research findings have already become well known and have 
guided policy makers in formulating national health strategies. Moreover, certain drug-discovery 
and vaccine developments are important for national preparedness for emerging infectious dis-
eases and may save lives in times of pandemic.

In addition to its other work, NHRI builds core facilities, makes research resources accessible 
to biomedical researchers nationwide, and provides extramural research funding based on high-
standard peer review. Furthermore, NHRI’s collaboration with other institutions and medical cen-
ters is helping create a research network that is enhancing health standards around the country.

Internationally, NHRI is poised to become a site of strategic importance in the development 
of medical and pharmaceutical technology. And it remains committed to tackling health issues 
and providing ever-better solutions. All the staff of NHRI will continue to bring their expertise, 
passion, and creativity to enhance medical knowledge for the well-being of people throughout the 
world.

Kenneth K. Wu, M.D., Ph.D.
President of NHRI

Foreword
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Mission
The National Institute of Cancer Research (NICR), formerly the Division of Cancer Research, is 

tasked with integrating and coordinating basic and clinical research to facilitate the development of in-
novative strategies for the prevention, diagnosis, and treatment of prevalent cancers in Taiwan. These 
missions are consolidated 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 subspecialty training programs for medical staff, as coordinated by the Taiwan Cooperative Oncology 
Group (TCOG).

Research Framework

National Institute of Cancer Research

Development
Strategy

Infrastructure

Health Policy
&

Service

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• 

Molecular • 
and Cellular 
Oncology
Viral Oncology• 
Tumor • 
Immunology

Basic Research

Phase I• 
Phase II• 
Phase III• 

Clinical trials

Drug Development,• 
Diagnostic Technology • 
& Exp. Therapeutics
Drug Resistance• 
Oral Cancer• 
Pancreatic Cancer• 

Translational Medicine

Major Achievements
NICR is divided into several parts: the Division 

of Clinical Research, the Division of Basic Research, 
TCOG, and the National Clinical Trial Research Net-
work. Below are some of NICR’s research achieve-
ments during the previous year.

A. Clinical Research
Over the past two decades, NICR’s Division of 

Clinical Research has established a good reputation for 
designing and conducting early phase clinical trials, 
such as phase I trials for combination chemotherapy 
(e.g., weekly docetaxel plus infusional 5-FU/leuco-
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vorin and cisplatin in advanced gastric cancer; and bi-
weekly gemcitabine, oxaliplatin, and infusional 5-FU/
leucovorin in advanced pancreatic cancer), first-in-
human phase I trials for cytotoxic agents (e.g., GL331 
and liposomal irinotecan), and several exploratory 
phase I/II trials for new indications (e.g., thalidomide, 
ADI-PEG20, and RAD001 in advanced HCC).

In September 2007, the Division of Clinical Re-
search moved to Tainan and began collaborating with 
National Cheng-Kung University Hospital’s center for 
clinical trials and research in oncology to set up a clini-
cal trial platform for early-phase clinical trials in the 
field of oncology. This has been recognized as a critical 
step toward enhancing the new drug and new indica-
tion developments for the industry, facilitating trans-
lational research via bridging industry and academic 
society, and seeking and providing potential effective 
treatment for our cancer patients.

In 2008, the team completed two phase I trials: a 
randomized phase I trial of RAD001 (an inhibitor of 
mTOR) in advanced hepatocellular carcinoma and a 
phase I trial of liposomal-irinotecan plus weekly 24-
hour infusions of high-dose 5-FU/LV in refractory 
advanced solid tumors. In addition, the team opened a 
new phase II trial of PHY906 plus capecitabine for ad-
vanced hepatocellular carcinoma, and one new phase 
III trial of adjuvant gemcitabine with/without concur-
rent chemoradiotherapy in post-operative pancreatic 
cancer (TCOG 3207). Recently, the team has also 
successfully negotiated with several international and 

domestic industries to sponsor several new early phase 
trials:

phase I and pharmacokinetic study of sorafenib ••

plus S-1 in refractory solid tumors;

phase I trial of biweekly PEP02 in oxaliplatin-••

refractory colorectal cancer;

phase I/II trial of sorafenib plus thalidomide in ad-••

vanced hepatocellular carcinoma;

phase II trial of cetuximab-based chemoradiother-••

apy for locally advanced squamous cell carcinoma 
of the esophagus;

phase II trial of inductional cetuximab, paclitaxe-••

land cisplatin for advanced squamous cell carci-
noma of the oral cavity;

phase I trial of nano-cisplatin in combination with ••

gemcitabine as first-line chemotherapy for ad-
vanced pancreatic cancer;

phase I/II trial of BIBF1120 for advanced hepato-••

cellular carcinoma;

phase II trial of inductional gemcitabine vs. triplet ••

chemotherapy followed by gemcitabine-based con-
current chemo-radiotherapy for locally advanced 
pancreatic cancer;

phase III trial of adjuvant gemcitabine alone vs. ••

gemcitabine followed by concurrent chemo-radio-
therapy for post-operative pancreatic cancer;

an international, phase III trial of gemcitabine vs. ••

S-1 vs. gemcitabine/S-1 combination in advanced 
pancreatic cancer.

Phase I Units in NCKUH/NTUH

Tumor Board

Wu-Chou Su (NCKUH)
Li-Tzong Chen (NHR) Radiation

Oncology

Nuclear
Medicine

GLP
Lab

CTC IHC FISH SKY Pharmacogenetics

Investigational
Drug Storing and

Dispensing
General
Ward

Ward
Animal
Facility

Basic
Research

Tissue
Bank

Pathology
Reading

PK

Biomarker
Drug

Development

Pathology
Department

Pathology
Department

Radiology
Surgical
Oncology

Pharmacist
Biostatistician
Project Manager
Research Nurse

■ 10 Medical Oncologists
TY Chen, CJ Yen, WP Su, PC Lin, WH
Chiu, JY Chang, TW Liu, HS Shiah, KC
Tsai, KY Chang

■ 1 Radiation Oncologist
HJ Ch'ang

Supporting Team
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Figure 1.  The opening of the NICR / NCKUH cooperative 
early-phase clinical trials center.

B. Basic Research
The Division of Basic Research has initiated five 

programs: Experimental Therapeutics, Molecular and 
Cellular Oncology, Tumor Immunology, Viral Oncol-
ogy, and Cancer Bio-Statistics.

Experimental Therapeutics Program

Study on the mechanism of modulation of DNA re-1. 
pair enzyme, O6-methylguanine DNA methyltrans-
ferase, in human cancer cells
O6-methylguanine DNA methyltransferase 

(MGMT) is a DNA repair protein that removes alkyl 
adducts from the O6-position of guanine in a reaction 
that transfers the alkyl group from the DNA to an inter-
nal cysteine residue in the MGMT. The research team 
indicated in previous studies — published in Journal 
of Medicinal Chemistry, Cancer Research, Biochemi-
cal Pharmacology, Journal of Pharmacology and 
Experimental Therapeutics, and International Journal 
of Cancer — that MGMT can modulate cytotoxicity 
of camptothecin (CPT)-derived topoisomerase I in-
hibitors. In addition, the team also demonstrated that 
two CPT-resistant cell lines (CPT30 and KB100) were 
more sensitive to BCNU than their parental cells. En-
hanced sensitivity to BCNU in these two CPT-resistant 
cells involved transcriptional repression of the MGMT 
gene. The mechanism of MGMT gene down-regulation 
in CPT-resistant cells was through recruiting of MeCP2 
and H3K9 di-methylation, thus causing synergistic in-
teraction with BCNU. These findings not only provide 
a rationale for clinical trials with CPT and BCNU com-
bination treatment in human cancers, but also suggest 
a new indication to treat patients who are receiving 
refractory CPT derivatives with BCNU. This work was 
published in Molecular Pharmacology (74:517–526, 
2008).

Study on the modulation of Nrf2/ARE pathway in 2. 
chemoprevention, cancer development, and chemore-
sistance
Nuclear factor erythroid-2-related factor (Nrf2) is 

a transcription factor important in protection against 
carcinogenesis and oxidative stress through antioxidant 
response element (ARE)-mediated transcriptional acti-
vation of several metabolizing/detoxifying and antioxi-
dant enzymes. There is strong evidence that increased 
expression of Nrf2/ARE-regulated genes inhibits can-
cer development. However, an interesting discovery 
is that elevated Nrf2 activity has played a role in the 
evolution of cancer.

Figure 2. Immunohistochemical analysis of Nrf2 in normal 
oral mucosa and OSCC.

Considering the role of Nrf2 in regulating a bat-
tery of genes that act to detoxify anti-cancer drugs and/
or attenuate drug-induced oxidative stress, it is pos-
sible that Nrf2 may play a role in increasing treatment 
resistance in advanced-stage diseases. A recent report 
indicates that chemoresistance in cancer cells is often 
caused by deregulation of Nrf2. The research team suc-
cessfully constructed an ARE-driven reporter vector, 
applied a transient transfection, and analyzed luciferase 
reporter gene activity in several oral cancer cell lines. 
As the result, HSC-3 cells have provided a particularly 
sensitive means of measuring ARE-driven transcrip-
tion. The team is currently employing an ARE-driven 
reporter vector as the plasmid to generate a stable 
reporter cell line on HSC-3 cells for future Nrf2 modu-
lator screening. In addition, they have screened the 
expression of Nrf2 in clinical OSCC tissues, revealing 
that Nrf2 is highly stained in OSCC compared to nor-
mal oral mucosa in some cases, which merits further 
investigation. On the other hand, over-expressed and 
activated Nrf2 has been observed in KB-derived drug 
resistant cells — including KB-7D, KB-20a, KB-
VIN10, and KB-TAX50 — unlike in parental KB cells. 
Consistently, the endogenous Nrf2-regulated ARE 
gene expressions were also increased in those resistant 
cells, including GSH, GSH, AKR1C1, MRP1, and 
MRP6. Knockdown of Nrf2 expression with siRNA in 
KB-7D cells conferred increased sensitivity to VP-16 

Normal oral mucosa OSCC (tongue)
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and doxorubicin compared with mock control. These 
results indicate that Nrf2 acts as a novel factor that will 
play an important role in developing drug resistance.

Study of AXL promoter and a possible negative feed-3. 
back auto-regulation mechanism
Drug resistance, whether intrinsic or acquired, is 

a major cause of failure in chemotherapy of cancer pa-
tients. The receptor protein tyrosine kinase AXL plays 
an important role in cancer cells’ migration/invasion 
and drug resistance. Using a novel profiling analysis 
of protein tyrosine kinases differentially expressed in 
the sensitive and refractory leukemia from the same 
patients, the lab found that AXL was upregulated in 
drug-resistant leukemia. Furthermore, AXL could be 
induced by chemotherapy drugs in the acute myeloid 
leukemia U937 cells, and this induction was dependent 
on the CCWGG methylation status of the AXL pro-
moter. In U937 cells ectopically overexpressing AXL, 
addition of exogenous Gas6 induced AXL phosphory-
lation and activation of the Akt and ERK1/2 survival 
pathways. The Gas6-AXL activation pathway of drug 
resistance was associated with increased expression of 
Bcl-2 and Twist. These results show that upregulation 
of AXL by chemotherapy might induce drug resistance 
in acute myeloid leukemia in the presence of Gas6 
stimulation. The results were published in Cancer Let-
ters (268:314–324, 2008).

Mobilization of bone marrow (BM) stem cells and 4. 
cancer cells by granulocyte colony-stimulating factor 
in cancer therapy
G-CSF (Granulocyte colony-stimulating factor) is 

commonly used in cancer patients to ameliorate neu-
tropenia and to prevent severe infections. Many recent 
preclinical studies revealed tumor promoting and stem 
cell mobilizing effects of G-CSF. Because of severe 
toxicity, it is suggested that G-CSF should be avoided 
during concomitant chemo-radiotherapy. The safety of 
G-CSF in cancer treatment, especially during radio-
therapy, should be re-evaluated. The preliminary study 
concluded that the G-CSF recruits BM cells to enhance 
tumor angiogenesis and growth. Tumor metastasis 
may be enhanced by G-CSF via direct effect on tumor 
motility or recruitment of BM cells to prepare pre-
metastatic sites, and local radiation suppresses the cell-
mobilizing effect of G-CSF. Administration of G-CSF 
is safe during radiotherapy. Concomitant G-CSF and 
radiation may not promote local tumor growth or ag-
gravate distant metastasis.

Molecular and Cellular Oncology Program

A genomic screen for hypermethylation genes and 1. 
their functional roles in human metastasis cancers
Spermine/spermidine N1-acetyltransferase (SSAT), 

a rate-limiting enzyme in the catabolic pathway of 
polyamine metabolism, is a stress-inducible gene 
induced by many non-steroidal anti-inflammatory 
drugs (NSAIDs), chemotherapy drugs, and other cy-
tokines. Induction of SSAT leads to lower intracellular 
polyamine contents, which have been associated with 
decreased cell growth and increased apoptosis. Previ-
ous studies indicated that the pleiotropic cytokine, 
tumor necrosis factor α (TNFα), can induce SSAT by 
activating the NFκB signaling pathway in non-small 
cell lung cancer cells. In colorectal cancer cells, SSAT 
can also be induced by the activation of peroxisome 
proliferator-activated receptor γ (PPARγ) via p38 mi-
togen-activated protein kinase dependent mechanism 
under the effect of the NSAID sulindac or a natural 
polyphenol, resveratrol. This implies that polyamines 
may not only play a role in normal development but 
also regulate the progression of cancer cells, and that 
they may play a role in the inhibition of cancer cell in-
vasion and be a good target as a cancer therapy drug.

Mechanisms study of receptor tyrosine kinase AXL’s 2. 
signaling pathways in MMPs secretion and tumor 
invasion

Activity of the AXL receptor tyrosine kinase is 
positively correlated with tumor metastasis; however, 
its detailed role in the mechanism of tumor invasion 
is still not completely understood. Here, the research 
team showed that AXL enhances the expression of ma-
trix metalloproteinase 9 (MMP-9), required for AXL-
mediated invasion both in vitro and in vivo. The team 
found that the highly selective MEK1/2 inhibitors 
U0126 and PD98059, as well as the expressed dom-
inant-negative form of extracellular signal-regulated 
kinase (ERK), completely block AXL-mediated MMP-
9 activation. In contrast, the phosphatidylinositol 3-ki-
nase inhibitor LY294002 and wortmannin had little 
effect on activation. Interestingly, however, the AXL 
ligand Gas6 is not involved in AXL-mediated MMP-
9 activation. Mutation of Glu59AXL and Thr77AXL dra-
matically reduced Gas6-AXL binding but continued to 
induce MMP-9 activation. In addition, overexpression 
of AXL activated ERK and enhanced nuclear factor-
κB (NF-κB) transactivation and brahma-related gene-1 
(Brg-1) translocation. Exposure to the NF-κB inhibi-
tor silibinin, which inhibits IkBa kinase activity, or 
overexpression of the dominant-negative mutant IkB 
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and Brg-1 strikingly inhibited AXL-mediated MMP-
9 activation. These data indicate that coordination of 
ERK signaling and NF-κB and Brg-1 activation are 
indispensable to regulation of AXL-dependent MMP-
9 gene transcription. Together with previous data, the 
lab results provide a plausible mechanism for AXL-
mediated tumor invasion and establish a functional 
link between the AXL and MMP-9 signaling pathways. 
This work, which is the first research report to explore 
in detail the impact of AXL study on cancer metastasis, 
was published in Oncogene (27:4044–4055, 2008). 

Figure 3. Schematic diagram illustrating the molecular 
mechanism responsible for Axl-induced MMP-9 
expression.

Study of human PREPL and 3. KLK13 serine protease 
genes in cancer development and malignancy
Kallikrein 13 (KLK13) is a novel invasion-enhanc-

ing protease gene. The methylation status of KLK13 
has been shown to be much higher in normal lung 
cells than in metastatic ones. For functional analyses, 
overexpression of KLK13 enhanced the invasiveness 
of lung cancer cells, whereas the knockdown of the 
endogenous KLK13 gene resulted in a marked reduc-
tion of tumor cell invasiveness. Studies from the ECM 
degradation assays further indicated that laminin is the 
major substrate of KLK13, which indicates that dur-
ing the development of lung cancer metastasis, KLK13 
is likely to be reactivated via the demethylation of its 
promoter region. The evoked KLK13 then enhances 
the degradation of laminin in the ECM, thus leading to 
promoting the migration, invasion, and metastasis of 
lung cancer cells.

Figure 4. The expression levels of KLK13 in lung normal 
and cancer cell lines. IMR-90 and WI-38 are 
normal lung fibroblast cell lines.

Mechanisms for macrophage-induced tumor cell 4. 
spreading and drug resistance
Solid tumors comprise not only malignant cells, 

but also extracellular matrix and many other non-
malignant cell types, including fibroblasts, endothelial 
cells, and inflammatory cells such as macrophages. 
Macrophages have been attracting increasing attention 
because their association with poor prognosis in many 
cancer types such as breast, non-small cell lung cancer, 
and head-and-neck cancers. Accumulating evidence 
has indicated that by paracrine interaction with cancer 
cells macrophages can facilitate cancer cell migra-
tion, invasion, and metastasis. Cancer cells with a high 
metastatic potential always exhibit drug resistance; and 
the proteins β-1.4-GT-IV and CDC37, previously iden-
tified by this research team with proteomic approach 
in Taxol-resistant cancer cells, are also associated with 
tumor metastasis. In the past year, the lab indeed ob-
served that macrophages were able to induce cancer 
cell resistance to Taoxl, Taxotere, and Gemzar by in-
ducing cytokine-dependent MDR1 and MRP2 expres-
sion in cancer cells. Additionally, this team established 
several in vitro models to test and demonstrate that 
macrophage-conditioned medium (MFФCM) was able 
to induce cancer cells to migrate toward and further-
more adhere onto endothelial cells, and subsequently 
induced cancer cells to achieve transendothelial migra-
tion. The entire process was blocked by endothelin 
(ET)-1 antagonists, such as ET-1 antibody, ET receptor 
(ETR)-A blocker BQ123, and ETR-B blocker BQ788. 
Therefore, in the coming year, the team will continue 
to investigate the role of ET axis in macrophage-
induced cancer cell drug resistance and metastasis, and 
to delineate the relationship between the development 
of drug resistance and occurrence of metastasis.

Tumor Immunology Program
Tumor metastasis is the leading cause of death in 

cancer patients. Metastasis is a multiple-step process, 
with many proteins involved in metastatic progression. 
Previous study in this program found that α-enolase 
(ENO1) is a tumor-associated antigen that is expressed 
in 95% of non-small cell lung carcinoma patients. Pa-
tients with tumors expressing a higher level of ENO1 
had shorter progression-free and overall survivals. 
These results suggest that ENO1 plays an important 
role in tumor metastasis. Furthermore, this research 
team also observed that urokinase-type plasminogen 
activator (uPA) was up-regulated and displayed on the 
surface of tumor cells with higher migration/invasion/
metastasis capacity. These results suggest the surface 
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ENO1 on tumor cells might be involved in interaction 
with plasminogen, uPA, uPA receptor (uPAR), and 
that other proteins participated in plasminogen prote-
olytic process and ultimately promoted tumor invasion 
and metastasis. In addition, the research team intends 
to delineate tumor escape mechanisms mediated by 
tumor-associated ENO1 antigen in pre-clinical animal 
studies and to translate the results into medical ap-
plications. The team has demonstrated that induction 
of anti-ENO1 immunity was sufficient to prevent and 
suppress tumor growth in immuno-competent mice. 
The work was published in an international journal, 
Clinical Cancer Research, and associated patents have 
been filed in Taiwan and the United States. Generation 
of appropriate immune responses against ENO1 may 
help to inhibit the growth or malignant development of 
tumor cells over-expressing ENO1. Preliminary animal 
studies support these hypotheses. This is a continuing 
project following their previous research on ENO1. In 
addition, this finding can provide not only alternative 
cancer treatment for cancer patients, but also a novel 
potential tumor marker for prognosis of lung cancer. It 
has been published in Journal of Immunology (32:363–
369, 2009). The researchers expect that their proposed 
study will generate valuable information related to fu-
ture diagnosis/prognosis and treatment of cancers over-
expressing ENO1.

Viral Oncology Program

Effects of recurrent reactivations of Epstein-Barr 1. 
virus on the genomic instability in nasopharyngeal 
carcinoma (NPC) cells
Genomic instability is considered to contribute to 

the development of human cancers and has been found 
to occur in many NPCs. Previous investigations have 
indicated that latent EBV infection may induce ge-
nomic instability and contribute to the development of 
B cell tumor formation. After publishing in Oncogene 
that EBV latent membrane protein (LMP1) represses 
DNA repair leading to genomic instability through 
p53-dependent pathway, the team also demonstrated 
that LMP1 represses DNA damage repair through p53-
independent pathway; this was published in Journal 
of Virology  (82:8124–8137, 2008). Since seroepide-
miological studies have revealed that EBV frequently 
reactivated before occurrence or relapse of NPC, this 
team proposed an EBV reactivation role in the carcino-
genesis of NPC. Recently, this team demonstrated that 
EBV reactivation induced formation of micronucleus 
in NPC cells, implying that the EBV lytic cycle had 

the capability to promote genomic instability. Trans-
fection of a plasmid expressing Zta siRNA prior to 
induction of EBV replication prevented these changes. 
Furthermore, examination of a panel of EBV lytic pro-
teins identified EBV DNase as a potent activator that 
induced DNA strand breaks and micronucleus forma-
tion in a dose-dependent manner. The expression of 
a DNase-null plasmid, however, did not show similar 
effects.

Taken together, EBV lytic proteins have the capa-
bility to induce genomic instability through DNA dam-
age in the epithelial cells. These data were published 
in International Journal of Cancer (124:2016–2025, 
2009). The results led to the proposal of a novel hy-
pothesis: that EBV reactivation may induce genomic 
instability and contribute to the carcinogenesis of NPC. 
In addition, through array CGH and FISH, this team 
also found the amplification and increased expression 
of oncogens SKIL and ROBO1 in NPC cells after 15 
times of EBV reactivation (Cancer Genetics and Cyto-
genetics, 185:1–10, 2008). The results provide an ex-
planation for EBV’s contribution to the carcinogenesis 
of NPC.

Figure 5. EBV reactivations increase the tumorigenicity of 
NA cells in vivo. (a) The tumorigenicity of cells 
after recurrent EBV reactivations was evaluated 
in vivo by injecting cells subcutaneously into 
SCID mice. The size of the tumors at the inocu-
lation site was measured using a standard pro-
cedure at 7-day intervals postinjection. Data in-
dicates mean tumor size (n=6) ± S.D. *p<0.001, 
compared with the NA (R15), NA (P1), and NA 
(R1) cells. (b) Representative photographs of tu-
mor nodules taken from the mice at day 40.

KSHV reactivation in KS pathogenesis2. 
Replication and transcription activator (RTA) of 

Kaposi’s sarcoma associated herpesvirus (KSHV) is 
a molecular switch that initiates the lytic transcription 
and replication of a latent KSHV genome. KSHV RTA 
(K-RTA) has been shown to interact with a number 
of viral and host proteins by which K-RTA executes 
its multi-functions to complete the KSHV productive 
cycle. Post-translational modifications (PTM) of many 
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transcription factors including O-linked N-acetyl-
glucosamine (O-GlcNAc) and phosphorylation have 
been reported to play crucial roles in modulating the 
protein functions. Inspection of the primary amino 
acid sequence of K-RTA revealed 11 potential “yin-
yang” sites that are likely to be alternatively modified 
by O-linked glycosylation and phosphorylation PTM 
systems. The research team sought to elucidate the 
impacts of host O-GlcNAcylation and phosphorylation 
processes on the biological activities of K-RTA. To 
this end a doxycycline inducible system in HEK293, 
termed 293TetKR, was developed in which a tran-
scriptional unit containing the CMV/TetO promoter 
upstream of the coding region of FLAG-RTA was sta-
bly introduced into 293TREx cell. In this expression 
system, K-RTA could be immuno-precipitated by an-
tibodies recognizing the O-GlcNAc epitopes, namely 
RL2 and CTD110.6, suggesting that K-RTA is an 
O-glycosylated protein. The present report described 
the characterization of four PTM sites detected in the 
affinity-purified K-RTA expressed in vivo. Preliminary 
results strongly suggest that K-RTA efficiently utilizes 
host O-GlcNAcylation and phosphorylation systems to 
exert its function in the disruption of KSHV latency.

Cancer Bio-Statistics Program

Development of microarray collaborative lab and study 
of the normalization and analysis of microarray-based 
CGH data

In recent years, through teamwork among labora-
tories at NHRI, this team has established several mi-
croarray experiment platforms — including for cDNA, 
genomic DNA, and oligonucleotides — to study the 
mRNA expression profile of cancer cells and DNA 
copy number variation patterns of human cancer ge-
nomes. Meanwhile, for microarray data analysis, the 
team has developed two Bayesian methods. The first 
is for profiling time-course gene expression of bacu-
lovirus; this method can also be applied in studies of 
temporal expression profile of oncogenic DNA viruses. 
The results were published in 2009 in Annals of Ap-
plied Statistics, which is one of the top five statistics 
journals. The second Bayesian method is an analysis of 
the breakpoint status on a chromosome, including lo-
cations where DNA copy number changes might have 
occurred and their probabilities.

Currently, the team is focused mainly on the study 
of lung cancer. They have obtained several potential 
biomarkers using the above genomic scale screening, 
while functional assay by overexpression or knock-

down of candidate genes in vitro and validation studies 
using clinical samples are underway. Through state-
of-the-art screening and analytical tools, the team is 
assaying clinical samples and hopes to acquire useful 
biomarkers that can be used in clinical settings for the 
early detection, diagnosis, and prognosis of cancers.

Figure 6. Genome map view of five gene clusters color 
tagged in the baculovirus genome. Indicated re-
gions are some co-localized genes having similar 
expression patterns, which were revealed by 
shape-restricted Bayesian regression analysis of 
time-course profiles from microarray data.

C.  Taiwan Cooperative Oncology Group 
(TCOG)
As the first multi-center clinical trials organization 

in Taiwan, TCOG conducts clinical trials for cancer 
treatment. This network connects 20 teaching hospitals 
throughout Taiwan.

TCOG has established an executive committee, 
11 clinical study groups, and 2 quality-monitoring 
committees. Each study group is responsible for the 
formulation of specific cancer diagnosis consensus 
statements on treatment and prevention, clinical trial 
research protocol write-ups, and patient enrollments. 
The audit committee also conducts yearly audits to as-
sure high-quality data collection and compliance with 
GCP in TCOG trials. The data safety and monitoring 
committee reviews the safety, interim, and serious ad-
verse event (SAE) reports of TCOG’s active trials to 
monitor the safety and ethics of trials.

TCOG has already completed 22 trials and has 9 
ongoing trials. There are 3 new clinical protocols re-
vised by PI and under-reviewed by local IRB. TCOG 
has produced therapy guidelines on cervical, breast, 
oral cavity, lung, colorectal, gastric, prostate, and na-
sopharyngeal 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, and cancer pain 
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management. TCOG also issues a quarterly publication 
aimed at the cancer research community: the Taiwan 
Cooperative Oncology Group News, which reports on 
TCOG’s ongoing clinical trials, activities, etc.. Special 
issues of TCOG News have included such monographs 
as MALToma in Taiwan and Lymphoma in Taiwan, 
which collected and summarized the clinical experi-
ences of physicians from various hospitals witnessing 
the progress of domestic medicine.

TCOG also hosts important gatherings. For exam-
ple, in December 2008 it held its twelfth annual meet-
ing in conjunction with the Asia-Pacific Congress on 
Oral Cavity Cancer. Since 1997, these annual events 
have provided a forum for clinicians, researchers, and 
medical professionals from Taiwan and beyond to ex-
change practice and information in cancer treatments.

In collaboration with the Bureau of Pharmaceuti-
cal Affairs and the Formosa Cancer Foundation, TCOG 
has been providing clinical research training courses 
in Taiwan since 2005. There were six clinical research 
training courses held for physicians, nurses, and statis-
ticians in 2008.

D.  National Clinical Trial Research  
Network
This project, which established the National Clini-

cal Trial Network, is aimed at integrating the previ-
ously isolated clinical trials in Taiwan into a disease-
oriented clinical research network, and at building a 
firm foundation for Taiwan’s biomedical industry while 
simultaneously attracting multinational 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 establish 
National Cancer Research Center and was placed in 
charge of coordination, control, and naturalization of 
all cancer-related research, diagnoses, treatments, new 
drug developments, and clinical trials with the ulti-
mate goals of reducing cancer incidence and mortality. 
Therefore, the experience of TCOG would be very im-
portant to carry out the task.

NICR has two projects under the National Clini-
cal Trial Network. One has brought in two 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 such services as IHC, FISH, and 
gene polymorphism detection. Moreover, the Tumor 
Marker Reference Laboratory is preparing to apply for 
ISO certification in “laboratory capacity and quality 
requirements” as a way of having its standards in tech-
nology and quality management recognized.

Figure 7. Some TCOG publications.

Asia-Pacific Congress on Oral Cavity Cancer in conjunction with the 
12th Annual Meeting of the Taiwan Cooperative Oncology Group
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Mission
Established in 2008, the Institute of Cellular and System Medicine aims to provide new informa-

tion 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 
approaches. 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 several teams: Stem Cell Research, which focuses on novel methods 
for developing adult stem cells and exploring their therapeutic potentials; Cardiovascular and Blood Re-
search, which focuses on vascular protection mechanisms and therapeutic strategies; and Gerontology 
Research, which focuses on investigating the role of inflammation on musculoskeletal cells and aging-
related cellular changes.

In addition, an interdisciplinary stem cell research program was established to foster basic, trans-
lational, and clinical research on stem cells. Taiwan’s executive branch of government selected our stem 
cell program to establish the nation’s flagship stem cell center. The program will focus on basic and clini-
cal research pertinent to cardiovascular, musculoskeletal, and peripheral nerve diseases.

Research Framework

Institute of Cellular and System Medicine

Neural Stem Cells• 
Other Kinds of Stem Cells• 
Basic Research• 

Regenerative Medicine

B
asic R

esearch

Translation M
edicine

C
linical R

esearch

Contribution

 Research Seminars, Workshops and Education Training Courses• 
 Training Masters and PH.D. Students, and Postdoctoral Fellows• 
 Cooperation with Other Institutes and Integration of Research  • 
Resources

Research on Cell Mechanism• 
Immune System Study• 

Cardiovascular Medicine

Skeletal-related Research• 
Signaling on Aging• 

Aging Research



15Institute of Cellular and System Medicine

Major Achievements
Aging Research
A.  Mechanisms of the Inhibition of Adi-

pogenesis by Aging and Advanced 
Glycation End Products (AGEs)
Mesenchymal stem cells (MSCs) can differenti-

ate into adipocytes, myocytes, osteoblasts, and ten-
dinocytes. MSCs are found in adipose tissue, muscle 
tissue, and bone marrow. In the case of adipogenesis, 
MSCs are first converted into committed progenitors 
(preadipocytes). Mouse 3T3-L1 cells are established 
cell lines and serve as a preadipocyte model. Accumu-
lated evidence demonstrates that C/EBPα and PPARγ 
are the master transcriptional factors regulating the 
differentiation of preadipocyte into mature adipogen-
esis. Although aging is known to impair adipogenesis, 
the molecular mechanisms remain unclear. This pro-
ject utilizes 3T3-L1 cells to investigate the molecular 
mechanism of adipogenesis and the mechanisms by 
which aging inhibits adipogenesis.

Reducing sugars such as glucose can react non-
enzymatically with the amino groups (Lys and Arg) 
of proteins, lipids, and nucleic acids to form revers-
ible Schiff bases followed by Amadori rearrangement. 
These early glycation products undergo further com-
plex reactions such as dehydration, condensation, and 
cross-linking to become irreversible heterogeneous 
derivatives termed advanced glycation end products 
(AGEs). AGEs are formed during the aging process, 
and their formation is accelerated in the hyperglycemia 
condition induced by diabetes. The preliminary stud-
ies of this project indicate AGEs suppress C/EBPα 
and PPARγ as well as adipocyte markers (aP2 and 
adiponectin), leading to the inhibition of adipogenesis. 
AGEs are known to activate Src, ERK1/2, and Akt 
via their receptors, RAGE. The levels or activities of 
RAGE, Src, and Akt were elevated in AGEs-treated 
cells. Furthermore, the AGE-activated Akt phospho-
rylated and enhanced β-catenin/TCF transcriptional 
activity, which in turn repressed C/EBPα and PPARγ. 
This project also identified a new gene (temporarily 
named REA) that can enhance the expression of C/
EBPα and PPARγ as well as the differentiation of 3T3-
L1 cells.

The goal of the ongoing research is to investigate 
the mechanism by which REA promotes adipogenesis 
and to generate transgenic mice overexpressing REA; 
to identify other pathways by which AGEs inhibit adi-

pogenesis; and to compare the differentiating ability of 
preadipocytes isolated from young (3–6 months) and 
old (20–24 months) Fischer 344 rats, and locate the 
alterations in the AGEs-RAGE and Akt-β-catenin-TCF 
signaling pathways in young and old preadipocytes.

B.  Role of Inflammation in the Pathogen-
esis and Treatment of Osteoarthritis
Osteoarthritis is characterized by chronic degener-

ation of the cartilage of the joints, particularly weight-
bearing joints such as knees and hips. Excessive 
weight and continual “wear and tear” have long been 
thought to be two of the major factors behind osteoar-
thritis. However, recent clinical studies have indicated 
that inflammation plays a critical contributing factor in 
the progression of this disease. As a result, the research 
team has adopted a new approach to investigate the 
immune mechanism in inflammation-mediated osteoar-
thritis 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 all-
trans retinoic acid (t-RA), an active derivative of vita-
min A, on interleukin-1 (IL-1) or tumor necrosis factor 
alpha (TNF-α) activated chondrocytes have been dem-
onstrated. The team found that retinoic acid can inhibit 
the production of IL-1- and TNF-α-induced MMPs, 
NO, PGE2, and chemokines in human chondrocytes. 

Figure 1. Inhibition of iNOS and COX-2 on AGE-induced 
proteoglycan release.

In addition, the team found that Ginkgo biloba has 
a cartilage-protection effect in the in vitro cell model 
system as well as in a preliminary clinical trial. From 
its investigation of how aging contributes to the patho-



16 Institute of Cellular and System Medicine

genesis and mechanisms of OA development, the team 
has shown that the accumulation of advanced glycation 
end product (AGE) in the cartilage can mediate the 
iNOS-NO and COX-2-PGE-2 production which lead 
to cartilage breakdown. This might be used as a poten-
tial target in OA therapy and prevention.

C.  Skeletal Progenitor Cell Defects and 
Tissue Repair in Aging
The deficiency of old osteoprogenitor cells and 

their detrimental effect on bone formation activity has 
been extensively studied. The team has previously 
shown that the reduced number of osteoprogenitor 
cells in aging is attributed to the defeats in mitogenic 
response of osteoprogenitor cells to growth factors 
such as IGF-I, PDGF, and bFGF. IGF-I has been iden-
tified as probably the most effective growth factor to 
modulate mitogenic and osteogenic lineage expression 
of osteoprogenitor cells. The team has established an 
animal aging model using Fisher 344 rats. They also 
have isolated the osteoprogenitor cells from adult 
and aged rats. The team is currently investigating the 
mechanisms underlying the defects in the prolifera-
tion activity of old osteoprogenitor cells in response to 
IGF-I and the other growth factors.

Cardiovascular Medicine
Cardiovascular disease is a leading cause of death 

not just in Taiwan but also worldwide. Understand-
ing the regulatory mechanisms may help provide new 
mechanistic insight and targets for drug discovery.

A. Mechanism of Vascular Disease
A team of the institute — in cooperation with Dr. 

Teng-Nan Lin, an associate research fellow at Aca-
demia Sinica — found that PPAR-γ would induce an 
increase in 14-3-3ε protein and reduce cell apopto-
sis. The results showed that Rosiglitazone protects 
against ischemia-reperfusion (I/R) injury by activat-
ing PPAR-γ, thereby enhancing 14-3-3ε expression, 
increasing Bad sequestration, and attenuating Bad-
mediated apoptosis (Wu et al., Circulation, 2009; 119: 
1124–1134). The team has discovered a transcriptional 
pathway that is critical for protection against neuronal 
apoptosis and cerebral infarction. 14-3-3ε upregula-
tion by ligand-restricted PPAR-δ or PPAR-γ activation 
represents a novel pathway for cytoprotection and a 
target for treating diseases such as ischemic stroke and 
myocardial infarction.

Rosiglitazone Prostaglandin

PPAR-γ transcription

↑14-3-3ε expression

↓Bad induce apoptosis

Protect brain and heart

Figure 2. Mechanism of rosiglitazone to protect brain and 
heart.

B.  Cysteine-Rich Protein 2 in Vascular 
Smooth Muscle Cells
Atherosclerosis is a vascular disease associ-

ated with high plasma cholesterol levels, especially 
low-density lipoproteins. The research team’s previ-
ous studies indicated that an absence of cysteine-
rich protein 2 (CRP2, gene symbol Csrp2) enhances 
VSMC migration and increases neointima formation 
in response to mechanical arterial injury. The team hy-
pothesized that CRP2 may regulate advanced athero-
sclerotic lesion formation. To test this hypothesis, they 
generated mice deficient in both ApoE and CRP2.

Accelerated atherosclerotic lesion formation 
in ApoE–/–Csrp2–/– mice

Smooth muscle cells (SMC) in addition to foam 
cells are present in advanced atherosclerotic lesions. To 
determine whether CRP2 contributes to atherosclerotic 
lesion formation in response to hypercholesterolemia, 
mice that were deficient in ApoE alone (ApoE–/–) or 
deficient in both ApoE and CRP2 (ApoE–/–Csrp2–/–) 
were subjected to a hypercholesterolemic atherosclero-
sis model. The mice placed on a Western high-fat diet 
containing 1.25% cholesterol and 21% fat starting at 4 
weeks of age. The team examined the lesion formation 
in the aortic arch and its branches after the mice spent 
6 weeks on the Western diet. Verhoeff’s elastin stain 
revealed that compared with the small, simple (primar-
ily lipid-filled foam cells) lesions from ApoE–/– mice 
(Figure 3, panel A), the atherosclerotic lesions from 
ApoE–/–Csrp2–/– mice were more advanced, complex, 
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and contained SMC-like cells within the lesion and in 
the fibrous cap (Figure 3, panel B).

Figure 3. Accelerated atherosclerotic lesion formation in 
ApoE-/-Csrp2-/- mice. Male mice were placed on a 
Western high-fat diet starting at 4 weeks of age. 
Carotid arteries were harvested 6 weeks later. 
Sections were stained with Verhoeff’s staining 
for elastin (black). (A) ApoE-/- mice have small 
noncomplex lesion (arrow). (B) ApoE-/-Csrp2-/- 

mice have complex lesion formation (arrow). 
Arrowheads mark fibrous cap-like structure. 
Lu, lumen; Med, medial smooth muscle layers. 
Original magnification, ×100.

C.  Stem Cell Therapy in Chronic Heart 
Failure: the Immunomodulation Po-
tential of Bone Marrow Mesenchymal 
Stem Cells in Post-Infarction Myo-
cardial Failure
Heart failure (HF) is a complex multi-step disorder 

in which a number of physiologic systems participate 
in its pathogenesis. Despite extensive research and 
aggressive treatments, chronic HF after myocardial 
infarction (MI) remains to have high morbidity and 
mortality. Recent evidence suggested that immune ac-
tivation and persistent inflammation play critical roles 
in the pathogenesis of chronic HF. Thus, modulation of 
this immune response presents an appealing therapeu-
tic target. To modulate the inflammatory process ap-
propriately, the important mediators in the immunop-
athogenesis of MI-induced chronic HF must be defined 
precisely.

A number of randomized, placebo-controlled 
clinical trials have confirmed the potential of MSCs to 
improve myocardial contractility in patients with acute 
MI. The mechanisms underpinning the enhancement 
of cardiac function via stem cell transplantation are not 
fully understood. Recent animal studies showed that 
only a small percentage of transplanted cells were dif-
ferentiated into cardiomyocyte, vascular endothelial, 
and smooth muscle cells, suggesting that stem cell 
treatment may improve cardiac function through an 
additional mechanism. Moreover, MSCs have been de-

scribed to have immunomodulation functions through 
a variety of paracrine factors. These observations show 
that stem cell transfer is a potential therapeutic modal-
ity for the inflammatory process in chronic HF subse-
quent to MI.

In the present study, the research team established 
a porcine model of myocardial ischemia/reperfusion 
by coronary arterial balloon occlusion. The hearts were 
harvested from the animals at various time points post 
infarction. Histological changes were detected not 
only in the infracted myocardium but also in the area 
distal to the injured site. Identification of genes that are 
differentially expressed in the remote myocardium at 
various time points will help identify the potential im-
munopathogenic mediators of MI-induced chronic HF.

Figure 4.  Stem cell therapy in chronic heart failure: the im-
munomodulation potential of bone marrow mes-
enchymal stem cells in post-infarction myocardial 
failure.

D.  Research on Mechanisms of Prosta-
cyclin in Endothelial Cells
The research team has previously identified that 

activation of PPARδ induced a protective protein 14-3-
3ε upregulation. Elevated 14-3-3ε expression protects 
human umbilical cord endothelial cells (HUVECs) and 
colorectal cancer cells from oxidative stress-induced 
cell death (Arteriosclerosis, Thrombosis, and Vascular 
Biology, 2006; Cancer Research, 2007). The team has 
investigated the role and molecular mechanism of how 
suppression of cyclooxygenase by nonsteroidal anti-
inflammatory drugs (NSAIDs) induced endothelial and 
cancer cell apoptosis by perturbing PPARδ transcrip-
tion pathway (Molecular Pharmacology, 2008; Meth-
ods in Molecular Biology, 2009). Furthermore, the 
research team has further addressed that prostacyclin 
(PGI2) inhibits the endothelial cell X-linked inhibitor 
of apoptosis protein (XIAP) from ubiquitination and 
degradation through a proteasome-dependent pathway 
(Journal of Cellular Physiology, 2007).

More recently, the research group has further dis-
covered that 14-3-3ε is highly expressed in hepatocel-
lular carcinoma (HCC). Expression of 14-3-3ε signifi-
cantly associated with distant metastasis and survival 
in HCC suggests that 14-3-3 may play an important 
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role in regulating cancer cell metastasis and tumor de-
velopment. The group’s findings further revealed that 
expression of 14-3-3ε is highly correlated with focal 
adhesion kinase (FAK) expression. The research team 
has reported recently that overexpressed FAK predicts 
a high incidence of extrahepatic metastasis and worse 
survival in HCC (Human Pathology, 2009). Since FAK 
has been recognized as a key regulator for cell adhe-
sion and migration, interaction or regulation of FAK 
with 14-3-3 may provide a new mechanism for cancer 
call migration and factors for therapeutic targets. Fur-
thermore, recent findings from the research team sug-
gested a functional single-nucleotide polymorphism 
(SNP) hiding in the promoter region of 14-3-3ε. This 
SNP exchange enhanced transcriptional activity and 
protein expression of 14-3-3ε. Thus, 14-3-3ε, alone or 
combined with FAK, could be a novel prognostic bio-
marker and therapeutic target for HCC.

Figure 5.  Schematic illustration of multiple biochemical 
processes which NSAIDs induce apoptosis via 
suppression of 14-3-3.

E.  Study of Immune System Activated 
by TLR Ligands
Toll-like receptors (TLRs) are pattern recognition 

receptors that interact with components of pathogens 
and transformed cells to activate cells of the innate im-
mune system and also the adaptive immune system. 
For a virus or a bacterium to become a successful 
vertebrate pathogen, it must overcome or alter host 
defense mechanisms, including both innate and ac-
quired immunity. New insights into innate immunity 
not only accumulate knowledge about pathogenesis 
but also provide novel approaches to counter infectious 
agents. Unmethylated CpG oligodeoxynucleotides 
(CpG ODNs) activate immune responses in a toll-like 
receptor 9 (TLR9)-dependent manner. In this study, 

the team found that inhibition of Hsp90β by specific 
inhibitor radicicol or small interfering RNA suppressed 
the induction of IFN-α/β that induced by CpG ODN. 
Additional studies indicated that inhibition of Hsp90β 
impaired the activation of IRF3 induced by CpG ODN. 
These results suggest that Hsp90β/IRF3 dependent 
pathway plays a central role in CpG ODN-mediated 
IFN-α/β production. The knowledge to be obtained 
from this study will facilitate contemplating new pre-
ventives and therapeutics.

Figure 6.  Hsp90β/IRF3 dependent pathway plays a central 
role in CpG ODN-mediated IFN-α/β production.

Regenerative Medicine
The group conducts research in the following 

areas: neural stem cells in basic research and medical 
application, placenta-derived multipotent cells (PD-
MCs), MSCs, and adult hair follicle stem cells. The 
team is also helping guide the creation of a stem cell law.

A.  Neural Stem Cells

1. Transcriptional control of the fate for 
neural stem cells
Fibroblast growth factor 1 (FGF1) has been shown 

to exert neurotrophic, mitogenic, and neuromodulatory 
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 transcription start site was shown to drive a het-
erologous luciferase reporter in cultured cells and the 
SV40 T-antigen in transgenic mice. The 18-bp (–484 to 
–467) cis-elements in F1B promoter is crucial for FGF-
1B expression. In this study, the team demonstrated 
by yeast one-hybrid assay and chromatin immunopre-
cipitation assay that RFX1 binds the 18-bp sequence 
in vivo. Using electrophoretic mobility supershift as-
say, the team further showed that RFX1/RFX1, RFX1/
RFX2, and RFX1/RFX3 dimers specifically bind the 
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18-bp sequence. Nuclear translocation of RFX1 pro-
teins in the FGF1-expressing neurons were found in 
mouse brain cerebrum cortex, hippocampus, and cere-
bellum Purkinje cells. When transiently overexpressing 
the RFX1 in U-1240 MG glioblastoma cells, the team 
found that RFX1 down-regulated the FGF-1B expres-
sion. Interestingly, overexpression of the RFX1 mutant 
that lacks the DNA binding domain also decreased the 
FGF-1B expression levels. Furthermore, knockdown 
of RFX1 by RNA interference increased the FGF-
1B expression. These results suggest that RFX1 may 
negatively regulate the expression of FGF-1B mRNA 
and that RFX1/RFX1 homodimer and RFX1/RFX2, 
RFX1/RFX3 heterodimers may play opposite roles in 
the regulation of FGF-1B mRNA in the brain. Future 
work investigating the regulatory effects of each RFX 
protein on F1B promoter will help elucidate the tran-
scriptional regulation of FGF1 in the brain.

2. Epigenetic modification factors histone 
acetyltransferase and histone deacety-
lase in neural stem cell multipotency
Neural stem cells (NSCs) are a subset of undiffer-

entiated precursors that retain the ability to proliferate 
and self-renew, and have the multipotency to give rise 
to neurons, astrocytes, and oligodendrocytes. Recent 
reports showed that histone deacetylase (HDAC) in-
hibitors can ameliorate deficits in synaptic plasticity, 
cognition, and stress-related behaviors in a wide range 
of neurological and psychiatric disorders, including 
Huntington’s disease and Parkinson’s disease, in ani-
mal models. Therefore, understanding the underlying 
mechanism of epigenetic modification such as histone 
acetylation in neural stem cells may have great poten-
tial for clinical application against neurodegenerative 
diseases. The team found that HDAC inhibitors dif-
ferentiate NSCs into neuron-like cells in a concentra-
tion and time-dependent manner. These differentiated 
cells express increased neuron specific genes such as 
neuron-specific class III β-tubulin (Tuj1) and neurofila-
ments. The team is analyzing the histone acetylation 
and deacetylation factors that contribute to neuron dif-
ferentiation in neural stem cells.

3. Neurogenic stem cell niches in the brain: 
crosstalk between neural stem cells and 
the surrounding cells
The neural stem cell microenvironment, also 

known as the niche, plays an important regulatory role 
in neural stem cell functions, including self-renewal, 
proliferation, migration, and maturation. Investigat-

ing the mechanisms and determining the cellular and 
molecular components in neural stem/progenitor cell-
niche interaction have become increasingly important 
aspects of neural regeneration studies. Using embry-
onic stem cell differentiated neural stem/progenitor 
cells in a co-culture system, the research team found 
that neural stem/progenitor cells can stimulate the pro-
duction of cytokines in brain endothelial cells through 
direct contact. Studies showed that this involves an 
interaction between a type II transmembrane serine 
protease expressed on the cell surface of the neural 
stem/progenitor cells and a cell surface molecule on 
the brain endothelial cells. This interaction activated a 
couple of signaling pathways in the brain endothelial 
cells, ultimately resulting in the production of cytok-
ines. Cytokines have been shown to affect neurons 
and/or neural stem cells maturation, survival, and dif-
ferentiation. Findings in current studies reveal a novel 
mechanism and molecule that regulate the neural stem 
cell-niche interaction loop.

The research team also determined that the ex-
pression of this protease in the central nervous system 
is cell type specific and restricted in the neural stem/
progenitor cells and their differentiated neurons. It is 
absent in the glia cells, the largest cell population in 
the brain. Most importantly, this protease is involved in 
the neural stem/progenitor cell mobility, either directly 
act on or act through the matrix metalloproteinase. It 
promotes stem cell to neuron differentiation but has 
little effect on stem cell proliferation or survival.

neural stem/progenitor cell

Cellular Signal Transduction

cytokine

proliferation

differentiation

protease activated

growth factor activated

proliferation

differentiation

migration

brain endothelial cells

Figure 7. A novel mechanism and molecule regulate the 
neural stem cell-niche interaction loop.

4. A novel FGF1-containing biomaterial nerve 
conduit: fabrication and in vivo evaluation
Obstacles to the reconstruction of damaged periph-

eral nerves include disorganized Schwann cells, glia 
fibrosis, macrophages/lymphocytes infiltration, and 
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degeneration of neurons. Although inhibition of myelin 
formation, reduction of local inflammation, and ad-
ministration of neural growth factors partially enhance 
neurite formation, the sufficient elongation of nerve 
fibers, correct nerve targeting, and functional rescue 
have not been fully achieved. Therefore, if Schwann 
cells or those stem cells with the potential to acceler-
ate repair can be aligned on the biomaterial surface, 
the biomaterial-guided peripheral nerve regeneration 
should be better achieved. In this project, the porosity, 
wall structure, and surface micropattern of the conduits 
were optimized for alignment and growth of neural 
stem cells. The inner surface of the substrates was fab-
ricated with microgrooves and grafted with chitosan-
Au nanocomposites after atmosphere air plasma treat-
ment. The permeability of the PLA films was analyzed 
using bovine serum albumin. Furthermore, the release 
time of FGF1 was prolonged after air plasma grafted. 
In vivo results demonstrated that the novel FGF1-
containing biomaterial nerve conduit provided a com-
bination of physical permissive pathways for nutrient 
diffusion and metabolic product removal, as well as 
biological cues for regenerating axons in repairing rat 
sciatic nerve transactions. This study provided an ani-
mal model to verify the efficacy of the lately developed 
nerve conduit. It is hoped that with these novel ap-
proaches, an effective treatment for functional recon-
struction of the impaired peripheral nerves and related 
congenital nerve diseases will be developed.

natural polysaccharide

Microporous substrate

Figure 8. The novel FGF1-containing biomaterial nerve 
conduit provided a combination of physical 
permissive pathways for nutrient diffusion and 
metabolic products removal and biological cues 
for regenerating axons in repairing rat sciatic 
nerve transactions.

Figure 9. An animal model to verify the efficacy of the 
lately developed nerve conduit.

B.  Human Placenta-Derived Multipotent 
Cells (PDMCs)
Current sources of stem cells include embryonic 

stem cells (ESCs) and adult stem cells (ASCs). Both 
sources, however, are potentially problematic: ESCs 
because of significant ethical considerations, tumori-
genicity concerns, and paucity of cell lines; and ASCs, 
which are possibly more limited in potential. In col-
laboration with Cathay General Hospital, the research 
team has isolated a population of multipotent cells 
from the human term placenta. These placenta-derived 
multipotent cells (PDMCs) exhibit many markers com-
mon to bone marrow MSCs and ESCs, and are capable 
of differentiation into cell phenotypes from all three 
germ layers (Yen et al., Stem Cells, 2005; Chien et al., 
Stem Cells, 2006; Wu et al., Journal of Biomechanics, 
2008; Yen et al., Tissue Engineering, Part A, 2008). 
PDMCs also possess strong immuno-suppressive prop-
erties, which may be useful for future clinical applica-
tions (Chang et al., Stem Cells, 2006).

This year, in terms of further immune characteriza-
tion, it has been found that PDMCs are also resistant 
to natural killer cell (NK) cytotoxicity. In vivo studies 
of PDMCs have been started to evaluate the effect of 
PDMCs in rodent disease models of cartilage, a tissue 
with a limited capacity for self-repair. Finally, both 
Taiwan and U.S. patents on the isolation methodology 
of PDMCs have recently been obtained, and technol-
ogy transfer is currently ongoing to bring this novel 
cell source to the forefront of stem cell therapeutics.

Figure 10.   PDMCs can be differentiated into neurogenic 
(left), adipogenic (middle), and osteogenic 
(right) cells.
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Figure 11.   Uptake of DiI-labeled ac-LDL (red, middle 
column) by PDMCs, followed by staining with 
FITC-labeled lectin (green, left column) and 
merging of the images with DAPI-stained cell 
nuclei (right column).

C. Adult Hair Follicle Stem Cells

Role of TGF-beta and Notch signaling in 
postnatal hair follicle cycling

The hair cycle provides a model system to study 
hair follicle morphogenesis and stem cell biology. 
Hair follicle stem cells, residing in a specialized niche 
called the bulge region, maintain the hair cycle homeo-
stasis by cycling between quiescent and activated state. 
Moreover, hair follicle stem cells can repair the injured 
epidermis after wounding. Since TGF-beta signaling 
has been shown to generate cytostatic effect on the 
epithelium and Notch signaling has been implicated in 
the cell fate determination, the team has been applying 
molecular biology, cell biology, and mouse conditional 
knockout studies to the question of the role of TGF-
beta and Notch signaling in the hair follicle cycling.

Recently, the team developed a Cre knock-in 
mouse to manipulate gene expression in TGF-beta3 
expressing cells using the Cre/loxP system. The team 
has characterized the expression pattern of Tgfb3 dur-
ing epidermal development and hair cycling, and found 
that Tgfb3 has a unique expression pattern in the hair 
follicle and interfollicular epidermis. The group also 
made mutant mice in which Notch signaling has been 
specifically abrogated in the TGF-beta3 expressing re-
gion, and found that Notch-deficient hair follicles have 
defect in terminal differentiation and subsequently con-
verted to epithelial cysts. The outcome of the proposed 
research is likely to be important for understanding 
hair-loss disorder and wound healing in humans.

Figure 12.  Analysis of the expression pattern of Tgfb3 in 
epidermal lineages during hair cycle (anagen, 
categen, telogen) using Rosa 26 reporter mice 
(upper panel). Hair loss along with developmen-
tal hair wave displayed by conditional knockout 
mice with Notch abrogation specifically in the 
TGF-b3 expression domain. Littermate controls 
were included in each picture (lower panel).

D. Mesenchymal Stem Cells

Role of transforming growth factor beta-1 
in immunodulation of human mesenchymal 
stem cells

There are contradictory findings and explanations 
about the inhibitory effects of MSCs on allogenic T 
cells. Last year, the team worked on the mechanisms of 
the immunomodulatory activities of MSCs and found 
that the MSCs from both umbilical cord blood and 
bone marrow showed the cell number-dependent abil-
ity to inhibit allogenic T cell proliferation in co-culture. 
uMSCs demonstrated greater inhibitory responses than 
BM-MSCs. Inhibition of T cell proliferation was not 
due to apoptosis but rather to cell cycle arrest. Inhibito-
ry effects were also observed in transwell co-cultures, 
suggesting that soluble factors played an important 
role. It was found that the production of interleukin-10 
and transforming growth factor-beta (TGF-β) of T cells 
significantly increased after co-culturing with uMSCs. 
Neutralizing antibodies to IL-10 and TGF-β abol-
ished the inhibitory effects. The addition of IL-10 and 
TGF-β into T cell cultures alone significantly reduced 
their proliferation stimulated by phytohemagglutinin. 
Importantly, CD4+CD25+ and CD8+CD25+ T cells 
significantly increased after the co-culturing with uM-
SCs. This research showed that the immunomodulatory 
effects of MSCs on allogenic T cells were through up-
regulating interleukin-10 and TGF-β on T cells, and 
possibly the increase of regulatory T cells. 



22 Institute of Population Health Sciences

Mission
Formally established in 2008, the Institute of Population Health Sciences seeks to: (1) identify issues 

in health-related problems and carry out research in the field of population health sciences; (2) conduct 
well-planned studies based on sound methodologies and through state-of-the-art approaches, with the 
aims of not only furthering knowledge but also helping the formulation of well-thought-out health policy; (3) 
foster research-related cooperation within NHRI and with universities and other institutions, both domestic 
and international.

The Institute of Population Health Sciences is also tasked with gaining a greater understanding 
of the determinants of individual and population health; achieving internationally recognized excellence 
in research areas that focus on epidemiology, clinical trials, systems biology, geriatric medicine, mental 
health, drug addiction, and disease prevention and health policy; and providing an organizational structure 
to, among other things, promote translation of evidence-based research and bridge the gap between re-
search findings and health policy implementation (knowledge translation).
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Major Achievements
Biostatistics and Bioinformatics 
Research

A.  Genetic Studies

1. Progression evaluation and cardiovas-
cular outcomes of hypertensive families 
― a follow-up genetic study of Taiwan 
SAPPHIRe cohort
The research team examined the sex-genotype in-

teraction and sex-specific heritability and quantitative 
trait loci (QTLs) for measures related to obesity. The 
team conducted variance component linkage scans of 
1365 non-diabetic Chinese subjects from the family 
study in the Stanford Asia-Pacific Program of Hyper-
tension and Insulin Resistance (SAPPHIRe) to search 
for QTLs responsible for obesity-related traits.

Sex-specific differences in heritability and the 
genotype-sex interaction effects were substantially 
significant for most of these traits. Several QTLs with 
strong linkage evidence were identified after incor-
porating genotype by sex (G×S) interactions into the 
linkage mapping, including two QTLs for BMI on 
chromosome 12q with MLS 3.37 (empirical p = 0.0043) 
or 3.10 (empirical p = 0.0054) and one QTL for hip 
circumference (MLS = 4.22, empirical p = 0.000033). 
Sex-specific analyses demonstrated that these linkage 
signals all resulted from females, not males. All of 
the regions with linkage signals were observed in one 
gender, but not in the whole sample, suggesting the 
genetic architecture of obesity-related traits does differ 
by gender.

2. Genetic epidemiological study of lung cancer 
in Taiwan and clinical applications (GELAC)
This project has four subprojects, the investigators 

of which work together with clinicians of lung cancer 
in six medical center hospitals. The team has already 
recruited 3204 cases and 2743 controls. Based on the 
human subject resources that the team already accumu-
lated and the results of more than a dozen susceptibil-
ity genes identified in the previous phase, the program 
project will enhance previous research and extend to 
more comprehensive approaches, such as genome-
wide association studies and genomic profiling studies. 
The team has published four papers on candidate gene 
association studies and risk factors for female non-
smoker lung cancer. One of these articles was accepted 
by the American Journal of Epidemiology and led 

the journal’s editor to invite and publish commentary 
on it (“Genes, Environment, and Hybrid Vigor,” by 
Gwinn, Guersous, and Khoury). More precisely, the 
team explored gene-environment interaction for the 
hOGG1 Ser326Cys and smoking; a significant associa-
tion was found in heavy smokers (more than / equal to 
40 pack-years). The odds ratio of Cys/Cys versus Ser/
Ser for non-smokers, mild smokers (1–20 pack-years), 
and heavy smokers were respectively 1.12 (95% CI, 
0.75–1.67), 1.45 (95% CI, 0.74–2.82), and 3.58 (95% 
CI, 1.56–8.20). Similar results were also found in each 
subtype (adenocarcinoma, squamous, and small cell 
carcinoma) of lung cancer. These results may indicate 
gene-environment interaction for the hOGG1 Ser-
326Cys and smoking in lung cancer.

B.  Clinical Trials
The Clinical Trial Statistical Center provides es-

sential data management and statistical support for 
clinical studies. There are 21 ongoing trials conducted 
by NHRI, including one international trial sponsored 
by European Organization for Research and Treatment 
of Cancer, EORTC; the statistical center also sup-
ports some trials conducted at National Cheng Kung 
University Hospital. In addition, 10 trials have been 
completed and 4 are under development. Institute re-
searchers are currently constructing the Clinical Trial 
Information Management System, which will feature 
electronic data capture. Recently, a completed trial on 
prophylactic Lamivudine for chemotherapy-associated 
hepatitis B reactivation in non-Hodgkin’s lymphoma 
resulted in a study published in Hepatology (2008).

C.  Bioinformatics

1. Profiling time course expression of virus 
genes — an illustration of Bayesian in-
ference under shape restrictions
Several previous studies of genome-wide temporal 

transcriptional program of viruses, based on microarray 
experiments, are commonly referred to in the construc-
tion of gene regulation networks. The biological inter-
pretations in these studies, however, appear to be based 
directly on normalized data and some crude statistics, 
and thus provide only rough estimates of limited fea-
tures of the profile and may have biases. Our paper on 
profiling time course expression of virus genes, pub-
lished in the Annals of Applied Statistics, introduced a 
hierarchical Bayesian shape restricted regression meth-
od for making inference on the time course expression 
of virus genes. Estimates of many salient features of 
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the expression profile — including onset time, inflec-
tion point, maximum value, time to maximum value, 
and area under curve — can be obtained immediately 
by this method. Applying this method to a baculovirus 
microarray time course expression data set, the team 
indicated that many biological questions can be formu-
lated quantitatively, allowing new insights into baculo-
virus biology.

2. Database of protein interactomes
Study of interactions with protein partners can 

facilitate greater understanding of cell functions and 
related phenotypes. In this study, the team built protein 
interaction networks in various model organisms from 
recent studies of two-hybrid analysis and inferred in-
teractions deriving from these experimental data with 
estimates of domain association measures. In the cur-
rent project year, the team implemented a statistical 
model in its protein interaction database for validation 
by two-hybrid assays of Helicobacter pylori, Droso-
phila melanogaster, and Candida albicans. The predic-
tion of putative protein interactions may not be discov-
ered experimentally yet. This project, which involves 
work with Academia Sinica, has also established the 
Hub Objects Analyzer (“Hubba-Hubba”), which is a 
framework of interactome hub identification for net-
work biology. Hubba-Hubba’s online services are used 
by scientists worldwide; and its predicted results have 
been validated by several studies.

3. Comparative genomics studies in homi-
noids and the biomedical implications
In previous studies, the research team demon-

strated a large number of human-specific insertions/
deletions (HS indels) that can be identified using a 
comparative genomics approach. HS indels have also 
been shown to affect a large number of human genes. 
In 2009 the team began to investigate whether these 
HS indels have functional implications. The team first 
examined whether these indels are fixed in the human 
population and generated artificial human sequences 
based on the reference human genome and the indel 
polymorphism data retrieved from dbSNP, and then 
aligned these sequences against the reference genome 
as well as against the chimpanzee, rhesus macaque, 
and mouse genomes. The team found that approxi-
mately 42% of the HS indels are fixed in the human 
genome. In other words, more than half of the indels 
are polymorphic. To test whether the 42% estimation 
was an overestimate, the team checked the percent-
age of fixed HS indels in genomic regions of different 
indel polymorphism densities. The results indicated 
that data insufficiency does affect their estimation of 
HS indel fixation rate. The team then examined the 
selection force on these indels, using the DH test and 
the McDonald-Kreitman test. The results of both tests 
indicated that most of the HS indels are not positively 
selected. The team has been preparing a manuscript on 
these results.

4. Genetic principles of molecular and phe-
notypic evolution and their biomedical 
applications
Decoding genetic information in genomes and 

understanding the relations between genotypes and 
phenotypes are two major goals for biologists in the 
post-genomic era. This project aims to establish ap-
plicable knowledge for comparative genomics and 
transcriptomes with two specific directions: (1) search-
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ing and comparing the rate determinants governing 
the evolution of coding regions, and (2) understanding 
the physiological and morphological consequences of 
different types of mutations. Because laboratory mice 
(Mus musculus) are the most commonly used biomedi-
cal model organisms, the research team primarily stud-
ied -omics data from the mouse. The team has built an 
online tool for biomedical researchers to retrieve and 
investigate mouse mutant phenotypes at the genome 
scale. Comparing different types of genes according 
to their associated mutant phenotypes, the team found 
that mutations altering protein sequences tend to have 
physiological consequences, whereas mutations al-
tering gene expression tend to affect morphological 
traits. This general rule is applicable for future studies 
in identifying the causes of human heritable diseases 
and in choosing appropriate organisms for animal drug 
testing.

D.  Research in Public Health and 
Epidemiology

1. Establishment and extension of sampling 
and data coordinating center for the Na-
tional Health Interview Survey
The National Health Interview Survey (NHIS) 

is a large-scale joint collaborative project between 
NHRI and the Taiwan Department of Health’s Bureau 
of Health Promotion and Bureau of Controlled Drugs. 
The project is held every four years, with participants 
randomly sampled from people who reside on Taiwan 
proper or on some of Taiwan’s small islands. To date, 
there have been two completed surveys and datasets: 
the 2001 NHIS and the 2005 NHIS. The research team 
is in the middle of the third survey, the 2009 NHIS, 
which is expected to have some 30,000 participants. 
The team has completed the sampling design for the 
2009 NHIS and also completed the data release process 
for the 2005 NHIS dataset with the linked National 
Health Insurance (NHI) datasets: 2001–2005 for the 
2001 NHIS and 2004–2006 for the 2005 NHIS.

The research team has already had a paper on 
this accepted by Clinical Nutrition. This paper mainly 
discusses heterogeneity in obesity indices (body mass 
index, waist circumference, and waist-hip ratio) in 
predicting metabolic disorders of adult Taiwanese ages 
35–65. The team accessed subgroup differences in age, 
gender, and smoking status, etc. The datasets involved 
in this report included the 2001 NHIS dataset and a 
follow-up cross-sectional study on problems such as 
hypertension, high cholesterol, and diabetes.

2. Statistical methodologies in environmen-
tal exposure assessment and applications 
in dioxin risk assessment
The primary goal of the project is to develop statis-

tical methodologies with applications in environmental 
health risk assessment and exposure assessment. The 
main achievements to date are as follows:

Applications using physiologically based toxicoki-••

netic model: the research team has published two 
papers using the PBTK model to retrospectively 
estimate the exterior exposure with repeated blood 
concentrations. One appears in the Journal of Math-
ematical Biology; the other is found in Stochastic 
Environmental Research and Risk Assessment.

Occupational exposure assessment: the research ••

team has published one paper in Annals of Occu-
pational Hygiene, the leading journal in industrial 
hygiene. This paper deals mainly with sampling 
strategies to determine long-term exposure trends; 
the study behind the paper was supported, in part, by 
the Council Labor Affairs of Taiwan. Using the as-
ymptotic results of a generalized linear model with a 
generalized estimating equation approach, the team 
derived samples sizes and the number of repeated 
measurements needed to achieve certain statistical 
power with pre-specified significance level.

Research related to health risk assessment: the ••

team has completed a risk assessment of importing 
beef from the United States — a project supported 
by the Department of Health of Taiwan. This report 
is serving as a major guideline for related govern-
ment regulatory policy. The team has estimated the 
reaction rate of the abnormal prions in human brain 
according to the event history and beef intake in 
Britain during the BSE prevalence period, so that 
uncertainties in risk assessment and prediction of 
future vCJD epidemic will greatly be reduced. The 
team has also derived the safety level of melamine 
content in infant formula, based on the recent in-



26 Institute of Population Health Sciences

cidence of kidney stones in children who were ex-
posed to melamine-adulterated milk.

Dioxin exposure assessment related to municipal ••

solid waste incinerators: using a statistical permu-
tation test, the research team has found very sig-
nificant associations between soil dioxin levels and 
distances to the nearest incinerator. The team has 
also proposed a robust permutation test for homo-
geneity in PCDD/Fs congener profiles in compar-
ing dioxin fingerprints. The methodology has the 
advantage of being robust and more powerful in 
this particular statistical multivariate analysis case.

Health impact of air pollution: the research team ••

is investigating associations between air pollutants 
and different health impacts, linking EPA environ-
mental monitoring dataset and mortality records, 
hospital emergency room visits records, and the 
National Health Insurance datasets.

E. Statistical Methodological Research
1. Genetic statistics methodological stud-

ies: multipoint association mapping for 
complex diseases
The research team extended the multipoint linkage 

disequilibrium mapping method that it proposed previ-
ously to incorporate covariates into association map-
ping. The covariates could be quantitative or qualita-
tive environmental or genetic factors. Both parametric 
and non-parametric models were employed to model 
the relationship between these factors and the genetic 
effect of the disease locus.

This is a unique and robust approach in that no 
assumption about the genetic mechanism is required 
other than that the region contains no more than one 
susceptibility locus for the qualitative trait while 
multiple markers were incorporated in the analyses 
simultaneously. It provides an estimate of the genetic, 
environment, gene-environment interaction effects, and 
the location of the disease locus, along with sampling 
uncertainty to help investigators to narrow down chro-
mosomal regions putatively harboring a disease gene. 
Most of the current association mapping approaches 
are hypothesis testing rather than point estimating; this 
approach is therefore relatively simple and easy, yet at 
the same time robust and informative, and provides a 
powerful approach for association mapping. The team 
showed that both precision and accuracy of estimating 
the disease loci were improved after incorporating co-
variates, which further helps elucidation of the etiology 
of the disease.

2. Clinical trial methodological studies: sta-
tistical methodological research in evalu-
ation of pharmaceutical products
A new strategy and methodology of optimal two-

stage screening designs based on continuous efficacy 
endpoints is proposed for efficient and cost-effective 
designs to screen potential candidates, based on the 
idea of the proof of the concept for efficacy in a rapid 
and reliable manner. The proposed two-stage screen-
ing designs minimize the expected sample size if the 
new candidate has low efficacy activity subject to the 
constraint upon the type I and type II error rates. Based 
on the concept that the phase II and III development 
is considered a single clinical trial, the research team 
has proposed a phase II/III adaptive design based on 
continuous efficacy endpoints. For the phase II stage, 
a randomized parallel design with several doses and a 
concurrent placebo group was employed to determine 
the dose-response relationship and selection of doses 
for the confirmation stage. After the best dose is cho-
sen, the patients of the selected dose group and placebo 
group will continue, entering the phase III stage. In ad-
dition, new patients will be recruited and randomized 
to receive the selected dose or placebo group for the 
phase III part. At completion of the confirmation stage, 
the final analysis is performed with the cumulative data 
of patients from both stages. Since it is a single trial 
with controlling overall type I and II error rates, with 
proper allocation of rejecting probabilities, the pro-
posed phase II/III adaptive design can not only reduce 
the sample size but also improve the success rate.

3. Designs and evaluations in non-inferiority 
trials
The research team focused on the designs for an 

active control non-inferiority trial with the response 
rate as the endpoints. The team has established the 
statistical hypotheses based on the difference and the 
relative risk of the response rates for the treatment 
group and active control group, respectively. The test 
statistics of the corresponding hypotheses have been 
established. To address the issue of constancy condi-
tion, the team utilized type I error rates associated with 
the VC method and ICIC method when the treatment 
effect was expressed in terms of the relative risk. The 
research team also evaluated the empirical type I error 
rate by simulation. In non-inferiority trials, it may be 
advisable to conduct a three-arm trial (including a pla-
cebo, an active control, and the new treatment), called 
a “gold standard” design, if it is ethically justifiable. 
The team investigated the problem of assessing non-in-
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feriority in a gold-standard design based on the differ-
ence of the response rates of a clinical event associated 
with the experimental treatment, the control treatment, 
and the placebo. The statistical model was constructed 
and the statistical testing problem was formulated in 
terms of the difference of the response rates.

F.  Biostatistics/Bioinformatics 
Workshops
“Current Advanced Statistical Issues in Clinical 

Trials ― Flexibility and Globalization,” was held on 
November 21, 2008; there were more than 200 partici-
pants.

Geriatric Research
The institute’s geriatric research team strives to 

improve quality of life and promote successful aging 
for the elderly in Taiwan. The division designs and 
conducts research programs to explore the issues of ge-
riatric syndromes from community/epidemiology and 
clinical aspects, to support geriatric fellowship training 
programs at newly established geriatric divisions/de-
partments at medical centers, and to promote and lead 
collaboration and the sharing of research results for the 
continuing improvement of geriatric care quality.

A. Community/Epidemiology
1. Apolipoprotein E genotype and physical 

function
The research team examined the association be-

tween the apolipoprotein E (APOE) gene and func-
tional changes in a cohort study of 924 elderly people 
during a three-year follow-up period. During follow-
up, 91, 79, and 35 participants were identified as hav-
ing declines in mobility, IADL, and ADL, respectively. 
Odds ratios for subjects carrying the APOE ε2 or ε4 
allele were estimated using conditional logistic regres-
sion adjusting for risk factors relevant to functional 
decline. The results indicate that the presence of the 
APOE ε2 and ε4 alleles does not have a direct link with 
the decline of physical function at different stages.

2. Risk factors for hip fracture in older people
The research team conducted a case-control study 

of 228 patients with first low-trauma hip fracture and 
497 controls without hip fracture to determine impor-
tant characteristics of hip fracture in older population. 
All 77 potential risk factors of hip fracture organized 
into 13 groups were analyzed using conditional logis-
tic regression. The research team found that low milk 
intake, peak flow rate, hand grip strength, and bone 

mineral density in women, and low mini-mental state 
examination score and bone mineral density in men, 
were further identified to be independently associated 
with elevated hip fracture risk.

3. Taiwan isoflavone multicentric enroll-
ment study
Phytoestrogen from soy-based foods has been pro-

posed as an alternative to traditional hormone replace-
ment therapy. Together with National Taiwan University 
Hospital, Changhua Christian Hospital, and National 
Cheng Kung University Hospital, the institute has been 
investigating the effects of isoflavone on bone mineral 
density and metabolic syndrome in Taiwanese women 
with postmenopausal osteopenia. A total of 431 sub-
jects were randomized. Although there was no signifi-
cant interaction between isoflavone treatment and the 
progression of time, the reduction of BMD over time 
tended to be less in patients treated with isoflavone after 
two years of treatment with 300 mg isoflavone per day.

4. Comprehensive geriatric nutritional 
assessment in Taipei
From January to December 2009, the research 

team recruited 200 non-instituted subjects in Tai-
pei ages 40 years or older: 158 subjects ages 40–64 
(“adults”) and 42 subjects age 65 or older (“elderly”). 
The research team found that the adult group had 
higher body height and body fat than the elderly group. 
The elderly, however, had higher blood pressure than 
the adults, both in systolic and diastolic BP. The team 
also found that members of the adult group had higher 
calorie intakes, including total calorie and individual 
macronutrients in carbohydrate and fat, compared to 
the elderly. Furthermore, there was a significant dif-
ference in macronutrients percentage (fat). The total 
calorie intake of elderly in our study was less than the 
recommended amount. The adults had higher resting 
metabolic rate (RMR), calf circumference (CC), and 
albumin than the elderly. Additionally, the research 
team found various prevalence of malnutrition rang-
ing from 0 to 40.5% among these subjects, depending 
on the definitions used, such as difference of low cho-
lesterol between the adult and elderly groups. There 
was no malnutrition using albumin, MNA, or NSI. 
The elderly had a higher prevalence of low cholesterol 
than the adults. The team also found that the elderly 
had lower levels of chromium, copper, and selenium 
than the adults. However, there was no significant dif-
ference between the elderly and the adults for vitamin 
B12, ferrous, and zinc levels. 
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B.  Clinical Geriatric Syndrome Studies

1. Geriatric syndrome research in Taiwan
Researchers compiled an overview of studies over 

the past two decades related to geriatric syndrome in 
Taiwan. Three English-language databases (Medline, 
Pubmed, and PsyInfo) and two Chinese-language da-
tabases (Chinese Periodical Index and Chinese Jour-
nal Resources of the Science & Technology Policy 
Research and Information Center) were used in the 
search. Studies published between January 1989 and 
March 2009 (inclusive) were included. A total of 255 
studies were found, with some studies being placed 
in more than one classification. A total of 142 studies 
(55.7%) were related to geriatric syndrome. Mean-
while, 54 (21.2%) studies were related to functional 
decline, frailty, and fall; 49 (19.2%) were about cogni-
tive functions and depression; 17 (6.7%) were concern-
ing nutrition, obesity, and metabolism. Studies related 
to gerontology comprised about 29.0% (74 studies) of 
the total; of these, 34 (13.3%) studies were about emo-
tional reactions, social activities, and communication; 
and 26 (10.2%) focused on quality of life. A total of 
35 studies (13.4%) were related to geriatric care, with 
many of them dealing with long-term care and home 
care (17 studies, 6.7%). Only 4 studies (1.6%) were 
related to geriatric education and policy.

2. Cerebrovascular correlates of physical per-
formance and cognitive function in old age
In order to clarify the possible cerebrovascular 

mechanisms of cardiovascular risks in the development 
of aging phenotypes, carotid ultrasound and brain mag-
netic resonance imaging are used to evaluate carotid 
atherosclerosis and cerebral white matter lesions. Com-
prehensive examination of selected geriatric syndromes 
— such as cognitive impairment, gait/balance distur-
bance, falls, and depression — are also performed. To 
date (2006–2009), 343 community-dwelling volunteers 
have agreed to participate. Blood samples of 343 vol-
unteers have been collected; and questionnaires for 311 
volunteers have been administered. MRI examinations 
for 294 volunteers and carotid ultrasound for 305 vol-
unteers have been accomplished.

3. Relationship of homocysteine levels to 
quadriceps strength, gait speed, and 
late-life disability in older adults
Elevated homocysteine is known to cause tissue 

injury by oxidative stress, endothelial damage, and 
protein homocysteinylation. It is also associated with 

multiple age-related problems, such as cardiovascular 
diseases, dementia, and osteoporotic fracture. Little, 
however, is known about the role of homocysteine in 
physical disability among older adults. The research 
team elucidated that elevated homocysteine is associ-
ated with disability, instrumental activities of daily liv-
ing, leisure and social activities, lower extremity mo-
bility, and general physical activities. Homocysteine, 
however, has an inverse relationship to quadriceps 
strength and gait speed. Likewise, quadriceps strength 
seems to mediate the inverse association between ho-
mocysteine and gait speed. Elevated homocysteine is 
associated with multiple domains of disability, medi-
ated in part by muscle strength and gait speed. The 
results suggest that homocysteine level may be an im-
portant indicator of performance status in older adults.

4. Comprehensive geriatric assessment and 
the frailty study of elder patients
From January 2007 to August 2009 the research 

team recruited 189 patients in the experimental group 
and 133 patients in the control group. The team de-
vised a multidimensional and inter-disciplinary com-
prehensive geriatric assessment process for collecting 
the information; the project aims to understand the 
medical, psychosocial, and functional problems of the 
frail elderly and to recommend a care plan for treat-
ment and long-term follow-up. The 189 patients in the 
experimental group have completed the first year com-
prehensive geriatric assessment and the frailty study. 
According to physical status, 36 were frail, 105 pre-
frail, and 48 non-frail. The study selected subjects for 
MRI study on muscle, with 57 such cases completed 
so far. Results show that the muscle volume of frail 
patients from the MRI result has a positive relation-
ship with the predictive muscle volume from the bio-
electrical impedance analysis with a segmental body 
composition analyzer. Among the 189, the activities of 
advanced glycation end products in 95 patients’ urine 
were related to aging. The team is identifying the mo-
lecular weights and amino acid sequences of potential 
proteins.

5. Validation of the Chinese-Canadian 
study of health and aging clinical frailty 
scale (CSHA-CFS) telephone version
This was a cross-sectional validation study of 

the Chinese CSHA-CFS telephone version (TV). The 
study pool consisted of 67 patients of outpatient clin-
ics at a tertiary medical center in Taipei, Taiwan. They 
were enrolled in the program Comprehensive Geriatric 
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Assessment and the Frailty Study of Elderly Patients. 
The CSHA-CFS physician version (PV) is a 7-point 
scale assigned after comprehensive geriatric assess-
ments. A higher score indicates frailer status. The Chi-
nese CSHA-CFS TV included 17 questions adapted 
from the physician version. Two trained research assis-
tants conducted the telephone interviews. Administra-
tion time was less than 3 minutes. Standard reliability 
and validity measures were applied. Three-fifths of the 
subjects were older than 75 years; and half of them 
were females. Inter-rater reliability was achieved with 
weighted kappa of 0.684, (p = 0.002) between first 20 
ratings from two interviewers. Criterion validity was 
achieved with weighted kappa of 0.689 (p < 0.0001) 
and Kendal’s tau of 0.612 (p < 0.0001) between the TV 
and the PV scores. Divergent validity was demonstrat-
ed with significant correlation but only fair agreements 
comparing both TV and PV scores with the Cardiovas-
cular Health Survey phenotypic definition of frailty. 
One could conclude that the Chinese CSHA-CFS TV 
appears to be a quick, reliable, and valid frailty screen-
ing instrument for community-dwelling elderly.

Mental Health and Addiction 
Medicine

The team conducts multi-dimensional transla-
tional 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, psychi-
atric medicine, and addiction medicine.

A.  Basic/Clinical Research
1. Epidemiology of psychotropic drugs and 

mental disorders
Epidemiology of child and adolescent mental dis-••

orders in Taiwan: utilizing the National Health In-
surance Database, the study has reached its expect-
ed goals, finding that data suggest that the treated 
prevalence of autism and other developmental 
disorders has increased over time, that autism has 
been identified at progressively earlier ages, and 
that autism was associated with comorbidity with 
other behavioral and medical disorders. There also 
were significant urban-rural differences in these 
measures, suggesting a disparity in services favor-
ing the urban settings. As early diagnosis and in-
tervention are crucial for the care of children with 
autism, the discrepancy is an issue that requires the 
attention of clinicians and policymakers.

Epidemiology of psycho-pharmacological research ••

(NHIS program): the Psychopharmaco-Epidemi-
ological Research Group — an ongoing research 
group that includes psychiatrists, epidemiologists, 
health economists, and biostatisticians — uses the 
National Health Insurance Database to focus on 
issues related to the utilization patterns and health 
risks of benzodiazepines and has identified trends 
of potential abuse and misuse, as well as associated 
health risks, such as hip fractures and accidents. 
For example, this research group has probed some 
risk factors and found that some accidents (i.e., hip 
fractures) and adverse health effects (i.e., demen-
tia) were significantly related to discontinuous or 
long-term benzodiazepine use.

2. Research on clinical pharmacogenomics
Clinical pharmacogenomics of antidepressant re-••

sponse: the purpose of this study is to learn how 
metabolic and pharmacodynamic genetic polymor-
phisms could be indicators for depressive symp-
toms, treatment responses, and optimal therapeutic 
drug concentrations in patients medicated with the 
antidepressants escitalopram (ECIT) or paroxetine 
(PAR). This study mainly examined drug metabolic 
enzyme activities through the cytochrome P-450 
family isozymes of CYP2D6, 2C19, and 3A4 of 
genetic polymorphisms. In the preliminary study 
of ECIT, the CYP2C19 genetic polymorphism may 
predict the serum concentrations of ECIT through 
the gene-dose statistical model. Serum ECIT levels 
were twice as high for the poor metabolizers than 
the extensive metabolizers. The CYP2C19 genetic 
polymorphisms in the gene dose model, however, 
were not related to the ECIT treatment response. 
In the model for CYP2D6 genetic polymorphisms 
estimated by semi-quantitative gene doses, the 0.5 
intermediate metabolizers defined by the T-allele in 
rs1065852 and the G-allele in rs3892097 had faster 
and better ECIT treatment response compared to 
non-0.5 intermediate metabolizers. The *18 al-
lele frequency in CYP3A4 was too low for further 
statistical analyses. In drug treatment response and 
depressive symptoms of analyses, drug plasma 
concentrations and treatment responses were im-
proved in both ECIT and PAR groups of patients 
at week 8. More results will be reported following 
further statistical analyses and will be reported in 
literature as a series.

3. Genetic studies of psychiatric disorders
Functional genomic study of psychoactive drug tar-••
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gets: Dr. Chen’s laboratory has been investigating 
the molecular mechanism of action of antipsychot-
ics using functional genomic approaches, including 
gene expression analysis and proteomics study. Dr. 
Chen and his team have studied a number of antip-
sychotic drugs, including risperidone, haloperidol, 
clozapine, and olanzapine. Recently, the team ana-
lyzed the brain gene expression profile under the 
chronic treatment of aripiprazole, which was the 
first antipsychotic drug of partial agonist of dop-
amine receptor, and found several differentially ex-
pressed genes under the chronic administration of 
aripiprazole, including early growth response gene 
1, 2, 4 (Egr1, Egr2, Egr4); chromobox homolog 7 
(Cbx7); cannabinoid receptor (Cnr1); catechol-O-
methyltransferase (Comt); protein phosphatase 2c; 
magnesium dependent (Ppm2c); tachykinin recep-
tor 3 (Tacr3); Wiscott-Aldrich syndrome-like gene 
(Wasl); and DNA methyltransferase 3a (Dnmt3a).
Etiological studies of major psychiatric disorders: ••

the etiology of major psychiatric disorders can be 
largely attributed to genetic mutations. Dr. Chen’s 
laboratory investigated the genetic underpinnings of 
patients with major psychiatric disorders using an 
integrated and systemic genetic approach, includ-
ing cytogenetic examination, molecular cytogenetic 
analysis, and molecular genetic studies. The labo-
ratory recently identified a terminal deletion of 5p 
that contributed to mental retardation complicated 
with psychotic behaviors in a three-generation fam-
ily. This finding has been published in Clinical Ge-
netics (2008; 73:585–90). The team also found that 
variants of the PRKC, apoptosis, WT1, and regula-
tor (PAWR) gene were associated with schizophre-
nia, which provided a genetic clue that an aberrant 
dopamine receptor signaling pathway is involved in 
the pathogenesis of schizophrenia.
Schizophrenia candidate genes search at chro-••

mosome 22q12 genomic area: in a previous in-
ternational linkage study of schizophrenia that 
included Taiwanese samples, the marker D22S278 
(22q12.3) was significantly linked to schizophre-
nia. The research team conducted fine mapping of 
the implicated genomic region, using 47 validated 
single nucleotide polymorphism (SNP) markers 
around 1 Mb of D22S278, in a Taiwanese sample. 
The team examined the association of these SNPs 
and their haplotypes with schizophrenia and with 
subgroups defined by the presence and absence of 
deficits in sustained attention. The team also ex-
amined subgroups defined by deficits in categories 

achieved in the Wisconsin Card Sort Test. Three 
of five candidate vulnerability genes (RASD2, 
APOL5, MYH9, EIF3S7, and CACNG2) had mar-
ginally significant associations with schizophrenia. 
RASD2, MYH9, and CACNG2 may be vulnerability 
genes for neuropsychologically defined subgroups 
of schizophrenic patients.

4. Research on cell biology/psychoneu-
roimmunology/electrophysiology animal 
behavior

Regulatory mechanisms underlying microglial ••

choice in synthesizing pro- or anti-inflammatory 
cytokines: this project demonstrated that inflamma-
tory responsiveness of rat microglial cells is strain 
specific using primary microglial cultures derived 
from neonatal LEW/N and F344/N rats. Compared 
to F344/N microglia, LEW/N microglia constitu-
tively and upon lipopolysaccharide stimulation ex-
press more inflammatory mediators and fewer anti-
inflammatory molecules. Hence, LEW/N microglia 
are likely to be more reactive to lipopolysaccharide 
and relatively incompetent to suppress inflamma-
tion, which may contribute to differential suscep-
tibilities to a variety of inflammation-related CNS 
disorders between LEW/N and F344/N rats. Fur-
thermore, LEW/N astrocytes, in contrast to F344/N 
astrocytes, exhibit elevated basal and induced ex-
pression of exon-specific BDNF transcripts, which 
may be, at least in part, secondary to enhanced 
BDNF autocrine action in LEW/N astrocytes. El-
evated production of astrocytic BDNF may serve 
as a compensatory mechanism to maintain homeo-
stasis in inflammation-susceptible LEW/N rats. 
This finding has been published in the Journal of 
Neuroimmunology (2009; 211:23–38).
TLR’s early activation as a mechanism of psy-••

choneurological diseases: the project uses a unique 
model developed by Dr. Lin to study the process 
of neurodegeneration during early stages of devel-
opment when clinical symptoms are absent. The 
model thus is effective in studying the pathogenesis 
in manners mimicking human neurodegenerative 
diseases. The data demonstrated that the damage 
of neuronal system by LPS was initialized through 
TLR pathway. The results are shown in Table 1, 
Table 2, and Figure 1. This work was published in 
Brain Research (2009; 10; 1265:196–204).
Behavioral studies revealed that dopaminergic 
and serotoninergic neuron reduction caused by 
prenatal LPS exposure will increase anxiety-like 
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behaviors in affected rats. The prenatal LPS ex-
posed rats also showed increased stress responses 
compared to control rats; their depressive behavior 
also increased. These findings suggest that expo-
sure to environmental toxin at the critical window 
of embryo development might increase the risk of 
developing mental disorders in adulthood.

Table 1.  Comparison of SN and VTA THir cell counts and 
dorsal raphe TPHir cell counts between prenatal 
saline and LPS groups.

Table 2.  DA, HVA, and HVA/DA ratios in the regional 
brain tissues.

Figure 1.  Tyrosine hydroxylase immunoreactivity (THir) 
of the sustantia nigra (A and B) and tryptophan 
hydroxylase immunoreactivity (TPHir) of the 
dorsal raphe nucleus (C and D). (A and C) 
Prenatal saline exposure; (B and D) prenatal li-
popolysaccharide (LPS) exposure; SNc: substan-
tia nigra pars comacta; SNr: substantia nigra pars 
reticulate. Note that the reductions of TPHir cells 
were present in the B and D. Bar = 250 μm.

Role of hippocampal neurogenesis in major de-••

pression: this project is to study the role of neuro-
genesis in the pathogenesis of depression. Because 
of advances in neuro-imaging techniques, previous 
studies found that patients with major depres-
sion had reduced volume in prefrontal cortex and 
hippocampus areas. The research team used two 

major depression models to study the relationship 
between neurogenesis and major depression. The 
first model was using chronic mild stress to induce 
depressive behavior; the second model was the 
learned helplessness animal model of depression, 
which mimics the hopeless and helplessness be-
havior of the depression patients. The team found 
strain differences in response to chronic mild stress 
in the first model; the main reason for this is prob-
ably different sensitivities in stress response. The 
effect of chronic mild stress on neurogenesis is 
also different among different strains. From the 
second model, which used strong stress to induce 
helplessness behavior, the team found the neuro-
genesis is reduced in the rats that showed reduced 
helplessness behavior. This reduction was mainly 
in the dorsal region of the hippocampus, which is 
involved in learning and memory function. The rats 
that did not show learned helplessness behavior 
after strong stress also showed signs of disturbance 
in the neurogenesis. The underlying mechanism, 
however, was different from that of the helpless-
ness rats. The team is currently using a microarray 
system to probe the mechanisms that regulate neu-
rogenesis in rats that are showing different behav-
iors, in hope of improving our understanding the 
etiology of major depression.
Microglial innate immunity in Alzheimer’s dis-••

ease: Alzheimer’s disease afflicts approximately 
25 million people worldwide; no cure has yet 
been found. Recently, microglia-mediated neuro-
inflammation has been implicated in Alzheimer’s 
pathogenesis. Thus, there is a growing consensus 
that modulation of microglial activation may con-
fer means for therapy. The research team proposed 
that a highly desirable combination of features 
— ablated bystander neurotoxicity coupled with 
enhanced phagocytosis — is essential in regulation 
of microglia-mediated neuro-inflammation. The 
data suggested that PPARγ as well as EP2 may be 
involved in the regulatory machinery of microglial 
activation. Recently, the team reported that a newly 
synthesized compound may exert such dual func-
tions. Unlike the conventional non-steroidal anti-
inflammatory drugs, the team showed that its lead 
compound not only inhibited microglial immune 
responses, but also showed ability to promote mi-
croglial Aβ phagocytosis. The results indicated that 
the lead compound possesses properties with desir-
able functions in modulating microglial activation, 
which may be beneficial for Alzheimer’s disease.
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5. Multidimensional integrated transla-
tional research on addiction
The research team has formulated comprehensive 

basic, clinical, and public health research plans as elab-
orated in the proposal titled “Multidimensional Inte-
grated Translational Research on Addiction” (MITRA), 
with opioid addictions and their treatment as the initial 
focus. The programs are fully integrated and work on 
clinical phenomenology, comorbidity, medical conse-
quences, outcome, treatment response, and innovative 
intervention strategies, as well as on the mechanisms 
responsible for addiction and drug effects, utilizing 
established animal and cellular models. An integrated 
basic research program with seven of laboratory-
based researchers has been established; it will enable 
the team to examine different aspects of the effects of 
opioids on pregnant murines and their offspring. The 
team has made significant strides on all fronts. Mean-
while, the clinical research programs have established 
an integrated collaborative clinical network, including 
Taoyuan Mental Hospital, Bali Mental Hospital, Jianan 
Mental Hospital, Taipei City Hospital, China Medical 
University Hospital, En-Chu-Kong Hospital, Taichung 
Veterans General Hospital, and Far-Eastern Memorial 
Hospital. Via the established standardized operational 
procedure of sample recruitment, assessment, data col-
lection, and analysis, the research group currently is 
targeting etiology and treatment issues of opioid addic-
tion and conducting five clinical projects:

study of cardio-ph•• ysiology and heredity in heroin 
addiction and methadone maintenance treatment;
predictors of methadone maintenance treatment in ••

opioid addicts;
prospective study of highly addictive substance ••

abusers;
effects of the N-Acetyl-Cysteine augmentation on ••

opioid-replacement programs;
therapeutic drug monitoring and a pharmacog-••

enomic study of methadone therapy.

B.  Platform/ Core Facility

1. Taiwanese Psychiatric Research 
Network (TPRN)
The research team aims to establish a nationwide, 

integrated infrastructure for clinical and translational 
research for psychiatry, clinical neuroscience, and bio-
directional translational research. Through its disease 
and therapeutic modality team, the TPRN will address 
relevant and important issues related to depression, 
schizophrenia, and addiction medicine and will estab-

lish a platform to integrate with collaborating hospitals, 
statistics centers, and laboratories. A therapeutic drug 
monitoring system has been established within the 
system to back up the clinical studies to evaluate such 
factors as the parameters of drug absorption, distribu-
tion, and metabolism of pharmacokinetics genes or 
pharmacodynamic, treatment outcome, adverse effects, 
and compliance of the study subjects. Antipsychotics 
(clozapine), antidepressants (paroxetine, escitalopram, 
and venlafaxine), and opioids agents (methadone and 
buprenorphine) are already available through the thera-
peutic drug monitoring system.

2. Animal Core
The Animal Core supports the basic science re-

search program of opioid addiction in order to serve 
seven sub-projects within the addiction program. It 
ensures the unified animal treatment protocol is carried 
out correctly and provides needed animals for each 
of the participant laboratories. Major treatment fac-
tor groups include normal saline, lipopolysaccharide 
(LPS), morphine, morphine plus LPS, methadone, and 
buprenorphine. Pregnant Sprague-Dawley (CD®IGS) 
female rats were randomly assigned to different groups 
and were subcutaneously injected with 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 observes and reports variances of behavioral 
outcome, weight, rate of the offspring, etc., for each 
sub-project.

C.  Education/Training
The institute, in collaboration with the Taiwanese 

Society of Addiction Sciences, has established the 
Taiwanese Addiction Fellowship Training Program. 
This three-year training program in addiction science 
includes one year of clinical training and two years 
of research training. To date, after careful review, 
the program has enrolled twelve highly qualified and 
exceptionally motivated attending physicians. The 
orientation ceremony that marked the beginning of 
the training program began on October 20, 2008. The 
curriculum covers basic science, as well as practical 
training that includes a weekly practicum for one year 
on NHRI’s Zhunan campus. Other training sites for the 
year’s clinical training — which are located in north-
ern, central, and southern Taiwan — include the Taipei 
City Psychiatric Center, Beitou Armed Forces Hospital, 
Tri-Service General Hospital, Tsao-Liao Psychiatric 
Center, China Medical University Hospital, Taichung 
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Veterans General Hospital, Changhua Christian Hos-
pital, and Chia-Nan Psychiatric Center. The training 
aspect of the initiative aims to train a new generation 
of clinician-researchers (physician-scientists) who 
will serve as leaders in the field of addiction science in 
Taiwan.

Health Policy Research and 
Development

Public Health

A. Health System

1. Pharmacoeconomic and pharmacoepide-
miologic research on new medical tech-
nology, new drugs economics and post-
marketing drug safety
This research takes into consideration three major 

issues related to the introduction of new drugs: drug 
safety, economic evaluation, and health policy. The 
research team used the National Health Insurance Da-
tabase to conduct these drug-related studies. The major 
findings include: (1) patients using the new drug for 
diabetes mellitus, thiazolidinediones, may increase the 
risk of hospital admission due to cardiovascular disease 
complications; (2) the use of a new anti-thrombotic 
drug, clopidogrel, is more expensive than aspirin plus 
PPI but associated with fewer gastrointestinal adverse 
events; (3) the infant stool color card screening policy 
has a positive effect on early discovery of biliary atre-
sia cases and decreased related medical cost; and (4) 
compared to other treatments, use of Helicobacter 
pylori triple therapy not only showed decreased risk of 
hospital re-admission due to peptic ulcer bleeding or 
perforation, but also displayed an increased interval of 
re-admission.

2. Use patterns and pharmacoeconomic 
evaluation of psychotropic medications
This study compared costs and treatment outcomes 

for second-generation antipsychotics and new antide-
pressants versus their respective conventional alterna-
tives. The preliminary results indicate that second-
generation antipsychotic treatments of less than 12 
months, compared to sulpiride therapy, were associated 
with increased costs of health services and outpatient 
services. However, costs of health services and outpa-
tient services of second-generation antipsychotic treat-
ments that lasted at least 12 months were comparable 
to those of sulpiride. Furthermore, treatments of less 

than 6 months with the newest antidepressants, com-
pared to conventional antidepressant therapies, were 
associated with increased utilization and costs of health 
services and outpatient services. However, utilization 
and costs of health services and outpatient services of 
the newest antidepressant treatments that lasted at least 
6 months were comparable to those of conventional 
antidepressant treatments.

3. Priority setting in the healthcare system
This project has two major tasks. The first is to 

find information-focused approaches that can examine 
Taiwan’s national health expenditure data for informa-
tion useful for setting priorities in Taiwan’s healthcare 
system. The second is to develop methods to elicit the 
public’s views about equity in Taiwan’s health sys-
tem and to construct an appropriate priority-setting 
process. In 2008, this project produced several papers 
on three major tasks: (1) analyzing the effects of the 
National Health Insurance policies that are related to 
pharmaceutical consumption and priority setting; (2) 
investigating and analyzing the statuses, key decision, 
and operation patterns in Taiwan’s National Health 
Insurance system; and (3) examining public opinion on 
priorities for the National Health Insurance’s resources 
and equity issue in this system. Work in this area continues. 

B.  Health Promotion, Health Care, and 
Health Management

1. Building a patient-safety system
In 2008, the research team interviewed 35 admin-

istrative-level hospital personnel to investigate the 
safety issue in healthcare institutes. The results showed 
that pharmacists had a higher perception of job stress 
and the most positive attitude toward patient safety. 
There were no significant differences among other 
kinds of healthcare personnel. After five years of the 
patient safety project, the team held a patient safety 
conference with participation form government ad-
ministrators, social and public experts, and healthcare 
providers. Nine professionals presented different issues 
on patient safety. A conclusion and a report have been 
submitted to all related governmental branches and or-
ganizations for future policy reference.

2. Study of public’s health literacy in Taiwan
In 2008, the research team finished a health lit-

eracy research instrument, with help from input by 
public health experts, clinicians, education psycholo-
gists, linguists, and mass media experts. Qualitative 
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and quantitative studies included reference analyses, 
in-depth interviews, scale development and prelimi-
nary validation, panel reviews, and field surveys for 
effectiveness. The research team applied the Chinese 
health literacy measurement instrument to the “National 
Survey on Health Literacy.” The purpose of the survey 
is to establish a norm for health literacy in Taiwan. So 
far the team has collected 1,901 questionnaires and 
1,683 health literacy measurements.

3. Healthy Aging Policy: a Taiwanese health 
initiative through NHRI
Upon evaluating the Healthy Aging Indices — de-

veloped as predictors of morbidity, resource utilization 
and mortality — with data linkages between the Na-
tional Elderly Nutrition and Health Survey in Taiwan 
(1999–2000) and other national large health databases, 
the research findings showed that (1) chewing ability 
is a predictor of mortality in elderly Taiwanese, and 
the metabolic syndrome increases this risk; (2) the SF-
36 quality of life (Taiwan version) used for this survey 
showed that those elderly Taiwanese survived with 
higher scores in all dimensions of physical and mental 
component scores; and (3) for diabetic patients, those 
who took metformin for 36 or more months had lower 
incidence of cancer as compared to those who took it 
less than 36 months.

C. Epidemiology

1. Epidemiology study of adverse patient 
safety event
This study is a two-stage medical chart review that 

was modified from the Harvard Medical Practice Study 
to explore the incident rate and prevalence of adverse 
events in hospitals, analyze the type and preventable 
rate of adverse events, and develop the screening and 
evaluating criteria for the adverse-events survey. The 
research team developed medical chart screening, 
evaluation criteria, and a check list in 2007, as well as 
conducted research nurse training. In 2008, the team 
sampled the hospital records of 2007 from two differ-
ent hospitals. There were 3,000 medical charts from 
hospital 1 and 7,000 medical charts from hospital 2. 
Trained nurses screened original medical charts. Charts 
flagged for screening criteria have been reviewed by 
two physicians independently as the second-stage re-
view. Analysis of this continues. To date the crude inci-
dence rate of medical adverse events is 9.8%. The most 
predictable criteria are hospital-acquired infection, 
complications due to treatment, treatment for organ 

damage after an invasive procedure, and adverse drug 
reaction in hospital.

2. Epidemiological study on diabetic neph-
ropathy in a cohort with type 2 diabetes
A total of 1,223 participants with type 2 diabetes 

were recruited for this study from an NHRI communi-
ty-based diabetic intervention program’s prospective 
study on diabetes management through an integrated 
delivery system. The participants received question-
naire interviews and biomarker examinations every 
six months and will be followed up for five years. The 
preliminary results show three main findings. (1) Type 
2 diabetic patients with HbA1c greater than 9% were 
11% more likely to have diabetic nephropathy than 
those with HbA1c less than 7%. The male patients 
were more likely to suffer from diabetic nephropathy 
than the female ones. (2) Distribution of adiponectin 
45 T>G, 276 G>T, and -11377 C>G genotypes were 
similar between diabetes and diabetic nephropathy pa-
tients. (3) Increased consumption of foods richer in n-3 
polyunsaturated fatty acids (e.g., marine fish and soy 
products) may be beneficial for lowering the risk of 
development of nephropathy in diabetic patients.

3. Prevalence, risk factors, medical utiliza-
tion, and health behavior of chronic kid-
ney disease in Taiwan
The study produced three major findings. (1) The 

prevalence of diabetic nephropathy for the type 2 male 
diabetic cohort was 30.9%. Regardless of the length 
of the duration of DM, smokers have a higher risk of 
developing diabetic nephropathy than non-smokers 
(OR = 2.28–8.14). (2) The incidence of chronic kidney 
disease for the cardiovascular disease risk factor two-
township study participants was 11.0%. In a 6-year fol-
low-up period, the risk factors contributing to chronic 
kidney diseases included old age, high triglyceride, and 
high uric acid. (3) Analyzing the adiponectin genotype 
for the CKD high risk group revealed differences in the 
frequency of the adiponectin 45G minor allele in vari-
ous ethnicities.

Health and Health-Related Informatics & 
Infrastructure

New technological advances in data extraction and 
knowledge discovery have revolutionized health infor-
matics. The institute has been a part of this through its 
research projects on health informatics systems and its 
maintenance of important data banks, such as the fol-
lowing:
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National Health Interview Survey: http://nhis.org.tw/••

Children and Adolescent Behaviors in Long-term ••

Evolution: http://cable.nhri.org.tw/
Evidence Based Practices Guidelines: http://ebpg.••

nhri.org.tw/index.aspx/
Health Geographic Information System: http://hgis.••

nhri.org.tw/
Healthy Policy e-Academy: http://eclassroom.nhri.••

org.tw/
Health Data Bank: http://hdata.nhri.org.tw/••

A. Designing and Planning 2009 NHIS
This collaborative project with the Bureau of 

Health Promotion and the Bureau of Controlled Drugs 
began in 2001. Surveys have been given every four 
years since then. This is a long-term cross-sectional 
surveillance system of general health, health behavior, 
and the utilization of healthcare systems. It is a good 
source of evidence for the design and evaluation of 
health policies. This year two Scientific Citation Index 
papers using the 2001 and 2005 survey data have al-
ready been published and three more have been accept-
ed this year. The data are also released to the public. 
The questionnaires and sampling scheme for the 2009 
survey are completed; major breakthroughs in the 2009 
survey include (1) the signing of a collaboration con-
tract by the Bureau of Health Promotion, the Bureau of 
Controlled Drugs, and NHRI; and (2) using computer 
assisted personal interviews.

B.  Determinants in Health Disparity: a 
GIS approach
This study developed a modified application of 

Geographic Information Systems (GIS) and a simula-
tion method for the measurement of physical accessi-
bility. The technique used land-use filter and slope data 
to adjust the population distribution. The analysis pre-
sented in this study tested the validation against differ-
ent census data with different area weighting methods. 

By assessing the community healthcare accessibility 
in a rural part of Miaoli County using this modified 
human population map in determining population at 
risk, the research team illustrated that this method has 
potentially significant applications in health risk man-
agement.

C.  Establishment of an Evidence-Based 
Medicine Research & Development 
Center and East-Asian Cochrane 
Network
In order to enrich resources for evidence-based 

medicine and accelerate clinical applications, NHRI 
has subscribed to the Cochrane Library, an EBM da-
tabase, since 2007 and has provided free access to 
this to 62 teaching hospitals in Taiwan since 2009. To 
promote this more than 10 EBM educational programs, 
with a total of more than 1500 participants, were held, 
including tutor training, an EBM literature searching 
and appraisal contest, and international conferences. 
In addition, to help reduce the language barrier, the in-
stitute is cooperating with the Cochrane Collaboration 
in a three-year project to translate the abstracts of the 
Cochrane Library’s Cochrane Database of Systematic 
Review into Mandarin Chinese. To date, work has be-
gun on more than 1900 abstracts, with the translations 
of 89 abstracts already finalized.

Policy Recommendations

A. Healthy People 2020
In order to construct a roadmap to improve health 

for all in Taiwan by 2020, the Department of Health 
asked NHRI to conduct and execute “Healthy People 
2020,” a two-year project that started in August 2006. 
Publication of the first edition of the “Healthy People 
2020” white paper was followed in May 2009 by pub-
lication of the second edi-
tion of the white paper and 
the “Healthy People 2020 
Executive Summary.” In 
addition, the research team 
published the “Healthy 
People 2020” technical 
report in September 2008; 
this received the 2008 Best 
Publication Award from 
the Department of Health.
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B.  Establish the 10-Year AIDS Policy in 
Taiwan
This project explored the current status of Taiwan’s 

AIDS policies and analyzed strategies for the next ten-
year plan. Experts in prevention, clinical treatment, 
care, and support, as well as research and development, 
participated to complete the draft of the “Proposal of 
Taiwan’s AIDS-Prevention Policies.” On December 
27, 2008, the research team held a public conference 
whose participants included 50 prestigious Taiwanese 
AIDS-prevention experts, medical personnel, NGO 
representatives, and government officials. After revi-
sions based on input from the public, the “Proposal of 
Taiwan’s AIDS-Prevention Policies” was published in 
February 2009.

C. Application of GIS in Public Health
Having cooperated with the Taiwan Centers for 

Disease Control, the institute completed a project, 
the integrated epidemic surveillance and prediction 
system, by using GIS as an analysis tool to determine 
the relationship between geo-spatial information and 
public health. In July 2009 the research team published 
an eleven-chapter book on the project results, The Ap-
plication of GIS in Public Health. Through the book’s 
additional practice exercises, readers can get firsthand 
experience in using GIS techniques to deal with real-
world situations. And through the book’s practical 
applications and theories, 
readers can understand the 
relationship between infec-
tious diseases and their exist-
ing environment and can also 
extend their knowledge to 
study health disparities, the 
prevention of infectious dis-
eases, environmental health, 
and medical care issues.

In 2008 the institute promulgated four policy rec-
ommendations, focusing on strategies for Taiwan’s bid 
to join the World Health Organization, strategies for 
health aid to recipient countries, analysis of the avian 
flu situation at the time, and strategies 
to respond to the avian flu. The above 
recommendations were delivered to 
relevant public-sector institutions, 
such as the National Security Council, 
the National Security Bureau, and the 
Cross-Strait Interflow Prospect Foun-
dation.

Health Research Cooperation and Academic 
Exchanges

In order to promote academic exchange and fa-
cilitate collaboration among academic institutions, the 
institution has held several related conferences.

A.  3rd Annual Meeting on Health Policy 
Research Conference: “Health for 
All” (November 29, 2008)
The gathering had two scientific sections, one spe-

cial lecture, and one keynote speech for each section. 
The themes were “Determinants of Health” and “The 
Impact Evaluation and Future of National Health In-
surance.” Over 300 people participated in this event.

B.  International Conference on Con-
temporary Primary Health Care: 
Perspectives in U.K. and Taiwan 
(February 16–17, 2009)
NHRI and NYMU Center for International Affairs 

co-hosted this conference, which was attended by more 
than 200 people. During the gathering, members of the 
institution’s research teams as well as professors and 
researchers from Imperial College shared experiences 
and discussed health policy issues. The Imperial Col-
lege team also visited NHRI to discuss research proj-
ects related to healthcare and patient-safety issues.

C.  Food in Health Security in the Asia- 
Pacific Region, FIHS (August 2–5, 2009)
NHRI organized this conference along with other 

organizations, including AVRDC–the World Vegetable 
Center, Academia Sinica, Taiwan’s national Council 
of Agriculture, and the Australian Commerce and In-
dustry Office. A total of 11 foreign scholars — from 
Australia, the United States, Germany, Japan, Korea, 
Vietnam, and China — and 35 domestic scholars were 
brought together to discuss current and future threats 
to food and health security, focusing on the issues of 
health, food, ethics, equity, and security. The conclu-
sions of the conference have been submitted for publi-
cation in a scientific journal.
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Mission
Established in 1998, the Division of Biotechnology and Pharmaceutical Research (DBPR) aims to 

establish, conduct, and support research in new medicines and biotechnology that leads to better health 
and improved quality of life. 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, and animal pharmacology, and to 
conduct follow-up preclinical works;
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 division’s research achievements.

Research Framework
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Major Achievements
In their role as the upstream of Taiwan’s drug 

R&D system, DBPR’s integrated research groups 
cooperatively participate in new drug research, identi-
fication, and further development. The identified drug 
candidates are then linked to the midstream and down-
stream of the drug development system for scale-up 
synthesis, formulation studies, CMC (chemistry, manu-
facturing and control) and GMP (good manufacturing 
practice) production, GLP (good laboratory practice) 
toxicity and toxicokinetic studies, safety pharmacol-
ogy, and further clinical trials to create a competitive 
advantage in the biotechnology and pharmaceutical in-
dustries. Meanwhile, the groups make good use of do-
mestic research resources to build up related advanced 
technologies to upgrade new drug R&D in Taiwan.

A. Discovery of Lead Compounds
The division continues to identify lead compounds 

and drug candidates, and to move these into the pre-
clinical and clinical stages. From July 2008 to June 
2009, 13 patents were granted and 41 papers were pub-
lished.

Anti-cancer drug discovery1. 
Since chemotherapy is not a cure for all cancers 

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

valid clinical efficacy with aims at targeted thera-••

pies;

reduction in R&D time;••

higher safety assessment in conformity with the ••

trend in personalized medicine.

Figure 1. New drug discovery of aurora kinase inhibitors 
as anticancer target-based agents.

Since 2007 the division has started two target-
based cancer projects against two series of molecular 
targets: Aurora A and B kinases and epidermal growth 
factor receptor kinase (EGFR). Against these two 
targets several potential lead compounds have been 
found; further lead optimization, potency and drug-like 
physicochemical properties improvements, and novel 
proprietary molecules’ development as well as animal 
pharmacology are ongoing.

Anti-obesity drug discovery2. 
Obesity is well recognized as a significant threat 

to health around the world, mostly by driving a critical 
risk for many chronic diseases such as type 2 diabetes, 
cardiovascular disease, hypertension, stroke, and cer-
tain kinds of cancer. Studies indicate that CB1 recep-
tors are predominantly expressed in the central nervous 
system, and are involved in the regulation of satiety 
and food intake in the hypothalamus. Antagonizing 
CB1 receptors reduces food intake, which ultimately 
results in weight reduction. In addition, clinical studies 
have further revealed a serendipitous medical benefit in 
improving insulin resistance and its related metabolic 
syndrome.

Based on this, DBPR has formed a research team 
to develop anti-obesity drugs targeting the CB1 can-
nabinoid receptor; with the well-developed assay 
screening, knowledge-based chemical design, and 
animal models, more than 900 compounds have been 
synthesized. Those with high in vitro efficacy were se-
lected for further animal studies to assess the efficacy 
of suppressing appetites. Several series of analogues 
have demonstrated great potential therapeutic applica-
tion against obesity. In the meantime, the researchers 
have begun to design peripheral CB1 antagonists with 
limited penetration to the brain to decrease psychologi-
cal side effects.
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Figure 2. The lead compound, BPRCB0890, at doses as 
low as 0.03, 0.1 and 0.3 mg/kg (filled circles) 
significantly reduced body weight of diet-
induced obese mice dose-dependently (published 
in Journal of Medicinal Chemistry, 2009; 52: 
4496–4510).
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Anti-HCV drug discovery3. 
The hepatitis C virus (HCV) raises the risks of 

causing chronic liver inflammation and related liver 
diseases. In the absence of new antiviral therapies to 
combat the virus, the division is focusing on develop-
ing novel anti-HCV therapeutic agents. By the use of 
high-throughput screening, one class of compounds 
has been found to obviously inhibit hepatitis C virus 
in replicon assay and to demonstrate non-toxic ef-
fects toward kinds of cell lines in cytotoxic assays. By 
further pharmacokinetics and drug metabolism stud-
ies, a series of lead compounds has been identified as 
orally bio-available with high concentration in liver. 
Its derivatives have been synthesized and assayed in an 
HCV replicon system, showing similar antiviral activ-
ity against HCV.

Anti-dengue drug discovery4. 
DBPR’s dengue research team has developed 

several platform technologies for searching for small 
molecules that inhibit dengue virus replication. First, 
researchers have developed a stable and efficient 
dengue replicon construct harboring reporter gene, 
Renilla Luciferase, to quantitatively measure dengue 
viral replication. Also, the stable cell lines containing 
dengue replicon construct have been steadily isolated 
and shown to have a high replication rate. Second, 
the research team has designed a novel method to 
clone stable RNA-based full-length dengue infectious 
cDNA, which has been regarded as an extremely un-
stable cDNA clone. Third, they further have designed a 
novel method to construct a stable DNA-based dengue 
infectious cDNA, of which so far no successful clone 
had been reported. Related patent applications of these 
novel methodologies have been filed. These three 
platform technologies will provide useful tools for the 
development of dengue inhibitors and vaccine candi-
dates.

Figure 3.  Construction of novel RNA-based and DNA-
based dengue replicon and infectious cDNA.

B. Core Facilities and Services

High-throughput screening core1. 
The core operates by integrating the technologies 

behind automated operation platforms, assays for rapid 
detection, and database management. In the past year, 
several active compounds have been obtained, includ-
ing anti-HCV compounds, DPP-IV inhibitors, and anti-
cancer and anti-obesity compounds. Acting as a core 
facility for the National Science and Technology Pro-
gram for Biotechnology and Pharmaceuticals (NSTP-
BP), the high-throughput screening core continues 
providing services for in vitro testing of synthetic com-
pounds and natural products for anti-cancer and anti-
diabetes agents in various projects of the program.

Figure 4. High-throughput screening system.

Figure 5. Automated acquisition and analysis system.

Recombinant protein core2. 
The core offers a unified technological infrastruc-

ture for efficient protein expression and purification to 
provide sufficient enzymes for large-scale compound 
screening as well as structural biology initiatives. The 
core is working to express and purify recombinant pro-
teins, such as EGFR kinase, Aurora A and B kinases, 
and influenza neuraminidases.

Medicinal chemistry for lead 3. 
optimization core
This supports mission-oriented projects within the 
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division or across divisions and synthesizes series of 
analogues for each identified pharmacophore in order 
to optimize the drug’s properties.

Figure 6. Compound library.

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, en-
terovirus, and obesity. It also provides efforts for acute 
toxicity and toxicological dose range finding in support 
of drug discovery and preclinical development.

Pharmacokinetics and drug metabolism 5. 
(PKDM) core
This core provides pharmacokinetic (PK), pharma-

codynamic, drug metabolism (DM), and toxicokinetic 
support in characterizing drug disposition and elimina-
tion in animals for lead optimization and identification 
of preclinical development candidates.

Figure 7. Liquid chromatography triple quadrupole mass 
spectrometer (API3000 LC/MS/MS).

Figure 8. Liquid chromatography hybrid triple quadru-
pole/linear ion trap mass spectrometer (API 
4000Qtrap LC/MS/MS).

C. Development of Drug Candidates
After a drug candidate is selected for further 

development, regulatory agencies require detailed in-
formation on the formulation, pharmacokinetics, drug 
metabolism, safety pharmacology, and animal toxicol-
ogy of the new candidate for the investigational new 
drug (IND) submission. During a new drug’s early pre-
clinical development, the primary goal of a drug R&D 
project is to determine if the compound is reasonably 
safe for initial use in humans, and if the compound ex-
hibits pharmacological activity that justifies commer-
cial 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 selected 
drug candidates for the following in compliance 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.••

Preclinical development of an anti-diabetes 
drug candidate

Dipeptidyl peptidase IV (DPP-IV) inhibition is a 
new and promising approach for the treatment of type 
2 diabetes. A novel DPP-IV inhibitor, DBPR108, was 
discovered by a DBPR research team through rationale 
design and chemical optimization. Compared with 
Galvus and Januvia, two available drugs in the market, 
DBPR108 demonstrates better in vitro DPP-IV inhi-
bition, better solubility, less plasma protein binding, 
relatively good selectivity, and fewer side effects. In 
animal studies, DBPR108 with good pharmacokinetics 
properties shows it is as good or better effect at lower-
ing blood sugar than Galvus and Januvia by oral dos-
ing.

In line with the national government’s Biotechnol-
ogy Industry Guide Team’s program to promote suc-
cessful biotech investments and to accelerate the de-
velopment of DBPR108, the division has organized a 
joint project with local pharmaceutical companies; this 
project is working to establish critical technical plat-
forms and production pipelines with high commercial 
value and quality of industrial strategy in an attempt 
to set the stage for local biotech companies or to help 
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existing companies transfer findings into high value-
added biotechnology and pharmaceutical research. The 
aim of this project is to complete preclinical studies for 
DBPR108 — including compound scale up synthesis, 
toxicity and safety assessment, IND applications in 
Taiwan and other countries — and to further phase I 
clinical trial conduct. This project not only presents 
a full drug development from a small molecule com-
pound to a drug candidate in the therapeutic area of 
diabetes in Taiwan, it also promises to be the first do-
mestic new chemical entity (NCE) to enter a Phase I 
“first-in-human” clinical trial in Taiwan.

Figure 9. The press conference for the DBPR108 collab-
orative project of promoting successful biotech 
investments in Taiwan was held on April 17, 
2009.

D.  Public Service / Meeting the National 
Health Challenges
Influenza remains a critical health issue throughout 

the world. To deal with this pressing health concern, 
the division has formed a research team with the scien-
tists from Chang Gung University, National Tsing Hua 
University, National Chiao Tung University, and Aca-
demia Sinica to execute a National Science Council 
funded project on drug discovery against the influenza 
virus. Since August 2006 the team has been searching 
for novel compounds to inhibit the reproduction of the 
influenza virus. Through well-established assay screen-
ing, some different types of molecular influenza virus 
inhibitors have been identified. More analogues will be 
synthesized according to structure-activity relationship 
to identify lead compounds for better anti-virus activity 
and further PKDM analysis.

E.  Collaboration and Technology 
Transfer
DBPR has established itself as the flagship in drug 

discovery in Taiwan. The division has developed an 
effective, integrated drug discovery team within NHRI 
that is the model for the entire country and that also 
serves as a cornerstone of national programs by acting 
as a drug screening center. The division, however, fo-

cuses on more than drug discovery; it also cooperates 
with domestic academic institutes and pharmaceutical 
companies to promote their upstream achievements 
of drug discovery to midstream drug development 
through mission-oriented collaborative projects and 
technology transfers.

In 2008, DBPR began implementing plans for 
three collaborative drug research projects:

National Science Council funding 1. 
research project
A two-year collaborative project, “Discovery and 

Development of Anti-Obesity Drugs Focused on CB1 
Antagonists,” with industrial partners was launched in 
2008. It is expected to identify potential drug candi-
dates.

International collaboration2. 
In July 2008 NHRI entered into a collaborative 

research agreement with Genovate Biotechnology Co. 
and Genelabs Technologies Inc. to conduct further 
research to discover and develop compounds targeting 
the hepatitis C virus. DBPR researchers and Genelabs 
scientists will jointly work to discover and develop 
new HCV drug candidates by utilizing both Genelabs’ 
know-how and lead compounds on an existing target 
and DBPR’s expertise in chemistry and drug discovery.

Technology transfer3. 
Researchers with the division have identified two 

drug candidates of compounds with anti-tubulin ac-
tivity: DBPR104 and DBPR204. Both of these have 
demonstrated anti-mitotic activities and potential for 
the treatment of various malignancies, particularly in 
patients with drug resistant tumors. Preclinical acute 
and sub-acute toxicology studies of these two candi-
dates were carried out in 2005 and 2008. Technologies 
relating to the two anti-cancer candidates have been 
transferred to SynCore Biotechnology Co., a subsidiary 
of Sinphar Group, for further development and clinical 
studies.

Figure 10.   The contract-signing ceremony for the exclusive 
transfer of anti-cancer drug candidates to Syn-
Core Biotechnology Co. was held on August 8, 
2008.
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Mission
Established in 1999, the Division of Environmental Health and Occupational Medicine has the follow-

ing as its mission:
establish world-class research laboratories and conduct vigorous research to address various envi-• 
ronmentally and occupationally related health issues of importance in Taiwan;
establish research teamwork and networks with scientists in other governmental agencies, academic • 
institutes, and research organizations, in as part of efforts to create critical mass and coordinated re-
search in Taiwan;
promote education and training of future health scientists for the nation;• 
provide scientific consultations, assistance, and research expertise to the government of Taiwan on • 
critical health issues that confront the nation.
The division’s research focuses on: (1) metal toxicology; (2) persistent organic pollutants (POPs); (3) 

toxicogenomic studies on genes and environmental interaction of female lung adenocarcinoma in Taiwan; 
(4) evidence-based health policy research and development; (5) issues related to occupational medicine; 
and (6) government request to investigate environmental health concerns in Taiwan.

Research Framework

Division of Environmental Health and 
Occupational Medicine

Environmental Health

Occupational Medicine

Arsenic Research Program

Persistent Organic Pollutants Research Program

Toxicogenomic Studies on Genes and Environmental 
Interaction for Prevention of Female Lung 
Adenocarcinoma in Taiwan

Evidence-Based Health Policy Research and 
Development

Occupational Medicine Related Research

Occupational Medicine Physician Training Program
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Major Achievements
A.  Arsenic Research Program

The division has explored this issue with both in 
vitro and in vivo approaches. Epidemiological observa-
tions need validation with animal-model studies. With 
an animal model the division validated the epidemio-
logical observation on synergistic interaction between 
arsenic and cigarette smoke in enhancement of lung 
cancer development. Study by the division demonstrat-
ed that increased lung tumorigenesis indeed can be in-
duced in A/J mice when these animals are co-exposed 
to arsenite and NNK, a component of cigarette smoke. 
Lung tumor incidence increased from 10% (animals 
treated with either arsenite or NNK) to 50% (animals 
co-treated with arsenite and NNK). This increased in-
cidence (fivefold) is consistent with that observed in an 
epidemiological study reported in Taiwan.

The research team conducted several studies to 
better understand the disease mechanism. Two major 
carcinogens in cigarette smoke are NNK and BaP. 
In its studies, the team demonstrated that arsenic en-
hanced NNK and BaP metabolism via induction of 
CYP2A and CYP1A1 expressions and activations, 
respectively. Increased NNK metabolites and harmful 
DNA adducts (O6- and N7-MeG) were found in urine 
of animals co-exposed to NNK and arsenite. These 
metabolite markers may be helpful for human expo-
sure studies. In summary, arsenite enhances the BPDE-
DNA adduct-induced mutagenesis with no marked ef-
fect on repair of BPDE-DNA adducts, suggesting that 
arsenic, as combined with cigarette smoking, may act 
as a co-mutagen to promote the development of human 
lung cancer.

Over the past three years the division has shown 
that arsenite affects intracellular glutathione/redox 
status as well as NF-κB and AP-1 activities in vascular 
endothelial cells. It demonstrated arsenite enhances the 
TNF-α-induced adhesion expression via regulation of 
AP-1 and NF-κB activities in a glutathione-sensitive 
manner and showed that arsenite induces cytotoxic-
ity by down-regulation of vascular endothelial nitric 
oxide synthase in vascular endothelial cells. Arsenite 
caused cell cycle arrest in a G2/M phase that was ac-
companied by accumulation and/or phosphorylation 
of checkpoint-related molecules — including p53, 
Cdc25 phosphatases, and securin — in primary vascu-
lar endothelial cells. Moreover, a study by the division 
indicates that TNF-α induces adhesion molecule ex-
pression and monocytes-endothelial monolayer bind-

ing mainly via activation of NF-κB in a glutathione-
sensitive manner.

Methylated arsenic has been reported to be spe-
cifically carcinogenic toward lung tissues. Therefore, 
cigarette smoke or its components may also increase 
arsenic carcinogenicity in the lung by altering arsenic 
metabolism (methylation). AS3MT and GSTO1 are 
two major enzymes involved in arsenic metabolism. 
GSTO1 catalyzes the reduction of MMA(V), a rate-
limiting step in arsenic biotransformation, while 
AS3MT is responsible for transferring methyl group 
to As(III) or MMA(III). An in vitro study has shown 
that BaP treatment increased the mRNA expression 
of GSTO1 by approximately 50% in both human 
and mouse hepatoma cell lines, but had no effects on 
AS3MT. Whether the change in GSTO1 expression 
results in different methylation capacity in vivo awaits 
confirmation in animals.

B.  Persistent Organic Pollutants 
Research Program
Polychlorinated biphenyls (PCBs) and dioxins are 

recognized environmental endocrine disruptors, which 
are environmentally persistent and may bio-accumulate 
in human bodies. These compounds, with half-lives of 
7–14 years in humans, may result in various adverse 
effects, such as cancer, reproductive dysfunction, en-
docrine disruption (i.e., thyroid, growth, steroid hor-
mones), and neuro-cognitive deficits. A new emerging 
and important endocrine disruptor, namely phthalate, 
was added in POPs research program for the potential 
high exposure and sensitivity to the children.

In order to study the developmental effect associ-
ated with phthalate, the team utilized its birth cohort to 
first determine the phthalate internal doses in children 
aged 2–3 and 5–6 years. Next, the developmental ef-
fects and steroid hormone changes were examined 
according to the POPs and phthalate internal dose us-
ing a perspective cohort study design. The division 
found levels of PCDD/F and PCB levels in placenta 
comparable with those in studies in the United States, 
with mean levels of 12.9 TEq-pg/g lipid (SD = 4.9) 
for PCDD/Fs and 2.9 (SD = 1.6) for dioxin-like PCBs. 
A total of 118 newborns were studied with complete 
data, including dioxins/PCBs levels in the placenta and 
thyroid hormone status in the cord serum collected in 
2003. Multivariate analyses showed independently and 
significantly decreased FT4*TSH with increasing non-
ortho PCBs (r = –0.2, p < 0.05). DEHOM suggests 
that significant FT4 feedback alterations to the hypo-
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thalamus result from in-utero exposure to non-ortho 
PCB. Insulin-like growth factor (IGF)-1, IGF binding 
globulin-3, and (thyroxine) × (thyroid stimulating hor-
mone) (T4 & TSH) were significantly associated with 
increased placental weight and Quetelet index in kg/m2 
(correlation coefficient: r = 0.2–0.3, p < 0.05). Consid-
ering the vast existence of bio-accumulated dioxins and 
PCBs and the resultant body burden in modern society, 
the division suggests routine screening of both thyroid 
hormone levels and thyroid function in newborns.

Regarding mechanistic research, steroid hormones 
are essential to life and involved in a wide variety of 
physiological processes. Based on their regulatory 
properties, steroid hormones are classified into three 
types: mineralocorticoids, glucocorticoids, and sex 
steroids. The first two types are produced mainly by 
the adrenal gland. All steroids are derived from choles-
terol via branches of conversion reactions catalyzed by 
cytochrome P450 hydroxylases and hydroxysteroid de-
hydrogenases. Tuning of steroid biosynthesis can alter 
the biological activities of steroids and yield beneficial 
or adverse effects. Our laboratory is particularly inter-
ested in the effects of PCBs and flavonoids on adrenal 
steroidogenesis.

The studies of pregnant women and their children 
help to promote education for a healthier next genera-
tion in Taiwan. The divisional experts — comprising 
epidemiologists, medical doctors, toxicologists, cell 
and molecular biologists, and biochemists — have 
formed a strong team to take a role in research that is 
not just leading in Taiwan but also important through-
out the world.

Figure 1. Pre-school children tracking plan at Chung Shan 
Medical University Hospital.

Figure 2. Phthalate levels (µg/L) in different mothers, 
mothers’ breast milk, child samples, and age 
groups.

C.  Toxicogenomic Studies on Genes 
and Environmental Interaction for 
Prevention of Female Lung Adeno-
carcinoma in Taiwan
More than 85% of lung cancer in Western coun-

tries can be explained by cigarette smoking. However, 
about half of lung cancer patients in Taiwan are life-
time never smokers, with women particularly high in 
the never-smoker category at greater than 90%. There-
fore, environmental factors other than cigarette smok-
ing may play a more important role in Taiwanese lung 
tumorigenesis. The research team’s previous report 
indicated that a higher prevalence of human papilloma-
virus (HPV) 16/18 infection in Taiwanese lung cancer 
patients was shown, compared with that of non-cancer 
controls. In addition, the HPV infection was revealed 
in female lung cancer, suggesting that HPV 16/18 
infection may be associated with Taiwanese female 
lung cancer development. Recently, HPV 16/18 E6 on-
coprotein was found to be expressed in HPV-infected 
lung tumors. Moreover, HPV16 positive lung cancer 
cells, TL-1, TL-2, and TL-3, have been successfully 
established from patients’ pleural effusions. To the best 
of our knowledge, these are the first lung cancer cell 
lines that are endogenously expressed E6 oncoproteins. 
The research team demonstrated that in these cell lines 
p53 is inactivated by E6 oncoprotein to be involved 
in lung tumorigenesis (Fig. 3). On the other hand, the 
team found that nickel and chromium accumulation 
in lung tissues may be linked with lung cancer in Tai-
wan. More interestingly, their recent data showed that 
nickel and chromium levels were associated with the 
occurrence of p53 and EGFR mutations, suggesting 
that environmental exposure to nickel and chromium 
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may play a role in the development of Taiwanese lung 
cancer. The link between HPV infection and nickel and 
chromium accumulation during lung tumorigenesis, 
however, needs further investigation.

Figure 3. A. Detection of HPV16 E6 and p53 protein 
expression in lung adenocarcinoma cell lines es-
tablished from pleural effusion. Cervical cancer 
Caski cells were used as positive control, and 
h-actin was used as internal control. B. Correla-
tion between HPV E6 status and p53 protein ex-
pression in established lung adenocarcinoma cell 
lines. The immunoprecipitation results with E6 
antibodies followed by immunoblotting of p53 
protein were shown in p53/HPV16 E6. Caski 
cells were used as positive control. C. HPV16 
E6 and p53 protein expression in HPV16 E6-
knockdown TL-1 cells. SiHa cells were used as 
positive control, and h-actin was used as internal 
control. D. mdm2 and p21 mRNA expression in 
HPV16 E6 siRNA-transfected cervical cancer 
cell line SiHa (data not shown) and lung cancer 
cell line TL-1 compared with parental control. 
The figure was first published in Cancer Re-
search, 2007; 67 (22): 10686–93.

The mutagenicity potencies and aryl hydrocarbon 
receptor (AhR) activation activities of restaurant chim-
ney exhaust, motorcycle exhaust, and cigarette smoke 
were evaluated with the Ames test and an AhR bioas-
say. From these three kinds of environmental samples, 
restaurant exhaust contained the highest concentrations 
of polycyclic aromatic hydrocarbons, PAH. Motor-
cycle exhaust samples did not activate AhR per se but 
did increase the AhR activating potency of TCDD (a 
potent dioxin). Taking into account its cytotoxic and 
mutagenic effects, and its synergism with TCDD to 
induce AhR activity, MEP might be the most toxic risk 
factor among these three.

LC-MS/MS analytical methods for determination 
of naphthalene and 4-ABP induced DNA adducts, 1, 2 
naphthquinone (1, 2-NPQ) protein adducts, and ttDDE 
exposure biomarkers have been developed. In this 
cross-sectional study, the team enrolled 206 workers 
in Chinese-style restaurants in northern Taiwan. Using 
log-transformed 8-OHdG as the dependent variable 
in multiple linear regression confirmed that cigarette 
smoking was the significant predictor (1.09-fold risk, 
p = 0.001) and that urinary 1-OHP was a marginal but 
significant predictor (1.06-fold risk, p = 0.07). These 
findings suggest that in addition to cigarette smok-
ing, urinary 1-OHP reflected a small effect of COF 
exposure and oxidative DNA damage in workers in 
Chinese-style restaurants.

The genetic and epigenetic mechanisms for lung 
carcinogenesis induced by the major components 
of COF (ttDDE, and benzo[a]pyrene (BaP)) were 
investigated in vitro and in vivo. Exposure to COFs 
containing ttDDE may promote lung adenocarcinoma 
formation by causing DNA damage, epithelial hyper-
plasia, and chronic inflammation. Antioxidants such 
as NAC may prevent these tumorgenic effects induced 
by ttDDE in the lung. BaP, the other COF component, 
may increase lung cancer risk by interacting with E2 to 
produce genotoxic metabolites, hydroxyestradiols. 

D.  Evidence-Based Health Policy Re-
search and Development — the 
National Risk Center Initiative Pilot 
Project
Health risk assessment is the process of quantify-

ing the probability of a harmful effect to individuals 
or populations from certain environmental exposures. 
Health problems caused by environmental pollution 
are a great challenge in Taiwan. The current risk as-
sessment process (hazard identification, dose-response 



47Division of Environmental Health and Occupational Medicine

analysis, exposure assessment, and risk characteriza-
tion) was carried out for three main issues in this re-
search: probabilistic assessment of acrylamide intake 
from certain foods cooked at high temperature; associ-
ations between health effects and heavy-metal contam-
ination in Changhua County, Taiwan; and evaluation of 
the health effects of air pollution and related regulatory 
policies in Taiwan, based on the hazard identification 
of PM2.5 as a risk factor for CVD.

Results of acrylamide (AA) study showed that 
AA contents range from 7 to 105 ng/g in protein-based 
foods and from 6 to 321 ng/g in rice-based ones — 
less than in potato-based foods, which have the high-
est AA contents. Potato chips had the highest level in 
potato-based foods, at 8218–8240 ng/g. Similar to the 
potato-based foods, the fried fritter (youtiao), a wheat-
flour-based product, also has a high AA content. AA 
concentrations in fritters range from 3674 to 4087 ng/g. 
Moreover, longer frying times and higher temperatures 
result in higher concentrations.

In a study of heavy metals, the geometric means 
of blood cadmium levels were 1.48 and 1.28 μg/
L among men and women, respectively. In men, the 
blood cadmium level increased from 1.2, 1.4, 2.4, and 
2.5 μg/L for non-smokers, ex-smokers, smokers of 
fewer than 21 cigarettes per day, and smokers of 21 or 
more cigarettes per day, respectively, after adjustment 
for age, occupation, and dietary habits (p < 0.001 for 
trend test). In women, blood cadmium concentration 
was significantly (p < 0.01) associated with decreasing 
mean corpuscular hemoglobin concentration (MCHC, 
β = –0.90) and increasing hematocrit (β = 3.40) after 
adjusting for ferritin level, serum creatinine, micro-
globulin, uric acid, and age. The odds ratios of anemia 
increased to 5.14 (p < 0.05) when concentrations of 
blood cadmium and β2-microglobulin were larger than 
1.26 μg/L and 80.1 μg/L, respectively. The cadmium 
levels were similar to those found in studies in the 
United States and Europe.

The results of the PM2.5 study showed that PM2.5 

was lowest in Yilan County (where the annual average 
concentration was 22.68 μg/m3) and highest in Kao-
hsiung (49.23 μg/m3). If the PM2.5 control standards 
are set at 15 μg/m3, over 10 years an estimated 12,817 
fewer people would die from lung cancer and 51,549 
fewer people would die of cardiopulmonary diseases. 
If the standard is instead set at 12 μg/m3, over 10 years 
14,464 fewer people would die of lung cancer and 
58,640 fewer people would die of cardiopulmonary 
diseases.

In addition, the efficacy of a nanoemulsion fuel 
additive to reduce emissions by motorcycles and au-
tomobiles will be demonstrated using the air samples 
collected from dilution tunnels connected to the ex-
haust pipes of automobiles and motor scooters.

E.   Occupational Medicine Related 
Research
The division’s occupational medicine program 

does not yet have its own clinical facilities at NHRI, 
so it established collaboration with Kaohsiung Medical 
University (May 2007) and National Taiwan Univer-
sity (May 2008). The collaboration with Kaohsiung 
Medical University has two branches: an occupational 
medicine physician training program and occupational-
medicine-related research. Since Taiwan has a severe 
shortage of occupational medicine physicians and 
occupational diseases are often under-diagnosed in 
the nation, NHRI is actively recruiting candidates for 
occupational medicine specialties training. So far four 
occupational medicine physicians have enrolled in this 
new program. In its occupational-medicine-related re-
search, the team at Kaohsiung Medical University has 
collected 296 adult asthmatic patients. Among them, 
42 asthmatic cases (15%) were diagnosed as work-
related asthma according to the 1995 ACCP criteria. In 
addition, 82 newly diagnosed lung cancer patients, 105 
bladder cancer patients, and 325 community controls 
have been recruited. A detailed occupational-history 
and job-exposure matrix will be constructed to aid di-
agnosis of occupation-related cancers and to elaborate 
occupational risk factors.

Since June 2008, members of the division have 
been conducting research on occupational cancers and 
herniation of intervertebral disc (HIVD) at National 
Taiwan University. Case findings and confirmation of 
occupational lung, skin, and bladder cancers, as well as 
of leukemia, will be performed by retrospective review 
of patients admitted to National Taiwan University 
Hospital. Occupational risk factors of skin cancer will 
be studied by hospital-based case-control design. In 
addition, 375 HIVD cases and 375 controls will be 
recruited at National Taiwan University Hospital and 
hospitals in southern and central Taiwan. Occupational 
risk factors, rehabilitation programs, and return-to-
work will be studied in this project.
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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 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 tu-• 
berculosis)/fungi and viral infection (influenza virus, enterovirus, and human immunodeficiency virus) 
to build prevention strategies;
to conduct basic studies to explore the molecular mechanism of drug resistance and virulence in bac-• 
teria (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) 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.
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Major Achievements
A.   Advocacy on Judicious Antimicro-

bial Use and Research on Antimi-
crobial Resistance

Taiwan Surveillance of Antimicrobial 1. 
Resistance and advocacy on antimicro-
bial control policy
The Taiwan Surveillance of Antimicrobial Re-

sistance (TSAR) is a biennial national surveillance 
program executed by Dr. Tsai-Ling Yang Lauderdale’s 
team. TSAR data shows the prevalence of multi-
drug resistant organisms has remained high and that 
some have even increased in hospital and community 
pathogens. For example, among more than 1200 pneu-
mococcal isolates from the last 4 rounds of TSAR 
(2002–2008), erythromycin-resistance in Streptococcus 
pneumoniae remained greater than 90% and penicillin-
nonsusceptibility (MIC > 2 μg/mL) was 32%, of which 
10% were resistant to fluoroquinolones (ICAAC, 
2009). Carbapenem resistance in Acinetobacter bau-
mannii increased from 16% (ICAAC, 2006) in 2004 
to 32% in 2006 and reached 49% in 2008 (p < 0.001) 
(Fig. 1). Among Escherichia coli and Klebsiella pneu-
moniae from the hospital-acquired infections, nearly 
half (45%) had reduced susceptibility and resistance to 
the extended spectrum β-lactams.

In fungal infections, Dr. Hsiu-Jung Lo’s team 
conducted the third round of Taiwan Surveillance An-
timicrobial Resistance of Yeasts in 2006. In Taiwan, 
unlike in the United States and Europe, C. tropicalis is 
the most common non-albicans Candida species caus-
ing candidemia. Importantly, the proportion of flucon-
azole resistant C. tropicalis isolates is high (Diagnostic 
Microbiology and Infectious Disease, 2008; Medical 

Mycology, 2009). In addition, the related fluconazole 
resistant C. tropicalis isolates circulated in Taiwan 
from 1999 to 2006 (Fig. 2) (Diagnostic Microbiology 
and Infectious Disease, 2007; Journal of Medical Mi-
crobiology, 2007; Microbial Drug Resistance, 2009). 
Furthermore, there are increasing numbers of taxa iso-
lated from HIV-infected patients and of HIV-infected 
patients colonized by more than one species.

140

98

Resistant

Figure 2. Two closely related fluconazole-resistant Can-
dida tropicalis clones that circulated in Taiwan 
from 1999 to 2006.

Molecular mechanisms of drug resis-2. 
tance and virulence of bacteria and fungi
Acinetobacter baumannii (A. baumannii) is an 

Figure 1. Escalating carbap-
enem resistance in 
Acinetobacter bau-
mannii.
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important cause of nosocomial infections and has been 
established as the major cause of ventilator-associated 
pneumonia and bacteremia. Dr. Leung Kei Siu’s team 
was the first to reveal that blaOXA-51-like (OXA-type car-
bapenemase genes) is present in an organism other 
than A. baumannii. For the vast majority of isolates, 
detection of blaOXA-51-like remains a useful means of dis-
criminating A. baumannii from other Acinetobacter 
spp.; but because this may change in the future, some 
caution is advised (Journal of Chemotherapy, 2009).

Among 235 extended-spectrum beta-lactamase-
producing Klebsiella pneumoniae (ESBL) isolates 
collected from a nationwide surveillance performed in 
Taiwan, Dr. Siu’s team revealed a high prevalence of 
16S rRNA methylase among blaCTX-M type ESBL-K. 
pneumonia in Taiwan. High prevalence of armA and 
rmtB genes was not caused by clonal spread or specific 
plasmid spread. The presence of ISEcp1 was detected 
upstream of the CTX-M gene together with the car-
riage of armA or rmtB, implicating that the presence of 
ISEcp1 may contribute to the high prevalence of CTX-
M in Taiwan, leading to co-mobilization of the plasmid 
mediated armA and rmtB genes (Antimicrobial Agents 
and Chemotherapy, 2009).

To elucidate whether there are differences in the 
distribution of Staphylococcus aureus (S. aureus) 
genes encoding for virulence factors in patients with 
distinct diseases, Dr. Chia-Yu Chi’s team compared mi-
crobiologic characteristics of the isolates from patients 
with community-associated infective endocarditis (IE) 
and uncomplicated bacteremia (SAB). In this study, 
S. aureus was isolated from IE and SAB patients. The 
results show that patients with IE had prolonged hospi-
talizations and were more likely to be intravenous drug 
users. The clfB gene was detected in all isolates, and 
no isolate possessed the eta or etb gene. Multi-locus 
sequence typing revealed that most of the isolates were 
of a single type (ST59). There were no significant dif-
ferences in the frequency of the detected genes encod-
ing for toxins, virulence factors, and matrix-binding 
proteins between the IE and SAB groups. A revised 
manuscript has been submitted.

Dr. Lauderdale’s team has also been investigating 
methicillin-resistant Staphylococcus aureus (MRSA) in 
Taiwan. In collaboration with Dr. Feng-Jui Chen, they 
recently found that among the virulent pvl-positive 
ST59:SCCmec V MRSA, the most common commu-
nity lineage of MRSA in Taiwan, some had heteroge-
neous and borderline methicillin resistance (hMRSA), 
which may be missed by routine microbiology testing 

(Diagnostic Microbiology and Infectious Disease, 
2009). The impact of these hMRSA on treatment out-
come and infection control warrants further study. 
Collaboration with the Division of Molecular and 
Genomic Medicine has resulted in the first report of a 
multidrug resistant plasmid, carrying fluoroquinolone 
resistance determinant (qnrS) in K. pneumoniae from 
Taiwan (Antimicrobial Agents and Chemotherapy, 
2006).

The accessory gene regulator (agr) locus controls 
many of the virulence toxins involved in S. aureus 
pathogenesis. AgrC is a two-component signaling re-
ceptor for sensing AIP signal molecules (Fig. 3). Dr. 
Feng-Jui Chen’s team demonstrated that three residue 
changes (T101A, V107S, and I116S) are sufficient to 
convert the AIP recognizing specificity from AgrC-
IV to AgrC-I (Journal of Microbiology, 2009). This 
finding provides the information for designing AgrC 
receptor-ligand inhibitors as therapeutic alternatives to 
control S. aureus infections.

Figure 3. Transmembrane topology of AgrC-I and -IV.

Dr. Lo’s team has identified the first reported 
repressor of efflux pump, MDR1, involved in drug 
resistance in C. albicans (Fungal Genetic Biology, 
2009). Recently Dr. Lo’s team found that non-lethal 
cph1/cph1 efg1/efg1 cells partially protect mice from 
systemic infections by the lethal wild-type C. albicans 
cells (Mycological Research, 2009). In addition, the 
team has reported an increased potency of a novel 
D-β-naphthylalanine substituted antimicrobial peptide 
against fluconazole resistant fungal pathogens (FEMS 
Yeast Research, 2009). The finding that signal trans-
duction pathways — including drug resistance, nitric 
oxide inactivation, and filament formation — function 
to enhance fungal cells’ survival and infectivity in re-
sponse to environmental challenges, and that these can 
be coordinated by one key survival transcription factor 
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(CaNdt80p in C. albicans), has provided a new concept 
for developing new and effective antifungal drugs.

B.   Research and Advocacy on Tuber-
culosis Control
Tuberculosis continues to be a major cause of dis-

ease and death in Taiwan. Drs. Horng-Yunn Dou, Ih-
Jen Su, and Fan-Chen Tseng coordinated a study of the 
molecular epidemiology and genomics of strains of 
Mycobacterium tuberculosis, and of their transmission 
patterns in different ethnic and migratory populations 
in Taiwan. This study revealed a serious issue for TB 
control in Taiwan (Infection, Genetics and Evolution, 
2008; BMC Infectious Diseases, 2008). For TB vaccine 
development, Dr. Dou has developed an rBCG strain 
that combines antigen over expression TB specific 
antigen (ESAT-6, CFP-10, TB10.4, Hsp-X) and IL-12. 
Mice immunized with recombinant BCG (TB Ag+ IL 
12) had more Ag-specific cells in the lung and spleen. 
Furthermore, the numbers of multifunctional cytokine 
producing cells were found in recombinant BCG (TB 
Ag+ IL 12) immunized BALB/c mice. The immuno-
genic and efficacy of the rBCG vaccine and recombi-
nant protein vaccine will be evaluated in the future.

C.   Surveillance of Viruses (Influenza 
and Enteroviruses) and Prepared-
ness for a Flu Pandemic

Surveillance of influenza virus1. 
Taiwan had H1N1 outbreaks in both 2005/2006 

and 2008/2009. Before March 2005 the Tainan Virol-
ogy Laboratory, in a project under the direction of 
adjunct P.I. Dr. Jen-Ren Wang, found influenza A (H1) 
isolates belonged to an A/New Caledonia/20/99-like 
strain. From March 2005 to May 2006 drifts occurred 
in antigenic site Ca1; our influenza A (H1) isolates be-
came an A/Solomon Islands/3/06-like strain. However, 
another drift occurred in antigenic site Sb; and the ear-
liest A/Brisbane/59/07-like strain was found in south-
ern Taiwan in November 2007. Although the WHO 
recommendation of influenza virus H1N1 subtype vac-
cine in the northern hemisphere was A/Brisbane/59/07-
like strain for the 2009–2010 season, an antigenic 
drift in antigenic site Sb was already in evidence in 
December 2008, with another antigenic drift found in 
antigenic site Ca2 since January 2009.

Because of the outbreaks around the world since 
2009 of swine-origin influenza A (H1N1) virus (S-
OIV), the division initiated a proposal to study this 

novel influenza virus with an eye toward diagnosis, 
pathogenesis, and therapy.

Surveillance of enteroviruses2. 
Dr. Jen-Ren Wang is in charge of the Virology 

Contract Laboratory. Phylgenetic analyses of the VP1 
region of the enterovirus type 71 (EV71) showed that 
from 1998 to 2008 there were five EV71 genotypes 
circulating in Taiwan: B2, B4, B5, C2, and C4. The 
reemergence of EV71 genotype B5 in 2008 resulted 
in the largest outbreak in the past 11 years in southern 
Taiwan. Antigenic analysis of EV71 isolated from 
1998 to 2008 by using neutralization assay indicated 
that antigenicity of EV71 genotype B5 differed from 
the others (Fig. 4). This result suggests that the varia-
tion of genotype B5 antigenicity might correlate with 
the large EV71 outbreak in 2008 in Taiwan (Journal 
of Clinical Microbiology, 2009). Thus, the genetic and 
antigenic analyses of EV71 may provide a correlation 
between an EV71 outbreak and its antigenicity as well 
as the selection of EV71 vaccine candidate.

Figure 4. Antigenic map of EV71 isolates from 1998 to 
2008 isolated in Taiwan.

Trivalent oral poliovirus vaccine (tOPV) has been 
routinely used in Taiwan for many decades; but its 
clinical impact has not been described. Drs. Chi, Tseng, 
and Su analyzed the clinical presentations of poliovi-
rus and OPV infections during 2000–2005 (Journal 
of Clinical Virology, 2009). OPV-like strains were the 
only pathogens identified in 208 children who were di-
agnosed with lower respiratory tract infection (24.5%), 
acute gastroenteritis (16.8%), or upper respiratory tract 
infection (10.6%). No patient had neurological com-
plications; but three died of myocarditis, including two 
with recombinant strains and one who never received 
OPV. These results raised concerns about OPVs’ patho-
genic potential and warranted continuing surveillance 
for genetic variants of OPV isolated from patients with 
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severe illnesses besides neurological complications. 
Taiwan’s Centers for Disease Control is referring to 
these findings to help the organization decide whether 
to change to Salk inactive poliovirus vaccine (IPV) in 
its routine pediatric immunization program.

National preparedness for H5N1 avian 3. 
influenza
For national preparedness for new emerging in-

fluenza viruses, the division played an important role 
to organize related symposia, by publishing a book on 
H5N1 and S-OIV as a guideline to educate the medical 
community and the public, and promoting and coordi-
nating the preparedness of anti-virals Tamiflu and vac-
cine in Taiwan. The division demonstrated the effective 
control of seasonal influenza outbreak in institutions 
by stockpile of anti-virals Tamiflu.

D. Tumor Virology

Pathogenesis and therapy of HBV-related 1. 
hepatocarcinogenesis
Dr. Su’s laboratory demonstrated HBV pre-S mu-

tants play a potential role in the pathogenesis of hepa-
tocellular carcinoma (HCC) and that ground glass he-
patocytes represent a preneoplastic lesion of HCC. The 
pre-S2 mutant, as a viral oncoprotein, can selectively 
upregulate cyclin A and induce nodular proliferation 
and the transformation of hepatocytes in transgenic 
mice. Signal pathways such as VEGF/Akt/mTOR and 
JAB1/p27/RB/Cyclin A were identified to be associ-
ated with tumor development and are potential can-
didates for prevention or target therapy (Hepatology, 

2001 & 2005; American Journal of Pathology, 2003; 
Journal of Biological Chemistry, 2004; Carcinogen-
esis, 2004; Molecular Cancer Research, 2007; Journal 
of Gastroenterology and Hepatology, 2008). Dr. Su’s  
study further demonstrated that HBV pre-S mutants 
could upregulate growth factors VEGF-A to promote 
proliferation and growth of hepatocytes (Fig. 5) (Hepa-
tology, 2009).

Pathogenesis and therapy of EBV-asso-2. 
ciated hemophagocytic syndrome and 
malignancies (T cell lymphoma and na-
sopharyngeal carcinoma)
Dr. Su’s team demonstrated that the EBV LMP-1 

protein can inhibit XLP-SAP expression and activate 
the TRAF2, 5/NFκB/ERK signaling pathway via ATF-
5, leading to enhanced cytokine production, providing 
a common pathway or pathogenesis for hemophago-
cytic syndrome (Blood, 2005; American Journal of Pa-
thology, 2007 & 2008). Activation of NFκB represents 
a key pathway for the progression from EBV infection 
of T cells to T cell lymphoma (American Journal of 
Pathology, 2007). Since the NFκB pathway plays a 
major role in this pathway, the inhibitor of NFκB path-
way or agonists of peroxisome proliferators activated 
receptor (PPARs) will provide potential therapy for 
hemophagocytic syndrome or EBV+ T cell lymphoma, 
which has shown constitutive NFκB activation. In a 
study of virus-associated hemophagocytic syndrome 
(VAHS) control in a Herpesvirus papio-infected rabbit 
model, Dr. Su also demonstrated PPAR agonist may 
represent a potentially new agent for the therapy of 
VAHS (Fig. 6) (Antiviral Therapy, in press).

Figure 5. Potential signals of the 
progression from neoplastic 
lesion to hepatocellular car-
cinoma (HCC) induced by 
pre-S mutants.
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Figure 6. Progression from EBV-associated hemophago-
cytic syndrome (HLH) to T (NK/T) cell lym-
phoma - NFκB signaling as potential therapeutic 
target.

Dr. Yao Chang’s research team focuses on the 
pathologic interaction among EBV, tumor cells, and 
immune cells in the microenvironment of nasopharyn-
geal carcinoma (NPC). They have found that EBV lytic 
transactivator Zta can promote expression of many 
inflammatory chemokines and cytokines in NPC cells, 
triggering infiltration of immune cells and affecting 
their biologic functions (Journal of Virology, 2006 and 
2008). Recently the team demonstrated that EBV latent 
oncoprotein LMP1 can also up-regulate cytokines and 
cause immuno-suppressive effects, and that endoplas-
mic reticulum stress is a major factor inducing LMP1 
expression in NPC cells (Cancer Research, 2009). In 
addition, in cooperation with Dr. Jenn-Ren Hsiao of 
National Cheng Kung University Hospital, they have 
identified that metastasis-associated integrin αvβ6 is 
universally expressed in head and neck squamous cell 
carcinomas, and that EBV LMP1 can induce integrin 
αvβ6 in NPC cells (Head and Neck, 2009). Dr. Chang 
continues to explore how EBV influences immuno-
suppressive mechanisms in NPC, including PD-1/
B7-H1 interaction, regulatory T cells, and immuno-
suppressive dendritic cells.

E.  Molecular Epidemiology and Drug 
Resistance of HIV Infection (AIDS)
The HIV epidemics in Taiwan during 2004–2006 

in injection drug users (IDUs) saw the import of a new 
sub-genotype, CRF_07BC, from southwestern China. 
A study of an accompanying HCV epidemic was pub-
lished by the division’s adjunct P.I.s, Drs. H.H. Lin and 
W.C. Ko (Clinical Infectious Diseases, 2008). After 
2004 more than 95% of HCV infections were detected 
in IDUs, compared to 80% or less before 2000. New 
strains, such as genotypes 2, 3, and 6, were found 
predominant among the Taiwanese IDUs, as opposed 
to genotype 1 in the general population. The former 
genotypes have been prevalent among IDUs in China 

and Southeast Asia, suggesting the co-introduction of 
multiple viruses through IDUs. Using data from Tai-
wan’s Centers for Disease Control and from voluntary 
HIV counseling and testing during 2003–2008, Drs. 
Tseng, Ko, and their colleagues demonstrated that VCT 
was important for detecting new HIV-1 cases from the 
sexually transmitted groups but not for the IDUs. Such 
changing epidemiology of HIV and co-infections may 
shed some new light on how to develop target inter-
vention strategies against HIV.

F.  International Cooperation
The division initiated the Vietnam Virology Labo-

ratory project in cooperation with Taiwan’s Centers for 
Disease Control and National Cheng Kung University 
Hospital in 2006, to study enterovirus epidemiology, a 
Milrinone trial for EV71-induced pulmonary edema, 
and EBV-hemophagocytic syndrome in Vietnam.

As of the end of 2008 the project had enrolled 
nearly 500 patients with enterovirus infection and col-
lected more than 1,000 clinical specimens for the EV 
epidemiological study and Milrinone trial from Viet-
nam Children’s Hospital No. 1 (CH1). A total of 33 
hemophagocytic lymphohistiocytosis (HLH) patients 
were identified to describe the clinical, laboratory, 
genetic, and prognostic characterizations of HLH at 
CH1. HLH was relatively frequent in Vietnamese chil-
dren and belonged mostly to the category of secondary 
EBV infection. The outcome was grave with frequent 
reactivation and high mortality. Early diagnosis and a 
more appropriate regimen are demanded for treating 
HLH patients in tropical areas like Vietnam (British 
Journal of Haematology, in press). The division has 
helped CH1 establish a virus culture laboratory and has 
launched a training program for the hospital’s clini-
cians and technicians. A Taiwan-Vietnam symposium 
on infectious diseases was held at CH1 in November 
2009 to summarize the progress of the Vietnam project.

G. Symposia and Education
Since 2008 the division has held 9 academic sym-

posia, workshops, and scientific meetings. An earlier 
gathering, the Microbial Infections Reference Labora-
tory symposium was held on July 17, 2007, to sum-
marize the findings of TSAR VI and other research 
projects and to form a consensus to advocate for gov-
ernment actions on controlling antimicrobial misuse 
and resistance. The Symposium of Medical Mycology 
was held on July 18, 2009.
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Mission
Established in 2000, the Division of Medical Engineering Research aims to maintain high standards 

in its research, conduct interdisciplinary and multi-institutional research collaboration, and promote the 
medical engineering industry in Taiwan with product-oriented research and development.

The division focuses primarily on four traditional medical engineering research areas: biomechanics, 
biomaterials & tissue engineering, medical imaging, and biophotonics & bioelectronics. While the division 
has continued to maintain its productive and award-winning research program in biomechanics, biomedi-
cal imaging has gradually become its main target, resulting in two integrated research programs: inter-
ventional MRI and multi-modality molecular imaging platforms. Whenever 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 development 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 addition, our research into biomechanics and bioelectronics is moving into R&D of 
medical innovations for the elderly and miniature devices for home health care.
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Major Achievements
A.  Biomaterials & Tissues Engineering

Thermo-sensitive hydrogel as cell carrier 1. 
for nucleus pulposus regeneration
Intervertebral disc (IVD) is the joint of human 

spine, located within the adjacent vertebra body. It con-
sists of two major components: nucleus pulposus (NP) 
and annulus fibrous (AF). Many recent studies have 
suggested that IVD degeneration is one of the major 
causes of low back pain. Enormous amounts of money 
are spent because of low back pain; for example, in 
2001, medical expenditure in Taiwan for low back pain 
was NT$7.6 billion (US$203 million), which was 2.3% 
of the country’s medical treatment expenditure. Find-
ing appropriate ways to treat pathological interverte-
bral discs is pressing and challenging issue. In a study, 
a team from the Division of Medical Engineering Re-
search developed a thermo-sensitive and injectable hy-
drogel as a carrier of nucleus pulposus cells (NP cells). 
The mixture of hydrogel and NP cells can be injected 
into the degenerated IVD to regenerate nucleus pulpo-
sus.

In this current work, the team prepared the thermo-
sensitive hydrogel, which consisted of chitosan and 
glycerophosphate disodium (C/GP) with different pH 
values. It is in liquid form at room temperature and can 
convert to a gel-like matrix at body temperature. The 
final pH value of C/GP solution could be adjusted by 
adding different amounts of GP solution. The results of 
rheological evaluation showed that the pH value is the 
major factor to influence the rheological properties of 
C/GP hydrogel. The gel point temperature (Tgp) of C/
GP hydrogel at pH 6.8 was about 68.10 °C; and the gel 
point temperature decreased as the pH value increased. 
The Tgp of C/GP hydrogel at pH 7.4 was about 35.85 
°C. According to the analysis of rheological evaluation, 
the C/GP hydrogel can transform solution into hydro-
gel at body temperature (37 °C) within 5 minutes.

For in vitro study, the primary NP cells were har-
vested from 6-month-old New Zealand rabbit. The 
proliferation rate of NP cells cultured in monolayer 
was very slow. In order to obtain enough NP cells for 
further investigation, the NP cells should be cultured 
at high cell density. Furthermore, the study also found 
that NP cells cultured in monolayer will lose cell func-
tion as the passage increased. The gene expression of 
monolayer cultured NP cells showed that type II col-
lagen and aggrecan gene expression was decreased. 

NP cells would differentiate into fibroblast-like cells 
while cultured in monolayer and express type I col-
lagen gene. Nevertheless, NP cells cultured in 3D C/
GP hydrogel for two weeks, type II collagen and ag-
grecan gene expression of NP cells were increased to 
3.2- and 1.25-fold, respectively, compared to that of 
monolayer culture. In addition, the content of sulfated 
glycosaminoglycans (sGAG) of NP cells was also in-
creased significantly.

Figure 1. Injectable chitosan/GP hydrogel as cell carrier 
for nucleus pulposus regeneration.

2. 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 sci-
entific or systemic research been performed to test its 
effectiveness as a modern orthopedic method. To im-
prove 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 validy of orthopedic TCMs. Some of these 
medicines were administrated by the way of bone-
tissue implantation. Preliminary results showed that 
orthopedic TCMs accelerated the regeneration of rab-
bit bone. Osteoinduction was also found. The possible 
mechanism is to enhance osteoblast differentiation, 
calcification, and osteoclast activities. In 2002, the 
team began development of a TCM-chip system. The 
system employs an SPR detector in the chip to detect 
proteins-proteins interaction (PPI) in real time. It has 
been applied on discovering immunosuppressive and 
anti-cancer drugs. PPIs are also stimulated in osteo-
cytes and stem cells during bone repair. Therefore, the 
team attempts to study bone-tissue engineering using 
its TCM-chip system.

At the beginning of 2009, the team began studying 
the effect of orthopedic TCMs on stem cells; this in-
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volved the differentiation of mesenchymal stem cells. 
The results showed that gǔsuìbǔ, a TCM, enhanced 
differentiation. The research team has followed up its 
study by using the TCM-chip system on the membrane 
proteins of stem cells to investigate the effect of TCM 
in this area.

B.  Biomechanics & Cell Biology

Molecular mechanism of phenotypic 1. 
modulation of human aortic smooth 
muscle cells
Dr. Jeng-Jiann Chiu of the division’s Vascular 

Molecular Bioengineering Lab has, along with his col-
leagues, recently found the molecular mechanisms un-
derlying the atheroprotective role of physiological lev-
els of fluid shear stress in the phenotypic modulation 
of vascular smooth muscle cells (SMCs). Phenotypic 
modulation of SMCs, which are located in close prox-
imity to endothelial cells (ECs), is critical in regulat-
ing vascular function. The role of flow-induced shear 
stress in the modulation of the SMC phenotype has not 
been well defined. The objective of their study was to 
elucidate the role of shear stress on ECs in modulating 
the SMC phenotype and its underlying mechanism.

Application of shear stress (12 dynes/cm2) to ECs 
co-cultured with SMCs modulated the SMC phenotype 
from synthetic to contractile state, with up-regulation 
of contractile markers, down-regulation of pro-in-
flammatory genes, and a decrease in the percentage of 
cells in the synthetic phase. Treating SMCs with media 
from sheared ECs induced peroxisome proliferator-
activated receptor (PPAR)-α, -δ, and -γ ligand binding 
activities; transfecting SMCs with specific small inter-
fering RNAs (siRNAs) of PPAR-α and -δ, but not -γ, 
inhibited shear-induction of contractile markers. ECs 
exposed to shear stress released prostacyclin (PGI2). 
Transfecting ECs with PGI2 synthase-specific siRNA 
inhibited shear-induced activation of PPAR-α/δ, up-
regulation of contractile markers, down-regulation of 
pro-inflammatory genes, and a decrease in the per-
centage of SMCs in the synthetic phase. Mice with 
PPAR-α deficiency (compared with control littermates) 
showed altered the SMC phenotype toward a synthetic 
state, with increased arterial contractility in response to 
angiotensin II. These results indicate that laminar shear 
stress induces synthetic-to-contractile phenotypic mod-
ulation in SMCs through the activation of PPAR-α/δ by 
the EC-released PGI2.

The findings of this study provide insights into 

the mechanisms underlying the EC-SMC interplays 
and the protective homeostatic function of laminar 
shear stress in modulating the SMC phenotype. The re-
sults obtained from these studies have been published 
in prestigious international journals in a sequential 
manner over the past three years. These publications 
include Circulation Research (2009; 105:471–80), 
Proceedings of the National Academy of Sciences of 
the United States of America (2008; 105:3927–32 and 
2006; 103:2665–70), and Blood (2007; 110:519–28 
and 2006; 107:1933–42).

Figure 2. Molecular mechanism of phenotypic modulation 
of human aortic smooth muscle cells.

Investigation of the feasibility of “cell 2. 
enhancement” by isolated and cultured 
human and rabbit corneal endothelial 
cells by injection into anterior 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 quality of 
donor corneas for surgery by enhancing the corneal en-
dothelial cells (CECs) density of cornea donors. Inves-
tigators with the division devised a project to test the 
feasibility of biodegradable membranes in transplant-
ing corneal endothelial cells 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 in-
tegrated into rabbit corneas denuded of endothelium. 
Moreover, the corneas returned to a near normal thick-
ness, indicating the usefulness of bioengineered hu-
man CECs sheet. The research group in the division 
has developed a novel strategy for corneal endothelial 
reconstruction with a bioengineered cell sheet. They 
have shown that it is possible to fabricate the bioen-
gineered human corneal endothelium in vitro by the 
temperature-modulated detachment of cultured cell 
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sheets from thermoresponsive supports. Based on 
the current methods of the group, adult human CECs 
monolayer (with normal morphology and viability) can 
be obtained without a need for cell carriers during cul-
tivation. The group also found central and peripheral 
cornea endothelium cells express different regenerative 
abilities, and that these cells were able to express the 
progenitor cell surface marker. This may imply the ex-
istence of corneal endothelial committed stem cells in 
the corneal periphery. The team plans to demonstrate 
the feasibility of optimal conditions CE reconstruction 
with cultivated human CE cells by injection into ante-
rior chamber.

Figure 3. A novel strategy for corneal endothelial recon-
struction with cultivated human progenitor-like 
CEs.

C.   Multi-modality Animal Molecular 
Imaging Platform

Conditional imaging reporter transgenic 1. 
models for inflammatory diseases
This project aims to develop conditional trans-

genic and multimodality imaging technology and 
explore their applications in researching various hu-
man diseases, especially inflammatory diseases. The 
research team has generated a novel RU486 inducible 
fluorescent Cre transgenic mouse model and demon-
strated that it is a useful tool in conditional transgenic 
research. The team has also generated MCP-1 reporter 
mouse and inducible Hsp60 mouse models, and has 
explored applications of these transgenic mouse mod-
els in diagnosis and therapy. The key to the completion 
of this project (as well as its most exciting part) is to 
perform multimodality (optical, PET, and SPECT/CT) 
animal imaging. The team has already generated the 
first trimodality transgenic mouse model and has ap-
plied for a corresponding U.S. patent. They have also 
developed the first MRI and optical dual imaging re-
porter gene and a variety of human breast tumor mod-

els specific for small animal imaging study in the pre-
clinical 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 en-
gineering research benefiting health research.

Figure 4. The first trimodality imaging reporter mouse 
demonstrating a specific bioluminescence ex-
pression in the head of transgenic mouse.

Interactive ischemia control system for 2. 
nanoparticle-adjuvant cancer therapy
The current study is to design interactive ischemia 

control systems for nanoparticle-adjuvant therapy for 
cancers such as hepatoma. Pringle surgery is a surgi-
cal treatment to operate the hepatic dearterialization 
by temporary hepatic artery occlusion. This is where 
the hepatic artery collaterals are completely ligated. 
To improve the curative rate of hepatoma and palli-
ate the risk of death and associated damage of normal 
liver tissue, episodes of temporary hepatic artery oc-
clusion have to be precisely controlled in sense of the 
occlusive tension on the hepatic artery wall and the 
actual oxygen transport to the localized tumor and 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 collateral damage at the same time, 
the liver ischemic level and time have to be judiciously 
selected. To define and reach the best curative opera-
tion of Pringle surgery, the team thus first designed a 
vascular 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 con-
trolled by the real-time hepatic oxygen measurement 
using the method of oxygen-dependent quenching of 
phosphorescence. The multifunctional mesoporous 

Corneal endothelial 
regeneration

Anterior 
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silica nanoparticles will be synthesized and introduced 
to such an interactive platform to function not only as 
a phosphorescence probe for oxygen measurement but 
also as an adjuvant chemotherapeutic moiety after con-
jugation with anti-cancer drugs such as doxorubicin.

The relationship of hepatocellular carcinoma sur-
vival rate and hepatic oxygen level manipulated by the 
interactive ischemia control system for Pringle surgery 
will be established. It will be used as an important 
reference for surgeons while operating the episode of 
hepatic artery occlusion to reach the maximal cura-
tive rate. In brief, implementation of the interactive 
ischemia control system will not only provide a plat-
form for Pringle surgery but also for a spectrum of any 
surgical process that involves ischemia, such as organ 
transplantation, traditional cardiopulmonary bypass, 
and tumor enucleation.

Figure 5. Interactive Ischemia Control System — Vascular 
Occlusion Modality.

D.   Development of the Biomedical 
Imaging Industry in Taiwan
With help from a two-year external grant from 

the Science & Technology Advisory Group office of 
Taiwan’s Executive Yuan, the engineering team di-
rected by Dr. Chang Hsu has developed a class-III 
medical device: an MRI-guided high-intensity focused 
ultrasound system dedicated for uterine fibroids treat-
ment; the grant to the Division of Medical Engineering 
Research was part of a government project dubbed 
“Development of the Medical Imaging Industry in 
Taiwan.” With the system, tumor tissue inside the body 
can be ablated thermally by high-intensity focused 
ultrasound (HIFU) guided by MRI; and incision is not 
required during the whole treatment procedure. The 
system consists of MRI equipment, high-intensity fo-
cused ultrasound probe and power amplifier, automatic 
positioning system, and interface software. Following 
are the descriptions of each subsystem.

Magnetic resonance imaging (MRI)1. 
Discovered in early 1970s and in clinical use since 

the early 1980s, MRI has the best soft-tissue contrast 
among all human imaging modalities. Its excitation 
energy is extremely low (on the order of eV, compared 
to 500 keV for PET, or 10 keV for CT) so as to avoid 
radiation hazards. Moreover, image contrast in MRI 
can reflect the temperature of tissues. Therefore, the 
team adopted MR imaging to confirm the location of 
the tumor, to monitor the temperature of tumor as well 
as surrounding tissues during HIFU ablation, and to 
access the outcome of treatment. A Siemens 1.5 Tesla 
MRI machine donated by Changhua Christian Hospi-
tal has been re-established at the Division of Medical 
Engineering Research. After being systematically up-
graded by the team, the MRI system works well. Since 
June 2009, the team has acquired a series of anatomic 
images of mini swine and HIFU-induced temperature 
data of the silicon phantom as well as porcine uterus 
by using MR imaging technology. They are integrating 
the in-house HIFU probe with the automatic position-
ing system with MRI to carry out animal experiments 
for the preparation of the clinical study.

Figure 6. MRI system, Siemens 1.5 Tesla, donated by 
Changhua Christian Hospital, has been rein-
stalled in the MR room at the Division of Medi-
cal Engineering Research.

Figure 7. MRI scan of a mini pig that weighs about 70 kg.

(1) Mechanism of forceps-type hemoclip.

(2) Mechanism of manacle-type hemoclip.
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Figure 8. Porcine anatomic MR image on the transverse 
plane acquired by an MRI system at the Division 
of Medical Engineering Research.

High-intensity focused ultrasound2. 
The feasibility of noninvasive / minimally inva-

sive tumor treatment with HIFU has been verified. 
The focused ultrasound transducer installed in the 
automatic positioning mechanism transmits focused 
ultrasound beams from outside body to the treatment 
fibroid target. Acoustic beams converge on a small 
focal spot in the fibroid tissue to cause an abrupt tem-
perature rise (about 30 °C); and a small thermal lesion 
is formed when the fibroid tissue undergoes necrosis. 
The focal profile is so sharp that the surrounding tis-
sue is not harmed. An MR temperature map is used in 
real time to control the positioning mechanism as well 
as the thermal dose during the treatment procedure. 
Therefore, HIFU tumor treatment is a physical treat-
ment without any incision. HIFU transducer technol-
ogy has been developed at the Division of Medical 
Engineering Research; and a variety of transducers 
are being designed, fabricated, and tested for various 
tumor treatments. So far phantom ablation and ex vitro 
experiments have yielded good results. Animal studies 
with the MRI-guided high-intensity focused ultrasound 
system are continuing.

Figure 9. In-house, MR-compatible, and compact single-
element HIFU probe.

Automatic positioning system (APS)3. 
Under the guidance of MR images and the tem-

perature map, the HIFU probe is precisely moved to 
the desired position by the automatic position system 
(APS) before the ablation. Developers of the system 
faced several important challenges, including material 
determination (non-magnetic material must be used in 
MR bore) and space limitations (the entire mechanism 
must be compact enough to operate in the MR tunnel). 
The research team has overcome these engineering 
problems and developed three sets of APS-integrated-
with-MRI equipment. Another feature of the APS is 
that it is easily mounted on and removed from MRI 
systems made by most MRI vendors, saving the dif-
ficulty of changing the patient couch or the expense of 
buying a new MRI system.

Interface software4. 
Setting up interface software for the communica-

tion among the MRI system, HIFU power amplifier, 
and APS is especially complicated. The hardest part is 
to create a user-friendly window design that allows for 
the specifications and limitations of each component 
in every sub-system. The research team has already 
achieved a beta version of the software with a graphi-
cal user interface that allows users to see the MR ana-
tomic images and temperature map images of tissues 
and to control not only the HIFU amplifier but also 
APS from the same window.

This team has successfully developed a prototype 
of an MRI-guided high-intensity focused ultrasound 
system that is dedicated for uterine fibroids treatment. 
Nine related U.S. and Taiwan patents have been ap-
plied for so far. The team’s system has many advan-
tages over the GE/Insightec ExAblate 2000, the only 
FDA–approved commercial product on the global mar-
ket at present. Based on the achievements of this study, 
the team will modify the configuration of the HIFU 
probe, MRI patient couch, and automatic positioning 
structure for different tumor treatments.
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Mission
Established in 1997, the Division of Molecular and Genomic Medicine aims to improve health and 

prevent disease through better understanding of the molecular and genetic bases of diseases prevalent in 
Taiwan. The division applies modern genetic and molecular technologies to conduct high-quality research 
of genes and molecular mechanisms involved in diseases. It works toward providing the health care sys-
tem with clinically relevant solutions through fundamental and translational research leading to improved 
patient management as well as toward disease prediction, disease prevention, and therapy.

Research Framework

Division of Molecular and Genomic Medicine

chromosome/
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of gene/protein 

signaling

clinical application

disease-related genes/
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Major Achievements
A. Clinical Genomics

Genomic diversity of citrate fermenta-1. 
tion in Klebsiella pneumoniae
It has long been recognized that Klebsiella pneu-

moniae can grow anaerobically on citrate. By compar-
ing the entire genomes of the available K. pneumoniae 
sequences (MGH 78578, 342, and NTUH-K2044), 
however, the research team discovered that the fer-

mentation gene cluster was present in MGH 78578 
and 342 but absent in NTUH-K2044. The team further 
investigated the previously unknown genome diversity 
of citrate fermentation among K. pneumoniae clinical 
isolates, finding that not all of them carry the genes re-
sponsible for anaerobic growth on citrate, though near-
ly half do. Genomic variation of citrate fermentation 
genes in K. pneumoniae may contribute to metabolic 
diversity and adaptation to variable nutrient conditions 
in different environments.
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Figure 1.  Citrate fermentation genes in K. pneumoniae.

Mobilization of 2. qnrB2 and ISCR1 in 
plasmids
The DNA sequences of two IncHI2 plasmids, pEC-

IMP and pEC-IMPQ, from metallo-beta-lactamase-
producing Enterobacter cloacae clinical isolates were 
determined. The two conjugative plasmids are almost 
identical; but pEC-IMPQ carries an additional segment 
containing an orf513 (ISCR1), a truncated 3’ conserved 
sequence, and a qnrB2. Comparative analyses provided 
support for the proposed ISCR1-mediated gene mobili-
zation.

Gα3. 12-mediated pathway promotes inva-
siveness of nasopharyngeal carcinoma 
by modulating actin cytoskeleton reorga-
nization
In the Western world, nasopharyngeal carcinoma 

(NPC) is a rare head and neck malignancy; but in 
Taiwan it is highly prevalent. NPC is more meta-
static than other head and neck carcinomas; but the 
molecular mechanisms behind the aggressiveness of 
NPC have not been made clear. To investigate these 
mechanisms, a division research team studied guanine 
nucleotide-binding protein alpha-12 subunit (Gα12) 
signaling, learning through microarray analysis that 
this is increased in primary NPC cells. Using siRNA 
to knock down Gα12 in NPC cells resulted in a reduc-
tion in cell migration and invasion as well as a reversal 
in fibroblastoid morphology. The research team also 
found a reduction in expression of several epithelial-
mesenchymal transition (EMT)-related genes in Gα12-
depleted NPC cells. Knocking down one of those 
genes, IQGAP1, reduced the migration and formation 
of adherens junctions and the expression of EMT-relat-
ed genes. Immunohistochemical analysis found NPC 
tumors to have significantly greater levels of Gα12 pro-
tein than the normal basal epithelial cells. Quantitative 
real-time PCR analysis revealed a significant correla-
tion between Gα12 mRNA levels and NPC lymph node 
metastasis. Together, the research data suggest a role 
for Gα12 signaling in tumorigenesis and progression of 
NPC.

Figure 2.  Gα12 signaling is deregulated in NPC.

Genome sequencing and comparative 4. 
analysis of Klebsiella pneumoniae NTUH-
K2044, a strain causing liver abscess and 
meningitis
The research team sequenced the whole genome 

of K. pneumoniae NTUH-K2044; it also conducted 
comparative genomic hybridization on 15 K. pneumo-
niae isolates from community-acquired or nosocomial 
infections using tiling probes from the NTUH-K2044 
genome. Hierarchical clustering revealed three major 
groups of genomic insertion/deletion patterns that cor-
related with the strains’ clinical features, antimicrobial 
susceptibilities, and virulence phenotypes as observed 
in the mice.

Figure 3.  Common variation sites identified by compara-
tive hybridization.

Novel 5. IL31RA gene mutation and ancestral 
OSMR mutant allele in familial primary 
cutaneous amyloidosis
Primary cutaneous amyloidosis (PCA) is an itchy 

skin disorder associated with amyloid deposits in the 
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superficial dermis. The disease is relatively common in 
Southeast Asia and South America. Autosomal domi-
nant PCA has been mapped earlier to 5p13.1-q11.2 
and two pathogenic missense mutations in the OSMR 
gene, which encodes the interleukin-6 family cytokine 
receptor oncostatin M receptor beta (OSMRbeta), 
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 fami-
lies). The mutation p.P694L was associated with the 
same haplotype in 5 of 6 families and also detected 
in 2 sporadic cases of PCA. Of the other 19 pedigrees 
that lacked OSMR pathology, 8 mapped to the same 
locus on chromosome 5, which also contains the genes 
for 3 other interleukin-6 family cytokine receptors, in-
cluding interleukin-31 receptor A (IL31RA), which can 
form a heterodimeric receptor with OSMRbeta through 
interleukin-31 signaling.

The team identified a point mutation in one family 
in the IL31RA gene, c.1562C>T, that results in a mis-
sense mutation, p.S521F, which is also sited within a fi-
bronectin type III-like repeat domain as observed in the 
OSMR mutations. PCA is a genetically heterogeneous 
disorder that, the team demonstrated, can be caused by 
mutations in two biologically associated cytokine re-
ceptor genes located on chromosome 5. The identifica-
tion 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.

B.  Functional Genomics

Loss of p53 and MCT-1 overexpression 1. 
synergistically promote chromosome 
instability and tumorigenicity
MCT-1 is an oncogene, originally cloned as an am-

plified gene in lymphoma cells. Recently, our research 
team’s data demonstrated that MCT-1 induction along-
side p53 deficiency promotes the cell migration/adhe-
sion, enhances mitotic and nuclear abnormalities, and 
promotes genome instability. In clinical validations, 
MCT-1 mRNA levels were differentially enriched in 
human lung carcinomas in comparison with adjacent 
non-tumorigenic tissues. The p53 gene was compara-
tively reduced in a subset of lung cancer specimens, 
which presented superior amounts of MCT-1 mRNA. 
Conversely, p53 gene expression was elevated as MCT-
1 gene activation was reduced. Tumorigenic outcomes 
in xenografting mice have verified that escalating 
MCT-1 in the p53-ablated MCF-10A or in H1299 (p53 

null) system was sufficient for tumor promotion and 
inducing angiogensis. Thus, MCT-1 induction connects 
with increase in the incidence of tumor susceptibil-
ity. Uncovering the molecular mechanism of MCT-1 
oncogenic activity could offer an important system to 
enhance understanding of tumor etiology and lead to 
innovations in cancer therapeutics.

MCT-1-p53 cells

control-p53 cells

2. Cisd2 mediates mitochondrial integrity 
and lifespan in mammals
Cisd2, the causative gene for Wolfram syndrome 

2 (WFS2), is a previously uncharacterized novel gene. 
Significantly, the Cisd2 gene is located on human chro-
mosome 4q, where a genetic component for longevity 
maps. The research team showed for the first time that 
Cisd2 is involved in mammalian life-span control.

Cisd2••  deficiency in mice causes mitochondrial 
breakdown and dysfunction accompanied by au-
tophagic cell death, and these events precede the 
two earliest manifestations of nerve and muscle 
degeneration; together, they lead to a panel of phe-
notypic features suggestive of premature aging.

Cisd2••  is primarily localized in the mitochondria; 
and mitochondrial degeneration appears to have a 
direct phenotypic consequence that triggers the ac-
celerated aging process in Cisd2 knockout mice.

The research team’s •• Cisd2 knockout mouse work 
provides strong evidence supporting an earlier clin-
ical hypothesis that WFS is in part a mitochondria-
mediated disorder; specifically, the team proposed 
that mutation of Cisd2 causes the mitochondria 
mediated disorder WFS2 in humans.

This work effectively links •• Cisd2 gene function, 
mitochondrial integrity, and aging in mammals. 
In addition, this mutant mouse provides an animal 
model for mechanistic investigation of Cisd2 pro-
tein function and help with a pathophysiological 
understanding of WFS2.
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Figure 4.  Cisd2 knockout mice.

Figure 5.  The research team led by Dr. Shih-Feng Tsai 
(middle) and Dr. Ting-Fan Tsai (left) showed for 
the first time that Cisd2 is involved in mamma-
lian life-span control.

Figure 6. Cisd2-/- mouse tissue section and optic pheno-
type.

Figure 7.  Premature aging of Cisd2 knockout mice.

Aurora-A overexpression in mouse liver 3. 
causes p53-dependent pre-mitotic arrest 
during liver regeneration
Aurora-A, a serine-threonine kinase, is frequently 

overexpressed in human cancers, including hepatocel-
lular carcinoma. To study the phenotypic effects of 
Aurora-A overexpression on liver regeneration and 
tumorigenesis, the research team generated transgenic 
mice overexpressing human Aurora-A in the liver.

The overexpression of Aurora-A after hepatectomy ••

caused an earlier entry into S phase, a sustaining of 
DNA synthesis, and premitotic arrest in the regen-
erating liver. These regenerating transgenic livers 
show a relative increase in binuclear hepatocytes; 
in addition, multipolar segregation and trinucle-
ation could be observed only in the transgenic 
hepatocytes after hepatectomy, indicating that there 
was a failure to some degree of cytokinesis.

The p53-dependent checkpoint was activated by ••

these abnormalities, indicating that p53 plays a 
crucial role during liver regeneration. Indeed, the 
premitotic arrest and abnormal cell death, mainly 
necrosis, caused by Aurora-A overexpression 
were genetically rescued by p53 knockout. How-
ever, trinucleation remained with a p53 knockout 
background, indicating that the abnormal mitotic 
segregation and cytokinesis failure were p53 inde-
pendent.

Overexpression of Aurora-A in transgenic liver led ••

to a low incidence (3.8%) of hepatic tumor forma-
tion after a long latency period.

This transgenic mouse model provides a useful 
system that allows the study of the physiologic effects 
of Aurora-A on liver regeneration and the genetic path-
ways of Aurora-A–mediated tumorigenesis in liver.
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Rapamycin by itself and additively in 4. 
combination with carboplatin inhibits 
the growth of ovarian cancer cells
The current standard treatment for ovarian carci-

noma, consisting of surgery followed by chemotherapy 
with carboplatin and paclitaxel, is fraught with a high 
rate of recurrence. To help find more effective treat-
ment options for ovarian carcinoma based on molecu-
lar mechanisms, the research team analyzed expression 
and activation profiles of various signaling pathways 
in 9 ovarian cancer cell lines and 24 primary cultures 
from human ovarian tumors and found Akt, the PI3 ki-
nase pathway components, is frequently overexpressed 
or activated in tumor cells. The team then treated the 
cells with combined conventional drugs, together with 
targeted inhibition of Akt/PI3 kinase signaling path-
ways. The combined treatment showed additive inhibi-
tion of the growth and invasion in ovarian cancer cell 
lines most likely due to enhanced apoptosis. Therefore, 
Rapamycin in combination with standard chemothera-
peutic agents may improve the efficiency of ovarian 
cancer treatment.

Functional analysis of the evolutionarily 5. 
conserved cis-regulatory elements on the 
sox17 gene in zebrafish
The fundamental goal of this work was to study 

the transcription regulation of an endoderm specific 
transcription factor via comparative genomic and mo-
lecular biology methods. This study provides technical 
support to other similar studies.

The Sox17 is an important transcription factor 
for endodermal cells (Danio rerio). According to the 
predictions of the gene regulatory networks (GRNs), 
based on perturbation experiments and literature 
search, the sox17 gene is engaged with two other regu-
latory genes, sox32 and pou5f1. Nodal signaling oper-
ated on several endoderm-specific transcription factors 
to determine the endoderm specification. In addition, 
endoderm specification requires the Fgf and Bmp sig-
naling pathways to be repressed in the cells that will 
become endoderm. The regulatory inputs of sox17 at 
the genomic sequence level are not known.

The research team has uncovered the relevant 
sox17 cis-regulatory elements and examined the spe-
cific input predictions of the GRNs. They discovered 

Figure 8.  Rapamycin additively enhances the inhibitory effect of carboplatin on ovarian cancer cells.
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three conserved modules, A, B, and C, with a syn-
ergistic effect among them. The team revealed that 
the Pou5f1-binding element on the B module and the 
Sox32-binding element on the C module work syn-
ergistically. Furthermore, an evolutionarily non-con-
served R module exhibits a repressive effect on both 
the ventral and dorsal side. The team has directly dem-
onstrated the structural and functional relationships 
of the genomic code at this key node of the endoderm 
GRNs in zebrafish development. This information 
provides new insight into the complexity of endoderm 
formation and serves as a valuable resource for the 
establishment of a complete endoderm gene regulatory 
network.

Figure 9.  Summary of the regulation of the zebrafish sox17 
cis-element compared with Xenopus sox17α.

C.  Technology Development and Support

Developmental gene regulatory networks in 
zebrafish embryo

The goal of this project is to use a Web-enabled 
gene regulatory network (GRN) modeling tool (Bio-
Tapestry) to build an integrated model of the GRNs 
controlling early zebrafish development, by combining 
expression data from ZFIN with interaction data from 
the literature. Development in the zebrafish, Danio 

rerio, has been studied extensively; and large amounts 
of experimental data, including information on spatial 
and temporal gene expression patterns, are available. 
This information provides a useful starting point for re-
constructing the GRNs’ underlying development. The 
database, which is available online at www.zebrafish-
GRNs.org and which is searchable, is a useful tool. 
The study results indicated:

Utilizing various bioinformatics tools — including ••

Pathway Studio 6.0, BioTapestry, and ZFIN — the 
team established the first GRNs in zebrafish, which 
operate mainly through the cooperation between 
transcription factors and signaling pathways. The 
results indicate that a number of regulatory motifs 
appear to act as the functional building blocks of 
the GRNs. Different positive feedback loops drive 
the ventral and dorsal specification processes. The 
dorsal–ventral axis seems to be determined by 
competition between two maternally driven posi-
tive-feedback loops.

This is the first systematic approach aimed at de-••

veloping an integrated model of the GRNs underly-
ing zebrafish development. Comparison of GRNs’ 
organizational motifs among different species will 
provide insights into developmental specification 
and evolution.

Figure 10.   Zygotic mesoderm and endoderm transcription 
factors activated by Nodal.

D.  Collaboration

Collaboration with other NHRI research 1. 
units
The Division of Molecular and Genomic Medi-

cine is working to expand its collaboration with other 
divisions of NHRI, such as the National Institute of 
Cancer Research and the Division of Biotechnology 
and Pharmaceutical Research. The division has already 
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collaborated with the latter on establishing assays and 
screening methods for product development. Now that 
our zebrafish facility has been completed, the division 
has begun collaboration with other parts of NHRI — 
specifically the Institute of Cellular and System Medi-
cine and the Division of Environmental Health and Oc-
cupational Medicine — using zebrafish as a research 
model to investigate gene functions and to evaluate 
environmental toxicities.

Collaboration with local institutes in the 2. 
Hsinchu area
The division could provide an excellent training 

environment for students, who represent an important 
driving force of research. To formally engage with 
universities in the area, the division is working to es-
tablish a program at National Tsing Hua University fo-
cusing on biotechnology in medicine. Members of the 
division have offered lectures and laboratory courses to 
students at local universities.

Participation in the National Research 3. 
Program of Genomic Medicine
Research projects in cancers (liver and lung), mi-

crobial genomics, and innovative technology are in 
line with those of the National Research Program of 
Genomic Medicine. Through this program, the division 
can apply for grant support as well as join national ef-
forts studying diseases that are especially relevant to 
the health of the residents of Taiwan.

Engagement with the health care system 4. 
and biotechnology industry
The government and public increasingly would 

like to know how research spending has benefited soci-
ety. As NHRI is supported by Taiwan’s government via 
the Department of Health, the division is obligated to 
keep in mind the needs of the health care system. Thus, 
the division should not only base some choices for the 
focus of its research on disease prevalence but also 
target its projects on the specific issues of the health 
care system. Additionally, research activities should be 
linked to development of the biotechnology industry, 
in which the division will constantly pay attention to 
the trends of the industry, for example, biomarkers for 
prevention and diagnosis of diseases.

Collaborative projects on breast and oral 5. 
cancers
The Division of Molecular and Genomic Medicine 

has embarked on collaboration with outside institutes 

on two new projects. One, with the Industrial Technol-
ogy Research Institute, involves study of microRNAs 
related to breast cancer cell invasion. The other, with 
Chang Gung University, involves the study of gene ex-
pression profiles and signal transduction of oral cancer.
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Mission
The Center for Immunology Research was established in 2007. The center aims to (1) establish 

gene-targeted animal models for the studies of immunological diseases, cancer immunology, and infec-
tious diseases; (2) establish a transgenic/gene-targeted mouse bank for immunology studies; (3) inves-
tigate immune cell signal transduction and the regulation of the immune system; (4) develop novel im-
munological techniques and immunotherapies; (5) train prospective students and postdoctoral fellows to 
strengthen immunology studies in Taiwan; and (6) facilitate the integration of basic and clinical immunol-
ogy 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, as well as to in-
vestigate the roles of various protein kinases and protein phosphatases in immune cell differentiation and 
activation.

Research Framework

Center for Immunology Research

Immunology
Research

Center

 investigate cancer immunology and cancer 
immunotherapies

 study signal transduction and regulation of macrophages 
and dendritic cells

 develop research platforms for recently discovered 
immune cell subtypes such as Th17 cells

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

 establish gene-deficient mouse models for protein 
kinases (e.g., MAP4Ks) and protein phosphatases (e.g., 
DUSPs)
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Major Achievements
A.   Roles of MAP Kinase Pathways in 

T Cell Development and Immune 
Regulation
The functions of the MAP kinase pathway are 

important for the development, survival, proliferation, 
and Th1/Th2 polarization of T cells. Existing litera-
ture has shown that the activity of MAP kinases can 
be regulated by the MAP4K family kinases. Further-
more, results from gene-deficient mice demonstrated 
that MAP4Ks can modulate T-cell activation and the 
induction of autoimmune diseases. Th17 is a subtype 
of helper T cells that has been shown to control the in-
duction of autoimmune diseases. The differentiation of 
Th17 cells requires IL-6, TGF-β, and the transcription 
factor, RORγt. However, the intracellular signaling 
pathways regulating the development or function of 
Th17 cells have remained elusive. To further under-
stand of the role of MAP4Ks during Th17 cell differ-
entiation and function, this research team has utilized 
in vitro differentiated mouse Th17 cells and real-time 
PCR to study the variegated MAP4K expression in 
these cells, as well as in non-polarized helper T cells.

The results showed that, when compared with non-
polarized cells, Th17 cells exhibited elevated expres-
sion of MAP4K3 and MAP4K4, while the mRNA lev-
els of MAP4K1 and MAP4K5 were decreased in Th17 
cells (Figure 1). Currently this team is using MAP4K1- 
and MAP4K4-deficient mice obtained from a partner 
in the United States to further study the functional 
roles of these two kinases in Th17 cells. In addition to 
investigating MAP4K1 (HPK1) and MAP4K4 (HGK), 
the team is also working on generating gene-deficient 
mouse models for the other MAP4K family members. 
During the past year, the researchers have established 
mice that are deficient in MAP4K3 (a.k.a. GLK) and 
MAP4K5 (a.k.a. KHS or GCKR) and have started 
the initial phenotype characterization. The genera-
tion of gene-targeted mice with conditional alleles for 
MAP4K1 (a.k.a. HPK1), MAP4K2 (a.k.a. named GCK), 
and MAP4K3 (a.k.a. GLK) genes, is also ongoing.

To further understand the function of MAP kinases 
in the regulation of immune responses, this team has 
selected several MAP kinase-pathway genes such as 
PP2A and PP4 to create mice with conditional-deletion 
alleles. When paired with mice exhibit tissue-specific 
Cre expression, the investigators will be able to gener-
ate tissue-specific ablation of these genes and study the 
roles of MAP kinases in immune regulation.

Figure 1. A. RNAs from in vitro differentiated mouse Th17 
cells were collected from day-4 culture. The re-
sulting cDNAs were then analyzed by real-time 
PCR using specific primers. After normalizing 
with β-actin for the loading control, the relative 
expression of these genes is shown. Represen-
tive results from two experiments are shown. B. 
MAP4K expression comparison was performed 
as in A, except that the RNAs were collected 
following an additional 2 h of PMA+ionomycin 
stimulation.

B.  Establishment of Protein Phos-
phatase-Deficient Mouse Models and 
Studies of Related Immune Functions
In addition to being regulated by MAP4Ks, the 

activity of MAP kinases can also be modulated by 
protein phosphatases, which are thought to be involved 
in both negative-feedback regulation as well as the 
signaling threshold determination of MAP kinases 
activation. Based on their substrate specificities, pro-
tein phosphatases can be divided into serine/threo-
nine phosphatases, tyrosine phosphatases, and dual-
specificity phosphatases (DUSPs). Within the DUSPs 
group, those containing a MAP kinase binding (MKB) 
domain are labeled typical DUSPs, while those without 
the MKB domain are labeled atypical DUSPs.

The major goal of this research team is to estab-
lish various DUSP-deficient mouse models using gene 
targeting or gene trapping approaches. Once gener-
ated, these mouse models will be used to study in vivo 
functions of DUSPs in immune responses and immune 
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cell development. In the last year, this research team 
has successfully generated DUSP4-, DUSP11-, and 
DUSP12-deficient mice. They have also determined 
the targeting frequency of DUSP5 to be around 1 in 50 
and are currently pursuing the generation of DUSP5-
deficient mouse embryonic stem cells.

Since the first mouse model to be generated by 
the team was for DUSP4-deficient mice, preliminary 
studies have been performed by the investigators to 
examine the phenotypes of these mice. The team has 
found that the number of plasma cells was significantly 
increased in DUSP4-deficient bone marrows and 
spleens (Figure 2). Western blot analysis showed that 
the DUSP4 protein level in DUSPs-deficient thymo-
cytes is abolished when compared with wild-type cells. 
Currently the team is using purified primary B cells 
from the DUSP4-deficient mice to study the outcome 
of DUSP4 deficiency in B cell function and signal 
transduction.

Figure 2. A. Single cell suspension of bone marrow from 
4–6-week old wild type or DUSP4-deficient lit-
termates were stained for CD5 (expressed on B-1 
B cells) and CD138 (expressed on plasma cells), 
and analyzed with a Canto II flow cytometer. 
Representative results from three independent 
experiments are shown. B. Statistical analysis of 
the number of bone marrow plasma cells from A 
is shown. Standard deviation is shown as the p 
value from two-tailed Student’s t-test; n = 6.

In addition to its studies on DUSPs, this team is 
also working on a serine/threonine phosphatase, pro-
tein phosphatase 4 (PP4), to investigate its roles in 
immune regulation. The team has obtained a mouse 
line carrying a conditional PP4 allele, in which the PP4 
gene can be deleted in specific tissues or cell types. 
This mouse model is being used to study the roles of 
PP4 in signal transduction during immune cell devel-
opment, VDJ rearrangement, and DNA repair.

C.  GLK (MAP4K3) Activates NFκB 
Signaling Pathway through PKCθ 
Phosphorylation in T Cell Activation
Mitogen-activated protein kinase (MAPK) path-

ways are involved in many biological functions. The 
regulatory mechanism and biological functions of 
MAP4Ks, which regulate MAPKs through various 
MAP3Ks and MAP2Ks, are not well characterized. 
Therefore, this group intended to clarify biological 
functions of MAP4Ks in immune cells. GCK-like ki-
nase (GLK; also named MAP4K3) shares 49% amino 
acid identity with HPK1 (also named MAP4K1), a 
negative regulator of T cell receptor (TCR) signaling; 
therefore, the investigators studied whether GLK plays 
a role in the TCR signaling cascade. They found over-
expression of GLK enhanced cell proliferation and NF-
κB activity, and that this enhancement was inhibited by 
a GLK kinase-dead mutant (GLK-KR) or GLK shRNA 
(Figure 3). The GLK-mediated NF-κB activation 
was involved in TCR signaling in T cells, rather than 
TNF-α signaling.

Figure 3. NFκB activity was enhanced by GLK. Jurkat T 
cells and 293T cells were co-transfected with 
NFκB reporter plasmid plus control vector, 
GLK, or GLK kinase-dead mutant (KR) by a 
microporator. Cells were cultured for 24 h and 
harvested for Western blot analysis (upper panel) 
or luciferase reporter assays for NFκB activity 
(lower panel). The renilla activity was measured 
for normalization. The results are shown as mean 
with S.D. error bar.

Upon anti-CD3 stimulation, GLK was activated 
and up-regulated in mouse primary T cells, EL4 T cells, 
and human Jurkat T cells. The phosphorylation of IκBα 
was reduced in the primary T cells of GLK knockout 
mice with anti-CD3 stimulation. Furthermore, among 
the molecules of the TCR signaling pathway, phospho-
rylation of PKCθ and IKKβ were increased by GLK 
but not by GLK-KR mutant, and blocked by GLK 
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shRNA. The GLK could interact with PKCθ and in-
duce phosphorylation of PKCθ threonine-538. Taken 
together, GLK activates NF-κB activation through 
phosphorylation and activation of PKCθ and IKKβ, 
leading to NF-κB and T cell activation (Figure 4). This 
group will further study the biological functions of 
GLK and other MAP4Ks using gene knockout mice.

Figure 4. Schematic diagram of the regulation mechanism 
of GLK on TCR signaling cascade.

D.  Role of JKAP/DUSP22 in Cell Migra-
tion and Signal Transduction
The expression of JNK pathway-associated phos-

phatase (JKAP, also named DUSP22 ) in various types 
of tissues indicated that JKAP may have an important 
biological function. The research team found that 
JKAP was localized in the actin filament-enriched, cell 
peripheral region. Expression of JKAP reduced cell 
migration. In contrast, a JKAP mutant lacking cata-
lytic activity (JKAP-CS) promoted cell motility. The 
team has identified focal adhesion kinase (FAK) as a 
substrate of JKAP. Over-expression of JKAP, but not 
of JKAP-CS mutant, decreased FAK phosphorylation 
on tyrosine residues 397, 576, and 577 in H1299 cells. 
Consistent with these results, decreasing JKAP expres-
sion by RNA interference promoted cell migration and 
Src-induced FAK phosphorylation. Taken together, 
these aspects of the study identified a new role for 
JKAP in the modulation of FAK phosphorylation and 
cell motility (Figure 5).

Figure 5. Expression of JKAP decreased the distribution 
of paxillin, a focal adhesion protein, in the cell 
periphery.

E.  Studies of Dendritic Cell (DC) 
Biology and Signaling

Study the role of immunoreceptor ty-1. 
rosine-based activating motif (ITAM)-
containing adapters in Dectin-1 function
C-type lectin receptors (CLRs) have become an 

important topic of TLR research, especially because 
they can activate and regulate DC functions. Dectin-1 
is the most important CLR in responding to fungus in-
fection. Thus, Dectin-1 has been studied by a number 
of researchers. Dectin-1 contains an ITAM-like motif 
in its intracellular domain for signaling, but the re-
quirement of ITAM-containing adapters is not known. 
In this study, this laboratory found that DAP12 and 
FcRγ negatively regulated Dectin-1 functions by using 
DAP12- and FcRγ-deficient DCs. This laboratory is 
currently establishing a fungal infection model to study 
their roles in vivo.

Study the role of dual-specificity phos-2. 
phatase 4 (DUSP4) in DCs
The effects of DUSPs have been studied in im-

mune responses. However, the role of DUSPs in DC 
function remains to be explored. This team has estab-
lished a screening system based on real-time PCR and 
has screened the specific expression of DUSPs in acti-
vated DCs. They found that the expression of DUSP1, 
2, 4, and 5 could be induced by LPS stimulation in 
mouse bone marrow-derived DCs. Because DUSP1 
and 2 have been well studied, this team focused on 
DUSP4. The study confirmed the up-regulation of 
DUSP4 gene and protein expression in DCs after LPS 
treatment. The team is now establishing a transfection 
system for in vitro studies and also DUSP4 transgenic/
knockout mice for in vivo studies.
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Mission
Nanomedicine is an application of nanotechnology (the engineering of tiny machines) to prevent and 

treat diseases in the human body. Nanomedicine exploration is biologically motivated discovery and devel-
opment that will incorporate nanotechnology tools, devices, and processes to provide fundamental insights 
into cellular functional and dysfunction, and leading to therapeutic interventions for disease. Although this 
discipline is still in its infancy, it has the potential to change medical science dramatically this century.

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

to integrate and coordinate the intramural and interdivisional nanomedicine researches at NHRI;• 
to integrate and coordinate the extramural nanomedicine research activities through collaborations • 
with universities and medical center;
to educate and incubate research manpower in the nanomedicine field of Taiwan;• 
to provide a platform for exchange of research experience and activities for nanomedicine researchers;• 
to promote industry collaboration, research accomplishments disclosure with patent portfolio develop-• 
ment and technology transfer dissemination.

Research Framework

Center for Nanomedicine Research

Division of Molecular 
and Genomic 
Medicine

Institute of Population 
Health Sciences
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Environmental Health 
and Occupational 
Medicine

Division of Medical 
Engineering Research
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Research
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Environment, 
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Applications
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INER

TLC
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NTU
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Major Achievements
A.  Nanoscience and Nanotechnology 

in Environment, Health, and Safety 
Evaluation
Nanomaterials can have different chemical, physi-

cal, and biological characteristics. Almost every area 
of human activity will be affected by future nanotech-
nologies. 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 
innovations. The analysis firm Lux Research predicted 
that by 2015 nanotechnology will be incorporated in 
US$3.1 trillion of manufactured goods worldwide (Lux 
Research, 2008) and will account for 11% of manufac-
turing jobs globally (Lux Research, 2006).

Nanometer-scale particles also raise environment/
health/safety (EHS) issues. The center’s EHS research 
focuses on 3 categories: (1) standardized exposure 
protocol, (2) in vitro cell-based investigation, and (3) 
in vivo animal-based investigation. The center has suc-
cessfully installed an exposure chamber with which 
airborne nanoparticles can be generated and spread 
into the chamber, with the particle size distribution 
and concentration measurable in real-time. With this 
device, different types of nanoparticles can be used for 
the following in vitro cell-based and in vivo animal-
based investigations. The center has employed quan-
tum dots (QDs) as the model probe, exploring their 
acute and chronic biological effects in both culture 
cells and rodents. Furthermore, the center’s research-
ers continue to investigate other types of nanoparticles, 
including mesoporous silicate nanoparticles (MSNs), 
zinc oxide (ZnO), carbon nanotubes, and titanium 
dioxide (TiO2). Through the integrated effort of vari-
ous intramural divisions, the center has established a 
complete research infrastructure to undertake systemic 
and in-depth investigations of nano-scaled particles in 
biological systems.

Semiconductor quantum dots as model 1. 
materials for cellular studies and phar-
macokinetic studies and safety assess-
ments 
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 brain, lung, and 
liver cancer cell lines. The research team observed that 

this did not greatly affect cell viability; however, a sig-
nificant perinuclear translocation of mitochondria was 
noted after QD treatment. In addition, microarray stud-
ies revealed that many metal-related genes have been 
differentially expressed following QD treatment.

Comprehensively quantitative time-course results 
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. Fur-
thermore, 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 human.

On the basis of these studies, a physiologically 
based pharmacokinetic simulation model was devel-
oped 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 have been published in Environmental 
Health Perspectives, Environmental Science and Tech-
nology, and Nanotechnology (Figure 1).

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

Nanoparticle exposure chamber system 2. 
(NECS)
One of the key steps in a comprehensive nano-

safety study is to evaluate NPs’ ADME through differ-
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ent portals of entry. Researchers should agree that both 
injection and inhalation are preferential routes for NP 
exposure owing to emerging biomedical application of 
parenteral NPs and huge production of nano-powders 
used outside medicine, such as titanium dioxide (TiO2) 
and zinc oxide (ZnO) in cosmetics and sunscreen lo-
tion. Intravenous injection of NPs can be essential for 
nano-safety investigation; however, it cannot com-
pletely reflect the ADME fate of inhalable NPs.

To study inhalable NPs, researchers with the Cen-
ter for Nanomedicine Research developed a platform 
named the nanoparticle exposure chamber system 
(NECS) (Figure 2). In inhalation studies, it is useful 
to mimic the exposure conditions and control several 
parameters for NPs. The system consists of (a) an 
electrospray (ES)/pneumatic-based aerosol generator, 
(b) double-isolated containers, (c) a particle classifier, 
(d) a particle counter, (e) mass flow controller (MFC) 
regulated vacuum pump/gas supply components, and 
(f) a programmable logic controller/graphic user in-
terface (PLC/GUI). These components are integrated 
into a glovebox-like case for secure operation. The 
basic function of the NECS is to provide a double-
isolated chamber that prevents unanticipated exposure 
while people handle nanomaterials. In addition to its 
shielding capability, the NECS nano-aerosol generator, 
coupled with real-time particle characterizing devices, 
can quantitatively define physical parameters of the 
target nano-materials for voluntary uptake and invol-
untary exposure. Moreover, the NECS will be able to 
lead the research and development of inhalable nano-
pharmaceuticals, providing a platform for producing 
therapeutic nano-aerosols, followed by the quantitative 
administration of nano-pharmaceuticals and related 
pharmacokinetic studies. The NECS has already re-
ceived a patent in Taiwan (I312411).

Figure 2. Nanoparticle exposure chamber system.

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, inor-
ganic delivery vehicles encapsulating imaging agent 
and therapeutics molecules are developed. For stem 
cell tracing, different combinations of inorganic based 
nanoparticles or organic/inorganic composite nanopar-
ticles are employed in both in vivo and in vitro investi-
gations.

Studies of cancer theranostics using 1. 
mesoporous silica nanoparticles 
Our research team has successfully covalently-

conjugated the PS Pdporphyrin 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 cancer studies the research team ob-
served significant photo-induced cytotoxicity, which 
was most likely due to several factors, principal of 
which are the high concentration of PdTPP conjugated 
within MSNs and the role that MSNs play as a facilita-
tor for endocytotic cell uptake (which dramatically in-
creases the intracellular density of singlet oxygen upon 
photoirradiation). Therefore, MSN-PdTPP is a prom-
ising 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 theranostics in the future (Figure 
3). These results have been published in the Journal of 
Materials Chemistry.
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Journal of Materials Chemistry

Figure 3. MSN functionalized with an oxygen-sensing 
probe for cell photodynamic therapy.

Studies of stem cell biology using mes-2. 
oporous silica nanoparticles
To monitor cell trafficking in vivo and distinguish 

whether cellular regeneration originates from an ex-
ogenous cell source is a key issue for developing suc-
cessful stem cell therapies. Using mesoporous silica 
materials as carrier system for stem cell labeling, the 
research team was able to report that Ferucarbotran, an 
ionic SPIO, is not toxic to human mesenchymal stem 
cells under the conditions of their experiments but in-
stead increases cell growth. Ferucarbotran-promoted 
cell growth is due to Ferucarbotran’s ability to dimin-
ish intracellular H2O2 through intrinsic peroxidase-like 
activity. Also, Ferucarbotran can accelerate cell cycle 
progression, which may be mediated by the free iron 
(Fe) released from lysosomal degradation and involves 
the alteration of Fe on the expression of the protein 
regulators of the cell cycle. Given these findings, a 
more comprehensive survey of biosafety concerns 
about nanomedicine is recommended. These results 
have been published in Nano letter, Biomaterials, Ana-
lytical Chemistry, Small, and FASEB.

Biomaterials

Figure 4. Ferucarbotran efficiently labels hMSCs for in 
vitro and in vivo MRI (published in Biomateri-
als).

C.  Nanoscience and Nanotechnology 
in Molecular Imaging
Molecular imaging methods afford the possibility 

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 
molecular level to the level of the whole body of ani-
mals, thus aiding clinical treatment.

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

To develop a novel multi-functional radioactive 
nanocarrier for in vivo diagnosis and therapeutics, the 
research team used an efficient NIR fluorescence con-
trast agent with high stability for in vivo optical imag-
ing and organ-specific delivery; this was designed us-
ing biocompatible MSN. The NIR imaging moiety of 
the indocyanine green (ICG) molecule was incorporat-
ed into MSN-TA by electrostatic interactions; and both 
the chemical and physical characteristics and in vivo 
biodistribution of the synthesized MSN-TA-ICG were 
determined and depicted. Furthermore, given that the 
ICG loading decreased only 5% of the surface area on 
MSN, the availability of remaining ample space could 
be further modified for the transport of 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 op-
tical imaging agent. The research team believes this 
is the first report of NIR-MSN developed for in vivo 
optical imaging. These results have been 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 char-
acterized for their possible biological and medical 
applications. Organic nanoparticles include PLGAs, 
micelles, liposomes, and chitosans; these materials 
are used as possible formulation substances. Inor-
ganic nanoparticles include mesoporous nanosilicaes 
nanoparticles and iron oxide-based or nanogold-based 
nanoparticles used as imaging, therapeutic substances, 
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or delivery vehicles. Hybrid organic and inorganic 
nanoparticles include liposomal iron oxide, liposomal 
gold, and gold quantum dots. These novel nano-sized 
materials are developed for possible formulation sub-
stance and in vivo biomedical applications.

Biodegradable nanoparticles formula-1. 
tion for efficient delivery and sustained 
release in spinal cord injury treatment
A novel formulation — which includes a therapeu-

tically effective amount of neuroprotective or nerve re-
generation factors agents entrapped in a biodegradable 
hydrophilic core, and a biodegradable hydrophobic 
shell that surrounds the biodegradable hydrophilic core 
— has been developed. It allows efficient delivery and 
sustained release in injured spinal cord. These results 
have been published in Biomaterials; and U.S. and Tai-
wan patent applications have been filed.

Mesoporous silica nanoparticles as a 2. 
novel nano-therapeutic and diagnosis 
delivery systems
Mesoporous silica materials have generated vast 

interest due to their large surface area, large pore vol-
ume, highly ordered pore structure, and adjustable pore 
size. A team from the Center for Nanomedicine Re-
search has synthesized mesoporous silica nanoparticles 
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 triggered 
a sustained release of the loaded molecules. MSN-TA 
as a nano-vehicle for pH-dependent loading and con-
trollable 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 environ-
ment and be released in intestine, where the environ-
mental pH is close to neutral. The results have been 
published in Advanced Functional Materials; and U.S. 
and Taiwan patent applications have been filed.

Figure 5. Mesporous silica nanoparticles for oral drug de-
livery system (published in Advanced Functional 
Materials).

Thermal sensitive liposome drug control 3. 
release platform
This project is to develop a hybrid organic/inor-

ganic nanocarrier platform to fit five characteristics: 
visualized traceability, systemic biocompatibility, site-
specific delivery, controlled release, and capability of 
carrying drugs. The research team has successfully 
synthesized a thermosensitve liposome encapsulated 
iron oxide nanoparticle as a nano-vehicle platform to 
control the release of encapsulated drugs by heating the 
iron oxide nanoparticles under an alternative magnetic 
field. In the future, such a device platform could be 
applied to simultaneous magnetic resonance imaging 
and non-invasive drug release in temperature-sensitive 
applications. The results have been published in Nano-
technology; and U.S. and Taiwan patent applications 
have been filed.
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Mission
The Vaccine Research and Development Center (VRDC) was established in 2003 in response to the 

Taiwan government’s strategic plan for the vaccine industry. The center nurtures open-door policies and 
proactive and transparent teamwork to sustain a productive environment for innovative research and de-
velopment. The center aims to:

establish cGMP facilities for the production of BCG vaccine and vaccine candidates against regional • 
diseases;
develop novel vaccines and immunotherapeutic candidates for phase I and II clinical trials to fulfill • 
Asian health care needs;
serve as a forum for training and educating young scientists in vaccine-related biotechnology;• 
respond to the Taiwan government’s requests for manufacturing and stockpiling vaccines against • 
emerging infectious diseases.

Research and Development Framework
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Major Achievements
A.   Establishment of Vaccine Center 

Infrastructure
The center is led by a director. The center’s re-

search and technology development department has 
11 PIs and more than 30 research assistants and post-
doctoral fellows. In the area of product development 
the center has more than 100 staff, including chiefs, 
managers, section heads, technical specialists, and con-
tracted research assistants, who help operate the cGMP 
facility and engage in strategic planning, regulatory/
quality management, manufacturing, and production 
support.

The cGMP facility officially opened at the end 
of 2008. Quality assurance systems have been estab-
lished, with 6 categories from warehouse to product 
release, with the assistance of practical guidance from 
experts dispatched from the Taiwan chapter of the Par-
enteral Drug Association.

B. Established Strategic Alliances
The vaccine center has formed strategic alliances 

— including with Taipei Veterans General Hospital/
National Yangming University, GlaxoSmithKline, the 
National Institutes of Infectious Diseases of Japan, 
the B.C. Centre for Disease Control of Canada, the 
International Vaccine Institute of Korea, Indian Im-
munological Ltd. of India, Iomai of the United States, 
AmVac of Switzerland, and ADImmune of Taiwan 
— to acquire state-of-the-art vaccinology expertise, 
enhance cGMP facilities, and assist the center in ini-
tiating clinical trials in Taiwan and elsewhere in Asia. 
In 2007, GSK Taiwan offered training courses to help 
NHRI staff organize, conduct, and monitor clinical tri-
als. The center’s EV71 and JEV vaccine development 
groups visited the National Institutes of Infectious 
Diseases of Japan and gleaned firsthand information 

about the phase III trials of JEV vaccines performed 
in that country in 2006 and the latest developments in 
EV71 vaccines. In collaboration with GE Healthcare 
Life Sciences, in both May 2007 and August 2009, 
the center offered a one-day training course in vaccine 
manufacturing processes and technology. The vaccine 
center is discussing collaboration with National Yang 
Ming University and VGH Research to monitor vac-
cine efficacy in clinical trials and investigate immuno-
modulatory mechanisms in acute and chronic persistent 
viral infections, as well as investigating opportunities 
to create a forum to train clinicians in “translational 
research.” VRDC collaborates with Iomai, the Interna-
tional Vaccine Institute, and AmVac in novel adjuvant 
development.

C.  Vaccine Development

Emergency production of vaccines 1. 
against pandemic diseases
To implement the Taiwan government’s policies of 

becoming self sufficient in the manufacturing of vac-
cines, strengthening the infrastructure for vaccine re-
search and development, and responding to any threat 
from emerging infectious diseases, the vaccine center 
has integrated the necessary resources and expertise 
from all relevant fields to establish a national vaccine 
research and development team that is dedicated to 
the research and production of important vaccines. 
The influenza epidemic is now a national public health 
concern; and WHO has encouraged all countries to 
strengthen their preparedness for and responses to pan-
demic influenza. Thus there is a clear need for particu-
lar vaccine R&D and for the construction of platforms 
that have the capability of self-manufacturing. To this 
end, the vaccine center had established a certified 
MDCK master cell bank and a certified RG-14 master 
virus seed stock to be used in preparing H5N1 avian 
flu vaccine. The center has developed the production 
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process for preparing H5N1 avian flu vaccine using 
roller-bottle technology and also has established the in-
process and QC release assays.

In 2009, the Vaccine Research and Development 
Center has (1) completed the preparation of the H5N1 
flu vaccine, ProVEU, for phase I clinical trial; (2) 
passed a software inspection conducted on June 17 by 
Taiwan’s national Bureau of Food and Drug Analysis; 
(3) received approval letters from the institutional 
review boards of both National Taiwan University 
Hospital and the National Health Research Institutes; 
and (4) submitted an investigational new drug (IND) 
dossier and received an approval letter from the De-
partment of Health to conduct a phase I clinical trial. 
The trial began in November 2009 and is expected to 
be complete in 2010.

H1N1 influenza vaccine development2. 
To follow the directive from the Central Command 

of Disease Control, VRDC is committed to develop-
ing within six months a novel H1N1 flu vaccine based 
on the mockup of MDCK-cell-based H5N1 avian flu 
vaccine. The center has already achieved three im-
portant steps toward this, having (1) established the 
NIBRG-121 master virus seed stock, (2) completed the 
first lot of vaccine bulk by roller-bottle technology, and 
(3) established qualitative and quantitative QC assays. 
Next, the center will conduct an immunogenicity study 
and a safety evaluation in animal models. In order to 
expand production capability, the center also intends to 
develop a more advanced technology by using bioreac-
tors in the scale of 30 liters and 150 liters.

VRDC has fulfilled its commitment to prepare 
three lots of novel H1N1 vaccine bulk using the roller-
bottle technology and to establish the cell-cultivation 
process in bioreactors.

EV71 vaccine development3. 
The Centers for Disease Control (Taiwan) trans-

ferred the EV71 vaccine development project to NHRI 
in 2007. The project’s overall goals include establish-
ing a manufacturing process for Vero cell-based EV71 
vaccine, manufacturing clinical trial materials, and 
completing phase I/II trials for technology transfer. 
There has already been important progress.

The Vero cell banks have completed safety valida-••

tions.

The safety of the master virus seed and the work-••

ing virus seed are being validated.

Three test lots and one clinical lot of animal com-••

ponent-free (40L) of EV71 E59 virus production 
were performed for pre-clinical toxicology and 
clinical trial, respectively.

The preclinical toxicity study was initiated in No-••

vember 2009.

JEV vaccine development4. 
When the JEV vaccine development project was 

transferred from Taiwan’s CDC to the NHRI vaccine 
center in 2007, the JEV vaccine strain did not have a 
completed document of origin. The center therefore 
decided to use the U.S. FDA’s guidelines to perform 
two plaque purification cycles and has selected clones 
for full sequence analysis. In June 2009, the center 
completed all steps and prepared the master and work-
ing virus seed banks for validation and certification. 
These virus seed banks are currently being tested by a 
contract research organization in Britain.

Neisseria meningitis55 ’s B (MGB) vaccine 
development
Several protein-based group B vaccine candidates 

have been tested in regional outbreaks. The coverage of 
such vaccines, however, is limited because expressions 
of outer membrane proteins used in these vaccine can-
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didates are very diverse. After intensive screening, one 
lipoprotein, Ag473, was found to be on the surfaces 
of group B isolates using a MGB-specific monoclonal 
antibody. Recombinant lipoprotein Ag473 was dem-
onstrated to be a potential vaccine candidate because 
it was able to elicit immune protection in an animal 
model. In order to be ready for clinical trials, the Vac-
cine Research and Development Center has established 
a cGMP-grade bacterial pilot plant for manufacturing 
the prospective recombinant subunit vaccines for phase 
I and II clinical trials. The pilot-scale processes have 
been developed; and cell banks have been validated 
according to the international regulations and guide-
lines. Documentation of pre-clinical studies, an IND, 
biochemical characterizations of vaccine candidate, 
animal toxicology studies, and QC tests of the NHRI 
MenB vaccine are being prepared and performed. The 
clinical trials are expected to start in 2010, after the 
IND submission and approval by the Department of 
Health. Applications of recombinant lipoproteins with 
Ag473-based intrinsic adjuvant property have been 
studied. Other projects within the Vaccine Center in-
clude a search for universal vaccines against a broad 
range of meningitis, using as adjuvant to enhance the 
immunogenicity of other protein antigens like dengue 
virus protein E, and as protein carriers for polysaccha-
ride conjugated vaccine.

D.   Research and Technology 
Development

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

Roles of regulatory T cells in chronic disorders and 1. 
molecular basis of receptor-mediated innate immune 
response
To investigate the expression of FOXP3 that 

is tightly associated with the function of human 
CD4+CD25+FOXP3+ Treg cells, new molecular 
techniques have been developed that have allowed 
four new human FOXP3 isoforms not been previously 
reported in the literature to be discovered in human 
CD4+CD25+ lymphocytes. The new FOXP23 iso-
forms, as well as their wild type counterpart together 
with one other isoform that is reported in the literature, 
have been individually cloned into a pcDNA3.1 vector 
containing the GFP (green fluorescent protein) reporter 
gene. Transfection studies showed that each of the 
FOXP3 isoform-predicted proteins was expressed, im-
plying that they would be associated with certain func-

tions. Functional evaluation of the individual FOXP3 
species is underway.

The research team has demonstrated that both 
cytokines, TGF-β and IL-10, were up-regulated in co-
cultures of MSC with T lymphocytes, and immuno-
suppression by MSCs on T cells was restored by the 
addition of neutralizing antibodies to IL-10 and TGF-β. 
The team has also shown that the generation of Treg 
is increased when T lymphocytes are co-cultured with 
MSCs and that effect is mediated by TGF-β signals.

Study the generation of T regulatory cells from 2. 
human MSC
Mesenchymal stem cells (MSCs) play an important 

role in immunosuppression by inhibiting the biological 
function of monocyte-derived dendritic cells (MD-
DCs); the molecular mechanism of MSCs’ inhibitory 
activities, however, is yet to be elucidated. The inhibi-
tory effect of MSCs during differentiation of MDDCs 
may be from molecules secreted in culture medium 
by MSCs or direct cell-cell contact. MSC-conditioned 
medium (MSC-CM) has been shown to inhibit expres-
sion of surface proteins of MDDCs such as CD11c, 
CD40, CD80, CD83, CD86, HLA-DR, and DC-SIGN. 
The biological functions of MDDCs, endocytosis, and 
mixed leukocyte reactions (MLR) also are suppressed 
by MSC-CM. Factors derived from MSCs that are 
involved in alteration of differentiation processes of 
MDDCs are fascinating to discover; thus, MSC-CM 
was further screened by cytokine array. The results 
demonstrated that one of the CXC chemokine fam-
ily members, growth-related oncogene-γ (GRO-γ), is 
highly secreted in MSC-CM. The treatment of GRO-γ 
during differentiation of MDDCs caused reduction of 
expression of surface proteins, endocytosis, and MLR 
activities in MDDCs in a manner similar to MSC-CM. 
GRO-γ modulates the function of MDDCs through its 
receptor CXCR2 and the downstream ERK signaling 
pathway. Cellular expression and translocation profile 
of β-arrestin-2, one of the GPCR binding proteins that 
can associate with CXCR2, has been altered in GRO-γ 
treated MD-iDCs but was reversed when CXCR2 an-
tagonist, SB225002, was added. These findings not 
only provide evidence of the immuno-suppressive 
function of GRO-γ in MSC-CM, but also present how 
GRO-γ/CXCR2 regulate differentiation of MDDCs 
and show their therapeutic roles in chronic inflamma-
tion, autoimmunity, allergic diseases, and prevention of 
transplant rejection.
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Program B:  Lipid-based immunopotentiator 
and delivery system for novel 
vaccine development

Delivery of antigenic epitopes of HPV oncoproteins 1. 
as novel immunotherapeutic vaccines against cervi-
cal cancer
In the past three years, the research team has syn-

thesized and screened a panel of peptides derived from 
HPV16, 18, 52, and 58 that can induce T cell responses 
in HLA-A11 and HLA-A24 transgenic mice. Two pep-
tides of HPV18 could not only induce T cell responses 
from HLA-A11 transgenic mice, but also stimulate T 
cells obtained from transgenic mice immunized with 
DNA that encoded HPV18 E6-E7 genes. Furthermore, 
both peptides could stimulate PBMCs of HPV18-
infected volunteers to secrete IFN-r. These results in-
dicate that both peptides are naturally processed CTL 
epitopes (Cancer Biology & Therapy, 2009). A novel 
HLA-A11-restricted peptide from HPV16 formulated 
with IFA for immunization was observed to be able 
to inhibit TC-1/HLA-A11 growth moderately. These 
results suggest that the research team’s strategies for 
discovery of CTL epitopes are feasible for HPV-associ-
ated diseases. In the future, the team will combine new 
adjuvants to enhance the therapeutic effect of these 
novel CTL epitopes for Asian populations.

Establish synthetic lipopeptides as intrinsic adjuvant 2. 
for cancer vaccine development
Lipopeptide (lipoIDG, 24-mer) formulated with 

IFA can significantly induce peptide-specific T cell re-
sponses in vivo. The research team found that vaccina-
tion with 30 μg of lipoIDG/IFA completely eradicated 

tumor growth; and 90% of the mice survived more 
than 60 days. Interestingly, the research team also ob-
served that the mice that received a low dose (1 μg) 
of lipo-IDG still experienced inhibited tumor growth. 
These data demonstrate that lipopeptide is highly im-
munogenic and yields an effective anti-tumor response. 
And, interestingly, lipopeptide alone failed to enhance 
the cytokines secretion (IL-6, IL-12p40 and TNF-α). 
Whereas the bone-marrow dendritic cells (BM-DCs) 
exposed to lipopolysaccharide (LPS) and Pam3CSK4, 
the cytokines secretions were significantly increased. 
These data suggest that the activation of BM-DCs by 
lipopeptide might not be the major mechanism to en-
hance anti-tumor activity. There may be other mecha-
nisms for lipopeptide to enhance anti-tumor immunity. 
The team has already won a National Science Council 
grant to study the molecular mechanisms of lipopep-
tide.

Establishment of recombinant lipoprotein with 3. 
intrinsic adjuvant for vaccine development
The research team has developed a novel platform 

technology that can express high levels of recombinant 
lipoproteins with intrinsic adjuvant properties. In this 
study, Ag473 (a lipoprotein from N. meningitidis) can 
be produced in high yields using E. coli strain C43 
(DE3). After testing a non-lipoimmunogen (E3, from 
dengue virus) fused with different lipid signal peptides 
from other lipoproteins as well as Ag473 fragments 
of different lengths, the team identified that the fu-
sion sequence has to contain at least the N-terminal 
40 residues and D1 of Ag473 to achieve high expres-
sion levels of the recombinant lipo-immunogen (rlipo-
D1E3). The rlipo-D1E3 was found to elicit stronger 
anti-E3 and virus neutralizing antibody responses in 
animal studies than those from rE3 alone or rE3 for-
mulated with alum adjuvant. Moreover, a mutant onco-
protein, E7 (E7m) of human papilloma virus, was also 
produced for studying the T cell immunity as well as 
for evaluating the protection efficacy of lipidated im-
munogens. The E7-specific T-cell responses could be 
induced after administration of lipidated E7m (rlipo-
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E7m), whereas the responses were not so obvious after 
administration of its non-lipidated form (rE7m). In 
animal models, both prophylactic and therapeutic ef-
ficacies of E7m were dramatically increased in its lipi-
dated form. These results have demonstrated the merit 
of lipo-immunogens for novel vaccine development.

Program C: Development of dengue vaccine
A novel dengue vaccine candidate comprised of 

a consensus dengue virus envelope protein domain III 
(cED III) has been developed to fight against dengue 
virus infection. The amino acid sequence of this novel 
cED III was obtained by alignment of amino acid se-
quences from different isolates of the four serotypes of 
dengue viruses. A proof-of-concept study demonstrated 
that BALB/c mice immunized with the recombinant 
cED III developed neutralizing antibodies against all 
serotypes of dengue virus. Moreover, formulation of 
recombinant cED III with aluminum phosphate could 
induce long-lasting antibody responses and anamnestic 
neutralizing antibody responses following challenge 
with dengue virus at week 28 after priming. These re-
sults demonstrate the possibility of developing a single 
tetravalent vaccine against dengue viral infections.

Program D:  Mucosal genetic vaccine against 
infectious diseases

Mucosal genetic vaccine against respiratory infec-1. 
tious diseases
Respiratory syncytial virus (RSV) has been rec-

ognized as the leading cause of lower respiratory in-
fections in children and the elderly. Previous studies 
indicated that immunizing with formalin-inactivated 
RSV evokes a Th-2-cell response that has been sug-
gested plays a role in enhanced disease upon live virus 
exposure. Development of a safe and efficacious RSV 
vaccine that induces a Th-1 cell response associated 
with the production of cytotoxic T-lymphocytes (CTL) 
is important. The team is attempting to develop a vac-
cine for this by expressing RSV F structural proteins in 
an adenoviral delivery vector (rAd) in order to protect 
against RSV infection. Immunogenicity of the rAd-F 
in BALB/c mice showed its capability to elicit virus-
specific humoral and cellular effector responses and 
provided more resistance to live homologous virus 
(RSV-B1) without inducing the pulmonary eosinophil-
ia; this indicates rAd-F is an ideal candidate for RSV 
vaccine.

Furthermore, in the functional CD8 T-cell epitope 
mapping of RSV F protein in HLA-A2 humanized 

transgenic B6 mouse models, four candidates of CTL 
epitopes have been identified and incorporated into the 
investigation of efficacy of peptide-based vaccine in 
transgenic animals (Shao et al., Immunogenic prop-
erties of RSV-B1 Fusion (F) protein gene-encoding 
recombinant adenoviruses. Vaccine, 2009, Sep 4; 
27(40):5460–71).

Figure 1.  Construction and expression of recombinant ad-
enovirus vector carrying RSV F genes. (A) illus-
trates F0 gene construct contains the full length 
F2 and F1 segments, while F0ΔTM construct is 
comprised of the full length F2 together with the 
transmembrane truncated version of the F1 seg-
ment. (B) Viral plaque determination in the lungs 
of experimental mice. Mice were individually 
immunized via the intranasal route twice with 
the immunogen shown before they were intra-
nasally challenged with 106 pfu of live RSV B1. 
Viral plaques in the lungs of individual mouse 
was determined 5 days after challenge using the 
plaque-forming assay.

Development of recombinant measles virus as a mu-2. 
cosal vaccine delivery system
This project focuses on the development of a novel 

mucosal delivery system based on the recombinant 
measles virus (MV) for cervical cancer therapy. The 
research team has performed the RT-PCR of whole 
viral genome (16 kb) and cloned it into three separated 
plasmids for sequencing and mutagenesis. Twelve 
point-mutations were found, 7 of which were located 
in the H and F genes. The connection of three pieces 
to form the whole viral cDNA in a single plasmid 
(pVax-MV) is ongoing. A mutant E7 of HPV type-16 
was designed to abolish the oncogenic ability and was 
codon-optimized for the expression in humans. The 
mutant E7 will be integrated into pVax-MV to make 
E7-repressing recombinant MV. The team also set up 
an immunostaining assay to detect the localization of 
N protein in MV infected Vero cells (see Figure 2).
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Figure 2.  Localization of measles virus nucleocapsid pro-
tein in infected cells. Vero cells were infected by 
MV for 2 days and incubated with mouse anti-
MV N antibody, then stained with Alexa Fluor 
488-labeled anti-mouse IgG antibody and coun-
terstained with phalloidin-TRITC and hoechst 
33342. Merged image shows that MV-infected 
cells fused and formed a multi-nuclear giant cell 
and N protein expressed in the cytosol (arrow-
heads). Some bright spots near nucleus indicate 
vigorous t virus replication happened there.

Program E: Epidemiology
To design clinical trials of new vaccines, disease 

burden and epidemiological characteristics need to 
be clearly understood. The clinical spectrum of EV71 
infection ranges from mild hand-foot-mouth disease 
(HFMD) to severe cases with neurological involve-
ment. The research group is collaborating with Chang 
Gung Memorial Hospital to conduct a longitudinal 
cohort study with two main goals: estimating the half-
life of EV71 maternal antibody in infants, which is 
critical to evaluating vaccine responses in infants; and 
measuring age-specific incidence rates of EV71-related 
HFMD, which are critical to designing clinical trials of 
EV71 vaccines. The research group started the recruit-
ment of pregnant women in June 2006. By 2008, 309 
longitudinal serum specimens collected from mothers, 
neonates, and 6-month-old babies had been measured 
for EV71 neutralizing antibody titers. The seropositive 
rates (antibody titer ≥ 1:8) in mothers, neo-
nates, and 6-month-old infants were 65%, 50%, 
and 1%, respectively. The half-life of maternal 
EV71 neutralizing antibody was estimated to 
be 42 days. It has been documented that infants 
under 1 year old were the highest risk group for 
severe cases of EV71. These two epidemiologi-
cal findings indicate that development of EV71 
vaccines should target infants under 6 months 
old. This study has been published in a well-
known international journal (EID, April 2009).

E. Publications & Patents
Publications (January 2009 – November 2009)

Publication Accepted
 & In press Submitted Total

No. 42 10 3 55

Patents

NHRI 
TTO

Intellectual Property 
Management 
Committee

Patent 
Business 

Office

USPTO 
/ TWIPO Total

No. 2 2 14 11 29

F.   Establishment of Forum for Training 
and Educating Local Young Scientists 
in Vaccine-Related Biotechnology
The Vaccine Research and Development Center 

at NHRI strives to be a leader in developing novel 
vaccines to fulfill healthcare needs. The center’s first 
bioprocess forum, “The Current Bioprocess Develop-
ment in Vaccine Industry,” was organized by NHRI, 
the Hsinchu Science Park Administration’s Bureau of 
Science, National Tsing Hua University, Sartorius Tai-
wan, Cesco Bioengineering, ThermoFisher Scientific, 
and GE Healthcare Life Sciences. This forum was held 
on NHRI’s Zhunan campus on August 18, 2009, and 
served as a platform for scientists, bioprocess engi-
neers, pharmaceutical industries, and regulatory and 
government agencies, as well as economy and regional 
biotechnology companies, to get comprehensive in-
formation on new emerging technologies for vaccine 
manufacturing. The forum was chaired by Dr. Alan 
Hu of the Vaccine Research and Development Center. 
Nine overseas and domestic guest speakers presented 
papers. More than 140 people attended this meeting.
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Research Building
cGMP Facility

Campus Map

1.  Administration Building & Research 
Building

•  Institute of Population Health Sciences

2.  Conference Center
•  Cafeteria

•  International Auditorium

3.  Library/Computer and Conference Center
•  Library

•  Computing and Information Center

4.  Research Building (1) 
•   Division of Biotechnology and Pharmaceutical 

Research

•   Division of Environmental Health and Occupa-
tional Medicine

•  Center for Immunology Research 

•  Incubation Center

•  Division of Infectious Diseases

•  Division of Medical Engineering

•  Center for Nanomedicine Research

•  Vaccine Research and Development Center

5.  Research Building (2)
•   Division of Biotechnology and Pharmaceutical 

Research

•  National Institute of Cancer Research

•  Institute of Cellular and System Medicine

•  Division of Molecular and Genomic Medicine

6.  cGMP Facility 
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