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Foreword
The National Health Research Institutes (NHRI), established on 
January 1, 1996, is a mission-oriented research organization. It works 
to improve the health and well-being of the people of Taiwan and 
beyond, enhance the quality of biomedical research and medical 
care, develop medical and pharmaceutical technology, and train and 
cultivate biomedical researchers.

NHRI conducts translational research toward solving the major 
disease problems in Taiwan, helps the development of the domestic 
biotechnology sector, and contributes ideas and evidence for the setting 
of national health policy research. Intramural research covers four main 
areas: population health sciences; molecular, cellular, and genomic 
medicine; clinical and translational medicine; and biotechnology and 
pharmaceutical research. To date, six institutes, two divisions, and four centers have been established. Through 
its emphasis on collaboration among units, NHRI can not only provide proposals related to biomedicine but also 
develop R&D with a forward-looking vision, allowing it to lay a good foundation for the growth of Taiwan’s 
emerging biotechnology sector. NHRI also provides extramural research grants, awards, and training programs. 
Through its rigorous project-review, assessment, and evaluation system, NHRI serves as a model for improving 
the quality of biomedical research in Taiwan. Because integration of national research resources is key to 
rapid enhancement of the level of research, NHRI has established core facilities and information platforms 
to support Taiwan’s biomedical research. NHRI has also created a research network that is enhancing health 
research standards throughout Taiwan through promoting close collaboration between itself and outside medical 
institutions.

In its role as a think tank for the government, NHRI provides timely health policy recommendations to 
decision-makers. Examples include recommendations on medical curriculum, medical practices, national health 
expenditures, and clinical practices. NHRI surveillance of antimicrobial resistance has led to improved use 
of antibiotics, which has resulted in an annual savings of up to NT$1.2 billion. When concern grew about the 
widespread contamination of food items in Taiwan from the plasticizer DEHP, NHRI stepped in and offered 
scientific data and useful evidence-based recommendations to the public, as well as to policy makers. A new 
milestone is the Taiwan CDC’s recent selection of NHRI to be the main manufacturer of BCG vaccine for TB 
patients to help ensure citizens’ health in Taiwan.

I am committed to furthering the progress of NHRI, and will work with all of NHRI’s scientists and staff 
members to contribute to improving the health of people in Taiwan and throughout the rest of the world.

Hsing-Jien Kung, PH.D.
President of NHRI
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History & Mission

History & Mission
The National Health Research Institutes (NHRI) is dedicated to the enhancement of biomedical research 
and medical care, and to the improvement of the well-being of the people of the nation. NHRI was officially 
established in January 1996. Its founding was first proposed in 1988 by members of Academia Sinica. NHRI’s 
organizational charter was passed by the national Legislature in 1995 and promulgated the same year by 
President Lee Teng-hui. NHRI now serves as an autonomous research organization under the supervision of the 
Department of Health.

In the years since its founding, NHRI has benefitted from the leadership of distinguished scientists and 
administrators: 

• Cheng-Wen Wu: president, January 1996 – December 2005
• Kung-Yee Liang: acting president, January – July 2006
• Kenneth K. Wu: president, July 2006 – August 2012 
• Lu-Hai Wang: acting president, September – December 2012
• Hsing-Jien Kung: president, December 2012 – present
Scientists at NHRI conduct mission-oriented medical research and investigate many aspects of the basic 

biomedical sciences, as well as specific diseases, from bench to bedside; develop biotechnology for vaccine 
and drug discovery; and conduct clinical trials. NHRI also acts as a think tank for medical health research and 
development, promotes cooperation to boost Taiwan’s biotechnology industry, and advises the government on 
health-related policies. Through its extramural programs, NHRI encourages collaborative research projects with 
universities and research institutes, and helps nurture young scientists. Additionally, NHRI funds extramural 
research grants to outstanding scientists throughout Taiwan, organizes academic activities, and promotes 
specialist training programs to further enhance the standards and skills of those in Taiwan’s biomedical 
community.

NHRI relocated to its permanent campus in Zhunan in 2004. Two years later, NHRI’s southern branch, the 
National Cancer Research Center, was established in Tainan, part of the growth that helps NHRI continue to 
improve its efforts to apply research results to real-world applications, boost technology transfers, tackle health 
issues, and provide better health solutions for the nation.
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Institute of Biotechnology and 
Pharmaceutical Research

Mission

In August 2010, the Division of Biotechnology and Pharmaceutical Research (DBPR), which had been 
established in 1998, was reorganized into the Institute of Biotechnology and Pharmaceutical Research (IBPR). 
The institute aims to conduct integrated new drug research and development; to promote collaboration with the 
industrial, academic, and research sectors; to further R&D accomplishments by technology transfers; and to build 
a novel drug R&D technology platform that will be significant not only in Taiwan but also on the international 
level. This important assignment is executed via:
• establishing and maintaining an integrated multi-disciplinary drug-discovery team to conduct R&D work 

in fields including molecular biology, medicinal chemistry, structure-based virtual screening, automated 
high-throughput screening, pharmacokinetics (PK), drug metabolism (DM), animal pharmacology, and 
pharmaceutical development;

• discovering and developing novel therapies for diseases prevalent in Taiwan;
• developing 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 
institute’s research achievements.

Research Framework

Disease Target Identification
Target Validation
In vitro Screening

Mechanism Studies

Rational Drug Design
Medicinal Chemistry
Molecular Modeling

Animal Pharmacology 
and Efficacy 

Pharmacokinetics
Drug Metabolism

Lead
Pre-formulation
Pharmaceutical 
Development

Hit

Drug Lead Patent Application 

IND / Clinical Trials

CRO
Collaboration/Technology Transfer

Drug Candidate
Toxicology

Safety Pharmacology
Pre-formulation/GMP Production

Drug Research & Development of IBPR
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DBPR104 & DBPR204,  
novel anti-tubulin agents for anticancer
DBPR104 is a novel small molecular synthetic compound discovered by the Institute 
of Biotechnology and Pharmaceutical Research. More than 250 analogues have been 
synthesized for lead optimization. In particular, DBPR104 displayed potent cytotoxicity 
against a panel of human cancer cell lines — including leukemia, glioblastoma, oral, 
nasopharyngeal, breast, gastric, colorectal, liver, and cervical cancer cells — with IC50 
values in the range of 1–10 nM.

DBPR104 inhibited tubulin polymerization through binding to the colchicine-
binding site of tubulin. Notably, DBPR104 also showed no cross-resistance to various 
anticancer drugs such as paclitaxel, vincristine, and colchicines, and demonstrated a 
synergistic effect with cisplatin and vincristine in vitro. In pharmacological studies, 
DBPR104 displayed good intravenous pharmacokinetic profiles in rats and dogs, 
significant activity against the growth of xenograft tumors of the gastric carcinoma 
MKN-45 and human cervical carcinoma KB in nude mice, and a synergistic effect with 
cisplatin in P388 mouse model. These findings indicate that DBPR104 is a promising 
anticancer agent with anti-mitotic (G2/M) activity that has potential for management of 
various malignancies, particularly for patients with drug resistance. DBPR104 is, therefore, selected as a potential anti-
cancer development candidate. For its DBPR104 R&D work and the related patent on “Indole Compounds” the institute 
received the 2010 National Invention Award from the Intellectual Property Office of the Ministry of Economic Affairs.

DBPR204, another anti-tubulin drug development candidate, also exhibited a broad spectrum of anticancer activity 
not only in murine leukemic cancer cells but also in human gastric, liver, breast, colorectal, and uterus cancer cells, as 
well as in their multidrug-resistant sublines. DBPR204 is effective in causing morphological changes (round-up of the 
treated cells) and G2/M arrest at a low concentration of 10 nM after treatment for 24 h. Oral administration of DBPR204, 
dose-dependently, prolonged the survival of animals inoculated with P388 leukemic cancer cells and was further 
demonstrated to be orally active in regressing the growth of human colorectal, gastric, and cervical tumor xenografts, as 
well as in regressing the growth of nasal pharyngeal carcinoma xenograft in nude mice. All these studies indicate that 
DBPR204 has great potential to be developed into a new anti-cancer drug.

To move DBPR104 and DBPR204 forward to the development stage, pre-clinical studies were initiated in 2005, 
including laboratorial scale-up synthesis, pre-formulation assessment, pharmacokinetics and drug metabolism profiling, 
genotoxicity, hERG assay, and acute and subacute toxicity studies in mice, rats, dogs, and other animals. In August 2008, 
these two drug candidates, DBPR104 and DBPR204, as well as their related technology were transferred to SynCore 
Biotechnology Co. Ltd., a subsidiary of the Sinphar Group in Taiwan. Pharmaceutical development of DBPR104 and 
DBPR204 has been, therefore, conducted by SynCore. In close collaboration with the institute, SynCore submitted 
Investigational New Drug (IND) applications of DBPR104 with the name of SCB01A to the U.S. Food and Drug 
Administration (FDA) and the Taiwan Food and Drug Administration (TFDA) in 2010 then received approval for Phase I 
clinical trials. The drug candidate was boosted into the phase I clinical stage at National Cheng-Kung University Hospital 
in 2011 and at National Taiwan University Hospital in 2012. This is the first successful example of new chemical entity 
domestically invented with relayed development through cooperation among the governmental, academic, research, and 
industrial sectors in Taiwan.

Journal of Medicinal Chemistry 52(15):4941–4945, 2009 / 46(9):1706–1715, 2003
Cancer Research 64:4621–4628, 2004
Anticancer Research 31(10):3407–3415, 2011 / 30(7):2813–2822, 2010
Cancer Science 102(1):182–191, 2011
PLoS ONE 7(8):e43314, 2012 / 7(4):e36006, 2012

DBPR104 and DBPR204 
inhibited activities of human 
vascular endothelial cells.

Stereo structure of DBPR104.
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Institute of Biotechnology and 
Pharmaceutical Research

Bioorganic & Medicinal Chemistry Letters 20(12):3596–3600, 2010 / 19(7):1908–1912, 2009 / 17(6):2388–2399, 2009
Journal of Medicinal Chemistry 49(1):373–380, 2006

DBPR108, a novel dipeptidyl peptidase 4 inhibitor as a 
therapeutic candidate for diabetes
Diabetes is the fourth leading cause of death in the world and Taiwan, and has been becoming an even greater 
threat to human health. According to the World Health Organization, the diabetes population is expected to 
increase to 360 million by 2030. Type 2 diabetes is mainly caused by insulin resistance or abnormal insulin 
secretion. DPP4 inhibitors could inhibit the enzymatic activity of DPP4 by inducing the level of GLP-1 in blood 
to control blood sugar and reduce the risk of hypoglycemia for type 2 diabetes patients. Based on this finding, in 
2006 Sitagliptin (Januvia®) became the first marketed DPP4 inhibitor drug to be approved by the U.S. FDA; and 
in 2007 Vildagliptin (Galvus®) became the second marketed such drug approved in the European Union.

DBPR108 is a patent-protected drug candidate discovered by the IBPR through rationale design and 
chemical optimization. DBPR108 shows better in vitro DPP4 inhibition, better solubility, less protein binding, 
and relatively good selectivity (IC50 of DPP2, DPP8, and DPP9 > 100 μM) than sitagliptin and vildagliptin. 
In animal studies, DBPR108 appeared to be as good as or better at lowering blood sugar than sitagliptin and 
vildagliptin by oral dosing; moreover, it showed good pharmakinetic properties. In pre-clinical animal toxicity 
studies of monkeys, rats, and dogs it also demonstrated high safety.

NHRI collaborated with an industrial alliance of six domestic 
pharmaceutical companies led by Genovate Biotechnology Co., Ltd., 
to apply for a three-year grant as a “case of success” biotechnology 
investment in Taiwan. The National Science Council approved the 
project in 2008. The aim was to complete the IND applications in 
Taiwan and the United States, and furthermore to conduct a phase 
I clinical trial in Taiwan for the drug candidate DBPR108. Most 
of the project’s objectives have already been achieved, including 
completion of all IND enabling pre-clinical studies, compound scale 
up synthesis, and good manufacturing practice (GMP) production of 
the active pharmaceutical ingredient (API) and the investigational 
drug product. The planned phase I clinical trial was approved by 
the Taiwan FDA and U.S. FDA in January 2012 and was initiated 
in July of the same year to assess the safety and tolerability of a 
single oral dose of DBPR108. This project has not only built up a 
full drug development model from a small molecule compound to a 
drug candidate in Taiwan in the therapeutic area of diabetes, but also 
accumulated valuable experience in the conduct of “first-in-human” 
clinical trials for domestically discovered new chemical entities.

Crystal of DBPR108.

DBPR108 inhibits DPP4 activity in rats (dose 
level: 3 mg/kg).
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Antimicrobial Agents and Chemotherapy 57(2):723–733, 2013 / 56(1):44–53, 2012

DBPR110, a novel small molecule of NS5A inhibitor
DBPR110, which targets the NS5A protein, belongs to a new class of potent small molecule inhibitor discovered 
by the Institute of Biotechnology and Pharmaceutical Research. The virus-encoded nonstructural protein 5A 
(NS5A) is a multifunctional protein essential for HCV replication. Inhibitors of the HCV NS5A protein are novel 
and distinct from those currently being pursued by others against the two enzymatic targets of HCV: protease 
and replicase. DBPR110 exhibited extremely potent anti-HCV activity against genotype 1b and 2a replicons, and 
with very low cytotoxicity. Its anti-HCV activity is much stronger than that of BMS-790052 (1b EC50 = 9 pM), 
which was developed by BMS and is currently in phase III clinical trials. Because of its established excellent 
pharmacokinetic properties, DBPR110 has potential for once-daily oral dosing in humans. Resistance studies 
to date suggest that DBPR110 will likely have a high resistance barrier requiring multiple substitutions within 
the NS5A gene. These results clearly demonstrate that DBPR110 is a potential therapeutic candidate for the 
treatment of HCV infection. 

Since late 2010 the institute has had a pre-clinical development program aimed at making DBPR110 an IND 
and for collaborating with an industrial partner for further development in the near future.

Hepatitis C Virus cuts into three structural proteins (Core (C), E1, and E2) and seven non-structural proteins 
(NS1, NS2, NS3, NS4A, NS4B, NS5A, and NS5B).
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Institute of Biotechnology and 
Pharmaceutical Research

International Journal of Obesity 36(7):999–1006, 2012
ChemMedChem 5(9):1439–1443, 2010
Journal of Medicinal Chemistry 52(14):4496–4510, 2009 / 51(17):5397–5412, 2008

DBPR211, a novel cannabinoid receptor 1 antagonist as 
a therapeutic candidate for type 2 diabetes
The prevalence of type 2 diabetes (T2D) has become epidemic, with the number of T2D patients expected to 
increase even more with the prevalence of obesity in all populations and age groups. Complications such as 
cardiovascular diseases and neuropathy, to say nothing of fatality, have increased T2D’s economic burden to 
society. There is still an urgent need for discovery of new pharmacotherapies for T2D. Cannabinoid receptor 
1 (CB1) is present in several metabolic tissues to regulate lipogenesis and glucose homeostasis, in addition to 
its central effects in appetite control. Recent studies on mouse models and peripheral CB1 antagonists have 
highlighted that targeting peripheral CB1 receptors is a potential therapeutic strategy in treating T2D without 
inducing central CB1-mediated psychological side effects.

The Institute of Biotechnology and Pharmaceutical Research has synthesized more than 1,200 small 
molecules. One of these, the drug candidate DBPR211, was identified in 2011 to antagonize peripheral CB1 
receptor. DBPR211 has been found to be limited in the brain as administered orally, and does not reverse the 
physiological responses induced by activation of CB1 in the brain. Chronic treatment of DBPR211 in diet-
induced obese (DIO) mice not only improved insulin resistance and hepatic steatosis, but also resulted in weight 
loss. More importantly, DBPR211 did not show drug accumulation in brain; and the concentration in the brain, 
if any, was close to the detection limit of the instrument. In db/db mice, DBPR211 also ameliorated insulin 
resistance significantly. From the above it can be concluded that DBPR211 is a peripherally restricted CB1 
antagonist capable of improving insulin resistance, liver steatosis, and body weight; and it has great potential in 
treating T2D. The pre-clinical development of DBPR211 commenced in 2012. The institute may collaborate with 
industrial partners for further development.

Beneficial effects of DBPR211 and its potential indication.
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Anticancer Research 32(1):147–151, 2012
Journal of Medicinal Chemistry 53(13):4980–4988, 2010 / 53(20):7316–7326, 2010
Analytical Biochemistry 377(1):89–94, 2008

DBPR112, a novel EGFR tyrosine 
kinase inhibitor as a therapeutic 
candidate for lung adenocarcinoma
Lung cancer is the major cause of cancer death in the world, while non small 
cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer 
diagnosis. Chemotherapy and/or radiotherapy are the standard treatments 
for advanced-stage lung cancer. However, traditional approaches to cancer 
chemotherapy using cytotoxic drugs are limited by lack of efficacy, severe 
toxicity, and development of drug resistance. These limitations have fueled 
interest in developing molecular targeted therapies to minimize toxicity. 
Targeted therapy — which constitutes the use of agents specific for the 
deregulated proteins of cancer cells — is, therefore, emerging as a new cancer-
treatment strategy. Epidermal growth factor receptor (EGFR) mutations, 
found in 10–30% of patients with NSCLC, characterize a subpopulation with 
exquisite sensitivity to EGFR tyrosine kinase inhibitors (EGFR-TKIs). Two 
EGFR-targeting small-molecule TKIs — i.e., gefitinib (Iressa®; AstraZeneca) 
and erlotinib (Tarceva®; Genentech) — received approval from the U.S. 
FDA in 2003 and 2004, respectively, as treatment for patients with NSCLC. 
However, because these first-generation TKIs will develop drug-acquired 
resistance within 10–14 months in patients, there is a need to discover next-
generation medicines such as EGFR-TKIs for NSCLC patients.

The Institute of Biotechnology and Pharmaceutical Research has 
identified DBPR112 as a potent EGFR-TKI with oral in vivo activity in a 
mouse model for lung adenocarcinoma. DBPR112 showed IC50 of 2 nM in 
HCC827 cells, along with potent EGFRWild-Type and EGFRL858R/T790M kinase 
inhibition — better than gefitinib and similar to BIBW2992 (afatinib, 
developed by Boehringer Ingelheim), which is currently under phase III 
clinical trial. DBPR112 was orally administered against the growth of human 
lung HCC827 tumors subcutaneously xenografted in nude mice. A dramatic 
reduction of the tumor size was noted in the tumors treated with DBPR112 
without significant loss of body weight in the nude mice. In addition, the 
pharmacokinetic properties of DBPR112 are superior to those of BIBW2992. 
These results demonstrate the potential of DBPR112 as a therapeutic candidate 
for the treatment of lung adenocarcinoma with EGFR mutations. IBPR is 
aiming to advance the DBPR112 program through the pre-clinical phase soon. 
The pre-clinical development will continue to evolve as science advances and 
hopefully make DBPR112 an investigational new drug for the treatment of 
lung cancer in the near future. The institute will seek to collaborate with an 
industrial partner for the drug’s further development.

DBPR112 shows inhibitory activity 
against EGFRWild-Type and EGFRL858R/

T790M kinase.

DBPR112 was orally effective in 
xenograft mouse model.

Using molecular modeling to study the 
interaction between inhibitor and EGFR 
kinase.
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Mission

The National Institute of Cancer Research, formerly the Division of Cancer Research, is tasked with integrating 
and coordinating basic and clinical research to facilitate the development of innovative 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

Development 
Strategy

Infrastructure

Health Policies 
& Services

Basic Research Translational Medicine Clinical Trials

• Molecular and 

Cellular Oncology

• Viral Oncology

• Tumor Immunology

• 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

• Phase I

• Phase II

• Phase III

• Drug Development, 

Diagnostic Technology, & 

Exp. Therapeutics

• Drug Resistance

• Oral Cancer

• Pancreatic Cancer
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National Institute of Cancer Research

4-Ketopinoresinol, a novel naturally occurring ARE 
activator, induces the Nrf2/HO-1 axis and protects 
against oxidative stress-induced cell injury via 
activation of PI3K/AKT signaling
The Nrf2/ARE pathway plays an important role in inducing phase II detoxifying enzymes and antioxidant 
proteins and has been considered a potential target for cancer chemoprevention because it eliminates harmful 
reactive oxygen species or reactive intermediates generated from carcinogens. The objectives of this study were 
to identify novel Nrf2/ARE activators and to investigate the mechanistic signaling pathway involved in the 
activation of Nrf2-mediated cytoprotective effects against oxidative-induced cell injury. A stable ARE-driven 
luciferase reporter cell line was established to screen a potentially cytoprotective compound. 4-Ketopinoresinol 
(4-KPR), the (alpha-gamma) double-cyclized type of lignan obtained from adlay (Coix lachryma-jobi L. var. 
ma-yuen Stapf), activates ARE-driven luciferase activity more effectively than the classical ARE activator tert-
butylhydroquinone. 4-KPR treatment resulted in a transient increase in AKT phosphorylation and subsequent 
phosphorylation and nuclear translocation of Nrf2, along with increased expression of ARE-dependent 
cytoprotective genes, such as heme oxygenase-1 (HO-1), aldo-keto reductases, and glutathione synthetic enzyme. 
4-KPR suppresses oxidative stress-induced DNA damage and cell death via upregulation of HO-1. Inhibition of 
PI3K/AKT signaling by chemical inhibitors or RNA interference not only suppressed 4-KPR-induced Nrf2/HO-1 
activation, but also eliminated the cytoprotective effect against oxidative damage. These observations in an ARE-
regulated gene system suggest that 4-KPR is a novel Nrf2/ARE-mediated transcription activator, activates the 
Nrf2/HO-1 axis, and protects against oxidative stress-induced cell injury via activation of PI3K/AKT signaling.

A proposed pathway for 4-KPR-induced Nrf2/ARE-mediated 
cytoprotective proteins via activation of PI3K/AKT signaling.

Free Radical Biology and Medicine 52(6):1054–1066, 2012
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Prospero homeobox 1 promotes epithelial-mesenchymal 
transition in colon cancer cells by inhibiting E-cadherin 
via miR-9
PROX1 is an evolutionally conserved transcription factor that controls the fate and differentiation of neuron 
precursor cells, lymphatic endothelial cells, retinal progenitor cells, and hepatocytes. The Drosophila counterpart 
of PROX1, Prospero, has been shown to function as a brain tumor suppressor. Recent studies suggest that 
PROX1 may have a similar role in human cancers. Downregulation or loss-of-function of PROX1 is caused by 
mRNA mutation, epigenetic silencing, and genomic deletions. However, PROX1 plays a tumor-promoting role 
in colon cancer, malignant astrocytic glioma, and kaposiform hemangioendothelioma. The distinct function of 
PROX1 in human cancers is largely unclear. PROX1 was overexpressed in 43% (59/136) of colon cancer tissues; 
and its expression was correlated with E-cadherin downregulation (P = 0.00005), advanced tumor staging (P = 
0.005), and lymph node metastasis (P = 0.000009). 
Enforced expression of PROX1 in DLD-1 cells 
caused downregulation of E-cadherin and integrins 
and attenuated cell adhesion. These cells showed 
an increase of matrix metalloproteinase activity and 
invasive ability. Conversely, knockdown of PROX1 in 
SW620 cells restored E-cadherin protein expression 
and reduced invasiveness. Unexpectedly, repression 
of E-cadherin by PROX1 was not mediated by 
transcriptional inhibition. The research team found 
that PROX1 bound to miR-9-2 promoter and 
triggered its expression to suppress E-cadherin 
3’UTR reporter activity and protein expression. 
Anti-miR-9 restored E-cadherin in SW620 cells, 
whereas precursor miR-9 inhibited E-cadherin in 
PROX1-knockdown cells. The miR-9 level was 
higher in tumor tissues with high PROX1/low 
E-cadherin than that of tumor tissues with low 
PROX1/high E-cadherin. These results provide 
mechanistic insights by which PROX1 promotes 
EMT and colon cancer progression. Targeting 
of PROX1-mediated oncogenic activity may be 
helpful for the treatment of colon cancer. PROX1 inhibits E-cadherin and induces EMT in colon  

cancer cells.

Clinical Cancer Research 18(23):6416–6425, 2012
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National Institute of Cancer Research

Krüppel-like factor 10 expression as a prognostic 
indicator for pancreatic adenocarcinoma
Pancreatic adenocarcinoma is one of the most lethal tumors across all cancer types, with only 10–15% of patients 
able to undergo curative intent surgery at the time of diagnosis. Therefore, before the development of an effective 
therapy, it is urgent that biomarkers for early diagnosis are identified to differentiate patients with heterogeneous 
clinical outcomes. Deregulation of transforming growth factor (TGF)-β function is a common feature of 
pancreatic cancer, rendering these cancers unresponsive to TGF-β-stimulated growth inhibition. Recent findings 
have supported a primary role for Krüppel-like factor 10 (KLF10) as an important transcription factor involved in 
mediating TGF-β1 signaling. One Klf family member, the human homologue of Klf10, is called TIEG1. Krüppel-
like factor (KLF) family members share a three-C2H2 zinc finger DNA-binding domain with a Krüppel linker 
between the zinc fingers. These proteins are involved in cell proliferation and differentiation control in normal 
tissues. Studies during the past several years have supported a significant role for this family of transcription 
factors in carcinogenesis. The aim of this study was to evaluate the correlation between KLF10 expression 
and the clinical and pathologic features of pancreatic cancer. Tissue specimens from patients with pancreatic 
adenocarcinoma were retrospectively collected for immunohistochemical analysis. To demonstrate that Klf10 
expression was primarily regulated by methylation status, the Klf10 promoter was examined by methylation-
specific PCR using a pancreatic cancer cell line (Panc-1). DNA methyltransferase (DNMT) inhibitor and small-

interfering RNA depletion of DNMT genes 
were used to reverse KLF10 expression in the 
Panc-1 cells. In parallel, DNMT1 expression 
was evaluated in the pancreatic cancer 
tissue specimens. In 95 pancreatic cancer 
tissue specimens, KLF10 expression was 
inversely correlated with pancreatic cancer 
stage (P = 0.01). Multivariable analysis 
revealed that, in addition to the presence of 
distant metastasis at diagnosis (P = 0.001 
and 0.001, respectively), KLF10 was another 
independent prognostic factor related to 
progression-free and overall survival (P = 
0.018 and 0.037, respectively). The loss of 
KLF10 expression in advanced pancreatic 
cancer is correlated with altered methylation 
status, which seems to be regulated by 
DNMT1. These results suggest that KLF10 is 
a potential clinical predictor for progression 
of pancreatic cancer.

American Journal of Pathology 181(2):423–430, 2012

DNMT1 contributes to Klf10 promoter methylation and protein expression.

Survival curves of the pancreatic cancer patients.
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TCF12 functions as a transcriptional repressor of 
E-cadherin and its overexpression is correlated with  
the metastasis of colorectal cancer
Metastasis is the major cause of colorectal cancer (CRC) mortality. Identification of metastasis-associated 
genes is essential for understanding the underlying mechanisms, developing new markers for early detection, 
and ultimately discovering new therapeutic targets. Development of new techniques in proteomic analysis has 
greatly helped identify molecules involved in the pathogenesis of metastasis. A correlation of TCF12 mRNA 
overexpression with colorectal cancer (CRC) metastasis was suggested by microarray data and validated by a 
survey of 120 patients. Thirty-three (27.5%) of the 120 patients showed tumor TCF12 mRNA overexpression 
and had a higher rate of metastatic occurrence (p = 0.020) and a poorer survival outcome (p = 0.014). Abundant 
TCF12 levels were also observed in human CRC cell lines such as SW620 and LoVo; but a relatively low level 
was detected in SW480 cells. Knockdown of TCF12 expression in SW620 and LoVo cells drastically reduced 
their activities of migration, invasion, and metastasis. Tight cell–cell contact and an increase in E-cadherin, 
along with a concomitant decrease in fibronectin, were observed in TCF12-knockdown cells. Connexin 26, 
connexin 43, and gap-junction activity were also increased upon TCF12-knockdown. In contrast, ectopic TCF12 
overexpression in SW480 cells facilitated fibronectin expression and cell migration and invasion activities but 
diminished cellular levels of E-cadherin, connexin 26, connexin 43, and gap junction. A physical association 
of TCF12 with the E-cadherin promoter was evidenced by chromatin immunoprecipitation assay. TCF12 was 
tightly correlated with cellular expression of Bmi1 and EZH2, and was co-immunoprecipitable with Bmi1 
and EZH2, suggesting that TCF12 transcriptionally suppressed E-cadherin expression via polycomb group-
repressive complexes. Clinically, TCF12 mRNA overexpression was also correlated with E-cadherin mRNA 
down-regulation in the tumor tissues of our 120 patients (p= 0.013). These studies suggest that TCF12 functioned 
as a transcriptional repressor of E-cadherin and that its overexpression was significantly correlated with the 
occurrence of CRC metastasis.

Tumor TCF12 mRNA overexpression is associated with the incidence of 
CRC metastasis.

Journal of Biological Chemistry 287(4):2798–2809, 2012
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Taiwan Cooperative Oncology Group (TCOG)
TCOG has held annual meetings since 1997. These meetings are an opportunity for members of each committee, 
researchers, and scholars from the medical community of Taiwan and abroad to gather and share experiences 
and knowledge. The most recent such gathering, the 16th Annual Meeting of the Taiwan Cooperative Oncology 
Group, was held on November 17 and 18, 2012. The Asia-Pacific Congress on Virus Related Malignancies was 
held in conjunction with this. Distinguished guests from the United States, Germany, China, Hong Kong, Japan, 
and Taiwan were invited to give special speeches on basic cancer research and clinical treatment of HBV, HCV, 
HPV, and EBV.

Delegates to the Asia-Pacific Congress on Virus-Related Malignancies, which was held in conjunction with the 16th Annual Meeting 
of the Taiwan Cooperative Oncology Group.
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Institute of Cellular and System Medicine

Mission

The Institute of Cellular and System Medicine was established in 2008. Its mission is to develop new diagnostic 
methods and therapeutic agents for the prevention and treatment of important chronic diseases and disorders. To 
this end, the institute’s main research activities are aimed at understanding the underlying mechanisms of these 
diseases using integrated cellular, molecular, and system approaches. The research areas within the institute 
include:
˙ Regenerative medicine research — This area of research focuses on (1) characterizing molecular aspects of neural 

stem cell differentiation and their applications for nerve repair; and (2) studying the immunosuppressive properties 
and mechanisms of placenta-/adult-tissue-derived stem cells and exploring their therapeutic potentials.

˙ Cardiovascular and metabolic medicine research — This area of research focuses on (1) vascular protection, 
by searching for protective molecules and their mechanisms; (2) inflammation, by looking for novel 
inflammatory and anti-inflammatory factors that are involved in cardiometabolic disorders and cancer; and (3) 
metabolic dysregulation in human diseases.

˙ Aging-related disease research — This area of research focuses on (1) investigating the role of inflammation 
on musculoskeletal cells and (2) aging-related cellular changes and mechanism.

In addition, the institute’s interdisciplinary programs in stem cell and interdisciplinary metabolic research 
foster basic, translational, and clinical research.

Research Framework

Stem Cell Research

Basic Research and 
Development

Aging Research

Cardiovascular
Research

Inflammation, Cancer, 
and Metabolism 

Research

Potential 
Clinical 

Application
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Control of cyclooxygenase-2 expression and 
tumorigenesis by endogenous 5-methoxytryptophan
Cyclooxygenase-2 (COX-2) expression is induced by mitogenic and proinflammatory factors. Its overexpression 
plays a causal role in inflammation and tumorigenesis. COX-2 expression is tightly regulated; but the 
mechanisms are largely unclear. The research team has shown that COX-2 expression is controlled by an 
endogenous tryptophan metabolite, 5-methoxytryptophan (5-MTP). By using comparative metabolomic 
analysis and enzyme-immunoassay, the results reveal that normal fibroblasts produce and release 5-MTP into 
the extracellular milieu, whereas A549 and other cancer cells were defective in 5-MTP production. 5-MTP was 
synthesized from L-tryptophan via tryptophan hydroxylase-1 and hydroxyindole O-methyltransferase. 5-MTP 
blocked cancer cell COX-2 overexpression and suppressed A549 migration and invasion. Furthermore, i.p. 
infusion of 5-MTP reduced tumor growth and cancer metastasis in a murine xenograft tumor model. The team 
concluded that 5-MTP synthesis represents a mechanism for endogenous control of COX-2 overexpression and 
is a valuable lead for new anti-cancer and anti-inflammatory drug development.

(A) Comparative metabolomic analysis reveals that normal fibroblasts produce 5-MTP; 
(B) Metabolic scheme illustrating 5-MTP biosynthesis in HsFb vs. A549 cancer cells; 
(C) 5-MTP reduces cancer growth and metastasis in a murine tumor xenograft model.

Proceedings of the National Academy of Sciences 109(33):13231–13236, 2012
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Accumulation of the inner nuclear envelope  
protein Sun1 is pathogenic in progeric and  
dystrophic laminopathies
Human LMNA gene mutations result in laminopathies that include Emery-Dreifuss muscular dystrophy (AD-
EDMD) and Hutchinson-Gilford progeria, the premature aging syndrome (HGPS). The Lmna null (Lmna(-/-)) 
and progeroid LmnaΔ9 mutant mice are models for AD-EDMD and HGPS, respectively. Both animals develop 
severe tissue pathologies with abbreviated life spans. Like HGPS cells, Lmna(-/-) and LmnaΔ9 fibroblasts have 
typically misshapen nuclei. Unexpectedly, Lmna(-/-) or LmnaΔ9 mice that are also deficient for the inner nuclear 
membrane protein Sun1 show markedly reduced tissue pathologies and enhanced longevity. Concordantly, 
reduction of SUN1 overaccumulation in LMNA mutant fibroblasts and in cells derived from HGPS patients 
corrected nuclear defects and cellular senescence. Collectively, these findings implicate Sun1 protein 
accumulation as a common pathogenic event in Lmna(-/-), LmnaΔ9, and HGPS disorders.

Cell 149(3):565–577, 2012

Representative comparison of the gross appearance 
of 55-day-old mice. Genotypes of the mice are, from 
left to right, Lmna+/-Sun1+/-, Lmna-/-Sun1-/-, and Lmna-/-

Sun1+/-.  Note the small body size of the Lmna-/-Sun1+/- 
animal, which is partially rescued when two alleles of 
Sun1 are both lost.

2524



Caffeic acid phenethyl ester suppresses the proliferation 
of human prostate cancer cells through inhibition of 
p70S6K and Akt signaling networks
Caffeic acid phenethyl ester (CAPE) is a bioactive 
component derived from honeybee hive propolis. 
CAPE has been shown to have antimitogenic, 
anticarcinogenic, and other beneficial medicinal 
properties. Many of its effects have been shown to be 
mediated through its inhibition of NF-κB signaling 
pathways. The research team took a systematic 
approach to uncover the effects of CAPE over a 
period of time on the signaling networks in human 
prostate cancer cells. The team observed that CAPE 
dosage dependently suppressed the proliferation of 
LNCaP, DU-145, and PC-3 human prostate cancer 
cells. Administration of CAPE by gavage significantly 
inhibited the tumor growth of LNCaP xenografts in 
nude mice. Using LNCaP cells as a model system, the 
team examined the effect of CAPE on gene expression, 
protein signaling, and transcriptional regulatory 
networks using micro-Western arrays and PCR arrays. 
The team proposed a model of the impact of CAPE on 
cell signaling, which may act through inhibiting Akt-
related protein signaling networks. Overexpression of 
Akt1 or c-Myc, a downstream target of Akt signaling, 
significantly blocked the antiproliferative effects of 
CAPE. In summary, the results suggest that CAPE 
administration may be useful as an adjuvant therapy 
for prostate and potentially other types of cancers that 
are driven by the p70S6K and Akt signaling networks.

Cancer Prevention Research 5(5):788–797, 2012

Caffeic acid phenethyl ester (CAPE) suppresses cell proliferation 
and tumor growth of several human prostate cancer cells.

CAPE’s anti-cancer mechanism is via inhibition of Akt and 
c-Myc signaling pathway, resulting in cell cycle arrest and cell 
proliferation suppression.
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Application of neural stem cells, growth factors and 
biomaterials in peripheral nerve regeneration
Treatment of neural degenerative diseases and neural trauma has proved challenging. An innovative technique 
combining phase transition and microprinting in one step was applied to tissue engineered medical products. The 
combination of nerve conduits, neural stem cells, and fibroblast growth factor 1 (FGF1) provides the alignment 
of neural stem cells, which, in turn, results in expedient recovery of peripheral nerve injury. The research team 
has developed a method to isolate neural stem cells and devised a nerve conduit to employ the aforementioned 
neural stem cells. The characteristics of this study could be (1) applied to repair the sciatic nerve or common 
peroneal nerve injury and (2) utilized to screen for drugs to induce neuronal cell differentiation. For this research, 
the team received the eighth National Innovation Award.

FGF1/神經幹細胞/神經導管之運用於神經損傷

一、第一型纖維母細胞生長因子(FGF1)可
促使軸突增生及用於神經幹細胞培養。

FGF1

Neuronal 
Induction

Sympathetic neuron-like cells

簡介：
神經導管(nerve conduit)是利用生物可降解性之生醫材料製成，作為支持神經生長的
支架。本研究團隊經由動物實驗模式證實利用神經導管結合神經幹細胞(neural stem 
cell, NSC)及第一型纖維母細胞生長因子(FGF1)將有助於大鼠坐骨神經損傷修復。

二、質體F1B-GFP可有效用於神經幹細胞

分離及神經元分化。

GFP positive

GFP negative

F1B-GFP

三、應用神經導管結合神經幹細胞及FGF1
於大鼠坐骨神經損傷修復模式。

Width/spacing/depth= 
20/20/3μm

Make poly(D,L)-lactide 
microgrooves on the silicon 
wafer first using lithography

Surface topography

depth
width

spacing

The lumen surface of nerve conduit (1.5 
mm ID, 12 mm long) is seeded with 
F1B-GFP mouse neural stem cells and 
cultured for 24 hours

Nerve conduit: for 
large-gap defect

SFI = - 38.3(PLF) + 109.5(TSF) + 13.3(ITF) - 8.8

1 week

4 weeks

Success 
Rate

Sciatic 
Functional 
Index (SFI)

Area of 
axons 
(μm2)

No. of 
myelinated 

axons

No. of 
Blood 

Vessels
Silicon tube 1/3 -77±9 N/A N/A N/A

Autograft 3/3 -79 ±7 10.3 ±2.5 1905 ±371 58 ±13
PLA Conduit 
with NSCs 4/4 -47 ±12 * 9.4±1.8 1856 ±315 48 ±11

PLA Conduit
w/o NSCs 3/4 -69 ±10 6.5 ±1.3 * 829 ±165 * 40 ±9

*:  p<0.05, deviated from other groups
N/A: Not available

FGF1誘導PC12細胞軸突增生(neurite outgrowth)

FGF1可以用於小鼠神經
幹細胞培養；此神經幹
細胞可以被誘導分化成
神經元細胞(neuron;
TuJ1 positive cell; scale 
bar 100um)

F1BGFP(+)細胞有較好的神經球(neurosphere)形成
能力

F1BGFP(+)細胞有較好的神經元細胞(neuron)分化
能力

CD133-positive/F1BGFP-negative CD133-negative/F1BGFP-positive

神經導管表面及神經幹細胞/神經導管使用示意圖

神經幹細胞/神經導管移植及大鼠運動步跡實驗

四、未來細胞治療可能模式

PLA-Chitosan-Nanogold/Porosity--GpCn
Growth Factors/FGF1--F
Neural Stem Cells--NSC

應用神經導管結合神經幹細胞及特定生長因子將更
有益於週邊神經損傷修復。
GpCnF+NSC>GpCnF>GpCn
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National Institute of Infectious Diseases 
and Vaccinology

Mission

The National Institute of Infectious Diseases and Vaccinology was formally established in May 2011 by 
merging the Division of Infectious of Diseases and the Vaccine Research and Development Center. The merger 
strengthened NHRI’s infectious disease research programs by consolidating the infrastructure and strength of 
both units to maximize the expertise of the researchers. The institute’s missions are:
• to conduct surveillance and epidemiology of antibiotic resistance in important bacteria (including 

tuberculosis) and fungi, and in important viral infections (e.g., the influenza virus, enterovirus, and human 
immunodeficiency virus) in order to build prevention strategies;

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

• to conduct studies of immune and pathogenesis in important virus, (e.g., enterovirus, influenza virus, dengue 
virus, and human respiratory syncytial virus);

• to study the pathogenesis and virulence factors of tumor viruses (e.g., Epstein-Barr virus, hepatitis B and C virus, 
and human papillomavirus) in order to investigate possible therapeutic targets and chemopreventive materials;

• to develop vaccine and vaccine-related biotechnology;
• to foster the development of biotech companies in vaccine manufacturing and the conducting of clinical trials;
• to organize symposia and training courses for education, and to conduct international coordination to keep up 

with international standards.

Research Framework

• Antimicrobial use & resistance (TSAR/TSARY)
• Clinical virology (influenza, EV, HIV)

• Bacterial and fungal drug resistance, genomics, and 
virulence (TB genomics)

• Viral immuno-pathogenesis (EV, dengue, influenza, RSV)
• Viral tumorigenesis (EBV, HBV/HCV, HPV)

• Antimicrobial use and infection control (MIRL)
• TB, AIDS, influenza control
• Vaccine development and therapeutic trial
• Vaccine platform technology and cGMP facility

Surveillance and 
Clinical Study

Basic Research

Advocacy and 
Biotechnology

Service and 
Education

Conferences and 
Workshops

International Collaboration
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Advocacy on human and food-animals antimicrobial 
use and research on antimicrobial resistance
The Taiwan Surveillance of Antimicrobial Resistance (TSAR) and the Taiwan Surveillance of Antimicrobial 
Resistance of Yeasts (TSARY) provide important information on antibiotic resistance in Taiwan. Their studies of 
molecular mechanisms are being applied to the development of novel antimicrobial vaccines and drugs.

In Taiwan, carbapenem resistant Acinetobacter baumannii (CRAB) is one of the most noteworthy resistant 
Gram-negative bacteria. The institute found the prevalence of extensively drug resistant AB (XDRAB) also 
increased from 1.3% in 2002 to 41.0% in 2010 (p < 0.001). This study identified factors associated with 
CRAB and XDRAB and at-risk groups requiring more intense interventional infection-control measures with 
focused surveillance efforts. The research team has also been studying livestock-associated-methicillin-resistant 
Staphylococcus aureus (LA-MRSA) in Taiwan. Comparison of the human and pig ST9 MRSA revealed that 
they shared certain unique genetic features, suggesting that cross-species genetic exchange may have occurred. 
Candida tropicalis is prevalent in organically enriched soil and aquatic environments as well as in wild birds. 
The institute investigated the presence in soil of these C. tropicalis strains exhibiting reduced susceptibility to 
fluconazole, especially DST98, DST140, and DST149.

The genomes from important isolates in the Taiwan Surveillance of Antimicrobial Resistance have been 
completely sequenced. In collaboration with other researchers, the research team reported the complete genome 
sequence of Klebsiella oxytoca E718, a New Delhi metallo-β-lactamase-1 (NDM-1)-producing strain isolated 
from a renal transplant patient. A research team from the institute also reported the complete genome sequence of 
M013, a representative strain of a pvl-positive, sequence type 59-staphylococcal cassette chromosome mec type 
V (ST59-SCCmec type V) community-associated MRSA (CA-MRSA) clone in Taiwan. Another team presented 
the first genome sequence of the Aeromonas aquariorum strain AAk1, which was isolated as the sole pathogen 
from the blood of a patient with septicemia and necrotizing fasciitis. These data are useful for the further 
development of vaccines and drugs.

Klebsiella pneumoniae is a well-known human nosocomial pathogen. During the past two decades, 
however, a distinct invasive syndrome that causes liver abscesses has been increasingly reported in Asia; and this 
syndrome is emerging as a global disease. The institute summarized the clinical presentation and management, 
as well the microbiological aspects of this invasive disease. Ndt80p is an important transcription modulator 
to various stress-response genes in Candida albicans. In this study, the research team revealed that the R432 
residue in the Ndt80p DNA-binding domain 
is involved in all tested functions, including 
cell separation, drug resistance, nitric 
oxide inactivation, germ tube formation, 
hyphal growth, and virulence. Hence, the 
importance of the R432 residue suggests a 
novel approach for designing new antifungal 
drugs by blocking the interaction between 
Ndt80p and its targets.

BMC Infectious Diseases 12:200, 2012
Comparative Immunology, Microbiology & Infectious Diseases 35:513–521, 2012
PLoS ONE 7:e34609, 2012
Journal of Bacteriology 194:5454, 2012 / 194:1256–1257, 2012 / 194:4114–4115, 2012
Lancet Infectious Diseases 12:881–887, 2012
Cellular and Molecular Life Sciences 69:1011–1023, 2012

Secular trend of extensive-drug-resistance rate of Acinetobacter baumannii 
complex recovered in Taiwan from 2002 to 2010.
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Human Vaccines Immunotherapeutics 8:1775–1783, 2012
PLoS ONE 8:e57591, 2013 / 7:e30507, 2012 / 6:e25500, 2011 / 6:e23319, 2011
Vaccine 27:5460–5471, 2009
PLoS Neglected Tropical Diseases 7:e2067, 2013 / 6:e1645, 2012

Emerging virus infections and vaccine development
The NHRI Tainan Virology Laboratory for Diagnosis and Research conducts surveillance, diagnosis, and 
research of important emerging viruses, such as influenza virus and enterovirus in Taiwan. The team found 
that the epidemiology of influenza viruses in Taiwan reveals that the island tends to be a few seasons ahead of 
other parts of the world. Therefore, uninterrupted surveillance of influenza viruses in Taiwan is important. The 
institute completed a phase I clinical trial of its H5N1 influenza vaccine. The development of clade 2 H5N1 
vaccine is part of preparations to respond to a possible emergency epidemic. Since H5N2 viruses with unique 
gene constellations have been found only in Taiwan, the government has the responsibility to control these H5N2 
viruses and prevent their international spread. NHRI’s Vaccine Center is working together with the Council of 
Agriculture’s Animal Health Research Institute, the Department of Health’s Centers for Disease Control, and the 
Department of Defense’s Institute of Preventive Medicine to help accomplish this.

Phylogenetic analyses indicated that dominant genotypes changes from B to C or C to B occurred at least 
four times between 1986 and 2012. Continuous surveillance of EV71, including monitoring genetic evolution 
and antigenic changes, is recommended. The institute has undertaken the development of an EV71 vaccine. 
The phase I clinical trial of this was completed in 2012. The EV71 vaccine has a good immune response and no 
adverse reaction. Its production is an important milestone in the institute’s development of vaccines. Institute 
research teams engineered a novel transgenic mouse model that carries and expresses the human SCARB2 gene: 
SCARB2/C57BL/6 (SCARB2-Tg B6) mice. This model is a powerful model tool for identifying the protection 
of the EV71 vaccine. International collaboration with Children’s Hospital 1 in Ho Chi Minh City, Vietnam, is 
providing a platform for a clinical trial of the EV71 vaccine.

The institute has also developed candidate RSV vaccines, replication-defective adenoviruses (rAd) 
designated rAd-F carrying F gene inserts of the RSV B1 strain. Related patent applications for a Human 
Respiratory Syncytia Virus (RSV) vaccine are under review (U.S. patent application 12/505,998, and Taiwan 
patent application 098124475). To facilitate the clinical development of this mucosal RSV vaccine, this institute 
collaborated with TWi (a local biotech company).

Dengue subunit vaccines are novel 
constructs containing the E3 domain of 
the E protein derived from dengue virus 
fused with the patented leader sequence 
(D1). These can express a high level of a 
recombinant lipidated EDIII, rlipo-D1EIII, 
in a patented E. coli strain, C43 (DE3) (U.S. 
patent 7981431 B2). The rlipo-D1EDIII was 
found to elicit stronger virus neutralizing 
antibody responses in animal studies without 
exogenous adjuvants. The dengue subunit is 
negotiating with the Bill & Melinda Gates 
Foundation about possible collaboration.

SCARB2 transgenic mice. HFMD-like hair loss with skin scurf was found to be 
correlated with the dosage of EV71 challenge.
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Tuberculosis research and novel BCG development
Both environmental and host factors are responsible for the transmission and prevalence of different 
Mycobacterium tuberculosis (MTB) strains. In a molecular epidemiologic analysis of MTB isolates in 
metropolitan Taipei, the institute researchers observed that patients infected with the Beijing family were 
statistically younger than those infected with other genotypes. These results suggest a possible recent spread of 
the Beijing genotype among younger individuals in this area. Thus, even though Taiwan has had comprehensive 
BCG vaccinations for more than 40 years, the predominance of the Beijing family strain in the younger cohort 
in this study suggests that BCG may not adequately protect young people from the Beijing strain of MTB. 
This situation warrants closer attention and suggests that a better BCG vaccine is needed. The institute has also 
developed a 17-loci MIRU-VNTR typing method, which has been found to be superior to spoligotyping for non-
Beijing family strains. Latent tuberculosis infection, which accounts for one-third of the world’s population, 
remains the major obstacle to the eradication of TB. According to analysis by the Taiwan CDC, the abrupt 
increase of TB incidence at 65 years of age suggests a re-
activation of TB from latency in the aged and high-risk 
populations, such as diabetes mellitus patients. The institute 
is investigating the prevalence of latent TB infection 
in population before and after BCG vaccination, and is 
assessing the risk of TB reactivation in latent TB infection 
population in Changhua County. The whole project will 
specifically clarify the prevalence and burden of latent TB 
infection in elderly populations in Taiwan in the era before 
and after BCG vaccination and the risk of TB reactivation in 
latent TB infection. The information will provide important 
evidence for Taiwan’s TB-control policies, specifically the 
potential use of prophylactic therapy or the development of 
therapeutic vaccination for elderly latent TB populations.

To make better TB vaccines, the research team has 
developed a recombinant BCG (rBCG). This rBCG was 
generated by incorporating an expression plasmid encoding 
two mycobacterial antigens (Ag85B and CFP10) and human 
interleukin (IL)-12 into a BCG strain. The results showed 
strong immunogenicity and mycobacterial growth inhibition 
of rBCG::Ag85B-CFP10 plus IL-12, greater than that of 
BCG vaccine. The patent application is under review. The 
institute has proposed manufacturing 700,000 units of BCG 
vaccine per year, starting in 2015, to ensure a steady supply 
for domestic needs.

A minimum spanning tree based on 21-MIRU-VNTR 
genotyping of MTB isolates from Taiwan and South Korea.

Construction of recombinant BCG expressing Ag85B/
CFP10 fusion antigen and hIL-12. Expression of the protein 
is driven by BCG hsp60 promoter. The arrow indicates the 
direction of transcription.
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Tumor virus infections and therapeutic development
Through the institute’s exploration of the pathogenesis of Epstein-
Barr virus (EBV), hepatitis B virus (HBV), and hepatitis C virus 
(HCV), some of the signaling pathways have been clarified, providing 
the program with promising paths to explore further development of 
diagnostic methods, chemopreventive drugs, and a therapeutic HPV 
cervical cancer vaccine.

During lytic infection with Epstein-Barr virus (EBV), several 
viral lytic proteins function to evade immune recognition or to 
actively suppress immune cells. An institute study has revealed 
that through Zta-induced immunomodulators, EBV lytic infection 
in nasopharyngeal carcinoma (NPC) cells can direct bystander 
monocytes to produce IL-10. This study shows an underlying 
mechanism of LMP2A-induced cell invasion, from signal transduction 
to upregulation of a critical protease. Considering that MMP9 can also 
be upregulated by another EBV oncoprotein, LMP1, this protease may be a pivotal effector at which the EBV-
induced, invasion-promoting mechanisms converge, which would make it an attractive therapeutic target for 
NPC treatment.

An institute team revealed that HBV pre-S mutant in ground glass hepatocytes (GGHs) protein is an 
oncogenic protein; it can enhance the expression of VEGF-A and activate the Akt/mTOR signaling pathway. This 
team further found that the activation of mTOR signal in GGHs may feedback-suppress HBsAg synthesis during 
HBV tumorigenesis and explain the observed decrease or absence of HBsAg in hepatocellular carcinoma (HCC) 
tissues. Patents for “Oligonucleotides and use thereof for determining deletion in HBV pre-S region” have been 
secured in the United States (12/329,026) and Taiwan (TW098122319).

An institute team developed a small animal model to evaluate liver damage and inflammation induced by 
HCV NS5B protein, which is the key enzyme to synthesize HCV genome. The small animal model will be useful 
for the development of new anti-HCV drugs and inflammation modulation therapy.

Using a platform technology for high production 
of recombinant lipoproteins, the team can produce 
large amounts of rlipo-E7m, a recombinant lipoprotein 
derived from HPV E7 (E7m), and have demonstrated 
its therapeutic efficacy in the TC1 murine model. 
The related data demonstrate that rlipo-E7m could 
be a promising candidate for treating HPV-associated 
tumors. The therapeutic HPV vaccine is ready for bids 
from the biotech and academic sectors for cooperation 
and further development.

Activation of mTOR suppressed HBV 
large surface antigen (LHBs) expression 
and secretion.

Immunization with rlipo-E7m induces a strong anti-tumor effect.

3332



Vaccine 28:8175–8182, 2010　　　　　　　　　　　　
PLoS ONE 6:e23319, 2011 / 7:E40970, 2012
PLoS Neglected Tropical Diseases 6:e1645, 2012　　　   

Archives of Virology 2013 (in press)
Journal of Orthopaedic Research 30:1499–1506, 2012

Novel vaccine technology and bioproduct development
An institute team has established a core platform technology for high production of recombinant lipoproteins 

(rlipo) with intrinsic adjuvant activities for new vaccine development. The novel aspects of the platform have 

led to it already being granted several patents in the United States (12/329,026; 7,833,776) and Taiwan (I35402), 

with several more under review (U.S. patent applications 61/413,588 and 13/207,675). This work also led to the 

team receiving, in both 2010 and 2012, the National Innovation Award from the Institute for Biotechnology and 

Medicine Industry and, in 2012, the National Invention Award’s silver medal from the Ministry of Economic 

Affairs. They have demonstrated the utility of their core platform technology through applications including 

meningococcal group B subunit vaccine (MGBvac, U.S. patent application 13/207,675), dengue subunit vaccine 

(Denvac, USPTO U.S. 7,981,431), and HPV-based immunotherapeutic vaccines (HPVvac, patent application 

PCT/CA2010/000960). These results together demonstrate the merit of lipoproteins with intrinsic adjuvant 

activity for novel vaccine development. The institute plans to collaborate with the Bill & Melinda Gates 

Foundation on applications of the recombinant lipoprotein-based core technology. In the case of the development 

of MGBvac, the team has completed the investigational new drug (IND) application and submitted this to CDE/

TFDA for rolling review.

In order to activate the immune cells and engineer materials to create the delivery vehicles (as depot/

carriers), two institute teams have developed an emulsion-type adjuvant and some peptide-based adjuvant. 

Several related patents are under review in the United States (application 12,553,086) and Taiwan (application 

098130839). The bioprocessing system, novel delivery system, and immunoregulation platforms are under 

simultaneous development.

There are eight vaccines under 

development in this institute. Two 

especially important missions of the 

institute are the Taiwan-CDC-mandated 

tasks of production of BCG and anti-

venins. In addition, the collaboration 

between NHRI and National Yang 

Ming University provides opportunities 

for doctoral students to gain firsthand 

knowledge of the institute’s current 

good manufacturing practices for 

vaccine production. This is a unique 

biotech training platform in Taiwan.

Lipopeptide derived from recombinant lipoprotein as intrinsic immunogen 
induces both humoral and cellular immunity, leading to the development of 
three subunit protein vaccines, for Group B meningococus, dengue fever, and 
therapeutic HPV cervical cancer.
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Mission

The Institute of Molecular and Genomic Medicine was founded in May 2011 by reorganizing the Division of 
Molecular and Genomic Medicine, which had been established in 1997. The institute is tasked with developing 
outstanding research programs to better understand the molecular and genetic basis of diseases prevalent in 
Taiwan, with an eventual goal of providing better strategies for the detection, treatment, and prevention of 
those diseases. It has been working toward this goal by establishing state-of-the-art laboratories at NHRI, by 
conducting disease-related basic and applied research, and by collaborating with researchers nationwide and 
abroad. The institute is forming distinct but integrated research groups and developing emerging molecular and 
genetic techniques to meet the challenges of medical research of the twenty-first century.

The primary mission and goal of the institute is to improve health and prevent diseases. In pursuing this 
goal, the institute is:
• developing and applying modern molecular and genomic methodology to research toward the understanding, 

prevention, and cure of diseases;
• promoting genomic and molecular genetic research and related biotechnology development in Taiwan.
The institute also works toward the following aims:
• forming integrated research groups;
• developing state-of-the-art molecular and genomic technology, as well as animal models, for identification 

of genes and molecular mechanisms involved in diseases prevalent in Taiwan, including cancer, infectious 
diseases, and inherited diseases;

• performing translational applications of newly identified disease genes and newly developed methodologies 
in clinical settings and the biotechnology industry;

• training and development of promising young scientists;
• establishing inter-institutional research collaboration.

Research Framework

Disease-related genes/
proteins & therapeutic 

targets

Clinical applications

Establishment and 
application of new 

technology platforms

Chromosome/
genomic microarray 

analysis

Functional 
analysis of gene/
protein signaling

Clinical samples & 
animal and cell models
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A persistent level of Cisd2 extends healthy lifespan and 
delays aging in mice
The CISD2 gene, which is an evolutionarily conserved novel gene, encodes a transmembrane protein primarily 
associated with the mitochondrial outer membrane. In 2009, collaborative work conducted by researchers from 
NHRI and National Yang-Ming University revealed that mitochondrial degeneration appears to have a direct 
phenotypic consequence that triggers the accelerated aging process in Cisd2 knockout mice; furthermore, 
mitochondrial degeneration exacerbates with age, and the autophagy increases in parallel to the development of 
the premature aging phenotype. Additionally, an age-dependent decrease in Cisd2 expression has been detected 
during normal aging. In this study, the group demonstrated that a persistent level of Cisd2 achieved by transgenic 
expression in mice extended their median and maximum lifespan without any apparent deleterious side effects. 
Cisd2 also ameliorated age-associated degeneration of the skin, skeletal muscles, and neurons. Moreover, Cisd2 
protected mitochondria from age-associated damage and functional decline, as well as attenuated the age-
associated reduction in whole-body energy metabolism. These results suggest that Cisd2 is a fundamentally 
important regulator of lifespan, and provide an experimental basis for further exploring its role in human 
longevity. One of this study’s images was chosen as the illustration for the cover of the published journal.

Genes & Development 23:1183–1194, 2009
Human Molecular Genetics 21(18):3956–3968, 2012
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Atypical dual specificity phosphatase VHR is involved  
in the negative regulation of epidermal growth  
factor receptor 
A research team from the institute has been studying the mechanism by which phosphatases regulate protein 
tyrosine kinase signaling. They have found that atypical dual specificity phosphatase (DUSP) VHR is involved in 
the negative regulation of epidermal growth factor receptor (EGFR).

Phosphorylation is one of the most important protein modifications. Protein phosphorylation levels are 
decided by the balance between kinases and phosphatases. Protein tyrosine kinases play important roles in multi-
cellular organisms. For example, EGFR is important in many cellular functions, including cell proliferation, 
differentiation, migration, and survival. Deregulation of EGFR signaling occurs in many types of malignant 
disease. The team found that VHR suppresses the phosphorylation of EGFR on many tyrosine residues, 
particularly on Tyr 992, and inhibits EGFR downstream signaling. Consistent with this, suppression of VHR 
expression promoted EGFR phosphorylation and cell growth. Moreover, VHR expression levels were lower. 
Taken together, this study shows that atypical DUSPs may be important regulators of protein tyrosine kinase 
signaling and that loss of phosphatase expression or activity may lead to the activation of protein tyrosine kinases 
in pathological conditions.

The left panel shows that VHR mRNA levels are lower in lung cancer tissues in comparison to the adjacent normal lung tissues. 
The right panel (A1) shows that VHR protein expression is lower in lung cancer tissue (A2) than in normal tissue (A3).
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Chromatin affinity-precipitation of a small metabolic 
molecule: O-acetyl-ADP-ribose and its application
In the cell, many small endogenous metabolic molecules are involved in distinct biological functions, such as 
modulation of chromatin structure and regulation of gene expression. O-acetyl-ADP-ribose (AAR) is a small 
metabolic molecule generated during NAD-dependent deacetylation by Sir2. Sir2 regulates gene expression, 
DNA repair, and genome stability. In this study, the research team developed a novel chromatin affinity-
precipitation (ChAP) method to detect the 
chromatin fragments at which small molecules 
interact with binding partners. The team used 
this method to demonstrate that AAR associated 
with heterochromatin. Moreover, they applied 
the ChAP method to whole genome tiling array 
chips to compare the association of AAR and 
Sir2, finding that AAR and Sir2 displayed similar 
genomic binding patterns. Furthermore, the 
team identified 312 potential association cluster 
regions of AAR. The ChAP assay may therefore 
be a generally useful strategy to study the small 
molecule association with chromosomal regions. 
These results further suggest that the small 
metabolic molecule AAR associates with silent 
chromatin regions in a Sir2-dependent manner 
and provide additional support for the role of 
AAR in assembly of silent chromatin.

Chromosomal display of association patterns of Sir2, AAR, and AMP on the whole chromosome 1.

Chromosomal display of association patterns on the telomere regions.

Affinity pull-down assays showing the binding of Sir2 to the indicated 
small molecules.
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Infection-induced intestinal oxidative stress triggers 
organ-to-organ immunological communication in 
Drosophila
Local infections can trigger immune responses in distant organs. This inter-organ immunological cross-talk 
helps maintain immune homeostasis. However, the molecular mechanism underlying this inter-organ immune 
communication remains unclear. Previous studies by others have shown that Drosophila larvae orally infected 
with enterobacteria Ecc15 (Erwinia carotovora subsp.) trigger a systemic antimicrobial peptide (AMP) response 
in fat body, the functional counterpart of mammalian liver. A research team from the Institute of Molecular 
and Genomic Medicine found that an increase of reactive oxygen species (ROS) in gut initiates a global innate 
immune response in fat body. Further genetic and chemical experiments suggest that ROS stress induces 
nitric oxide (NO) production in the gut, which triggers production of the AMP Diptericin in the fat body. In 
addition, hemocytes serve as a signaling relay for communication between intestinal ROS/NO signaling and 
Rel/NF-kB-dependent AMP responses in fat body. The team also found that transcription factor AP-1 represses 
AMP expressions in fat body, but also that this repressor activity is inhibited by intestinal ROS stress. Taken 
together, their data suggest that intestinal ROS signaling plays an important role in initiating gut-to-fat body 
immunological communication in Drosophila.

A signaling model for the intestinal ROS-induced immunological communication between organs. The model predicts that intestinal 
ROS, which can be induced by Ecc15 oral infection, can trigger the Rel transcription activity for global AMP expressions in fat body 
through NO-dependent or NO-independent pathways. Hemocytes may function as a signal relay module between gut and fat body for 
the Dpt response.
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Vav3-rac1 signaling regulates prostate cancer metastasis 
with elevated Vav3 expression correlating with prostate 
cancer progression and post-treatment recurrence
Prostate cancer is the second leading cause of cancer death in men in the Western world and ranks seventh in 
Taiwan. Most deaths of prostate cancer are caused by metastasis. Therefore, new therapeutic strategies against 
metastasis are critical. The purpose of this research project was to discover novel molecular targets involved in 
prostate cancer metastasis, and thus to find potential therapeutic targets for patients bearing distant metastasis.

In this study, the research team found that one oncogene, Vav3, regulates migration and invasion in prostate 
cancer cells through Vav3-Rac1 signaling axis. The mechanisms are as follows. Upon activation of EphA2 
or other RTKs, Vav3 is recruited to the receptor(s) and is tyrosine phosphorylated. The activated Vav3 then 
promotes Rac1 activation among others, such as increased MMPs, to regulate migration/invasion of prostate 
cancer cells in the metastatic processes. From the in vivo mouse model of xenograftic orthotopic implantation 
into the prostate, the team found that reduction of Vav3 resulted in significantly lower incidence of paraaortic 
lymph nodes and bone metastases, suggesting a potential key role of Vav3 in prostate cancer metastasis.

Clinically, the team found expression of Vav3 and EphA2 was highly elevated in late-stage and metastatic 
prostate cancers, compared to normal tissues, implying potential roles of Vav3 and EphA2 in prostate cancer 
metastatic processes. In addition, by comparing Vav3 expressions in prostate cancer patients of stage IIB or 
earlier, they found high Vav3 expression correlated with lower cumulative biochemical failure-free survival (60%); 
while the low Vav3 expression group had almost no recurrence phenomenon, suggesting that Vav3 may represent 

a prognostic marker for post-treatment recurrence of prostate 
cancer. These findings provide evidence that the Vav3-mediated 
signaling pathway may serve as a therapeutic target for prostate 
cancer metastasis.

Vav3-Rac1 signaling axis regulates migration/
invasion of prostate cancer cells in the metastatic 
processes.

(A) Immunohistochemical (IHC) analysis of Vav3 and EphA2 expression 
in different TNM stages of human prostate cancer. (B) Retrospective 
analysis of Kaplan–Meier biochemical failure-free survival curves from 
50 patients with cancer stages no higher than IIB.
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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 
advancing knowledge but also helping the formulation of carefully considered health policy; (3) foster research 
cooperation within NHRI and with universities and other institutions, both domestic and international.

The Institute of Population Health Sciences aims to gain a greater understanding of the determinants of 
individual and population health; achieve internationally recognized excellence in research areas that focus on 
epidemiology, clinical trials, systems biology, geriatric medicine, disease prevention, and health policy; and 
provide an organizational structure to, among other things, promote translation of evidence-based research and 
bridge the gap between research findings and health policy implementation (knowledge translation).

Research Framework

Integrated Programs Healthy Aging Longitudinal Study in Taiwan

Biostatistics and 
Bioinformatics

Preventive Medicine 
and Health Services 

Research

Health Policy 
Translation

Clinical Trial Statistics

Geriatrics and 
Gerontology Research

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

• Preventive Medicine Research
• Health Services Research
• Nutrition Medicine Research
• International Health Research

• Health Promotion Policy Translation
• Evidence-based Health Policy Translation

• Community/Epidemiology Studies
• Clinical Intervention Studies
• Novel Aging Biomarker Studies
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A schematic overview of GEMSiRV. GEMSiRV 
includes three major modules (simulation, 
reconstruction, and visualization), each of 
which contains several different functions that 
support metabolic network studies.

The mechanisms of mammalian gene regulations 
and the reconstruction and applications of bacterial 
metabolic networks
The institute’s bioinformatics studies have been focused on (1) the mechanisms of mammalian gene regulations 
and (2) the reconstruction and applications of bacterial metabolic networks. The first topic has important 
implications for biomedical research, while the second may advance our understanding of the metabolic 
capacities and biological features of medically important pathogenic bacteria.

In mammalian gene regulations, DNA methylation plays a crucial role because it can significantly decrease 
the expression levels of the target genes. Of special interest is the role of DNA methylation in the transcriptional 
regulations of duplicate genes. When gene duplication occurs, a potential deleterious effect is dosage imbalance 
because of the immediate increase in gene expression level. Such imbalances can lead to decreased fitness and/or 
increased morbidities/mortalities. The restoration of dosage balance following gene duplication is thus a topic of 
biomedical importance. The research group provided evidence that DNA methylation can suppress the expression 
levels of duplicate genes and thus alleviate the deleterious effects of gene duplication. Meanwhile, the team 
found that DNA methylation has differential correlations with the evolution of human coding exons at different 
genomic locations, with the mutagenic effect of DNA methylation strongest at the first exons and strongly 
suppressed in internal exons. Therefore, DNA methylation appears to have more influence on the changes in gene 
expression or protein localization (which are affected more by first exons) than on the changes in basic protein 
functions (which are more closely related to internal exons).

In its studies of bacterial pathogens, the research team has successfully reconstructed an experimentally 
validated metabolic network of Klebsiella pneumoniae MGH78578. This is the first bacterial metabolic network 
reconstruction achieved mainly by Taiwanese researchers. The team has also developed convenient tools for 
metabolic network reconstruction. GEMSiRV is a software platform that can provide functionalities of easy 
metabolic network drafting and editing, amenable network visualization for experimental data integration, and 
flux balance analysis tools for simulation studies. These efforts have set a good foundation for future systems 
biology research at the National Health Research Institutes.
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Design and analysis of bridging studies and  
multi-regional clinical trials
In recent years, global collaboration has become a conventional strategy for new drug development. The 
International Conference on Harmonisation (ICH) published “Ethnic Factors in the Acceptability of Foreign 
Clinical Data,” a guideline also known as ICH E5, to provide a general framework for global drug development. 
The ICH E5 guideline suggests that for new regions a bridging study be conducted to extrapolate the inference 
based on foreign efficacy or safety data. On the other hand, the design of multi-regional clinical trials (MRCTs) 
incorporates subjects from many countries/regions around the world under the same protocol, which may lead to 
simultaneous drug development, submission, and approval worldwide. To aid this process, the institute’s research 
team has published Design and Analysis of Bridging Studies. This book provides a comprehensive and unified 
summary of the growing literature and research activities on regulatory requirements, scientific and practical 
issues, and statistical methodology on the design and evaluation of bridging studies and MRCTs. 

In the case of MRCTs, the specific region can be declared similar to the entire group if the observed result 
from the specific region is greater than 50% of the observed result from the entire group. It should be noted that 
when all regions require the same criteria, the total sample size required for the MRCT will be much larger, from 
two to twelve times greater than the sample size of a study using the traditional method (which does not consider 
assurance probability). This suggests that if a region is small, one might be comfortable with a lower standard of 
evidence of similarity; with a larger region sample size one might sensibly desire a higher standard of evidence 
of similarity to other regions.

Pharmaceutical Statistics 11(4):295–299, 2012
Design and Analysis of Bridging Studies, Chapman & Hall/CRC, Taylor & Francis, New York, 2012
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Genetic epidemiology of lung cancer: gene and 
environmental risk factors
Lung cancer is one of the most frequent causes of cancer death in Taiwan. Most cases are not diagnosed until late 
stages and the prognosis is poor. The 5-year survival rate is less than 15%. Diagnosing and treating lung cancer 
in its early stages could increase the 5-year survival rate significantly, which indicates the need for developing 
effective lung cancer screening and early detection markers. In Taiwan, most female lung cancer patients are 
non-smoking women whose histology is adenocarcinoma.

The research team has established a research network consisting of six medical centers for recruitment and 
clinical studies. They have reported several genetic association studies using both a candidate gene approach 
and a genome-wide approach; and have built a lung cancer risk prediction model based on family history, age, 
gender, and lifestyle, as well as on genetic profiling obtained from the team’s earlier genome-wide association 
study. Major findings:
1. In addition to the TERT locus identified they identified earlier (odds ratio = 1.8, p-value = 2.60 × 10−20), the 

team has continued to collaborate with the National Cancer Institute and confirmed that the genetic variant in 
TP63 on locus 3q28 is associated with risk of lung adenocarcinoma among never-smoking females with p = 7.3 
× 10−12. Also in collaboration with the National Cancer Institute, they identified three new susceptibility loci 
at 10q25.2 (P = 3.54 × 10−18), 6q22.2 (P = 4.14 × 10−10) and 6p21.32 (P = 9.51 × 10−9), all of which achieved 
genome-wide significance.

2. The team also studied the environmental risk factors for primary lung cancer among never smokers in a 
matched case-control study. For females, 
they found that the most important risk 
factors were exposure to environmental 
tobacco smoke, a history of pulmonary 
tuberculosis, and family history of lung 
cancer in first-degree relatives.

To build a high-performance risk-
prediction model and treatment prognosis 
model is the team’s ultimate goal. The 
important findings stated above will 
facilitate the building of the model for this.

Results of a genome-wide association study of lung cancer in never-smoking 
women in Asia.
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Sarcopenia in geriatric medicine
Osteoporosis and progressive loss of skeletal muscle mass and 
strength occurring with aging worldwide are major components in 
the development of morbidity and frailty in the elderly. However, 
the study of sarcopenia in geriatric medicine is still in the 
preliminary stage. According to our findings, using a prediction 
equation model with anthropometric measurements to predict 
thigh muscle volume is simple and non-invasive. 

From 2007 to 2008, sixty-nine elderly subjects (between 
65 and 90 years old) were enrolled to undergo anthropometric 
measurements, bioelectrical impedance analysis (BIA), and a 
magnetic resonance imaging (MRI) examination at the National 
Taiwan University Hospital. The MRI-measured thigh volume was 
positively correlated with fat-free mass and predictive muscle mass 
using BIA, as well as with all anthropometric data and quadriceps 
muscle power, whereas it was negatively correlated with age, 
timed up & go test, and walk time. The prediction equation model 
by anthropometric measurements using MRI as a reference is 
thigh muscle volume (cm3) = 4226.3 − 42.5 × age (years) − 955.7 
× gender (male = 1, female = 2) + 45.9 × body weight (kg) + 60.0 
× thigh circumference (cm) (r2 = 0.745).

Additionally, during 2007–2009 a total of 600 residents of the 
Taipei area aged 40–85 years old were invited to participate in a 
study of sarcopenia. Information about age, sex, physical activity, 
lifestyle, and anthropometric measurements were collected. The 
bone mineral density (BMD) of femoral neck and lumbar spine 
determined by dual-energy X-ray absorptiometry (DXA) was 
determined, along with the body composition estimated by BIA. 
The institute’s research showed that subjects with sarcopenia had 
lower skeletal muscle index (SMI) and T-score of lumbar and 
femoral neck significantly compared with normal group. The 
multiple logistic regression model also showed subjects with 
sarcopenia were at higher risk for low BMD, especially in the 
female group. Thus, research teams should consider sarcopenia 
during management of osteoporosis; and the importance of early 
diagnosis and treatment of sarcopenia among the elderly cannot be 
overemphasized.

(A) Adjusted BMD of lumbar spine between 
sarcopenia and nonsarcopenia group; (B) 
Adjusted BMD of femoral neck between 
sarcopenia and nonsarcopenia group.

The cross-sectional areas of the muscle (blue 
color) on both thighs were calculated by 
tracing around the MR image.

Plot of regression standardized value vs. 
MRI-measured thigh muscle volume in 69 
elderly participants.
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Determinants, care, and management of type 2 diabetes 
patients in Taiwan
The institute’s Preventive Medicine and Health Services 
Research division has shown that the prevalence of type 
2 diabetes remained steady in women but increased 
significantly in men during the last decade. Increased 
risk of diabetes was associated in Taiwan with older age, 
lower education level, poverty, lower intake of magnesium 
and dietary fiber, alcohol abstinence, abdominal obesity, 
elevated body mass index (BMI), high blood pressure 
(BP), hypertriglyceridemia, impaired fasting glucose, and 
CDH13 polymorphism. In addition, the risk factors of 
diabetic nephropathy identified by this team include higher 
serum ferritin concentrations, insulin resistance, high blood 
pressure, HbA1c variability, cigarette smoking, and betel 
nut chewing. The risk of dementia is also increased in type 
2 diabetes patients; moreover, the incidence of dementia 
is negatively associated with the use of sulfonylureas 
and metformin. Furthermore, metformin users had lower 
mortality of total, colorectal, liver, and pancreatic cancer. 
In diabetes patients, shorter life expectancy was associated 
with the age of onset younger than 55 years. 

Diabetes is a chronic disease. To keep blood glucose 
levels under control patients must take good care of themselves 
through such behaviors as taking medication regularly, 
controlling weight, reducing smoking and drinking, diet 
control, exercising, and regular lifestyles. The researchers 
found that Taiwanese patients had improved upon their self-
care behaviors compared with the results of the 2001 and 2005 
National Health Interview Surveys. However, most patients 
practiced only one kind of self-care behavior. Furthermore, 
according to a cohort study, the Community-based Diabetic 
Shared Care Model has been effective in improving glycemic 
control in type 2 diabetes patients in Taiwan.

Adjusted ORs of hospitalization-diagnosed type 2 diabetes 
(1A), ambulatory diabetes clinic visits within 1 year after 
diabetes diagnosis (1B), and outpatient visits for acute 
illnesses for diabetes patients in different income groups 
(1C). *P, 0.05; **P, 0.001. The logistic regression models 
have been adjusted for age, sex, CCI score, comorbidity 
(hyperlipidemia, gout, and hypertension), and National 
Health Insurance registration location.

Adjusted HR of microalbuminuria development in type 2 
diabetes patients for overall subjects and those with good 
metabolic profiles at baseline. Type 2 diabetes patients 
with good metabolic profiles were those who had no ACEI/
ARB use. BMI: 24 kg/m2. Triglycerides: 150 mg/dL. Waist 
circumference: 80 cm (female) and 90 cm (male). HDL 
cholesterol: 0.40 mg/dL (male) and 0.50 mg/dL (female). 
Blood pressure: 130/80 mmHg. The controlled covariates 
in the survival analyses included demographics (baseline 
age, sex, education, smoking status, and diabetes duration) 
and baseline biomedical profiles (waist circumference, BMI, 
triglycerides, ACR, HDL cholesterol, HbA1c, and mean 
arterial pressure). The reference group for each model was 
those who were in the lowest quartile of the corresponding 
HOMA-IR index. The mean arterial pressure was calculated 
by the formula: mean arterial pressure = diastolic blood 
pressure + 1/3 (systolic blood pressure – diastolic blood 
pressure). T2DM: type 2 diabetes. †Test for trend. *P, 0.05 in 
multivariable Cox proportional hazards model.
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Trajectory patterns and risk factors of adolescent 
obesity, BMI outcome studies, and Taiwan obesity 
control white book
The research team from DPMHSR found a rapid growth of obesity prevalence in Taiwan by comparing the two 
Nutrition and Health Surveys in Taiwan: NAHSIT 1993–1996 and NAHSIT 2005–2008. Approximately 50–60% 
of the current middle-aged and elderly Taiwanese populations are either overweight or obese. With regard to 
regional differences, aboriginal areas had the highest prevalence. School children and adolescents aged 7–18 
had several different body mass index (BMI) trajectory patterns, according to a longitudinal follow-up study 
on children: Child and Adolescent Behaviors in Long-term Evolution (CABLE). Puberty is a crucial period 
for switching from the normal group to the overweight one, or vice versa. About 24% of youngsters stayed 
underweight throughout development. The factors associated with BMI trajectory included overweight/obese 
status of the parents and father’s education. Furthermore, a high fast-food density environment within 500 meters 
of school increases the risk of general (BMI) and abdominal waist (circumference) obesity in boys and stature 
in girls from elementary school. BMI has been widely used to define obesity. However, its use has generated 
controversy, which argue for the early detection of sarcopenia and other preclinical disorders. A prospective 
cohort study was conducted to clarify the above issue. The results showed a U-shaped relationship between BMI 
and all-cause mortality contrasts with a progressive increase in medical expenditure. The findings suggest that 
current recommendations to maintain BMI at the lower end of the desirable range are tenable for the apparently 
healthy general public. In addition, the team found that lean mass is a better index for predicting mortality. The 
division’s principal investigators are currently working with more than 70 extramural researchers to develop a 
policy white book for obesity control in Taiwan.

BMI-medical expenditure and BMI-mortality relationships after excluding 
people with cancer or smoking status at baseline, adjusting for gender, age, 
age2, gender-age interaction, and smoking.
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Interaction between 
the environment and 
genes related to 
cardiovascular disease

Surveillance of Human 
Internal Dose of 
Important Pollutants in 
Taiwan

Interaction between 
the environment and 
genes related to 
pulmonary disease

Impact of 
Environmental 
Pollution on Health 
Inequality

Environmental Health and Occupational Medicine Priority Action Project

Division of Environmental Health and 
Occupational Medicine

Mission

The Division of Environmental Health and Occupational Medicine seeks to improve the prevention and treatment 
of diseases caused by environmental and occupational hazards in Taiwan, accomplishing this through a greater 
scientific understanding of these hazards and diseases. The division focuses especially on three main tasks:
• establishing world-class research laboratories within the division and conducting vigorous research to address 

various environmentally and occupationally related health issues of importance in Taiwan;
• establishing research networks with scientists in other governmental agencies, academic institutes, and 

research organizations to create critical mass for coordinated research in Taiwan on relevant subjects, and to 
promote the education and training of the nation’s future health scientists;

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

The research focuses of the division include: (1) the interaction between the environment and genes related 
to cardiovascular disease and (2) the interaction between the environment and genes related to pulmonary 
disease. Two of the division’s high-priority projects are the Surveillance of Human Internal Dose of Important 
Pollutants in Taiwan and the Impact of Environmental Pollution on Health Inequality.

Research Framework
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• Childhood blood lead levels and intellectual 
development after the ban of leaded gasoline in 
Taiwan: a 9-year prospective study

• The effect of in utero exposure to dioxins and 
polychlorinated biphenyls on reproductive 
development in eight-year-old children

There is fast growth and development during fetal and infant stages. This duration might provide a sensitive 
window of effects from environmental pollutants. These effects might endure even through adulthood and 
deserve investigation. 

The research team studied reproductive development in 8-year-old children with in utero exposure to 
dioxins and polychlorinated biphenyls (PCBs). The findings indicate that in utero exposure dioxins and PCBs 
might lead to decreased serum estradiol concentrations in 8-year-old children. The team also found evidence 
that reproductive development may be delayed in girls exposed in utero to elevated levels of dioxins and 
PCB. Continued monitoring of this cohort of children will allow researchers to determine the consequences of 
these changes by pollutants and whether other manifestations of in utero PCDD/Fs and PCB exposure become 
apparent with age.

Although the average blood lead concentration in children in 
Taiwan is within the standard set by the World Health Organization, it is 
around 1.7-fold higher than the average in the United States. Blood lead 
concentration in children at 2 and 5 years significantly associated with 
decreased cognitive function and intelligence quotient at 5 and 8 years, 
respectively. This indicates that low-level exposure might still have adverse 
effects on the development of the central nervous system. The European 
Union made a priority of the tight control of lead contamination among 
various products. It is crucial to control against and monitor sources of lead 
exposure in our children, including drawing materials (e.g., pastel crayons), 
toys, and paint — particularly the paint in the old buildings.

The research team currently focuses on the health effects of prenatal 
and postnatal exposure to widely spread plasticizers in food and drink, 
including the commonly found 5 phthalate esters. They are closely 
evaluating the physical and biochemical parameters related to endocrine 
function, obesity, allergy, central precocious puberty, and behavior 
problems such as hyperactivity. The ultimate goal is to ensure the health 
environment for children growth and development.

Environment International 39:181–187, 2012 / 40:88–96, 2012

Scatter plots illustrating the correlations between in utero total polychlorinated biphenyl 
(total PCBs) exposure level and estradiol concentrations (E2: A), fundus length (B), and 
uterus length (C) in eight-year-old girls. Simple linear models are shown.
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Recombinant construct for detection of halogenated 
aromatic hydrocarbons
Recent techniques for the detection and quantification of dioxins and dioxin-like compounds involve mainly 
costly and time-consuming high-resolution gas chromatography/high-resolution mass spectrometry (HRGC/
HRMS). The chemical activated luciferase expression bioassay is an in vitro luciferase-reporter-gene assay for 
high-throughput screening of potential contamination of dioxin-like chemicals in samples from various sources, 
including the environment and food. Compared with HRGC/HRMS, this bioassay is a rapid and low-cost 
screening method for identification of dioxin-contaminated samples. The chemical activated luciferase expression 
bioassay (or the luciferase-reporter-gene assay) is categorized as a reporter-gene assay for dioxin screening. In 
2007 the U.S. EPA approved it as an official analysis method (USEPA SW-846 Method 4435). The screening 
method has also received official approval in Japan (for dioxin measurement in emission gas, dust, ashes, and 
other cinders) and the European Union (for dioxin measurement in food and feed). Taiwan’s Environmental 
Protection Administration approved the method for dioxin measurement on September 15, 2010. A patent on the 
recombinant constructs for the assay was secured in the United States (8,247,224 B2) in August 2012.
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Chemosphere 82:477–482, 2011
Toxicology and Applied Pharmacology 259:293–301, 2012

Response of lung adenocarcinoma cells to cigarette 
sidestream smoke particulate exposure: roles of 
polycyclic aromatic hydrocarbons and aryl hydrocarbon 
receptor
Exposure to environmental tobacco smoke has been suggested to promote lung adenocarcinoma development 
in never smokers. This exposure effect is associated with the capacity of cigarette smoke to activate aryl 
hydrocarbon receptor (AhR). Polycyclic aromatic hydrocarbons (PAHs) adsorbed on cigarette sidestream 
smoke particulates (CSSPs) are considered as important contributors. To validate this suggestion, the research 
group prepared a CSSP condensate from a high-market-share domestic brand of cigarettes sold in Taiwan and 
determined the concentrations of 22 PAHs, including 16 U.S. EPA priority PAHs, in the CSSP condensate. 
Five of the 22 PAHs were undetectable. The remaining 17 PAHs constituted about 0.022% of the total mass of 
CSSPs. Carcinogenic potency was equivalent to 144 ng benzo[a]pyrene per cigarette converted according to 
potency equivalency factors (PEFs). CSSPs could activate AhR activity and induce AhR target gene expression 
dose dependently. High concentrations of CSSPs also exhibited AhR-independent cytotoxicity. However, neither 
the transactivation activity nor the cytotoxicity originated from PAHs detected in the condensate. These results 
suggested that other component compounds played a more active role in carcinogenesis.

Exposure to CSSPs caused oxidative DNA damage alongside ROS elevation. Overexpression of AhR 
reduced CSSP-induced ROS production, whereas AhR knockdown increased ROS levels in exposed cells. 
Oxidative stress sensor Nrf2 and its target gene NQO1 were insensitive to AhR expression level and CSSP 
treatment in human lung adenocarcinoma cells. In contrast, an increase of AhR expression raised mRNA 
expression of xenobiotic-metabolizing genes CYP1B1, UGT1A8, and UGT1A10. AhR appeared to facilitate 
xenobiotic clearing and diminish associated oxidative stress by coordinate regulation of a set of phase I and 
II metabolizing genes. Prolonged CSSP exposure was still sufficient to trigger p53-p21-Rb1 signaling and 
cause G0/G1 cell cycle arrest regardless of AhR expression. Upon removal of CSSPs, cells recommenced 
growth and proliferated faster than non-exposed cells. AhR expression improved post-exposure proliferation as 
well as colony formation despite lacking an effect on the DNA repair rate. In conclusion, AhR protected lung 
adenocarcinoma cells against CSSP-induced oxidative stress and promoted post-exposure clonogenicity.

Proposed role of AhR in modulating the tumor 
promotion activity of CSSPs. AhR reduces 
CSSP-induced oxidative stress and DNA 
damage. Although the magnitude of DNA 
damage is still sufficient to trigger an AhR-
independent G0/G1 cell cycle arrest via the 
p53-p21-Rb1 signaling pathway, AhR may 
promote CSSP-induced cell transformation 
and thus increase the adaptation and survival of 
cells. Once exposure is removed, recovering 
cells exhibited increased proliferation and 
clonogenicity. Frequent alternations between 
exposure and non-exposure are anticipated 
to promote malignant progression of lung 
adenocarcinoma.
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Immunohistochemical staining of P16 in control and LNNK/TCDD-treated lung of mice. Many alveolar and airway 
epithelial cells demonstrated strong staining of p16 in the cell nucleus and cytoplasm. In LNNK/TCDD-treated 
female mice, the nuclear p16 protein was reduced in tumor cells but not in male mice.

Journal of Hazardous Materials 186(1):869–875, 2011

Synergism between 2,3,7,8-tetrachlorodibenzo-p-dioxin 
and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone on 
lung tumor incidence in mice
Although 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is classified as a human carcinogen, TCDD only induced 
oxidative DNA damage. In the present study, the research team combined TCDD with 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone (NNK) to investigate their tumorigenic effects on lung tumor formation in A/J mice. 
Application of NNK at a tumorigenic dose (2 mg/mouse) induced lung adenoma in both male and female A/
J mice. Neither application of NNK at a non-tumorigenic dose (1 mg/mouse) nor repeated application of 
TCDD alone increased tumor incidence. Following the single injection of NNK at a non-tumorigenic dose 
(1 mg/mouse), repeated application of TCDD significantly increased the lung tumor incidence in female, but 
not in male, A/J mice 24 weeks later. Utilizing the real-time RT-PCR array, the researchers found that P16 
mRNA was significantly reduced in female lung, but not male lung, of NNK/TCDD co-treated A/J mice. With 
immunohistochemical staining, they confirmed that nuclear P16 protein was reduced in the lungs of NNK/TCDD 
co-treated female mice. These data suggest that P16 reduction at least partially contributed to synergistic effects 
of TCDD in lung tumorigenesis.

5554 5554



Division of Medical Engineering Research

Hsu Chang
Acting Director

Kurt Ming-Chao Lin

Guo-Chung Dong

Ching Yao

Gin-Shin Chen

Leu-Wei Lo

Chia-Hsien Hsu Li-Wei Kuo

Mission

Established in 2000, the Division of Medical Engineering Research aims to maintain high standards in its 
research, to conduct interdisciplinary and multi-institutional research collaboration, and to promote the medical 
engineering industry in Taiwan with product-oriented research and development.

The division focuses primarily on two medical engineering research areas: (1) biophotonics, biomedical 
imaging, and biomedical electronics; and (2) biomaterials and tissue engineering. While the division has 
continued to maintain its productive and award-winning research program in biomechanics and biophotonics, 
biomedical imaging has gradually become another main focus, resulting in the establishment of an MRI guided 
focused ultrasound technology platform and, in turn, the first related product undergoing final integration for 
clinical testing.

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

Division of Medical Engineering Research

Joint-Appointed 
Principal 
Investigators:
Wen-Shiang Chen
Hsu-Wei Fang
Feng-Huei Lin
Win-Li Lin
Chia-Wen Wu
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• MR Imaging Guidance 

Technology
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• MR-Guided Focused 
Ultrasound System

• Uterine Fibroids Products
• Breast Cancer Products
• Liver Cancer Products
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Medicine

• Cellular Microfluidics for 
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• Ophthalmological 
Biomaterial Products

Biomaterials & 
Tissue Engineering
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Interactive ischemia control system for nanoparticle-
adjuvant cancer therapy
This project was to design an interactive ischemia control system for nanoparticle-adjuvant therapy for cancers 
such as hepatoma. Pringle surgery is a surgical treatment to operate the hepatic dearterialization by temporary 
hepatic artery occlusion. To discover the best approach for Pringle surgery, the research team designed and 
implemented a vascular ischemia control system with a specially machined, tension-adjustable mechanical 
arm with a micro-surgical head that can be used for surgical operations. The occlusive tension is automatically 
controlled by real-time hepatic oxygen measurement performed through oxygen-dependent quenching of 
phosphorescence. In its development of cancer nanotherapies, the team not only created instrumentation but also 
successfully synthesized multifunctional mesoporous silica nanoparticles (MSN) where the three topologically 
different domains of MSN for separated functionalities (traceable imaging, targeted delivery, and selective 
therapy) were orchestrated for photodynamic therapy (PDT). 

The team further proposed using a well-defined mesoporous nanostructure to modulate three-dimensional 
interface energy transfer for two-photon activated PDT. This had several noteworthy characteristics, including 
(1) a well-order mesoporous structure composed of a two-photon antenna and a photosensitizer; (2) a three-
dimensional interface energy transfer in hexagonal mesoporous nanostructure; (3) an unprecedented high energy 
transfer rate (93%) for efficient singlet oxygen generation; and (4) its success as a highly efficient in vitro/vivo 
two-photon activated photodynamic cancer nanotherapy.

These results were published in the Journal of Materials Chemistry, Highlights in Chemical Biology by the British Royal Society of 
Chemistry, and Nano Today.

Well-defined mesoporous nanostructure modulates three-dimensional interface 
energy transfer for two-photon activated photodynamic therapy.
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Development of therapeutic ultrasound  
transducer technology
Piezocomposites with 1-3 connectivity have been extensively 
used in medical imaging transducers and high-intensity focused 
ultrasound transducers. Most studies of 1-3 piezocomposites, 
however, have addressed medical imaging applications. A 
division team thoroughly investigated 1-3 composites specifically 
for high-power ultrasonic transducer applications via a series 
of experimental analyses. PZT4-epoxy composite focused 
transducers with various aspect ratios and volume fractions were 
constructed in-house to evaluate the coupling factor, dielectric loss tangent, quality factor, bandwidth, acoustic 
impedance, and electro-acoustic efficiency. Analyses of the results demonstrated that although the coupling 
factor of composite transducers was higher than that of the ceramic transducer, the composite transducers had a 
lower efficiency due to the high dielectric loss and high mechanical energy loss of the composites. In addition, 
the bandwidth and acoustic impedance of composite transducers were superior to the ceramic transducer. For the 
composite transducers, the efficiency and acoustic impedance were inversely proportional to the aspect ratio and 
linearly proportional to the volume fraction. The coupling of inter pillars that are too close to each other could 
cause a significant decrease in the efficiency of the composite transducer. With an appropriate design in terms 
of the aspect ratio, volume fraction and PZT-pillar spacing, a high-efficiency composite high-intensity focused 
ultrasound transducer can be achieved.

A dual-curvature focused ultrasound phased array transducer with a symmetric control has been developed 
for noninvasive ablative treatment of tumors. The 1.5D array was constructed in-house; and the electro-acoustic 
conversion efficiency was measured to be approximately 65%. In vitro experiments demonstrated that the array 
uses 256 independent elements to achieve 2-D wide-range high-intensity electronic focusing.

NHRI-developed high-intensity focused ultrasound 
transducers with various geometric parameters.

Experimental results of pork fillet ablation by high-intensity ultrasound. (a) With the fillet 20 cm from the array, 
five sonications with different times were performed at five regions. Five individual lesions were obviously 
visible. (b) The other pork sample was placed 19 cm from the array. The ultrasound hot spot was steered laterally 
by tuning electronic phases; and five 1.5-cm spacing lesions were formed as the sonication plan.

(a) (b)
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Proceedings of the National Academy of Sciences 109:7770–7775, 2012
Biomaterials 33:6728–6738, 2012
Cardiovascular Research 96:296–307, 2012
Cellular Signalling 24:779–793, 2011
Journal of Biomedical Science 19:79–91, 2012

Role of histone deacetylases in transcription factor 
regulation and cell cycle modulation in endothelial cells 
in response to disturbed flow
The gradual Westernization of the diet and lifestyle of many people in Taiwan has caused an increased incidence 
of cardiovascular diseases, such as those resulting from atherosclerosis. The early stage of atherosclerotic 
lesions develops preferentially at arterial branches and curvatures, where the local flow is chaotic with low and 
oscillatory shear stress (OSS). On the other hand, local flow is spare in the straight parts of the arterial tree, 
where the blood flow is laminar with pulsatile shear stress (PSS). These observations suggest that hemodynamic 
forces are site specific and play important roles in the development of atherosclerosis.

The research team has investigated the roles of classes I and II histone deacetylases (HDAC-1/2/3 and 
HDAC-5/7, respectively) in regulating NF-E2-related factor-2 (Nrf2) and Krüppel-like factor-2 (KLF2) (two 
transcription factors governing many shear-responsive genes) and cell cycle in vascular endothelial cells (ECs), 
in which dysfunction is highly associated with atherosclerosis, in response to OSS. Application of OSS (0.5 ± 4 
dynes/cm2) to cultured ECs sustainably up-regulated classes I and II HDACs and their nuclear accumulations; 
PSS (12 ± 4 dynes/cm2) induced phosphorylation-dependent nuclear export of class II HDACs. En face 
immunohistochemical examinations of rat aortic arch and experimentally stenosed abdominal aorta revealed high 
HDAC-2/3/5 levels in ECs in areas exposed to disturbed flow. OSS induced the association of HDAC-1/2/3 with 
Nrf2 and HDAC-3/5/7 with myocyte enhancer factor-2; deacetylations of these factors led to down-regulations 
of antioxidant gene NAD(P)H quinone oxidoreductase-1 (NQO1) and KLF2. HDAC-1/2/3- and HDAC-3/5/7-
specific small interfering RNAs eliminated the OSS-induced down-regulations of NQO1 and KLF2, respectively. 
OSS up-regulated cyclin A and down-regulated p21CIP1 in ECs and induced their proliferation; these effects 
were mediated by HDAC-1/2/3. Intraperitoneal administration of class-I-specific HDAC inhibitor valproic acid 
into bromodeoxyuridine-infused rats inhibited the increased EC uptake of BrdU at post-stenotic sites. The OSS-
induced HDAC signaling and EC responses were mediated by phosphatidylinositol 3-kinase/Akt. These findings 
demonstrate the important roles of different groups of HDACs in regulating the oxidative, inflammatory, and 
proliferative responses of ECs to disturbed 
flow with OSS. In addition, HDAC-3 may 
serve as a common epigenetic factor to 
modulate signaling and gene expression 
involved in EC oxidation, inflammation, 
and proliferation in response to OSS, and 
hence may be a promising molecular target 
for therapeutic intervention against vascular 
disorders associated with EC dysfunction, 
such as atherosclerosis. Schematic diagram of HDAC signaling and its modulation in gene expression 

and function in ECs in response to OSS and PSS.
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Developing an injectable hydrogel and an TCM-
contained scaffold for repairing vitreous body and  
bone tissue
The vitreous body is a clear, transparent gelatinous substance in the vitreous cavity of the eye that is posterior to 
the lens and anterior to the retina. It occupies two-thirds of the ocular volume; with a weight of approximately 4 
g and a volume of about 4 ml. The main components of the vitreous body include water (98%), collagen fibrils, 
glycosaminoglycans, hyaluronic acid (HA), and solutes. Specific diseases, age-related degeneration, and trauma 
can lead to pathological changes in the vitreous body, including HA degeneration and collagen precipitation, 
which result in liquefaction of the matrix. A degenerated or liquefied vitreous body will lead to floater formation 
and eventually result in posterior vitreous detachment and possible retinal detachment.

Among clinical treatments, pars plana vitrectomy (PPV) is one of the most important surgeries for treating a 
number of ocular-related diseases, including diabetic retinopathy, complex retinal detachment (for example, due 
to trauma), and macular hole. During PPV, the vitreous body is cut and aspirated, and then is typically replaced 
with a vitreous substitute, such as gas (air, perfluropropane, or sulfur hexafluoride) or silicone oil. Vitreous 
substitutes are used to fill the vitreous cavity and help reattach the retina after vitrectomy surgery. Gases, which 
are lighter than water, are useful for flattening a detached retina and keeping it attached while healing occurs. 
However, it is frequently necessary to maintain a face-down position following surgery for a week or more when 
gas is used. For complicated retinal detachments, or in patients unable to position postoperatively (e.g. children), 
since the 1960s silicone oil has sometimes been used instead of gases to keep the retina attached postoperatively. 
But long-term complications can occur if the silicone oil is not removed later.

The research team is currently developing an injectable, in-situ-forming hydrogel that is composed of 
oxidated HA (oxi-HA) and adipic acid dihydrazide (ADH) as a vitreous substitute. In this work, HA was oxidized 
by sodium periodate to create aldehyde functional groups that could be cross-linked by ADH. As a vitreous 
substitute the hydrogel displays several beneficial properties, such as its appropriate RI, its ability to be injected, 

Scheme of covalent cross-linking of oxidated hyaluronic acid (oxi-HA) with 
adipic acid dihydrazide (ADH).
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Injectable oxi-HA/ADH hyrdrogel. Advantages of injectable vitreous substitute.

These results were published in Annals of Surgical Oncology, the Journal of Bioactive and Compatible Polymers, Current Nanoscience, 
the Journal of Biomedical Materials Research, and the Journal of Bioscience and Bioengineering.

and its in situ gelling properties. This study suggests that the injectable oxi-HA/ADH hydrogel should be further 
investigated as a potential vitreous substitute.

Traditional Chinese medicine (TCM) has long been used to treat bone disease. However, little scientific 
or systemic research has been performed to test its effectiveness as a modern orthopedic method. To improve 
upon this, a TCM-chip system has been used to investigate interactions between orthopedic TCMs and bio-
molecules. In recent years scientists with the Division of Medical Engineering Research studied the preparation 
of TCM-contained scaffolds and the effects of TCM on modulation of stem cells. In TCM modulation, 
phytohemagglutinin (PHA), a lectin extracted from red kidney beans, demonstrated the ability to inhibit the 
growth of human cancer cells, which is mediated through binding of PHA to extracellular domain of EGFR, 
resulting in down-regulation of EGF-induced down-stream signaling. In another TCM-related study, gusuibu, an 
orthopedic Chinese medicine, demonstrated a high potential to direct stem cells toward osteogenic differentiation. 
Narigin, a major active compound in gusuibu extracts, blocked BMPR-1a signaling, resulting in reduced adipo-
differentiation in stem cells.

Two division-developed TCM scaffolds with nano-structure have been developed for bone repair: gelatin 
nano-fiber and collagen nano-spheres. Both of these have been proved to maintain bone cell activity in growth 
and proliferation. In 2012, the research team began to create functional TCM-scaffolds and to investigate 
their potential for bone repair. Two extracts (gusuibu and Cortex Moutan) and four pure molecules (Narigin, 
Dexamethasone, BMP-2, and EGF) were chemically incorporated into porous gelatin sponge or chitosan 
membrane following co-culturing with stem cells. The results demonstrated that TCM or differentiation 
maintained their activity to direct rabbit bone marrow stromal cells or human adipose-derived stem cells to 
osteogenic differentiation after combination. In a study of bone repair, a TCM scaffold was co-cultured with 
rabbit bone marrow stromal cells, resulting in the formation of neo-bone tissue, which was autografted into a 
large bone defect in rabbit. The results showed that TCM-inducing osteoinduction brought about significant 
bone repair. In the near future, TCM scaffolds will be developed into functional regenerative bone by forming 
a specific structure to promote external force resistance and by forming vessels to support the long-term 
supply of nutrients.
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Conditional imaging reporter transgenic models and tissue 
engineering on adult adipose tissue derived stem cells
This project aims to develop conditional transgenic and multimodality imaging technology, and to explore 
translational applications in studies of various human diseases. In the past, the research team has generated 
various tool mice for conditional transgenic research, including MCP-1 reporter mouse and inducible Hsp60 
mouse models, and has explored applications of these transgenic mouse models in diagnosis and therapy. 
The research team has generated several multimodality animal models and vectors for optical, MRI, PET, 
and SPECT/CT imaging. These animal or cell models are useful platforms for small animal imaging study in 

preclinical testing or for drug discovery. For 
example, the first trimodality transgenic mouse 
and quadrimodality vector, and the first MRI and 
optical fusion reporter vector, were developed 
in this laboratory; they will greatly facilitate 
biomedical research, providing a good example 
of translational medical engineering research 
benefiting health research. 

Unique animal models for human diseases 
have also been generated in this laboratory. 
Transgenic mice expressing green fluorescent 
protein (GFP) and red fluorescent protein (RFP) 
tetramers have been developed. And the research 
team discovered that expressing RFP tetramers in 
the mouse heart has resulted in chronic carditis, 
left atrium thrombosis, and dilated heart failure. A 
reproducible and convenient heart failure mouse 
model mimicking human heart disease due to 
protein aggregation or defects in protein quality 
control could greatly benefit cardiovascular 
research. The research team also investigated the 
therapeutic potential of adult stem cells isolated 
from adipose tissues for treating aging-related 
diseases and of combining cell-engineering 
approaches in the cell-transplantation protocol. 
The research team has already found that the 
aging process of stem cells can be favorably 
reprogrammed through controlled stimulation of 
physical forces.

Dilated cardiac myopathy and heart failure by expressing RFP in 
the heart of 5-month-old mouse. Hearts of (1) GFP Tg mouse, (2) 
wild type mouse, (3) homozygous RFP Tg mouse, and (4) and 
heterozygous RFP Tg mouse.

Aging increases the differentiation tendency of mesenchymal stem 
cells from adipose tissue. The research team found that mechanical 
stretching force can prevent old stem cells from becoming adipose 
tissues.
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Mission

The Immunology Research Center was established in 2007. The center aims to (1) establish gene-targeted animal 
models for the studies of autoimmune diseases, cancer immunology, infectious diseases, and inflammation; 
(2) establish a transgenic/gene-targeted mouse bank for immunology studies; (3) investigate immune cell 
signal transduction and the regulation of the immune system; (4) develop novel immunological 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 immunology studies in Taiwan.

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

Research Framework

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

study the functions of adaptor molecules in B lymphocytes and 
tumors

research the activation mechanism and function of Toll-like 
receptors

investigate cancer immunology and cancer immunotherapies

Immunology
Research

Center

establish gene-deficient mouse models for protein kinases (e.g., 
MAP4Ks) and protein phosphatases (e.g., DUSPs)
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Nature Immunology 12:1113–1118, 2011

(A) Correlation and significant regression between SLEDAI and the frequency of GLK+ T cells from people with SLE with high 
frequency of GLK+ cells (≥ 21%; n = 16; Pearson correlation coefficient r = 0.807; simple linear regression, y = 5.2085 + 0.2757x; 
regression correlation coefficient, adjusted r2 = 0.626, P = 0.000159). (B) Diagram of GLK-induced PKC-θ/NF-κB activation and 
autoimmune responses.

The kinase GLK controls autoimmunity and NF-κB 
signaling by activating the kinase PKC-θ in T cells
NF-κB is a major transcription factor that regulates genes responsible for immune responses and tumorigenesis. 
Phosphorylation of PKC-θ at threonine 538 (T538) is required for efficient NF-κB activation by T-cell 
receptor (TCR) signaling; however, the kinase that directly activates PKC-θ was unknown. The research group 
demonstrated that GLK directly phosphorylates PKC-θ at T538 during T-cell activation by using purified protein 
in vitro. T-cell receptor (TCR) signaling activates GLK by inducing its direct interaction with the proximal 
signaling molecule SLP-76. To study the in vivo roles of GLK, the GLK-gene-trapped embryonic stem cells 
were used to generate GLK-deficient mice. Results from the GLK-deficient mice show that the activation of 
PKC-θ/IKK and proliferation of T cells are decreased in GLK-deficient T cells. GLK-deficient mice also show 
impaired production of antigen-specific antibodies and cytokines after immunization. Furthermore, GLK-
deficient mice are resistant to the induction of experimental autoimmune encephalomyelitis (EAE) and display 
lower Th17 responses. These results suggest that GLK is involved in Th17-mediated autoimmune diseases. 
Clinical samples from Th17-mediated autoimmune diseases — including systemic lupus erythematosus (SLE), 
rheumatoid arthritis (RA), and adult-onset Still’s disease (AOSD) — were also studied. Remarkably, GLK 
expression and PKC-θ activation are dramatically induced in T cells from SLE, AOSD, and RA patients. Flow 
cytometry analyses further showed that the percentage of GLK-expressing T cells was highly correlated with the 
disease severity of SLE, RA, and AOSD. Furthermore, GLK-positive T cells are also IL-17-producing T cells. 
Thus, GLK is an important positive regulator of autoimmune diseases by directly activating PKC-θ. These data 
strongly indicate that GLK is a novel biomarker and therapeutic target for autoimmune diseases.
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Journal of Biological Chemistry 287:11037–11048, 2012

The model of HPK1-mediated negative feedback regulation of 
BLNK in the attenuation of BCR signaling in B cells. Following 
BCR stimulation, BLNK is tyrosine-phosphorylated and activated. 
Activation of BLNK initiates the formation of the BLNK-
interacting protein complex, leading to activation of downstream 
BCR signaling. HPK1 is also activated by interacting with BLNK. 
The activation of HPK1 in turn induces phosphorylation of BLNK 
Thr-152, resulting in the binding of 14-3-3. 14-3-3 dimers recruit 
a putative E3 ubiquitin ligase to BLNK. The putative E3 ligase 
subsequently induces BLNK ubiquitination at Lys-37, Lys-38, and 
Lys-42 residues, leading to degradation of the activated BLNK and 
subsequent attenuation of BCR signaling.

Down-regulation of B cell receptor signaling 
by hematopoietic progenitor kinase 1-mediated 
phosphorylation and ubiquitination of activated 
B cell linker protein 
B lymphocytes are activated by B cell receptor (BCR) signaling cascade. B cells produce antibodies that play an 
important role in eliminating pathogenic challenge or, conversely, causing autoimmune diseases. Hematopoietic 
progenitor kinase 1 (HPK1) is a Ste20-like serine/threonine kinase that suppresses immune responses and 
autoimmunity. B cell linker protein (BLNK, also named SLP-65) acts as a central adaptor to assemble 
multiple signaling molecules upon BCR signaling. BCR signaling activates HPK1 by inducing BLNK/HPK1 
interaction. Whether HPK1 can reciprocally regulate BLNK during BCR signaling is unknown. The research 
team demonstrated that HPK1-deficient B cells display hyper-proliferation and hyper-activation of IκB kinase 
and MAPKs (ERK, p38, and JNK) upon the ligation of BCR. HPK1 attenuates BCR induced cell activation via 
inducing BLNK threonine 152 phosphorylation, which mediates BLNK/14-3-3 binding. Furthermore, threonine 
152-phosphorylated BLNK is ubiquitinated at lysine residues 37, 38, and 42, leading to attenuation of MAPK 
and IκB kinase activation in B cells during BCR signaling. These results reveal a novel negative feedback 
regulation of BCR signaling by HPK1-mediated phosphorylation, ubiquitination, and subsequent degradation of 
the activated BLNK.
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DUSP4 deficiency enhances CD25 expression and CD4+ 
T cell proliferation without impeding T cell development
DUSP4 is known to regulate the activity of MAP kinases and may simultaneously also participate in the 
regulation of Src, FAK, and STATs. To investigate the roles of DUSP4 in immune cells, this laboratory 
generated and analyzed DUSP4-deficient mice. Their results showed that thymocyte development was normal 
in these mice; however, DUSP4 deficiency induced CD25 over-expression and enhanced IL-2 production in 
peripheral T cells, which then resulted in CD4 T cell hyperproliferation. Mixed T cell proliferation assays further 
demonstrated the hyperproliferation was caused by intrinsic regulation, but not solely through altered cytokine 
production. Co-immunoprecipitation experiments revealed that DUSP4 might interact with STAT5 to negatively 
regulate IL-2 signaling. Combined, these results suggest that DUSP4 may dephosphorylate STAT5 and decrease 
its transcription factor activity to negatively regulate T cell activation.

In ongoing studies, the team showed that DUSP4 indeed dephosphorylated STAT5 and down-regulated 
its activity in reporter assays. Meanwhile, the team also found that the differentiation of Treg cells in DUSP4-
deficient mice was altered, which might be related to DUSP4’s regulation on IL-2 signal transduction. The 
same researchers are currently using molecular biology and biochemical methods to investigate the detailed 
mechanisms for DUSP4-mediated regulation on STAT5.

European Journal of Immunology 42:476–488, 2012

Left panel: DUSP can remove serine/threonine/tyrosine phosphorylation on its substrate. Right panel: possible 
mechanisms of DUSP4-mediated regulation on TCR an IL-2 signaling.
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Functions and molecular mechanisms for control of 
Toll-like receptor activation
Toll-like receptors (TLRs) are key pattern-recognition receptors in innate immune cells for the detection of 
diverse microbial pathogens. Activation of TLRs triggers potent immune responses. Therefore, Immunology 
Research Center scientists investigated the function and molecular mechanism for control of TLR activations and 
targeted TLRs for the development of immune modulators.

To date, ten TLRs have been identified in human cells. Of them TLR9 is the cellular receptor for CpG-ODN, 
which is a safe and potent immune stimulator for boosting immune responses. CpG-ODN has been investigated 
in pre-clinical trials as agent for anti-tumor and anti-infectious diseases, as well as for using as vaccine adjuvant. 
Rabbit is an animal commonly used for production of antibodies for research purposes. Recently, rabbit 
monoclonal antibody technology has been developed for generation of therapeutic antibodies. Freund’s complete 
adjuvant (CFA) is commonly used as an adjuvant for production of rabbit polyclonal antibodies. Nevertheless, 
this adjuvant generates inflammatory responses and adverse effects at the injection site. Thus, CFA is allowed 
only for the first injection; and Freund’s incomplete adjuvant needs to be used for boosting injections. Therefore, 
efforts have been continued to search for better adjuvant for generating better antibody response and reducing 
adverse effects.

CpG-ODN is a candidate for using as adjuvant for generation of rabbit polyclonal antibody. Nevertheless the 
interaction between rabbit TLR9 and CpG-ODN has not yet been investigated. In the past year, NHRI researchers 
have cloned rabbit TLR9 and investigated the interaction of rabbit, mouse, and human TLR9 with CpG-ODN. 
The rabbit TLR9 interacts with CpG-ODN inside the cells. However, CpG-ODN, which is commonly applied to 
human and mouse cells, did not produce good results with rabbit TLR9, further suggesting the species-specific 
activity of CpG-ODN. The research team is currently seeking to develop a CpG-ODN for rabbit TLR9.

Interaction between rabbit TLR9 and CpG-ODN inside the cells. 293 cells overexpressed with flag-tagged rabbit 
TLR9 were treated with/without FITC-conjugated CpG-ODN (green). Interaction between of rabbit TLR9 and 
CpG-ODN was visualized by immunofluorescence staining using anti-flag mAb, followed by an Alexa 594-labeled 
anti-mouse antibody (red). Nuclei were stained by DAPI (blue). Arrows show larger CpG-ODN vesicles, indicating 
colocalization with rabTLR9.

Journal of the Federation of American Societies for Experimental Biology (FASEB Journal) 5:2700–2710, 2011
Comparative Immunology, Microbiology & Infectious Diseases 35(5):443–451, 2012
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14-3-3sigma regulates B-cell homeostasis through 
stabilization of FOXO1
14-3-3σ (14-3-3sigma) regulates cytokinesis and cell cycle arrest induced by DNA damage; but its role in the 
immune system is unknown. Using gene-targeted 14-3-3σ-deficient (i.e., KO) mice, the research team studied 
the role of 14-3-3σ in B-cell functions. Total numbers of B cells were reduced by spontaneous apoptosis of 
peripheral B cells. Upon B-cell antigen receptor engagement in vitro, KO B cells did not proliferate properly 
or up-regulate CD86. In response to T-cell-independent antigens, KO B cells showed poor secretion of antigen-
specific IgM. This deficit led to increased lethality of KO mice after vesicular stomatitis virus infection. KO B 
cells showed not only elevated total FOXO1 transcriptional activity but also increased FOXO1 degradation. 
Coimmunoprecipitation revealed that endogenous 14-3-3σ protein formed a complex with FOXO1 protein. The 
results suggest that 14-3-3σ maintains FOXO1 at a consistent level critical for normal B-cell antigen receptor 
signaling and B-cell survival.

Proceedings of the National Academy of Sciences of the United States of America 108:1555–1560, 2011

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

Nanomedicine is an application of nanotechnology to prevent 
and treat diseases in the human body. Nanomedicine exploration 
incorporates nanotechnology tools, devices, and processes 
to provide fundamental insights into cellular functions and 
dysfunctions, and to lead to therapeutic interventions against 
disease. Although this discipline is still in its infancy, it has the 
potential to change medical science dramatically.

The Center for Nanomedicine Research at NHRI was 
officially established in 2004 to integrate relevant interdisciplinary 
research teams and explore possible solutions in medical diagnosis, 
prognosis, and therapeutics using the techniques of this new field. 
The center is also responsible for promoting the application of 
nanotechnology to medically important issues in Taiwan. The 
center’s missions are:
• to integrate and coordinate the intramural and interdivisional 

nanomedicine research within NHRI, and extramural 
nanomedicine research activities through collaborations with universities and medical centers;

• to educate and incubate research manpower in the nanomedicine field of Taiwan;
• to provide a platform for the exchange of research experience and for activities for nanomedicine researchers;
• to promote industry collaboration, the disclosure of research accomplishments, patent portfolio development, 

and technology transfers.
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These results were published in Environmental Health Perspectives, Environmental Science and Technology, Nanotechnology, and 
Nanotoxicology.

Proposed cell interactions in the QD705-induced granulomatous reaction in the lung.

Quantum dot 705, a cadmium-based nanoparticle, 
induces persistent inflammation and granuloma 
formation in mouse lung
Some quantum dots (QDs) have been applied to drug delivery and imaging in biological systems. One potential 
application for QDs is to image QDs delivered through lung. The aims of the study were to evaluate the 
biological effects of QD705, a cadmium based quantum dot, in the lungs and examine the protective effects of 
polyethylene glycol (PEG) coating against QD705-induced biological responses. Intratracheal instillation of 
QD705-COOH persistently induced acute neutrophil infiltration, followed by interstitial lymphocyte infiltration 
and a granulomatous reaction on days 17 and 90. QD705-COOH also induced gene expression of cytokines, 
chemokines, and metalloproteinase 12 in lung tissues. Furthermore, QD705-COOH transiently reduced 
pulmonary function on day 17. Treatment with QD705-PEG induced similar inflammatory responses and 
reduced pulmonary function on day 17, too; however, the granulomatous reaction disappeared by day 90. These 
data indicate that administration of QD705 via the lung caused adverse responses and that PEG coating failed to 
prevent these effects.

Nanotoxicology 7(1):105–115, 2013
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These results were published in Analyst and Nanotechnology.

Tissues distribution of the 10 nm 65ZnONPs, 71 nm 65ZnONPs, and 65Zn(NO3)2 at (A) 24 h and (B) 28 
days after intravenous injection. (Units: % of total injected amounts, n = 6 for each group.)

Kinetics and tissue distribution of zinc oxide 
nanoparticles and zinc nitrate in mice: effects of size 
and particulate nature 
Although zinc oxide nanoparticles (ZnONPs) have been used in sunscreen lotion for decades, their kinetics and 
tissue distribution in vivo are unknown. Here the research team compared the kinetics and tissue distribution of 
10 nm ZnONPs, 71 nm ZnONPs, and Zn(NO3)2 in mice through intravenous injection of 65Zn-labeled species. 
For the pharmacokinetic study, the half-life of 65Zn(NO3)2 was greater than those of 65ZnONPs; and the kinetic 
parameters were similar for both sizes of 65ZnONPs. However, the tissue distributions for the three species were 
different. ZnONPs preferentially accumulated in the liver and spleen at 24 h. At day 28, 65Zn concentration was 
highest in bone, and the amounts of recovered 65Zn radioactivity was highest in the carcass; these had the same 
ranking: 10 nm 65ZnONPs > 71 nm 65ZnONPs > 65Zn(NO3)2. Although more than 80% of the 10 nm 65ZnONPs 
had been excreted by day 28, greater amounts of the 10 nm 65ZnONPs than the 71 nm 65ZnONPs or 65Zn(NO3)2 
had accumulated in other organs (brain, lung, heart, and kidneys). Zn ions seem to have a longer half-life in the 
plasma; but ZnONPs show greater tissue accumulation. Although the size of the ZnONPs had no obvious effect 
on the kinetics, nevertheless the smaller ZnONPs tended to accumulate preferentially in some organs.
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Analytical Chemistry 84(15):6312–6316, 2012

Geometry of the window-type TEM microchip nanopipet and sampling processes for specimen preparation.

Quantitative characterization of nanoparticles in blood 
by transmission electron microscopy with a window-
type microchip nanopipet 
Transmission electron microscopy (TEM) is a unique and powerful tool for observation of nanoparticles. 
However, due to the uneven spatial distribution of particles conventionally dried on copper grids, TEM is rarely 
employed to evaluate the spatial distribution of nanoparticles in aqueous solutions. In this study, the research 
team presented a microchip nanopipet with a narrow chamber width for sorting nanoparticles from blood and 
preventing the aggregation of the particles during the drying process, enabling quantitative analysis of their 
aggregation/agglomeration states and of the particle concentration in aqueous solutions. This microchip is 
adaptable to all commercial TEM holders. The nanopipet proves to be a simple and convenient sampling device 
for TEM image-based quantitative characterization.

Sorting NPs from blood

Prevent aggregation in 
drying processes Aggregation state

TEM image-based
quantitative characterization

Sampling Imaging

Particle concentration
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These results were published in ACS Nano, the Journal of Materials Chemistry, and Nano Today.

Application of functionalized mesoporous silica 
nanoparticles in biomedical diagnosis and therapy
Mesoporous silica nanoparticles (MSNs) are comprised of highly ordered, hexagonal mesoporous silica 
structures of uniform but adjustable pore size. With enormous surface areas (~1000 m2/g) and pore volumes (~1.0 
cm3/g), MSNs have been used in a variety of applications that include catalysis, drug delivery, and controlled 
drug release. Their unique topology provides MSNs with three distinct domains that can be independently 
functionalized: the silica framework, the hexagonal nanochannels/pores, and the nanoparticle’s outermost 
surface.

In this work, the research team describes the development of these functionalized mesoporous silica 
nanoparticles for use as imaging or therapy agents, focusing on four findings. (1) Using multiphoton imaging 
results in reduced photodamage and prolonged observation. These advantages are invaluable for the real-time 
imaging of nanoplatform deposition in vivo. (2) MSNs can effectively deliver P-glycoprotein (PGP) substrate, 
such as doxorubicin, to MDR cells. They can bypass the PGP efflux pump to antagonize PGP-mediated MDR 
and allow for sustained release of doxorubicin. This therapeutic strategy to enhance chemotherapeutic efficacy 
and overcome PGP-mediated multidrug resistance may have significant clinical potential in the future. (3) The 
results contribute new insights into the highly efficient energy transfer within single nanoparticles for two-photon 
activated photodynamic therapy, worthwhile for studying its potential for development in clinical translation. 
(4) The tri-functionalized MSNs for use as theranostic compounds also possess separate domains for traceable 
imaging, localized PDT photosensitizers, and efficient targeted-delivery.

Tri-functionalization of MSN for comprehensive cancer theranostics: the trio 
of imaging, targeting, and therapy.

Visualizing dynamics of sub-hepatic distribution of nanoparticles 
using intravital multiphoton fluorescence microscopy.

Enhanced chemotherapy of cancer using pH-sensitive MSN to 
antagonize P-glycoprotein mediated drug resistance.
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Proposed mechanism of action of Doxo@Apt-DNA-icosa.

ACS Nano 5(8):6156–6163, 2011

Aptamer-conjugated DNA icosahedral nanoparticles as 
a carrier of doxorubicin for cancer therapy
DNA can be used to nanofabricate three-dimensional (3D) polyhedra. A variety of applications of 3D DNA 
assemblies have been proposed. Drug encapsulation and intracellular delivery using DNA nanoparticles, 
however, have remained a challenge. Here, the research team creates a distinct five-point-star motif and aptamer-
conjugated six-point-star motif using well-used primer sequences to intermolecularly construct DNA icosahedra 
as a nanocarrier for doxorubicin. Aptamer-conjugated doxorubicin-intercalated DNA icosahedra (Doxo@Apt-
DNA-icosa) show an efficient and specific internalization for killing epithelial cancer cells.
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Biomaterials 32:3647–3653, 2011

A single-monomer derived linear-like PEI-co-PEG for 
siRNA delivery and silencing
Polyethylenimines (PEIs) are commonly used as a vehicle to deliver and protect siRNA; but the strong 
electrostatic interaction still remains to be modulated for efficient siRNA release and silencing. Herein, a single-
monomer derived linear-like PEI-co-PEG (LPEI-co-PEG, P(2)) was synthesized to substantially enhance the 
siRNA release but not affect the efficiency of protection. The linear-like copolymer (P(2)) was synthesized from 
only a single-monomer by intensive synchrotron X-ray irradiation for 5 min, randomly producing both PEI and 
PEG segments. The counterpart vehicle, LPEI (P(1)), was also synthesized for comparison. The research team 
found that the P(1) and P(2) were able to prevent siRNA against enzymatic degradation. Most importantly, 
efficient siRNA release (52%) was observed in only the siRNA/P(2) complexes and not in the siRNA/P(1) 
complexes (<5%), suggesting that the PEG segment may modulate the interaction between siRNA and the P(2) 
segment. Specifically, P(2) as well as P(1) can emit photoluminescence; cancer cells exhibited a detectable 
photoluminescence after treatment with P(1) and P(2), indicative of their excellent transfection efficiency. 
Subsequently, the siGFP/P(2) complexes knocked down GFP with excellent efficiency (75%), well above the 
effeciency of the siGFP/P(1) complexes (19%) and siGFP/Lipofectamine complexes (20%). Importantly, the 
siRNA with anti-VEGF function being associated with P(2) have demonstrated an excellent efficiency in the 
suppression of tumor growth.

(1) A possible mechanism for the polymerization; (2) transfection efficiency by the siRNA/P2 complexes. (3) Anti-tumor therapeutic 
effect of siRNA/P2 complex in nude mice.
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Mission

The Center for Neuropsychiatric Research was established in August 2012 on the foundation of the 
Institute of Population Health Sciences’ former Division of Mental Health and Addiction Medicine. Its 
main research areas include substance use and abuse, psychiatric disorders, and neurological diseases 
involving neurodegeneration. Its missions are:
• to conduct multi-disciplinary and translational research on neurological and psychiatric disorders;
• to train the next generation and career development for young scientists in neurological and 

psychiatric research;
• to develop treatment strategies for major neurological and psychiatric disorders in Taiwan;
The center’s goals are to:
• strengthen the research team in neurodegeneration involving stroke, Parkinson’s disease, aging, and 

other major neurological disorders in Taiwan, and to recruit new faculty, especially senior scientists 
interested in neurodegeneration;

• support research into neurological diseases, drug addiction, drug-induced neurodegeneration, and 
psychiatric disorders;

• collaborate with other research centers/universities within Taiwan and abroad;
• train physician and non-physician researchers in neuropsychiatric science.

Research Framework

Yun Wang
Director

Pao-Luh Tao

Hwei-Hisen ChenChia-Hsiang Chen

Sheng-Chang Wang

Yu-Li Liu

Feng-Shiun Shie

Substance Use 
and Abuse

Neurological Diseases 
involving Neurodegeneration

Psychiatric 
Disorders

Center for Neuropsychiatric Research

7776



Center for Neuropsychiatric Research

Synapse 66:694–704, 2012

Naloxone can act as an analgesic 
agent without measurable chronic 
side effects in mice with a mutant 
mu-opioid receptor expressed in 
different sites of pain pathway
The myriad side effects associated with morphine have made 
problematic its clinical use to manage moderate to severe pain. To 
develop a compound or treatment paradigm that could retain the 
analgesic effect of the drug while eliminating or at least reducing 
the side effects (mainly the tolerance and addiction development 
associated with chronic usage of the drug) has been a holy grail 
for pharmacologists. Dr. Horace H. Loh and his research group 
discovered certain unique mutations of the mu-opioid receptor (MOR) on which the alkaloid antagonist (e.g., 
naloxone) could activate the receptor. On the basis of this initial finding, the center decided to explore the 
possibility of using a virus to deliver the mutant MOR to various sites on the nociceptive pathway, such as 
midbrain periaqueductal gray (PAG) and spinal cord dorsal horn, and induce the antinociceptive responses 
with the systemic administration of an opioid antagonist. MORS196A-CSTA-EGFP, a mutated MOR gene, 
was administered to ICR mice using dsAAV as vector. The researchers measured MORS196A-CSTA-EGFP 
expression by detecting the EGFP visualization with a fluorescence microscope. The antinociceptive effect 
of naloxone was determined by tail-flick and hot plate tests. The drug rewarding effect was evaluated by the 
conditioned place preference test. Naloxone (10 mg/kg, s.c.) elicited both supraspinal and spinal antinociceptive 
responses in mice injected with the virus at PAG, while only spinal antinociceptive response was observed in 

mice injected with virus at dorsal horn region. Chronic naloxone 
treatment did not induce tolerance, physical dependence, or 
rewarding effect in mice injected with MORS196A-CSTA-
EGFP in spinal cord or PAG. These data suggest that the 
observed naloxone-induced antinociceptive response is the 
consequence of the local expression of MORS196A-CSTA at 
specific sites of pain pathway. Injection of such MOR mutants 
and the systemic administration of naloxone can be a new 
strategy in the management of chronic pain without the various 
side effects associated with the use of morphine.

Representative fluorescence micrographs 
of PAG after local injection of saline (A) or 
dsAAV2-MORS196A-CSTA-EGFP (B, C, 
D) for two weeks, with a 20× objective. (A) 
green fluorescence expressed in control PAG 
(B) expression of MORS196A-CSTA-EGFP 
(green) in PAG (C) expression of NeuN (red) 
in PAG (D) merging the immunofluorescence 
EGFP (green) with NeuN (red) revealed 
colocalization (yellow) (Scale bars: 100 µm).

The antinociceptive effects of naloxone or morphine after spinal cord transfection or PAG transfection of MORS196A-CSTA. The acute 
antinociceptive effect of naloxone (N5, 5 mg/kg; N10, 10 mg/kg; N20, 20 mg/kg; N30, 30 mg/kg; s.c.) was tested by tail-flick test before 
and after 2 weeks of MORS196A-CSTA-EGFP transfection at spinal cord (A) or PAG (B) and then chronically treated with naloxone at 
10 mg/kg (chronic N10) or 30 mg/kg (chronic N30) b.i.d., s.c., for 6 days and tested again. (C) The antinociceptive effect of morphine 
(M10, 10 mg/kg, s.c.) or naloxone (N30, 30 mg/kg; s.c.) was tested by hot plate test after spinal cord transfection. (D) The antinociceptive 
effects of naloxone (5-20 mg/kg, s.c.) was tested by hot plate test before and after 2 weeks of MORS196A-CSTA transfection into PAG 
and then chronically treated with naloxone (10 mg/kg, s.c.) b.i.d. for 6 days and tested again. Data are presented as mean ± S.E.M. (n = 
8–12). ***P < 0.001 when compared to saline in spinal cord transfection group; ++P < 0.01, +++P < 0.001 when compared to saline after 
gene transfection (post AAV2MORS196A-CSTA).

7776



The treatment influence of methadone metabolic 
enzyme encoding genes
Heroin dependence is a severe psychiatric disorder. 
Patients with heroin dependence may experience 
several uncomfortable withdrawal symptoms when 
stopping the drug abruptly. The incidence of acquired 
immune deficiency syndrome (AIDS) among heroin 
dependence patients is increased through needle 
exchange in the drug-injection process.

Taiwan launched a methadone maintenance 
treatment (MMT) program for heroin dependence in 
2006. Individual treatment dosages vary; and a high dose could result in severe side effects, including death.

Methadone is a synthetic opioid agent with a chiral chemical structure of R- and S-enantiomers. It is 
primarily metabolized by liver cytochrome P-450 (CYP) isozymes, such as CYP2B6, CYP3A4, and CYP2C19. 
The CYP isozymes all have different preferable metabolic effects on the various enantiomers of methadone. For 
example, CYP2B6 metabolizes S-methadone preferably, while CYP2C19 metabolizes R-methadone.

Pharmacogenomic studies could aid the estimation of optimal individual treatment dosages, helping to avoid 
severe side effects. Methadone therapy is performed under close surveillance by research nurses. The dosages 
and plasma concentrations of each patient have been monitored, which will facilitate pharmacogenomic studies.

From those enrolled in the clinical methadone maintenance treatment (MMT) clinical trial, the research 
team recruited 366 heroin-dependent patients who had taken methadone for at least three months and who had 
regularly engaged in treatment at a clinic in the previous seven days. The addiction history, therapeutic dosage, 
treatment outcomes profile (TOP), the severity of withdrawal symptoms rated by clinical opiate withdrawal 
scale (COWS), and treatment emergent symptoms scale (TESS) of each participant were recorded. The plasma 
concentrations of methadone and its metabolites were measured.

Several single nucleotide polymorphisms (SNPs) in the genes involved with methadone metabolism — 
including genes encoding the enzymes CYP2B6, CYP3A4, and CYP2C19 — were selected and genotyped. 
SNPs in the CYP2B6 gene were significantly associated with the plasma concentration of S-methadone (ng/ml). 
SNPs in the CYP3A4 were significantly associated with treatment 
side effects and withdrawal symptoms. SNPs in the CYP2C19 were 
associated with methadone dosage, the ratio of plasma R-methadone 
concentration/dose, and cardiac side effects. SNPs in the UGT2B7 
gene, which encodes an enzyme involved in the metabolism of 
morphine, were found associated with the severity of withdrawal 
symptoms.

In summary, the genetic variants in the methadone metabolic 
enzyme are associated with not only plasma drug concentration but 
also withdrawal symptoms and side effects.

Journal of Clinical Psychopharmacology 31(4):463–469, 2011
Pharmacogenomics 13(8):879–888, 2012 / 12(10):1397–1406, 2011

Morphine metabolic pathways and UGT2B7 
metabolic enzymes.

Methadone enantiomers’ metabolic pathway and metabolic 
enzymes. CYP2B6 prefers the metabolism of S-methadone, while 
CYP2C19 prefers that of R-methadone.
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Mission

The National Environmental Health Research Center was established in May 2012. The center’s mission is to 
employ evidence-based research to assess and reduce the health risks of environmental toxicants in Taiwan. To 
achieve this, the center works to:
• establish innovative, multidisciplinary research activities;
• enhance environmental health and toxicology research with human translational correlations in Taiwan;
• develop standard operating protocols and management procedures for risk assessments and governmental 

reference;
• recruit distinguished scientists to the field and elevate the knowledge and abilities of those already working in 

this area;
• become a center of excellence in environmental health research in Asia.
In 2013, the center will concentrate primarily on five projects:
• assessing the health risks in Taiwan populations of exposure to phthalates;
• assessing the health risks of those living near a petroleum cracking industrial park in western Taiwan;
• evaluating the health impact among Taiwan populations of residual ractopamine in meat;
• raising awareness of environmental toxicology among both policy makers and member of the general public;
• developing a nomination process and screening platforms for environmental toxicants.
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Research Framework

National Environmental Health Research Center

Clinical Research Group Basic Science 
Research Group

Health Risk Assessment and 
Management Group

Knowledge Translation for 
Environmental Health  

Research Group

Core Facility of Environmental 
Toxicology Analysis

Phthalate exposure and endocrinal effects:  
an epidemiological review
Phthalates are ubiquitous endocrine disruptors that may cause health effects in the general population. A research 
team from the National Environmental Health Research Center accessed three scientific databases (PubMed, 
Medline, and ScienceDirect) to explore epidemiological studies that focused on phthalate exposure and possible 
related important health effects, including ones related to hormonal regulation of thyroid and steroid, the 
endocrine system, reproductive effects, pregnancy, precocious puberty, obesity, and infertility. Some studies 
have demonstrated negative associations between phthalate levels and sex steroid hormones (e.g., testosterone, 
LH), thyroid hormones (thyroxine), sperm quality, anogenital distance, gestational age, and neurodevelopment 
(cognitive function and intelligence quotient). A few studies have shown positive associations between phthalate 
levels and precocious puberty, pregnancy loss, obesity, and leiomyoma, although some other studies have not 
provided consistent results. In summary, phthalates may affect reproductive and sex hormones, thyroid function, 
and development. Although large-scale cohort studies are needed to clarify the association, phthalate exposure in 
pregnant women and young children should be reduced to prevent unexpected consequences of reproductive and 
development effects in offspring.

Journal of Food and Drug Analysis 20(4):719–733, 2012
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Center for Biomedical Resources

Core Instrument Center

Core Pathology Laboratory

The Center for Biomedical Resources supports biomedical research through providing high-quality research-
resource services. These include:
• the National Health Insurance Research Database — a computerized, de-identified research-based database of 

National Health Insurance claims data for research use, under contract from and the supervision of Taiwan’s 
Bureau of National Health Insurance;

• the Bioinformatics Core Facility — which makes available on-line bioinformatics tools and databases, and 
provides education and training programs, as well as customized data-analysis services;

• the NHRI Cell Bank — which distributes high-quality animal cell lines and provides cell culture consultation 
and training programs, in collaboration with the Food Industry Research and Development Institute.

The Core Instrument Center works to enhance research standards at NHRI by integrating resources, maintaining 
instruments, and ensuring fair access to NHRI’s state-of-the-art instrumentation. The center also helps reduce 
repeated procurement of equipment. The center provides technical assistance at a reasonable rate and conducts 
training courses to equip users with the most up-to-date knowledge and techniques to advance their research 
work. The center houses many core laboratories, including those for DNA sequencing, optical biology, cell 
sorting, microarrays, live cell imaging and analysis, and protein chemistry.
Objectives of the center include:
• the maintenance and management of instruments;
• the provision of technical assistance;
• the holding of training courses and workshops.

Histological and pathological examinations have become an important part of both basic and clinical research, 
especially in translational studies. The Core Pathology Laboratory was established in 2007 to help aid such 
work at NHRI. The Core Pathology Laboratory’s services include tissue processing, paraffin embedding, 
tissue sectioning, histochemical staining, tissue decalcification, immunohistochemical staining, testing for new 
antibodies, and molecular diagnosis, which includes CISH, FISH, and mutation analyses.
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Research Support Units

Transgenic Mouse Core

Animal Behavior Core Facility

The genetically modified mice that serve as animal models for human diseases are commonly used for 
biomedical research and the evaluation of potential drugs. The Transgenic Mouse Core offers efficient technical 
services for NHRI investigators who conduct animal-model research, allowing NHRI’s scientists to reduce costs, 
save time, eliminate some shipping inconveniences, and improve the application of genetically modified mice. 
Moreover, the Transgenic Mouse Core continuously develops various techniques relating to the production of 
genetically modified mice through interaction with researchers, and helps create superior human disease models 
to elevate NHRI’s research quality. The unit’s services include: 
• mouse pronuclei microinjection;
• mouse specific pathogen free (SPF) rederivation;
• mouse embryo cryopreservation;
• mouse embryo recovery;
• mouse embryo storage;
• mouse blastocyst microinjection (starting before the end of 2013);
• technical consultation.

NHRI’s Animal Behavior Core Facility was established in 2012. Its main purpose is to provide NHRI’s P.I.s with 
services related to the use of laboratory animals. The facility also coordinates the purchase and use of software, 
instruments, and other laboratory-animal-related material to help ensure the efficient and cost-effective use of 
resources. With the goal of keeping the quality of NHRI’s studies high, the facility frequently provides lectures 
and courses on current best practices related to the equipment and instrumentation for and the conduct of animal-
use studies.

Laboratory Animal Center
Established in 2005, the NHRI Laboratory Animal Center comprises areas for holding rodents, canines, rabbits, 
and biosafety level 2 infectious animals; for washing, sterilization, and storage; and for administration. It 
provides high-quality support for NHRI’s research needs, and promotes standards of husbandry services and 
technical applications throughout Taiwan. 

The center periodically holds workshops and seminars to train researchers and husbandry-service staff in 
animal-handling techniques, animal well-being, environmental and personnel safety issues, and the proper use 
of laboratory facilities. Through various media, including the Web site at http://lac.nhri.org.tw/, the center also 
promulgates standard operating procedures and animal-welfare considerations for animal users and staff.
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Technology Transfer and Incubation Center

Department of Research Planning and 
Development
The Department of Research Planning and Development (DRPD) focuses mainly on promoting research 
excellence, supporting NHRI development projects, and expanding NHRI’s research network through 
extramural collaboration with domestic and international organizations. Furthermore, the department operates 
as an important funding agency, providing medical and health-related research grants to outstanding scientists 
of Taiwan, as well as offering various fellowships and awards to encourage and honor biomedical research 
talent. The department contains four offices: Planning, Development, Review, and Cultivation. Their individual 
responsibilities are shown as follows.

The Office of Planning is responsible for institutes’ annual framework plans and the compilation of progress 
reports. In addition, the office cooperates with the Accounting Office to prepare the budget statements and final 
reports for the Legislation Yuan’s budgetary examination, and assists in coordination between research units and 
in allocating research resources.

The mission of Office of Development includes arranging scientific reviews to evaluate individual PIs’ 
performances periodically, promoting collaboration between NHRI and other organizations, and providing 
administrative support for PI recruitment and promotion.

The Office of Review is responsible for providing medical and health-related research grants to research 
institutions, and providing various fellowships and awards programs to promote bio-medical research throughout 
Taiwan.

The Office of Cultivation mainly takes charge of the overall management of projects sponsored by external 
funding agencies, and of affairs related to external academic awards, NHRI Research Achievement Awards, and 
NHRI’s employment of draftees in Taiwan’s alternative service program.

The Technology Transfer & Incubation Center (TTIC) helps facilitate and promote the commercialization of 
NHRI’s research outcomes.

The center’s major services include technology analysis and IP administration; promotion and administration 
of technology transfers; initiation and promotion of R&D collaboration within NHRI and between NHRI and the 
industrial, research, and academic sectors; legal consultations and services; administration and management of 
the NHRI incubation center; and assistance with the IP committee. TTIC colleagues also work in task forces to 
strengthen the center’s service capacity and to help the multi-dimensional demands of our clients.
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Research Support Units

Student Affairs Office

Medical Research Ethics Committee

Office of Environment, Safety, and Health

In order to help NHRI inspire and cultivate young biomedical research talent, the Student Affairs Office aids in 
the recruiting of post-doctoral researchers, serves as a liaison between NHRI and graduate training programs at 
several universities, and hosts a summer research program every year for undergraduate students. Outstanding 
students are welcome to apply to pursue their research careers at NHRI.

NHRI’s Medical Research Ethics Committee was established in 2000 for the protection of medical research 
ethics and to establish an independent and efficient review mechanism to protect the interests of research 
participants. Thus, the committee serves as NHRI’s institutional review board. The committee has a total 
of eighteen members. It is led by a chairman, who is appointed by the president of NHRI, and an executive 
secretary, who is responsible for coordinating the group’s operations. Thirteen of the eighteen members have 
backgrounds in biomedical science. (Four are intramural members and nine are extramural.) The remaining 
five committee members have backgrounds in areas including law, social science, and social justice. (One is an 
intramural member and four are extramural.) The committee has an equal number of male and female members.

The Office of Environment, Safety, and Health supports NHRI’s mission and vision by sustaining excellence 
and enhancing the effectiveness of NHRI’s safety, health, environmental protection, and security. In order to 
achieve a healthier environment, a safer workplace, and sustainable development, the office promotes sustainable 
operations, the following of regulations, the prevention of hazards, and the establishment of comprehensive 
communications.

The office focuses especially on biological, chemical, radiation, environmental, labor, and general affairs.
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Auditing Office

Department of Administrative Services

Secretariat

The Auditing Office’s main objective is to evaluate the performance of each unit in NHRI through independent 
and impersonal auditing activities, with the aims of helping ensure that NHRI’s policies are followed and of 
promoting the efficient allocation and implementation of resources, including management activities. The office, 
which is under the supervision of the President’s Office, serves the following purposes:
• enhancing development of the NHRI Internal Control System by evaluating the system’s strengths and 

weaknesses, and by providing advice to help ensure its continuous and effective maintenance;
• assisting NHRI’s superintendents with implementing the tasks of management.

As a core department that focuses on the human infrastructure of NHRI, the Department of Administrative 
Services values the people of NHRI, who make the organization work, and protects the assets of NHRI, which 
aid the progress of health research. In every aspect under the department’s supervision — including human 
resources, hardware, software, and property assets — the department emphasizes effective communication, 
efficient administrative systems, and creative problem solving. The department has seven offices and centers 
under its supervision: the Accounting Office; the Computing and Information Center; the Construction, 
Management, and Service Center; the General Affairs Office; the Human Resource Office; the Library; and the 
Procurement Center.
Objectives of the department include:
• streamlining administrative procedures and setting up standard operating procedures;
• promoting effective communication between NHRI and its employees;
• increasing the efficiency of the management of property and assets;
• maximizing the public awareness of NHRI’s research achievements;
• computerizing administrative procedures;
• constructing and building research buildings and facilities.

The Secretariat is responsible for a wide range of services for the support and promotion of NHRI.
Major Services are:
• distributing and archiving documents;
• organizing appointment, reappointment, and promotion reviews of Distinguished Investigators;
• organizing meetings of NHRI’s board, the Presidential Search Committee, advisory committees, executive 

committees, administrative chiefs, and research chiefs;
• hosting visits from members of domestic and foreign institutions;
• hosting seminars and international symposiums;
• serving as NHRI’s contact window for the media and national legislature;
• providing other secretarial services.
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Research Support Units

English Editing Office

Publication Center

The English Scientific Editing Office aims to enhance NHRI’s internationalization through improvement of the 
organization’s English-language interaction with the rest of the world and to edit research studies, thus increasing 
the chances for NHRI research to be published in international journals.
Major Services are:
• editing for PIs and support units throughout NHRI;
• correcting international correspondence;
• refining internal memorandums;
• evaluating and improving legal documents;
• correcting Web pages;
• editing of the English version of the NHRI Annual Report;
• helping refine translations into English.

The Publication Center promotes NHRI’s image and coordinates publications. It produces a weekly electronic 
newsletter that communicates NHRI’s research findings and issues to interested members of the general public 
and to people in government, the biomedical industry, and academia. The center also publishes bilingual 
annual reports, pamphlets, and multi-media briefings to showcase NHRI. In addition, the center facilitates 
applications for International Standard Book Numbers (ISBNs), Cataloging in Publication (CIP) information, 
and Government Publication Numbers (GPNs) for book publishing; and it manages the sale and distribution of 
NHRI publications. It also updates NHRI’s achievements for governmental publications, such as the National 
Science Council’s Science and Technology Yearbook, the Department of Health’s Taiwan Public Health Report 
and History of Public Health Development in Taiwan, and the Office of Information Services’ Republic of China 
Yearbook. Additionally, the center assists supporting units in translating documents and important announcements 
into English.
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NHRI Zhunan campus
  +886-37-246-166 /  +886-37-586-401 

NHRI Taipei Office
  +886-2-2653-4401 /  +886-2-2655-8009 

President’s Office
  Ext. 31003 /  +886-37-586-402 

Vice President’s Office
  Ext. 31011 /  +886-37-582-946 

Secretary-General’s Office
  Ext. 31021 /  +886-37-581-891 

Research Units Research
Support UnitsInstitute of Biotechnology and Pharmaceutical 

Research
  Ext. 35701 /  +886-37-586-456 

National Institute of Cancer Research
  Ext. 31701 /  +886-37-586-463

Tainan Laboratory
  Ext. 65101 /  +886-6-208-3427

TCOG
  Ext. 25155 /  +886-37-580-702

Institute of Cellular and System Medicine
  Ext. 37501 /  +886-37-587-408

National Institute of Infectious Diseases and  
Vaccinology

  Ext. 37801 /  +886-37-583-009
Division of Infectious Diseases

  Ext. 35501 /  +886-37-586-457
Tainan Laboratory

  Ext. 65201 /  +886-6-208-3466
Vaccine Research and Development Center

  Ext. 37801 /  +886-37-583-009
Institute of Molecular and Genomic Medicine

  Ext. 35302 /  +886-37-586-459
Institute of Population Health Sciences

  Ext. 35901 /  +886-37-586-467
Division of Biostatistics and Bioinformatics

  Ext. 36101 /  +886-37-586-467
Division of Clinical Trail Statistics

  Ext. 36133 /  +886-37-586-467
Division of Geriatrics and Gerontology Research

  Ext. 37321 /  +886-37-586-261
Division of Health Policy Translation

  Ext. 36395 /  +886-37-586-261
Division of Preventive Medicine and Health 
Services Research

  Ext. 36301 /  +886-37-586-261
Division of Environmental Health and Occupational  
Medicine

  Ext. 36501 /  +886-37-587-406
Division of Medical Engineering Research

  Ext. 37101 /  +886-37-586-440
Immunology Research Center

  Ext. 37601 /  +886-37-586-642
Center for Nanomedicine Research

  Ext. 38101 /  +886-37-586-447
Center for Neuropsychiatric Research

  Ext. 36727 /  +886-37-586-453
National Environmental Health Research Center

  Ext. 38501 /  +886-37-584-730

Center for Biomedical Resources
  Ext. 33601 /  +886-37-586-410

Core Instrument Center
  Ext. 33701 /  +886-37-586-674

Transgenic Mouse Core
  Ext. 33801 /  +886-37-582-679

Animal Behavior Core Facility
  Ext. 33501 /  +886-37-586-453 

Core Pathology Laboratory
  Ext. 33706 /  +886-37-586-459

Laboratory Animal Center
  Ext. 32912 /  +886-37-583-024

Department of Research Planning and  
Development

  Ext. 33001 /  +886-37-580-784
Technology Transfer and Incubation Center

  Ext. 33201 /  +886-37-583-667
Student Affairs Office

  Ext. 31102 /  +886-37-580-255 
Medical Research Ethics Committee

  Ext. 38603 /  +886-37-580-784
Office of Environment, Safety, and Health

  Ext. 33023 /  +886-37-582-646
Auditing Office

  Ext. 31603 /  +886-37-587-403
Department of Administrative Services

  Ext. 32001 /  +886-37-587-411
Accounting Office

  Ext. 32307 /  +886-37-584-922
Computing and Information Center

  Ext. 33666 /  +886-37-583-198
Construction, Management and  
Service Center 

  Ext. 32611 /  +886-37-586-369
General Affairs Office

  Ext. 32521 /  +886-37-585-049
Human Resource Office

  Ext. 32211 /  +886-37-586-297
Library

  Ext. 33642 /  +886-37-583-153
Procurement Center

  Ext. 32711 /  +886-37-587-405
Secretariat

  Ext. 32536 /  +886-37-586-401
English Editing Office

  Ext. 21040 /  +886-2-2655-8009
Publication Center

  Ext. 31505 /  +886-37-587-402

Telephone Directory
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1. Administration Building & Research Building
2. Conference Center
3. Library/Computer and Conference Center
4. Research Building (1)
5. Research Building (2)
6. cGMP Facility
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