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Men have a higher incidence of HCC than women, which is more evident in
HBV related HCC. Our recent studies suggested that the sex steroids, including the androgen
and estrogen axes, are involved in regulating this gender difference. For androgen part, we have
identified a positive regulatory loop between HBx viral protein and androgen receptor (AR) in
stimulating the male hepatocarcinogenesis. HBx can activate the transcription activity of AR in
a ligand dependent manner. Through binding to enhancer | of HBV genome, the ligand bound
AR in turn stimulates the transcription of HBV mRNAs, including the one encoding HBx
protein. This loop is activated preferentially in the HBV infected male hepatocytes and leads to
persistently elevated AR activity and HBV transcription. Furthermore, we have identified a
novel mechanism for ligand bound AR to stimulate hepatocarcinogenesis, through upregulation
of miRNA-216a and a subsequent suppression of the TSLC1 tumor suppressor gene in early
carcinogenic process.
For the estrogen part of study, we found that upregulation of estrogen receptor (ERa )
can reduce the HBV transcription, through a specific region within enhancer | of HBV genome.
This repression is mediated by squelching the liver enriched transcription factor of hepatocyte

nuclear factor 4a (HNF4a ), an essential positive factor for the active transcription of HBV in
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hepatocytes. It explains the lower viral load and reduced incidence for female HBV related
HCC. Moreover, we have also identified a novel miR-18a mediated mechanism for suppressing
the expression of ERa in more than 60% of female HCC. This attributes to the decreased
activity of estrogen pathway in female HCC. MiR-18a elevates preferentially in female HCC,
targets to the 3 UTR of ESR1 gene and decrease the protein translation of ERa protein. The
mechanism underlying the preferential elevation of miR-18a in female HCC is under
investigation, and the preliminary results pointed out the involvement of p53 in promotion of
the processing of miR-18a and decrease the tumor-protective function of the estrogen pathway
in female HCC.

In conclusion, our studies demonstrated that the gender difference of HCC is attributed
by both androgen and estrogen pathways, with distinct roles in each gender. Further
investigation of their functional significance in hepatocarcinogenesis can help future drug
development for potential targeted therapy.

HBV/HBX

beta-catenin

beta-catenin

Anderson
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molecular targeting therapy

Sorafenib sorafenib ?
raf  ? vascular
endothelial growth factor receptor VEGFR-2 ~ VEGFR-3
platelet-derived growth factor receptor, PDGFR

sorafenib
sorafenib sorafenib off-target
effects stress response

GADD45(3 GADD4503 sorafenib

sorafenib biomarkers

sorafenib
AFP
microRNA methylation profile

mutations, insertion/deletions, translocations, amplifications
phenotypes tumorigenesis

proliferation, invasion/metastasis, drug resistance
driver mutations
passenger mutations
passenger mutations

driver mutations
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PAQR3/RKTG, a new tumor suppressor

2
2 MAPK
TGF-beta
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2005 2006 2007
2010

Subcellular compartmentalization has become an important theme in cell
signaling. We recently discovered that a mode of spatial regulation of Raf kinase by PAQR3
and renamed it RKTG for Raf Kkinase trapping to Golgi. PAQR3/RKTG is a

seven-transmembrane protein specifically localized in the Golgi apparatus. PAQR3/RKTG is

14



able to sequestrate Raf proteins to the Golgi apparatus and inhibit Ras-Raf-MEK-ERK
signaling. In addition, PAQR3/RKTG can translocate Gbeta subunit of GPCR to the Golgi
apparatus and downregulate Gbeta-mediated signaling such as AKT activation. Our series of
studies indicate that PAQR3/RKTG may function as a tumor suppressor as revealed by
experiments performed in animal models and human cancer samples. Our ongoing studies
suggest that p53 has a functional interaction with PAQR3/RKTG in epithelial-mesenchymal
transition (EMT), a process involved in tumor invasion and metastasis. Lately, our studies
found that PAQR3/RKTG is able to modulate insulin signaling. Using high fat diet-induced
insulin tolerance and obesity in the mouse, we found that PAQR3/RKTG depletion is able to
improve insulin sensitivity and reduce obesity. In conclusion, our studies reveal that
PAQR3/RKTG has diverse biological functions that affect many aspects of physiological

functions via spatial regulation of cell signaling.
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CRMP-1 Slug EGFR

Lung cancer is the leading cause of cancer mortality in most countries,
including Taiwan. Activation of EGFR stimulates cell proliferation, anti-apoptosis,
angiogenesis, invasion and metastasis. Several EGFR molecular tyrosine kinase inhibitors
(TKIs), such as gefitinib and erlotinib, have been developed in recent years. The clinical
response of non-small cell lung cancer (NSCLC) to EGFR TKI therapy was dramatic in some
patients, especially in East Asian people. Studies have identified mutations of the EGFR
catalytic domain that predict the response to TKIs of NSCLC. In East Asia, around 30-40% of
NSCLC patients has EGFR mutations and has good response to EGFR TKIs. Clinical features
of epidermal growth factor receptor (EGFR) mutations, L858R, deletions in exon 19, T790M,
and insertions in exon 20 are well known. The clinical significance of other uncommon EGFR
mutations, such as their association with the effectiveness of EGFR TKI, is not well understood.
We found that uncommon EGFR mutations constituted a distinct part of the whole group of
EGFR mutations. Their composition was heterogeneous, and their associations with EGFR
TKIs differed

Despite initial responses to these EGFR inhibitors, most patients ultimately have a
relapse. A single secondary mutationT790M and c-Met amplification were found to be causes
of primary and secondary resistant to EGFR TKI. Furthermore, epithelial-mesenchymal
transition (EMT) was also reported to be associated with EGFR TKIs resistance. Although

EMT can predict resistance to EGFR TKIs, the molecular mechanisms are still unknown. To
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examine the role of EMT regulators in resistance to gefitinib, expression level of EMT
regulators in gefitinib-sensitive cells (PC9) and gefitinib-resistant cells (PC9/gef) was
determined. Slug expression, but not that of snail, twist, or zeb-1, was significantly increased in
PC9/gef compared with PC9 cells. Slug knockdown in PC9/gef cells reversed resistance to
gefitinib, and overexpression of Slug in PC9 cells protected cells from gefitinib-induced
apoptosis. Silencing of Slug in gefitinib-resistant cells restored gefitinib-induced apoptosis
primarily through Bim up-regulation and activation of caspase-9. Slug enhanced tumor growth
in a xenograft mouse model, even with gefitinib treatment. In clinical samples, Slug expression

was significantly higher in cancer cells with resistance to EGFR TKIs than in treatment-naive

cancer cells.

DNA

DNA
50

Cancer Cell Cell Host & Microbe Cancer Research

We focus on translation medicine of lung cancer and development of genomic
high throughput technologies in the past 10 years. We identify two lung cancer prognostic
markers and one predictive marker for evaluating the efficacy of molecular targeting therapy as
well as establish a high sensitivity method for detecting gene mutations. Current methods are

inadequate for predicting survival of treatment for non-small cell lung carcinoma (NSCLC).
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We developed a 5-gene marker that predicts survival of patients with NSCLC. We used risk
score and decision tree methods to develop a gene-expression model capable of predicting
outcomes of treatment for NSCLC. The results were validated in an independent cohort and a
published dataset. We also identified a 5-microRNA prognostic marker that could predict the
recurrence and survival of patients. Both studies provide the important insight in cancer
personalized medicine in the future. On the other hand, we identified chromosome regions with
differential CNAs between tumors with EGFR-activating mutations and with wild-type EGFR
and found the aberration sites to cluster highly on chromosome 7p. A cluster of six
representative chromosome 7p genes predicted overall and disease-free survival for patients
with EGFR-activating mutation but not for those with wild type. Importantly, simultaneous
presence of more genes with increased CNAs in this cluster correlated with less favorable
response to EGFR-TKIs in patients with EGFR-activating mutation. We also developed a gene
mutation quantification method by DNA mass spectrometry that can detect as low as 1% EGFR
mutations. We found that the frequency of T790M is higher than 31% in pre-TKI treated
specimens. T790M is not a rare event before or after TKI therapy in NSCLC patients with
EGFR-activating mutations. The pre-treatment T790M mutation was associated with shorter
PFS of EGFR TKI therapy in NSCLC patients. Finally, we will discuss the future development

of cancer diagnosis and the preliminary data of certain ongoing studies.

Searching for oncogenic drivers in human lung cancer

2007
?
2004-2007 Dana-Farber Cancer Institute
Instructor 2000-2004 Beth Israel Deaconess Medical Center
1995-2000
1991-1995
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Lung cancer is the leading cause of cancer-related death worldwide. Decoding
the human lung cancer genomics based on microarray datasets analysis hopefully improves our
understanding of the cancerigenesis process as well as providing novel diagnostic and
therapeutic strategies. Classical algorithms aiming at identifying biological pathways
significantly related to studying conditions frequently reduced pathways to gene sets, with an
obvious ignorance of the constitutive non-equivalence of various genes within a defined
pathway. We here designed a network-based method to determine such non-equivalence in
terms of gene weights. The gene weights determined are biologically consistent and robust to
network perturbations. By integrating the gene weights into the classical gene set analysis, with
a subsequent correction for the “ over-counting” bias associated with multi-subunit proteins,
we have developed a novel gene-weighed pathway analysis approach, as implemented in a
software package called "Gene Association Network-based Pathway Analysis" (GANPA).
Through analysis of several microarray datasets, including the P53 data, asthma data and three
breast cancer datasets, we demonstrated that our approach is biologically reliable and
reproducible, and therefore helpful for microarray data interpretation and hypothesis

generation.
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metformin metformin
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Osteopontin (OPN) is an extracellular matrix (ECM) protein that binds to

integrins and receptors of CD44 family to propagate cellular signals, and promotes

induction of cell adhesion, chemotaxis, ECM degradation, angiogenesis, prevention of

apoptosis, and indolent tumor growth. Our previous gene expression profiling study found OPN

was overexpressed in metastatic HCC and identified OPN as one of the leading genes

associated with metastasis of HCC.
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A significantly elevated plasma OPN level was found in patients with HCC recurrence
during the follow-up time compared with those without recurrence, and was one of the leading
independent prognostic factors for HCC patients, even in those with early stage of HCC. Serum
OPN levels significantly decrease after resection of HCCs. It could serve as a surrogate
serologic biomarker for monitoring treatment response and tumor recurrence after HCC
resection, including those AFP-negative ones.

To determine the effects of genetic variants of OPN on the progression and prognosis of
HCC, OPN promoter polymorphisms were assessed in HCC tissues of 856 patients who
underwent radical liver resection. Single nucleotide polymorphisms (SNPs) were identified at
four loci (-1748, -616, -443, and -155). Only SNPs at -443 and their related haplotypes (Ht2,
Ht3) were significantly associated with HCC prognosis. Ht2 and -443TT genotype could
significantly increase the promoter transcriptional activity and expression level of OPN
compared with Ht3 or -443CC genotype, and lead to an obvious increase both tumor growth
and lung metastasis of HCC.

We also used microarray-based comparative genomic hybridization (array-CGH) to
identify the difference of intratumor genomic aberrations between OPN-positive and
OPN-negative HCC cells, and found that OPN-positive HCC cells have much more
amplifications of chromosomal regions including 4q13.1-g13.3, 4q21.23-922.1, and
13032.1-932.3 compared with the OPN-negative ones.

The abundance of clinical and experimental evidence regarding the link between OPN and
HCC metastasis makes OPN an attractive potential therapeutic target for combating HCC
metastasis.  Based on both in vitro and in vivo investigations using antibody or
Lentiviral-mediated miRNA against OPN, we found that OPN plays an important role in
metastasis as well as HCC tumor growth. Moreover, the necessary level of OPN for tumor
growth is much lower than that for HCC metastasis, and a very low level of OPN is sufficient
for tumor growth. OPN might regulate tumor growth through activation of the MAPK pathway.
Furthermore, inducing the NF-kB translocation and the production/activation of MMP-2 may
be an important mechanism by which OPN is involved in HCC metastasis.

The serine protease thrombin interacts with OPN and can modify the biological activity of
this molecule. We found that the thrombin level was strongly associated with the metastatic
potential of HCC cells, and that thrombin was remarkably overexpressed in HCC tissues, and

associated with tumor recurrence after HCC resection, particularly in those with elevated OPN
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13.

levels. In vitro and in vivo assays demonstrated that thrombin promotes the proliferation and
pulmonary metastases of OPN+ HCC cells, which were significantly suppressed by treatment
with thrombin inhibitor.

In conclusions: OPN is an attractive potential therapeutic target for combating HCC
metastasis, and thrombin may be an alternative target to inhibit HCC metastasis in OPN+

patients.

Gastric cancer remains the second most common cause of cancer related death
worldwide. Helicobacter pylori (H. pylori) is a necessary but not sufficient cause of non-cardia
gastric cancer, with about 6-fold increased risk in infected subjects. Eradication of H. pylori has
been shown to reduce the risk of gastric cancer and its precursor lesions. However, it is
noteworthy that only about 1-2% of H. pylori infected patients will develop gastric cancer
throughout their lives. Interactions of environmental or lifestyle factors, H. pylori infection, and
host genetic factors might contribute to the different outcomes after H. pylori infection.
Germline mutations in E-cadherin genes have been shown to be assoicated hereditary diffuse
gastric cancer, with penetration rate of about 70% by the age of 60 years. In contrast, genetic
polymorphisms of proinflammatory cytokines, such as IL-1 and IL-10, have been reported to be
associated with susceptibility of sporadic non-cardia gastric cancer. More recently,

genome-wide association studies revealed that polymorphisms at PSCA and MUCL genes are
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14.

associated with risk of gastric cancer. However, ethnic differences of genetic polymorphisms at
IL-1B, IL-10, TNF-A, CDH1, TP53, and GSTT1 genes on gastric cancer risk have been
reported. The possible explanations for the ethnic differences in the meta-analyses of genetic
association studies in gastric cancer included (1) heterogeneity of study design, methods, and
patients (age, gender, location and histology type gastric cancer, H. pylori infection etc.); (2)
inadequate power in some subgroup analysis; (3) ethnic differences in the genotype frequencies;
and (4) publication bias. Further studies using the same study protocol are warranted on this

issue.

low penetrance
gene  SNP
laser capture

microdissection

microarray proteomic
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1. Nanobiotechnology, 2. Stem cells and regenerative
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Generation of patient-specific induced pluripotent stem cells (iPSCs) is a
promising research tool for modeling human diseases. Pompe disease is an autosomal recessive
disease caused by mutations in the acid alpha-glucosidase (GAA)-encoding gene. Although
enzyme replacement therapy has recently improved patient survival greatly, the effect in
skeletal muscles and for advanced disease is still not satisfactory. Here, we report the
establishment of Pompe disease-induced pluripotent stem cells (PomD-iPSCs) from two
patients with different GAA mutations and their potential for pathogenesis modeling, disease
marker identification, and drug testing. PomD-iPSCs exhibited pluripotent features and had low
GAA activity and high glycogen content. Cardiomyocyte-like cells (CMLCs) differentiated
from PomD-iPSCs recapitulated the hallmark Pompe disease pathophysiological phenotypes,
including high levels of glycogen and multiple ultrastructural aberrances. Drug rescue
assessment showed that exposure of PomD-iPSC-derived CMLCs to recombinant human GAA
reversed the major pathologic phenotypes. Furthermore, L-carnitine treatment reduced
defective cellular respiration in the diseased cells. Using cDNA microarray analysis, we
identified glycogen metabolism, lysosome and mitochondria-related marker genes whose
expression robustly correlated with the therapeutic effect of drug treatment in
PomD-iPSC-derived CMLCs. Collectively, these results demonstrate that PomDiPSCs are a
promising in vitro disease model for the discovery of novel markers and development of novel

therapeutic strategies for Pompe disease.
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Ultimate success of hematopoietic stem cell (HSC) transplantation (HSCT)
depends not only on donor HSCs themselves, but also on the host environment. Total body
irradiation (TBI) is a component in various host conditioning regimens for HSCT. It is known
that ionizing radiation exerts “ bystander effects” on non-targeted cells and that HSCs
transplanted into irradiated recipients undergo proliferative exhaustion. However, whether
irradiated recipients pose a proliferation-independent bystander effect on transplanted HSCs is
unclear. In this study, we found that irradiated mouse recipients significantly impaired the
long-term repopulating ability of transplanted mouse HSCs shortly (~17 hours) after exposure
to irradiated hosts and before the cells began to divide. There was an increase of acute cell
death associated with accelerated proliferation of the bystander hematopoietic cells. This
effect was marked by dramatic down-regulation of c-Kit, apparently due to elevated reactive
oxygen species (ROS). Administration of an antioxidant chemical, N-acetylcysteine (NAC),
or ectopically over-expressing a ROS scavenging enzyme, Catalase, improved the function of

transplanted HSCs in irradiated hosts. Together, this study provides evidence for an acute
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negative, yet proliferation-independent, bystander effect of irradiated recipients on transplanted
HSCs, thereby having implications for HSCT in both experimental and clinical scenarios in

which TBI is involved.

The use of reprogramed cells in beta-cell replacement therapy

Islet transplantation has been recognized as an efficient approach for treating
for type | diabetic patients. However, shortages of donor-supply results in there are more than
30 million type | diabetic patients in the world that are unable to receive the transplantation
treatment. To expand the supply of insulin-producing beta cells to meet future needs, over the
last few years, several groups including us have revealed it is possible to directly reprogram
(transdifferentiate) of non-endocrine cells to insulin-producing beta cells. For example, it has
been shown that either acinar cells can become insulin-producing beta cells introducing three
transcriptional factors Pdx1/Ngn3/MafA. Although the lineage-reprogramming approaches

demonstrated the reprogrammed can be used to rescue diabetic animals, no reports had shown
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they would be able to expand the reprogramed beta cells to meet the current needs.

Therefore, we have tried to solve this issue from three different approaches and found that:
First, we can transdifferentiate pancreatic acinar cells via generating multipotent progenitor
cells and these progenitor cells can further differentiate to beta cells in diabetic mice; Second,
we can generate expandable beta cells via introducing two pancreatic specific transcriptional
factors to adult hepatocyte; Third, we established a serum-free 3D culture system to propagate
adult liver stem cells and these liver stem cells can directly differentiate to insulin-producing
beta cells after introducing one pancreatic transcriptional factor. In conclusion, low conversion
rate in direct cell reprogramming impedes its application in beta cell replacement therapies. In
the current work, we were able to efficiently produce functional insulin-producing beta-cells
via acinar cell-derived multipotent progenitors, hepatocyte transdifferentiation and expandable
liver stem cells. Hopefully, the findings can lead to develop novel cellular therapeutics for

patients of diabetes mellitus.

Cell Therapy for Liver Diseases

Cell transplantation has many beneficial factors (cell compartment therapy,
less invasive procedure, cryopreservable) and has the potential to replace the whole organ
transplantation as the first therapeutic choice for patients with organ failure. Hepatocytes
transplantation has been shown to be a therapeutic choice for several different kinds of liver
disease both in animal models and in clinical studies, including acute liver failure, metabolic

liver diseases and chronic liver cirrhosis.
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One of the problems we concerned for cell transplantation is the lower engraftment of
transplanted cells. From our previous studies, we demonstrated that the isolated hepatocytes
have the stem cell-like strong proliferative capacity and can repopulate extensively in the host
liver after suitable preconditioning treatment of recipients. It' s possible that we can just
transplant small amount of isolated donor hepatocytes (less than 1% of recipient liver mass)
and reach the therapeutic goal (repopulate more than 30% of recipient liver mass) by
stimulating the proliferation of donor cells after engraftment. On the other hand, we also
showed the suitable immunosuppression protocol for hepatocytes transplantation to prevent the
perterbation on transplanted cells.

There are still some problems to be resolved before the popular clinical application of
hepatocyte transplantation as a therapeutic strategy for liver diseases, including the in vivo
tracking of transplanted cells, the source of donor cells, the cryopreservation of isolated cells,
and the experience of large animal studies. These studies and accumulated experience will help
us to realize the therapeutic potential of this new strategy, and design the practical protocol for

clinical application.
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Functional biomaterials are scaffolding materials incorporated with
biologically active molecules or cells that could greatly promote tissue regeneration. Among
the biomaterials, collagen has been widely used because it is the most abundant protein in the
body and has suitable biocompatibility with many current applications. We have developed
collagen scaffolds with collagen binding growth factors or stem cell capturing collagens and
they can effectively promote tissue regeneration in varies tissues as shown in several animal
models. Tissue regeneration is a complex process, involving tissue reconstruction, recreation of
functional vascular network as well as recovery of the tissue functions. The collaborative
effects of multiple growth factors will be considered in the future to design functional collagen
materials for more effective tissues regeneration. The ultimate goal of this work is to develop
medical device products from these functional biomaterials to reconstruct damaged human

tissues or organs.
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Mesenchymal stem cells (MSCs) were first defined as a group of cells which
were of self-renewal ability, were able to be culture-expanded for a prolonged period of time,
and are able to differentiate into various lineages of connective progenies originated from
embryonic mesoderm including bone, cartilage and adipose tissues. These cells were first
isolated from bone marrow; subsequently, MSCs isolated from other sources such as
liposuction fat, synovial tissues and trabecular bone have been reported by other investigators.
Recently, it was reported that certain population of stem cells in human bone marrow, although
low in frequency, were able to differentiate into cells and tissues originated from not only
mesoderm, but also ectoderm.

In our laboratory, we have successfully isolated and culture-expanded MSCs from human
bone marrow and umbilical cord blood using negative immuno-selection and limiting dilution

methods. Surface phenotype of these cells was performed using flow cytometry and surface
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marker phenotype was characteristic of MSCs. These MSCs were able to differentiate into
progenies originated from all three germ layers including osteoblasts, chondrocytes, adipocytes,
neuroglial cells and hepatocytes. In vitro functionality of these differentiated progenies was
also demonstrated. Particularly, MSC-differentiated hepatocytes have been shown to be able to
secrete urea and uptake of low density lipoproteins is also noted in these MSC-differentiated
hepatocytes. There are various applications of MSCs in biomedical research both in vitro and in
vivo. The in vitro model of MSC culture can serve as an excellent model to study the control of
differentiation as well as the cell fate in each lineage. Novel genes and proteins that control
differentiation can also be explored in this model. Besides, it can also be used for screening of
new drugs and compounds. Most important of all, MSCs are indispensable in the study of cell
therapy, tissue engineering and regenerative medicine. In order to justify the possibility of
applying MSC transplantation at the fetal stage for future therapeutic use, we have performed in
utero transplantation of human BM-derived MSCs into fetal mice to investigate the possibility
of MSC transplantation as a form of fetal therapy. The results showed that human BM-derived
MSCs were found in tissues originated from all three germ layers.

In summary, it is foreseeable that in the near future, MSCs will revolutionize the treatment
of a variety of diseases. Therefore, more efforts should be made to further elucidate the basic

science of MSCs so that such technologies can be applied from bench to bedside.

Identification of early neural determinants in human pluripotent stem cells

)
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Since the first derivation of ES cell from mouse more than two decades ago,
ES cells have been successfully derived from embryos of various species, including non-human
primate and human. With their unique features, including self-renewal and pluripotency, ES
cells are clearly extremely important as they provide not only opportunity to understand the
mechanisms underlying cellular differentiation during early development but also hope for the
treatment of a wide range of human conditions that can be attributed to the loss or malfunction
of specific cell types. However, the ethical controversy and immuno-rejection problem of
human ESC have hampered their clinical applications. The recent derivation of induced
pluripotent stem cell generation has offered a mean to derive patient- or disease-specific iPSCs
without embryo disruption. While the potential application of iPSC is clearly recognized, the
challenges in generating defined populations of specific somatic cell type from hESCs/hiPSCs
has significantly compromise the situation to render them as a reliable and efficient system for
basic and therapeutic applications. Since we are interested in utilizing human ES and iPS cells
as a developmental model or source of defined cell populations for basic and clinic purpose and
disease modeling, we have focus on developing and using transgenic approaches to direct and
purify specific somatic cell types from differentiating hESCs/hiPSCs. In my talk, 1 will
introduce you to our system in cell purification and present some data giving insights on how
these systems can help to identify new factors important for early lineage specification in

human and examine the efficacy of cell transplantation in diseased animal models.

Reprogramming cell fate for better health
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Reprogramming of somatic cells to a pluripotent state by defined factors
represents a major breakthrough in life sciences as cell fate can be studied rationally and
systematically. However, the mechanism and the technology of reprogramming remains poorly
understood and inefficient, thus at its infancy. We hypothesized that somatic cell
reprogramming by defined factors is a collaborative process between the defined factors and
the cell culture condition. We have shown recently that vitamin C when added to the medium
and inhibition of TGFb signaling can greatly enhance reprogramming, underscoring the
significance of the extracellular environment in reprogramming specific media can lead to
shortened routes towards pluripotency. Under optimized conditions, mouse fibroblasts can be
reprogrammed to a pluripotent state with ultra-high efficiency (~10% at day 8) with
Oct4/Sox2/KIf4, or at lower efficiency with Oct4 only. Molecular studies reveal an interesting
interplay between chromatin remodeling factors, cell cycle regulators and signaling mediators
that reduce the barrier of reprogramming to achieve pluripotency with less time and less factors.
This new paradigm not only provides a rationale to further improve iPSC generation but also

simplifies the conceptual understanding of reprogramming by defined factors.
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The research and application of stem cell biology involved in almost all of life
science and biological medicine research field, meanwhile it will exert an revolutionary
influence in some research fields such as regenerative medicine include replacement therapy,
regeneration and reparation, tissue engineering, tissue and organ transplantation etc. , gene
therapy, functional genome and proteome, systemic biology, developmental biology model,
exploitation of new drugs, pharmacodynamic action and toxicity assay etc.

Because of the persistent donor shortage, several stem cell
based therapies for liver disease have been proposed; namely,
extracorporeal bioartificial liver devices, cell transplantation,
tissue-engineered constructs and 3-dimensional artificial liver tissue.
Our research is focusing on embryonic stem cell (ES cell), human
iPS cell and linage reprogrammed stem/progenitor cell derived

hepatocytes and the interaction with their microenvironment and

develops microfabrication tools to improve cellular therapies for
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liver disease, especially on cell-cell, cell-extracellular matrices (ECMs) interactions on
determination of stem cell differentiation, 3-dimensional construction of artificial liver and the
regulation mechanism. The studies offered a theoretical and technical foundation of stem

cell-based regenerative medicine for end-stage liver diseases.
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14.

The Forkhead Box M1 (FOXM1) transcription factor, which regulates the
expression of genes essential for cell proliferation and transformation, is implicated in

12) @) @

tumorigenesis and tumor progression ), FOXM1 has attracted much attention as a potential

® We observed

target for the prevention and/or therapeutic intervention in human carcinomas
strong expression of FOXM1 in clinical tissue specimens and cell lines of multiple human
malignant solid tumors. Knockdown of FOXM1 expression by small interfering RNA
diminished the proliferation of tumor cells. We constructed an adenovirus vector named
AdFOXM1shRNA, which expresses a short hairpin RNA to down-regulate FOXM1 expression,
and assessed its efficacy for tumor gene therapy in tumor cells and in vivo tumor grafting
model. The infection of AdFOXMI1shRNA resulted in the knockdown of FOXM1 mRNA and
protein levels, correlated with the reduction of proliferation and anchorage-independent growth
of tumor cells. Furthermore, the growth of tumors was significantly suppressed when
inoculated mice were injected with AAFOXM1shRNA. Together, our results suggest that
FOXML1 is a potential therapeutic target for multiple solid tumors and AAFOXM1shRNA may

be an additional gene therapeutic intervention to be evaluated in the future®.
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15.

Mesenchymal stem cells (MSCs) derived from induced pluripotent stem cells (2F-iPS)

generated by 2 factor-reprogrammed fetal endothelial cells retain endothelial

differentiation potential

Reprogramming of somatic cells using a few transcription factors has been
shown to be a robust and efficient method of producing pluripotent stem cells. Currently,
numerous studies on these induced pluripotent stem cells (iPS) are focused on clinical
applications of these cells. As with human embryonic stem cells (hESCs)—the ‘ gold
standard’  for pluripotent stem cells—iPS have the ability to differentiate towards lineages of
all three germ layers and germ cells, making these cells valuable for generating somatic cells
for therapeutic application. One of the most clinically relevant cell type is the endothelial cell
(EC) lineage, which can be used therapeutically to treat ischemic diseases of many organs
including ischemic heart disease, stroke, and peripheral vascular disease. hESCs are clearly
able to generate this lineage; however, a technically demanding, multistep process is required
and the final yield is low. We have previously reported that human umbilical venous
endothelial cells (HUVEC) can be used to generate iPS with the use of only two factors, OCT4
and SOX2. These 2 factor-HUVEC derived iPS (2F-iPS) are able to undergo tri-germ layer
differentiation both in vitro and in vivo in terms of teratoma formation. Since there is some
recent data to suggest that iPS can retain epigenetic memory of the somatic cell from which it

was generated from, we were curious to whether 2F-iPS would be more efficient at
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differentiating into ECs compared to hESCs. We found that derivatives of 2F-iPS can acquire
an EC phenotype without the need for embryoid body formation and collagen 1V, in contrast to
hESC derivatives, and within a very short duration (<1 week). Surface marker detection
revealed that when cultured in EC medium, 2F-iPS derivatives rapidly become positive for
CD31/PECAM-1 and CD144/VE-cadherin, two EC markers. These differentiated 2F-iPS
EC-like cells additionally express other endothelial markers including von Willebrand Factor
and the VEGF receptor FLK1. Furthermore, 2F-iPS EC-like cells can form tubal structures
when plated on Matrigel and uptake acetylated-low density lipoproteins, both EC functional
assays. These findings suggest 2F-iPS may be an efficient model for studying EC

differentiation as well as a cell source suitable for generating EC for therapeutic application.

OCT4

Germline stem cells (GSCs) are responsible for genetic transmission. The
level of transcription factor OCT4 in germ cells regulates the cell pluripotency and
tumorigenesis but till with unclear mechanism. We generated pluripotent alkaline phosphatase
positive stem cells (AP'GSCs) from wild type neonatal mouse testis using a serum-free culture
system. The AP'GSCs express PGC-like morphology, gene expression profile, and pluripotency.
We showed the Oct-4 level was regulated by a crosstalk of IGF-1/IGF-1R-dependent signal and
HIF-2  to maintain the mouse germ cell proliferation and Oct-4 with IGF-1 or hypoxia

treatment, or using RNA interference targeting on IGF-1R and HIF-2 . These results provide
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strategies for enhancing proliferation with Oct-4 maintenance, and to improve fertility.
Interestingly, the OCT4 levels affect the tumorigenesis of human pluripotent germ cell tumors.
Down-regulation of OCT4 in human testicular germ cell tumors (TGCTSs) associates with
chemoresistance and poor prognosis. We found that hypoxia reduces OCT4 levels and
increases the resistance of embryonal carcinoma (EC) cells to cisplatin and bleomycin by
regulating the SUMOL peptidase SENP1. Overexpression of SENP1 reduced the Su-OCT4
level induced by SUMO1gg overexpression, thereby maintaining OCT4 levels and enhancing
chemosensitivity. Mechanistic investigations revealed that OCT4 sumoylation occurred at K123,
as overexpression of an OCT4-K123R mutant effectively reduced the level of Su-OCT4 under
hypoxic conditions. These results demonstrated that hypoxia reduces OCT4 expression levels in
pluripotent germ cell tumors to increase drug resistance, and these effects could be countered to
ablate the suppressive effects of hypoxia on chemosensitivity. Our findings highlight the OCT4
regulation by SENP1 is a potential therapeutic target for drug-resistant TGCTs. The OCT4
regulation will provide effective approaches in translational medicine of germ cell fertility and

tumorigenesis.
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(7) On the issue of possible collaborative topics, the discussion strongly focused on pushing the

(8)

(1)

research rapidly towards a translational level and moving aggressively towards the clinic.
Based on the testimony of Chinese stem cell scientists, there is already a huge number of
unregulated stem cell therapy ongoing in the country. Given the huge therapeutic
potential—and danger in unregulated therapeutic activity—and large market potential of China,
it appears a more official and regulated effort is urgently needed. Another topic which was
mentioned for cross-strait collaboration was stem cell & regenerative medicine application for
liver diseases, due to the endemic nature of these diseases in Chinese Han populations. An
interesting emerging consensus is that a pure population of stem cells for a complex organ such
as the liver may not be the optimal strategy; rather, the use of a mixed population of cells
native to the organ of interest would have a better therapeutic index than using a homogenous
population of stem cells. Clearly, there are still many challenges—and possible research
topics for application—in turning stem cells into clinically viable solutions. It also may be
useful to discuss the importance of establishing strict guideline in which to conduct stem
cell-related therapies, since in China and Taiwan as well, there are many private, small clinics
which advertise performing stem cell therapy for a wide variety of conditions and diseases
without clear, solid efficacious data. This sort of commercialization of stem cell therapy
without prior proof of clinical efficacy will—at the end—damage the credibility of the field
overall at the end.
iPS China and Taiwan Disease-iPS cells Taiwan

Germ cell-derived pluripotency China and Taiwan Liver disease and transplantation Taiwan

and China  Cardiac regeneration Taiwan and China
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(8) Near the end of the conference, representatives of funding agencies from both China and
Taiwan addressed funding sources available to scientists, and ways of collaborating in a
cross-strait fashion.  Also mentioned as important to foster good collaborations was the need
for frequent meetings between scientists, i.e. establishing a more regular basis for stem cell

scientists from China and Taiwan to meet and discuss their research.
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(3) During these meetings, it would be important to allow enough time for the scientists from both

4)

sides to have discussions in an informal manner, i.e. not just having question-and-answer time
after the presentations, but perhaps allowing for longer coffee breaks for one-on-one discussion
time between the scientists. | think this 1% Cross-Straits Stem Cell Biology/Regenerative
Medicine conference was a very important first step in establishing collaborations between
scientists from Taiwan and China. This was an official forum for the leading scientists of this
research area to hear what others were interested in, the strategies that are being considered to
move such research forward, and to network with each other. The only suggestion | would
make is for more intermingling between the scientists from the 2 areas during the social
events—i.e. place name cards and intersperse scientists from different areas to sit with each

other. Otherwise, | think this 1 Conference was very well organized and planned.
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My ‘ take-home’ message from this 3-day event was on how excellent the research of the
scientists from both Taiwan and China. From the information given to us by the Chinese
representative of their funding agencies, the incredible increases in funding for biomedicine and
stem cell biology in particular is truly astounding. Also very incredible is the high proportion of
Chinese Pls who were educated in the USA at the graduate or post-doctoral level. Moreover, most
of these highly competitive Pls are given outstanding packages (including high salaries and
relocation/housing compensation) as well as the resources to have very large labs (i.e. 30 people or
more). Thus, the level of research being conducted in China is indeed at a very high level, and can
be expected to rise further. This is important information for Taiwan and highlights the challenges
that we face, given that we are trying to jump-start our biotechnology sector in the recent declining
economic climate. So to me, these cross-straits conferences are not only a great way to learn about
great science and network with top scientists, they are also a * wake-up call’ to the increasing

competitiveness of Chinese scientists.
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