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Established in 2007, the 
School of Life Sciences of 

China Medical University now 
consists of the Department 
of Biological Science and 
Technology and leads a 
promising Ph.D. Program for 
Biotechnology Industry. Our 
diverse research focuses stretch 
from fine-scale molecular work 
to revolutionary biotechnological 
advancement. We do not just 
emphasize on understanding the 
fundamentals of biology but also 
strive to create opportunities for 
emerging technologies in the life 
sciences field. Our current line of 
research includes a wide range 
of topics, namely molecular 
biology, microbiology, system 
biology, immunology, genomics, 
biotechnology, alternative cancer 
molecular medicine, ecological 
model and information system, 
etc.
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As you are reading this, 
millions of cells in your body 
are communicating through a 

wide variety of chemical and 
mechanical signals to coordinate 
processes in helping you make 
sense of the information you 
receive. The body cells are 
constantly receiving chemical cues 
internally and externally. These cues 
could be prompted by a myriad of 
occasions such as injury, infection, 
stress or even the lack of food. To 
react and adjust to these cues, cells 
communicate by sending and 
receiving signals from their 
neighbors and the environment 
creating specific communication 
pathways. These pathways are 
known as biological pathways. 
Biological pathways involve 
molecules that are constantly 
interacting with signals, as well as 
with each other, to perform their 
designated tasks. These biological 
pathways control the body’s 
response to the world. For instance, 
certain pathways subtly affect how 
the body process exposure to 

foreign substances such as pollens, 
while others are involved in the 
development of a baby from a 
fertilized ovum. Of the many types of 
biological pathways, there are three 
most commonly known pathways, 
namely, the metabolic pathways, the 
gene-regulation pathways and the 
signal transduction pathways. 
Metabolic pathways facilitate 
chemical reactions in the body, such 
as food digestion, while gene-
regulation pathways activate genes 
by turning them on and off. On the 
other hand, signal transduction 
pathways transfer exterior signals 
into a cell’s interior triggering 
specific reactions for the cell to act. 
These biological pathways are 
crucial in ensuring that the body 
functions and develops optimally, 
keeping us healthy. When a pathway 
is interrupted, it can result in 
diseases such as cancer or diabetes. 
Hence, in-depth comprehension of 
these biological pathways is a 
necessary primary step in the 
progress of related diseases’ 
treatment and management. 

Tired of reading?
SCAN to watch
entire topic in

VIDEO

A DEEPER LEVEL OF 
INTERACTION

        Understanding the interaction pathways between & within cells                         
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The regions amplified in the indicated chromosomes are shown 
in red, and in green are areas with chromosome deletions
Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology 
2013; 116:221-231

 
Human oral cancer is one of the 
most prevalent types of cancer 
worldwide. The World Health 
Organisation predicts that the 
numbers for oral cancer cases will 
steadily climb moving forward into 
the future. Some countries that have 
reported a sharp incline in oral 
cancer cases include Denmark, 
France, Germany, Scotland, and 
Central and Eastern Europe. The 
same health situation is observed in 
Asia, where the morbidity and death 
rate continue to increase every year. 
Oral cancer in Western countries is 
mainly caused by overexposure to 
sunlight, smoking habit and frequent 
alcohol consumption. In Asia, oral 
cancer is primarily ascribed to the 
use of areca or betel nut in many 
cultures. In the early stages of oral 
or mouth cancer, symptoms may 
manifest in the form of painless 
white or/and red patches. As with 
other types of cancer, the 
development of oral cancer is 
dependent on processes such as 
oncogene activation, tumor 
suppressor inhibition, and the 
abnormal regulation of cell cycle-
related genes. These processes 
could potentially disrupt the normal 
endothelial cell behavior by altering 
the DNA copy number by deleting or 
amplifying certain chromosomes. 
This mutation may result in the 
progression of normal cells into 
invasive squamous carcinoma cells. 
Based on this knowledge, Professor 
Ju-Hwa Lin and her team 
investigated a specific gene called 
the WWP1 gene and its role in oral 
cancer. As a researcher focused on 
the development of oral cancer 
disease, Lin’s research is unique as it 
is based on the concept of 

translational medicine. Previous 
studies have reported that this gene 
promotes cancerous cell growth in 
colon cancer, prostate cancer, and 
kidney cancer. In the case of breast 
cancer, the WWP1 gene is said to 
promote cancer cell growth while its 
depletion suppresses cell 
proliferation and induced apoptosis. 
Lin’s 2013 study, published in the 
Oral and Maxillofacial Pathology, 
found that the WWP1 gene is often 
amplified and overexpressed in oral 
cancer cells. The DNA copy number 
of this gene alongside its messenger 
RNA (mRNA) levels are significantly 
increased in tissues from patients 

with oral cancer. In contrast, findings 
also demonstrated that the 
reduction of WWP1 expression 
resulted in the inhibition of oral 
cancer cell growth as well as the 
induction of apoptosis in these 
cancerous cells. The results of Lin’s 
study are crucial in offering new 
insights in improving the 
development of treatment for oral 
cancer. 
 
MicroRNAs (miRNAs) in 
Human Oral Cancer   
 
Oral squamous cell carcinoma 
(OSCC) is the most frequently 

 
WWP1 Gene in Human Oral 
Cancer
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occurring cancerous head and neck 
tumor. Patients who have oral 
cancer generally exhibit very little 
chance of recovery, and metastasis 
(the spread of cancer cells from its 
original site) is the main cause of 
death in these patients. Many 
reasons contribute to this 
detrimental situation, including late 
detection, as well as the fact that 
patients tend to be symptom-free in 
the early stages of human oral 
cancer. Hence, the discovery of 
reliable prognostic indicators for 
tumor progression would greatly 
improve clinical treatments. As with 
most types of cancer, genetic 

alteration plays a profound role in 
the development of human oral 
cancer. Multiple gene mutations 
accumulate as cell transition from 
normal cells into cancer cells during 
a multi-step process, which triggers 
alterations in cancer-related genes 
(oncogenes) and tumor suppressor 
genes. Several new studies are 
focused on the genetic expression 
profiles to identify genetic 
alterations in human oral cancer 
patients, as can be seen in a study 
investigating the role of WWP1 gene 
in OSCC. In line with this, Professor 
Shih-Chang Tsai and his team 
surveyed the expression of 

microRNAs (miRNAs) profiles. They 
employed a method that combines 
miRNA microarray data mining with 
bioinformatics to identify specific 
miRNA signatures by comparing 
normal and tumor tissues in patients 
with OSCC. MicroRNAs are 21-23 
nucleotides long and are important 
markers in the differentiation of 
lymphocytes and the development 
of human cancers. They can 
function as either oncogenes or 
tumor suppressors. Different types 
of tumors cause different alterations 
in miRNAs expressions. Results 
from Tsai’s study showed that in oral 
cancer tissue, the expression of 
miR-375 and miR-204 decreased, 
whereas the expression of miR-196a 
was significantly elevated. 
Furthermore, the miR-196a inhibitor 
is also seen to block cancer cell 
proliferation. These findings suggest 
that miR-375, miR-204, and miR-
196a are differentially expressed in 
OSCC. The combined expression of 
miR-375, miR-204, and miR-196a 
provide promising biomarkers for 
the diagnosis, prognosis and 
therapeutic utility of OSCC clinical 
treatments. Overall, this 
comprehensive study, which was 
then published in the journal, 
Oncology Reports in 2017, 
elucidates pathways that could 
deregulate cancer cells and 
subsequently identify therapeutic 
targets. In other words, it provides 
evidence that miRNA signature 
profiling is a potential diagnostic 
tool and therapy to target cancer. In 
the future, Tsai hopes to expand his 
primary research focus to include 
metabolic diseases such as non-
alcoholic fatty liver disease (NAFLD) 
and drug design. 
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Distant Estrogen Response 
Elements (DEREs) in Breast 
Cancer  
 
It is a known fact that if a woman 
has a family history of breast cancer, 
the risk of being diagnosed with 
breast cancer doubles for her. As 
with the case of most types of 
cancer, genetics plays a significant 
role in cancer development. 
Undoubtedly, many other factors can 
contribute to breast cancer, such as 
alcohol consumption and being 
overweight. However, one of the 
reasons breast cancer is more 
predominant among females is 
hormones – both progesterone and 
estrogen. In fact, females having 
early menstruation or late first/ 
full-term pregnancy are listed among 
breast cancer’s risk factors as these 
would indicate the long-term 
exposure to the hormones, estrogen 
and progesterone. Breast cancer 
cells that are sensitive to these 
naturally occurring female hormones 
have receptors attached to the 
outside of their walls. These 
receptors can catch these specific 
hormones circulating in the body, 
and when estrogen or progesterone 
are attached to these receptors, they 
fuel the growth of cancer cells.  At 

the forefront of cancer research, 
researchers have been putting 
considerable effort into identifying 
cancer-related genes found near or 
within amplified genomic regions. 
Studies have shown that gene 
amplification is the primary 
mechanism underlying the activation 
of cancer-related genes in tumor 
development. Professor Pei-Yin Hsu 
and her team chose to look beyond 
the familiar casual role of gene 
amplification in tumor growth and 
investigate the amplification of DNA 
regulatory elements as an oncogenic 
driver instead. Hsu’s research work 
typically comprises of building 3D 
genomes and transcription in 
distinct subtypes of breast cancer in 
the hopes of consequently, 
developing epigenetic treatment 
strategies for breast cancer. In her 
2013 study published in Cancer Cell, 
the team attempted to 
comprehensively map distant 
estrogen response elements 
(DEREs) using next-generation 
sequencing approaches. Through 
integrative analyses, they found that 
densely localized DNA regulatory 
elements such as DEREs in these 
genomic regions of 17q23 and 
20q13 increases breast tumor 
growth. The increase in DERE copy 

numbers enhances 
transcriptional activity which is 
associated with the induction 
of pro-growth factors in 
tumor development. In 
contrast, the added DERE 
copies also enhance 
chromatin interactions 
which result in 
transcriptional repression of 
genes associated with tumor-
suppressor and apoptosis 
pathways. Findings indicate that 
DERE copy numbers do not only 
encourage the growth of breast 
cancer cells but also render 
the target genes that reduce 
or attenuate tumor growth 
ineffective. The latter 
indication of the result 
suggests that 
chromatin 
interaction may 
be a strong 
possible 
cause of 
tamoxifen-
resistant 
breast 
cancer. 
Tamoxifen is the 
oldest hormonal 
therapies used in 
blocking the effects of estrogen on 
breast cancer. Hsu’s study allows a 
better prognosis of anti-estrogen 
resistance breast cancer, where 
amplified DNA regulatory elements 
in 17q23 and 20q13 can be used as 
potential prognostic markers. This 
study, which was done with the 
support of grants from the US 
National Institutes of Health, also 
prompts for the expansion of 
research in developing treatment 
and drugs in the case of hormone 
therapy-resistant breast cancers. 
 

 

Mapped distant estrogen response elements (DEREs) using an integrative next generation sequencing 
strategy
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Estrogen receptor-positive 
(ER-positive) is the most 
predominant type of breast 

cancer across the globe. About 
80% of all diagnosed breast 

cancer cases are said to be 
“ER-positive”. This means that the 

cancer cells grow in response to 
the estrogen hormones. In these 

cases, hormone therapy is 
usually prescribed after 

surgery and/or 
chemotherapy/radiation 

is completed to prevent 
the recurrence of the 

disease. Treatment 
usually involves 

blocking off the 
effects of 
estrogen which 
prompts and 

fuels the growth 
of cancer cells. 

The role of distant 
estrogen response 

elements (DEREs) in 
ER-positive breast 

cancer is undoubtedly concrete, as 
reported in a 2013 study conducted 
by Professor Pei-Yin Hsu and her 
team. The amplification of DEREs in 
the genomic region of 20q13 
alongside the amplification of the 
region’s chromosomes are strongly 
associated with breast tumor. The 
highlight of Hsu’s past study 
suggests that chromatin interactions 
among DEREs lead to gene 
expression for the prevention of 
breast tumor growth, creating 
anti-estrogen resistant cancer cells. 
Extensive genome mapping 
identified clustered DEREs originally 
located on 20q13 that were 

frequently inserted into multiple 
genomic sites, resulting in complex 
chromosomal rearrangements and 
amplification. This massive mutation 
process termed chromothripsis 
prompts the amplification of cancer-
related genes (oncogenes).  
Expanding on the results of their 
previous study, Hsu and her team 
decided to delve deeper into 
understanding the behavior of 
DEREs amplification in ERα-positive 
breast cancer cells, as published in 
the journal, Oncogene. The team 
adopted a three-dimensional 
interphase fluorescence in situ 
hybridization to decipher the 
spatiotemporal gathering of multiple 
DEREs in the nucleus. The findings 
from their current study reveal a 
previously uncharacterized 
mechanism where multiple copies of 
DEREs are found to congregate as 
transcriptional units in the nucleus. 
Thus, instead of using 

one-enhancer-one-promoter 
chromatin interactions, cancer cells 
exploit this mechanism to regulate 
multi-gene expression through 
coordinated chromatin movement. 
This action significantly boosts cell 
proliferation of cancer cells, 
fostering tumor growth. 
Furthermore, Hsu’s also discovered 
that conversely, the deletion of 
amplified DEREs using the CRISPR-
Cas9 genomic editing system 
profoundly alters transcriptional 
profiles of proliferation-associated 
signaling networks. This results in 
the reduction of cancer cell growth. 
Hence, the findings of this 2016 
research, which was also funded by 
the US National Institutes of Health, 
suggest a new strategy in treating 
breast cancer by disrupting DEREs 
assembly in the nucleus. This novel 
treatment development can also 
potentially provide an insight into the 
treatment for other forms of cancer. 

Delving Deeper into  
DEREs’ Role in 
ER-positive Breast 
Cancer

Proposed model of estrogen/DERE-driven long epigenetic repression of ZIM2 with HP1 participation
Oncogene 2016; 35:2379-2389
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ITR-284 in Human Chronic 
Myelogenous Leukaemia  
 
Chronic Myelogenous Leukemia 
(CML) is also known as Chronic 
Myeloid Leukaemia or Chronic 
Granulocytic Leukaemia. CML is a 
rare type of bone marrow (the 
spongy tissue inside your bones 
which produces blood cells) cancer 
which often inflicts older adults 
instead of young children, although it 
can occur at any age. It is 
characterized by uncontrolled cell 
growth, where it causes an increase 
of white blood cells in the blood. 
Symptoms manifested by CML 
patients such as fatigue and bone 
pain are so common, they can often 
be mistaken for other familiar 
illnesses. The cause of CML is often 
associated with the Philadelphia 
chromosome which is present in 
90% of patients with CML. The 
Philadelphia chromosome is an 
extra-short chromosome 22. This 
chromosome is created when the 
chromosomes in the blood cells 
swap sections with each other - a 
section of chromosome 9 switched 
places with a section of 
chromosome 22, creating an extra-
short chromosome 22 and an 
extra-long chromosome 9. 
Chromosome 22, then, creates a 
new gene, the BCR gene while 

chromosome 9 produces the ABL 
gene. The fusion of these mutated 
genes termed as the BCR-ABL gene 
contains instructions that produce 
too much tyrosine kinase, a protein 
that promotes cancer by allowing 
specific blood cells to grow out of 
control. Previous studies have 
shown that the ITR-284, a 
carboxamide derivative, is a 
potential drug as it exhibits potent 
anti-cancer effects on various 
human cancer cell lines. Professor 
Shih-Chang Tsai and his team tested 
the efficacy of ITR 284 in treating 
myeloid leukemia by investigating its 
induction of cell differentiation in 
human CML K562 cells. Tsai’s 
research work is centered on 
analyzing the microRNA expressions 
profiling in a bid to detect and 
predict cancer occurrence. The 
findings of his 2018 study 
demonstrated that ITR-284 inhibits 
growth and cell differentiation in 
leukemia cells. The ability of ITR-284 
to decrease BCR-ABL mRNA levels is 
evident in the results of the current 
study. The reduction of the mutated 
BCR-ABL gene kinase activity 
induces specialized stem cells to 
undergo differentiation, which leads 
to apoptosis (cell suicide). 
Furthermore, ITR-284 is also found 
to trigger cell differentiation by 
upregulating GATA 1, NF E2, and 
GATA 2, as well as c MPL. The 
highlight of this study, published in 
the journal, Oncology Reports, is the 
establishment of new valuable 
insight into the possible molecular 
mechanism of the anti-chronic 
myelogenous leukemia (CML) 
activity of ITR-284. The 
understanding of these possible 
molecular pathways involved can 
provide a basis for improved 
targeted therapy in treating the 
disease. 
 

  

ITR-284 inhibits growth 
and cell differentiation 
in leukaemia cells. The 
ability of ITR-284 in 
decreasing BCR-ABL 
mRNA levels is evident 
in the results of the 
current study.
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Cisplatin Resistance in 
Bladder Cancer  
 
Urothelial carcinoma of the urinary 
bladder (UCUB) is the top ten most 
common type of cancer in men and 
women. Bladder cancer usually 
starts in the urothelial cells, the 
innermost lining of the bladder. 
Cancer cells can grow into or 
through the other layers of the 
bladder walls, becoming more 
advanced and harder to treat. 
Patients suffering from bladder 
cancer usually suffer from 
symptoms such as painful and 
frequent urination, backache and 
extreme fatigue. There are a few 
factors that can be linked to bladder 
cancer, including cigarette smoking, 
overuse of pain relievers, and 
hereditary risk. Apart from surgery, 
Cisplatin (CDDP) is the most 
common agent used in treating 
locally advanced and metastatic 
UCUB. Cisplatin is a platinum 
compound that is often combined 
with a taxane compound such as 
paclitaxel in chemotherapy. Both 
chemo drugs are usually 
administered as an IV. Of late, 
studies have reported an increase in 
the number of CDDP-resistant UCUB 
cases. Resistance can be pre-
existing (intrinsic) or drug-induced 
(acquired). In these cases, CDDP-
resistant tumors (including UCUB) 
are not entirely responsive to the 
combination of drugs in 
chemotherapy involving paclitaxel; 
thus, hindering the successful 
treatment of UCUB. Therefore, novel 
therapeutic combinations or 
treatments are required to reverse 
this major clinical concern. In an 
attempt to develop improved 
therapies, Professor Wei-Jan Wang 
and his team made an effort to 
elucidate the mechanism underlying 
the case of CDDP-induced 

anti-cancer drug resistance. Wang’s 
research work includes anti-cancer 
drug resistance, cancer metabolism, 
as well as cancer immunotherapy. In 
a 2016 study published in Clinical 
Cancer Research by Wang, the 
CEBPD gene is seen to play a vital 
role in inflammation and 
inflammatory disease processes. 
Several studies have also shown 
that it plays an oncogenic role under 
certain conditions. The findings of 
their study demonstrated that the 
inhibition of EGFR-induced CEBPD 
reduces drug resistance and 
promote therapeutic efficiency in 
CDDP-treated UCUB. CEBPD is said 
to promote CDDP-induced paclitaxel 
cross-resistance by elevating ATP 
binding cassette subfamily B 
member 1 (ABCB1) and ATP binding 
cassette subfamily C member 2 
(ABCC2) levels, respectively. More 
importantly, Wang and his team 
validated the role of gefitinib or 
S3I-201 in suppressing CEBPD to 

enhance the apoptotic effects in 
both UCUB and CDDP-resistant 
cancer cells. This study aids in the 
comprehension of molecular 
pathways involved in chemo-
resistant cancer cells. In addition to 
that, it also describes the first 
preclinical evaluation of S3I-201 in 
UCUB. Both findings offer an avenue 
in developing improved treatment 
options for cancer and anticancer-
resistant cases. 
 
Targeting PKCδ in n EGFR-
Mutant Lung Cancer  
 
Non-Small-Cell Lung Cancer 
(NSCLC) comprises 85% of lung 
cancer cases globally, making it a 
predominant lung cancer type. 
Symptoms often manifest in 
constant coughing and chest pain, 
fatigue and weight loss. Smoking 
and second-hand smoke are major 
risk factors in NSCLC cases. 
Treatment includes the 

Antitumor effects of CDDP treatment alone or in combination with either Gefitinib or S3I-201 on NTUB1/P-xenograft-
ed NOD/SCID mice
Clinical Cancer Research 2017; 23:503-513
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Nuclear PCKδ as mediator of resistance mechanisms to EGFR tyrosine kinase inhibitors (TKIs)
Cancer Cell 2018; 34:954-969

administration of tyrosine kinase 
inhibitors (TKIs) - small-molecule 
drugs that permeate cancer cell 
membranes to block signals that 
cancer cells need to grow and divide. 
The epidermal growth factor 
receptor (EFGR) TKIs is one of the 
most common types of TKIs. They 
specifically target EGFRs, proteins 
found on the surface and inside 
cancer cells, preventing their growth 
and spread. However, there are 
multiple cases in which NSCLC were 
reported to be resistant to TKIs 
treatment giving rise to EFGR-Mutant 
non-small cell lung cancer (NSCLC). 
In these cases, cancer cells often 
initially respond well to EGFR 
tyrosine kinase inhibitors (TKIs). 
However, the disease almost always 
recurs after about 10–13 months of 
therapy. This resistance is due to the 
underlying heterogeneous 

mechanisms within a single patient 
and remains a major clinical 
challenge. In an attempt to address 
this challenge, Professor Wei-Jan 
Wang and his teams identified the 
specific mechanism in which 
EGFR-mutant NSCLC escapes the 
anti-tumor activity of TKIs. In 
elucidating the underlying resistance 
pathway, the team discovered that 
the common mediator, PKCδ, is 
responsible for the resistance in 
multiple EFGR inhibitors pathways. 
The promotion of PKCδ nuclear 
translocation is reported to trigger 
TKI resistance in cancer cells. This 
dramatically affects the efficacy of 
TKIs treatments as cancer cells are 
now resistant to TKIs anti-tumour 
activities and can proliferate and 
invade the body. The oncogenic role 
of PKCδ can be attenuated by 
administering the PKC inhibitor. 

However, past studies have shown 
the use of PKC inhibitor as a single 
agent or in combination with 
chemotherapy to be ineffective in 
tumors. In this present study, the 
researchers found that the 
combination of PKC inhibitor with 
TKIs can sensitize TKI resistance in 
cancer cells. This finding, published 
in Cancer Cell, critically suggests 
that the PKC inhibitor and EFGR TKI 
combination may be a potential and 
safe strategy in treating EFGR-
mutant NSCLC TKI-resistant cases.  
With the support of funding from the 
US National Institutes of Health, 
Wang’s 2018 study contributes to 
the understanding of the 
mechanisms behind TKI resistance 
in EFGR-mutant NSCLC cases 
simultaneously, providing new 
insights into fostering improved 
therapeutic options for recurring 
tumor growth in NSCLC patients. 

 
 
 

The combination of 
PKC inhibitor with 
TKIs can sensitise 
TKI resistance in 
cancer cells. This 
finding, published in 
Cancer Cell, critically 
suggests that the PKC 
inhibitor and EFGR 
TKI combination 
may be a potential 
and safe strategy in 
treating EFGR-mutant 
NSCLC TKI-resistant 
cases.  



16

C M U  C o l l e g e  o f  L i f e  S c i e n c e s  |  R e s e a r c h  H i g h l i g h t s  |  2 0 2 0

CELL  PATHWAYS

Protein Arginine 
Methyltransferase 3 
(PRMT3) in Pancreatic 
Cancer

When compared to the other organs 
in the human body, the pancreas 
is perhaps one of the underrated 
organs seldom discussed. However, 
this 6-inch thin pear-like shaped 
gland situated between the stomach 
and the spine plays a significant 
role in the digestion process. This 
organ serves two main functions: an 
exocrine function where it creates 
necessary enzymes for digesting 
the foods and an endocrine function 
where it produces hormones such 
as insulin to regulate the body’s 
blood sugar level. When malignant 
cells are said to form in the tissues 
of the pancreas, one is said to 
have pancreatic cancer. The early 
detection of pancreatic cancer is 
rare and difficult. Additionally, the 
prognosis of this cancer type is 
often poor, with the 5-year survival 
rate of this deadly disease reported 
to be less than 8%.

A common first-line chemotherapy 
drug used to treat patients with 
pancreatic cancer is Gemcitabine 
(GEM). Although patients often 

respond well to the administration of 
GEM during initial stages, prolonged 
treatment of GEM gives rise to 
chemoresistance occurrence in 
patients. Professor Ming-Chuan Hsu 
attempts to provide further insight 
into this issue by elucidating the role 
of protein arginine methyltransferase 
3 (PRMT3) in gemcitabine (GEM)-
resistant pancreatic cancer cells. 
Her research established that the 
overexpression of PRMT3 led to 
increased resistance to GEM in 
pancreatic cancer cells, whereas 
reduction of PRMT3 restored 
GEM sensitivity in resistant cells 
(Cancers, 2018). This study 
provided one of the first scientific 
evidence on the role of PRMT3 in 
enhancing GEM drug resistance.
Protein arginine methyltransferases 
(PRMTs) play an essential role in 
the post-translational modification 
process of modulating diverse 
cellular processes, including 
gene transcription, DNA repair, 
messenger RNA processing, and 
signal transduction. These important 
processes are usually mediated by 
PRMTs through the methylation of 
arginine residues in cellular proteins. 
PRMT3 is a type I protein arginine 
methyltransferase, one of the nine 
members of the PRMT family, which 

is capable of promoting oncogenic 
activity, resulting in reduced 
sensitivity of cells to GEM through 
methylating its cellular substrates. 
Her team identified the novel 
PRMT3 target, ATP-binding cassette 
subfamily G member 2 (ABCG2), 
which is known to play a critical 
role in drug resistance. The PRMT3 
overexpression upregulated ABCG2 
expression by increasing its mRNA 
stability, implying a direct impact 
on the increase of chemotherapy 
drug resistance. Moreover, PRMT3 
is observed to methylate hnRNPA1 
protein, which has been reported 
to be involved in the regulation 
of mRNA stability and promote 
the binding between hnRNPA1 
and ABCG2 to further enhance 
drug resistance. This research 
contributed to the delineation of 
the molecular mechanism by which 
cancer cells develop resistance to 
GEM.

Expanding the earlier 2018 work, 
Hsu attempts to expound further 
the biological function of PRMT3 
in modulating tumorigenesis 
of pancreatic cancer cells in a 
recent study in 2019. In Hsu’s 
latest research, it was discovered 
that PRMT3 directly methylates 

Proposed model of 
PRMT3-mediated 
GEM resistance in 
pancreatic cancer cells
Cancer 2018; 11:8
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GAPDH at arginine 248 to promote 
glycolysis and mitochondrial 
respiration in cancer cells. Many 
cancer cells switch their cellular 
metabolism to glycolysis under 
oxygen-rich conditions to promote 
rapid tumor growth. At the same 
time, mitochondrial respiration 
is also considered to critically 
impact these oncogenic cells’ 
survival and metastasis. Hence, by 
intercepting and blocking these two 
significant metabolic pathways may 
prove effective in attenuating the 
proliferation of cancer cells caused 
by PRMT3 overexpression. This 
finding provides a crucial insight 
into the development of novel 
therapeutic strategies for pancreatic 
cancer by utilizing the molecular 
basis of the double blockade of 
these two metabolic pathways, thus 
potentially increasing the survival 
rate of pancreatic cancer patients. 
This research, which provided 
the first evidence on this unique 
molecular pathway, was published 
in the Journal of Haematology & 
Oncology in 2019.

Most of Hsu’s work focuses 
on understanding the roles of 
epigenetic regulation in pancreatic 
cancer progression and drug 
resistance. Thus, proving it beneficial 
in prompting further development 
in new therapeutic strategies in 
overcoming the issue of chemo-
resistant pancreatic cancer cells. 
Hsu intends to extend these works 
into cancer immunotherapy in the 
near future.

Proposed model of PRMT3-mediated metabolic reprogramming in pancreatic cancer cells
Journal of Hematology & Oncology 2019; 12:79
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Aspirin in the Metabolism 
of Alcohol  
 
Alcoholic beverage consumption is 
regularly associated with leisure and 
entertainment. When it comes to 
health, alcohol consumption is often 
prohibited when one is undergoing 
treatment or medication. This is due 
to the high possibility of adverse 
effects of alcohol and drug 
interaction. A medication that can 
cause extreme discomfort when 
taken with alcohol is the common 
analgesic, aspirin. This non-
prescription medication is found in 
most households and is often used 
to reduce fever or relieve mild to 
moderate pain, such as muscle 
aches, common colds, and 
headaches. It is also used in the 
treatment of swellings caused by 
arthritis. Known as a salicylate and a 
nonsteroidal anti-inflammatory drug 
(NSAID), aspirin works by blocking 
certain natural substances in your 
body to reduce pain and swelling. 
Studies have shown that aspirin 
increases blood ethanol 
concentrations by inhibition of 
first-pass metabolism  (FPM)  of 
ethanol, thereby increasing the 
adverse effects of alcohol, like 
impaired driving. FPM is largely 
dependent on the ability of alcohol-
metabolizing enzyme in breaking 
down ethanol in the body. Two major 
enzymes responsible for alcohol 
metabolism in the human body are 
alcohol dehydrogenase  (ADH)  and 
aldehyde dehydrogenase (ALDH), 
where they catalyze the conversion 
of ethanol to acetaldehyde and then 
to acetate,  respectively. At present, 
the underlying mechanism on the 
role of aspirin in FPM of ethanol 
remains unclear. Professor Shou-Lun 
Lee and his team illustrated this 
pathway comprehensively in their 
2015 study published in Biochemical 

Pharmacology. Lee’s primary 
research focus is on alcohol 
metabolism, enzymology, and folk 
medicine. The team investigated the 
inhibition profiles by aspirin and its 
major metabolite salicylate of 
ethanol oxidation by specific 
recombinant human alcohol 
dehydrogenase (ADH) and 
acetaldehyde oxidation by specific 
aldehyde dehydrogenase. Their 
findings demonstrated that a 
competitive inhibition pattern was 
found to be a predominant type 
among the ADHs and ALDHs 
studied. However, non-competitive 
and uncompetitive inhibitions were 
also detected in a few cases.  
Salicylate acts as a competitive 
inhibitor and binds itself to either 
ADHs and ALDHs, preventing the 
metabolizing of alcohol (oxidation of 
ethanol and acetaldehyde). 
Furthermore, their findings also 
suggested that aspirin intake may 
substantially inhibit hepatic  FPM  of 
alcohol at both the  ADH  and  ALDH  
steps. This study validates the role 

of aspirin and its major metabolite 
salicylate in the inhibition of alcohol-
metabolizing enzymes. By 
expansively illustrating the different 
profiles and pathways involved in 
alcohol metabolization, Lee’s study 
offers an insight into understanding 
drug performance and possible side 
effects. 
 
Protein Kinase C (PKC)δ in 
Diabetic Cardiomyopathy  
 
The constant high sugar level in the 
blood (hyperglycemia) of diabetic 
patients not only causes symptoms 
such as nausea, fatigue and 
excessive thirst, but brings about 
diabetic complications involving a 
vital organ, the human heart. Several 
pieces of research have shown that 
the deterioration of cardiac function 
is often associated with reactive 
oxygen species (ROS) production. 
An increase in ROS is strongly linked 
to the accumulation and production 
of advanced glycation end products 
(AGEs). AGEs are sugar-derived 
circulatory substances whose 
formation is enhanced by the 
increased level of blood glucose. 
The constant consequential 
sequence prompting the decrease of 
cardiac function inevitably leads to 
the irreversible fatal condition of 
diabetic cardiomyopathy. The 
underlying mechanism of AGEs 
accumulation that leads to ROS 
production and eventually apoptosis 
(cell suicide) of cardiac tissues was 
elucidated by Professor Wei-Wen 
Kuo and her team in their 2018 
study. Their findings demonstrated 
that the activation of protein kinase, 
PKCδ is, to a great extend, 
responsible for diabetic 
cardiomyopathy. PKCδ plays a vital 
role in regulating a variety of 
biological functions in different cell 
types, including proliferation, 

Interaction between salicylate and acetaldehyde 
oxidation with human ALDH2
Biochemical Pharmacology 2015; 95:71-79
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survival, and apoptosis. Various 
stimuli including ROS, can activate it. 
The activation of this protein kinase 
triggers dysfunction in mitochondria, 
which leads to the death of cardiac 
cells. This process is carried out 
when PKCδ translocates to the 
mitochondria, promoting 
mitochondrial fission and reducing 
its biological function. The heart 
function is closely related to the 
mitochondrial action. Hence, the 
failure of mitochondria functions 
substantially affects the 
development of cardiac failure. 
Besides inducing PKCδ activation, 
AGEs accumulation also impairs 
respiratory functions. Combined with 
ROS overproduction, they facilitate 
the production of mitochondrial 
superoxide, contributing to tissue 
damage in diabetic patients. Kuo’s 
study delineates in detail the 
molecular pathways in which 
hyperglycemia adversely impacts 
cardiac function. This prompts the 
development of new therapeutic 
strategies for tackling diabetic 
cardiomyopathy. Findings also 
suggest that treatments capable of 
preventing AGE induced-ROS 
dependent PKCδ activation may be a 
promising therapy for 
cardiomyopathy caused by 

increased levels of AGEs, a 
particularly prominent condition in 
patients with hyperglycemia. These 
findings were published in the 
journal Aging and Disease in the year 
2018. 
 
Galangin in Preventing 
Skin Ageing  
 
Aging is an inevitable process that 
all living things go through. Typically, 
the progress of this process is 
visually apparent in the skin as it 
causes loss of structural integrity 
and physiological function. Skin 
aging can consist of either intrinsic 
or chronological aging. It is a 
complex biological process 
influenced by various factors that 
may result in skin damage. 
Pollutants and ultraviolet (UV) 
radiation are two major factors 
affecting damaged skin. UV 
irradiation is a universal risk factor 
that causes skin damage through 
two distinct pathways. One is by 
direct absorption of UV, which 
triggers a series of chemical 
reactions; the other, through the 
generation of ROS, which results in 
oxidative stress and photoaging. 
ROS plays a major role in skin aging 
by triggering inflammatory 
responses that degrade collagen 

and elastin in the skin. ROS induced 
by oxidative stress is also suggested 
to contribute to various types of skin 
cancer. In Traditional Chinese 
Medicine, the Alpinia galangal root 
contains a natural flavanol, galangin, 
which has been widely studied 
concerning cancer. Several studies 
have shown that galangin exhibits 
anti-inflammatory and antioxidative 
properties through various signaling 
pathways. Besides, this flavonoid is 
also seen to inhibit ultraviolet-
induced oxidative stress and atopic 
dermatitis-like skin lesions. To 
further validate these findings, 
Professor Wei-Wen Kuo and her 
team illustrated the underlying 
molecular mechanism by which 
galangin acts on skin damage 
induced by oxidative stress in 2019. 
Their study centers on the IGF-1 
signaling pathway associated with 
the control of senescence in 
humans. They specifically 
investigated the effects on galangin 
by inducing the aging of human skin 
fibroblast HS68 cells under H2O2 
exposure. The findings of their study 
demonstrated that treatment using 
galangin inhibits damage and aging 
in human dermal fibroblasts by 
significantly decreasing the levels of 
phosphorylated NF-κB and 
proinflammatory proteins. The 
underlying mechanism of galangin’s 
effect on inhibiting skin aging also 
involves the enhancement of 
collagen formation through 
promoting the IGF-1R/ERK signaling 
pathway. The findings from Kuo’s 
study provides beneficial insights 
into both the cosmetic and the 
applied medicine field in developing 
products that can aid in the 
prevention of wrinkles and the 
synthesis of collagen in human 
skins.  Her study was recently 
published online in a Wiley 
periodical, Environmental Toxicology. 

Molecular events of ROS-dependent PCKδ activation 
involved in the AGE-BSA-induced cardiomyocyte apoptosis
Aging & Disease 2018; 9:647-663

Cellular senescence was measured by senescence-
associated β-galactosidase staining, expressed as 
the percentage of positively stained cells
Environmental Toxicology 2020; 35:115-123
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Pathways to Progression 
 
The underlying mechanisms or the molecular 
pathways involved in the development of each 
disease are unique and complex. The studies 
showcased earlier are only a glimpse of what is 
left undiscovered and remains to be explored. 
The need to gain a thorough understanding of 
these biological pathways is undoubtedly crucial. 
If it is not already evident from this compilation 
of studies, studying biological pathways supplies 
us with a wide variety of valuable information on 
the development of a disease. These pathways 
allow us to identify the specific genes, proteins, 
and any other molecules that are involved, and 
subsequently providing pointers about what went 
wrong when diseases strike. In other words, 
studying biological pathways enables 
researchers to discover the root of the disorder. 
Biological pathway discovery may lead to more 
personalized strategies for diagnosing, treating 
and preventing disease. This aids in reducing the 
mortality rate of non-communicable diseases 
such as cancer, diabetes and cardiovascular 
diseases through prevention and treatment. 
Currently, researchers are using information 
derived from biological pathways to develop new 
and more effective diagnostic tools as well as 
treatments in a bid to support research, 
development, and universal access to affordable 
vaccines and medicines. Undoubtedly, the 

processes involved are daunting and demands a 
constant investment of effort, time and money. 
Truth be told, biological pathways are far more 
complicated than once thought. Most biological 
pathways have no real boundaries and often 
work together to accomplish tasks. Hence, it will 
likely require some time before we can routinely 
see specifically designed therapies that are 
based on information from a particular biological 
pathway. However, healthcare specialists are 
already beginning to incorporate pathway 
information in choosing and combining existing 
treatments more effectively. An improved 
understanding of these biological pathways will 
inevitably enhance healthcare services as it 
enables better management and treatment of 
diseases, directly impacting UNSDG 3: Good 
Health and Well-Being. Furthermore, these 
studies not only foster the construction of new 
knowledge but also contributes to boosting 
economic growth. In positively impacting UNSDG 
9: Industry, Innovation and Infrastructure, studies 
such as these prove to be substantial investment 
attractions with constant novel discoveries 
besides establishing job markets for a variety of 
industry, thus enhancing the Gross Domestic 
Product (GDP) of respective participating 
countries.
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T he increase of awareness on 
climate change and the 
strong emphasis on health 

among the general public gave rise 
to the popular fad of organic 
products and plant-based diets. 
Whether it is to save the planet or to 
promote general health, the all-
natural nutrition market has seen an 
unexpected boom. Food labels that 
carry the mark “organic” and 
“natural” are priced twice the 
amount of products that do not 
contain terms as such. Consumer 
Reports, a US-based non-profit 
consumer organization, confirms 
through their analysis that organic 
food is reported to be 47% more 
expensive than regular food. A 
common preconceived notion 
among consumers is that natural 
products are not only safer but also 
provide health benefits, unlike their 
counterparts, genetically modified 
and processed food items. Perhaps 

this long-held belief stems from the 
use of plants and herbs as primary 
sources of remedies during ancient 
times. The practice of using 
botanical products to treat diseases 
or maintain health dates back 
thousands of years remains 
relatively popular even with the 
establishment of modern medicine 
today. Some common examples of 
phytomedicines are Gingko Biloba, 
which is used to treat blood disorder 
and Echinacea, which is 
conventionally sorted out to help 
fight the common cold. With modern 
technology, researchers have 
expanded the boundaries of plants’ 
healing properties to serve more 
than just maintaining general health 
or fighting minor illnesses. Presently, 
the medicinal properties of plants 
can even be potentially used in the 
treatment of chronic diseases such 
as cancer and diabetes. 

Tired of reading?
SCAN to watch
entire topic in

VIDEO

NATURE’S GIFT OF
REMEDIES

              Discovering the revolutionary healing properties of plants                         
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Cancer  Cures 
 
 
Kaempferol in the 
Autophagy of Liver Cancer 
Cells  
 
The next time you enjoy some 
tomatoes and strawberries, or your 
side dish of broccoli or cabbage, 
think about the phytoestrogen, 
kaempferol. This flavonoid 
compound, found in a variety of 
vegetables and fruits, is also found 
in Chinese traditional medicine such 
as Aloe Vera. Kaempferol is believed 
to possess many biological 
functions, including inhibition of 
inflammation. Besides, kaempferol 
is proven to have anti-cancer activity 
in various human cancer cells, like 
breast cancer, lung cancer and oral 
cancer. Perhaps, the two most 
prominent beneficiary functions of 
kaempferol are as an inherent 
antioxidant and an effective anti-
cancer agent. Taken by an interest in 
kaempferol’s anti-cancer function, 
Professor Shih-Chang Tsai’s team 
investigated the anti-tumor effects 
of kaempferol in human liver cancer 
cells. Tsai’s interest primarily 
revolves around the biological 
functions of microRNAs in cancer 
cells and drug designing, which led 
him to publish his findings on the 
role of kaempferol in autophagy in 
the International Journal of 
Oncology (2013). Autophagy or 
cellular self-digestion plays a crucial 
role in normal human physiology. In 
the process of autophagy, damaged 
and unnecessary components of the 
cells are removed, including 
misfolded proteins. Numerous 
studies have reported that the 
autophagy process has anti-cancer 
roles. The outcome of Tsai’s study 
demonstrated that kaempferol does 
indeed induce the autophagy 

process in human liver cancer cells, 
namely the SK-HEP-1 cells. Besides 
inducing the autophagy process, 
kaempferol is also reported to 
induce cell cycle arrest in the 
cancerous SK-HEP-1 cells. In cell 
cycle arrest, all cellular processes 
like genome duplication and cell 
division are halted. This further 
strengthens the role of kaempferol in 
eliminating cancerous liver cells. 
Tsai’s findings firmly suggest the 
possibility of using kaempferol in 
developing anti-cancer drugs for 
human liver cancer cells. 
 
Berberine in Preventing 
Skin Cancer Invasion   
 
The color of a ripe lemon on a 
wonderful sunny day, the color of 
sunshine, hope and happiness; the 
color yellow is often associated with 
all things cheerful and high spirits. 
This bright color is also the color of 
the chemical compound, berberine, 
is commonly found in several plants, 
including the European Barberry, 
goldthread, goldenseal and tree 
turmeric. Berberine is widely sold in 
capsule form as supplementary 
nutrition, especially among patients 
who suffer from diabetes, high 
cholesterol, and high blood pressure. 
Berberine is primarily known for its 
ability to regulate blood sugar levels 
in the body. Besides that, it is also 
said to exhibit anti-microbial, anti-
inflammatory, antioxidant, and even 
anti-cancer properties. Several 
scientific studies have asserted that 
berberine is effective in decreasing 
the cell number of various human 
cancer cells through the induction of 
cell cycle arrest or cell apoptosis 
(cellular suicide). Professor 
Wen-wen Huang and her team 
decided to further explore the role of 
berberine in cancer by focusing on 
the inhibition of cell migration and 
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invasion in human melanoma cells. 
Melanoma is a lethal type of skin 
cancer and is prevalent in the white 
population compared to other ethnic 
groups. It also occurs more 
frequently in the male population. In 
her study, Huang analyses the exact 
molecular mechanism of berberine 
in inhibiting the cell migration and 
invasion of the specific A375.S2 
melanoma cell in vitro. She 
discovered that berberine prevents 
both processes by interrupting the 
signal pathways first. Berberine also 
decreased the number of cells and 
inhibited the mobility of cells in 
these skin cancer cells. By blocking 
cancer cell migration and invasion, 
the cancer cells remain localized 
and can be easily targetted. Huang’s 
study is vital in preventing the 
spread of cancerous cells to other 
parts of the body – the spread is a 
process also known as metastasis, 
which is often challenging to 
address and is a leading cause of 
cancer-related death. The findings of 
her study were published in the 
journal Molecules in 2018. 
 
Emodin in Deterring Head 
and Neck Cancer (HNC) 
Spread   
 
While the stalk of edible rhubarbs 
may serve as a special ingredient in 
baking recipes, the root of its relative 
species, Chinese rhubarbs, is 
recognized as an inferior remedy in 
the oldest Chinese herbal books. The 
roots of medicinal rhubarbs contain 
a chemical compound termed 
emodin. Emodin is an active 
component of several plants in 
Traditional Chinese Medicine (TCM). 
It is usually extracted neatly from 
Chinese rhubarbs, a plant widely 
used as a laxative in the field. 
Emodin is also found to influence 
biological activities akin to 

kaempferol and berberine, namely, 
anti-inflammatory, anti-microbial, 
antioxidant, and anti-cancer 
activities. Past studies have shown 
that emodin exerts apoptosis 
(cellular suicide) effects in ovarian, 
lung, leukemia and tongue cancer 
cells. Professor Tzong-Der Way and 
his team decided to investigate head 
and neck squamous cell carcinoma 
(HNSCC) and how emodin can 
inhibit the spread of these 
cancerous cells. Primarily focused 
on cancer biology and drug 
discovery, Way’s current study is 
different from previous studies as it 
centers on the epithelial-
mesenchymal transition (EMT). EMT 
is a critical process in cancer cell 
migration and invasion. It has been 
linked to the progression of several 
types of cancer. EMT enables the 
tumor cells to leave the primary 
tumor environment and migrate to 
distant sites. Inducing EMT in 
HNSCC has been shown to enhance 
the growth of cells with tumor-
initiating abilities which suggest the 
possibility of tumor invasion. 
Published in the European Journal of 
Cancer, 2014, Way’s study 
discovered that at physiologically 
relevant doses, emodin is seen to 
reduce EMT by suppressing 
signaling pathways. Nonetheless, 
emodin also attenuates tumor-
initiating abilities in cancer cells. 
Cancer cells with tumor-initiating 
traits are often resistant to 
treatments, such as chemotherapy 
and radiotherapy; thus, increasing 
tumor recurrence. In the case of 
HSNCC, tumor recurrence is one of 
the biggest challenges and often 
leads to incurable diseases. The 
discovery of emodin’s role in 
inhibiting the growth of a new tumor 
is vital as treatment may not be able 
to eradicate the subpopulation of 
resistant tumor cells. Emodin may 

then be utilized in the development 
of new drugs to preclude the 
possibility of cancer cell 
regeneration.

Chinese rhubarb roots
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Bacterial  Barricades 
  
Huang Qin &  Zhi Zi herbs  
in Preventing Salmonella 
Infection   
 
Huang Qin (Scutellariae radix) 
and Zhi Zi (Gardeniae fructus) 
are common herbs used in 
Traditional Chinese Medicine 
(TCM). Scutellariae radix is derived 
from the roots of Chinese Skullcap 
and is usually yellow in shade and 
hard in texture. This dried-roots 
preparation is traditionally used to 
treat inflammation, cardiovascular 
diseases and respiratory and 
gastrointestinal infections. On the 
other hand, Gardeniae fructus is the 
ripe fruits of the popular Gardenia 
ornamental shrub, which are also 
dried in the herbal preparation. It 
takes on a reddish-orange color 
and is bud-like in shape. The 
Gardeniae fructus is traditionally 
prescribed to reduce inflammation 
and is also known to treat liver 
and gall-bladder disorders such 
as hepatitis and jaundice. A 2013 
study conducted by Professor Yuan-
Man Hsu also discovered that both 
Scutellariae radix and Gardeniae 
fructus could prevent Salmonella 
infection. Salmonella infection 
is a food-borne disease and is 
usually the main culprit for “food-
poisoning” in humans. The pathogen 
responsible for the infection is 
generally transmitted from animals 
to humans when humans consume 
raw, undercook meat of the animals. 
As Hsu’s interest lies in improving 
the immunity and digestive abilities 
of animals by using a combination 
of probiotics and herbs as feed 
additives, one of her studies focused 
on the efficacy in preventing 
Salmonella infection of seven 
herbal plants in swineherd. Both 

Scutellariae radix and Gardeniae 
fructus were found to reduce 
bacteria shedding and decrease 
inflammation in swine significantly. 
The bioactivities of both herbs were 
also found to be enhanced when 
combined with the mix-LAB (lactic 
acid bacteria) strain. The LAB strains 
are were also found to improve the 
immunity of livestock. Although 
Salmonella infections in humans can 
be easily treated with an antibiotic 
prescription, the emerging risk of 
antibiotic-resistant bacteria poses 
a serious concern (Evidence-Based 
Complementary and Alternative 
Medicine, 2013). Hsu’s study 
proposes a better alternative of 
lowering the risk of transmission to 
human consumers by preventing 
the risk of Salmonella infection at 
the primary hosts – animals – level. 
This can be done by simply adding 
both herbs and LAB mixture as feed 
additives. 

 
Baicalin & Baicalein in 
Treating H. pylori Infection   
 
Do the terms baicalin and baicalein 
remind you of propane and propene 
or methane and methanol? The 
latter compounds are usually almost 
similar in their chemical structures 
yet share distinct chemical 
properties. If you presume that 
Baicalin and Baicalein are related 
in the same manner, then you are 
correct in your assumption. Baicalin 
is a flavone glycoside, and when 
administered orally, it is hydrolyzed 
by the gut microbiota into aglycone 
(baicalein). Baicalein is the primary 
form absorbed in the intestine. 
These flavonoid compounds are 
bountifully found in a type of garden 
herb, namely, the Chinese Skullcap 
(Scutellaria baicalensis). The 
Chinese Skullcap is a member of the 
mint family and is commonly used in 

Traditional Chinese Medicine (TCM) 
to treat inflammation and insomnia. 
The anti-inflammatory potential of 
baicalin and baicalein is reported 
in the treatment of respiratory 
diseases, cardiovascular diseases 
and hepatitis. These compounds 
are also said to possess antiviral, 
antibacterial and anti-cancer 
effects. Professor Yuan-Man Hsu is 
a researcher focused on analyzing 
natural chemical compounds in 
treating mainstream bacterial 
infections, mainly Helicobacter 
pylori (H. pylori) and Salmonella. 
Previously in 2013, Hsu studied the 
effects of probiotics and herbs from 
Traditional Chinese Medicine (TCM) 

left-Zhi Zi (Gardeniae fructus); center-Huang Qin (Scutellariae radix)
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in curbing Salmonella infection 
in swineherd. Extending from her 
2013 study, Hsu’s team studied 
the potential healing properties of 
baicalin and baicalein in treating 
H. pylori infections. The H. pylori is 
a common pathogen with half of 
the world’s population having been 
infected one time or another. This 
pathogen causes chronic gastritis, 
although generally, most infected 
patients remain asymptomatic. 
Previous studies have shown that 
H. pylori are also closely associated 
with gastric cancer. The eradication 
of this bacteria is one of the most 
direct and effective ways of lowering 
the risk of cancer. In Hsu’s study, the 

effects of baicalin and baicalein on 
the bacteria are tested alongside 
the probiotic, Lactobacillus spp. 
They discovered that baicalin and 
baicalein could indeed successfully 
treat H. pylori infections. In fact, 
these compounds offer similar 
therapeutic effects as antibiotics 
but do not disrupt the balance of the 
gut microbiota. While the efficacy 
of antibiotics in eliminating H. pylori 
is extraordinary, there are known 
side effects of antibiotics that throw 
the gut’s natural environment off 
balance. The more considerable 
concern is also on the development 
of antibiotic-resistant superbugs. 
The outcome of Hsu’s 2018 study, 
published in the Journal of Food 
Science, offers an alternative 
strategy that yielded much lesser 
side effects in comparison to 
antibiotics used in treating the H. 
pylori infection. 

Heart Health 

Cafestol in Deterring Heart 
Disease   
 
Coffee, the strong yet comforting 
substance, is a breakfast staple for 
many. Some swear that they would 
not be able to function without their 
daily dose of caffeine. Despite this, 
the view of coffee from a health 
standpoint remains negative. Coffee 
is said to be responsible for many 
side effects, from aggravating 
anxiety to causing ulcers. However, 
recent studies have shown that 
moderate coffee consumption is 
associated with a reduced risk 
of cardiovascular death. Coffee 
contains several natural compounds 
such as phenolic compounds and 
flavonoids, which are reported to 
have anti-inflammatory properties. 
This anti-inflammatory property 

is perhaps the major factor in 
the positive relationship between 
coffee consumption and a lower 
cardiovascular death rate. The 
development of cardiovascular 
diseases such as atherosclerosis 
and hypertension are often due to 
endothelial dysfunction exacerbated 
by chronic inflammation of the 
endothelial cells. Noting this, 
Professor Po-Yuan Chen and his 
team decided to explore the role 
of cafestol on vascular endothelial 
cells. Cafestol is one of the natural 
compounds found in coffee. It is 
a diterpene molecule found in the 
cherries of arabica coffee and is 
claimed by various researches to 
possess anti-inflammatory and 
antiangiogenic properties. In his 
study, Chen specifically studied the 
effect of cafestol on the secretion 
of inflammatory molecules 
induced by cyclic strains in 
vascular endothelial cells. Findings 
demonstrated that cafestol reduced 
the total expression of inflammatory 
molecules in endothelial cells 
through multiple mechanisms. The 
responsible mechanisms involved 
include the upregulation of HO-1 
and Sirt1 expression and the 
suppression of cyclic-strain-induced 
ICAM-1, MCP-1 IL-8 secretion. 
This result of this study expands 
further the knowledge of cafestol’s 
anti-inflammatory property and 
its possible usage as a treatment 
option in inflammation-dependent 
disorders. Also, this study provided 
valuable insights into molecular 
pathways that may facilitate a 
better understanding of the proper 
effects of cafestol. Chen’s study 
was published in Oxidative Medicine 
and Cellular Longevity in the year 
2018. His lab works focus mainly on 
the functional genomic analysis of 
natural products. 
 

left-Zhi Zi (Gardeniae fructus); center-Huang Qin (Scutellariae radix)
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Momordicine I in 
Suppressing Diabetes-
Associated Heart 
Complication   
 
Although bitter in taste, the bitter 
melon or bitter gourd is a popular 
ingredient in the preparation of 
various dishes in Asia. Usually stir-
fried in Chinese cuisines, bitter 
gourds are also often sautéed in 
other Asian cuisines to offset its 
bitterness. This fruit, which has 
vegetable properties, is said to 
contain a wide variety of vitamins, 
minerals and antioxidants. In 
many cultures, the bitter melon is 
recognized for its medicinal value, 
especially in lowering blood sugar 
levels since ancient times. Hence, 
bitter melon is commonly associated 
with the treatment of diabetes. 
Diabetes is a rapidly increasing and 
widespread disease in many nations. 
This disease can cause severe 
complications in patients, including 
cardiovascular complications. 
Cardiovascular complications are 
reported to be the leading cause 
of morbidity and death in diabetic 
patients. Professor Po-Yuan Chen 
seeks to establish an understanding 
of this claim in his recent 2018 study 
published in Oxidative Medicine 
and Cellular Longevity. The aim of 
his study was specifically focused 
on the impact of momordicine 
I in decelerating the condition 
of diabetic cardiomyopathy - 
a cardiovascular complication 
induced by high glucose. 
Momordicine I, a major bioactive 
component in bitter melons, is 
reported to have antioxidants, anti-
cancer, antioxidant, antidiabetic, 
hypoglycemic, and anti-inflammatory 
properties. Chen discovered that 
momordicine I plays a significant 
role in reducing cardiac fibrosis 
triggered by high glucose levels. 

The attenuation of cardiac fibrosis 
occurs when momordicine I block 
the TGF-β1/Smad pathway; thus, 
inhibiting the fibroblast proliferation 
and collagen production through 
Nrf2 activation. The results of 
the current study confirmed the 
contribution of momordicine I in 
treating diabetic cardiomyopathy, 
suggesting that it may be a potential 
therapeutic source of future 
drug development. Furthermore, 
this study also shed some light 
on the molecular pathways in 
clinical applications for the use 
of momordicine I in treating 
diabetes-associated cardiovascular 
complication. These insights provide 
an avenue for future researches 
to establish further the underlying 
molecular mechanisms in high-
glucose-induced fibroblast activation 
and cardiac fibrosis. 
 

Bitter melon
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Where Tradition Meets 
Innovation 
 
The field of health and medicine has 
improved by leaps and bounds since 
the days where herbal concoctions 
were probably the only form of 
disease treatment. Today, traditional 
medicine encompasses health 
practices, approaches, knowledge, 
and beliefs, incorporating plant 
and mineral-based drugs, spiritual 
therapies, manual techniques and 
exercises, applied singularly or in 
combination to treat, diagnose and 
prevent illnesses or maintain well-
being. The public’s perspectives on 
traditional medicine interventions 
remain divided into two extremes. 
On one end is the encampment 
of fervent traditional medicine 
practitioners who shun modern 
medicine as artificial and to a 
certain extent, evil. The other end 
of the spectrum is a community of 
scientifically educated individuals 
who adhere to logic and hence, 
view traditional medicine as mere 
superstition or an extension of folk 
medicine. The studies presented 
here are crucial evidence that both 
viewpoints are flawed and founded 
on the grounds of bias – that both 
traditional medicine and modern 
medicine go hand-in-hand and are 
intrinsically related. The benefits of 
traditional plant-based medicines 
can be explored scientifically, while 
advanced technology can maximize 
the benefits of these customary 
remedies. By integrating the best 
of both worlds – contemporary 
scientific data and traditional 
knowledge – researchers can work 
towards considerably improving 

the health and medical field 
through the development of novel 
disease therapy and management 
strategies, in line with achieving 
UNSDG 3: Good Health and Well-
Being. The collaboration between 
researchers from both fields also 
supports research, development, 
and universal access to affordable 
vaccines and medicines since it can 
potentially allow for more affordable 
treatments to be made widely 
available to the general public. 
Hence, reconciling both tradition 
and innovation is feasibly the best 
way forward in conserving medical 
conventions and implementing 
health inventions. Consequently, 
these drug discoveries also aid in 
enhancing vital scientific research, 
encouraging innovation, and 
substantially increasing the number 
of research as well as public and 
private research and development 
spending. While the findings of 
these studies support the creation 
of new knowledge, it can also 
encourage economic growth. This 
can be achieved through the export 
of these traditional medicinal plants, 
whether for treatment or research 
purposes, inevitably increasing the 
Gross Domestic Product (GDP) 
of the country/countries where 
these conventional herbs are 
widely grown and harvested. By 
positively impacting the economy 
of these countries, these research 
drug innovations also indirectly 
encourage UNSDG 9: Industry, 
Innovation and Infrastructure.
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T he water we consume daily 
has likely been on Earth, in 
one form or another, since 

the prehistorical times even before 
the Stone Ages. While Earth’s 
population continues to increase 
steadily, the amount of fresh water 
available remains relatively constant 
over time. Freshwater is the sole 
natural source of water fit for 
consumption and sustenance. It 
makes up a mere 2.5% of Earth’s 
water, where only less than 0.01% of 
the planet’s water can be used to 
ensure the survival of the entire 
world population. This small fraction 
of freshwater forms some of 
nature’s most substantial features 
like the Yangtze River, the Lake 

Baikal and the Amazon’s swamp 
forest. Historically, rivers, lakes and 
wetlands are often the birthplaces of 
early civilizations. Often considered 
as strategic, focal locations, 
communities thrive economically 
and physically of these freshwater 
sources. Besides directly sustaining 
livelihoods, the importance of 
freshwater is contained in its unique 
ecosystem, where it supports an 
enormous amount of biodiversity as 
well as the Earth’s climate balance. 
Despite its indisputable role in 
nature, the implication and 
application of preserving the already 
limited freshwater sources are often 
overlooked and confined to research 
labs and classrooms. 
 

Tired of reading?
SCAN to watch
entire topic in

VIDEO

FRESHWATER
FINDINGS

                        Exploring the ecosystem of lakes and wetlands                         
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carbon sinks are now detrimentally 
reversed instead. It was also found 
that the decreased rainfalls and 
drought spells profoundly affected 
both the carbon flux and ecosystem 
metabolism of the lakes. Carbon flux 
was also more responsive to 
drought in a clear, mesotrophic lake. 
Tsai also discovered that a major 
underlying factor that drives carbon 
flux in drought is the load of 
dissolved organic matter from land 
(tDOM). His research, which is part 
of the Global Lakes Ecological 
Observatory Network (GLEON), 
implies that ecosystems are 
intrinsically reliant on each other. 
Conditions that take place above the 
surface, on land such as reduced 
rainfall impact circumstances 
beneath the surface, in the lake such 
as carbon cycle disruption. 
 
 
 

includes the bioavailability and 
trophic transfer of xenobiotics in the 
aquatic food web under the 
changing environment and how 
these changes relate to the health of 
humans and wildlife. A recent study 
by Tsai and his team investigated 
the relationship between altered 
rainfall and terrestrial dissolved 
organic matter (tDOM) on the carbon 
flux and ecosystem metabolism in 
two subtropical lakes. This study, 
published in Science of the Total 
Environment in 2020, engendered 
interesting evidence on the role of 
lakes as an environmental indicator 
as well as the interdependence 
between land and lake. It was 
reported that after a year of drought, 
the lakes transformed from being a 
carbon sink, a system that absorbs 
more carbon than its emission, to 
becoming a carbon source. This 
naturally impacts climate neutrality 
as the role of these lakes as natural 

From Land to Lake  
 
A common source of freshwater, 
lakes are not only dynamic habitats 
for various species but also serve as 
breeding grounds and migration 
stops for many wildlife. For 
humankind, lakes provide a variety 
of uses, from crop irrigation to 
recreational purposes. In addition to 
these, lake ecosystems are 
exceptional indicators of climate 
change as they are very receptive to 
changes in rain, temperature and 
organic matter input. This also 
indicates that lakes play a crucial 
role in the carbon cycle which is a 
major determiner in serious 
environmental issues such as global 
warming. Professor Jeng-Wei Tsai 
has always taken a special interest 
in studying the influence of natural/
anthropogenic disturbances on the 
function of freshwater ecosystems. 
Additionally, his research work also 
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A Wetland Shrimp Story  
 
As its name suggests, a wetland is 
typically defined as an area of land 
which is immersed in water. Similar 
to lakes, wetlands host a large 
variety of species, including birds, 
fish and mammals, where wetlands 
function as nurseries. The role of 
wetlands extends beyond a 
productive habitat to a high-
performing water purification 
system, an effective flood reservoir 
and a reliable defense against storm 
surges. As modern society enjoys 
nature and leisure activities at 
wetlands, more than 75% of fish and 
shellfish are known to be harvested 
from wetlands. A most common 
freshwater crustacean is the Atyid 
shrimp. This endemic species is a 
vital part of the aquatic ecosystem 
as fish and water-bird mainly feed on 
them. This trait of the Atyid shrimp 
alongside its high sensitivity to 

pollutants also makes it an ideal 
species to work with in lab 
experiments and field water quality 
monitoring. With that being said, 
metal pollution is becoming an 
increasingly rife global concern, 
especially since metal can be 
biomagnified to a harmful level in 
aquatic organisms. This may involve 
a risk of exposure to their predators, 
including human consumers. As a 
researcher whose work centers 
around the role of aquatic networks 
and exposure of risk assessment on 
the health of aquatic species and 
ecosystem, Professor Jeng-Wei Tsai 
considered the effect of ecosystem 
metabolism (EM) in the 
bioaccumulation of metal in Atyid 
shrimps. The ecosystem metabolism 
(EM) not only provides the overall 
trophic status of an ecosystem but 
also reflects the impacts of 
environmental changes on the 
structure and function of an 

ecosystem. In his recent study, Tsai 
found that EM does indeed mediate 
the accumulation of metal in these 
shrimps (Aquatic Toxicology, 2020). 
Different seasons and dissolved 
organic matters also triggered 
different rates of metal 
bioaccumulation. As with Tsai’s 
other study, the finding of this 
research implies that factors on land 
such as altering the climate and land 
use do impact the aquatic 
ecosystem proving the 
interdependence between these 
ecosystems. These overall change in 
the ecosystems, in turn, affects the 
livelihood of every living creature, 
including human beings on land. 
Tsai hopes that his research works 
will foster a greater understanding of 
the relationship between ecosystem 
variations and human/wildlife 
well-being, especially under the 
stress of climate/environmental 
changes. 
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A Cycle of Interdependence 
 
Whether it is the lakes or the wetlands, these 
studies on the freshwater ecosystems offer 
information beyond the interaction between 
freshwater organisms and their environment. 
They also significantly contribute to the 
strengthening of aquatic ecosystems’ 
resilience besides acting for the restoration of 
these ecosystems in order to achieve healthy 
and productive waters. In line with UNSDG 14: 
Life Under Water, these studies directly 
provide some of the best available scientific 
information in the bid to conserve at least 10% 
of coastal and marine areas by the year 2020. 
The depiction of details presented in these 
studies extends past the uniqueness and 
importance of its elements. It prompts for 
further action in protecting and restoring 
water-related ecosystems, including 
mountains, forests, wetlands, rivers, aquifers 
and lakes, subsequently achieving UNSDG 6: 
Clean Water and Sanitation. Although both 
studies may be largely attributed to the mere 
conservation of the biosphere, it is essential to 
note that the biosphere functions as the 
foundation for economic, societal growth and 

human health and well-being. Therefore, these 
studies can also assist in societal 
advancement by promoting society’s good 
health. This is evident as these studies 
indirectly encourage the reduction of illnesses 
and deaths from hazardous chemicals and 
pollution as the conservation of coastal areas 
and freshwater ecosystems will significantly 
lessen water pollution. As a result, this will 
also lead to a decrease in mortalities caused 
by this environmental risk, as outlined in 
UNSDG 3: Good Health and Well-Being. Hence, 
both pieces of research presented here 
communicates a story of reliance and 
connection between each biological element 
– a cycle of interdependence — a cycle that 
foreshadows the future constructed by human 
hands presently on land. To keep the land, 
there is a need to care for the sea and vice 
versa. The future depends on the current 
actions of the human species. Ultimately, it is 
our call to maintain the equilibrium of this 
cycle or to allow disruption and, consequently, 
destruction.
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F rom oil-less omelet frying 
using a non-stick pan to 
keeping yourself dry in the rain 

with a raincoat, what do both of 
these seemingly unrelated activities 
have in common? The simple 
answer is that the surface of your 
frying pan and your jacket has been 
chemically modified to make your 
life convenient. Behind these often-
overlooked daily phenomena lies a 
team of researchers dedicated to 
analyzing, monitoring, understanding 
and developing different surfaces to 
improve the existing quality of life. 
This branch of science is known as 
surface chemistry. With the 
emergence of nanotechnology, new 
demands for surface analytical 
techniques are bound to be created. 
This is because as material 
becomes smaller, the surface area 
per unit mass increases 
proportionally - intrinsically implying 
that the properties of material relate 

directly to their surfaces. Thus, 
surface science is undoubtedly an 
area where technological needs will 
drive current scientific progress and 
vice versa. One important aspect of 
surface chemistry lies in the 
engineering of biomaterials. 
Biomaterials are used in medicine 
and dentistry, intended to interact 
with living tissues, whether it is for 
treatment or diagnostic purposes. 
Some common instances of 
biomaterials can be found in medical 
implants in the heart, molecular 
probes and nanoparticles that aid in 
cancer imaging and therapy at the 
molecular level as well as in drug-
delivery systems that carry and/or 
apply drugs to a disease target. The 
understanding and development of 
biomaterials via surface science 
allow for improvement in the 
efficacy of therapy and diagnosis in 
the medical and dentistry field. 
 

Tired of reading?
SCAN to watch
entire topic in

VIDEO

THE SURFACE STRUCTURE 
STORY

         Uncovering the story behind surface science and biomaterials                         
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instantly enveloped by proteins that 
trigger the immune system to 
destroy it leading to a faster 
clearance from the body. This 
process is known as biofouling. 
Professor Yit-Lung Khung attempts 
to address this issue by thoroughly 
illustrating the fundamental aspects 
of anti-biofouling modifications 
through the concept of zwitterion 
film grafting on MS surfaces. As a 
surface chemist whose primary 
research focus is on the analysis 
and description of bond formation in 
silicon surfaces, Khung suggested 
that the biofouling of MS 
nanoparticles can be addressed by 
introducing anti-biofouling properties 
on the surface of nanoparticles by 
grafting specific organic layers. 
These layers alter specific 
fundamental surface properties of 
MS nanoparticles and are known as 
the stealth layer. In a 2015 review 
published in the journal of Advances 
in Colloid and Interface Science, 
Khung delineated thoroughly the 
concept of surface hydration and 
anti-biofouling properties alongside 
the types of poly-zwitterionic layers 
as well as the synthesis of zwitterion 
functionalized MS nanoparticles. 
Khung described in detail the 

surface functionalization process 
focusing on one of the most popular 
techniques, silanization or Si-OH 
functionalization, as well as multiple 
grafting strategies including the 
zwitterionic “graft to” and polymer 
“graft from” strategies. He 
concluded his review by stating 
three fundamental aspects that 
needed to be considered when 
inferring a stealth layer on the 
surface of silica nanoparticles for 
biological applications. These three 
aspects encompass the ease of 
incorporation of the surface layer to 
the nanoparticle surface, grafting 
strategies in synthesis, and the 
influence of transition temperatures 
given the biological application 
intentions. Khung’s review of 
comprehensive historical 
perspective offers new insight into 
the development of higher efficacy 
drug delivery, bioimaging and 
biosensing methods besides 
shedding some light into the 
relatively new but widely used, silica 
nanoparticles and zwitterion film. 

The rapid innovation in the field of 
nanotechnology has brought about 
the development of a clinically 
promising material known as the 
mesoporous silica (MS) 
nanoparticles. Mesoporous silica 
nanoparticles are solid materials, 
which are composed of a 
honeycomb-like porous structure 
consisting of hundreds of empty 
channels that can absorb or 
encapsulate relatively large amounts 
of bioactive molecules. MS 
nanoparticles have evolved to 
become an attractive material for 
various biological applications. This 
popularity is due to its excellent 
biocompatibility as well as its high 
thermal and mechanical stability. 
Various types of mesostructures can 
be easily assembled through 
tailoring of the surfactant template 
(spheres, fibers, cubic and nanorod, 
etc.). Being one of the most widely 
used materials in nanotechnology, 
its surface chemistry is well 
understood, where it is deemed 
highly flexible as its pore dimensions 
can be easily tuned. MS 
nanoparticles can also reach an 
extremely high surface area besides 
demonstrating good thermal and 
chemical stability, thus rendering it 
an excellent medium for drug 
delivery. Without a doubt, these 
nanoparticles have established a 
healthy repertoire in many 
bioimaging, biosensing and gene/
drug delivery platform. However, one 
of the major challenges that 
researchers still face is maintaining 
the lifespan of circulating MS 
nanoparticles when administered in 
a biological environment. This is 
because once MS nanoparticles 
enter a biological environment, it is 

Of Zwitterion 
& Nanoparticles  

Graphic illustration of various aspects of zwitterionic based MS 
nanoparticles 
Advances in Colloid and Interface Science 2015; 226:166-186
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New Material-Making 
Method  
 
Bioactive materials have found 
extensive common usage in both the 
medical and dentistry field. The 
Encyclopaedia of Biomedical 
Engineering defines bioactive 
materials in 2019 as “nontoxic, 
biologically active materials that 
induce the formation of a direct 
chemical bond between the implant 
and host tissue by eliciting a 
biological response at the interface.”  
In the medical field, the development 
of bioactive materials was initially 
focused on the bone tissue level. 
However, with recent technology, 
progresses concerning bioactive 
materials revealed that their function 
could be expanded across many 
other medical fields, such as 
regenerative medicine, gene therapy, 
drug delivery systems, as well as in 
diagnostics. On the other hand, in 
dentistry, bioactive materials are 
widely used in the field of restorative 

which, in turn, creates bioactive 
surfaces that promote cell viability. 
Cyclopropylamine is claimed to be 
an excellent mediator for 
bioactivating surfaces for biological 
applications. The process of 
implementing this novel method was 
fully described and reported in 
Khung’s 2017 study published in ACS 
Applied Material and Interfaces 
journal. His work provides the 
reactivity route of cyclopropylamine 
for thermal reaction and UV 
photoionization, simultaneously, 
also unraveling a new understanding 
on the potential of using such a 
saturated but strain-compromised 
molecule for direct passivation to a 
silicon surface. Since Khung’s study 
was the first of its kind, it offers yet 
another model for the classical 
silicon hydrosilylation with an 
alkene/alkyne, adding fresh insight 
into improving the formation of 
bioactive surfaces. 
 
 

dentistry. Their function can vary 
from remineralizing and 
strengthening tooth structure to 
regenerating live tissue to promote 
vitality in the tooth in pulp 
regeneration. In surface chemistry, 
the formation of bioactive surfaces 
often comprises of self-assembled 
monolayers on silicon surfaces via 
Si-C linkages. The formation of Si-C 
linkages is relatively popular as Si-C 
bonds are extremely stable and are 
less likely to undergo degradation. 
The formation of Si-C linkages is 
often completed through the 
hydrosilylation process (UV or 
thermal) which suffers from several 
limitations. Therefore, in 
collaboration with the Advanced 
Medical and Dental Institute (AMDI) 
of Universiti Sains Malaysia,  
Professor Yit-Lung Khung proposes 
a different method in forming better 
bioactive surfaces. This new method 
involves the direct grafting of 
cyclopropylamine on silicon hydride 
surfaces using photoionization, 

Grafting of cyclopropylamine onto a silicon (100) hydride (Si-H) surface via a ring-opening 
mechanism using UV photoionization 
ACS Applied Materials & Interfaces 2017; 9:31083-31094
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More than Surface Knowledge  
 
The most prominent aspect of biomaterials is 
perhaps their interaction with cells. Cell-
material interactions are a complex process 
and play an essential role in the integration of 
biomaterials into the human body. Next to 
properties like compatibility or stability, other 
material characteristics influence the cellular 
interactions taking place at the interface. This 
includes surface chemistry which has a 
significant effect on various cellular processes 
in different cell lines that can control the 
shape, size and density of cells. This implies 
that the development of cells on a biomaterial 
surface is strongly influenced by surface 
properties which highlight the importance of 
surface science research, as mentioned in the 
two studies presented earlier. Thus, it is 
evident that the research on developing new 
biomaterials is an interdisciplinary effort, often 
involving collaboration among materials 

scientists and engineers, biomedical 
engineers, pathologists, and clinicians to solve 
clinical problems. The collaborative effort in 
biomaterial research, aligned with UNSDG 9: 
Industry, Innovation and Infrastructure, is a 
sure platform to enhance vital scientific 
research and encourage innovation besides 
substantially increasing the number of 
research and development workers as well as 
public and private research and development 
spending. As with all research innovation, 
these studies not only contribute to the 
invention of new knowledge but also impacts 
the economic growth of participating countries 
by generating more job opportunities. The 
production of improved biomaterials worthy 
for export will also lead to the inevitable 
increase of Gross Domestic Product (GDP), 
thus promoting the economic stability of 
respective countries.
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A s of 2017, the United Nations 
reported that 9.56 million 
people perished at the hands 

of the chronic disease, cancer. The 
treatment of cancer is synonymous 
with chemotherapy and the 
subsequent immediate association 
to the ruthless side effects of this 
treatment, such as vomiting, hair 
loss and chronic muscle pain. Before 
a patient can commence his or her 
cancer therapy, a proper diagnosis 
needs to be confirmed. If, in the 
case of suspected lung cancer, an 
x-ray scan is usually carried out as 

part of the diagnosis. Imaging tests 
like x-ray and CT scans are eminent 
tools used in cancer diagnosis. With 
increasing oncology-related studies, 
the function of diagnostic tools can 
be made to extend beyond imaging 
tests and involve cancer therapy 
and management. These novel 
inventions, combined with imaging 
tests, can now aid in understanding 
and improving existing treatment 
and, thus, allow opportunities 
for better strategies in managing 
cancer. 
 

Tired of reading?
SCAN to watch
entire topic in

VIDEO

THE THERAPY IS IN
THE DIAGNOSIS

                Behind the scenes of cancer therapy and management                         
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Fusing Therapy and Diagnostics  
 
Professor Fei Ting-Hsu is part of a research 
team that focuses on utilizing various 
molecular image system support in 
evaluating therapies of a cancerous tumor. 
Hsu’s team suggests that the prominence 
of molecular images may not be limited 
to merely the early phase of a cancer 
diagnosis. On the contrary, molecular 
images can provide important non-invasive 
molecular information for improved drug 
development. Recent research conducted 
by the team focuses on non-small-cell lung 
cancer (NSCLC), which is the most common 
type of lung cancer. The first-line treatment 
of advanced NSCLC is already available 
in the field. Nevertheless, the efficacy of 
drug delivery remains relatively unknown. 
Hence, Hsu’s team devised a potentially 
new avenue of monitoring drug delivery 
through non-invasive magnetic resonance 
imaging (MRI) by developing a theranostic 
nanoparticle probe. As its name suggests, 
theranostic is a combination of therapy 
and diagnostics focusing on the precise 
treatments of cancer sites. The nanoparticle 

probe of FeDC-E is found to not only inhibit 
tumor growth but also triggers programmed 
cell death (apoptosis) pathways. These 
pathways observed via MRI may provide 
information on drug delivery efficacy.  
Hence, opening doors to the development 
of a more enhanced, less invasive treatment 
methods and drugs. The possibility of 
better-targeted treatments also increases 
the prospect of an improved chance of 
eliminating cancerous cells effectively. The 
results of this study were subsequently 
published in the journal of Nanomedicine: 
Nanotechnology, Biology, and Medicine 
in 2018. Besides, focusing on the various 
functions of molecular image system 
support and theranostic probe development, 
Hsu’s research work on cancer therapy 
development also involves combined 
treatment strategies, which include Chinese 
herbs and drug repurposing evaluation. She 
is also exploring immune-based antibody 
therapy as part of her project in developing 
cancer treatment. 
 

Artificial Cells, Nanomedicine, and Biotechnology 2018; 46(sup3):S448-S459
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  1. Application of MRI theranostic probe

  2. Chinese herb and drug repurposing

Nanomedicine 2018; 14(3):1019-1031

Cancers (Basel) 2019; 12(1):87 
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The Best Viable Treatment 
 
Although the mortality rates differed 
throughout the years, cancer has remained 
the second leading cause of death since the 
1900s. Being diagnosed with cancer is a 
dreadful experience for both cancer patients 
and their loved ones. For most of them, 
cancer seemed almost equivalent to a death 
sentence. Although the currently available 
treatments are proven to be effective, the 
side effects that come along can drastically 
reduce patients’ quality of life. Therefore, 
ongoing oncological researches like Hsu’s 
work is vital in providing as many treatment 
options as possible to patients. These studies 
are also exceptionally crucial in reducing the 
mortality rate of non-communicable diseases 
such as cancer and promote mental health 
across the globe. In line with UNSDG 3: Good 
Health and Well-Being, this study may not only 
increase the survival rate of cancer patients 
but also ensure an improved quality of life 
for patients. Most cancer patients do not just 
bear the brunt of treatments physically but 
also emotionally. Less invasive and effective 
interventions and disease management 
benefit not only the patient’s well-being, but 

also that of their family and loved ones. 
Ultimately, the goal is perhaps to discover 
the best combination of therapy for each 
patient to treat cancer effectively without 
compromising patients’ quality of life as well 
as the well-being of their caretakers; ensuring 
all parties involved that the battle against 
this disease can be one of hope and is worth 
fighting for.  On the other hand, relatively 
novel research involving theranostic concept 
such as Hsu’s study also enhances vital 
scientific research, encourages innovation, 
and substantially increases the number of 
research and development workers, as well as 
public and private research and development 
spending. Besides facilitating the creation of 
new knowledge, these revolutionary studies 
may also be an avenue of economic growth, 
creating job opportunities and encouraging 
the increase of Gross Domestic Product (GDP) 
of respective participating countries involved.  
This indicates that these studies or research 
innovations support not only the progress of 
the society, but also economic advancement 
as proposed in UNSDG 9: Industry, Innovation 
and Infrastructure.
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Researcher

... with passion

Impacts

BIOMATERIALS  
      

ECOLOGY 
      

CELL PATHWAYS  
      

DRUG DISCOVERY  
      

DIAGNOSTIC TOOL  
      

Ju-Hwa Lin

To employ translational medicine 
approach in developing therapeutic 
interference for oral cancer.

Pei-Yin Hsu

To develop breast cancer therapeutics 
through deciphering 3D genome features

Shou-Lun Lee

To explore alcohol metabolism, 
enzymology and folk medicine

Ming-Chuan Hsu 

To understand the roles of epigenetic 
regulation in pancreatic cancer progression 
and drug resistance

Shih-Chan Tsai

To understand the roles of miRNAs in cancer 
development and explore potential anticancer 
properties of traditional herbs

Wei-Jan Wang

To provide insights on cancer 
immunotherapy as well as anticancer 
drug-resistance mechanisms

Wei-Wen Kuo

To understand the roles of miRNA in diseases 
such as diabetic cardiomyopathy, cancer cell 
metabolism and skin disorders

Po-Yuan Chen

To understand the pharmacological 
implications of natural products on 
cardiovascular complications through 
functional genomic analysis

Tzong-Der Way

To explore the anticancer properties of 
natural herbs and supplements

Yuan-Man Hsu

To explore the therapeutic effects of 
herbal medicines and probiotics to 
prevent infectious disease development 
in livestock

Wen-Wen Huang

To explore the anticancer properties of 
natural herbs and supplements

Jeng-Wei Tsai

To understand the influence of naturally-
occurring and man-made environmental 
disturbance on terrestrial/ aquatic 
biochemistry

Yit-Lung Khung

To study the surface reactivity 
mechanism and synthesize useful 
biomaterials from silicon

Fei-Ting Hsu

To develop better-targeted cancer 
detection and treatment system through 
theranostics probes
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