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A DEEPER LEVEL OF
INTERACTION
Understanding the interaction pathways between & within cells                         

A

s 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 generegulation 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
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WWP1 Gene in Human Oral
Cancer
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 cyclerelated 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

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

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
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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

9

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 miR196a 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 nonalcoholic fatty liver disease (NAFLD)
and drug design.
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Mapped distant estrogen response elements (DEREs) using an integrative next generation sequencing
strategy

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

Proposed model of estrogen/DERE-driven long epigenetic repression of ZIM2 with HP1 participation
Oncogene 2016; 35:2379-2389

frequently inserted into multiple
genomic sites, resulting in complex
chromosomal rearrangements and
amplification. This massive mutation
process termed chromothripsis
prompts the amplification of cancerrelated 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 CRISPRCas9 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.
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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 extrashort chromosome 22 and an
extra-long chromosome 9.
Chromosome 22, then, creates a
new gene, the BCR gene while

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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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.

CMU College of Life Sciences | Research Highlights | 2020

14

C E L L PAT H W AY S

C E L L PAT H W AY S

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 preexisting (intrinsic) or drug-induced
(acquired). In these cases, CDDPresistant 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

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 EFGRmutant 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.

Antitumor effects of CDDP treatment alone or in combination with either Gefitinib or S3I-201 on NTUB1/P-xenografted NOD/SCID mice
Clinical Cancer Research 2017; 23:503-513

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 chemoresistant 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 anticancerresistant cases.

Targeting PKCδ in n EGFRMutant 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

CMU College of Life Sciences | Research Highlights | 2020
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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.

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.
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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

C E L L PAT H W AY S
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

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.
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Proposed model of PRMT3-mediated metabolic reprogramming in pancreatic cancer cells
Journal of Hematology & Oncology 2019; 12:79

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 chemoresistant pancreatic cancer cells.
Hsu intends to extend these works
into cancer immunotherapy in the
near future.

Proposed model of
PRMT3-mediated
GEM resistance in
pancreatic cancer cells
Cancer 2018; 11:8
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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 nonprescription 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 alcoholmetabolizing 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

Interaction between salicylate and acetaldehyde
oxidation with human ALDH2
Biochemical Pharmacology 2015; 95:71-79

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 alcoholmetabolizing 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.

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.

Protein Kinase C (PKC)δ in
Diabetic Cardiomyopathy

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

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,

CMU College of Life Sciences | Research Highlights | 2020

Galangin in Preventing
Skin Ageing

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

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

Cellular senescence was measured by senescenceassociated β-galactosidase staining, expressed as
the percentage of positively stained cells
Environmental Toxicology 2020; 35:115-123
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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 ultravioletinduced 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.
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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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