PolyU Milestones / June 2012

Recent studies have pushed PolyU to the leading edge
of cancer research with alternative treatment methods.
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Hope for
cancer healing

the effects of AIDS, tuberculosis and malaria. A serious problem

for the medical sciences, it is responsible for between seven and
eight million deaths each year, with that number expected to rise to 10
million by 2020. There has long been an obvious need to deal with this
situation, but current forms of treatment are often limited in their effects.
Radiation therapy and chemotherapy have drastic side effects, and
surgery is only helpful in those few cases that are detected early.

C ancer is one of the leading causes of death worldwide, outpacing

Fortunately, researchers at PolyU have recently made major
breakthroughs that offer hope for effective alternative treatments.
Ranging from the use of an African mushroom extract as a food
supplement and compounds that target proliferating cancer stem cells
to drugs that starve cancer cells of an essential nutrient, teams from
the Department of Applied Biology and Chemical Technology have been
offering new hope that this deadly disease might yet be tamed.
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Mushroom extract inhibits breast cancer

The most recent breakthrough has solved a
vexing problem in the use of selenium for cancer
treatment. Selenium is a trace element essential
for human health that has drawn attention from
researchers around the world for its excellent
bio-availability, low toxicity and strong anti-
tumour activity. Yet these characteristics are
only apparent at the nanoscale, and selenium
nanoparticles clump together very easily. The
challenge, then, has been to stabilize the particles
so they retain their scale.

Dr Wong Ka-hing, Assistant Professor at the
PolyU’s Department of Applied Biology and
Chemical Technology and Associate Director of
the Food Safety and Technology Research Centre,
solved this problem with a novel approach.
He successfully prepared highly stable, size-
controllable selenium nanoparticles that are
water dispersable using a polysaccharide protein
complex extracted from the African tiger milk
mushroom. The added benefit of the process is
that it can be achieved using a simple food grade
redox (oxidation-reduction) system.

Looked from a slightly different angle, Dr Wong
has developed a method that promises to deliver
ultimate products that can be consumed as
food or health supplements. This will obviously
make them more appealing as anti-cancer
treatments, given their ease of use and potential
for wide availability. Ultimately, that could lead to
governments reducing the now spiralling cost of
cancer treatments in public healthcare systems.

Dr Wong's preliminary study found that the
stabilized selenium nanoparticles could
significantly inhibit the growth of breast cancer
cells by apoptosis, or cell death. Recently, he
reported even more promising results. “By using
different mushroom polysaccharide-protein
complexes as the stabilizer”, he said, “the resulting
selenium nanoparticles exhibit strong in vitro anti-
tumour activity against different kinds of cancer
cell lines”.

In the next stage of his research, Dr Wong will
evaluate the anti-cancer activity of the stabilized
selenium nanoparticles on small animals, and
elucidate the underlying mechanism of their
growth-inhibition effects on breast cancer cells.
He will also be looking to determine at how many
of its developmental stages the African tiger milk
mushroom could be used for cancer research.
With this in mind, PolyU has partnered with the
city government of Zhaoging in Guangdong
and a commercial mushroom farm to grow the
mushroom in large enough quantities to support
further research.

Dr Wong’'s research on the preparation of
selenium nanoparticle with strong anti-tumour
activity won him the Young Investigator Award
at the 2011 International Conference on Food
Factors in Taipei. In 2012, he received a Gold
Medal and the Prize of the Chinese Delegation at
the 40th International Exhibition of Inventions in
Geneva. He holds a Chinese patent for this novel
nanotechnology.

Dr Wong Ka-hing wins a Gold Medal and the
Prize of the Chinese Delegation at the 40th
International Exhibition of Inventions.
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Inhibitor treatment

on breast cancer cells
(right picture) versus
the control treatment
(left picture)
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Research collaboration

targets cancer stem cell growth

Another of the more difficult problem facing
cancer researchers lies in determining how
to halt the early proliferation of cancer cells.
Cancer stem cells, otherwise known as cancer
initiating cells, exist only in small numbers but
can easily proliferate and self-renew. They resist
chemotherapy and radiation therapy due to their
differences in cell cycle regulation and DNA
repair processes, and metastasise into a range of
differentiated cancer cells that form tumours.

The lack of chemical inhibitors or other agents to
halt this process inspired a PolyU team led by Dr
Ye Tao, Associate Professor at the Department
of Applied Biology and Chemical Technology, to
conduct collaborative research with teams from the
Peking University Shenzhen Graduate School and
the Nevada Cancer Institute in the United States.

A leading scientist in the field of chemical biology,
Dr Ye has been very successful in obtaining
funding from the Research Grants Council and the
Innovation and Technology Fund to carry out both
basic and applied research. His anti-cancer drug
discovery programme was also supported by the
generous donation received from Fong Shu Fook
Tong Foundation and Joyce M. Kuok Foundation.
Under his guidance, the PolyU team worked
on the search for inhibitors of LSD1, a histone
demethylase that is highly expressed in a broad
range of tumours. Of nine potential inhibitors
developed, two — CBB1003 and CBB1007 —
proved most successful. In tests of a variety of
cell lines, the two compounds inhibited the growth
of cancer stem cells but had only minimal effects
on other cancer cells and normal cells.

According to Dr Ye, the new LSD1 inhibitors
could be put to clinical use in three ways. They

could first be used to treat malignant germ cell
tumours such as teratomas, teratocarcinomas and
embryonic carcinomas, all of which are usually
treated through surgery or with cis-platinum. The
drawback of these conventional methods is that
after initial treatment, the tumours always become
resistant to platinum drugs.

The inhibitors could also be used in stem-cell-
based therapy. One of the difficulties posed
by such therapy is that it tends to cause the
formation of embryonic carcinomas, teratomas,
or teratocarcinomas when embryonic and
induced pluripotent stem cells incompletely
differentiate in the organs of recipients. With
LSD1 inhibitors selectively inhibiting these
cancers, successful application of stem cell
therapy could be ensured.

Dr Ye mentioned that the inhibitors will also
be highly useful in selectively inhibiting the
proliferation of cancer stem cells into other
types of cells that cause organ-specific forms
of cancer such as breast, ovarian, lung and
brain cancer, and leukaemia. He said that
further studies have indicated that the LSD1
inhibitors can also be used to inhibit the cancer
stem cells that ultimately cause liver, gastric
and kidney cancer.

Leading pharmaceutical companies such as
Johnson & Johnson, Pfizer and Roche have shown
great interest in further developing the new class
of LSD1 inhibitors. The collaborative group’s
findings have also generated attention from the
scientific community around the world. Part of
the research work has already been published in
Cancer Research and was highlighted by Nature
(China) earlier this year.
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‘ ‘ The newly

developed inhibitors
can inhibit the growth
of cancer stem cells
but has only minimal
effects on other
cancer cells and
normal cells.
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A solid foundation

These two major breakthroughs have not
occurred in isolation. In recent years PolyU has
played a leading role in cancer research through
efforts at the Department of Applied Biology
and Chemical Technology in general and the Lo
Ka Chung Centre for Natural Anti-Cancer Drug
Development in particular.

Established in late 2006, the Centre carries out
pioneering research into natural anti-cancer
drugs, and contributes directly to the community
by promoting educational training and scientific
information on cancer-related discoveries. The
Centre’s research team itself has made two
important discoveries — both related to the amino
acid arginine.

Arginine is considered a conditionally essential
amino acid, which means that the human body
produces its own supply in most cases. Notable
exceptions are premature babies, who need to
receive it as a dietary supplement. Cancer cells
fail to synthesize their own arginine and have to
acquire arginine from the blood. The depletion of
arginine in blood causes the arginine-dependent
cancer cells to die while leaving the normal cells
unharmed.

With a keen awareness of this process, team
members at the Centre jointly researched BCT-
100, a new drug for liver cancer that depletes
arginine with a natural human enzyme, with Bio-
Cancer Treatment International Limited (BCT) at the
laboratory stage. The drug, BCT-100, is currently
under phase I/Il clinical trials at Queen Mary
Hospital, and the results have been encouraging
so far. Generating extensive local and global
attention, the breakthrough earned the team both
a Gold Award and a Special Gold Award at the 33rd
International Exhibition of Inventions in Geneva
during 2005. Thereafter, BCT followed up on
additional research and development. Submitted
by BCT as its sole owner, BCT-100 has become
Hong Kong's first Investigational New Drug (IND)
approved by the US Food and Drug Administration
(FDA). BCT-100 has been granted FDA approval in
March 2012 for starting the clinical trial in the U.S.
Phase | clinical study on liver cancer patients will be
conducted in Loma Linda University in the fourth
quarter of 2012.

Dr Thomas Lo (left) and Prof. Thomas Leung

Since the Centre’'s establishment, the team has
continued investigating the use of arginine
depletion under the leadership of Prof. Thomas
Leung and Dr Thomas Lo. They have developed a
second drug, BCA-PEG20, which represents a new
paradigm for treating many types of cancer. This
can be best understood through comparison with a
similar drug under development, ADI-PEG 20.

Otherwise known as pegylated arginine
deiminase, ADI-PEG 20 is being developed
by a major multinational biopharmaceutical
company. Like BCA-PEG20, it systematically
depletes arginine from cancer cells. However,
despite widespread publicity and promising
clinical trials, the drug is limited in its
effectiveness, with a relatively small selection
of cancer types affected. This is where the new
PolyU breakthrough becomes very important.

The team at the Lo Ka Chung Centre recently
used state-of-the-art DNA technology and protein
modification to formulate a similar drug with a
significantly prolonged half-life. BCA-PEG20 is based
on a special heat-stable arginase — an enzyme that
converts arginine into ornithine and urea — and
kills cancer cells that cannot be treated by ADI-
PEG20. Pre-clinical findings so far suggest that the
new drug kills cancer cells effectively and safely,
dramatically expanding the usefulness of arginine
depletion to a wide range of cancer types.

As the team put it when describing their research,
BCA-PEG20 “brings a ray of hope to cancer patients”.

For its efforts in developing the drug, the team was
awarded the Prize of the State of Geneva and the
Gold Medal with Jury’'s Commendation at the 37th
International Exhibition of Inventions in 2009.

A year later, the team joined the SEED (Scientists
to Entrepreneurs, Education and Development)
competition, a life-sciences business plan competition
sponsored and jointly organized by Roche, OrbiMed
and McKinsey. Their business plan entitled “A new
biological drug BCA-PEG20 for treating lung cancer
and colorectal cancer” was one of 16 selected to go
through to the final from a total of 77 submitted by
leading scientists, researchers and entrepreneurs
from throughout Greater China.
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BCA-PEG20 brings a ray of hope to
cancer patients.

BCA-PEG20 RIBIERATR —IRHE

=B 0IIRE

HE - B A BT E RS HREIL IR
ReF BRNEBEAEYRACERRERM
BUETAHUR T 7T 1 [ 2 B8 R A4 BE Y AT 3 R
ET—RINAZELE EREMESE—ER
BEFIENAE -

EXBRRTEENHEPON_FTNFRL  §
EREAERERBHRREY - WEBIRHEERE
BERRNBEEIRHEZEA - S EHER
MER - RO EESREENRERER - ©Ff
B EISRBARRE o

BaRkR - BXUFAER ABBREUBTHE
Bak  FEZAGI  FEURDEERTAE
BRaK - BAREESTRERRE - AMKE
MR R & o SHFEMR T S RBR AL G BUE LK
SR RBR R T - R ABLER AL
FEBDEEMIXTE -

[E SR BAR SAITU R BRI 28 o 0 O T 75 B0 5 i e B 2
BEERAR (REBEZ) TtEREMREERFE
BCT-100 - —T&ABEMERAE - LUERULES S
RELFEBIE AR RN /0% © E1E%EY) (BCT-100)
BRIEBEITH#ETTE — RE _BNRAHR - MRS
ABFE o EEEENMATE AN K B R 2 B B2 B
o ER ST RAFEARNRETNE == EEE
BHETESSREEFRSE o i - BEFEEE
BEETE —TSHNMEMAR  CREEERER
& ' BCT-100f B EERNS B TME W BBAEXHR R
EEEE BHERRS SRR ERFEE - BCT-100
T —F=-AEERRAEMEETIERBIE -
R —FFNEFHRRNERSIHEENE
Loma Linda University) #1755 —HBFGRATE ©

e
R

E

palll}

-t
(

FOBRIIAR - HEBR —EERBRIBIEME
FEHELEET  BOOETIRREEBNER - f
9B R B ¥ — R A9 224 BCA-PEG20 » BRUAE

ZIERIE - BEMEBHENKIE KB EEE
FEFI 3SR B R SE 2249 ADI-PEG 20 fELL 8K o

ADI-PEG 20 CEREELTMREE) B—PrBEEYR
BN AR - ©IRBCA-PEG20 — 1k - AIARAEE
WHREIBRBANM P IR R - AT - BMEZLBEZH
EE - URERABRBRSARE - EEYRIYD
HERBEEEER  ERBAEERR - EalK
RTERREMEIROEE, -

R ERBRARIBEEMAERLNHAETAR
MAERKM - BEED FEMHEM - KIHHR
H—TEER T A RHMMIIUADI-PEG 20 #) 5%
¥ — BCA-PEG20 ° B#)E E K 7 2 — & 1 Ik HY iy
ANBENEARE 2 RBRXABE  ©OY
ERBBAaERIMKXSEREMEREIEAHY - XL
OB ADI-PEG 20 FT M BE SRR 400 o & PR AT AT
RERBLN  BRIMNENARB LT HRME
AL - BAEREERBREFEBHRAE TR AL
B EIE °

MEBREN BB R EL - BCA-PEG20 BfE
ERAHER—BRHE -

E-TTASNESHEEEREHES  REE
Wi By TS B NN BN SRR SRS
S8

— &% B2 T HZEK (Roche) ~ JRIKEE AR
(OrbiMed) MZE F#5 A7 (McKinsey) Bi& EHH
SEED&TEFAE (SEEDEERR [HRERB|ItE
FMBEMBRE])  Ee—EAEaRI2mEst
EHE BAEBNEESEERS [—EHFH
LAYR R b J R K B3 2 0 AE M 2 B2 BCA-PEG20 ] -
Ft+tMAFERRAGEEREZR AERAEFD
ERERMETEIEF - WkiBBEABREN X

MEtdEZz—

Taken together,
these four
breakthroughs by
PolyU researchers
indicate the extent
to which the
University is pushing
back the barriers
to healthy living

for all. In no better
way could we enact
the University’s
motto, “To learn
and to apply, for
the benefit of
mankind”.
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