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Nutritional deprivation/depletion
studies in laboratory/veterinary
animals have led to great scientific
discoveries and better understan-
ding of the biosyntheses and me-
tabolisms of the studied nutrients,
such as fatty acids, vitamins, ami-
no acids and hormones. In vitro,
amino acid depletion results in
normal somatic cells entering into
quiescence (G0). Upon repletion of
the amino acid, they immerge
from quiescence into G1 and nor-

mal cell cycle resumes. Cancer
cells behave rather differently in
the presence of amino acid restric-
tion. Even in amino acid deple-
tion, they continue to go into
cycle resulting in ‘arrests’ at various
cycling phases such as G2/M; so-
me die of apoptosis (1). This sug-
gests defects in different nutritio-
nal checkpoints at different phases
of the cell cycle in cancer cells. In
cancer cell cultures, depletion of a
number of amino acids such as ar-
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Summary
Nutritional deprivation/depletion studies in laboratory/veterinary ani-
mals have led to great scientific discoveries and better understanding of
the biosyntheses and metabolisms of the studied nutrients, such as fatty
acids, vitamins, amino acids and hormones. In cancer cell cultures, de-
pletion of a number of amino acids such as arginine, 5-hydroxytrypto-
phan, leads to cell death in a broad range of cancer cells. This provides
the scientific basis of amino acid depletion in cancer treatment.

Riassunto
Studi di deplezione/deprivazione nutrizionale in animali di laboratorio
e animali sottoposti a cure veterinarie hanno portato a grandi scoperte
scientifiche e a una migliore comprensione della biosintesi e del meta-
bolismo dei nutrienti studiati, come gli acidi grassi, le vitamine, gli ami-
noacidi e gli ormoni. In colture di cellule cancerose, l’esaurimento di un
certo numero di aminoacidi come l’arginina, 5-idrossitriptofano, porta
alla morte cellulare in una vasta gamma di cellule tumorali. Ciò fornisce
la base scientifica della deplezione di aminoacidi nel trattamento del
cancro.
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ginine, 5-hydroxytryptophan,
leads to cell death in a broad range
of cancer cells. This provides the
scientific basis of amino acid de-
pletion in cancer treatment.
In the seventies and eighties, L-
asparaginase, an L-asparagine de-
pleting enzyme, came into clinical
prominence in the treatment of
acute lymphoid leukemias (ALL)
and lymphomas (2, 3). The drug
restricts L-asparagine by enzyma-
tically converting it to L-aspartate.
Since leukemic cells lack the enzy-
me asparagine synthase (AS) to re-
generate L-asparagine, they die ra-
pidly with dramatic clinical bene-
fits. Normal somatic cells on the
other hand, with their intact AS,
survive L-asparagine restriction.
The drug is highly effective against
acute ALL and certain non-Hodg-
kin’s lymphomas, even as a single
agent. However, resistance to the
drug also quickly develops thought
to be due to rapid up-regulation of
the AS gene (4, 5).
Current research indicates that the
amino acid depletion of which
causes the greatest perturbation in
cancer cell proliferation and least
“detrimental effect” to the host is
arginine, which, arguably, is one of
the most versatile and indispensi-
ble amino acid in the body (6).
The amino acid plays a key role in
virtually all biochemical pathways
and is present in almost all pepti-
des and enzymes. It is intimately
involved in a myriad of biochemi-

cal reactions including the urea
cycle in the liver, polyamine and
creatine biosyntheses and produc-
tion of nitric oxide in the vascular
tone control, etc. (7). It has been
well documented that dietary re-
striction of arginine resulted in re-
tardation of tumor growth in labo-
ratory animals; the converse is also
in arginine-enriched diet (8).
Conceptually, arginine is such an
important amino acid that the
body cannot afford to be deficient
of, let alone tolerating its complete
absence. An important enzymatic
system exists in the mitochondria
of somatic cells in which a tightly
bound dual enzyme system with
Argininosuccinate Synthetase/
Argininosuccinate Lyase (ASS/
ASL) endogenously converts ci-
trulline to arginine, thus providing
an alternative source of the amino
acid (9). Citrulline is found in
abundance in the blood, tissue
fluid and intracellular space. In ti-
me of deficiency or period of rapid
growth, this system goes into
overdrive ensuring adequate
supply of arginine. This dual sour-
ce of arginine is the reason why,
despite its great prominence in the
body, arginine is still classified as a
non-essential amino acid since the
body can synthesize its own argi-
nine (10).
With immunohistochemistry and
RT-PCR technique a number of
tumors, including hepatocellular
carcinoma (HCC) and melanoma,

were found to lack or under-ex-
press ASS/ASL, and they are par-
ticularly prone to arginine restric-
tion both in vitro and in vivo (1-
12). This is a rather simplistic way
to rationalize the mechanism of
cell death in these tumors under
the condition of arginine deple-
tion. We have ample scientific da-
ta to indicate that arginine deple-
tion causes a multitude of intracel-
lular perturbations, which in turn
lead to the demise of these tu-
mors, irrespective to their ASS
status.
In vivo, arginine depletion can be
achieved with an arginine degra-
ding enzyme such as arginase or
arginine deiminase (ADI); the
former is a mammalian hepatic
urea cycle enzyme now produced
in vast quantities with recombi-
nant DNA technique (12) while
the latter is a protein derivative of
a Mycoplasma, either argini or ho-
moni (13). Unlike in in vitro con-
ditions, arginine depletion in real
life animals poses a number of
problems since these native enzy-
mes have very short in vivo half-
lives. This problem can be resol-
ved with the process of pegylation,
which lengthens the enzymes cir-
culatory half lives substantially
(14). Another problem is the de-
velopment of auto-antibodies
which occur readily even after
short exposures, such as weeks,
rendering the enzymes ineffectual.
This appears to be a major pro-
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blem for ADI and not arginase,
being a humanized hepatic enzy-
me. Arginine depletion with
pegylated arginase and ADI has
now been shown to be an effective
way of tumor control: pegylated
ADI has completed Phase II cli-
nical trials vs. HCC and melano-
ma in Italy, Taiwan and the US
(15). Pegylated recombinant hepa-
tic arginase has completed phase I
clinical in HK in a group of HCC
patients.
Pegylated recombinant hepatic ar-
ginase (Coded-named BCT-100)
was co-developed by the Hong
Kong Polytechnic University and
Bio-Cancer Treatment Internatio-
nal Ltd., a Hong Kong-based bio-
tech company. The drug is now
being produced in strict GMP
conditions in Northern China and
is ready for clinical trials in both
the US and the PRC. Phase I
study of the drug at Queen Mary
Hospital, University of Hong
Kong, started in May 2008 and
has recently closed. Clinical data
confirmed that the drug is effecti-
ve and safe in depleting circulatory
arginine in human subjects in a
dose-dependent manner. Of the 8
patients who completed all 12

weeks of depletion, 4 had stabili-
zed disease with time to progres-
sion over 2.8 months. The drug is
extremely well tolerated with ex-
cellent QoL profile. Phase II is
due to start in late 2009.
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