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Tryptophan Metabolism and Cancer Progression
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Abstract: Intracellular tryptophan (Trp) is catabolized to a large repertoire of metabolites via two major pathways:
indoleamine and tryptophan 2, 3-dioxygenases (IDO/TDO) and Trp hydroxylase (TPH) pathways. The catabolites
possess diverse biological activities and carry out various physiological functions. Several catabolites such as
kynurenine (Kyn) and serotonin promote while melatonin and 5-methoxytryptophan (5-MTP) suppress cancer growth and
metastasis. Cancer cell-derived Kyn enhances cancer growth and evasion of immunosurveillance by interacting with
cancer cell and immune cell membrane aryl hydrocarbon receptors (AHR), respectively. Serotonin exerts its tumor-
promoting activities through type 1 and type 2 serotonin receptors. 5-MTP and melatonin suppress cancer growth and
metastasis by common mechanisms, i.e., inhibition of p300 histone acetyltransferase (HAT) and NF-kB activation, and
suppression of cyclooxygenase-2 and cytokine transcription. Both metabolites block p38 MAPK signaling pathway.
Human cancer tissues express increased levels of IDO, TDO and kynurenine monooxygenase (KMO) which are
correlated with reduced patient survival. In summary, cancer Trp metabolism regulates cancer growth and metastasis by
complex mechanisms. 5-MTP and melatonin provide valuable lead to develop new drugs for chemo-prevention and

adjuvant therapy of cancer.
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1. INTRODUCTION

L-tryptophan (Trp) is an essential amino acid
required for protein synthesis. Its intracellular pool
serves as a substrate for synthesis of bio-active
metabolites with diverse biological activities and
physiological functions. Trp metabolites regulate
immune responses, inflammation, neurotransmission,
circadian rhythm, sleep, cellular senescence and
vascular protection in a cell-specific manner. They are
produced via two pathways: IDO/TDO and TPH
pathways (Figure 1). IDO (indolamine 2, 3
dioxygenase) is expressed in immune cells and
catalyzes the synthesis of kynurenine (Kyn) [1,2]
(Figure 1A). Two IDO isoforms, i.e., IDO-1 and IDO-2
have been identified. IDO-1 is well characterized and
its expression and immune-modulating activities have
been extensively investigated while the function of IDO-
2 is less clear [1-4]. IDO-1 is constitutively expressed in
placenta and dendritic cells and induced by interferon-y
(IFy) in a large number of tissues [5]. TDO (tryptophan
2, 3-dioxygenase) is genetically and structurally distinct
from but catalytically similar to IDO. It is expressed in
liver cells which accounts for most of Kyn synthesis
under physiological conditions [6]. Kyn exerts immune-
suppressive actions through induction of T cell
apoptosis and upregulation of regulatory T cells (Treg)
[7]1. In addition, it regulates skeletal muscle and stem
cell functions and contributes to inflammation,
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neurodegeneration and tumoriness [7]. Kyn is further
catabolized to a series of metabolites such as 3-
hydroxykynurenine, 3-hydroxyathranilic acid, quinolinic
acid and nicotinate ribonucleotide, a precursor of NAD
(Figure 1A). These catabolic products perform diverse
functions.

The TPH (tryptophan hydroxylase) pathway
generates three bio-active metabolites: serotonin,
melatonin and 5-methoxytryptophan (5-MTP, also
known as cytoguardin) (Figure 1B). There are two TPH
isoforms. TPH-2 is expressed in neurons while TPH-1
is expressed in peripheral tissues [8,9]. Both isoforms
are detected in pineal cells. TPH-1 or -2 catalyzes
conversion of L-tryptophan to 5-hydroxytryptophan (5-
HTP) (Figure 1B). In serotonergic neurons, TPH-2
derived 5-HTP is converted to 5-hydroxytryptamine (5-
HT, serotonin) by aromatic L-amino acid decarboxylase
(AADC) [10]. Serotonin is an important
neurotransmitter regulating behavior, mood and
learning [11]. Only a small fraction of body serotonin is
produced in central nervous system. A vast majority (~
95%) of serotonin is produced in peripheral tissues
mostly in enterochromaffin cells of the gut. Adipocytes,
osteoclasts and vascular cells also produce serotonin
[12]. Serotonin produced by peripheral tissues carries
out diverse functions including regulation of vascular
tone and gastrointestinal function [12]. In pineal and
retinal cells, serotonin serves as an intermediate
metabolite for melatonin synthesis: serotonin is
converted to N-acetyl-serotonin  (N-acetyl 5-
hydroxytryptamine) by  arylalkylamine  N-acetyl
transferase (AANAT) [13] (Figure 1B). The final step of
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Figure 1: L-tryptophan catabolic pathways. Yellow denotes pro-cancer and green denotes anti-cancer enzymes or

metabolites.

melatonin synthesis is catalyzed by N-acetylserotonin
O-methyltransferase (ASMT, generally known as
hydroxyindole O-methyltransferase, HIOMT). ASMT
catalyzes transfer of methyl group from a methyl donor,
S-adenosylmethionine (SAM) to N-acetylserotonin to
form N-acetyl-5-methoxytryptamine (melatonin) [13]
(Figure 1B). Melatonin appears to be selectively
produced in pineal and retinal cells. Melatonin
synthesis is controlled by circadian rhythm through
AANAT which is expressed in dark and suppressed by
light [14]. Melatonin plays a physiological role in
regulating circadian rhythm and sleep [15]. The third
bioactive metabolite in the TPH pathway is 5-MTP
which was recently uncovered as an anti-inflammatory
and anti-tumor factor [16]. 5-MTP synthesis from 5-
HTP is also catalyzed by HIOMT. However, a different
HIOMT mRNA isoform distinct from the melatonin-
catalyzing isoform is involved in 5-MTP synthesis [17].
5-MTP is produced by fibroblasts, mesenchymal
stromal cells, vascular endothelial and smooth muscle

cells, and epithelial cells [18]. It is secreted into the
extracellular milieu via Golgi vesicular transport, where
it exerts its biological actions [18].

Extensive investigations have revealed that cancer
cells express enzymes to synthesize Kyn and
serotonin. Importantly, they utilize these metabolites to
promote their own growth. On the other hand, they are
the target of melatonin and 5-MTP which suppress their
proliferation and migration. Thus, there is an intimate
relationship between Trp metabolism and cancer
progression. This review will focus on cancer cell Trp
metabolism and its response to Trp metabolites. Trp
metabolites and catabolic enzymes as potential
prognostic biomarkers will be discussed.

2. CANCER CELLS
PROMOTING METABOLITES

PRODUCE TUMOR-

Cancer cells express enzymes such as IDO-1, TDO
and kynurenine monooxygenase to produce Kyn and
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its downstream catabolites such as 3-
hydroxyanthranilic acid (3-HAA). In addition, they
express TPH-1 and AADC to produce serotonin. Kyn,
3-HAA and serotonin possess tumor-promoting
activities and play an important role in cancer
progression.

2.1. IDO or TDO-Derived Kyn in Cancer Cells Drives
Cancer Growth via Aryl Hydrocarbon Receptor
(AHR)

IDO-1 is widely expressed in human cancers [19]
while expression of TDO in cancers is selective [20].
Some cancers such as malignant glioma express both
enzymes [21]. It is unclear whether expression of IDO-
1 or TDO has different impacts on cancer progression.
Nor is it clear how each enzyme contributes to Kyn
production when both enzymes are concurrently
expressed. Nevertheless, Kyn has been shown to
directly promote cancer cell proliferation and migration
via aryl hydrocarbon receptors expressed on cancer
cells [22,23]. Furthermore, it enhances cancer growth
and metastasis by suppressing host immune response
to facilitate cancer evasion of immune surveillance [24].
Kyn suppresses the activities of natural killer and T
killer cells, inhibits antigen-processing cells and
induces regulatory T cell [25-28]. Immunosuppressive
effects of Kyn on T-lymphocytes, dendritic cells,
monocytes/macrophages and natural killer cells are
mediated at least in part through interaction with AHR
on the immune cells [29].

AHR, expressed in a wide variety of cancers, is a
cytosolic receptor which interacts with exogenous
ligands notably environmental toxins such as dioxins
and endogenous receptors such as Kyn [21]. Kyn-
bound AHR ftranslocates to nucleus where it forms a
heterodimer with ARNT (AHR nuclear translocator).
AHR/ARNT complex binds to AHR response elements
and promotes expression of genes that enhance
cancer cell proliferation and migration [22,29]. Cancer
cell-derived Kyn also binds AHR in immune cells
thereby altering immune cell activities and inducing
phenotypic changes resulting in suppressed immune
response and ineffective cancer immune surveillance
[29]. Thus, Kyn derived from cancer cell IDO-1 or TDO
exerts multiple biological actions by interacting with
AHR expressed in cancer cells and immune cells.

2.2. AADC-Catalyzed Serotonin Produced by
Cancer Cells Promotes Cancer Cell Proliferation

Serotonin is synthesized and secreted from several
types of cancer cells including colorectal, breast,

hepatocellular and cholangial cancer cells [30-33]. The
secreted serotonin acts locally to increase cancer cell
proliferation through paracrine mechanisms such as
angiogenesis [30]. Serotonin promotes growth of
prostate, breast, bladder, colorectal, hepatocellular,
cholangial and small cell lung cancer cells by
interacting primarily with 5-HT receptors (5-HTR) 1A,
1B, 2A and 2B [34].

Serotonin is produced from Trp via two enzymatic
steps: 1). TPH converts Try to 5-HTP and 2). AADC
converts 5-HTP to 5-HT. Genome-scale metabolic
network analysis of 2000 human breast cancer tissues
has classified active serotonin production as a poor
prognostic group [33]. Active serotonin production is
attributed to upregulation of AADC. AADC was
originally discovered in catecholamine-producing
neurons as an enzyme catalyzing conversion to L-
DOPA to dopamine and hence was named DOPA
decarboxylase (DDC) [10]. It was subsequently found
that it catalyzes conversion of 5-HTP to 5-
hydroxytryptamine (5-HT, serotonin). As the enzyme
catalyzes decarboxylation of aromatic L-amino acids to
generate amines, it is also called aromatic L-amino
acid decarboxylase (AADC). AADC is encoded by a
single gene with two alternative promoters which drive
the expression of two mRNA isoforms through

alternative splicing.. The mRNA isoforms are
expressed in cell-selective manner: neural isoform and
non-neural isoform [35,36]. Alternative splicing-

produced mRNA isoforms generate two distinct
proteins: 480 aa- and 442 aa proteins [37]. The 480 aa
isoform is active in catalyzing the formation of serotonin
and dopamine. The 442 aa isoform is catalytically
inactive and may have a different function [37].

Non-neural mRNA isoform is expressed in kidney
and liver as well as in cancer cells. Small cell lung
cancer (SCLC) cells which are of neuroendocrine origin
express neural isoform [38]. AADC is abundantly
expressed in human SCLC tissues and is associated
with a better prognosis [39]. In a study with human
colorectal cancer, AADC was detected in about 25% of
tissues which was associated with early cancer stage
and longer survival [40]. It is to be noted that the
sample size in this study is small and may not be
sufficient for drawing conclusion. By contrast, AADC
expression levels in prostate cancer tissue were
reported to be associated with a poor prognosis with
shorter survival [41]. Inconsistency in the relationship
between AADC expression and cancer prognosis may
reflect different cancer behavior but could be attributed
to study design and small patient sample size. Further
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studies are needed to clarify the role of AADC in
cancer progression and prognosis.

3. 5-METHOXYTRYPTOPHAN (5-MTP) CONTROLS
CANCER PROGRESSION

5-MTP was discovered as a factor secreted by
human fibroblasts for control of stress-induced
cyclooxygenase-2 (COX-2) expression [42]. Purification
and chemical analysis suggest that this COX-2
suppressing factor is a small molecule with an indole
moiety [43]. This small molecule was named
cytoguardin [43]. Comparative metabolomic analysis
revealed the identity of cytoguardin as a methoxyindole
derivative of Trp, i.e., 5-MTP [16]. 5-MTP inhibits
cancer migration through blocking mitogen-induced
expression of COX-2 and cytokines in cancer cells [16].
5-MTP reduces cancer growth and metastasis in vivo in
a xenograft tumor model. In this murine model
implanted with A549 cells, pretreatment with
intraperitoneal infusion of 5-MTP reduces tumor
volume and lung metastasis at 7 weeks after A549 cell
implantation, accompanied by suppression of tumor
COX-2 and matrix metalloprotein-9 expression [16]. 5-
MTP inhibits phorbol 12-myristate 13-acetate (PMA)-
induced COX-2 transcription in human fibroblasts by
blocking binding of several transactivators including
NF-kB, C/EBPB, CREB-2 and AP-1 to the proximal
region of COX-2 promoter [44]. 5-MTP inhibits cancer
cell COX-2 and MMP-9 expressions at the
transcriptional level.

Human fibroblasts co-incubated with A549 cells
attenuate epithelial mesenchymal transition (EMT) of
A549 cells and cancer cell migration [45]. Fibroblasts
inhibit cancer cell EMT through 5-MTP release which
inhibits EMT at least in part by blocking p38 MAPK
signaling pathway [45]. This is in keeping with the
action of 5-MTP on other cells: 5-MTP inhibits stress-
induced macrophage activation, endothelial
inflammation and smooth muscle cell proliferation
through blocking p38 MAPK [18,46,47]. Naive
fibroblasts confer resistance to cancer development
and growth [48]. However, cancer-associated
fibroblasts (CAF) lose the cancer-fighting ability and
are educated by cancer to become an accomplice of
cancer growth [49]. The cancer promoting activity of
CAFs may be attributed in part to its loss of 5-MTP
production [49]. Endothelial cells (EC) are a major
source of 5-MTP production. Cancer cells may convert
ECs into cancer-promoting by suppressing 5-MTP
production. Through 5-MTP suppression, the tumor
microenvironment is proinflammatory and cancer-
supporting.

4, HIOMT TRANSFECTION SWITCHES
METABOLITES FROM SEROTONIN TO 5-MTP IN
CANCER CELLS

Analysis of tryptophan metabolites in conditioned
medium of A549 cells indicates that serotonin and Kyn
are the predominant metabolites [17]. Thus, A549
cancer cells use these two tumor-promoting Trp
metabolites to advance their growth and metastasis.
A549 cells express abundant TPH-1 and AADC
consistent with their serotonin-producing capabilities
[17]. By contrast, they express very low HIOMT,
although cloning and sequence analysis of HIOMT in
cancer cells provides evidence for the expression of
authentic HIOMT298 isoform [17]. Transfection of A549
cells with HIOMT298 restores expression of HIOMT
and production of 5-MTP. Importantly, HIOMT298
transfection is accompanied by suppression of AADC
expression and reduction of serotonin production and
secretion [17] (Figure 2).

HIOMT was initially identified in pineal cells. As it
catalyzes conversion of N-acetylserotonin to N-acetyl-
5-methoxytryptamine (melatonin), this enzyme was
named ASMT (N-acetylserotonin methyltransferase).
ASMT is encoded by a single gene [50]. Three mRNA
isoforms were detected in pineal and retinal cells as a
result of alternative splicing [50,51]. The full-length
mRNA codes for a 373 aa protein while exon 6-and
exon 6 and 7-spliced mRNAs code for a 345 aa and
298 aa protein, respectively. Structure-function analysis
shows that HIOMT345 is the active isoform which
catalyzes melatonin synthesis [52]. ASMT298 is
considered to be a truncated form and inactive in
melatonin generation due to obliteration of binding site
for the methyl donor S-adenosylmethionine (SAM) [52].
Cloning and sequence analysis confirmed that
fibroblasts express HIOMT298 with sequence identical
to ASMT298. It is surprising that HIHOMT298, expressed
in fibroblasts and vascular ECs, is active in catalyzing
5-MTP production. How this truncated enzyme
catalyzes methylation of 5-HTP is a subject of interests
which is being investigated.

Suppression of AADC expression by HIOMT298
transfection leads to alteration of cancer cell behavior,
making it less malignant. Subcutaneous implantation of
HIOMT298-transfected A549 cells in the xenograft
murine tumor model results in smaller tumor growth
and fewer lung metastatic nodules than implantation of
control A549 cells [17]. Metabolic switch of A549 cells
by HIOMT gene transfer uncovers a reciprocal
relationship between serotonin and 5-MTP synthesis in
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Figure 2: Metabolic switch by HIOMT transfection in A549 cancer cells. Untransfected A549 cells produce pro-tumor
serotonin via AADC. HIOMT298 transfection results in suppression of AADC and shifts the metabolic pathway toward 5-MTP

production.

cancer. Cancer cells reprogram TPH metabolic
pathway to favor serotonin production by promoting
AADC expression. Forced overexpression of HIOMT
switches the metabolic program to 5-MTP production
by suppressing AADC expression. The mechanism by
which  HIOMT298 transfection silences AADC
expression is unclear and remains to be elucidated.

5. MELATONIN INHIBITS CANCER GROWTH AND
METASTASIS

Melatonin has been extensively studied as an
antitumor pharmacological agent. At pharmacological
concentrations, it inhibits cell proliferation and migration
of diverse cancers including breast, prostate, cervical,
renal, liver, gastric, pancreatic, colorectal, pulmonary
and oral cancers as well as melanoma, sarcomas, and
lymphomas [53]. Results from clinical trials suggest
that melatonin is useful in enhancing the efficacy of
chemotherapy and improving quality of life [53]. Myriad
mechanisms have been proposed to explain the anti-
cancer effects of melatonin. They include 1). inhibition
of cancer cell telomerase, and DNA damage repair, 2).

control of reactive oxygen species generation, 3).
blocking induced expression of cyclooxygenase-2
(COX-2), matrix metalloproteinases (MMPs) and pro-
inflammatory cytokines, and 4). induction of cancer cell
apoptosis [54]. Reported data suggest that the diverse
mechanisms proposed for various cancers are
probably the manifestations of a fundamental
mechanism yet to be elucidated [55,56].

Melatonin and 5-MTP share several common anti-
tumor characteristics. They are highly effective in
scavenging ROS and hence attenuates ROS-induced
DNA damage and cell transformation [57-59]. 5-MTP
was reported to upregulate manganese superoxide
dismutase (MnSOD, SOD-2) and catalase [59].
Another common action is suppression of COX-2
expression. 5-MTP suppresses mitogen-cytokine- and
LPS-induced COX-2 expression through inhibition of
COX-2-promoting  transactivators notably NF-«kB
[18,46]. Melatonin suppresses COX-2 expression in a
manner similar to 5-MTP [60]. In addition, both
metabolites inhibit activation of p300 histone
acetyltransferase (HAT) [18,44,60]. p300 HAT
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acetylates histone to loosen chromatin structure and
facilitate transactivator binding and acetylates
transactivators such as NF-kB and C/EBPB to
strengthen their binding to promoters resulting in
enhanced transcription of COX-2 and pro-inflammatory
genes [61,62]. Both metabolites block p300 HAT
activity thereby suppressing pro-inflammatory gene
expression. Both 5-MTP and melatonin act against a
common signaling pathway: p38 MAPK. 5-MTP was
reported to inhibit A549 EMT through blocking p38
MAPK [45]. Analogous to 5-MTP, melatonin inhibits
breasts cancer cell invasion by repressing p38 MAPK
phosphorylation [63]. Melatonin inhibits p38 MAPK
activation through interaction with its membrane
receptors, MT1 and MT2 which transmits signals to
block p38 MAPK. 5-MTP may act through a 5-MTP
receptor [18]. However, 5-MTP receptors have not
been isolated and its identity remains unknown.
Judging from structural similarities between 5-MTP and
melatonin, it is possible that 5-MTP may act through
receptors closely related to MT1 and/or MT2.

5.1. AANAT-Derived Melatonin Defends against
Cholangiocarcinoma Growth

Despite multiple pharmacological studies showing
the anticancer effect of melatonin, there are limited
reports on the physiological role of 5-MTP in defending
against cancer development. Melatonin is produced in
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cells of intestines, liver and bile duct [64,65] but its
functions in extra pineal tissues are poorly understood.
A report about melatonin synthesis in cholangiocytes
shed lights on the role of melatonin in defending
against cancer. A key enzymatic step in melatonin
synthesis is AANAT which catalyzes melatonin
production in the darkness [14] (Figure 3A). The level
of AANAT expression in cholangiocytes was reported
to regulate melatonin synthesis [65]. AANAT
expression is reduced in cholangiocarcinoma (CCA)
which is accompanied by reduced melatonin synthesis
and cancer progression [66] (Figure 3B). Supplement
of melatonin to cultured cholangiocarcinoma cells
inhibits cancer cell proliferation [66]. Furthermore,
administration of melatonin to mice decreases
xenograft CCA tumor volume [66]. Overexpression of
AANAT in CCA cells by transfection restores melatonin
synthesis and suppresses cancer cell proliferation.
Melatonin may thus play an important role in defending
against CCA growth.

6. TRYPTOPHAN CATABOLIC ENZYMES AS
PROGNOSTIC BIOMARKERS OF CANCER

Several reports indicate that IDO-1 expression is
increased in human cancer tissues and patient follow
up studies reveal that IDO-1 expression is associated
with patient outcome [67,68]. In a prospective study of
hepatocellular cancer patients, tissue IDO expression
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Figure 3: Schematic illustration of the role of melatonin in defending against CCA. Normal cholangiocytes express
AANAT and produce melatonin. CCA cells are defective in AANAT expression and therefore are deficient in melatonin
production. Hypothetically, lack of AANAT expression may lead to serotonin accumulation and cancer progression.
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is negatively associated with patient survival: a high
IDO expression is an independent prognostic factor for
poor overall survival [69]. Tumor TDO overexpression
was reported to be associated with poor survival in
patients with breast cancer [70] and hepatocellular
cancer [71]. Cancer tissue IDO-1 and TDO levels are
considered to be useful cancer prognostic biomarkers.

Kyn is further catabolized to a series of bioactive
metabolites with pro- or anti-cancer activities.
Correlation of the catabolic enzymes with cancer
progression has not been extensively investigated. One
of the enzymes i.e., kynurenine 3-monooxygense
(KMO) was reported to promote cancer progression
and is associated with cancer prognosis [72,73]. KMO
occupies a pivotal position in the main cascade of Kyn
catabolism (Figure 1A). It catalyzes conversion of Kyn
to 3-hydroxykynurenine (3-HK) which is converted to 3-
HAA by kynurenase. In a cohort study of hepatocellular
cancer (HCC) patients, cancer tissue KMO expression
was reported to be increased and high KMO levels
were correlated with poor survival [73]. KMO
overexpression in cultured HCC cells increases cancer
cell proliferation, migration and invasion [73].

Prospective analysis of Kyn catabolite profile has
identified 3-HAA as a prognostic factor of pancreatic
carcinoma and non-small all lung cancer [74,75]. 3-
HAA is a potent immunosuppressive metabolite. It
induces effector T cell apoptosis and regulatory T cell
differentiation [76]. It is possible that KMO and its
downstream catabolite 3-HAA may play an important
role in cancer progression. It is worth noting that KMO
promotes breast cancer progression in an enzyme-
independent fashion; KMO prevents [-catenin
degradation by binding to B-catenin and enhances -
catenin-mediated gene expression [72]. The reported
correlation between Trp catabolic enzyme and cancer
prognosis represents the tip of an iceberg. Further
studies will uncover additional enzymatic and
metabolite associations and provide new insights into
the value of Trp metabolism as biomarkers of cancer.

7. CONCLUSION

A variety of cancer cells express enzymes for
producing tryptophan metabolites which promote tumor
growth and cancer metastasis. Two molecules, kyn
produced via IDO/TDO pathway and serotonin
produced via TPH-1 and AADC are of particular
importance. Kyn promotes cancer cell growth through
interaction with AHR expressed on cancer cells. It
induces immunosuppression by reducing effector T

cells and increasing regulatory T cells through
interaction with AHR. Serotonin promotes cancer
growth by inducing angiogenesis and cancer cell
growth through interaction with serotonin-specific
receptors, notably type 1 and type 2 receptors.

5-MTP is an anti-cancer metabolite produced in
fibroblasts and vascular ECs. Its synthesis is catalyzed
by TPH-1 and HIOMT298. Cancer cells produce very
low amounts of 5-MTP due to defective expression of
HIOMT298. Co-incubation of A549 cancer cells with
fibroblasts results in reduced cancer cell proliferation,
migration and EMT. Administraton of 5-MTP
suppresses tumor growth and cancer metastasis in
murine xenograft models. Transfection of A549 cancer
cells with HIOMT298 restores 5-MTP production
accompanied by reduction of cancer cell migration.
Implantation of HIOMT-transfected A549 cells in the
subcutaneous tissues of xenograft mouse model
confirms reduced tumor growth and lung metastatic
nodules. HIOMT298 transfection changes cancer cell
tryptophan metabolic profile: switching from cancer
promoting serotonin to tumor suppressing 5-MTP. 5-
MTP suppresses cancer growth and migration through
blocking p38 MAPK, NF-kB and p300 HAT activation

Melatonin has been extensively investigated as a
pharmacological agent against cancer growth. It
inhibits cancer cell proliferation and migration in vitro
and reduces tumor size in xenograft mouse models. Its
mode of actions is analogous to 5-MTP suggesting a
shared mechanism. Melatonin plays a physiological

role in defending against cholangiocarcinoma.
Cholangiocytes express AANAT and produce
melatonin.  AANAT expression is reduced in

cholangiocarcinoma cells which results in production of
low levels of melatonin. AANAT transfection restores
cancer cell melatonin production accompanied by
reduced cancer malignancy.

IDO-1 and TDO are used as therapeutic targets of
cancer. Inhibitors are developed and evaluated for their
anti-cancer effects. Furthermore, IDO-1 and TDO are
proposed to be prognostic biomarker of cancer. On the
other hand, melatonin and 5-MTP have the potentials
to serve as lead compounds to develop new drugs for
chemoprevention and therapy of cancer.
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ABBREVIATIONS

Trp = tryptophan

IDO = indole 2, 3-dioxygenase

TDO = tryptophan 2, 3 dioxygenase

Kyn = Kynurenine

KMO = kynurenine monooxygenase
5-MTP = 5-methoxytryptophan

TPH = tryptophan hydroxylase

AADC = aromatic L-amino acid decarboxylase
DDC = L-dopa decarboxylase

AANAT = arylalkylamine N-acetyltransferase
HIOMT = hydroxyindole O-methyltransferase
ASMT = acetylserotonin methyltransferase
SAM = S-adenosylmethionine

5-HTP = 5-hydroxytryptophan

3-HAA = 3-hydroxyanthranilic acid

AHR = aryl hydrocarbon receptor

ARNT = AHR nuclear translocator

COX-2 = cyclooxygenase-2

EMT = epithelial mesenchymal transition
MMP-9 = matrix metalloproteinase-9

MAPK = mitogen-activated protein kinase
CAF = cancer-associated fibroblasts

EC = endothelial cell

ROS = reactive oxygen species

CCA = cholangiocarcinoma

KMO = kynurenine monooxygenase

HCC = hepatocellular cancer

HAT = histone acetyltransferase

Kynase = Kynurenase

QPRT = quinolinate phosphoribosyltransferase
5-HT = 5-hydroxytryptamine

N-acetyl-5-MT = N-acetyl-5-methoxytryptamine
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