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Abstract Tryptophan, as an essential amino acid in the body, is involved in protein synthesis. It also
produces important active compounds through the metabolic pathway of 5-hydroxytryptophan and kynurenine,
inducing and activating various intracellular signaling pathways, and plays an important role in the process of cell
growth, proliferation and metabolic balance, which is dose-dependent. Tryptophan can promote cell proliferation by
activating mTOR (mammalian target of rapamycin) and JAK2/STAT3 (Janus kinase 2/signal transducer and activa-
tor of transcription 3) signaling pathways and GCN2 (general control non-derepressible 2) classical stress response.
5-HTR (5-hydroxytryptamine receptor) and SETR (serotonin transporter) internalize 5-hydroxytryptamine to acti-
vate downstream signaling molecules and promote cell proliferation. However, highly expressed IDO (indoleamine

2,3-bioxygenase) consumes a large amount of tryptophan, resulting in tryptophan depletion and mass accumulation
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of metabolites, which can inhibit cell proliferation. At the same time, kynurenine activates AhR (aryl hydrocarbon

receptor) signaling pathway, which blocks cell cycle process and inhibites cell proliferation. This paper reviews

the metabolic pathways of tryptophan and its down-regulated metabolites that regulated cell proliferation. In brief,

when applied to clinical targeted therapies, the rate-limiting enzymes of tryptophan metabolism could be precisely

regulated for the treatment of metabolic diseases caused by abnormal cell proliferation.
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Fig.2 Tryptophan promotes intestinal epithelial cell proliferation via mTOR signaling pathway
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Fig.3 Effects of tryptophan deprivation in glioma models or other systems (modified from the reference [1])
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Table 1 Mechanism of tryptophan and its metabolites in promoting or inhibiting cell proliferation

IFES

Cell classification

AR
Cell type

27T Y0 45 2 AT ) LB

Mechanisms of cell proliferation or inhibition

Epithelial cells

Endothelial cells

Immune cells

Tumor cells

Others

Intestinal epithelial cells

Corneal epithelial cells

Vascular endothelial cells

CD¥T cells

B cells

NK cells

T cells

Colon cancer cells
Melanoma cells
Human cervical cancer cells

Hepatocyte

Fibroblasts

Pulmonary arterial smooth
muscle cells

Trp activates mTOR signaling pathway through PI3K/AKT to promote cell prolifera-
tion 137:40-411
Trp drives the release of IL-6, which activates the JAK2/STAT3 signaling pathway to

promote cell proliferation 44

5-HT is mediated by 5-HT2B receptor to activate SCR/PI3K/AKT/mTOR signaling

pathway to promote cell proliferation *'’

In tumors, IDO mediates Trp depletion, which induces a classical stress response of

GCN2 to promote cell proliferation 474

Trp is gradually broken down into Kyn, 3-HK, AA, QUIN, etc. by IDO, the massive
accumulation of metabolites activates NMDA receptors to open Na' and Ca*" ion
channels, causing a series of downstream pro-death signals, which in turn inhibits cell
proliferation (7"

3-HAA binds to PDK1 which hinders the phosphorylation process to inhibit cell pro-
liferation 1

Kyn and other aromatic ligands bind to AhR so that the activated AhR regulates the
expression of its target genes and interacts with RB to block the expression of S-phase

genes to inhibit cell proliferation !

5-HT is internalized by 5-HT2A and 5-HT2B receptors, activating intracellular second
messengers to trigger cascade reactions that phosphorylate transcription factors to
promote cell proliferation !

5-HT is internalized by SETR to enable signal transduction via ERK, ROS and ROCK
to produce the initiating transcription factor GATA-4 expression to promote cell prolif-

eration %%
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