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Summary

Trafficking of macromolecular immunotherapy agent into the tumor microenvironment (TME) is a
challenging issue. In the TME, cancer cells exploit indoleamine 2, 3-dioxygenase (IDO), as a cytosolic
enzyme that catalyzes the L-tryptophan (Trp) through the kynurenine (Kyn) pathway, which could
negatively regulate the activity of T cells. Thus, Trp/Kyn pathway, can be targeted with novel treatment
modalities such as IDO1 inhibitor to benefit patients with aggressive solid tumors.
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ver the last decades, due to the clinical
benefits observed, immunotherapy has gained
tremendous attention for cancer treatment
when combined with a routine chemotherapy regimen.
Traditional immunotherapy in cancer is frequently
associated with modest success, mostly due to multiple
resistance and escape mechanisms. The emergence
of nanotechnology provided a practical solution for
fabricating biocompatible/degradable and targeted
carrier to transfer immunotherapy agent to the tumor
microenvironment (TME). Immune checkpoints play an
important role in regulating the physiological response
to tumor invasion/tolerance. They can be considered as
a promising candidate for the development of targeted
immunotherapeutic nanomedicines.1-4
Cancer immunoediting is a term used to define, both

host-protecting and tumor-sculpting responsibility of
the immune system. It involves three processes; first, the
elimination process, that links to immunosurveillance and
describes as interactions which take place between the
immune system and tumor cells. Several reports indicate
that endogenously produced interferon-γ (IFN-γ) can
cause main protection in the healthy cells in this stage.
Equilibrium phase, as the second process, consists of host
immune cells and also tumor cells that are survived from
the elimination process while the tumor is still under
control. The last phase is introduced as the escape process.
It happens when immunoevasive strategies in tumor cells
trigger resistance to both innate and adaptive immune
detection and/or elimination. This might allow tumor
cells to become clinically detectable. There are various
reports elucidating that different immunosuppressive
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mechanisms occur in escape phase.5, 6
One of the important immunosuppressive pathways
in TME which greatly considered is Tryptophan (Trp)
catabolism. Trp is an essential amino acid metabolized
using two independent pathways. Indoleamine 2,
3-dioxygenase (IDO) is a cytosolic haem enzyme that
catalyzes the destruction of Trp through the kynurenine
(Kyn) pathway.7-10 IDO, also known as checkpoint
protein, can negatively regulate the activity of T cell.
It exerts this robust immunosuppressive effect by
different mechanisms. Both of these mechanisms can
be explained by its principal effect in Trp depletion. As
mentioned, IDO catalyzes the conversion of essential
amino acid L-Trp into the L-Kyn, and subsequently, the
inhibition of this enzyme could initiate several events.
First, a drop in the level of Trp might consequently lead
to growth in uncharged tRNA in T cells. This result in
cell cycle arrest and inhibition of T cell proliferation.
Second, the accumulation of downstream metabolites
(e.g., Kyn, kynurenic acid, 3-hydroxykynurenine, and
3-3-hydroxyanthranilic acid) might be involved in such

a phenomenon. These molecules mediate growth arrest
and apoptosis of the effector T cells; they also induce the
differentiation of naive CD4+ T cells into the Treg cells with
immune suppressive effect.4, 7,11-15
IDO exists in two isoforms, IDO1 and IDO2. Both
regulate the degradation of Trp to Kyn but IDO1
display 20-30-fold more enzymatic activity than IDO2.
Recent studies have discovered that IDO1 is expressed
on cancer cells and also on its surroundings, such as
antigen presenting cells (APCs), dendritic cells (DCs),
macrophages, etc. But IDO2 is mainly expressed in liver,
kidney and APC and DCs without considerable enzymatic
activity.11,12,14 It is believed that the inhibition of IDO
effectively enhances the anti-tumor immune response. A
detailed schematic image of represented mechanisms is
illustrated based on a dozen recent studies (Fig. 1).
Previous reports have demonstrated strong anti-cancer
effects by the combination of an IDO inhibitor with
a cytotoxic agent. To date, at least 12 IDO inhibitors
are in development for the clinical setting, mostly in
combination with other immunotherapies including

Fig. 1. Schematic representation of indoleamine 2, 3-dioxygenase (IDO) enzyme mechanism in healthy and tumor cells. For therapeutic
interventions, the cancer immunoediting involves three processes, including (i) elimination, (ii) equilibrium and (iii) escape. In the elimination
process, the immune system cells can recognize and eradicate tumor cells through an immunosurveillance and elimination phase. Various innate
and adaptive immune cells are present in this phase such as dendritic cells (DCs), natural killer (NK) cells, CD4+, CD8+, and effector T cells. NK
cells and T cells are stimulated to produce interferon gamma (IFNγ), which in turn activates the DCs and induces tumor demise. In this process,
IDO as a cytosolic heme enzyme is secreted by cancer cells and DCs and is involved in the catabolism of L-tryptophan (Trp) through kynurenine
(Kyn) pathway, resulting in the immune escape of tumor cells. There are some known inhibitors for different IDO isomers. Indoximod blocks IDO2
whereas Navoximod, BMS986205, and Epacadostat obstruct IDO1. Effector T cells and NK cells also destroy tumor cells. Consequently, most of
the tumor cells are eliminated in this phase, but some of them survive and ultimately reach an equilibrium phase. In the equilibrium process, the
tumor cells are still under control, while numerous mutations may be accumulated. In the escape process, the escaped tumor cells are resistant
to elimination and detection, resulting in uncontrolled mutations, metastasis, and invasion. There are various mechanisms that lead to the escape
of malignant cells from the immune system. Various cytokines (e.g., IL10, TGFβ, PGF2, etc.) play vital roles in the modulation of some of these
mechanisms. Myeloid-derived suppressor cells (MDSCs) and regulatory T (Treg) cells can respectively inhibit NK and CD8+ cells by the secretion
of cytokines. Besides, the upregulation of programmed death ligand-1 (PD-L1) by the tumor cell can result in the suppression of T cells due to the
release of prostaglandin E2 (PGE2), arginase, and IDO. During this phase, IDO enzyme is produced by numerous immune cell types and induce
tolerance leading to T-cell anergy, increased T cells apoptosis and decreased T-cell proliferation. Once tumor microenvironment is formed, tumor
cells can produce IDO and tryptophan 2,3-dioxygenase (TDO) to further escape from the immunosurveillance functions. Readers are directed to
see the following citations.6,12,14,19

2

BioImpacts, 2019, 9(1), 1-3

IDO inhibitors in immunochemotherapy of breast cancer

therapeutic vaccines and checkpoint blockade agents, or
with standard chemotherapies, but only a few of them are
settled for breast cancer therapy.
Based on the isoforms’ classifications, these inhibitors
could be categorized into three groups, including (i) IDO1
specific inhibitors such as Epacadostat (INCB024360) and
its analogs, BMS-986205, (ii) indirect IDO2 inhibitors
such as Indoximod, and (iii) inhibitors that block both,
IDO1 and IDO2.1,2,10-12,14,16-18
Interestingly, a number of studies have shown a strong
correlation between IDO expression and poor prognosis
in breast cancer, where its expression is higher in triple
negative breast carcinomas than low grade, hormone
responsive cancers.16 Therefore, this would be desirable
to target such patients (with aggressive cancer type) with
novel treatment modalities such as IDO1 inhibitor. This
can suggest further studies to focus on these types of breast
cancer using IDO molecule as a target to suppress. Also,
a report which published in May 2018, is wondering that
three companies have canceled, suspended or downsized
their trials due to large failure,2 that may raise some
questions upon safety/effectiveness of such compounds.
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