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The Impact of Indoleamine 2,3-dioxygenase (IDO)
Expression on Stage III Gastric Cancer
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Abstract. Background/Aim: Indoleamine 2,3-dioxygenase
(IDO) down-regulates T cell activation, attenuates regulatory
T cell (Treg) activation and is related to immune tolerance.
The aim of the study was to clarify the significance of IDO
expression and analyze the relationships between the
expression of IDO, TGF-3, and Foxp3 in gastric cancer
(GC). Patients and Methods: A total of 60 patients who
underwent curative gastrectomy for stage Ill gastric cancer
were included in the study. The expression of IDO, TGF-3,
and Foxp3 was examined by immunohistochemistry and the
relationship of each expression level to several prognostic
factors was examined using univariate and multivariate
analyses. Results: IDO expression was not positively
correlated with any of the factors examined. IDO expression
was positively correlated with TGF-3 expression (p<0.05),
and TGF-f3 expression was positively correlated with FoxP3
expression (p<0.05). Overall survival (OS) rates were
significantly poorer in the IDO-positive group compared to
the IDO-negative group (3-year OS, 78.5% vs. 90%,
respectively; p<0.05). Multivariate analysis confirmed IDO
expression as independent prognostic factors in OS. Disease-
free survival (DFS) was significantly poorer in the IDO-
positive group compared to the IDO-negative group (3-year
DFS, 59.3% vs. 69.3%, respectively; p<0.05). Conclusion:
IDO is associated with poor prognosis and immuno-tolerance
through attenuation of Treg activation in Stage Il GC.

Recent refinements in the investigation of tumor
microenvironments have advanced cancer treatments
dramatically. For example, regulating immune tolerance is
key for controlling malignancy (1, 2) and involves the ‘don’t
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kill me’ signal, T cell dysfunction, the programmed cell
death protein 1 (PD-1) — programmed cell death ligand 1
(PD-L1) pathway, intra-tumoral neutrophils, monocytes, and
regulatory T cells (Tregs).

Indoleamine 2,3-dioxygenase (IDO) is a heme-containing
intracellular enzyme that catalyzes the formation of tryptophan
into kynurenine. The role of IDO in inhibiting the immune
response was first described in studies of fetal rejection (3).
IDO performs immunoregulatory roles in tumor
microenvironments and is expressed in dendritic cells (DCs),
cancer cells, and macrophages. IDO attenuates Treg activation
and induces immune-tolerance. We previously reported that
IDO-positive DCs induce Foxp3*Tregs in the tumor
microenvironment of intraductal papillary mucinous neoplasms
of the pancreas (4), and it was recently suggested that IDO
expressed in tumor cells correlates with poor prognosis (5, 6).
However, little is known regarding the significance of the
relationship between IDO expression and gastric cancer (GC).

The aim of this study was to clarify the significance of
IDO expression and to analyze the relationships between
IDO, TGF-f, and Foxp3 expression in patients with gastric
cancer.

Patients and Methods

Patients. A total of 60 patients (44 men and 16 women; mean age:
67.8 years; range=38-80 years) who had undergone curative surgical
resection for Stage III gastric cancer at Tokushima University
Hospital between 2006 and 2012 were included in this study.
Twenty-six patients (37.1%) underwent total gastrectomy and 34
(62.9%) underwent distal gastrectomy. The mean follow-up period
was 41 months (range=12-87 months). All patients underwent S-1
based adjuvant chemotherapy. Factors were defined according to the
14th edition of the Japanese Classification of Gastric Carcinoma (7).
This study was authorized in advance by the Institutional Review
Board of The University of Tokushima Graduate School of Medical
Science, and all patients provided written informed consent
(N0.2901). These patients were also included in our previous study

(8).

Immunohistochemistry. The immunohistochemistry method used
was previously reported (8). Tissue samples were formalin-fixed and
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paraffin-embedded. Serial sections were cut at 5 um intervals,
dewaxed, deparaffinized in xylene, and rehydrated through a series
of graded alcohols. Samples were boiled for 20 min in a microwave
oven in citrate buffer (pH 6.0) for antigen retrieval. Endogenous
peroxidases were blocked with 0.3% hydrogen peroxidase for 30
min, followed by incubation in 5% goat serum for 60 min to prevent
nonspecific antigen binding. The slides were then incubated with
primary antibodies overnight at 4°C. The following primary
antibodies and dilutions were used: mouse monoclonal antibody for
IDO (1:40; R&D Systems, AF1086, Minneapolis, MN, USA),
mouse monoclonal antibody for TGF-f (1:100; Abcam, ab20034),
and mouse monoclonal antibody for Foxp3 (1:100; Abcam,
ab20034). Secondary antibody binding was detected by using an
Envision Dual link system-HRP (DAKO). A secondary peroxidase-
labelled polymer conjugated to goat anti-mouse immunoglobulins
was applied for 60 min. The sections were developed in 3,3-
diaminobenzidine and counterstained with Mayer’s haematoxylin.
Each slide was dehydrated through graded alcohols and covered
with a coverslip. The presence of positive cells on each slide was
determined by a pathologist in a blinded manner. IDO expression
was predominantly located in the cytoplasm at the invasive front of
the tumour. Staining intensity was graded as: O=no staining,
1+=weak staining, 2+=moderate staining and 3+=strong staining.
The proportion scores were: 0, none; 1, <10%; 2, 10-50%; 3, 51-
80%; 4,>80%. A total score of greater than 4+ was defined as IDO-
positive expression (Figure 1B). Twenty-two patients (38.3%) were
IDO-positive. TGF-} positivity was recorded by counting stained
cells in tumor tissue =10% at 200x HPF (8). Thirty patients (50.0%)
were TGF-f positive. Inmunohistochemistry to quantify FoxP3 was
performed as in our previously study (8). Foxp3-positivity was
recorded by counting 10 or more Foxp3-stained T cells in each
cancer tissue section at 200x HPF. Eighteen patients (17.6%) were
Foxp3-positive.

Ethical statement. All procedures followed were in accordance with
the ethical standards of the responsible committee on human
experimentation (institutional and national) and with the Helsinki
Declaration of 1964 and later versions. Informed consent or a
substitute was obtained from all patients included in the study.

Statistical analysis. All statistical analyses were performed using
JMP 8.0.1 statistical software (SAS, Cary, NC, USA). Continuous
variables were compared using Mann-Whitney U-tests, and
categorical data were tested using 2 tests. Survival curves were
calculated by the Kaplan—-Meier method and compared using log-
rank tests. The prognostic potentials of the parameters were
analyzed by univariate analysis. Relative risk and 95% confidence
intervals (CI) were estimated using the Cox proportional hazard
model with stepwise forward selection. Statistical significance was
defined as p<0.05.

Results

The characteristics of the IDO-positive and -negative groups
are shown in Table I. In terms of clinicopathological
variables, IDO expression was not positively correlated with
any clinicopathological factor investigated.

Overall survival (OS) rates were significantly poorer in
the IDO-positive group compared with the IDO-negative
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Table 1. Characteristics of IDO-positive and IDO-negative patients.

Variables Positive Negative p-Value
(n=23) (n=37)
Age 70+10 67+13 0.68
Gender (M/ F) 19/4 27/10 0.39
Dif/Undif 12/11 16/21 0.46
T23/4 13/10 23/14 0.30
N (s5/6=) 10/13 24/13 0.38
Type 2/3/16/2 3/6/25/3 0.99
Location (U/M/L) 2/12/9 7/17/13 0.56
Tumor size (<5/5cm<=) 6/17 14/23 0.35
CEA (<5/5 ng/ml<) 18/5 31/6 0.59
CA19-9 (<37 IU/ml =) 14/9 28/9 0.22
DG/TG 8/15 18/19 0.29
Operative time 311£70 294+158 0.34

group (3-year OS, 78.5% vs. 90%, respectively; p<0.05)
(Figure 2A). Univariate analysis identified the number of
positive lymph node metastases and IDO expression as
significant prognostic factors for OS (p<0.05). Multivariate
analysis confirmed T factor levels, the number of positive
lymph node metastases, and IDO expression as independent
prognostic factors (relative risks 3.63, 14.2, and 2.75,
respectively) (Table II).

Disease-free survival (DFS) was significantly poorer in
the IDO-positive group compared with the IDO-negative
group (3-year DFS, 59.3% vs. 69.3%, respectively; p<0.05)
(Figure 2B). Univariate analysis identified that the number
of positive lymph node metastases and IDO expression are
significant prognostic factors for DFS (p<0.05). Multivariate
analysis confirmed that T factor levels and the number of
positive lymph node metastases are independent risk factors
for recurrence (p<0.05). IDO expression tended to be an
independent recurrent factor (p<0.1) (Table III).

IDO expression was positively correlated with TGF-f3
expression (p<0.05) and TGF-f3 expression was positively
correlated with FoxP3 expression (p<0.05) (Figure 3).

Discussion

The results of this study demonstrated that IDO expression
is a marker for poor prognosis both in terms of OS and DFS,
IDO expression correlated with TGF-f3 expression, and TGF-
[ expression correlated with Foxp3 expression in patients
with stage III gastric cancer after curative resection. This is
the first report to clarify the relationships between IDO,
TGF-f3, and Foxp3 expression in gastric cancer after curative
resection.

IDO comprises two subtypes: IDO1 and IDO2. IDOL1 plays
an immune-regulatory role. In this article, IDO refers to IDO1.
IDO was first described in studies of acquired tolerance, fetus
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Figure 1. Immunohistochemistry. A: IDO-positive expression in cancer tissue. B: IDO-negative expression in cancer tissue.
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Figure 2. Kaplan—Meier analysis of OS and DFS for IDO (A, B).

allogenic pregnancy, and mucosal tolerance to apoptotic cells
(3, 9-11). IDO plays important roles in regulating and
maintaining the immune system through T cell activation, and
in aiding the tolerance in the tumor microenvironment. The
mechanism underlying the action of IDO involves activation
of GCN2. GCN has an inhibitory effect on T cell proliferation
and promotes Treg differentiation and stimulates tumor
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immune-inhibitory cytokines such as IL10 and TGF-f (12-15).
Furthermore, IDO changes the phenotype of DCs and
macrophages to an immunosuppressive form (16).

Only one study has examined IDO expression in gastric
cancer (17). Liu et al. reported that positive IDO expression
correlated with poor prognosis, although the precise
mechanism remains unclear. The roles of IDO and its

3389



ANTICANCER RESEARCH 38: 3387-3392 (2018)

a IDO and TGF-B
p<0.05

-
L=}
S
=

TGFpB positive rate

TGF (+)
40%

TGF (+)
65%

0%

IDO (-) IDO (+)

Figure 3. Correlation among IDO and TGF, FoxP3 (A, B).

Table II. Univariate and multivariate analysis for OS (n=60).
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Table II1. Univariate and multivariate analysis for DFS (n=60).

Variables Univariate Multivariate

3-years OS p-Value HR (95%CI) p-Value

rate (%)

Variables Univariate Multivariate

3-years OS p-Value
rate (%)

HR (95%CI) p-Value

Age (<70/70<) 82.0/64.5 0.20

Gender (M/F) 66.3/92.3 0.12
Dif/Undif 64.8/750 057
T23/4 80.6/61.0 0.07 3.63 (1.34-10.0) <0.05
N (=5/6=) 91.8/444 <001 14.2(1.85-11.1) <0.05
Tumor size(<5/5cm=<)  71.1/70.5  0.84
DG/TG 89.8/82.0 094
IDO (-)/(+) 90.0/78.5 <0.05 2.75 (1.01-7.58) <0.05

89.3/85.0 0.98
92.4/740 025

FoxP3 (-)/(+)
TGFp (-)/(+)

70.3/56.4 041
58.0/774  0.18

Age (<70/70<)
Gender (M/F)

Dif/Undif 59.1/654  0.52
T 2,3/4 71.6/49.1  0.08 2.77 (1.13-6.82) <0.05
N (=5/ 6=) 81.6/41.0 <0.01 19.6(2.62-14.3) <0.05
Tumor size (<5/5cm<)  65.8/56.8 0.86
DG/TG 55.1/689 0.24
IDO (-)/(+) 69.3/59.1 <0.05 2.17 (0.88-5.35) 0.09

63.1/609 098
65.9/60.0 025

FoxP3 (-)/(+)
TGFp (-)/(+)

correlation with other molecules such as TGF-f§ and FoxP3
were not investigated previously. Our present study shows
that IDO is positively correlated with the expression of TGF-
. This is in accordance with TGF-P correlating with the
expression of transcription factor Foxp3, widely known to
be involved in the development and function of Tregs (18).

The survival curve of IDO-positive patients in this study
was similar to that of surgery-alone patients in the ACTS-
GC trial (19), and IDO-positive patients had poor prognosis
in both OS and DFS. The recruitment of immune cells
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(neutrophils, cytotoxic T cells) and exhaustion of Tregs are
crucial for the sensitivity of the tumor towards chemotherapy
(20). IDO expression may induce chemo-resistance.

IDO up-regulates PD-1 and PTEN expression (21). We
previously reported PD-1 expression in gastric cancer
patients and that PD-1 expression correlated with poor
prognosis in gastric cancer after curative resection (8). The
correlation between IDO and PD-1, and IDO and PD-L1,
was investigated in the present study but no significant
correlations were observed (data not shown).
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Immunogenic agents targeting T cell immune checkpoints,
such as PD-1, PD-L1, and cytotoxic T lymphocyte-
associated antigen-4 are currently being applied to the
treatment of several types of cancers (2, 22, 23). Regarding
the targeting of IDO, IDO inhibitors such as indoximod
(1-methyl-D-tryptophan) and epacadostat, combined with
chemotherapy, vaccines, or checkpoint inhibitors, are
currently undergoing clinical trials (24, 25). The present
study confirmed IDO expression as a predictive factor after
curative gastrectomy. Immunotherapy targeting of IDO may,
thus, provide useful adjuvant treatment for patients with
gastric cancer. Furthermore, IDO expression, used as a
biomarker, can be estimated from the levels of tryptophan
and kynurenine measured using liquid biopsy samples (26)
and aids prediction of recurrence and prognosis.

In conclusion, IDO expression was associated with poor
prognosis in patients with gastric cancer. IDO expression
may, thus, represent a useful new therapeutic target for the
treatment of gastric cancer.
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