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Abstract The development of laryngeal squamous cell car-
cinomas (LSCC) is strongly influenced by the host immune
system. Indoleamine 2,3-dioxygenase (IDO) can promote
and maintain an immunosuppressive microenvironment
which can impede the efficacy of anticancer responses.
The purpose of the current study is to investigate the prog-
nostic value of intratumoral IDO expression in LSCC. The
expression of IDO protein was retrospectively assessed by
immunohistochemistry in 187 LSCC patients. The potential
association of tumor IDO expression with clinical parame-
ters and tumor-infiltrating lymphocytes (TILs) was analyzed
separately. Survival curves were estimated by the Kaplan–
Meier method, and differences between groups were deter-
mined by log-rank test. Multivariate logistic regression anal-
ysis was performed to determine the independent factors
associated with survival. Based on the evaluation score, 90
carcinomas (48.1 %) were identified with high IDO expres-
sion and 97 carcinomas (51.9 %) showed low expression.
Tumor IDO expression was not associated with clinical
stage, presence of metastases, and other clinicopathological
parameters. Also, high IDO expression was not correlated

with tumor-infiltrating CD3+ and CD8+ TILs. Instead it was
positively related with the density of FOXP3+ Tregs. Further-
more, multivariate analysis identified a significant association
of overall survival and disease-free survival with tumor IDO
status. IDO high expression represents a significant negative
prognostic factor in patients with LSCC. Current results pro-
vide further support for using IDO as an immunotherapeutic
target in LSCC. The precise role of tumoral IDO in human
LSCC remains to be elucidated in the future.
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Abbreviations
DFS Disease-free survival
ESCC Esophageal squamous cell carcinoma
FOXP3 Forkhead box P3
HPF High power field
HNSCC Head and neck squamous cell carcinomas
IHC Immunohistochemistry
LSCC Laryngeal squamous cell carcinomas
OS Overall survival
OSCC Oral squamous cell carcinomas
PL Partial laryngectomy
RC Radiochemotherapy
TIL Tumor-infiltrating lymphocytes
TL Total laryngectomy
Treg Regulatory T lymphocytes

Introduction

The immunosuppressive protein indoleamine 2,3-dioxygenase
(IDO) is a rate-limiting enzyme in the L-tryptophan-kynurenine
metabolic pathway. IDO is widely distributed in mammals
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and is inducible preferentially by IFN-γ. IDO has also been
demonstrated in a wide spectrum of human cancers. Endog-
enous IDO contributes to maternal tolerance towards the
allogeneic fetus and has been implicated as a possible
mechanism by which tumors evade immune response [1].
The interaction of tumor cells and immunocompetent cells
in the tumor microenvironment exerts an important influ-
ence on cancer progression and therapy response. Malignant
cells can deploy many different strategies to evade or reduce
an immune response. Several intrinsic tumor factors have
been linked to these processes, and IDO, one of these
factors, has attracted high attention in tumor immunology
[2–4].

The role of IDO in tumor-induced tolerance was first
described by Uyttenhove et al. in a murine model, in which
they showed that IDO expression in cancer cells protects
tumors from attack by tumor-associated antigen-specific
host cytotoxic T cells [5]. Tryptophan depletion and accu-
mulation of immunomodulatory tryptophan metabolites will
specifically affect T cell proliferation, metabolism, and func-
tion, which contribute to the immunosuppressive capacities
of IDO [6–8]. This suggests that IDO within the tumor
microenvironment may modulate the density and/or func-
tion of tumor-infiltrating lymphocytes (TILs). These factors
can impede the efficacy of anticancer responses and facili-
tate tumor progression [9].

Laryngeal squamous cell carcinoma (LSCC) constitutes
the second most common malignant neoplasm of head and
neck tumors. The development of LSCCs is strongly influ-
enced by the host immune system [10]. Accumulating evi-
dence shows a correlation between the expression of IDO
and patient outcome in several types of tumor [11–14].
However, publications address the prognostic implication
of IDO expression in LSCC. Thus, we investigated the
prevalence and localization of tumor IDO expression in
187 LSCC patients, with an emphasis on its prognostic
value and clinicopathological relevance. Another purpose
was to evaluate the correlation between IDO expression
and TIL distribution in the tumor microenvironment.

Materials and methods

Study protocol

This study was a retrospective analysis of patients consecu-
tively collected at Anhui Provincial Hospital and the 3rd
Affiliated Hospital of Sun Yat-Sen University, between 1
Jan 2000 and 31 Dec 2005. All patients underwent diagnostic
microlaryngoscopy with laryngeal biopsies, upper aerodiges-
tive tract endoscopy, esophagoscopy, neck ultrasonography,
contrast-enhanced computerized tomography, and/or magnetic
resonance imaging of the head and neck. The inclusion criteria

were no history of previous malignancies, primary squamous
cell carcinoma of the larynx only, and no previous radio- or
chemotherapy. The records of enrolled patients were reviewed
and, corresponding paraffin-embedded tissue specimens were
retrospectively analyzed. The study protocol was reviewed
and approved by the institutional review board of Sun
Yat-Sen University.

Data collection

Treatment decision-making was based on clinical stage and
on the presence or not of lymph node metastasis at the time
of diagnosis. Treatment modalities consisted of surgery
including partial laryngectomy (PL) and total laryngectomy
(TL), alone or combined with radio-, chemo-, or radioche-
motherapy (RC). All data from patients were reviewed by
the authors without knowledge of histopathological status.

Data regarding patient demographics, smoking and alco-
hol history, date of initial diagnosis, and therapy approaches
were retrospectively obtained by medical record review. All
data from patients were reviewed by the authors without
knowledge of histopathological status. An experienced pa-
thologist assessed the immunostained sections for all
patients to confirm the histopathological diagnosis, grade
of tumor differentiation, and pathological tumor stage. Clin-
ical evaluation included complete examination of the head
and neck region by high-resolution computed tomography
or magnetic resonance imaging, direct laryngoscopy, phar-
yngoscopy and esophagoscopy under general anesthesia
(with tumor biopsies), chest radiography, and abdominal
ultrasonography. T and N categories were retrospectively
assigned according to the Union Internationale Contre le
Cancer (UICC) classification on the basis of the pathology
reports. The clinical staging and the anatomic site of the
tumors were assessed according to the UICC tumor node
metastasis classification of malignant tumors.

Patient follow-up

This report included follow-up data as of 31 Dec 2010.
Follow-up time was measured from the date of diagnosis
of LSCC. Follow-up examinations including ENT clinical
examination, imaging evaluation, and pathological studies
were performed in 3-month intervals during the first 2 years
and every 6 months thereafter. Overall survival (OS) and
disease-free survival (DFS) were calculated as the period
from the date of surgery to the date of death or tumor
relapse, respectively.

Immunohistochemistry

Tissue samples from all surgical specimens of the enrolled
patients were processed and evaluated in one pathology
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institute (Department of Pathology, Cancer Center, Sun Yat-
Sen University). Formalin-fixed paraffin-embedded tissue
specimens were cut into 4-μm sections and mounted on
poly-L-lysine-coated slides. For each patient, a representa-
tive tissue block containing an adequate amount of tumor
cells and non-neoplastic laryngeal tissue was selected. All
sections were stained with hematoxylin and eosin and
reviewed to confirm the histopathological diagnosis and
adequacy of specimens for immunohistochemical analysis.

In brief, sections were deparaffinized in xylene and rehy-
drated in graded alcohols and water. The slides were then
heated in a microwave oven for 10 min in a 10-mM citrate
buffer solution at pH 6.0 and cooled to room temperature for
20 min. After quenching endogenous peroxidase activity
with 0.3 % hydrogen peroxide (in absolute methanol) for
30 min, the sections were blocked for 2 h at room temper-
ature with 5 % bovine serum albumin (Sigma Chemical
Co.). Subsequently, duplicate sections were incubated over-
night at 4 °C with specific primary antibodies (listed in
Table 1). After several rinses in phosphate-buffered saline
(PBS), the sections were incubated in the biotinylated
secondary antibody. Then, sections were incubated with
streptavidin linked with peroxidase and visualized with
3,3′-diaminobenzidine tetrahydrochloride as the chromogen
(Invitrogen, Carlsbad, CA). Slides were rinsed in PBS,
exposed to diaminobenzidine, and counterstained with
Mayer's hematoxylin. The process consisted of omission
of the primary antibody.

Evaluation of immunohistochemical variables

As previously reported [15], staining intensity of IDO and
apoptosis-related proteins in tumor cells, not in immune
cells or tumor-draining lymph nodes, was graded into three
groups: 1 0 weak, 2 0 moderate, and 3 0 strong. Strong
intensity corresponded with that in control samples used as
standard. Weak intensity was similar to that noted in benign
bronchial epithelium. Moderate intensity was classified as a
staining intensity between weak and strong. In each case, at
least 1,000 cells were counted in ten different areas using the
×40 objective lens. The percentage of the positively stained
cancer cells was scored on a continuous scale (0–100 %)
and subsequently categorized on a scale of 0–4: 0, none; 1,
1–25 %; 2, 26–50 %; 3, 51–75 %; 4, >75 %. For further

analysis, the extent of staining was defined as the product of
the categorized percentage and intensity of staining to
determine the cutoff value for high protein expression.

The evaluation of TILs was performed by two indepen-
dent observers in a blinded fashion. Discrepancies in enu-
meration, within a range of 5 %, were re-evaluated, and a
consensus decision was made. To ensure representativeness
and homogeneity, ten different high-power fields (HPF, ×400)
representing the densest lymphocytic infiltrates were
selected for each sample, photographed with a digital
camera (Nikon Eclipse 80i, Japan). The number of TILs
within the neoplastic nests and immediately adjacent
stroma, excluding tumor cells, was counted, and the average
in these ten HPF digital images was determined for statistical
analysis. No attempt was made to evaluate the various tumor
compartments separately (e.g., stroma, tumor cell nests).

Statistical analysis

Given that there are no widely accepted standard cut-points
to define the clinical outcome, we selected the median value
to be the cutoff for definition of TIL subgroups according to
previous reports. All items were treated as dichotomous
variables. A comparison between two groups of patients
according to IDO status was done using chi-square test or
Fisher's exact test as appropriate for categorical data. The
correlation of IDO expression with the density of TIL sub-
types and the expression of apoptosis-related proteins were
examined using Pearson correlation analysis.

Time was defined as the period starting from the date of
diagnosis to the date of disease relapse (event) or that of last
follow-up visit (censored) for DFS and as the period starting
from the date of diagnosis to the date of death (event) or that
of last follow-up visit (censored) for OS. Survival curves
were estimated by Kaplan–Meier method, and differences in
OS and DFS between groups were determined using log-
rank test. Cox proportional hazards regression analysis was
used to measure the association of clinicopathologic varia-
bles to overall survival. In all tests, a P value<0.05 was
considered as significant. All analyses were done with SPSS
for Windows 11.0 software package (SPSS Inc., Chicago,
IL, USA).

Results

Baseline characters of patients

Within the study period, 216 patients were diagnosed with
primary LSCC in two hospitals. Twenty patients were lost
during follow-up and nine patients had to be omitted from
the final calculation due to incomplete medical records. As a
result, 187 patients were included in this retrospective study.

Table 1 Characteristics of antibodies used in this study

Antibody Manufacturer Clone Dilution Localization

IDO Chemicon AB5968 1:300 Cytoplasmic

CD8 DAKO C8/144B 1:50 Cytomembrane

CD3 DAKO N1617 1:50 Cytomembrane

FOXP3 Abcam AB20034 1:100 Nuclear
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The median age was 52.4 years (range, 37 to 85 years) and
54.0 % (n0101) were over 60 years. The majority of
patients were male (95.7 %, n0179). Most of the patients
had been exposed to risk factors such as tobacco smoke
(87.2 %, n0163) and/or alcohol consumption (66.3 %,
n0124).

The clinicopathologic characteristics of the enrolled
patients are shown in Table 2. The anatomic subsites of
primary lesions were the glottis in 92 cases (49.2 %) and
the supraglottis in 65 patients (34.8 %). The pathological
classification of the primary laryngeal lesions was T1 in 23
cases (12.3 %), T2 in 42 cases (22.5 %), T3 in 95 cases
(50.8 %), and T4 in 27 cases (14.4 %). For the regional

lymph nodes, it was N0 in 71 cases (38.0 %), N1 in 62 cases
(33.2 %), N2 in 45 cases (24.1 %), and N3 in nine cases
(4.8 %). As for histological grade, 83 cases (44.4 %)
were well differentiated, while 75 cases (40.1 %) were
moderately differentiated. According to the TNM staging
system, 20 cases were in stage I, 58 in stage II, 88 in stage
III, and 21 in stage IV. Of the 187 patients investigated, 88
(47.1 %) had been treated with surgery alone (PL in 51
cases, TL in 37 cases), 43 (23.0 %) with PL combined with
RC, 30 (16.0 %) with TL combined with RC, and 26
(13.9 %) with radio- and/or chemotherapy alone.

IDO expression in LSCC

As previously reported [15], IDO staining resulted in a
heterogeneous staining pattern in neoplastic cells and sur-
rounding stroma, and typical staining patterns for other
studied genes are shown in Fig. 1. Varying degrees of IDO
expression in tumor tissue were detectable in 171 out of 187
cases (91.4 %). The predominant pattern of IDO staining
was cytoplasmic without staining of tumor cell membrane.
Cytoplasmic IDO-positive staining was most pronounced at
the luminal surface of the malignant cells and surrounding
tumor stroma (Fig. 1a), which contained a substantial
number of IDO-positive cells that we classified as antigen-
presenting cells, including macrophages and dendritic cells
(data not shown).

Association of IDO expression with clinicopathologic
variables

Based on the immunohistochemical evaluation score, the
patients were dichotomized in two categories: 90 carcino-
mas (48.1 %) were identified as highly expressing IDO and
97 carcinomas (51.9 %) as low. Clinicopathologic variables
stratified by IDO status are listed in Table 2. The tumor IDO
expression was not significantly correlated with histology,
clinical stage, nodal status, or tumor differentiation (P>0.05).
Overall, the status of intratumoral infiltration of IDO
expression was not associated with any of the selected clini-
copathological parameters.

Association of IDO with tumoral lymphocytes infiltration

Immune cells infiltrated tumor tissue in a disseminated
manner as scattered solitary cells, as shown by H&E stain-
ing, and displayed low level of homogeneity and broad
inter-individual differences for stained cell density, the
number of CD3+ and FOXP3+ cells varying significantly
between samples. CD3 and CD8 immunostaining demon-
strated membranous staining in a subset of TIL around the
tumor nests (Fig. 1c, d). The median number of CD3+ cells
was 40.88 cells/HPF (range 10.39–156.87). The median

Table 2 Correlation of tumoral IDO expression with clinicopathologic
characteristics and tumor infiltrating lymphocytes

Parameters n (%) IDO

High Low Pa

n 187 90 (48.1) 97 (51.9)

Primary location 0.715

Glottic 92 (49.2) 45 (48.9) 47 (51.1)

Supraglottic 65 (34.8) 31 (47.7) 34 (52.3)

Clinical stages 0.392

Early stage (I–II) 78 (41.7) 38 (48.7) 40 (51.3)

Late stage (III–IV) 109 (58.3) 52 (47.7) 57 (52.3)

Differentiation 0.166

Well or moderate 158 (84.5) 75 (47.5) 83 (52.5)

Poor 29 (15.5) 15 (51.7) 14 (48.3)

Lymph node metastasis 0.293

N0 71 (38.0) 34 (47.9) 37 (52.1)

N1, N2, N3 116 (62.0) 56 (48.3) 60 (51.7)

T classification 0.075

T1, T2 65 (34.8) 33 (50.8) 32 (49.2)

T3, T4 122 (65.2) 57 (46.7) 65 (53.3)

Presence of metastases 0.361

No 88 (47.1) 43 (48.9) 45 (51.1)

Yes 99 (52.9) 47 (47.5) 52 (52.5)

Recurrence 0.163

No 135 (72.2) 66 (48.9) 69 (51.1)

Yes 52 (27.8) 24 (46.2) 28 (53.8)

CD8+ TILs 0.211

High 108 (57.8) 53 (49.1) 55 (50.9)

Low 79 (42.2) 37 (46.8) 42 (53.2)

CD3+ TILs 0.120

High 116 (62.0) 56 (48.3) 60 (51.7)

Low 71 (38.0) 34 (47.9) 37 (52.1)

FOXP3+ TILs 0.028

High 80 (42.8) 49 (61.3) 41 (51.3)

Low 107 (57.2) 41 (38.3) 36 (33.6)

aχ2 test or Fisher's exact test as appropriate
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number of CD8+ cells was 28.10 cells/HPF (range 6.89–
98.71). FOXP3 immunostaining demonstrated nuclear
staining in a subset of lymphocytes around the tumor tissues
(Fig. 1b). The median number of FOXP3+ cells was 13.64
cells/HPF (range 2.64–56.49). By general logical linear
regression analysis, no significant correlation was found
between the densities of any two types of lymphocytes
in the present study (data not shown). As shown in
Table 2, tumoral IDO expression was correlated with
neither CD3+ nor CD8+ TILs (P>0.05). Instead it was
positively associated with the density of FOXP3+ TILs
(P00.028).

Prognostic value of tumor IDO expression for overall
survival

The follow-up period ranged from 4 to 93 months with a
mean of 48.56 months for all patients (SD022.8). The mean
OS time was 42.08 months for all patients. Mean DFS for
the patients included in our study was 21.33 months (range,
2–49 months). At the time of data analysis, a total of 52
(27.8 %) tumors had relapsed. Sixty-nine (36.9 %) patients
died of the disease and 12 (6.4 %) died of other causes. For
the 106 (56.7 %) surviving patients, 103 (55.1 %) were
disease-free and three (1.6 %) were alive with disease.

The association between the density of different lympho-
cytes types and clinical outcome in LSCC patients has been
evaluated in a previous paper. Here we focus on the impact
of tumor IDO expression on OS and DFS in LSCC patients.
In the entire cohort (n0187), the 5-year survival was 62.9 %

61/97 (n061) in patients with low IDO expression and
50.0 % (n045) in patients with high IDO expression (P0
0.032). In a subgroup with 78 early-stage LSCC (defined as
clinical stage I and II), the 5-year survival was 67.5 % (n0
27) in patients with low IDO expression and 57.9 % (n022)
in patients with high IDO expression (P00.015). In the
subgroup with 109 late-stage LSCC (defined as clinical
stage III and IV), the 5-year survival was 59.6 % (n034)
in patients with low IDO expression and 44.2 % (n023) in
patients with high IDO expression (P00.008).

As shown in Table 3, the mean survival time was
46.38 months for 97 patients with low IDO expression and
was 37.44 months for 90 patients with high IDO expression
(х205.309, P00.021). The mean disease-free survival time
for patients with low IDO expression was 23.36 versus
19.16 months for patients with high IDO expression (х20
4.484, P00.034). The mean survival time of 78 patients
with early-stage LSCC was 44.19 months and 40.57 months
in 109 patients with late-stage LSCC (х201.568, P00.366).
The mean disease-free survival time was comparable be-
tween the early- and late-stage subgroups (21.67 vs. 21.25,
P00.743). In both early- and late-stage subgroups, the mean
survival time for patients with low IDO expression was
significantly longer than that in patients with high IDO
expression (P<0.05).

Kaplan–Meier curves were plotted to visualize the influ-
ence of IDO expression on survival time in LSCC. Figure 2
illustrates patient survival over time according to IDO dis-
tribution in the entire cohort, subgroups with late- and early-
stage LSCC, respectively. Tumor expression of IDO had a

Fig. 1 Representative
immunohistochemical staining
of laryngeal squamous cell
carcinomas (×400). a High
expression of tumoral IDO. b
High density of FOXP3+ Tregs.
c High density of CD3+ TILs. d
Low density of CD8+ TILs
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significant prognostic value for OS and DFS in LSCC
(P<0.05).

IDO expression was included as a covariate for Cox
proportional hazards analyses together with clinicopatho-
logical and therapy variables, and the significance of the

prognostic associations was assessed by multivariate assess-
ment. As shown in Table 4, the results show that clinical
stage and presence of metastases are significantly related
with OS and DFS. High expression of tumor IDO is an
independent predictor for poor outcome for both DFS

Table 3 Analysis for the
prognostic impact of IDO
expression

IDO Number, n Overall survival Disease-free survival

Mean 95 % CI Log-rank Mean 95 % CI Log-rank

All cohort 187 42.08 0.021 21.33 0.034

High 90 37.44 13.07–53.82 19.16 11.82–41.49

Low 97 46.38 22.40–70.36 23.36 13.38–45.34

Late stage 109 40.57 0.012 21.248 0.018

High 52 35.75 10.95–40.55 18.48 10.88–31.08

Low 57 44.97 19.64–60.27 23.77 12.99–46.25

Early stage 78 44.19 0.047 21.67 0.042

High 38 39.08 13.13–45.03 18.87 10.00–36.73

Low 40 49.05 23.72–74.37 24.33 14.79–46.86

Fig. 2 Kaplan–Meier survival analysis according to tumor IDO
expression of a overall survival and b disease-free survival in entire
patients (n0187), c overall survival and d disease-free survival in

subgroups with early-stage LSCC (n078), and e overall survival and
f disease-free survival in subgroups with late-stage LSCC (n0109).
The log-rank test was used to calculate the P value
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(HR03.973, P00.026) and OS (HR03.258, P00.029). For
161 patients treated with surgery for LSCC, administration
of adjuvant chemo- and/or radiotherapy did not signifi-
cantly improve either DFS (HR02.846, P00.088) or OS
(HR02.174, P00.170).

Discussion

The present study explores the predictive value of IDO
expression in tumor samples of 187 LSCC patients. No
apparent association between tumoral IDO expression
and clinicopathological parameters was found in our
cohort. Instead we identified a significant correlation
between IDO expression and the density of FOXP3+

TILs within the tumor microenvironment. Furthermore,
IDO overexpression was an independent predictor for
poor survival in LSCC patients. This study rendered
further evidence for the multiple functions of IDO in
the progression of LSCC.

IDO and clinical parameters

As reported, tumor IDO expression has correlated with poor
histological differentiation [16] and advanced clinical stage
[17] in lung cancer. A recent paper showed that the upregu-
lated expression of IDO in primary breast cancer correlates
with an increase of lymph node metastasis [18] and that IDO
high immunoreactivity significantly correlated with the fre-
quency of liver metastases in colorectal carcinoma [13]. We
did not find tumor IDO expression to be associated with
selected clinicopathological parameters in our LSCC cohort.
In agreement with our results, IDO expression did not
correlate with clinical stage, sex, age, tumor site, tumor size,
metastasis, or tumor grade in patients with oral squamous
cell carcinomas (OSCC) [19]. The density of IDO-positive
cells was not significantly correlated with clinical parame-
ters (tumor invasion depth, node metastasis, and TNM
stages) in patients with esophageal squamous cell carcinoma
(ESCC) [20]. In contrast, higher IDO expression was closely
associated with advanced staging, higher T classification, and
more lymph node metastasis in ESCC [21]. These data justify
further the evaluation of the expression and potential clinical
implication of tumor IDO status in LSCC.

IDO and prognosis in LSCC

Tumoral IDO expression has been shown to correlate with
poor clinical prognosis in ovarian carcinoma [14], lung
cancer [16, 17], and colon carcinoma [13], but the prognos-
tic value of IDO in head and neck squamous cell carcinoma
has not been explored. The current paper is the first to
explore the prognostic value of tumor IDO expression in a
large cohort of LSCC. IDO high expression has been iden-
tified as a significant negative prognostic factor in OSCC
patients, especially in those patients undergoing adjuvant
radiochemotherapy [19]. The level of IDO expression in
ESCC tumor specimens has been associated with disease
progression and worse clinical outcome [21]. However, the
level of IDO expression did not correlate with the clinical
outcomes in ESCC [20]. This inconsistency can be partially
attributed to the diverse methods used to detect the enzyme,
which may confuse the sources of IDO within the tumor
microenvironment. To further examine and confirm the
prognostic significance of IDO expression in LSCC, pro-
spective setting, long-term follow-up, and larger sample
studies will be required in the future.

IDO and TILs

Although effective antitumor immune responses likely in-
volve many components of the immune system, the pres-
ence of TILs within the tumor microenvironment is
considered to be an indicator of the host immune response
to tumor antigens and is thought to reflect the dynamic
process of “cancer immunoediting” [22]. Functional inacti-
vation of tumor-reactive T cells has been analyzed as anoth-
er important mechanism of tumor immune evasion. In
addition, there is accumulating evidence showing a positive
correlation between the number of TILs and patient survival
in several types of tumor [23–25]. These studies indicate
that TILs, in direct contact with tumor cells, can recognize
tumor antigens and display tumor-specific cytolytic activity
and that their presence correlates with clinical outcome.

Recently, several reports showed that tumoral IDO ex-
pression correlated with a significantly reduced number of
CD8+ or CD3+ TILs in colorectal cancer [13] and endome-
trial cancer [26], suggesting an important role of IDO in
tumor development and tumor immune function. In ESCC,

Table 4 Multivariate analysis of
factors associated with survival Characteristics Overall survival Disease-free survival

HR 95 % CI P HR 95 % CI P

Clinical stages, I–II/III–IV 5.833 1.521–22.371 0.010 5.468 1.459–20.485 0.021

Presence of metastases, yes/no 4.221 2.455–15.227 0.019 3.730 2.001–13.295 0.032

IDO, low/high 3.973 3.135–20.472 0.026 3.258 1.968–19.362 0.029
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G. Zhang et al. found that tumoral IDO expression correlated
with a reduction in the number of CD8+ TILs in 135
samples [21], but J Liu et al. showed no statistical relation
between the density of CD3+ TILs and IDO status in 45
cases [20]. Whether IDO-mediated tryptophan depletion
might affect the quantity of local TILs in LSCC is totally
unknown. Our results show that low tumor IDO expression
is not correlated with the density of CD3+ or CD8+ TILs in
the microenvironment.

Another major result of the present paper is the correla-
tion of high FOXP3+ Treg number in the tumor microenvi-
ronment with high tumor IDO expression. In agreement
with our results, high IDO expression correlated with an
increase of FOXP3+ Treg cells in several human tumors,
including breast cancer, pancreatic adenocarcinoma, uterine
cervical carcinoma, and advanced melanoma [27–31].

Broad evidence implicates IDO and the tryptophan cata-
bolic pathway in the generation of immune tolerance to
foreign antigens [32]. In both rodent and human model
systems, the correlation between IDO and FOXP3 expres-
sion has demonstrated the importance of IDO as a regulator
of Tregs function. High levels of Treg cells have been
reported in peripheral blood, lymph node, tumor specimens,
and ascites of patients with different types of cancer [33].
Although the precise mechanisms by which Tregs suppress
immune cell functions remain unclear, Tregs can suppress
the activity of cytotoxic T cells through direct cell-to-cell
contact or through the release of cytokines. It is has been
indicated that the interaction between IDO and Tregs is a
mutual effect, in which a high level of IDO promotes the
differentiation, activation, and maturation of Tregs. Further-
more, naive CD4+ T cells exposed to IDO during activation
are biased to become FOXP3+-inducible Tregs [22]. IDO
can also stabilize the suppressive phenotype of Tregs under
inflammatory conditions and prevents inflammation-
induced reprogramming of Tregs into T-helper-like cells
[28]. In summary, elevated IDO activity may lead to im-
paired antigen-dependent T cell activation and function
through, at least partly, induction of the aggregation of Tregs
in the cancer microenvironment, thereby contributing to
immune tolerance to tumor-associated antigens.

It should be pointed out that the interplay in the tumor
microenvironment becomes even more complicated if not
only neoplastic epithelium but also cells in the tumor stroma
are taken into account as a possible source of IDO produc-
tion. In particular, recent findings have established that IDO
is overexpressed in tumor cells, tumor-infiltrating immune
cells, or tumor-draining lymph nodes, where it promotes the
establishment of peripheral immune tolerance to tumor
antigens. In addition to DCs, other immune cells that may
utilize IDO for immunosuppression include macrophages,
granulocytes, and neutrophils [32]. Therefore, other factors
might participate in the mutual cross-talk between IDO-

positive cancer cells and FOXP3+ Tregs and further magnify
the immunosuppressive cascade triggered by IDO.

Effects of therapy

In themanagement of early-stage LSCC, all threemodalities—
surgery, radiotherapy, and chemotherapy—are used with
complementary roles, and LSCC therapy requires an
integrated multidisciplinary approach [34]. Few studies
compare different available treatment options, and initial
treatment combinations can vary significantly between
institutions [35, 36]. In this retrospective study on a large,
non-selected cohort, the role of adjuvant chemoradiotherapy
in the outcome of LSCC patients cannot be assessed. The
impact of therapy choice on the outcome of LSCC patients
should be investigated in a prospective setting.

Conclusion

In conclusion, upregulation of IDO expression in tumor
tissue might inhibit local immune surveillance by favoring
amplification and infiltration of FOXP3+ Tregs in the tumor
microenvironment, which contributes to a worse prognosis.
Although the precise role of tumor IDO in human LSCC
remains to be elucidated, our findings provide new evidence
of IDO dysregulation in tumor evolution and encourage the
development of IDO inhibitors as a new immunoregulatory
treatment modality.
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