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Increased synthesis of indoleamine-2,3-dioxygenase protein is
positively associated with impaired survival in patients with
serous-type, but not with other types of, ovarian cancer
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Abstract. We previously reported that indoleamine-2,3-
dioxygenase (IDO) is associated with paclitaxel resistance
and that IDO serves as a marker of poor prognosis in ovarian
serous adenocarcinomas (SA). In this study, to explore the
role of IDO in the development of various histological types
of ovarian cancer, we further examined IDO expression
not only in SA but also in other types of ovarian cancers.
Expression of IDO protein was analyzed by immunohisto-
chemistry for a total of 122 ovarian cancers including 40 SA,
67 clear cell adenocarcinomas (CCA), and 15 endometrioid
adenocarcinomas (EA) with informed consent. Among these
cases, there were 11 CCA accompanied with endometriosis
and 60 cases with lymph node metastasis. We classified the
samples into four categories by IDO staining pattern. IDO
staining was positive in 57.5% of SA, 49.2% of CCA, and
73.3% of EA, respectively. The Kaplan-Meier survival curve
showed a clear relationship between staining score and overall
survival for patients with advanced (stages III and IV) SA
(n=33) who underwent optimal surgery and paclitaxel-
carboplatin (TC) chemotherapy as a first-line regimen. There
was no association between IDO staining score and overall
survival in the CCA cases. Eight of 11 cases (72.7%) of CCA
accompanied by endometriosis presented identical staining
patterns of IDO between CCA and endometriosis. In 43 of 60
cases (71.6%) with lymph node metastasis, the staining
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patterns of IDO showed a correspondence between the
primary lesion and metastatic site. These results suggested
that the increased synthesis of IDO protein was positively
associated with impaired survival only in the serous type of
ovarian cancer.

Introduction

Ovarian cancer is one of the leading causes of death related
to gynecologic malignancies. Despite various treatment
advances, most patients will relapse after achieving complete
clinical response, and the disease is incurable in the majority
of these patients (1). Therefore, countering drug resistance is
essential for ovarian cancer management.

We previously reported that IDO expression screened
with the GeneChip system was positively associated with
chemoresistance and impaired survival in patients with
advanced SA (2). IDO is an enzyme that degrades the essential
amino acid tryptophan. Uyttenhove et al reported that most
human tumors including prostate, colorectal, pancreatic and
cervical carcinomas constitutively express IDO, and that
expression of IDO by immunogenic mouse tumor cells
prevents their rejection by preimmunized mice. This effect was
accompanied by a lack of accumulation of specific T cells at
the tumor site and could be partly reverted by systemic
treatment of mice with an inhibitor of IDO, in the absence of
noticeable toxicity. They suggested that the efficacy of
therapeutic vaccinations of cancer patients might be improved
by concomitant administration of an IDO inhibitor (3).
Muller et al reported that IDO inhibition acted cooperatively
with diverse chemotherapeutic agents to effectively promote
the regression of established breast tumors that were refractory
to chemotherapy (4). They used MMTV-Neu mice, a well-
established transgenic mouse model of breast cancer, and
showed that combining the IDO inhibitor 1-methyl-DL-
tryptophan with paclitaxel resulted in a significant decrease
of tumors compared with the administration of paclitaxel
alone. In addition, they showed that 1-methyl-DL-tryptophan
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with cisplatin also resulted in a significant decrease in tumors
compared with cisplatin alone.

In this study, to explore the role of IDO in the development
of various histological types of ovarian carcinogenesis, we
examined IDO expression not only in SA but also in other
types of ovarian cancers and investigated the correlations
between IDO expression patterns and clinicopathological
features. Moreover, we further examined IDO expression in
metastatic lesions and in endometriotic lesions.

Materials and methods

Cases and surgical samples. The Jikei University School of
Medicine Ethics Review Committee approved the study
protocol, and informed consent was obtained from all patients.
A total of 122 ovarian cancer surgical specimens were
obtained at The Jikei University Hospital and The Jikei
Kashiwa Hospital. Ovarian cancer patients treated by primary
laparotomy between 1988 and 2005 were identified from
case records of the Department of Obstetrics and Gynecology
at The Jikei University School of Medicine. Tumors were
histologically classified according to the World Health
Organization international system and staged according to
the International Federation of Gynecology and Obstetrics.

The tumors included 40 SA (32.8%), 67 CCA (54.9%),
and 15 EA (12.3%). The 40 SA did not include 24 cases
which were analyzed in our previous report (2). Among the 67
CCA, there were 11 cases accompanied by endometriosis.
None of the 122 cases included borderline malignancy. There
were 52 stage I cases (42.6%), 7 stage II cases (5.7%), 54
stage III cases (44.3%) and 9 stage IV cases (7.4%). There
were 60 cases with metastasis to other organs.

Immunohistochemistry. For the immunohistochemical study,
formalin-fixed paraffin-embedded sections were used. The
immunohistochemical reactions were performed using
Ventana Benchmark™ autostainer (Ventana Medical Systems,
Inc., Tuscon, AZ, USA) and visualized with Ventana DAB
Universal Kit with diaminobenzidine as the chromogen. A
monoclonal antibody against IDO (1:1000) was used. The
antigen retrieval procedure was performed in a microwave
oven in Dako antigen retrieval solution (Dako Cytomation,
Glostrup, Denmark) for 10 min at 95°C in order to obtain
efficient staining. The sections were developed with 3,3'-
diamino-benzidine with 0.3% H,O, and counterstained with
hematoxylin. Positive and negative controls were tested in
parallel for each staining. We classified the samples into four
categories by IDO staining pattern including negative,
sporadic, focal, and diffuse. We classified the samples as
sporadic when positive stained cells scattered sporadically in
the tumor lesion, and the incidence of positive cells in total
cells corresponded to a low percent per slide. Similarly,
samples were classified as focal when positive stained cells
localized in several particular sites in the tumor lesion, and
the incidence of positive cells in total cells corresponded to
20-30% per slide. Diffuse samples were characterized by
positive stained cells spread over a wide area in the tumor
lesion, and by the incidence of positive cells corresponding
to >50% per slide. We also established a scoring system
which considered both staining pattern and intensity:
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negative, 0; sporadic, 1-3; focal, 4-6, and diffuse, 7. M.T.,
A.O. and a pathologist T.N. read the slides independently.

Survival analysis. The survival curves of the patients were
compared using the Kaplan-Meier method and analyzed by
the log-rank test using Stata 9.0 (Stata Corporation, College
Station, TX). The time of overall survival (OS) was defined
from the date of primary laparotomy to the date of patient
death or last follow-up. The relationship between the staining
pattern of IDO and the clinicopathological features was
determined using the y2 test. p<0.05 was accepted as

statistically significant.
Results

Immunohistochemistry. Positive IDO expression including
sporadic, focal, and diffuse patterns was detected in 23 of 40
(57.5%) SA, 33 of 67 (49.2%) CCA, and 11 EA (73.3%).
Positive staining of tumor cells was much more prominent
than that of non-cancerous cells in all sporadic, focal, and
diffuse patterns. Regarding clinical stages, positive IDO
expression was detected in 28 stage I cases (53.8%), 4 stage
II cases (57.1%), 30 stage III cases (55.5%) and 4 stage IV
cases (44.4%). IDO expression was detected in 4 of 6 stage I,
1 of 1 stage II, 15 of 28 stage III and 2 of 5 stage IV cases in
SA, and it was detected in 17 of 38 stage I, 3 of 6 stage II, 11
of 19 stage IIT and 2 of 4 stage IV cases in CCA.

Cases of SA. IDO expression was further confirmed using
surgical samples obtained from 33 patients with stage III or
IV SA treated with a TC regimen. The size of the residual
tumors at first surgery was <2 cm in all 33 cases. There were
16 negative, 9 sporadic, 7 focal cases, and 1 diffuse case
(Fig. 1).

OS was compared between patients with stage III disease
(n=28) and stage IV disease (n=5), and no significant
difference was noted. Next, Kaplan-Meier survival curves
were generated based on the IDO staining pattern. Staining
patterns of IDO were related to impaired survival (log-rank
test, p=0.0191) (Fig. 2). The 50% survival time of patients
classified as negative, sporadic, focal, and diffuse was 33, 29,
17, and 11 months, respectively. Moreover, statistical analysis
showed significant differences among all of the scores (data
not shown).

Cases of EA. In a similar way, IDO expression was analyzed
using surgical samples obtained from patients with stage I1I
or IV ovarian EA undergoing a TC regimen. The Kaplan-
Meier survival curves showed no significant relationship
with IDO expression (data not shown).

Cases of CCA. Firstly, IDO expression was examined using
surgical samples obtained from 34 patients with stage III or
IV CCA treated with cisplatin and CPT-11 (P-CPT regimen).
Kaplan-Meier analysis showed no significant difference
between IDO staining pattern and OS in CCA with P-CPT
treatment. Next, surgical samples obtained from 8 patients
with stage III or IV CCA treated with a TC regimen were
examined for IDO expression. Kaplan-Meier analysis
showed no significant difference between IDO staining
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Figure 1. IDO protein expression in ovarian cancer lesions as detected by immunohistochemical staining. The staining patterns were classified as negative (A),

sporadic (B), focal (C) or diffuse (D).
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Figure 2. Patterns of IDO expression in serous adenocarcinoma and overall survival using the Kaplan-Meier method. The choice of patient samples was
restricted to cancer stages III and IV. Staining patterns of IDO were related to impaired survival (log-rank test, p=0.0191). The 50% survival time of patients
classified as negative, sporadic, focal, and diffuse was 33,29, 17, and 11 months, respectively.

pattern and OS in CCA with a TC regimen. There have been
many reports indicating a relationship between CCA and
endometriosis. In this study, there was an obvious co-
existence of CCA with endometriosis in 11 of 67 cases, and
IDO expression in the cancerous lesion was compared with
that in the endometriotic lesion. The staining patterns of IDO
in the former and the latter corresponded to each other in 8
of 11 cases (72.7%). In addition, 7 of 8 cases with such

correspondence showed negative staining, and the remaining
one of the 8 cases showed positive IDO staining in both the
cancerous and endometriotic lesions. On the other hand, 3 of
11 cases did not display the same staining pattern between
both lesions (Fig. 3). In the cases of CCA with endo-
metriosis, we investigated whether age, FIGO stage, tumor
size, serum CA125 or CA19-9 level, family history, smoking
or drinking habits, history of pregnancy, or history of
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Figure 3. IDO protein expression in clear cell adenocarcinoma (CCA) lesions (upper) and endometriotic lesions (lower). The staining pattern of IDO in the
CCA lesion corresponded to that in the endometriotic lesion in 8 of 11 cases (72.7%) of CCA accompanied by endometriosis. p, primary lesion; e,

endometriotic lesion.

Figure 4. IDO protein expression in primary lesions (upper) and metastatic sites (lower). The histological types include clear cell adenocarcinoma (CCA) (A),
serous adenocarcinoma (B), endometrioid adenocarcinoma (C), and serous adenocarcinoma (D). p, primary lesion; m, metastatic sites.

treatment of endometriosis were related to the correspondence
with the staining pattern. There was no association between
the cases regardless of the correspondence to the staining
patterns.

Comparison of the primary lesion and metastatic site.
Among 122 cases of all histological types, 60 had metastasis
to other organs (e.g., the uterus, lymph node, omentum, small

intestine, skin, and liver). We compared the staining pattern
of IDO in the primary lesion with the staining pattern of IDO
in the metastatic site in 43 of 60 cases (71.6%) (Fig. 4).
Sixteen of the 43 cases showed a positive staining pattern of
IDO both in the primary lesion and in the metastatic site.
Twenty-seven of the 43 cases showed a negative staining
pattern of IDO in both lesions. Ten of 60 cases stained
negative for IDO expression in the primary lesion and
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Table I. IDO expression in primary lesions and metastatic sites.
Lesion IDO expression
Primary Negative Negative Positive Positive
Metastatic Negative Positive Negative Positive
Number of cases 27 10 7 16

positive in the metastatic site. Seven of 60 cases displayed
positive IDO expression in the primary lesion and negative in
the metastatic site (Table I). Staining patterns of these 60
cases with metastasis to other organs had no correlation with
age, histology, histological grade, FIGO stage, tumor size,
serum CA125 and CA19-9 levels, family history, smoking or
drinking habits, or history of pregnancy.

Discussion

In this study, we confirmed that IDO expression was
positively associated with impaired survival only in SA while
it was not associated with other types of ovarian cancer. For
this reason, IDO was originally extracted from surgical
samples of SA in our previous study (2). In general, gene
alterations are related to histological subtypes. For example,
we reported that 116 of 9121 genes showed significantly
different expression by cDNA microarray analysis between
SA and mucinous adenocarcinoma (MA) (5). In addition,
K-RAS mutations occured more frequently in MA than in
non-MA such as SA (6-10). Dent er al reported that the
pattern of genomic alterations found by comparative genomic
hybridization in CCA was distinct from that seen in other
ovarian histological subtypes (11). Collectively, these reports
suggest that gene alterations are related to the histological
subtypes in ovarian cancer. In this study, the incidence of IDO-
positive expression differed among the histological subtypes.

The incidence of the focal-diffuse patterns of IDO
staining was 24.2% in stage III-IV SA, which is similar to the
incidence of chemo-resistance in SA with a paclitaxel-based
regimen (12). Moreover, IDO expression was positively
associated with impaired survival in SA. Therefore, we
believe that IDO is a good prognostic marker for SA.

CCA has clinically distinct features compared to other
histological types, including SA. It tends to be associated with
a poorer response rate to chemotherapy and with a poorer
prognosis. The identification of CCA histology has been
shown to be an indicator of poor prognosis in many studies
(11,13,14), with an inferior response to platinum-based
chemotherapy (15). As previously mentioned, the pattern of
genomic alterations found in CCA is distinct from that seen
in other ovarian histological subtypes. Schwartz et al
reported a detailed study showing that 73 genes were 2- to
29-fold overexpressed in CCA compared with the other
major histological types of ovarian carcinoma (16). We
examined IDO expression in surgical samples obtained from
patients with stage III or IV CCA undergoing a P-CPT
regimen. In our study of IDO expression, there was no
significant association between IDO staining pattern and OS

in CCA with a P-CPT or TC regimen. This result means that
IDO expression may not be a prognostic marker for CCA, in
contrast to SA.

Regarding prognostic markers for CCA, Tsuda et al
reported that the ABCF2 gene and its product is a potential
prognostic marker for CCA and its expression is correlated
with chemo-response in patients with CCA (17). In a previous
study, we identified 8 genes that showed reproducible over-
expression in SA, as indicated by real-time RT-PCR among
GeneChip-selected genes (2). These 8 genes did not include
ABCF?2 or ABCF2-related genes. These results suggested that
chemo-response factors are related to the histological subtype
in ovarian cancer.

In this study, the staining pattern of IDO in the cancerous
lesion of CCA corresponded to that in the accompanying
endometriotic lesion in >70% of the cases. There have been
many reports indicating that there is a relationship between
CCA and endometriosis (18). The development of endo-
metriosis due to the menstrual dissemination of endometrial
tissue into the peritoneal cavity is the theory most widely
accepted to explain this as a kind of transplantation. IDO is
an important enzyme in the regulation of immune responses,
and cells which express IDO can suppress T cell proliferation
and promote immune-tolerance by depleting tryptophan
locally (3). IDO expression in endometriotic lesions plays a
role as a suppressor of the immune system locally, resulting
in the dissemination of endometriosis. In addition, endo-
metriosis is considered to be a possible precancerous disease.
Sekigawa et al reported that K-RAS mutations were detected
in CCA, but not in normal or atypical endometrial tissue
(19). Very recently, Kato et al reported that HNF-18 is an
excellent molecular marker for ovarian clear cell tumors,
including benign, borderline and malignant lesions (20). In
this study, 8 of 11 cases of CCA accompanied by endo-
metriosis presented identical staining patterns of IDO in CCA
and endometriosis, suggesting that endometriosis is a precursor
of CCA. Further studies should focus on the role of the IDO
gene in the dissemination of endometriosis.

The staining pattern of IDO in the primary lesion
corresponded to that in the metastatic site with an incidence
of 71.6%. Munn et al reported that human antigen-presenting
cells that express IDO inhibit T cell proliferation (21). IDO
expression by tumor cells or by tumor-associated antigen-
presenting cells might inhibit T cell responses to tumor
antigens by suppressing T cell priming in tumor-draining
lymph nodes, or by rendering activated effector T cells
ineffective at the site of tumor growth (3,4,22,23). In our
study, there were some cases where IDO expression was
positive in the primary lesion and negative in the metastatic
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site. We speculate that unknown genes played important
roles in the process of metastasis in these cases. There have
been several reports on genes associated with the metastatic
process in ovarian cancer, and candidate genes include
bikunin, nm23, c-erbB2, and p53-associated genes (24-26).
Further studies should focus on exploring the associations of
these genes, including the IDO gene, in primary tumors and
corresponding metastatic tumors.

According to the results obtained in this study, we
hypothesize that IDO may play important roles in the
development and the therapeutic susceptibility of ovarian
cancer. Firstly, IDO plays a role as a suppressor of T cells,
and secondly, it plays a role in chemo-resistance. Muller et al
reported that IDO inhibition acted cooperatively with diverse
chemotherapeutic agents to effectively promote the regression
of established breast tumors that were refractory to chemo-
therapy. They also showed that loss of the BAR adapter-
encoding gene Binl elevated the signal transducers and
activators of transcription STATI and nuclear factor-xB-
dependent expression of IDO (4). Further studies should
focus on searching for key molecules acting together with
IDO in the possible effects on chemo-resistance, including
nuclear factor-«B and Akt2.

In recent years there have been numerous reports
concerning various biomarkers for ovarian cancer based on
advances in genomic and proteomic technology. The material
used to detect the biomarkers has included peripheral blood,
plasma, and serum. Ovarian carcinoma has the worst prognosis
among gynecological malignancies because most cases are
not diagnosed until an advanced stage. Hence, the discovery
of biomarkers for early-stage ovarian cancer is a very
important issue. Luo et al reported that high expression of
human kallikrein 10 in serum was strongly associated with
SA (27,28). Takano et al reported that the cytoplasmic over-
expression of MUCI1 might be an indicator of resistance to
platinum-based chemotherapy and a prognostic marker in
ovarian cancer (29). Matsuzaki et al reported that low
preoperative plasma bikunin was strongly associated with a
poor response to chemotherapy in ovarian cancer (30). This
study demonstrated that IDO expression was positively
associated with impaired survival in patients with SA, but not
other types of ovarian adenocarcinoma. IDO thus may be
useful as a new biomarker of SA.
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