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Abstract
AIM: To evaluate whether serum and tumor indo-
leamine 2,3-dioxygenase activities can predict lymphatic 
invasion (LI) or lymph node metastasis in colorectal 
carcinoma.

METHODS: The study group consisted of 44 colorectal 
carcinoma patients. The patients were re-grouped 
according to the presence or absence of LI and lymph 
node metastasis. Forty-three cancer-free subjects 
without any metabolic disturbances were included into 
the control group. Serum neopterin was measured by 
enzyme linked immunosorbent assay. Urinary neopterin 
and biopterin, serum tryptophan (Trp) and kynurenine 
(Kyn) concentrations of all patients were determined 
by high performance liquid chromatography. Kyn/Trp 
was calculated and its correlation with serum neopterin 
was determined to estimate the serum indoleamine 
2,3-dioxygenase activity. Tissue sections from the 
studied tumors were re-examined histopathologically 
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and were stained by immunohistochemistry with 
indoleamine-2,3-dioxygenase antibodies.

RESULTS: Neither serum nor urinary neopterin 
was significantly different between the patient and 
control groups (both p  > 0.05). However, colorectal 
carcinoma patients showed a significant positive 
correlation between the serum neopterin levels and 
Kyn/Trp (r  = 0.450, p  < 0.01). Urinary biopterin 
was significantly higher in cancer cases (p  < 0.05). 
Serum Kyn/Trp was significantly higher in colorectal 
carcinoma patients (p  < 0.01). Lymphatic invasion was 
present in 23 of 44 patients, of which only 12 patients 
had lymph node metastasis. Eleven patients with LI 
had no lymph node metastasis. Indoleamine-2,3-
dioxygenase intensity score was significantly higher 
in LI positive cancer group (44.56% ± 6.11%) than 
negative colorectal cancer patients (24.04% ± 6.90%), 
(p  < 0.05). Indoleamine 2,3-dioxygenase expression 
correlated both with the presence of LI and lymph 
node metastasis (p  < 0.01 and p  < 0.05, respectively). 
A significant difference between the accuracy of 
diagnosis by using either total indoleamine-2,3-
dioxygenase immunostaining score or of lymph node 
metastasis was found during the evaluation of cancer 
patients.

CONCLUSION: Indoleamine-2,3-dioxygenase ex-
pression may predict the presence of unrecognized LI 
and lymph node metastasis and may be included in the 
histopathological evaluation of colorectal carcinoma 
cases.

Key words: Colorectal carcinoma; Tryptophan; Indo-
leamine-2,3-dioxygen; Lymphovascular invasion; Lymph 
node metastasis
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Core tip: Colorectal cancer (CRC) is one of the major 
public health problems in the world. Clinicopathological 
findings of patients who died of recurrent CRC after 
resection revealed that approximately 14% of patients 
with lymph node negative CRC die because of the 
presence of unrecognizable tumor cells that are 
categorized as micrometastases. Tryptophan degrading 
enzyme, indoleamine-2,3-dioxygenase expression 
by tumor cells has been shown to be correlated with 
a poor clinical prognosis of colon cancer. Our data 
indicated that high total indoleamine-2,3-dioxygenase 
immunostaining score is a strong predictor for im-
mune tolerance, lymphatic invasion and subsequent 
lymph node metastasis. Therefore, indoleamine-2,3-
dioxygenase immunostaining might be recommended 
for histopathological evaluation of CRC cases.
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INTRODUCTION
Colorectal cancer (CRC) is the foremost one among 
the major public health problems in the world. 
Its incidence is approximately 7 per 100000, with 
approximately 5000 new cases and 3200 deaths 
annually[1]. Staging of CRC has prognostic value in 
terms of taking decisions about adjuvant therapy and 
follow up. American Joint Committee on Cancer (AJCC), 
the TNM staging system[2] places patients into one of 
four stages regarding tumor size and invasion depth 
of bowel wall, lymph node metastasis and distant 
metastasis. However current prognostic criteria have 
been debated for their precision in stratification of 
patients according to these rules. The character of the 
invasive margin and the number of metastatic lymph 
nodes are already accepted as more reliable prognostic 
criteria in CRC[3]. Recent studies demonstrated that 
significant risk factors for lymph node metastasis 
are level of submucosal spreading and the presence 
of lymphovascular invasion[4,5]. Clinicopathological 
findings of patients who died of recurrent CRC after 
resection revealed that the mean survival time has 
been significantly influenced by the histological grade 
of tumor, the depth of wall invasion, the presence of 
lymphatic or vascular invasion and the lymph node 
metastasis[6].

It has been asserted that despite having removed 
whole macroscopic disease with curative intent, one 
of five CRC patients with stages one or two would 
develop recurrence[7]. Likewise, approximately 14% of 
patients with lymph node negative CRC die of tumor 
recurrence, which can be related to the presence of 
unrecognizable tumor cells that are categorized as 
micrometastases[8]. Micrometastases could not be 
detected by conventional histopathologic analysis and 
none of the clinicopathologic parameters examined 
is correlated with the presence of occult cancer cells 
in lymph nodes[8]. On the other hand, failure to 
examine enough lymph nodes may result in a failure 
to identify patients whose lymph nodes are affected 
by cancer and thus may result in mislabeling[9]. The 
use of techniques to increase the number of lymph 
nodes harvested and identify all micrometastases 
is a subject of debate since 1998[10]. The ultra-
staging of colon cancer leads to detection of occult 
metastases in patient’s deemed node negative by 
conventional techniques of pathologic staging[11]. 
Nevertheless, because ultra staging involves extensive 
nodal sectioning and immunohistochemistry, this 
method remains investigational rather than routine 
examination[11]. However, according to others, the 
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presence of micrometastases in patients with stages 
one and two CRC seems not to have any impact on 
cancer-specific survival[7,12,13]. 

These evidences reflect the unusual biologic 
behavior of the tumor and/or host. Therefore, other 
cellular criteria should be included in the evaluation of 
patients’ outcome. The type, density, and expression 
of immunomodulator substances of immune and/or 
tumor cells in CRC have an important prognostic 
value that may be superior to and independent of 
those of the cancer-staging systems[14]. Moreover, 
the pathologic interactions between tumor and host 
immune cells within the tumor microenvironment 
create an immunosuppressive network that promotes 
tumor growth and protects the tumor from immune 
attack[15]. In body fluids, information about T helper 
cell 1 (Th1)-derived cellular immune activation can be 
provided by neopterin, which is mainly synthesized 
by the activated monocytes/macrophages in res-
ponse to induction by interferon-gamma (IFN-
gamma)[16]. IFN-gamma selectively stimulates the 
early steps of pteridine biosynthesis in macrophages, 
thereby leading to accumulation and excretion of 
dihydroneopterin and neopterin[17]. Actually neopterin 
is a by-product in the biopterin biosynthesis[18]. 
Chronic stimulation of Th1-mediated immunity may 
also cause enhanced indoelamine 2,3-dioxygenase 
(IDO) activity in malignant diseases[19]. In cancer 
patients, significantly accelerated degradation of 
tryptophan (Trp) due to higher IDO activity with 
lowered serum concentrations of Trp and increased 
kynurenine (Kyn) as well as an increased Kyn to 
Trp ratio has been recognized[20,21]. It appears that 
decreased Trp levels or increased concentrations of 
its degradation products may be directly involved in 
diminished T-cell responsiveness[19]. This phenomenon 
could be best explained by IDO expression within 
the tumors[15]. The enzyme IDO has recently 
attracted special attention[22] and may be expressed 
constitutively by tumor cells as part of the genetic 
changes involved in malignant transformation[23,24]. 
IDO-expressing cells have been considered to create 
a state of immunologic unresponsiveness towards 
tumor-derived antigens[25]. Although IDO expression 
by tumor cells has been shown to correlate with a 
poor clinical prognosis of colon cancer[15], assessment 
of tumor IDO activity has not took place currently in 
routine histopathological evaluation concept of CRCs. 
“Is the evaluation of IDO activity of tumor tissue an 
effective method to predict the invasiveness of tumor 
cells?” This is a rational question considering the host 
immune tolerance against CRC cells. In this respect, 
estimation of total tumor tissue IDO immunostai-
ning score during the routine histopathological 
examination of CRC specimens appears to be an 
effective strategy to predict the suppression of anti-
tumor immune response and the enhancement of 
tumor invasion. 

Aim of this study was to evaluate whether serum 
and tumor IDO activities can predict the lymphatic 
invasion or lymph node metastasis propensity in CRC 
patients. 

MATERIALS AND METHODS
Patients
A total of 87 patients with the diagnosis of primary 
CRC or with uncomplicated cholelithiasis which were 
referred to Gazi University, Faculty of Medicine, 
Department of General Surgery for surgical evaluation 
accepted as candidates for this prospective randomized 
study. All participants’ rights were protected and 
informed consents were obtained according to the 
Helsinki Declaration. Local Ethic Committee also 
approved the study protocol. 

The exclusion criteria for this study were to have 
immune system disorders, obstacle for surgical 
intervention due to cardio-pulmonary or metabolic 
risks, to receive neoadjuvant chemotherapy due 
to the late stage carcinoma, having malnutrition, 
chronic granulomatosis, and collagen tissue or 
neurodegenerative diseases.

Control group (Group 1) consisted of 43 cancer-
free subjects, aged 62.06 ± 2.07 (mean ± SEM) years, 
body mass index (BMI): 26.1 ± 0.6 kg/m2 and was 
programmed for elective laparoscopic cholecystectomy 
for cholelithiasis without acute inflammation. These 
patients had undergone diagnostic endoscopic 
evaluation whenever their complaints suggestive for 
digestive diseases. Patients in whom no pathology 
being found in either the upper or lower gastrointestinal 
system were included in cancer-free control group. 

Group 2 constituted of 44 CRC patients, aged 60.95 
± 2.11 years, BMI: 25.4 ± 0.5 kg/m2, and underwent 
elective abdominal surgery for CRC. Diagnosis 
was made by endoscopic survey and histological 
examination of tumor biopsies in all CRC patients 
that were stratified as stage 1, 2 or 3 according to 
the TNM classification of the AJCC staging[2]. The 
presence of distant metastases was ruled out by pre-
operative upper abdominal ultrasonography, computed 
tomography-based evaluation, chest X-ray and 
intra-operative exploration. All patients underwent 
surgery with curative intent and with histologically 
confirmed disease-free resection margins were 
included in Group 2. During the study period, uniform 
surgical management protocol was carried out. In 
all cases, curative resection had included the main 
lymphovascular supply to the bowel. For proximal 
colon tumors, lymphadenectomy was extended to 
the origin of the ileocolic, right colic and middle colic 
arteries. For distal colon tumors and rectal tumors, 
lymphadenectomy was extended to the origin of the 
lower mesenteric artery. Total mesorectal excision was 
performed in all patients with tumors of the middle 
and lower rectum. Cases with subsequently identified 
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distant metastases or incomplete clearance of the 
tumor were excluded. 

Postoperative confirmation of preoperative diagnosis 
in Group 2 was made by routine histopathological 
examination of postoperative specimens. The patients 
were subsequently followed-up for a mean of 28.3 ± 
1.2 mo. The patients’ age and gender and localization, 
histological type and the differentiation of tumors 
were noted as standard clinical variables. It has been 
suggested that 12 lymph nodes could be considered 
as the minimum acceptable harvest from a careful 
specimen dissection[26]. Conventionally, lymph nodes 
were identified by palpation. Whenever, fewer than 
12 nodes were found after careful gross examination, 
additional enhancement techniques were employed[27]. 

The same team of pathologists examined surgical 
specimens for tumor and lymph nodes, and the same 
technique for lymph node assessment was utilized 
during the entire period of the study. Three or more 
consecutive sections were examined from each 
lymph node[28] and routine histological examination 
of all specimens was performed using triple levelling 
techniques and the sections were stained with 
haematoxylin and eosin (HE) (Figure 1A, C and E). 

Histopathological evaluation
The surgical resection materials of the primary CRC 
cases were re-evaluated histopathologically for the 
presence of lymphatic invasion, intratumoral and 
peritumoral lymphoid cell infiltration (lymphocytic 

Figure 1  Hematoxylin and eosin stained (A, C and E) and indoleamine-2,3-dioxygenase immunostained (B, D and F) materials for the histopathological 
evaluation of colorectal carcinoma patients (Magnification × 100). The presence of lymphatic invasion, indoleamine-2,3-dioxygenase (IDO) intensity, IDO 
proportion and total IDO immunostaining scores were determined by antibodies against IDO (Tumor cells show strong positive staining while normal mucosa shows 
negative or very weak staining). A and B: Lymphatic invasion negative, IDO intensity, 3: IDO proportion score, 5%: total IDO immunostaining score, 4; C and D: 
Lymphatic invasion positive, IDO intensity, 3: IDO proportion score, 70%: total IDO immunostaining score, 6; E and F: Lymphatic invasion positive, IDO intensity, 3: 
IDO proportion score, 90%: total IDO immunostaining score, 7.
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tumor response), pathological stage and tumor 
grade. Lymphatic invasion was noted as present or 
absent. Suspicious cases for the presence of lymphatic 
invasion were evaluated immunohistochemically with 
podoplanin antibody. Lymphocytic tumor response was 
semi-quantitatively estimated (from point 0 to point 3) 
according to the intensity of infiltrating lymphocytes. 
Tumors were graded according to the degree of 
glandular differentiation: grade 1, grade 2 and grade 
3. The number of metastatic and reactive lymph nodes 
was also noted.

Immunohistochemical staining was performed on 
paraffin-embedded blocks of each case. 4 μm thick 
sections of the representative tumor blocks were 
studied by indirect immunoperoxidase staining. The 
sections were re-hydrated in a graded series of alcohol, 
blocked with non-immune blocking solution. Antigen 
unmasking was performed by microwaving the sections 
in a 10mM citrate buffer, pH 6.0 for 20 min. The 
sections then were incubated with primary antibody 
of “anti-indolamine 2,3-dioxygenase” for 2 h at 37 ℃ 
(dilution; 1:300, mouse monoclonal antibody, Clone 
10.1, Millipore, Billerica, MA, United States). After 
washing, they were incubated with secondary antibody 
(multi-species ultra streptavidine detection system-
horse radish peroxidase, Zymed, MA, United States) 
and streptavidine-biotin complex (Zymed, MA, United 
States) for 20 min per each at room temperature, 
respectively. Immunoreactions were developed with 
diaminobenzidine (diaminobenzidinetetrachloride, 
Zymed, United States) as chromogen. The percentage 
of the tumor cells showing cytoplasmic staining and its 
intensity were semi-quantitatively estimated (Figure 
1B, D and F). 

Quantification of total IDO score
Immunoreactivity was semi-quantitatively estimated 
as previously described[29]. The total IDO immuno-
staining score was calculated as the sum of a 
proportion score and an intensity score. The proportion 
score reflects the estimated fraction of positively 
stained infiltrating cells (score 0, none; score 1, < 
10%; score 2, 10%-50%; score 3, 51%-80%; score 4, 
> 80%). The intensity score represents the estimated 
staining intensity (score 0, no staining; score 1, weak; 
score 2, moderate; score 3, strong) giving a total score 
ranging from 0 to 12. We defined IDO overexpression 
as a total score 4 or > 4. The frequency of increased 
total IDO immunostaining score of CRC group was 
estimated by comparing each patient with the cutoff 
value; 4 (Figure 1A-F).

Serum IDO activity and serum neopterin determination
After centrifugation, serum specimens were stored 
at -20 ℃ until assayed. Serum Trp and Kyn concen-
trations were determined by high-performance liquid 
chromatography as described, the ratio of Kyn to 
Trp was calculated to estimate the activity of IDO[30]. 

Serum neopterin concentrations were determined 
according to the manufacturer’s instructions by a 
commercially available enzyme immunoassay kit 
(ELISA, Demeditec Diagnostics, Kiel, Germany). 
In order to test the serum specific IDO activities of 
patients, correlations between the Kyn/Trp ratio and 
neopterin values were computed. 

Urinary neopterin and biopterin determination
Neopterin, biopterin and creatinine levels in urine were 
analyzed by high performance liquid chromatography. 
Neopterin, biopterin and creatinine isocratically eluted 
and quantified in the same chromatographic run[31].

Statistical analysis
Data were expressed as mean ± SEM. After checking 
the data by the Kolmogorov-Smirnov test, normally 
distributed data were analyzed using independent 
sample t-test. Nonparametric data were compared 
with Mann-Whitney U test. Correlations were assessed 
using Spearman’s rank or Pearson tests. For two or 
more categorical, independent groups, Pearson’s χ 2 
and linear-by-linear association tests were made and 
p values less than 0.05 were considered to indicate 
statistical significance.

RESULTS
A pronounced rise in serum neopterin concentration 
above the standard cut off value (10 nmol/L) and 
increased urinary neopterin excretion[32] were observed 
in cancer patients, but they did not reach the statistical 
significance (p = 0.634 and p = 0.090 vs cancer-free 
patients, respectively) (Table 1). Both in CRC (Group 
2) and cancer-free groups (Group 1) a significant 
correlation was observed between the serum and 
urinary neopterin concentrations (p = 0.00001, r 

=0.450 and p = 0.002, r =0.481, respectively). 
Although CRC patients showed a mild decrease 
in serum Trp levels, we could not find a statistical 
difference when compared with the cancer-free 
patients (p = 0.254). However, cancer patients had a 
considerable rise in serum Kyn, a toxic metabolite of 
Trp degradation pathway (p = 0.042 vs cancer-free 
patients). Therefore, a remarkable increase in Kyn/Trp 
which reflects the serum IDO activity of CRC group 
was observed when compared to controls (p = 0.006) 
(Table 1). CRC cases also showed a significant positive 
correlation between the serum neopterin levels 
and Kyn/Trp (r = 0.450, p = 0.003). Evaluation of 
relationship between serum Trp and Kyn/Trp disclosed 
a significant negative correlation in both groups (p = 
0.012, r = -0.383 for Group 1; p = 0.0001, r = -0.670 
for Group 2). Thus, significant negative correlations 
were calculated between the serum Trp and Kyn values 
of cancer cases (r = 0.332, p = 0.003). Even neopterin 
levels were not found statistically significant in Group 
2, sum of urinary biopterin and urinary neopterin 
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Table 2  Evaluation of serum pteridine and tryptophan 
metabolites of lymphatic invasion negative (Group 2/c) and 
positive (Group 2/d) colorectal cancer patients

Table 1  Serum tryptophan, kynurenine and neopterin, 
urinary neopterin and biopterin of cancer-free group (Group 
1) and colorectal cancer patients (Group 2)
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IDO. Lymphovascular invasion was found in 23 of 44 
patients (52.3%). However, we could not demonstrate 
lymphatic invasion in remaining 21 patients. Only 
12 patients (52%) with lymphatic invasion had 
lymph node metastasis. Although 11 patients (25%) 
displayed lymphatic invasion, they had no lymph node 
metastasis. Taking into consideration of all patients, 
32 had negative nodes whereas, 12 had evidences 
of nodal metastasis. We could not observe at all an 
association between the serum neopterin levels and 
presence versus absence of lymph node metastases 
(p = 0.368). Evaluation of serum pteridine and Trp 
metabolites of lymphatic invasion negative (Group 
2/c) and positive (Group 2/d) CRC patients displayed 
serum IDO activities that were significantly higher 
in lymphatic invasion (Table 2). On the other hand, 
assessment of serum pteridine and Trp metabolites 
of lymph node metastasis negative (Group 2/a) and 
positive (Group 2/b) CRC patients displayed serum 
IDO activities that were not predictive for lymph node 
dissemination alone (Table 3).

The tumor grade was higher in the lymph node-
positive group (40%). While, IDO intensity score 
was 24.04% ± 6.90% in lymphatic invasion negative 
group, it was 44.56% ± 6.11% in lymphatic invasion 
positive patients (p = 0.031). The frequency of 
increased total IDO immunostaining score of CRC 
patients with lymphatic invasion was 78 % (18 of 23 
patients). While 92 % of the frequency of increased 
total IDO immunostaining score (≥ 4) was found 
for patients with lymphatic invasion-lymph node 
metastasis positive (11 of 12 patients), 38 % was 
found for lymphatic invasion-lymph node metastasis 
negative group (8 of 21 patients). There was a 
significant association between the lymphatic invasion 
and total IDO immunostaining scores (p = 0.014; r = 
+0.366). Weak correlation between the lymph node 
metastasis and total IDO immunostaining score (p 
= 0.043; r = +0.310) confirmed that conventional 
histopathologic techniques were inefficient to reveal 
the lymph node invasion adequately. However, 
lymphatic invasion seemed the most valuable 
parameter indicating the lymph node metastasis (p 
= 0.001; r = +0.476) (Table 4). Although lymphatic 
invasion showed significant linear-by-linear association 
with total IDO immunostaining score of tumor tissue (p 
= 0.016) and lymph node metastasis (p = 0.002), we 
could not find an association neither with lymphocytic 
infiltration score (p = 0.211) nor tumor grade (p = 
0.358) (Table 5). Regarding the evaluation of CRC 
cases, no statistical difference was displayed either by 
using total IDO immunostaining score or lymphatic 
invasion (p = 0.581). Positive predictive value (PPV) 
or the proportion of patients with the higher total IDO 
immunostaining scores (≥ 4) who have lymphatic 
invasion was 70% and negative predictive value 
(NPV) was calculated as 72% for the same group. 
The specificity and sensitivity of presence of lymphatic 

Group Group 1 
(n  = 43)

Group 2 
(n  = 44)

P  value

Age (yr)1   62.06 ± 2.07 60.95 ± 2.11 0.708
Tryptophan (μmol/L)1   21.95 ± 1.03 19.91 ± 1.33 0.254
Kynurenine (μmol/L)2     1.03 ± 0.19   1.20 ± 0.13  0.042a

Kynurenine/tryptophan1   41.31 ± 3.62   89.47 ± 14.32  0.006a

Serum neopterin (nmol/L)2   13.28 ± 1.08 16.93 ± 2.84 0.634
Urinary neopterin (μmol 
neopterin/mol creatinine

  63.54 ± 5.64 80.45 ± 8.09 0.090

Urinary biopterin (μmol 
biopterin/mol creatinine)1

  67.33 ± 6.22   91.41 ± 12.00  0.038a

Urinary neopterin (μmol 
neopterin/mol creatinine) 
+ urinary biopterin (μmol 
biopterin/mol creatinine)1

129.83 ± 9.42 172.60 ± 17.17  0.048a

concentrations indicated significant increase in cell-
mediated immune response in CRC patients compared 
to Group 1. While sum of urinary biopterin and urinary 
neopterin concentrations were calculated lower in 
lymph node-positive patients, they were higher in 
lymphatic invasion-positive CRC patients. 

We examined 1398 HE stained serial sections of 
466 lymph nodes from 44 patients with CRC. The 
number of harvested lymph nodes per patient ranged 
10 to 16 (median: 10 and mean ± SEM: 12.59 ± 1.56). 
The average number of serial sections from tumor 
tissue for each patient was 16. These were examined 
after staining with H-E and monoclonal antibody anti-

ap < 0.05, Group 2 vs Group 1 considered statistically significant; 
1Independent sample t-test; 2Mann-Whitney U test. Colorectal cancer 
patients showed more than two times increase in overall serum 
kynurenine-tryptophan ratio and a non-significant rise in the activity of 
pteridine pathway when compared with the cancer-free patients (Group 1). 

Group Group 2/c 
(n  = 21)

Group 2/d 
(n  = 23)

P  value

Tryptophan (μmol/L)1 19.14 ± 1.68 20.62 ± 2.06 0.586
Kynurenine (μmol/L)2   1.45 ± 0.24   0.96 ± 0.11 0.080
Kynurenine/tryptophan   95.85 ± 17.40   83.08 ± 23.13 0.662
Serum neopterin (nmol/L)2 18.43 ± 5.18 15.56 ± 2.78 0.613
Urinary neopterin (μmol 
neopterin/mol creatinine)1

  85.79 ± 11.76   75.68 ± 11.34 0.541

Urinary biopterin (μmol 
biopterin/mol creatinine)1

  76.56 ± 16.44 105.43 ± 17.20 0.234

Urinary neopterin (μmol 
neopterin/mol creatinine) 
+ urinary biopterin (μmol 
biopterin/mol creatinine)1

167.42 ± 21.83 177.50 ± 26.82 0.774

IDO (%) 24.04 ± 6.90 44.56 ± 6.11  0.031a

ap < 0.05, group 2/c vs group 2/d, considered statistically significant; 
1Independent sample t-test; 2Mann-Whitney U test. The comparison 
displayed that serum indoleamine-2,3-dioxygenase (IDO) activities were 
strongly predictive for lymphatic invasion.
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Table 5  Evaluation of the association between lymphatic 
invasion, lymph node metastasis and tumor total indoleamine-
2,3-dioxygenase score in colorectal cancer patients

Table 4  Correlation between lymphatic invasion and lymph 
node metastasis, total serum indoleamine-2,3-dioxygenase 
score and serum tryptophan in colorectal cancer patients

Table 3  Evaluation of serum pteridine and tryptophan 
metabolites of lymph node metastasis negative (Group 2/a) 
and positive (Group 2/b) colorectal cancer patients
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invasion plus lymph node metastasis in patient with 
higher total IDO immunostaining score was 62% and 
85%, respectively, whereas, we found a significant 
difference between the accuracy of diagnosis by using 
either total IDO immunostaining score or lymph node 
metastasis during the evaluation of cancer patients (p 
= 0.0013; PPV: 38.46, NPV: 89%). 

DISCUSSION
In our study, CRC patients had increased systemic 

immune activation. The elevated neopterin production 
is also associated with Trp degradation. Trp depletion 
as well as the accumulation of its cytotoxic metabolites 
results in a strong inhibitory effect on the development 
of immune responses[33]. Increases in both the urinary 
biopterin excretion and Kyn/Trp of CRC patients 
compared to the matched controls suggested that IFN-
gamma-mediated immune response may be enhanced 
by the malignant growth. Actually, IFN-g-induced 
guanosine triphosphate (GTP) cyclohydrolase I activity 
correlates with the sum of neopterin plus biopterin 
rather than with neopterin or biopterin alone[34]. Thus, 
lower values of neopterin plus biopterin in lymph 
node-positive patients considering the higher values 
of lymphatic invasion-positive cancer cases may be 
suggestive for insufficient immune response in these 
patients.

It is well known that IDO activity is characterized 
best by the Kyn/Trp which correlates with concentrations 
of immune activation marker neopterin[35]. Indeed, 
in our study highly significant correlation between 
neopterin concentrations and the increased Kyn/Trp 
clearly indicated that the formation of Kyn is related to 
IDO activity by IFN-gamma stimulation. IDO rapidly 
degrades Trp that is crucial to sustain proliferation of 
T lymphocytes[36]. Despite the phenomena of immune 
activation, low Trp levels or increased concentrations 
of its degradation products may be directly involved 
in diminished T-cell responsiveness to antigenic 
stimulation in cancer patients[37]. Actually, physiological 
levels of IDO may be needed for maintenance of T cells 
function, which is necessary for antigen presentation, 
but increased levels of IDO and accumulation of IDO-
mediated cytotoxic metabolites from the Kyn pathway 
will hamper cell function in activated T cells[38]. On the 
other hand, IDO-induced Trp depletion from the tumor 
microenvironment could be the results of elevated 
levels of the enzyme and augmented Trp consumption 
by both tumor cells and antigen presenting cells of 
the host[22]. However, CRCs with a high density of 
infiltrating memory and effector T cells are less likely 
to disseminate to lymphovascular and perineural 
structures and to regional lymph nodes and, present 
a less advanced pathological stage, and increased 
survival[39]. 

In this study we analyzed the expression of 
IDO proteins in human colorectal tumor samples. 
Our results are also in line with previous studies, 
indicating that human tumors frequently express 
IDO[38]. 52.4% of tumor specimens showed IDO-high 
expression, whereas in 47.6% of tumor specimens, 
the staining was scored as IDO-low expression. 
These findings indicated that certain colon cancer 
subsets are different in their ability to express IDO. 
The finding, IDO activity significantly correlated with 
immunostaining scores in vitro strongly suggests 
that the enzyme is active and might exert its 

Group Group 2/a 
(n  = 32)

Group 2/b 
(n  = 12)

P  value

Tryptophan (μmol/L)1 18.04 ± 1.39 23.98 ± 2.98  0.047a

Kynurenine (μmol/L)1   1.33 ± 0.17   0.87 ± 0.14 0.139
Kynurenine/tryptophan1 103.20 ± 18.13   53.27 ± 17.36 0.121
Serum neopterin (nmol/L)2 17.78 ± 3.68 14.67 ± 3.94 0.368
Urinary neopterin (μmol 
neopterin/mol creatinine)1

83.07 ± 9.76   71.29 ± 12.96 0.552

Urinary biopterin (μmol 
biopterin/mol creatinine)1

  96.87 ± 13.83   69.56 ± 23.13 0.371

Urinary neopterin (μmol 
neopterin/mol creatinine) 
+ Urinary biopterin (μmol 
biopterin/mol creatinine)1

179.95 ± 20.48 143.23 ± 24.95 0.400

IDO (%)1 30.32 ± 5.74 48.75 ± 8.30 0.089

ap < 0.05; group 2/a vs group 2/b, considered statistically significant; 
1Independent sample t-test; 2Mann-Whitney U test. The comparison 
displayed that serum indoleamine-2,3-dioxygenase (IDO) activities were 
not predictive for lymph node dissemination alone.

Pearson correlation

Lymphatic 
invasion

Lymph node metastasis Tumor total IDO score
p = 0.001a, r = +0.476 p = 0.014a, r = +0.366

Lymph node 
metastasis

Serum tryptophan Tumor total IDO score
p = 0.047a, r = +0.305 p = 0.043a, r = +0.310

ap < 0.05 considered statistically significant. IDO: Indoleamine-2,3-
dioxygenase.

Lymphocytic infiltration- lymphatic invasion p = 0.211
Lymph node metastasis- lymphatic invasion p = 0.002a

Tumor differentiation- lymphatic invasion p = 0.358
Tumor total IDO score- lymphatic invasion p = 0.016a

ap < 0.05 considered statistically significant. Lymphatic invasion showed 
linear-by-linear association with lymph node metastasis and tumor total 
IDO score in colorectal cancer patients. IDO: Indoleamine-2,3-dioxygenase.
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immunosuppressive activity in patients classified as 
IDO-high expression. However, further prospective 
studies by using fresh tumor tissues are required to 
confirm this hypothesis. In this study, we verified 
that lymphovascular invasion is a strong predictor 
of lymph node metastasis. All lymphatic invasion 
negative patients were also lymph node negative (21 
patients; 47.7%). When compared with the lymphatic 
invasion-lymph node positive CRC patients (27.3%), 
lymphatic invasion-lymph node negative patients had 
significantly lower expression of IDO (4.7% ± 0.4% 
and 2.6% ± 0.4%, respectively, p = 0.012). The 
increased frequency of IDO activity could enhance 
immune tolerance against the cancer cells. While 23 
patients with positive lymphatic invasion showed 78% 
increased frequency of IDO activity (IDO score ≥ 4), 
lymphatic invasion-lymph node positive CRC patients 
and lymphatic invasion-lymph node negative patients 
had 92% and 38%, respectively.

In this study, in order to compare with the tumor 
IDO activity, lymphatic invasion was demonstrated 
with advanced immunohistochemical techniques. 
However, histological evaluation of lymph nodes was 
made by routine conventional methods. Despite of the 
positive lymphatic invasion, lymph node metastases 
were found negative in 11 patients.

Likewise, multivariate analysis of CRC showed that 
lymphatic invasion is an independent predictor factor 
for lymph node metastasis[5]. Very recently, it has 
been indicated that to the patients with T1 or T2 CRC, 
with positive lymphovascular invasion, radical surgery 
should be recommended because of the greater risk 
for lymph node metastasis[40]. This surgical strategy 
was supported by our data. Additionally, in routine 
conventional histopathological examinations, lymphatic 
invasion and lymph node metastases cannot always be 
defined due to limited number of histological sections. 

As a conclusion, these evidences coupled with 
our data showed that high total IDO immunostaining 
score is a strong predictor for immune tolerance, 
lymphatic invasion and subsequent lymph node 
metastasis. Therefore, IDO immunostaining might be 
recommended for histopathological evaluation of CRC 
cases.

COMMENTS
Background
Lymphatic invasion and the depth of submucosal invasion of tumor cells are 
risk factors for lymph node metastasis, which is the strongest prognostic 
determinant for colorectal cancer (CRC) patients. It was suggested that 
indoleamine-2,3-dioxygenase (IDO) high-expressing colorectal tumor cells 
enable cancer subsets to avoid immune attack. However, still a satisfactory 
tool does not exist for the determination of unrecognizable tumor cells that may 
cause recurrent CRC.

Research frontiers
IDO high-expressing colorectal tumor cells enable cancer subsets to avoid 

immune attack. Although IDO expression by tumor cells has been shown to 
correlate with a poor clinical prognosis of colon cancer, assessment of tumor 
IDO activity has not took place currently in routine histopathological evaluation 
concept of CRCs. Thus the current research hotspot is to evaluate the adequate 
retrieval and assessment of colorectal mesenteric lymph nodes to ensure that 
the lymph nodes do not contain unrecognizable tumor cells.

Innovations and breakthroughs
In CRC patients, significantly accelerated degradation of tryptophan (Trp) 
with lowered serum concentrations of Trp and increased kynurenine as well 
as an increased Kyn/Trp has been recognized. Although IDO expression 
by tumor cells has been shown to correlate with a poor clinical prognosis of 
colon cancer, assessment of tumor IDO activity does not take place currently 
in routine histopathological evaluation of CRCs. This data revealed that high 
total IDO immunostaining score is a strong predictor for immune tolerance, 
lymphatic invasion and subsequent lymph node metastasis. Therefore, IDO 
immunostaining might be recommended for histopathological evaluation of 
CRC cases.

Applications
High total IDO immunostaining score is a strong predictor for immune tolerance, 
lymphatic invasion and subsequent lymph node metastasis. Thus, during the 
histopathological evaluation of CRC, IDO immunostaining might be used.

Terminology
CRC is one of the major public health problems in the world. Lymphatic 
invasion and the depth of submucosal invasion of tumor cells are risk factors 
for lymph node metastasis, which are strongest prognostic determinants for 
colorectal cancer patients. Trp degrading enzyme, IDO expression by tumor 
cells has been shown to correlate with a poor clinical prognosis of colon cancer. 
Indicator of cellular immune response, neopterin is produced by the activated 
macrophages and associated with Trp degradation. Actually, IFN-gamma-
induced guanosine triphosphate (GTP) cyclohydrolase I activity results in 
synthesis of neopterin, as well as biopterin.

Peer-review
This is an interesting study, a lot of work behind many thanks for authors.
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