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Background: Immune dysfunction in breast cancer patients is well established. Indoleamine 

2,3-dioxygenase (IDO) is an immunosuppressive enzyme that is linked with progression of 

cancer. IDO is overexpressed in triple-negative breast cancer (TNBC) cases.

Materials and methods: We conducted the first study to analyze IDO expression and overall 

survival in breast cancer cases in Pakistan. Expression of IDO, estrogen receptor (ER), progester-

one receptor (PR), and human EGF receptor 2 (HER2) was evaluated by immunohistochemistry. 

Formalin-fixed paraffin-embedded breast cancer tissues of 100 (TNBC, n=49 and non-TNBC, 

n=51) patients were obtained from Shaukat Khanum Memorial Cancer Hospital and Research 

Centre. IDO expression was analyzed in association with clinicopathological features and overall 

survival. A total of 100 patients were classified based on the ordinal IDO score variables as low, 

medium, and high. In addition, overall mean age and SD of patients was 48.28±11.82.

Results: Immunohistochemical analysis showed that high IDO was observed in the TNBC 

patients (65.3%) compared to that in the non-TNBC patients (33.3%). Multivariable analyses 

showed that TNBC was an independent risk factor for high IDO expression. Overall survival 

was also significantly associated with IDO score.

Conclusion: Our study showed that IDO protein expression is higher in TNBC patients (P<0.01) 

and may suggest its role in disease pathogenesis. TNBC might be effectively treated with IDO 

inhibitors. Furthermore, high IDO expression is considerably associated with overall decreased 

patient survival. IDO might be utilized as a potential biomarker and immunotherapeutic target 

in breast cancer patients.

Keywords: indoleamine 2, 3-dioxygenase, breast cancer, triple-negative breast cancer, 
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Introduction
Indoleamine 2,3-dioxygenase (IDO) is an immunosuppressive enzyme that catabo-

lizes l-tryptophan into kynurenines.1,2 Deficiency of tryptophan hinders the cyto-

toxicity of T cells.3 The metabolites generated from tryptophan metabolism activate 

T cell apoptosis in vitro.4 IDO is involved in inhibition of T-cell immune responses 

through induction of regulatory T cell (T-reg) differentiation.5 IDO is implicated in 

tumor immune-escape mechanisms.4,6,7 IDO overexpression results in immunosup-

pression and immunotolerance.7 IDO-expressing dendritic cells (DCs) are found 

in tissues and draining lymph nodes of patients with breast cancer.8 IDO emerged  

from tumor has capability to obstruct the antitumor immune responses and promote 

metastasis.9,10 Several researchers identified the IDO expression in breast, colorec-

tal, ovarian, and endometrial cancers.11–14 IDO inhibition is an evolving antitumor 
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approach in the field of cancer immunotherapeutic. Cur-

rently, several IDO inhibitors are the part of clinical trials.15

Breast cancer affects majority of the Pakistani women, 

accounting for 40.2% of all female malignancies.16 A study 

conducted by Yu et al17 established that high IDO expres-

sion in breast cancer patients was linked with the involve-

ment of lymph node and a worse recurrence-free survival. 

Triple-negative breast cancer (TNBC) is characterized by 

the absence of immunohistochemical expression of estrogen 

receptor (ER), progesterone receptor (PR), and human EGF 

receptor 2 (HER2).18 TNBC is approximately accounted for 

15%–20% of all breast cancers.18,19 Due to advancement in the 

field of cancer research and management, the overall survival 

of breast cancer patients has been improved. However, TNBC 

is an aggressive tumor compared to other breast cancers, and 

therapeutic treatment options are limited.19 Overall survival 

of patients with advanced TNBC is less than a year. There-

fore, identification of precise targets and novel therapies for 

TNBC patients remains a major challenge.20 Jaquemiere et 

al21 established that IDO was overexpressed at transcriptional 

and translational level in a subset of TNBC. Currently, no 

data are available regarding IDO expression in TNBC patients 

in Pakistan. The current study was conducted in Pakistan to 

analyze the IDO expression in relation with overall survival 

in breast cancer patients.

Materials and methods
specimen collection and survival data
Formalin-fixed paraffin-embedded tumor specimens were 

retrieved from 100 breast cancer patients for retrospective 

analysis from pathology department at Shaukat Khanum 

Memorial Cancer Hospital and Research Centre (SKMCH & 

RC) Lahore, Pakistan (It is the only charitable cancer hospital 

in the world where approximately 75% of cancer patients are 

treated completely free of charge). All patients were diagnosed 

between 2007 and 2009 with breast cancer. They had no history 

of breast cancer. All the patients selected for the current study 

were treatment naive. Nottingham Histologic Score system was 

used for tumor grading. The expression of ER, PR, and HER2 

was investigated through immunohistochemistry by using stan-

dard methods.22 The information about the clinicopathological 

characteristics of the breast cancer patients was acquired from 

pathology reports of hospital medical record system.

Survival data were collected from the electronic hospital 

information system (eHIS) of SKMCH & RC (date of search, 

May 30, 2018) for 100 patients. The current study consisted 

of retrospective arm and was approved by the institutional 

review board (IRB; study IRB-16–08) of SKMCH & RC. 

The waiver for informed consent was granted for this study 

by IRB (SKMCH & RC), which is in accordance with the 

Declaration of Helsinki. We used the specimens that were 

available at SKMCH & RC. The information recorded by 

the group was in such a manner that the subjects could not 

be identified. Information was retrieved form the physician 

notes only. The research involves no procedures for which 

informed consent is normally required outside of the research 

context. The IRB review process of SKMCH & RC is in 

compliance with the International Council for Harmonisation 

of Technical Requirements for Pharmaceuticals for Human 

Use- Good Clinical Practice Guidelines.

immunohistochemical staining and 
scoring of iDO
Slides were stained using a Bond III Leica automated system 

(Leica Biosystems Melbourne, Australia) as per manufacturer’s 

protocol. Slides were deparaffinized with Bond Dewax solution 

(#AR922; Leica Microsystems). Heat-induced epitope retrieval 

method was used on the automated system with Bond ER-2 

(#AR9640; Leica Microsystems) for 20 minutes. The primary 

antibody IDO1 (Abcam, Cambridge, United Kingdom; # 

ab55305, anti-indoleamine 2,3-dioxygenase antibody) was used 

at a 1:200 concentration in primary antibody diluent Bond (#AR 

9352) and incubated for 5 minutes. IDO labeling was visualized 

using BondTM polymer refine detection kit (#DS9800 Leica 

Biosystems Newcastle Upon Tyne, United Kingdom). Slides 

were incubated with peroxide block (hydrogen peroxide) for 

5 minutes and then incubated with post-primary rabbit anti-

mouse IgG for 8 minutes. Then, further, slides were incubated 

with polymer anti-rabbit poly-horseradish peroxidase (HRP)-

IgG for 8 minutes. 3, 3′-diaminobenzidine (DAB) was applied 

for 10 minutes. At each step, washing was performed with 

Bond wash buffer (#AR 9590). Slides were counterstained with 

hematoxylin for 5 minutes. Slides were visualized by an optical 

microscope (Provis AX-70; Olympus, Melville, NY, USA).

The slides were numerically scored by pathologists. It 

was a blind histopathologic evaluation. Two factors were con-

sidered for IDO staining, i.e., percent cells staining positive 

(0=0%, 1=1%–33%, 2=34–66%, and 3≥66%) and intensity 

of cytoplasmic staining (0, 1, 2, and 3). The percentages of 

positive staining of cells and cytoplasmic staining values 

were combined to get the final IDO score. The scores were 

further classified as low=1–3, medium=4–6, and high=7–9.

statistical analyses
Statistical analyses were performed using SPSS software 

(version 20.0; IBM Corporation, Armonk, NY, USA). Per-
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centages (proportions) were used for categorical variables, 

while mean and SD was used for continuous variables. 

Bivariate analysis was done using chi-squared or Fisher’s 

exact tests (when necessary). For continuous explanatory 

variable such as age, independent t-test was performed. 

Univariable and multivariable ordinal logistic regression 

model was used to find the risk factors. The Kaplan–Meier 

method was used to estimate overall survival. Survival 

differences were scrutinized by the Breslow (Generalized 

Wilcoxon) test. Statistical significance was defined as a 

two-tailed P-value 0.05.

Results
Demographic and patient characteristics
The baseline characteristics of breast cancer patients 

(n=100) are outlined in Table 1. The overall mean age at 

diagnosis of breast cancer was 48.28±11.82 years (range, 

23–75 years), and all the patients were female. Based on 

the ethnicity, most patients were from Punjabi background 

(87%). According to the TNM classification system, 10.9% 

tumors were T1 and 89.1% tumors were T2/T3. The grade 

distribution was I, II and III respectively. 61.5% tumors 

were presenting grade III. The patients’ positive for node 

and metastasis were 57.5% and 56.3%, respectively. The 

frequency for ER, PR, and HER2-neu positive was 31.0%, 

26.0%, and 26.0%, respectively. There was a statistical 

association between IDO scoring and TNBC (P=0.003). 

Our data revealed that 35% patients died approximately 

after 24–91 months of breast cancer diagnosis, 15% 

patients were lost to follow-up, and 50% patients are 

still alive.

survival data analysis
Overall survival was compared among the IDO low, IDO 

medium, and IDO high groups. There was a statistically 

significant difference (P=0.04) between the three groups as 

shown in Figure 1. The survival time in IDO scores was high-

est in low expression category (91±41.9 months) compared 

to that in medium and high expression categories (50±4.4 

and 24±10.1 months, respectively). The overall median 

Table 1 Patients and tumor characteristics by low, medium, and high iDO scores

Variables Characteristics Total, n 
(%)

Low IDO 
score, 24 
(24.0%)

Medium 
IDO score, 
27 (27.0%)

High IDO 
score, 49 
(49.0%)

P-value

age (years), mean±sD 48.28±11.82 48.04±11.03 46.07±11.26 49.61±12.53 0.46
grade, n (%) ii 35 (38.5) 10 (28.6) 10 (28.6) 15 (42.9) 0.32

iii 56 (61.5) 12 (21.4) 11 (19.6) 33 (58.9)
Total 91 (100.0) 22 (24.2) 21 (23.1) 48 (52.7)

Metastasis, n (%) negative 38 (43.7) 10 (26.3) 7 (18.4) 21 (55.3) 0.31
Positive 49 (56.3) 12 (24.5) 16 (32.7) 21 (42.9)
Total 87 (100.0) 22 (25.3) 23 (26.4) 42 (48.3)

Tumor size, n (%) T1 7 (10.9) 3 (42.9) 1 (14.3) 3 (42.9) 0.69
T2/T3 57 (89.1) 15 (26.3) 17 (29.8) 25 (43.9)
Total 64 (100.0) 18 (28.1) 18 (28.1) 28 (43.8)

nodes, n (%) negative 37 (42.5) 10 (27.0) 6 (16.2) 21 (56.8) 0.17
Positive 50 (57.5) 12 (24.0) 17 (34.0) 21 (42.0)
Total 87 (100.0) 22 (25.3) 23 (26.4) 42 (48.3)

estrogen receptor, n (%) negative 69 (69.0) 15 (21.7) 16 (23.2) 38 (55.1) 0.20
Positive 31 (31.0) 9 (29.0) 11 (35.5) 11 (35.5)
Total 100 (100.0) 24 (24.0) 27 (27.0) 49 (49.0)

Progesterone receptor, n (%) negative 74 (84.0) 18 (24.3) 17 (23.0) 39 (52.7) 0.28
Positive 26 (26.0) 6 (23.1) 10 (38.5) 10 (38.5)
Total 100 (100.0) 24 (24.0) 27 (27.0) 49 (49.0)

heR2–neu receptor, n (%) negative 74 (84.0) 17 (23.0) 19 (25.7) 38 (51.4) 0.73
Positive 26 (26.0) 7 (26.9) 8 (30.8) 11 (42.3)
Total 100 (100.0) 24 (24.0) 27 (27.0) 49 (49.0)

Triple-negative breast cancer, 
n (%)

no 51 (51.0) 14 (27.5) 20 (39.2) 17 (33.3) 0.003a

Yes 49 (49.0) 10 (20.4) 7 (14.3) 32 (65.3)
Total 100 (100.0) 24 (24.0) 27 (27.0) 49 (49.0)

Note: aStatistical significance: P<0.05.
Abbreviations: heR2, human egF receptor 2; iDO, indoleamine 2,3 dioxygenase.
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survival time for breast cancer patients with IDO score was 

50±14.19 months.

iDO staining results
To identify the IDO expression, we selected formalin-fixed 

paraffin-embedded 100 tumor specimens. All breast cancer 

specimens stained positive for IDO. The mean and SD value 

was 6.29±3.09, median (range) was 6 (1–9), and mode was 

9. Out of 100 samples, IDO high, IDO medium, and IDO 

low scores were 49%, 27%, and 24%, respectively (Figure 

2). IDO immunostaining is shown in Figure 3. The staining 

was mostly cytoplasmic and detected in malignant ductal 

tumors and invasive ductal tumors cells.

Univariable and multivariable analysis
Table 2 summarizes various clinicopathological factors 

of patients, which were investigated in the univariable 

and multivariable statistical analyses to identify their 

association with IDO expression. In multivariable ordinal 

model, we did not observe an association between IDO 

Figure 1 OS stratified by three groups of IDO scores.
Abbreviations: iDO, indoleamine 2,3 dioxygenase; Os, overall survival.
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Figure 2 histogram of iDO expressions: 24% had low iDO expression, 27% had 
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Abbreviation: iDO, indoleamine 2,3 dioxygenase.
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and tumor ER (OR, 1.12; 95% CI, 0.30–4.16, P=0.86), PR  

(OR, 2.57; 95% CI, 0.69–9.59, P=0.16), and HER2-neu 

(OR, 2.83; 95% CI, 0.73–10.92, P=0.12) status. TNBC 

patients were associated with higher IDO expression 
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BA

C 

Figure 3 iDO immunostaining images.
Notes: iDO protein expression in breast cancer tissue (n=100) was evaluated by immunohistochemistry. Formalin-fixed paraffin-embedded sections were stained using 
mouse monoclonal antibody against human iDO. (A) strong and diffuse iDO staining was observed in malignant ductal tumor cells. (B) Moderate iDO-positive staining was 
detected in invasive ductal tumor cells. (C) Weak iDO staining was observed in the breast tumor cell. images were captured at 40× magnification.
Abbreviation: iDO, indoleamine 2,3 dioxygenase.

Table 2 Univariable and multivariable ordinal regression for iDO scores – low (reference) vs medium and high

Variables Characteristics Univariable analysis, 
OR (95% CI), P-value

Multivariable analysis, 
OR (95% CI), P-value

estrogen receptor negative Reference Reference
Positive 0.53 (0.24–1.60), 0.11 1.12 (0.30–4.16), 0.86

Progesterone receptor negative Reference Reference
Positive 0.71 (0.31–1.61), 0.41 2.57 (0.69–9.59), 0.16

heR2–neu receptor negative Reference Reference
Positive 0.73 (0.32–1.68), 0.50 2.83 (0.73–10.92), 0.12

Triple-negative breast cancer no Reference Reference
Yes 2.79 (1.30–6.05), 0.01a 8.04 (1.70–39.02), 0.01a

Note: aStatistical significance: P<0.05.
Abbreviations: heR2, human egF receptor 2; iDO, indoleamine 2,3 dioxygenase.

compared to the non-TNBC patients (OR, 8.04; 95% CI, 

1.70–39.02, P=0.01).

Discussion
It has been documented that IDO emerged from tumors has 

ability to constrain the immune responses against tumor.23 

IDO is suggested to play a pivotal role in the pathogenesis 

of breast cancer. To the best of our knowledge, this is the 

first study that establishes the expression of IDO in Pakistani 

breast cancer patients. The findings of current study support 

the observation that increased IDO expression (P=0.01) is 

associated with TNBC patients (65.3%) compared to the non-

TNBC patients (33.3%), coherent with the finding published 

by Kim et al23 and Dill et al.24 Jaquemiere et al21 also observed 

high IDO expression in basal-like breast carcinoma (BLBC), 

a subtype of TNBC. They mainly investigated IDO expres-

sion at mRNA level; however, we investigated IDO protein 

expression in tissues. IDO expression at transcriptional level 

can be different from IDO expression at translational level 

due to various factors. Therefore, we presume that IDO 

expression at protein level may act as a more consistent factor 

to investigate. Soliman et al25 revealed that IDO expression 

was higher in ER+ tumor in comparison with ER− tumors 

(P=0.0064). In our study, we could not find an association 
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between IDO expression and HER2, PR, or ER status in 

breast cancer patients, which was primarily consistent with 

the recently published study by Wei et al.26

IDO overexpression is associated with shorter overall 

survival in patients with solid tumors.12–14,27–31 Soliman et 

al25 validated that high IDO expression is associated with 

better survival outcomes in breast cancer patients, consistent 

with findings presented by Jaquemiere et al.21 In our study, 

overall survival data were compared among the IDO high, 

IDO medium, and IDO low groups. There was a statistically 

significant difference (P=0.04) between the three groups. 

Our data confirmed that high IDO expression is associated 

with the poor prognosis of the patients. This is similar to the 

findings by Wei et al.26

IDO expression has immunological and non-immuno-

logical effects on breast tumor growth.32 It is imperative 

to understand the involvement of IDO in the progression 

of breast cancer.25 IDO has a potential to be used as an 

immunotherapeutic target in TNBC patients.33 This study 

had some limitations. This study was conducted on 100 

patients. Future studies on Pakistani breast cancer patients 

with a broader cohort are warranted to establish definitive 

correlations.

IDO is not expressed in normal breast tissues.34 Our 

data suggest that IDO expression was higher in the TNBC 

patients compared to that in the non-TNBC patients. Fur-

thermore, high IDO expression is considerably linked with 

overall decreased patient survival and poor prognosis in 

patients diagnosed breast cancer in Pakistan. Tumors with 

increased IDO expression and decreased patients’ survival 

endorse the idea that a treatment modality involving IDO 

inhibition may have antitumor effects. Thus, IDO is a 

promising target for therapeutic intervention specifically 

in TNBC patients.
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