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SUMMARY Chronic rhinosinusitis without and with nasal polyps (CRSwNP and CRSsNP), and 
antrochoanal polyps are different phenotypes with different pathomechanisms. Indoleamine 
2,3-dioxygenase (IDO) is an enzyme expressed in many cells involved in the catabolism of 
the essential amino acid tryptophan to kynurenine. IDO might have a role in allergic air-
way inflammation. The aim was to evaluate if IDO expression is associated with CRSsNP, 
CRSwNP, or ACP. One hundred fifty specimens from the nasal cavity and sinus mucosa 
were immunohistochemically stained with mAb anti-IDO. The expression of epithelial and 
leukocyte IDO was associated with CRSwNP and ACP. The presence of ASA intolerance, 
asthma, atopy, smoking and use of medication did not significantly change the results. The 
different expression of IDO could putatively indicate the differences in the pathomecha-
nisms of CRSsNP, CRSwNP and ACP. Further studies on the role of IDO in upper air-
ways pathologies are required.

 Key words: aspirin intolerance, chronic rhinosinusitis, eosinophil, indoleamine 2,3 dioxyge-
nase, nasal polyp

INTRODUCTION
Chronic rhinosinusitis (CRS) is a heterogeneous group of 
inflammatory diseases of the nose and paranasal sinuses last-
ing for at least 12 weeks without resolution (1). It is a significant 
health problem with a prevalence of 10-16 % (1). It is frequently 
associated with asthma but their inter-relationship is poorly 
understood (1,2). Hence, the global research goal is to acquire 
knowledge on patient phenotypes, subtypes, and the factors 
amplifying mucosal inflammation in CRS (3). CRS with nasal 

polyps (CRSwNP) and without (CRSsNP) are considered 
to be phenotypes of CRS with possibly different aetiologies 
and pathomechanisms, although they may also be interpreted 
as different degrees of inflammation (3,4). Nasal polyps (NP) 
appear as oedematous masses originating from the middle 
meatus and affect between 1 and 4% of the general population 
(1). Hyperplasic CRS has been an ill-defined group, represent-
ing putatively an overlap between CRS and NP (1). Although 
CRS with hypertrophic polypoid sinus mucosa (HP) is also 
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lacking clinical characterization, its histological characters 
seem to be tortuous edematous mucosa with a putatively non 
increased number of glands, vessels, or eosinophils (5).

Sinus specimens obtained from patients suffering from 
CRSsNP are generally characterised by basement mem-
brane thickening, goblet cell hyperplasia, subepithelial oede-
ma, abundant mononuclear cells and few eosinophils (1,6). 
Histomorphological characterisation of CRSwNP reveals 
frequent epithelial damage, a thickened basement membrane, 
oedematous to sometimes fibrotic stromal tissue, with a 
reduced number of vessels and glands, but virtually no neural 
structure (7). Eosinophil numbers are significantly higher in 
polyp tissue compared to CRSsNP (4). CRSsNP is character-
ized by a T-helper cell 1 (Th1) polarization with high levels 
of interferon-gamma (IFN-γ) and transforming growth factor 
beta (TGF-β), while CRSwNP is characterised by a T-helper 
cell 2 (Th2) polarization with high interleukin 5 (IL-5) and 
immunoglobulin E (IgE) concentrations (8). A deficit in T 
regulatory cell capacity in CRSwNP might lead to a strong 
increase in Th1 and Th2 effector cell signals (9). Antrochoanal 
polyps (ACP) originate (unilaterally) from the maxillary sinus 
mucosa and protrude into the choana. Although macroscopi-
cally similar to the classic NP, ACP is considered to have a 
predominance of neutrophils (10).

In patients with aspirin (ASA) sensitivity, 36-96% have 
CRSwNP (11,12). CRSwNP in ASA hypersensitive patients is 
characterised by involvement of all sinuses and nasal passages 
and thicker hypertrophic mucosa with abundant eosinophils 
(13). Although the pathogenesis of chronic eosinophilic inflam-
mation of the airway mucosa and nasal polyps in ASA-
sensitive patients does not seem to be related to intake of aspi-
rin or other nonsteroidal anti-inflammatory drugs, it has been 
speculated that the pathomechanism underlying CRSwNP 
in ASA sensitive patients may be different from that in ASA 
tolerant patients (1).

Indoleamine 2,3 dioxygenase (IDO) is an intracellular enzyme 
that initiates the first and rate-limiting step of tryptophan 
breakdown along the kynurenine pathway (14). IDO is widely 
expressed in a variety of cell types including leukocytes and 
tumour cells (15). Initially the role of IDO was thought to 
be mainly antimicrobial by reducing the availability of the 
essential amino acid tryptophan in the inflammatory environ-
ment (16). In the past years, IDO has emerged as an important 
regulator of the immune system; however, it is not known 
whether local IDO activity is beneficial or detrimental to 
inflamed tissues. IDO is induced by IFN-γ and other inflam-
matory cytokines during inflammation or as a consequence of 
normal tissue function (17). IDO suppresses T cell activity and 
promotes T cell tolerance to further antigenic challenges, by 
promoting the differentiation of naïve CD4 T cells into regu-
latory T cells, regulated putatively by dendritic cells (18-22). IDO 
seems to serve as a negative feedback loop or is not essential 
for Th1 response, but it plays a distinct role in up-regulating 

Th2 dominant immune responses (15,23). Moreover, IDO has 
also been shown to down-regulate Th2 responses (24). The role 
of IDO in the modulation of allergic airway inflammation has 
recently been investigated (25-28). 

As there may be pathophysiological differences between 
CRSsNP, CRSwNP, and ACP, our objective was to compare 
the sinonasal epithelial and mucosal expression of IDO in 
these subgroups. 

MATERIALS AND METHODS
Subjects
This study was carried out at the Department of 
Otorhinolaryngology, Tampere University Hospital, Finland 
and has been approved by the Hospital’s Ethical committee. 
All the subjects were Caucasian. Subject groups are shown in 
Tables 1 and 2. The inclusion criteria of patients were: diagno-
sis of CRSsNP, CRSwNP, or ACP based on EPOS criteria of 
symptoms, endoscopic and sinus computed tomography find-
ings (1). The exclusion criteria were cystic fibrosis, and diseases 
with a severe impact on general immunity. The exclusion cri-
teria of control subjects were: sinonasal disease (except mild 
allergic rhinitis), or any other disease requiring constant medi-
cation. Diagnosis of atopy was based on skin prick test posi-
tivity. Diagnosis of asthma was based on clinical features and 
pulmonary function tests. Diagnosis of ASA intolerance was 
made on the basis of a history of wheezing or asthma attacks 
precipitated by non-steroidal anti-inflammatory drugs.

The first set of specimens was taken from the nasal cavity. 
Control nasal mucosa was obtained from the inferior tur-
binate under local anaesthesia from 19 healthy, non-atopic 
volunteers who did not use any medication. Polyp specimens 
were obtained from patients for diagnostic purposes or under-
going endoscopic polypectomy with or without sinus sur-
gery, under local or general anaesthesia. The maxillary sinus 
specimens were taken from different individuals than the 
specimens of the first set. Control sinus mucosa was obtained 
from 12 subjects under general anaesthesia during bimaxillary 
osteotomy. Maxillary sinus specimens from patients with CRS 
were obtained during endoscopic sinus surgery under local or 
general anaesthesia. 

Tissue handling 
Nasal specimens, obtained from healthy volunteers, were 
immediately snap-frozen in liquid nitrogen and stored at 
-80°C until analysis. Other specimens, obtained at the time of 
surgery, were formalin-fixed and paraffin-embedded.

Sample staining
Tissue samples were stained with hemalaun-eosin for calcu-
lating the number of mucosal eosinophils/mm2. The polyp 
specimens were additionally stained with Periodic acid-Schiff 
(PAS) for evaluating semiquantitatively the amount of mucus 
on the polyp surface (PAS+ = little or no mucus, PAS++ = 
much mucus). 
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Immunohistochemistry
For light microscopic evaluation, specimens were stained with 
immunoperoxidase staining, 3-5 μm thick frozen or paraf-
fin sections were cut onto Superfrost Plus microscope slides 
(Menzel-Gläser, Braunschweig, Germany). Frozen sections 
were fixed with formalin for 45 minutes. Fully automated 
immunostaining was performed by Ventana BenchMark LT 
Automated IHC Stainer (Ventana Medical System, Arizona, 
USA). Ultraview Universal DAB detection kit (catalogue No. 
760-500, Ventana Medical System, Arizona, USA) was used. 
Ventana EZ Prep solution (catalogue No 950-100, Ventana) 
was used for deparaffinisation. For epitope retrieval CC1: 

Tris-EDTA buffer pH 8.0 (catalogue No 950-124,Ventana) 
was used at 95°C to 100°C for 30 minutes with paraffin 
embedded tissue sections, and 8 minutes with frozen sections. 
Endogenous peroxidase was blocked with UV-Inhibitor 3% 
H

202 (Ventana) for 4 minutes at 37°C. Tissue slides were rinsed 
between steps with Ventana Tris-based Reaction buffer (cata-
logue No. 950-300, Ventana). Slides were incubated at 37°C 
for 32 minutes with mAb anti-Indoleamine 2,3 dioxygenase 
(1:200, clone MAB5412, Chemicon International Inc., USA) 
followed by application of Ventana Ultraview HRP Universal 
Multimer (8 minutes at 37°C). Diaminobenzidine (DAB) was 
used as a chromogen and haematoxylin as a nuclear stain. 

Figure 1. The expression of indoleamine 2,3-dioxygenase (IDO) in biopsies from the nasal cavity (a-d) and maxillary sinus mucosa (e-i). (a) Control 

nasal mucosa without epithelial or leukocyte expression of IDO. (b) Chronic rhinosinusitis with nasal polyp (CRSwNP) with epithelial IDO+ and 

leukocyte IDO-. (c) ASA-intolerant CRSwNP with epithelial IDO- and leukocyte IDO+. (d) Antrochoanal polyp with epithelial IDO+ and leukocyte 

IDO+. (e) Control sinus mucosa with epithelial IDO- and leukocyte IDO+. (f) CRSsNP with epithelial IDO- and leukocyte IDO-. (g) CRSsNP with 

epithelial IDO- and leukocyte IDO+. (h) CRSwNP with epithelial IDO- and leukocyte IDO+. (i) ASA-intolerant CRSwNP with epithelial IDO- and 

leukocyte IDO-. Original magnification 400x.
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Known positive tissue samples (from coeliac or inflammatory 
bowel disease) were also used to confirm the staining reliability 
of all separate staining patches (29,30). The specificity of immu-
nohistochemistry was controlled by omitting the primary anti-
bodies or replacing them with irrelevant antisera. 

Light microscopic evaluation
Sections were examined with a Leica DM 2000 light micro-
scope (Leica Microsystems GmbH, Wetzlar, Germany) by two 
independent observers blinded to the experimental conditions. 
In a sample, there was either moderate or strong immunore-
activity of all epithelial cells or no epithelial positivity at all. 
Thus, the results were expressed as IDO positive epithelium 
or IDO negative epithelium. The percentage of IDO positive 
leukocytes was assessed. The number of eosinophils/mm2 was 
counted from Hemalaun-Eosin staining. Diagnosis of hyper-
trophic polypoid mucosa (HP) of the maxillary sinus was 
based on microscopic evaluation of Hemalaun-Eosin stained 
sinus specimens by two blinded observers (T.P. and S.T-S). 
HP was semiquantitatively graded in specimens from patients 
with CRS: HP- = no or mild tortuous edematous mucosa, mild 
epithelial damage; CRS HP+ = moderate or severe tortuous 
edematous mucosa, moderate to severe epithelial damage.

Data analysis
Statistical analysis was carried out by the SPSS Base 15.0 
Statistical Software Package (SPSS Inc., Chicago, IL, USA). 
Data is expressed as medians or means. For comparisons, 
the results were analysed by, Fisher’s exact, Kruskal-Wallis, 
Mann Whitney U tests, and binary logistic regression analysis. 
Two-tailed p-values of < 0.05 were considered statistically sig-
nificant. 

RESULTS
Expression of IDO in the nasal cavity: control inferior turbinate, 
CRSwNP, and ACP
IDO was strongly expressed in the vicinity of the Golgi appa-
ratus of epithelial cells, but not on the supraepithelial mucus 
(Figure 1). IDO was additionally expressed weakly in submu-
cosal leukocytes and intraepithelial glands (Figure 1). 

Compared to control inferior turbinate, epithelial IDO+ was 
significantly associated with CRSwNP and ACP (p < 0.01, by 
logistic regression analysis, Table 3). The findings remained 
the same, when adjusted by aspirin-intolerance, atopy, asthma, 
smoking, use of intranasal or peroral corticosteroids, or anti-
histamines, previous operations, recurrence of polyps, sex and 
age (p < 0.05, by logistic regression analysis, data not shown). 

Compared to control inferior turbinate, the percentage of IDO 
positive leukocytes was significantly higher in CRSwNP and 
ACP specimens (p < 0.001, p < 0.05, respectively, by Kruskal-
Wallis and Mann Whitney U test, Table 1). There were no dif-
ferences in the median percentage of IDO positive leukocytes 
between the existence or not of the following factors: aspirin-
intolerance, atopy, asthma, smoking, use of intranasal or 

peroral corticosteroids, or antihistamines, previous operations, 
recurrence of polyps, and sex (p > 0.05 by Kruskal-Wallis test, 
data not shown). Age did not correlate with the percentage of 
IDO positive leukocytes (p > 0.05 by Spearman rank correla-
tion test, data not shown). The median percentage of IDO pos-
itive leukocytes was higher in specimens with epithelial IDO+ 
than that with epithelial IDO- (median percentages of IDO 
positive eosinophils 13% and 0%, respectively, p < 0.001 by 
Kruskal-Wallis and Mann Whitney U tests, data not shown). 

The median number of mucosal eosinophils was higher in 
CRSwNP and ACP specimens compared to control inferior 
turbinate (p < 0.001 by Kruskal-Wallis and Mann Whitney U 
test, Table 1). The median number of eosinophils was signifi-
cantly higher in epithelial IDO+ than in epithelial IDO- groups 
(median numbers of mucosal eosinophils 110.4/mm2 and 0.04/
mm2, respectively, p < 0.001 by Kruskal-Wallis and Mann 
Whitney U test, data not shown). Moreover, the number of 
eosinophils/mm2 correlated significantly with the percentage of 
IDO+ leukocytes (p < 0.01, r = 0.41, by Spearman rank corre-
lation test, data not shown). 

The epithelial IDO+ was associated with high amount of 
supraepithelial mucus, e.g. strong PAS positivity (p < 0.05, by 
Fisher’s exact test, data not shown). A higher number of eosi-
nophils was also significantly associated with the high amount 
of supraepithelial mucus (median numbers of mucosal eosi-
nophils 171.2/mm2 and 65.6/mm2 in PAS++ and PAS+ groups 
respectively, p < 0.05 by Kruskal-Wallis and Mann Whitney U 
test, data not shown). In contrast, the median percentage of 
IDO positive leukocytes did not significantly associate with 
the amount of supraepithelial mucus (p > 0.05 by Kruskal-
Wallis test, data not shown).

Expression of IDO in the maxillary sinus mucosa: control, 
CRSsNP, and CRSwNP 
IDO was expressed in the sinus epithelium and submucosal 
leukocytes in a similar way as in the specimens taken from the 
nasal cavity (Figure 1). 

Compared to control sinus mucosa, the epithelial IDO+ did 
not statistically differ in CRSsNP or CRSwNP groups (p > 
0.05, by Fisher’s exact test, Table 2, and by logistic regression 
test, data not shown). These findings remained insignificant 
when adjusted to aspirin intolerance, asthma, atopy, smoking, 
previous operations, microscopic evidence of hypertrophic 
polypoid sinus mucosa, use of intranasal or peroral corticos-
teroids, sex, and age (p > 0.05, by logistic regression analyses, 
data not shown). 
In contrast, the median percentage of IDO positive leuko-
cytes was significantly higher in CRSwNP specimens com-
pared to both control sinus mucosa and CRSsNP groups (p 
< 0.05, by Kruskal-Wallis and Mann Whitney U test, Table 
2). There were no differences in the percentage of IDO posi-
tive leukocytes between the existence or not of the following 
factors: aspirin-intolerance, atopy, asthma, smoking, use of 
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Table 1. Patient characteristics and results of specimens taken from the nasal cavity.

 Control
n = 19

CRSwNP
n = 54

ACP
n = 10

p value

Age
  median    
  min-max

26
21-62

59
16-90

45
20-79

< 0.001*

No. of male sex 4 36 7 0.002
Atopy 0 11 1 NS
ASA intolerance 0 13 0 0.012
Asthma 1 19 0 0.003
Smokers 1 11 1 NS
Medication               
 Antihistamine
 Intranasal CCS ±antih.
  Peroral CCS

0
0
0

2
28
5

0
3
0

NS
< 0.001

NS
ESS performed
Recurrent NP 

0
0

26
8

4
0

< 0.001
NS

No. of eosinophils/mm2
  median 
  Q1-Q3 

0.0
0.0-0.0

152.0
64.8-388.0

108.0
17.6-171.2

< 0.001*

Percentage of IDO+ leukocytes
  median 
  Q1-Q3

0.0
0.0-1.5

12.0
8.0-25.0

9.5
4.0-17.0

< 0.001*

Specimens with
 epithelial IDO+
 supraepithelial PAS++

16 %
0 %

87 %
62 %

70 %
56%

< 0.001
< 0.001

Control = mucosa from inferior turbinate from patient without inflammation of nasal mucosa and without sinonasal disease, CRSwNP = chronic 

rhinosinusitis with nasal polyp, ASA = aspirin, ACP = antrochoanal polyp, CCS = corticosteroid, antih. = antihistamine, ESS = endoscpic sinus sur-

gery, Q1- Q3 = 25 and 75 percentiles, respectively, IDO+ = positivity with mAb anti-indoleamine 2,3 dioxygenase, PAS++ = strong Periodic acid shiff 

–staining positivity, indicating much supraepithelial mucus. P-values by Fisher´s exact test (discrete) or *Kruskal Wallis test (continuous). NS = not 

significant.

Table 2. Patient characteristics and results of specimens taken from the maxillary sinus.

Control
n = 12

CRSsNP
n = 41

CRSwNP
n = 14

p value

Age
  median
  min-max

28
19-56

51
16-75

46
16-76

0.003*

No. of male sex 4 13 9 NS
Atopy 5 25 8 NS
ASA intolerance 0 0 7 < 0.001
Asthma 0 13 8 0.003
Smokers 3 9 2 NS
Medication          
  Antihistamine 0 4 2 0.067
  Intranasal CCS± antih.
  Peroral CCS

0
0

16
1

7
6

0.001
< 0.001

≥1 previous ESS 0 10 4 NS
Hypertrophic polypoid mucosa 0 11 14 < 0.001
No. of eosinophils/mm2
  median 
  Q1-Q3

80.0
0.0-0.0

82.7
0.0-0.0

72.6
0.0-16.0

NS *

Percentage of IDO+ leukocytes
  median 
  Q1-Q3

0.0
24.0-160.0

0.0
48.0-261.3

5.0
31.6-198.3

< 0.001*

Specimens with
 epithelial IDO+ 42 % 51 % 71 % NS

Control = maxillary sinus mucosa from patient without chronic rhinosinusitis, CRSsNP = chronic rhinosinusitis without nasal polyps, CRSwNP = 

chronic rhinosinusitis with nasal polyps, ASA = aspirin, CCS = corticosteroid, antih. =antihistamine, ESS = endoscopic sinus surgery, Q1- Q3 = 25 

and 75 percentiles, respectively,IDO+ = positivity with mAb anti-indoleamine 2,3 dioxygenase,  P-values by Fisher´s exact test (discrete) or *Kruskal 

Wallis test (continuous). NS = not significant.
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intranasal or peroral corticosteroids, or antihistamines, pre-
vious operations, and sex (p > 0.05 by Kruskal-Wallis test, 
data not shown). Age did not correlate with the percentage of 
IDO positive leukocytes (p > 0.05 by Spearman rank correla-
tion test). There was no significant difference in the median 
percentage of IDO positive leukocytes in epithelial IDO+ and 
epithelial IDO- groups (p > 0.05 by Kruskal-Wallis test, data 
not shown). 

Compared to control sinus mucosa, the number of mucosal 
eosinophils did not differ in CRSsNP or CRSwNP groups (p 
> 0.05 by Kruskal-Wallis test, Table 2). The median number 
of eosinophils did not differ between epithelial IDO+ and 
epithelial IDO- groups (p > 0.05 by Kruskal-Wallis test, data 
not shown). The number of eosinophils /mm2 did not correlate 
with the percentage of IDO positive leukocytes (p > 0.05, by 
Spearman rank correlation test, data not shown). 

DISCUSSION
We demonstrated that in the nasal cavity, epithelial IDO+ 
and the percentage of IDO+ leukocytes were enhanced in 
CRSwNP and ACP groups, when comparing to control 
inferior turbinate. In contrast, when observing the maxillary 
sinus mucosa, epithelial IDO+ did not differ significantly 
in CRSsNP or CRSwNP groups compared to control sinus 
mucosa, whereas the percentage of IDO positive leukocytes 
was enhanced in CRSwNP group. 

In the nasal cavity, enhanced epithelial IDO+ and a higher 
percentage of IDO+ leukocytes during CRSwNP and ACP, 
but not in control nasal mucosa, might have a role in the 
pathogenesis of nasal polyp subgroups. By reducing locally the 
essential amino acid tryptophan, IDO might suppress the acti-
vation of inflammatory cells in the epithelial wall and mucosa 
of polyp tissue thus having putatively a role in decreasing 
inflammation and tissue damage. Because we did not observe 
the specimens from inflamed turbinate mucosa from CRSwNP 
patients, it remains unknown whether IDO+ is characteristic 
of polyp tissue or other inflammatory processes also.

We found eosinophils most abundantly during CRSwNP 
than in controls or ACP, which is in line with the previous 
observations (1,4). Previously, it has been shown that the gene 
encoding the IDO genotype found from nasal polyp specimens 
might have a role in the genetic risk for ASA intolerant asthma 

that was observed from serum samples of different patients (31). 
Here, ASA intolerance did not significantly affect the results. 
We demonstrated that, epithelial IDO+ and the high median 
percentage of IDO positive leukocytes associated significantly 
to each other and to a higher median number of eosinophils, 
which could support that both epithelial and leukocyte IDO 
might have an immunological role in polyp tissue especial-
ly if there is a predominance of eosinophilic inflammation. 
Whether the role of IDO is to promote or inhibit inflammation 
is not known (32). The role of IDO in certain leukocytes might 
be related to the promotion of T cell tolerance; and in eosi-
nophils, the function of IDO is either stimulatory or inhibitory 
depending on target cell and stimulus (24,33,34). Further studies 
are required to analyse functionally active IDO in activated 
leukocyte subtypes and related cytokines during CRSwNP and 
CRSsNP. 

In contrast to the nasal cavity, high numbers of control sub-
jects had epithelial IDO+ in the maxillary sinus. Patient histo-
ry factors were not associated with the IDO+ in sinus controls. 
The role of IDO+ in control sinus specimens could include the 
suppression of bacterial growth or the promotion of tolerance. 
Yet, more studies are required to bring evidence on this. 

Epithelial IDO+ was found in all specimens of the sinus 
mucosa, it was not associated to CRS subgroups. In con-
trast, a high percentage of IDO+ leukocytes was significantly 
associated with CRSwNP. A study with IDO-/- mice did not 
reveal a role for IDO in antigen-induced immune tolerance 
in the airways but instead, IDO seemed to promote antigen-
driven Th2 responses via effects on lung dendritic cells (15). 
This is in line with our finding that a high expression of IDO 
seems to be associated with CRSwNP group. In this study, all 
sinus specimens from patients with CRSwNP and about one 
quarter of specimens from CRSsNP group had microscopic 
signs of hypertrophic polypoid maxillary sinus mucosa (HP), 
the presence of which did not significantly affect the IDO 
expression. Thus, the putative role of histological HP on the 
pathogenesis of CRS requires further experiments.

The lower number of eosinophils in the sinus mucosa com-
pared to NP, found in this study, is in line with previous obser-
vations (1). In contrast, we did not find significant differences 
in the eosinophil numbers between different CRS subgroups, 
whereas others have shown CRSwNP to be associated with 
an elevated mucosal eosinophil count (3). We demonstrated 
that epithelial IDO+ and the high median percentage of IDO+ 
leukocytes did not associate significantly to each other or to 
a higher median number of eosinophils in sinus mucosa. This 
controversy could possibly mean that IDO has at least partly 
a different immunological role in the sinus mucosa than in the 
nasal mucosa or polyp tissue. Still, further studies are war-
ranted. 

Others have shown that after in vivo aeroallergen exposure, 
serum IDO activity was increased in asymptomatic atopics 

Table 3. Comparison of epithelial IDO+ in specimens from nasal cav-

ity.

OR OR CI p-value
lower upper

Control ref
CRSwNP 35.8 10.5 122.6 < 0.001
ACP 12.4 2.7 57.8 0.007

Non-adjusted odds ratio (OR), and lower and upper 90 % confidence 

intervals (CI) for comparison of epithelial IDO+ in specimens from 

nasal cavity. 
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compared with either symptomatic atopic or nonatopic indi-
viduals (35). When exposing in vitro monocyte-derived dendrit-
ic cells with house dust mite Dermatophagoides pteronyssinus 
1, functionally active IDO decreased in cells from patients 
with house dust mite-sensitive asthma compared to nonatopic 
asthmatics (27). Here we demonstrated that additional diagno-
sis of atopy did not statistically significantly affect the local 
IDO expression in CRS subgroups and ACP. In asthmatic 
patients, the baseline IDO activity in sputum has been shown 
to be significantly lower than control levels, but normal base-
line activity was induced by using inhaled corticosteroids (36). 
In this study, we observed that patient history of asthma or 
intranasal or peroral corticosteroid medication did not sta-
tistically significantly affect IDO expression in upper airways 
pathologies.

In conclusion, this study showed that in the nasal cavity, 
enhanced epithelial and leukocyte IDO are associated with 
both CRSwNP and ACP, but the association was strongest in 
CRSwNP. In the maxillary sinus, a higher percentage of IDO 
positive leukocyte is associated with CRSwNP but not with 
CRSsNP. The pathophysiological mechanisms underlying 
these findings require further studies.
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