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ABSTRACT
Pigeon breeder’s lung (PBL) is a type of lung inflammatory disease associated with the immune response to repeated pigeon-derived antigen
exposure. The pathogenesis of PBL remains unclear. In this study, peripheral blood samples were collected from Uygur acute - and chronic-phase PBL patients and healthy subjects with pigeon contact. Foxp3+CD4+ regulatory T cell (Treg) activity in different phases of PBL was
characterized by changes in Foxp3+CD4+ Treg, CD4+CD25+ T cell, and T lymphocyte subsets. Based on hypersensitivity pneumonitis (HP) diagnosis criteria, 32 PBL cases from January 2012 to December 2013 in the People’s Hospital of Xinjiang Uygur Autonomous Region Respiratory
Department were included. Lung high-resolution computed tomography was performed, and the cases were classified based on the HP phase
into 15 acute-phase and 17 chronic-phase cases. The control group included 30 healthy subjects with Uygur pigeon contact. Blood samples were
collected, and the T cell subsets were analyzed via flow cytometry. In both PBL groups, the Foxp3+CD4+ Treg and CD4+CD25+ and CD4+CD3+
T cell percentages and CD4+/CD8+ ratios were significantly lower than in the control group (p < 0.01). In the PBL groups, particularly the acutephase group, the CD8+CD3+ T lymphocyte percentage was significantly higher than in the control group (p < 0.01). There were no significant
differences in CD4+CD25+ cells between the PBL groups. In peripheral blood from the PBL groups, the CD4+/CD8+ ratio was positively correlated with the Foxp3+CD4+ Treg (r = 0.864, p < 0.05) and CD4+/CD25+ cell (r = 0.34, p < 0.05) percentages. Low Foxp3+CD4+ Treg expression
or overconsumption may be a pathogenic factor in PBL.
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INTRODUCTION

normally irreversible; in addition, cyanosis, pulmonary hypertension, and right heart insufficiency may occur during the
final stage. A survey of members of pigeon fanciers’ clubs indicated that the morbidity of PBL is approximately 8-30% among
pigeon breeders, independent of the season. In Europe and
the USA, morbidity is higher among males than females, but
the opposite trend is observed in Mexico [2]. Although large
populations are exposed to pigeons, only 5-15% are affected by
this disease [3,4].
PBL is the result of the combined actions of humoral
immunity and cellular immunity [5]. Allergic airway diseases
can be inhibited by long-term contact to exogenous antigens,
such as dust mites, which are associated with an increase in
both interleukin-10 (IL-10) - positive alveolar macrophages
and Foxp3+ regulatory T cells (Tregs) [6]. Foxp3, a forkhead/
winged-helix transcriptional regulator, is a molecular marker
of Tregs. Tregs function in immune regulation and immune
inhibition to prevent unnecessary immune responses to

Pigeon breeder’s lung (PBL), a type of extrinsic allergic
alveolitis or hypersensitivity pneumonitis (HP), is a pulmonary disease caused by hypersensitivity of the distal bronchi
and alveoli that occurs after sensitive individuals repeatedly
inhale particles secreted and excreted from pigeons [1]. An
acute PBL usually refers to the phase of the condition when
patients present with such symptoms as fever, cough, dyspnea,
general malaise, and inspiratory crepitation from both lungs
with accidental wheezing sounds within 4-8 hours after coming into contact with the antigen. Persistent exposure to allergens can lead to a chronic pathology with lung injuries that are
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MATERIALS AND METHODS

exogenous and autologous antigens and may play a role in
immune tolerance and the inhibition of extra inflammation [7]. The expression of Foxp3 directly affects the development of CD4+CD25+ Tregs. Decreased expression or overconsumption of Foxp3+CD4+ Tregs promotes the development of
farmer’s lung (predominantly prevalent in the Chinese Han
population), based on a study of workers in a greenhouse in
Shenyang, China, and detection by flow cytometry [8]. Both
PBL and farmer’s lung are classified as extrinsic allergic alveolitis, suggesting that the pathogenesis of PBL may be mediated
by Foxp3+CD4+ Tregs among those in contact with pigeons for
long periods.
While Xinjiang is a multi-ethnic region in China, the
Uygur minority is the most prevalent, particularly in South
Xinjiang (mainly in Kashi and Hetian). In this region, the
breeding pigeons are a tradition among the Uygur farmers. The breeding primarily involves domestic pigeons
and carrier pigeons and has become an important contributor to the local economy. Males are in contact with
pigeons more often than females. In clinical practice, we
have found that the population in Xinjiang has a high incidence of PBL; however, no epidemiological reports on PBL
in this region have been reported due to a low rate of diagnosis. Thus, the pathogenesis of PBL among people with
a long-term history of breeding pigeons remains unclear.
We previously determined that PBL is associated with an
imbalance of T helper 1 (Th1)/Th2 lymphocytes. While
Th1- and Th2-related cytokine levels and gene polymorphisms were detected, the pathogenesis of PBL at the DNA
level remains unclear [9]. Another study also demonstrated
a Th1/Th2 imbalance [10]. However, the discovery of Tregs
has implications for this theory and provided the impetus
for this study.
The previous studies have all focused on the Han
Chinese population, primarily on gene polymorphisms of
Th1/Th2-associated cytokines [11]. The most current studies
on Foxp3+ Tregs were conducted with a focus on tumors and
hypersensitivity diseases. Muto et al. observed that Foxp3+
Tregs affect the prognosis of non-small-cell lung cancer via
an immune pathway [12]. The severity of hypersensitivity
disease has also recently been related to Foxp3 expression;
a low level of Foxp3 is associated with the development of
hypersensitivity disease [13]. However, the potential relationship between Foxp3+ and PBL in Uygur pigeon fanciers
has not been examined.
In this study, peripheral blood samples were obtained
from Uygur pigeon fanciers in the acute and chronic stages of
PBL. Changes in Foxp3+CD4+ Tregs and CD4+CD25+ T cells
in peripheral blood and the T cell subsets in peripheral blood
were explored. The regulatory activities of Foxp3+CD4+ Tregs
in the stages of PBL were investigated.

Patients
A total of 32 PBL cases with a definite diagnosis from
January 2012 to December 2013 in the Respiratory Department
of the People’s Hospital of Xinjiang Uygur Autonomous Region
were included in this study. The cases included 23 males and
9 females. The diagnosis criteria of HP were based on work
by Schuyler and Cormier [14]. Lung high-resolution computed tomography (HRCT) and pulmonary function tests
were performed. The patients were grouped based on the
phase diagnosis of HP [15]; 15 acute-phase cases (10 males and
5 females, average age of 50.20 ± 13.34 years) and 17 chronic-phase cases (13 males and 4 females, average age of 56.06 ±
11.20 years) were included. The control group consisted of 30
healthy Uygur volunteers (including 27 males and 3 females,
average age 53.27 ± 14.22 years), who took health examination
during the same period. These volunteers had bred pigeons
for longer than 1 year and did not exhibit abnormal HRCT or
pulmonary function test results. Patients with collagen vascular disease, diabetes mellitus, other types of autoimmune
diseases, chronic degenerative diseases, and smoking history
were excluded from the patient and control groups.
This study was approved by the Ethics Committee of the
People’s Hospital of Xinjiang Uygur Autonomous Region. An
informed consent was obtained from each participant.

Sample collection
Fasting peripheral venous blood (2 mL) was collected in
the morning from each patient, anti-coagulated with EDTA,
stored at 4°C and examined within 4 hours.

Flow cytometry
Whole blood (100 µL) was placed in specially designed
test tubes labeled A and B. After being mixed with CD4-PerCP
and CD25-FITC (BD, Franklin Lakes, NJ, USA) in the A and
with IgG-PerCP and IgG-FITC (BD, USA) in the B tubes, the
samples were incubated at 4°C for 30 minutes in the dark,
mixed with 2 mL of staining buffer (PBS+1% FBS+0.1% NaN3),
and washed twice by centrifugation at 1500 rpm for 5 minutes.
The supernatant was removed. Cold fixation/permeabilization
reagent (1 mL) was added, mixed by vortexing, and incubated
at 4°C for 30 minutes to 18 hours in the dark. Then, the samples
were mixed with permeabilization buffer (2 mL) and washed
twice by centrifugation at 1200 rpm for 5 minutes. The supernatant was removed. Staining buffer was added to the tube A
and tube B and mixed, and then the samples were stored in the
dark until detection. Phycoerythrin-labeled Foxp3 (Foxp3-PE;
eBioscience, San Diego, CA, USA, 5 µL) was added to the tube
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TABLE 1. General information for the three groups

A, and IgG-PE (1 µL; BD, USA) was added to the tube B. After
being mixed, the samples were incubated at 4°C in the dark
for 30 minutes, mixed with permeabilization buffer (2 mL),
and washed twice by centrifugation at 1200 rpm for 5 minutes. The supernatant was removed. The sediment was suspended in staining buffer (300-400 µL) and then mixed with
PBS (400 µL). After the samples were vortexed at a low speed,
flow cytometry (CapitalBio, Beijing, China) was performed for
detection. If the samples could not be detected immediately,
then 4% paraformaldehyde (100 µL) was added, and the samples were stored in the dark until detection.

Acute
Chronic
Control
χ2/F p value
Gender (M/F)
10/5
13/4
27/3
3.75 0.153
Age (years)
50.20±13.34 56.06±11.20 53.27±14.22 0.779 0.464

TABLE 2. Percentages of Tregs in the acute‑ and chronic‑phase
groups and the control group
Group
Acute
Chronic
Control

Patient number
15
17
30

Foxp3+CD4+ (%)
0.44±0.14
1.14±0.20
1.83±1.24

CD4+CD25+ (%)
2.79±0.74
3.05±1.02
4.87±1.07

TABLE 3. Peripheral blood T lymphocyte subsets in the acute‑ and
chronic‑phase groups and the control group

Statistical analysis

Group

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was used for
data analysis, and normally distributed data are presented as
( x ± s ) for the homogeneity of variance test. One-way analysis of variance was performed to compare groups, and the
Student-Newman-Keuls test (for equal variance) or GamesHowell test (for unequal variance) was performed for pairwise
comparisons. The correlation between Tregs and T lymphocyte subsets was analyzed by Spearman correlation analysis.
A statistical significance was designated at p < 0.05.

Acute
Chronic
Control
F
p value

Number
of cases
15
17
30

CD4+CD3+ (%)

CD8+CD3+ (%)

CD4+/CD8+ (%)

24.70±5.01
31.47±7.75
35.75±7.70
11.94
0.001

39.71±12.59
22.72±5.03
20.02±3.81
39.39
0.001

0.57±0.13
1.47±0.16
1.81±0.15
347.93
0.001

RESULTS
Comparison of general information
There were no significant differences in the gender
(χ2 = 0.481, p > 0.05) or age (F = 2.43, p > 0.05) among the acutephase, chronic-phase, and control groups. The age and gender
were well matched among the three groups (Table 1).

Percentage of Foxp3+CD4+ Tregs in peripheral
blood lymphocytes
Compared with the control group, the percentages of
Foxp3+CD4+ Tregs and CD4+CD25+ cells were significantly
lower in the acute-phase and chronic-phase groups and were
the lowest in the acute-phase group (F = 42.84/30.09; p < 0.01).
The percentage of CD4+CD25+ cells did not differ significantly
between the acute-phase and chronic-phase groups (F = 0.65;
p = 0.426) (Table 2).

FIGURE 1. Correlation analysis of the percentage of Foxp3+CD4+
Tregs and the ratio of CD4+/CD8+ in peripheral blood. 1. Acutephase group. 2. Chronic-phase group. 3. Control group.

Correlation analysis
In the peripheral blood of patients in the acute-phase
and chronic-phase groups, the ratio of CD4+/CD8+ exhibited a marked positive correlation with the percentage of
Foxp3+CD4+ Tregs (r = 0.34, p < 0.05) and the ratio of CD4+/
CD25+ cells (r = 0.864, p < 0.05; Figure 1).

Differences in peripheral blood T lymphocyte
subsets
The percentage of CD4+CD3+ T lymphocytes and the ratio
of CD4+/CD8+ T lymphocytes were significantly lower in the
acute-phase and chronic-phase groups than in the control
group, whereas the percentage of CD8+CD3+ T lymphocytes
was significantly higher in these groups compared with the
control group (F = 11.94/39.39/347.93; p < 0.01) (Table 3).

DISCUSSION
The discovery of Tregs has sparked new interest in PBL
research. A study using the exogenous house dust mite and
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streptokinase, a bacterial antigen, demonstrated that in both
cases of hypersensitivity and non-hypersensitivity, CD4+CD25+
Tregs recognize specific exogenous antigens [16]. CD4+CD25+
Tregs can inhibit the recognition of antigens by effector T lymphocytes. Moreover, a point mutation in the conserved region
of the FOXP3 gene affects its function [17,18] indicating that
either decreased mRNA expression or a partial deficiency of
Foxp3 can promote the development of the hypersensitivity
response. Foxp3 is a transcriptional factor of 48 kDa, encoded
by the FOX3P gene and characterized by a C-terminal forkhead/winged-helix. This protein domain belongs to a family of
DNA-binding factors [19,20] that primarily function in transcriptional inhibition. Foxp3 is expressed in CD4+CD25+ Tregs
and regulates Treg activity via multi-gene control [21,22]. The
pathogenesis of PBL, a type of HP, is mediated by the Type III
immune complex and Type IV cellular immune response [23].
T lymphocytes play a significant role in the pathogenesis of
HP.
Breeding pigeons is a tradition among Uygur farmers in
South Xinjiang and is a major source of income. Because of
the limitations of local medicine, PBL has not been taken
seriously. The lack of knowledge about PBL, the neglect of
treating diseases, and the language barrier have also hindered
sample collection from subacute-phase patients; therefore, we
included both acute- and chronic-phase cases in this study.
The percentage of Foxp3+CD4+ Tregs and the differences in
the T lymphocyte subsets in the peripheral blood of PBL cases
were determined, and the correlation between Treg characteristics and Uygur pigeon breeding was explored.
To investigate the role of Tregs in the development of
PBL, we examined changes in the percentages of Foxp3+CD4+
Tregs and T cell subsets in the collected peripheral blood
samples. Tregs can secrete inhibitory cytokines, such as IL-10
and transforming growth factor-β (TGF-β), the latter of which
belongs to a protein superfamily that not only regulates cell
proliferation and differentiation and extracellular matrix formation but also has immunosuppressive functions. TGF-β can
decrease the formation of interferon necrosis factor gamma
(INF-γ), tumor necrosis factor-alpha and IL-2 and down-regulate the expression of the major histocompatibility complex I
and II on antigen presenting cells to inhibit immune reactions.
In addition, TGF-β can promote the excessive formation of
protease-activated receptor-2 and cause excessive pulmonary
interstitial injury repair, which leads to pulmonary interstitial
fibrosis. Changes in the protein expression levels of IL-10 and
TGF-β influence the initiation and development of PBL [9].
Therefore, in this study, we used flow cytometry to detect the
percentages of Tregs in the peripheral blood samples with
the overall aim of further exploring the pathogenesis of PBL.
In addition, considering that Foxp3 is a specific marker for
CD4+CD25+ Tregs and that the expression of Foxp3 directly

influences the development and functions of CD4+CD25+
Tregs, it is also reasonable to explain the pathogenesis of PBL
based on the percentage of Foxp3+CD4+ Tregs. Shi et al. investigated the association of Treg activity with idiopathic pulmonary fibrosis based only on the percentage of Foxp3+CD4+
Tregs in peripheral blood [24]. However, for the above reasons, their investigation could not fully explain the pathogenesis of the disease. In this study, we took the percentages of both
Tregs and T cell subsets in the peripheral blood into account.
On the one hand, T cell subsets can reflect the general immune
state of a patient. On the other hand, this method helps to discern the influence of changes in the percentage of Tregs on T
lymphocyte subgroups and to explore whether Tregs induce
the development of PBL via CD4+ and CD8+ T cells.
In the peripheral blood of both acute and chronic PBL
patients, the percentages of Foxp3+CD4+ Tregs and CD4+CD25+
were lower than in the control group. Furthermore, the ratio
of CD4+/CD8+ in the peripheral blood T cell subset was markedly decreased in the acute-phase and chronic-phase groups
compared with the control group, and this decrease was larger
in the acute-phase group. In the peripheral blood, the ratio of
CD4+/CD8+ exhibited a marked positive correlation with the
percentages of Foxp3+CD4+ Tregs (r = 0.864, p < 0.05) and
CD4+/CD25+ cells (r = 0.34, p < 0.05). Our results showed a
positive correlation between the CD4+/CD8+ ratio and the
percentage of Tregs, suggesting thatdecreased expression or
overconsumption of Foxp3+CD4+ Tregs occurred in the PBL
patients, which might be one reason for the development of
PBL. In addition, these results indicate that Tregs might induce
the development of PBL via CD4+ and CD8+ T cells. Tregs
restrict the development of pulmonary alveolitis by inhibiting
IFN-γ production via CD4+ T lymphocytes and CD8+ lymphocytes [8,25]. Individuals in the control group were exposed to
the same antigens but did not develop the disease, potentially
reflecting background differences such as the contact time,
contact intensity, contact frequency, and host immune and
genetic conditions. For atopic patients, low expression levels
and functional deficiency of Tregs impair inhibition by effector T lymphocytes under stimulation by allergens and subsequently elicit an excessive Th2 response [26,27], initiating the
development of hypersensitivity diseases, which is consistent
with a previous study identifying PBL as a Th1/Th2-imbalance
disease [10].
Inflammatory cells are increased significantly in bronchoalveolar lavage fluid in a CD25-deficient rat HP model.
Compared with the normal control, the CD25-deficient HP
rats in this model exhibited severe respiratory symptoms
and obvious lung tissue injury. After the introduction of
CD4+CD25+ cells in the CD25-deficient HP rats, the inflammatory changes were ameliorated [25], indicating the essential
role of Tregs in HP pathogenesis. In this study, the percentage
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of CD4+CD25+ cells did not differ significantly between the
acute- and chronic-phase groups (p > 0.05). Therefore, the
results indicate that CD4+CD25+ cells do not function as Tregs
when only these two surface markers are present.
In this study, the percentages of Foxp3+CD4+ Tregs and
CD4+CD25+ cells in peripheral blood and the ratio of CD4+/
CD8+ in the peripheral blood T cell subsets were investigated.
The percentage of Foxp3+CD4+ Tregs in peripheral blood differed significantly between PBL groups and the control group,
whereas there were no significant differences in the percentage of CD4+CD25+ cells in peripheral blood and the ratio of
CD4+/CD8+ in the peripheral blood T cell subsets, indicating
a potential correlation between the percentage of Foxp3+CD4+
Tregs and the prevalence of PBL.
This study has some limitations. First, the number of samples collected in this study was limited. Thus, more samples
are required in future studies. Second, the inclusion of acutephase cases might have resulted in a bias. Third, due to the
low level of medical treatment in South Xinjiang, insufficient
local knowledge of PBL, and cultural differences among local
minorities, bronchoalveolar lavage fluid could not be sampled
from each patient, which led to an insufficient collection of
clinical data. Therefore, the correlations between the percentages of bronchoalveolar lavage fluid lymphocytes and clinical variables could not be confirmed. Fourth, this study was
mainly focused on the cellular level; additional methods, such
as protein and signaling pathway analyses, should be incorporated in the pathogenesis research of future studies.
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Low expression or overconsumption of Foxp3+CD4+ Tregs
may be a pathogenic factor in PBL. These results provide a
foundation for future signaling pathway studies as well as a
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