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Impaired function of regulatory T-cells in
hypersensitivity pneumonitis

M. Girard, E. Israél-Assayag and Y. Cormier

ABSTRACT: Hypersensitivity pneumonitis (HP) is characterised by lung lymphocytosis. Most
individuals exposed to HP antigens remain asymptomatic. The mechanisms involved in the
impaired immune tolerance leading to HP are unclear. Normally, T-regulatory (Treg)-cells control
the immune response. The aim of the present study was to determine whether Treg-cell
suppressive function deficiency can explain the uncontrolled inflammation in HP.

Bronchoalveolar lavage (BAL) and blood samples were obtained from normal subjects,
asymptomatic individuals and HP patients. BAL and blood Treg-cells were isolated. The ability of
Treg-cells to suppress T-cell proliferation and the role of interleukin (IL)-17 was verified.

BAL and blood Treg-cells from normal subjects suppressed the proliferative response of
activated T-cells by 47.1 and 42%, respectively. BAL and blood Treg-cells from asymptomatic
subjects had a slightly decreased activity and suppressed proliferation by 29.4 and 31.8%,
respectively. BAL and blood Treg-cells from HP patients were totally nonfunctional and unable to
suppress proliferation. Low levels of IL-17 were detected in sera and BAL from both normal and

asymptomatic individuals, whereas measurable levels were found in patients.
Treg-cells may be involved in antigen tolerance in asymptomatic subjects. Defective Treg-cell
function, potentially caused by increased IL-17 production, could account for the exacerbated

immune response characteristic of HP.
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ypersensitivity pneumonitis (HP) is an

inflammatory, granulomatous and immuno-

logically mediated pulmonary disease
caused by an exacerbated immune response to
repeated inhalations of various antigens, which
are mostly organic in nature. Animal and vegeta-
ble proteins, as well as bacteria, fungi and chemi-
cal compounds can cause HP [1]. For example,
farmer’s lung, one of the most common forms of
HP, is often caused by Saccharopolyspora rectivir-
gula actinomycetes found in poorly conserved
hay, straw or grain [2].

HP is characterised by a large influx of activated
lymphocytes in distal bronchioles and alveoli. T-
cells can account for up to 60-80% of total
bronchoalveolar lavage (BAL)-recovered cells
from patients [3, 4]. Chest radiography and
computed tomography scans usually show dif-
fuse ground-glass infiltrates and nodular and/or
patchy air space opacifications [5]. In the chronic
stage of the disease, some patients can develop
emphysema and/or lung fibrosis [6].

Fortunately, very few individuals exposed to HP
antigens develop these clinical symptoms. The
prevalence of farmer’s lung is estimated at 0.5-3%
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in exposed farmers [7, 8]. Antigen-exposed per-
sons often have specific serum antibodies and
develop an asymptomatic lymphocytic alveolitis
but seldom develop active disease [9]. They
therefore seem to maintain a tolerance to the
causative antigen.

Regulatory T-cells (Treg) are a unique population
of CD4+ T-cells that play a pivotal role in the
maintenance of the balance between the tissue-
damaging and protective effects of the immune
response. Treg-cells are generally defined by the
extracellular expression of CD25, the high-affi-
nity o chain of the interleukin (IL)-2 receptor (IL-
2Ra) [10], and by the intracellular expression of
the forkhead/winged helix transcription factor
(FoxP)3. To date, FoxP3 is the most specific
marker for Treg-cells and the best method to
distinguish them from other T-cells. In humans,
purification can be enhanced by excluding T-cells
that express CD127 and by including those that
express CD39, CD73, LAG-3 (lymphocyte activa-
tion gene 3) and cytotoxic T-lymphocyte antigen
(CTLA)-4, but none of these markers is exclusive
to Treg-cells [11]. IL-17 is a pro-inflammatory
cytokine induced mostly by T-helper (Th)17 cells,
but also by natural killer cells, dendritic cells,
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CD8+ T-cells and y6T-cells. IL-17 promotes IL-1p, IL-6 and IL-17
production by neighbouring cells, triggering a pro-inflamma-
tory environment [12]. Secretion of pro-inflammatory cytokines,
such as IL-1B and IL-6, can inhibit Treg-cell suppressive
function [13, 14].

The aim of the present study was to verify the hypothesis that
Treg-cells isolated from blood and BAL fluids of normal and
asymptomatic subjects efficiently suppress Th-cell activation,
while those from blood and BAL of patients suffering from
active HP lose this suppressive function, allowing an exacer-
bated immune response and clinically significant lung inflam-
mation. A secondary objective was to verify the potential role
of IL-17, an inflammatory mediator known to affect Treg-cell
function.

MATERIALS AND METHODS

The study population included: six male patients with active
HP, five subjects of whom farmer’s lung and one of whom had
HP to Paecilomyces sp. (mean age 48.5 yrs (range 31-69 yrs));
four asymptomatic, antigen-exposed (Paecilomyces sp.) male
woodworkers, all of whom had high serum levels of
immunoglobulin (Ig)G against the antigen (mean age 38 yrs
(range 31-49 yrs)); and four unexposed control male subjects
(mean age 39 yrs (range 3045 yrs)). The diagnosis of HP was
based on previously described criteria [15]. All patients were in
the acute phase of the disease. The asymptomatic subjects had
normal lung function and chest radiographs. As a group, the
asymptomatic subjects were slightly younger than the subjects
with HP. All subjects were nonsmokers, free of recent
respiratory infections and taking no medication at the time of
study. This project was approved by the Institut Universitaire
de Cardiologie et de Pneumologie de Québec Research Center
ethics committee (Quebec, QC, Canada) and all participants
signed an approved consent form.

Blood sampling and BAL

All patients and volunteers underwent a 150 mL blood
sampling and a fibre-optic bronchoscopy with BAL. The
wedged lung segment was lavaged with five 60-mL aliquots
of normal sterile saline, pre-warmed to 37°C; the fluid was
gently aspirated after each aliquot. Lavage fluid was recovered
and centrifuged, and the resulting BAL cells were counted in a
haemocytometer. Differential cell counts were performed after
Diff-Quik (Dade Diagnostics, Aguada, Puerto Rico) staining on
glass coverslips.

T-cell isolation from blood and BAL

Blood and BAL mononuclear cells were isolated by Ficoll
gradient centrifugation. Cells were plated for 2 h at 37°C in
RPMI medium (GIBCO BRL, Burlington, ON, Canada)
supplemented with 5% fetal bovine serum to separate
monocytes (adherent) from lymphocytes (nonadherent cells).
Lymphocytes were harvested from supernatants. Effector T-
cells and Treg-cells were isolated using the CD4'CD25*
Regulatory T Cells Isolation Kit (Miltenyi Biotec, Auburn,
CA, USA), and CD4, CD25 and FoxP3 expression was verified
using phycoerythrin-Cy5-conjugated anti-CD4 and -CD25
monoclonal antibodies (BD Biosciences, Mississauga, ON,
Canada), and fluorescein isothiocyanate-conjugated anti-
FoxP3 monoclonal antibodies (eBioscience Inc., San Diego,
CA, USA), respectively, in an EPICS XL-MCL flow cytometer
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(Beckman—Coulter, Miami, FL, USA). The percentage of blood-
and BAL-isolated CD4+ CD25+ Treg-cells among CD4+ T-cells
were calculated for each group of subjects.

In vitro suppression assays

Isolated T-cells (5x10° cells) were left unstimulated or
stimulated with 10 pg'mL™" anti-CD3 and 4 pg-mL™ anti-
CD28 antibodies (both BD Biosciences) in 96-well, round-
bottom plates. Equivalent numbers of Treg-cells from the same
subject were added where appropriate. After a 4-day incuba-
tion, cells were pulsed with 1 uCi [*H]thymidine per well for
16 h and proliferation was measured using a Packard Tri-Carb
liquid scintillation counter 2100 TR (GMI Inc., Ramsey, MN,
USA). Assays were performed in triplicate, or in duplicate
when the number of Treg-cells was too small for a third assay
(assays with BAL fluid cells from normal subjects). Data are
presented as percentages of proliferation from control T-
effector cells exposed only to anti-CD3 and -CD28.

Cytokine detection

The concentration of IL-17A in sera and BAL, and the
concentration of tumour necrosis factor (TNF)-o in BAL were
measured in triplicate using ELISA kits (R&D Systems,
Minneapolis, MN, USA) according to the manufacturer’s
instructions.

Statistical analysis

Data are presented as mean +SE for graphical representation.
For comparisons between group means, a one-way ANOVA
was performed. We considered a p-value of <0.05 as a
significant difference between groups.

RESULTS

BAL

Results of BAL total and differential cell counts are illustrated
in figure la. Data are expressed in cells per millilitre of BAL.
The exact number of cells that was recovered from the BAL of
each group is presented in table 1. Low cell counts were
obtained for normal subjects. Asymptomatic subjects showed a
moderate increase in total BAL cell counts and a slight increase
of the percentage of lymphocytes (fig. 1b) compared to normal
individuals. As expected, all BAL cell populations were
increased in HP patients compared to other groups, with a
marked increase in lymphocyte counts and percentages.

CD4+ CD25- and CD4+ CD25+ T-cell isolation

No significant difference was observed between healthy
controls, asymptomatic subjects and HP patients with regard
to the percentage of isolated CD4+ CD25+ cells of the total
CD4+ T-cell populations from blood (fig. 2a) and BAL (fig. 2b).
Isolated CD4+ CD25+ cells were mostly FoxP3+ and their
frequency was comparable between groups of subjects. The
expression of FoxP3 on isolated CD4+ CD25+ cells from blood
and BAL was verified for each group and no statistical dif-
ference was observed between the groups (table 2). Table 2
also shows the mean fluorescence intensity of FoxP3, which
was significantly different between normal subjects and HP
patients for blood (p=0.0006) and BAL (p=0.0001). No signifi-
cant difference was observed between asymptomatic indivi-
duals and the other groups.
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FIGURE 1. a) Total and differential bronchoalveolar lavage (BAL) cell counts
from normal individuals, asymptomatic subjects and hypersensitivity pneumonitis
(HP) patients expressed per millilitre of recovered BAL. Data are presented as
mean +seM. Inflammatory cells and lymphocyte counts of the HP patient group
were significantly higher than control subjects: total cells (0.928 x 10° versus
0.152 x 10°% p=0.036); lymphocytes (0.285 x 10° versus 0.021 x 10°%; p<0.018). b)
Percentage of cell subpopulations recovered in BAL fluid from normal individuals,
asymptomatic subjects and HP patients. Data are presented as mean+ SEMm.
Percentage of lymphocytes from HP subjects is higher than those from normal
individuals (37.9 versus 13.3%; p=0.045). There is an increase in lymphocyte
percentage from asymptomatic subjects (20.17%) but no significant difference from
normal individuals (p=0.45) or from HP patients (p=0.21). n=4-6. W: total cells;
[: macrophages;

. lymphocytes; M: neutrophils; ©: eosinophils.

In vitro proliferation assays

The results of in vitro proliferation assays are presented for
blood (fig. 3a) and BAL cells (fig. 3b). Data are presented as a
percentage of proliferation obtained from T-effector cells
stimulated with anti-CD3 and -CD28 alone. Blood and BAL
Treg-cells from normal individuals efficiently suppressed T-
effector cell proliferation. When an equivalent number of Treg-
cells from normal individuals was added, proliferation of
activated T-cells decreased to 58.0% of control proliferation for
blood and 52.9% for BAL. BAL and blood Treg-cells from
asymptomatic exposed subjects retained their ability to
suppress T-cell proliferation. Proliferation of activated T-cells
decreased to 70.63% of control proliferation for blood and
68.2% for BAL when Treg-cells were added to effector T cells.
Treg-cells of HP patients from both blood and BAL were
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TABLE 1

Cells recovered from bronchoalveolar lavage
(BAL) of normal individuals, asymptomatic
subjects and hypersensitivity pneumonitis (HP)
patients

Normal Asymptomatic HP patients

Subjects n 4 4 6
Total inflammatory cells x 10° 29.82 35.63 134.57
Macrophages x 10° 24.72 28.58 72.13
Lymphocytes x 10° 3.97 7.20 51.00

Treg cells x10° 0.12 0.17 2.81
Neutrophils x 10° 0.37 0.24 11.84
Eosinophils x 10° 0 0 0

Treg: T-regulatory.

unable to suppress activated T-cell proliferation: 122.8% and
106.3%, respectively.

IL-17 and TNF-o analyses

To study the mechanism by which the immune response could be
exacerbated in HP, IL-17 was measured in the sera and BAL from
the three study groups. No detectable levels of IL-17 were
measured in the serum from normal individuals or asymptomatic
subjects. Sera from patients with HP show a marked increase in
IL-17 concentration (mean +sem 210.47 +95.24 pg-mL™; fig. 4a).
No IL-17 was detected in BAL from normal individuals, whereas
an intermediate amount was found in BAL from asymptomatic
subjects (192.37 +83.45 pg-mL™). An increased level of IL-17 was
detected in BAL from HP patients (580.07+138.68 pg-mL™;
fig. 4b). These results suggest that IL-17-secreting cells are
activated in HP, and could be related to Treg-cell loss of
suppressive function and enhanced influx of pro-inflammatory
soluble factors and cells. In order to characterise the inflamma-
tory response in HP patients and asymptomatic subjects, we also
measured levels of TNF-a in BAL from each cohort (fig. 5).
Normal subjects had small amounts of TNF-a in BAL
(210.83+46.26 pg-mL™), whereas a slight increase is noted in
BAL from asymptomatic individuals (1,498.11 +163.31 pg-mL™).
HP patients show a marked increase of this mediator in BAL
(3233.78+282.51 pgrmL™) compatible with a more intense
inflammatory response.

DISCUSSION

Treg-cells are rare cells. Studying these cells in humans with a
rare disease is a challenge. Characterisation of Treg-cells is less
well defined in humans compared with mice, where definition
of CD4+ CD25+ FoxP3+ cells as Treg-cells is well accepted. In
humans, other markers, such as CD39, glucocorticoid-induced
TNF receptor-related protein, CTLA-4, and the absence of
CD127, is expected. However, due to very low number
of isolated Treg-cells in BAL and blood, and the necessity of
having a sufficient number of cells to carry out lymphosup-
pressive studies with confidence, the presence of all these
markers could not be verified for this study. The fact that cells
identified as CD4+ CD25+ FoxP3+ clearly showed lympho-
suppressive properties suggests that these are indeed immune-
regulatory cells. The message of this paper is not the precise
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FIGURE 2. CD4+ CD25+ T-cells as percentages of the total CD4+ T-cells from
a) blood and b) bronchoalveolar lavage for normal individuals, asymptomatic
subjects and hypersensitivity pneumonitis (HP) patients. No significant differences
were observed. Data are presented as mean +Sem. n=4-6. *: p=0.14; ¥: p=0.062;

" p=0.21; % p=0.25; /: p=0.77; **: p=0.16.
identification of pure Treg-cells but that these cells have lost
their normal lymphosuppressive function in acute HP.

Although the number of subjects per group was relatively
small, which is understandable considering the orphan nature

FoxP3 expression %
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FIGURE 3. T-regulatory (Treg)-cell function test studies. a) Blood and b)
bronchoalveolar lavage (BAL) activated T-cells (anti-CD3/CD28) were placed in
culture with an equivalent number of blood or BAL Treg-cells from normal
individuals, asymptomatic subjects and hypersensitivity pneumonitis (HP) patients.
Results are expressed as percentage of control activated T-cell proliferation. Data
are presented as mean +sem. Blood Treg-cells from normal (58.0%; p=0.02) and
asymptomatic (68.2%; p=0.029) subjects efficiently suppressed T-cell proliferation
compared to HP patients (122.83%). BAL Treg-cells from normal (52.88%;
p=0.003) and asymptomatic (70.6%; p=0.025) subjects efficiently suppressed
T-cell proliferation compared to HP patients (106.3%). n=4-6. *: p<0.029;
‘' p<0.025.

1:\:]8=3F 8 Percentage of FoxP3 expression and mean FoxP3 cell fluorescence intensity for normal individuals, asymptomatic
subjects and hypersensitivity pnuemonitis (HP) patients

Mean fluorescence intensity AU

Normal
Blood 92.9
BAL 90.23
Asymptomatic
Blood 88.75
BAL 92.5
HP patients
Blood 86.0
BAL 88.3

45.3
58.25

15.88
13.8

13.24
7.99

BAL: bronchoalveolar lavage; AU: arbitary units.
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FIGURE 4. Concentration of interleukin (IL)-17 in a) serum and b) broncho-
alveolar lavage (BAL) from normal individuals, asymptomatic subjects and
hypersensitivity pneumonitis (HP) patients. Results are expressed as concentration
(pg-mL") of IL-17. Data are presented as mean+Sem. Little or no IL-17 was
detected in the serum and BAL from healthy controls and asymptomatic individuals.
A marked increase of IL-17 concentration was observed in serum of patients with
HP (210.47+95.24 pg-mL"; p=0.0369) and BAL (580.07+138.67 pg-mL™;
p<0.017). n=4-6. ”: p<0.0369; ": p<0.017.

of the disease, the difference in Treg-cell function between
patients with HP and the other two groups is striking and
conclusive. Moreover, the fact that all proliferation assays and
cytokine detection were performed in triplicate or in duplicate,
depending on the number of Treg-celles, gives more accuracy
to our data and confirms the reproducibility of the data.

The results of this study suggest that the immune response to
HP-causing antigens is modulated by Treg-cell function.
Although the percentage of Treg-cells among CD4+ T-cells
was similar for the three groups, those from asymptomatic
antigen-exposed individuals and from healthy control subjects
efficiently suppressed the proliferation of effector T-cells, while
those from HP patients had no suppressive activity. Moreover,
even if the three groups had a similar percentage of FoxP3+
expression, fluorescence intensity of the FoxP3 marker was
clearly decreased in HP patients compared with normal
individuals, whereas cells from asymptomatic subjects showed
an intermediate fluorescence. This dysfunctional phenotype of
Treg-cells from HP patients could explain the large accumula-
tion of lymphocytes in the lungs in these patients, while the
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FIGURE 5. Concentration of tumour necrosis factor (TNF)-o in bronchoalveolar
lavage (BAL) from normal individuals, asymptomatic subjects and hypersensitivity
pnemonitis (HP) patients. Results are expressed as concentration (pg-mL™") of
TNF-a.. Data are presented as mean+seMm. Small amounts were detected in BAL
from healthy controls and intermediate levels were found in asymptomatic
individuals. A marked increase of TNF-o. concentrations were observed in the
BAL of patients with HP (3,233.78+282.51 pg-mL™"; p<0.002). n=4-6. *: p<0.05.

intermediate activity in asymptomatic subjects could be
sufficient to control the disease.

These findings indicate that the normal Treg-cell lymphosup-
pressive function in asymptomatic subjects is able to attenuate
the magnitude of the cellular immune response to inhaled
antigens. The presence of significant levels of antigen-specific
antibodies in the serum is indicative of an antigenic exposure.
The suppression, although incomplete, since these subjects have
a mild increase of lung inflammatory cells, may be sufficient to
prevent the disease per se. The clinical significance of the low-
grade inflammation in asymptomatic subjects is supported by a
follow-up study of dairy farmers who were presenting a slight
increase in BAL lymphocytes, but remained asymptomatic and
still had normal lung function after 20 yrs [9].

Similarly to the low occurrence rate of HP and inherent
mechanisms of immune tolerance to S. rectivirgula antigen in
most exposed farmers, we have shown that in an S. rectivirgula-
induced murine model of HP, the lymphocyte counts decrease
with time and that Treg-cell suppressive functions appear after
10 weeks of repeated S. rectivirqula exposure (data not shown).
Similar observations of attenuated inflammatory response
were reported previously in mice exposed to S. rectivirgula
antigen [16].

In the S. rectivirgula-induced murine model of HP, the immune
response seems to mimic the response of asymptomatic
individuals. Other animal models studies have also shown
that continued antigen challenge results in the waning of the
pulmonary response rather than progression of the disease [17,
18]. These observations were also noted in humans where
symptoms may be less severe with recurrent exposures [19].

Lung tolerance to a continuous exposure to antigens is well
documented and has been attributed to a change in the pheno-
type of antigen-presenting dendritic cells. A decrease in major
histocompatibility complex (MHC) class II and co-stimulatory

EUROPEAN RESPIRATORY JOURNAL
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molecules, and impairment of effector T-cell stimulation can lead
to a tolerogenic dendritic cell phenotype producing IL-10 and/or
transforming growth factor (TGF)-B, and induce a Treg-cell
phenotype [20]. The low-grade continuous inflammation may be
sufficient to induce the mechanisms of control of inflammation in
asymptomatic exposed subjects.

In patients with HP, the normal Treg-cell lymphosuppressive
function is impaired; thus, lymphocytes are free to proliferate,
accumulate in the lung and maintain an inflammatory
environment. The events leading from the asymptomatic stage
to the development of the disease that can explain this Treg-
cell loss of function are still unclear. As pointed out earlier, the
prevalence of HP is very low and most subjects exposed to the
causal antigens do not develop the disease. It has been
suggested that some factors can trigger HP by breaking the
homeostasis between immune tolerance and inflammatory
mechanisms. Potential promoting factors for HP include a
concomitant viral or bacterial infection, an increase in antigen
load and a genetic predisposition. Patients suffering from acute

HYPERSENSITIVITY PNEUMONITIS

bouts of HP often report initial symptoms suggestive of a
respiratory viral infection. DAKHAMA et al. [21] reported the
presence of viral antigens in the lungs of HP patients. We have
previously reported that a viral infection could trigger an
exacerbated immune response to S. rectivirgula antigen in a
mouse model of HP [22]. In that viral-induced HP murine
model, Sendai, a paramyxoviral infection, leads to dendritic
cell maturation and upregulation of MHC class II and CD86
[23]. Indeed, some studies have shown that over expression of
co-stimulatory molecules, such as MHC class II, CD80 and
CD86, decreases the suppressive effects of Treg-cells and
promotes effector T-cell activation [24]. Similarly, AHN ef al.
[25] reported that dendritic cells can reverse the suppressive
effect of Treg-cells independent of cytokine production [25].

Defective Treg-cells have been reported in other inflammatory
diseases, such as arthritis and multiple sclerosis [26, 27]. In a
recent article, PARK ef al. [28] demonstrated that Treg-cells are
indeed implicated in S. rectivirgula-induced murine HP. Those
authors showed an increased severity of HP in mice depleted

Exposure to HP

antigens
| HP promoting factors
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Genetic factors
Endotoxins
v
Tolerogenic dendritic cells
Low expression of MHC class Il and
B7 co-stimulatory molecules v
Low antigen presentation capacity Mature dendritic cells
IL-10 and TNF-f production
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Lymphocvt B7 co-stimulatory molecules
o ympnocyles High antigen presentation capacity
%0 0 © 0o O Proinflammatory cytokine production
PN @) (IL-1B, IL-6, TNF-a, etc.)
06°082080
Immature dendritic o
cell Immunosuppressive O‘
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0OX40/0X40L [ B
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Y FoxP3
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v

Asymptomatic subjects
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immunosuppressive function
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FIGURE 6. Hypothetical mechanisms involved in the regulation of the immune response in asymptomatic subjects and in T-regulatory (Treg)-cell loss of
immunosuppressive function in hypersensitivity pneumonitis (HP). In asymptomatic subjects, tolerogenic dendritic cells maintain an immunosuppressive environment that
promotes efficient Treg-cell inhibitory function. Maturation of dendritic cells by an HP-promoting factor causes pro-inflammatory mediator production by many immune cells
that inhibit Treg-cell function. Increased co-stimulatory (OX40 ligand (L) and B7 molecules) and major histocompatibility complex (MHC) class Il molecules on mature
dendritic cells increase their antigen presentation capacity and priming of T-cells, but also inhibit Treg-cell function. Interleukin (IL)-17 production by dendritic cells and
T-helper (Th)17 cells could promote molecular expression of transcription factors, such as RAR-related orphan receptor (ROR)vt, that abrogate Treg-cell function. All these
mechanisms could result in a Treg-cell loss of function allowing a pro-inflammatory environment and development of the disease. TNF: tumour necrosis factor;

FoxP: forkhead/winged helix transcription factor.
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of CD25+ cells. These mice present a higher level of TGF-f3 and
interferon (IFN)-y in the lung, an increased number of
inflammatory cells in BAL, more severe lung damage and a
higher level of serum S. rectivirgula-specific IgG. An adoptive
transfer of CD4+ CD25+ cells restores this inflammatory
environment and decreases IFN-y production by T-cells in
the lung. These results demonstrate that CD4+ CD25+ cells
play a protective role in HP by reducing IFN-y production by
T-cells. However, in that study, no analysis of Treg-cell
function was performed. The results of the present study
demonstrate that in active human HP, the regulation of the
effector arm of the immune response is no longer under the
control of Treg-cells. As a consequence, the exacerbated
cellular influx and inflammatory mediators are most probably
responsible for the acute phase of the disease. HP patients are
not protected against inflammatory process because the CD4+
CD25+ cells have lost their suppressive function and can no
longer control T-effector cell proliferation.

A recent explanation for the defective Treg-cell activity is that
the presence of TNF-a impairs the suppressive function of
Treg-cells [29]. Anti-TNF-o therapy is successful in restoring
Treg-cell function in patients suffering from diabetes [26]. In
the thymus, TNF-o could act on Treg-cells and cause the loss of
their suppressive function. Recent observations suggest that
Treg-cells are very sensitive to TNF-o. Thymic CD4+ CD25+
cells derived from healthy donors show a higher expression of
TNF receptor II than CD4+ CD25- cells [30]. Since TNF-u is
increased in patients with HP (fig. 5) [31], it could potentially
be a mechanism by which Treg-cells lose their immunosup-
pressive function in this disease.

The finding that IL-17 is increased in HP can also explain, in
part, the impaired Treg-cell function as well as the exacerba-
tion of the immune response characterising the disease. IL-17 is
a pro-inflammatory cytokine produced mostly by Th17 cells.
IL-17 promotes IL-6 and IL-1B production by neighbouring
cells, triggering a pro-inflammatory environment [12]. These
conditions, as well as interaction with pathogens, promote
dendritic cell maturation and secretion of pro-inflammatory
cytokines. Production of pro-inflammatory cytokines, particu-
larly IL-6, IL-1p and TNF-o, released by mature dendritic cells
can subvert Treg-cell immunosuppressive function [13, 14].
Moreover, recent work demonstrated that, in the absence of a
pro-inflammatory signal, FoxP3 can abrogate RAR-related
orphan receptor (ROR)yt, a transcription factor for Th17 cells,
and drive Treg-cell differentiation. In a pro-inflammatory
environment, this inhibition is abrogated, IL-17-secreting Th17
cell differentiation is initiated and Treg-cell suppressive
function is inhibited [32]. Moreover, in an inflammatory
environment, Treg-cells can differentiate into Th17 cells and
secrete IL-17 [33]. Thl7 cells are involved in many auto-
immune, inflammatory and infectious diseases [34-36]. A
recent study reported the lung accumulation of CD4+ T-cells
that produce IL-17 in HP patients [37]. Inflammatory media-
tors, such as TNF-a and IL-6, are involved in HP [38-40].
Recently, HIN1 influenza A virus infection has been found to
promote an increase in pro-inflammatory mediators involved
in the development of Th17 cells [41]. We hypothesise that an
HP-promoting factor, such as a viral infection, could trigger
the maturation of dendritic cells and the production of IL-17 by
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immune cells, contributing to the attenuation of Treg-cell
suppressive function.

Another study by ITto et al. [42] indicates that maturation
of dendritic cells stimulated by Sendai virus leads to an
upregulation of co-stimulatory OX40 ligand (L) expression
levels. Since Treg-cells express high levels of OX40, a member
of TNF receptor family [43], and that binding of OX40 with its
ligand on mature dendritic cells blocks Treg-cell suppressive
function [44, 45], one might expect that such a mechanism
would also affect the regulatory function of Treg-cells. Ligation
of OX40 to its ligand does not affect the expression of FoxP3 in
Treg-cells [43]. The molecular explanation for this Treg-cell
loss of function is still unknown. Moreover, OX40-OX40L
binding promotes T-cell proliferation and increases the
production of several cytokines [44]. Hence, in HP, mature
dendritic cells could potentially inhibit Treg-cell function
through OX40-OX40L binding. However, mature dendritic
cells could promote the inflammatory environment by activat-
ing T-effector cells that trigger the lymphocytosis.

Similarly to other inflammatory and autoimmune diseases, a
defect in Treg-cell function is involved in the pathology of HP.
The events leading to the breakdown of the maintenance of the
immune homeostasis to HP antigens needs to be further
clarified. However, we hypothetise that impaired Treg-cell
function is probably caused by multiple interdependent
immune events (fig. 6). Maturation of dendritic cells by a
cofactor, such as a viral infection, promotes a proinflammatory
milieu that can, in turn, abrogate Treg-cell function in a
cytokine-dependent or -independent way.
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