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Thymic stromal lymphopoietin-induced human asthmatic
airway epithelial cell proliferation through an IL-13-

dependent pathway

Abdelhabib Semlali, PhD,? Eric Jacques, MSc,? Latifa Koussih, PhD,>° Abdelilah S. Gounni, PhD,®

and Jamila Chakir, PhD?

Background: Thymic stromal lymphopoietin (TSLP) plays a
pivotal role in the initiation of allergic airway inflammation.
This cytokine is produced by several cell types, including human
epithelial cells.

Objective: We sought to determine the effect of TSLP on
proliferation and repair of epithelial cells isolated from
asthmatic patients and healthy subjects.

Methods: Expression of TSLP receptor (TSLPR) and its
response to inhaled corticosteroids was evaluated on bronchial
biopsy specimens of healthy control subjects and asthmatic
patients by means of immunohistochemistry. TSLPR, TSLP,
and IL-13 mRNA expression was determined by means of
quantitative PCR, and protein expression was measured by
means of ELISA and Western blotting in epithelial cells isolated
from asthmatic subjects compared with those isolated from
healthy control subjects. The effect of TSLP on cell proliferation
and wound healing was performed.

Results: TSLPR is expressed by bronchial epithelial cells in
bronchial biopsy specimens and in cultured cells, with no
difference between asthmatic patients and healthy control
subjects. Inhaled corticosteroids did not affect this expression.
TSLP mRNA and protein levels were significantly higher in
epithelial cells isolated from asthmatic patients compared with
those from healthy control subjects. TSLP stimulated IL-13
production by bronchial epithelial cells. TSLP induced airway
epithelial cell proliferation and enhanced epithelial injury
repair. This effect was abrogated with IL-13 neutralization.
Conclusions: Our data indicate that epithelial cells express
TSLPR and that TSLP induces bronchial epithelial cell
proliferation and increases injury repair through IL-13
production. This suggests that TSLP and IL-13 loops play a
homeostatic role on epithelial cell proliferation and repair.
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Allergic asthma is characterized by airway hyperresponsive-
ness and inflammation."* This inflammation is the result of a
complex immunologic cascade that leads to dysregulated produc-
tion of Ty2 cytokines, such as IL-4, IL-5, and IL-13.>* Asthma is
also characterized by structural changes in the bronchial mucosa
leading to airway remodeling. Epithelial damage is one of the
many pathophysiological features observed in asthma. It is be-
lieved that damage to the bronchial epithelium results in release
of cytokines and growth factors that might affect epithelial cell
function.

TSLP is produced by several cell types, including human
epithelial cells and stromal and muscular cells.” It was first identi-
fied as a growth factor for B cells in a thymic stromal cell line.””
This cytokine presents a structural and functional homology to
IL-7.3 TSLP receptor (TSLPR) is a heterodimer consisting of a
specific TSLPR and the IL-7 receptor « chain (IL-7Ra).'*!" By in-
teracting with the heterodimeric receptor IL-7Ra/TSLPR, TSLP
appears to initiate signal transduction through signal transducer
and activator of transcription (STAT) 3 and STATS activation.'%*

Previous studies have demonstrated that TSLP plays a pivotal
role in the pathology of allergic asthma and atopic dermatitis.’
Murine models of allergic asthma show higher TSLP expression
in the lungs, whereas TSLPR-deficient mice are protected against
the disease." Lung-specific overexpression of TSLP can induce
hyperreactivity and Ty2-typed inflammation.'® In human subjects
Ying et al'” have shown through in situ hybridization that TSLP is
overexpressed in asthmatic bronchial biopsy specimens, and this
correlates with Ty2-attracting chemokine levels. In normal hu-
man bronchial epithelial cells TSLP was upregulated by stimula-
tion with Toll-like receptor 3 and Ty2 cytokines (IL-4 and IL-13),
and this response was suppressed by glucocorticoid treatment.'®
The regulation and function of epithelial TSLP expression has
not been extensively studied. In this study we evaluated the ex-
pression of TSLPR on epithelial cells of asthmatic patients com-
pared with those of healthy control subjects and studied the effect
of TSLP on proliferation and repair of epithelial cells isolated
from asthmatic patients and healthy subjects.

METHODS

Bronchial biopsy specimens
Bronchial biopsy specimens were obtained from “Banque de Tissus du
Réseau en Santé Respiratoire du FRSQ, site Institut Universitaire de
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Abbreviations used
EGF: Epidermal growth factor
EGFR: Epidermal growth factor receptor
IL-7Ra: IL-7 receptor a chain
STAT: Signal transducer and activator of transcription
TSLP: Thymic stromal lymphopoietin
TSLPR: Thymic stromal lymphopoietin receptor

Cardiologie et de Pneumologie de Québec.” Tissues from 10 asthmatic
patients before and after 2 months of inhaled corticosteroid treatment and 10
healthy control subjects were used. Nonsmoking asthmatic patients had stable
mild asthma, used only bronchodilators to treat their asthma symptoms, and
were not exposed to sensitizing allergens; none of the study participants had an
asthma exacerbation or respiratory tract infection in the preceding 4 weeks
before entry into the study. No subjects had previously ever been treated with
leukotriene modifiers or oral glucocorticosteroids in the previous 6 months or
with nasal or dermal glucocorticosteroids within 30 days before their
participation in the study. Bronchial biopsy specimens were taken at baseline
and after treatment with 2 inhalations of 250 pg of fluticasone dipropionate
twice a day for 8 weeks. Subjects’ characteristics are shown in Table I. All sub-
jects provided written informed consent, and the study was approved by the
Ethics Committee of Institut Universitaire de Cardiologie et de Pneumologie
de Québec.

Immunohistochemistry

The alkaline phosphatase/antialkaline phosphatase procedure was used as
previously described'® with a murine anti-human TSLPR (R&D system, Min-
neapolis, Minn). For negative control preparations, the primary antibody was
replaced by Tris-buffered saline or the irrelevant isotype and species-matched
primary antibody. The intensity of TSLPR staining was compared between
slides processed simultaneously for immunostaining, as described previ-
ously.? Precautions were taken to ensure identical conditions of immunos-
taining for all slides that were to be compared in terms of time of antibody
incubation, washing, developing, and counterstaining steps. The intensity of
labeling was evaluated in a blind manner by 2 independent investigators and
graded by using a 5-scale system (0, no signal; 1, weak; 2, moderate; 3, strong;
4, very strong; and 5 extremely strong), as previously described.>' A second
evaluation several weeks later yielded identical values.

Epithelial cell culture

Epithelial cells were isolated from bronchial biopsy specimens of asthmatic
patients (n = 6) and healthy control subjects (n = 7). Subjects were recruited
from the Asthma Clinic at Institut Universitaire de Cardiologie et de
Pneumologie de Québec (Quubec, Canada). The ethics committee board
approved the study, and all subjects provided written informed consent. The
asthmatic patients were given diagnoses according to the American Thoracic
Society criteria (methacholine PC,(, <4 mg/mL) and used only inhaled (3,-ag-
onists on demand.?* Their mean FEV | was 85% * 3.1%, and their mean PCq
was 4.0 = 2.2 mg/mL. None used inhaled or systemic corticosteroids. All asth-
matic patients were nonsmokers and atopic and had positive skin test results
for house dust. Healthy control subjects (mean FEV; 98.2% * 5.1% and
mean PCyp 99.4 = 1.2 mg/mL) were nonatopic nonsmokers with no history
of asthma or systemic diseases.

Epithelial cells were characterized by means of immunofluorescence and
flow cytometry with anti-cytokeratin antibody from Calbiochem (San Diego,
Calif), as previously described.”*** Near-confluent epithelial cells from asth-
matic patients and control subjects were detached and cultured in 6-well
plates. Cells were cultured in 1% FBS—supplemented medium for 24 hours be-
fore experiments. Cells were then stimulated with IL-13 (10 ng/mL; eBio-
science, San Diego, Calif), TNF (10 ng/mL; Peprotech, Rocky Hill, NJ),
TSLP (1-50 ng/mL, R&D Systems), anti—IL-13 antibody (10 pg/mL, R&D
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Systems), and/or dexamethasone (10_7 mol/L; Sigma Chemicals, St Louis,
Mo) from 2 to 24 hours and collected.

Real-time RT-PCR analysis

Total RNA and cDNA were prepared as previously described.>* DNA was
amplified by means of quantitative PCR, as previously described.”® TSLPR
was amplified by using the following primers: 5'-GAGTGGCAGTCCAAA
CAGGAA-3' as sense and 5'-ACATCCTCCATAGCCTTCACC-3' as anti-
sense. IL-7Ra was amplified by using the following primers: 5'-TGGACG
CATGTGAATTTATC-3' as sense and 5'-CATTCACTCCAGAAGCCTTT-
3’ as antisense. TSLP was amplified by using the following primers: 5'-TAT
GAGTGGGACCAAAAGTACCG-3' as sense and 5'-GGGATTGAAGGT
TAGGCTCTGG-3' as antisense. IL-13 was amplified by using the following
primers: 5'-ACCCAGAACCAGAAGGCTCCG-3’ as sense and 5'-TCAGTT
GAACCGTCCCTCGCG-3' as antisense. Data were acquired and analyzed
with the computer software Opticon Monitor (version 2.02.24). Normalized
expressions were calculated by using the calculated efficiency of each PCR
reaction with a cDNA standard curve.

Immunofluorescence

Epithelial cells were grown to half confluence over 24 hours and fixed in
4% paraformaldehyde. Slides were blocked with rat serum and stained with a
murine anti-human TSLPR (R&D Systems) or a murine anti-human IL-7Ra
(BD PharMingen, San Jose, Calif). Cell nuclei were stained with 1 pwg/mL
Hoechst (Invitrogen, Carlsbad, Calif) for 10 minutes. Slides were mounted
with the ProLong Antifade kit (Molecular probes, Eugene, Ore) to stabilize
fluorescence. As a negative control, the irrelevant isotype antibody was used.

Western blots

Western blots were performed as described previously.>* The following an-
tibodies were used: murine anti-human TSLPR was from R&D Systems; mu-
rine anti-human IL-7Ro, murine anti-human STAT3, and murine anti-human
STATS were from BD PharMingen; rabbit anti-human phosphorylated STAT3
and rabbit anti-human phosphorylated STAT5 were from Cell Signaling (Dan-
vers, Mass); and murine anti-human (-actin was from Sigma Chemicals.

ELISA

TSLP and IL-13 in culture supernatants were detected by means of ELISA
(R&D Systems), according to the manufacturer’s instructions. Calculated
TSLP and II-13 concentrations were normalized to cell numbers after
stimulation. The minimum detectable levels of TSLP and IL-13 were 3.46
pg/mL and 32 pg/mL, respectively.

Cell proliferation assay

Cells were seeded at 3 X 10° cells in 6-well plates, serum starved for 1 day,
and treated with TSLP or IL-13 at 10 ng/mL with or without neutralizing
anti—IL-13 antibodies. Isotype mouse IgG,. antibodies were used as negative
controls (BD Biosciences, Mississauga, Ontario, Canada). All doses were
previously determined with a dose-response study. After 4 days, cells were
collected and counted. Cell counts were performed double-blind and
performed twice by 2 independent individuals.

Monolayer wound repair assay

Epithelial cells were grown to confluence in 6-well plates and epidermal
growth factor (EGF) starved. On confluence, wounds were made in the
confluent monolayer of each well with a 200-pL pipette tip. TSLP-treated
cells, anti—IL-13—treated cells, or both were compared with nontreated cells 3,
6, or 12 hours after wounding. EGF (5 ng/mL) was used as a positive control.
Several pictures at the same magnification were taken for each wound with a
digital camera (Coolpix 950; Nikon, Tokyo, Japan). Wound distances were
measured directly on the digital pictures in centimeters, and the percentage of
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TABLE I. Characteristics of healthy control subjects and asth-
matic patients before and after corticosteroid treatment

Asthmatic patients

Healthy control subjects Before After
Sex (M/F) 6/4 5/5 5/5
Age (y) 24.1 £ 4.30 247 = 5.07 24.8 = 5.15
FEV, (L) 4.04 = 0.70 3.67 = 0.93 3.75 = 0.82
FEV, (%) 98.7 = 9.05 95.8 = 20.95 98 = 16.50
PCyp (mg/mL) 144 = 70.92 1.68 = 1.84 3.83 = 4.01

Values are presented as means * SDs.

wound closure was calculated by comparing relative wound areas with
wounds before stimulation.

Statistical analysis

All experiments in this study were performed at least 3 times. The data were
analyzed with a crossed-nested design to compare groups and conditions. A
posteriori multiple comparisons were performed with the Tukey-Kramer
test. Mean values = SEMs of quantitative variables were used as representa-
tive measures. All reported P values were 2-sided and were declared signifi-
cant at .05 levels.

RESULTS
TSLPR expression in bronchial biopsy specimens
Immunohistochemical analysis of bronchial biopsy specimens
showed that TSLPR is expressed in the epithelium and in
bronchial mucosal layers of asthmatic patients and healthy
control subjects (Fig 1, A-C). The score of immunostaining
showed no significant difference between TSLPR (Fig 1, A-C)
staining in asthmatic patients and healthy control subjects. Corti-
costeroid treatment of asthmatic patients showed no significant
difference in immunostaining scores (Fig 1, A and B). Isotype
and negative controls (Fig 1, D and E) showed no staining.

TSLPR is constitutively expressed in epithelial cells
from asthmatic patients and cells from healthy
control subjects

To assess whether epithelial cells express TSLPR, we deter-
mined the baseline expression of the specific TSLPR gene and the
common IL-7Ra gene with epithelial cells from asthmatic
patients and control cells using real-time PCR. Both TSLPR
and IL-7Ro mRNA were expressed in epithelial cells from both
control subjects and asthmatic patients (1.00 = 0.33 vs 0.83 =
0.22 TSLP fold induction [P = .34] and 1.03 £ 0.40 vs 1.65 *+
0.61 IL-7Ra fold induction [P = .21], respectively; n = 6;
Fig 2, A). We tested 2 cell lines (COS-7 and LnCAP) that express
low levels of TSLPR. These cells served as negative controls.
Moreover, we included monocytes as a positive control.

Immunofluorescence staining shows that bronchial epithelial
cells express TSLPR protein at their surface (Fig 2, B, e). Fig 2, B,
f, shows cytokeratin staining that indicates that all the cells are
positive for this epithelial specific marker. Western blot analyses
of epithelial cells from both asthmatic patients and control sub-
jects showed that both IL-7Ra and TSLPR proteins are expressed
in these cells (Fig 2, C). After 10 minutes of TSLP treatment, both
STAT3 and STATS were phosphorylated in epithelial cells of con-
trol subjects and asthmatic patients (Fig 2, D).
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FIG 1. Immunohistochemistry staining of TSLPR. Representative staining
of TSLPR in bronchial biopsy specimens of asthmatic patients before (A)
and after 8 weeks of inhaled corticosteroid treatment (B), healthy control
subjects (C), isotype controls (D), and negative controls (E). Individual
scores of TSLPR immunoreactivity are represented in the lower panel
(n = 10). NS, Not significant.

TSLP expression in bronchial epithelial cells from
asthmatic patients

We compared the baseline expression of TSLP in epithelial
cells isolated from control subjects and asthmatic patients. TSLP
mRNA levels were higher in cells from asthmatic patients than
in control cells (4.98 £ 0.87 vs 1.00 = 0.64 fold induction of
normal epithelial cell expression [P =. 006], n = 4; Fig 3, A).
TSLP protein expression was assessed in cell-culture superna-
tants. Concentrations of TSLP in cell-culture supernatants were
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FIG 2. TSLPR and IL-7Ra expression in bronchial epithelial cells. A, Real-time PCR analysis of TSLPR or
IL-7Ra expression on COS-7, LNCaP cell lines and on primary bronchial epithelial cells isolated from control
subjects (NBEC) or asthmatic subjects (ABEC), and monocytes. B, Representative immunofluorescence
staining of TSLPR (e) and cytokeratin in epithelial cells (f), negative isotype control (g), and TSLPR in
COS-7 cells (h). Cell nuclei are stained in blue. C, Representative Western blots of TSLPR, IL-7Ra, and B-actin.
D, STAT3 and STAT5 phosphorylation after 10 minutes of stimulation with 10 ng/mL TSLP.

normalized to the number of cells in each well after stimulation.
The baseline production of TSLP in epithelial cells from
asthmatic patients was higher compared with that seen in cells
from healthy control subjects (76.9 = 3.4 vs 43.6 = 2.9 pg/mL
[P =10"*, n = 5; Fig 3, B).

Control epithelial cells and epithelial cells from asthmatic
patients were stimulated with TNF or IL-13 for 6 hours, and TSLP
mRNA was amplified by means of real-time PCR. Optimal
conditions for IL-13 stimulation were previously validated with
dose-response and time-course studies (data not shown). As
shown in Fig 3, C, stimulation with TNF at different doses (from
1 to 100 ng/mL) and at different time points had no effect on
TSLP mRNA expression in both types of epithelial cells. How-
ever, TSLP mRNA levels were significantly increased after IL-
13 stimulation in both control cells (2.78 * 0.34 vs 1.01 *= 0.01
fold induction [P = 10 %], n = 7) and cells from asthmatic pa-
tients (12.72 + 1.42 vs 4.35 = 0.33 fold induction [P = 10~ %],
n = 5). Treatment with dexamethasone significantly suppressed
baseline expression of TSLP (0.41 * 0.17 fold induction [P =
1077] in control epithelial cells and 0.56 * 0.22 fold induction

[P .001] in epithelial cells from asthmatic patients) and
IL-13—induced TSLP expression in both control cells and cells
from asthmatic patients (0.42 = 0.18 fold induction [P =
10~ "] and 1.15 = 0.41 fold induction [P = .003], respectively;
Fig 3, C).

TSLP stimulated IL-13 production

We observed that epithelial cells from both control subjects and
asthmatic patients increased their IL-13 production after TSLP
stimulation in a dose-dependent manner (2.52 * 0.52 fold
induction [P =. 03] and 1.87 = 0.39 fold induction [P =. 02]
with nonstimulated cells, respectively; Fig 4, A). IL-13 was also
detected in epithelial cell supernatants (Fig 4, B). Epithelial cells
isolated from asthmatic patients produced more IL-13 than those
from healthy control subjects at baseline (145.5 = 6.1 and 92.7 =
5.3 pg/mL, respectively; P < .001). TSLP stimulation signifi-
cantly increased IL-13 protein secretion in both groups (241.1
* 6.5 pg/mL [P <. 01] in cells from healthy control subjects
and 313.3 = 12.6 pg/mL [P < .01] in cells from asthmatic
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FIG 3. TSLP expression in bronchial epithelial cells from control subjects
(NBEC) and asthmatic patients (ABEC). A, Real-time PCR analysis of TSLP
expression. B, TSLP production by means of ELISA. C, Cells isolated from
NBECs or ABECs were stimulated with IL-13 (10 ng/mL), TNF (10 ng/mL),
and/or dexamethasone (Dex; 10~7 mol/L). Real-time PCR analysis of TSLP
was performed. NS, Not significant.

patients). The effect of IL-13 production is more important in
asthmatic patients than in healthy control subjects (P = .001).

Effect of TSLP on epithelial cell proliferation
Epithelial cells from asthmatic patients proliferated less than
epithelial cells from healthy control subjects after 4 days of
culture (3.08 = 0.30 vs 1.51 = 0.01 X 10’ cells, P = .0002). Fig
4, C, shows that TSLP induced significant epithelial cell prolifer-
ation in both control cells (5.24 = 0.16X 10° cells, P < .01) and
cells from asthmatic patients (2.41 + 0.39 X 10° cells, P < .01).
TSLP-induced proliferation was comparable with IL-13 and EGF
in both cell types. Addition of IL-13 neutralizing antibodies but
not isotype control antibodies was able to reduce TSLP-induced
epithelial cell proliferation to baseline (3.18 = 0.41 X 10° cells
[P < .01] in control cells and 1.52 = 0.06 X 10° cells [P < .01]
in cells from asthmatic patients). IL-13 add-back experiments af-
ter neutralizing antibodies completely restored proliferation, sug-
gesting that TSLP-induced proliferation is dependent of IL-13.

TSLP mediates airway epithelial layer wound
closure

Epithelial cells from control subjects and asthmatic patients
were stimulated with TSLP immediately after injury. Baseline
wound closure was reduced in epithelial cells from asthmatic
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FIG 4. Effect of TSLP on IL-13 expression and cell proliferation. A, Cells iso-
lated from control subjects (NBEC) and asthmatic patients (ABEC) were
stimulated with different doses of TSLP. Real-time PCR analysis of IL-13
was performed. *P < .05 compared with respective unstimulated cells
from control subjects and asthmatic patients. B, IL-13 ELISA after TSLP
stimulation. *P < .01 versus unstimulated cells; #P < .001 between baseline
NEBCs and AEBCs; **P = .001 versus TSLP-stimulated NEBCs. C, NBECs
and ABECs were incubated with TSLP (10 ng/mL), IL-13 (10 ng/mL), and/
or IL-13 neutralizing antibodies (10 wg/mL) for 4 days, and proliferation
was evaluated based on cell counts.

patients compared with that seen in cells from healthy control
subjects (30.3% * 5.2% and 61.5% * 1.5% wound closure at 6
hours, respectively; P = .01; Fig 5). At baseline, total closure of
the wound was reached 12 hours after wounding in cells from
healthy control subjects, whereas in asthmatic patients only
40% of the wound was closed. TSLP significantly induced wound
closure of bronchial epithelium in healthy control subjects and
asthmatic patients (91.2% = 4.4% and 59.0% * 2.6% wound clo-
sure at 6 hours respectively; P = .003) with a comparable effect to
EGF. However, the closure was not complete in cells from asth-
matic patients compared with control cells. IL-13 neutralizing an-
tibodies were able to completely inhibit TSLP-induced wound
closure in both control cells and cells from asthmatic patients.

DISCUSSION
In this study we investigated the effect of TSLP on epithelial
cell proliferation and wound healing. To our knowledge, this is the
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FIG 5. Effect of TSLP on epithelial cell repair. Confluent cells were stimulated with TSLP, EGF, and/or IL-13
neutralizing antibodies after mechanical injury. Examples of wound areas are shown in the upper panels,
and calculated percentages of wound closures are shown in the bottom panel. * P< .01 versus unstimulated
cells from control subjects; &P < .05 versus TSLP-stimulated cells; #P < .05 versus normal cell baselines.

first comparative study of the expression and function of TSLP
and its receptor between bronchial epithelial cells isolated from
bronchial biopsy specimens obtained from well-characterized
asthmatic patients and healthy subjects. We found that epithelial
cells from asthmatic patients overexpress TSLP. This concords
with the study by Ying et al,'” who found increased TSLP expres-
sion in asthmatic bronchial biopsy specimens. We also found that
epithelial cells express TSLPR both in bronchial biopsy speci-
mens and in cultured cells. This receptor activated STAT3 and
STATS phosphorylation on stimulation with TSLP. We then ex-
amined the ability of T2 cytokines to regulate TSLP production
in human airway epithelial cells. We found that IL-13 was capable
of inducing TSLP production and that corticosteroids were able to
reduce this production in both asthmatic and control cells. TSLP
expression in control cells was also increased after exposure to
IL-13. This suggests that the baseline increased TSLP expression
observed in asthmatic cells might be due to the presence in their
microenvironment of T2 cytokines.

Recently, it has been reported that epithelial cells can produce
TSLP."® This cytokine produced by epithelial cells and keratino-
cytes has been reported to modulate mature CD4" T-cell

proliferation and survival through its interaction with dendritic
cells.!> TSLP stimulates Ty2 cytokine production, such as IL-
13, by epithelial cells that can activate mast cells.*® We showed
that TSLP upregulates IL-13 expression on both control cells
and cells from asthmatic patients. IL-13 is a Ty2-like cytokine
that has been considered a central mediator of airway remodeling
in asthma.?’ Epithelial cells have been shown to produce IL-13
that in turn induced their proliferation.zg’29 In the present study
we showed that TSLP stimulated IL-13 production by epithelial
cells. This induction is more important in cells from asthmatic pa-
tients than control cells. IL-13 in turn induced proliferation and in-
creases wound closure. In cells from asthmatic patients, the effect
of TSLP on proliferation and wound healing is still limited com-
pared with that seen in cells from healthy control subjects. This
might be explained by the fact that other cytokines and growth
factors present in the epithelial cell environment might also affect
these epithelial cell functions. Bronchial epithelial cells can pro-
duce an array of proinflammatory mediators, growth factors, and
cytokines in response to environmental challenges.>*** All these
factors can affect their proliferation and repair.***> Stimulation
with TSLP induced bronchial epithelial cell proliferation and
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increased injury repair through IL-13 production. We showed that
this effect is comparable with the effect of EGF, a well-known
growth factor for epithelial cells. Several studies showed a rela-
tionship between IL-13 and the EGF receptor (EGFR) pathway
in which EGFR activation is necessary for epithelial repair.zg’36
We have previously shown that in epithelial cells from asthmatic
patients, EGFR pathways are disturbed mainly because of the
presence of a more active form of TGF-f3 in cells from asthmatic
patients than cells obtained from healthy subjects.”* This might
explain that despite the higher production of TSLP and IL-13
by epithelial cells from asthmatic patients, they were not able to
proliferate and repair in the same rate of control cells.

In conclusion, this study suggests that TSLP, in addition to its
function on inflammatory cells, can be considered a homeostatic
cytokine that regulates proliferation and injury repair in airway
epithelium through an IL-13 retro-control loop.

We thank Dr Michel Laviolette and Dr Julie Milot for performing
bronchoscopy with bronchial biopsy specimens; Sabrina Biardel for technical
assistance; the “Banque de Tissus du Réseau en Santé Respiratoire du FRSQ,
site Institut Universitaire de Cardiologie et de Pneumologie de Québec”; and
Serge Simard for statistical analysis.

Key message

o TSLP induces bronchial epithelial cell proliferation and

repair through IL-13 production, which suggests a new
homeostatic role for this cytokine.

REFERENCES

1. Li L, Xia Y, Nguyen A, Lai YH, Feng L, Mosmann TR, et al. Effects of Th2
cytokines on chemokine expression in the lung: IL-13 potently induces eotaxin
expression by airway epithelial cells. J Immunol 1999;162:2477-87.

2. Arm JP, Lee TH. The pathobiology of bronchial asthma. Adv Immunol 1992;51:
323-82.

3. Abbas AK, Murphy KM, Sher A. Functional diversity of helper T lymphocytes.
Nature 1996;383:787-93.

4. Soumelis V, Reche PA, Kanzler H, Yuan W, Edward G, Homey B, et al. Human
epithelial cells trigger dendritic cell mediated allergic inflammation by producing
TSLP. Nat Immunol 2002;3:673-80.

5. Holgate ST. The epithelium takes centre stage in asthma and atopic dermatitis.
Trends Immunol 2007;28:248-51.

6. Zhang K, Shan L, Rahman MS, Unruh H, Halayko AJ, Gounni AS. Constitutive
and inducible thymic stromal lymphopoietin expression in human airway smooth
muscle cells: role in chronic obstructive pulmonary disease. Am J Physiol Lung
Cell Mol Physiol 2007;293:L375-82.

7. Levin SD, Koelling RM, Friend SL, Isaksen DE, Ziegler SF, Perlmutter RM, et al.
Thymic stromal lymphopoietin: a cytokine that promotes the development of
IgM+ B cells in vitro and signals via a novel mechanism. J Immunol 1999;162:
677-83.

8. Sims JE, Williams DE, Morrissey PJ, Garka K, Foxworthe D, Price V, et al.
Molecular cloning and biological characterization of a novel murine lymphoid
growth factor. J Exp Med 2000;192:671-80.

9. Friend SL, Hosier S, Nelson A, Foxworthe D, Williams DE, Farr A. A thymic stro-
mal cell line supports in vitro development of surface IgM+ B cells and produces a
novel growth factor affecting B and T lineage cells. Exp Hematol 1994;22:321-8.

10. Park LS, Martin U, Garka K, Gliniak B, Di Santo JP, Muller W, et al. Cloning of
the murine thymic stromal lymphopoietin (TSLP) receptor: Formation of a func-
tional heteromeric complex requires interleukin 7 receptor. J] Exp Med 2000;192:
659-70.

11. Pandey A, Ozaki K, Baumann H, Levin SD, Puel A, Farr AG, et al. Cloning of a
receptor subunit required for signaling by thymic stromal lymphopoietin. Nat Im-
munol 2000;1:59-64.

12. Liu YJ. Thymic stromal lymphopoietin and OX40 ligand pathway in the initiation
of dendritic cell-mediated allergic inflammation. J Allergy Clin Immunol 2007;
120:238-44.

14.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

SEMLALI ET AL 7

. Reche PA, Soumelis V, Gorman DM, Clifford T, Liu M, Travis M, et al. Human

thymic stromal lymphopoietin preferentially stimulates myeloid cells. J Immunol
2001;167:336-43.

Isaksen DE, Baumann H, Trobridge PA, Farr AG, Levin SD, Ziegler SF. Require-
ment for stat5 in thymic stromal lymphopoietin-mediated signal transduction. J Im-
munol 1999;163:5971-7.

. Al Shami A, Spolski R, Kelly J, Keane-Myers A, Leonard WJ. A role for TSLP in

the development of inflammation in an asthma model. J Exp Med 2005;202:829-39.

. Zhou B, Comeau MR, De Smedt T, Liggitt HD, Dahl ME, Lewis DB, et al. Thymic

stromal lymphopoietin as a key initiator of allergic airway inflammation in mice.
Nat Immunol 2005;6:1047-53.

. Ying S, O’Connor B, Ratoff J, Meng Q, Mallett K, Cousins D, et al. Thymic stromal

lymphopoietin expression is increased in asthmatic airways and correlates with expres-
sion of Th2-attracting chemokines and disease severity. J Immunol 2005;174:8183-90.

. Kato A, Favoreto S Jr, Avila PC, Schleimer RP. TLR3- and Th2 cytokine-

dependent production of thymic stromal lymphopoietin in human airway epithelial
cells. J Immunol 2007;179:1080-7.

. Molet S, Hamid Q, Davoine F, Nutku E, Taha R, Pagé N, et al. IL-17 is increased in

asthmatic airways and induces human bronchial fibroblasts to produce cytokines.
J Allergy Clin Immunol 2001;108:430-8.

Favier J, Plouin PF, Corvol P, Gasc JM. Angiogenesis and vascular architecture in
pheochromocytomas: distinctive traits in malignant tumors. Am J Pathol 2002;161:
1235-46.

Chakir J, Shannon J, Molet S, Fukakusa M, Elias J, Laviolette M, et al. Airway
remodeling-associated mediators in moderate to severe asthma: effect of steroids
on TGF-B, IL-11, IL-17, and type I and type III collagen expression. J Allergy
Clin Immunol 2003;111:1293-8.

Standards for the diagnosis and care of patients with chronic obstructive pulmonary
disease (COPD) and asthma. This official statement of the American Thoracic So-
ciety was adopted by the ATS Board of Directors, November 1986. Am Rev Respir
Dis 1987;136:225-44.

Goulet F, Boulet LP, Chakir J, Tremblay N, Dube J, Laviolette M, et al. Morpho-
logic and functional properties of bronchial cells isolated from normal and asth-
matic subjects. Am J Respir Cell Mol Biol 1996;15:312-8.

Semlali A, Jacques E, Plante S, Biardel S, Milot J, Laviolette M, et al. TGF-beta
suppresses EGF-induced MAPK signaling and proliferation in asthmatic epithelial
cells. Am J Respir Cell Mol Biol 2008;38:202-8.

Bergeron C, Page N, Joubert P, Barbeau B, Hamid Q, Chakir J. Regulation of pro-
collagen I (alphal) by interleukin-4 in human bronchial fibroblasts: a possible role
in airway remodelling in asthma. Clin Exp Allergy 2003;33:1389-97.
Allakhverdi Z, Comeau MR, Jessup HK, Yoon BR, Brewer A, Chartier S, et al.
Thymic stromal lymphopoietin is released by human epithelial cells in response
to microbes, trauma, or inflammation and potently activates mast cells. J Exp
Med 2007;204:253-8.

Humbert M, Durham SR, Kimmitt P, Powell N, Assoufi B, Pfister R, et al. Elevated
expression of messenger ribonucleic acid encoding IL-13 in the bronchial mucosa of
atopic and nonatopic subjects with asthma. J Allergy Clin Immunol 1997;99:657-65.
Singhera GK, MacRedmond R, Dorscheid DR. Interleukin-9 and -13 inhibit spon-
taneous and corticosteroid induced apoptosis of normal airway epithelial cells. Exp
Lung Res 2008;34:579-98.

Allahverdian S, Harada N, Singhera GK, Knight DA, Dorscheid DR. Secretion of
IL-13 by airway epithelial cells enhances epithelial repair via HB-EGF. Am J Re-
spir Cell Mol Biol 2008;38:153-60.

Chu EK, Foley JS, Cheng J, Patel AS, Drazen JM, Tschumperlin DJ. Bronchial
epithelial compression regulates epidermal growth factor receptor family ligand
expression in an autocrine manner. Am J Respir Cell Mol Biol 2005;32:373-80.
Pourazar J, Frew AJ, Blomberg A, Helleday R, Kelly FJ, Wilson S, et al. Diesel
exhaust exposure enhances the expression of IL-13 in the bronchial epithelium
of healthy subjects. Respir Med 2004;98:821-5.

Puddicombe SM, Polosa R, Richter A, Krishna MT, Howarth PH, Holgate ST, et al.
Involvement of the epidermal growth factor receptor in epithelial repair in asthma.
FASEB J 2000;14:1362-74.

Richter A, O’Donnell RA, Powell RM, Sanders MW, Holgate ST, Djukanovic R,
et al. Autocrine ligands for the epidermal growth factor receptor mediate
interleukin-8 release from bronchial epithelial cells in response to cigarette smoke.
Am J Respir Cell Mol Biol 2002;27:85-90.

Barrow RE, Wang CZ, Evans MJ, Herndon DN. Growth factors accelerate epithe-
lial repair in sheep trachea. Lung 1993;171:335-44.

Dorscheid DR, Wojcik KR, Yule K, White SR. Role of cell surface glycosylation in
mediating repair of human airway epithelial cell monolayers. Am J Physiol Lung
Cell Mol Physiol 2001;281:1.982-92.

Shim JJ, Dabbagh K, Ueki IF, Dao-Pick T, Burgel PR, Takeyama K, et al. IL-13
induces mucin production by stimulating epidermal growth factor receptors and
by activating neutrophils. Am J Physiol Lung Cell Mol Physiol 2001;280:L134-40.



	Thymic stromal lymphopoietin&ndash;induced human asthmatic airway epithelial cell proliferation through an IL-13&ndash;dependent pathway
	Methods
	Bronchial biopsy specimens
	Immunohistochemistry
	Epithelial cell culture
	Real-time RT-PCR analysis
	Immunofluorescence
	Western blots
	ELISA
	Cell proliferation assay
	Monolayer wound repair assay
	Statistical analysis

	Results
	TSLPR expression in bronchial biopsy specimens
	TSLPR is constitutively expressed in epithelial cells from asthmatic patients and cells from healthy control subjects
	TSLP expression in bronchial epithelial cells from asthmatic patients
	TSLP stimulated IL-13 production
	Effect of TSLP on epithelial cell proliferation
	TSLP mediates airway epithelial layer wound closure

	Discussion
	References


