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Introduction

The development of immune responses is dependent on
the cellular activation of individual cells. In turn, the cell
response to its environment depends on the signalling
pathways triggered upon engagement of cell-surface
receptors. One of the most prominent mechanisms of
signal transmission involves tyrosine phosphorylation,
required for the signalling of critical immune receptors
including the T-cell receptor (TCR),
receptors’ and Fce receptor 1 (FceR1).* This protein
tyrosine phosphorylation is mediated by protein tyrosine

kinases

(PTPs)  dephosphorylate
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interleukin (IL)

(PTKs), while protein tyrosine phosphatases
phosphotyrosine
Interestingly, dephosphorylation can also activate signal-

Summary

Protein tyrosine phosphorylation is an important early event in the signal
transduction of numerous cell receptors involved in the immune
response. The implication of protein tyrosine kinases in allergic asthma is
well recognized, but the role of protein tyrosine phosphatases (PTPs)
remains poorly understood. However, we recently reported that global
inhibition of PTPs during either the allergen-sensitization phase or the
allergen-challenge phase reduced the development of asthma and that this
correlated with an increased T helper 1 (Thl) response in both lung and
spleen tissues. Therefore, in this study we investigated individual roles of
PTPs involved in regulating the immune response. We observed that
genetic deficiency for PTP-1B resulted in increased recruitment of lung
inflammatory cells, while protein tyrosine phosphatase-phosphatase and
tensin homologue deleted (PTP-PEST)-deficient mice exhibited a pheno-
type similar to that of wild-type mice. Importantly, we found that a het-
erozygous mutation of T cell PTP (TC-PTP) dramatically abrogates
immunoglobulin E production and reduces the recruitment of inflamma-
tory cells to the lung, conferring an important role for TC-PTP in the
development of allergic asthma. As opposed to other studies on Src
homology phosphatase-1 (SHP-1) deficiency, specific acute SHP-1 inhibi-
tion during allergen challenge did not affect disease outcome. Collectively,
our results underscore the importance of PTPs in the development of
allergic asthma.

Keywords: asthma; protein tyrosine phosphatases; signal transduction

ling pathways through the dephosphorylation of inhibi-
tory residues on kinases, such as the role of CD45 in
TCR signalling.® An optimal equilibrium between PTK
and PTP activities is therefore necessary for fine-tuning
the cell response to signals received in vivo and, conse-
quently, this equilibrium is vital for the proper outcome
of immune responses.’

In the context of allergic asthma, tyrosine phosphoryla-
tion is a crucial signalling event for disease development
and the use of PTK inhibitors has been extensively stud-
ied (reviewed in ref. 7). For example, genistein,® a general
inhibitor of PTKs, as well as of many kinase-specific
inhibitors targeting Lyn,” Janus kinase 2 (JAK2)' and
Syk'' was shown to reduce the cardinal features of
asthma. While the role of kinases in asthma have been

residues.’
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investigated in detail,'* the role of PTPs in this disease

remains largely unexplored.

The mouse genome contains 105 PTPs,"” but studies
on their role in allergic diseases involved very few PTPs.
Previous work on the phosphatase and tensin homologue
(PTEN) in asthma revealed that the PTEN protein level is
reduced in asthmatic lung upon allergen challenge, allow-
ing the production of a stronger signal by phosphoinosi-
tide 3-kinase (PI3K), its opposed kinase.'* Overexpression
of PTEN in this context prevented the development of
asthma features. Another research group reported that a
reduction of Src homology phosphatase-1 (SHP-1)
activity in motheaten/+ (me/+) mice exacerbated asthma
development, conferring a role for SHP-1 in the down-
regulation of events leading to asthma development.'
This was confirmed in a second study on SHP-1, in
which motheaten viable (me'/me”) mice showed similar
results. Of interest, our laboratory previously noted that
inhibition of global PTP activity [with bis peroxovana-
dium 1,10-phenanthroline [bpV (phen)] in mice resulted
in a preferential increase of T helper 1 (Thl) cytokines in
the spleen.'® As Thl cytokines can favour protection in
asthma allergic reactions, this led us to investigate the role
of pharmacological inhibition of PTP in an asthma
model. Using bpV(phen) we showed that intact PTP
activity is necessary during both allergen-sensitization and
allergen-challenge phases in order to observe asthma devel-
opment.'” The inhibition of PTP activity reduced inflam-
matory cell recruitment to the lung, prevented the
development of airway hyper-responsiveness (AHR) and
reduced immunoglobulin E (IgE) production in mice
treated during allergen sensitization. Here, we investi-
gated the role of individual PTPs in allergic asthma
development.

Given their importance in the modulation of the
immune response, our attention was drawn to four
specific PTPs: PTP-1B, protein tyrosine phosphatase-
phosphatase and tensin homologue deleted (PTP-PEST), T
cell PTP (TC-PTP) and SHP-1. The small PTPs, TC-PTP,
PTP-1B'*?° and PTP-PEST,?! are known as important
modulators of JAK family kinases activity and show a
potent regulatory capacity on large-scale inflammatory
events.”” This might confer them with the capacity to reg-
ulate complex immune responses such as allergic asthma.
Another PTP, SHP-1, is also recognized to control c-Jun
N-terminal kinase (JNK) activation,®” and is renowned
for a more general implication in the control of inflamma-
tion. SHP-1 controls inflammation through a variety of
actions, from its implication in TCR signalling,*® through
a control of the Toll-like receptor (TLR) signal to inhibi-
tion of interlukin-1 receptor-associated kinase 1 (IRAK-1)
activation.” Given its importance in inflammation, other
groups studied the role of SHP-1 in asthma, but their use
of mice mutant for this PTP'>'® might hamper the con-
clusions drawn from their work. Indeed, mice deficient

© 2009 Blackwell Publishing Ltd, /Immunology, 128, 534-542

TC-PTP and PTP-1B modulate asthma development

for SHP-1 develop severe autoimmunity and chronic
inflammation.'>?® We decided to study the role of SHP-1
only at the allergen-challenge phase, by acute inactivation
of SHP-1 through adenovirus-delivered short hairpins
RNAs (shRNAs) in wild-type mice.

Here, we report that mice deficient for PTP-1B exhibit
an increased recruitment of inflammatory cells to the
lung. By contrast, mice heterozygous for a TC-PTP muta-
tion exhibit a weaker recruitment of inflammatory cells to
the lungs, as well as less inflammation in lung tissue, and
produce fewer allergen-specific IgEs. Heterozygous expres-
sion of PTP-PEST did not alter asthma development, and
acute inhibition of SHP-1 activity before allergen chal-
lenge by an adenovirus-delivered shRNA showed no
increase in disease severity.

Materials and methods

Chemicals and reagents

Ovalbumin (OVA) grade V and aluminium hydroxide gel
were purchased from Sigma-Aldrich (Sigma-Aldrich,
Oakville, ON, Canada).

Animals and sensitization protocol

BALB/c mice, 6-8 weeks of age, were purchased from
Charles River Canada (Saint-Constant, QC, Canada) and
housed in the McGill University animal facility, in accor-
dance with the Canadian Council on Animal Care guide-
lines. Mice with homozygous deletion of PTP-1B*' or
heterozygous deletion of TC-PTP** or yet PTP-PEST™
were generated as reported previously and were back-
crossed four times to a BALB/c background (animals gen-
erously provided by Dr Michel L. Tremblay, McGill
University). In all experiments, mutant animals were
compared with their wild-type (WT) littermate controls
to ensure adequate comparison (as opposed to compari-
son with a common WT control) given the fact that the
genetic background will be slightly different in each
mutant strain as a result of differing recombination
events. Mice were injected intraperitoneally (i.p.) on days
0 and 7 with 40 pg of OVA and 2.6 mg of aluminium
hydroxide in saline for a total volume of 200 pl. Allergen
challenges were performed by nebulization with 5% OVA
in saline for 5 min on days 21, 22 and 23, and the mice
were killed on day 25.

Adenovirus preparation and treatment

Adenoviruses encoding SHP-1-specific shRNA and green
fluorescent protein (GFP) were prepared using the
AdEasy system, as reported previously.”* On day 18 of
the sensitization protocol, 6 x 10" virus particles/100 pl
were injected into the tail vain of animals to establish an
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inhibition of SHP-1 messenger RNA (mRNA) expression
during allergen challenge.

Animal lung function assessement

Forty-eight hours after the last allergen challenge, mice
were put in a whole-body plethysmograph chamber (Bux-
co Research Systems, Willington, NC, USA). Enhanced
pause (Penh) was measured after administration of
increasing doses of nebulized metacholine and this mea-
sure was used to evaluate lung reactivity. The animals
were killed, after taking Penh measurements, in order to
evaluate other parameters.

Measurement of serum IgE

Serum was obtained from mice and was used to measure
the concentration of IgE. Total IgEs were measured using
the enzyme-linked immunosorbent assay (ELISA) tech-
nique with BD Pharmingen antibodies according to the
recommended procedure (capture antibody clone R35-72
and detection antibody clone R35-118) (BD Biosciences,
Missisauga, ON, Canada). The specific IgE titre was mea-
sured using the same capture antibody, but the detection
antibody was replaced with 10 pg/ml of biotinylated OVA.
OVA grade 5 was obtained from Sigma-Aldrich and conju-
gated to biotin using the biotin conjugation kit from
Sigma-Aldrich. A ratio of biotin/OVA of 4 was achieved,
as calculated by the extinction coefficient of avidin-4'-
hydroxyazobenzene-2-carboxylic acid (HABA).

Bronchoalveolar lavage procedure

Lungs were lavaged with 1 ml of saline. Bronchoalveolar
lavage fluids (BALFs) were centrifuged (400 g, 7 min at
4°), the cell pellet was resuspended in 100 pl of phos-
phate-buffered saline (PBS), a cell count was made and
the cell suspension applied onto a microscope glass-slide
using a Cytospin apparatus. The slide was then stained
using the Diff-Quik stain and blind differential counting
was performed on these slides. After the bronchoalveolar
lavage (BAL) procedure, the lung was inflated with para-
formaldehyde at a pressure of 25 cm H,O and allowed to
absorb paraformaldehyde for 48 hr to achieve tissue fixa-
tion. After fixation, the lung was processed in paraffin, cut
into 5-pm sections and mounted on slides before staining
with haematoxylin & eosin (H & E) using a standard pro-
cedure. Inflammation was evaluated on a scale of 0—4 for
recruitment of perialveolar/peribronchial and perivascular
inflammatory cells.

Western blotting
Western blotting was performed as previously described.”

Briefly, organs were extracted, flash-frozen in liquid nitro-
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gen and kept at —80° until required. Then, tissues were
homogenized using a PRO 200 tissue homogenizer (Pro
Scientific Inc., Oxford, CT, USA) in ice-cold lysis buffer
[20 mm Tris—HCI (pH 8-0), 0-14 m NaCl, 10% glycerol
(v/v), 1 mm phenylmethylsulphonyl fluoride (PMSE),
1 mm sodium orthovanadate (NazVO,), 1 pm NaF and
protease inhibitors (40 pg/ml of aprotinin and 20 pg/ml of
leupeptin)] without Nonidet P-40 (NP-40); 1% NP-40
(v/v) was added to the lysate after homogenization. The
lysates (30 pg/lane) were separated by sodium dodecyl
suphate—polyacrylamide gel electrophoresis (SDS-PAGE)
and the proteins were transferred to poly(vinylidene diflu-
oride) (PVDF) membranes (GE Healthcare, Baie d’Urfé,
QC, Canada). The membranes were blocked in Tris-
buffered saline/0-1% Tween containing 5% milk for 1 hr at
room temperature. Then, the membranes were washed and
incubated for 1 hr with «-SHP1 monoclonal antibody (Cell
Signalling, New England Biolabs, Pickering, ON, Canada).
After washing, membranes were incubated with anti-rabbit
horse reddish peroxidase (HRP) donkey Ig (GE Health-
care) for 1 hr and proteins were visualized with the use of
the ECL Plus Western Blotting reagent (GE Healthcare).
The membranes were stripped using the Restore Western
Blot Stripping Buffer (Pierce, Nepean, ON, Canada) and
reblotted using x-actin antibody (Sigma-Aldrich).

Statistical analysis

Statistically significant differences were identified using
the analysis of variance (aNova) module of StatView from
the sas institute (version 5; SAS Institute, Cary, NC).
P values of < 0-05 were considered statistically significant.
All data were presented as mean * standard error of the
mean (SEM).

Results

Allergen sensitization in PTP-deficient mice

Allergen-specific IgE production is a reliable measure of
the status of the allergic sensitization in animals injected
with OVA/Alum. Therefore, the production of IgE was
investigated in the different mice genotypes. As PTP-1B,
PTP-PEST and TC-PTP mouse models are mutants, their
deficiency in PTP activity is lifelong. Hence, the effect of
PTP deficiency can be seen during allergen sensitization
(Fig. la). By contrast, in the experiments where we inhib-
ited SHP-1 activity by administration of an adenovirus
encoding an shRNA to SHP-1 (the adenovirus was
delivered i.v. 3 days before allergen challenge for optimal
abolition of SHP-1 expression during allergen challenge),
the sensitization was performed without PTP inhibition.
As observed in Fig. 1a, Total serum IgEs were increased
in PTP-1B mice by comparison with their WT littermate
controls. Interestingly, this was also observed for
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OVA-specific IgEs (Fig. 1b), confirming that the increased
level of IgEs observed in the absence of PTP-1B is caused
by the allergen sensitization itself and is not a result of
other, non-specific, mechanisms. Of interest, in the case
of the heterozygous mutation of the PTP-PEST gene, the
allergen sensitization resulted in an increase of both total
and OVA-specific IgEs (Fig. la,b), but the levels did not
differ between WT littermates and heterozygous animals.
However, in heterozygous mice mutant for TC-PTP, the
level of total serum IgEs was significantly increased by
OVA sensitization only in WT littermate animals and not
in heterozygous animals (Fig. la). Furthermore, the levels
of OVA-specific IgEs were significantly different between
the two groups of animals (Fig. 1b), clearly showing that
TC-PTP activity is involved in the process of IgE produc-
tion upon allergen sensitization. As expected in the exper-
imental groups treated (or not) with the adenoviruses,
the levels of serum IgEs were high, as a result of allergen
sensitization, but no difference was observed between the
groups, given that they were similarly treated for allergen
sensitization with no PTP inhibition at this step (Fig. 1).
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Figure 1. Serum immunoglobulin E (IgE) levels. Blood was collected
after the mice were killed and the serum was obtained. (a) Total
serum IgE levels and (b) ovalbumin-specific serum IgE levels were
measured using sandwich enzyme-linked immunosorbent assays
(ELISAs). Inhibition of Src homology phosphatase-1 (SHP-1) activity
was performed at allergen challenge, not at allergen sensitization. Data
shown represent the average of 15-16 [protein tyrosine phosphatase-
1B (PTP-1B)], 7-8 protein tyrosine phosphatase-phosphatase and
tensin homologue deleted (PTP-PEST), 9-12 T cell PTP (TC-PTP)
and 3—4 (SHP-1) animals per group. *Significant difference compared
with the appropriate control or identified sample (P < 0.05). A,
absorbance; adenovirus (Adv); controls (Ctrls); GFP, green fluorescent
protein; KO, knockout; OVA, ovalbumin; WT, wild type.
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Lung inflammation of PTP-deficient mice

The next step of our investigation was to monitor the
effects of allergen challenge in animals previously sensi-
tized to the allergen (OVA). Typically, exposure of pre-
sensitized animals to allergen results in an increase of
inflammatory cells recruitment to the lung, which is
reflected by an increase in the number of cells retrieved
in the BALE."” This effect is particularly important for
lymphocytes and eosinophils, the latter representing a
major hallmark of the asthmatic lung.’® Therefore, we
investigated the presence of total inflammatory cells, as
well as lymphocytes and eosinophils, in the BALF.
Figure 2 shows that PTP-1B WT littermate controls
challenged with OVA show a very small increase (not
significant) in the recruitment of total inflammatory cells
as well as in the recruitment of lymphocytes and eosin-
ophils (Fig. 2a—c, respectively). In stark contrast, knock-
out (KO) animals challenged with OVA show a marked
increase in cellular recruitment for total cells, lymphocytes
and eosinophils (Fig. 2a—c). The difference between WT
and KO animals challenged with OVA was statistically
significant, establishing that the absence of PTP-1B results
in an increased recruitment of inflammatory cells.

In the case of PTP-PEST, no difference was observed
between the heterozygous mice and their WT littermate
counterparts, and the global cellular recruitment remained
generally low (Fig. 2). The heterozygous mutation of TC-
PTP, however, revealed that the activity of this PTP is
required for inflammatory processes leading to recruit-
ment of cells to the lung in animals sensitized to OVA.
Indeed, the lungs of the WT littermate controls recruited
more total cells, lymphocytes and eosinophils than the
TC-PTP mutant lungs (Fig. 2). In the case of SHP-1
experiments, OVA challenge did induce an increased
recruitment of all cell types, and this was similar in all
groups, suggesting that SHP-1 inhibition by shRNA did
not affect the exacerbation of the disease.

Subsequently, we investigated the status of tissue
inflammation on lung histological sections. OVA-chal-
lenged mice exhibited a higher degree of tissue inflamma-
tion in all groups (Fig. 3), similarly to the data obtained
in the BALF (Fig. 2). In mice KO for PTP-1B, there was
a trend for exacerbation of the tissue inflammation, but
this was not significant, unlike in the BALF (Fig. 2). The
experiments involving PTP-PEST deficiency did not reveal
any difference with the WT littermate controls, also
coherent with our previous results (Figs 1 and 2). The
heterozygous mutation of TC-PTP significantly reduced
the inflammation in the lung tissue (Fig. 3), paralleling
the results of Fig. 2. Very interestingly, administration of
the shRNA adenovirus to SHP-1 reduced lung tissue
inflammation. However, a similar result was also observed
following administration of the control GFP-encoding
adenovirus, suggesting that this decrease can probably be
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Figure 2. Inflammatory cells of the bronchoalveolar lavage fluid
(BALF). The recruitment of inflammatory cells to the BALF com-
partment was evaluated using differential counts and total cell
counts. Total cell counts (a), lymphocyte counts (b) and eosinophil
counts (c) are presented. Data shown represent the average of 11-14
[protein tyrosine phosphatase-1B (PTP-1B)], 5-7 protein tyrosine
phosphatase-phosphatase and tensin homologue deleted (PTP-
PEST), 5-10 T cell PTP (TC-PTP) and 8 Src homology phosphatase-
1 (SHP-1) animals per group. *Significant difference compared with
the appropriate control or identified sample (P < 0.05). adenovirus
(Adv); controls (Ctrls); GFP, green fluorescent protein; KO, knock-
out; OVA, ovalbumin; WT, wild type.

attributed to the adenovirus injection itself rather than to
the absence of SHP-1.

SHP-1 inhibition and its effect on allergen challenge

Before conducting experiments with the adenovirus
encoding the shRNA to SHP-1, we were interested in
ascertaining the time-dependent depletion of SHP-1. As
seen in Fig. 4a, administration of the shRNA-encoding
adenovirus iv. to the mice resulted in a reduction of
SHP-1 protein in the spleen from day 3, lasting at least
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Figure 3. Lung tissue inflammatory cells. Local tissue inflammation
was evaluated on histology cuts, of 5-pm thickness, stained with
haematoxylin and eosin. Observations were made at 400X magnifica-
tion on 7-9 [protein tyrosine phosphatase-1B (PTP-1B)], 4 protein
tyrosine phosphatase-phosphatase and tensin homologue deleted
(PTP-PEST), 4-7 T cell PTP (TC-PTP) and 4 Src homology
phosphatase-1 (SHP-1) animals per group. *Significant difference
compared with the appropriate control or identified sample
(P < 0.05). adenovirus (Adv); controls (Ctrls); KO, knockout; OVA,
ovalbumin; WT, wild type.

until day 7. Previous experiments revealed that the deple-
tion was optimal in the liver by day 3, and we also
observed similar depletion in other organs (data not
shown). Injection of the GFP-encoding adenovirus did
not affect SHP-1 expression (data not shown and ref. 34).
Therefore, we established that administration of the ade-
novirus 3 days before (day 18) the first allergen challenge
(day 21) would mediate a depletion of SHP-1 protein
from the first allergen challenge (day 21) to the measure-
ment of lung reactivity (day 25).

As SHP-1 was not inhibited during the sensitization (as
is the case in other publications using me or me"
mice),'' but only during allergen challenge, we aimed
to investigate the effect of SHP-1 during this period of
the disease. In addition to what we studied in our scan of
asthma features in these PTP-deficient mice, we decided
to investigate the lung reactivity in SHP-1-inhibited mice
as this is a phenomenon highly dependent on the inflam-
mation induced by exposure to allergen. Figure 4b shows
these results. We observed that all OVA-challenged
groups had significantly higher lung reactivity, but inhibi-
tion of SHP-1 did not affect this characteristic of asthma,
suggesting that SHP-1 does not play a critical role in this
acute exacerbation of asthma.

Discussion

Tyrosine phosphorylation is an important intracellular
signalling event regulating cell responses to various
environmental stimulations. The balance of functional
activities between PTKs and PTPs in the modulation of
protein tyrosine phosphorylation is important for the
outcome of the cell response.’ The necessity of PTK
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Figure 4. Inhibition of Src homology phosphatase-1 (SHP-1) activity
and lung reactivity. (a) Following intravenous injection of the
adenovirus expressing a short hairpins RNAs (shRNAs) to SHP-1,
inhibition of SHP-1 protein expression was investigated in the spleen
on days 3, 5 and 7. The injection of the control green fluorescent
protein (GFP)-expressing adenovirus did not affect the expression of
(SHP-1) (data not shown). Data shown are representative of three
individual experiments. (b) The lung reactivity was evaluated using
the Enhanced pause (Penh) measure. Administration of the adenovi-
rus was performed 3 days before allergen challenge to ensure inhibi-
tion of SHP-1. Data shown represent the average of 8 animals per
group. *Significant difference with appropriate control or identified
sample (P < 0.05). SAL, saline.

activity in asthma has been recently documented,” "%’

but the implication of PTP activity remains obscure
except for a few reports.'*'> We previously established
that abolition of PTP activity during either allergen sensi-
tization or allergen challenge resulted in a decreased aller-
gic asthma phenotype in our mouse model.'” In the
present study, we analyzed this observation in more detail
by assessing the implication of selected PTPs in an
asthma model by taking advantage of mutant mouse
models.

PTP-1B is now established as a potent regulator of insu-
lin signalling,”® but its implication in the regulation of the
immune system is still confused. It has been previously
reported that PTP-1B can negatively modulate integrin sig-
nalling upon fibronectin binding.>® However, other experi-
ments did not support this first observation.*® A definitive
role for PTP-1B in cell adhesion still needs to be estab-
lished. Our results may imply an involvement of PTP-1B
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in terminating the signal from integrins, as the absence of
PTP-1B increased cellular infiltration in our model.

PTP-1B has also been reported to be a regulator of
JAK2'%** and Tyk220 in fibroblasts stimulated with inter-
feron (IFN)-o, IFN-y or insulin. It is also known that the
absence of PTP-1B in macrophages increases their sensi-
tivity to lipopolysaccharide (LPS), resulting in an increase
in the production of nitric oxide (NO) in vitro, or of
IL-12 and IFN-y in vivo.*' These findings are also inter-
esting in the context of the present study as JAK signal-
ling is utilized downstream of many cytokine receptors
and the inhibition of PTP-1B activity might result in a
stronger or more sustained signal emanating from these
receptors, potentially increasing the cell response to the
stimulation. This could also partly explain our observed
increased infiltration of cells in the BALF compartment.

PTP-PEST KO mice exhibit embryonic lethality,*
which prevented the use of full KO mice in our scan of
PTPs. PTP-PEST was very recently shown to regulate a
T-cell response upon TCR activation.*” PTP-PEST was
also reported to affect TCR signalling through an inhibi-
tion of immune synapse formation*’ and through an
inhibition of Ras signalling.** In the context of the pres-
ent study, PTP-PEST did not appear to modulate asthma
development, although allergen sensitization is expected
to rely strongly on TCR signalling. As this is in contrast
with its expected role in TCR regulation, we propose that
the heterozygous expression of PTP-PEST is sufficient for
its function in the TCR signal. We are actually attempting
to generate mice with a conditional deletion of PTP-PEST
in order to avoid the lethal effects of the homozygous
deletion.

TC-PTP™'~ mice can survive after birth, but rapidly
exhibit serious health problems and die by 25 days of
age.”> Among the defects noted is a gradual amplification
of inflammatory disorders.”” These disorders result in an
increased infiltration of tissues by mononuclear cells and
a marked increase in inflammatory mediators such as
IFN-y, tumour necrosis factor-o (TNF-o) and NO.2

In our model, TC-PTP"~ mice exhibited a marked
reduction in asthma development, as we noted a reduc-
tion in the level of IgEs, recruitment of inflammatory cells
to the BALf compartment and lung tissue inflammation.
Our results seem to indicate an obligatory role for
TC-PTP in the establishment of allergic disease, possibly
during both allergen sensitization and allergen challenge.
Deficiency in TC-PTP is only partial, which could explain
that lung inflammation and IgE production are not
completely abolished. We suggest that the low level of IgE
production is nonetheless dependent on this TC-PTP
activity, but we could not assess it in these heterozygous
mice. However, our data clearly illustrate the need for
TC-PTP in the development of allergic asthma. This cor-
relates well with a previously described reduction in TCR
and B-cell receptor (BCR) signals in TC-PTP™/~ mice.*>*
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It was impossible to analyze lung reactivity on the
mutant mice strains because reactivity to methacholine is
a phenomenon highly dependent on genetic factors and is
greatly affected by the mouse strain background.*® There-
fore, we did not obtain consistent results in our mice
where the backcross to the BALB/c background was
incomplete (see the Materials and methods). Whole-body
plethysmograph and invasive lung resistance methods
were both unsuccessful in monitoring a reliable pattern of
lung reactivity (data not shown).

SHP-1 is known for its regulation of immune responses
in many contexts,””*® and it is recognized as an impor-
tant regulator of the TCR threshold.*”*>*° It has also
been found to be the effector phosphatase that mediates
TCR antagonism in the context of altered peptide
ligands.>® More precisely in the context of asthma,
Kamata and colleagues reported that reduction of SHP-1
activity exacerbated the severity of asthma.'”> They used
me/+ mice (in which they reported that SHP-1 activity is
one-third of that of the WT mice) and observed increased
asthmatic features (eosinophilia, mucus production and
airway hyper-responsiveness).”” A recently published
study showed similar observations in the me” mice, where
an asthma-like disease spontaneously develops (without
antigen sensitization or challenge).'® The major problem
with these studies is the fact that the motheathen muta-
tion, if homozygous, results in severe chronic inflamma-
tion and autoimmune disease, just as for the me” mice.*®
According to the investigators, lymphocyte development
appeared normal in me/+ mice. However, it is almost
impossible to rule out the likelihood that chronic inflam-
mation is already programmed in these mice and that the
induction of allergic asthma is actually a trigger for this
inflammation. Their results clearly show that SHP-1 is
important in the control of inflammation, but one should
be cautious regarding its significance in allergic asthma.
We therefore investigated the effect of acute SHP-1 inhi-
bition upon allergen challenge. To achieve this, we used
adenoviruses encoding shRNA directed at SHP-1 and
their control adenovirus encoding GFP, as previously
reported.”* We knew from this previous work that SHP-1
inhibition is optimal at day 3 after adenovirus injection
in most organs, such as the liver. In the present study, we
wanted to confirm SHP-1 inhibition in lymphoid organs
such as the spleen. We noted SHP-1 protein expression
to be reduced between days 3 and 7 after i.v. injection
with adenovirus. We also verified the expression of SHP-
1 in the lung, but a basal level of SHP-1 in this organ
was not detected by Western blotting (data not shown).
Our results indicate that the inhibition of SHP-1 during
allergen challenge does not exacerbate asthmatic features;
in fact, inhibition of SHP-1 during this phase does not
appear to modulate the outcome of the disease. Lung
tissue inflammation is significantly different in adeno-
virus-injected OVA-sensitized mice, but is similar between
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GFP- and shRNA-encoding adenoviruses, suggesting that
this observation is an artefact of the technique. One limi-
tation of our approach is that freshly recruited cells might
not be inhibited for SHP-1 activity as adenoviruses were
administered 3 days before the first challenge and these
non-replicative adenoviruses are present in finite num-
bers. A second limitation is that the reduced SHP-1 levels
might still be sufficient to limit inflammation and prevent
the exacerbation observed when SHP-1 is genetically
deleted. But then, in this context, it was impossible to
study its role only following allergen challenge, a feature
that our approach was able to investigate. In regard to
the previously discussed data,''® our results suggest that
inhibition of SHP-1 at allergen challenge does not appear
to support asthma development as much as permanent
inhibition of SHP-1 (which should be associated with
allergen sensitization).

Collectively, our results show that PTPs are important
for the unfolding of immune events leading to allergic
asthma. While in this study the inhibition of PTP-PEST
and SHP-1 were not observed to modulate asthma devel-
opment, TC-PTP activity appeared to be critical for the
full development of allergic asthma, and inhibition of
PTP-1B activity allowed a stronger recruitment of inflam-
matory cells to the BALF compartment. These data reveal
important PTP-specific roles in asthma development and
suggest that therapeutic approaches aimed at inhibiting
specific PTPs could be envisaged in the treatment of
allergic disorders such as asthma.
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