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Abstract

Background: Mesenchymal stem cells may offer therapeutic potential for asthma
due to their immunomodulatory properties and host tolerability, yet prior evi-
dence suggests that bloodborne progenitor cells may participate in airway remod-
eling. Here, we tested whether mesenchymal stem cells administered as anti-
inflammatory therapy may favor airway remodeling and therefore be detrimental.
Methods: Adipose tissue-derived mesenchymal stem cells were retrovirally trans-
duced to express green fluorescent protein and intravenously injected into mice
with established experimental asthma induced by repeat intranasal house dust
mite extract. Controls were house dust mite-instilled animals receiving intrave-
nous vehicle or phosphate-buffered saline-instilled animals receiving mesenchymal
stem cells. Data on lung function, airway inflammation, and remodeling were col-
lected at 72 h after injection or after 2 weeks of additional intranasal challenge.
Results: The mesenchymal stem cells homed to the lungs and rapidly downregu-
lated airway inflammation in association with raised T-helper-1 lung cytokines,
but such effect declined under sustained allergen challenge despite a persistent
presence of mesenchymal stem cells. Conversely, airway hyperresponsiveness and
contractile tissue underwent a late reduction regardless of continuous pathogenic
stimuli and inflammatory rebound. Tracking of green fluorescent protein did not
show mesenchymal stem cell integration or differentiation in airway wall tissues.
Conclusions: Therapeutic mesenchymal stem cell infusion in murine experimental
asthma is free of unwanted pro-remodeling effects and ameliorates airway hyper-
responsiveness and contractile tissue remodeling. These outcomes support further-
ing the development of mesenchymal stem cell-based asthma therapies, although
caution and solid preclinical data building are warranted.

Mesenchymal stem cell (MSC) immunoregulatory effects and
allogenic tolerance (1) led to investigations into the treatment
of severe immune-mediated diseases (2, 3), which in turn
attracted interest on anti-inflammatory MSCs as a potential
asthma treatment. However, the use of MSCs for asthma
may face significant limitations. There is evidence that airway
remodeling, a relevant feature of asthma pathophysiology,
may in part occur through the recruitment and differentia-
tion of circulating progenitor cells, which may differentiate
into fibroblasts, myofibroblasts, and ultimately airway
smooth muscle cells (4-12). Airway remodeling consists of

structural alterations of the airway wall associated with
chronic inflammation, including changes such as goblet cell
hyperplasia and hypertrophy, subepithelial fibrosis, and
increased airway smooth muscle, which underlie the mecha-
nisms of airway hyperresponsiveness, airflow obstruction,
and disease severity (13). MSCs administered for therapeutic
purposes in asthma may therefore bear a dual potential by
reducing inflammation, yet serving as building blocks for
airway remodeling given their potential to originate airway
structural cells. Here, we employed a mouse model of MSC
infusion on asthma to challenge this argument. We
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genetically modified MSCs to permanently express green fluo-
rescent protein (GFP) so as to track cell fate and adminis-
tered the MSCs intravenously (i.v.) to animals with
established experimental allergic asthma and rhinitis to probe
the effects in a scenario reflecting a therapy for ongoing dis-
ease. We analyzed airway hyperresponsiveness, inflammation,
and remodeling at both an early time point following MSC
injection and after a subsequent extension of chronic allergen
challenge.

Methods

A detailed description on methods is provided as online sup-
porting information.

Generation and retroviral gene transduction of MSCs

Mesenchymal stem cells were harvested from BALB/c mouse
adipose tissue, and their phenotype was verified by cytomet-
ric marker detection plus verification of multilineage differen-
tiation in adipogenic and osteogenic media. To induce GFP
expression for in vivo tracking, AcGFP1 ¢cDNA was subcl-
oned into a murine stem cell virus (MSCV) retrovector and
transfected into packaging cells, followed by stable packaging
cell line selection. Target MSCs were transduced, and the
MSCs, or phosphate-buffered saline (PBS) vehicle, were
administered 7.v. to recipient mice.

Experimental asthma, pulmonary function, and specimen
processing

Syngeneic mice received serial intranasal (i.n.) instillations of
standardized house dust mite (HDM) extract (100 pg/nare)
or PBS. Lung function measurements were performed by
forced oscillation technique on ventilated animals upon chal-
lenge with inhaled methacholine (MCh). Bronchoalveolar
lavage (BAL) and serum were collected. The lungs were fixed
under intratracheal standard pressure.

Specimen analyses

Bronchoalveolar lavage total and differential cell counts were
performed and cytokines screened with a Luminex 20-plex
panel. Serum IgE was quantified by ELISA. Tissue localiza-
tion of injected MSCs was detected by GFP. Lung sections
were stained with hematoxylin—eosin (H&E), Masson’s tri-
chrome, and periodic acid-Schiff (PAS); airway contractile
tissue (AwCT) was identified by o-smooth muscle actin
(a-SMA) immunostaining, and quantitative morphology was
performed. The craniofacial block was processed to examine
the nasal mucosa.

Data analysis

Data distributions are represented as mean and standard
error and compared using one-way analysis of variance fol-
lowed by Fisher’s least significant difference test or Games—
Howell test for unequal variances. AwWCT and extracellular
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matrix (ECM) mass are dimensionless. A P value of less than
0.05 was considered statistically significant.

Results

Numerical data and significant P values are detailed in the
Supporting Information File, along with supplemental
figures.

MSC:s are efficiently transduced by MSCV-derived retroviral
vectors

Donor adipose tissue yielded MSCs, defined as per a Sca-
17CD44"CD106 "CD11b~CD45-CD14™ phenotype (Fig. 1A),
and osteogenic and adipogenic differentiation in conditioned
media (Fig. 1B). Mesenchymal stem cells targeted with the
MSCV/GFP retrovector preserved 99.4% average cell viabil-
ity and yielded approximately 83% transduced cells express-
ing GFP (Fig. 1C).

A single MSC dose leads to a late downshift of airway hyper-
responsiveness

The study design is depicted in Fig. 2A. Ry data analysis is
detailed in Table S1. On the 72-h cutoff, the HDM/Veh ani-
mals showed airway hyperresponsiveness as demonstrated by
a significant increase in Ry over baseline and vs the PBS/
MSC group (Fig. 2B). The MSCs did not modify airway
hyperresponsiveness in the HDM/MSC group, whose Rp
curve overlaid that of the HDM/Veh group. On the 2-week
cutoff (Fig. 2C), the HDM/MSC animals showed attenuated
airway responsiveness as reflected by a downshift of the Ry
curve, which overlaid the PBS/MSC group, and a signifi-
cantly decreased Ry at 5 mg/ml MCh in comparison with the
HDM/Veh group. The data are therefore consistent with a
late attenuating effect of MSCs on airway hyperresponsive-
ness.

MSCs migrate to the pulmonary inflammatory infiltrates and
alveolar air space and rapidly but transiently downregulate
airway inflammation

GFP™ MSC localization

GFP" cells were found in the lungs of recipient mice, both
at the 72-h and at the 2-week cutoffs (Fig. 3). In the HDM/
MSC mice, GFP™ MSCs were found in the perivascular and
peribronchial inflammatory infiltrates and in the alveolar air
spaces and were retrieved in BAL, where they comprised
approximately 5% of the BAL cells in a pooled count. A
thorough scan showed no GFP* MSC localization, nor his-
topathological evidence of integration or differentiation, into
airway wall tissues.

BAL cell counts and serum IgE

The HDM/Veh animals showed at the 72-h cutoff, vs the
PBS/MSC animals, significantly increased BAL cell counts
and eosinophils and serum IgE (Fig. 4A—C; full differential
leukocyte counts are in Fig. S1; data in Tables S2 and S3).
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Figure 1 Phenotyping and retroviral gene transduction of mesen-
chymal stem cells (MSCs). (A) Cell surface marker determination
by flow cytometry. X-axes represent fluorescence intensity, and
black histograms are from isotype-matched controls. Following har-
vesting and culture in MSC selective medium, the adherent cell
population showed a Sca-1*CD44*CD106"CD11b~CD45 CD14~
cell surface marker phenotype. (B) The cells produced calcified
extracellular matrix upon culture in osteogenic differentiation

The HDM/MSC animals had a significant reduction in total
BAL cells without affecting the eosinophil numbers and a
tendency to a reduction in IgE. On the 2-week cutoff, the
HDM/MSC animals showed, compared with the 72-h cutoff,
a significant increment in BAL total cells and absolute eosin-
ophils, and the serum IgE also bounced back with a signifi-
cant increment.

Lung inflammatory infiltrates

The findings on BAL cellularity and serum IgE had a histo-
pathological correlate on lung tissue sections (Fig. 4G-L).
The HDM/Veh animals showed, for both the 72-h and
2-week cutoffs, mononuclear and eosinophilic inflammatory
infiltrates distributed along the airway wall, perivascular
areas, and connective tissue bridging airways and vessels. In
the HDM/MSC animals, the intensity of the inflammatory

medium as demonstrated by alizarin-red staining (upper-right
image) or fat deposits upon culture in adipogenic differentiation
medium as shown by oil-red O staining (lower-right image). Upper-
left and lower-left micrographs show the respective stainings on
cells cultured in control media. (C) The MSCs were efficiently trans-
duced to express green fluorescent protein employing a murine
stem cell virus retroviral vector. Data are representative of three
independent experiments.

infiltrates was reduced at the 72-h cutoff in comparison
with the HDM/Veh animals, but bounced back on the
2-week cutoff. In summary, MSCs had an anti-inflamma-
tory effect at the 72-h cutoff as reflected by a reduction
in BAL leukocyte load, IgE, and tissue inflammatory
infiltrates, followed by the restoration of inflammation on
the 2-week cutoff.

Lung goblet cells

Periodic acid-Schiff staining revealed in the HDM/Veh vs
PBS/MSC animals goblet cell enlargement and hyperplasia,
which decreased significantly in the HDM/MSC group at the
72-h cutoff. Concomitantly with the reduction in and
rebound of inflammation, a significant goblet cell increment
was also reestablished in the HDM/MSC animals on the
2-week cutoff (Table S4 and Fig. S2).
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Figure 2 Study design and airway responsiveness to MCh. (A)
Experimental asthma was induced in syngeneic mice by intranasal
(i.n.) instillation of house dust mite (HDM) extract, three times
weekly. Upon 4 weeks on instillations, the mice received 3 x 10°
transduced mesenchymal stem cells (MSCs) intravenously (i.v.)
(HDM/MSC group). Control groups were HDM-instilled mice receiv-
ing i.v. vehicle (HDM/Veh group), or phosphate-buffered saline
(PBS)-instilled mice receiving MSCs (PBS/MSC group). Pulmonary
mechanics and specimen harvesting were performed at 72 h after
i.v. MSCs or vehicle (72-h cutoff), or after 2 weeks of additional

BAL cytokines

Bronchoalveolar lavage cytokine scan with the Luminex 20-
plex array failed to show a Th2 signature consistent with the
demonstration of allergic inflammation by BAL leukocyte
counts, serum IgE, and histopathology (Fig. S3). Significant
results were obtained for IFN-y, IL-12, and basic fibroblast
growth factor (FGFb; Fig. SD-F and Table S5), which were
significantly increased in the HDM/MSC vs HDM/Veh mice at
the 72-h cutoff. The IFN-y and FGFb increments faded by the
2-week cutoff, whereas the increased IL-12 persisted. The data
suggest a transient immune deviation toward a Th1 profile.

Effect on allergic rhinitis
On examination of nose tissue sections (Fig. 5), the HDM/
Veh animals showed rhinitis, defined as per eosinophilic

i.n. instillations (2-week cutoff). For those animals studied on the 2-
week cutoff, i.n. installations were thus continued after MSC injec-
tion to represent a scenario where subjects undergo continuing
exposure to an allergen regularly present in their environment.
Small arrows in the time scale and corresponding diamonds indi-
cate i.n. instillations; ‘D, data collection points. (B, C) Pulmonary
resistance (Ry) upon MCh challenge was measured at the 72-h (B)
and 2-week (C) cutoffs. *: P < 0.05 vs PBS/MSC; {: P<0.05 vs
HDM/MSC. The group symbol legend in (B) applies to (B, C).

inflammatory infiltrates in the nasal mucosa, on both the 72-
h and the 2-week cutoffs. Such infiltrates were not attenuated
in the HDM/MSC group, and no GFP" cells were found in
the nose tissue sections. No discernible structural alterations
were observed, and PAS staining did not reveal differences
(Fig. S4).

MSCs reduce AwCT mass in dissociation from inflammation
and leave ECM unaffected

We analyzed the effects of MSCs on airway remodeling by
quantitative morphology on AwCT as per immunofluorescent
digital extraction of a-SMA signal, and Masson’s trichrome
color extraction as an indicator of ECM deposition (Fig. 6
and Table S6). On the 72-h cutoff, the HDM/Veh animals
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PBS/MSC

Figure 3 Location of mesenchymal stem cells (MSCs) in the lung.
MSCs were retrovirally transduced to permanently express green
fluorescent protein (GFP) and delivered intravenously (i.v.) to mice
with established experimental asthma (house dust mite, HDM/MSC
group, A-D, G) or disease control mice (phosphate-buffered saline,
PBS/MSC group, E-F, H). Upon 72 h (A) or 2 weeks (B-H) of contin-
ued HDM or PBS instillations following MSC infusion, GFP was
detected by immunohistochemistry on lung sections (A-F; brown
cytoplasmic signal) or from its native fluorescence on cytocentri-
fuged bronchoalveolar lavage (BAL) specimens (G, H). In the latter
case, the GFP signal had a distinguishable granular pattern within the
cytoplasm, whereas macrophage autofluorescence was below the

showed, in comparison with the PBS/MSC animals, airway
remodeling comprising significantly increased AwCT mass
and ECM mass. AwCT and ECM remained unchanged in
both groups on the 2-week cutoff. The HDM/MSC animals
showed increased AwCT and ECM mass at the 72-h cutoff,
histopathologically and quantitatively indistinguishable from
those observed in the HDM/Veh animals. On the 2-week cut-
off, the HDM/MSC animals had a significant reduction in
the AwCT mass, whereas the ECM mass remained
unchanged. The MSCs led therefore to a late reduction in
AwCT mass.

HDM/MSC

PBS/IMSC

BAL

photographing threshold (DAPI-stained nuclei of surrounding mono-
cyte/macrophages are shown for reference). GFP* cells were found
in the alveolar air spaces (A-B, E-F) and BAL of both the HDM/MSC
and PBS/MSC mice, respectively, and also in the inflammatory infil-
trates of HDM/MSC mice, in perivascular (C) and peribronchial (D)
location. The GFP* cells had a round-shaped cell profile with a large
cytoplasm/nucleus ratio and a cell size distinguishably larger than
alveolar macrophages, all morphological characteristics consistent
with cytological features of MSCs recruited to the lung; (C) and (D)
insets show high-magnification detail. V, vascular wall. Ep, airway
epithelium. Mac, macrophages. Arrow heads signal examples of
GFP* MSCs. Scale bars: 100 um in (A-F); 50 um in (G, H).

Discussion

We aimed at probing whether MSCs infused as an anti-
inflammatory therapy may favor airway remodeling and thus
be detrimental in asthma. Data from clinical studies (11, 14,
15), mathematical modeling (16, 17), and experimental
asthma (18-22) suggest that increased airway smooth muscle
is chiefly involved in airway hyperresponsiveness, airflow
obstruction, and disease severity. Data on the mechanisms of
airway smooth muscle growth in asthma (4-12, summarized
in the Supporting Information File) support a role for

Figure 4 Effect of mesenchymal stem cells (MSCs) on lung
inflammation. (A-F) bronchoalveolar lavage (BAL) and serum ana-
lytes, as indicated. The group legend in (A) applies to all plots. *:
P < 0.05 vs phosphate-buffered saline (PBS)/MSC; 1: P < 0.05 vs
house dust mite (HDM)/NVeh; 1: P < 0.05 vs HDM/Veh and PBS/
MSC; §: P < 0.05 for intermodel comparisons as indicated. (G-L)
Lung sections (H&E stain), from the experimental groups and
cutoff points as indicated. All micrographs show cross-sectioned
airways of approximately equivalent sizes and accompanying ves-
sels. Inflammatory infiltrates, where present, can be observed in
the airway wall and perivascular area. The high-magnification insets

show the eosinophilic and mononuclear profile of the inflammatory
infiltrates. MSCs attenuated lung inflammation at the 72-h cutoff as
per BAL cell counts (A) and histopathological examination (H). On
the 2-week cutoff, the inflammatory infiltrates seen in the HDM/
MSC animals (K) were not distinguishable from those of the HDM/
Veh animals (J). Such attenuation and recovery of lung inflamma-
tion was associated with a decrease in and rebound of serum IgE
(C). The PBS/MSC animals were devoid of lung inflammation (I, L).
Aw, airway; inf, inflammatory infiltrate; V, vessel. The arrow head
signals an example of eosinophil. Scale bars: 100 um for large
panels; 10 um for insets.
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recruited precursor cells and suggest the possibility that
MSCs infused as an anti-inflammatory therapy might also
bear a potential to favor unwanted remodeling.

Reports on MSCs for asthma therapy, available from mur-
ine models only (23-29, further discussed in the Supporting
Information File), show that MSCs attenuate airway inflam-
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mation and hyperresponsiveness yet leave significant data
gaps that should be addressed before any clinical trials can
take place. In the clinical setting, that is, established asthma,
MSC treatments will face continuing pathogenic stimuli on
ongoing disease. Therefore, MSC preclinical development
needs further studies that as closely as possible translate to
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the asthma therapy scenario. This requires to test the effects
of MSCs on established disease, assess the outcomes under
continuing allergen challenge, and employ models with
assessable airway remodeling in a suitable mouse strain under
repeated airway challenge for a sufficient period of chronic-
ity. Furthermore, the research on asthma MSC therapy has
overlooked the evidence on a role for recruited precursors in
airway smooth muscle remodeling. Here, we report on MSCs
in HDM-induced experimental asthma, under the hypothesis
of a deleterious contribution to remodeling. We performed
chronic i.n. instillations using an actual aeroallergen in the
absence of i.p. sensitization and adjuvants to best represent

Figure 5 Histopathology of the nasal mucosa. (A) Low-magnifica-
tion view of the nasal cavity showing the septum and nasoturbin-
ates (H&E staining). (B-G) High-magnification micrographs from the
nasoturbinate region encircled in (A). To facilitate interpretation,
arrows indicating examples of eosinophils were placed on gray-

Marinas-Pardo et al.

the pathogenesis of human allergic airway disease (30, 31),
and we employed the BALB/c mouse to closely encompass
the features of human asthma including airway remodeling
(22, 32). Mesenchymal stem cells were GFP-transduced for
in vivo tracking and were administered upon established asthma
features. Data were generated on two subsequent cutoffs to
evaluate both early effects and the outcomes after continuing
allergen challenge and active disease, such as in actual human
asthma. GFP™ cells, morphologically consistent with infused
MSC:s in vivo (33, 34), were found in the alveoli and exited in
the BAL. In the HDM/MSC mice, GFP* MSCs were also
present in the lung inflammatory infiltrates. The MSCs rap-

PBS/MSC

scale replicas. The house dust mite (HDM)/NVeh and HDM/mesen-
chymal stem cell animals showed similar inflammatory infiltration
for both the 72-h and 2-week cutoffs. The eosinophils were mostly
located in the subepithelial connective tissue, and some were intra-
epithelial. Scale bars: 200 pm in (A); 5 um in (B-G).
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Figure 6 Effect of mesenchymal stem cells (MSCs) on airway
structure. (A, C-F) AwCT was identified by a-smooth muscle actin
(a-SMA) immunofluorescent detection. The tissue autofluorescence
background allows for histological recognition to identify the
a-SMA signal that corresponds to AWCT. The selected AwCT signal
was digitally extracted and normalized by airway size as AwCT
mass. The images correspond to a house dust mite (HDM)/Veh ani-
mal at 72-h cutoff (C), HDM/MSC animals at 72-h (D) and 2-week
(E) cutoffs, and a phosphate-buffered saline (PBS)/MSC animal at
72-h cutoff (F). (B, G-L) Masson’'s trichrome staining was
employed to evaluate overall extracellular matrix (ECM). The blue
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-
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1

724 h cut-off 2-week cut-off

1.42
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color component corresponding to the airway wall was selected,
extracted, and normalized by airway size as ECM mass. Images in
(G-L) correspond to the experimental groups as indicated, on the
2-week cutoff. All micrographs show examples of airways with
AwCT or ECM mass values close to the mean of the correspond-
ing group (individual airway values shown). Aw, airway. V, vessel.
Ep, airway epithelium. White arrow head in (C) signals AwCT. Black
arrow heads in (G, J) signal ECM. *: P <0.05 vs PBS/MSC; f:
P <0.05 vs HDM/Neh and PBS/MSC; {: P < 0.05 for intermodel
comparison as indicated. Group legend applies to both A and B.
Scale bars: 100 um in C-I; 25 um in J-L.
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idly attenuated, but did not abrogate, airway inflammation
without modifying its eosinophilic profile and concomitantly
decreased serum IgE. The proportional reduction in the BAL
leukocyte populations is consistent with previous data (27).
However, this anti-inflammatory effect bounced back and
airway inflammation was restored after 2 weeks of continued
allergen challenge, with a rebound effect on infiltrates, goblet
cell hyperplasia, serum IgE, and BAL cells. Such restoration
of inflammation occurred despite sustained MSC presence in
BAL and tissue sections on the 2-week cutoff, an observation
consistent with data showing that i.v.-infused MSCs are lar-
gely retained in the lungs (23, 35). BAL analysis showed an
early increase in I1L-12, IFN-y, and FGFb with a subsequent
decline of FGFb and IFN-y. Th2 cytokines, that is, IL-5,
IL-4, and IL-13, were either below quantification level or
uninformative regardless of the presence of airway allergic
inflammation, mucous metaplasia, and airway remodeling.
Technical reasons related to dilution and fluid processing
may have blunted the sensitivity to detect effects in the BAL
supernatant for part of the cytokine panel analyzed. The
effects observed on IL-12 and IFN-y are consistent with a
regulation of Th2-driven inflammation through immune
deviation (24, 26) and suggest that the restoration of airway
inflammation arose from a decline of the immunoregulatory
mechanism. Airway mucous load was reduced by the MSCs
as priorly reported (25, 27, 28), but bounced back along with
inflammation. Our data therefore suggest that repeated MSC
dosing may be necessary for a sustained anti-inflammatory
effect.

Contrary to the decrease in and rebound of inflammation,
airway hyperresponsiveness was untouched at the 72-h cutoff
but showed a tendency to subsequent attenuation. Although
with limited strength, we inferred such attenuation on the
basis that: (i) the methacholine response of the HDM/MSC
animals, which tightly overlaid that of the HDM/Veh ani-
mals at the 72-h cutoff, subsequently shifted down to equal
the PBS/MSC animals on the 2-week cutoff and (ii) the 2-
week vs 72-h comparison for HDM/MSC animals was also
consistent with a downshift. This was accompanied by a sig-
nificant, unforeseen effect of the MSCs on airway AwCT
remodeling. Whereas ECM remained unmodified, the MSCs
led to a late reduction in AwCT mass with no histopatholog-
ical evidence of MSC integration in the airway wall tissues
nor differentiation into lung structural cells. The association
with a tendency to declining airway hyperresponsiveness
suggests a functional correlate of the decreased AwCT (see
the Supporting Information File for further discussion).
Noteworthily, AwCT decreased in dissociation from active
airway inflammation, which suggests underlying pathways
actively inducing a regression of the increased AwCT. A
decrease in AwCT in dissociation from restored airway
inflammation is to our knowledge the first observation of
such nature, and its mechanism is presently unexplained.
Because MSCs can differentiate into myofibroblasts and are
involved in tissue repair, it is challenging to speculate on the
pathways leading to the MSC-driven decrease in AwCT
within a pro-inflammatory milieu. The fact that the MSCs
did not attenuate the rhinitis, nor GFP™ cells were found in
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the nose tissue sections, suggests that the effects observed in
the lungs require close proximity of the MSCs. The modula-
tion of the AwCT mass may be driven through various
routes also involving unidentified MSC mediators and indi-
rect pathways, and further research is needed to ascertain its
mechanisms (see the Supporting Information File for addi-
tional comments and hypothesis building).

In summary, MSCs administered on established experi-
mental asthma rapidly downregulated airway inflammation
and mucus production in association with a rise of Thl
cytokines in the lung, but such effects declined under sus-
tained allergen challenge despite a persistent presence of the
MSCs. The data suggest that a fading immune deviation
mechanism may be, at least in part, responsible for the loss
of anti-inflammatory effect. Whether repeated MSC doses
may lead to sustained anti-inflammatory activity is a stand-
ing question of particular relevance for clinical translation
that requires pharmacodynamics-like studies. Conversely,
airway AwCT mass underwent a late reduction, associated
with a tendency to attenuated airway hyperresponsiveness,
regardless of the continued pathogenic stimuli and inflam-
matory rebound. Furthermore, MSC tracking did not lead
to evidence of integration nor differentiation in airway wall
tissues. Our data suggest that adipose-derived MSCs infused
as an asthma therapy may be free of unwanted pro-remod-
eling effects and may ameliorate AwCT remodeling and
airway hyperresponsiveness. These outcomes support
furthering research toward a potential use of MSCs in
asthma, but caution and solid preclinical data building are
warranted.
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