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ABSTRACT

Background: Oxidative stress-induced mitochondrial dysfunctioay contribute to
inflammation and remodeling in chronic obstructipalmonary disease (COPD).
Mesenchymal stem cells (MSCs) protect against ldagpage in animal models of
COPD. It is unknown whether these effects occunugh attenuating mitochondrial
dysfunction in airway cells.

Objective: To examine the effect of induced-pluripotent steeti-derived MSCs
(IPSC-MSCs) on oxidative stress-induce mitochondahefunction in human airway
smooth muscle cells (ASMCBs) vitro and in mouse lungs vivo.

Methods. ASMCs were co-cultured with iPSC-MSCs in the presenf cigarette
smoke medium (CSM), and mitochondrial reactive @xygspecies (ROS),
mitochondrial membrane potentidd'¥m) and apoptosis were measured. Conditioned
media from iIPSC-MSCs and trans-well co-culturesenesed to detect any paracrine
effects. The effect of systemic injection of IPSG@®k on airway inflammation and
hyper-responsiveness in 0zone-exposed mice wasnaisstigated.

Results: Co-culture of IPSC-MSCs with ASMCs attenuated CSiduiced
mitochondrial ROS, apoptosis amdPm loss in ASMCs. iPSC-MSC-conditioned
media or trans-well co-cultures with IPSC-MSCs @l CSM-induced
mitochondrial ROS but n&f¥m or apoptosis in ASMCs. Mitochondrial transfemfro
iIPSC-MSCs to ASMCs was observed after direct ctuoelland was enhanced by
CSM. iIPSC-MSCs attenuated ozone-induced mitochahdtysfunction, airway

hyper-responsiveness and inflammation in mouseslung
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Conclusion: iIPSC-MSCs offered protection against oxidative estrinduced

mitochondrial dysfunction in human ASMCs and in m®uungs, whilst reducing
airway inflammation and hyper-responsiveness. Thefgects are, at least partly,
dependent on cell-cell contact that allows for wtimndrial transfer, and paracrine
regulation. Therefore, IPSC-MSCs show promise agherapy for oxidative

stress-dependent lung diseases such as COPD.

(250 words)
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KEY MESSAGES:

® Induced-pluripotent stem cell-derived mesenchyntaims cells (iPSC-MSCs)
protect against cigarette smoke medium (CSM)-inducmitochondrial
dysfunction and apoptosis in airway smooth muselis (ASMCs).

® The protective effect of IPSC-MSCs against CSM-getl mitochondrial
dysfunction may be exerted through mitochondriah$fer and paracrine effects.
IPSC-MSCs prevent mitochondrial dysfunction, airiper-responsiveness and
inflammation in an ozone-induced mouse model of DOMghlighting the

potential of these cells as a novel cell-basedather

CAPSULE SUMMARY:
iIPSC-MSCs protect against oxidative stress-indugetbchondrial —dysfunction,
apoptosis, hyper-responsiveness and inflammatiothenairways. These findings

highlight the potential use of iPSC-MScs as a noedtbased therapy for COPD.

KEYWORDS (up to 10)
Mesenchymal stem cell, chronic obstructive pulmgndisease, oxidative stress,
airway smooth muscle, mitochondria, cigarette smokezone, airway

hyper-responsiveness, apoptosis, inflammation.
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ABBREVIATIONS

AHR: airway hyper-responsiveness

ASMC: airway smooth muscle cell

BAL: bronchoalveolar lavage

BM-MSC: bone marrow mesenchymal stem cell

CdM: conditioned medium

COPD: chronic obstructive pulmonary disease

CS: cigarette smoke

CSM: cigarette smoke medium

DCF-DA: dichlorofluorescein diacetate

iIPSC-MSC: induced-pluripotent stem cell-derived emehymal stem cells
JC-1: 5,5",6,6'-Tetrachloro-1,1’,3,3’-tetraethyll@midazolylcarbocyanineiodide
-logPC100: concentration of acetylcholine that éased lung resistance by 100%
A¥Ym: mitochondrial membrane potential

MSC: mesenchymal stem cells

RL: pulmonary resistance

ROS: reactive oxygen species

TNT: tunneling nanotube

TUNEL: terminal deoxynucleotidyltransferase-mediat) TP nick end labeling
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is ragmessive airway
inflammatory disease characterized by persisterftoai obstruction with poor
reversibility usually caused by cigarette smokitay COPD is predicted to become
the fourth leading cause of death globally by 2080 The characteristic pathological
features of COPD include a chronic inflammatorypmese and airway remodeling of
the small airways with fibrosis and airway smootiseie (ASM) thickening, together
with emphysema (3). In addition to their contracplroperties, ASM cells (ASMCs)
have the potential to release pro-inflammatory mueds and growth factors (4-6).
Oxidative stress resulting from persistent exposareactive oxygen species (ROS)
and impaired anti-oxidant protection, is a key playnderlying the pathogenesis of
COPD (4). Cigarette smoke (CS) is a major sourceROGIS and the effects of
oxidative stress can persist even after smokingates in patients with COPD (7),
indicating that endogenous ROS resulting from thsuang inflammatory response
may also contribute to the development of oxidasiress.

Mitochondria are a major intracellular source of R(B). Defective oxidative
phosphorylation in damaged mitochondria may leadrtilanced mitochondrial ROS
production (8). In addition, loss of mitochondrislembrane potentialA¥m) is
regarded as an early event in the induction of chidsedrial apoptosis (9). Recently,
mitochondrial dysfunction has been reported indineays and lungs of patients with
COPD (10-13), and has been shown to contribute itwag inflammation and

remodelling inin vivo models of COPD (10, 14, 15). Defective mitochoaldri
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function, featuring reduced mitochondrial respoatiand ATP production, has been
reported in ASMCs from COPD patients (10). Thesseolmtions indicate that
mitochondria may be a promising therapeutic taigeCOPD.

Mesenchymal stem cells (MSCs) have shown promise pstential cell-based
therapy for COPD. MSCs display anti-inflammatoryeefs and attenuate alveolar
destruction in animal models of COPD (16, 17), @ligh the underlying mechanisms
remain unresolved. We have reported that the pregeeffects of induced-pluripotent
stem cell-derived MSCs (iPSC-MSCs), a novel typeM&Cs, in a CS-induced rat
model of COPD are accompanied by mitochondrial sfiemfrom iPSC-MSCs to
airway cells (18). However, the effect of MSCs omochondrial dysfunction remains
unknown.

In this study we hypothesized that iPSC-MSCs catenatte oxidative
stress-induced mitochondrial dysfunction in humaimmary ASMCs and in an
oxidant-induced mouse model (19-22). The effect difect co-culture with
iIPSC-MSCs on CS-induced mitochondrial R@Q¥m loss and induction of apoptosis
in ASMCs was investigated. Mitochondrial transfemfi iPSC-MSCs to ASMCs was
also determined. The paracrine effects of IPSC-MBEASMCs were investigated
by using iPSC-MSC-conditioned media (CdM) or a srarell co-culture system.
Finally, we studied the effect of systemic delivedyiPSC-MSCs on mitochondrial
function, airway inflammation and airway hyper-respiveness (AHR) in an

ozone-induced mouse model.
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METHODS

Detailed descriptions of methods are listed in@n&ne Repository.

Primary human ASMCs and human iPSC-M SCs

ASMCs were isolated from endobronchial biopsiestracheas of healthy transplant
donor lungs and cultured as previously describ&]. (Ruman iPSC-MSCs from a
single donor were derived using a previously piigdsprotocol (24).

Direct co-culture

CSM was prepared as previously described (25). Ipr@phylactic protocol,
1x1PASMCs were stained with CellTrace Violet and cudtiwith 1.5x18unstained
iIPSC-MSCs for 20 hours followed by CSM (10% or 25&&atment for 4 hours.
Alternatively, in a therapeutic protocol, 1XJ®SMCs were stained with CellTrace
Violet and treated with CSM. After 4 hours, CSM weammoved and 1.5x%0
iPSC-MSCs were added to the culture for 24 hours.

Treatment of ASM Cswith iPSC-M SC-conditioned media

Supernatants from iPSC-MSC cultures were conceuatra?0-fold to create
conditioned medium (CdM), as previously describ2€).( ASMCs were pretreated
with 20-fold diluted CdM for 4 hours and then teghtwvith CSM (10% or 25%) for 4
hours.

Transwell co-culture

1x1C ASMCs were grown at the bottom of 6-well culturates and 1.5xT0
iIPSC-MSCs were grown on cell-culture plate insesith a pore-size of 0.4m. Cells

were co-cultured for 20 hours and then treated @®M for 4 hours.
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Ozone-exposed mouse model

Male C57BL/6 mice were exposed to ozone (3 ppmirinfar 3 hours as previously
reported (19-22). 1xPOPSC-MSCs were intravenously injected 24 hoursrgno or

6 hours after, the exposure. 21 hours post-expp#H&® was measured and lungs
were collected for analysis.

I solation of intact mitochondria from mouse lungs

Intact mitochondria were isolated from mouse lungsg a Mitochondria Isolation
Kit for Tissue (Thermo Fisher Scientific) accorditogthe manufacturer’s instructions.
Assessment of mitochondrial function and apoptosis

Cells or intact mitochondria were incubated withu® MitoSOX Red, 2 uM
JC-1(5,5',6,6’-Tetrachloro-1,1’,3,3-tetraethylbemzdazolylcarbocyanineiodide) or
20-fold diluted FITC-conjugated Annexin V to detéme changes in mitochondrial
ROS,A¥m or apoptosis, respectively. ROS levels in cyteplia fractions of mouse
lung extracts were determined by dichlorofluorescéiacetate (DCF-DA; 10uM)
staining.

Detection of mitochondrial transfer in co-culture

CellTrace-labelled ASMCs and MitoTracker-labelleBSC-MSCs were cultured
together for 20 hours and then treated with CSM4dnours. The percentage of
MitoTracker-positive ASMCs was measured by flowaryetry. Alternatively, the
co-cultured cells were fixed, stained with Alexaidil 488-conjugated phalloidin and

mitochondrial transfer was visualized by fluoresmemicroscopy.
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Airways hyper-responsiveness (AHR) measurement and bronchoalveolar lavage
(BAL) cell counts

Measurement of AHR, and total and differential Bééll counts were performed as
previously reported (20).

Detection of apoptosisin mouse lungs

Apoptosis in lung sections was detected using Treathdeoxynucleotidyl transferase
dUTP nick end labelling (TUNEL) staining using timeSitu Cell Death Detection Kit
(Roche, Mannheim, Germany). Positive cell numbdr& eandom fields for each
slide were counted.

Statistical analysis

Data are presented as mean * standard error of (8&av). Statistical analysis was
performed using the Prism 5.0 software (Graphpad, Biego, CA). Comparisons in
the in vitro study were carried out using a repeated measuresvay ANOVA
followed by Bonferroni post-hoc test. In thevivo study comparisons were carried
out using the Kruskal-Wallis test followed by theaivh-Whitney test for pair-wise

comparisonsp-value < 0.05 was considered as statistically &icamt.

10



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

RESULTS

Effect of direct co-culture with iPSC-MSCs on CSM-induced mitochondrial
dysfunction and apoptosisin ASMCs

In a prophylactic protocol, IPSC-MSCs were directlgo-cultured with
CellTrace-labelled ASMCs for 20 hours and thenteé@avith CSM (10 and 25%) for
4 hours. ASMCs were identified as CellTrace-positiand iPSC-MSCs as
CellTrace-negative cells using flow cytometry (FigdA).

Mitochondrial ROS levels were measured in the gaAi8MC (CellTrace-positive)
population and compared with the ASMCs in the srgllture. CSM increased the
levels of mitochondrial ROS in ASMCs in single cu# in a concentration-dependent
manner (Figure 1B), an effect partially-prevented do-culture with iPSC-MSCs
(Figure 1B). In the therapeutic protocol, CellTrdakelled ASMCs were treated with
CSM for 4 hours before iPSC-MSCs were added toctiieire and incubated for a
further 20 hours. Under these conditions only 25%Mded to a significant increase
in mitochondrial ROS (Figure 1C). A small but sifggant reduction in mitochondrial
ROS was observed in the ASMCS of co-culture grauppmared to the single culture
treated with 25% CSM (Figure 1C).

In the prophylactic experiment, CSM induced a coteion-dependent
reduction in A¥Ym in single cultures of ASMCs (Figure 1D). Co-cudtuwith
iIPSC-MSCs prevented the reductionAWm induced by both 10% and 25% CSM
treatment (Figure 1D). In the therapeutic experitn2@ hours after removal of CSM,
single-cultures of ASMCs continued to show sigmifity reducedA¥m in both the

11
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10% and the 25% CSM-treated group (Figure 1E). emtrast, CSM did not
significantly reducé¥m in ASMCs co-cultured with iPSC-MSCs (Figure 1E).

Observing that IPSC-MSCs were more effective ireratating CSM-induced
mitochondrial dysfunction under the prophylactiotpcol, we used this protocol to
study the effect of co-culture on ASMC apoptosiSMCincreased the percentage of
single-cultured ASMCs at 25% and 50% CSM (Figure. IR the absence of
stimulation, iPSC-MSCs significantly increased pfe¥centage of apoptotic ASMCs
compared to those in the single-culture (Figure. Hewever, iPSC-MSCs led to a
significant reduction in apoptosis induced by 25#@ 0% CSM indicating that
direct interaction with iPSC-MSCs can protect ASM@sn CSM-induced apoptosis
(Figure 1F).
Par acrine effects of iPSC-M SCs on CSM-induced mitochondrial dysfunction and
apoptosisin ASMCs
We studied the contribution of paracrine mediatorsthe protective effects of
iIPSC-MSCs on CSM-induced ASMC mitochondrial dystiort and apoptosis, by
treating ASMCs with CdM from iPSC-MSCs or usingnsawvell co-culture. ASMCs
treated with CdM demonstrated significantly lowevels of mitochondrial ROS in
response to both 10% and 25% CSM (Figure 2A) coatpao ASMCs cultured
without CdM. However, CdM had no significant effest CSM-mediated reduction
in A¥Ym (Figure 2B) or induction of apoptosis (Figure 2C)

In line with the findings from the CdM experiment8SMCs in trans-well
co-culture with iPSC-MSCs demonstrated significatalver levels of mitochondrial

12
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ROS induced by 25% CSM compared to ASMCs (Figurg¢ 8@mpared to those
cultured with blank inserts. However, no significaifference inAYm (Figure 3B)
and apoptosis (Figure 3C) was observed betweeiP8@-MSCs treatment and blank
insert.

Mitochondrial Transfer from iPSC-M SCsto ASMCs

To investigate mitochondrial transfer from iIPSC-MS® ASMCs, ASMCs were
pre-stained with CellTrace Violet, while iPSC-MS@sgre pre-stained with the
mitochondrial-targeted dye MitoTracker Red. Cellsrev co-cultured for 20 hours
followed by 4 hours stimulation with 25% CSM, andther stained with phalloidin
which selectively stains F-actin fibers. MitoTrackabelled mitochondria were
observed in CellTrace-labelled ASMCs, indicatingnsfer of mitochondria from
IPSC-MSCs to ASMCs (Figure 4A). Tunneling nanotu@éNT)-like structures,
containing iIPSC-MSC mitochondria, were observedneating iPSC-MSCs and
ASMCs. Actin filaments were identified in the TNT®nfirming a connection
between the cytoskeletons of the two cell typegufe 4A).

The percentage of MitoTracker-positive cells in tASMC population was
guantified using flow cytometry (Figure 4B). CSMeehted the mitochondrial
transfer rate in a concentration-dependent mankéguie 4C). Under similar
experimental conditions, green fluorescence pratyged mitochondria from
IPSC-MSCs were observed in TNT-like structures leetwiPSC-MSCs and ASMCs
and, importantly, also in CellTrace-labelled ASMC3upplementary Figure E1),
further confirming transfer of mitochondria fromSE-MSCs to ASMCs in response

13
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Effect of iPSC-M SCs on ozone-induced cellular ROS, mitochondrial dysfunction
and apoptosisin mouse lungs

The effects of iPSC-MSCs on mitochondrial functaemmd apoptosis were studied in
mice acutely exposed to ozone. There were fivetrtreat groups in this study:
Air/saline (n=5), Air with IPSC-MSCs administrate®4 hours prior-exposure
(Air/-24hr; n=5), Ozone/saline (n=6), Ozone wittsiP-MSCs administrated 24 hours
prior-exposure (Ozone/-24hr; n=6) and the Ozon& WSC-MSCs administrated 6
hour post-exposure (Ozone/+6hr; n=6).

Ozone exposure significantly elevated the cytaplas ROS levels. No
significant effects were observed in either the i@Ze24hr or the Ozone/+6hr group
in comparison with the Ozone/saline group (Figuke 5

Mitochondrial ROS levels were significantly elewvi@ the Ozone/saline group
compared with the Air/Saline group (Figure 5B). Bdhe Ozone/-24hr and the
Ozone/+6hr group demonstrated significantly reducetbchondrial ROS levels
compared to the Ozone/saline group. In additioa,ntitochondrial ROS levels in the
Ozone/+6hr group were significantly lower than @mone/-24hr group (Figure 5B).

Exposure to ozone reduced th®m of isolated mitochondria in comparison to
the air/saline group (Figure 5C). The Ozone/-24howed an increase iIA¥Ym
compared with the Ozone/saline group. HoweverC(hene/+6hr group did not show
a significant difference compared to the Ozoneisafjroup, and tha¥m was still

14



294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

significantly lower than the Air/saline group.

Ozone exposure significantly increased the numbbespoptotic cells in lung
sections in saline groups (Figure 6A-B). Both theo@e/-24hr and the Ozone/+6hr
groups showed significantly reduced number of apopicells compared with the

Ozone/saline group (Figure 6A-B).

Effect of iPSC-M SCs on ozone-induced AHR and lung inflammation

Pulmonary resistance (R in response to increasing concentrations of
acetylcholine was measured 21 hours after expds$tugerre 7A). The Ozone/saline
group demonstrated significantly increased AHR carag with the Air/saline group
as shown by a reduction in —logR&(Figure 7B). The Ozone/-24hr group showed
significantly lower AHR compared to the Ozone/saligroup (Figure 7B). The
Ozone/+6hr group, in contrast, did not exhibit tiedence in AHR compared to the
Ozone/saline group (Figure 7B).

The ozone/saline group demonstrated significanigjér total cell numbers in
the BAL compared to the Air/saline group (Figure),7@ith increased number of
neutrophils (Figure 7D), macrophages (Figure 7Bsir@phils (Figure 7F) and
lymphocytes (Figure 7G). The total cell numbersthe Ozone/-24hr group were
significantly lower compared to Ozone/saline grewplst the Ozone/+6hr group did
not show any effect (Figure 7C). The Ozone/-24hougr showed significantly
reduced neutrophil numbers compared to the Ozdire#sgroup (Figure 7D) while
the Ozone/+6hr group did not show any effect. Mpbege, eosinophil and

15
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lymphocyte numbers showed a decreasing trend inQhene/-24hr and/or the
Ozone/+6hr group which did not, however, reachistieal significance (Figures
7E-7G).

Thus, iIPSC-MSCs were able to prevent but not rever®ne-induced AHR and

recruitment of inflammatory cells into the lung.

DISCUSSION

We have shown that direct co-culture of ASMCs WiRBC-MSCs protected the
former from CSM-induced mitochondrial ROS produetio mitochondrial
depolarization and apoptosis. When the ASMCs wgpmsed to supernatants from
IPSC-MSCs or trans-well inserts with iPSC-MSCsyddSM-induced mitochondrial
ROS, but not mitochondrial depolarization and apsistin ASMCs were ameliorated,
indicating that soluble factors from IPSC-MSCs mshl the production of
mitochondrial ROS. When there was direct contatwvéen iPSC-MSCs and ASMCs,
mitochondria were transferred from IPSC-MSCs to A& possibly through the
formation of tunneling nanotubes (TNTs), an effdtat was enhanced by CSM
treatment. iPSC-MSCs were also able to prevent, notitreverse, ozone-induced
mitochondrial dysfunction, AHR and airway inflamnost in a mouse model, an
effect likely to be a result of direct interactiamd mitochondrial transfer between
iIPSC-MSCs and airway cells.

Mesenchymal stem cells (MSCs) are fibroblast-likelltipotent stem cells
residing in various tissues such as bone marrowadiqbse tissue (27). The vitro

16
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differentiation of iPSCs into iPSC-MSCs provideseav source of MSCs. Compared
to BM-MSCs, iPSC-MSCs were shown to have a higheolifprative and
differentiation potential (24) and a superior capat attenuate CS-induced airway
inflammation, apoptosis and emphysema in rats 283, Here, we demonstrate for
the first time, that iPSC-MSCs are capable of adliawg oxidative stress-induced
mitochondrial dysfunction in lung cells. The thezapc effects of iPSC-MSCs appear
to be less pronounced than the prophylactic effiestsin vitro andin vivo, possibly
due to the progression of mitochondrial dysfunctionan irreversible stage, the
partial recovery of mitochondrial function follovgrthe removal of CSM stimulation
invitro, or shorter length of treatment time of iPSC-M$QgVvo.

Targeting mitochondrial dysfunction represents aehstrategy for developing
treatments for COPD. Mitochondrial dysfunction teeen demonstrated in ASMCs
from patients with COPD, as characterized by a cida in ATP levels,
mitochondrial complex protein expression and membrgotential, as well as
elevation in mitochondrial ROS (10). The mitochaaltargeted antioxidant, MitoQ,
was found to prevent mitochondrial dysfunction adlvas airway inflammation and
AHR in an ozone-induced mouse model, indicating th#ochondrial dysfunction
may contribute to the development of disease patjyo(10). CSM was reported to
induce mitochondrial dysfunction involving incredsmitochondrial fragmentation
and ROS production and a reduction in mitochondeapiration in airway epithelial
cells (11) and ASMCs (29). Oxidative stress-induggtbchondrial dysfunction can
further induce oxidative stress, leading to apapt¢8, 9) which contributes to the
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alveolar destruction in COPD (30). In the currentdyg, we demonstrated that the
alleviation of oxidative stress-induced mitochoatidysfunction by iPSC-MSCs was
accompanied by reduced apoptosis and airway inflamom and
hyper-responsiveness in mice

While MSCs have been reported to induce paracrifiects by releasing
immune-regulatory cytokines (16), in the presentdgt CdM was only able to
ameliorate CSM-induced mitochondrial ROS in ASMdghaut any effect om\¥m
or apoptosis. It is possible that the release dftgotive paracrine factors by
iIPSC-MSCs may be triggered by mediators producedthey damaged ASMCs.
However, in a trans-well co-culture system wheegehs paracrine crosstalk between
the two cell types the iPSC-MSCs also prevented @8Mced mitochondrial ROS
production but not the reduction af’m or apoptosis in ASMCs. Paracrine factors
may therefore only partly contribute to the protexteffects of iPSC-MSCs, and
direct cell-cell contact is crucial for the fullgiective effects to take place.

Mitochondrial transfer was first identified in codtures of BM-MSCs and lung
epithelial cells with defective mitochondria (3Mitochondrial transfer from MSCs
to epithelial cells was also obsenied/ivo in rodent models of acute lung injury (32)
and CS-induced emphysema (18). In the current studyreport mitochondrial
transfer from iIPSC-MSCs to ASMCs which is enhanbgdCSM. A previous study
reported that CS exposure can lead to a reductiothe supply of respiratory
substrates to the electron transport chain in mdusgs leading to increased
bioenergetic demand (15). The transfer of IPSC-M®&Gved mitochondria may

18
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enhance the bioenergetic capacity of ASMCs and tpresent CSM-induced

mitochondrial stress. In addition mitochondriahster may exert its effects indirectly
by activating protective signalling pathways invadvin the activation of antioxidant
responses and/or mitochondrial biogenesis and tguadintrol. Understanding these
mechanisms will require further investigation.

We have observed formation of TNTs connecting thgoskeletons of
IPSC-MSCs and ASMCs. TNTs are highly sensitive mamaar structures which
facilitate the selective transfer of membrane-bouesicles and organelles between
cells (33). TNTs have been reported to mediate chdaodrial transfer from
BM-MSCs to epithelial cells, from endothelial celtscancer cells and from vascular
smooth muscle cells to MSCs (31, 34, 35). Thereftre transfer of mitochondria
from iPSC-MSCs to ASMCs may occur via TNTs. Rewdatlies have demonstrated
that the mitochondrial Rho-GTPase Mirol facilitatestochondrial movement
through the TNTs (36, 37). The mechanisms drivinTTformation and/or
mitochondrial movement between iPSC-MSCs and ASihQgsponse to oxidative
stress will be investigated in the future.

Despite the reduction in ozone-induced mitochohdR®S by IPSC-MSCs,
ozone-induced cytoplasmic ROS levels were not naiddl by iPSC-MSCs. These
results suggest that instead of a general antiaoiéffect, the protective action of
iIPSC-MSCs may be through specifically restoringogtiondrial dysfunction. This
might explain why antioxidants such as N-acetyleyst that do not target
mitochondria have not had much clinical succegheantreatment of COPD (38).
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There are several limitations to this study. Fysih the absence of CSM
treatment, the co-culture with IPSC-MSCs increasied apoptosis of ASMCs,
suggesting that iPSC-MSCs may induce stress itatiget cells at baseline. Such data
imply that the safety of iIPSC-MSCs should be cdhgfexamined. Moreover,
although we usedin vitro and in vivo models of oxidative stress-induced
mitochondrial dysfunction these do not represem fituation in COPD lungs.
Therapeutic potential of iPSC-MSCs in COPD canuréhér confirmed by studying
ASMCs from COPD patients, in which mitochondria d&mown to be already
impaired (10). We have chosen to study the effed?8C-MSCs on ASMCs as these
cells were shown to have impaired mitochondrialctiom in COPD (10), and are
known to play a key role in the development of aywemodelling and inflammation
(4, 39). However, it would be crucial to determithe efficacy of iIPSC-MSCs on
other airway cell types such as epithelial celld ibroblasts in order to gain a better
understanding of the potential of IPSC-MSCs aslza$led therapy for lung disease.
Secondly, an additional limitation could includer ause of cigarette smoke medium
prepared using Marlboro Red cigarettes insteadsimigwesearch cigarettes which are
produced to provide standardized amounts of compeni the cigarette smoke.
However, although we used commercial cigarettes, dffiects of cigarette smoke
medium on mitochondrial function and apoptosis weesy consistent between
experiments despite using primary cells that hawveinherent variability in their
responses. In order to minimise further the valitgtin the cigarette smoke medium
preparations, we used a peristaltic pump to bulbhée cigarette smoke into the
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medium at a constant speed. Thirdly, , TNTs areambf involved in mitochondrial
transfer but may also facilitate the exchange béotellular organelles or molecules
that may protect the ASMCs from mitochondrial dysfion. Finally, a drawback of
using fluorescent dyes to study mitochondrial tfanss that any dye leaking out from
dead iIPSC-MSCs may be taken up by ASMCs, leadirfglse-positive resultdiVe
have addressed this by expressing fluorescencéiddbeitochondria in iPSC-MSCs.
These data confirm mitochondrial transfer, throd@dir, from iPSC-MSC to ASMC

in response to stimulation with CSM.

In summary, we have shown that the capacity of HMBLs to attenuate
oxidative stress-induced mitochondrial dysfunctiand to protect against lung
damage and inflammation relies on direct cell-celttact that allows mitochondrial
transfer. We conclude that iPSC-MSCs are effedtiverotecting against oxidative
stress-induced mitochondrial dysfunction in thegwinrand are thus a promising

candidate for development of cell-based therapi€30OPD.
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FIGURE LEGENDS

Figure 1. Effects of direct co-culture with iPSC-MSCs on mitochondrial
dysfunction and apoptosisin ASMCs. (A) Detection of ASMCs (CellTrace-positive)
and iPSC-MSCs (CellTrace-negative) in the co-caltby flow cytometry. (B-C)
Prophylactic (B; n=7) and therapeutic (C; n=6) effeof direct-co-culture with
IPSC-MSCs on CSM (10-25%; 4 hours)-dependent mitndhial ROS production in
ASMCs. (D-E) Prophylactic (D; n=5) and therapel{i¢ n=3) effects of iPSC-MSCs
on CSM (10-25%; 4 hours)-dependext¥m in ASMCs. (F) Prophylactic effects of
iIPSC-MSCs on CSM-(10-50%; 4 hours)-dependent agaptio ASMCs. p<0.05,

** n<0.01, ***p<0.001. Mean = SEM are shown.

Figure 2. Effects of CdM from iPSC-M SCs on mitochondrial dysfunction and
apoptosis in ASMCs. Effect of 4 hour pre-treatment with iPSC-MSC-dedvedM
on CSM (10-25%; 4 hours)-dependent mitochondriaSR@®; n=6),A¥Ym (B; n=4)

and apoptosis (C; n=4)p%0.05, **p<0.01, ***p<0.001. Mean £ SEM are shown.

Figure 3. Effects of co-culture with iPSC-MSCs in transwell inserts on
mitochondrial dysfunction and apoptosis in ASMCs. Effect of co-culture of
ASMCs with iPSC-MSCs using a trans-well culturetegs for 20 hours on CSM
(10-25%; 4 hours)-dependent mitochondrial ROS (A4)n A¥m (B; n=4) and
apoptosis (C; n=4) in ASMCs.p%0.05, *p<0.01, **p<0.001. Mean + SEM are
shown.
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Figure 4. Mitochondrial transfer from iPSC-MSCs to ASMCs. (A) Visualisation
of TNT formation and mitochondrial transfer in iPS4SCs (MitoTracker-stained)
and ASMCs (CellTrace-stained) co-cultures usingrigcence microscopy. Scale
bar=25um. (B) Mitochondrial transfer from iPSC-MSCs (Mit@Eker-positive) to
ASMCs (CellTrace-positive) was determined by floyonetry. The gate indicates
the ASMC population. (C) The rate of mitochondti@nsfer was evaluated by the
percentage of MitoTracker-positive ASMCs in theatoASMC population (n=3).

*p<0.05, ***p<0.001. Mean + SEM are shown.

Figure 5. Effects of iPSC-MSCs on ozone-induced ROS and mitochondrial
dysfunction in mouse lungs. Effect of prophylactic (24 hours prior to exposure;
-24hr) and therapeutic (6 hours post-exposure; }itravenous administration of
iIPSC-MSCs on cytoplasmic ROS (A), mitochondrial R@$ andA¥m in the lungs
of mice exposed to ozone (3ppm) for 3 hourg<(.05, **p<0.01 compared to
air/saline; #<0.05 compared to air/-24Hp<0.05,"'p<0.01 compared to ozone/saline;

$9p<0.01 compared to ozone/-24hr. Mean + SEM are shown

Figure 6. Effects of iPSC-MSCs on ozone-induced apoptosis in mouse lungs.

Effect of prophylactic (24 hours prior to exposus24hr) and therapeutic (6 hours
post-exposure; +6hr) intravenous administrationRBC-MSCs on the number of
apoptotic (TUNEL-positive) cells in lung sectionsmice exposed to ozone (3ppm)
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for 3 hours. Cell nuclei were visualized using DARAIning (A). Apoptotic cells were
counted in five randomly selected 20x fields fockeanouse using a fluorescent
microscope (B). Scale barg5®. *p<0.05 compared to air/salinep<0.01 compares

to ozone/saline. Mean + SEM are shown.

Figure 7. Effects of iPSC-MSCs on ozone-induced AHR and airway
inflammation. Effect of prophylactic (24 hours prior to exposur4hr) and
therapeutic (6 hours post-exposure; +6hr) intrausredministration of iPSC-MSCs
on R in response to increasing concentration of acetjilcd (A), -log PGoo (B)
total BAL cell number (C), neutrophil number (D),aomophage number (E),
eosinophil number (F) and lymphocyte number (G)<0:05, **p<0.01 compared to
air/saline; #<0.05, ##<0.01 compared to air/-24hip<0.05, "'p<0.01 compared to

ozone/saline. Mean + SEM are shown.
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Figure E1: Detection of mitochondrial transfer from Mito-GFP-iPSC-M SCsto ASMCs

M ethod

To avoid the leakage of MitoTracker from IPSC-MS@scontaminate ASMCs, iPSC-MSCs
were transfected with mitochondrial targeting grdkrorescence protein (mito-GFP; pCT-
MITO-GFP, Cat: Cyto102-PA-1, System Bioscienceslubing lentiviral mediated transfection
as previously described (Stem Cell Reports. 2016 Q¢ 7(4): 749-763). Subsequently,
CellTrace-labelled ASMCs and Mito-GFP-iPSC-MSCs eveo-cultured for 20 hours and then
treated with CSM (10%, 25%) for 4 hours, respedyivAfter treatment, the co-cultured cells
were stained with Fulor-594-conjugated phalloidind @ahen mitochondrial transfer from Mito-
GFP-iIPSC-MSCs to ASMCs was examined by fluorescamnc@oscopy. Furthermore, the
percentage of Mito-GFP-positive ASMCs was evaludtgdrACS. Sorted Mito-GFRand Mito-

GFP AMSCs were further examined by fluorescent micopscto confirm the Mito-GFP-

mitochondria in the cells.

Result

Mito-GFP-iIPSC-MSCs were co-cultured with CellTrdabeled ASMCs for 20 hours and then
exposed to CSM (10%, 25%) challenge. After 4 hoeatment, phalloidin staining showed that
tunneling nanotubes (TNT) were formed between IRELTs and ASMCs, allowing the
mitochondrial transfer from MSCs to ASMCs (Fig. B1Amportantly, some Mito-GFP

mitochondria were observed in the middle of the T(¥ig. E1A). The mitochondrial transfer



from Mito-iIPSC-MSCs to ASMCs was also detected BYE (Fig. E1B). The data show some
CellTrace—labelled ASMCs were also positive for GBBggesting that mitochondria were
transferred from MSCs to ASMCs (Fig. E1B). Morequampared with 10% CSM stimulation,
more effective mitochondrial transfer from Mito-GHPSC-MSCs to ASMCs was detected after
25% CSM stimulation (Fig. E1Dp<0.01). Finally, to verify the successful mitocdaal
transfer, the Mito-GFPASMCs and Mito-GFPASMCs were isolated and then stained with
phalloidin. Fluorescent microscopy showed that MB6P mitochondria was only observed in

Mito-GFP" ASMCs but not Mito-GFPASMCs (Fig. E1C).

Figurelegend

(A) Representative images showing TNT formation amtbchondrial transfer between Mito-
GFP-iPSC-MSCs and CellTrace-labeled ASMCs. Phatioglaining shows F-actin fibers in
TNTs. (B) Representative distribution of Mito-GHPSC-MSCs and CellTrace-labeled ASMCs
in co-cultured cells analyzed by FACS. (C) Repréasare images of mito-GFPand mito-GFP
ASMCs sorted from the co-culture, demonstratingoMit-P-mitochondria only in the former
population. (D) Percentage of Mito-GFRSMCs to the total ASMCs in the co-culture as an
indication of mitochondrial transfer efficiency erddifferent treatments (n=3). *p<0.05,

**p<0.01. Mean + SEM are shown.



Figure E2: Quantification of leakage-induced MitoTracker staining on ASMCs.

M ethod

To address this specific concern we have perforan&@ns-well culture experiment to test the
possibility that MitoTracker released from deaddying iPSC-MSCs may be taken up by
ASMCs under our experimental conditions leadingfdtse positive results. Specifically,

ASMCs pre-stained with CellTrace were seeded ireB-plates. Transwell inserts (pore size 0.4
pim) containing MitoTracker-labeled iPSC-MSCs oraatls were put into the 6-well plates for

20 hours followed by a 4-hour treatment of CSM.

Result

The results showed that there was no detectabékemtf MitoTracker dye by possible release
from IPSC-MSCs (Figure E2). These data, impaigarclearly show that the increase in
MitoTracker staining in ASMCs, under our co-cultucenditions, is as a result of active

mitochondrial transfer which is unlikely to be méinced by leakage of dye from iPSC-MSCs.

FigureLegend

CellTrace-labelled ASMCs were seeded in the wells6avell tissue culture plates, and

MitoTracker-labelled iPSC-MSCs were seeded in isseASMCs and iPSC-MSCs were co-
cultured for 20 hrs and then incubated with CSMA1@r 25%) for 4 hrs. ASMCs cultured with

blank inserts and treated with CSM (10% or 25%)enesed as controls. MitoTracker staining in

ASMCs (CellTrace-positive) was detected by floworyetry.
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Online Repository Materials and Methods

Primary human airway smooth muscle cells
Airway smooth muscle cells (ASMCs) were isolatednir biopsies of bronchi, or
tracheas of healthy transplant donor lungs as pusly described (1). Briefly,
endobronchial biopsies were cut into small piesdsranf) and placed in Dulbecco
modified Eagle’s medium (DMEM) supplemented witd&BS, 4 mM L-glutamine,
100 U/ml of penicillin, 10Qug/ml streptomycin, 2..mg/ml amphotericin B and 10%
foetal bovine serum (FBS), at %7, 5% CQ and humidified atmosphere, to allow
attachment and growth of ASMCs. Alternatively, ASMQ@vere dissected from
tracheal segments from healthy transplant donaydun

ASMCs were identified by the characteristithill and valley” morphology under
light microscopy. Cell stocks were kept in 175%cflasks at 37C, 5% CQ and
humidified atmosphere. Experiments were carried autcells at passages 3 to 7.
Cells were treated in serum-free medium which «tediof phenol-red free DMEM
supplemented with 1 mM sodium pyruvate, 4 mM L-giaine, 1:100 non-essential
amino acids, 0.1% BSA, 100 U/ml penicillin, 1@§/ml streptomycin and 2.pg/ml
amphotericin B.
Human iPSC-M SCs
Human iPSC-MSCs were derived based on a previopshblished protocol (2).
Briefly, IMROO0 fibroblast cells (Cat# CCL-186, Amean Type Culture Collection,
Manassas, VA, USA) were transduced with lentiviiattors carrying human OCT4,

SOX2, NANOG and LIN28 genes (Plasmid 16577-80, Asglg Cambridge, MA,
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USA) followed by incubation with ES culture mediuon inactivated mouse
embryonic fibroblast feeder for 20 days. Colonigthvihuman embryonic stem cell
morphology were identified as iPSCs. For inducdte@ntiation, iPSCs were
incubated in Dulbecco modified Eagle’s medium (DMEMibco, Carlsbad, CA,
USA) supplemented with 10% serum replacement medfBiinco), 10 ng/mL basic
fibroblast growth factor (bFGF, Gibco), 10 ng/mlagalet-derived growth factor AB
(Peprotech, Rocky Hill, NH, USA), and 10 ng/mL egmichal growth factor (EGF,
Peprotech). One week later, differentiating iPSGgewharvested, incubated with
CD24-phycoerythrin and CD105-FITC (BD PharMingean®iego, CA, USA) and
sorted using a fluorescence-activated cell soff&CE). The CD24 D105 cells
were sub-cultured in 96-well culture plates to seleells containing a single cell. The
clones from a single cell were serially re-seededttain a confluent 175-cntissue
culture flask. The IPSC-MSCs were examined for aaefmarker profile (CD44+,
CD49a+ CD49e+, CD73+, CD105+, CD166+, CD34-, CD4and CD133-). In
addition, the differentiation capacity was teste¢ lefficient adipogenesis,
osteogenesis and chondrogenesis. They were theenfapwn for future experiments.
The iPSC-MSCs were cultured in DMEM (Gibco) suppbened with 10% FBS
(Gibco), bFGF (5 ng/mL), and EGF (10 ng/mL). Cell®ere maintained in a
humidified 37C incubator with 5% C®

Cigarette smoke medium (CSM)

CSM was prepared as previously described (3). Brieifgarette smoke from
two filter-removed Marlboro Red cigarettes (10 mgRTand 0.8 mg nicotine) was

bubbled into 20 ml of serum-free medium using aspatic pump. The medium was
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then filtered through a 0.22m filter. The optical density (OD) of the solutian a
wavelength of 320 nm was measured. 100% CSM solutias generated by
adjusting the OD of the solution to 1.1 absorbancis by diluting in serum-free
medium.

We are aware of the importance of consistency amoducibility for
cigarette smoke (CS)-related studies due to theptmmchemical components in
cigarette smoke. To this end, we have put effold ioptimizing our preparation
protocol to produce consistent and reproducible CSyecifically, we used a
peristaltic pump instead of a syringe to bubble @& into medium as used in many
previous reports that used both commercial ciggsdl-7] and research cigarettes
[8], as we found that the application of a constaniping speed significantly
reduces the variability of the CSM extracts Théagh density (OD) at 320 nm was
used as the indication of concentration of CSM £{89B 1.1 was defined 100%). We
also found that only small variabilities betweerpgarations should be adjusted by
dilution (e.g. ODR2= 1.2 or 1.3, adjusted to 1.1 by dilution and cdesed 100%).
We discarded the CSM preparations if £Jwas higher than 1.5, and prepared a new
batch with ORyp close to 1.1. The resulting CSM preparations sliba@nsistent

effects on mitochondrial function and apoptosisum experiments.

Direct co-culture of ASM Cs and iPSC-M SCs
Direct co-culture of ASMCs and iPSC-MSCs was cdroet using a prophylactic or
a therapeutic protocol.

For the prophylactic protocol, ASMCs were trypsadz pelleted, re-suspended
and counted. 1xfOASMCs were washed with HBSS and then incubatedh wit
CellTrace Violet solution (Invitrogen, Paisley, UKJiluted 1:1000 in HBSS, for 20

minutes. Following centrifugation, ASMCs were inatdd with complete medium for
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10 minutes to wash and neutralize the dye. CelEFtabelled ASMCs were mixed
with the unstained iIPSC-MSCs and seeded in 6-wétlie plates at densities of
1x1C ASMCs and 1.5x1UPSC-MSCs per well. Wells containing only 1RIXBMCs
were used as controls (single culture control).eAf20 hours, the medium was
replaced with CSM (10-50%) for 4 hours before thkksovere harvested for analysis.
For the therapeutic protocol, 1XLBSMCs were seeded in 6-well culture plates
at a density of 1xT@&ells/well and allowed to attach for 20 hours. AS$A@ere then
incubated with CellTrace Violet solution (1:1000HBSS) for 20 minutes, followed
by treatment with CSM (10-25%) for 4 hours. The G8bhtaining medium was then
removed and 1.5x20PSC-MSCs were added into each well for a furthemhaurs
before the cells were harvested for analysis.
Trans-well co-culture of ASMCs and iPSC-M SCs
ASMCs were seeded in 6-well plates at a densitf.etF/well. iPSC-MSCs were
seeded in a cell-culture insert with pores sizddutn (Falcon, Corning, NY, USA) at
a density of 1.5xIwell. ASMCs and iPSC-MSCs were incubated seplyréte 20
hrs to allow attachment overnight and then therteseere transferred into the 6-well
plates containing the ASMCs. ASMCs cultured in pinesence of empty inserts were
used as controls. After 20 hours of co-culture, tedls were treated with CSM
(10-25%) for 4 hours, and the ASMCs were harvekiednalysis.
Treatment of ASM Cswith iPSC-M SC-conditioned medium
IPSC-MSC-conditioned medium (CdM) was preparedrasipusly described (9).

Briefly, iPSC-MSCs were cultured in serum- and depent-free DMEM for 24
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hours. The supernatant was collected and concedt2-fold via centrifugation in
ultra-filtration conical tubes (Amicon Ultra-15 Wwit5 kDa cut-off membranes).
ASMCs were pre-treated with 20-fold diluted CdM #bhours. CSM was then added
to the CdM at a final concentration of 10% or 2586 encubated for 4 hours before
ASMCs were harvested for analysis. ASMCs in therobigroup were incubated with
non-conditioned medium.

Detection of mitochondrial transfer in co-culture

To detect mitochondrial transfer in co-culturesASMCs and iPSC-MSCs, ASMCs
were pre-stained with CellTrace Violet (Invitrogeaid iPSC-MSCs were pre-stained
with MitoTracker Red (Invitrogen) for fluoresceniaroscopy or MitoTracker Green
(Invitrogen) for flow cytometry, according to theamufacturer’s instructions. Cells
were mixed and seeded into 6-well plates at a densilx1® ASMCs and 1.5x10
IPSC-MSCs per well. 20 hours later, cells weretegavith CSM (10-50%) and
analyzed by flow cytometry. The percentage of Mitxker-positive ASMCs was
subsequently determined. For fluorescent microscopls were fixed using 3.7%
formaldehyde (Sigma-Aldrich, Dorset, UK) for 10 mias, permeabilized in 0.1%
Triton X-100 (Sigma-Aldrich) for 5 minutes and stad by Alexa Fluor
488-conjugated phalloidin (Invitrogen) in PBS witho BSA. The cells were then
visualized using an inverted fluorescent microscope

Mitochondrial ROS

Changes in mitochondrial ROS levels were assesgettiaining with MitoSOX Red

Mitochondrial Superoxide Indicator (Invitrogen). timein vitro study, cells in 6-well
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plates were washed with modified Hank’s Balancelt Salution (HBSS) (containing
Ca/Mg) (Sigma-Aldrich), and incubated with B MitoSOX diluted in modified
HBSS for 30 minutes. The cells were then washedh WIBSS without Ca/Mg
(Sigma-Aldrich) and detached by incubation with A&ase (Sigma-Aldrich) for up to
5 min at 37 °C and 5% CO2. Cells were pelletedsugpended in HBSS and the
median intensity of red fluorescence was determingidg a FACSCanto Il flow
cytometer (BD Biosciences). For thevivo study, intact mitochondria isolated from
mouse lungs were incubated withusl MitoSOX in 96-well plates for 30 minutes at

37°C. Fluorescence was measured at 510/580 nm aglangrescence plate reader.

Mitochondrial membrane potential

Changes in mitochondrial membrane potentigPih) were determined by staining
with JC-1 dye (Invitrogen). ASMCs or intact mitoctasia from mouse lungs were
incubated with 2 uM of JC-1 for 30 minutes at 377@e fluorescent signal was
determined either using a FACSCanto Il flow cytoendBD Biosciences) for cells,
or a fluorescence plate reader (Synergy HT BioWdkjooski, VT, USA) for the
isolated mouse mitochondria. Green fluorescence waseasured at
excitation/emission ratios of 485/535 nm and redréscence at 560/595 nm, and the
ratio of red/green fluorescence was determined.

Annexin V staining

Apoptosis in cultured cells was detected by Anneéxistaining. Briefly, cells were

harvested, re-suspended at a density of g&0s/ml in assay buffer, incubated with
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20-fold-diluted FITC-conjugated Annexin V solutigimvitrogen) for 15 minutes and
analysed by flow cytometry.

Ozone-exposed mouse model

Experiments were performed under a Project Licérsa the British Home Office,
UK, under the Animals (Scientific Procedures) AéB&. Male C57BL/6 mice were
exposed to ozone at a concentration of 3 ppm foowds using an ozonizer (model
500 Ozoniser, Sander, Wuppertal, Germany). Comtioe were exposed to ambient
air. 1x10 iPSC-MSCs or PBS were administrated to mice byaimous injection
through the tail vein. The administration was perfed either 24 hours prior
(prophylactic protocol) or 6 hours after the expes(therapeutic protocol). The
treatment groups were as follows: Air/saline, AithmiPSC-MSCs administrated 24
hours prior-exposure (Air/-24hr), Ozone/saline, @zo with iPSC-MSCs
administrated 24 hours prior-exposure (Ozone/-24mgd Ozone with iPSC-MSCs
administrated 6 hour post-exposure (Ozone/+6hr).

Mice were anaesthetised for AHR measurements Rishafter exposure. They
were sacrificed immediately after the AHR measumby intra-peritoneal injection
of over-dosed pentobarbitone (100 mg/kg body weigBtonchoalveolar lavage
(BAL) was collected before the collection of thexdis. The right lobes were frozen
for mitochondria extraction while left lobe was lated with and fixed in
paraformaldehyde. The larger lobe of the fixed tinvgere later embedded into
paraffin blocks and sectioned intquB-sections.

Airway hyper-responsiveness (AHR) in mice
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AHR was measured as previously described (10). Mieze anaesthetised by
intra-peritoneal injection of ketamine/xylazineisal mixture. The trachea was
opened and inserted with a catheter through whieh mouse was ventilated
(MiniVent type 845, Hugo Sach Electronic, Germany)250 breaths/minute and a
tidal volume of 250ul. The animal was continuously monitored in a whbtaly
plethysmograph (EMMS, Hants, UK). Pulmonary resista(R) was recorded for 3
minute periods during increasing concentration2%8-mg/ml) of acetylcholine in
PBS. Baseline R was defined as the (R with nebulised PBS. A
concentration-response curve was plotted for eadmad and the concentration of
acetylcholine that induced 100% elevation @fff@m baseline was derived (Rf).
The value of -log P¢owas taken as a measurement of AHR.

Measurement of cellsand cytokinesin BAL of mice

Bronchoalveolar lavage (BAL) was collected by mgsthe lungs three times with 0.8
ml PBS through an endotracheal tube. After cergafion at 3000 rpm, 4°C for 5 min,
the supernatant was collected as BAL fluid (BALFhi the cell pellets were
resuspended in 200 PBS and counted on a haemocytometer for totalncehber.
BAL cell samples were centrifuged onto glass slide80g for 6 minutes (Shandon
Cytospin 4; Thermo Electron Corporation, WalthamA,MJS). The resulting cell
slides were air-dried overnight and stained usinif-Quick kit (Reagena, Toivala,
Finland) according to manufacturer’s instructioB#ferential count of white blood
cells (neutrophil, macrophage, lymphocyte and exiil) was performed under an

optical microscope (Olympus BH2, Olympus).
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I solation of intact mitochondria from mouse lungs

Intact mitochondria were isolated from mouse lungsg a Mitochondria Isolation

Kit for Tissue (Thermo Fisher Scientific) and a Doa tissue grinder set (Sigma)
following the manufacturer’s instructions. In briefpproximately 20 mg of lung
tissue was washed with PBS supplemented with ED®@A-fprotease inhibitors
(Roche). The tissue was homogenized with 5 strakd3ouncer A followed by 20

strokes of Douncer B in the corresponding reagdrite homogenates were
centrifuged firstly at 700xg for 10 minutes at 4°©, sediment large organelle
fractions. The supernatants were centrifuged aD0Xg for 5 minutes. The
supernatants and pellets were collected as cytodactions and mitochondrial
fractions, respectively.

Detection of apoptosisin mouse lungs

Apoptosis in mouse lung sections were determinadUNEL assay using the In Situ
Cell Death Detection Kit, POD (Roche Applied Scienklannheim, Germany). Lung
sections were serially re-hydrated and antigemieratd in Sodium Citrate Buffer (10
mM sodium citrate, 0.05% Tween 20, pH 6.0) by meatn a microwave oven for 5
minutes. They were then washed with PBS and inedbatith TUNEL reaction

mixture for 1 hour. Lung sections were then washed mounted in mounting
medium (ProLong Gold antifade reagent with DAPI,vitirogen) containing

4,6-diamidino-2-phenylindole (DAPI). Images of :dam fields for each slide were
captured at 20x magnification by a motorized ine@rimicroscope (Olympus) and

analysed using AxioVision (Zeiss).
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