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Bone marrow-derived mesenchymal stem L%
cells attenuate pulmonary inflammation o
and lung damage caused by highly

pathogenic avian influenza A/H5N1 virus in
BALB/c mice
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Bxckground: The Hghly pathogenis e influera AHIN wns o o causatve agents of acute lung
injury TALE with hgh monmality rate. Studies. on therageutc admenistraton of migerow-danved masenchymal
[T A AL caaed by U8 viral mloction have Been limBed in numiber and haee thown conficting
el o TE SN e gation EESEIEEENE 1heraneute potEntial B MO adminisratioa in B
HEM T-Cinsied ALL using 8 mouse modeE

Methods: MSCS veere pidganed froen the bone mssiow af 9 o 12 weak-ald BalBA mica. An H5NT v of Afekdny'
East Favay'i'§ 5400013 was infranasally incculated noo BALEC mice: On days 2, 4, and & after wirus inoouiation, MSCs
weee infravenowsly adminiisred info the mice, To evaluate effecs of the reatrment, we examined for ung abeectar
proben a8 o irdics o for lung injuey, PalkFil, it for lung Functioning, and hing hrtopsthcloqy Exprewsonm of M-
b, FAGE firansmemibrme eceion for tlarride aysi e mobeculir pamsimsl, 1D, iL-18, S (ahveokn ol ngae
iy, and AgpSe (aheolar cell type | marke wene aamnad: by iImmunohisiochemising in addtion booy weght,
WIRY Qs in huing anc brain, and Sumion OF Survnal were meadured

Resulre The actrirration of MS0E ioweeed e Bl of fong derage i The virus-snlecTed rre, o showen by
rasuning hung alveolar pectein, PaluF0; aba, and histopabholooical soon in the W5C-meated group, the
enpiresgong of NF-«8, HAGE, TNFL and (L 10 wem sgnilicantly saspressad in comparsn wimh & mock-mesiee groaug,
while thosr of Stpc and Agpte wen enhanced. Body wnght, vins growth, and survival poind wieo nof sgniicantly
differant between the grougd
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Conchagon: The admenitdration of M50 preventac uriter lerg sjiryd and saflarmmann, and enkanoed alveclar ool

e 1 and | esgeneation, while it did nol dgniicanthy sfect wirad prosfeann and mous mabicksy e

rEsul siggested thal MEC adminsoation was 3 promissng strateqy for meatment of acute lung injures Eaised By thie

Fiighily pathagEnic ovian NSRS RSN RRE. Srhough further oommization and eomdénation use of antbvial doae
& be otnanusly requirmd bo achasar the goal of rediicing mortality,

AUt ung injury, Acute respiratony disthes symdome Bone manteedieied mesenchymal stem oss,
F paOOREE A infloenga SN ARG Coll-bosed therapy, BAL B mowse, inflammatony oioknes, Arfenal
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Background
Apute lung {ALLN cam cause anme respuatory tail-
ure, namely acue respiratory distress syndranse (ARDSE
[1, 2] ABDS s characterieed by diffuse alveolar damage.
which ulkmately results in severe bypovemds and -
spiratory filure [1, 3, Infectlon with the highly patho-
genic avian imfluenzs ASHEN] vines 5 one of the causes
lor ARDS 1, 5 Since antiviral medicies cannet
tissae imjury caused by nfuenza vimses [6]. cell-Base
thiwapy & & podentil new thevapeutic approach, besen-
chymal @emicells (M5Cs) possess the ahility to: regulaie
c celle, secreting several regulstory maoke-
cules mach as growih Bactomn and ant- inflemma tory cvo-
kines, which are shle 1o modulaie mmune espomses 7).
Studies of the e of 3508 i AL induced by inflaenea
A siruses have yielded condlicting resuslis to date (2= 12]
Injury of alvecdar epithelial-endotlelial barrier cells (s
the main casise of ARDS. The demage causes a leak ol
preatein from inravascular into slveclar lumen [3, 13], ¢
is mentoned in the literabare that injury of alvealar
epithdial-endothelial barner cells occurs dae to immune
system dhsregulatson |5, 13]. bmmisse system dysregala-
Fiom s ame of the key mechanism in the pathogenesis of
influenes A vireses (14, 15, Pothogen-pasocioed mo-
lecular patterns [PAMPs) during the wiral infection are
identified by three nmin classs of palfern recognitlon
receplors (PREs) [16]. These three pathways can indsoe
production of proindlamematory’ cymkines and  chemo-
kines; which cause king damage (16, 17|, The TLE? and
REG-I signals thrmuagh sdaptar protelns wall stivate no-
dliar factor-lh {MF-kB) which acts as a transcripdion fx-

tar indudng production of flamematory cykines
|17, 18] Besides PAMPs, mﬂlﬂdﬂd molecular
patterns (DA M P ane bost functioning s regu-
late activation of MREs The ‘mdility geoap box |
(HMGHI) is 8 DAMP relessed from damaged cells [19.
2], HMGRT binding with receptor for sdvanced ghyestion
end products | RAGED ghw= a signal which actvates NF-xB
and then induces sdheson malecules and promamn-
tory cylokines |21 23], Theough the BF-el patlway. ti-
fluenza & vinae will also actvate prospopinic factors,
namely THF-related apoptosh-indocing ligasd (TRALL

and Fasl. [23]. This nest activates caspases |24, Casjmse
activation results in increase of muclks exports of viral
ribonuclroprotesn and regulates viml BNA synthesis |25
The adminstration of MSCs all#ramplantition s ex-
pected o preduce o bmeflclal effec on theae lgury
ihieigh an inhibition nwchanism agains the NE-wl an-
serpticn fector [2H1
Alvenlar epithelial cells are pulmonary endogenocas
pros r celh which are damaged by viral inflection
& are multpotent oells that can differergise
imn cell linFage of mesodermal endodermal and ecto
dermal oells (38]. Tvpe I ahvenlar epithelial cells can re-
nevw themiselves dnd ool o propenitos cdla for gpe |
afvpoln eplthelial cells durng nosmsl honsastath is well
as adter epithelial damage dise to mpary [29], In addition,
the admindstraton of MSCs allotransphntation s also
expected Lo ool &y an birmiuise regulatod Lo malnbain cellis-
lar homeostasis stimulating endogenos M50 and pal-
vy epithelial cell progenitors 1o e themsdves,
house models bave been useful to investigste the role
of M5Cs in ALl induced by infleenza & vinses, al-
though eonflicting resifis ke been obtained (8 10-132]
BALKe mice can be nfecned by avien influenza vinees,
scecmpanied by patholggieal changes. bocsue a-13 al-
alic acid receptors are present on their sirway cilitbed
epithelial oells amd gype 1 aleelar epithelial colls, which
avian infuiee viosses recognize [M] In addi@ion, i was
reported that responses of BALRC mice fo the virgs in-
fection had some simdarities to those of humans, espe-
in termes ol Bost immune response |51 -33).
Indoresia, highly pathogenic avian nfhiesiza A/
HEH1 virus has been endemic in poudiry since 2003 and
causes kporadic infection | humars. Indonesia = 8
country with high camulate number of heman infec-
thors with the virus, recording B0 cases with 168 mar-
talitees during 203 e M09, which was the highest
menrmality raie in the workl (34, Vinoses of HS HA dade
2. had been exclhsively circulabing in liry until 2071
in Indonesis. Incumion of vireses of 2231 ic wa
tepuried for the fiesl time in Seplember 312 {350 In
Seprember 24, we isolated 8 virus of chde 233.0c, A/
tarkey/East lova/Av1540 2005 from an oothesak ot s
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turkey farm in Eas Java, Indonesia (2 Virus was
highly virulent and lethal in mice [37], wiruses al
only Blade ERELE are currendly circalating §§ pouliey B
East lova (umpablished data)

Therefore, wing the virus and BALB/c mouse model,
we aimed o mvestigate the effect of M5Cs on ALL s
ducesd by indection of & highly pathogenke avian inffuenz
virus in terms of suppression of lung ingury and inflam-
mation, and cohancement of alveokar cell type 11 wnd 1
regeneration. We examined for lung alveclar protein as
an, idicasor ol Tung Injery, el Fikdy ratie as an indica-
tor of huny hunctioning. @EJfung histopathology. Expres-
slong of MNE-<B, RAGE, tumir heomss factor-a [THE-
al, imtedeukin-T L8} sodstant profein-C (Shpc
alvealar cell type 0 marker), and aguaporin 5 (AgpSs,
alvealar ool type | marker) were exammined by lmnwano-
histochenvistry. Body weight, vims growth in lung and
brain, and durstion of sunava] wers sluo measured

Methads

@@ venty-six mice were used in this stady. The
anbmas were divided nfo theee grospe M5 areaield
v n = 30), mock-treated geoup (= 300, nd coniral
group (e = iG] Figere | bostrates the Hmeline for virs
inmculation and M5C adminstraion, All mice excepd
the control group w tramusally inoculated with a
o of 500 MLD, of & highty puthigenle aviian niba-
ena ASHEN] vins on day 0. The MSC -trested groop
was further divided into 3 subgroups of DX D24, and
[r2-44 | cup. &= 1M subgroup D2 received
I miiraner o ehy pl. phosphsie buffered saline [PR5)
contaming 5.5 » 107 of M5Cs on day L snd sic mice
were terminated day 3 for sampling. Sabgroop D24 e
ceived] MSCe on days 2 and 4. and six mice were Lermi-
nated om day 5 Sabgroup D2-4-6 pecehed M5Cs an
days 1, d. and 6, and sy mace were teeminated on day T
The meock-treated group was 8 thempy contml groap
with wirus infection that received 100 gyl of FES without
MECs This group was aso divided into 3 subgroups o
022, D2, and [2-d4-& With the ame-schedule 3 for
the MSC-treated subgreips, they recelved S and were
terminated. The comtml group was a virus-uninfected
and MASC -uniresed group. Mice in the contral group
were femminated on day O (w=6) after being randomly
selected, All mive were subjected 1o duily messuement
of body wright and examination for survival ontl day 2.
The mmple ske was determined following the method
e rabed b'r' Lirineshvrw & &l {191 | 3R] uislng varand
valuss obtained for THFx level In the preliminery gwd
i Althaugh the minimum namber of mice in each
group was calcubited to be at least 5, 20% was added
b i this stady for estimation of laihire
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ahw
This study wae carries] oul in sirict accordance with the
recommendations in the Gaide (or the Care and Use of
Animals of the Mational [mstituies of Healit
The Care gnd Use Committee (ACUCH Faoulbty
ol Yeterinary Medicine, Universitas Airlangga approved
this stugly; the document dentifier is 3E5-KE All treat-
menss and surgery were perfonmed under ketamine snd
Kylasin anesthasa oy minimioe sufforing

Mice

fc mioe wsed in chis study were obtained from

Cedl Besesrch and Center, Airlanggs
University. The mice {male, 9-12weeks old] with body
woght of 26~-30g hove been raised with standard fecd
and sieribe water. Fach cage & made of plastic covened
with wire mesh filter and has a stundard sz with floor
area of [HHbeme and height of 25om. The number of
the cage companions was less than 1L The mom
temperaiun was 18- 260 and ibe pelative husmddity was
A0-T0%, Wood powder wis weed for the cage Boor and
cleaned with antiseptic once every 3 dns. The cage wae
pliced In o ventilated micoobodator encloswre arder
negative presure with HEPA -filter adr within a binsafety
calimet kecated in the BSL bbosmtory, BEach moue was
fedd ad lbinem X mg/day acconding to standard proced-
ure with composition of proein 18=-40%. fat 5=12%,
fiber 25%, and carbohydrale G0-70%. Warter was given
by the drip method o avald oontamination with dis,
Belore freatment, mlee were silapied for ome week Ba
their new environmient with o dark and lght cvcbe every
12 Mice were randoenly distribated into the three
groups: MEC-treated, mock-trested, and contmol groops
by wing sbmple mndom echilgue. The miee oot s the
condral group were further mpdomly divided into thee
sthgroups for three different echedules of treabiment.
Each mimse in a glven cage was differentisted by ear
punching on mices ear in different locations ard nim-
bers, After experbmenis all surviving milee wene eutha-
nized by injection of high dose kemmine (450 mg kg
body wel mylasin (50 mgg bodywelght) ntra-
perimeally indoves rapid lods of comsvinmness and
death with s minbnam of pali, discamfort or distros
|5 We confinned death of the mie with physical
meethods; wr found 1) absence of heart beat through dir-
et candinc hepection and palpstion, 2) leck of spontan-
cats breathing by resplratory patbern ohservations, and
3y the puplls dlsted and urresponslversss 1o lght by
chedking papils.

fone marmre-derived mesenchymal stem cells (M3

We prepared MSCs (odlsing 3 ol deseribed. by
Soleimani and Nadei (20097 |40, were |solabed
fram bome marrow of male BALRc mice. aged 9-12
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weeks, The bone marrow was asprirated untll resched o
2ml from the middle part of the femoml intercondylar
ol both legs. The oltained bone martow was sbawly re-
suwspended with PBS [ollvwed by centrifugation at 16
e B 2 mim Iy Fieoll Four leyess consisting of med
hiood colls, Dicoll, buffy coat, end plasma were formed in
the tube. The fmction of che baffy coat was @ken, mived
with M85 amd mecentrifuged at the sime speed [or 10
min The pellet was msuspended in griwth medium a
(Giken, LUSA) and oultuped in petel dishes ab 557 Cin g
3% OOy incubator. Growing MSCs attached io the 10
ot dliameter petrl dish was passaged at 8% conllueni.
which was reprated 5 dmes until we obtamed enough
cedls for ﬁuepunmrnu The dergification o obdaimed
MS5Cs was camied out in accordance with the Lnier-

nationdl Sccety of Celldar Therapy Crmera |48,

gyl cells ape gachsd to the petel dishes, postke for
105, and megative for M5, Far dentification by
Henw cptomary, o total of 5= 107 cdls were proossed
using FITC-conjugated anti-mpase CDMS antibody (Beo-
legendl. LISA) and PEcomugated asli-mouse CIN05
antibody (Biolegend. U5AL For kdentificabion by im
munocytochemistry, the cells sttached o the dishes
during 1 b cubation at 37" C were [ated with 10%
farmaldehyvde for 15 mine washed wigh PRS oontaining
twerni-10, and sfalned with FITC conjugsted snti
mowse CD4S and CD 105 antibodies for 1 h at 377
C The vells expressing CO45 and CDI0S proteins
were nhserved under a Buorescent microscope. M5
proepared with this protocol have been shown 1o b
plardpotent (407 The cultured MS3Cs were suspended
in MBS o be 55« 10" cells/ ml and on alquate of
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11 ml. was administered via tall vein, When homing
of MSCs were monitored, the monsdayer of MSCs
wis subjected 1o labeling of lhe cells with PEH26
(Sigms-Aldrich, USA) which emits  yellowish-green
[aresvence {ar the identification without affecting
their function [42 45].

Virus hw

BALR wire hghtly apesthetied with ketaming (50
gk body weight) and xyksin |10 mg/kg body weight]
imraperianeally and then inoculated neronasally with A/
turkey/Easl  JavalAvISED0IT [HENL HS HA  clade
292 1k one of owr highly pathogendc avian influenaa A
H3M1 tsolates [36] {ihe gme sequences were subimitied o
GISAID daoiabase [#4] with solate 10 EPJ_I5L_307003)
An opiimal viral dose of 500 MLy, (50% mboe lethal
dowe] was sl in this study. In o preliminary experd
mienis using this dose, there was o dear hissopathological
symptom of respratory disease and acufe lang injary on
day 3 afer vinus neculaibon (daga pot sheown| vims
dibited n S0 pl of TGS (25 mdd Treie-HCL 144 MNaCL
SmM KOL 07 mb SNaHPO- 2R, B6mM ghonse,
PHT A} containing 2% bonine senem albismin was grad-
ually inserted inte the nostrils (25l in eachl using a
by I prrosplwires o eareledd sl b the B51L3
labaratary wt the Insttute of Tropical Disesse. Airdnoegga
University, Surmbayn, Indoresia.

E'hlﬂ ond gas analysls

Ml were lightly apesthetised with ketaming-zylasin =-
traperitoneally. A 300 pl of arvenal bood was withdawn
inlo @ bepariniced wyringe percatanecasly fromi the left
ventricular under the condition breathing in moom sic
{FIChy 20%) eportaneoaly. The blood ges analysls was car-
ried oaf immediately using GEM 5000 Blood gas analyzer
{lnstrumesiation Labortory, A 'Werlen Comipany).

Bronchoalveolas lavags fluld [BALF)

BALF waa collected from mce immediately alver termn-
atann by injection of high dose ketamine. Briefy, AALF
wank taken frons both hungs through the racheal canmala
by mstilling sterile 1 ml of cold PHS, whicl was sucees-
alvely done 3 tawe Clbaimesd BALF was examined for
profein content osing Sysmex XN LOM [Instnamentation

Labnymatory, Sysmex Company .

Himopathilo gy

Afer BALF was collected, both lungs weee taken, One of
them waa subjected to histopathologicl end iminumohis-
tochemical examinations and ancther was used for virus
irfectvity titration and the quant of the viral gen-
o, Far histopathaology, one bl of wih [bord with
1% formaling embedded in paraffin shced and stained
with henatoclin-eosin {HE). The astessmend in the HE-

Fage Sof 15

stained b wis done by rxaminabion for existenos
of edeima, inflammation. indersiitial inflameni-
v albveolar hesmorrdhigge, intemniitml hemorrhage. otelec-

fasds, and peenasis and h:.'nlm mermbiane foematioos Thess
7 pamnmeten were soored individually using 2 scale froam 0
to i, wheere 0 i for o injary in the field of view: 12, and
A are o 25, 50 and 7% inhury In e Teld of view, re-
spectively; 4 bs for imjury dm the ertire field (45]. The sam
of the 7 scores represated the heng, infary scom (0 to 58]
The soore of one lung wasy determined by examining 5
shirwing flehds of sach tisse section sampie by light mi-
croscopry al “400 mggnification.

immaunchistochemistry staining

The tissue of the other hall of lung was fized with 4x%
pamalormaldelyde for 34 b siored |0 7% aloolal sl I
pamffin-embedded, sectioned in 5 pm skices, installed Gn
poly- Ldvsine-coated slades, dewsxed in xviene, wnd rehy-
dimied with elfianal rinse An aliquot of 3% HpOy solu-
ten wah asid 1o inhibls endogenou perogidase setivity,
Muoiss anitibodies agalit MNF-cB. RAGE, TWFa, [L-1§.
Shpr. and Aqpd o (MNovis Biological USA Lid) were
emiploved as primary andbodies. As a secomdary anti-
haly, bictin-tabeled anti-mouse andibedy was vsed fol-
Jvwiingg by dSaminobenziline-Libeled stepuvidin (Mo
Eislogical USA, Ltd). The dides were examined umnder
thie bight microscope with a photo-documientation fn.l:l]l.q,l
and blinded observers quantitated the stining. The per-
centage of posiiive cells was determined by observation
il 5 viewing fields Tor esch Basie section with o “4H
magnification. Positive expression appeared as brownish
calor on the ool nuckeus

Vires guantifi atisrs

The lung was homogemired in 2mL of TGS contuinimg
0.2% bovine serum albumin and stored at - A0 Vi
J*«Brh:rl:l]uhmpuﬂah-mdﬂmuﬂ by S0P 8-
s gulture infectiony dose [TCIDG) assay vsleg Madin-
Dhaertey canbing Kideey colls (A TCC COL-347). Quantificn-
tn virad genome was perforned by one-step Tage
hlan ET-FCR usig o QuantiTed Probe BT-
PMCR Kit (Chagen. Takyo, Japan) as previously described
[36]. Extraction of RMA from the king hamogerats was
performed wiing a Giamp MinBute YVieus Spin Kit (Cis-
g, Tokyn, lapan), The reaction mixture was prepaned
fram 5 L of template EMNA. each primer ot a final concen-
tration of (LAphd, probe 0 g, aod Chianti Tece prnke
KT-ICR mix, wnad then subsected 1o o one-sep assey with
an AN medd THN Instrument by using the g
canditions: (sep 1) revers trmnscription for 20 min' ol
S0 (atep 20 1 al %5 °C (o activate Togp polymerse
and (step 3} 45 cyckes of 158 &t %4 'C and T5s ot 56°C
For detection of M gene of the A/HSMNE vimas, we used a
set of primen {forward, 5-CCMAG GTOGA AADGT
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L
AYGTT CTCIC TATC-3: reverse. TGECAG RATYG
GTCIT GTCIT TAGCT AYTCCA-1') and probe

(FAM-ATYTC GGCTT TGAGH GGEOC TG
Wi mbectivitey amd wiral genome BNA synthesis in b
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All data were expressesd s |r|rJg standand deviation
IS o + etandlard eror (SE1 Suallerieal analvals was

perforemed using stobistical 5055 eofteare packag il
Windows, version |70 (P55 Inc. Chicago. IL). Cne
way ANDVA was ig8ywed by @ variance fest or @
B piva - o pins b I.|n delernine SiFoences betweon
treatment groups. A pomlue of less than 005 was con
siderod 1o be statistically significans

Results

Cilire arl Idenhilsation ol M58

BALR Y mice were subiected 1o MSCe alotrans
plantation as both donors and recipiends in this stody
On day 11 oalture, several spindle or oval shaped cells
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which were charscterstic ior MSCs. Dut, cells wene still
mibxed with lematopoketic stem oells (boe srrow] witl o
round shape (Flg. 23 and bl Afler approdmalety 28
days, fibroblastic spmdied shaped cdls were foond cos-
ering the entire petri dish (Fig Ic). By Bow cviometry.
9% ol ol were COWS pogitve and CIMS-negative
[Fig 2d), By imasunedeorescence, spindie-shaped cdls
were confirmed to be positive for CD105 (Fig. 2eb and
negative for Cd5 (Fig. 2 and g).

Hurmiing of thee adminidrated M3Cs to hing

The PEHIG-hbeded M5O wene iniravenously ademinis-
trated via tall vein to mice infected with A/HEML wrus an
day T after mnoculatiors inoowr prefimmany experameris,
clear histopathological signs of kng ingary were obeerved
om doy 3 (dat neb sdhownl The maoise lung tissae was
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exnmined on day 3 for M5Cs homing by detecting (haores
wern under the microseope. Chve day after sdminiszration,
the Gabeled MSCe, were observed e have acoumiabated
hroughina thee lung tissue, s shown by the yellwish green
lusresrence map (Fig 3, dght) comesponding o e
meergedl mmages of. respectively, the red luorescemioe of la
beled M5O (Fig 3a, lei), and the green autodloomnesceno
af lung tissue {Fig. 3a, cemter]. Light bloe srrows mdicote
typloal positive spots for vellowish green Buneescoce, As o
wontrel, mice of mock-treated growip received nbavenoos
MRS, YelBowish green Buoresoencr was nol observed for
thin group (Fig 3hi. In a preliminary experiment,
FEHIG-lobeled WSOy were administrated o normal
mice without virus infection and the yellowish green
Muorescence was observed ooly along the edges of
bbaod vessels in the menged lmage (Fig 3cb indic ating
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the absence of MSCs boming to normal ung lisswe.
These observabions madenced the scourmence of MSC
haning tie the ling tesie that had acute damage

MECs lowered level of acute lumg injpary imhmﬂ

Since the leakage of werum proteine into BALY is o
quanigative marker of leng injury, we measaced the pro-
i=in montents in BALF of mice (Fig da) and foind thad
the protein leskage occurred from day 3 in mdce with
the AMHSNT indecton {mock-trated groupl. The leak-
age vels were lowered significantly (< 0465} by the
MAC sdministration the suppresion rales were caku-
labed o be 39% on day % 37% on day 5, and 59% on day
7 post-ineculation. W alss scmdned for seriad Bloosd
gt and calculated the Palh, Fid)y rabo as an indicator of
lung fonctoning on days 3 and 5 bat not on day 7 since
il of the miice died on day 7 and the surviving mice
shiovwed o level of henodysds that wis enacceptabdy high
for the mesmiremwnt. As shown In Flg 8b, the ratko
dropped from 439 toe 259 (50%] on day 3 and 224 (5X%)
oni day 5 in mice with the AHENT lethal |nfectien
When MSCs were admiinistersd, the mtios improved
significantly: 318 (T4%) on day 3 and 324 (76%) on day
5. Both measurements provided gquantitative evidence
for smppression of lung dameage caused by the viral

nfection. In preliminary experiments, macroscopic ob-
servatbons revealed oboious injury of lumg tssse in the
viFus-bidected mide on day 7 (data not shisen). The
obmervations aleo revealed that the extent of lung dam-
age of the MSC-treated group wan clearly lower than
that of the mock-treated group on days 3, 5, and 7
{Fig. 4c). Histological examinations of lung tissues by
HE stmining siso showed that MSCs administration
suppressed the osocwrrence of alvecdar edema, inflam-
mation and bleeding, Intersiitial Heswe, and atelectasis
{Fig. 5x), The histopathological scores were lowered
aignificamtly by the MSC trestment the suppression
rate was A3% on day 1 &7% on day 5 and 29% on day
7 {Fig. 5k

MECs attenuated pro-inflammatory signaling and
cytokings in the kings of mice with the a/HSN1 lethal
mfection

Wt ezl the proteis lvels of NE-KR, RAGE, TNFa,
and 1L-1f in lung Gssue and we fond that positee
expression levels were indoced by the ASHEML lethal
inlectbon (Fig fa, mmock-treated groupsl. As sbawty b
Fig. 6b, mnmunohistochemscal lrul'!.-m. indscated that the
exprensbon bevels of [our probeing wove witemuatiod siy-
nificandy (p< @005} by the M5C treatment. The suppres-
slon rates were 5 e 55% an day 5.




Wiadhawvat BT Bl BAD vecroul DNeie [0 2RI

Page 100 15

' oddem fds Tdp
(R

EetTeimnte I o QIS mbisew W grinigs o oo e o e e

Fig. & M50y wpppremed fe papenioe. of proidlarmaney syreing: romn s reanahrmcherric rompeeenr of M S T, e
L-Ef vpresucns i ung el ladwaen M- and todh-reated grcpy, Bl oo daing an The ol rixiion wens cbiared phike e
MOy with & S0 mannilcaey bl o v dpresions of e e b D nane Compainn e e
wi derermined by ofmenvarsn of § viesing fieids forcacn tm secion. e sosm ae means + 50 of § mice & indoam

gl i

M3Cs enhanced regenevation of alveolar epithelial cells in
the lungs of mioe with the &M5H1 lethal infection

We meastired for the expression of Sipe oy o marker of
type U1 alvecdar epithelial cdl-progeniton, and AgqpSe s
a marker of type | alveolar epithelial cell-progenitor, by
immunohistochemical examinations. There was obwvdoas
enpresshon of both madkers In the luag ey of mice
treated with the A'HSN] virus and the expression levels
increased significantly (p< 0050 by MSC administsation
{Fig. Ta anml b). The expremion-enhanced raies on day 5
were 42 and 6% for Sfhpe and AqpSe, respectively.

M5Cs did not reduce viral proliferation in mice with the
aHENT lethal infection

To access the ral eflects of the MSC treatiment,
wit examined for ‘tters B the heng amd Brain of
mice Infecied with the ATHSNT vins ol
virus gier and level of viral RNA synthess he MSC-
frested group compared o e mock-treated group
were nol sgnilicantly different on days L 5 and 7
{Fig & & snd BEL MSC ereatment failed 1o inhibit vins
profferation. Furthermore, the wirus proliferation in
brain of the M5C-trewted group was actually higher
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campared to that of the mock-trested groap on day 7
[Fig- Bu and bj. The infectious vires was detected onlby
in brubn al the MSC-trested group, and the means af
viral RMA synthesis in bram ol the MSC-treated group
wirrg B-fodd higher than those al the mock-freated
group. The bodyweight of mice in MSC-treated D246
and modk-treated O3—d-6 smbgroups began to decrease

on day 2 compared to that of control group (Fig. &l
The medwction was not signifscantly . different between
the two subgroups. The mortality rate was also gy sis-
nificantly different between them, although the surchal
ribe af the MSC-treated subgrosap was highes than that
of the mock-irested subgroup on days 7 and 8 the
number of survival mice was 3 on day 7 and I on dayi.
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aait of 10 for the MSC-treated [E—4-6 subgroup, while
it was onky | an day? for the mock-treated [2-3-6 sub-
group (Fig. Bl

O

The al effect of M50 comes from thelr capaciity
to secrete pamcrine factors that modulate immune
respanise and change i cesponse of epithelinm. endo-
thelium, and infsrmatery cells to the gy, The sd-
miimistmtion of M5S0 allotrarsplantation  begens with
homing to the damaged abeolar epithelium aof the lung.
Homing of exogmous M5Cs oocurs dwe to sgnal inter
actions between exogenois M50 and damaged lung
tissae, In heng theswe, phagorytic oells will pro-
duce the mediators such a8 ThFa. TL-1f
free rdicals, chemokines, and leukotrienss i excessne

amouit that will chanpe the ndcroenviromement. Then

ibilization and differendmtion of M58 occwr, which
i tumrn will meplace cells fram damaged tiesue [44],

We demanatrated i this study that M5C haming oc-
curred in hang tissoe within 246 after the administration
of MECs (Fig 31, As & consequence, e progress of king
damage was prevented by day 1 day after MSC admanis-
irstian to the vinas-infected mice; this wan ebaerved on
days & 5 amd 7. by macrosopic obseration of the
whode limg tissoe (Fig dc), measoring lung alecdar pro
tein (Fig. 4al PaOy Py malio (Fig 4, dnd histopat lvo-
logbral wonre (Flg 5hi. A seppressbon of nflammiation
msarkers bn line with the peevestion of the lung njary
was abo obzerved (Fig. &) M5O adminstmtion sup
pressed RAGE and MF-uB expresshons and. as a come-
guence;, caumed  decreased expression of mflamimatory
eytokings, THFa amd [L-1f, Our meaults weee consistens
with severd previous reparts, An in vive shedy of mice
infected with highly pathngenic avian inflsenza ATHSM L
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condocted by Chan et al. m 2006, proved al-
iminisgeation of MSCs caased signilicantly hower sl
eytokine snd chemoking [8]. Bsed on ihe research
using mice with acute lung Injury cussed by avan influ-
enza ASHIND virus, Li et af, and Yan & al. concluded
that M5C sdministration could redo ine levels in
the BAL specimens |11, 12], However, resiihs were
not conustent with the findings of Gotis et al., whao re-
parted that mice were unnesponcdvogee MEC therapy: the
adminkgration of M5Cs nto mice with fuoman
imfhaene vines AHIND Puerio Rico8034 (PRE) failod
reduce inllemmathon markers [13] The conflicting re-
wults for the role of MSCs may be due 1o differences in
liang injuries ciused by the vina strains ussd. gﬁ.m

In the present study, we demonstrased that
with the highly pathogense mvian influenza ASHAN L
virus stimolated the expressions of Skpe and Agphe.
and that sdnstnistrabon of MSCe enhianced hogh ol these
expressions (Fig 7 Shpe Is a specific surface marker
ia type 11 alvealar opithelial cells and AgpS+ 1o e |
[47, 48], In ARDS conditions, o lavers of bype | al-
veolar epithedial cefls on the alveolr sarfece are dam-
aged beauve of s extemsive sorface and complex
branching architecture. Type | alvenlar epithelial cells
are wiable o maltply eough the mi prociss,
mther during lung grewth or injury [48]. celle
or progenitoe cells am locabed s the alveolar miche
consisting of type | and Il alveclar epithefial cells
[24]. It is wvery likely that the homing MSCs can
stimakite differentiathon o pregeniter wetle inbe type
[ and | abvenlar epighela cells,

Budy weight, vinus growth, and survival pedod ol mice
wiih the A/HGM] lethal infecion were not changed sig-
niflcantly by MSCs adirdnistration & this study (Fig &8}
The virus presents maltiple basic amino acid residues on
HA desvage sites {GISAID acomssimn number: EI 121 556040)
canising HA in be broken down by many indmcellular pro-
Temse emyThis such s furls-lke protiss, s that B o
canse sysemic idections [, 500, The ocoarring death may
be coused not onky by lung imjunes bat slso by the infubes
of other ongans. The A/HSMNIL vinn infection ocoun in
midlti ongans inchuling the bmin [51, 52] where it s diffcul
i MSCs 1o peach by ntrasenous ndministration [59, 54).
In stoordamce with thetr mesulty, we alo defecied vaml
kA mymtihess im the brain for the mock-treated group with
virus fislection b this sady (g #h1 MSC-ireatmeil -
cremecdd wiral RBA synthesis and the amount of the indec-
thous winus (n the brain (Fig, Ha, bl which explans why
mice i the MSC-treated  groop died roughly ot the same
rate i ihat of the mock-trmied groap nepiie of ooy
suppression ol lung inparies (Fig 8dL A paper pullished 65
years age showed influeres vine proifeation wes ohibesd
in hyposic mice and chicken embrvos [550 Our presen
siudy showed that the PeD Ty matio lowered in mice
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with the A/HEM] infection ard that the M5Cs trestment
irproved the ragio | P 4b) This suggeats that the vinus bi-
foctivon catwes bypaixia in the brain resulting, from tue low-
eved Pally/ Py rabio in the blood and the hypoxia inkibits
virus prodfemtion in the brain. The MSC treatment aflenu-
afes hypoxin a5 the mbe s imgroved. As o conseipaence,
the inhilation s sitenuatad in the MEC-irmted mice. Acu-
ally, we observed the attenuation of mhbibition. Le. in-
orpian ol vine proliferation in beam in the MSC-
treated mice (Fig. fa, bl, In the lung. the vinws prolifer-
tes b abeeolor and broschiolar epithelinl oolls. Because
of exposiire 1o air, these cells do not become hypoxia
with the wirus infection oven whes h}'pﬂm i hlood.
Therefore, there was no dilference in ling for wanas
prolferation between MSC-treated and miock- treated
inlee (Flg. B, b,

Cher primary inkerest in stuedy was the bmpact ol
MSC odministration on the lung injurses cacsed by
highly pathogenic avian influenza virus, which was mos
cheardy shown by waing the lethal infection dose. Futumw
studies shoubd investigate the potential therapeitic of-
fects on. mortality with different ssttings of virus doses,
diflerent schedules of MSC adminisgtration. combination
use ti-viral driegs or usng non-brain ropic vineses.
Char have (mporant ptications for clinical
translstional stodies irvestigatng MSC therapy for man-
agemnent ol ALl imd ARDS

Condclusions

The adninistratbon of MSCs prevenied further lung in-
juries and inflammation. amd enhanced alvealar cell type
I amd | regeneration, while i did not sigsifeantly affec
viral prdiferation and mouse marbidsty and monialiy,
The resilts suggest that MSC administration = R 7 Ll
ining strabegy for dreabment of scule lung injides caused
by the highly pathogenk avizn influsnzs ATHERE vitug,
abtbwmigh fusther aptimiation anl comblmation ae of
amti-virad drugs will be ohsdoesly required to achiseve the
gual of reducing imoctality.
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Bone marrow-derived mesenchymal stem cells attenuate
pulmonary inflammation and lung damage caused by highly
pathogenic avian influenza A/H5N1 virus in BALB/c mice
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