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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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Bachgroun:
Acute lung v {ALL} ran csuse acate respicatory falle
cre namely pcute mepivatory distrese emidrome (ARDES)
(1, 2| ARDS is charnctecized by diffuse alveclar damage,
which ultimare® results in severe hvpoxernio and ne-
spirabory fdure [1, 3] Infection with the highly patho-
genke avian Bfluenze ATHENT viras iy ome of the crase
for ARDS |4, 55 Since antiviral medicines :ma’:ll':]:ui:
tisue imury cumed by mileenza vimses |6 ed
Cheripy @R potential rew therapeutic appeosch. Mesen-
chymal em cells (MSCS) possiss the abdity to cegulate
|'||?'n'|l:m:l|ullt cells, secreting several vegulatory male-
cules guch ox growths factors and anti-infammstary oyto.
klnes, which are able o modulate Immune ressmses 7],
St of the mle of MI5Cs in ALL ixlucesl by influenga
A vinees have plelded conllicting resilte to date [2-12]
Imjury of alveolar epithedal-endothelial barrer cells is
the main couse of ARDS, The damage cavses a leak of
prodein o intravascalor fnbo alveolar lusen [3, 13 It
s mentoned In the lteramre that oy of alveslas
epithalial-endorhelis] harder celle oo dus to lmmune
spstern dysregubtion [5, 11]. Immune system dysregula-
tion §s ooe of e key mechanisms i the pathageness of
infuenzy & vinses |14, 15), Mathegen-associagd  me-
lecular patterns (PAKDE:) during the wird infection are
identified by three main classes of pattern recognition
receptons (FREs) |16). These three pathways can induce
production of pronfamoatory cekine md chemo-
kines, which cause lung damage |16, 17). The TLEY and
RIGT cypak theough adaptar prateins will sothate ns
clear fator-gf (MF:kB] which acts ag o manscoption fac
tor insducdng producion of atnflamiratony cviokines
[17, 18], Besides PAMEPs, associvted moleculba
pattians {DA P are hast = lunctianing o regu-
late activation of FRREs The mohility group box 1
(HMGEL] iz a DAME redeased from damaged cells |19,
o], HMGET binding with veceptor for advanced gyeation
end products (BAGE) gives o signal which activates NE-kBE
ond then induces pdbesion molecales ard proinflanm
tory cytokines [21, 22| Through the WFxB patheway. in-
fluerea A& dims wil alse activete  proapopietic Tactors,
pamely THE-related apoptosi-inducing Sgand (TRAIL)

anal Fasl. |33, This nest activates cospases [24]. Caspase
activabion maulie in ineeease of nuckse exporte of viral
ribomucleoprotein ared regulates vical BNA syncbess [25]
The admirsstntion ol M3 allotramsplantation is e
pectedd to produce @ beneficinl efect an tlssue injury
through an inhibiticon mechamism against the MNPsB ron-
acpptian Tactor [26]

Alveclar epithelial cells are pulmorary endogenous
PO i cells owhich are damaged by viral inbection
[27] MSCE are aniltipotant cells dar con diffeentian
intg ool lacage ol mesodamal endodermal and ecto-
dermal cells 28], Type |1 abeeolar epithelial cells con re-
n=w themselves and act as progenitne cells for type |
alvenla ephibelial cells durpg nommal homeostatke as well
aA alter epithelid] damage diae 10 injury [2%]. In addition
the administradon of MSCe allotrasgplintabion is aka
expected bo ot as an immune regaltor o maintin cel-
lar homenstasis stimulting endogenous M50s and pul-
mnary epithelal coll progenitors to rerwns themise ves,

Mouse madels have been wseful Lo Investigate the robe
af MBS0 In ALD induesd by influenza A viness, al-
though conflicting results have besn obtained |B, 10-12[.
BALEe mice can b infected by avion influenzs vinses
acoampanled by pathological changes. bocanss a-23 #-
alic acid receptars are present on thedr alvway cillabed
epithedial cells and type 11 alveahr epithelial celk, which
avian influenza virases recognize |[30) In addition, it was
reparted that responses of BALBE e mice to the vins in-
fecton had some amidarties o these of humans, spe-
¢I i ternae of hast lbumane pesponse [3E-331

In Indpmesia, highly pathogenic avian influsnza A/
HEMT winis has been mdemic in posdiey sinee 2008 and
causes Bporadic infection @0 bumars, Indonesia Boa
oauntry with high cumlative number of huaonan ol
tinms with the vines, recording 200 coses with 168 maor-
talities during 2003 to 2019, which was the highest
mcrtality rabe in e world [34]. Yieuses of HS HA dade
2.1 had been exchxsively crcudating in pouliny untld 201X
in Indenesia. ncursion of vionses of clede 2320 10 was
reparted for the frst time in September 2002 451 En
Septembser 2003, we Bolated o ving of chde L3210 A
tirkevEast lavalavls014 from an outheeak ot o
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turkey farm in East Java, bhdonoeda |36 % yirus was
Fighh vimalent and lethal in mice [37]. HEML virases of
only clade 25 % 1e are currently crewating in poultry in
East: fava (unpublished dota)

Tharefore, using the virus and BALBYc mouse made],
wie gbmwed to fnvestigate the effect of M55 on ALL in
duced by infection of a highly pathogenic avion influenza
vivus in terms of seppression of lang injury and inflm-
mation, and enhancement of alveoka cell oype 1] and |
regeneration. 'We examined for lung alveolar profein as
on: indicator of lang ingary Pal, Ty ratio as an indca-
tor of hog uretiomng, :E]un.g_ histopathiclogy. Expres
sofs of ME-xB, BAGE, 1 trecrass factor-a (THE-
cl, otedeukin:1[5 JIL-1§1L nl.r!'nl:la proten-C (SRpc.
alveolar cell type I marker), and aquaponin 5 {Aqpis,
alveolar oell bppe | marker] were examined by immuno-
histochemistey, Body weight. vime groewals In lung and
brain, and duration of survival were aleo measured

Mathods

Experimsntal design 10

Seventy-six BALEc mice were used in this study. The
andemals wepd div theee gioups: MSC-trested
proug (0 = 30), meck-treated growp (0= 300, ind covtral
prougs i = 161 Figure | fustrates the tmedine for sviris
inoralation RN MSC administration. All mice excepl
the contral group wers intrmaslly incculated with o
ik i 500 MLDwy of 8 bighly gethogenis avian infu-
o AYHSMT v o doy 0. The MSC -trested groap
was [urther divided into 3 subgrougs of 62, D24 and
Db (e P oar= 100 mabgrowp D2 received
Intravencushy gl phosphate buffered saline (1'BS)
ontaining 5.5 = 107 of M5Cs on day 2, and siv mice
wiri temndratid day 3 for anpling. Subgroup -4 re-
ceived M5Cs an days 2 and 4, and six mice were teomi-
rated on day 5 Subgrowp [2-4-6 receved MSCs on
cavs L, 4, and 6oand i mice were weminated on day 7
The mock-treated group was o thempy contral group
with wirua infectien that peceived HELGL of PRS withaul
MECs This group was alse divided into 3 subgroups ot
Dr DE-4, and DZ-4-0, With the same schedule o for
Che dMSC-rreated sebgroups, tey recdved FRS and were
terminated, The contiml group was o viris-uninfocted
and MEC cuntreated group. Mice in the contral geoup
were tenminated on day 0 (p= 6] adver being randomly
solected. All mice were subjected 1o daily measapement
of body weight and examination for survpval ontll day 9.
The eample size was detemiined lollaing the maethad
cexeribed by Lemeshow et al {1990) |3H| using vadant
values chfained for THFa beved in the preliminary stud-
fes. Alchough the minimum numbser of mice in sach
prous was calculated w be ot least 5 20% was added ws
ke & in this study for estimation of fikire.
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Ethics stabem ent

This study was carried oot in sivict accondanoe with the
recommendations in the Fuide For the Care and Use of
Labopatory Animals of the Mational [nstitates of Health,
The Animal Care and Use Commates {ACLICL Faoully
af Yetedmary Medicive, Universitos Advlanggn approved
this study: the dooument identifier is 5315-KE All pread-
ments and surgery were perfarmed under ketamine o
wylisin amesthesio o minimize suffering

Ll
Bic mice wsed in this shwdy were obtained from

et Cell Resenvch and Development Centor, Alidongs
University. The mice {male. 9-12weeks old} with body
welght of 2530 g have been raesd with standard feed
and sterile water, Each cape & moade of plastic covered
wlth wire wegh filter and hat & standard size with floar
ared of 1200cm” mnd height of 25cm, The numbsee of
the cage companions was less than M3 The mom
letpera i was (=260 and e pelative Tuamidicy was
W-70% . Wood powder wos ased for the cage foor and
cleaned with antlssptic onee every 3days, The capge was
placed in 2 ventlated micoisalator enclosure under
negative pressure with HEPA-filter air withon a bicsadery
wabinet kested in the BSL3 hbortory, Each mouse was
fod ad bbiturs 3 g day aceording to stadard proced-
e with composition of peotein 18-85, fab 5-12%,
fiber 2.5%, and carbohvdrate 60-70%. Water was given
by the drip method 0 ovald conteniration with dir
Betare trostment, mice were adapted for one week o
their new environment with o dark and light cycle svery
12k Mice were randomly distributed into the thnee
groups: ME3Ctreated, mock-treated, and contrel proups
by ming simpk mndom echnigue, The mie ool in e
camtml geoup were further modamly divided dotoe thoeee
subgroiips for theee different -schedules of tresiment.
Each mouse in a given cage was differentiated by ear
punching an miced ear in differet locatiorns and num-
bers, ARer experiments, all suviving mior were eatha-
ndmd | Injection of high dose ketamios 950 mg kg
hody wei xyhasin |50 mgkg bodyweight) intra-
pertonelly induces rapid loms of cansci wess and
death with a minimum of pais, discombort of distress
[3%L We confined death of the oice with physical
miethods: we fourd 1) ahernce of heart beat through dir-
st cardize inspection and palpatien. 2} lack of spoatan
eous breathing by vegpleatory pattern obsemations, ol
3) the pupils dilated and unresponsiveness 1o light by
chacking papils.

E& manroa-derived me senchymal stem cells {MSCs)

W prapaned MPCe followdrg o profoool described by
Soleimand and Madri (2609 |40, M3s were isclated
fram home marvow of nale BALBRL eice, aged 9-12
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weeks, The bone maorrow was aapirated until reched to
Teal from the midd® part of the femoea nlercamdylar
of both legs. The chiained bone marrow was slowly re
saspended with PS5 followed by centrilugation st LA
fprm der 25 min (6 Fiooll, Fowe laerns consisting of med
blowad cells. Fieall, buffy coot. and plasnmi were formeed in
the tikse. The fraction of the boffy coat was taken, miged
with PPES and recentrifuged ot the same speed foc L0
b, The peller wis pesuspended (o growth medium o
(G, USAF and cultaced i et dshes a1 37 Cinoa
% COL Imeubator, Growing M5CE atteched to the 10
cm diameter petri dish wos passaged at S0°% conthment.
which was repeated 5 bmes antd we obtained enowgh
cells for the expedments, The entification of obtaned
MECs was caried out n accordance with the Imer
ratiora]  Seciety af Cellalar Therapy Critera  [41],

namehy cells ame attached W the petn dishes, posithe for
COME, and negative for CO85 For destification by
flow eytometry, a towl of 5« 107 cells were processed
using FITC conjugated anb-mouse (45 antibody {Bio
Legend, LAl and PE-conjugated antb-mouse C0S
antody (Biolegend, USA)L For identfication by dm
munpeyiocheristry, the cels artached o the dishee
dunng 1h incubation at 37 O were bcated with 106%
formaldebiyde for 15 min, washed with 1*BS containing
rween-20, and sained with FITC conjugated anti-
moase G5 and OB 105 oatibodies Tor 1 b ot 379
C The cells expressing CDUS and CO5 proteine
were obesrved under o fluorescent micrescope. MSCe
prepaced with ths protocal hive been shown to be
plunpatent |40, The cdwred M505 were suspended
im PES o be 5.5 = 10" cells) mb and am aliquae of




2
Yorwrsmil BT &l BYC folecnions O (203 20839

01 mL was administered via @l veln, When homing
of MSCs were moniored. the mooolever of M5Cs
wis subjected to labeling of live cell with PEH24
(Slgma-Alddch. USA] which emits  yellowish-green
fhiamescence for the identibcaton withom  affecting
thedr fumcthan |42, 4371

Wi | tioh

BALB/c were lighily anesthetised with ketamine {560
mpflyg body weght) and xvlsin (10 mgikg body weight )
imtraperitonemlly ard then incoalated intranasslhy with A
torkey/Fast  Jova/AvIGA20T (HENL HS HA  dade
232 1e) one of our highly pathogele avin (efleenzs A
HAMI isolates [36] ithe gens sequences were sshmitted io
GESALD damabase [#4] wath 1solaie 100 EPE_ESL S05o0zy),
A optmal vind dose of 500 MLDy; (50% mime lethal
dosel wia used 15 this study, | o preliminary expet-
rments s this dese, there was a dear histopathalagical
symptom of respiratory dissse and acube lung injfury an
iy 1 oaler virus ineculation et ol slown) winis
dihited in 50 gl of TGS {25 mM Tris-HCL 140 Mall,
Sl RCL O mM MagHPOE- 12340, Samb gluase,
pH 74) conmiming 0.2% bovipe senim albamin was grad
wally inserted into the nostols {25 pl in eachl using o
microppel Il procedures were curied out in the BSLS
labsakatary at the Irsritate of Traplea] Dicsase, Aldarg g

Uribversity, Surataya, Ird onesia,

Arterial blood gas analysis

Mice wire lightly anesthetized with ketamine-xyviasin in-
rraperitoneally. & Mgl of artenial blacd was withdrawn
inba a heparinized syringe percutanecusly from the led
ventncular under the condition breathing in room air
(FICy 2 1%} AponLanseoisly, The blood gas amalysis was car-
ried out imumedntely udag GEM 3000 bloasd goe analyzer
(Instrumentation Laboratary, A Werfen Coampary|,

Erars Iralviaclar lavage fuld MBALF]

BALF wia enllected from mice immediately after temmin-
athion by bngection of high dese ketamine Boiefly, BALF
was twken from beth lungs though the macheal canmla
by instilling, sterile | ml of cold MBS, which was suoces

sy done 3 fuves Obfamed BALF was esamped o
Pt content usbng Sysemex XN 1000 §Instame ntation
Laboratory, Sysmex Companyl

Hi st paanth ke g

Afer BALE was oollecied, Bth longs were [aken One of
theen wis subjected o0 lustepathologial and Immunohis
tochemical examinations and apather was wmed for vires
indectiaty tiration and the qunbbeo of the viral gen-
o For histopathelogy, one half of wih Tined with
1% jormatm, embedded in paraffin, sleed end stomesd
with heratanydin-seain (HE). The ascesoment in the HE-

Fagi Sal 5

stained hu ues was done by examiraton for exksence
af edema, ar inflammation, interstitial infamens

tinry, abeohr hemorrhage, interstitial hemormhage, awlec-
tasis, ared necrods and byalin membrane formation, Tl
7 parameters wers soored nidnaduadly using g scale B O
ter b, wihiewe O §s for po dnjory in the fleld of wicw; 1.2 and
5 are for 25, 50 and 7% injury in the feld of ves, e
spectively; # Is for Injuey I the entire fleld [45], The sum
af the 7 scores pepresented the lumg nfury scee 0 o 28]

I'he score of one lung was determined by examining &
vimwing fickds of cach tissae mection sawple by light mi-
crascopy at *400 magrificstion.

Immunohistochemistry staining

The tissue af the other half of lung was fixed with dx%
paraformaldebrede for 34 h. stored in 70% aloohol at ':I-
paeaflin-embedd e, sectioned in 5am slices, imstalled i
paly-L-lysine-coated shides, dewaxed in sderse, and rehy-
dmied with ethanol rnsee An abquot of 3% Hy, sohs
T v sed Lo Inhibin endigenous pereckdase aciivity,
Mease artibodies apainst MFP-eB RAGE ThFx IL-1f.
Sfope. ard Agps + (Movis - Blological USA, Lid) wen
emplayed as primary antbodies. As a secondary anti-
hody, biatin-labeled anti-mause anbbody was used fal-
lowing by diamincbenzidine-bbeled streplavidin {Movis
Biokagieal USA, Lid ) The slidec were axamined umdear
the light miceamcope with a phote-decumentation feility
and blinded ohservers quentitated the swining. The per-
ceniage of positive cells was detirmived by ohservation
of § viewing fizlds for each Gesue section with a 4N
magnification. Positive expression appeared as broarnish
calor an the cell macleus.

Wirs quanlificatiom

The lung was homogenized o 2ml of TGS containing
ih2% bovine serum albumin apd stoved o — 805 Vims
irds v in the homogenates was determined by 50% tis-
su culivme jrdectious dese (TCIDL) assay using Madin-
Dathy canine kidney il (ATCCT CCL-3471 Cruantifica-
tian vival geanme was performed by onestep Tag-
Man real-time RT-I"CR using a QuantilTed Probe BET-
MR Eit {Qhagen, Tolyo, Japan) as previowsly desooied
[36; Esxtractim of BMA e the lung Pamogentes was
pecfommed wsing o Qlanap MinBlute Vires Spin Kir [{Hs

gen. Tobyes Japan), The reaction mictare was prepaced
fram & pL of temiplate BEMA, each primer at a fal concen

traticn of 6 phd, probe B0 M, and QuaeiTect prote
RT-IPCR b, and then suljeciad 1o @ one-op as5m with
an ABL meedel T Insmovant by wsing the following
conditions: (stepfBl reverse ranscription. for ¥lmin at
SO0, step 23 15 min ak 95 °C o activate Tivg polymerase.
g (step 31 45 cyches of 1548 at #8°C and 755 af 56°0
For detection of M gene of the AJHIM L virus, we used a
aet of pomers (forward, 5°-COMAG GTCGA AAMDGT
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L.
AYGTT CTCTC TATC-1% reverse, TGCAG BATYG  perfornied using statictical SP55 softwins pacd it
GTCIT GTCTT TAGCC AYTOCAD) amd peobe  Windows, version 170 (SPSS Inc., Chicaga, IL). ke
(FAM-ATYTE GGCTT THAGE EEEOC TE-MGHE),  wny ANOWVA was (gawed by a varance test or a

Vinas infectivity and vinl genome ERA snthesis in brain
wore akd exanilned on Y [=hEl oculiton  The
|'l|.'|||' WAL |u||:'|l_|_'|_' aftor termlnatlon |1. imectEnn af
kigh dase ketarnine. One hall of the brain was ho
mopenisd in 2 mbk ol TGS comMaining 0.2% bovine
wrum albumin and subgected o the quantifications

Statistacs 3]
All data were expressed as rnu@: standard deviatian

[SE¥) oristwderd eooc {SE) Statidial anahsis was

Brenaen -Forsvihe II-:h determine  differences betwaen
treatinent groups. A p-value of less than (.05 was con-
aldered 1o be aratistically deniflcant

R sulis

Culture and identification of M5

BaLBlc male mice were subjected 1o M5Ce allotrans-
plantation as both donors and recipients in this spudy
{dn day 1L oubture, several spindle or aval shaped cells
tvellarer arrow) attached Lo the petri dish were obeerved,
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which were characterkstic lor M5Ce But, cells were seill
mixned with hematopoictic stem cells (hive ammyl with o
round shape (Fig. 2a and b). After approxmately 38
s fibroblastic spindled shaped cells were foand con-
ering the entire petri dish (Fig 2cl By Sow cylometry,
WA ol cells were DR positlve and OIS aegative
(Fig- 2d). By immunotluorescmce. spindle-shaped cells
wite coiflrmed to be posidve for CILO5 (Flg, 20 aad
pgative for 145 {Flg 20 and gl

Hemmng of the sdmmnisirated M50 te ung

The PRHI-hheled MS5Cs were imtravenously adminis
Eeated vin tail veinm 1o wice infected with ATHSME vits on
day 1 after inoculation: in our prelimmary experiments,
clkear hitopatbalogical sigre of ung impury were observed
on day 2 (datn ot shownl The mouse ung tisue was

Fagi Eal 5

enamined an day 3 for MSCs homing by detecting Boomes
oenice under the microscope, Cne day adter administration.
the bbeled MSCo, were observed to have accumudated
theougheut the hing thse, a3 sheswn by the velowish green
Ruorescenc: map (Figo 33, npght] comesponding to the
mwierged dmages of, respectively, the red Auorescence of L
beled MSCs (Fig. 3o ledt), and the green sutollunrescencoe
af lung tisawe (Fig da, center]. Light blue amowe indicate
typical positive spots for yellonaish green Buorescence. As a
ponirol moce of mock-treated group received  mavenous
["E& Yellowash green fluorescenor wea mot ohaerved for
this group {Fig. 3bl. In a preliminary experiment.
PEHX-lateled MSC: wete administrated to nofinal
mice without virue infection and the vellowish gresn
fluarescence was abserved ondy along the edges of
blocd vesvels in the merged imoge (Fig Do, indicating

A c
T
l"_ : control
%:. il
Lk
. |
iE' mock-treated
™ i
o "
- — S MSC-treated

Fig- & raln proeseninod st lung impan

qinupy noE ot b sopect=ply. DUs e A means 2 50 ol &
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arred rpcip e de {] wiere rrelicien £ flssneepe oy
althie WS ot gioun wes Chaanky liss thar than of che rcachc rest o orip on oss
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the sbsence of M53Cs homing to normal lung tissue.
Thise abmervations evidended the ooowmence of M5O
kaming to the lang tissue that bad acute damoge,

57

MECs lowered level nl’!rh lunig injury of mice infected
with highly pathaogenis avisn flueza a/HINT vins
Since the lealoge of serum proteins joto BALF 8w
ruarititat i marker of lung npary, we measined 1he pro-
tein contenis in BALF of mice {Fig. daj and found that
the protein eakage oocuried Bom day 3 boedce with
the ASHSMN1 infection (mock-trested proup) The kak-
age bevels wens lowereed shgnificantly (pe 005) by the
MEC administration; the suppresion mtes were cokou-
lated bo be 39% on day 3, 7% an day 5, and 59% on day
7 past-lnoculation, We slso examined for areral blood
gas ond coloulated the Tacy/Fily, ratlo as an indicator of
larg functicaing on davs 3 and 5 but not on day 7 since
most of the mice died on day 7 and the aiviving mice
ehineed o level of hemolysis that was unecoptably high
for the mewsurement, As shown in Fig 4 the ratio
dropped from 429 1o 25% (B0%) an day 3 and 224 {524
on day 5 in mice with the AS'HSHL lethal infection.
When MACs were administersd, the ratios improved
signFicanth: 318 (T4%) on day 3 and 334 (76%] on day
4. Bath measurements provided guantiative evidence
for suppression of lung damage coused by the wireal

nfection. In preliminary experunenis macrosmpic ob-
servations revealed obvicos mjury of long tissue in the
virus-infected mice on day 2 {datz not shownl The
obeervatians alsa revealed That the extent of lung dam-
age of the MSC treated group was clearly lower than
that af the mock-treated group on days 3. 5§, and 7
[Fig. 4c}, Histological examinations of ling tissues by
HE stoining elen chewed that MECe adminbtration
suppressed the ocumrence of alveolar edema, inflam-
mation and I:]eed:irl.g, interstitial tissue, and atelectasis
{Fig. 5a). The histopathologicsd ecores were lowayed
significantly by the M5 treatment; the suppression
rabe was 33% an day L A7% an day 5, and 23% an day
7 (Fig. 5hi.

MECs attanuated pro-inflammatory signaling ard
cytodanes in the lurgs of mice with the aMHENT lethal
an

e megsunsd the protein level of NF-KB, RAGE THF o
wnd 1L1f in lung tissee and we found that podtne
expremson levels were induced by the ASHENID lethal
infecion {Fig. S mock-treated groupsh. As shown in
Fig. By immunohistochendeal analysis indicated that e
cxpression kvels of four profeiis were aftermted sig-
nificantdy {p < W% by the MSC weatment, The suppres-
sion rates were 50 bo 55% on day 5.
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Fige & M0y wppnssed the sxpesdos of rainflameratody agnaeg pmnies o linranshercha rical comparssn o NP, FAGE ThFa, and
L-10 mpremsiory in b esue bepwemn WS- prd mcce-meaied groups Brireminh color pisrs s ihe ool mueleps were obeergsd under bght

memecopy with a0 rragnifcation, ind e s polive mgr pioes = e proinme b Quamisbee cecgon o the p
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f podive min

M5 emhanced regers ration of alveoler epithelial cels in
the lumgs of méoe with the aHIN letkal infecion

We measured for the expresdon of Sftpe as a marker af
tepe 11 alvealor epithelal cell-progenton, and Aqps+ as
a mmarker of rype | alvedlar epithelial colkprogenitorn, by
Inunas o chilstochs thona There was obvicus
K PrEsSian al both markers in the IIIJE tissues of mice
treated with the AVHEN] virus and the expressicn levels
increased slgnificantly (p < 005} by M3C admlnistration
[Fig- 7a and b)), The expresion-erhanced rates on day 5
ware A2 and 46% for Sfpe and AgpSe, respectively.

MSCs did not reduce visal profiferation in meoe with the
afHENT lothad infection

To access the an effects of the MSC treatment.
we examibned for Wi ttees i the Tung and bealn of
imbce jifecied with the AVHSMNI vius, TREymeans of
virus tier and level of viral RMA synthesis o the MSC-
treated gmup compared to the mock-treated group
were nat sigrificantly different onodays 3 5 and 7
{Fig. & A and Bl MSC treatment Balled to inhibit vieus
profferatan. Furthermore, the vius proifention in
hratn of the MEC-treated group was actaally highar
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compared 10 al ol Che mock-treated group on day 7
(Fig. Bz and b), Thé Infectioss viree was detected only
in brain of the M5C-weated groop. and the means af
viral BMA synthesis in brain of the MSC-treated group
werd B-fold higher than those of the mock-treated
graup. The bodyweight of mice in M3C-treated D2 -d4-8
andl mack-treated D2—4-6 subgroupe bogan ta decreasae

on day 2 compared 10 that of conivel group (Fig. &),
The meduction was pob significently dfferent between
the two subgroups. The mortality rate was nl:n sig-
nificantly different betwesn them, akhough the surcial
rate of the M2C-treated sulsroup was higher than that
of the mock-treabsd subgroup on days 7 and 8 the
number of survival mice was 3 o day 7 and 2o davd,




Yorwrsmil Br &l BWC folecnions O (203 20839

Page |zal 15

L

bt £ Tevts Ak o

13
1 Fim Sam _-1-“ T fip
L | Fur
[=n
e : D
| = Higlin-Maisr Curvis
I?_ o= | 1
;'E-' ._‘__‘{b;_ﬂ_r-"“_'_'_ L
|‘u [ 1R
| * L“‘»\- iyt ﬁ . = P 5T framing
| o - T T T
i 3T Bl
" _I_‘
) )
[ BRI I TS R N R | Earetal fiee, day

Figs B P85 0s el ranf vigraficertiy afies wid prolifeaton mouse modscey, pod moitsbiy lg:d-u.:\m fiers in lingy oed Bieira of 200 il
ma-resiEd graops. vl B sere speeswed o the mean Log TR g par nsoe & sgarchng . mmor of § mce. Bfampansan o val s
vty betwesn M- ard mock-emied groups by BTRCH The mraorin of vl BA snibeds seeeperessst s b mean cops nombes pee
Tivsud | £ atareknd ange A plodey poer incoulaniodi. © Tha body waicdls of midein MECrmatad DE-4-5 § oo, eok-tmatod C2 -6
s, wrdl comerd ..l\'.ll.l.l.l.ufﬁ'li.l.ll- wEphs P of ey T :l.ll-l.l.-.l.li‘l il The warylvl rales ol mice n BT e D00 sk
k- e D248 sobrroop, srd cordrod groap The saneed rates were araleoed by Keplan-Re e ouaves Thes ey o signficant diference

cat af 10 for the M5 -treated D2-d-6 subgroup, while
it was anly 1 om day? for the mock-treated [X2-4-6 sub-
o (Fig, Bl

1] inn

n;md effect of MSCE cotnmes from thelr spocity
to secrete poraceine foctors that  modulate s
respons: and change the response of epitheium, endo.
thelium, and inHammastory cells io the injfiny. The ad-
mlnlsteation of MSC alleteansplontation beglns  with
bvming to the damaged abveolar epithelium of the lang.
Haming af exagensus MO socure dise 1o dgeal deer-
actinms - between exopenous M3C0x and damaged lmg
Lleztie, Inm liang tissue, phagoeytic colls will pro-
coce the | aiory enediators sich as THEo IL-1§
free madicals, chemokines, and leukaiiienss i excessive
ampant that will change the microenvironment. Then.

mickdlmation and differentiadson of M5Cs ooour, which
it will peplace cells from damaged tesue [46],

W demonsiabed in this study that M3C homing oe-
eurrid i long taess within 24 h after the administeation
af MSCs {Fig, 1. As a canseguence, the progress of ing
damape was prevented by day Iday after M5C adminis-
iratian to e virs-infectsd mioe thie was obeerved on
daws 3 5 and 7, by mecmscopic ohservation of the
whele lung tasie (Fig 4ok measaring limg shealar pro-
tein {Fig. dal. PalkyFil}; matin {Fig. 4b). and histopatbio-
losgical sonpe (Fig. Sbl, A suppeession af inflaneation
markers in lire with rthe prevention of the lung injhory
wigi alse obmerved (Fig. &), MSC edmingtraton sup-
pressed RAGE and MF-xB expressions and, as a conse-
quence, caussd decreased peprossion of inflammateny
oviokings, THFa and [L-19. Our resalts wene consttent
with severml previous repors An o vho stady of mee
imtected with Fghly pathogenic avian jedluersa ASHRRL,
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conducted by Chan et al, in 2016, proved that the ad-
ministrmtion of M5%Cs coused dpgndicantly lower bevels of
cytakins and chemokines [8]. Based on the research
ualing mice with acute lung ey cased by avian infu-
ez ASHYNDT virus, L et al. and Yan o al., coocleded
that M adminlstration could reluce cytokine kevels in
the BAL specimens |11, 12]. Hrwever, these resuls were
pal, consstent with the findirgs of Gotts e al, wiho re-
ot that mice were annsprasivigyg MO ibeapy the
admmistrabon of M3Cs mto mice iInfedisd with human
influenza vinas AHIME Puerte Rico/®! 3 (POA) filed 1o
reduce nflammation markess [13], The oandlicting re-
aualte for the role of PR may be due to differences in
lang injuries coused by the vims smins wmed,

In the present study, we demonstrated that mfection
with Hhe highly pathogenic avian infloenza  A/HIN1
wivie stltnailoted the expresstons of Sfipe and Aqps+,
and that adminktraton of M5Cs enhanced bath af these
erpressions {Fig, 7). Slpe is a spedlic surlace marker
Lo by 11 alvecdar ephibeelial oells and AgpsS+ e Lype |
[£7. &) In ARDE corditinns. most layers of type £ al
vealer epithelial cells an the alveolar eurface are dam-
aged because of its extensive surface and comples
branching architecture. Type | alveolar epithelial cells
arg unable to multiply throagh Lhe mitosds process,
withier durlng lung growth o lajury [485) Stein cells
or progenitor cells ane located I the alveclar niche
consisting of type I and I alvealor epithelial cells
[28]. It s very likely that the homing MSCs can
simubte differentiotion of progendor cells into type
Il and 1| akwalar epithelia celk,

Body weight, vines groawth, and sunvival pedod of mice
with the AJ/HSML lethal infection wen not changed sig
mificntly b MECE adminkiration i this study {Fig &)
The wirus preseats wultiple bade eminn acid recidues an
HA deavage sites (GISAITY accession mumber; EFTT2 5564
causing HA to be broken down by nany intracellular pro.
g enpvnes ciach a8 furin-like protesse, s that it con
case wystemic infections [449, 500, The ocomuning death may
bar pivmid oot andy by lusg injurkess but alsa by the njurses
of cther organs. The AGHGML vimus indection ooours in
ruhti organs including the brain [51, 53] where it is difficalt
far MSCE o reach By intravepous adninisiration (33, 54),
In acordance with ther msddts, we also detected  vival
R A synthesks in the brain for the mock-teoated group with
virus intection in this study {Fig- ik}, MSC trealtmert in-
creased wiral BMA symtheds and the amount of the idec-
Cious vinge n the heain (B Ba, bl which aoplaine wihy
ealee in the MESC-teated group died maghly ot e samc
rate 2% that af the mock-treated group irspite. of chious
syppresgon of lurg imjunies (Fig Bdl A paper published 65
years ago shoved infuenza vings proliferaton wis inlibited
in hypowe: mice and chicken emboyos (351 Our present
ehidy shessed that tho Palk/Fill, mtkn bowered in mice
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with the AESHL infiecthon and that the MSCs reaiment
improved the mtio (AR bl This suggests that the virus in-
fection rawses bpoxin in the brain resulting foom the low
ened Palky PRy rotho in the Bleod and the hypooda lishibds
virus profferation m the brain The MAC treatment attenu-
wtes hypoods as the ratio b aproved A s conseguence,
the inhibition is aftenuated in the M5C- treated mice. Actu-
ally, we ohserved the attensation of inhibidlon, ie. In-
crease of vims  proliferation 0 beain o the MSC-
treatsd mice {Fig- B bl In the lung. the virns prolifer-
ates in ohvealar and bronchialor epithelial cells, Because
of exposure to ain these cels do mot become lypaxa
with the wrie Infection even when liyposia B Bool.
Theredfore, there was no difference in lung or virus
profferaton between MSCotreated and  mock-treated
mige { Fig. %, b

Cur primaty diterest 1 this shisdy wis the lipact of
MAC adminlstration on the ling irues cased by
highly pathogenic avian influerea virus, which was most
Wlearly shown by wsing e lellad inlection dose Palumn
stidies should investigate the potentinl therapeatic ef-
fects o mortdite with dilferent settiongs of virue doses,
different schedules of M50 adminisiration. combination
use of anti-viral drugs or using mon-bran trope vinses
Oar lindings have impodant implications foe clnical
tranclatiamna] studies liweatgating MSC thevspy e man-
agement of ALL and ARDS

Conclusions

The administration af MSCs prevented funber lung in-
juries and infbmmation, and enbonced abvedlar cell type
I and | vegeneration, whike i did not signilicantly allen
viral proliferation and mouse machidity ond mortalice,
The results suggest that M5C adminiswation & o prom-
ixing gy for beatment of acute lang injaries cased
by ke highly pathogenk aviim (nfluenza AHSND v
dlthough further aptimization and corbination we of
ant-virs] deugs will be cheicudy required to achieve the

gral of reducirg mortalite
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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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