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TRANSGENI C MOUSE LI NES EXPRESSI NG HUVMAN ACE2 AND USES
THERECF BACKCGROUND COF THE | NVENTI ON Fi el d of the

wo poosfosilem The present invention rel ates generBCT/¥S1007/000744

ani mal nodels for studying and treating human

di seases. Mre specifically, the present invention
provi des transgeni ¢ nouse |ines expressing

angi ot ensi n-converting enzyne- 2 (ACE2) and their use
as human coronavirus inf.ection nodels for

m cr obi ol ogi cal, i mmnol ogi cal, pathol ogical, clinical
and epi dem ol ogi cal studies of severe acute
respiratory syndrone (SARS) in nman and devel opnent and
testing of antivirals and vaccines for the disease,

SN EARRIEENIC MO E LN KX PRE ST TM AN AcE2

entry into host cell e Rel at ed Art
An out break of severé‘ggﬁggtreso ra é?y syndr one
(SARS), caused by the SARS-CoV (coronavirus) a highly
transm ssi bl e human pat hogen, occurred in the fall of
2003. Originating in Guangdong, China, the disease
spread rapidly to other parts of Asia and fromthere,
to all over the world. Follow ng the application of
intensive publi GATRGROVRBSOFIHE INVENPRISE Vs
successfully contai ned about 8 nonths later but not
bef ore causi ng-~8000 clinical cases with a ~10% case

ﬁ tallt anq t r emendous -.econom ¢ i npact worldw de. The

M—%@}’pot hesis for the energence of SARS- CoV

i s that thEhevirkdent fnvemfidnvelabadigendthlly &5 &iMai fnodels for studying and

presumably t he Chi nese horseshoe bat, Rhinol ophus

tedating (hmmanddipeases. tNorendpecificaliy ghe Ppresbitcnversion provides transgenic
ermssive, and resulted in an.epidemc

iR sy SenedPire] ot OnER RIS oAk g their use as

Hub®in2ddrenaliias Yafestfon! MEBEP 'f&aﬂluérgblb}égﬂﬁﬁ immthne AR Y"%chologlcal

further genetlc adaptation, particu Iy to the spik
epidaseiologicahsindiceof seyergracuty respiraon sygidbiree éﬁﬁ%{?g) in man

0] 2 It .see
a%’ﬁ?det"%*“?fﬂf"" @B b csmfdg Yoo B Y56 b S ol for
infcao arrmmer r‘élafddsﬁﬁlsésl lichags IRERArANLYS NeAEWATthadtiliZB SACE2 for
encephalitis, and epidem c influenza viruses have all
vimesgpigdntahegicells. hi at us i n transmission. Thus, the
need for effective antiviral agents and vaccines woul d
be essential should SARS reenerge in the future.

" Ihesfbtich éftheReladrarti s neither an effective antiviral

t herapy nor vaccine available to treat SARS.
- An outbreak of severe acute respiratory syndrome (SARS), caused by the

SARS-CoV .(coronaw:rus) a highly transmnssnble human pathogen, occurred in the fall of
2003. Originating in Guangdong, China, the disease spread rapidly to other parts of Asia
and from there, to all over the world. »Following the application of intensive public health
measures, the dfsease was successfully contained about 8 months later but not before
causing ~8000 clinical cases with a ~10% case fatality and tremendous economic impact
worldwide. The most llkely hypothesis for the emergence of SARS-CoV is that the virus
from the natural reservoir, presumably the Chinese horseshoe bat, Rhinolophus sinicus,
adapted to infect civets, which were permissive, and resulted in an epidemic among

civets, which were sold in the southern China food markets [19,21]. The virus then
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wagj of 2

Ani mal nodels are crucial to the understandi ng and

pat hogenesi s of human SARS and devel opi ng and
we@Bhatieng the efficacy of antiviral drugs aneCT/US2007/000744

vaccines. Although it is known t hat

ngi.ot ensi n- converting enz Krre 2 i's a functional
SPERRE ORI 28R deBNEt So{theirgeneria AdgptAtATs particularly to the spike

N

setves enkikedy that shis fisdhlemeegenombf SARSI willf by a uhiqae dvarabstause many
anlnal nodel s proposed thus far

None of the_s r al
yigses: ws\ﬁégﬁltoga CBYFlanecquing pncsphdliiseanc epidemignfluenza viruses
- HAQ® ahul‘EﬁHan WABE £Sidths §1‘1 ?mﬁés%he hlAf fh'ecx?éed%ﬁ%ﬁectwe antiviral
nonkeys, and narnosets errets ansters, and
agents and mapcyes mpubhbt esgemiaBslioblCSARS 7&indige antle fly(ms Desplte this,

8 PR LRt AL tapy oy yeing avaisble iregh GARS.
37] . Theses @i e Giele al%s EHIQM th 4hP eun%lu.r:s g'llgb b tpgthﬁgenesm of

SARS- CoV infection an owed viral" i on,

hﬂlﬂgthSAIbS aihd dévehoplidmioyvalvating theﬁﬁéucp r(bﬁlahty\nrdl drigk@#d vaccines.
illnes However, none, exhi bited, consi stent
Kithae aﬁ is; Knon@stBatoangigie Asif-Fany ertingREY B ) 15y fugptional receptor { for
r d
SRS o 90 S5, SO ESaUIGIN 159 resin
copwgrting engymue 2 neayt te 4 beefulndnimbl modeliof $ARSI{218 thett iakeeno suitable

t hat, ob ed.in. .the hi n ease.. Al t hough the virus
AR PO TP hoerc NETe L1 0457 AMIEE. oAl proposed thus far

HaVé BFdved o Y&Fodtice AinaR qqgebééﬁn&lﬁﬂ’iﬂg %ﬁ%?llﬂ\ﬂteﬂl g Afiacaques,

respiratory or system c synptons character
Aefinigam @@ngnoxikeyarmldpaammdseug) cfatrets,hlaamyseas i andt tnéce] urehgling young

f h f d hi bi t ed
B BT E S, SREb g sampenciie ok i Eampnessysiem Gic.,
Sﬂ@ﬂ] Hﬁd‘R@\@NHRkathSﬁﬁ;%? 19,78 Q3m31:e32 138 4@ nngY@sé Qmmals were

el derly. humans, have nore pat hol ogy 't han do youn

* showneb b suscepifblie e fSAI€Sf€nV| nnfetchen aindeshomed evirah repliodnon, some

been, t he onl dni

f est at
QR eB e Py e L L e, none

&thear%ﬁsnaéﬁnauﬁ@a@ciuﬁésartgeﬁohsl dndaa%ﬁmy, TRICSuffd? YWrom some
there is no nortality and the Eibﬂho' ogi cal "changes are

disgelvangages ancleding highecdst ipedr wiailabHityrefi ré@ge®s, ditdean immunological

o8Bl f AR B s e bRt b discase.

cel lul'ar rgeRRER e \flﬂfs ihfeBred ial fo- SRR b f MYBFAbS iR, the infection
convertl (r;gpenzyrre 2 (hACE2) has been identifi-éd as a

thie fxne smga@@vwmh 105 [5espiratort asi sysiémic  symptoms

? ﬁRéelc%g 0Eose o mﬁ%gfg%[}% at paglg odgéfaﬁf ?’I : tgﬁhtﬂ? G’B%? gfthe mice.

 Adiditidhallg) the ligfe&sd Wh&&eﬂﬂilﬂteﬁﬂﬁ)hnbl%ﬁy PEhGN, 95 eRa8s oP these mice

‘these anjmals tg this virus [22].

did not mimic human disease. Aged mice, in eepmg with elderly humans, have more

| pathology than do younger normal mice. However, even in the older mice, a mild weight

loss has been the only clinical manifestation in response to SARS-CoV infection. Statl-

deficient mice show more pronounced changes than do normal mice, but there is no

_ mortallty and the pathologlcal changes are not typical of those found with human SARS.

. The troplsm of coronaviruses is determined prlmarlly by the interaction of the spike (S)

protein and the cellular receptors for the virus.

2



10

15

20

25

30

Thus, prior art is deficient in an animal nodel for
SARS that can effectively be used to study

WO nfogoss1ro ty, tissue distribution of SARS- CoV, PCT/US2007/000744

vi rus-associ at ed hi stopat hol ogy,. i'nflammatory

responses, clinical manifestations, and to test o

ant i vi r al STHREN EIRERIR qogyerting eapdns ShAGER) hasiheemidentified as

4 AR QbidUof ISARS- 009, efpo L (dhuch hi

s_umeY@%F ok AR P ap e ARGl SRRS oV s @' huch higher

pndisg affinityvierhtAGE? thanefoethbse off mide exts, aind @xlper @aihd) $pecies, which

vector. .SQuch an expressjiqQn vector conprises a .

OGRS T D TSP SFTTISHVETES i thess ABGRRSIOCh VS E72].

site of raffist phoBl 05N deRdet ﬂp%e%fifn% rﬁ'&ﬂpqﬂg%/}RS that can

encodi ng a human angi otensi n converting enzyne-2.I'n a

effectivalyl be mipddb sedy infectivit, fissae distributive of S ARS-C M) WrisSissociated
rovided a transgeni c nouse expressing human .

‘f\ﬁaﬁ’f’d@j@ﬂ@f’ inflampaony TREPADASSy Fdnical mﬁ;ﬁtw@u@m tg tph ggtévirals and

vaScifl&d foY B dih0 1 i Re; i i

gn((:)lt her related errl%(;ecmlg{/% ?E{ém%?tglssgﬁl?é%dé tllegrc]i’mthe art.

there is a nethod of screening for an anti-coronaviral
conmpound. Such a | se inistering a

phar macol ogi cal | ﬁmgﬁ?& 0 mﬁ%@ conpound to

the transgeni c nouse descri bed supra foll owed by

i nfecting the nouse with the coronavirus. The nouse is

t hen noni tlor ek feorbodawert opfiilt  poésepth dmentipe  dferd He provided an
I sease caused, by the corponavirus, where absence of

SBFeruch

d
e.thgSﬂ% JEG ‘ r1a.nt ﬁ)g)rﬁqsg)gemgg?ro?onemge% 3n?ﬂ9l§t.{1,t§tlve promoter, an
ihtA6H, G@pSIadehatib 8it€ BIPHBRAB LIbi biP a thieleBlidd keﬂ;%ergc:e encoding a

the virus to the angiotensin converting enzyne-
huimaalangiegnsinabnverting) edaymer®t ur at i on subsequent to

viral entry, thereby screening, for the anticoronaviral

conmpound. Itvlna ﬁ?te‘gr%ﬁ?élm‘?“él 1188 RERSSBY invERtionfthergeis provided a
. . o . ;

tRnSSEA mbﬂéé%ké%&n%rglhﬁ{aﬁ ah o%%ﬂ'c@&%rﬂnﬁ%-? .(ACE-%). Such a

screening for "a conpound that 1nhibits Vi'ty o
mousa mederived osiag theusctof desribed supda.conpri ses

adm ni ster,in har nacol ogi cal | y effecti ve amount df
t he conpodh &g?tge‘&‘?gm{arﬁ% PRt qfihes Bresrag &ryepen. e &s a method
o&@%xﬁeﬂi&@?&%ﬂn@i-éﬁ?&%hﬁ%nﬁbo‘&ﬁ&t S@th g‘?ﬁé?ﬁo«d?aﬁ?;ﬁ@?&&rﬁ&jstering

the human coronavirus. This is follo
aqhapraadotagically effectiveaanamindof the sempeundato sldtrinsgetie mouse described

COr OR@VI T in the use subjected to . .
tHéa Omegfl?yatl?%ﬁn%% s Hgﬁbgl?&éor_@f‘a\ﬁ‘f‘?e addej Mopsfeis then
nctior<d fordenefopndtk bNBhdnbpd StH didcadt! dadSed WY@ @ofhavirus, where

absence or a reduced incidence of the disedse in the
ahssnse obthjdevelepmeny in the paehencs afitheiconopound dindicdtessthatrthe compound

imgitsc%gj%lijlp 1ngI 'S¢ Iet \%rlESh %o Itﬂg %.cr:ntgfo elnt51¥n gcl;nvtepueng enzyme-2 or viral

replication and/or maturation subsequent to viral entry, thereby screening for the anti-

coronaviral compound.

In yet another related embodiment of the present invention, there is
provided a method of screening for a compound that inhibits infectivity of a human
coronavirus. This method comprises administering a pharmacologically effective amount

of the compound to the transgenic mouse described supra. This transgenic mouse and a

- control mouse are infected with the human coronavirus. This is followed by comparing

the incidence of disease caused by the coronavirus in the mouse subjected to the
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human coronavirus. In yet another rel ated enbodi nent
of the present invention, there is a nethod of

wa@eosesileg for a vacci ne candi date that preveneGT/US2007/000744

al | evi ates the synptons, shortens the course,. or

AR eI i e b TE B i ckin o

ARG W 85 aBRee REANTdBEIIURBHAR 8 theSHisdal@tn the mouse
the aboverecited features, advantages and objects of

subjectied @ thei asiministratidneindieates that theanothpoand inhibitsdbe stfewivity of the
in detail.. These drawings forma part of the

; @H@giCPFWV%. It is to be noted, however, that the
5

appended dapdt iedthet rdlatkd RnfboBlRdrdrafle GORH RBhSo fthere is a

the invention and should not be considered to limt
me¢ibod; e pereesting lfer 8 macsine eandidategthatepretonts] Or silowiatel ¢he symptoms,

LR L R L
entire open reading franme (ORF) of human ACE2 ( hACE2)

was anplified by RT-PCR using nRNAs extracted froma
human col on cancer cell line, Caco-2. The resulting

o0AceS, s, (BRIE PRSI OF ERETRARINGS, L=

resulting plasmd was nanmed pCAGGS. ACE. (Figure |B)
Western bl ot anal ysis of hACE2 expression in
t r ansf ect ddenanpgpdeiodrapdngsshaveebdencincluded bersiresarthat the above-

kR Ss: LAARLREL L, SHRTE ot bSveiop il hsomsgser and can be

undérstodd ih @etatld TheseWaWiigS foindh partadfthé SpdcificaiBh.i It ¥4 ffbe noted,
t he trans%cége expressi on usi ng nonaocl onal anti body

heoysvers thatteo appepdeg drawings iitpsieate prefqsredsembndimens iof ¢hepinvention
i ANSAENI:C - i C70 and AC63.
PTG Bof feohbBped IR Sar b BRIt e o

transgeni Figaes B4-16- Shove akes constragBon'ah€ chRiRfikAbnt 6f hACE2

RT- PCR-_ra:nal ysi.s for evaluating the expression of hACE2 )

trarfgene-Thaeuts 1 AoRingram it BAGE? exprassiopreagsetts. Dhe eufire open reading
- el h ; .

Bl (GRS PGB RS Pl ShATAE oy 1ERPR, ing mias

extraqied fiowea yhumaa tcalonhnancerakh linepCesst Blid resultihg cPNA of hACE2
i ndependent |y, conducted experinents. Fi gures 2A-2B show

Wi BREradoBuo dhe exprestion verre PEACENMI (S \dovir-steaagt of the CAG
pérhiGter Orhe e tiﬁ%%gsg)sd tyad %alﬂe&tp?{]@gﬁa%%@?@i?ﬁggﬁ? Western blot

mce at 8-12-we age. were -l _
analgsis lcdtlAICER teRpressionl OB trafifeded hhimSARY93 Gells.( Celb@Riracts prepared
strain) in 4

B BB ST P I B LR o Lanes
2&3) were subjected to Western blot analysis for verifying the transgene expression
using monoclonal antibody against ACE2. (Figure 1C) Tissue expression profile of ‘
hACE2 in the transgenic mouse lineages AC70 and AC63. DNA-free RNAs extracted
from different organs of transgenic mice at 6-8 weeks of age were subjected to RT-PCR
analysis for evaluating the expression of hACE2 mRNA. The RT-PCR products were
analyzed on 2% agarose gel. Lanes 1-9 represent spleen, stomach, heart, muscle, brain,
kidnéy, .lung}s,' ihte;stine, and livef, respectively. Data showﬁ are representative of two

independently conducted experiments.
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(D) and Tg- (O mce were neasured and recorded on a
daily basis. Wi ght changes were expressed as the nean
woensestiage changes of infected animals (N = 1BCPE82007/000744

group, including those died) relative.to the initial

e 1L il Ay e R LA s v

AEP Tgatmios alllthHehel"%I Uitefmasd T aind T mité 8cs-ad VVéeRE of age were
g+ mce (abD) and their Tg". :litternmates
1{3 anagaﬂlyu(e)n )vmcellat%wuh dte (TCIley oﬁﬁARsiéon fUJhaaostcann) in 40 ml

AR s e TH SR 0Ll oPRRY (IR 28 Finfected T

(l)aamlSTg\E(G) ﬁﬁ&@&féfﬂjmbﬂsu%ﬁ Al Rebided loa £ HaARIBAsK. MEiBROChanges
assay in Vero E6 cells and g uantitative RT-PCR

verg (eyressed 25 thgoBiean pergentag gesapfsinfestedamimalg (N =Th@ per group,

0 e SR L Sl 993, B e ponr

érrpgd. O TCI D50 virus per gram of tissue, vvhereas t he
rel ative copy nunbers of SARS-CoV nRNA 5 (encoding
protein) Jfigures 33D shewddnatics of SARS- -Gp¥i rpligatign i th;[j)mgs and

AR RS SiCE R RURe ) ol I 09 040 e o
were énquubitdded. n()tmh (1203 TEIbf. SARS-GHVE (rag@ nﬂf Thidd/ARimals in each

signals in dupllcated sanpl es of individual specinens

greupyweresperificed da BY andyvigus titers ip the langslanéybraansswer@@messdtby using
+ u

8 e AR SCIE68 I 30 o G B RR AR sy,

desdribediin gnatﬂﬁalaamt Mdllﬁmleaﬂ'hd: kees batrfedtioud irug D) ttRNdngs (Figure
up, were inoculated with

(O g 4 |n each Q
31“333“150% lgg"'w&) WETE C%@H‘atﬁiiéé d sxpresied asolog vk (PDgnirus per
I
Spim o HRARE WEreliOihe telat ¥ Sy fiber ST SRRETGY, wRNES (encoding M
patein)) of tedluag (Bignrd 3Chad) baird(Rigere Dpspating:nd ae détéﬁﬁ‘lned by Q-

KGR iR opmaianion aEsi6s i TROA o dhe kel conisolpamgplotted (the
'I]J Bﬁ:‘ihdaﬁ | pHL \ﬁlvgl%?é dF ARNAS %@Bﬁsﬁeg @fba{eh ﬂést pg 1{1d1v1dual

Cl D50 per gram ol tissue.
spesmencisiepiceed. UEWGJ@ST@‘#p%@Oh@Q-arﬂmdﬂm’d t'ﬁg;t dohtpared between

f%rgs 5A-5J show hi st opat hol ogy and
ign#f I8 Di%cheni cal anal ysis of SARS-CoV antigen
expr essi Omlgﬂeth%hbwymglbﬁ‘\’nr Rﬁgﬁesgﬂﬂl{(eoblﬂfn?%ﬁ A following

(d) tracts of Tg+ mceater fection
imtsg-péritonead intosuldtidn.| Tgi d CFnd lT@éO5ml¢eo 45f5eachbgraum were inoculated

Vé‘gb?‘? oﬁ@ ot 06%553%‘8’ : 'P?F%té‘aag@ AR ecp?fnﬁ,qxess at day 4. Three

stdkeREtaAghAl Q,Yalé'l%dwftﬁ‘ ﬁu@é%fpﬁ?e%ﬂ? 'he&lfhytf? cGHr%r%Qﬁ? Retr8sacrificed at
dpr otein of SAR
a

4 (n=3) and the remaining one from each group was sacrificed at day 5 for titrating

infectious virus in the brains. The infectious virus titer of individual mice is expressed as
the logio TCIDsp per gram of tissue. ** p < 0.01 by a Student’s ¢ test, compared between
Tg"* and age-matched Tg mice.

Figures 5A-5J show h1stopathology and immunohistochemical analysis of
SARS-CoV antlgen expression in the lungs, brain, and gastrointestinal (GI) tracts of Tg"
mice after infection (i.n.). Paraﬂ'm-embedded lung (Figures 5A to 5G), brain (Figures
5H and 5I), and GI tracts (Figure 5J) sections of infected Tg" mice were analyzed for the
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met hodol ogi es. SARS- CoV antigen (Red) was readily
detectable in the cytoplasmof epithelial cells of the

wheowsokitad |ining (Figure 5A) and pul nonary  PCT/US2007/000744

interstitium (Figure 5B) ;at day 2. No staining was
seen |ntesarreT+rm when | nohi st oc 1 SLT
T A bR SAPEATIIE: b be e ROS StFipy P AARYSEY by the
rﬁéalodoﬁ?élésmsmbo“?’nﬁnt(ééhWeﬁ) s rgécﬁb'/r ?etgef% fh G Rytoplasm of

E; gure 5E, i mmunohi stochem stry ronch
ephbehauh gel:lsnoﬁ thie (hronchial dmmg)@guy&sSmhmdcmlhmhmy 1de|mt1tmm (Figure

T R A A T —
I
S el a5 T OB e,

| Figurey &Ry IFigure ¢, | immunohistdchergis{ri) gﬂ laebrﬁﬂ)huatshomng
n express;ion wa

SAR!
laté%ité@tf@gx RCRRYAES 309 Glelah, ARER T PTG Jgi i) antigen.
Ihﬂirﬁﬁltato?f W& irdleated (RtovdehitRin! nddi nrd¥Sle(&F Ql%oﬁélonary blood

n the d tract, the expression of SARS
vasrel g&sncmtnd gmlngSAJ&S-\QOt\hmmgm ¢Figubs 8o SARSFGy¥ imfranosiavhing of a

BPE deparien S if o€ Mog el 56} 27 My 2.0 Fiensjup SARS-Cov

ahtlgenlékpXessibh Gk & &@ete@éa%mf 3Uh $argd numbdts of 1l
5Ag5C Fi gs;lures 5% 5J: nap thg?’ argng emsatooxy(/)%HO%leca Y intact

nevtenekansk gliaticalls irrthguENS E{Dguh@n&ftlﬁﬂylln rthaﬁﬂ ttao’s ithe) expression of

%%J F%%’ %ﬁ‘ggggﬁ r,!sg{\{\é}f ) '-ﬁ‘ﬁsth"on Osl}fqlg? vms&gfc’ected first at
dajer gFigakd b1): Mﬂgﬁmﬁsﬂmﬁeﬁgtﬁ% SAL5H, rﬁgﬁ#&”ﬁlﬁ; akd Figiﬁe 5J, 100X;

and G tract were used to eval uate the. expressi on of

Rigwrenar25%Y; Figare theSWACFigunes iSehC( FigirendE- e adpthgl red and

i e R R D T A e

arrow) . THRghRCEEA-SHPERGS | éxprdssioh '6f RAGED WRthealu®@s, brain, and
abundantlﬁl(assom ated with choroid (Figure 6C),
a

gaatrintestinal (G} wagtof( Fe'gimice. Gibe, paraffiorembeddedisactions af the lungs,
bfsihd 3 4Fd1 i i ’ug@%eg\aaﬁlg?eegﬁogxpngur A5 @A By 1HC. The

hMEBjamigeh ligedy wiak heddils detdctibROpririatglg ih akd pnduadRites PWidure 6A),
ganglia of the d sy stem(Fllgure 6H, arro

apg yasouias smogth mpscle, eth Aung(Kjgure @, areong. vF’vllwit{tlcﬁzaexpresswn in
20y 18, Sng B35 0 30y B2, B

(Blgulm myvasyulak endxshediat] celle(figiiressE)] and phtekdsest IiHuﬁdhal and glial
genat es derived from. m ce at indicated tine

el S gEAS, 65 S0} Eil 5 hOACEA, Webete Laupdat 88 smithelial lining
niisQalBl§ fayer] ghy Ee\rfghfa Qf t@%ﬁ%ﬂeﬂﬁﬁé]ﬁ‘e%@p %ﬁﬁ% %ﬁ@pﬁca?mn Figure

6A, Figure 6F, and Figure 6G 158X Flgure 6B, anure 6D and Flgure 6H, 50X; Figure
6C 25X, Flgure 6E, 100X. '

Figure 7 shows expression of pulmonaiy cytokines and chemokines in
infected mice. Lung homogenates derived from mice at indicated time intervals after
infection (i.n.) were subjected to Bio-Plex analysis for assessing the concentrations of
cytokines and chemoklnes Among 23 1nﬂammatory mediators tested, the expression of
IL-1b, IL-12p40, CXCLI/KC RANTES MCP-1, and IL-12p70 was elevated in infected

Tg", but not Tg’, mice. Dupllcated samples of individual specimens were assayed. Data

.6'
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cyt oki nes and chenoki nes. Anong 23 infl ammatory
nmedi ators tested, the expression of IL-I1b, |L-12p40,

WEX0B4HA) RANTES, MCP-1, and |IL-12p70 was el erEr/E@s200m000744

infected Tg+; but not Tg", mice. Duplicated sanples of

L ndi viduyal s i mens. wer e assayed, Datashown are, Mean
showgre,Meam s b ferian anfIRISGY —3) ot ingheaisd Benenoiads. %> » < 0.05;
B 81091 by-a Sruderft:sAest, co aﬁgg_ ﬁé; @%cgavi?rﬂ é@iﬁ%&téhﬁfdeﬁé‘ controls.

conparing.Tg+ mce with age g'--controls
Fi gur es 8AigwresfHW8Ct showsuthe outcoofe GARSREC6V-irffected thice of the

R R s 15 omerments T nd Tmics FibR AGKR e, NLTO cach, were
ihGiietiat) with10) TEIDY FRAREAY) R /N3 f00an @ W8 Fecorded
aily §S| S nd

wei ght changes were recorded on & ,
anx prdedly dudsias anch expressad e rthe meagepertrmteage schahgdsndfeirfeted animals

a8 3y e 0¥ Shefed prnstimeabaer 16 AP o WGt ipes g (.n.) with
10° TOADS SPFRARS-CHY. 31tk Al tBfeelifeBied RflcdWe sWGiffed at day 5 and day

sacrificed at day 5 and day 8 after infection,

& altgranfection, yrespativelyyecandi the ttiters fof iinfeetixtus oirms i theslunps and brains
the |un and brai ns were assesse nd, expressed.as , .
WO RSP A FIREISES SPEIORE S R0te o] hepBk Gip THfcbied mice were
SHRIAEfOB BBREVihS eI ERatighd m%irs BC) GHABERS clirdiéA Widifeéthtions. ** p <
and ‘ot her cligni-g%? mar%jf(es ti o%s. *x c< 0.01 E)y alons P
0 lubiea Stuslent’s £tsst, coropasingi the virietiteisrhgtweentlkings et braznwithin Tg+
Ab?é%&]s and brain within Tg+.or Tg-.  m ce. DETAILED

| '¥TI ON OF THE | NVENTI ON SARS i's an energing

infectious PETAIEED DESCRIPTION GFAHE TRVENTIONDUE tO

the disease is unparalleled in the recent history of

m crobiology. Its inpact on a national econony is also

enor nbus. jtionally. i.t.inflicts trenmendous da e ..

to human gl%lgcg}neéélagtu#gctéo&é idésf%ﬁe' é[i@fgor t;lllty ancrlm n?ortahty due
t6 Qhé AigehdVist iaflIRRASH e SreCort ARAbHILY nﬂér@ﬁiologpp%s indpact on a
is inperative to have nmet-hods of treatnment an

ngtienad cppempfis talge encsmaue | Additierslly béf inflicts eemeasous damage to

' j tri nce,. Lh resent [nvention . .
G5 58 ne EEGE ol RR T R pvsingy ish
ThHas Lis BAmiperatitV e & K eheIR IV tehtnidnt And prélentids bR BRWisease in place
and 'vacci nes_as wel| as_for conducting studies, which )
bsfnse e pext (epidgmie sEiken d Hegoa fthe aesisent ayention develepadda tgnsgenic

. . . . : i ni cal q. ‘
] R N
ahdrvabdiRs agiwetl| ds- foh 2oaduceing zadigpatichSedtanded the understanding of

consistently reveal signs of illness, pathological
basifdi Seipnce arfinchiking migrogiokogieahi apddesnmunslegidl. oelinjcal and
e@R#eﬁﬁ&lH%légrhg %%M@Hgédséﬂ ~but also for evaluating the
atety and efficacy of antiviral
Animal models for SARS in well-characterized species that consistently

reveal signs of illness, pathoiogical findings, and mortality are highly desirable not only
for studying pathogenesis, but also for evaluating the safety and efficacy of antiviral
therapeutics and vaccine candidates against SARS-CoV infection. The present invention
is directed towards developing a small animal model for SARS using transgenic mice
expressing hACE2, the major cellular receptor for SARS-CoV [20]. Not only does this
transgenic mouse model support mbre robust viral growth than its non-transgenic

littermates, but it also manifests respiratory and generalized illness, along with tissue
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‘res onse t 0 'SARS- CoV untll ‘day 21-28 after-

t herapeutics and vacci ne candi dat es agai nst SARS- CoV
infection. The present invention is directed towards

walewsheazing a snal |l animal nodel for SARS usi nRCT/US2007/000744

transgem C mce expressi ng hACE2, the major cellular

r or for, SARS- CoV "~ Not only does.this .
e fid, g %a‘&it‘glgﬁ‘%)ﬁfiﬂ’?nsﬁ%r BBt transgenic AC70

rﬁfc@‘ﬂ%%l&ﬁbﬂ%hﬁcﬁl {1RBss! FRARIRY bF tHel b€’ F?ﬁ g}altipﬂll',aaélg?ied uniformly

al so mantfests respiratory and general i
witiund ddys laftet gdention; Whtregp/transdenin AGH3mice reyentyalbkieoevered from
|f cantly,. tr. enic AC70 m ce

tb {S)@T(’)cg‘f?ggdeép Ch?ft:tgii g‘lgm ﬁ%%t?nsi"g@léﬂlgqqs SHf the route of

i nocul at i Quicea@hsghiel N hAQED ¥lebﬁ hiifin3t @ﬁ)ﬁ%alafz(flﬁges following
i nfection, whereasS transgenic AC63 m ce eventua

S@%&«C@Vedntbctmn Nhechl afeentti saen uhe sfedted ofild type mice. SARS-CoV

o, BAPis tndiFSPBER staims el o tioroi ey the viral

e . d:
zg%%m g Ry i

deﬁ@trgtns @lfmmap disknascelicis spesifit antnbddly\resj)ovwet to $ARS-CoV until

ft
A3 o RRE T B abismire vl e s Bt Bhmunq componens,
iholB@ing RARG 'S, CTH1 Mg ® glintic& Ghere Shdvid tosdl)@cﬁ i 1ﬁ¥ eﬂ&ﬁ@ﬁ%‘fﬁcwnﬂy

ctio
diyperories, shggeating thatthe chassic hgstlaeti-virahimmune responses might not

"&ﬁﬁff’ér Bl PR Tt e 0% 15 T

vvn | d-t ype Altogh %Uﬁk@ﬁﬁltghd‘%ﬁlféﬁﬁod be SAlRKSEHY, hQSpanied with the
anti-viral inmune responses m pot be criti cal for

o‘Pfi/Ph@lC@Aﬂ@ﬁiso\WaSnO@Gt\{ednlm gtaﬁbugmce Atlthmtt};msaof the clinical

dre i acco
SRR AP 6F BhieRETE Ttk AEEEMRR ool frrammatory
rédpefise inh En)péféaﬂréb‘illd)fbe tdb@er%d n'I‘%’i"ertHﬁ@ﬂsf ﬂﬁ:t @&hﬂ%ﬁnsed ability of
eared to be atg ical, :in which no evi dence of acute

Stﬁ%daﬁﬁasnbrrycer & e/niun }aal}hghmdw opdrtinge oﬁbsmwammumty in

SRR 88 P IIETL0 Fraeys bl i
onepRat ancidéf of AgawRrd m&elswcepﬁble ORan Gl MB%CS)MRS CoV,

infection in the nouse [9, 12, 36]. Furthernore,

resailthyec inyithe dgm!omg}t ofr aoln@gpci @pda@@ -{atal dillpegse showmg increased
Al LT SR, T T e —

to ISR i amiatabosein thatchsd fogihulans [3ra8s12). Hérb &, Fam contrary to the
respiratory tract, age is a key determnant o '
S§YF§%@§ %ﬁtqq faal; gitepine qfnSIéRSniall gl erdy .mtwrn@ wgemn@r effecnvely

0 I ey
rEUBISH o PSS R P g ] ThEG G sk RRUSE Frodel of
tlaxgpdasant devertibads uuiguy in elen\ie prvides defibde elﬁﬁ -peiase mcludmg death,
W, t hqut any nortalit Thus,. the transgeni ¢ nouse
ogs; and respiratory d neurological symptoms as well as virological data and
pathological changes, and thus allows for the definitive analysis of the efficacy of
antivirals and vaccines to SARS.

Studies .of the kinetics and tissue distribution of viral replication in

7 intrahasally: (i.h.) challénged ‘AC70 mice démonstrated that the lungs are the major sites

of SARS- CoV repllcatlon before dlssemmatlon to other t1ssues particularly the brain

(Flg 3 & 4) Desplte the resemblance in the kmetlcs of viral replication in the lungs, Tg*
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the present invention is unique in that it provides
defi ned end-points, including death, weight |oss, and

w0 e®piosrtory and neurol ogi cal synptons as wel | P@BUS2007/000744

virol ogical data and pathol ogi cal changes, and thus
al | ows f?r the definitive an ﬁJS of the efficacy of
Y

19ice APpas i be, QTS hEicienbhaR heARe: Iterriew sypPerkige viral replication,
xléélﬂf?ﬁét ﬁ?a@ﬁ&e 1h&§§€ep&ih§§nagb éc@iB oillr\ﬂb rs@lgseél%ﬁltl&%}éaﬁg‘ from the

in intranasal enge
ldegsotes theabmaih Dﬁé&g tlhwel aindpy 2y end Iaetl\rdy oe¢plshted thak, reaching its

RRaEaL Vel S 456 312801 'ob tHelag1ed Berepicy untl ahe deatisdd she Bosts. The
etx?e%sirv@%ﬁm&ﬂﬁﬁad ONG ey I didnk ﬁﬁnPJcteWA@’yo %tc%%{s% nfirmed by

in the lungs,” Tg+m ce appear to be nore e I ent t
Hegi whiEg teadilerewtadesl ithe sypressidr of S/ARS+Ca\é pdntigert iin npatches of

éﬁﬁéhéh@sﬁ#«%r@gﬁ@&gu CIREAIsEas TR e fnpebrah i Wi el Fig. 5).

rtAhtfE RS efF¥ssfon Mrﬂ%ﬁ%&{ ih the Hhﬁa%% LA G tracts generally

reachl ng its ‘maxi mal | evel at day sust al ned
qorrelateslf with hACE? explesmtll’lgoﬁ &rﬁ) hbsteser Wmthextlﬂ@m/end viral
in infected AC7

I monary i.nvol venent Tg+,

et fau cﬁ%gftgﬁﬁ F SEmE e 18 Hemauei PWFeigHsingly, not al
lﬁ’k@EZ‘-@ﬁpr@ﬁu%fceﬁé\%gf@ONCWHl&sﬁeﬂe@u&@f)ﬁﬂ@% SARS-CoV infection. For
pneunocyt es and bronchial epithelial cells, as we f as

instaneeu$ HR&Calh ihfegtionlwaselot det¢dtedyin o)l linimg ohet emlbthplluml”uf various
' [ f r al en in the. | s, ,brain,

EplF g rugeds BT R Grestoni Fig. ARGRBimptin Pipisent with

th&ifBding ®itR)clinfdalgpeRimendt gl N89). MAREZAB4 ¥ B! la@l@tofg'@[RS CoV

could be detected in the same cells remains unknown.

lnﬁw@fvnam celtfl highlyopositive foadeCEX gxpressionyir thhsgenic ainymals of the
mce.were s tib RS- Vlnfectl

fresépt, MogRidR g RORRRI bt BESeriamoncpibobtt he, nobpn that the

xprékgign toTEhRCHDt 160d WIpR n¥2bé Os'tiﬁidi’élﬁaﬂ&? mél@BRiAE effective viral
their intense hACE2. exgressn on 6), an

ipfsgtéon, B3] o hhe: Bnding tof A+ SIGN fas tah cnf mluulag rweptordbr SARSHCoV [16]
Th
rSRREUTRY) ot s s 8 o plHte SRS resdFg For g gmiry o

deffereRs SRt B dlSAPGEdIY thaf BirFEe Sexpfdssibh ©fIHASED s not present, as
i nvention, is not known, but this observation suppo ?

Sbﬁ\ém rf@'t Caly-3 pells [hb W&Q@%ﬁelbﬂnﬁﬁwﬂuﬂ fonSARY KOV infection.

f
?tzﬁ«l {oﬁé%]&lgf}_hefesoﬁ Ilﬁég S E&%ea%g (ﬁ(ehrlavels have been
1ﬁ1@llba1édifn plédepindentf sl eSﬁ(RSf poloViAs JandirgiRbvinET4¥), bhdinay be also

ot her receptors or co-receptors mght be re uired for
191@95@%9?@1%{1@ tigpyer teorism o 8ARS-CY, whick hasobesn skown to undergo

hACE2 is not present, as

pq‘paév&]eﬁp%{t%%afﬁﬁg{nséﬁ?@[’% maki ng those cells

i nsuscept iSARS fs(gen&%ﬂﬁ-ré&m‘gmzed eshn adlite WrhlgieliMBhia with the lungs
factors, such as pH val ues, tenperature, and oxygen
ag disomain pathelogigalfarget. However, like other human and animal coronaviruses
(CoV), many of which are known to establish acute and persistent infections in neural
cells [1, 2, 4, 15], SARS-CoV has been detected by RT-PCR, in situ hybridization, and
IHC in the brains and other extra-pulmonary tissues of patients who died of SARS [5, 10,
11, 47]. This neurotroplc potentlal of SARS-CoV is underscored by the recent findings in
an experlmental mouse model, in which infectious virus was recovered from the brains of

infected C57BL/6 mice [9]. Also, several neuronal cell lines of human or rat origins as
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inmplicated in pH dependent cell entry of poliovirus
and rhinovirus [45], and nay be also inportant in

.W(de(fosmsago the tissue tropi smof SARS-CoV, whi CRCTIES2007/000744

- been shovvn to undergo pH dependent cell entry in vitro

Sl 4 ‘m AT RS | ?@22@%@@5 %%néiﬁsd@%igllcatlon [48] Thus, the
iBalIRhAGH Of!thd Frdftas {%@;ﬁe Extra- t/nlﬁﬁ%ogé\lﬂeglhehar s V infection,

animal coronavl.ruses

resticubdrlysin Tpd miiee, dxlth wietin M&tmétrum bEcdronasrus paﬂhegﬁrﬁhls
cell [hl 2, 4, 15%5#) SARS- CoV has been detected by
RT pdRhas feen piglligstablished thatothe S@rﬁildwioeﬁmrqt% YFustio the brain

PSR B S B s

tﬁgﬂﬁuﬁb\systsmsndxsr desoribet] by thee aniewdt mbdedsli fogsVerezaglan equine

nment al e nodel: n whi ch i nfect.iQus Virus
RGPl s o R e opibidsnylres 14t v usras /Gr Ae (HN)

1[1&1:&0*‘&85 P4, L ?}' %¥ H-Eﬁ%l}ﬁﬂ?herﬁﬁh% r{ I.lyﬁﬁteoﬁuaqﬂgﬁﬁnﬁ’éedrb%od brain

origln asvvel I oma

| haancm Althowghf the eSa(kR&ax@e(‘d) DESARGE(EGM disbeifinatidhtesthe tANS remams to

ntification aof .the n as,a maj Qr _extra-pul pona
be clerpyinegaRie rexciatiof gt favle Wolevebsiretmia dnfegted (1. Tammeiee 5t day 2,
| ey f r Qnavi p

aﬁ&{%wgéwbglgn&ﬁecﬁgnest agfl he t1t€ a?l t\éeﬁllélﬁ’rS eggﬁﬁg@ﬂ?ﬁ{e lungs, of
inteaperitareally challengesisTg " antdeenigh’apntovdauhd biisﬁis foe ci leineatbgenous route
0? thEr directly through synaptically Iinked neurons of

HE2LFISEESIR and tri geminal systens, as described in
t he ani mal cenhal
Vi rus (VE&tﬁggﬂé{%Vgﬁﬁﬁsﬁ& &ged§1€iﬁ§§&| nt gbgbiD) is the
most wharactetigidl patholbgy tin tSrAl{SS [6,14,11226]. SW’]ule cﬂARS}tmugbted diffuse

DRSS aR ER o6 BieS iteely by el G5etartiampE et cells lining
thé 25RB1iNfel RAarked ﬁé@&ogﬂ%t& %Wh@sd&e@sé)@mﬂ-?é gh?"tﬂg %)utc%)nfé of the

revel ation of lowlevel virema in infecte
infegttomsuggest that hoisbregpatiseshmap glayeareimpastantfolé utgthevpalthﬁgenesw of

AL St i ane g B breson o mrf: siators, such

20 -

ak hechaaire- focmfoer@xegen%@ 0L F/A-10 h#¥e been found in SARS
transmni ssi on. Autopsy st udi es have' i ndi'cated t hat

patierits grd smxcelmeatallda gled (DADCSTBLIGE, 1Bs13, 42, 44 46] Although an
11, 26

oBIRERER Pl eatRil b D s B e s ot ptpabigsoe mdator for

tﬁe’imersél b@cbhy 6y SARSUCoVEShfedibr 38 ﬁf tHRETehi S pMRective and/or
cells lining the alveoli, the marked heterogeneity of

pethelagicad aaturecands the spastrumhef woh exaagerted infamnfagary iresponses in the
IS i BRoLph PR FRfu] M YRR e e
e?ﬂ%;ew Qé ﬁﬂ'@ﬁde 9?006(11&63 QQu@éd forfsh@nsradies Wersiibt pb&isle during such
an explosive outbreak Therefore the robust and highly sustainable SARS-CoV infection
in the transgenic mouse model makes it unique to-investigate the inflammatory responses
within the local tissues, i.e., the lungs and brain. » '

_In contrast to Tg" mice that failed to elicit significant inflammatory responses to
_SARS -CoV. mfectlon infected Tg" mice promptly released elevated levels of IL-1b, IL-
12p40, CXCLI/KC CCLS/RANTES, ‘CCL2/MIP- 1, and IL-12p70 within the lungs at

days 1 and 2 p.i. (Fig. 7). Although such an acute host inflammatory response did not

10



10

15

20

25

30.

as CCL2/ M P-1, CXCL8, CXCL9, and CXCLI O'IP-10, have
been found in SARS patients and experinentally
w0 nfogosaeh (i .n.) C57BL/6 [9, 10, 13, 42, 44, 4P¢T/US2007/000744
Al t hough an early enhanced expression of IP-10 has
been inpljcated to_be an prognostic indicator for the
QfqYe ins thebramoatedays 2.caRitensy seerelion jobkhg afprementioned; spflammatory
t I1er I : S I )
R o Bl TR B Q- ERm DA B AT el T PESF). CCTavrp
llay Hgd a,oind il pytd/mohacytespeny stichylatihg fao@r (G®-ESF) were detected
st a)gg? %f 'ltlhe i nf ect]i on, has_never been explored, as
3t dewnd (Teble L b cerryrrently withiamayrkedelewation in thediterofipfeetioys virus.
possighle: i : Si VR Ot Qr : nefar
t he rl%%sggg l{% g qh@gﬁ? yl ﬂgkﬂg%&g%rﬁ alllgll g‘e Sﬁlé %o?%uf);rl;?% g t {hg ngﬁbsequent
inflarhimatory aecrgior of ;tlllmﬁmslnﬂﬁhemé’c‘ESSié hotlceliplar Irﬁ'lltrates could be
bnvestigate .the.in nmat ory_responses w thin the .
Q3RS i il s at B g, (LB IR aA Ahas oo oy et primary
| . gnl . .
RS o G} PRlond, (eROoNE At ibigBli Werd EBble of prodycing innate
infJammiatoey pytokiped i respoesestecheatovirateat MHN-GHM odifedtion[80]. Thus, the
L- 12p40, CXCL1/ KC, CClL5/ RANTES, MP-1, and .
aPEenES g e Py FTliees e bgamsoéygfegt%ﬁﬁg ige it day ight suggest
that- thé\rdsliRHOBraft s Akt &€ Hfl(@lyhs%gfce' JhAETRHR W LEHRASYS Tytokines.
did ‘notoceur in the brain at day 2, an Intense
Aldoughi tha ognifitancaf efr theen tinflanedatonf |catokitesrand chemokines in the

di ators, I s JL:6, .granul ocyte-col on .
eI b SARTG0V] aatbiop iDedi Wtistic | oyes. made is curently
Ot MORIMBfOLI @IS QLB %g%%@%%? tliffected Tg* mice may

uRkAGWA /¢
(GM CSF) were detected at day |
undentierin8ammatoxy toytakineardnd cchemekies-mediated: fimctionardetdngement of

i n L-Qu i rus,. ite the extensive i.nvalyv t.in. .
tpE RS LR ) it 9bid e i e GEORESRERP L ARGV fection
Fr6lihhahyoStudies bh S ARYSCoVahtdlfitn WH Ak ofMAE A3 ldPindicated that
infiltrates could be observed in this vital tissue at

thiilineageayas also permissiviedotinfeetion buthesistgda tishfatah outrame of SARS-

i . cykt ures (of nouyse ne S, _astrocytes

O B el 35 R e AR B R RN ACE e, compares
t6 KEPO(BIEON ), doyldoké R@pondible 5P HEHCrebover? 0@ Wufvil & temains to be
MHV-JHM I nfection [30]. Thus, the absence of |eukocyte
studigdi trates in the brains of infected Tg+ mice at day
3 mght s est that, the resident brain cells.are the . .
i ety ol campdrynthe, Breshilc b Eflanafiaesigies, ek Fiaenic mice
eRpiebsing hAUE2 &‘egﬁgﬁlK GRERptisE th SRS I0oM AFE0A! Yesulting in a wide
cytoki nes and chenokines in the pathogenesis of

¢linicat tmagifeptations; dneluding (leathe depenslingrupen the transgenic

S

rentdyv. . ; ' t h .
e el e RensBATE 1% BREB2SGHR, Kok FB e’ ene FaEEnesis of
SARS amdpreclinicat yéstilig oLantamd] sfearsnni veccineeinaideds against SARS.

functional__derangenent .of the CNS [29, 43], whic o
coul d ‘be CdWtRI&Ient <NVEREOT it Hersiade!sl an SXPrERMD. wrslor, comprising a

Ct)ﬂgt%i\ieo Bromoter, an intron, a polyadenylation site of rabbit B globin and a

nucleotide sequence encoding a human angiotensin converting enzyme-2. Generally, the
constitutive promoter drives global expression of ACE-2. Represenative examples of
such a promoter includes but is not limited to CAG, CMV, SV40, RSV, PGK or B-actin
promoters. Represenative examples of such an expression vector include but are not
limited to pPCAGGS-ACE. |
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Prelimnary studies of SARS-CoV infection with mce of

the AC63 line indicated that this |ineage was al so
w@esisdeve to i nfection but resistant to the PEI/EE2007/000744
~outcone:of SARSCoV infection (Fig. 8). Wuether |ower

hACE2 exprgssion in this AC63 line, conpared to AC70
(Fig. 1), %?85%5“’r"&%%h@%oe‘!h?‘?ﬁ?edttﬁé propetes vich isngpecifically

KUY Y e HABR Eiarﬁ;gé@ 6f %&d?l%%ot 8 iR EY ark Mot limited to lung-
present I'nvénti.on dempnstrat.es that transgenic mce

spegifie primefets AGER an €€ 10 iagh ISPCspromefers mdeepitheBARSpéXific promoters,
infection,, resulting.in.,a wde . spgectrum of clinical
W&hﬁ%@?ﬁt%ﬁ?ié#&%ﬂaﬂﬁ@n@%s&aﬂnqgempﬁg upon the
transgeni cryel & (% - : : i ' i | ]
be-usar ul e PERAEehRAf & aldBieeitd 3 3ARHsEori fioult hpressing
humegl dngiotenisint ey emigg ehzymt-2 (ACE-2)a gédintesthe ntbusaisadenieed using the

ndi,dat.es,’agai nst .SARS,., The present inventign is. .
RPVCUTEHOR: VB oEx p(C0SRMY i CBLeBIA RS rhjd an” inbred geneti
vagkirbhudd s M8 oie G 5057BE/GJWaCE‘A|LB/c@ %5&1&?&%'. e hman ACE-2

site of rabbit b globin and a nucleotide sequence
ipesprgbsed in dplaennstamgilyt leagi musdey brain, lgdreeyz Jure; 2iver, intestine or

t%%%ii@% %‘H“t%ep %R%%Q%ak,%tﬁ%%@%gp Sich égg&#giclﬁée%ﬂ is pot limited

O BARCAR,: TRCACHESTRWC 505 TROACKS B ' RAACT0 (hGhse Cdéneral -
SVv40, RS\/f-IgPGK'Or -acti r?%gr:ormt er]:é.j: Repr‘esesr?at [ veral ly, the Tg

A Hhplouse ofpressesithe transgonesiyindantlyeinttbe lungs hodi thelhrainsiria addition,

ot I ipmited to pCAGGS- ACE. The present inventiop is .
i - AT e BB MoV IR 16 WBERTe el 1 expression is
radifitté@ td thelllifas! AdtiGonally PALL REmBhseSH flfeREP WthHuthan coronaviruses.
include but are not .limted to lungspecific pronoters
Exaamlesof Un orarayispmfpetingouch ¢ neovde gpiudes butimnepbmited ¢o severe

BB Bl S5 RE e Gr Bl P RRB R H 40 s 10
géhéral; ts8ch &P irfedtion HHEROAFE abY! %ﬁlaﬁﬁg&é@;&ﬁ&%&é f@gﬁ?nhsg Specifically,

angi ot ensi n .converting enzynme-2 ( , _
the cpgeking respensg compsisescexprrssian of 8--dbsHr-6.0&412p461 Hy-12p70, G-CSF,

: iC use w,th an. i nbred netic. .
CROEL PG RIS Al S R B mice
Addifiaallynthe ekPreséionep tRCEtekihds RXdRI#Se8 AHd infore RA@RYR in the brain.
stomach, heart, nuscle, brain, kidney, lung, liver,
Fugthermargethe AG-d8 meyse finfepted ithsthe Sééé—@g&n@mihi@ the phenotype of

SPHTEAcRE:, FesrdfoR SoRRltHfe, GRRY O, Bilpa? J51 idsg wilin 8 days.
AdditsenallGeadigh birus tike il Ghe AGHS AAUSRINEXPIRSHRSin ese mice. The

transgene abundantly in the lungs and the brains. In
pheratypeosrhibiled bygsuglragnoysg semprisgsr aresseand| migeqscopiy @brorofalities in

thd fank$ %%@For@gﬁjs L0f 2§ BRYiE $Bh S hdl Rardiovascular and renal functions in
maintaining electrolyte homeqstasis’, impaired reproductive functions, high mortality or a
éombinatioﬁ thereof; Furthér; the AC;63 mice infected with SARS CoV exhibits the
phenotype of severe acute respiratory syndrome (SARS) in humans without any
mortality. Specifically, vitus titers are observed in the lungs but not in the brain of the
infected AC-63 mice.

The préscnt invention is further directed to a method of screening for an
a%nti-coroflé\'/iral cbrﬁpound, @ompﬁsing: administering a pharmacologically effective

amount of the compound to the transgenic mouse described supra, infecting the
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restricted to the lungs. Additionally, AC-70 nouse is
infected with human coronaviruses. Exanples of the
wa@onosiesied us i nfecting such a nmouse includes bRECT/US200D000744
limted.to severe acute respiratory syndrome causing
ronaviral strain (SARS-CoV) or.a NL63 strain..In
GEREPRY miren vifl Mot SoRTRR | Bid dnclifoiog I Tifected mouse for
devtlophient 6 phembtyPk iof Aise@eRANSR by RRCEIrbraidY, whét€ absence of the
cyt oki ne response conprises :expression of- IL-1b, IL-6,
developmant, in presensgoof tBeGumpagrdlindicatey thavi the |campound inhibits the

-1 i.n the lungs and . the brain of .infected .
hding gb e Ui "R R oI S Veding caspres Fispebarscrgsaing for the
it ¥oraefal confpuayed and nmore intense in the brain.
Furthernore, the AC-70 nouse infected with the
SARS- CoV  diamplesof thecostnonod jphebiting the\hindingiefthe coronavirus to the

[ r.ator 3 SARS). i,n_humans. a ies Within.
AL SNBSS B R et 0 o
R0aseliahibitdrs afl &it€r€dr6hl d sterbidateepldrtiockidpShepii8d) ALsYIR]A or a natural
exhi bited by such a nouse conprises gross and
anfiyirelseompoundb ifyehnal omipoynd mayhe admigistesedibptahp route known to a

SUc b ai bnormal car.di ogvascul ar an . .
rRERATR R BAy Yt D e o ARG banaf o inhalational.
hampistafhs corondartus ifestipr suehl athoise indNidel 836is ndt Bhited to severe

nortality or a conbination thereof. Further, the AC-63
aghigaespifptosY sndpme caysieg corppaixdlisprind SARS-Goéhert a/ Nb6d ftrain.

severe ac Ri kAt ok v synds / in_h s .
oo, SR SRR A BB SRR v fr
cohpeund that inhibies ihfeagsitypof a hAinah Rotdh@villis cBmPfisihg€administering a
infected AC-63 m ce. The present invention iIs further
nhasmpacologically stteetiveamaemt gg unpg to the transgenic mouse described

I LT ] rising. 1L nisteri. a
Bty HEOHROE (o BRIk 2R IROARC Pens Bt MG iR human
columatiras) agd comparingsthe teidehcdeftidiscapd eausédbye tHei Highan coronavirus in
{ hetransgeni-c. nouse wi.th the coronavirus; and. )

MUt SYRjeqiebtq Hiecdministainne Wit rthei sradeageroh disgase in the control
mRSIRD KRG (B adth ARSI ARELaDIbLAR & URARYN I PdenbOSF fe disease
absence oOf the devel ognment I'n presence o e conpouna
innbk omuss stbjedted ke theoadministratiorh indidatest thet thie ndimij@und inhibits the
.{ﬁge.'v.i rlis' tE the anlgair ot ensin converting enzyne- 2,
IpigER AP §E‘? YR TPRAY!Ufre anti - cor onaviral conpound.
Exanpl es QfenEHiﬁ%'C@i%QHlﬁBguﬁdqﬂﬂlmi{s-'tﬂegir{f%V% %ﬂ'i%bﬂggttﬁg binding
coronavirus to the angrotensin converting’ ehzyne-2-and
of ithe@humap koroasvinss tb rmoiotimsinutonserting ehzyime2} kyl elicitiag a protective
protease.in 'bbi tor, an intferferon, g sterqgid receptor
TEPORY ARFIHL T Juman COromXIrd ok ancanetBationnteteof. o Examples of the
cORIPBRMNInkiBitial fhe COMBRAYNGS TRY c%n@ﬂmsnkﬁqﬁé %]qgiQYenﬁﬁYConverting
route known to a person having ordinary skill~in this
earyme-3 igcludes bat is nohlimited teoupgptide that hlaskd receptor binding of the virus.
Sut %lc%Hpglqr?cl may be administered by any route known to a person having ordinary
skill in this art, e.g., oral, intravenous, intramuscular or subcutaneous.

~ Additionally, the compound or reagent eliciting the protective immune

response against the human coronavirus is an immunogenic compound effective as a
vaccine. Examples of such a compbund or reagent includes but is not limited to the one
that comprises a viral antigen, a peptide, a viral-like particle, an inactivated virus, a live

attenuated virus or a viral DNA. Such a compound or reagent is administered
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Exanpl es of the coronavirus infecting such a nouse
includes but is not limted to severe acute

WO e®plosde@ry syndrome causing coronaviral straP@I/us2007/000744
(SARS-:-CoV) or .a NL63 strain. The’ present invention is

rther rect ed met hod f screem
S RS o acTRihae Y, AGRaI, pheimcies for the analyss
STRRENAY tffidsoy 1ﬁ@lﬁﬂé bl%'v&ﬁlon%qL i shset ﬁlévﬂﬁloﬂ of symptoms and shortening
phar:macol.ogi'cal I'y ef f ecti ve :anount - of t he’ congounclimto
afitke disease geurbe é@tloe%momﬁtysaqsr a, infecting the

t ransgeni d.,a control transgenic_.mu

t he hunanc%%’le@ilgvﬁ'ﬂﬁélm%ﬂdc‘gmgpﬁ n‘@ﬁ‘tsﬁemf‘??&w’(%ﬁé e‘"gllblted is a
- reReRes fareed fimdieluidRih SaIveRR 'érii%mb-@ taE? LB for entry.

subjected to the adm n| stration w e i ncidenc

Fxagpdeseofistich Reroayitused inluds dut isalot hignitedgo SARS-causing coronaviral

o sence or,a reduced

R A8 8. BBl R RGP rBi B LSRRk congupens it or

pridR ke tinfeéticof thdineadeaRith Rtcotdh@viegyypound i nhibits

the infectivity of the human coronavirus. Cenerally,

‘the conpoukhe follpwingt @cam!.esmw givennfbr thetpyurposeidfiitlustgting various

e%%dﬁn n‘ts 8 gﬁf&ntxgn n%rﬁ naV| { g)shfngtt @E%r%égtn%ventlon in any

convertin
f&@ﬁ(ﬁplﬁrﬁ: Sklldddnint th&ra@t \hﬂl’@ﬁbr@&it@ G@éﬂrl&ttﬁat%e %resent invention is well
conbi nati-on t hereof. Exanpl es-of thée conpound
adaptedia ¢ewg qut élemhmtm@dotbtmh ¢hecands and adviagtages mbmtioned, as well as

ORI by SR S Al RN By e thein afh T uses which
| aié“endbhfpéﬁsed Stdﬂﬁn TheCIRBMEe FRXntiéh A0AELTHEE bR séabe Mhe claims

route known to a person having ordinary skill inthis
viHtoccwr tg those skifled jmthe attenous, i nt ranuscul ar or
subcut aneous. Additionally, the conpound or reagent
eliciting the protective i mMmune response agai nst the
"~ human coronavirus is an iEXAMRIERIC conpound effective
ras a vaCC|ne Exanples of such a conpound or reagent
'S 08 an G GXPERSEIoON PHINC A THISZeNge -t hat conpri ses

et DN ST AR o

fidif\a hGoah cﬁloﬂ@m&mdmh &l 1@@@@6&2 which su T)orted SARS-CoV replication

i stefedintramyscul arly, ‘intranasa
(3R b Evelog PR piatia o alangd e ioNet gloningerector (Novagen)

y I
R OB AT S
cDNe imgmenua:mlmng AGEL séquemeefwmubsthuémlyr(ﬂoﬁd into a eukaryotic

~ ‘Cenerally, n _caoronavi rus whose .infectivity is
SRS HR e%FcFoé’ &@%&%ﬁé‘oﬁﬁuéﬁma@us‘é@smmm Kawagka: dfnjversity of

W%%BN&H h"Ra8R8Y) Bnderafie fo tﬁg%?ttﬂé CAQf (fté! By egﬂ}ogr?es promoter

such coronaviruses 1 nc e but 1s
cmngalf sherGMOGIB leahdnced andtthathiicken ﬁ}aétlhﬁp’x}oﬁiot@ and containing the

d| t nal |y, the corpg i s adm_ni stcered concurrent
1n splicing and polyadenylation site.: To verify the expression of hACE2,

_ human er_nbryomc kidney 293 cells were transfected with the resulting plasmid construct,
designated pCAGGS-ACE2 (Figure. 1A), using Lipofectamine 2000 reagent (Invitrogen,

, Carlsbad CA) per the manufacturer s protocols Cell extracts were prepared at 24 hrs

' _after transfectlon and the expressmn of hACE2 was exammed by Westem blot analysis

usmg polyclonal antrbody agamst hACE2 (R&D system)
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prior to the infection of the nouse wth the

coronavirus. The follow ng exanples are given for the
weeoposa2of il lustrating various enbodi ments oPCT/H82007/000744
. Invention and are not neant to limt the present

i nvention in any fashion. ‘Eg@pzﬁglled inthe art wll
appreciate readily that tre % invention is well
GERPItRH ah@ Chafatdériont ont(ff@raﬂgﬂeﬁfctgﬁolﬁgd obtain the ends

and -advant ages nentioned, as We s.those objects,
ends and M@mgesmcnhaxprwsihgr dmmancmﬁﬁ?ss wdier gefierated by

t her whi ch dwthin th
BEFiRctie i, Pacien stz JHyeh RSBl dTork HCAGRBTACE? by

Ml‘/Sé)P&i?éstibﬁ ahd ﬁﬁﬁﬁ&i‘ﬂ)}i hethde gef él?ctﬁfﬁhorﬁgéég{p oHproruclei of zygotes

Construction and t he exXpressi t'ransgene
e theDnsrerossi of gﬁCﬁHBL/ﬁAXBZH&IBJ};Ehpﬁramt&thajls@'ﬁid:]ﬁRe were initially

B R of e e B O B e B o o 5™-AGG
Apeurocr@Am QduCh’ WaG r&deps@w-AobOGU&eAﬁ%de@ "ATG TCC-3",

cloni ng véctor (Novagen) and the entire regio
a@mhfmgmuamsgemeosnehxéicﬁmngmme M4sbre (datd nutesholwp) A total of five

IS et sind WG el A A B I Spsisicipysoteblished. Two
o XRS RAGIZEY) d%ﬁgﬁd@éd ADGOGES/AEES, ¢dspaitively, wléPeSi?x'v@gti;%gted with regard

Kawaoka, University of W sconsin at Madi son)
to Ithe issver distribfitioh of GACEX @mmgene eapressipo by tRTMCRwiithr the same

RS PRy S SR BHPMRRPA A eeL gl fbyproduct.

splicing and pol yadenyl ation site. To verify the
expression of hACE2, human. enbryonic kidney 293 cells
were transfected with t hEXAMPLENY plasmid construct,
deS| gnat ed pCAGGS- ACE2 (Figure. I|A),. using
ne 2000 reagent (I nV|trogen Carl sbad, CA)
per ‘the me K Xindact s
prepar ed at 2 #g%lﬁg?s ran tﬁgenk/e % feaec eV, provided

- texiprbysBi. N Go K stbels Londes émamsem @(}’nu\&%h@mﬁe\wnﬁbn Atlanta, GA),
anal [ ng pol ycl gnal _anti body agai nst hACE2 (R&D
éﬁﬁh@@\

} thisstudyn ¥ eap iEGrrelln (A nprsanct e GultureRokction) were
u‘éécf‘fos ‘s 1h@ S Biftafor r@eﬁsefog)iﬁé Gacd fﬁ@ecltww assa)(':.Egtocks of

wer e enerate y mcroinjecting the express
Saﬁd!S}é)bNeweMpxebammbyepassagmg ﬂremm\oﬁé\mék@% b&lls at a low MOI

‘ | / Sal | d fied b |
(PRI et P ke i staomish T sy aerted ¥ 6 &0 Yinfissue culture

ullf@Etfd'lﬁ 'ddse 'Rflljs%%ﬁﬂ iﬁré@%’ﬂfﬁp 168 TER SIS aliquoted and stored

Transgenic m ce ‘were
at —80°C. All experlments mvolvmg infectious virus were conducted at the University of

Texas Medical Branch (Galveston, TX) in approved blosafety level 3 laboratories and

amima] facilities, with routine medical monitoring of staff.

EXAMPLE 4 -
Viral_ infection and morbiditv and mortality studies of infected mice

All animal experiments were carried out in accordance with animal
protocols approved by the IACUC committee at UTMB. Mice used in this study were
backc;ossed 2-3 times onto either C57BL/6 or Balb/c background. No difference with
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| %t?aﬁti

identified by PCR of genomic DNA with hACE2-specific
prinmers: forward 5' - AGG ATG TGC GAG TGG CTA-3' and

WO eaesa26" - AGG GCC ATC AGG ATG TCC-3', anpl i fRCHYSH07/000744
‘ transgene specific-fragnent of 195 bp (data not

rpwén é %As%g%ﬂ?t& {al vel%élpg%a}%% gpégem®%9m9éef (]ice?lrved from the
- BftRR igshad. bé@kgro‘ﬁfldt hBrikfl) e A% hetidas| gﬁ%eﬁg rﬁﬁeoaﬂf‘%elr non-

AC63, reSpectlv y, were |nvestli gated h regard t
tranegenics Bitermates tat tHeisgen of 8720rweks Welrcanmgelaedemprthaes mtmnasal (i.n)

e A

' &E&d&?&zﬁl&) IOEllﬁley z{ddﬁntg’i’;gltfe i s% H’uﬁ@lﬂk 1ﬁ%€%ﬁ hice were

of SARS- the Vero 2n assage rovi
saerifined [t decaGd tifne atervals Géat mosulftoon toOi csb&s eelé‘ﬂeﬂ tissue specimens

SN0 PR ke T R B ASh erpe

askdly| 88 ForOtopRhSloLP Sithlysis. gr ow.vi rus stocks and as
4 ndi cat or o?ﬁ O%Iyrs th)te virus infectivity assay.

Stocks of SARS-CoV were prepared by passaging them
twice in Vero E6 cells at (0.001),
generating cell-free vi ra@thh titers

| @s%@srsﬁféﬁt%f t%&@dl&g%ﬁéﬁmﬁsuﬁow& lhﬁéeatahms dose

anpl e prearly, /m),
al i quot ed Iaraddmoortedﬂead JcﬁmtcandAhasabmbmatnBWtshes and urine, solid

ekt dr ST it i, ReR VP incesPlsn, agenisric lymph
- nRReY s)b s8R TaRE Yark@ b8lveR, hﬁp%éé %feev%el Héh Qx?d H@th?%emzed in a

faciliti with rotdti ne nedical m)nltorln

- NBYANBeF QS sglytign usirfgetbe Tissuahysemediagei (Rytse&nd{amr Geinidny) to yield

(B oAt SPRRAEH, aLfe incASufT wefé BRBERE By Sochigmion ana
sabjReted @6l virus tifatibr\Wikh heandh@CinfdctiTMassa)/ s tguvgﬂa E Rells. The

this study were backcrossed 2-3 tines .onto ei

. vy titer of indiedeal samplas kg expressedes BCIse penrrokonier Brapyeff sample.

to the susceptibility to SARS-CoV was observed anong
mce derived fromthe different genetic background.
Briefly, :anesthetized transgenic mce and their
nontransgenic l'ittermates at the ages of '8-20 weeks
were inocul ated, via the EXAMBIES& (i.n.) route, with

ivgre?él 3191% : n of

i1l ness armbtaltRNAl wisylsollafedsﬁdifﬁ ti%&mrdﬂﬁﬁmcfed mittagtifdicated time
'mce were sacrificed at _indicated time intervals after

intgryals) after dnfecdon ysing ransBNeewelinii K (QiagsacSaiensss). Contaminating
genomic DNA was rémoved upon digestion with' DNase I during the extraction

procedure Resultlng RNA spec1mens were. subjected to one-step Q-RT-PCR analysis for

© assessing. the expression of SARS- CoV-spec1ﬁc subgenomlc mRNA1 and mRNAS,
~ according to the methodologies established in our laboratories [40, 41]. The following

primers and"cfietection.p:r:obes were used: for RNA 5: forward 5°-AGG TTT CCT ATT
CCT AGC CTG GAT T-3’, reverse 5’-AGA GCC AGA GGA AAA CAA GCT TTA T-
3’, and the sequen'ce of ACC TGT TCC GAT TAG'AAT AG as detection probe; and for

| RNA 1: forward 5-TCTGCG GAT GCA TCA ACG T-3’, reverse 5’-TGT AAG ACG

GGC TGC ACT T-3°, and the sequence of CCG CAA ACC CGT TTA AA as detection
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to define viral distribution by viral titration in
Vero E6 cells and by quantitative RT-PCR assay and for

woi@sogaehol ogy anal ysis. EXAMPLE 5 Assessnent POF/US2007/000744
~ tissue distribution of SARS-CoV.in infected animals In

ddi ti.or .1l ood d h
S A R Which 3% obtel by athanie " hsseit by Hfean,sagvare (Appliod
%‘sfbmsb eﬂ!iet selécteﬂeﬂ'rlmef'sgtnﬁﬂ Tag) %ﬁﬁprobg%ﬁmge{m;\ lvye'i@nsed as the

| ar ge ‘bowe and feces were
qnéogtmeus mmrohcﬁmjlyn BQ@Q RIVA avaeBBhsfened feGSparate tubasrfor amphfylng

5 iRt peomtrmm e IdnS FENE iepeBbenc Bt g actaqMan

" OMRIsRepCRTUFCR Bhste nfig %ar eAtUGATHRR aﬁuﬂ% PatRineelLr be- step RT-PCR

virus titration with t estandar ectivity assa

: wmn@vem tramcoiplions at 4876 fvr B min, Amplibaq activiation ana95°c for 10 min,

BB 35 B TS T AR Sl o 3048 ChA R ot 4

cHEIES- WaY pRHBEREP BnC afRNABI TPREIM RNfp0N@8alitid %&Hwﬁf«?@ (Applied

tissues of infected mce at indicated tinme interva

. Bipsystemsp ffeléawiog thsmgufaﬁumreasstruwmns }DNA(ngagmts encoding target

ences nt am naf ved upon

SRS hopl R FRARBIAE e g i NS R pErfor ok Rihple were
dalcaRedusseiol GRS UA tdyBlg tBN@hcﬂ@QEC?PHSCTV@fg%t gémsseﬁb?qgs GRNA. The
one-step @Q RT-PCR anal ysis for ‘assessing t
relefive gbundancef of SARRINA \fos hACIRi ar ﬁmtﬁgms}mov wE&\lé&prasseJd as 2 (4t
,,rp;E{MA{b. magceording to the methodol ogi es established in

our |aboratories [40; 41]. The followi.ng priners and
detection probes werée used: for RNA 5: forward 5' -AGG

TTT CCT ATT CCT AGC:CTG GAT T-3\ reverse 5 -AGA GCC

AGA GGA AAA CAA CCT TTA TEXAMPEBJ t he sequence of ACC

GA]T T, GAAT AG S de}ec ion probe; and for RNA
2OPUHYRL & LIS pel HdienCG T- 3\ reverse
5 -TGT AA T .
3 LR o L 08 SRR g v
Qudf-enfeleted W Ooweresfirgd irh éorﬁsmhayambgtnmsecg lin pafaffi@r €The paraffin

| s%qﬁd‘r’l'wé%% AR D PN R R AR ARl gisrseized with

HeRtdx9lin. Briefly, 80 ng RNA was transferred to
separate tubes for anplifying the target genes and
endogenousTheovital @ntigehd SverRiidsentr insthe dronchial ephibeliadicelds and the

el CS BE i e ndicannd  aebierikatiopan Jutmy. ol cijessad this organ

(FIgRRSCS A BI) ONTREre ARACHIIRI c3RidP RfiltARBh ! ihafe aﬁ@éo‘!’eﬁt Pt causing
at” 950C for 10 mn,

narrowing but not obhteratlon of the air space. In the brain, viral antigens were detected
in many neurons and a few glial cells but there was a little evidence of inflammation

(Figure 5H-5I). In yiew of these h:ist(_)l‘ogical pictures and the clinical signs, it was likely

 that the infected ACE2 tr'arlsgenjc mice did ndt:die from pulmonary insufficiency but

. rather from neurological disorder.

EXAMPLES .

Measurement of 1nﬂammatog cytokmes and chemokines.
Inactivated (g-irradiation) tissue homogenates were used to define

| cytokme proﬁles by the B10-Plex Cytometrlc Bead Array (BIO Rad, Hercules, CA)
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denaturation at 950C for 15 sec and

anneal i ng/ extension at 600C for 1 mn. A total of 40
weymBessims performed on an ABI PRI SM 7000 r eaPCT/U8m®07/000744
. thermocycl er- (Applied Biosystens). foll 0vvi ng the

Ri S%f‘gc;cﬁwiﬁeﬁa”“ AR R RoprERTes ) tiﬁli a}.neiog? ag used o
e Iipyﬁ?lhr eshol d (%%é&%&g

fol llows: D-cycle target genes -
Ct 18S rRNA. The rel ati ve abundance of the RNA for

hACE2 or for SARS-CoV as 2 (DO infected
= DCt - nock) EXAMPLE 7 mg&ﬁmgcal and

‘ g 1@8 [ %hem cal studies The brain (day 2
on) and lungs (day 3 post-infection) of
SARSCoV- IVitaoited AE78e \W8fients ofAflaRmbRFy R 1oRind94nd chemokines
enbedded in paraffin. The paraffin sections were
wera | cREparkidt betwean Broupe of muice SpReesBisl/farnsignjficaneadn differences by
ined with hematoxylin. The viral antigens
%@‘grzessgnt in the bronchial epithelial cells and the
- interstitial cells:of thEXAMPLE igdi cating viral

replication in many cell types of thls organ (Fl gures
Grneration of RACE? fansge e fitransac

al veoI ar n | rat i,0n..

of the ai ?%Z‘gﬁgéﬂ“?\d%%%%ﬁ 3 %Aﬁéﬁtﬁétz plagtpig” (Fie. 14,
hbeiagodngtsty biic 1298 \celle Wed Gramsfisttetl vl thisi pdsnfielahg dBHd extracts were
there, was-a little evidence of infl arrmatl on (Figure

Pyepargd at-34,h \pogh jragpsfectien el hei expsissign |A%E%m examingd tbbfeWeStern
Hiot E}Eagfslls ﬁklﬁ? CSgeJaha PL%‘}( % yAé@f‘t \INFI;i%C{:lg 1'% an abundant

trans I e frompu

" expresdion of AOER dflaboﬁtaIQbﬂdD a9 readity deteagble trﬂnsié&éiﬁéells whereas
EXAMPLE 8 Measurenent of inflammatory cytokines and

this siepel gould nqtbs detegtgd dnjuntianstetsdicells. on) " ti ssue

+he” BARKIRRCNE! Bt WHEACS AplOfs W BNLLAL KL S s from FI
© rhide (i@ﬁJB'IS’BJSX @3ldfied) regulted ihfiverviabld finintdéreinibals, designated AC-12,
This technol ogy was used to

dat
-2 Wﬁ%@@%%ﬁ%%@m g hess “foyndors Mmereraicyossed to CS6BL/6 or
an b?li]e conm@_g?& Féie%lr%ﬁéait“g%%/“%g?{ oéﬁtr)]%g\% lﬁ%R Sh&%{n% that all

thd dmﬂxdemsesappeared to transmit the transgene to the1r progenles The hACE2

expressmn in dlfferent organs of AC7O and AC63 transgemc lmeages was subsequently
evaluated by RT- PCR As shown in Flg 1C, the ACE2 transgene was ubiquitously
‘ expressed i in both AC70 and AC63 lines, with AC70 at a much higher level than AC63.

| —  EXAMPLE1I
- SARS-CoV-induced morbidity and mortality in Te* AC70 mice

High levels of ACE2 expression in AC70 mice prompted us to investigate the
outcome of SARS-CoV infection in this particular lineagé. The susceptibility of
transgene-positive (Tg“)_.and their transgene-negative (Tg") littermates, ranging from 2- to

: 6-month$ bf age, was determined in a pilot study by inoculating mice with either 2 x 10°
or 10° TCIDsy of SARS-CoV per mouse, via the i.n. route. All infected Tg” mice, but not
 their age'-vmat‘ched"l"g' li:tterrnatefs,: d'eveloped.an acute wasting_ syndrome and died within
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wer e conpared between groups of mce and tested for

significance in differences by Student's / test.
WE0MRPLE2ML0 Ceneration of hACE2 transgeni C m CRCHIS2007/000744
. detect.ion of transgene expressi on To verify hACE2

CA 2 d (F I A
gt OB o o o o won dgsaae . HOTCIDss
\ﬁdsdadﬁﬁgd n ﬁfétsﬁ%«%gé enfStudieR IR f?%fév] El%%anes%oo?ftSARS CB)V infection.

transfection expression o s -exam ned
V\ést dion the atexeRpeyisment, ufg*hgn&ﬂ@cum:m atite sy ut&ul%@&(l n.), 10

hown in Fig. |IB _an abundant expression of ACE2 of
a&BB g 1&2?90 [8‘9\%& vidh HARS-GoVe dntasied miper waresolserved for signs of
‘ &ﬁlc'alsllln . 5.{7* %hﬁll'(\:/@rlﬂﬁmfeg& iGnd ¥ i nre%%e}‘def;fcdlﬁg ihdluded ruffled
untrans ce croi njection

: fnt;&&hm)gpr mdsrapgi cshslémy theealiig, |a¢bmﬁﬁué'd/ bpttks péssistenthveight loss,

R R A ST B 5 10 e it o o
Hav® . bebf SRS lSZ/ %astJékesﬁnggliﬁ A%Egcﬁﬁ@d ewlﬁff‘%ﬁ{yo%ftﬁfj disases and

C56BL/ 6 or Bal b/c mTtTe transgene I'n
. aggtavated bydsappeante) ded tmmeRtéR;easﬂdcnndrHj)paﬂeﬂﬂy ahdontroted directional

] R AL R S By o gt o
1&970@)112? q’asﬁgé:i 3 d%@slgl%ﬁhﬁtylﬂ gﬁr{il&ﬁ aar_))’\@i i%ldsr%ﬁdh ﬂégg% by day 8 pi

eval:uat ed - by RT-PCR Sho
(Figa aB@; el oﬁ\&s infioctqd iTgomsdeycortimredgs eldmerthinxuglnout\ﬂYeOemmd course of

th AC70. at ch hi | evel an
* iflsglion pSYRRs vy e st ot OFRST SlipkcRl maRdkSiations, findings
WiRER @drtdidted _Gmli%f quﬁsrsefnbﬂﬂaﬂn%@pmf ACE2
expression in AC70 mice pronpted us (0 I'nvestigate the
out come of SARS-CoV infection in this particular

| i neage. The suscepti bil sgene-positive
(Tg+) and their transgengmgﬁi{/ﬁ](m ) litternates,
DistiBiifiéh b QAR S-CIWinGiiRR I nfétefBET0WREe det ermi ned i n
a pilot. study by rnoculafing mce wth either 2 x 105

or 10%eTidnglo atd GaRs- diswibysen rfuindectioiis vifue riexh investigated by

i v R TR EE G 15180 ot s migs n g sroue

vt e did?ﬂﬁe@ﬁﬂdailyelﬂtéﬂdldﬂeﬂdepl Pordthe fth s ht WHICR Q)hly%he Tg" mouse
(pl) wi th either dose. Thus, the |ower dosage, i

wyiverthombectipnsandhptiters ofrinfepeousutirye iuearious fsstienwotedetermined

i Q’ a6 Y s PARBRE SR Lo, T Bl S5 R ol maior

s(tes o yiral l&)lﬁﬁhd&fmp&rtidﬂﬁl?qh qulll@e Ad §Ha>w%83?@03/A maximum viral

' tlltcg'fs %\(/:etree (detrgct(ede u\ﬁlgee 1&2‘2 %\5151?1? 1f2o ElayssI 3 ?Swft)lfl a median of 10 and 10%°

TCIDso per gram (TCIDso/g) of tissue for Tg" and Tg mice, respectively. Although the

viral t1ters gradually decreased thereafter in the lungs of both strains of mice, relatively

: thher virus titers were recovered from: Tg" mice than from their Tg’ littermates during
~ the entire course of infection. -

. Viral repl1cat10n was also detected in the brain of mfected mlce with strikingly

different kmetlcs from that of the lungs A low-titer of the virus was first detected in the

‘ brain of Tg mouse on day 2:p.i.. Thereafter, virus rephcatlon proceeded rapidly and

reached a median of more than 108 TCID50/g at day 3 p.i. (Fig. 3B). In contrast to the

' decreasmg trend of 1nfect10us v1rus over time in the lungs viral titers remained high in
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clinical illness daily. Early clinical manifestations

of infected Tg+ mce included ruffled fur, |ethargy,
wa@ewsoapea, shal | ow breat hing, acconpanjed by BECEUS2007/000744
. persistent weight loss, which could reach up to 35-40%

thﬁﬁﬁ%n\%@%giﬁf(@%é%%ﬁ@e J&?&'}S %é‘i\le A ERPo S s o ws was also

-  ddcbabiBRMh brad o@oﬁﬁapgeiﬁli@é‘ﬁt-dﬁg ggﬁ‘éﬁ.&@gtep&’of viﬁs Q’vere significantly
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i nappet anice, due to the decrea apparen
lowenas @0 1)ethani those of dgamicm v EmekineticEdrSARSCe Vieplication in both

SR Gefmek  PER araly e g AR Seeyschreenomic

| @RN@&%&(F?%&S!. 3Cand3DsasdRRNPPY by day 8 pi (Fig. 2B).
Al of the infected Tg m ce continued to thrive
-t hr ouyhyutbut Heteesable rleved ofiinfectiofs vimiiss asuatly less thendit0* AGFDsy/m] or

sianificant, wei ght .1 ass ther clinigal = .

sl pish EBRFsHEh ¥Mur a3 (818 18° b MUIB-FE o pppshes, 312 Te* and

1P1 £ T Okikeer spémbits, @hd NANTRE* Atdethdwl fedAdn i

Di st rgi:.butri'sgn of SARS- Co{]/?%n 'télég.élygeség(%{léfnf'ectnggnfkgé%ammals at
. vigriges trae poinist Heweeandwei were amable tto idstect amy affectious virus in throat

AU e H N KGOS BB ity s, i
whicte the e e@tiom lid@aGhasPrauist thBY F* JRID finf 66X 8 tidadd Y

intervals,; except for:the fifth day, at which only one
Tg+ rhouiskestigatgiwhsther the vink eptead tn thaboain ks unigee & the i.n. route of

LR S AT SO P58 B e

 paritbntAle(i Pryadolitee WehileRfd¥RidOT g Sint@Sappbaréd 1@lbe healthy, Tg* animals
replication, particularly in Tg+ mce. As shown in
- starigd tg showesignmeh illngsalat dpy drmsi.vwndewensttbus sagrifined, abong with four

PR By S B O g

brain eAs slesnaei Figed,y all MfehiediJh” ihiee shitiedthigteVital titers in the brains,

| ‘g{eadualrly decreased:thereafter in the lungs of both

- vétieress palyo twarof the four anfected T'ghmigrchad, infeptions visns inthigorgan at a
g ] h heir Tg |ittermtes
SERAEIE oML T S REREOI.S bbb B er any
infeclidus atirugrfromd shaluigs d€ elthérestraimof fficd) Mhiese Rbultséiegtyethdicated
mce, wth'strikingly different kinetics fromthat of
tha{ ¢hq @ﬁﬁgmma&eon&mf%@taus §ARSEoVite the brais is indgpendentenf ttlestroute of
thdlinkdifiofr @ n of Tg+ nouse on day 2 p.i.. Thereafter,
. virus replication proceeded rapidly and reached a
nedi adthobghminfections nirdO@asd31eRed i@ thé cidewlatdndnithe édrii€- studies, the
. 3B). In.contrast tq the decreasing trend of infectious
%F?fﬂ%lygv@f recPyery jof 1pfseliqus s fram the brping of i.pepballenged Tg" mice
b it b i . 1 h of
FHARCA T8 Rl har kA QB el e AR Bl ver
infeukatedabIng) . with t1he TE Bsonofothe sdrms. Tg'indrease tled sehitivity of detection,

: ii?§tci:ad’(;ftugglgttiig %{o%dosgéeiringrlljs? th\gteivgreséigu?ei:df (Ilcl%lgtalng a small pbrtion of the
spleen in our earlier studies, ‘undiluted blood specimens were collected and the whole
splee_ﬁs of infécted anirﬂals at daj 2 p.i. for the infectivity éSsays. With this improved
method, infectious virus was detected from both tissues in all of the infected animals at a

‘ titer rang_ing from j1~0_2 fo 10?'5 T-CIDso,' a.titer that was below the limit of detection in the

| é_arlier sfudiés, sug.g'e.sting thaf é low—levél of viremia did exist in infected Tg" mice.
| o | ~ EXAMPLE 13
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| ower (p< 0.01) than those of Tg+ mice. The kinetics

of SARS-CoV replication in both tissues was confirned
Wh00Q0RI2PCR anal ysi s targeting SARS- CoV- speci PCT/US2007/000744
. sub-genoni ¢ MRNA5 (Flgures 3C and 3D) and nRNA 1. A
. Qf i nfectious virus,

t s “' m or g was al so detect ed
in 8 Thét h{s}fopdt%o og&lé’f) SARS a¢hataderia" b}n z%t‘ira1nté’i’ﬁ§d’!af?Spneumomtls
3/12 Tg+ -and 1/:1 | i.ver specinens,

dlffuﬁ@lmldgﬂ@m,lvé& @delfsr\@mlqulaé coBapsa nndrﬁlllmgatf remalmng alveoli

0 A PR St 758 4 B B Shtion o

infebre M CT0 Msce aklddy\ eyps], réehlR8 2 R6ddre StcRYtiANSheumonitis with focal
infectivity assa which the detection limt was

kening of ﬁoleoslaitau@sﬁylwg ofralygolse sagssandesmallTairways thh cellular

| b
SRR LI Vi 00 b Bt o
SARS-ICevy Qﬂtli@_ﬂt RwabOreadily: I:Zfe@ec@efd Y I'tH ErBﬁ&h’zﬂheﬁlhﬁhalmcéﬂ’s"' and in

i

peri toneal ..p.) route.-r Wiile infected Tg" 'mce
. agtation avithothp enflasmmatayy, infilfratein thepylmsanaryt eterstgivahofyinfected Tg”

a
- RicO¥igfe A SRR R p61Rtn o SRS PR 4% b Snepiiorgince saining
dfi the em‘@ttsaxesfmldat €¥om Mhe)Garh® einfécted! ardihhiSr With NrrelRGant mouse
| ungs and-the brain. As shown in Fig: 4, all infected
arghodwwa%mam der the gtiral antegent(ﬂgeve sqa Infected hrqmglual epithelial
four mce h
c\@‘pf §\§eoda gl' fra%lcogw%lﬂﬁg aggg%lﬁmal g,a d re SUrIou d by moderate

ihflasnatory @fioropucled}. Mfiltratés) {ClREr | dwh}( as¥&ia&l SvithnabdrRlant viral
1Q recover anm nfectious virus fromthe Imt%s of

aphigeieyassseen Withiss theibgenchiph hunen Eiguress SBr-dax Ajthpugh thaSARS-CoV
S e
\%drggaltlsr?t dhgec?%cgglg@ﬁgﬂr%s% 1R{e t!eH %Algé'l?h? ﬁe | ﬁ? Cf ﬁcrted cells and

v/klat hemtigén | whse ahiohudower lﬂlSan\NalSosd ebeCTEd mibe t(data not shown). No
rc lation in_ the:earlier studies, the extremely hi

h
paryr SARBLAV andgeps rwere rdetsifednly BHE; insTaf micep. SARS-CoV
?dd #2989 Egt'Ect’g? Gf v?dcﬂfapgﬁlgothsmfx&le ?nc?éﬁ‘lgll’i@h %efld‘ﬁl the lungs of

em c- st at-us ected ani ma
Tgﬁ @uce by éaiy 3 (Flgur)es vﬁFt—BG)l (S&RBQCW Omtléed: lbtesent frithe srh@oth muscle of

crease the sensi det tion, instead of
PR B 14 todmodiaste V@ﬁcphftl%@’l%llre %) and
a Sm?—h%h m%fs'd? Ats UdQ’ zﬁftﬂ @r?@)éﬁr@ss soe(%t«fc% t%ﬁys 3 and 4
undi l'uted bloo speci mens “were co ecte

 pSpinesbmsdank newrbecarekglimh cetisl of the CNSyofanfected TEb mutd’(@lgures 5H-51),
Wth this i

. infectivit SS roved net
cpRgtt i High Y Lo HiRis E B PRGNS Wogs Sdotaye. poaerosis or
nﬂilarﬁrh@tog"‘fr@a‘éh@rg cBEdBY Seedtt maas"sbdrﬁfonr @ﬂﬂ' tﬁ? Jrésgﬂcelgg SARS-CoV
102 5 , a titer that was belowt
autggqmn tkm CM tAtddltlonally, vu'al antlgen was detected in the GI tracts of Tg" mice
© at day 6 p.i., even: though 1nfect10us virus was rarely recovered in this tissue. Within the
@l tract virus antigen was restrlcted to the subserosal ganglia (Figure. 5J) and smooth
muscle of the'intestinal wall. v '
~ The expression of hACE2 antigen was detected in the lungs kidneys, liver, heart,
~ skeletal muscle spleen LN pancreas gastromtestmal smooth muscle and ganglia,
vascular endothehum adrenal and CNS of Tg" mlce In the IHC assay used in this study,

' stalmng of hACE2 was spec1ﬁc for the human protem no such expression was detected
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earlier studies, suggesting that a | ow1level of
virema did exist in infected Tg+ m ce. EXAMPLE
waisssapmt hol ogv and | nmunohi st ochemi st ry ThePCT/US2007/000744
hi st opat hol ogy of SARS i's char acterized by an
pneunmoni tis, ffuse aLveoIar dama

i i ah@ing TR OYas Sopp stngaiorual e gty & megative control,

Alﬂi&lﬁﬁltﬂ'g -caloy %ﬁilmnw nbt Pirforafed t6R8qbEHBE RACE? and viral antigen
epi t:helial cells 26, 34] .- Histological

exRepssiomtin dhe bmgs ﬁlﬂdaﬁll,e‘dieﬁ( lmrxbenm cotzglated weil. with the pattern of

titial {
SRR e TR 7 HACHE, IR e SE P i AR was deeced
PRinyeRy t}ﬁqﬁﬁu@e@&tm&cu& MY r%;clre Gl Hﬁélfon%ﬁ%ﬁgures 6A-
—and_nmcr ophage- | i'’ke cells. | mmunohi stochém cal

- By aEml'ﬂ%?l(Bhwmﬁ)lmﬁaﬁ)C@ARS-t@o\m@nulagsmﬁmbs@m gyngha of the GI

h |
SRR R RSPl SRS Vet e B o101,
cRHpaEIsHR; Yin ithd ENSt m&ldiiﬁlbﬁudnnéfeﬁtrrﬁ Ginfiglen BAE RACEROWALSignificantly

5A—58g This detection of SARS-CoV antigen was
- different j HighdeveleofhACK? ﬂ@rgssmh‘@ene uhg:ctedss ab@ronbtvamtnewlar lining,

f th
oI el GE S0 BT, e tePorts 4o, sl e dgieg minimmal
c'i@esswmbﬁmemﬂﬁml@glﬁéﬁ BC- @@) t Helveddr, fiftdrse saaNeaf SARS-CoV was
I n

topl asmi ¢ swe and bl ebbi ng, ‘and were surrounded
%\iy Aefgeted i npwPR e@ﬁﬂlﬁl@} gellsoiebavedl suggesting thatr satedl of the hACE2-
h abundant -viral antigen
%Je'séf%%&elﬂ%?#&cﬁlﬁ rglﬁ]ec fe\%lg?uman (Fi gures. 5D 5E).
Al t hough t he SARS-CoV was ‘al so detected in the |ungs
of infected Tg mice, the_frequenc infected cells

and. viral antigen was nu {‘han those of Tg+

S‘RI&G C{)@aﬁlﬁu&(atc 0

anti-gen t'ed scul ar nDoth c
and GRS g‘ﬁ“‘é’&qug%ﬁ’cW@Cl%ﬁﬂﬁﬂg%“goéjaﬂﬂqunﬁelf@"ﬁ;}mga Wy However,
- m)gig;i] $ stu@ﬂés S6th- o%B%eréﬁeaméng 8PSARSSRRENLS ?evteQﬁﬁffuse alveolar

muscl e of bI ood vessel s was associ at ed

- damage (RARDdmapbagaeytagis andspromiigent enﬁlaar;on of apttivhted ehasrophages

R \A t {
Rl i g W o SBES B o B BB T loB et Pitammatory
rédpohdeewithin e l seﬁ‘ah Be Tartially CRsonsiBIY f5% -the Hatﬁbéenesxs of human

consi stent with ghtlters of the virus in the brain
. SARS- F?Pylﬁfe&@@l[z%wever no.necrosis or |nflarrmatory |

react d Q | i

pr eS(;Il nggs eg%ﬁg (ﬁ%%&o(ﬁfe ?%vgf]o °n ]Leg Cﬁge IB\QISFROPB% 19 SpRS-CoV
infectidn promped snaly et E@dtadspdﬁséshBy Ghedshagd $héfcod@fits of various
mce at day 6 p:i.,_ even though infectious virus was

ipflammgiorye e@dat@a in the hangstandskrain, wve Hfrthe ieosgaffectgd ttissues. As

_ }({ gqn %né"lgg a%@&gm o?%ﬂagﬁrﬁgtohpmeﬁ%to%' %e%urgc?,l neghom hd Rvels of

, ure
' 1nﬂammatory cytokmes were detected in the lungs of infected Tg™ mice over time,

éompared to the levels in uninfected controls, suggesting that SARS-CoV infection failed
to induce cytOkihe produétion in Tg" mice. In contrast, elevated levels of IL-1b, IL-12,4,
IL- 12p70, CXCL1 (KC), RANTES; and MCP-1 expression were readily detected in the
: lungs of Tg* mice in at least one time point during the ﬁrst three days of the infection

(Figure. 7). The SARS-CoV-induced inflammatory response in the brain was similarly
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muscl e of the intestinal wall. The expression of hACE2
antigen was detected in the |ungs, kidneys, liver,

w@msmsm&el etal nuscle, spl een, LN, pancr eas, PCT/US2007/000744

-gastrointestinal sapoth nuscl e and ganglia, vascul ar

i ?@%‘fca%‘t?p‘?«p%sﬁpﬁﬁaé%m%&%z LGOS in infocted Te'
a?leelfg Bhse SPboth gy %{Hgi g&oﬁswver”lﬂggg%'ib\&éﬁﬁ&ﬁé LG IL- 1200,

detectediin . Tg m:ce an 0 st.al-ni hg~was seen. usi
GrEISFRICX(al (K@) UMiPa$a, and ddEP+ lveerealetectdd. at Alay Bomghe bralns of Tg"
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' @/I’-CSF‘ qLVviZ %l arfll ﬁm%twasQn&Q%Je? (lt)(?{/ﬁ'g 8@%&&{1\@ ihlth lngln of the Tg"

pattern of expreSS|on observe
mcﬁus&'thlm odlamiaBi? mediatdst ached 12 Masd| [1y-4) -5, Hé, 9, IL- 10 IL-13,

ﬁ'ﬁpﬁp&% B PGt AR el S, e resls
ty”Héﬁbﬁs?r‘ates tha@nlng'S WSS Whith lﬂﬁn% uch ﬁg}&{{h fe(\sogis/ of SARS-CoV

sys I'n'simlar.areas to those ere

: ramhqagem invts lmgwdtbra@ﬁltlymthelrmg) litté¢nmatesymeastiosarin Rigure. 3, could
t I t en an
* RREPE) bR it B EPenbyeoking e RBbR IS S SAMETE infection

IpBFtasH), Ghis \Wehte 1ﬂﬁ£rﬁﬁ'ﬁal%gy ke p6iRr Ricred Fa?errdnﬁ%éfe 1ntensely in the

| inirng,” and vascul ar ot heI ial cells, whil
brain ¢hanain tlenkungs; dongisternt withl the lesrhhvﬁe/akuateplmaﬁorenpemsm&mrgans
of - hACE2-- (Fi gures. 6C 6G) . Hoviever,. i ntense_staining

of SARS- CoV was onty:detected in neuron and “glial

cells (above), suggest i ngxXAmprois al | of the hACE2-
ex-resslno ceIIs are susceptlble to the infection.
IRl 1nfE ranggémel A€6d mige oki nes ‘and chenoki nes

int I un b ce The, S. . e
SARS- aSst® %R@Q%’ ?faﬁgat‘ﬁ‘f&? Joree éﬂa?‘gggm o‘gbf?““"“ was initially
evalogtée by u%a%hmk Q&knE halfngélis@ste ¥y, tlfé PO tIOIDLEHR SARS-CoV, via the
.speci mens of; .SARS patients reveal di ffuse al veol ar

. 1@afm§@ 'l(hg@ Aﬂéh@pp@g@@ymg@ sisceptiblepp (A RSAlo Vinfection than their

f t

BG5Sk Y5 £SO BRE RIERER AL At oy 8
(Figute 8t HoWeve? SO0bBtrastitd |ﬂheﬂuﬁ1ﬂﬁ‘m' HogAitiRY 1rﬂ€cted Tg" AC70 mice,
a@artl al I.y ‘responsi bl e for the pathogenesis of human

péscied WGGH miceieypntpally) recoveedsfaqm the \yeleht bBﬁerh@éaBYé death. The

Stu

tf§§i¥ edl%fﬂﬁﬁltloﬂqof-r ecgoﬁ:s%ugﬂ v{aﬁ%@ \?eshg g Bs/whether inoculation

I on pronpte

* wittes highsgddse of wirns eaila rﬂ;‘ult\lﬁhl f@taBomG(f)ﬁlafB(ﬁh (063 mice and control

medi ators in the lungs and brain,. t he nost

- Iigferragte werq ineeulated Aesn 5HOwT gagh, pwg*uﬂ Teanms ryifug.3For quantifying

the ik ATORI B Hre TSl A8 bRai T ERARHn Fhred gald SlR'esed G668 Weld sacrificed

at days 3 and 8, respectwely The remalmng animals were kept for assessing the

: morbldlty and mortahty Infected Tg', but not Tg', mice started to show an progressive

' 'welght loss, along with other clinical manifestations, between day 3 and day 4.

- As shown in Flgure 8B, Tg mice. appeared to be more susceptible to

SARS-CoV mfectlon than their Tg™ littermates, as evidenced by a much higher titer of

h 1nfectlous virus in'the lungs Addltlonally, 4 out of 5 Tg ‘mice had hlgh virus titers in the

_lungs whereas only 2 had low— o-moderate tlters in the brain at day 3. Infectious virus

' 'was no longer detectable in the lungs at. day 8 even though one animal still had -
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'Inportantl

i nflammat ory cytoki nes were detected in the |ungs of
infected Tg m ce over tine, conpared to the levels in

W(mmoa)ﬁ)eilmed control s, suggesting that SARS- Co\PCT/US2007/000744

.infection failed to induce cytakine production‘in Tg
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I"east one: time point during the first t ree days o
hetwednndayc 8i and dasi Gu r@amiyi sofifecofSiRSloSlo Weightl i ethe week thereafter
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. s R SR e o ra e the experiment was

' t@pg,ghggy on of ‘inflammtory ‘nmediators in infected Tg+

and Tg" mce on both day 1 and day 2. However, highly

el eva mcfollewmgsrefgfenpe;smre |cuedmepam, G CSF, CXCLI (KO,
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s$.0Dihg,canally 2004’“((;)?%5:1 J@ﬁﬂ)ﬂtlb&%@s@%re a‘cﬁf%st%sﬁlﬁﬁ?:ﬂyt syndrome J.

clearly deronst r at g+ m ce, " whi ch ‘had nmuc
hi gihethol. 2031622680 SARS- CoV repl | catl on in the |ungs and
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CY.t Gdnke, ¢t @BCIG03NHLR. PAHbIE 3HARS74RV | nfecti on.
this acute inflammatory response occurred

1 &t é}e“gﬁ&tﬁkr?@()prﬁ Mieod| 34:817-8e brain than in the

[an C | n virus replication
éjn ?ﬂ%speéé{&?v@@r%&ﬁ%ﬁ“’ﬁl&%@qé@ARs- CoV infection in

10.atag erdls 2005 3. Py dedig0zyssapd.i bility of Tg+ AC63
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at days 3 and 8, respectively. The remaining aninals

were kept for assessing the norbidity and nortality.
WO afoso¥saeh Tg+, but not Tg , mice started to SheET/ES2007/000744
. progressive vver ght ‘I'oss, along: vvr t h ot her cI | n| cal

lh{esta 00% bet ween, day 3 an
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s tit ungs, whereas only 2 had
FQV\B‘ &é’rﬂati‘f%w{lgo ﬁé HB8in at day 3. :
5 5pf %robﬂy%tm' /268510 Q/#%P 7'9%§§fss$§tect abl e in the | ungs
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- ' 6 Thfe_ﬁ expre_ssion vector of claim 1, wherein the vector is pCAGGS-
ACE.

7. A transgemc mouse expressmg human ang10tens1n converting

. enzyme-2 (hACE 2), wherem the mouse is derlved usmg the vector of claim 1.

8 The transgemc mouse of cla1m 7, wherein the transgenic mouse

Vw1th an- mbred genetic background is a mouse with a CSTBL/6J or a BALB/cJ
. ‘background. o '

9. The transgemc mouse of clalm 7, whereln the human ACE-2 is

| .expressed 1n the spleen stomach heart, muscle, bram kldney, lung, liver, intestine, or

testis of the mouse.
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- 78:5642- 5650. WHAT IS CLAINMED IS 1. An expr eSSI on
e pronoter,

- vector, co ng: ‘a constit ut%%/
intron,: I%I ya g MOpEE0 alrraﬁbwber@nghe mqwseaﬁdTg -AC12,

ﬁg-h@bengAdssosegeWoﬁgﬁe 70Sndhsbluman angi ot ensin

convertihg .enz expressi on vector of claim
1, wherein the constitutive pronbter is a

| ung- specifiic i theliumspecif pronot er  t hat
drives ‘gl ddal gﬁ}? E@%ﬁgswcomﬂwe@é Ciayn Yhewhstsie said ofansgene is

’ ékSFefs&G 19fboﬁ1|tﬁé m"%ﬂﬁ'ﬁ‘w P{E;iﬁ(% GRSt tutive promot er

s a. RSV, b-actin pronmoter. 4.

~The expr eSSI on vect or of claim 2 wherein the

| ung- specifi c er i's CClO or _SPC pronoter. 5. The

expr essi on&vect’ ng’i"’nﬁgeéﬂcmlﬁousﬁhgf eSlaing 1%, herain| $aidn transgene
&p&@glsﬁfslecv%atr@srmétedﬁtﬁsr&gbn 10, Keratin 14, or

Keratin 18 pronoter. 6. The expression vector of claim

1, wherein the vector |s pCAGGSACE 7. A transgenic

&forﬁhﬁlhgégl 8 The transgenl c nmouse of claim7,
wherei n the transgeni c nouse with an:inbred genetic
background is a nmuse with a C57BL/6J or a BALB/cJ

backgr oun transgeni c se aim7,
wher g[ nut ﬂé hur]&ﬁ URBsESIG Mo, :é‘ﬁepggglg’é’ﬂqg “ih‘ﬁr&‘%fﬂ“eéﬂmna‘”ms Isa

 seleaembite rbgiatory RsdibRe cRidhd colhs %}ﬂ st QSAR‘SV@JV) or a NL63

intestine, or-.testis of the nouse.10. The transgenic
sialise” of clai'm 7, wherein the. nouse is Tg- AC 12,

Tg- AC22, Tg- AC50, Tg- AC63 or Tg- AC70. nouse. 11. ‘The
transgeni c nouse of claim10, wherein said transgene

i's expresdad i MhgOfkrdhskéific MBS oXNWait ¢4 bfwﬁél@m infection with said
abundant |y, :12. The:transgeni c nouse of clai m 8,

corpaawirys eligitsan pepte dlammatery ey tokine respohssw and

restricted to the Iungs

‘ f 16. The transgemc mouse of clalm 15, wherein sald cytokine response

comprises expression of IL-1b, IL-6, IL-12p40, IL-12p70, G-CSF, CXCL1 (KC), MIP la

. and MCP-1 i in the 1ungs and:the brain of mfected-transgemc mice.

25
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17 The transgemc mouse of claim 16, wherein said expression of

cytoklnes is delayed and more intense in the brain followmg infection.
18...: The transgenic mouse of claim 14, wherein the mouse infected
with the SARS-CoV exhibit clinical manifestations of severe acute respiratory syndrome

(SARS) in humans and diés within 8 days.

'”19.3 "4 The transgemc ‘mouse of clalm 18, wherem said clinical

.mamfestatlons comprise gross and mlcroscoplc abnormahtles in the lungs and other

~ organs such as brain.
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13. The transgeni c nouse of claim1l, wherein said
mouse is infected by human coronaviruses. 14. The

WO cansgfaed ¢ mouse of claim 13, wherein said coOPCNESINUB0T44

is a severe acute respiratory syndrone causi ng:corona
viral: strain (SARS-CoV) or a NL63 strain. 15. The

_ transgeni c nouse of .claim 14, wherein infection wth

said corormayir U&e@ldn@éér& RABuRG e Nl @H&%ﬁﬂl}%ﬁ vlrus titers are
cyt oki ne .response: The transgeni ¢ nouse of claim

@Bﬁctahlfeméumgss?ad@ralgﬂdmrdanomponse conprl ses

expression of IL-Ib, IL-6, IL-12r40, I1L-12p70, G CSF,

CXCLI': (KC), MP-la‘and MCP-1 in the lungs and the

brain of ixfectyy tdndgsHemotsd b Gaiml T2, Wiltkeih %ﬁﬁ%ﬂ&ﬁk %s infected
mouse of claim 16, wherein said expression o
hyymn@nrmsonaylru@sayed and nore intense in the brain

fol | owing i nfection. 18. The transgeni c nouse of claim
14’”mherern the nouse infected with the SARS- CoV

exhi-bi t clgani Callher@dlls%&% fou8f Bfains 91 EWheRRHERd coronavirus is a
respiratory syndrome (SARS) in hunans and dies wit l]

: 'ssveuaylgute Tespirgtesy tsyrdrone rausing vernafviral strain {SARGHEE) or a NL63

Sﬁg{ clinical manifestations conprise gross and

“m croscopi c abnormalities in the lungs and ot her

organs such as brain. 20.. The transgeni c nouse of «claim
18, ‘wher.ei-n high-virus titers are detectable in.l.ungs
and br ai'ng3ef cdiransgenac npuse Dhelaimadds gererain thighs giros titers are

; d f d.by h
BBy 5B Ao b o Ce oo ol o 21,

wherein said coronavirus is a severe acute respiratory
syndr one cau5| ng corona viral strain (SARS-CoV) or a
NL63 str.aidt: emésgenmg@ﬁ iof clam 28, whereinahmrma$e develops the

c‘llll?gﬂngfuﬁes I?lroéé rﬂl’l telret er rﬁa§ra§%a (?rtgzef%l (:S%@éﬁl]emans without

afp wetality. cl ai m 22, vvher ein the nouse: devel ops the
clinical mani f est atl ons of severe acute respiratory
syndrome (SARS) in humans without any nortality.

25.  The transgenic mouse of claim 22 . wherein the mouse develops
abnormal cardlovascular and renal funct1ons in maintaining electrolyte homeostasis and

impaired reproductive functions.

'2.6.j A method of Sereening for an anti-coronaviral compouod comprising:
| adm1mster1ng a pharmacologlcally effectlve amount of the compound to
the transgemc mouse of claim 9, o
. 1nfect1ng the transgemc mousé with the coronavirus; and

monitoring the infected mouse for development of phenotype of disease

‘caused by ‘the coronavirus, wherein absence of said development in the presence of the

compound indicates that the compound inhibits the binding of the virus to the angiotensin

copverting enzyme-2, thereby screening for the anti-coronaviral compound.
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25. The transgenic nouse of claim?22 . wherein the
nmouse devel ops abnormal cardi ovascul ar and renal

WO v80#aR6s i n. mai ntai.ni ng el ectrol yte honmeost aBCEUS20A7/000744

i mpai.red reproductive funetions.. 26. A nmethod of

| screeni ng f-or ant j,- coronavi rgl gonpound, :

~ conpri si ng{.fa’d i Qfﬂﬁoﬁn%fogla%ﬁng@@%@itggppgmouﬁd 1s a protease
ighibR6, | ate irderRtoh,  @TstdrbRl FRBRBE Mbckig! Péhiide 2ASYRNIAC or a natural
mouse of 'cl:aim:9, infecting the transgenic nmouse wth
ankigirglgogpeund.us; and nonitoring the infected nouse for
devel opnent. of phenotype of di sease caused by the

coronavi rus,’ -wherei nfabsenc.e _of _sai d devel opnent in
the presemnge OfTHehRehOIRA WM 26l ik&a thd @me&?lﬁi is administered
e

conpound i nhibits the binding of the virus to

oaallyl, dnteayenoushye infeanasally, errbyyinkal@tjont her eby screening for

t he anti-coronaviral conpound.27. The method of claim

26, wherein the conpound is a protease inhibitor, an
interferomg a StiRrgethodesredlhid 28! 9etdin tH@rébfdri]kﬁvin?s is a SARS-

Si RNA; .or a .natural -antiviral conpound.. 28. The net hod

~ cgpsipg eqranaaral sirain er mNLIE3 straidpound. i s adni ni st ef ed

“orally, intravenously, intranasally, or by inhalation.
.29. The nethod of claim 26, wherein the coronavirus is
a SARScausiong ok of dtrestin@ fdt alontbobhd thabinh@ifd-inf8Ekivity of a
A met hod ‘of screening for a conpound that inhibits
hurtag corapayijus FompHYiAZn cor onavi rus, conprising:
adm niist: erd P ical ffective unt of
e QG AR IRRARAGE PR BB R TRY Forbound 1o the
tranfgenid mgudehtf claidrndgeni ¢ nouse and a control
transgeni c nouse with the human coronavirus; and
conpdfferiing the rasgeanaoust and §«gatrok wersaenipynaquse withvthe human
cgg;ng{;ﬂg.ray 5 in.the nbuse subjected to said
adm ni stration with the incidence of the control npuse

| ackicomparingl tieel incidente 2 | diseassVogused rbya theahGAAL RoroRhvifus in the
shorteni ng, of- the disease course,, alleviation of

- magyS sugCted fo. paig administration veth thsrineidency of shecomiral meouse lacking

cublect . o . L 3 o
SRUEBIEARE el PR LS MRS i
of OSYQHOmSE,U Sr thq Er:e;ductio:n :Qf mo;tglity rate 1n the_‘mouse subjected to said

adminjstrati()n_ [indicates that the compound inhibits the infectivity of the human
cor(')navi‘rus.‘ o : - : ‘ - A
' 31. - The friéfhod of '<':laim 30, wherein the cbmpound inhibits the
ihfcctivity by inhibiting binding of the human coronavirus to angiotensin converting |
enzyme-2, by eliciting a protective immune response against the human coronavirus or a
combination thereof. . . '

e 32 - The method of claim 31, ‘wherein ‘the compound inhibiting the
binding of :t}fléfcoronavifrus to the angiotensin converting enzyme-2 is a peptide that

blocks receptor binding .of the virus.

4 33. The rhéthod of c‘laim 31, 'Wherein the corripound is administered
orally, intravenously, intramuscularly or subcutaneously.
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31. The nethod of claim 30, wherein the conpound

inhibits the infectivity by inhibiting binding of the
Whiova0431006 onavi rus to angi ot ensin converting ePzyIe2087/000744

by eliciting a protective. imune response against the

human coronavirus or a conbi nation thereof. 32. The

"met hod ‘of claim 31, ‘wherein the conpound i nhi biting

the bindi:mg. of THeenfefiodNal tlitf 3K WhG&eRNHeOt&RSIRd eliciting the

converting en2yne-2 is a peptide ‘that bl ocks recept or

mpteetivey imung eTesponss . agnst The humandcerbnayiimis nis3en  immunogenic

' r i s admnister.e
BB ol eGP THURE o3 AR PFE Tl Fhinbior rogant comprises
5 aViml epfigeaga péptﬁle@a mrﬁslhké’\ﬁﬁﬁ@le Mlh@ctﬁ@ﬁﬂmg #liveCdtiehfifled virus
the ﬁrotectlve i mune response agai nst the human
FghBNA-us i's an i mmunogeni ¢ _conpound or reagent
effectlve”as a vacci ne, mhereln t he conpound or
reagent ‘conprises a viral antigen, a peptide, a
virus-1ikespartel flethodadf clanstidyaledeiri theSeonfhouhd 8s administered
attenuated virus or.viral DNA .35. The method of claim
: : ‘IBQMV&?BPEIMHFH@S%]&WI&U%C%M ni st ered :
10 .intramuscularly, intranasally or perlcutaneously 36
The method of claim34, wherein the hunan coronavirus
uses hunardéalpe aiettivali of dl4iny®, twhitgeir e/ RBnah étoavirus uses human
receptor ‘for entry. 37.- The met hod: of cl ai m 34,
ARBIOFCERTR QORKETHIEBRZYSNSr D ABA TaceRior Br gntsARScausi ng
eoronavlral,straln,or a NL63 strain. 38' The met hod of
.claim34, wherein the conpound is admi nistered:
concur r ent37wirhé nethadr 6fodlaiiro34, hehdréihﬁﬁé hmﬁa@&onbhﬁvlmﬁ%ﬁ SARS-

W th the coaPnaV| rus,
15 causing coronavir stram ora NL63 strain. -

. 38. The method of clalm 34 wherem the compound is administered

: concurrent with or prlor to the infection of the mouse with the coronavirus.
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