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WO 2008/045120PCT/U52007/000744 5TRANSGENIC MOUSE LINES
EXPRESSING HUMAN ACE2 AND USES THEREOF 10BACKGROUND
OF THE INVENTION Field of the Invention - The present invention
Wel2teigaaerally to animal models for studying and treating IUREN007/006744
diseases. More specifically, the present invention provides transgenic 15
mouse lines expressing angiotensin-converting enzyme- 2 (ACE2) and
their use as human coronavirus infection models for microbiological,
immunological, pathological, clinical and epidemiological studies of severe
acute respiratory syndrome (SARS) in man and development and testing
of antivirals and vaccines for the disease, and as models for infection by
other related viruses such as human NL63 virus, which utilize ACE2 for
20virus entry into host cells. Description of the Related Art An

OUtbERAGI SSE NI HEOTBEAMY B ERPRENSRS L UMY HEE?
SARS-CoV (coronavirus) a ﬁglé)y transm|55|ble human pathogen,

occurred in the fall of 25 208B D EGEAAFIEBELFdong, 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
disease 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 likely hypothesis for the emergence
of SARS-CoV is that B aB QYNSRI ERBEME FESEION, presumably
the Chinese horseshoe bat, Rhinolophus sinicus, adapted to infect civets,
which were permlsswe and resulted in an epidemic among civets, which
thern China food markets [19,21]. The virus then WO

2008/045120?@&@&993@9@3%%@%@9@ ARHAN drbAEB e Nudying and
further genetic daptatli4 PISf%artlc ﬁrlﬁto the spike protein to become

B eTBRR  PEF S He G rET550 SEYSHBAP 250 ggs fransgenic

senms lindikelptbatibiadgritemiorganesial ShRBnal 0 eA0mIIN uRdCHRM, use as
ecause many Vvirus, ssuch a Ia Venez elane uine encephaliti
uﬁleplé)emlﬁ UEnZA 3ﬁﬁ%seﬁave SHSR] e%}cg ?@W&%@gi‘ﬁr athological,

vhmsahimsiepidemislagieah erdife méﬁ@@%cmtﬁlrnsplmwwmdnm(&m) in man

W&g\g?o é:%ﬁ%!ﬁé é&gg%&éﬁx@x %lrggc&&&eféyrl%edis%ggf) Ite(} nis %ls for

thereiisn |ther ane e ant|V|r erapy nor vaccine availa
SN by other related viruses such as human NL63 virus, which utzhze ACE2 for

virus entry into host cells.

Description of thé Related Art

An outbreak of severe acute respiratory syndrome (SARS), caused by the

SARS-CoV ;('coronavi;rus) a highly transmissible human pathogen, occurred in the fall of
2003. Originating in Cuangdong, China, the disease spread rapidly to other parts of Asia
- and from there, to all over the world. 'Foilowing the application of intensive public health
measures, the diéease was successfully contained about 8 months later but not before
causing ~8000 ciinicai: cases with a ~10% case fatality and tremendous economic impact
worldwide. The most :likeiy 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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a major receptor for

. Tiensgpisis oieuamasdednRdialbauswieuas syRIRCHEIIRIAM of the spike (S)

Animal models are crucial to the understanding and pathogenesis of

human SARS and developing and evaluating the efficacy of antiviral drugs

and vaccines. 10 Although it is known that angiotensin-converting enzyme
Woigigsfiddétional receptor for SARS-CoV [20] and that a moUR§E/US2007/000744
_transgenically expressing:human. angiotensinconverting enzyme 2 may be

apreriulanimahnate LRl S ARS f2dhdheradre mgaﬂ@a'%mmw?g% spike

for this disease: None of the several animal models proposed thus far

AR BroVREa TG SitscRiBis it dransraisalbleimmenariberoympm peatlpinnatds 35]. It

@eemmataaiietal hafrisangseanaenkars antl MAMesRSvial Hsause many
hamsters, and gﬂce, including young and aged Balb/c, C57BL/6, and

| &16%%% as&% asc R%aon\é%gza? gﬁﬁﬁ;&ﬁg{: H.?,(flgd, ejiidenig jpfluenza viruses
Rav@ bikmemkaud afiee) [8iall, A3p3dsndidh amds3 fhe Theaefansmada Weltiviral
hown to,be susceptible,to SARS-CoV infectign and showed viral . | )

R Ry B TReck oy s i,
chierie sl ibitbesatadteeties, anonigal eshibiied sansisienttinicatdinsarer
mortality. Addjt ly, all suffer from some,disadyantages including high |
cost, poor ,avéﬁka?ﬁ%{%?cg%%ggagﬁtg%cﬁ ag)r‘l| i%?mﬂ%%%é%%ﬁnl%fﬁgngﬁgﬁ%%ﬁm of
o iR Bngd/dersignite andko thatiop Servifitmythd itiviaad disgased vaccines,
Al : s i , 1Al aboratory mice, the infection
Al ST AR A L U B o
%&r&?\‘g 25 napscidistie omspsR Sranstevicslgnifisprespagh blogicalangiotensin-
ebangRsRARALN0S Af Hhemict ANRILP Rl tgﬁsmt&qm%?e% Rt able

no. mortality, Thus, the infection of these mice did not mimic human
arBEL SR ohithds ifiseashint WRIPE et vstithansl avedele s qnased| gy far
thae povLROeHRAIERhINES dileNe VRS RUEN dbnURSRAGTNSSs B0 acaques,

; \é\l%l ht loss has been the:onl cIiniCéfi manifestation in response to

& R RGNS <ot e effice RamBHIFIROMRYFfo UREding young
ahduaged Badbviod € HTRIE, ridetybext thatiadsoapoastadinrans thtune system (i.e.,

R e bl Pty e it were

; shevepike 6 )sprotpiiblans tRARBHIDIN iefrefitorafdr thewddusiral replication, some

i IR= convertin e 2.(hAGE2) ha en identified as
S OB MG ST G5 I S O v
ﬁ’fﬁ%‘?ﬁg?@ﬁ@ﬁ@ir@iﬁiﬁﬁﬁiti}'fwsﬁm@@maﬁ’domwmlmjcﬁl ripafiom some
gihavanipal e mgactbeprg]slgtséawmﬁaﬁo@“%éﬁés&%f%%ﬁ%ﬁ&%?égical

of these animals to this virus [ Thus, prior art iS deficient in an

EESROTe RRSHRE forisAndecting eent avdzuoliy that phsarvsdsindye e digease.

~ tissue ,distribuﬁ%@ﬁﬁ&ﬁ@%&i&%@&&@@a@o@iﬁmﬂ}?'%&, the infection

~inflam atorl'X responses, clinical manifestations, and to test antivirals and

VA cedlof IE 0 HBE. HIRTAIRL VI It R RIFSBhISToRgS B symptoms
cleeatierdhie off S AR AVEINRYsIgh fidattt PalvEIbETIA) NHEAkRAIiRGE AeRACHI R Brice.

IS;previded an expression vectar, comprising: a copstitytive promoter, an .
B e L SO R Jr00 ch B rMECRHEACacRiee mice

@doudingreitbwean aivgaensipedonicertingerpiygneith elderly humking have more
. PREORYPIRAGe NSIHLS REPHIESH ﬁg&g@%@w R i

hum .
> L y s £
angiotensin converting enzyme-2 ‘wherein the mousé rsadlélrl?\i/névc?’ght

lgstry ttvecrohe qoly s mieatimenifpséion in respawsa thFARSAY, ifecdds. Statl-
RsMdedd el AERCIRERINARY AL HRCAREASP RN there is no

cogé),rising: monitoring an infected mouse for development of phenotype

iy and s pathplpica dragR A IR RFAnd thest founé Biibchimie SARS,

}%g{’gilr? 'g{ﬁa&g Ee(l)l]:x?ar receptors for the virus.
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20 pharmacologically effective amount of the compound and infected with

the coronavirus, and wherein absence of said development in the

presence of the compound indicates that the compound inhibits the

binding of the virus to the anglotensin converting enzyme-2, thereby

screening for the anti-coronaviral compound. In a fourth aspect, there is

provided a method of screening for a compound 25 that inhibits infectivity

of a human enrenavitys teoshprisingercomparingetBe ivdidende obersadsatified as

caused by the gu virus in the ir enicMEUS fi  oher
G816 TREHP At SUDJCEA 16 B e e lapealy e
betegtivéiainounhafihe dompbutidsand infetedtswithdtieehay ayamal species, which

coronavirus, with the jncidence of the ¢o i ]

R DA S T St S e A el S 1R 2.
30absence dashpri@niag of tdefdiseasa courseinaievadsh Hiisynitonigat can
r the reduction  of mortality rate in. Jhje sai e iated

Falelstucion STl TR SRS e asoc

hiwpanopgnaMitusmatory resjroases, efitiodimenifoft thie Predsnodisé aaiyaals and

there is.pravided an expression vector: SUch-AN expression ¥ectar..q in the art.
V%%Ctlrﬁlﬁ?iégrs%éecdgﬁ%%%ti)\;«gcp%%% er an mtron. a polyaﬁe%r?ylatio%%ite of
rabbit p &bin and a nucleotide sequence encoding a human angiotensin

converting enzyme-2. gunvim AR (fefadiembodivens st the present
disclosure, there is provided a transgenic mouse expressing human

angiotensin SorivarShg@isyniees (KOE)Ieh R STHEINE S FsiRefUBMERE @
cé'ﬁ%t%{ﬁﬁi%rsﬂﬁcﬁﬁ%@ sYPrardPInapethelreirieschemodimeanbal fheglobin and a
isC

present osure, there is provided a method of screening for an
nadittofoparieabesnmodirid: BUSH AT BHAPIREE L EM MR Ering a
pharmaCOIOgﬂﬁQggcgﬂﬁ%%%&mﬂé{@tiQHB@iWQ&@éﬁiéhﬁ&ﬁ@@%gﬁﬂiﬁng human
ibe

mouse descr _supra followed by infecting the mouse with the .
avginasirUS) TR D Wsa B her IMdritore dhF aEV elspReofp RSt pesing the
Vg&%].eogiggqiﬁgt% d by the coronavirus, 15 V\_/he_re absence of the

evelopment in the presence of the compound indicates that the

compound ifhibsitéhine pineshgtbeinds Y rEthe Anghterdineshivdsing: @ ant-

ENzyme:2 arvial replication;andigr matkiation subsequentite viratiendypment of
thereby screening for the anti-coronaviral compound. In yet another

prelatecdbembotiiment Grese Presentaisaiodiite, tHars s SHdproliden gouse is e
«method of screening, for.a.compeund thatinbibits;infeativity:.af admaration of a
coronavirus. This method comprises administering a pharm%c__ql gically .
pffevtivel amolintsiarie eompBDha e RARKER MR MBS QESC b0 TonavIrus:
aﬁﬂ&%@&ﬂ'&s&g&@ﬁg‘%ﬁ' ¢couseBpaacontrel rause-are infeciagawith théicates that
uman coronavirus. This is followed by comparing the incidence of . o enrvime.

teiseaseceadsed by tHccorsHEGIfls I tHEMBuLE SiijelHF e ne snzyme =
thereby screening for the anti-coronaviral compound.

in a fourth aspect, there is provided a method of screening for a compound
that inhibits infectivity of a human coronavirus, comprising: comparing the incidence of
disease caused by the human coronavirus in the transgenic mouse as defined above which
was subjected to an administration of a pharmacologically effective amount of the
compound, and infected with the human coronavirus, with the incidence of the control
mouse infected with the human coronavirus but lacking said administration. wherein an

absence, or a shortening of the disease course, alleviation of symptoms, or the reduction
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administration with the incidence of disease in the control mouse tacking
the administration, where an absence or a reduced incidence of the
disease in the mouse subjected to the administration indicates that the
compound inhibits the infectivity of the human coronavirus. 5In yet another
related embodiment of the present disclosure, there is a method of
screening for a vaccine candidate that prevents, or alleviates the
Symptems, shertensithecourseofdedaces thet martalityratenofhim@n that the
corona virus infectio,n,_\lQBRlEEéP SCRIPTION OF THE DRAWINGS
IHE AP HARE HraWiGs NaVe bésn THERTHEY HEReiiSo that the
above-reciteghfeaiuresmdvariages and pkjeais didtiesimeentienswill provided an
become clear and ¢an be understood in detail. These drawin S form a ;
Bt SIe SpaEificatioh It 148 B ABEE TscBWEaT, A the WhseRGaRCTer a0
idrawingsJilusiaieniafered erbsidimensinfine invertiondnsshowld drbding a
be considered to limit the scope of the invention. Figures IA-IC
hygs I8 BBRSIRRAIBIARE BMaEEeTization of hACE2 transgene. (Figure
1A) Diagramigf hAGE2 expIRssiamcagseite pllene tisel ones, rereing provided a
frame (ORF) of human ACE2 (hACE2) was amplified by RT-PCR usin
ORHIREPRY DI &S A AT TS ERBN L SPRETEBH fRE Bacold Cre): Such a

8 astina SRNA f ARE2 wasdnserted doie.the expression vector,
PCAGGS.MCS, down-stream of the GAG promoter. ThﬁarrcjlsuItingklir@&[%slglzigII_OW.E ded

was named pEASHEY Al ehrd ) VL LRE A RIS BHAR SRS

aEXRIBSSION Niransiegtadnumanc3fnsalls. callxdnactsqurgpareckfiiom comprises
mock-transfected (Lane 1) or pCAGGS.ACE-traré?f&cted humaa 293 cells
n

amaiisienas BhaeAs ABleRid oS A PBI¥: Iy SERRCVBRRANG GHEseenic

nifRRSIRBG BXRIEsIoR UsIRg menaeland dBthoee against A&bZakigurEhe mouse
_IC) Tissue expression profile of hHACEZ in the transgenic mouse lin ages .

i S SR BB AR TARS P ST SRS PBRGARY L oronavirus,

WIRRSABING (NiGE dbGiSvweskeal ageaweressubjestatldeRIpRER ardadysis that the
for evaluatin%the expression %f ACE2 mRNA. The RT-PCR products

CRIBROUBE XY %%H“%r?%’%%g J8 U KhEe 28Rl 8 [RERS enzyme-2 or
vEianmasi ARaraiescieatbradvnkidibeyglungs Wikastineyantkliviey, screening for the
respectively. Data shown are representative of two independently
ARBHAGRRSY B SOAIRGIRS: WO 2008/045120PCT/US2007/000744
Figures 2A-28 shavameight tesseanehstudivamate’ chSARSe@oNofeated there is

AC70 Tg mice anpd their Tg- littermates. Tg+ and Tg" mice at 8-12 weeks
EB R W B AR T G IARBRACL PAOIHETpaD V1 of & human
OB RTiVIQihanhstainhini4és minaliserBodyphvaights (Fdguily 2 aind: amount

ccumulated mortality (Figure 2B) of infected Tg+ 5 (0).and Tg- (0). mice
o RSP A {SCBTUR o S SRS B3t LN B SEdiA Touse and a
cexpresaedsasitbeniead pamentagenchangesofimfedibn aniiviabsved byl@mparing

per.group, incl cgn those digp)‘grel tive to the initial weights at day.0.
OB o e SERE StaRUAHA elor e RUTRE ASS ) SReWTtod peied 1o the

SARS-CoV replication in the lungs and
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10 brain of infected mice. Tg+ mice (DO) and their Tg- littermates (00) (N

=15 per group) were inoculated (i.n.) with 103 TCID50 of SARS-CoV in 40

ml. Three animals in each group were sacrificed daily and virus titers in

the lungs and brains were assessed by using both the standard TC1D50

assay in Vero EG6 cells and quantitative RT-PCR analysis, as described in
achateritigiand Midthdls. Mhiltitees of infisetisusivirtls incthdringeoEyukecking  the
HRithand. D@ i Rlsre Rl aeth g SXPIPIREURRIO0T the mouse

per gram of tissue, whereas the relative copy numbers of

sSIRSCoMinRNAIB (ertodingiMipsdhainefodranowe(mibibies 3m) iafeptivity of the
brain (Figur specimens as determined by QRT-PCR after
hr}ilor?ﬁla Pz%?%%ﬁa%)ainst 18S rRNA as the internal control were plotted (the

CT method). Mhecaverdle ot iRNABIsIgatsired ubticarsddaisioswe. there is a
r}{%ﬂ%@ %?‘I %9@%36%”}893 '§ag918'é:t@aqrd§d9t§:< tﬂa@%re\%rﬁs{) Ot g R qﬁ@t's%/ﬂlptoms,
test, compared b&tween Tg+ and Tg- mice. Figure 4 shows
sBARSs Oe\couplicatesduatreth ahestaliimisee folfdwinegnintrasperitoreafection.
inoculation. Tg+ (0) and Tg- (0) mice, 4 in each group, were inoculated

with 103 TCID50 of SARS-CoV. Tg+ mice started to show signs of illness

at day 4. Three 25 sick Tg+ animals, along with three apparently healthy

Tg- counterparts, WeyRisagrfiepd B % D TH Rskiaey AGgdning 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 TCIDSOper SAMRHUIFEHEs PigfOtelY drafifen iR RSk FomPaRdabove-

between Tg+ and age-matched Tg" mice. 30Figures 5A-5J show

regsteshatholesgy shaitagasrorishicsemicdiaragsivar ol scony datgand can be
SRrESSIPR e ungR RIRIR: ANd EAs o e HInAl(GRUACE A TE1:MICk: noted,

after infection (i.n.). Paraffin-embedded lung (Figures 5A to 50), brain

hPiguiesstBrt e rErdnd dmwhes ilfugiust IaySasdorptdimsate i ghe invention
ATGE Weie anabEediiRr e, WRrIR080451 ARG IVLIEER07/000744

pathology and the expression of the nucleocapsid protein of SARS-Co

Vv
by the methoBigBtges! SARSIEEV distigers (RedwasdcAaRrtateian@inhACE2
thB%Q&H‘%P@?é&%f eRjthglial el Al Pranehigl iR tRgUIrBSANREGpen reading

pulmonary interstitium (Figure 58) at day 2. No staining was seen in the

fegnge (R Inelisewre nAfrrunbRStSEheristBliliad SerfBrimkeRuittiing mRNAs

Remelmavse aseites dyish Gigue SPhinertalerstions (ElaweoR RIGWehACE2
5H & Figure 5E; Figure 5E, immunohistochemistry) of a bronchus showing

Vit RANTIISEN IECrBISh SRS HIRD Bt dbS A Sa¥totiatoWtuitfcatfalof the CAG

pAotigen. niammatery seldlar nfltaies dastond-uihin smastmussienitern blot
pulmonary blood vessel associated with SARS-CoV anti ené(IFlﬁure_ S5F). )
SR O ARITOSTATTNG OF ATSOSGHEh INEHAT GARgheR oSIFlh Bgigprepared

AU @G Ak Y4 (EXIRNEIVE SART:COU antigan Rxpi@ssinnasHitelis (Lanes

detected on day 3 in large numbers of morphologically intact neuronal and

263 s et S PGRREE sRlos e EFuEetiie dRprasgrsT expression
ARG BRLgeRdB@RNgiANIthir the Susgrosal JayRk(areMAsH profile of
detected first at day 4 (Figure Si). Magnifications: Fi%ures 5A-5F, Figure

hﬁ%@ﬁ@@ggfgq}gbg}ome lineages AC70 and ACB3. 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,
kidney, lungs, intestine, and liver, respectively. Data shown are representative of two

independently conducted experiments.
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15Figure 50, 158X; Figure 51, 50X. (Figures 5A-5C, Figures 5E-5J:

napthol red and hematoxylin counterstaining; Figure 5D: hematoxylin and

eosin). Figures 6A-6H show expression of hACE2 in the lungs,
WSraMNS&fd Pastrointestinal (GI) tract of Tg+ mice. The paraffi§-Birfiseesd744

sections of the lungs, brains and Gl tract were used to evaluate the

expression of KigtidQE2Z By kol wEhdhiA0sh Atdsdratvig efe(se SARESTeaditYected

table primarily.in.the pneurnocytes (Fi 6A), and_vascular smooth

qm%?@l% fﬁg uanné! (It—l?érurg ;ﬁeé’r‘r‘%‘\?v %eﬁfﬁi@%ﬁ?ﬁ&&‘fﬁ% ragf were
vinieadsal ialiLml arbplatsoititddaiith BEeic{ BigREe GO (Vebdricstatnjiingo mi

' |2k lial:cells (Figure 6E)..and patches of .. .
A o T R e e
fédhand fiee Egieirgl tiniagneBuradsendarisdaiper paraddgindiiaiaf Weight changes
WO O be FHAW) flcalign- £l Figure Sk a '
Figure Oe 158X; Fiegure; 6 e%:el‘gg‘gfgeé gtg& gﬁ%ﬁ%ﬁ%&dﬁﬁ%@s éé]urréﬂ%&e;r group,
smpluding thessierhastative to theripisiad waigliwat chepr@ Sty bipatprosemsiandard
emigdeines and chemoilcines in infected mice. Lung homogenates derived
from mice at indicated time intervals after 30 infection (i.n.) were subjected

to Bio-Plex atABRTES it 2 ShethHnrd spicBARSENY atrtizasiands tiedlungs and

chemefdifesedmpagI23 intlammBten madaiorntesiacs e3siop;
CE‘% and IL-12E|?%§ v)gi ele\?’atgéoup)

IL-lb,.IL-12p40, CXCL1/ TES : ‘
AR B hoR P UL AL CASh R i A i <ach
glrﬂ]f&t;ilwef&mem asﬂa&yi‘dfnd)faf&s W@sZ@G&ﬂQﬁl Mg@@&@%é@&@ﬂ% using
a e of infected animals, (N =3) at indicated time points,
B o S S0 el ARG R Icb gy s, a
depstibediichmdtariticendnhisthods. ThEigare oBikfSGistovimithia tddange (Figure
- o] ! ine..Far the first j Tg+
R e s e i B S TR T P e
awm 556 oM IRRsiTgviativeiaory wolhre i SdfSvia reRbivled(omading M
gﬁ#riyﬁais (Fig%?%gm%ﬁogﬁ?wcgsecond eﬁi%ﬁ{rﬁgﬁ?%%%ﬁgﬁg%eg% er@%ﬁ%%%r? o2

e 8A).
Kbkl ﬁf)rw#%@magol 8P SRING a3 e migenahepmwelevetepletied (the
Wicewierg) saaHicedeal@ay SR AaYsfafie iNTaiae SREFHIVE ¥t ARG vidual

the titers of infectious.virus in the lungs and brains 10 were assessed and
ég 9

RIS S LR Khgrarm THidare BBy~ P St Stidsahretiet srewaeddetween
$gVendf@gobaerving weight changes (Figure 8C) and other clinical

T L B R O S  Bvn
DESERIPRID Mo TpE TYVENBONILFO) mice, 4 in each group, were inoculated
with 16° TCIDsp of SARS-CoV. Tg" mice started to show signs of illness at day 4. Three
sick Tg" animals, along with three apparently healthy Tg™ counterparts, were sacrificed at
day 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 log,o TCIDsp per gram of tissue. ** p < 0.01 by a Student’s ¢ test, compared between
Tg" and age-matched Tg mice. f

Figures SA-5J show histopathology and immunchistochemical analysis of
SARS-CoV. éntigen expression in the lungs, brain, and gastrointestinal (GI) ﬁacts of Tg"
mice after infection (i.n.). Paraffin-embedded ]uhg (Figures 5A to 5G), brain (Figures
5H and 51), and GI tracts (Figure 5J) sections of infected Tg" mice were analyzed for the

5



16

15

20

25

30

SARS is an emerging infectious disease. The morbidity and mortality due
to the disease is unparalleled in the recent history of microbiology. Its
impact on a national economy is also enormous. Additionally, it inflicts
VEHIEAE6128 damage to human psychology and the societalREGBIE1097/006744
containing.the disease are exceedingly high. 20 Thus, it is imperative to

lﬁhaﬂ‘@mg@atha_}gﬁ ﬂ{etr%%%kaﬁﬂﬁ m%v%me&%sk@ gi?ee%%deom i?!@ﬁ%-@%f@f%y the
the next eplaemi tr . Agnce, Ine present invenuon developea a

bbbt et gl e r———
epaintlist akthosa deutiascial aeein@E A el Pentd bERniieling a8, (Figure

ich enhanged the understanding of basic science (including . )
A ST R 720 e RIS 5 0 ThER B rabistochemisty

aspecrioitievdibersmalimimsd mdidslfiot FiRcein0yclefbbsanioniza@lsure 5D,
' Is lyseveal signs of illness, pathological findings, and .

S I e S R D e R hpvine
fordvatinalingrabeophidgty and efiloley ofebnisviial Useoajasoticsvithd viadcinstigen.
sandidates.aga = ] tion:..I he present invention 30 is

directed towa%%gﬂgiéég@g%%gz}%péal %&I %ﬁ%& %?%XF? %gjilrllpénonmy blood
tiessdgsareinrdardibnP adngATEZn iBigeao b e BARSrEodimnfanostaining of 2
SHEAeRN RAbiNRten:Aags this PRage e MRUSS Modek SHOROTE i v

robust viral growth than its non-transgenic littermates, but it also manitests

ARUBR R SRRy WAL HaRL delshisd <8 da¥Agirreassmbenyef morphologically intact

aaaamaﬂ@%mamfmglt@@@m@@eﬁinggg.qaotﬂ%f@;m_-lfsa,t%ﬁxlgx%lé%n of
) . Most s|gnificantly, transgenic mice developed clinica
ARSECR 'BrapRe %a{%wiHefcaw'aﬁ%fﬁﬁ%lﬁayare@%‘fbm%ﬂerﬁdsﬁm at

days gRegirfculoMayhitkassaTsganic ACSR Migere sHtualyFREVSEM 00X;
Sl R TR SRS s o
hematoxylin counterstaining; Figure 5D: hematoxylin and eosin).

' Figures 6A-6H show expression of hACE2 in the lungs, brain, and
gastrointéstina! (GI) tract of Tg' mfce. The paraffin-embedded seétions of the lungs,
brains and GI tract were used to evaluate the expression of the hACE2 by THC. The
hACEZ antigen (red) was readily detectable primarily in the pneumocytes (Figure 6A),
and vascular smooth muscle in the lung (Figure 6B, arrow). The hACE2 expression in
the brain was also abundantly associated with choroid (Figure 6C), ventricular lining
(Figure 6D:), vasculér endothelial cells (Figure 6E), and patches of neuronal and glial
clements (Figures 6F-6G). Finally, hRACE2 was also found in the epithelial lining,
muscularis layer, and ganglia of the GI system (Figure 6H, arrow). Magnification: Figure
6A, Figure 6F, and Figure 6G, 158X; Figure 6B, Figure 6D, and Figure 6H, 50X; Figure

6C, 25X; Figure 6E, 100X.

' Figure 7 shows expression of puimona}y 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 bhemqkines. Among 23 inflammatory mediators tested, the- expression of
IL-1b, IL-12p40, CXCL1/KC, RANTES, MCP-1, and IL-12p70 was elevated in infected

Tg", but not Tg", mice. Duplicated samples of individual specimens were assayed. Data
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SARS-CoV infection which are not seen in infected wild type mice.
SARS-CoV infection in the Balb/c and C57BL/6 strains appeared to be
short-lived with the viral clearance occurring within 4-8 days after
WRrét#dl5129s noteworthy that these infected wild type strainB@fpiaus@iti4
not elicit specific.antibody response to SARS-CoV until 10 day 21-28 after
Isie ali0ite MEHRGE DB o B IABEAGHING-5 9y MIUAG SRIBRBARNTS, 5, < 0.05;
|Q9IUQ@%B@G D14" and be mice, were,shown to clear the infections as
effi€iently’‘a \ﬁl%“\é)ﬂg PiileSt SOGWAERR ] AR5 ilh serdpaichestRgrgpntrols.
immune respdtigesesmighBaotorveriticahfionrs ofV RSARF-GEINGEHANS the

in maquse. Althou rolanged replication of SARS-CaoV, accompanied
R 0 BT SRR L0 s Gor e aER B gach, were
pattalasdlithe elitickl’ TaElestdtRARSOpPated draipigahds Wi 8 rded

ide of acute inflammatory response in any organ could be, observed,
%é%egh Iéé%gign (Q)Fﬁ( rrce)f?%?se% EBmK/‘"S'P é’t%‘i"%‘%ﬁc %’ﬁ%ﬁﬁc%_t gigfl animals
rigsusighilgRes the saepodtarpsioiirintere TginADGY fri@owtrelimgulated (i.n.) with
SERTIERAVL! oiR,the. . Furthermore, as Balb/c mic
20 one.yé)a?ggc%i'f&g?éhg%@v%}g?ﬁ%?eﬁéﬁ%% %Fevf an a%%% S‘EF%%%’S day
Rfs_dagticasieprpiivelie ard diopitsenebindditivecvand mohddtagllnedrains

Shovisg{nc! ﬁﬁ&%%&&@&@'@&lﬁ%%ﬁ&%%{ﬂé@%ﬁ?&ér yt&;@ﬁge%%% Ix%ia were

key determinant of the susceptibility to SARS in animals as in the case or
ﬁfmﬁ%?&f pPseying veight chagsss (BsuteS( tand otbev ehiaiesi enidestatians. ** p <
UL BN SLEARS e derlpLationtsy iRt N CRGHBC VAN 2R REAUSIR To+

fro;in the, disease, without any mortality. Thus, the transgenic mouse

RodeBthe present invention is unique in that it provides defined

end-points, incREMY MEDDRSOFTIGNUF eI SOVERTIgUrological
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. 308 ssahthediegdsfaniduisdiseasistTheltigrbadiwrabd mortality due
fgnlicagQu, i intr Iy (i.n.) ghallenged.AC70 mice dempnstrated that

the Iung%%gge fpl?lwe }%a@r&%é%sf%ﬁ?ﬁﬁ?gggv %ﬁli?:g ion elf’cf?éy + 1fs Impact on a
BRbioaphisatRATy dtdsaissommowartisdiditgndliy bisim iy, Sefod)d@espiteage to
HishEASINANE? Ind Rkt AL ERlEAliR I MO 1
20081045120PCT1US20071000744 mice appear to 1%%%%65 ?&ee\élﬁ?giy high.
s, dh & mrperatixprimbaxe methogs Af fpamsnicinemnsenties ofithg diseasndneplace
befons enpuleno BBk fe Gligees V ivus st Dse grently sRigds TN DS UNGS Benic

the brain of Tg+ mjce at day 2, and actively replicated there, reaching its =
T PR SO NS S e TGt ot et st
fnubtmcTinesSeextefisiscfpbonnintngrth GRS Whichv e infasies HadRy of
‘?I%l* mige was ¢ lg&ﬁgﬁd bymlyc WL]IC.h rleadll revealed the expression of
Rs-E&V° antigen in p%tchegrS?'B oéﬁ‘fﬁocﬁfécyé aHaRBRlesict gpithtinicpl  and
mtismig agalhbaspeateof treadiasadeg lial cells (Fig. 5). Importantly, the
expression ofyi ' ip s, brain, and Gl tracts generally .
correlated Wl%ﬁ%%ﬁggﬁeg%@g%# ?I%avéei(é})m Col%lez\?ga;f%ﬁe%h@?th%’éﬁﬁmﬁy
giepl Higrs ofiingen rehrlosical disdiegs.inni ensatalyceitshighipidesirable not only

fop thel PRERRI ; j i C70 mice. .
wekrggﬂgzscgleptible tg %ﬁ’R@%@ﬁ%ﬁ?& é%ér?#gast%?cégl é‘}%-l% &Y of 'afiviral

hawpsutich audwmeasr ctedideiee reainmh SARS dreib tndtitiionoMbaeesent invention
iorgizesedlespirishRIVIRISIAE S el 2nMAreRsieNfr 9 AR ARIAPIENAIOR mice
consisten he finding Wﬁh clinical specimens [ll, 39]. The reason for

?ﬁ%"‘f&%ﬁg@fﬁdg Tespaor ce ular receptor for SARS-CoV [20]. Not only does this
transgenic mouse model support more robust viral growth than its non-transgenic

littermates, but it also manifests respiratory and generalized illness, along with tissue

-
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15 infection in cells highly positive for hAACE2 expression in transgenic
animals, of the present invention, is not known, but this observation
supports the notion that the expression of hACE2 alone might not be

VSO IERHEIS® maintaining effective viral infection [39]. The firklimgief007/000744
L-SIGN as another. cellular receptar. for SARS-CoV [16] might imply that
PhecigseRiarmasaaRFeRIpEk IRt RGeS iRl ALY IR 2%ic ACT0

different cells. It is alsg possible that surface expression of hACEZ2 is not

. PRV lene simisal ot aceandipmg! HarmsRb B eryancustdisdaiformly

fouitBif B30 Wiafeationof) kerbastfagiont AES asiebVallaRy recovered from

- temperature, and oxygen levels, have heen implicated in pl-1-dependent
cﬁé %?%&SS%ﬁ%gé%ﬁﬁ ffeffﬁ’\ég Elﬁéﬁlpﬁﬁiﬁﬁsﬁe :ails% impor?ant in

defining the tidice trapigeniof BARSOED \bxibichihsisdoegmishiowsiies following
pH-dependent cell entry in vitro,[27, 49]. . SARS is
g%;%g%gﬁﬁﬁé‘ga%ﬁfgd‘%’é%n%%u 8¥v“f’|@§ plrﬁlefjr%%;ﬁéfg Wit thePfuREeas RERS-CoV
rivdibatisaitio i Bl bde cratd 6T stilamotiygrehterh an bnahartidadd with the viral
anavir ] ieh are known.to establish acute and .
;)\c%!;rsisteéntH %%ﬁé?ﬁﬁﬁ%@ﬁ‘ ,eéfi,l (:)L%], AR ¢ &&?Yatsg%?e%ﬁse infected
Jeld s Byars s omRurs didinejislialt apisifiaadi30dy @spotise torSABSURDY unti]
p R0 Sl THARA0A ISaHaR Al aelishisWh dietiahy ?%C O%zlgﬁ\%’ (‘:lojmgonents,

47]. This neurotropic potential of SARS-CoV Is undersc ' e recent

f m@%gﬁf&i PeoUB RS She whleitlemedudntdians eseefficiently
oS RAd A RadyatNg HdNECIEA SR BENERIIRIANRO rSPYRE! might not
neurong&gell.llnef? of human or rat origins as WO ,

| ? G %%*&_)E%%‘b%%@b’?&%%@ﬂ-mn glioma cell lines are
permissive fonBidaghGopfatepiieatiopiatbnl bESARS-AentiticasiapaffcGith the
brairtl as a maj ri%tra-pulmonaréfsi e.of SARS-CoV infection, particularly

Biin'BrtBHonaliith MatHRRERER [ aglinical
beeifeveliostappsaed thabthegpeedrisshinaiosyiténeesttadie Bifiatory

- coMld be. jated either, directly throug naptically linked neurons of ..
thi‘lérg 0 gcfg%%r%%e%ﬁ@l%yg é;ﬁ%?é;s%isgn %%sigh f}%ee %W%@’ﬁ?ga"eggiw of

20

25

30

N alslizirstamisquineclsatepivalitighiigits(VIEE impsoatier affiésnaieusmanaity in
EN e TeN] v i | ; 2 through t .

e o eacTp BRI 8 M mice
aR& iR URE(8ldsT SARS: e dreseniatRiible thenoiesnesmaiivs to 19ARE-CoV,
aatarminad tledaveiahirnobioneyel virsmiadp ifactad.dsn ';);h-ggffng 68 reased

at day 2, along with the detection of high virus titers in the brains, but not
RRtARIGBINESChoPs T D BiftErsRimP BhREn s Ty emrlceermian e itha susreptibility
hasiaHsr ia heimalogenotisreastefof WiRlHAMSSSION. ABORSYISINHIRS Y to the
have indigat dth{%t (iliffutse alve%I réggn_age DAD) is the 15 most '
charsctenstic Patitlody it AR % P 11 iy RteaiRees SyeradEectively
diffoiseed | Ventathe sitserge, cdthoubenyameedlidireTHyspihyirahsesitiglioneahodel of
rmissive: inin lveqli, the marked heterggeneity of the diseas
R e U S R TR celeifgea
preighidasppgidaresporiary thied peiiolpeiebisy Dip8 MR $s Splicificatyloglealated and
g ressio ' 4 j S, h. 20
B o B TR A B gy o
apirizels andrecsinesdx Séikientally infected (i.n.) C578L/6 [9, 10, 13, 42,

44, 48]. Althogglaias 8arNCRIRACSAAIRIGIIANREMEIR BRSREL Replication in
implicated 1o be an prognostic indicator for the adverse outcome of
i @&\ﬁ‘iﬁf)s&

BiFTa8S i/ LIRiEE JRBERTRSh N Brlioms gieabasier sic

an B AIRS apectrapiafisrChetora gieraiakidiarn el YisasROpSRR ki RS brain
n f S patients, especially during the early stages of the infection, _
A B B R R OB R Rl ietrsnch Fore e

studies were not possible during such an explosive outbreak. Therefore,
the robust and highly sustainable SARS-CoV infection in the trartsgenic

mouse model makes it unique to'investigate the inflammatory responses
within the local tissues, i.e., the lungs and brain.
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30In contrast to Tg- mice that failed to elicit significant inflammatory
responses to SARS-CoV infection, infected Tg+ mice promptly released
elevated levels of IL-Ib, IL- 12p40, CXCL I/KC, CCL5/RANTES,

WECIB/MDLY | and IL-12p70 within the lungs at days | and 2 PET/ESp07P00744
Although such an acute host inflammatory response did not WO

2008 o AARE /S IRWROALA heeay intthmieaim Ahpld AN )RR ation,

secretion of the aforementioned inflammatory mediators, as well as IL-6,
GFAHHRSC e B8Ry LERTEIRR SRR RAR ot ES e B FY TR Bub b Ratii Sereadiyrom the
guadgmrmcyﬁe/bmhol i Gﬁt@gofﬁi&yl wmﬁﬁﬂngﬁf@%ﬁ@h@ﬁ&aﬁeﬁ@ﬁgw g its
at da Table I), cancurrently with a marked. elevagjon in. the titer o
el S B e e S s LR, L, SR, kel The
antthizegubineqenmind (A netdresect etinfieofetha T Tgheitbewaecsafisned by
C infillrate ohserved in this.vital tissue at.this stage qQf
et PRl B B &7 SIS RS B es o
Aspungestesand brooabipicepithedighgsilsl @ oiphlogusineuionatend imt mekoFig. 5).
i i OV - i jo Thus, the
R A o Y e U MRH B Fble oty
gagrelriprgrteUpdEERIsEPTeRsipBsiHimt ki Medlievmecthatindly SA\TES ehd viral
tiesednanaie indlameaienncidokings. Alihoualitie sigRiiaanaRtdRese not an

'gg\ matory cytokines and chemolcines in the pathogenesis of ' ,
%W%%“Si??tﬁ% (4riOgBisk WeBLEseRs Rt fe SdvRentip X indsetion, For

Soaace) SRRSl0gic A aiieahanderirihg ENSialipiactadidb2iliess various
maX?%S under ie.inflamm%';%@;éytokines anlq chemokines-mediated

RiBER 5P R ShYE MR S NI A1 o i Wb ORFBRALER FaRtisiaRe with
tatHogime sislok BARS spaihiade tion 3PrelThinasysstugiesinf QAR@?-??AHS-COV
infection with.mice of the AC63.line jndigated that this lineage was.also
B e o A R R S O S e of the
prisetonniRigics). Whem'knwmerbmﬂﬁ;z cémpreﬂi;’mnsinpﬂmiss_mﬁsaxbﬂen that the
eopRRasif! P iont e Caf6i8: MlohiP Witk 1% SRRRNBIP IR IO NS IBCOVRRCAN iy
survival remains to be studied: In'summary, the prese invention
idpstipatAe s findinsgericTHide eprebsines i@ Eecaptohighl§ARS-CoV [16]
AMBRERHPIR 1RARS fabiniestien.Lesyiling iR WItR SREGIHP AEA 06 into

manifestations, including death, depending upon the transgenic
JHfirealgerisHEng Al iR dhin dhanfrftrcecwmasE s efubdr Estuigyin rresent, as
peihagen €k of ARG BNehakRelinica] LeBHNGBPIMENARATHMS AUV infection.
}{)?I%:rl nﬁogta?gcig?st,e %ﬁ% a!ags}J A\ngés,' ierhperature, and oxygen levels, have been
implicated in pH-dependent cell entry of poliovirﬁs and rhinovirus [45], and may be also
important in defining the tissue tropism of SARS-CoV, which has been shown to undergo
pH-dependent cell entry in vitro [27, 49].

- SARS is generally recognized as an aciite viral pneumonia with the lungs
as its main pathological target. Hovﬁever, like other human and animal coronaviruses
(CoV), many of which are known to establish acute and persistent infections in neural
cells [1, 2, 4,: 157, 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 [3, 10,
11, 47]. This néurotropic pofen_tial of SARS-CoV is underscored by the recent findings in
an expcriniental 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

g
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. mouse

The present invention is directed to an expression vector, comprising a
constitutive promoter, an intron, a polyadenylation site of rabbit 13 globin
and a nucleotide sequence encoding a human angiotensin converting

VEhAI2Generally, the 30 constitutive promoter drives gRSIIS2007/000744

expression of ACE-2. Représenative examples of.such a promoter

Rl HeRBMHB INAEJIBUISHIQ £ré for e PN RSN T %{Elﬁﬁtﬁ%ﬂ%%i Thus, the
promoters. Represenative examples of such an expression vector include
Bﬁ%ﬁ&mwﬁé&tgrmm@mgwulmnm site of SARS-CoV infection,
20B10485] 20PC TS 20074R06T 4 TReRIRSINLIYERIR Jaralsendisected
to a_pr?é oter which js specifically. active in the lungs. Examples of such

r

promotéridh &g st SrRRISPRt R toeispigashebrtsmriemsivstictp dbe brain

- CelftendeSRedpidimodate BN thepiiheluptRREclIaDRAIEHS P A ctory and

human kf-:-rgtin 10, kga&%ns 14 and keratin 18 promoters. The

&lég% ThvEAtioNis alsd diretted o g’?raar%{@ icPREESe Wpréelspgplan equine

luerpliidting e sV EB)v estindpertigame: Bs( AGE -2y ian hefutheandtise is (H5N1)
1] i 0 sgribed vector. Generally, the trgnsgen; .
e o e S B B0 Ao e ap e
S8BT Bidthopak Keg coipet. PHeNLAfSAREEW islissquissid o SHEENS remains to
Blomas i LR T ERIRiRr BN AR 1B IIVE inbliesting ngmte?éésa?f ay 2
the mouse. Represenative examples of such a mouse mclidebill & Abf®
riARe i THeAdeteetivy- AT HIZh TYTACEBIST i AlB6 BrainT,gbACH¢ rirotise lungs, of

{neBssAlbheIs LRdNe,; d’ﬂ%ﬁ&. g u in the
Ej\}ggand th§ b,rains.% a ditiolr?,&(%gg?Tﬁ ﬁég%%%gggeg %(?S?e%%%%q %Qgg} route

el sramissiaegene and the expression is restricted to the

 lungs. AdditionaliysshGrfes wiieardiiaies i@ With BUMAR ISP IRAAKLYSESHTR the

Examples of the coronavirus infecting such a mouse includes but is not
TRt EPECREiSTShS FRRTE LT S rforle 2AbeH e Eo SRy RB eiai diffus

@A&@-?mmgemmwu&s@nmm gy @%&iﬁ&l?@s&lfidﬁﬁﬁ(ﬂpﬁelﬁ%mr&ns lining
ute Inflammator Ine response. Speciiica 1t € Cyloicine response
Rt TR SRR S WS v, o of e

comprises expression o

 syionifuggeanthv Bt kdsptiveckings ahg theiiminanf inledtedt pasgesiesis of

§HE8s 2 i ressl f the cytoldnes is delayed and more
intenéeﬁ%&bgg?ﬁg%ﬁ%ﬁ%%goﬁﬁﬁ g eﬁéﬁff%gﬁge 1|1P1jiiec e&at\}/gv?hl?ﬁelamrs’ such

ARG AHIRANBRCIS ShERbBpendf SE(8reIAR1, rdepiraiony SynutiomeSARS
: IEROHD fionally, il i Ger |
FRRRS il %@ﬁ%@ﬁﬁ%ﬂ%@ﬁ liqgally, ghigh dy A ob.'§ an

the lungs and brain he phenotype exhibite

@ibh deuRTDREed okl has bepncimalisnrd sphesnagerosioidieator for

ihngsiaadotharargans SIER AT brainaaba Maksargiovastyla st RN e d/or
funcﬁ:onsa'hn maintaining electrolyte_ homeostasis, impaired reproductive

RARGIGHE MEHR BRI BeseshifinutibrrassredrdrnfirematAcR e de the

InfgetetBWRE ﬁazéaﬁsmgeegjmﬁhg maewsﬁwg@; @Bﬁﬁ%ﬁ.@_ﬁ&, has never been
Irafory .synarome In nu ns without any mortality. | .

B s e s

cifiéa Iy, Virus trters are ons rved

‘2h@Fhomivecretinamd-Genibe e, Tiverpbescmtihighhyisusisi fatlb ARSI tafaction

. ] j -CQr ir I1 mpound, co risig:
e eI e O R I B rponses

Yidipdha fpealdismerssbeadbelitnas subbaimfecting the |

. In contrast to Tg" mice that failed to elicit significant inflammatory responses to

SARS«-CQ‘V: iﬁfeéti_on, 'in'fected Te" in_ic’e 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 suéh an acute host inflammatory response did not
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WO 2008/045120PCT/US2007/000744 transgenic mouse with the
coronavirus; and monitoring the infected mouse for development of
phenotype of disease caused by the coronavirus, where absence of the
WieERHient in presence of the compound indicates that th&oKsBoumige744
inhibits the binding of the virus to the angiotensin converting enzyme-2,

thesab SRECERITI0NH© SANteQAnadal P TIPRY rﬁorementliqo@&amﬁﬁmatory
g%%?e compound inhibiting the binding of the coronaviras to the

Bt Ul Rttt IOy i oI SEpHlatinBIatan (e-69F ArE GbB/MIP-
limitEd1tg apratarseciibitinscpe B@h@ﬁﬁ@&@ﬂ@g%ﬁ%@ﬂh@t@i@%ﬁ@?& detected

peptide, a SIRNA or a natural antiviral compound. Such a compound may
et Tablsd

BSPENY FBUtE R Svrrtked SheyqdiensBriialisib rafratigusirus.
in this dxesysity. toralxisisheenousvépeanasaher inhalatienaln Bxamales®kequent
the coronavirus infecting such. g.mouse includes but is not limited to
éaé%ae%ng%)u e?&%f%o?ﬁ@fn 0 é’%‘iﬂ%iﬁﬁc&?@n’é‘?}’irﬁ?@ﬂ’ﬁrirf“ﬁltmes could be
(SR GCoWioritaNis8estralis stage of THednfeesont invertion ihswt et primary
Iiegied t f screening for @ compaund that inhibits.infectivity of
gﬁhumagﬁﬁ%ﬂ%g\ﬁ%%o?&%%ﬁg NG ggﬁﬁgﬁg%%ag%ei%%ﬂ%ﬂ%gg&? il innate
éﬁlﬂéﬁv?@tamgmﬁﬁeﬂie TSRepot Nt trens yEHIC- FHO Sefeleionr|BOT Thus, the
ABRkRe BISER O ARSI MU ERFAERRI DL T ARRORNG OB et
the human coronavirus, and comparing the incidence of disease ca ed
Bt rETHoant SoroherlFaasarihe ik searsaisietiess fonte aflainistaiontokines.
Wlﬁ@@'%@@igﬁﬁ@&@@eﬁs%&éhﬁlﬁ%}fﬁlw %m&ngﬂ'%etgokims in the
agt%nlstratlon where an absence or a reduced incidence of the disease

BERPRRESHO e YR TEERY dntrrtioRirinibita tonserticameusmmngel is currently
ankApasineoinbiRitsghel dpfeaiv iNuakToRahEpen 3R HRIORAYEFSnfected Tg' mice may

Generally, the compound inhibits the infectivity by inhibiting the binding of
T SR G R el Phecbonsy dnemagent of
proEtvi$edphnskicigednkt tredshimbnoChEopaYiamesiAFOsAIBation infection.
20f, les ef.t mpound inhibiting the, bindi f the
g%?gr%%gglw '. sgtltgt])&?t Seogr%glo %%ﬁpéé‘%\?g‘ﬂf‘n‘g’” n?ﬂ‘/‘ﬁgegg %%Iﬁé%g g‘ﬂ}f’i?ﬂ‘(‘}?ted that
tirsidénbageanse plieptratissiveks mitepitor hincisigtof thethsrfssal Suctbme of SARS-

@Bm@ﬂ%%mﬁ}{ %ﬁdm@ﬁﬂa@’ PAYESULE 1‘%@(}\{%{‘ 150‘&%) ACEH Ili]naewcr:lc%npared
ordinary skill in this'art, e.g., oral, mtravenougl, Intramuscular or ?
AR EtkisDA o e RFeE i sionveageneoiciing weremains (o be
frategtive immune 30 response against the human coronavirus is an
immunogenic compound effective as a vaccine. Examples of such a
compound ol teSHieReTHclle BIBtRYS FOERHeRe deapireiee that transgenic mice

gxpressing hACE2 are highly susceptible to SARS-CoV infection, resulting in a wide

spectrum of clinical manifestations, including death, depending upon the transgenic
lineages. Hence, these transgenic mice will be useful for studying the pathogenesis of
SARS and preclinical testing of antiviral agents and vaccine candidates against SARS.

 The present invention is: directed to an expression vector, comprising a
constitutive promoter, 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, SV46, RSV, PGK or B-actin
promoters. Represenative examples of such an éxpression vector include but are not
limited to pCAGGS-ACE.

: 11.
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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 WO 2008/045120PCTTUS2007/000744
WP (94EMarly, intranasally or percutaneously. Additionally PpafGspetese0744
.for the analysis of vaccine efficacy include prevention of disease,

alleviation of spBRieERs: RbSMMNIRNING QfrkeISCASR GRS S ARE i specifically

reduction of mortality rate. Generally, the human coronavirus whose

iﬁ?&&ﬁ;ﬁ?yﬁ%ir‘fmgﬁ FRTPISCBFoREYRISTosTE daeusinbah et getelifsiied to lung-

GBIt B RIOEN T Erch aS a(mf@Qﬂfpsﬁ@ldﬁﬁﬁébiﬁséﬁﬂapégﬁ&iiﬁﬂpgbeciﬁﬁ promoters,

coronaviruses,include but is.not limited tg S-causing-coronaviral
\%5 ’Agafﬁﬂgﬁﬁlﬁ}’;dtggﬁt&ﬂﬁdﬁﬂ@??ﬁdministered |

concurrent witfhe mppeientdnthatiofetliaRo e Baowse m&ﬂ%é&m&ﬁf&%@ﬂ%‘fgsﬁng
: llowing examples.are given far t rpose of.illustrating yarious 1
R S 2 (YIS W e ied usng te
inasietidesdritedy viatirion (Oneadklledidn tthesgetivilhapsresiate seatlibtddaenetic
RERG tinyentien i I to car, L the object d obtain
:ﬁh% ends gﬁgidvan?a‘géwsl Smt?r?tiﬁo%g ,0 ad %éﬁ’g}éath%g}ég&%@tgﬂé%%%%ACEa
AU o¥PrERSES inhwlest towiachC haarhemasdreibraind lotiney ubeg Wiieh arestine or

e&mmpm@ayétfmm@eﬁeérm{mﬁa@g%@ﬂa&%&&&Hﬁg@q&g%&&%pe Ofimited

the claims 15will occur to those skilled in the art. EXA onstruction
i e Ckprd st s the AREE T akstbne Tae CIIN movsinGtoeACER: Te-
WET Y anfiRIeLpRAIR ﬁ%@%ﬁé@ﬁwﬁ%ﬂﬁ&ﬂy in the Iungs and the brains, In addition,

the Tg-AC-63 mouse expresses lower levels of the transgene and the expression is

restricted fo the lung;s.Additionally, AC-70 mouse is infected with human coronaviruses,
Exarqpleé of ﬁ;e_corbnay_ims -infeqting sixch_a mouse includes but is not limited to severe
acute'i'espiratorf syndr'dmé causing coronaviral strain (SARS-CoV) or a NL63 strain. In
general, such an infection elicits an acute inflammatory cytokine response. Specifically,
‘tize cytokine respohse compfiées expreésion of IL-1b, IL-6, IL-12p40, IL-12p70, G-CSF,
€XCL1 (KC), MIP-1a and MCP-1 in the lungs and the brain of infected transgenic mice.
Additionally,fthe expression of the cytokines is delayed and more intense in the brain,
Furthermore, the AC-70 mouse infected with the SARS-CoV exhibits the phenotype of
severe acute respiratory syndrome (SARS) in humans and dies within 8 days.
Additioﬁally, a hig‘ht virus titer in the 1ungs anci brain is detected in these mice. The
;;henotypei exhibited .by sqch'é mouse ébmprises gross ancf 'microscopic abnormalities in
the Jungs and other organs such as brain, abnormal catdiovaseular and renal functions in
maintaining electrolyte homeqstasis, impaired reproductive functions, high mortality or a
combination thereof. Further, the AC-63 mice infected with SARS CoV exhibits the
phenotype of severe acuie respiratory syndrome (SARS) in humans without any
mortality. Specifically, virus titers are observed in the lungs but not in the brain of the
infected AC-63 mice, ‘

: - The p;ésent invention is further directed to a method of screening for an
énti-coroﬁéﬁral cbmpound, §0mprising: administering a pharmacologically effective

amount of the compound to the transgenic mouse described supra, infecting the

12



20 from a human colon carcinoma cell line, Caco2, which supported
SARS-CoV replication [24]. The resulting. PCR product was cloned into
the pSTblue-1 cloning vector (Novagen) and the entire region

WO AE8¢TIaMhg to the ACE2-gene was confirmed by sequenefiGjUFi987/000744
cDNA fragment containing. ACE2 sequences was subsequently cloned

intmsgenitcansolic exjtie #sioRorerioiBC ARG RWioRitl OMeDinféashINBuse for

_ awaoka, University of 25 Wisconsin at Madjson), under the control of the
: é ntg o p IEHB% g{‘ﬁ’ %’\S . §h

it
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gv opme en

sromoter,"a co ER sl RGBPIAL MV cAbsAee P! the
aindelhprotitkenpidsamtin gff dmatenmndcontRiniagtae nebbisapobin SRlsHE the
c1eTe N ol Ioww%gg.z&% Toivteri the eﬁressicn of hACE2, human .
em r)%)mc_ idney 283 CefllSaeTa tranarcctétp it e Y prERGiRe for the

eoHstrnenavieslignaeaplCAGGS-ACE?2 (Figure. 1A), using Lipofectamine
2000 reagentglnvil ' -per.the. manufacturer's
protocols. Cell ext_r%%%s% %&%@ﬁﬁ“ﬁ%ﬁ%@ 31%?? Os?féi}:et%oﬁ?%%vdl}ﬁeto the
ERBIUSERYN GIMATIR CWARIE xh At o'er ) raplésstiéon bidudndiytsiseusing limited to a
SN oslY iagAeh MG A d RRDBY ide, a si
%8%18/0451ZOPCT/J82007-/(5'00744 S PL%é%%negyfé%{?ShaaﬁﬁNA or a natural
enLrzakenyanondr fasgenenagsmay be admigisterreniy anzeesprossimgto
BerRanhAGE2INRhSrY SRET MaR D¥-MICEOI BISL RIS QLIRS SIRLF3SSal S ational.
excised from pCAGGS-ACE2 by 5 Avrll/Sall digestion and

hich ywas exc ( ) | n and
EBlF O L6 LB RrUAdE F B P RS RS BRLSRStb i tmeevere
i I m?rﬂbf@ db P%%Cxﬁﬁﬁﬁmﬁ aﬁﬂmﬂ%ﬁﬁw ig'l}@m'gg .
initially identi PCR of genomi it -specific primers:
forward 5'-A eAp¥ WEEVE?R@%%@?A%E It 1R gemsihed b erresning for a
Pﬂ@m@@tﬂa@ﬁbﬁﬁéﬁfeﬁﬁ:@m mﬂ?ﬂm&ﬁmm&@éﬂﬁxm@m&&m a
) ' CAto ive 10 lineages, expressing different )
PR A VLB 0 IR W B e dgaived
SasynafeetinC e fdsa@B3maspeutivelyonaretinreestifatecusdtivitagdedHoman
theatisSHediskEi R S ion by RT-PCR with the .
R e L i
Brepegess sehietted e MmiEsgaipnsatidtheliscidence of Jisenssrbatiie control

Alcake RlcBARBGAMiARIME LR 35538 1P ek UIERelo US PV Phicease

T.G. Ksiazek, Centers for Disease Control and Prevention (Atlanta, GA),

L QPR St Inideadpiniaien mdicatenianidha Typacedupbibits the
mfdtentign)fuer Budthhsediavgiaw virus stocks and as indicator cells for the
virus infectivity assay. Stocks of SARS-CoV. were prepared by passaging
them twice in TR TRV R 0SB SR LN g ping
Q_fdbkélwithntiteremxirwstswgstaﬁﬂ%mbeﬂmgLdﬁupmhﬂﬁe(ﬁioﬂﬁcﬂﬁxgea protective
{SAPR0) M, ically, 1.x 108 TC1D50/m1), aliquqted and store

ats ESOC. %ﬁgp%%ﬁégn%%%%%sfe%ﬁ%ucg I\rlllghns? t\f\?ép(?' goﬁ%ujiéﬁ’a? eOgj the
tomversidy nhitiiudheMidoitag Brath (Galveston, @ Xhénagirensid converting
&%@Wi&Yﬂé @Wﬁ&?ﬂﬁﬁt@@% a peptide that blocks receptor binding of the virus.

Such a compound 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
\:raccine.‘ Exaxﬁpies of such a cdmpound or reagent includes but is not limited to the one
that comprises a virél antigen, a peptidé, 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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animal facilities, with routine medical monitoring of staff. EXAMPLE 4
30Viral infection and morbidity and mortality studies of infected mice
All animal experiments were carried out in accordance with animal
Wiratee81s1approved by the IACUC committee at UTMB. MicBURESRM G744
- study wére backcrossed-2-3 times. anto either C57BL/6 or Balb/c
binekgracula Y intitfesansenvifdianddiidly. Addli‘]tionaliy, par_aggfgters for the analysis
200810451 20PCT/US2007/000744 regard-to the susceptibility to ‘ )
SN o0 AR RRIRE o Lt G oI ALSATRRAGRS g dtening
lod Cheyding s, dBrishyand medtbidiz ofivandye raezmice and their nontransgenic
littermates at.the ages qf 8-20 weeks were inoculated, via.the intranasal .
(i vt R, b Rt R s L AR s
| WRIamayEighibdiands SuirerugibEnsin famsigtig Hlﬂggﬁsa*n(im(a;)f_t:a&ﬁyoﬂ for entry.
$9 Jg]ﬁp@ggp&rgngp Infesiedmice yere sacrificed at | dé‘jﬁi d time .
intervals after inc??édl’gtioﬁ%g%%l n :tegﬁetctedp Eiglgnt_lj%eép%c]me%g %%Sglgfﬁoemnfwml
viramaps i Dlitfohstpitir b dditiereaiin WeroEpells nathtyigerdtimtonerent with or
BiloPle hagasisR /e HRnRalhel 90 8Ra0i5s 1OEXAMPLES

Assessment of tissue distribution of SARS-CoV in infected animals ‘
In addition to DISJallehYisE BABPISS Are AR en the mamasa @ Livnetrediig) various

AMAISRACIBLRE: (Rerion WY BrORHN DRAT 1dI VBRI IAD BYesSRISRDention in any
senteric | h nodes (mLNs), small and large bowels, and feces were
T R LR OBEHE 2 FALL ArpIora RO et haiarssasiig pasion is well

Tiapisel Lyser;Qiages dRessaindHdai Getnanidaislit Q% dsIRP BSwell as
usQe sions. T, esa sc?s %%sio‘.n Werﬁ_ézlarlfl by centrifugation and
I

B TSR AGETE i reRtRaty heeein e piliov et hich
 esllenchhpasised vithinfthedipidual tenplasismasdqitessod a8 TGP0 Pelclaims

SRS AR LEARRIE AQE XAMPLE 6

EXAMPLE 1
Construction and the expression of the hACE? trans ene.
The cDNA coding for hACE2 was generated by RT-PCR amplification

from a human colon cg.tqﬁnoma cell line, Ca_¢92, which supported SARS-CoV replication
[24]. The resulting PCR product was cloned into the pSTblue-1 cloning vector (Novagen)
and the entire region corresponding to the ACE2-gene was confirmed by sequencing. The

¢DNA ffagment cohtaining ACE2 sequénces was subsequently cloned into a eukaryotic

' éxpression “vector,” pCAGGS/MCS (from_ Dr. Yoshihiro Kawaoka, University of

Wisconsin at' Madison), under the control of the CAG promoter, a composite promoter

consisting of the CMV-IE enhancer and the chicken B-actin promoter, and containing the

. -rabbit globin splicing and polyadenylation site.: To verify the expression of hACE2,

- human embryonic kidney 293 cells were transfected with the resulting plasmid construct,

designated pCAGGS-ACEQ (Figure. 1A), using Lipofectamine 2000 reagent (Invitrogen,
. Carlsbad, CA) per the manufacturer’s protocols. Cell extracts were prepared at 24 hrs

_ after transfection, and the eXpreséion of hACEZ wés examined By Western blot analysis

using polycional antibody against hACE2 (R&D system).

14
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Quantitative real-time (O-RT)-PCR for SARS-CoV subgenomic RNAs
Total RNA was isolated from tissues of infected mice at indicated time
intervals after infection using an RNeasy Mini Kit (Qiagen Sciences).
WOGtaMTating 25 genomic DNA was removed upon digestiBfiRditirdNasai4
-1 during the extraction procedure. Resulting RNA specimens were
subjected to one-step Q-RT-PCRganghsipfos assessing the expression of
‘ cific supgenomic mMRNA | and mRNAS, according to the
{ i i -1ara 5:' Z2HOB Of frans BEHGEIGEEE[410, 41]. The following
primers and ditesiefidrabirs wekgretsad fonin SNgmar%géA%&ég{gd by
CC%TOA'J;:T,ISO_ CT AGC CTG GAT 1-3', reverse 5-AGA GCC AGA GGA
RARERR BT FAPTSS A FHE Lo qiibishevisatreset from @@OCPMEE2 by
- AndlfSallabgdetiootiod puolfied dncfaroRNAl kikonyprerdsid GRESEEnERTof zypotes

: . T-3! se 5- CG GGG TGC ACT. T-3', and _

oL O S LT R msaetnanes v st

o8fgs e FERPOSIRO0MBODTY pithbASIEGtsphitfic weaederieddy 5°-AGG
HA0! ) i0R; Anpli i t )

A B Al A RO SR ATO g AT ey

eRabifans astassees-Btsific SoameRNA Wis bratiferred shoseparatestalbes five

Ineaiplivinadie aetasoraand 2odogenRun ORIGLL B (R nea. Two
respectively, by using a TagMan 5 one-step RT-PCR master mix reagent
R%.‘%tjé“&%ﬁa 5%%%&&@ fd e & Ship repeobmlvvereserinvessigated with regard
toatisctpsiendaitdBiéar SOHNUE Amplsiat ashaloh 8P RE FR QRN the same
%&%{ratlo#at 95C for 15 sec and annealing/extension at 60C for 1 min.
ot SHAY EEIBETHAS eorfrbieNsd BhaksPrres anaipee e Rriveoducts.
thermocycler (Applied Biosystems) following the manufacturer's
instructions. DNA fragments enﬁi% rget 10 genes were amplified in
triplicate and relative mRNA lev mple were calculated as
TaleywidAdgicle threshold (ACT) = CT target genes - CT 18S rRNA. The
relative abunq_;lnce of the RNA for hACE2 or for SARS;%?OV was
expressed as'2S(ERAMHAR LA EARBEY it Msiore27 mastaglpvthipsvided
gk ibynikin dhGiatliemiic d ehddi gy DiseaserJ@mQ@iM@Yegeﬁﬁ%'im?ﬁﬂgﬂ)(}m,
andEﬁ% da 03 Pt%fts' f ‘cting 0#2%'@8 oV-infected AC70 were fixed In
-~ Yormalin and embedded i paraifir: iiea dysrd s Sallseton) were
it targibediesforBRRBdGs Vhdittige rdldmomtersialnfRgtwith 2Ray. Stocks of
li e.viral antigens were present in the bronchial
%ﬁ%ﬁ?ﬁcgﬁeaﬁﬁ?ﬁé%tggsﬁngfgg%n%?%e Uigs! ?r%ﬁ‘fga%%gc?ﬁ?af‘t 2 low MOI
- (@phthrsnaretingnselidies pislofteals ovani@igaxpeSedSB) a THitetisms culture
iy iptadion.in Y/ p Cfé’% arrowing but not
Oblitg}%gﬁ%m%%%éé%s ﬁétﬁg}!’g(r%?r? , \E/iaF(a antlgené(’(/l\riﬂeylyeag%?éj& ggn d stored
at ~80°C. All experiments involving infectious virus were conducted at the University of

Texas Medical Branch .('Galvcston,rTX) in approved jbiosafcty level 3 laboratories and

animal facilities, with routine medical monitoring of staff.

EXAMPLE 4 -
Viral infection and morl;iditv and mortality studies c_)f 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
backcr_ossed 2-3 timcs_ .ontd either C57BL/6 or Balb/c background. No difference with

15
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25 in many neurons and a few glial cells but there was a little evidence of
inflammation (Figure 5H-5I). In view of these histological pictures and the
clinical signs, it was likely that the infected ACE2 transgenic mice did not

Vil drsit+pgetmonary insufficiency but rather from neurologica@@igoseroon744
. 30EXAMPLE 8 Measurement of inflammatory cytokines and chemolcines.

Ingaty et GnirasiBing) il SSAR DOPaRRALSSWALE t&@@f&@ﬁved from the
.qy,étgklne proflles by the Bio-Plex Cytometric Bead Array (Bio-R

s SR \DESkeapB 45 BRSBT T90rsDOt8 Ormsaeattalyes, Akt dhtingron-

m@mamﬁm{mra& feeamrwnslationeckbigdrChelagdvos %@ﬂxﬁ%nasai (in)
simultan gly antlfy 'ﬁéﬁto 23 mfIammatory mediators. EXAMPLE

Efarte X 10 i P XS e A00PHe e iAMARAS STy weighed and

: ommeaamf@mmam fiaswand maged:b%meamma&&sohﬁaa%%e were

f diff tudent’ t EXAMPLE 10
L T

éxpedissivinal dtstrlbuff@\ke'rwaimﬁﬁ)enpf\@‘slm ofRGAGEY SkiEaive RT-PCR
m%(ﬁ% {Aéa&%m b@/onlc 293 cells were transfected with this

plasmid and ¢ extr e’?e prepared at 24 h post transfection. The
. expression of ACE2 was examlned by Western blot analysis using specific
antibody to ACE2. As shown in F&A&ﬁfﬁ@é@undant

Assessment of USSHC dlstrlbutlon of SARS CoV in mfected animals

In add1t10n to blood throat and nasal turbmate washes, and urine, solid

tissue specn'nens (i.e., the iungs, bram heart, liver, kxdney, spleen, mesenteric Iymph

" nodes (mLNs) small and Iarge bowels ‘and feces were weighed and homogenized in a
- PBS/ 10% FCS soiut;on usmg the szsue Lyser—Qzagen (Retsch, Haan, Germany) to yield

10%- tlssuefPBS suspensions. These suspensions were clarified by centrifugation and

- Subjected to virus tztration with the standard mfcctmty assay. using Verc E cells. The

25

30

. virus titer of 1nd1v1dual samples was expressed as TCIDs per ml or per gram of sample.

20

EXAMPLE 6

Q_._antntat;ve real~t1me (O- RT}-PCR for SARS- CoV subgenomic RNAs

Total RNA was isolated from nssues of infected mice at indicated time
mtervais after mfectlon ‘using ‘an RNeasy Mini Kit (Qiagen Sciences). Contaminating
genomic DNA was removed upon digestion with' DNase "I during the extraction

proccdure Resultmg RNA specnnens were. subjected to one-step Q-RT-PCR analysis for

© assessing. the expression of SARS- CoV-specxﬁc subgenomic mRNA] and mRNAS,

according to the methodologies established in our laboratories {40, 41]. The following
prim{ers and cfictéctionjp: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 GCTTTA T-
37, and the sequence of ACC TGT TCC GAT TAG AAT AG as detection probe; and for

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

GGC TGC ACT T-3°, and the saquence of CCG CAA ACC CGT TTA AA as detection
16
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15expression of ACE2 of about 120 10 was readily detectable in

transfected cells, whereas this signal could not be detected in

untransfected cells. Microinjection of this ACE2-expressing cassette
WONNERFR2 zygotes from Fl mice (C57BL/6J X C3H/HeJ) réSlEaumyesd4
- viable founder animals, designated AC-12; -22, -50, -63, and -70,
epecttielr. WhRteierndersaiery RERICIRSSREIOROBLAG s ARBAIY & pplicd

“gice. The hﬁ%EZ transgene in the litters was monitored by PCR, showing
PSSR LG RS REAPEETS e LAAMAR TSRS SRnkS Ry Ik progeims the
lfhéogﬁﬁmmbéﬁimﬁmlSﬂff%rleﬂﬁmw&ﬁif&%@%?ﬁ@m@%%éﬁ@ifymg
ineages was. subseguently evaluated hy, RT-PCR. As shown.in Fig. |

e Setee %%"ﬁ?dﬁ&% ‘“fﬁ. %%‘@3 @?pj%%‘eg"gd IFREHRS Y HitPae fagMan

 limestepithTARTR) mesianush figivet laueTthapoh i faramEdAMPbE-kp RT-PCR
R G BRI SRR Xl SRR oo 10 min

levels of ACE2 expression in AC70 mice prompted us 1o mves

éar@ém@'_f Mﬁ’@@wﬁmmhwmlmg/ammlm@@@ﬁmmin. A total of 40
ByaRePUAlYfodRR0che RRP MR R IR AR HEENSCNGER NG icq
1O littermates, ranging from 2- to 6-months of age, was determmed in‘a

- Bietvstery) i ivergatisgraedagiiredrisinctions BNAOSEOEm5ensbding target

SAES e REFINOYSE, Maibad Bndorteit! ipfagiedel ot %F%a&ygggble were

e-matched Tg" littermates, developed an acute wasting syndrome

their a
GURES Ao SrrfowsEbalS C4 2 00T Iaresy sanesi SuAgS PRSA. The
iefestiondpiimib sithey Ase Hhua.dhe l9Wsr 438080he w3 dEdRAGs o Lo
WwasAdopigd - in the subsequent studies to verify the pathogenesis of
~ SARS-CoV mnfection.  *For the next experiment, Te and Tg: AC70 mice
were inoculated (i.n.), 10 animals in each group, with SARS-CoV. Infected
mice were observed for signs of 5 clinical illness daily. Early clinical
manifestations of infected Tg+-mwﬂ‘j@(§7 ruffled fur, lethargy, and
Hipichaholknal Aredthinga@saoshpaniarkiyithe persistent weight loss,
which could rgach uj 35:40% .in.some mice (Fig. 2A). This relentless
weight loss L5 RER (es PRTEBH TP N AR e RS eatem DRBARS-
- Beiynitaedisdike srerdfagdrav dteshdlin inappeibedieddiie fedh®h.  The paraffin
reas arentl contrelled g ional 10 movement. There, .
S bt o v aned it
hemsswtiinlasting 1-3.days. Mortality began on day 4 p.i. and reached
100% by daypEiDafRle ki G{BIRCIRAOR IR AONIMRS MG e
throughout the entire course of infection without any signi |Ic)an welg £ 1585
BRSEHER RS Af ihsnivestatiticatingdiings wwrlientionrie many with ppeviellthis organ
(ERarks AfSHEYAl THER [RedOhild cellular infiltration in the alveolar septa causing

narrowing but not éblitf_:ratibn 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 SH-5T). In view of these histological pictures and the clinical signs, it was likely
 that the infected ACE2 transgenic mice did not die from pulmonary insufficiency but

rather from neurclogical disorder.

EXAMPLES

Measure_ingnt of iriflammatory cytokines and chemokines.

Inactivated (g-irradiation) tissue homogenates were used to define

' cytokipe ‘prlpﬁles ‘By the Bio—Plgx, Cytometricl Bead Array (Bio-Rad, Hercul-es, CA)
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15 EXAMPLE 12 Distribution of SARS-CoV in tissues of infected AC70

mice The kinetics and tissue distribution of infectious virus next

investigated by inoculating (i.n.) age-matched Tg+ and Tg- mice, 15 per
Vo itee mice in each group 20 were sacrificed at dailyRRfEBaNs;7 /000744

: except for the fifth day, at which only one if mouse survived the infection,

ameliisis, tﬁw&@ﬁpf&cﬂ@msuﬂéf&r@mmtw%ﬂe@mm@@ IAQIR4 1o

EBC Ils: A he tissue ex ined, the lu sand the brain were the
mlgj“dr Sited st %%[f @pﬁ%&?ga 'i’ﬁ#: ‘ﬁﬁce ASs shown in Fig.

3A, maX|mum viral titers were detected in the lungs within 1-2 days p.i.
with a'median of 108.8 and 108- ), ] er gram (TC1D30/g) of
tissue for if and Tg- mice, respe Y. Al uﬁh the viral titers gradually

(mgrgaggdﬂm%gafter in the lungs of both stralns of mice, relatively higher
virus titers Were recovered from Tg+ mice than from their Tg- littermates

during the entirB2JiiFss Bditks tRvenEral iehrmmmriany sxtakiers endctbgmekines

ttwerbranmpimfebﬁmbml@,@ou@gﬁmﬁtﬂmw&}sﬁ&f@é@r&é&maéé remithetedtes by

tg é gs, A Iow titer of the virus was first detected in the brain of if mouse
N p (" Thereafter virus replication proceeded rapidly and reached
- a medlan of more than 108 TCIDBERAMPHEYE8 p.i. (Fig. 3B). In contrast to

_%&Q&?ﬁ?ﬁéﬁgﬁtﬁﬁgﬁ e Y N e e D eron "

To venfy hACE.? expresswn of pCAGGS- ACE2 plasmid (Fig. 1A),

human embryonic 293 cells were transfected with this plasmid and cells extracts were

prepared :at‘:24' h post tﬁuisfectidh. The_expression of ACE2 was examined by Western
i_ﬁlot a.na.lly‘sis using specific antibody to ACE2. As shown in Fig. 1B, an abundant
expressioﬂ of ACE2 of about 120 kD was readily detectable in transfected cells, whereas
this signal could not be detected in untransfected cells.’

_ chrom_;ectlon of thls ACE2-expressing cassette DNA into F2 zygotes from F1
* mice (C57BL/6J X CSHfHeJ) resulted in five viable founder animals, designated AC-12,
- <22, -50, -63, and —70, respectively. These founders were backcrossed to C36BL/6 or

Balb/c mice. 'The hACE2 transgené in the titters was monitored by PCR, showing that all

the founders appeared to transmit the transgene fo thexr progemes The hACE2

express:on in dtfferent organs of AC7O and AC63 transgemc hneages was subsequently

evaluated by RT-PCR. As shown in Elg. iC, the ACE?2 transgene was ubiquitously
- expressed in both AC70 and AC63:lines, with AC7O at a much higher level than AC63.

. EXAMPLE 11

‘ SARS CoV mduced morb:ditx_f and mortahtv in Te" AC70 mice

High levels of ACE2 expression in AC70 mice prompted us to investigate the
ouicome of SARS-CoV infection in this particular Iineage. The susceptibility of

transgene-positive (Tg*)'and their transgene-negative (Tg) littermates, ranging from 2- to

. 6-months of age, was determined in 2 pilot study by inoculating mice with either 2 x 10°

or 10° TCIDs, of SARS-CoV per mouse, via the i.n. route. All infected Tg" mice, but not

 their age:metg:hed Tg iittenhates, developed an acute wasting syndrome and died within
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the brain, starting at day 3 until the death of the host. Although infectious
virus was also detectable in the brain of some Tg. mice at day 3 p.i., the
titers of virus were significantly lower (p< 0.01) than those of Tg+ mice.
Wihe§HasEs of SARS-CoV replication in both tissues was c@afitifedonpooT44
. Q-RT-PCR analysis targeting SARS-CoV-specific sub-genomic mRNA5
(& m%ﬁ&mﬁﬁ&b&@%ﬂ%é&&m doe, '%sbﬁk%&?&t%’iﬁa%é%}’g{é% Tgﬂ}sg,

-infectipus virus, usually less than 104 TC1D50/m1 or g was tecte

- ivERteBIfIN 8 subsequsRistidiss e verlsihe natheserssivof §ABR oM snfagtion.

liver spReimi@nscRNekbbbzndeL" BrUARPWEISRONe GiEc TQmRInREIRsed (in), 10
animals at varjous time pi%nts.-However, we were unable to detect any
iRPEEHS UL VIATS i BPoat” S8 odrireld, Breenens ORI &S signs of
' ulingabilissesibyyiiEailyethily assaisiniviicn thedelegionmibwasd ruffled
_ rea}g&g@an 103 TC Dngl/Iml r g.of tissues.  To investigate whether
U etharky andrant SRRl e e TSI et REASSHESH, e loss,
wieheerddoiratieng eul3Md0%08 TaiOsdcoiFigus Ahraughréhaiesapaniensalmay
LR T . lle infected Tg" mice appeared (o.be healthy, Tg+ animals
@:QIQ B t%a,wsﬁ%gw w&%}g%n\%}n&] P as oc:a%egnanwelrg s‘%&%r Seages and

15 started Igns.o ess at dc’ay A Pp.I., u

. armavaih folinanporsatiguthsattinydeTyaittornicappariortisateroniminigd kirectional

YiHRILeRs, i { in Fi Il infected T+ .
A e LG RO R I SO [ o

rER Y dasined redriinrddandityibaeam anidan ai and cRaNL AP lopay 8 pi
{ite5. (2B, A0 dRUGRESINOT WEWESRHIERIS ﬁ{@&ﬁ%&{;@%@fﬁgg Wiise of

virus from the lungs. of either strain of mice. These resul Ica
| AL RAY TRBIIFBL isht ereser ethep alieiaal e festasisandBndings
ofliio cotttaRUthainiRuiaR reporhbTaaRdNigetipuggjirus was detected in
the circulation in the earlier studies, the extremely high recovery of
infectious virus from the brains of i.p. challenged Tg+ mice 25 prompted
us to re-evaluate the viremic staRXokPieEtetl animals. five Tg+ mice
were: i_ncul eq 'g}_éo\%i_th _ gc,)sa'gcg. eOt “- virus. To increase the

SR LboT S e cimens that were

- diluted{he1Bineties esintilsportistrivithe sylcefeatiausr eakenaitidiosstigated by

| ecl er : d whole,spleens of
s P b AR i cach grou

BSTREATHICh A iSRS by e eratctortherBfth ot diswiisd iondyl ofetfe” mouse
infopsed B iTaleial ariiend anoing fremibA2 4Rl A dSRROA gﬂﬁg Wakemined

%a\i belgw the limit of detection in the earlier studies, Slﬁgestm ata

FERT b Fee TR 1B UETHShRsaTB oy the |BB2 Ea0A P L s weyothe major

| 200DRA2RPRTIVS 2ATRRAY 44 TiSWRANIARNANh Fig. 3A, maximum viral
‘ gpmunohiistoche 'stﬁ% The histopathology of SARS is characterized
N AR dhsdHR '

Eniiter ﬂ*ﬁgf: & YRS A EBS Pdanily @ Wedianedndve and 10°°
AVEdapaodaps €TaND il gfolsem éning alve dlpwithd]uimevely. Although the

SRR 3R ERY Mo RS Lok 3 i TR O G5 SRR S M2, relatively

- higher virus titers were recovered from: Tg* mice than from their Tg’ littermates during

~ the entire course of infection.

" Viral replication ‘was also detected in the brain of infected mice, with strikingly

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

~ brain of :I’g+ mouse on day 2:p.i..‘ Thc:ﬁeafter,,virus repiicatién proceeded rapidly and

geached a .median of more than 10° TCliDsolg at day 3 p.i. (Fig. 3B). In contrast to the

~ decreasing trend of infectious virus over time in the lungs, viral titers remained high in
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5 infected AC70 mice at day 2 p.i. revealed a moderate interstitial
- pneumonitis with focal thickening of alveolar wall, and filling of alveolar
sacs and small airways with cellular debris and macrophage-like cells.
WhEMhIStbchemical (IHC) staining showed that SARS-CoRCaRiigetT/ a4
: readily detected in-the bronchial epithelial cells and in association with the
irHeclratiniaayting i 26 1 dhe) A rBeRRor imeRsH VL IN GRS d 8 Rl was also
“mice t%:!ﬂ%ure % A-,SBé. This detection of SARS-CoV antigen was specific,
SREE QGG AR o A Sa R EhRTR ot ttcliteamd s weresimniigantly

Witheir(preval) nhan skosntiD glamieas TiRgativa o Ie REAC SSRGS both

' . Infected hronchial epithelial cells showed cytoplasmic swelling and .
‘ gﬁ%ﬁfﬂ%ﬁsacr? Were s r%%?ﬂ%@%@“ﬁk%ﬁ%@%ef StoRY ROt eNbagenomic

 infRivate SFigethsl 3Cteti BD) sedeiRBLAWIth abundant viral 5 antigen was

e T A e S
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infeascsecdrested ir &t emritifel? WS nligh 4ol éf ithdilg thamse whshgs; AicETg" and
(Gatamot; : z -CoV . antigeps were detected
T B A o P ot o
- S HGsERnEn d g ao reets i theblarg Sleec0anY deferiise:byidayis throat
g eBionk, RS CAVMDIGER A ERSRE 15, BRGSO TvSSIR; assay, in

bl -Oﬂ xlesse_ls was, associated with a mild to moderate vasculitis (Figure.
@5‘%? e GRrCRAR I Wk grsaten thah g cH-dlvisalss 8 Widisugso detected
at daysr3 mivesdgats WhalbeneariReupeas 3the bakiaslss Ahihe CNRel . route of
infected Tg+.mice (Figures, 5SH-5I), consistent with high titers of the virus
m Ctel%lr’aig%ﬁﬁfgcﬁa L @gFﬁnm%‘s@(&DzG Hreirs dhesyeh the intra-
pesictiemlcOyld beirce Whilasatairdongvifidbayesancs B AR COY animals
‘ QQE{QC?'E inﬁg‘% %NHSS;. @q Ii}tiosnggl)é, vi?l antigen was detected in the Gl
fracts of TQ+ mice at day b pr.; even ﬁi-%u§1 iMIEHTYS SAFELiGeds longywith four
repareatbd reakihy idnidingyitialnst HerGikteanininiy shantigiefterah restiicied 463 the
theR Restonn g2 CIoHEel) At ARl R B SRR RS brains

wall. 30The expression of hACEZ2 arttigen was dete

- RibpTEYs opbe Eweeel thskisln anfeated IBg spliserhadNnfeatiare atus in this organ at a

sgsifRIHEstRRAISMAA M USEd BNG ARG IYaSeHIED qf%%%{ﬂ@ 'recover any

- adrenal, and CNS of Tg+ mice. In the IHC -assay used in Y,
Ssrtinbeof i Cion s pstpicesianemimedrpretdihesrorei eleprisindivated
ialedastesnitieh 20081451 ORRIRIS2ARONHA¢ BB dNEEARE Blke of

&taln%] was seen using normal goat serum as a negative control.
/ fth %ﬁ RNo-co'IOr staining was not performed to co-localize hACE2 and

 viral antigengxinfessios vingeds agsasthShdhacirtsisripdiaRier studies, the
R s oo e g Db
pesepiial ssioothevalsele tandiganglimanceds (Higtyd anfhel 8 )i EXPEESHIRE were
w&&f&y&‘{ﬁgg%%’%@fﬁ%%% @ﬂ'gss Ds%%%g%@g%g%@%g%gﬂye g%l detection,
‘ ihstead of :ésing the blood sbééimens‘that were '&iiuted (1:10) and a small p;)rtion of the
spleen in our earlier studies, undiluted blood spe_cimeﬁs were collected and the whole
spleens of infected amrnals at day 2 pi. for the infectivity és'says. With this improved

method, infectious virus was detected from both tissues in all of the infected animals at a

| ﬁter ranging from f1-0_2 {o 1023 TCIDSO,_ a_.titer that was below thé limit of detection int the

e:arlier studics, suggesting that a low-level of viremia did exist in infected Tg" mice.
- ‘ . EXAMPLE 13
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system, in similar areas to those where SARS-CoV antigen was present
(Figure. 6H). In comparison, in the CNS the distribution of viral antigen
and hACE2 was significantly different High levels of hACE2 expression

WRetwsdefdeted in choroid, ventricular lining, 10and vascular BAHEHEHEP00T44
ceIIs while only rare neurons and ghal cells:showed minimal expression of
iy X ; ; wtense_staining of SARS-CoV was

onlyd cted jn neuy n an IIs above esting that not all of
the hA %ei( ressm Yl sgakrgsgusce%f%% f)g?#%?ﬁf@bt%ﬁer“ aiﬂ@eumem“s
difckanivm!iaf @kﬁ@—a&ﬁbcvﬁtﬁsﬁ% iy palth clokippse gl lfﬁlmglﬁfmammg alveoli

t ith c
N B R e 2 R Saippion of
pretadehCifffimsgan @Ya%ﬂ\ﬂaﬁ@dqaiatmphégmcmtémm)ahmnmﬁs with focal

| YHuehsogesisdhat @Qal“&%ﬁ%ﬁ@dﬁ%‘i@g&!‘a&%@s'Qﬁéfﬁﬁlﬂ@fw S’ E?]QI% Sellular

within the lungs may be partially résponsible for the pathogenesis

Aebrarrash recrophagsrdkaorr i fmmunelistasheriigalf €HEClistrinimg showed that
davalioped innfigén MR Ieeaaapoeaae&ecﬁﬁﬁ%%voﬂaﬁsﬂ%Ia{ampt{?&zs and in

~ study the host responses by measuring the contents of various 2

W2 Infliekds tarlnesasy ﬂﬁéﬁ?ﬁ&%ﬁée@&md Tg

hﬁw QB;gA&zﬁl”ﬂJWSE}] Flﬂ#ﬂ@te&m@lﬂﬂ%ﬁi%@f WHRIREIRIGLS since staining
' su ed eve s,of mrjb? mmatory cytokines were detected in the
ﬁmgs of“’f%eﬁ%'&%r & TS, ¥opiRisaies Mumalteith (HRirNaRS mouse

soifitralies smﬁ@mdffai %Rﬁaﬁaﬁﬁgﬁfe@ﬁig?réalﬂg }Qﬁ%@ﬂ%ﬁk@hm%plmehal
lce In contrast, e evels of IL IL- 0, 30
R B s e, Sy A0 St TPl i, moderate
dé}mdamthedumgsiwmﬁhﬁnzeem Seladst dabrimmspcxmtaﬂumng thherfiistt viral
Qﬂﬁ’g%rf’@ﬁ QLihG:inig QHQ Qré'ﬁk%':ﬁﬂu@e aé I&l%g) I&q&xc ough the SARS-CoV

inflammatory response.in the brain was s|

Yoo alsoAstoraT s hoey oo esré Edumisd, thndreqmmfsngmmmns and

o canigerOhAlamEAI B C Ao HIINACeF Thian e
Eon: h%%li%élay | and day 2. However, hl%h| elevgate%l ICe@ve togf %Bg shown). No

-' ?E“f?ﬁk“@f’@sﬁ%%@eif (REgeRAIPSre daigeted dp-IHieie detapied SARS-CoV

_ &ﬁgéﬁ%ﬁaﬂlﬁs Qg eQaUIN GBI FhstieraieslibalieNd in the lungs of

ddition tion of IL-la, IL-lb, 5 GM-CSF, 1L-1200, and
R i SHEED 8 AP BREAY AT REP T srbergpopfoueele of

b)ﬁbéwﬂﬂdmtmomaehmaﬁmmtasdchdaatbw&s&hiéxslé;éuk 9riL-10,
| llegles';hg;l esle: Ir\lesu ?Hg?;é\‘rl’@ %ne\évrgé%g%%%g%%g é51 Ce#ﬁ%%ﬁk ys 3 and 4
mughah;giqbnﬂ@aetgmfaﬁﬁg&ﬁi@djs of the CNS of infected Tg" mice (Figures. SH-5I),
‘ eonsi_stent w1th high iitex_‘_spf the virus in the brain’at this stage. However, no necrosis or
inflamimatory reaction cotld bé seen in association with the presence of SARS-CoV
antlgen in the CNS Addltionally, varal antigen was detected in the GI tracts of Tg™ mice

© at day 6 p i., even: though infectious virus was rareiy recovered in this tissue. Within the

-Gl tract virus antigen was restrzcted to the subserosal gangha (Figure. 5]} and smooth

muscle of the intestinal wall.

~ The expressaon of hACEZ antigen was detected in the lungs, kidneys, liver, heart,

~ skeletal muscle spieen LN pancreas gastromtestmal smooth muscle and ganglia,

vascular endothehum adrenaI and CNS of Tg" mlce In the IHC assay used in this study,

' stammg of hACE2 was specxfic for the human protem no such expression was detected
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replication in the lungs and brath than their Tg" littermates, as shown in
Figure. 3, could 10 promptly elicit a strong inflammatory cytolcine reaction
to acute SARS-CoV infection. Importantly, this acute inflammatory
WESpBEE18Bcurred later and more intensely in the brain tha@ T A0S 44
- consistent with the level of.virus replication in respective organs.
EXA Rlide hbdl hoSAREnE MMdNaetienHs Hansdeis Al VG negatiiecontrol.

. ?&ﬁ‘f%ﬁp'i{b'l'tg_‘)f Te AC63 mice to SARS-CoV infection was initially

10

theirTg

s

20

30-

- AR MR R S R

SVaIoaEad By SR i THATaR S Ao REROES AR50 PElE 84 P B ofiral antigen

SRSsCuyin/ibethegnandié, fibeifa dEHAtICesverasnNaISHEEaRiBRern of
S,’as.evidenced hy a ,

“moderate but progressive weight fos 8% (B eaye Was detected

Howel inrhsoprrastaeythe wsdolan smoothlityistinfactedikisn\GTO (Fiages. 6A-

ajlin O NI5E.8Y lly recovered from the weight loss without

?r%y C%gg{%gs%?e tissue&é?S%%%%l?o%ﬁ %n?le"f:gtcfé]luasn{;iirﬁ% Was next in/es %&%ﬁm Gl

855t HssipHianareasdedhasevivith SARGHEr Hordipsinvives mesdot Esgitenatl). In
@iabauisame - ROMMACHS Bias,shcantiehifennat ioculated,
(@in, %)10. of each, with 106_T!CID50 of virus. For %an%?fgﬁ%%% tﬁ%k v%#g?lﬁcanﬂy
- fSEEE thEsh g Bt 2resntiom Resaieedishinedioroikorstiesksr lining,
angriisadaatddaymaianeefls  OIRRENG YartNR ARSRAINAG RIS WG KSRhimal
- for assessirh%‘%l(;ﬁ%%fiditéand mortality. Infected - Tg+, but not Tg", mice
STRIEE 6 ¢h prOSREEkiIOE Rl hERREY StiomiF i iatRiae AfrfedikS-CoV was
nyifestetioris, igioeandahiaB g (s vb)AsuE R RN MHRIEaB B T haCE2-
mice 'appeaﬂgsd a}osbem%(-i- sturs}'gegntg%eto 30 SARS-CoV infection than
i AﬁglﬁFermaﬁ_'elsi,scg eVfd8rde it téof%uch higher titer of infectious
virus in the lungs. Additionally, 4 out of 5 Te mice had high virus titers in
~ the lungs, whereas only 2 had low j[a}}e titers in the brain at day 3.
Infectious virus was no:longer ‘detectable’in‘the lungs at day 8, even
tARSne oW -nduend cstikined apy C f 2DPIGAYE KR i
detectable virus in the brain. Remarkably, despite the severity of the
iiness 188 BfdeRtey AP R protetinadiergradelogheorsaininhigawmimdisvever,
- phaibaskieabhomicsiOns QhEaaeNey PEINRSN ey ARanthlay Yete9aRE e alveoiar
gome o@ﬁéo t weight in one week thereafterﬂ%zlgure. 8C), and
BBEE MU n?iﬁ HROEHOSIeh B RTSRETIRBITRtereshastivRid wagrophages
Giitminafied lis; follblslinguigianenaes werarelied herain rtgiRAUinfidatory
zjé?ép)%él\% gﬁ] rth\élrﬁ)lhg?s?’iggy?’gésga?toxéﬂy responsible for the pathogenesis of human
- SARS-CoV infection [26]. = S

The severity of the disecase developed in Tg" mice in response to SARS-CoV

O N el ARG

infection prompted study the host responses by meaéuring- the contents of various
inflammatory mediators in the lungs and brain, two of the most affected tissues. As

.s_hown ip Figure. E7_, among 23 inflammatory mediatdrs measured, negligible levels of

- inflammatory cytokines were detected 'in the lungs of infected Tg" mice over time,

éompared to 1jh_e levels in: uninfected controls, suggesting that SARS-CoV infection failed
to induce cytokine production in Tg” mice. In contrast, elevated levels of IL-1b, IL-12,40,
IL-12g70, 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..."/’). The SARS-COV~induced inflammatory response in the brain was similarly

22



2. Butler, et al., 2006. Virology 347:410-421. 3. Chan, et al., 2003.

Respirology. 8 Supp1:536-540. 104. Coley, et al., 2005. J. Virol.

79:3097-3106. 5. Ding, et al., 2004.1 Organ distribution of severe acute
Wagphtdtsizsyndrome J. Pathol 203:622-630. 6, Ding, @CaIY2003HM 744
- Pathol: 200:282-289. 7. Franks, et al.; 2003. Hurn Pathol.

W&&J%&@&aﬁ%@i@@k&& M%Mmhﬁﬁ% &edaato?s ﬁ'ﬁ&@ct@& Tg'
: 04..J. Irnmu ol. 173:4030-4039. 10. Gu, etal., 2005. J. Exp. Med.

énm"ﬁo daihieyt dat, Boweves, hﬁgh%Pi%ééqv@wf IL-63 H. 12500,

Hse@aﬁ exall, 12008), Mifiroh, z&almfmaldaz&ﬂéﬁ Hu@po, &t &k 12ER5 of Tg"
94, 14.

: v'?ﬁ*"\’ﬂeggi‘ﬁvél‘% é@é?fg 1?355’86??1& 2%%% SRl AC%%‘%%%%%QE 1a, IL-1b,

.. 10

20

25

30

GM-CSF, IL-1257, and RANTES was mcreased to varymg extents in the brain of the Tg"
mousc. -Other_ mﬂammatory :medxat;ors, suc_h as IL-2, IL-3, [L-4, IL-5, IL-9, IL-10, IL-13,
IL~17,: IFNug; .and TNF—é, wereinbt: significantly induced. Taken together, these results
clearly demonstrate that Tg+ mice, which had much higher levels of SARS-CoV

.promptiy elicit a stmng mﬂammatory cytokme rcaction to acute SARS CoV infection.
' 'Importantly, thls acute mﬂammatory response occun'ed iater and more mtense:ly in the

brain than in the lungs conmstent w1th the levcl of vn'us rephcataon in respectwe organs.

EXAMPLE 15
SARS CoV mfect:on in transgemc AC63 mice

* The susceptibxlzty of Tg™ ACGB mice to SARS- CoV infection was initially
evaluated by using the same challenge strategy, i.e., 10° TCIDse of SARS-CoV, via the
: in roufie:. The 'Tg’j' AC63 mice were more susceptible to. SARS-CoVinfection than their
- Tg Iitté;'mates, as evidenced by a moderate but progressive weight loss until day 8
(Figure. 8A).E:H(,‘owevet‘j,5if1,1: contrast to the ‘@iform mpz;taiity of infected Tg" ACT0 mice,
all infected AC,63 mice eventually recovered from the weight loss without any death. The
.tlssue dlstnbutxon of 1nfect10us virus was next mvest:gated as well as whether inoculation
| wzth a Eugher dose of virus couid re:sult in a fatal outcome Both AC63 mice and control
‘ httcrmates wcre_lnocuiatcgl (1.n.), 10 of each, with 10° TCIDsq of virus. For quantifying
the viral loads in the lunigs and brairi, five and three mice from each group were sacrificed
at days 3 and 8, respectxvely The remammg animals were kept for assessing the
: morbxdlty and mortahty Infected Tg", but not Tg’, mice started to show an progressive

‘ 'wezght loss, along with other clinical manifestations, between day 3-and day 4.
i, . As shown in Fxgure 8B, Tg mice. appeared to be more susceptible to
SARS CoV mfect:on than their Tg" littermates, as evidenced by a much higher titer of
- infectious virus in the iungs Additlonally, 4 out of 5 Tg mice had hlgh virus titers in the

_lungs whcreas only 2 had low-to-moderate t1ters in the braln at day 3. Infectious virus

' 'was no 1onger detectabie in the hmgs at. day 8 even though one ammal still had -
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expression vector, comprising: a constitutive promoter, an intron, a

VisbR&#e4sytion site of rabbit p globin and a nucleotide seqURSHIBES2007/060744

- encoding a human:angiotensin converting enzyme-2. 2. The

XA CELIMEhaeim 1, wherein the constitutive promoter is a
- king-specific or epi‘thel‘ium—'specific promoter that drives global expression

of hACE-2,: 10 ‘3. The expressu)n vector of claim 2, wherein the
constitutive: pmmoteﬁﬁ@;@&@iﬁl\dé&@\(ﬂhﬁ@{g PGIC, or 13-actin
promoter. The expression vector of claim 2, wherein the

| _lung-spécific f§%]%‘r‘i‘il6‘teeri?§°5 B EBen Sifyepnylation sitg ofigabbit f globin

 exprensitviecten il adinhe reindh erpmitheliy ROSPQAHIE SEQmeLer is a
Keratin 10, Keratin 14, or Keratin 18 promoter. 20The expression vector of

'clalm 1, wherein the vector is pPCAGGS- ACE. 7. A transgenic
mouse expreQSIng HireaexangittensioonyeriRgn 1, wherein the constitutive

promoter isa lung-Spccnﬁc or epxthehum—specxﬁc promoter that drives global expression
- of hACE-2, L ‘

B (U
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3 The expressmn vector of cia:m 2, wherem the constitutive
promoter isa CAG, CMV, 5V40, RSV, PGK, orﬁ actin promoter

4. The expressmn vector of claxm 2, wherem the lung-specific
promoter is CCIO or SPC promoter

5. The expressmn vector of claim 2, wherein the epithehu.m specific

: promoter is a Keratin 10, Keratin 14, or Keratin 18 promoter.

- 6 Th:e_‘ expression vector of claim 1, wherein the vector is pCAGGS-
ACE.

7. A transgemc mouse expressmg human angiotensin converting

: enzyme-2 (hACE-Z), whercm thc mouse is demved usmg the vector of claim 1.

-8 The transgemc mouse of claim 7, wherein the transgenic mouse

”thh an- mbred genetnc background is a mouse with a CS7BL/6J or a BALB/cJ
, ﬁbackground '

9. The transgenic mouse of cla;m 7, wherem 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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TZQI:

~mouse’ofclai
; @cmmadﬁgsbdmseﬁh@srmgemmmamamalm 11, wherein said mouse
_is infected by human coronaviruses. 14, The transgenic mouse of claim 13,

enzyme-2 ( CE-2), wherein the mouse is derived using the vector of clai_m
1.25 8. The transgenic mouse of claim 7, wherein the transgenic
mouse with an inbred genetic background is a mouse with a C57BL/6J or

VOBREBBackground. 309.The transgenic mouse of claimPLTATR et

- human-ACE-2 is expressed.in the spleen, stomach, heart, muscle, brain,

kidney, lung, liger, INfes e e SHSRE BecBNSe wWMRn the mouse is T% -AC12,
@O%%é? JngPCT US2007/000744 10.The ia-ansgenic mouse of claim
e

heSindude 1€ AACr X erd M@ moupg-AC50, Tg-AC63 or Tg-AC70
mouse. The transgenlc mouse of claim 0, wherein said transgene is

expressed in both t nd the brain abundantly. 12.The transgenic
§ E‘.P ﬁﬁiFaf?’éb‘Eﬁe%@Fé@sHﬁ iwhstinntrid drapsaene is

Whereln said coronavirus is a - . :
- 12, The transgenic mouse of claim 8, wherein said transgene

expression is low and restricted to the lungs.”

13. - The transgemc mouse of claxm 11, wherein sa:d mouse is infected

by human coronawruses

B '14.: . The transgemc “Mouse of cia:m 13 .wherein said coronavirus is a

severe acute resplratory syndrome causmg corona viral stram (SARS-C()V) or a NL63
15

stram =

15 The transgemc mouse of claim 14, wherein infection with said

" coronavirus ehcits an acute mﬂammatory cytokine response,

‘ f 16. The transgemc mouse of claim 15, wherein smd cytokine response

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

. and MCP-1 i in the _lungs and the brain of mfectediransgemc mice,

25"

30,

' organs such as bram

17 Thc transgemc mouse of claim 16, wherein said expression of

cytokmes is delayed and more intense in the brain foilomng infection.
18.: -+ The transgenic rhouse of :ciaim 14, wherein the mouse infected
with the SARS-CoV exhibit clinical mamfestanons of severe acute respiratory syndrome

(SARS) in humans and dxes within 8 days.

”'19.} ”' The transgemc ‘mouse of claxm 18, wherem said clinical

‘mamfestanons compnse gross and m;croscopzc abnormaht;es in the lungs and other
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severe acute respiratory syndrome causing corona viral strain
(SARS-CoV) or a NL63 5strain. 15.The transgenic mouse of claim 14,
wherein infection with said coronavirus elicits an acute inflammatory
cytokine response. 2016.The transgenic mouse of claim 15, wherein said
cytokine response comprises expression of IL-Ib, IL-6, IL-12p40, I1L-12p70,
G-CSF, CXCL | (KC), My-la and MCP-1 in the lungs and the brain of

infected tra é;elnic mice, . 17. The an%geni ouse of claim c}?
. r(;? . The t;anscrénl;(:égoustetz Clainy 18, w r%]m yigh VIras [iters are de %ﬁtabie
wherein said expréssiof of 25cytokines is delayed and more intense in the
indpas folldwing dhfaedionuse. 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 dies within 8HaJATSE Mouse 1 SR (AnSEEIHE MELEL BT Clili eaed by

hwhergirvsaithshlinical manifestations comprise gross and microscopic
abnormalities in the lungs and other organs such as brain. 21.
The transgenie mouse of claim 12, wherein said mouse is infected by
human coroRavirlségnsgenic m‘“ﬁ?.Oﬁ‘i@‘ﬁh%bgﬁé’h‘?@ﬁhéﬁ@e"%‘f‘)&ﬁa’ﬁﬁﬁ‘f’z‘f,3 severe
advpeseiiSaid SAMAAYIENS S a GeNeKedGuten ESPRAIOMY SYNdronae ealising
corona viral strain (SARS-CoV) or a NL63 strain.
23. The transgenic mouse of claim 22, wherein high virus titers are detectable

in lungs and not in the brain of said mouse.

24. The transgenic mouse of claim 22, wherein the mouse develops the
clinical manifestations of severe acute respiratory syndrome (SARS) in humans without any

mortaliy.

25. The transgenic mouse of claim 22 . wherein the mouse develops abnormal
cardiovascular and renal functions in maintaining electrolyte homeostasis and impaired

reproductive functions.

26. A method of screening for an anti-coronaviral compound, comprising:
monitoring an infected mouse for development of phenotype of disease caused by a
coronavirus, wherein said infected mouse is the transgenic mouse of claim 9 which was
subjected to an administration of a phanmacologically effective amousnt of the compound and
infected with the coronavirus, and wherein absence of said development in the presence of the
compound indicates that the compound inhibits the binding of the virus to the angiotensin

converting enzyme-2, thereby screening for the anti-coronaviral compound.
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23. The transgen tc mouse of claim 22, wherein high virus titers are

detectable in lungs and not in the brain of said mouse. 24. The

transgenic mouse of claim 22, wherein the mouse develops the clinical

manifestations of severe acute respiratory syndrome (SARS) in humans

without any Alortafifethod of clabps2GReersinstie sranRivtdds o ipiftsphibitor, an
inteherainathersnorse tevtlops apnoanal SRrOQASGHlarAastirenat dunpetions

in maintaining electrolyte homeostasis and impaired reproductive

functions. 26. A method of screening for an anti-coronaviral

compound, é8mifisintohohitoringdanlinfactdd mowsertbrdevéiopmertdofrally,
inhenebpe af:disease gansashyé coronavirus, wherein said infected

mouse is the transgenic mouse of claim 9 which was subjected to an

administration of a pharmacologically effective amount of the compound

and infected2®ithithencbrdnatvitas; and whenesinhabsenceiofssaid SARS- causing
Ssyslonrment in the presgRce of the compound indicates that the

compound inhibits the binding of the virus to the angiotensin converting

enzyme-2, thereby screening for the anti-coronaviral compound.

27. The method-ofclaing 26, whersin the compaund ia pretaasefahibiteror a
2D glnéglrflelg%ﬁsa (:sggrggcsil}{gceptor blocking peptide, a siRNA, or a natural

an |V|raPcompdun(le.p & 28. The method of claim 26, wherein the
cprnpethd Wadcadmihisteradcorailbinbabensusiyonianaisdlly tontspnic mouse
of MDBIRLON.which was2@bEbRMEthed:gfelaim 6, Whersinhe Seranavirisective

is a S%I%S-\caus_i_n coronavir strﬁin ora NL63 strain. . T -
2RREERSHBF SRPESHIFG T B oS iR AL TARIBHS IRYSL I biS Hkise of the
cigorg mevisa Sptomprisingicdomparing tierindidenodiof disé ageicausedobyherein
aﬁ@gsglrga%? £ 9€&%¥H£§ﬂﬁlé%éﬁ@@ §&§‘§E?&%Qf"fj2§%19 EF@H%I%% w Q}qnevy&i%ction of

subjected to an administration of a pharmacologically effective amount of
HE n‘i‘fr%d-‘ﬁd?%lh‘EPH%Fe&Et?ﬁ}'\ﬁ’ilh*‘?h%‘ﬂuﬁ"ﬂ%’ﬁ%%‘"r‘ﬁ‘r?ﬁvi?ﬁ§’,3Wﬁﬁhfﬂeme compound
inificldehca et thacontrohmousednfedted with the human coronavirus but
lacking said administration, wherein an absence, or a shortening of the
disease course, alleviation of symptoms, or the reduction of mortality rate
in the mousé subjeEtefiad S&id adithinBeratioldsereatwadtid theteo sty by
winbikis shailnfectvity @i thechumancorenavitdsin convertindda/BR-Mefhetkiting
. gLelaim 30, wherein, the compaund inhibits the infectivity by mhibiing.
) Blnalng of the uMan coronavirus 1o anglof)ensm converting enzymee-ﬂ,'by
eliciting a protective immune response against the human coronavirus or

a combinatian tgreQfihod of claidds §T hednethad ﬂ}%@l‘fﬁﬂg&h%\{{?ﬁgm g?ﬁiing of
compound inhibjting the binding of the coronaviruys to the angiotensin

e RUHHE A2y Te222 i8S P IS TR BTBORE FecptoP BiinGRo M tARFiFtieptor
bidding hétmethod of claim 31, wherein the compound was administered
orally, intravenously, intramuscularly or subcutaneously. 34. The
method of claim 31, wherein the compound eliciting the protective immune
response againstiHee R edfotavifgicia B FIRRORY et CotipdeRd Grily:
infeagenteifective:asiarkasciogsunbereily the compound or reagent
comprises a viral antigen, a peptide, a virus-like particle, an inactivated
virus, a live attenuated virus or viral DNA.
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35. The method of claim 34, wherein the compound was administered

intramuscularly, intranasally or pericutaneously. 36. The method
of claim 34, wherein the human coronavirus uses human angiotensin
converting enzyme-2 as a receptor for entry. 37. The method of

claim 34, whiéreiRethe hamancEorbAhyiriasi dhs ARSI R ESID HisyRigfective
inBH@iR @F@RINEGZsiEaiMe human cidhalhe methatabelaimadowherdinthegent
effec Vo2 I‘Ad,f\jl\l ‘3%ea%ﬂ?é?é§§?£§%&1930?%@%?%&%@ ¢ rr';lgg{s;[zcs) ztll‘{%zliﬁlg% 1%-';81?, gfpgerf}%deg
mouse Wlt‘h fhe corohavirus.

a virus-iike particle, an inactivated virus, a live attenuated virus or viral DNA.

35. The method of claim 34, wherein the compound was administerad

intramuscularly, intranasally or pericutaneously.

36. The method of claim 34, wherein the human coronavirus uses human

angiotensin converting enzyme-2 as a receptor for entry.

37. The method of claim 34, wherein the human coronavirus is a SARS-

causing coronaviral strain or a NL63 strain.

38. The method of claim 34, wherein the compound was administered

concurrent with or prior to the infection of the mouse with the corenavirus.
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