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5TRANSGENI C MOUSE LI NES EXPRESSI NG HUMAN ACE2 AND
USES THEREOF 10BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention The present inventiOn

rel ates generally to animal nodels for studying and
treating human di seases. More specifically, the
present invention provides transgenic 15 nouse |ines
expressi ng angi ot ensi n-converting -enzyme- 2 (ACE2)
and their use as human coronavirus infection nodels
for. mcrobiol ogi cal, immnol.ogical, pathol ogical
clinical and epidem ol ogi cal studies of severe acute
icspiratory syndrome (SARS) :in man and devel opnent
and testing of antivirals and vaccines for the

di sease, and as nodels for infection by other rel ated

vi r (SBANSGENICMIQUSK EINES E
gaﬂWEDescrlgPpgﬁAgfiﬁ:Ez

for 20 virus entry into .host. cells

the Rel ated Art AND USESTHEREOFK of severe
acute respiratory syndronme (SARS), caused by the
SARS- CoV- (coronavirus) a highly transthissible human
pat hogen, occurred in the fall of 25 2003.
Originating in Guangdong, China, the di sease spread
rapidly to other parts of Asia and fromthere, to al

over the world F Ilcatlon of

i nt ensi ve publchE%Q?&h%%E@gﬁ' NN se ‘was

successfully cont ai ned about 8. nDnths | at er but not

]ggfor ausi,ng -8000 clinical, cases with a -10% case

f?ﬁ%%ih§i¥?%#§renendous econoni ¢ i npact morJdMAde

The nost  IiThk nmeL gence .

qscggRé CoV i s ihat the VI rus %Oéef'%'gﬁ’ff“r@“ﬂétlﬂ? for studying and
Ymen dﬁﬁw&msnebﬂicﬁﬁy Nhe prddait SAGAASn

s §ln2P R %cus adapted to I nfect civet ?%vvl\?]es fnsgenic

Wer e perm Ssi v %‘ﬁ?‘f"@ﬁ“ﬁgnﬂgﬁm&pgd@%ﬁl@)mgﬁu use as

bymaw coronavitus tinfbetien £oHéls ik iioliaH %@ﬁrr_ . qu;qF;:g:cai

ﬁaﬁﬁeéﬁ%ﬁmoﬁeﬁ Sasies ptse érgﬁgmefaﬁu?ﬁqﬁm;rmmmmmm
trfgﬁp@% anong %Wﬁ%pe g‘b‘ﬁ%tf%e and ps mpdels for

- inferRg by q;gpgaquhmscmhfasrmmmﬁﬁg, aﬂﬁcﬁﬁﬁﬁiz)éﬂpléez for

Vv stQuft . because. many virues such as Ebola
Venez efan equrﬁe encephal itis, and epidemc
i nfluenza viruses 5 have all returned after a hiatus

. bEANS j ssi,on., .Thus, the need for. effective
d vaCC|nes woul d be essenti a

shoul d .SARSy g@gp
%ﬁgre i‘s nellgther gﬁ&e fecpﬁ\féﬁgﬁ@%?yﬁo%q{g% Geysed by the
-GN e(oﬁ’i?&i“f'%) & highly ramtnissibRGuman pathogen, occu®ai T the fall of

20020 he erstandlng and
pat ho e n es é %h?rl}éﬁ Céﬂﬁsl% Serewtapidlytacther parts of Asia

- ang ere/ g allhnveeﬂxﬁ wopldy Faflowi | 'tBé‘ r|1caﬂfnlr' BFintibive public health

10 Al t hough |t i s known
méa“ﬁ‘%?%?@% distsE SYRFuETsssfulin sopraingd pboug Sfmonths bmer but not before

f Vy
“‘”@W%nfg?m%e it 0% cER el 8 rERES o rmmomicpac
wc;é{q be mgst Iikelynypothesis ftharruhergme bof SARSARY [sZhat the virus

f this di
frok e Shafbt R, bARLGAAD | TR et m'ﬁm&«fﬁif Sinicus,
3d4P£?det0pmfﬁ¢edlvm ménmhoﬁueepdmﬁ dm teli"}G! 44 n;ﬁt@em:c among

n ., macaques, 15 Africa
cively Tge%%‘ "’E @%@? é’?'e“\‘ Ching 70d ankste 19,2141 Therivires then.

|nclud|ng young and aged Bal b/ c, CSBL/6 and -types
‘| acki ng conponents of the inmune.system (i.e., Statl-
and RAGL-knockout mice) [9, 18, 23, 31, 32, 36 and
 371. These’ ani mal's were shown to be susceptible to
SARS- CoV i nfection and showed viral replication, sone
degree of histopathol ogy, and, occasionally, limted
clinical illness. However, none



20 exhi bited consistent clinical illness or

nortality. Additionally, all suffer from sone

di sadvant ages i ncl udi ng high cost, poor availability

of reagents, and an i mrunol ogi cal response profile to

the infecting virus - quite-unlike ‘that observed in the
hspmad d6 heA@rs and underwent fuﬁlﬁ!rtéé%b'ﬂ‘a&a?‘lﬁnﬂﬁ r#ﬁﬁmu!arly to the spike

|nfected a few strains of-|aboratory

fQbecans mare gificiendy trawrssgqi@mame bamah puptlation[22, 35]. It

| terstic of
rs%gi S;‘ﬁg‘ﬁﬁ Y 18 ¥ e %X{%ol ogr e at ﬁ@%gﬁ‘@@£ Pl fanse many

| bibmgss stch ascEnla, Venteiidni sophie! encephBtis, BAd® €pi8shie] 1ﬁ§uenza viruses
eﬁgkb f??mﬁo %Bﬁfakl Thus the .infection of thesé
m.ce AA TFUaed At 2 W&%dﬁ tEpnsiission. Rl thei veed fomeffective antiviral

' kegepisngd whidiies Wwadard bé e@kﬁﬁﬂ%boﬁl&%ﬁm E’% ﬁgﬂgﬁ%uré Iﬁesplte this,

. d qQunger normal ‘' m ce. - However, even In
bt

10

15

is meither ap effacve antiyisal therapybrogvaccine availaplectb i@t SURS.

f Co f
SR 50, (Rl ol RERORS S SR Fieriibb s entpagness of

thvaranSARS ambdeveioping ahd evalinging theeff f&@dw vaccines,

hoJ |cal changes ‘are not typlcal of thost
f‘g@?’?@ H}’fﬁﬁb% %te’i'ﬁ%‘cf’?mﬁ@?me 3ris laeﬁmqmlsd geceptor for
|$AR&-mwm[mdaﬁH HART b | doki¥ {r ’gdr? Pm‘t Apgiotensin-

spi ke (S) protein-and t-he ce

\ﬁopypgnng cnzyme 2may be a “W‘@lmahly[)dﬁl@\ﬁ SJAfRS Ronthefetaré'do suitable

| receptor g%%g%b%@eﬁmﬁ%@aﬁa%m@wmmﬁr

e proweitto deppidace iinkdi digas ihklaling nbAhRAGE frikbed mﬂ 2 fmacaques,

: tAq% ) of mce, rats,: and other ani mal: speci es,

- &or WW&F@WSF@ ) femels, mm@m@ﬁ indheling young

aniH@rBBﬂB/ct Ws3BY/6; did Typed m)del %m@ﬁgﬂ | S i .une system (i.e.,

hat can

g?ﬂfﬂém ent in an ani mal
ﬁ@%l@@tjnmc@) $2,uldy 2813 5302| 96 ayd 37]. STheBe animals were -

%:‘ﬁ%% 5?%@5 ATREPRY IISEGE AR oviad i gppliction, some.

flegmeet of thaatowﬂmlogan dnd, cnobmdnanﬁ,t lm‘nitécﬁ kBni8d 1IN C| 3GWever, none
e,current vention fulfils this

dis
 pliled oS RR Rinical ipiesh o7 dpertalisOMRFioolly g suffer from some
| Mﬁﬁh@ﬂ i€lliding high' st, %@ﬁﬂauam% 57 fep s YA fif ol ogical

ressi Qn vector, compri si ng

profiletq thenfesting wrysjuite dolike thatiobseredtin thefhumab Bistase.

gl obi 0 s0esepiighaal b Y50 SS9 Mo R infction

angi ot ensi'n cofiverti.ng enzyne

| wecohdamspbotive typer assosiatpd owithi ot areigiafbeg e SysAHE Csymptoms

%f og\wﬁﬁlancﬁl .0ot, ==n5| n &O“VGHII nggfg::;g{gsrés ofahemlce

' Adﬂmhm&ﬂyﬁhéhﬂ%&bdﬁﬁ aﬁﬁﬁﬁﬂd oﬁﬂﬂy
o s t hod o?hmsc‘,reenlehl"?(s &thesem

g dﬁgect there |s provi ded a ne

c ohEsdumise, md@ppmg Wity eldnnlyllhnram]gxave more

pathologl Joﬁﬁal%\é@lﬁw ﬁlz%n@g%dmce a mild weight

30

di sease cause y a Coronavil rus,
losshas been the only ca:mcalrmamfeaangem mspmse&e SARSIebV efction. Statl-

m was Ssub ectedt a mnlstratlon of a
dgﬁ&é%%ar MECOr OgT el &9’5 @%hﬁo@m is no

- mﬁhtyrdxﬂcthephtﬂnlbﬁcé] hﬁmi‘geﬁ &%&ib'tb?b%d lﬁuman SARS.
Tgb ence o sai d. devel opnent in fhe gesence 0
; %8 69”85?%?3 tsifigtermined mEimasily, ty thetinteraction ofithe spike (S)

| pﬂite’iﬁihﬁlﬂtheﬁ:elhhﬁ rédeptbts foP e h;;m?ngl ot ensi n converting
n

enzyme- 2. thereby screeni or the anti-coronavira
compound. In a fourth aspeqé, there is provided a
method of screening for a conpound:25 that inhibits
infectivity of a human ccor.onavi rus, :conpri si ng:
conmparing the incidence of disease caused by the
human coronavirus in the transgeni c nouse as defined
above which was subjected to an adm nistration of a
phar macol ogi cal |y effective anmount of the conpound,
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of nortality rate in the nouse subjected to said
adm ni stration indicates that the conpound inhibits
the infectivity of the human coronavirus. In one
enbodi nent of the present disclosure, there is
provi ded an expression vector. Such an expression
vector conprises a constitutive pronoter, an 5

intron, a gg&ﬂﬁ -1 QN Si4: i ' .

and a nucfggk% e seé%%%ggn2%%§%?na a ?S%%%ﬁzﬂﬂﬁqw&lukmnﬁcdas
aangboteapston (GoSARSH-CoY. dhe wpike Zirotein of SARS-CoVi s a much higher

rel ated enbodi t of the present disclqgsure, f{here . A
e e B o BB S5 S ST b Secis, which
cARdhel GiA the SAEY %s%gaanggwaﬁ@%-o%tﬁ{égg%&ms fSUff Jnipae

is derived using the vector descr supr a. _
anot her r &hed, epri@nbddismdeficiaft inhen panimeintmedick b SARS that can

h i,s provided .a nmethod of .screenin . .
ol Sl B iA S dsrlatiet oot SREENHER ROYABSHR Y odws-associated
hBEhRbREP inNGmeh RS ERRRRIE A YnabHE 8L A CarIMBUL: affivirals and

the conpound to thé transgeni ¢ nouse descri bed supra
vicolnes furdhebgistasé.e dhe ngrrenienventioe fitfitsithis hengstaroimegymaed du the art.
The nouse is then nonitored for devel opnent of
phenot ype of the -di sease caused by the coronavirus,
- 15 wher e absence SSIMM&RYOFE I THEANVENTION presence

of the conpound indicgﬁes.that.égffl conpqund ..

i nhi bi ts ¥ha I5shatmegh Jhere e Rppvided pR eXRRESSioRyIVETiOhsIaRPrising: a
CHIPUELL RnOEY S, Bl ¥ PBhafeBHog! LT B8 B obin nd o
mettoade sey@eha enicbding ativneor pgivdnsal conoemiag Bilzynhda2y et

anot her rel ated enbodi nent, of the present, disclosure,

there i s BP0 $PRA apectathesr PR Bfedt rawaeHg DTyse grpressing human

| nhibi e v ¢ o _ _
angor on%igcr’%s. i%S rreéti %o@mc:(%r%jﬁi‘g%‘és{‘eﬁdtr??m S erllsn%eng ed using the
veptoapfriiedirsigispadt] y ef f ecti ve amount of the conpound to

t he transgenic use descrj bed supra. Thi,s transgeni.c .
nouse anZ[%aa &ﬂ’f{m .ecfmtg@@ ‘ér@”o?"ﬁf‘g@t%‘& RELH o a0 anti-
copRaORAVEdntsound NbSmpssih®! Jn@ﬂ@(%r%/ haglqgge?fédnﬁoﬁﬁefor deveﬁ(e)pment of

i nci dence of. di sease caused by onavirus Int _
phaoeisee ofibjigesedatedihe a adeavires,r whéreoim wiid Hinfdeed mouse is the

i B s A GRRY b e Rt PR Gacll Sehlifion of o
phhifdcdREER19TeffebEval hisBasenf the tHBPIHISAHISHRI-REWEL R coronavirus,

the adm nistration indicates that the conpound o
anil fytietsin gbsenee phsasd divalogmertt in Hee prasence ebthowamipound indicates that

I n yet ang r 4elated enmbodi.nment of th resent .
e Porkipufinghinih £ bRUTE LRSI ot wighTrBt Bpmgrine enzyme-,
thetesCdch@nfi o} thatettdaéniaVerhsoun@l al | eviates the

synptons, shortens the course, or reduces the

nort al i t yn pdpEth agpeplyitidre Barevideds methodmf seneing 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 symptoins, or the reduction

3
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10BRI EF DESCRI PTI ON OF THE DRAW NGS The appended
draw ngs have been included herein so that the above-
recited features, advantages and objects of the
invention will becone clear and can be understood in
detail. These drawings forma part of the
specification. It is to be noted, 15 however, that
t b napRRdeste GhaMeNgfoubé | MBobRY CoP Sl Sdhnelistration indi
enbodi neg’?s of the i_n\_tllentsi ofr? andosﬁoul éﬁﬁo%s geon indicates that  the
cepmgiogad exhibits the irifectivity of tegereh dohmavimeent i on.
Fi gures 1A-1C show. he caonsiruction and . N
char act er i 28t P¥h e@?bori}f:ﬂ?f‘ézoé Fﬁ?}ﬁ%ﬁq’ét. %(SﬁleH‘iee thore is provided an
[ixpka0h VecldNCERucBX i 8850t I8G6 ESmplRe £ ebhdtifuRR t
reading frame (ORF) of %ﬂgman ACE2 (hAI():EZ) was “promo °r, an
dntpen. fa palysslenRatipCRite 9if mepbitRBlidoli aed tr mededidé sequeace encoding a
uman col on cancer .cell |ing, Caco-2. The resulting
?’Bﬁ&ndﬂlglﬂ CRUECTIRE BRAYMPFnt o t he expression
vector, PCASES M AMMinsdd: SFMhe pridd ' -

&K GG% ’%go%%?ée is provided a

The resulting plasm d was naned p

- IBypsgppitrapuselsixpressing lhygias angiotehSEopxetieg snpyme- (ACE-2). Such a

%ﬂo%@g‘{ eé:t.ed human 293 cell s. || extracts prepared
DN It e thetVeftor feoeibed g
PCAGGS. ACET# hatiBéeeled SbRimaHGR: isn%séﬂf WRosare, A is provided

were subjected to Western blot analySis for verifying
aHeethpd of gereenisg plos 99i ami-carpmayimbeompowal.  Snth moohythod comprises

AR T b Pl gl e En S e Pt o the ransgenic

~ A00 ddsbibddrepraiifiowed by atrtbashel the Modkd With e ccﬁ{)&ﬁfﬂ%s.d"['he mouse

of transgenic nmice at 6-8 weeks of age were subjecte
Bdheermpndforad fndsvelopmenicafahgnetypriof the disggreasssiedrvydhe coronavirus,

: - roducts were anal yzed .o
I LTS ofa1E detebbme R PRt e SRk i diicates that he
tomapdund rinbibite thedbimiding &ff theeyirus! tNBS ankiBic@si @AwedRE enzyme-2 or
liver, respectjvely. Data shown are representative of

IPRplifapen dRevor ynalution SEbreangRt o rvimet sntry,Fhgighscreening for the

- oS | oss and survival rate of
SARS: CoV- #n@c‘tqg%ld'Acm Te mice and their Tg-

litternmat da. ydiganathet flated eent@diBent 2ofnehekpresént adisclosure, there is
wer. "ntraaaltj in.).inoculated, with 1 x 103 . . :
Prosifieh 2gPoRRke c%f\r/éeel@}aogm a SpmpPEd thet dghipts dnfeetiaty of a human
BRI VIEY. o8 Yol | at .ali .

RS S gt B BRALL P EARSBl eciveamouns
ofghecoreprumddd thn transpenicdaohisodescribei Isyplaasitss triMsgghit mouse and a
R R A APl SNyt porapyrs. T 38 Botfowed by comparing

the incidence of discase caused by the coronavirus in the mouse subjected to the

3a
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including those died) relative to the initial weights
at day 0. Error bars represent standard errors.

Fi gures 3A-31) show Kkinetics of SARS-CoV replication
in the lungs and 10 brain of infected mce. Te mce-
(:0) and their Tg littermates (00) (N =15 per group)

wdmiisiratien | witle dithel MacideMct hofl tfischsd R ol <SR- thdd g e Beking the
roup were sacrifice

40 . Three aninals in eachg?
?:Fg‘iupjfﬁém Wheges apj abserce or g educednincidande lof ahedlisaeseein the mouse

TRREREE0 Aot liEh e e B ety B e ulbcriviy of e

hesordob@dviras. mat eri al s and | VI ethods. The titers of
infectious virus in the lungs (Fi-gure 15 3A) and
brai n (Fi dBr¥t 3Bythge related) embesimentaofdthe ypesent disclasure, there is a

P P reame KD Eind e h? Ppda dRbtet e symptoms,

rel ative cop
shbrigus obetouysepbr felacdsithe mokialityrte 36D huate c*afcaiarmﬁﬂs: KR on.

3D) specinens as determined by Q RT-PCR after

normal i zati on agai nst 185 rRNA as the internal

control -were plotted (the CT nethod). The

average of nMRNA5 signal' in duplicated sanpl es of

i ndi vi dual 2BRYEEDESGRIBTIONICE THE DRAWINGSS, ** p

<0.01 by a Student's t test, conpared between Tg+ and

Ti mce. Figure 4 shows SARS-CoV repli c;j es in the

brai ns of 0 n i . i
i nocul at i g%é %%éﬁe(h)) a&&g&%‘éﬁ ﬁ;{‘%) Q%Bcﬁé&ﬂg Retgin.go that the above

regitedd fatunes, edivardagessadnedobiedth of G iﬁ@f:l[ﬁﬁﬂ Wﬂl %gﬁrecaé’ar and can be
illness at day 4

ul:\cﬁ"sg]%&g%l aieit%tf( fgg éiﬁapq%\ggg Ifgrg}s g%f@n\/g {ithe spgcdication. It is to be noted,
h@RpRE, ahht the Qg?édadr%g %wﬁ%g NHEHRA brdfe re?nb%%ﬁﬁ#t% ?Bg glbe invention

at day 4 (n mal ni ng one fromeac
Ogééloi b¢ emdidereditalinbit flor scbpe ofthée iyentidrect i ous

Ylmrjlu\s;l :;13 Eﬁr%éfﬁgﬁéx%@s Igbg:g gtgg o(l:'ltlsonv«lcu{ Séhzgrlaétgrrlza%ton of hACE2
transgene. (Figure 1A) Diagram of hACE2 expression cassette. The entire open reading
frame (ORF) of human ACE2 (hACE2) was ampliﬁed by RT-PCR using mRNAs
extracted from a human colon cancer cell line, Caco-2. The resulting cDNA of hACE2
was inserted mto the expression vector, pCAGGS.MCS, down-stream of the CAG
promoter. The resultmg plasmid was named pCAGGS.ACE. (Figure 1B) Western blot
ana.lyms of hACE2 expression in transfected human 293 cells. Cell extracts prepared

from mock-transfected (Lane 1) or pCAGGS.ACE-transfected human 293 cells (Lanes

2&3) were subjected to Western blot analysis for verifying the transgene expression

using monoclonal antibody against ACE2. (Figure IC) 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,

kidney, lungs, intestine, and liver, respectively. Data shown are representative of two

independently conducted experiments.
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The logto TCI Dso per gramof tissue. ** p <0.01 by a
Student's t test, conpared between Tg+ and
age- mat ched Tg- m ce. 30Fi gures 5A-5J show

- hi st opat hol ogy and i mmunohi st ocheni cal anal ysis of

SARS- Coy ‘anti gen expression:in the |ungs, bral n, and

gast r oi nt esFigumzmenmm%tgﬁgﬁmm te AR%goV-mfected
edded | ung |gure

ff
¢ S T e %ﬂ?ﬂgﬁf : ditteqmaorg T8 nd Beicnics at 842 teweks of age were
EntGnEQll f
San Jyzedﬁg%r the pat ho ogy@a 3 f°h°g§é?9§c§%mﬁ’aﬁkmﬂ%m4om
mma@ﬂsuﬁnm&ﬂyndr&ﬁ (Figu rezn) of infected Tg*

ARS- CoV anti gen (Red) was readl
det ect agg in?% ﬁ“ﬂ?ﬁiﬁg& ORiaaflailychasis. Yeight changes
tWerebmpresMalsﬂbdm BBE Chifbs %ﬂfe@ﬁéj%ﬂﬂl&’m—mpﬂgmup

LStitiu re 58) at day 2. [ al NI hg* was
g té E\}fé %ﬁg ¢ fo thenitial: Wmatday 0. Error bars represent standard
|¢m1§10h| stochem stry 5 was perfornmed w th normal

" mouse ascites fluid (Figure 5C). Serial sections

( Fi gur e 5DF1gurgsJ3A-3ﬂl—Bh&wFlngemfs OFBARS-QV gephiation in the lungs and

AR OSBRI T4 e D0 b B M4 i6erto 1000 4415 per grom

v tnortiared () Withi TOAMTCADY M%m LY h?e%' i § in each

infiltrates, (arrow) .within snooth

et daiy and Virusditersiia thedungs aixl B‘AH&Sﬂ@fﬁ\éssessed by using

t
st ae g (DR sy 30 Vel B ST A0E Bhlfaeol K Top @R pmatysis, as
stcafgsd m mietials snd Meﬂmas‘; Th)a/t:&ﬁt omm&mrﬁﬁﬁ InQﬂleV\ﬁﬁgs (Figure

b
BUY e B (Rl 3 ekt Sn@ﬂ%méq&%aﬁs {0l FGTRso virus per
gtam 6]'\1335(16: whateasthe ¥dlathe u{ﬂf,&-
| thE )GOP%,gen i g%g‘gkk?| a W | n t(ﬁlécMgM

XPr. s?fstgn of SARS- CoV an

{?E?’gr lyng (Eigu r%l @WW(EMBBMMM& detaxymﬂedby Q-
i gN aftst DormMpaf r.es. F F|
R11F£Iénd Fi gure 5J % 35@%?‘&: g%’rig g%méggygol ﬁﬁpw (the
_1,m@b9d ( @weggesAf SARNASgsigmals aEﬂﬁghcawapéahfﬂlesr@ﬂmdmdual
HREnREIR n*co% gg,r*anrl W ure 5D

henma oxyI and &8 § <0 b a Stpeatis d dest aompered between

"Eglmd&gpmmey on of hACE2 in the lungs, -brain, and

gastrointestinal (G) tract of Te mice. The

par af f i n- engEE b BB ARSLAf r@ﬁl’é&tbmngﬁl,e traias 0§ nded following

rﬁﬁﬁeaﬂﬁ{o@u[h%d ) f th
h,ACE% e The 2 ﬁ%@f L, %ﬁ"‘%? | gag! R0tpe Wefe| poculated
W&t Ut HBDe ofiSARS-CoY. Te! nﬂwesﬂmdlmyﬁ@gnésfmg 8y 4. Three

arrogv%ﬁﬁﬁ##a%lnw scl e in It EIS ng (Fi gureggrggmnﬁcedat

dab&r(dﬁﬁtdn;ithes weﬁmgﬁu@ascul ar en SforFmg

o el

rlcuIaJrrtJée in ,é;lgure 61)
ce %B“g Q‘ﬁé@f“éﬂteneﬁmdlmuahmbegé explressed as
O Jogh I’IC!DEOEjeE] s> ot 1p ni N ‘%h 1%@ éprr"‘t%‘u? aﬁ\ég':"q%lﬁ%g’fd between

found in the epithelial
T&nﬁ“"g‘ﬁ%ﬁt@m@ [gimiceq system (Fl gure 611, tow).

Magni f E 6F, Fi
Y - obiRl S e S R g bl shtyis o
S&R§ee edigen Wcssianguﬂm Kiligs, bR And gisk@ A TP Bhacts of Tg*

ek BihoR - 2F, TR oot e ané‘u?-@é@%”{é%c?ﬁmmm
5H and §B) 2 GlitAtsi(Riga ﬁjg)i,e@foh?f)fﬁ%c{eﬁ?‘gr assessf.mdg?ﬁ for the

were subjected to Bi | ex anal ysi's
concentrations of cytokineg and chernokines. Anong 23

inflammatory nedi ators tested, the expression of
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IL- I'b, IL-12p40, CXCLUKC, RANTES, MCP-1, and

| L-12p70 was elevated in infected Te, but not Tg

m ce. Duplicated sanples of individual specinens were
assayed. Data shown are Mean SEM of infected
animals {N =3) :at |nd|catedt|rre points. *, p< 0.05;

*PatlidlogyO afid thY h&gﬁfﬁ&?% ﬁae eocépSIdo ”Poat‘éu'l ”%FEBBE@C& by the

V\/lthaed mat c cont ro| 3¢

eriolagins.S ARSCoVitatigen M%‘r%yn{&&%) and“lhsrecy%piasm of

AP e e it DieutS4) s misonsmpmirtite, eigor

5B) at (NG St inEGlddalerP m and e wei
f:hapﬂgsyr:gre r.ecorded on a dai GP%/asn eva!enusw
(F'u‘g.g-ur ,gnl,:.gr C expey. en

. SE gﬁg‘f'% %1 (3) @? bronchus sho“nng

m ce were 1 nocul at’

nracmphaged aﬂ&esenmaf Qﬁbﬁgj e
Mﬂg‘ﬁ ltll daﬂ%mS and da;s after |n¥ ect| on th viral antigen.
r espec 9 a5 YL pies {4y swighin ismbetbt moscle Wi@ﬁlmiﬁ blood

""‘*‘Wgr o\ L RS S o5 Sbamoninin ot

ﬂii’slélg%kg‘eg@ab@u of rm dhes bang j (fg;nw 5@ tat @Bﬁ&g eExt@rgéx%Hi §Rs -CoV
* % <
et u&%r&ghﬁﬁvas %Jgg;m”' 7 i ek Bambers eFmotpbpingisaly intact

dent’ nes

el aelts i HbIONST
surRysl at TﬁE BIONS I\%ﬁ@‘m BOESI 1 %he BF Kol e expression of

W VoRioarLin Sl gyt e sy oy R dfecied fs
4
r @.lghﬁssj?{or oflmrﬁog%'gﬁggﬁggy ﬁ%ﬂt ggl?lﬁpg't, r}‘nlgure 57, 100X;

.Fece

Fﬁglfre | %M]‘q 5. 50%0 (Egnmoipssc Aakdsosak ). )haﬁglhl Ted and

0 hunan psychology
the soc:| et a?ﬁ%‘g’ﬁgsﬁ ﬁ 1‘% @iBkase are
 excéedi ngF;gunsgﬁA-ﬁm shbwse: is have . :

e DSkl

igﬁ%toce t(e;j égj %ﬁgnglg‘xrgﬂgg?‘gr evetn“ : " el seationé bﬁthe lungs,

: - A ?ﬁ?ﬁ%ﬁ%’é‘ﬁ"ﬁ@%ﬂe e SxprRsion ﬁrb&"&é 7 THC. The
hAfE? pmiam ¢ wméeeadﬂasiemmbbqumam,snﬁme pebimdficl gfxﬁure 64),
anDOViEsar sbofd % {Q‘Ph%fgn@nhanc d the unders an

I nc hAGER expression-in

of . baS|c SC|ence

therhwnm@alspaabmdmﬂmm dmﬁ&:hswi &QA%ED

‘ﬁﬁ@w%@@f%ﬁﬁ? il g mkﬁﬁﬁaimmmmm glal
T gLy ot N s RecTES s e i 15 o Spitital fnig,

ma hi ghl y desiria
ﬁﬁ'a ga&aha ef fb@G‘I@ystm a‘muamaﬁbﬁ) Mighifitalif Figure
6 fp‘l r ra €S _and vacci ne
A ot 52‘15‘3%“5 " B T5E BH, Lot avhElepreatt s0X; Figure

6C, A& Figwn 6B0100X.di.r ect ed :t owar:ds devel opi ng.a smal |

ani mal %%I o, SARS usi,ng transgenic mce '
expressin HEPICSion 05@14“!!13&0/ gyt and fohémokines in

: iniBﬁRBnﬁm/I.[uﬂ@]honNg&nml Wﬁ"é‘? gr %wuse als after

del sx rt _nore robust v
t(f g%@‘h jected to Bio-Plex analysis for assessing the concentrations of

cytokines and chemohnes Among 23 lnﬂammatory mediators tested, the express:on of

IL-1b, IL—12p40 CXCLI!KC RANTES MCP-1, and IL.-12p70 was elevated in infected
'I'g but not Tg , THice, Duphcated samples of individual specunens were assayed. Data
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littermates, but it also manifests respiratory and

generalized illness, along wwth tissue pathol ogy and
i nfl ammat ory cyt oki ne responses. Most significantly,
I ransgeni ¢ AC70 m ce devel oped clinical illness,

regardl ess of-"the nute of -inocul ati on, and di ed
umdwmwmmm&fmmﬁmms sy i iadicatdliBie @&ms *,p<0.05;

enj c 3 nmice eventual Ly . recovered fromthe
? &g‘? {‘way %&Sﬁﬂ%‘é rtast: ﬁ@mmfﬁ/es THee \@ﬂsaa@ﬂ neawh@ﬁ d gl controls.

175 PR R R e o

aA@GBI dne. Foe theifirsti experinvent, Bg' land Ty pmcmﬁhe ABBRENEAN~10 each, were

OBIHER B i 3000 oF SRpREN g Rbrrdu aahes P rcorded

vmt hldrulﬁ b%sxd,aatﬁi &fpréked B BHet meh pdrbentape MR 'oF Wiected animals

Egiel: B%eect ed wi I-d type strains of nouse
OF | FPRTiment; 8pdg A@émgfew m@tﬂdm) with

o A %‘%?‘ﬁk%lﬁg“‘ i“&k%?%%eﬁéfe%%@nponé"%@ e g and day
Fadtartinfection, r@dctbely;mmhthevlﬂere of linfeetiot® vxrhﬁﬂnhé Mhgs and brains

Suggg"? ‘g é‘P"{SIffg ? / asﬁﬁfg{&aﬁ%pﬁ%ﬁm = ﬁ#&?@dmcewere

rse@qﬂcmsebsemmm e@(lrxgm@fs t)En?c[ oth&SHin¥calWanifestations. ** p <
i@gﬁ? E)(‘ulgggtectron |n nmouse. hough a ﬁrol onged ~
Yo éft@mawgfaewmﬂmsm ungs@ndbram within Tg+
{m@de Clinical illness, was observed in Statl14
m CcE, the patterns O the clinical manifestations
appear ed t o DRTAIRED DESCRIPTIONCOF THEINVENTEON
acute inflammatory response in any organ could be
observed.. Neverthel ess, the conprom sed ability of
St al | - def | SARBYsH &ferpfgGhReiony diskie. htﬁ@ido{-lﬁ&lﬁz ahBSnortality due
i mportance of innate Imrunity in controlling
- disepge jin paparallsied 1 thecrecinb distory oof mizrobidogy. Its mlpact on a
I ce
BAHP oty 8CaIE0 bRl GO VB8l RoflHio damage 10
m Boyvhology and the societal costs for containing the dlsease are exceedingly high.

Thus, it is lmpemnve to have methods of treatment and prevention of the disease in place

before the next.epldemlc strikes. Hence, the present invention developed a transgenic
mouse model for SARS that could be used for the development of antiviral therapeutics
and vaccines as well as for conducting studies, which enhanced the understanding of
basic science (including . microbiological and immunological), clinical and
epidemiological aspects of the disease. | |

' Animal tnodels for SARS in well-characterized species that consistently -
reveal signs of illness, paihofogical findings, and morta!itf 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 infeétion. The present invention
is directed towards developing a small animal model for SARS using transgenic mice
expressing hACEZ the major cellular receptor for SARS-CoV [20]. Not only does this
transgenic mouse model support more robust viral growth than ifs non-transgenic
Iltten'naics but it also mamfcsts respnatory and generahzed iliness, along with tissue

7
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resulting in the devel opment of a limted and
non-fatal illness, show ng increased pathol ogi cal
changes in The respiratory tract, age is a key-
determ nant ofthe susceptibility to SARS in animals
as in the case: for humans: [[3, 28,  42]. Here again,

gﬁ‘s In: aéﬂugnﬂ?ﬁn%tgﬁﬁéﬁ?ﬁﬂé agé&dll%%t fﬁfogtlf“fi%e{ﬁcogeyg‘%ggenic ACT70

detreb:ped clinival fitnest, seganitess uf the fite G iHodilHibAl anl Mied uniformly

B t ansgeni c_fouse nmodel of :the present
%@%P g PiEERrmis optimbebraly rsovord o

endmwanm,ae it 6F e &x%fgﬁﬁioﬁf of iin@BlilthQs S, - and

respirator and neur ol ogi-ca syrrotoms as vveII as '
VI r ol og| ca igeatransgenic for hACER| exhibitcdistinge sliniaaldcdubues following

ant | Vi raLs &g’ S‘g‘gécrlrat}glsg ana%sm%gé dﬂrcgy%fﬁ;&f"%gys‘%%s“cov

- linfesionds MB%ISMC&?BE[BIMB @ppeafedviol R shoftPlved abittPthe viral

i ntranasal Iy, (i ) chal |l enged AC70 mice
8@%1% ?%t@&gt"ﬁétn t’fﬁed% igfegtion, lt irpatewasthyetbatghese infected
PAIR Ty eOstrald RIf Infotlsd
tissues, particul arailayﬂbt%fﬁg& rain ?%%Srg%aé% 8% ng until
fiaye21-28 aften imfestion. nFurthsroabmecinbiast mfce \aokirlg keg [imiame icomponents,

i“ﬁ’é}r‘tn‘?hel E. Téxi tam ﬁ% gg&fﬁé §f§§ P%?melfnatlf*gl"%g;s efficiently

asewild-type indice, sﬁ@%&dﬂglﬂiﬂ theclissiEhost anfiiviraFihriiie TRPBhks mlght not

bl B isalving SR G Limtatioh yboiseand et vel y -

' replicat ehii3gse €l ahnda
- and was sust al%egl{rﬁgﬁgeggpgg?&ﬁﬁm @b%t OPPAR Sith the

“1s

20

30

ersst of clinjeal Sillasssomes msgtmhtm&atl aunicé;NBe |pauahyewana clinical

rea(fgﬁlt‘lg rezg’g%t? he B@Jﬁ%&:@f rSWF%"Q% Whl o l'y

tiespopset Thasy ofgaip Reuldtiey bserved.d Ibév@ﬂﬁd]és@, motn?aﬁddneéd ability of

5t 2pER e DeniiBa gkt ot ranccoh e Syt i
dohgoll I
RolliH) GARSLCGV Hnfediod ithd 66 390) 3R uke i oL #aﬁ)qc mice.

wi th hACE2 expression (F g wever
RAGIEET 8 @ldgr 1of|age 1vere Mmorgemsceptible than yetnget frdeei © BARS-Co

"Fls 6 b2 AR B Wed Jh8 SR RP s ol sncrase

Pathologizal dhianges in fﬁé\ﬁpﬁé’ﬁry hicg apé B ke QbteiniifAR OE fhe susceptibility
tt??giéCoVLnfectlo %gt detected |n cells-lining
TR HRIS g e #&pHete agaisi eontrary to the

skt BbE ohé&&&aﬁ%ﬁk@ﬁé'&ﬂ&ﬂﬂs% é%erl n%g% %peCI = effectively

consi stent: wth the finding vvit

- Tqopyeredsfpm tiyp, disease,swithouib anyThaertality KThok, fﬁﬂ;ﬁn&@eﬁk Hripuse model of
(Rl by PRI Sk A, i deas,

-expression 1.n

ot o pe ot o e (P g s dshelopical dia and
Piﬁ‘a ‘&‘ﬁt‘ %F"‘iagﬁ’éu&f gt'ittg? d{;ﬁﬂ‘HV‘ﬁtﬂaﬂWﬁgf the efficacy of

amiviraltahd Sac¢ineslo SAkect ion [39]. The finding of L-SIGN
as another cel l'ular recepten for SARS-CoV [16] m ght

i.nply thaPugienat tbeclemtwﬁ@ndrnw distréytion of nvigdhtreflication in

 infrérHdAlle yodnh)Qhal Eﬁng% at sur.ace r%%?deghgfg;ﬁqt Cﬁklc%gqla%orsnes

|s al so p033|
ereplicationstedum disemiiation % ot fsshds] lpartieBlstiP Ghe brain

‘FE%” 39847 Ao DR SRR 2 i o 0o i e, Ty

and-oxygen | evel s, have begn inmplicated in
pH-dependent cell entry of ®poliovirus and rhinovirus
[45], -and may be al so inportant in defining the

~ . tissue tropi smof .SARS-CaV,” whi ch has been shown to

under go
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25 pH-dependent cell entry in vitro [27, 49]. SARS is
generally recogni zed as an acute viral pneunpbnia with
the lungs as its nmin pathol ogi cal target However ,

| i ke other human and ani mal coronaviruses (CoV), nmany
of which:are known to. establish acute and persistent

Ihgg&ck?gke,n etectegﬁr%éer&%ﬁlaé’ﬁj';lél %zitsnla?nmﬁy ﬂqﬂ” -'qg’i\élmpﬁcaﬁ“n’

anumamgNcnﬂmmthMemnanmmomnyhn&dmm.vm&gﬂﬂﬂﬂﬁﬁEMﬁﬁﬁadsﬁm th
s who -di,ed_ of SARS [5, 10, e

PR ' Rl o TS miteo o G Papndpoaalcsepliwiadthore, roacking its

UL RvEl0at sy 3 8nd $4E HstdidedthBtesiet TnAl S G JFSAL g!asrs The

nouse, nodel , in which Infectious virus was recovere

f PRERSVR pulmonky and CNSHineolvesdenchiintettsd ACTE TdmiceAva@onfirmed by

" Bl SRR ekl g A Sefon BRRAK COF e patohes of

- frnewiBARB:s@ol broaphiblcapithelinl [:eﬂ&] as Wi in haﬁonal and glial cells (Fig. 5).
. l%em'fg{c tion of th brain as, a mpjo
r

Biral gnpeencigths g tbraip, and Gl tracts generally
Rikrelated | v mcazy resmnf BFig fgl& %) vriwqtgg,é \bﬁaﬁq&mﬂ;ﬂd viral

of .coronavirus pat ogenesus
ABHgE camtich e tdstected Hin. the rsamd Qgﬁs mmsr wkpowny Imersstmgtyo not all

- S PeieoF i B AETO RS WIS S B o
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tinstapeesi SARS-6y'¥ tefoationasas dosStéchddn cdlR linfig maeﬂmth‘éhnm of various
cels fo# Vénezuel ui ne enC&Pha|ltIS Vi rus
b’sx . Sxpregfion (8. (fdramo agomponsxstent with

&ﬁﬁﬁﬂd@ Bﬁﬁcélinibﬁl L&cuﬂém (25, %9;3]13:5 gg Eﬂr B of SARS-CoV

hemat ogenous route, via the rarn

Efeqtiogrn cajly h&sbb’hmweefoaéﬂﬁﬁit expfesdionin BARGeRi6 Jahimals, of the
re sto 10 be determ ned,

? t]%é{r%eq}}%h | on FE CN??/“& 3“%3‘?@%&9@% Dptipp )thai the

Emsma oft hAGE? 2alomi ﬂﬁﬂltvmdtf’b& bﬁﬁdemeﬁat i Rain@fnind efffetive viral

Hiftip i egniipe E&#I&%gﬁan%%‘ﬁeﬁﬂééuq'm%% foSaRsCov [16]

infight RplySthbtOsthél :leséﬁare% iRl Righ ié%q@g%de for ira] entry into

transms' sion. Autopsy studles have I'n
fifterent gells Nteléraéspmng lgethatomface sxpresion Hf MAUEE2 is not present, as

WhlIggégéggggghéﬁgﬁHgkggyPuséégﬁﬁggkgwb dﬁﬁ&éﬁg%&Pﬁﬂﬁﬁmﬂm
e 0 A, o

1 Hhsend rhipgydrus (93] candgnay be also
g attin HEfing @6 tissub GOPRAST SARTIo W vk HEP{P&B@H% tmdergo

Eﬁ”e in the pathogene5|s of SARS. épeC|f|c
cRendent selbenteydn yHepdd7 A% essi on of |nflannatory

G 3071 PSR oot CEbettl e R e i e g

aéxl‘semmanﬂmlldgymi hrttirgt:tlt1 Edwieivern like GﬂlﬁBhﬁlﬁa:[d Gnd himal On%oron?vu'uses
44 4 t 0] an enhance Xpr essi 0
@Vl *11%: s[abhé)e o R§Figent anfections in neural
ueﬂsi[l(; as @rlﬂ osmfcoadw&ene t%g sy hybridization, and
an

i,on the exact protectlve
Hat!A “&ﬁ@&% qmstyéwpﬁmtmtsmrdwd of SARS [5, 10,
194 IPRiShHotkdpid a&a&t Of SARSTROV'R BSdekddofell By the recent findings in

“an cxpenmental mouse modcl, in which mfectlous virus was recovered ﬁ'om the brains of

infected C57BL/6 mice [9). Also, several neuronal cell lines of human or rat origins as

9



25 lungs of SARS patients; especially during the
early stages of the infection, has never been

expl ored, as invasive procedures required for such
studi es-were not possible during such an expl osive

-Qut break. Therefore, :the.robust and highly

S nabl e..SARS- i nfection | n the transgenic
rr%%ﬁs%l i eligna 8%‘&%8%’1 RfF@issiye forfARS-GoV aenlivetion [48]. Thus, the

. nuéxttmmunoaﬂﬂiee&aﬁnﬁseé b bl b 6P siek | F SARS oy infection,

.. 10

" 15

the- | ungs--and brai:n

| tH‘F&l""‘faélﬁ’ iR s {raice fally witkin ghei spectamt oﬁ cnfdnavﬁmtyaﬂmgencs;s

b oot 5, i SRR RN U 8 G o ity vipses o the brn

- ko @Bﬂﬁﬁﬁkﬂ/ﬁﬁx
Yﬂd el m@ S a?)’%ﬂgjﬂgﬂy{ Il%ﬁ%dlliem of fhﬁ olfactozy and |

0 thint
%‘g‘%}f“‘{l Yﬁfﬂ“s t”é %s@mmnbl md%isofoy prmiae equine -
encbphalitis -i&E UVE ?E&d day, nt ense.
secretion of theaorerrentlone |n4% virus A “(H5N1)

ehogh ! tion §8.44, %%B%Nthamghth:)&en@wndwm?vmlhﬁﬂa{mged blogd—bram
a a, an
raﬁ"‘df%%'b’m‘%%%%%&féﬂ%s AR oghe CNS remains to
1 BH)e earcvkditivnt ddowalbvell
cur, tly w.t h ﬂa?‘lfedv e%&%%ﬁeﬁm{iﬁlm Tg cefat day 2,
'F {h ﬁ'g ct; ighyvires #itess &y thenkoiains, bl!tvnﬂtvmnﬁatlungs, of

m rrmat(l)ry secretlgﬁn%‘%tl%%ailrgﬂiﬁ Fﬁsﬁ&fﬁ@gpggggmus route

?‘fn 1L nflltrates could be observed in this

©vital tls ssta ) fection. It has
been shom%ﬁl\%ﬁs‘k @é“& eolas damagrs(DAD) is the

Toest chargdteristic @ﬂ:olﬁg?flﬁgm \ﬁEV’P 9399}3 hond SRR da%cﬂ&d diffuse

: |nn$6 infla tory cyt.okines in réesponse to
: e‘ﬁ’m M dirgetly: by orira) %Wﬂ'ﬁhﬁpml@mﬂslmg

30

SAS(SQ?% qxggé r urrnl

t’:??g??gdﬁérﬁ& HoeEPeghyy o136 Hieckl folfie R, feome of e

edioneesast thath Q:a‘érersnomjn @ldmmhmoﬁaurrﬁla iftthd PRdpenesis of

' AR e AI though_t he
_ SISI gni-f1 canchg&y}“% %ﬂ?‘ﬂ@&“mﬁdlatﬂrs,such
- ag KEGRMIR S, OXCIige @mmgamewmmfw@‘iﬁshgwbbé}f

hi s transge use, npdel is ‘currentliy un nomn ‘
Pl e oo Gt ST 45 1o TS, e Although an

ﬂirljffm&lﬁﬁd I@réﬂsﬁﬁ dﬁ?—lbﬁm&‘ B&%d&dgt Céiétg# FTRLOL ostic indicator for

| ci nes ‘'and chenoki nes-ne unct|

HBWPDIBGF ofh SARBCPY infd@ion J8il,C thee anthel ?ﬁ)wctwe and/or

:,%lrgg,lgl e nary s ! gég%%ﬁezl s ,of SARS- fp i-nfection. 1 the
upgs Qﬂﬁeﬂﬁmeﬁ
fs,respedﬂiyeﬁhﬁg tﬁefb’aﬂy kg3 o'ftﬁé‘%tﬁﬁgn%gpaﬁa&e%& been

e@ sswe to infection_ but resistant to

Pt ragesires mequined dor such gudisy weismet pessitlodwring such

'mﬂﬁkﬂﬁaive SBBRSE Terdfbre! he SokiBad i Bifly sEQHRBAEARS.oY infection

ﬁg Fig. I), could be responsi
in SRICARRYSE trogel mnkes dtmiqus toénvestigagt thelirfldmmatory responses

withiin #ié 1G] Hssuds e PHE AR g%on denonstrates t hat

trlmsgehlc m ce express 2 are highly

sus &r penittastao Ty’ Wiemaelﬁcmﬁgm@ﬁuiﬂﬂhﬁamk&,' ,}esgo
tgr]u cal . rmnl estations, includin nses to
g

Wz@vateﬂdw@e@mlb IL-

12460 CUCL3/RARYES,
i;:zwm%:mteﬁ: pat hotgenesn s_of SARS ancftppjgb nﬁ’&%lthe‘mngs at
g df é&t@vﬁl P“@g%ﬁh@nmme\l'astamﬂmnmwym did not

agal nst: SARS.
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The present invention is directed to an expression

vector, conprising a constitutive pronoter, an intro;

a pol yadenyl ation site of rabbit globin and a

nucl eoti de sequence encodi ng a hut nan angi ot ensin
converting enzyme-2. Generally, the 30 constitutive
POEUD e thelbrbii e daty I ah iREAeCRSeR6h of tRCFofmen ioned inflammatory
Represenati ve exanples of such a pronoter |ncPu es

piedipiors,as well a5 lled, gandpeyte-clany stpmdationrSetioP($CSF), CCL3/MIP-

L3l SRRSO B TR B

- pRAGGS (Pabie 1), antirvantly withemirkedelevabispinthe titep b mBehous virus,

pronoters,. | ﬂc-l ude but. are not |inmited.to |ung-

- Speci ‘??p‘&r ?’E?-‘S"W‘S_U'E‘ﬂ"lg?n@éfﬁ Brdma] anfsetinpoind theasubsequent
cipflidi@hiorMséeRei6h T dfCth "N (ifRftfler SeéfdisOrior 1A% could be
1Q, keratin.1l4 arnd kerat.in 18 pronpters. The presen

] £d inrfhis yita] tissuept tlaie stege ofithe infection gié hissbern sbawn that primary

CORREES OF bl MR MeBh LS ol RN HEE BPRTSE froducing innate
dbflammateryrdytndities mgpme 1CHERO girixlint MHV-IHMA8B&dMG30]. Thus, the
TP S o8 B Ehotes s GA G st s
AR B et B o3 ar O TREY ! OTREL o iBiRG) Byokines

brain, Kidney, lung, |iver;

tHthopgh, she significanse neft these inflanhadery ofytalinds androkiseokines in the

TS ST L SR T —

TgknoA@/ Somo tdephelogically esbtlehthaiiges i6 FRNENS BMIHRREH ot Mice may

t:he l.ungs and the brains., |n addition, The TgTAC/63.
hBficle' Btfmtaton: Winkines fad chemelntssiiites Sarshondh deravirent of

EHEPTN'S 2B 431, Swii ' ( , |}5;,;}gj Addi teiopal e
AC- 70 ?muse.] i's ﬁf}%%dé?gg%ﬁtt&hﬁm n c“g?roég%v‘%ff%su‘[énfmm‘
Prsligipare studies v S ARS-Cpdinfection; witle oticenaf tha ACE3 nelindicated that
fpchdes [ - Li i evere acut

NRCHNES il hisd Perifine o it BuSRYRAG P31 gl gripome of saRs-
GSKFEEG@M) (Fig. 81 - Migthes lovar hACB2 expression in this AC63 line, compared
to AC70 (Fig.' 1), could be responsible for their Tecovery and survival remains to be
studied. '

, In summary, the present invention demonstrates that transgenic mice
'e_éxpressiﬁg' hACE2 are highly susceptible to SARS-CoV infection, resulting in a wide
spectrum of c_linical manifestations, iticluc_ling d&th, depending upon the transgenic
lineag‘qs. Hence, these transgenic mice will be useful for studying the pathogenesis of
SARSand 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, SV40, RSV, PGK or B-actin
promoters. Represenative examples of such an expression vector include but are not
limited to pCAGGS-ACE. |

- .



general, such an, infection elicits an acute.

i nflammatory .cytokine -response. Specifically, the
cytol ci ne response conprises expression of |LA b,
1L-6, 1L-12p40, 1L-12p10, G CSF, CXCL1l (KC), MLP- la

.and MCP-:1 in:the Iungs and . the brain of infected
" transgeni CTHRl ﬁgdl.tl t he expressj.on_ of
t'he cyt oki nes derf s Wéte‘iim%ﬁg’@qt‘ﬁ wihieh is specifically

- bctanerm theiltuiper Eia:hﬁpled b sl &emaeeslechaé 6f. 54 ﬂ&ﬁﬂn{eﬁ% Jung-

R&gc oV -exhi bi'ts The phenot.ype of.:severe-acute
ﬁﬂp@ﬂ@ %ﬁ?@)prmom an spitheliumii specific promoters,

. f“ﬁ‘éhfﬁ‘ﬁ%‘;“’?%‘“ma. el Wi e o e

~ Phenot ype. Thexpredsint giventjonsisiisoadirmbted ao aOfas} bERS mdL@SSpressing

Al ol A o RO B merd Gy Mgaiogé‘%é@%ﬂ%d using the

e ahode—dmabe& weabt ONGehetall§B i the Mrdtshihice hffubd -I
o g&l I nctl ons gﬁu’é‘ﬁm‘i genetic

- 10

0 i npai.red _reproductive fi
?53 ‘f\fs Agpouge et ﬁéJBIEfﬁJ et BAbB/c] backghmind. The human ACE-2

pheno ﬂqﬁ %&gg%gx?%eﬂécg?g respFé?)6 :19‘?'%8?’ nHver, intestine or

hel momgnﬁcwesmathmdxmphs o smlas ﬁl%use SRdedek bﬁﬁ'rs] It timited
“% C1F" TR0 TS0 e ASBE T RACTO mouse. Generalye the Te-

AQST0:mende dxpiesst ki trinSpdnd abkn Yy 6L REL &éﬁm%{aﬂ%dm Addition,

ng. for an .anti-coronaviral con‘p
f @%ﬁ%ﬁéﬁﬁgg&m&em%rwgr éeviﬁhaﬁﬁ‘rﬂlcdrnggmldnyl the expression is

._.15

20

30

TGl foffe MR Abciohlly! ACEATRBUAs syl A cornaviruses

. Exawples f the cotopaviousanfeciing sich amﬁbmamcnaes i id ik limited to severe

nbus _for devel opnen henot ype of
s SEhE <aHERE Goraeae n (ARRCCH eIt i

gerveal dguch laﬁﬂ:ﬂﬁfﬁoﬂ Slich 88 9Rae nfffanthfic
t hat ‘the conpound:i:nhi bitss the . bi n[g%wq? e Vi rﬁec%cally,

V'ﬂ}e %é“emaiwmmwm of Ha2h, dﬁ-&nftmmmupm G-CSF,
CHOIARRCIMP L bAENRIEA 5 SN Bl 1 BRSO inested ragpgenic mice.

Addigionaliyo thevéxprssion of ltiee eygkinéseis Selay&Di@Embie itense in the brain,

RN AP ot Badob by S o et phenotype of

sesemramﬂe resghiatey  Hardsd (SARSY | AE hudars BNA 8L %gun 8 days.
.ural a ti.viral conpound Such a conpoun
AQ% t Kirus Hier ap dhe mmdtbma lsldetp@cdsmfﬂ&sa/mi@ The

@ﬁ&w@é I ral_ .intravepous,
P | nt ran a%héiﬁ@grﬂyl ér?ﬁ%%at | ong{)mp% s? A GrPsEOpIC Abnormalities in
bigpand besr Orgaﬁsesucln Agbrsing hbmnmlaﬁ;bméulﬂ%d étal fictions in

severe acute respiyatory syndrone
> causl % cor E%%ﬁ ctipng high mortality or a

coptbimiion thercof. Furthcr th'EhACFBBEﬁﬁéH AR S ATES Bt Ibits the
directed to a nethod of screening for a conpound t
PREDOTYRS O $eMPre caqulg {5FPAIORY HRLIAMmE ofSARR) inudpmans w:thout any

SOIEY. ISpbaealR Vi Bl drb GbEerdc al |
Ineffect ive galn%ugitr&of théefg%onpou %k{?g I@%?%?@%Qﬁ é‘f(ﬁ‘?fm*)ffhe.
infegted ACHe3micebed supra, infecting the trmsgenl C nouse
- and a co, n| c se ..\ t he human

Pt Pl ARAER) s ARHRCa S 6 hmiird o sospmi for an

. cor ohavi rus, comp

anii-goropaitay mh:poindmfbm;ﬁfsﬁiga\ﬂdﬁﬁﬁstbﬂhé Qe%mu&%m gically cffective

j-e d tg the, adnjnistration -with the inc
o S 4B oottt 1 e  GAmeionis anauie Kiepibed csupra, nfocting the
adii ni stration; where ‘an absence or a reduced
i nci dence of the di sease 38.in the nouse subjected to
: the admnistration rndlcates t hat t he conpound
- inhi'bi‘ts the infectivity.of the human coronavirus.
General |y, the conpound inhibits the infectivity by
i nhi biting the binding of the human coronavirus to
angi ot ensin converting enzyne-2, by eliciting a




enzyme-2 includes but is not [imted to a peptide

t hat bl ocks receptor binding of the virus. Such a
conmpound may be admi ni stered by any route known to a
person having ordinary skill in this art, e.g., oral,
i ntravehous, intranuscul ar.:or subcut aneous.

Addn%e:ﬁﬂahbus.e WhE HOTPRNIGS; hRPARHilofthg Clhk ﬂﬁecttéﬁemouse for

nmune 30 response agai nst t'he human -

pr otectl ve
8?‘@%39%% Rhenolype ofdlisres paused: LAeEoTiayirness tWhets zbsenre of the

Yo e Rl OF 0 Elnfol ARG G 1058 s e

abipfling |of ghref vigsto the aegidtenbin canverting lentyinkee2, hErebE b eendny for the
|gn%ct|vate virus,, a live attenuatr.d virus or a _
?0

virTa 15“'z:on'pound or reagent is adm nistered
intr amJSCUﬁﬁxhjﬂes bithé aRASGUNY nHWitiREhE YinaRRUF MeVcoronavirus to the

" Additionally, paraneters for the analysis of vaccine
A

@%W&wﬂ% freplicatiomsincludg bebaret mtrinmted t0a

. ?%rd%%?%lﬁﬁg){’ nmortal |hyefprat M@Eﬁ’ﬁ?gﬁ% urs Oram“m’l

. 10

. antivioal demposndah$iwh d cﬂrqnﬂmdmay basadnﬁmtbnetlaﬁ mgr @uteknown to a

' navi.i ns_t hat es human potentin gonvertin
JREGRBHSh Brciary, il 5 155 BT S 917 SiseeonSs dnipfnasalon ibalational,

Tolliples of the SefonhVislsufifciiz subB a ARfusd inBluli@Chek 8 not limited fo severe

SARS- causing coronaviral strain -or -a NL153 strain. -

AGEF FTsBRaPTy Fyndrame comingaenaviral dimin (SARS-66 VO onz NL62 strain.

o gt s A B M i r

15

30

tdompﬁmdﬁh&enlmblts inlfmatémabfm Humail cerosavifis, l&ﬁih@ﬁsinﬁeﬁnﬁmstenng a
t he n an ar e ot neant . to Imt t
Siairdfologifii HHetive ot Of He|poBiommd fg theskepseenic mpuse described

* 3bpranfdetifd e Credrdiid Bdfd dhd A dbnthol raRigh ﬁﬁ use with the human -

i nvent,i on |s wel | adapted to carry out 't Jec

SARenEHRS, and compainesthe fgidemecofiditgass caesed by Mmm umidawms in
%?e #b@s Sy Qét@&iétﬂe%xﬁ%tﬁﬂ% \Aﬂgezﬁmden ‘%ﬁeﬂl?%r 2l tgsa control

Changes T ereln and ot her uses are-enc
wousd Iackingsthe pdministrafion, weheterancabbénoe onsredadediadddye bie disease

e t 15 WJ occ.urtotho skilled.in
gﬁa”‘r‘g&" E‘i@ﬁf&ﬁfg gomapoupd, iphbits the

hife:tﬂwtﬁﬁ'&ﬂehﬁmmsaﬁmvm The cDNA COdI ng for hACE2 was
gener at ed-by RT--PCRanplification 20 froma human
col on “car y b comporand iphibigythe ipfeetivity hypohibiting the binding

) gﬂﬁg HeRMn CdhaAL! 't@ Qnglotensm convertmg enzyme-2, by eliciting a protective

response against the human coronavirus or a oombmanon thereof. Examples of the
compound mhlbmng Ihe binding of the coronavinis to the angiotensin convertmg
enzyme-2 mcludes but is not limited fo a peptide that blocks receptor binding of the virus.
Sucha oomponnd may be admlmstered 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 nnmunogcmc compound effective as a
vaccine. Examples of such a oompmmd or rcagcnt includes but i is not limited to the one
that comprises a v:ral antxgen, a peptlde a vual-hke particle, an mactlvated vn'us, a live
attcnnated vn'us or a vzral DNA. Such a componnd or reagent is administered
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..... . [24]. The resulting PCR product wa.s cloned
into the pSTblue-1 cloning vector (Novagen) and -the
entire'region cnrresponding to the ACE2-gene was
confirmed by sequencing. The cDNA fragnent containing

ACE2 sequences. was .subsequently.cloned into a .

expressi on vector CAGGS/'MCS (Etym '
iy L Sk D0 dcotly o A aopalYparso o forshe analysi

'aufvam effienky inclitd PrevRfortTtisRle o@“ﬁﬁ&a%%’% APk shortening

. 10

.15

20,

mom te: prormt er consi sti'ng
teHuctionof h@rtalityirate.pr onot er, and

- cont ai ni ngg ggOmnsllc:Jn and oL
_Pol yadeny| a%}li%%l )élat?p : I?aflg'"'i g&f’;}%@é’%r‘mdﬂhb’l@ sa
WA@EQ‘HWS ﬂ!airmcs iy aictensindgRyerts e2 Vﬁraereceptor for entry.

%‘g&ﬂ thhtheresultlng pl.asm d construct

esl B ﬂ‘cb CREREses Include hytds nmmuedfgusq@?s causing coronaviral
mmhﬁﬁm&ﬁamzwm rﬁle&

Carlsbaol CA) per the manuf actﬂﬁ@asgﬁrﬁ‘f“ Sfd coneyrrant with or

BReL &%@ﬁﬁh&)@p@é veith the cérosavirus, af t er
f | aACE2 was

f: _
L o bRk LSS0 Rl b 8 g various

embodimants afj tieniaventidfzAd (aR&Ethm&:hﬁlﬁ TimitEhé) t21nvent10n inany

0 aract rlzatlon of transgéni ¢ nouse
%@ﬁsé@% gﬂlfﬁgc:@% %IEH@WBW@MEMIS @T@Gm enmnadn is well

P S i i o
a@a@gamen@mtém ﬂhﬁgﬁfﬁ&tgf&x:&(ﬂ&%{ jises which

R W&"‘%ﬁ% it bERE 18Yealip. &1 JeSBoh Y e sipid of thy claims

ﬂnbsdngldll%ﬁ&miefgenom c DNA wi t h 'hACE2- specific
priners: forward 5 -AGG ATG TGC GAG TGG CTA-3' and

reverse 5'-AGG GCC ATC. AGO ATG TCC- 3' amplifying a

' transgene -specific fragWLﬂﬁS bp (data not

10 I neages, .expressing _
: inspemie|:  bi opsi es, were

y Atotal of five

:est abI i sh "~ I poy esi ted AC70 and ,
" ACB3; resgg&ctlila\gg? M\/\%%or M@%g 5?%56“1%{1 h RleBER enplification

fromea himswielati evindims bedhlime (B&QE BSREEE
[’Qﬂ e ?H%%@ﬁp sane p}gl% %g%:clh?l C pri ﬁgk?? as 'réf)ﬂcanon
above, E@“‘&V&ﬁr" ﬁ@?ﬁ‘ﬁmﬁﬁyﬁé clgninpGRctor (Novagen)

Bhy ¥ bani straj n: of §A1tS CoV §t t‘k o%i?rgmﬂrl\’yﬁ%ﬁﬁ’ég The

30 .
) aﬁ§1t uﬁxﬂ?ecgm \:lmé e & ressnoh of hACE2 was exammed by Western biot analysis
using polycional anubody agamst hACEZ (R&D system)

igg agmend, Genipiping o QEZ WUQFCCS Wa@ﬂuﬂﬁﬂquaﬂgkcloﬁ?&lﬁh&f 3 eukaryot:c

used thrOUQh%K 'S .S &;éeve o%rééls@é‘?agg |Q‘HYFrSﬁY of

Wisegasimgt Madisor(o ihdee ttIl&)d&t)mmE bftheICAS %rﬁ&exg QWmploSitSpromoter

oo GO S apd Sy hiskresprantn PRt sl oomining

. rablit RRBEDSHH Rerpbiphdes at a Iow
(0. %01) , gIztjenegtr ating ceI ]a??egﬁglf(gl MRACE?-
_ h@@m drey293cclls wessttansfected wuhthmesuwﬁgqgungu%onsmm

%/ ), 4| qug@gglje an ‘é} ﬁ&gggﬂ’%‘?ml”gﬁé&)%meﬂt (Invitrogen,

Caalgbask iG#9mes thervaatufachgiei’ s paRbdobtiSCH] Efbckiidte HRAING'PI4 hrs
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.. 10

25 Texas Medi cal Branch (Gal veston, TX) in approved
bi osafety |l evel 3 |aboratories and animal facilities,
with routine nedical nonitoring of staff. EXAMPLE 4
30 Viral infection and nor bi di ty and nortality

st.udi es.: of infected; mce . C L Al ani mal
experl ments were carried ' ordance with
ani rral prot ocol S approved y CUC committee at

'um{oesebackcrossed 2-3

" times’ ont |t C57BL/60E>aI b/c background. No
_difference ﬁﬂsﬁ"‘!ﬁ%

TPEG afLPTEEIBh UgWBc HED| Metey gemerated by
SRSoRM R e ORGRENBH BBHY f B bR R EARGS-ACE2 by

different genetic backgyound 'y, anes
t PuHESdhdigestipn andpntified by agarose getl elactepboresis, liith pRMBIESF zygotes

?frf?%lgﬁeaﬁs}aﬁsgfof. ro\a@%%?’%%ﬂfgocu' at ?Ps%élgﬁ%gﬂgggemmally

oifentified iy ACRof Lembinie DNXivitd HAGED SpicPitlerd forward 5-AGG

BTG a6 tal éﬁéﬁf S aPreriant Qﬁéf’in%%& ATCHAGE ABEETCC-3",
Smeplifying QCkrdnkgdn ﬂ-a%:hﬁﬁ 4 BB Bt %ﬁowxg A total of five

|noculat|ontoo ain sefected ti's Specinen
t B‘%n ﬁ’FBf egsngdiffatent levalsiof whCEY inthe tail bidpsies tvesdestablished. Two

- 'for h| s ?‘lﬁgﬂ‘?ﬁg %gﬁé&gé&%ﬁé@ %CR gwmhwgmd

15

2%,

.25 :

_ 30

tto dhetsaie shstmlhmbnmf MC&%@MG: leRprbd3foB CBye R TR B ifh the same

d|t n t.0 bl ood, ]jéroat m d nasal turbinate
vvas GPHmETI &S abgyr; follpwed hragse pehanalysis of PCR peoducts.
Iungs braln heart, l|iver, kidney, spleen, -

mesenteric Iynph nodes (I\/LI_\Is), smal|l and | arge
bowel s; and fee S were VEXgUMPEBE® honogeni zed in a
:US PBS/ 10%PCS sol ution -mng the Ti ssue

Fagen (Rets* Haan; Gernmany) to yield 10%

ti'ssue/ SS. ﬂé@?ﬁhﬁﬁ@@ﬁn f@im&?gﬁ etrrléc?I %;{?gel provzded

__cI arj fii ed ﬁy ‘Centri fugati-on and

{9 ¥s By Dsn T4 tKisiapple Ganters fordDisedse cﬂunttolt andoByseetios (Afdanta, GA),

. W&t Bself tﬁrﬁbéh%m m%mdy Vero E6 cells (American Type Culture Collection) were

used to grow virus stocks and as mdlcator cells for the virus infectivity assay. Stocks of
SARS—COV were prepared by passaging them thce in Vcro E6 cells at a low MOI

: (G 001), generating' cell-free viral stocks with tlters expressed as a 50% tissue culture

infectious dose (TCIDsp)/ml sample (typlcally, 1x 108 TCID;o/ml), aliquoted and stored
at—80°C. All expenments mvolvmg infectious virus were conducted at the University of
Texas Medical Branch (Galveston, TX) in appmved bmsafcty level 3 laboratories and

' a}nnnal facﬂ_mes, with routine medical monitoring of staff,

' EXAMPLE4

Vn‘a] mfecnon and morbldltv and mortality studies of mfected mlce

All animal experiments were carried out in accordance with animal

protocols approved by the IACUC committee at UTMB. Mice used in this study were
bmkqomd 2-3 t|mes_ onto cﬂhpr C57BL/6 or Balb/c background. No difference with
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. 10

: virus titer of individual sanples was expressed
ssed TC1050. per m or per gramof sanple. EXAMPLE :6
Quantitative real-time (0-RT)-PCR for SARS-CoV
subgenom ¢ RNAs Total RNA was isolated fromtissues

.of infected mce at- i ndi cat.ed tlrre interval s after

.§lce:| engaegﬁg am nat $‘§’éé@y ﬁ%@’/ﬁ"& 9 a%&g‘%dm"ed from the

déffferems dgeuiptie belilgeadndon Briefl ,fa M@;ﬁln&ﬁg&nﬁw&&em their non-

xtract i roced Resu RNA spect mens wer e
tlgrﬁngﬁcsoﬁég%WEO mlyw!@tﬁbma the intranasal (i:n.)

Q&ﬁ@sﬁlﬂ{‘ﬁ)} Jr@exqmgﬁfsﬁ&ﬁlxgls accor%)\/as v f.lé%ere weighed and

: subgenom c nRNA1

Sy for sipp o slriessnd driortalion Fnlsodae ExaesifieR, ihftBed mice were

| uségcéf#%akéewwaﬁw 1o Oltin i soan specimens

m@@ﬁﬁ&’@rﬂﬂisﬁb&onﬂyaﬁﬁ[ﬁﬁatﬁmxﬂ 3
TT d ‘the sequence of ACC TOTI T &@qWéRTPCR
Wﬂé§ lpgyanslysise; and for. ‘RNA 1: forward

.5 TC'[GC;:G GAT_GCA TCA ACG T-3', reverse 5 -TOT AAG
ACG GEC'TGC ACT T;3', and the sequenee of CCG CAA ACC
_ COT ITA AA as detectlon EXAMPIMS)be all of which

ays- by- DeS|gn sof t war e
P ¥ dnwlectedapimalss ot and

» =2} : - 1130, A
Tag- Man pmh&aﬁemd%&i%%h&ﬁé@% o
endogenous control . Briefly, 80 ng Rl\lgxﬁ%g%ﬁg’m‘i urine, solid

: qsﬁ%ﬁq en}eea (b, Shephiegs, drainblasarts iveraiuiney, yaplegn,  inesenteric lymph

' --. 1‘5 R

25

res ectlvel E‘%W&aq%‘%ml %ﬁ#@@wmzedm

PR§/10% ECSrsokution &gmgtheletsue LyserdiakdnBetdel], 3154, BekmbaY) 10 yield

T- PCR . '
IQWHMBE suspensions. 'Ihese suspensxons ‘were clanﬁed by centrifugation and
suh;ected to virus ut:ratlon w:th the standard mfectmty -assay. using Vero E cells. The

. virus titer of md1v1dual samples was expressed as TCID;;O per ml or per gram of sampie.

EXAMPLES

Total RNA was isolated ﬁom t:ssues of infected mice at indicated time

‘ mtervals aﬁer mfecuon .using ‘an RNeasy Mini Kzt (Qiagen Sciences). Contammaung

genomic DNA was rémoved upon digestion with’ DNase 1 during the extraction
procedure Resultmg RNA speclmens were sub_lected to onc—step Q-RT-PCR analysis for

: assessing. the expression of SARS- CoV-speclﬁc subgcnomlc mRNAl and mRNAS,

‘ accordmg to the mcthodologlcs established in our laboratories {40, 41]. The following

30

pnmers and detect:on probes were used: for RNA 5: forward 5-AGG TTT CCT ATT
CCT AGC CTG GAT T-3’, reverse 5°-AGA GCC AGA GGA AAA CAAGCTTTA T-
3°, and the sequcnoe of ACC TGT TCC GAT 'I‘AG 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 sequcnce of CCG CAA ACC CGT TTA AA gs detection
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30.

- Were: reverse transcription at 48C for. 30

rni Ai npli Tag activation at 95C for 10 m n,
denaturation at 95C for 15 sec and

anneal i ng/ extension at 60C for 1 mn. Atotal of 40
ccycl es :was performed. on an.:ABl PRI.SM 7000 real -tine

t roB& oY 6f %JhAR@rle' &&ived by us%ié)ﬁiéskfsﬁ"f rient sigd rs]é}%g%:EgApplted

—I nanuf arttirer”® [ nstructl ons

Riogestems). | eg:ehetgd pomer sehiwid TageMian probe Ifq!)‘| li88aRNAawdte used as the

%’i Bhendf ol Brieieng R0 P8 R o hSfeRsibes fopamplitying

' trhegeg t genissand efdogkBbusTd3biol (188 rRNAJ feyRcAR) %9 5Re & TagMan
:the RI\T%#% hACEZogkgr for: SA(RS- éBV \?/as expreég,gd asgtml
PRefEP
- Hugib: qeaarm&msaﬁ;ma @@48"@ faya ﬁﬁmsg%}gvﬁog% 6$CY3F 10 min,

eﬁb‘@k) ercxeling| yarameters for one-step RT-PCR

brai-n (day- ZSBEOSt -i nfectl On
ﬁssﬂmﬁmee&? Yonis gamsd anneohng/nftmioa at 6CTforv nein. A fotal of 40

ggr atfin é&? lghg li'/\a/g’:%eiﬁ ?ﬂ]ﬂ{mﬁ@aﬁeﬁ‘[ {’B’Bd’}hﬁ@%ﬁ‘lﬂ (Applied

. BARFsteing) mmbwggmha AthnGRUEeeTsThethid@shsWDNA &Bgments encoding target

hemat exl)él The viral _antigens were

SFESHE WW%W@HF%? apehrelativs mRT\B’eHF@ISaﬁu gaple sample were
CAlbAERA iab 'féﬁov&eAl o ireldfol ag gt (geg vgz%s TRNA. The
es of ?hl an

replication in maiy cell i‘gure
5olathig)abuiidence ofitte RNAdfor bAIOE 20T fon snns:caw Wais leprédied as 27 (4O
am.qh%k)sept a causi ng narrow ng but” not Cbliteration

_of the. dir space. n:the brain, viral . antlgens were
detected : 25 in many neurons and a few glial celfs-

'. 15 -

but there was a little evidence-of inflammtion
(F| gure 5H— 5I) In view, EXAMPIE Ti st ol ogi cal : :
J i , : .|tvvasllkelythat

® did not 'die from

2 :1 f 1P 1ed]
puI monary Tlnﬂniiizl aaﬁ\ﬁoét Mcubﬂmﬁmﬁgrs y@?ﬁsﬂﬁ%ﬁ&f}'ofSARS

anmat o

. EXAMPLES , Measurenent of r
& ?aaf 3 A0 R 1 iretpronalin and emmbedded I parain. The perafin
. Sections were stained wﬂ:h antibodies for SARS-CoV :anhgen and counterstained with

hematoxylin. -
The viral anugens were present in the bronch;al cplthehai cells and the

: mterstmal cells of the hmgs, mdlcatmg v1ra1 rephcauon in many cell types of this organ

(Flgures SA-SB) There was mild cellular mﬁin‘anon in the alveolar septa causing
narrowing but not obhteranon of the air space. In the bram, viral antigens were detected
in many neurons and 2 few glnal cells but there was a little evidence of inflammation
(Figure SH-.SI) In view rof these hxstologlcal plctures and the clinical signs, it was likely

* that the mfected ACE2 ‘transgemc mice did not dle from pulmonary insufficiency but
. rather from neurological disorder. ‘

EXAMFLE 8

_ Measurement of iﬁﬂammatdg mokmes and chemokmcs

Inactivated (g—uradxatlon) tissue homogcnates were used to define

‘ cytokme proﬁles by thc Blo-Plex Cytomemc Bead Array (B:o—Rad, Hercules CA)
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15

30.

" detected:i

I nactivated (g-irradiation) tissue honpbgenates were
used to define cytokine profiles by the Bio-Plex
byt onmetri-c Bead Array . (Bio-iad, Hercules, CA 17
anal ysis, according to the manufacturer's

=recorrrréndati on. This technol ogy ‘was used to.

sl 2086l fo BRI | Lok AT fedhnology was used to

\Firpalfaneduslyrquantifiy iphte 28 mﬂamnimﬁzedxﬁiﬁﬂ'sammt ory

cytol'ci nes and chenoki'hes were conpar ed between
groups of mce and tested for significance in
di fferences by Student® [ @(AI\/PLE 10 10

.Géneration of hACE2 transaenl C mce and detection of

Mresm on . 7p3 verify ::hACE2 expression

of pCAGGS- pl astni d (Fi | A human enbryoni c
- of PCACS- 4CE2, (Fig. |A), y

293 cell's ersAnds the cartenis of inflammafsiry syiolinen dnd chemokines
tetd .
ey ebebdhelt BRoupk oF Bt fhig Rjed v, SR Binee . diffgences by

\%@F@rﬁﬁcst bl ot-- anal ysis , using specific antibody to

. ACE2. As shown in Fig. 1 dant 15 expression
of ACE2 of about 120 Ic%@ggﬁly detectable in

i%é‘ﬁndd@teitl&i%s B' x nml'onbe
t ansfeated cells. T ] ecti on

of ‘this A Mg%@@@pt@ MGS%@CEZ Hasyod eFig. 14),
Inin@dh Ethbrybihi€ {A,;%Jm;ﬁ sul, ed L0 five
vi abl e frg?md‘eqrbﬁg]rjﬁgrra s %&%‘ AE 15 _extracts were

_ Ifmﬂrqd w24 hpast Ar@sfectiop St ierbsgion BISEED WW Western

l?r ans %ssﬁgﬂéo CBEBL/GI?CE{ oAt ﬂ%ﬁ‘l mﬁgwg}?eﬁi&f\g gﬂ abundant

" exdpressitngolt AGE2 aF hboklf @20 @ﬁ%ﬁ&dﬁ a&%@ﬂﬁ%@&f&%ﬁ‘c&ug whereas

tbi%e :transgene to their progenies
Sieaalgopldinot he deteqted mamtransipsied cells. AC70 and AC63

L1 an9aRGelASIER ASE> SHASEANSALL, BN ML B9 Dl om

* 150 ({eATB3E1 X Gk HeBgeailtedinbiinetviah@Edunded animals, designated AC-12,

‘ %g%ol I@%’AMAE%E AC70. a&ﬁqnuf?d{.} hi gher levﬁclgro%g%rto CS6BLYE o

‘Ballv/¢ aficet Yhé RATES 1ARHRIneTirCRe l‘h&?%ﬁ\ﬁ%ﬁr&ﬁ \y:%li show:tng that all

XRression in AC7O m ce pronpted us to In
1]? Em%ers 1o transmit the transgcne to theu- progemes 'I'he hACE2

express:on in dIﬁ‘crent organs of AC70 and AC63 transgemc hneages was subsequently

~¢valuated by R'I‘-PCR. As shown in Flg 1C, ﬂxc ACE2 transgene was ubiquitously
cxpres_sed mv both AC70 and AC6_3.hncs, with AC70 at a much higher level than- AC63.

EXAMPLE 11

: SARS-COV-mduced morbndm and morl:all_lx in Tg" AC70 mice

High levels.of ACE2 expression in AC70 mice prompted us to investigate the
ouicome of SARS-CoV infection in this: particular lmeage The susceptibility of
transgene-positive (Tg*) and their ' transgene-negative (Tg)) littermates, ranging from 2- to

: 6~m0nths of age, was determmed ina p1lot study by moculanng mice with either 2 x 10°

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

their- ggc—matg:hed Tg l%uermateg% developed an acutc wastmg_ syndrome and died within
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out come of SARS-CoV infection in this particular

i neage. The susceptibility of 30 transgene-positive
(Te) and their tran.sgene-negative (Tg) littermates,
ranging from2- to 6-month's O age, Was deternined
in a pilot study by-inoculating mce wth either 2 x

1@Q%5 srda stfnfdolibh Gi) WARRSitHic? HoRS ThiEDIAE Sowet dBsdgBS.d,10° TCIDs,
route, i nf.ected. Tg4 m.ce, but .not their

‘ agy@s ?ﬂﬂ?@ﬁ é@@gﬂbﬂwbmtsetg veritnfhe mﬁsuems Q€ BABS-CoV infection.

Vo g o0 e el O LS gl Q%8 figfheca n, 20
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SR, 5 oy S b UL e i
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-peuld regeh wg:n%’s-w%sn ormemnm(hgr 2A)ethis dfaimtlﬁss xzagm_\,toss may

- bhdfvg g%hf ) harg QS“% :rgpl ggggﬁdalwl g mc‘ﬁrﬁgs“'“” and

.. 10

_-aaggll:ugmd ibg ﬁnﬂppet?ﬁnesgr&a %I}h& Meaw&i zgrhtapbaiaﬂly uﬂaoAxﬂfblled directional
cou I u 0 % i n, some m,c
| r*ar‘écmﬁng Py oiEiziren g OIS T3 ey i ater 3 period of

[ YIp. rAkhdi @g@@ﬁ,s
a ra\/l%git]gégg BBy ?%g(ggé@aﬁ%gﬂ% #Bﬂ oYtaiéJé decérélI day 8p
338 a&lbﬁﬁthymm& oiceebndnveddo ﬂmwalthrt_t@hnm\tbmrttre course of

'.ﬁﬁfééﬁa”‘?"tﬁﬁ?%n SR Rl lo b PR i TompiiylonS enings

'Imntlabodejmdab«gﬂnpmmodﬁ;epmﬂmmduwpmd 100% by day
s
“infection w thout. -any -si g AmPaa12ei ght - L oss or

-8 pi (Fig. 218). Al of the infected Tg- mc,e
continuedlo thrive throughout the entire course of

ot her cI i ni oaI rranl fest atl ons f| nd| ngs V\hl ch
F i nfeeied AGT0 mage Al mce

13,20 R e O AR et

20 e

30,

. timszglaongi (it ydgbmbatcied Ofg’ and Tgtrhioe,s S\per groum Shivee mice in each group

R BB it sy S e

aﬂmvewrean&aﬁdﬂ, Bhd 8 titdrs SFinfertibuRvaiy Al vario @ dsaRt weR! determined
S{ -fifth day, .at_Wich only one Tg+ nouse survived

erqq%@?HSo#mcmahr Hssues examyped, ther langs and she, brainswene the major |
nm I SS ue xéir?n& ﬁlﬁ%*%% B&I’?\ég&g% 5? Fﬁggé-fﬁ]mﬂmum viral

' mwteedem;airmsﬂle dungsfwithin d+2 da;,fsrp n&hﬂlwmedxan of 10%° and 10%°

Rt Bt PaT et Simad o 0 M T et ol AIbgh the

iralytendigradohlt (g‘ldébm&l ﬁﬁm@ﬁeﬂﬁ&hém@ﬁom 5&54& of hick Srelatively
er griai:n, (TCI D50/ ¢g) :of tissue for Tg+ " mce,

Fevifus\itery werg reepvrsed fram:1g traice thap érea 2 Hittgrmates during

ARGhAR S hRRFE: ﬁh jer in the lungs of both strains of

"mce, Telativel

rgher. virus titers were recovered
from Viel: mpllwonhm aﬂsroodntm n thigbtaint dfanfestbd mick, withgstrikingly

e s R4 e Bl A8 f R o Bl St in e

Bitain & TE‘g'T moﬁﬁ ok idhe Q.epli Theredfiee,Svifus QBplichadn procéeded rapidly and
more than 10 Cl])s g at day 3 p.i. (Fig. 3B). In contrast to the

“fu g%a }lter of th V|r s was first detected in

' decreasmg trend of mfect:ous virus over time in the lungs, vn'al titers remained high in
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. i3

brain of Tg+ nouse on day 2j p.i.. Thereafter,. virus
replication proceeded rapidly and reached a nedi an of
nore than 108 TC1D50/g at day 3 p.i. (Fig. 313). In

contrast to the decreasing trend of infectious virus
:over time in:the lungs, viral titers remai ned high in

+BEDREE Bend b S S S S et A o v s
tdeteciablerin the b Bf g™ fﬁn@éaﬂ@:}’ 330 e 315&; Pﬁ\g%ds%ﬁe}%selgmﬁcanﬂy

rus re significantly | ower
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tar etl n?@%?%%{a?@?‘n c Sugréeé:%ﬁ&{@% naI SUb'genomlc

ﬁﬁgmemsmndsn)mm A | ow, but

_detec l,evel ctiqusvirus, usually |ess
. than %3 hut fgigoialc. ol EE %Pg'b“a%%éwébrlmﬂsndo TCIDsy/ml or

agfwabzl &!eﬂeE o )/ \L 5{%55, %
Eﬁgé‘#féS Tgkdl i ﬁlﬂ%lgl(%ﬁgﬁ)s‘gg aﬁﬁsﬁ; 1¥E ejs,e3/]_§ +Ig and.
£s ¥ | Perimens, pRd A12 Fee dargel bpwelaablk:mﬂ Toomi imfmed animals at

..%ﬂ&s Ietodtect any
" inf eclt@{gus VI ﬁgesw‘?‘;n tﬁroa mﬁﬁ&/\g’b‘f‘ﬁ“ eOeus yiras in throat

gvmbg,eiplood, s, Spheﬂmy.Ns, kidhdys, mive, befRss BY th-Etlﬁfectl assay, in

' £ nv\hlch edetectlonllmt was
ar eai&]ee r&éteﬁtg a]i’ﬁ‘! PJq m exgefdissues. To

i nvestd ﬁﬂésﬁﬁz%' SHBMEr ﬁx@%ﬂs‘. %9%%%5 %ﬁg}gq%&g'&% % oute of

upique to t i.n. route fectlo
nigelen, eMalq arerowvew phalmd Whmﬁ 'mrm bﬂsqmm the intra-

t t 1 fect
%ﬁmﬁﬂc%ﬁgﬁglg%:r eﬁ’“ﬁgg’%&ﬁg?ﬁ ie<"s né!%}%l?f, Tg" animals
. Wﬂeahqm snghmfﬁhgmatc&ay 4 j;JLpaaiswate tﬂt%YSaéﬂiéed,l ABA with four

his sagrificed, a wi th four apparent
‘i“{" 3“““% L]i& °f ﬁhwmlﬁ@ershethenn@sandme
Hrmn.ei§slioﬁmt1filﬁé Hngﬁl ﬁi%@te&"l% ‘mice f:xhlbzted ‘high viral titers in the brains,

. whereas only two of the fonr infected Tg rmce had mfectlous virus in this organ at .a
. s:gmﬁcantly lower titer @ < 0. 01) Interesnngly, we were unable 10 recover any

mfect:lous v1rus from the hmgs of ¢ither stram of mice. These Tesults clearly indicated
that the dlssennnanon of mfecnous SARS-CoV to the brain is mdependent of the toute of

' _ thc mfectmn.

30

Although mfectnous virus was detected in the circulation in the earlier studies, the

' extremely lngh reoovery of infectious virus from the brains of i.p. challenged Tg" mice

prompted us. © re-evaluate the vitemic status of infected animals. five Tg" mice were
mocuiated (1 n.). w1th 10° TCIDso of the viris. To i increase the sensﬂnwty of detection,

: mstcad of usmgthe blood specimens ﬂlat were dxluted (1 10) and a small portton of the

spleen in our earlier studies, undﬂuted blood speclmens ‘were collected and the whole
spleens ofmfected a:mmals at day 2 pdi. for the infectivity assays With this improved
method, infectious virus was detected from both tissues in all of the infected animals ata

: titer rangmg ﬁ‘om 102 to 102'5 TCID_r,o, a titer that was below the limit of detection in the

earher studles suggestmg that a low-level of viremia did exist in infected Tg" mice.
' EXAN[PLE 13
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brain. As showain Fig.:74, all infected Tg+ m ce

exhibited high viral titers in the brains, : Wereas
conly two O the four infected Tg mce had infectious
virus in this organ at a significantly lower :titer

. (p < 0.01): Interestingly, we were unable to recover

H BhurbHisthehbs The -1ungs of either

U clearly indicated that

stral n_.of.

. thedi %@Mmﬂlohigyl off &ARSOIESCWij @nt feraital Ij!’ne,m-:nomtxs

e ofteru.te of .t he_i nf ecti.on. _
Alalfﬁﬂét all Elh I e nélvﬁé'gmlﬁféPBéRS&an filling ©f remaining alveoli

10 T

_d
' ‘V\gre g‘.illuiag LMD ? aptbelioh| gl and i

cmthdlhﬂﬂ iand) deﬁ;uhiii@te& aplthedial 8d11di19526,t99. & £ 1&4&{) ngxgxpmanon of

hL h re& ery of |nfect|ous virus, fromt
“‘g‘”‘%‘hé Crgret daw 2 priceevested s mogireld inferstitial pneumomus with focal
rﬂn&h‘ﬁhgl%}‘ SivbdlE: Wl SR v sQ%seCt b Sfhaft Rl S with cellular

five Tg+ ntce were ino

bos and f madrephage-dike celis. {Inmnmahstotﬂmw F(JEHC) ﬂa!nkhgﬁﬁhowed that
.nst ead of ~usi.ng t e bl o eci nens :

.| aBseRinti ﬁ&ﬁthlt&énﬁlbﬁﬁhaﬁﬁymmﬁ' Qﬁﬂbﬁ%ﬁﬂ?&h
vvere gl I ect ed and t he mhol%éﬁ;ﬁg ns of i n ecgﬁﬂ%fmfectedTg
pures, ¢ AFWNT@S&%Cmmf A%—Cn’?eatgemwsp&ﬁg;mce staining

(

. t S
S \ollgef?glgtlte}il E“?{‘;’@nf %gt&%’etal ssues n al\fﬁ&%(li tiltw?evam mouse
- amnh@d@ m eigiéve fonrtig vital andigen NFiguft2 5CY Iﬁﬁzﬂ-d bRésbRRD epithelial

15 - Hial

s-.bel ow t.he || of. detection in the
| er St %‘ﬁ%ﬂug ﬁ%’g *?I%mga faﬂgmre\ﬁerromded by moderate

:\mﬂm&totjrl ﬂmﬁé{mﬁlem‘ &hﬁlﬁéz@sﬁ tEelbs Hebis ﬁssoma&/%&}éﬁlr Ebdiant viral

Hi st opat hol ogyv. .and I.r munohi st ochem strv
ahelgm@mma@wemaém bAlthangh the SARS-CoV

B i L e W T oIS e et

WI th extensive alve
Iamlg@ -2ay ewhch viowtr fikani dhosanel &g s:gibar (mﬁaqm shown) No

- SRy SERSECIY Lo b debr e B 76 mie. sars.cov

20

30
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H gh |l evel s of SARS-CoV antigen expression were al so

detected at days 3 and 4 p.i. in abundant neurons and
glial cells of the CNS of infected Te nice (Figures.

5H 50, consistent Wth high titers of the virus in
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i\b g’&&‘m"tsﬁl mm@dmwaﬂnﬂngyam unkneivn, However,

‘conp
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ngh | evel s of 17 ACE
v bernephagocytosis, mndgromiifient indiltvaion Wf aktivated macrophages

cells s%:l&l' C%"ﬂlgh S}\Qggléstgxﬁ%é gﬁ%&%&%}and Li al tory
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- m%4 SARS] - “indticed crio

qqgoq mgptgch @tuglyathesh@t msposses by mwsurmg the contents of various
mﬂammatory medw.tors in the lungs and brain, two of the most affected tissues, As

. .shovm m Figure. .7, among 23 mﬂammatory medlatoxs measured, negligible levels of
mﬂammatmy cytokmes were ‘detected in the lungs of infected Tg™ mice over time,

compared to the ]evels in mxnfected controls, suggesting that SARS-CoV infection failed
to induce cytokme productlon m Tg mice. In contrast,: elevated lcvels of IL-1b, IL-12,,
IL-12p7o, 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
_ (thurem7)._ The SARS CoV-induced -mﬂammatory response in the brain was snmlarly

22



The nmechani sm O SARS-associ ated | ung pat hol ogy

remai ns unknown. However, " pathol ogical studies Wth

post nort em speci nens of SARS patients reveal diffuse

al veol ar damage (DAD), .henophagocytosis, and

prom nght: i nfiltration of _activated macrophages 20: .
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- ..3. ' The expressmn vector of c1a1m 2, wherem the constitutive
promotcr 1saCAG CMV SV49, RSV PGK, or B—actm promoter '

4.. The express:on vector of cla}m 2, wherem the lung-specific
promoter is CCJO or SPC promoter ' o T

.5, The expressxon vector of claim 2, wherein the - eplthehum specific
promoter isa Kcratm 10, Keratin 14, orKeratin 1 8 promoter.

o 6! The. expre_s‘si:on vector of claim 1, wherein the vector is pCAGGS-
ACE. ’

7. A transgemc mouse expressmg human anglotensm converting

enzymc-2 (hACE~2), whercm the mouse is denved usmg the vector of claim 1.

-8 . The IIansgcmc mouse of clalm 7, wherein the tansgemc mouse

: wnh an- mbred genetlc backgrom:d is a mouse with a CS?BL/GJ or a BALB/J
.fbackground

9. ’I'he transgemc mouse of clalm 7, wherem the human ACE-2 is

' .expressed m the spleen, stomach, heart, muscle, bram k.ldney, lung, hver intestine, or

tesus of the mouse,
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s CLAMEDILS: The Aranggepice when of elaim 10, cohquein siaity transgenc is

aex?,&gége? ﬁﬁé@ t % Q;ﬂg a pd yadenyl ation
) rgéatgih%l o(bﬁllien an tp "eoti de set:irk:nee

-eireodi ng. a hurmn angi & ensin convertl ng enzyme- 2.

ector of claim wherei n t he

" 2: The expri Vv
constituti Qﬁi’r"ot%‘\‘mg%mcal%?\'&es Gigim; 8o wheremn said transgene

... 10

 expression O. hACE-2. 10 |
:claim2, wherein the:consti-tutive pronoter is a CAG

-. Cj vly, SV493 RSMle %gerﬁ& m%ﬁseacﬁtc'la@mqr onﬁet:r%m sald mouse is infected

%ﬂpfeb@cbﬂﬁlﬁxﬁﬁﬂ%%éte&&@ﬂi@‘lnﬁigst hat drives gl obal
. 3. The expreslion vector of

by human coronavxmses

T4 The transgcmc mouse of claxm 13 whcrcm sald coronavirus is a

- ' severc acute rcsplratory syndrome causmg corona viral shmn (SARS-COV) or a NL63
15 - o

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

" coronavirus ehclts an acute mﬂammatory cytolﬂne TESpOnse.

) ' f 16. The u'ansgemc mouse of claim 15, wherem saJd cytokine response
comprises expressmn of IL-1b, T1.-6, ]L-12p40 1L-12p70, G—CSF CXCL1 (KC), MIP 1a

' : and MCP-1 in the lungs and:the brain of infected transgenic mice.

25°

30

: _17.‘ : The transgemc monse of claim 16, wherein said expression of
cytokmes 18 defaycd anid more iitense in the bmm follow:mg infection.

0. 18..: The &An;gemc mouse of claim 14, wherein the mouse infected
with the SARS-CoV exhibit clinical manifestations of severe acute respiratory syndrome

(SARS) in humans and di€s within 8 days.

19 The transgcmc _mouse of cla.lm 18, wherem said clinical

_mamfestatlons compnse gross and mlcroscoplc abnormahtles in the lungs and other
' organs suchas bram T |

27



4. The expression vector of claim?2, -wherein the
| ung-specific 15 pronoter is coo or SPC pronoter
5. The expression vector' of claini 2, wherein the
epithelium specific pronoter is a Keratin 10, Keratin
14, or.Keratinl 8 pronoter. :29::The expression
vector of claim1, wherein the vector is pCAGGS- ACE
7. A transgeni c nouse expressi ng human angi ot ensin
convert i ny. enzyaegc2ic(rhACEsaimiliewisdrein bigk vinpuses s detectable
ﬁgﬁlve usug% the vector of claim 1. 8:Thetransgenic

allg U3 FOUher ei n t he transgeni ¢ nouse ,

with an inbred genetic background is a nnuse with a

C57BL/ 6J or BALB/ ¢J ' back
A 1B SaNG Y RS SPURME R S g dpntyeted by

t ransgeni

hobGn expiessed in The Spleen, stomach,. heart, nuscle,
brain, kidney, lung, liver, intestine, or testis of
t he nouse. : 10 The transgenk nmouse of claim?7,

wher ei n tdre Thottagése hgaAGE2]aim 21, wherein said coronavirus is a severe

acute respiratory syndrome causing corona viral strain (SARS-CoV) or a NL63 strain.

23. The transgenic mouse of ¢laim 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

mortality.

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 discase caused by an
coronavirus, wherein said infected mouse is the transgenic mouse of claim 9 which was
subjected to an administration of 2 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 angiotensin

converting enzyme-2, thereby screening for the anti-coronaviral compound.
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Tg- AC22, Tg- AC50, Tg-AC63 or Tg-AC70 nouse. 11., The

transgeni ¢ nouse of claim 10, wherem said transgene

is expressed in both the lungs en. dthe brain

abundant|y. _ _ 12. The transgeni c nouse of

al ai m 8, yhenelBnsabdidih20SARRG BXREBESHLOR d BotkR@Wind¥lor, an
~restricted to the lungs. 1013. The tranggenjp nouse
intsrleton.qf sHraid recoiertdgoking RPriidps RN AL R AFEEY 8RVHY cRURRR-

cor onavi r uses. The.

tran.sgenic -nouse of claitit 13,. wherein said

cor onavi rifs Themgthadefeaim Zeurherqia 9prrarBpy vey adppiiered orally,
inGAMSHBY, RRLABA Vo inSlfigd n (SARS-COV) or a NL63

15strain. .15. The transgetic nouse of

claim 14, wherein infection with said coronavirus

elicits am aauhRulodfdrURRLEr YnG¥hakd BRonRSPRNSEAR S Ceausing

The transgeni c nouse of clalm15, wherein said
CORppRET pieit eptiSetteBrpri ses expression of IL-1b,

1L-6, 1L-12p40, IL-12p70, G CSF, CXCL1 (KC), MP-la

and MCP4 in the lungs and:the brain of infected )

t ansgeni Slyide gaethod ol screening for ap yompoppd thag aﬁg@@ﬂp@ctwﬁy of a
huRK & oRFvired, Rbiprkéhe: Wherei n said expression of 25

cyail dnes i s delayed and More intente in the brain
c@m@mlm%@c@mcg ef digggse caused by the human gpronavirmsyia a transgenic mouse of
cldith NSAREH FadRYRBPTo £l AbiRidfiioVBLS BhPmhddCe B Stfcctive amount

infected with the .SAILS-CoV exhibit clinica
of therfiorestngk prorigfegipd ity Sredumen peropg Ry Mt dheyingieige shige control
ndusidfRked @fit@ Wﬁﬁneﬁn&rﬁa@iﬁs\%lﬁ h!la@kiﬁg Sﬂaﬁamﬁg’sgmti@ &herein an

'.11-ansgen|p nmouse of claim 18, wherein said )
abgepe jog glshortening of the digpassi PESe: AP EHiONCE FPRPISRS.gif dassregdigon of

mdHa6F0R60RI G RS TRfdcleligs shid atdﬂﬁniltﬁﬂglg gﬂ%tﬁgttﬁh@ the compound

_organs such as brain. . .

inlipigAyBFCEvitYsd d hemag @IS, wherei n hi gh virus
titers are detectable in lungs and brains of said
nouse. 21. The transgeni c nouse of

cl ai m 12,3 whesreithodsdichimpiigeeresn tha peproapd BYibHtha ffectivity by

inlﬁﬂlfi&g{@p&iﬁ% 88the human coronavirus to Aiotddi oA RRIYERALEndID WS &liciting
of claim?2l, wherein said coronayirus is a severe

a PEIEAIES HeiBicraPensy 28314 e B EbErSPTRY IS EF & ARIRINGtAN thereof.
strain (SARS-CoV) or a NL63 strain. 23.
The transgeni ¢ nouse of claim 22, wherein high virus

titers are- Geynehedticldm i uHisciamg cappound nipating the fnding of
th@&or&ﬁlk’g’dmy@@-angioteﬂsm converting en2yme-2 is a peptide that blocks receptor

binding of the virus.

33, The method of claim 31, wherein the compound was administered orally,

intravenously, intramuscularly or subcutaneously.
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24. The transgenic nouse of claim 22, wherein the
nmouse devel ops the clinical manifestations of severe
acute respiratory syndronme (SARS) in humans w t hout
any nortality. 25. The transgeni c nouse
of cl ai m 2% Lheyheihed ol ¢ifrar fip Bdercticiie capgounb ROt the protective
; [ I .finetjions in maintainin
iR ARG et G MR Lot VR B BB i tipind or reagent
cffeglivet 45 @rygecine, wherein the comp@6d oreaghh@thppitesIOViRe Mtagn, a peptide,
: I- opavi ral compound, . conpri Si.ng:
o RS AL I Bhoe R s VR A
phenot ype of di sease caused by an coronavi cus,
wherein | di nfect ed use, i s _the transgeni ¢ nouse
of claim9 whtc e\&l\llg ) ?fgﬁ“gcglded” Teprim, ieathmnered r &es gfministered
infpfmuscylithy mrandsally aigletiyutafeb@dt.i ve anount of the
-conpound and infected with the coronavirus, and
wher ei n absence of said devel opnent in the presence
of the cdfpdbadndthei ctatlaim $4)atheidie tHeHBOMNBrdnairRi ds& human
. ipding of the virus to die angiotensin
an 1%%{1/%1# Fog'karghé AR astaﬂg‘i'egrt?&g% &%eni ng for the
anti-coronaviral compound. 27. The net hod
of clai m,26,. wherein e c und i.s a protease
i nhi bi t or_3,% -4 i“hﬁt%‘%‘if%ﬁtr%ﬂ{n 5 S the wEep ogFoRBYiBE i APARS-
capggtcotbeavial siaRiNA, a WE6Bstiait ur al - antiviral conpound.
- 28. The nethod of claim 26, wherein the conpound was
adm nistered orally, intravenously, intranasally, or
by i nhal 88i Oe method of claim 342%herSREHERLABOART hsthdRinistered
corafs Mhen$|n the coronavirus is a SARS-" causjng o
BT avPalor sPRG foofthey ‘N!L?J@?nstof athf. mouse with “the cggnavirus.
A method of screening for a conmpound that inhibits
infectivity of ‘a human coronavirus, conprising:
conparing the incidence of di sease caused by the
human coronavirus in a transgenic nouse of claim11l
whi ch was subjected to an admi nistration of a
phar macol ogical ly effective anount of the conpound,
and infected with the human coronavirus, with the-
i nci dence of the control nouse infected with the
human coronavirus but |acking said adm nistration,
wherei n an absence, or a shortening of the disease
course, alleviation of synptons, or the reduction of
nortality rate in the nouse subjected to said
adm ni stration indicates that the conpound inhibits
the infectivity of the human .coronavirus.
31. The nethod of claim 30, wherein the conmpound
inhibits the infectivity by inhibiting binding of the
human coronavirus to angi otensin converting enzyme-2,
by eliciting a protective inmmune response agai nst the
human coronavirus or a conbination thereof.
.32. - The nethod of claim 31, wherein the conpound
i nhi biting the binding of the coronavirus to the
angi otensin converting en2yne-2 is a peptide that
bl ocks receptor binding of the virus. ,
33. The nethod of claim 31, wherein the conpound was
adm nistered orally, intravenously, intranuscularly
‘or subcut aneously. 54. The net hod or
claim 31, wheremthe conpound elicitng the protective
i mmune response agai nst the human coronavirus i s an
i mmunogeni ¢ conpound or reagent effective as a
- vacci ne, wherein the conpound or reagent conprises a
viral antigen, a peptide, a virus-like particle, an
inactivated virus, a live attenuated virus or vira
DNA. 35. The nmethod of claim 34,
wherei n the conpound was a%Finistered
intramuscul arly, intranasally or pericutaneously.
36. The nethod of claim 34, wherein the human
coronavi rus uses human angi ot ensin converting




