5]

iy

30

WO 2015/126927 PCT/US2015/016354

COMPOSITIONS FOR THE INAUTIVS
THODS OF MARIRG

ON OF VIRUS REPLICATHIN AND
NDUSING THE 5

CROSS-REFERENCE TO RELATED APPLICATIONS
This pretent applicstion cladres the beoeftt of pricetty of Tinited Sates Provisonst Patent

Applicarion No, 61940, 883, filod February 18, 2014, which s foporporased hereln foe reforenee

o e entiveny,

NT REGARDBING FEDERALLY SPONSORED RESEARCH
This wvention was musde with Untied States governiment suppost avwvarded by the Natonal

w R DAQRDORS, RUT AIRTITE, TIRCADOST L, P

fostitntes of Health grant numbe

AR IR and PO ASOHR The United States has cortam vighty i iy jgegniion,

SEQUED

This application i haing Hled sheotroniesdly via Bl

OE LISTING

Wb amd nolades an electromeally

subrnitted Seguence Listing v i sxt Ao continns 2 seguong nig entivied "3

LR

B35 ShT 4 ST2R v crented on Felbwuary 18, 2013 and 5 36 060 bytes fn shae. The
Sequence Listing contumead fov this et file g part of the specifieation wnd 1 hereby incorporad

y reference herei s U8 enundy,

FON

Corrent gose thempy approaches based upon trgeted BMNA endosils

NTROGDU

aen, such as 2ing

or nuclen

e,
s
s
ot

G

%
57
s

ss (AFMR and trawsoription settvater-Tke effecior nuclesses (TALENS), are hesad
wpom custon butlt DNA binding domaius, These techndogies are unwieldy, diffiesit i execute,

T fag iiple D

aud are audy vapable of single
sinmitanenusty, hactenal iy
cars be sanpdoved, These BON» vousist srntmadly of 8 Ca® srndonucleass Iovded with &

savide BNA that s fully complementary 1o the deatved DNS trget sequencs. o contrast o other
ored TINA binding

sarpoted nucleases mmg CUSHRE On fomnaing destgoed ©

seqpencs, Cas® protesns can be retargeted &rin‘z@

repnes O

L=

Howevar, the Strepioonoos pw



A

[

et

WO 2015/126927 PCT/US2015/016354

of 3 Sk for adono-sssovinted vive

“hased weotors, which s currently the proforresd

\

vone dedivery vectors for fn vive purposss. Thus smadler Cas® prote

3
R " ~ N

s peoded 10 he developed,

Althowgh gene Eh-t;"ii'.‘:'i{“_}} with AFNs has progressed ms‘smzﬁ chinmteal trials i severad cases,

o low *«;msf‘im The

,.._.i
Ll
k]
e
L)
oed
%

[
=4

o
s
a‘t
t-

»‘;‘1
e
55
o)
e
Lo
o
ut,n
oy
Sru

-

5
!'Z’
P
o
G
At

P
ped
F
g
=
pe

o
%
K iss
7
A,
=
I
ﬁ‘/
foord
e
[
ot
ol
r"
Tt
et
bed
e
s
pos3
=
b
e
%=
P
-t
L
it
W
paes
2
-

s s;sf the prosent disclosure zobve this gtxg‘xc:sbiﬁm ’i}}* provid

-,

v

e offiviency beyond whiat is possible wemg ZFNs o pen

S

Pt

cisruption but alao full gone deleston. I the content of

by

contdd absn be used for verereid of 8 viral receptor or sssentiad co-fhotor, rendering those celly

sifractony o indection, Thees are munseeous dssees thet e dH ol o vansdues whare AAV &

=Y

! hese Hasues wheve CRISPRACs

sk ertan ey e
VRS SO0 ORORRE

OPST P HEW pene

dansle eliector

omsedian cells,
devronsirated that Spy
parRNAorRNS

mrdue

S ean be wsad 10 gt DN vineass B

{oannyg oy pactivation of vieal rephoation, reating viva! infection and trosting

wirad incioed cancer based on the CRISPRAC w8 e and methods of making and using the

composions e provtded herein. The compostiions inclede revorsbinant constructs oy

4"‘4

\

,gﬁii*‘"\}{m‘] of recombingm SXpE

shy conpooted w s Brst

fn‘_"d

therapy veotors, The constructs include & Sirst prosmaiey operad

-I,n

pobvuclooride eneading 8 g BNA sad o zepond puomofs operably connscted to g
PSS $ :

sscond polynuciootide sneoding a G z:};"s‘imes;‘%tzai& for warpeting 2 sequenes 0 2 DNA virgsor g



8

16

"
o

¥ *‘\.

waad

WO 2015/126927 PCT/US2015/016354

oot
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operably covametod o 2 second polvausiontide oancding 9w single puide BNAL This sonstruct

atherws o the RN to divect RN A Pobymergse B dopondens procuetion of 3 funios RNS&

meludmg e (RNA hnked o the single g

LA with o tRMNase Z a}m\im site. Action of the
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prasossd for Wostorn Mot In Fig. &4, the bysate wag probed for the Flag-tageed Cas?® protun,

N

the p&3 offe sgEnous fachn, F:ig« & i3 sumilar bat was proded fe Bb

expreasion, The are 15 B6osgRNAL which
i speciic for thae HPYV-TE B8 gone bot s sot predicted 0 recogmize the HPV-1S BS gene,
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%m i % ot of fignees showing the HBY

tarpeting steategy and sgRMNA optimiaation,
fpoad sgRNAs speeific for the HRY
surface patigen {Agh core, and reverse ransoriptess (RTYORFy, ao deproted i Fig. 7TAL To
sasess efficacy, fiston protei-hased indicator plasmids, which encode so amineeterminal HIV-
Rev-dorived epitope tag, an tn-frame HBV-derbved twget, and x,:mfix»;}xy—is:rramn:-xsi Fluc bnboatoy

Ngre

sene, wore omploved sundlar o Fig, 1A sbove, &3 shown i Figl 78, sl duee s
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sifectively mbibited FLaw oxprossion from their cognate reporter plasmid i o
NN apEN

sarne fision gsmi B0 WAS pm%wd by Wastorn hiot using an o-Bey rabba ;m’iyei nal antigerm, Coe

vells when comparad s contrad, nosespecific

in Fig, T, e

g antibody specitic for the FLAG eputope tag prosent

cogaate for the sgRNA, 8 marked reduction of dw

wossion of HEY repliostion by HBEV spe

ns. HEY wphoation way first iduced e the Hep AT cedls by cultare 1o the absemee

Tord foor A8 hee, Thew, the oells weore wansdueed with lesdivirst sootons encoding

¢ Ay or core ORFe, puronmain

A comnbimations speoific for de HBY Ri suarfia
eheotesd, s cultured By the continaesd? absen of. HepADAE cells were also roninbned

perratant ey were harvestad and

Tetrt medin ay & segative contial. The He

fsteotion Himit

wervarnd el ‘iim::. Loveb of HBsAg (Fig 80 sl HBeAg (Fig. BDY seorated pue the enbare

Yoalter 10 days w oulore, Dats e aimp o ax the mean & {0 of

FOOMIPRNISoN elwaon tan
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groups ustog JVP pro 10 sofbware, & value of #0008 {7 was conaldersd statistioally
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Figure @ 15 2 sot of graphs shose

HepADAR colly. HepATGR

g smttvesd astivity of TRE, BTV, HAPIZ, s 3T w

Vs

R volls mansdpeed with lontivirs! vectors expressing various
T BNA combinations wene frested with 801 oM 3TC or with severs! concentiations {uh)

of HAPIZ, TDF or BTV, sy indivged to the v-axes, O day 7, totad leoveds of seoreted HBEYV BNA

wire measured by real-time POR, and ane bore shown as both log vl {Laft pansd) sud pereant
inhibition (vight paned) of the level of HBY DINA replication sees in the posithes control. Al dats

weore mwmalized w untreated colls exprossing Cas® and the NB sgBMA Fig 98 98, % and

0 shoewy resnits obdamed uxtng Hep ALY cells transduced with lontivectors exprossing the N&,,

RT, surfiwe ‘ﬁg, and core sgRMNAS, resprotively. Dats sy dinplayed a9 mean & S0 of repdotes, -

Teor indivates abeence of Tot in culrurs madigr TRF, enofovir disoprond] Homerawe BTV,

svbecwwit; HARLL, capstd assembly effector 12 370, amividing,

fis i DINA aptsonw elimmation Bom culture,

Figure 10 shows thae RON cleaw

N

stern bot o

Figwre 10 shows a W

se-fall experument comparing an NIV WG speoific

criptase speaific %A ant-PLAG satibody demonstiates

ey gntibody dernonstrg ation of the

Frgoee 11 g et of fgues showing that Spv spRNAx can be sxprossed fom (IRNAs and

Fanction comparably 1 US promeser duiven xpressins, Fige TTA 3 8 schang

RMA-seRNA fnion with the mdicated (BNase T clagw &, The "K

the sgRMA wrgeting sequence. Fig, 1B b
IRAT colls costransfciad with plasnuds sxpressing &

speotfic for te HPV-LR BO o BT gones or g control sgRNA, sad th -‘:i cogiate ndicstor

SR

plasmbls. spRNAs wers expressed fron sither the U6 promoter or 3 IRNAL Fig, 110 shows a

Nowthern blot of Spy fonted with a plasnudd exprossing X peoy

st protein pud saRNAS specifie for the HPVLIE BT goos axprossed froms either U6 or g IRN AL
Endogenons oollular 138 88 served as 3 loshng contred, The arow indicates the pracioed

fnvztion of the Sy sgBNAs

RAAS can be cxprossad Hrom RN

story Pl T34 1 3 geaph she vedativy

a-transiovted with phaonids expressimg &
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ENme} Ung protoin and sgRNAS spoctfic fur the bacterially devvved protospace

\

oy o & control spRNA and their cognate indicator phsmds. s

the Li6 promoder o o IRNA& ax i

Nme spBRNAs From 2037 colls ransiboted with 2 plasod expressing Nme ot and sgRNAs

spoeifie for BIS e G or @ tRNA a¢ indicated, Endopeneons oollalar L6 RNA

o

served as & londing contol. The arvow indivates the location of the Nive spRMag Fig 1201

3 g'ag.iﬁt sovpaancey were used. (P3N protoepacer 35, PR

fg‘)

opt warious sl

grven fluorescent proten, Gt

s i3z aserof ﬁwaﬁ: showing e varions tRINAS can oxprass ¢ Ructonal sau

et with plasmids
AV MOPO or o control sgBMNAL and
vious IRNAs, Fig 138 shows

s\a‘nxm& X crereny (an) Caat

3

’_.”2/

A coguate mdreator plasmid.

Newthern blotof S sgRNAS wovceverad from 23T colls transfeaiad with a plasnad gxpressing

S Cost oo an sgRNA speoifie for BV IORD rransoribad frorg 8 tRNA promater

Halar 16 ANA sorved oy 3 loading control. The amvow indicates the § *mmms

fovation of the matare sgRN S while the asterisk rubionses wpmesssed RNAgBNA Gston

SransoTipty,
shovaing representaiive ovidence of San Caat and sgRNA

migy PINS

Figure 4 is 3 setof fgan

s dortved

fumctinn, 39T colls wore mansieotod with Indicator constructs contad

hed aborve, & vorior expras ar exprosstag s sgRMNA speoific fu

the vl DNA "né.; i immi'i;m A novespeoific (NS 1 sgRNA served as o negative sonteel, Fig

tord with veclovs sapressy

ORE RSl

o aeBNA o with an AAY - based vostow

2ils wers
pridioted fo soowr o the Bbegpeoiific
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% 8 Wostors blot domronstrating thet sn intron msorted g0 tho mRNA S

untransiaied rogion £87 UTRY greatly onhances Sau Cas® exprossiom, 2937 colly were pansibeted

eotor condaintag the full length Saw Cas® gene, with an M-torming! FLAG

PG MEAR SREAR MReRAR be

with s expression |

nifpii{}iﬁii‘- wg, warder the contvol of the THVIE ROV immediate ear Cenhanoer o g

§ pone inseried o the Casd &

RN RN &

20 fokd higher level

exsing lutachions

ST was wsed as ¥ oading vostrol,

Figure 16 i3 o schomatio of the structire of an AAV-based voomwyr containing two Pot il

dupandant promwers drivesg teo sgRMAS and 8 Pol H-dependent promoter driving the

e

nat INESY This construct also

X

sxnpression of & Cas¥ proteis lnked 20 3 nuclesr Invshestion

B

containg o AAN mverted torminal ropests (TR, sv intvon 10 the 3 UTE region of the Taxd

o site, Possible Pod H-dependent provsters chube the

gene and a svathetic pob

snd HE proraoes s well as oy of the t(RNA promotess desoribed heroin

 the OMY fmediate sarby promoter) o

=y

depondont promotis welade vieal prometees {

. the EiF te pms}‘-m\‘:‘}

0 TRpMNieT, i‘

R

2 reporier au

ES&.} ar TAR shoment
D andd

s for conserved rog

1 _s;::mi with & stog TR

NI snvoding Flaw in plaee of the viead sef oo and selative luoiforase syprosiion messured,
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DETALLED BESCRIPTION

{fa};ﬂgxﬁﬁiii@}t‘m for mactivation of virsl roplication, freating vieal infoction and trouting

virg! indueed cancers based on the TR bn aakedintons,

PR systom are provided b

srethods of making and wing e compoaitions are provided heretn, R

repularhy interspaced shoot podindromic ropests) food ave found i g while 1
fave naw boew shown 10 he ransoribed o generate & Tty of rgeting RNAs specific fora

&

range of different DNA bactentophage that can infiect that baoteriun, In bacterta thal sxpress 3

as svstern, these phage-derived sequences v ramsoribad along with seguences

fromn the mdiavent onstant 5y gia}f:ﬁ 0 ghve n CRINPR BNA (orRNAY wiieh forms o complex with

the WIVANIENT TRns-acmy ¢ congHementariny botween the

aorRNA and the vy

& The MW OO SONN ¥ tergst

e the TNA fwr &

1o the varkable part of the orlENA if’ dhizten

;g_’s;}‘m?ﬁmﬁg;}{g ?&i\. the Cagt Py tein dine §§ oloaves

hoth stvancs of the wrget b&t’.‘&ﬁ“‘h“&\_&x DNA T bp 37 10 the PAM, uving teo distimet protem

Rl

domnains: the { 3 the non-complemeniary stramd, while the Cas¥

HNH sucheosse dosmain clorves the oomplomenta A bresk then induoes g

stien Of the phage DNA genome and hocks inde

4

A kev atop forward o maaking the ®
; i3 :
d Dy Bahaed

SAY 180 nt

s iy Brennan vells

3§ 3

b oup seguence o generate a felly Rectiosal smsll made RNA G

&

ok, Bas revenled tha

it heagth, Fusther work, including nusations

relies both on the PAM and o i‘uﬁi complomenianty o the ¥

N

FEICER RN ﬂ*“ k‘!ﬁ‘u & yeinor

e genoine poosent w huaman cells,

g1

& sonall number of of rargets i now-

s
P
st
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v 10 be highly problomatic, especiatbyf

Lo

sl ofttarget cleavage 8

Thiy concer can be dealt with by ongating the Cas® protein to inactivate one of he e
e of ab, 201N,

oy

¥,

pepdent MNH aod BavU sucloase shies, 1o gonente sososcalled Saickase™

i

Ran ot al,, 3013} 1015 thew posaibs to target o nickase Cass to v clos

siond (<2 hpd

aby g

sty on the pvo straads of the DRA gy, Onoe nicked ow both sicands, the DRA ol &l apaes

o give & staggeved dsDNA break, snslogous 1o what w obtpmed upon cleavage ot a single
recognition sequencs pving wildetype Bpy Cas®t, except thay the IINA target spouilicity s now

=Y by $or Bpy Uas®, anply suffictent fo snsuee cosuplete speailioily even w o lrgs gonoms,

such thar prosent w human colls, In dus sobodionent, the ve single gords BNA nwgst
*:a‘gt:;efa cox st stably destaned 10 targst opposite strands of the target sequenoe aund are designed

x

will cut within sbowt 30 bp of cach other. Solts

athdes from cach atbier such tha the ungle

o the DN seguence rather than DNA

e bactria and

CRISPR svators dave hoen wensified and charsotorized o many 48
sy of thess Cas® sﬁﬁ:ﬁji’:ﬁl\:‘iz‘i sriy be wsed irr the motheds desertbed harein, For ensmple Uaa®

T S0y of §

e endpind e
\-5\33‘ STENESAE RO,

i

Lorastracts arg avails

proteing refie
N 8 s 3NN NNGATY md for Sau the PAM 3 wlensified herein as S-NNGRET-Y

has g distinot spRNA soallold sequence wmslting up the 3 povtion of the

where Ko purine. Bacl

single gulde RNA. These svaftolds are shown as SEQ ID MOs 3638, respuctively. The longth

eof the trget senpuenoe speciic 37 portion of e eRNA also varies botwees the Caa9 caoymes as

¥

F

woand San use & 18234 peclevtde rgst

wiell, Spov o 1 1315 nucleotide taoget sevpenees, N

SRQURHCE.

s
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As derononstratod in the |

SR RO

aoleotide encoding Sau Cas®

9 shows good axg

subarvatic cells snd may be oombined with an ‘Eif"\ﬁﬁitjsf tag such as 8 FLAG b andfor 8 noclear
fealin s o the nuclews, The Sae Ca®

IR NG ST, The

i atgnal (INLEY o allow for targeting the

podypeptude seguemwg with the FLAG by and NLS s shownas §

pohvnacleotide seguence of 8 combinatiom FLAG tag and NLS o provided sy SEQ ID NG 8

s are wvatbabie to those s the art and nchude but ave oot lamsted to the

soguences provided m § Thoss of shall i the ant will appreciate that the
polymucieotide sequence will e -;:mi} (A mddinon site sundy e REQ D NO: M amd 2
sroncterienhanser o alle it of the Uss? promin. Recombinant constucts and

s gesorihad i o detsd balow,
Cash enzyme i dirscizd to cleave the BNA sarget seguenos
¢ Dovn postionne Derving beos fopotions, The fst

o

A and # ds ot the & ond of the sgBNA relative o the

second m_sfzi::essz, Phe fiest porion of the sgRY

slemeniary o n steasd of the trget

The targer segquence i mamediately 57w the FAM sequence {or the Cas® on the mrest

DNAL The porbon of the spBRNA that s complementany o the w

:}L{ BRI Y b heptwosn

1 nucleotides, 13 mucleondes, 13 nuclectides, 18 nuchotide 2 nucleotides oy

34 mucleotides i fonpth or sy somber of mecleotides botweeny 10 and M The portion of the

seRNA complomentary i seguence should be abde to nbadize 1o the sogeeneey in the

target strand and 1y opreally fully complenastary

RIS

speerfically for use with i cnevie and wall contrad the design of the \Rf\\

cribed horein and ichude bat are not lenited & these

& seoornd portn

sy

meracts with the {

G pnayme Thﬁ: 8

fn one ambodiment, 8 vegior

segprencss waed horem are shosen s SEQ D NOx

CORSEACE Chmprs roore spBNAs v provided, The sgBMAS in tdhiv vovtor may meolade

\ \\\X s i\iﬂ

% St povHion COMPIRMSIEATY 10 8 arget seguence, i instead nun

¥

’K“‘
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IR Ja%D

mchude the Uaal ps}-ifm noleotide and promotery ar z*sﬁm‘t"&u\c“;wwmi slompats o allow for

3 and the

exprassion of the

S polvpeptide. The cloning site would allew fiw
stregndined incorporation of a tarpeting portion of the seRMA 0 sllow for ek prodaction of

now URISFR svstoms targeting new DNA segnences, Exemplary weiuding

FEStTICHON SRZYIDG recognition sites for stmply incorporstion of & @rgeting portion are provided
as SEQ I NCE 39 and 900 These sequences have the Sau Uas® speeific spRNA soalhald
soguencs downsiream of two repeated restriction sites seleoted from Bami3 1 amd Bhsl,
vespectiveldy. Othor reatrivtion sites oan b wsed 10 make construwtion of specific sgRNAs a guivk
streambined process.

The targets

Persisient infections consed by severa! pathe

dod TEHEVLL amd WY

i human DNA virgses, such as herpes

s

Jtand hepatitiy B vinux (HBVE, have no

CHRPRR

sent & way 1o alinisste the vicsl gonetic muterial that is essentiad R

frovirgs, bot is copalie of intiating o chronie infection wherein g

'ﬁéﬁ
?
,,yv
2
,a:,
6
=
i
s,
:’f.

e vical gonome is mtegrated e the celluky senome, These integrated vip

xerve 3% ressrvods of vires thet s not sebijeet 1o the ant-vival treatmeny tooase. Ciber DNA

{HPV and RKapost's sancoma as

viruses such as humen papitloms vir

HV are fownd i cancers ’?‘:ﬁszgmmg of thase virwses mey vedoes twe nisk of

HBY infecty over 300 milt

o ndividuals globally, gud o sodenic oouaivies iy

predomingnsiy transumitted perinatalile, Choonde HBY cases often progress o seven

comphications such as hepatocelula cavcinoma ov civrhosts, resulttog i S83 B0 &

A vacoing Re HBY i svadable, but i iy unhelipiul 1o individuals with o pre-pxisting infection.

An essentiad vieal deDRA wmermediate termed covalenthe olosed civonlsy IINA {ooeDWNA has an
exeeptionaily bigh hali<life in infooted Byer colls, which casbles intracelinler persistonce. This

spisermal DNA ftormediate i pivatad o ovisal replication, sad current eatments sach @ reverse

wanscripiane nlibitors do oot result 1 us cloarsncs, In an offont w elimmaty these oatinent

o

fractory DMA modeonies Hon the infected Hver, destruction of das hypersialde HBV virad

RS

A

i

12k
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> chersonstrste that HBY genomic DNA molecuies, woluding dw

=
2]

cooDINA, can be effeotively dleaved and wsationally fnaciivated ‘m LastiagRNA combinations

i cotly nndergoing either scwe or cheonic ifectong, |

o

oonbinations argeted o the HBY roverse fransonp

SEQHY NGy e

it in 2 marked bbb

wolerudes, ehuding the covals

vole i HBY persistence i paticn

of BT finction, AAV may be ideal for shis task, a5 several ANV ssrotypes sre naturglly

hepatstregne and even vors ughly hepatoropie AAY veotors have recently boen tsolaed by

S Wk “ o 3Py
whutfling” AAV sequences fn wive,

cella stster vivus {VAV), Kapost's sarcoms associsted
eral other human horpesviruses, Simular o HBY,
THEVLT and HEVS

’,s'f
.4

RS QRIS B0

x;umm rennany futent m the fopm WY PSUTOER.

HEV-E, for exanple, ronuains Inlent m the migenunal gangla of the infected mdivadaal,

HEWV-1 fflo ~T0% of the 1LR population and shout coe thied of affected individuadys suffer

5

froam recwrne, primaridy aral, opdd sores. During Mrv‘swy;. the cudy region of the genome that s

actively trang m%m cacoules the latenty asoviate

3 smgle looy nowecoding RNS of <28

v ave theraght o repuhie oxat froe lweney,

prcluding FORG and JUR i3 regnbred S visad reastis
writation, HEV-T infeorions can glso lond 1o sevous muabadisy
meosst Covmnen Foren of mdecticas bindness i the USAL A olosely velated virgs, HSV-Z, ta

Foand it ~20% of the US population, hes & sink

fransnrtind and often ooty the pounttal raucoss.

i
7
.
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Sral ronervair, As shown in

fytie rophiontion but have 0o tangible effect on the hueatly @

the Dxamples, HEY gesomic wolecuies can be effectivaly clemved and mutationsthy mactivated

by Cas®ispRNA ov CPO and IOPY were tegoted and the

i Bt

0~

R MNAs wsed are found a BEQ I NG 1819 and 63 AAY i35 able to infoot the trigensngl

o oelly wis known means. Ladeng HEV-Y in§

O REHOns MY the neuse g

&

sanghs CT0S) can be resdily established and o i thevetore possibie o fost whether wanadnetion

R

of these samse TGs with AAV-hased vectors encoding HSV-Lapecific O3

seandsiratrons will result i g deteoind

ability of latest HEV-T to meactivate slter oxgdant and culture of the

Lhher BNA vivuses

A mnber of athier BNA virpses am aveookated with sevious honeay Hses

ox tnghuding
CCRRHYY and Merke! el

fg well o others, O tiese, porbaps the micat refevan i BBV wihich s

Epstein-Bary vivas {EBVY, Kapost's sarcoms-associated horpeevt

polvamavitus {MOPYV)
the etivdogio gt of severad concers, wclading o epithelial coll nunor called sasopharengeal

careioans {NPUY tat s lnghly provalent by scadheen Ching and Southeast Asia, ba NRC gedly,

that noverthede

EBV ix found in o Borm of vieed e fvos the oxprossiva of several viral

sof-strucieral proteing and oucroRNAs BBV KOs shure 3 nusbey of charsotoristios with

HPV 1o head and seck {‘k‘sé&\i canoers gad, g b shwe sondiniued prosence and

franscription of the virad, in tds case RV, prooane ks thought o be esecatial e tuwy sarvival,

Jt has alrsady been domonstrated that BBV eplsomes are readily disrupted and des \yed by

spaciie Spy CaaBiseRNA combingtions and 8 soomg Hkaly that NPO celly wonld be axosilent

fargess for ansduction & whve using Sa UM g BN A-busod AAV veotoes specifie Ry the ERY

genome, Ax shown in the Exarmpleg, sgRNAs ms&swmg EEY have Deon deslgned and showy

by

clrave the nended tarast sequenes, The warrypes are specifls for BBV PR
{fomibe of repeate), DX (diveot symmnetry ), PENACL (FRY nuclegr antigen- 1}, Up provueter, and

I

EAIP-T {lntenw nuspbrane protein 1) The
N 3T
HPY

Hurans are fnfiected by aowide vartety o HPVa that, while sormally inpoceous, can also

e NA mrgeting sequences are shown gy §

ey ey

wive TS W warks on e sk or geatalia, Most HPY vavanis replicats oy episomes w the basad

epathelial Byver of the skin, where e vivns exp sively moestructan] proteins. When
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el pigrates fovwands the

ztis‘afis;?;m the productive HFY 3\1‘<ui*

wet there are also g small

v

samber of seecalled ngheriak HPY serotvpes, of wloch the mogt gts:r.z'{.}mim: g HPV-10 and

HFV-IE, shich fopother couse ~TO% of ol corvival sancers. Inmost HPV induosd canoers, the

<

HPY spisons i found clomally integrated into the cell genoms in a manner that dostoys or

dilefas the vival E2 gene. One Rey aotivity of EI i o limit the sxpression of the HPY oneogenss

ancd BY, and disroption of B2 during integration inte the host ool genome can fend o figh,

t=3

comstiutive lovels of B6 and £7 exprossion. K6 funwtions to bund and destabiluee the o83 tumer

suppressor while BY sinlariy binds and dostabilizes the Bb mumar supprossor and these owva

M in e maintenanes of HPVarasiormed o

7

with HFY miection includes cervical carcinomss, which are almost always HEV-positive, as well

ax x substannisl fraction of hesd and nook (HENY canvers as wall o2 anal canvurs.

In the case o HPV, the officient mutational inactivanion of the viral B& gone, which

city of dhe collulay aoivating

s functions 1 Mook the aul

noraad

.

of the pﬁ ranscription fcior and By dowasire

a1 anud the

&
i

px we devonsirate thet mseydeaiion of

speptetic death of HPV-tarsformed cells. In the Exaropd

the 6 pene sancrna cell Hae H

several aoiivators of apoptosss, beadiag
demonstrated that disnupnon of dh

stov of Rb, formation of B

TR

§a% i‘h i..i

“w’

oo
(e
o
:

e sersesce

. En direct

w0 e

& funsory has the potew

st HPV 16 induced anal andd

HEN nymors,
HIV-

e ansiveiroviral therapy (HAARTY can reduce HIV-T rephsatonto

p fie, HIW-T porsiats s o latent infection 1o o swall number of resting
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LM

pemgry T osdls, In these Tong Hved colls, fniaet tntograted HIV-T provivases porsist ina

R

manseriptionally slent state that iy refractory o both drugs ond host amoumns respomes,
Howsver, these momory T oells cun be resetivatod by an appropeiate recall antigen, resulting in

mcduction of & productve vim! replication ovcle, I thas ocours after dnsg treatment bas been

stopdd, HIV-1 sl rapudly spread theough the avadable CD8 T colls and rekindle the same

fovel of vins veplication that was seen prior o antivieal drag featment,

Efforts o purge the pool of latently fofectad oalls have focused om two strategies. On the

A

e hand, several groups bave stiempted s acthate ftent HIVLL proviruses using drugs,

mchhing hivtorse desvotviase inhibitvry and PR aponinty, Howver, this strateyy has not proven

&2

able m activate HIV-T i g bigh porcontage of lvrantly infecrad oelis. &

ot provivises using HEV-Lapedific CRISPRA U s

whd be o divecthe target and dustroy

ans. in mmng‘}iv the HIV-E proviens i a perfig

coanding of tavget for ORINPRCas as there i

inforted cell and, o the prosence of antivival drags, oo spread
n ol IV apentfre

3,

HIV rephicarion. The sgRNA tvgsting sequencey uest are shown aa &

g ARAS

Virst vevtors for delivery of CRISPR/Cas systom

As resedd in the aberve discussinns of e g

Based approaches o the foedaes restmem of DN&

vegtor o deliver the Cas® and sgBN

Dt oy adenoeassnciated vivus éi"&‘ oy be ats;iaiiﬁ:m& Chibver gene deBivery veotors inchading

vires, an adenovives o mm adeno-axsorated virns may also be ased. In the

yelrovings, & long

>l o dowstivival vector and have developed AAY veotory i wall The sdva

of AAYV vectors by that they can generally be vonventratest o titers of S vieal p partscles por nd,

sl wansdoee sl vicoeanfected colls in a patwent, expeoialiy

nowrens {Kotermae and

108, S8, i the Tover or 3

3

SAV-based veotrs have & owell-oxtabiished rovord of safery and do

el Pvdsgraie & ‘ m§v~ e the et cull gonng, thes avouding the potentiad fiw

B &

sevtonal setivation of deleterious gunes
The peoblen with this approgch & that AAY vectors have 2 ssoiees packaging

4

capacty of ~4 7 kb, and thig includes the A&V mverted torminal ropeasy, which maether ccoupy

e}
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A

{A]

I H prowoter and polwg

MNA sequeng

Chie way Rorward s 10 use ong O

7

PANM sequenoe 5

o

PAM sequence 5 kb

i fongth, heaving roves for bwo sghiNA ¢ tos, 10 addatisgt to gl requered vey isi&?;ii!zt‘}f' elemenis,

s e encoded by genes -

i an AAY verror context. In our hands, Seu CUast s o loast a8 aotbve, oy possible mor aotive,

thian Sy Cas® on the same DNA target seguencs aod the sequenes speaificity of Sag O

RS

spersars i by comparatide o Spy Lash,
FHRNAS ay an effective nweans of expressing the sgRNA

Freviops work has focused eo uaing the UB p@i HE prowotey to dibve spRNG

&
RIS i fong ansd ban LG promadiers

sfore reguire over 109 of the entire pag

fnd

s oy scdoned eousdly

si 136, To the Bxanupl of s ov vival Dnigin, can

s of RINA targets and hacteriad

e sed 1o express high levels of sgRNAspeeific fora wide

Caa® preeing,

§"§‘z§§'§:=‘isi:s§;a§§§}?,_ w have demonstrated that mosse wherpes

Y {g}ﬁsﬁzns‘m“;iRE"@'&} modeenley dat sre i

af“

sdhioa ¥ imﬂnﬁ\% hatvpin, Thess

e cothadar sngvme B Nase &, whioh norally

f?

ond of cellular IRNAx, We bave abs demcantrated that humas

oy

RNAR, when fused b

u/‘a

s pro-miRNg

RN mermediaie and 3 function 8% PrOCe:

RNase £ o reloos the MNS fem e pmﬂs‘u‘?\ AWy thersdors weondorsd whother baman

HNA fadon

M43 Vi precnry

TN As could slse be wsed 10 generate functional

g

arermediie, s schematically sh wousty deseribed
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Aoz RN fuston diffors i that the spRNA w
m;*"m*ﬁ\. ‘iz:azs“gtér i*@i ntve, -~ 60 ath and folded o wore comples secondary structare,

it ware capably of
. The iRMAS fested are

wanpdos, the (RMAS of rammabian oo vieal on

caaton of the sgRNAL T meost cases the (RN A e RMA way olon

8

PN A produced were shown o be gotive

PRI SR SRR N RIS RN AY X

produse the sgBNA and the sg

4“:’1

! higher lovels of spRia

ahosen s SEOUID MO 4130 sl aoone werg more ackive and produg

s5 shown in the Examples

sgRNA using much smaller prometer &l

LT TS R ARSI TAARRARL AImeARE R

7

TRERNE 1 g‘iuw SXIWER

sdvantegeous using veotors with somadl carrving vapacity such ay AAY. These tRNA

feed

1 oonstucts may clude the ving he et portion and psead including rospiction

o

Syme sies upsiream of the so

otion of the sgRNA fov insercion of diverse tar

povficns. These IRNASgBMNA constructs may bencleded i kit Bor developing noved

3

CRISFRA Y targoting svaboms,

/55

f?‘:.

.

Constraets and vectors

13 Reforsnos o "recombisant® preseno oF 1w OF B

mplels acid regions not saters

The torms "exprasuon custeis”™ “axp ¢ expression veotor” vefiy o a
sciere acid maolecale whach comprises o lomt oue veelio soid seguonoe that & 1o be expasssed,
alerg with B waneripaion and opntonally slae translation controd sequences. Uhanging the

I expression casseite will cause the veotor i which #t s meorporated 1o direoy the exprossioa of'a
difforent sequencs of combiuation of sequences. Beoavse of the restriction sies being snginesved
o b present at the § and 3 eads, the cassette can be cuatly Ingerted, romaved, or veplaced with
another Casgate,

The oo "oporably nked™ o “operably connected” are used fo desenbe the consection

25 berwesn regulatory slements and 2 gone o ds onding regron, That 15, gone expression s ivpleally

phuoed endsr the control of corbun regolstory sloments, for examply, v

constidive or inducibls prowo &

ng region 13 3aid to be "operably Haked 0% of "operatively Hoked 0 or “operably

Assoried with® o Coperably copasoted w7 the regulatory elomenty, monniog that the

euy is congrodlad or mfluenced by the moulamry sdoment. Rew

o
5
3
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mcludding proonoters, enbanoos, rans-activating fiowrs g eneconpassed herein,

w

sanspenbly heretn aud refor

..... SN ERERER

sl Mpationt™ s aw

Az used horedn, e term Madys

o hath burnsan and nonbomas asdmaly, The ters "nenhorman anivals” of the dsclosore meledes

f’é

at vertebres, e, nnmunaly sl noneanuals, sach as noshunan poinues, sheep, dog, cat,
and the hike

> subiect s o husen pationt sufferis

. amplablang, vy

srioes with 8 vives.

As wsed hereiy, the oo "gene thorapy” means the tnpaer of nuckeic aond compositions

avto onily of & raudticelular subiarvotio ovpanism, Be it i wive, ox vive or @ viies. The term “gene

therapy™ should not be Hmiied 1o b porpose of corrseting metabolic disorders, bat be

mnrpreted mroaw oy 8 oheios! ey R the e of nuclele aoid compositions, such s
cxprossing caseeties oF minigenes, for thorapeutic purposes in goneral, indepondent of a specifie
therppeutie purpose. Theeefore, the teom "gone therapy™ would inclodewithout Snuation--

crsction of melatodic disondes, cancer therapy, vRoUInation, Mol

of call populaicas,

£

o}

te. by meas of taaster of naclere acid

wedl expansion, stem coll manipalation, vivel infecti

Fapression Lassstie

ot of the prexent diselosw

RE A i‘:isrzs:z wamk cuide RMNA annd g sep «m TR

aperably cons

raclestide sncodiog & Uasy polvpeptide. The sgRNA

inchudes 3 fien portion (suitably the 57 ond of the sgRNA)Y comphumentary to 8 strand of 8 trgst

it

FA v gend

wied poption (zoftably the 37 end of

MG eapable of
wrteracting with the Caa® g;}q}h?igmg'}fiﬁﬁ In one sbodoment, he rsecadunant comstruet inchdes

e desoribead herein fow

Wy nverted f SOHSIYGNE OF 18

te nuy be

W

packaging moa vl veotor such sy am ARV veator. The construct oy sxpwesaon ¢

2

i folows snd aclude 3 Best fnvertad terminad repegt Billowed by an

f.».«'

i E
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pobvpeptide, and a8

&

polymerase I prometers

of ¢ target DNA sequance and a conservasd, structured 37 tormimes that eaable

sargeind Ry mutation an

L0
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o fvvsetod terminal repest.

¥

Winle by within the scope of the presest disclosee tha aay R

Y ol vIneraRs provneits

vy B wsed) e sovee evpbodiments, the RNA polyriorase proomodey copprises an BNA

polvmerase I prowoter mserted atthe 57 vod of the vetlor o svand the transeriptioas!

H promoters ave located 3 10 BNA

3.

irterforence koo fo ocour when RNQ mhmm«a

,-,,
ot
X
)
b}
H

ti portatn ombodiments, the BRNA pobemerase TH proamater s soleetad

E:

~

fromn the group consisting of the celluder B and US prossoters. Tn other swbodiments, the BNA

robvmerase T prosodors used are g (RN desoribed above sod shosen to Rmctor jn the

{
3

The BN romnoter i opershiy hnked e

I one embodiment, the sgBNA comprises & § portion that e complennutary w8 9

The targer DNA vy congprne say TNA sequeace that encades for & gone that s desrod e by

o Inosomw embodinmeats, the i NG

3 virsl DNA sequence. Poleatial target sequanves must b bocsted fast 37 1o the PAM sequence

sanived by the Cash p\oisp{‘ nihele i the target INA 8

e

0D SRz may

prise only ong RNA polymerase I prosmoter iy

tvn o emore RMA g

anerase HE promoter - sgREA umﬂ:wﬁm NS I W SXPISY

SRPUSHORT 11 N S0y

WO TR

ww oy the delenon of s eotire locus,

The expression casseie comprises & promderienianoe o drive the Cas® expresson @t

xR

the 3% end of the vestor, Promoterioninnoess dre known i the an o DINA soquences that veeruit

BNA polyisrase I hutlsie BNA @sm;sc:ri;tnim and are within the scops of the ;m&m

TR Promoter, 1o other ernbeediments, the promosesfenbancer »;u;*ﬁpsiazus a OMV Liw mgﬁiat& Barly

UMY

¥ PromoterBobances. Nuedable promoters wclonde, bt are not iy

SXPIESHION Cussette oy alio melude an o bobwesty the promoter sl a the § end oy

EN
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- Brtrous Bave beewn sheaven o inoregss the sxpression of soene but oot all

R ACH ;«rade when msoried into the 87 wrrmmsiated region of an mBNA rsssoribed from an

exprassion construct. For example, the Ret proprotnsubin indron {88 s 53 cloned i the

° urpramsslated region of the Sau Cas® wis shown in the Exanplog to invrogse expression of

ok,

wclosure provides 8

A
£%
e
e
<t
e
fesigs
)
g4

Ancther aspect of the prosen

a

vonsisting of or comisting essertintiy of, fose 37 10 370 g frst ivceviad tonminad repeat (TR, 8

RMNA; 8 seveend RNA polvemerase

fivt RN A podverase I peosnestey operably Hnked tooa st
HH pm sucrber operably Hoked 10 @ seoond sgRMNAL 2 Prosmoter Bahaneer operabdy Baked 1o 8 Cagt

& second tverted wornungl repeat. For cach of die sequences provided

gy % wdentical 1o the sequences provided herein

s

sed, Those of shill 1 the wrt will appreciate that small modificattons i

are wlws enoos

sucleotide or grmna ackd sequences can be made sud the funttion maintaned based on

Nnowdedpe of the sequence,

Crenergd Methods

The practioe of the presest disclosure ol employ, unless otheraise i

conventions! methods of virclogy, microbiclogy, molecular Mnlogy and recombinant DRA

sechmiques within the shill of the ot Such wcheiques ave explanioad Rully i the Werature; (seg,

T

g Santvook, ot ol Molsoalar Cloning: & Laborstory Manual {(Corrent Bdition), BRA

Clninge & Practical Approach, val T & T Glover, od ), Ohigomassiootide Svnthesis O Gai,

N

e, Cursent BdiGon), Nuck
sttt Bedidony; ORC
Handbook of Bavvovirusey, vol TR 8P Thesssn, sy Pundamsnta! Vology, Jud Edition,
vl & BB N Fields and D0 ML Kaipe, ods 3

Edifion) Trassenption and Troslston (8 Hames & 5

Lo tof the prasens disclosure provides g recombinet veotar

somssting of, or consisting exsentisily of s expression cosette ax deserbed oo, Yot avother

aspect of the gm;wwa dhsclosure provides & imethod of maling 8 meg

3 e Yoo aF

disoribed hevein,
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As usad hevetn, the torm "saotor™ s woant to inclade any shovont, such s & plesmid,
ape, ensposa, coxmid, chromosome, artificis! chromogome {Y AT or BAC), virus, vinas

capaid, virion, ote., which 3 capable of ravsforning sudior frpmsporting s suclaie acid

corppsostiion f g host ool Info s host ool andfor o 2 spedific locatim andfor compartiment

withiey o host osdl Thus, the e inchades cloning axdd oxpression vehicles, as seell as viral sl
sowevins! veetors and potentisily naked or complexed PNAL However, the teom doss ot include

velly that prociucs gene ansiiy veotons such as retvovival packaging vl Hnes,

ated virus (3ANY veotor,

Toy seane cobondimonts, the veotor comaprsses w ademass

For purposss of Huy invention, by "recombvinent virgs™, "sscombinant viion”, "recorabinas

veoter™ or Mrecombinant vird vector™ is meant & vives that bas

besn gensnonily shiered, g, by

the addition or nsertian of & heterologous rusiels acid onmposition toto the panicl. I soaw
senbodiments, the recombinan viras comprises AAY. Thus, R -{t:f«i:ﬁ:;:ﬁ?ﬁtg}i&; & "recombinant AV
wirion” 1% used synoweatoushy with a Mreconbingnt AR vaotee™ A recombings AAV vedtow

compites at loast o AAY copad (Mihe cater shell™) and & recotabinant AAY {vooton) gentene,

swhich is heebored &

e, by “rocomsbinast AAV & “recombinant AAY

comnpriamg eterologons saques

. b a,

LI

nead on @ Pashaon suoh that sl vival geoes ave replaced by

heterologe SR CREBDUR OF wigigene, Mum sty andy the

§JR a8 ui

anted virus tgpﬁ_%’ feid

The reconbinas AN

Another aspeot of the prosent disclosare provides methads of makiog s recombinam
VEoki comprising, couststing ofl or consisting sssontiatly of 8 recommbinang axpression casselle m
acoordancs el one ernbodiment of the present dischesare, the method genenathy comprsing the

Ieallsh iy

¢ ol where the mck

steps of (1} Intreduning an {rANY

ifnoing an weing constrant

£
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SOMPIISeS Hhe reeombingmt Sxprossion CAelie o oony

coding regioms {o.g., rop and oap

ement AAY packaging functions nissing Fom the AAV vesior construet, xE’

AAY packaging constructs are often seferved o as Trana” plasnuds), £33 Introducing one o mose

F 0 helper vivuses ooy aooessory oting veolr constnats it the producer coll, wherein the

vy funotion vector comstraets provide aocessory fanetions capable of

8

Belper vinu andfor aocess

supporiing sfficient recombimant AV eA A virion production i the produssy el

freguenthy used producer ¢ s and SR oells; and (43 Cultoring the producer

Sttt produse pAAY vinimas {51 H g the vells e olatingparifing the rARY vivions,

14 The AAY vector comstruct, AAY packaging comatrunt and the helpey vims or #o¢

R

function vector consteuot can be tteodueed s the pristacey coll sither stmutaneowshy or

§353 7% on of the molecales (as plasaids o
¥

s trvinig eohnigues koo o the sdilind

sred eotbodionent, standsed

¢ specificanos, fodhe po

b3 Crioat teahidgnes 8 el phosphate

wrforton by hybuid adenovings’&AY vootes into ool Unes such as the husnan “Kiﬁ‘-‘i‘&fi}i‘sﬂliﬁ) 'i{id:sﬁst:‘t:‘;s:‘

cell ae HER 393 (¢ haman kiduey ool hine containiag fusetionn) adenovirus B1 geosss whwch
provides ans-acting BT proteingd Thus produced, the rAAY may be wsed o

comnposttong and ki described heradn, and vsed o the mothod of the lnvention.

g, 3 reoombinagt AAYV vootor comprise

sacribed hurein am consty

setedd wsing knoeen teoleigues o ot least

0

g firet verted

fossad

provide, 8 operatively Baked componasts mthe o

ferninal fope

aptionally a second BN, %; rhymerase T promoter \genbh fw

£ R S0

i hancer {3 KNA Folvwerase H dependest promotert operably hnked 1o a {as®

sxprossion seguencs, avd g secomd vverted tormingd repeat. Thyy resnsltong construct which
coniaing the operatively Hoked oomponents s hoanded {F and 37

0N SRRSO
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ropton (TTR} wi wthe mudiphicstion sud packeatng of the

vecommhamtant A8V veotor, A&V TR psod i the vootves of the imvontion need sod have o wilds

q

Pepe murcheotide soqeenes, snd may be altorad| oog, by the insertios, deleton or substitation of

x

ancieotides. Also, o some ombodiments, the SUITR and the 32ITR migh be derpved from
FAATE and an AAVEPATE.

Additionally, AXY TTRs may be devtved from any of soveral AAY sorebypes, iwhuding

ARV AAVI AV AAVE AAVE AAVE AANVT AAVE ANV AAVID, AAVTHL avian

AAYS bovine AAVy ete. The 3 and 3 ITRx which Sank g selevted wamgens expression cassst

it an AAY veotor constraet nosd now necessarndy b identical or devived from the ame AAY

serotvpe. Thus, rdAV veonw design and produsiion all
betweoon differomt AAV sertypes. Homologous veotrs pons
fanked by og, AAVIITR: and packaged i s AAVI ¢

haterologous, h\ trid voctons when the DanbEens Sxprosiin

o et witian the

rn;

e of the invention a8 des erpinal repeats)

O COnRNg

vecuared for AAV w ag u Hanking the imert. From 5o Vend, he w

s agRNA expressie A ansertbad by an RNA pod

R

dependem prowoter sach as e busan UG promocier, o by & humes IBNA pramoter, 2 @

A *;}a}iij,szrm“sm; H-dopendem prowoeters exprossion,

Fosatble exsmples of suntable promoters welude the &a.ii;m‘jy:;me translstion wtistion fetor 3

SF R proaater, e oo (hCk

by beta setnd BUMY fu

v or mouse UMV} oyt

o promeder T, the

> promder LRF I the Example sho

w

=
[

w Fuguee 16, the Cas® SUTR contains an
indron, 1 thes eomenple desreed from the rat ;“‘t?p?ﬁ?iﬁﬁ{ﬁ e 3 gene, and w maclear fovaliatm
FCast copkd b devived

The noclew localisation & ved 28 e midanderd

from the SVE0 harge T sntipeyn, Fom nuclooplasnsin oy might be

avid sequences of varions NLSs ave provided as SEG D KOs
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finathy a podelA) adehinon site, dovbved from g vind

s noluded.

Pharmaseatisal €

LSRR

wirgd DNA

il B0 sl spisoval

Soett

5o

RERLMOS fi’mﬂ sl fissues wisre provides & mothod of

P

reating @ viral ndbction i 3 subeot compriving, conshiing of, o convisting essentially of

e

adminisiering o the subject o therapeutivally effeotive amour of 3 recombinan veotor ag

R

desoribad heretn, Another aspeat of the prezent dwsclosurs g}fsm-‘iﬁieﬁa 2 wmethod of elinsinating viral

ﬁpxmmwx e i subject eoenprising, consisting of, o

ot thergpeuwtically effeciive amount of & recormbinant

arethods wmav resuly o idabition of vieal replication v inhibition of targs

sher sdaininten > pecombingnt veoiw oF oontrucky desoribad herein,

The mathods also enen B wirly the construees and seotors o

hevein, Colly nuy be vomtacted

W ;am_sm}s B wive, $0 Wi, OF &% wive,

s fdininiatation W @ well, tesue, mpnumal, patdent, of human, Other

molude inproducd osne, sl o

. The

e procedures and souts

seoviniuaoel vecions may be sdnvmistened 18

the volls of said subect on an i whwe baa

i within the ady of the mdividual i sse

with the procedures which are most svpieally smploved.

As used heven, troaiment” 15 & clinical porvonticn oty  mesponsy @ a disease,

order or plvsadogieal condition mifested by @ patient or foowhich » patient may by

suseeptible, The sdv of weainent meludes the alloviation or provention of symptoms, slowing ot

stopping the progression o worsening of & disesse, disorder, or condition andior the remdssion of

the diam

s, dhsorder ar condition, "Treatnints” sl 0 qow or hoth of thorapeumic trearmet aod

;‘?sm@%a}i gotie or proventative megsures. Those i peed of treatmaent inchade those slvepdy affected

' ax those i which the
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Troating cancer nchuloy, but ix nod Haited to, veducing the saraber of canwer colls ar the

size of @ weser o the subjeat, reducing progression of  cuncer 8 wove 8y

sasive fovm,

sudusing proliforagion of cancer colls or reducing the speatd of tomor growaly, kilbng of canoss
oedly, reducing mistastass of cancer oolls or reducing the lbstihood of recwrsnce of g cancer m g

ey

3 30 By D of roatme that mpans g hew

8 .smi}? ot affficted with o dissese or ay ek of developing the disease, inchuding improvement i

“

»
i
e
-
)
bed
o
-t
7,

£ ov more synyplonsd, delay i the progresstom of the

delay the cset of svmpione o slow the progression of symploms, el

o~

o “therapesticatly effective aoonnt™ refers o an amount

N

The term “sffootive gruoum™

sutficient o sifvet beneficial oe dosirable iologieal andior climieal resudts. The %iwmp“‘mmﬂh‘

gt Wil vary dependi

on the compound, formulanion o composition, the dises

severity and dhe gee, wight, physicad condition and responsivencss of die sabject o ke

o5

3,

eated, The reeombinug veotors are prefivably suspended 0o pharmseswisally aocoeptable

dehvery vehivle (Le., pheesiologically compatible careter), o sdnvndsiration 1o s napan o none

e

hunan wenasiian paient. $

carriers may be resdidy solected by one of skill tn the st and

5

iy depend ou the route of sdministation chossy,

The pha

sompony, such @ g

pharmsecnteal speet dst doss not asel! induce an o foapom

~ 8

on, and which nay be adminisred without undue toxichiy,

ng i

oy

P

@ OOEAPOS

N

Pharmas me\::aiiy scceptable componemts nchads, but are not Hwlted w, Houids such as

WSS,

aoosgrably salt can be ivluded thereln, for

Frochiorides, s

N

sweter. The selection of th
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compositions of the proseat disclosure may comprise, it additions B rAAY vootor aned othey

componem{ s}, other comventional pharmmentical ingredionts, snch as ;:g-«v‘x(‘mx 28, chemieal

sahilteors and the ke Sustable exempls WS,

carboxymethyloethidose sodium, pobesorbate 80, phenvlethyl afcobol, ohlorobutanad, potassiuan

X

v efiorside, propyl gollate, the parabens, sthvl vanilling plyoering, phenad,

sorhate, sovhi okl sy

-

a'\‘

/

parachiorophens

RS
&\

atin andd albomm, A thorough discw

5 PHARMACBUTHIAL 8O

Ao pharmacentivally aoveptable

BS {Mack Pub. Co,

sxciphants 5 available in RE

SERUI

Appropriate deses will depend, among oiber Soiors, on the speoiios of the SAY veoke
% &

&

chosen {s

B, SOROIVER, &0,k ©

5

snenal oondition of the

,,,

sther mammsly

s o be treated and e suode of admimistvation, Thos, the i‘tg}p;‘{}g}riaiﬁ hosaps miay vary

2

AUEHT IO patient. An appeapeiate affes

Sve amount can be readily detenmmed by ong of

,«.

shadl i the any

Posage treatmang mgg bea \“ligk e sohedule or & omitpde dose Moreover,

i the st can rene

the sehicat may be admi apriate. One of skl

Tate munrdag of do

5

dedervin wy appny

Hewsver, the dosage may need e be adiusted o take vt consideration s altersative
ol of adimnestration, o balance the derapeutic benetit apamst any sids effects. Such dosages

srve sary deperading upon the therponte spphicaiion for wlich the recombinant vartor &

The recombinant veotords) ave adnunistored o suificiont ames o oner the desined

e snfficten lpvels of

vells and o @ ettty of the transtirned muedsie ;

compostion 1o provide » therapentio benelin withoot aodue sdverse, or with sedweally

ol ans

viined by those skilfed Gy e

Hhocan he dew

. Bevay oy PR SRSy
¢ FCCOHLINRY W ths prosom

diseinsrs may be coenbined wath delvery by other vival sud noseviral veotoes, Such other viesd

e

vegters inchudmg, withow Roviston, sdoweeiial vectors, reliovira ¢, lontivizal veotors and
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wepos simples vivus (HSVY veotors may be roadily selevtosd aud posorsted socovding B mothods

3&

krorwn in the avt, Stenlevdy, sonwviral voctors, including, wathout Hmitation, Hposomes, |

hapwedd vegs

. polvpley vechers, modecudar conjug sines wmd

LN VU, By

he readiby selected snd peserted sccording fo methods baoeas in the art, Whsn adndnisterad by

those altemative roptes, the dosage i desirable i the range desoribad above,

To mintbniee winl RON s, we bave optinsized the Cos sasclonse and the sgRNA

SNPEORSHY IR

ettes by nsing small but effective promoters. Single guide RMA chimeras consist

of twe essential porttons: @ 57 poviion tat s completely complementry o the sequenos of the
parget DA sense strand and g conserved, structured Pionmious scaffold sssontial i a9

binding, We have developed and charactorsesd & seRNA ot Tuses g porgon of the X

srendngivides and My =s__s‘ vty sty OTRNA gud acrBNA which can be ovpressed fom a
single RNA Polyme I proesoter as shosen v the Bxanpdes,

Ths mdstnsal waxR\ A can be readily moditied 1o target sy DNA Toons by sltormg the &

TarpEing sequende, and is expressed from @ munid BNA podvmersse B based cassegge,. The

)

seRMA i fonctional whes Ioaded it Cas®, gy domonsivated by the povel Green Fluorssoens

Ry

Nrvee Cast gl San CasB as

PFrotein {OFF) and huciforgse oloavags moporsy assevs with Spy Lag

shown i the Examphes. This ass st of the HIV-T Rev protein and gn in

Frame farget DNA fase ¢ sequence for GPP or leeiferses) clogvggs

posad o abinted ReviGRP or Rowilue expeession,  Expression of the Npweaed pioteis
fopether with @ appropiam gRNA resulty in loss o GFP expression g3 detected by m\;mww

T

and reduesd lociferase praduction as weasursd by luciforase sesay ght unsts, sond foss of Ray

faston protein expresston, s detected e Westenn Mot using s satibody spetific to Rev, These

asedvs desonstrate that we hoes sucoessfully axpressed :Eiﬁi‘,ﬁﬁimf& U ool sgRNA fovels in

-
%o
3

culture, and thay DNA weper olepvage s both highly offivien

Construction of siagle and doal sgBNA Cas? AAV e\:\ ession veckors will msexﬁi‘v

beg

]

factinste the sfficient intracellundar delovsry and sxgws

of viral DA ¢

o by antiviral ®

fovels of ropism for both bepstosyies 8

Fir 10y BESES F v

v, ot can be prodeced s high vae, wiich is ideat for testing an

i the HEVanthoted humanezed snnne B or w bsotdy HEVL
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dooted mmrine wigenunal ganglia, respeotiy

with ROMNg has shown that cleavage of gonomie TINA results o aitgespeciilo matageaesiy, other

e

podnd moEions ov nserio s et umperieet repadr by momehomologous end-foming.

e ey

However, whon the Cas® RONs are targeted to veplicating episonmes o culluve we ol

iy the

@ viruses alloows romvad of the episome

o

olbvimation omoells, Sugpesting g

voll, Thix episome elinunation phonowenon 18 novel and advantagoous, and both HEV-1 and

HBY gRNAs can be combimed to tavpst multiple viral penes sunnhansousty, thuy snhancing the

chestrad nhibaory sffect

Warnerens 8 argretx for both HBY st HEV e bose selooted us defined

ool

above, HBV soverss mm;mu cove prowein, and emvelops proceins B and L ave essential

>

ully targoted weing the RewGEP

infertious viead -p&f"h‘ & pi’&l‘-@fﬁ Iit“'ﬁ srul thess hove boon suooes
repwter sasey 1o calure. Tothe case o HEV-1, munerous trgets teve also beon selected in the
LAT segron, which i the sede wrassonbed region doring newrdns! latenoy, 8% well a3 1a the

o HOPE gone. AAY vettors cucading sg HEY or HEV- Lapectfic Cash-

euserrtial OB geue an

Dased paviosd will be diveetdy coppared with non-3pecifie contral A3V veptory, and both B

oF srigsaningl pangliy tesue oo be evalisnad foe s o HBY cocDNA or HEV L opisomes,
ssapectively, by guanditative FOR. Proof of concept e wives i 3 humentred mouse moded of

of HEV-Y kae

HEV cheomic feotion o it maring s

s weondd reguane both s aghdy

effertive effector’vival target coupled with Tiver v tigsmingl aam;im;a«&:mﬁik“éx: wansduction with

e

CHBY god HEV-T bar also HRVAE aad Human Papilloms Vi ii‘%?\ I s.§ sriviad

ral DA episcanes from fafkctl g i veo,

amiﬁmt}w FOF gy

¥y

eot disclosure s oot hmited o the speorBie details of o

The

of vompoaents, of methed steps set forth hevem, The compositions and wethods disclossd hersin
are capable of being made, practived, weed, carmed out anddor formed movarious wayy that will

sure thay follows, The ;géi}g‘ase«:rh

soription ondy and should nm be regrded s

5

prg o the scope of the clatws. Ordingl indicatars, such

A% By, second, and thid, s need in

the deseviption wind the olaims w refier w vavious stractures or method Sleps, are pot meant 1o be
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eotstrued 6 indioate any spociiie strachieres o stops, o any partiondar ovdey or sonfignotion

such structoes o steps. AH methods desonbed horein can be performed i sny suitable weder
anless ptherwise indicaied horoln or othorwise olearly comtradivted by comtext, The nse of sny

arued all oxsepley, or exemplany nguage (e.g. Troach ™) provided here, s invended merely fo

faotinate the tion on he s

& genet does not toply any Hmg ape of the disclonwre wnless

othorsise claimad. Mo langusge tn the specification, and no struchures shown i the drawings,
should be construsd ax indivating that say norecianmed slomen is sesentiad 1o the practios of the

LU

disclosed subgect matier, The use heretn of the terms “mohueding,” “compridng,” or “havmg,”

sowd vawtatseny thereod, Is meant 1 sasengass the eloments tinted therealler and squeivalenty

therent, as well as adilivonal clements. Embodumens rechied a8 "ncluding,” “oomprising.” o

£

g

v alvo contemplated a8 Toonsating essenty

alby of " and “consisting

o thoss cortain slenuats,

Becitgtion of rarges of valoes hevs aos maraly intonded 1o sred s g shanthand msthad

of vetermng mdrvidually 10 caoh sopsvare vidue Sdling within the vange, saless othersase

schivated heroan, and sacly soparate value 1 opovated nro the speeifics

wadhivichaally rocited horean, For sxample, (3 concontvation range &5 stated as 190 w 3%, {1

wstended that values el ax 2% do S0, 1% 1 308, o 190 to 3%, oo, are exprssaly

evunnraied Wil spocificgtion. These we only exanples of what @ spoaificelly mtended, aud
Al possible combinations of nuraerical values betwenn and including the bowest vahw and the

el

3

highest value enumensted e o be comiderad © be oxprossly stavsd iy this disclosure, Usewd

the word “abowt”™ o desonbe s partiouisy rectied smonsnt or mnge of amouns 8 neant o mdioate

that values very negr w the recited amownt g weheded 1o S araoant, such as vehues that could

oF tapuraily would be soosuned for due o manadiotuning leranosy, nsrunent wrd bunan

arror in foray

s megsnrentans, sl the lke, Al percentages reforving 1o aowvmmg ave by weigl

uinlesy indicaisd ocherwiss.

ant doooment

cited 1w les speoiiostion, constitutes prinr @t I partioular, 3wl be waderstond thay v

oy that any of

AR PG RE T

o b anry document heretn d

cormnon genend knowledge fnthe an fnrhe Uladved Sates v

reness states whay thetr suthors assert, and the
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t challonge the acoursey and pentinense of say of the desumeats

N

Al references oited heredn are Rally lucorporated ‘“ﬁ reference, unless explictdy

ogsised o th

t there are any digpanties

hebween any delinitio cription fousd i the cued reference,

The following oxamples are moant ondy & be iHlusimtter anad gre not mosnt as Now THELONS

A

o

on the seape of the rvention or of the appended claima.
EXAMPLES
Example 1 Design amd Use of Constructs Targeting HPY

CRISPRCas® conatnunts and sgBNA dewign

1o the ZiFirweb

A

HINAS {sgRNAs] ware desipned sy

Two pairs of sin

PORFz RS pnded DNA ondosucieases (BRGNS were
tor {ARdgene) oxp

aprfication (hitpsl paniners.org 0 target EIMA seguences encoding the aoing fernvinl

yagion of the HPVLIS BG and

ennstrueted by oloning HPY ap As o the pe330 w
Cas® {(Consg of al, JH13) sgRNAs wore alzo oloned e the padES weotor, an sleraative version

Tor usefid foy How oytometrie analysis {Rm ) s 20 .2.%}... KON

reporter phasod with o Spy { LY exprEsRIon oonst

a7

ﬂaumi the spaeific Joss of Rey aned CGFF caprosston by Western Bl or flow cvtometry,

SRNAx targeting the HEV.10 Bé and B

el and tested usiog u sl spproach. The mﬂ\mm RS-

NA segoenoes wene used and construciad ax outimed provioushy {Uong ey sl

i} W N 12 }}, :s;.sﬁ.tii HFIS BV
D RO 3L Bolded suclear

HGUCAGUTGOACAAGCAGAA fex tvcdicate mismgiched

57 (% restdues reguived for ravsoription mitation o ¢ US promoter,
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% \\

]

e Modinm (DMEM

Antimyeotic {Uhiboes

U and SiHy colls wory grows tn Duthecse™s nuadified Ba

,‘n
ua.

]

e and SO padmll gentmnvcin f:i,\»if’rffﬁﬂhﬁi;&ri&f}giﬂtﬁ? ap AT,

8

Baneator 385avs

Reporter aas

ve i 39T cells were performed using the caloiam p‘m phgm‘ sranstbotion

misthod, 2937 cells ware plated at~

with n 401 mtie of RGN ssprssson plasmad o

v Westers blog to detent Ry epiiops tag o w;a*wuﬂ and by How oytometry to detersune the

16 fractiog and mean Boorescenes

SUBVEYOR sssavs and nuisconexis spevin

ST T S VI S SRV | o . . % R T I
HeLa colle wore plated 8t 3.3 x 107 valls per wadl v ool plates wnd transiocted using
Fugeaet with 8 3 00 1 nuio of RGN expression veotor i pleCMVRGER ipL“ CE

P30 PuBT wiich expresses o PP, o dotermng waasfecton effickney

48 boaws pos

The SO RN

mi then panified. POR produnts ware then denatured and resnnesled to

enable DNA botersduples forma - For 10 wen, B8 to 8550 roaping @t <1000, R5°C

sonchiedy were trested

A By rosmneating

g

I 0L

b
¥

ey

with SURVEYOR suctease and BURVEYOR enbancer 5 {Tronspenomics ) following the

s

wrivrer's provoved, and anabyr

TIRSRTREEE

o the mststions itroduced by HPY-1R EG speviiic

Tl bownd seqoences Nankeay the prodicied RON clewvage

e DNA was FOR amplified st 48 howrs afler

33 focancny The ondagenized Hela g
son, cloned, seguenced, and abigned to the Hela gonoms,

and pRB ms‘;smtifiﬁzzmimi

“agened ransicion

" eells per well wm Gowel

et

Aor o plOE (s GF

3 NiHe colle were wansfectad with HPV-
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RGN sxpression veotars using Lipofoohming 3000 {Clontechy »

o i SDISPemereapioethanol protein

mpneicturer's protocol. Cells were then harvested & i‘

o 4R howrs post tramstbetion, Lysates ware sub

crviamide gels (Bio-Rad) ard transferrad o mtrocelolose nenbranes. The smebrgnes

bovioe seram athomind with

ware then probed wm (PR, QT Tween 20, 83

the fodlowing antibodies: anti-Flag {Npms FIROY, & rabiat Rav ;@ﬁi}*ﬁi@mé‘iﬁ antiserm ddalim

al,, 1989}

sy

S54136) The membranes wete w ;&\hsd 1 PRSST,

v anttbendy, amd then washand »

menbhrangs wore incubaied with Westamn Bright Sirios Westam higt (‘iﬁi‘ﬁ{‘}? EirtAdvansmiand

et naing GeneSnap and guantified usl

dhiterming the specificity of RGN clesvage, we gopemted 3 pelINAS construst exprissing an E&

A

§e>

mutaat hachoring svaonymons nudations w the Cas® “seed” region, Theze exporinents wene

conductad by transtecting Hela colls in Gowell plates st 30-30% conflucnoy with 8 3 0 1 ratin of

QR VROIOY W rowiant BO exprassion plasn

nonmadized s y‘sé S v
SR ph od i Gevan plates mid oo

srally gowng

SENSIN ‘giéﬁsmﬁ{is siadin §ratie, mzssmg Ei“ugﬁsi&»ﬁ&\ Eagra

cedls were toated 48 howrs post-teansfotion wish 10 gednd ﬁ«E.}mm-a};‘im};}:‘uﬁss;;§ Ae Eﬁni

d fixed with 2%

o, w

v 1 howy, Cells wore then trypsiax

1

e for §hony s 3590 Colls wers washed wih PBS and permwatuiized wagd

sthanol veeraght o S0 After wadnog with PES, BNA was denstared by treating the cells with

T and then wasded twos with FBST. Cells ware resuspended
e, SAG30% BD

Sfrnnuas ot 3570 Cells ware wazbed onoe with PES aad resuspondad ju 200

28 BT for 30 sdnages a 285

100 gl PRE-T and 2.5 gl Alea B

bed
a
®

Brdl! anubody featal

£

ok
g+
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A

uide propidian odide o staitning buffer (BN Bloscionoes ), Colly wore then analvand by

flonw oyvtometry using 8 BE FACSsnts H and Flowks sofbware.

RBeadll andd P1 statning were gonerated o compare transisoted (GF P

FGFPomegative) Hela colls

To ovepsurs Hela coll fravsduction sfficiensy, we omploved g lontivivs! LOE oGFP

sxprsesion veohr {Shang of sb, 20091 This allowed uy to dotmrmine that 33038 of the Hela cells

i culmrg were amduced, consistent with an fmsad MO of ~2.2. The Spy Castisgd

aiivival veotors wand v based o lentiURINPR (Shaban vt ad,, 2014}, with the

RNAS inserted © meon U pramoter. Hela colls (33 3107) were transduced with these

o snclded 34 howrs afier meotion. The cally were then oultivansd for

fentivestors, smd fresh med

18 davs and st nombers quantified 8t tvo day intervals,

In o secoad expeviment, Hela cells were again tansduced with lentiCl

BO sgBNAT o BY spRNAL ov with

5]

Qs xpreasing Spy LasY and g nonespecifie sg

LT, Dnorhis seoond sxpariomon, wo used y ‘aw}m .;'_‘.szf oo MO of 37 which shoubd rerelt in
3

STT was aluted from eells

HCE and the absorbenee was deternvined by Fhoostar Omega

shated redative

T mgm of HFWL IR present in Hela culls for DNA

cleotides 3w 39 and 36 30 35 of the HPYV.

i\{}‘{ B} mgd male (-}{iﬁ&:« 24 f0 103 and 106 {0 135 of the HPV IR R

& controd o 5t 3

xpresaed wider th 8 L6 BNA polymease HE provsier pres

the pa 30 exprosson vector, which also oxprosses the Spy Cax® protom Tong et al, 33 To

assesy the fctionality of these sgRN & we oloned cognate HPV- I8 EG or Efdenived 1
segprences 1 anw bebweon sn wrno-tenmirad regios encoding the st 39 awing aoids of the

av sgRMNA m mcleed iuswmmi Hhosan i

GFP fasion proten as determumed either by GF
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RS O

oo o

Huoresoencs itevstty {MPT) of the remaining GFPpositive cells, Similardy, ivik E?*Si}iﬁi:
sgRNA dramatioplly inhibitod GEP sxprassion Fom thew cognate indivstor plasmids i ¢

ix of Bovatgrget-GEF fuston protein exprasaiosn in

".*

o an alaost totad fossaf

co-fransectad 3937 cslls b}g Wastern biat {!E:ff‘iz-n L3 reveal

o

;'n

mndicator profein exprassion. We therefors concladed that il w B apecific

seBRMAx von effvotively silonor the expressaon of @ cogoste targel gene,

fog o

%

W next aalad i we could insotivere the endopenons HFVIS EG and BT pones
As all four sgRNAs pppearedd to Smetion equnalenthy, we
wredy on B sgRNAL & e AL To condiom thess ::g;:iﬁ.i‘éif\s

were hrdeed nducing the wxpectad DINA clewvage, we ased the SURVEYOR assay o detem

N

qr‘

%“E‘f&‘ “‘m{‘

fovused cur subssquent reas

-

we could detect ROGN-induved judels at the peadicted et cleavage site. For this porposs, we

ed Mala o

of al., JI3Y snd an

o BV e
- of B¥-spogit

ved PUR-amplified o

sed then re-amsealsg

.w,

§}§E§$iﬁ§'{i~§;§? # popniation of DNA heteroduphoxes that wore dig

5

h

ipedend {'{t&‘aﬁi}}-" detectad the prescucs of indely do botothe B

s charactense th

@ naiaiions, we

d then perfirmed B¥

xS -.“ ‘3

'i“ap 57 tor the Cas® PAM sequence {(Mal st el 3013

334 DN A sequenve veads, of which 19 bore an sssorimest

se of the HPY.

sevprencss of which € represent delenion nunstions adjacent to the predic

ST ip " the M‘x‘

Qe 46 reprosent sertions of

far the most cormmon being 8 single T nuclenti
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g

’/c

SOEOR0S oonining 2 hepe luserton maistion that introduced 8 sequense derbeed frow

o~y e
§
d

Burnan chrommestme 8 Therefore, By bosh the HPVSE BSoand BT gong, wi wirg able 0 retover

sttipde yudations af the Wﬁt‘iimﬁﬁ E6 or BT RGN ek

w B or ET QRE.

1,

predicted to diseup
Both E6 and 7
3

soked 1 tarpeting B and BT with an RGN would mdesd inactivaie E6 sml BT fanction. Az noted

o he reguarad for Hola cell growth qud sunvival

{Howdey, 199 DeFilippis of pl, 2003 Goodwiy and Didaio, 3000, sad we therefore next

shoee, the HPY E6 rotain fonctions to vepress the sxpression of the host pS3 umor suppeessor

soe that loas of BS fencticn iespeciod to rexull w they sutrvation of not sutly p53 expressiia tant

also of dovnansam offectors of p34, mohuding the ovebin-depondans Kinase inhibapyr pd

Croodwin and DiMate, 2000, Migh

and Latos, 26 i:’f*m\i‘sﬁmﬁ‘ihm anad Mlusger

srvdd Sobofiner et al, PR 8

0 reperess the fanction of the host coll retinoblastorng

.

s of Rb, thershy inducing Rb degn

{RbY protom by bix

s preventing the foemabon of & wmiﬁ ey that would block eell oyvele prog

f’%ﬁ?im«'ﬁn;h‘éﬁ and Mung

EMaghty and Lannis

pression that ws

Faredy moodes {14 d 1o the Bractin interns! comtrol, W note,

fowever, tha {ii&s"s;;.;j}&i(}m of BT expression resalts wmoed] ovele srvestso o

£
o

Aeetively Tosf froo the s focted enlawe. Tndesd, we

¥ oons wre experted o be

ool

disrupted

chservesd that expression of the Flagae prestedn was specifically reduced in colly

2o &

e 27 {hg B I dus devrsase is taken bdo

sapressg an sgRMNA specihic for either B

acoount, the

goutrel, which s stagstis ih W

b2

Iy opukd be arg '“é?iﬁ%éﬁ of p33 1 Hela

E

Yoy

eapeeiiic sgRNAL aw 'rvm:~:%§‘-}r;fi::§f’i§; ehlect residimg fromm an offs

pronsiscurns DNA dennuge. However, sosbysis of potential target sites i the hunsm genome R

MAL by BLART seavch of the NCBI human genone datsbase, Siled to sloatidy any

,-»”

fargets with perfect complomentarity o the 13-ac E6 sgRNAT geod sequencs in coambinstion with

ok
el
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the Jpy Cag® PAM FLNGH-Y. We d single porfeet buman gonome wrger site four B7

ApRNAT in o loaw of the buman genome, designated - 102096 Tocated on chromasome 3tha

evand to b moserbed. In addition, we deteaiad o nusmber of potenia

D

RMNAT and BT seBNAT thay diffored from o perfect tmrget @ite at & single base pair and

2ot CleRvRpe SHes i he human genome,

e

Ciffargst genonmie DNA damage would be predicied o ag

X

awd o wers

particukarly imterssted in demonsirating that the activation of pS3 by EO sgRI

.s'

exchmively from clesvage of the B v gene. We therefore generatesd aomastant form of the
HPV-I8 B8 pene in which we introdused nnatativas that would be praciotad to ook sgiNg

cleavage but thar did sor aler he madariving B aming acid sequense

3 Eii oo-transfection of an expression veotor encoding this vanant R

s antivation of pd
PR3 indection i g px exone of Bi sgRNAT indeed reflects the selective loss of BS exprossion.

of eithey BE6 or BT funosion in Hels colls, and in ol

ey

> grvest and, o the case of BS repression,
ey, J008; DeFilippls ot
vt the ;;}s"g-tié%e:t?tmi ;}E}-&-‘wu&y_ M

Is

G4, while the ol e

sy e

oy BT -spenific .xg};’ﬁ;.'?‘«%‘ﬁs, strosyhy o

i ngrnher ovver v, B iy adyzad fhae ol o ssions OF cownred cells relative 1o Ba

~ g

gelis i the presenee of Brdll,

ienrporated o newly synthesteed nnng the celis wih propudiam wdide

P, which allows mmasurenent of e

in 32 tn

S, the vontred cadivre shonwad 57

&

i 5 phase and £06% s
w durived Soen fowr separate BedUEPT hiboling sxpermenty, shoven o Fig

s nnduce cell ovols vt G whidle

As

s 3 pliase ov satering G2, as expeatad

fay

oF BT expression,
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As neted shove, ropr: of B or BT oxpression in corvisal carcinoma colls is

whaoe © i Fig. 4, but alw senescenes

By net ody

RNA combinations

v apoptoss, Therefioe s

speotfie for BS or BT would mottally inhibat coll growih followed by induction of coll death. Ta

8

vatidate thus prodiction, wo tansdusad Hela colly with butivieal voctoes saned iing et and

siiher g conwod, B or BT

sk fransduced the oally

wacduced with the is}?";\pw\m femiivirus wars €f.'i:§3"§3“i~‘~-; consistent with an

o

ol
o o
b
[ 4]
%
frered
7
Escd
fors
£
=
¥

%

2. We then counted the vells  cultre at e day sntenvals for 10 davs (Fig. 340 The

TR

16 & for o or BY had -~

SRR combinstions speailic Ry HBV-IY B or BV would

TR

epentad thy above wansduntion pxperiment using g hip gﬁw

PE O diter of lontivived weotor QT of

cuttare. Adter 10 iyt onlture, the

g r ABY. Sorprisingly, o othis experi
W Efspectiio sgRNAx i the prosence of Bpy { b e of the

seugtion of HEY Bf or B7 has the giiksiswi&ﬁiiﬁii 1
I3
stfied, as expecied, o the sp

3G seonin Hels colls alivy wrgeting of B8 3AL Howewe

fatled o induce pd 1 expresson, thus further confironng that sttivation i due

ok
]
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S ;‘}.z‘me&m g}:\tg=

respiad

i, ag see e fo
i the p33 or Rb pathoray, respoctivedy, i nob onby HPVIE Ing glso HPYS Letranafmed

toal carcinndng oolis.

Example 3: Devdopment and Use of BBY Speeific CRISPRUT s

fe guide RNVS dep
Sdadtiple spRNA&s for sach HEY DNA sy

¥ aa .
o carsed Jeasiudnad veotor prvid

sing # doal oo

sndicitor assay, esseatially as described above. Buriefly, Spy Caste gRNA cosxprasvon

constracty hased vpon pRIMYCug s gl 2003 were co-panstected v 3937 colls ot an €1

DRE SRR gah

vatic relstive o an indicator plasmad it ptmsm coustating of an amne-toraing
HIV-T Rey devived epriope tag, a contral tarpet vopon dertvad froms an HBV opon reading frame

ut:ié‘ fuctergss (FLue) mdicator pooe. & Renslla lucierase

alan co-tnesiecsed g an suernal corol, Transvohons were

v Frosttogs duat uciforase aemay wul Westorn blot R the

FRCESE tramsfention b

axprossion of the secoded Revarger-Flue & » knockdewr of

BN

phir DN prget, The HEY ONA targets for the gd

ston protehn W covfh the speg

s ary deproted m Fig Y80 These candadats

g

suBNAs ware shottfed fute the Lmﬁiiﬁ&i&?ii fontivival eaprasaion vootw V&fi?ﬁaﬁ&; ol al,, 2004y,

which was produosd at high tier i 2037 colls by co-trmmstoction, ag previcusly desoribed,
HEY svade AYW trpens for the sgRNAY used & this work were s follows HBYRT

i{ \\ & .!' 3
godvmersse HE ranseviption Hom the U6 promager s paderhined snd 15 not oomplomentary (o the

PINA TR &1

inivial G reguired for efficient BRNA

To assess the nudsgenie specivnm poperated by Spy CesepRN & cleavage, privers

Dearing unigue restrchion stey were destgned o anneal o HBY seguences fanking the prodicted

Cas® olewvage site in the BT gene. Total HBY genonme BNA was extravied from HepAdXIR wells

following wansducton with the CalagRNA combition specific for te HBY BT gene
R XX e

44
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3 {Invitronsnd, and Sanper

e

%

ad, cloned o peldNG

deseribed above, PFOR amplii

>

recovered sequences were then aligned 1o the wildtype HBY stain AYW genome.

S

x N
b orr s e d S sy
{28 Quifre
.

Thee human 2937 cells emploved i the reporter asamey ad fow leativiral veoi

production were sulterad i Dulbeoot’s modified Eagly mediu {DMEM} awhading 1

Berving serwn (FHY) and antibiotics. The HepADAE ool Iine rogulates HRY replication

the provence oF absence of Tet in the eulture medivm (King and Ladner, 200 Ladoer et al,

1997 Ulpon ramoval of Tet from the mediam, HBY rephicates and s seoreted from these selly,

while Tet addutinn sompletedy ey s HBY sephioatons, HepATRIE culls were vultured in
BME

il jg_}m; cilhin, 100 pgmis .s\‘p’&m‘az’ o, TOE paiml kassmyoin, S04 pgim

%

Pl

13 meduun {(Life Technologios ) supdlomentad with 109 hest-inaorivatad FRS, W

&, wd wth 8.3

o or without any Tat {f&}r nduchon o HBY

wre pultured i DMERM contsining 1% FRY,

HepADIS or HBVZ 218 colls were wansduce S SXPEOSRING 3

PRIOTRYCT Pes ¥ and an wg b

contloenty after E;.f'{}%?;\":‘?éh §31 11

o

teed I 4 pamd pemonnyein (Life

; \

¢ IR i, i"“mm*& rratanny weechin s cudls

e FUR assays, Comeed oolls e luding nos-

¢ BLIRA and realah

¢ celly were nwluded as

coeDINA smpliffons

E:-&;ﬁf‘;-‘“ mn-gﬁ v coolINA wang an ARV HY sequenes

o, W vesed Mq\‘im DTIRGTS PRV

2

sheven {Uhew o \‘s§ 2004) s
Y 3 E s

s R AT
IS

5

s the Laghs Oy
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o DING Xumg T penm

intzed HepADIE colls were collected by cenpifagativn, washed with PBS and de
supemnastant modnen discardsd. We then added 500 gl of fpotonic bafter (10 mM HEPES,
Hhudd NaCl, L5 ol Ma(lh, 05 M BT THe the oell

{AROBOE, Next Advancsl, and the ow

rellets, atong with sircouien oxide bends

-

Four compoands wors tosted against the HepADES cells, including lambvadine (3T

o

tenedoviy disoprostd funeeste (TTDF L enteeaviy (BTV Y and the nueleosapsid ssseanbly wnhibitor

Hrvdoopynimidine (HAR-TEE AH the antivinls w i owy fehorntaies,

sells were seeded ot 30000 selisfwell in collagen-osatad Seewell piates. Test
3 faal conoendyation *nmﬁam from 0.001 o 10 aM

iy Mlapd L8

SREEIE HSINE B DOHTREIONOR

INA was wnplified mos reui-ime PFOR a

3 TOOOHT sequenee dete systern {Apphad Brosystomsd or the LiglaCsele

AN samples wers tested o duplicate. The

conceniraiion of sous 1Y DNA replioation by 38

was deternuned by lnear meg e HEY fog vivad redoction was alsy determinsd

S
e
-
r”
gt
:&’
’)‘J
L)
i

Red st Jate v poings by Reab Tiore POR for

3

ST SRR E) L and suclear DNA {sthosoawd

};=§a:‘s=::§;§'mm ¢ ooodise

o the witrented controll Ms

et
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Reanden

To target the HEV gonowe (subtype AYWS for ohimination m ooll coliuse we fiey

@ spRNAs speetfic for Spy Cae® wrgeting the vieal open roading frames {ORFs}

enpoding HBY surfece Ag, core, andfor BT, For the HEBY dructoral proteins surface Ag and

Lore, N-erminal trpety wers selrotod to induce Same-shtt snitagosesis. The suface Ag

ecific sgRNA wis abwo predicisd 1o clopve the BT gene (Mg TAL BT was alse targeted i the

Pl

Righly comperved Y MDEY mot required for sn

uA

ryvese catal T ustmg an

oo cleave noar the end of the surfsce Ag OREL To verify effective

W \,H}*H‘Wmf the mdiostor assey deseribed abwrer based on so-transfertion of Spy O

5

i hunmn 28937 ceils.

cognate indicsior plasm

”ﬂ

A efficary by monitoring the erase {FLugh

o fevel of an HIV-D Bev-sglNA trgst-Flas fusion protein:

high clepvage activly resudts 3 subslantis] koockdown of both, As shown i Flgure 7B and

T, all theee suRNAs induced an offotive and specific knockdown of Flue exprossion, a

mmegsuregd En dusl lu svsay, and Rev § i pspression, @ measurad by W

BAMNA constructs i relovans HBEV el

< ip*ifﬁi‘ of efficien

Suppression of HRV

astegratd HEY Hosar DINA gonome &ong

=

! vegulated b a 1

{ prosmessy (Ladner &2

In the abyence of Tat w the v...isti{';s ¢ medinm, the *rephicanion by

g o the tiagion of & robust HBY

stantiad fovels of HBY cooDNA, and the release

A DS colls wrrh lomtrvival veotons

his weatem o suppross HBY replio
wyeoding HEVaperific Cae®agRNA comblsstions, HBV i

w medng

1

NA gxprossion, Subsequentty, Teof was added back o fwe
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ot spain, prossing the chromosoms! HEV locus, o onsure that oo DNA was the primesey

sal franseription. The fentivieal vectors used also oncode @ puromycin rosistancs gene

EShadems ot al | 2014), thas permitting selection of the tansduced cells. As 2 positiee contead oy
HEV gene expresion, HepADIE colls weere s transducsd with a somsapesifio {5 sgRNA

s HBY

construct that does st tavget any HEY sequenee. As g oondrol for maxionlly repeesses

sxprossion, HepATOE colly wers alio tested in the continuous precence of Tet, which in the

acks HBY i:;‘zx.:xxs&:ripiitm {Ladner ot al, 19T ARy ansdoeton snd selsction,

o~

o 125 Feekd sned i the

- RO Fold, ax pwasured by reabtone POR (Fig. 843 Byen

-

RN supprossed HEBY DMA replivation
scddition, which exzentialby eutively Blooks vivus noplication.

Suppression of coe DN formation by HBY specific CasHiaeRNA combinations, To

4

worie Cax INA somnbinadions to elimingie soolINA

seopraeiation, traesduced HopADAS colly were alse sondyzed for the fevel of oo IN

somreiatices by real-time POR after 18 daes w culture asing previosshy described oo

speoifie primess (Chen ot ab, 20041 Rensarkably, the HBY BT specific 3
weclINA formation by ~He-dald, wiale the surface Ag and cone-speciiie

b INA lovels by ~d-fold (Fig. §8Y Towad

By~ B-foded by the HBV surfice &g anad oo

fry the BT speif

{Fig. BB Improsstvely, the HEY BT speoifie sgBNA s thered
alede o reduor HBY coslNA frantion by ~90%% sud tord HEY mutraceial TINA
svonnuiation by ~99%

HBV.apecifie Cas¥sgRNA combinations redoace HBY surfyce Ag seoretion. In

i‘m\ﬁ%*& colbs, m \w« of the level of HBV sioface Ag {§~5§?'§§3¢3-s uhand Pg® M\ itmt\‘\w

X

SHEE R AR n'wdi& of

sransducsd Hep ADIR colls harvested after 12 dovs o cudtors, Low lovels of seorated Hls

&

0

wels ol ransdieed with HBEVespecifie s

targentng the BT, s:'u_sfiiz"am and coew genes bat m the K& segBNAL Indead, the surfiee Ag-speaifie

B NA supprossed HBsAQ production 1o nearhy undetsciable £ RO possbly

G
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dusistt with the mwtations] insctivation of this viral gone dus o editing by the cognate

CaaligRNA combination, We alse olperved » stanstically sipnificant rechiction s HBeAg

73

seprgtion i the colls wansdoced veith the RT speafic sl nghiceting perhaps & globad

rechuotion i oo DINA i this cuse {Fig, 8D {n conteast, we odid ot olwerve ¢ significant

roduction m HBeAg for the Cors and Surd SAs, and B

 rkedy resuly from this prowin's

fed that none of

secretion amd exceptionad siabality. In contrast fo the HBsAg ORF, it should e

the sgRNAs smploved dirsctly target s virgl ORF S mutagenic insctivation.

3

Mutationad inactivation of HEV by CasWisgRNA combinntions, Whils the obwervad

depletion of total HBY DNA and wceoDNA acvunmilation was antensvve (Frgs, BA awnd 883, wa

T

Wore alsn curous a3 © the muationad sams of the rosidiaal virs! DRA a8 Uas¥ lenvnpe of

$

chromenormal farges vonalhy resulis o the introduction of senll sequesce mertions or deletiom

stntheds ) {Shalom ot gl 2004 For s purpose, we foctsad on Hep AR colls tranaduced wath

¥

st YD ponl of the HEV BY gene (Fig TAL We harvestad

the suBMNA speotlio for the sotive

sofad DINA from the &;} ARE colly pansduced with the RT-speaifie O

oRNA combination
that we
ted the DINA o POR amply

s koockest dewn vival DN eveds (Figs. 88 aad 88 and

ation waing HBV RT spectfic priwers followsd by cloning

awr mmatines oested

srned segueneing of the rosulient HEV DNA fngowas. Seventy-three dele

at or invmediately sdinoent o the pradicted Cas® dleavs te present 3 bp d o the targe

FAM sequence were revoversd, and we alvo detected fhve esertion mutsbions af s

S

fovation i the HBY genoere, OF the 103 revovered vi

omtatied and, mterestingly, the bulk of de an

Coven s ineTrame msecton oy \Mum syoaild be ks

see rexpived B HEV RT fesction aod therefore highly comserved. In comclusion,

YR \\as vy

gene wd only dusmatically

&3

axprossion of 8 CasWisgBNA combination speoidic R the HBY RT
ruduced vissd DNA levels, 33 o o 85, b also mutationsily mactivated the
sraponity of the ke

1 with

Fvirads i comddnatic

Enhianced inhibition of HBY DNA secumulntion by ;

Cas¥ngRNAs To assess the poasbility that potent RT inhibitors {TTDF, BTV or 3T or a1 viesd
i From HRY.

shabitor (HAP LY condd enbiancs clipsnation of residual w

s fie

CastsgBNA expre «ﬁ*h colls, we troated HepADIE colls &t conventrations that oaly pavtly mbuby

48 weasured by real-time BOR of seorptad HEYV DINA
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ossing Cas? and the contral NS,

B, WO AR

SERNA and ol inhibizors tested exhibited the \xg’su%si dose nmm‘sm {F" 3 M Romarkably, and

s previously ohsorved {Fig SAL HepAD3E colls exprossis
showed essentialby a:@m;:e’iem v;gﬁpru\m of secreted HEV INA a&:ugsmm%a&igm ard gadned »

aclded henefit from ¢ ad {Fig, 9B However, with the s

tors ampls

sffeobive 3 thers was 3 modest bt readily detoctable

ol seereted HEV DNA  the prosence of the

avtivirals, ax shown i Fig, 80 and 80 To further confion these resulty, we nsed g constitptively

{Ld eral

AR

HEV -exprossing vell sy

wransduction with Cas

axtrpeeiiolar lovels OV HEBY DNA wory supprossed by 98

i
eae colis with { M o TRE, BTV, HAPRLE or 3T domonstrated a cloar at loast
iduad HBY DMNA repling
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Fo demonstrate whather Cas® conld target virsd episomal DNA, SCa% was ssad ©

et o sssentiad vival genes, one sncoding HEVLT HUPO and the otber HBY rev

reduction m both GFF wtonsity and ﬁ.‘r‘mns&s Y preﬁ;a test by the
son-homologous sad joining, we observed & Mnary result interpratable as elimination of the
spisomme from msy cells i oultare, This was the cass for spisomes bas
ERV-derived vivad ongin of rephication, ax shown agam by Westers: blot ust

10y Thiz episome slunination phenﬁm HOR 1D BV

Both MV and HBVY gBNAs con becombinad &

thas enhaneing the deswed inhibstory eifect.
Example & Expresaon of functional CREFPRCas single gride RNAS asing very small

$HNA promotess
RSP

IR

Hurnan (RNA ssqueres ware obtaived Fow the Gonombs tRNA database

fod snd the MEY IRNAST sequence wits obivined from Bogerd et sl 2010

cvprlappnig
& pat 1Y

.

oo poratest o alfow for the msseion of vanabls

wore ton cloned he Cas® exprossion veotors pURMV Rgn {discussed more fully bol
UMY Mg, o pXE3E (Ackdpene, plasmid 4325007 soprassing S ey, N meningdiddic

the case of pR330 the U

Pabie 2 below shows the tRNA sequences tested i the Results sechion.
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RNASR {Gin) BEQ 1D
NO: 41

GGTTCCATGGTETAATGGTTAGCACTCTGGACTCTGAAT |
CCAGUGATCLCAGTTCARATCTCORTRGARLCY |

RNATZE (Glyy BEQ D
WO 42

GOATTGHRTGOGTTCAGTGHTAGAATTOTCGLUTGLLALG
COOGGAGGCLOGGGTTOGATTCCOOGUIAARTELA

TETCTCTETLGUOCAATCOETIAGRGRGTTOGROTETTA
ACTGAAAGOUTAGTEGTTCOAGCCCACCOGRGEALE |

RNA-7 (His) SEQH
NCL

GLCHGTGATCGTATAGT
CHCAGLAACCTCGETTCGAATLUGAGRTCACEECA

RNA4E (G2} SEO D
NCE 45

COABCGATOCCAGTTOAMATOTCOGTEEAADST

GRTTOCATGOTGTAATORTTARCADTOTGHRACTOTGAAT

NART (Gluy, &
NEY a8

TCOCTGETGGETUTAGTGEHAGGAT TOGGLGETUTCAG
COCOGLGGLLCGEETTCGATTCOCGETCAGEGAA

WNAZ (Proy; SEQID
N 47

GUOTCGTTOGTCTAGUGOTATOATTOTCOCTTAGGETG
COAGAGGETOCOBGETTCARATROCEBACGAGLLS

HNASE [Cysy SEQID
NO: 48

GGG AT AGE A BB TACAGEATTTOACTACABAT
CAAGAGGICCCLAGTTUAAATUTGRETGLLOCCY

HNAS (Tyrh SEQHD
MO 48

B e AGTOTTCOACARCCETTAASTE M CREEETETAAR
COCAGALTGRATOSGTTCAATTCOUATCTITGODG

AR HRINAGG, SEQID
NG 50

GUCAGGLRTAGUTCAATTGRTAGAGCATCAGRUTAGTATY
COTOTLRGTTOLGETICAAGTCCGOLOOCTEETY

Reporter davaws.

Baporner assavs with 2937 celis ware performed by using the calvium phosphate

yransfection method, Briefle, 2937 colls wers plated st ~ L35 X 107 colls poy wall in 13-well

echiontor plasmad o well as

>y

Hing of a Riuve plasond,

¥

Transfoeted 2037 colls wean then

harvaesied 0 bours post ranstecton i Passtve Lysts Buftey (Prorvega) soad asseved for bath

e wnd BlLuo stvviry (Promsegs Phab Laofimse Beporter Assay Svyis
il md Rl svtvity (Prowegs Prad-Loacifomse Reponter Assay B

iy with RLac serving

av an mternst controd and normaliaation o
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with 1 il hovinge acvam {? BSh

mnthod, S8 colly wore plated ay - 3.2
of the BON ex
Trimad {1k

iﬁw»&xé and RNA sway toansferred fo HyBond N membrane { Ao shasnd and UV crosslinked

Eh‘\wi;’d*!\i BOTIOR I

Technobogies), Tot! RNA was isolated and fractionated on g 10% TBE Ures Gel

(2’(

ratagene). Mombranes mg\im&ig}:; sotized i Expresshyh {Clossech) and then

v SR

inonhared 88 3TN0 with

3

-end fabeled ohigonuctontide. Mendvanes werp washed with IX

%

SSC O 19%R0E a0 3T and o BNAS visualized by autoradingraph

Results
Current CRIBPRA s prodes

by raguos the du e of sdem-assoviated vivos A8V based veotons, oy

oduced 8t ey sufficient W ransduse saough ¥R B et

o AN vectors bave 3 DNA

W cnn b rendiby

I

aging i of 4.7 kb of

cf, Mg

e,

ot the pwee invs

ant AAY poeerted wromal repea

feaving ondy ~3.4 kb as the payvlond capacity. Teo orousrpvent thas probdens, other groops

SORS LNIBE & rinimal proesy

b

seuorated an AAV veokw expressiug the L2 Bl Spy Uash

frbd

P

shoment sl then used 8 second AAY 0 oxpross g copale 2t al, Nature

MAL {Swieeh

Buotech 33, o106, 20151 This spproach roquures co-mfection by cach of these teeo A4 Vs

ovder to mduce genome sditing, which wonld Lisni\ noy e oprimal i an 8 shee setiing. For this

pry by gotive saaer Cas® *;%mmm\

encaded by othey ba

vy xmmpi\‘ both the

Stapdidovoocey suresy (Sa) Caal gones

-3

sre ondy ~300 Kb o s, However, i would sul

andi 1.3 kb of space fiv dhpmeraze Hpal Il putumw and polv(A) addision site

o

veguined o Cas® sxprassion s well a3 8 nuelsar localizade PONESY vequired for Cas®
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d‘d

A and the B

& pobemersse T {pol I promaster roguired for spRNA
manseription. I many onses, Bvo or mone sgRNAs would be destrable, for example to aliow
vorsions of Cas? maated o andy cloave one strand of 3 GRNA molecule, so-called Uagh

sickases, to indues DNA cleavege by nicking two closely adincont sites on opposite strands of

the tarpet DNA rolonuie {(Ran ot ol Coll 134, plIBG- 1389 20131 Adso, i some cases move thas
o DN fargst may noegd 10 he odited simultansousty o exert the destred phenotypic effent

Pravivus work has focused on uxing the 136 pol B promoter @ defes sgBNA

warssoripon, The US promoter, wii S4 by long (see SEO D RO 51 and
Py U prosnoters windd therefbre reguire wwer 10% of the entire paeckapng capacity of an AAY
verar, I8 therofore desirable 1o wentity equaltly offective pol Hi-dependent promomrs that ans

. Wo shoaw that tRK

mmailer dwn §

promaoders, of human or vital orfpin, con be used i

gy high lovely of spRNAs specilin tor 2 wids range of DNA fargess and bactersd Cas®
prosteing (zee Table 3%
Frevioushy, we lrve domonsirated thay mouse ¢ imgmxm 68 {MHVER encodes

several 00 fong preanivn serthed a8 2

cd fo B pre-anRNA ha

4 mf\z\z‘mz ofa §y i *‘%M““i

fBalon fwans

Foplasaaan @ ave thew precisely separated due 1o cleavage by

celiuiar enpvime IRNse &, whieh nmmpﬁﬁ fasetions fo define the 3 ed of colbudar

IRNAs We have also domonsirated e noosn tRNAs, when fused (o 3 pre-suBNA haipin of

e
HHE

Fuavnan oy vind s;.}i‘ﬁg@‘i i, Bives

ase o redoase the IRMA froan the pres

alao be wsed o wnesate

A via 8 precursor IRNA Tusion inoroeediate, as sohernticaliy shown in B

hen comgared o previonsly desenibed (BN A preamBNA fuson imnagﬁp%;&s thix

x s that the sgRNA K both signd

&

and folded o meve complex secondary stratture,

E

Inittaihy
-;Tf:‘i“{} 00 41 s heanan ko xzi‘sdn‘,g RMA g‘*\i“(} HERRE

Y

the hanan m;sdimammuﬁ sty 1R s\i‘ii‘“@(&?&} ESorE7 g

vespectivedy), as desoribod sbove, Indiogior plasmids sonsis
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Fn

inked to the Flue gose, constructed as desortbod above were then co-tiasfectad intn 2937 colls

along with & plasmid encodmg Spy Casd, f‘ﬁmﬁm,' enending each of the (ANA promoters, or the

&

136 promoter, linked to the

e sgRNA and foelly o Rlge-based intevnad contred plasenid. Calls

TIh y}i;iﬁii»s'{ﬂﬁ:‘tfﬁb‘ﬁt!ﬂ;?iii}i sadd FLaw amd Rlae evels detormingd. As shown in By

i and connparatdie ki
TORBTUCES By not anlby the L6 proseodes-hased sgRNA exprassion veotor but alse by the vegtors

hased om the MNAg snd BNA

ey protmoters while the tENA,

foss sffective

Eeel

Wi pext a:.smif};s;? «f the mg vesaton fevel of the ©

NA produced by the Us (RN w

RN Qpe-basad veotor, We did not observe g

FO- (R NASERMA fusion bonsenipt i eny of the cultwres

e

To sxternd these studios 1o distinet Cas® proteln with a differom sgBNA wnﬁahi W

st anabveed the mmm\seu and funotion of Nime Cas® sgRNAs Iranw

PN promoters, The Nove sgRNS seatfold (S8 HY MO 3T g entively o

38

& soaifodd (R D N 300 and alse somewhat lavgey inosize (Houw gt sl b
3. Wes

s amlvaed Com® sotveity seainst teo dilforem DINA g,

sta o 3 bactes or sespuenee valled protospacer ¥

£3 BRI NOY 285 o PI5 (R0 1D NG 299 The Nawe L

B prodospacey adpeent men?

R

aby reposted by How er sl 2013

e knockdown ofithe o

3 than was observed

wcdioator plasmads m co-transfecied vells, thoagd this w

P18 Nesthern apslyas

folsd, showed ok

¥

e and 1R Tovels with the 1(BRNA&uw

promnder (Fag, 128

4

Tor ool these studies, and to test whether differey ;WR\\ vasrialde reglons might seterfere

of the IRMAERN

exprossion of @ wide range of Noe sgBNAs beanmg either 335

with (RNase danedisted provesang

“H
o
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T4t (HUPS (REQ 10 NG 83, GFRSEEQ DD

Ny
H3H wa tiaM& FRRINE USRI Az may e obzorved (Fig, 120)

gasion in all oases. In the case ofy

HOPspeotfie tIRMA s BNA veotor, we also noticed a trace amowed of a larger trsmorip

O A3

8

fson fras

migrating af the predicted ~
fane 6}

The Saw Cas® gove shares the small ~3.3 kb aize of the MNme Uash gene and Sau Oas¥ i
one B

highly active when presented with DNA targets that o
NMGERT-3  where "R7 represonty o pursie resdeg, As such San wrwodes & pronusing Cas®

1 pone for porontis! nse i AAYV veorars To angbvee whether we condd also producs aotive S8
sgRN

Cusing IRNA prosmoters, sve oxprossed e dontival Saw sg R, SPEciie o 8 taresy
X X Ly

e

withis fhe BV ICPO gene (SEQ D NOY 161 suing 3 wide rangs of buman tRNAs. By

Py

1 knockdowss when us ixkg the k

e

indicator ;ewn we ocbwerved strow

13
& RN Ay promoter {3 Wy,
sonffold, showed hugh lovel exprossion of the matars
Acuv BNAqw s PROFRORES,
smore rvodest with the BN Ao v, BN Aoes s iIRNA o prometers, while the tBRNAvey promoter
20 olid not gyve v to i deteviable sipual, Interestingely, s in clos conteast to what was olserved

oy fimion ¢ %‘%Ex‘i&a;ﬁ'i_{ﬁi i all omes. The reason fiw

X

worp with all ol these (BNA

s RINA Tassons i carsently unclear, bay could relate w0

£

T

ENA segpaenve wved us ey sxperiment,

wucters for the s

L5 Lise of the tRNAs ss KNAY 8 combination with the shoster Nae

Ry

st of aeo seBEN A nd the Uaa® govee to by encoded widy

Naw Casy will allow for sl

veotor as desoribed meore fully below.

mpde 5 Bevelopment of Saa Cas® and AAY w

the confines of & single A4V

tor constract

While owr mitial g?fa:‘;kifr “of concept ¢ xmr‘izrﬂ&m}; redied va e

8%
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e Can¥ gy well gy the (BMA shay

We developed & codon optinvized polyaucieotide
Ax divectad o soverad
virnses 0 o the oeateny, The sgRNAx destoned and tested molade the fodlowng HEV RT,
(REQHID MO STy HEV-E KUPO aud HORE SEQ 1D Ny T 18
b O, and DMPCE ESEG) 1 NCE 2027 and HPY B6 and BT (SEQ 1D

MA functional data gene

EBV PRI BB

NOx 13 Figl BOA-D shows mooe exionsive Sau sg rated using

\§§, b

idicator vectors for the vesl sequene shows the

Fametionad date for PV b the Hela onlly m e nateaies that
the 33 and p2i oxpoossion i restored iy oolls showing e sgRKA K oleaving the endogenous
HPVLIE B gong,

fimal in our el consbuet soowe testsd whethey

sddinionrof 8 37 Intvon i the upiransiated region {UTRY woadd effect exprossions of Ran Tl As

show i Fig, 13, addivion of the rat pee-proinsubin H intron {shown as SEG 1 2600 533 grently

enbances Saw Cash expression. The express ased by ahouy 30 {old wily the iwron 83

comparest 1o without the intry
AR the seguenees were saroduned ot the "mndel” AAY veotor lustrated |

This sadudes the thNA Gin Pol Y WO 41}, the fvst

<

1 pronotey RMA sequemoe with

sionn shoven in Rales

s twen realiieHon snzyine #ies us

-«z
P
)

¥y SEQ D NCE G0y,

¥

exprossion {SEQ DN 321 A & wngansdy

segion and wiron dertved from the vt prepromsdin I gonvanic gene with the intron wmderlined
v i fadios (S EQ D N

(SR T NOx S8y by insorred at the somino-g

v The anchear ocaliantion stgna] (HLE) and FLAG epitops fag

vinus of Sow Cax® with the Intter 1 fowey oase,

‘5
i
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Alormative MLS segus CThe Sau Uns¥ g

b

T3 I MO 38 and fizmii}f S s;};mh e pole(A) addivion site s shown

segnenee need 13 shown as 5

b

oy

2% e

s SROQ I ND: SE. The NLS

S0 San Cast pe
B 1D RO: SR

Ty firther optinie wse oF 1he Ban Cas, we needed to tlomttly the Haw Cas g

o Sequenee s provided s SEQID NGy §F

srned omg AAY vootor st s provided

QEPRORY
adizcsnt motif{PAMEL We constructed huciforase indiopior construnts contmining 8 wide range of
possilide PAN sequences tncleding ~GRET, CGRREX -GXRT and ~GRXT. The resulis arg

shown i Fige UF This snadysts identified 57N

GRETE where M ssoy nuclootide snd B s G

£ the ot aetive PAM for Sau Uss®
Exanple o Targeting HIV-1 with the CRIBPR/C a8 9 vevtors
To determing whether the HIV-T vivas DRA intermedinte can be targetad by the

ifie S HEVE Tag (5EQ 1D NP 3335  and

conserved n this viras, 2937

with & plasinif ene Emo?

W TAR clomend, oF 3 non-speg

ey O and ONORA T howes lotey the pansfootnd 30T codis weore infoted with a stoek

of HEVLY srmin NLaS-3 enonding the FLue geve b Hew of the virad nef gone

- Fhe resuliz sre shown

cells were harvesiod and sssaved for Flaue sog

PRRITARY HIV-T was show & be s good tarpet R the ORY

P

infection heing exsentindly entirehy Mockes! whes Caa® and an HIV.
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