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WHAT IS CLAIMED IS:
I. A method of modifying an organism or a non-human organism by manipulgfion of a
hepatic target sequence in a genomic locus of nterest comprising
delivering a non-naturally occurring or engineered composition comprising :
Ay-1 a CRISPR-Cas systern RNA polynucleotide sequence, wherein th€ polynucleotide
sequence comprises:
{a) a guide sequence capable of hybridizing to a hepatic target scquenfe n a cukaryotic cell,
{b} a tracr mate sequence, and
{c) a tracr sequence, and
il a polymucicotide sequence encoding a CRISPR enzymgf optionally comprising at least
one or more nuclear localization sequences,
wherein {a), (b) and (¢) arc arranged in a 57 to 3 orientatiof,
wherein when transcribed, the tracr mate sequence hyvbghlizes to the tracr sequence and the guide
sequence directs sequence-specific binding of a CRIAPR complex to the hepatic target sequence,
and
wherein the CRISPR complex comprises the fORISPR enzyme complexed with (1} the guide
sequence that is hybridized or hybridizable j6 the hepatic target sequence, and (2) the tracr mate
sequence that is hybridized or hybridizab)€ to the tracr sequence and the polynucleotide sequence
cncoding a CRISPR enzyme is DNA ¢f RNA,
or
(B) I polynucleotides comprisly:

{a) a guide sequence cap

AN

te of hybridizing to a hepatic target sequence in a cukaryotic cell,
and

(b} at least one or mybre tracr mate sequences,
i a polynucleoifde sequence encoding a CRISPR enzyme, and

1L a polynucifotide sequence comprising a tracr sequence,

sequence di equence-specitic binding of a CRISPR complex to the hepatic target sequence
and
whergh the CRISPR complex comprises the CRISPR enzyme complexed with (1) the guide

gfence that is hybridized or hybridizable to the hepatic target sequence, and (2) the tracr mate
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encoding a CRISPR enzyme, the guide scquence, tracr mate scquence or fifir sequence is/are
RNA and are delivered via liposomes, nanoparticles, exosomes, microvesigles, or a gene-gun,

4. The mcthod of any of claims 1 to 3, wherein the polynucleotidgf arc comprised within a
vector system comprising one or more vectors.

3. A method of modifying an organism or a non-human offanism by manipulation of a
hepatic target sequence in a genomic locuas of mterest comprisi

delivering a non-naturally occurring or enginecred composigfon comprising a viral vector system
comprising one or more viral vectors operably encodingfa coraposition for cxpression thereof,
wherein the composition comprises:

(A} a non-naturally occurring or cngmeered /composition comprising a vector system
comprising one or more vectors comprising

i a first regulatory element operably ligked to a CRISPR-Cas system RNA polynucleotide
sequence, wheretn the polynucleotide sequgnce comprises

{a) a guide sequence capable of hybAdizing to a hepatic target sequence in a eukaryotic cell,
(b} a tracr roate sequence, and

{c) a tracr sequence, and

1L a sccond regulatory elgfaent operably linked to an enzyme-coding sequence encoding a
CRISPR enzyme, optionallyLomprising at least one or more nuclear localization sequences,
wherein (a}, (b) and {¢) ayf arranged in a §* to 3’ orientation,

wheretn components LAud H are located on the same or different vectors of the system,

wherein when trangfribed, the tracr mate sequence hybridizes to the tracr sequence and the guide

sequence divectsBequence-specific binding of a CRISPR complex to the hepatic target sequence,

sequgnce that is hybridized or hybridizable to the tracr sequence,
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or
(B) a nowv-naturally occurring or enginecered composition comprising a vector Aystem

COMprising one or more vectors comprising

L a first regulatory element operably linked to
{a) a guide sequence capable of hybridizing to a hepatic target sequence in gfoukaryotic cell,
and

(b} at least one or more tracr mate sequences,
iL a sccond regulatory element operably linked to an enzyme-cody

CRISPR enzyme, and

g sequence encoding a
i a third regulatory element operably linked to a tracr sequeyfe,

wherein components I, H and IH are located on the same or difffrent vectors of the systern,
wherein when transcribed, the tracr mate sequence hybridizegf to the tracr sequence and the guide
sequence directs sequence-specific binding of a CRISPR fomplex to the hepatic target sequence,
and

wherein the CRISPR complex comprises the CRJBPR cnzyme complexed with (1) the guide
sequence that is hybridized or hybridizable to thf hepatic target sequence, and (2} the tracr mate
sequence that is hybridized or hybridizable tofhe tracr sequence.

6. The ruethod of claimn 5, wherein fne or more of the viral vectors are delivered via
liposomes, nanoparticies, exosomes, mighovesicles, or a gene-gun.

7. A vocthod of treating or indybiting a condition caused by a defect in a hepatic target
sequence in a genomic locus of Mterest in a subject or a non-human subject in need thereof
comprising modifying the subpfet or a non-human subject by manipulation of the hepatic target
sequence and wherein the ¢fndition s susceptible to treatment or inhibition by manipulation of
the hepatic target scqueng€ comprising providing treatment comprising:

delivering a nop-vaturfily occurring or engiueered coraposition comprising an AAV or lentivirus
vector systeni, coffiprising one or more AAVY or lenfivirus vectors operably encoding a
composition forfxpression thereof, wherein the hepatic target sequence is manipulated by the
composition yhen expressed, wherein the composition comprises:

(A} a pOuv-naturally occurring or cngincered composition comprising a vector system

g OnE OF MOre VeCtors comprising
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i a first regulatory clement operably linked to a CRISPR-Cas system RNA polynucleghide
sequence, wherein the polynucleotide sequence corprises
{(a) a guide sequence capable of hybridizing to a hepatic target sequence in a eukarybtic cell,

(b} a tracr mate sequence, and

{c) a tracr sequence, and
iL a sccond regulatory clement operably linked to an cnzyme-coding sgfuence cncoding a

CRISPR enzyme comprising at least one or more nuclear localization sequghices,

wherein {a}, (b} and (¢} arc arranged in a 57 to 3 orientation,

wherein coraponents I and I are located on the same or different vecyfrs of the system,

wherein when transcribed, the tracr mate sequence hybridizes to tY tracr sequence and the guide
sequence directs sequence-specific binding of a CRISPR comp)x to the hepatic target sequence,
and

wherein the CRISPR complex comprises the CRISPR ghzyme complexed with (1) the gude
sequence that is hybridized or hybridizable to the hepgfic target sequence, and (2) the tracr mate
sequence that 1s hybridized or hybridizable to the trffr sequence,

or

(B} a non-naturally occurring or enginfered composition comprising a vector system

COMPrising one or MOre vectors comprisin

i a first regulatory clement operatyy linked to
{a) a guide sequence capable of Yybridizing to a hepatic target sequence n a eukaryotic cell,
and

(b} at lcast one or more tragf mate sequences,

H a second regulatory flement operably linked to an enzyme-coding sequence encoding a
CRISPR enzyme, and
HIL a third regulatgfy element operably linked to a fracr sequence,

wherein componenyf {, H and 1H are located on the same or different vectors of the systen,
wherein when trgscribed, the tracr wate sequence hybridizes to the tracr sequence and the guide

sequence dirgfts sequence-specific binding of a CRISPR comiplex to the hepatic target sequence,
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wherein the CRISPR complex comprises the CRISPR enzyme complexed with (1) the
sequence that is hybridized or hybridizable to the hepatic target sequence, and (2) the trgfr mate
sequence that is hybridized or hybridizable to the tracr sequence.

/

8. The method of any preceding claim, wherein the method 18 carried out w viffo, and/or ex

VIVO.

9. The racthod of any preceding claim including inducing cxpression.

18, The method of any preceding claim wherein the organism or subjecy/1s a eukaryote.

11, The method of claim 10 wherein the organism or subject is a noyfhuman cukaryote,

12, The wethod of any of claims 1 to 11 wherein the organism 9f subject is a maromal or a

non-human mammal.

13. The roethod of any of claims 4 to ¥ wherein the virgl vecior 18 an AAV or lentiviral

vector.
14, The method according to any preceding claim whyfein the CRISPR enzyme is g Cas9.
15.  The method according to any preceding claimvherein expression of the guide sequence

18 under the control of the T7 promoter and 15 drive
16, A method of delivering a CRISPR enzys

to a cell mRNA encoding the CRISPR enzy

y the expression of T7 polymerase.

of any preceding claim, comprising delivering
17.  The method of any one of claims Yo 16, wherein the polynucleotide or enzyme coding
sequence encoding the CRISPR enzymyf is delivered to the cell by delivering mRNA encoding
the CRISPR enzyrme to the cell.
I8, A method of preparing thf AAV or lentiviras vector of claim 7 comprising transfecting
plasmid(s) containing or consiging essentially of nucleic acid molecule(s) coding for the AAV
or lentivirus into AAV-infcted or lentivirus-infected cells, and supplying AAV AAV or
ientivirus rep and/or capfand/or helper nucleic acid molecules obligatory for replication and
packaging of the AAVr lentivirus,
19, A method ¢f preparing an AAV or lentivirus vector for use in the method of claim 7,
comprising tragbfecting plasmid(s) containing or consisting essentially of wvucleic acid
molecule(s} cfding for the AAV or lentivirus into AAV-infected or lentivirus-infected cells, and
supplying /AAYV AAV or lentivirus rep and/or cap and/or helper nucleic acid molecules

tof v for replication and packaging of the AAV or lentivirus,
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20, The method of claim I8 or 19 wherein the AAV or lentivirus rep and/or cap obligfory
for replication and packaging of the AAV or lentivirus are supplied by transfecting the cefls with
helper plasmid(s) or helper virus{es}.
21, The method of claira 20 wherein the helper virus is a poxvirus, adenovuyfs, lentivirus,

herpesvirus or baculovirus.

22, The method of claimn 21 wherein the poxvirus 15 4 vaceinia virus.
23, The method of any of claims 18 to 22 wherein the cells are mammajpfan cells.
24, The method of any of claims 18 to 22 wherein the cells are igfect cells and the helper

viras {where present) is baculovirus.

25, The method of any of claims | to 15 wherein the hepatic frget sequence is flanked at its

3" end or followed by 57-NRG {where N is any Nucleotide), gfid where the CRISPR enzyme is
Y Y

(or is derived from} 8. pvogenes or 8. aureus Cas9.

26. A composition as defined m any of claims 1-25 fgfuse in medicine or in therapy.
27. A composition as defined in any of claims LS5 for use in a method of medifying an

organism or a non-human organism by manipulatigh of a hepatic target scquence I & genomic
locus of interest or in a method of treating or/nhibiting a condition caused by a defect in 2

hepatic target sequence in a genomic locus of fmterest.

28. Use of a composition as defined in My of claivas 1-25 in ex vive gene or genome editing,
v o
29, Usc of a composition as defifed in any of claims 1-25 in the manufacture of a

roedicaraent for ex vive gene or geugfoe editing or for use in a method of modifying an organism
or a non-human organism by magfipuiation of a hepatic target sequence in a genomic locus of
interest or in a method of treaghig or inhibiting a condition caused by a defect in a hepatic target
sequence in a genomic locus
30. A composition coffiprising:
A)-1. a CRISPR-Caf systern RNA polynucleotide sequence, wherein the polynucleotide
sequence comprisey
{a) a guide sfquence capable of hybridizing to a hepatic target sequence n a eukaryotic cell,
{b} a tracyfnate sequence, and

{¢) a tfer sequence, and

polynucleotide sequence encoding a CRISPR enzyme, optionally comprising at iecast

F more nuclear localization sequences,
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wherein (a}, (b) and {¢) are arranged in a 5” to 3’ orientation,

wherein when transcribed, the tracr mate sequence hybridizes to the tracr sequence and th€ guide
sequence directs sequence-specific binding of a CRISPR complex to the hepatic targeifSequence,
and

wherein the CRISPR complex comprises the CRISPR enzyme complexed wiph (1) the guide
sequence that 1s hybridized or hybridizable to the hepatic target scquence, angl (2) the tracr mate
sequence that is hybridized or hybridizable to the tracr sequence and the pgfynucieotide sequence
encoding a CRISPR enzyme is DNA or RNA,

or

{B) 1. polynucieotides comprising:

{a) a guide sequence capable of hybridizing to a hepatic taghet sequence in a cukaryotic cell,
and

{b) at least one or more fracr mate sequences,

i a polynucleotide sequence encoding a CRISPRAnzyme, and
. apolynucleotide sequence comprising a trag/ sequence,

wherein when transcribed, the tracr mate sequengl hybridizes to the fracr sequence and the guide
sequence directs sequence-specific binding ofe CRISPR complex to the hepatic target sequence,
and

wherein the CRISPR complex comprighs the CRISPR enzyme complexed with (1) the guide
sequence that 1s hybridized or hybrigfzable to the hepatic target sequence, and (2) the tracr mate
sequence that is hybridized or Aybridizable to the tracr sequence, and the polynucleotide
sequence encoding a CRISPR ghizyme 1s DNA or RNA;

for use in medicine or theragh; or for use in a method of modifying an organism or a non-human
organism by mantpulatiof of a hepatic target sequence i a genomic locus of interest; or for use
in a method of treating/or inhibiting a condition caused by a defect 1n a hepatic target sequence in
a genomic locus of faterest; or for use in ex vive gene or genome editing.

31, The compfosition of claim 30, wherein the polynucleotides are coroprised within a vector

system compyfsing onc or more vectors.
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and/or multiple multiguide sequences and a single tracr sequence.

40, The method, use or composifion according any of the preceding claivs /wherein the
CRISPR enzyme 1s a nuclease directing cleavage of one or both strands at thgflocation of the
target sequence.

41, The method, use or composition according to any of the preceding claims, wherein the
CRISPR enzyme compriscs one or more mutations,

42 The method, use or corposition according to claim 41, wllrein the CRISPR enzyme
comprises one or more mutations D10A, E762A, HB40A, NE54A/NEG3A or DUEOA.

43, The wethod, use or composition according to claigf 41 wherein the one or more
mutations 18 in a RuvCl domain of the CRISPR enzyme.

44, The method, use or composition according to claigh 40, wherein the CRISPR enzyme is g

nickase directing cleavage at the location of the target foguence.

45.  The method, use or composition according fo claim 44, wherein the nickase 1s a double
nickase.
46.  The method, usc or composition accofling to any preceding claim further comprising at

least two or more NLS.

47.  The method, use or compositiogfaccording to any preceding claim, wherein the CRISPR
enzyme has one or more mutations fn a catalytic domain, wherein when tfranscribed, the tracr
mate sequence hybridizes to the tyfhcr sequence and the guide sequence directs sequence-specific
binding of a CRISPR complex f0 the target sequence, and wherein the enzyme further compriscs
a functional domain.

48.  The method, use ¢t composition according to claim 47, wherein the functional domain 18
a transcriptional activgfion domain.

49, The methog/ use or composition according to claim 48, wherein the transcriptional
activation doroajpf is VP64,

50.  The nfthod of any one of claims 1-25 or 32-49 further comprising minimizing off-target
modificatighis by manipulation of a first and a second target sequence on opposite strands of a
DNA dyblex in a genomic locus of interest in a cell comprising

delivfring a non-naturally occurring or enginecred composition comprising :
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i a CRISPR-Cas system chimeric RNA {chiRNA)} polynucleotide sequence, wheret
polynucleotide sequence comprises:

{(a) a first guide sequence capable of hybridizing to the first target sequence,
(b} a first tracr mate sequence,

{c) a first tracr sequence,

v

{d} a second guide sequence capable of hybnidizing to the sccond target sgffuence,
{e) a second tracr mate sequence, and

() a second fracr sequence, and

optionally, wherein a hinker sequence is present between the first trgfr sequence and the second
guide sequence, whereby the first guide sequence and the second fuide sequence are in tanderm;
and

il a polynucleotide sequence encoding a CRISPR enzyfne comprising at lcast one or more
nuclear localization scquences, wheren (a), (b), (¢}, (d}f{e) and () are arranged ina 5" t© 3’
orientation, wherein the polynuclestide sequence comfrises a linker sequence between the first
tracr sequence and the sccond guide sequence, whefeby the first guide sequence and the sccond
guide sequence are in tandem, and wherein wheyl transcribed, the first and the second tracr mate
sequence hybridize to the first and second fracr scquence respectively and the first and the
second guide sequence directs sequencefpecific binding of a first and a second CRISPR
complex to the first and second target sgfuences respectively,
or
il a second regulatory elemcfit operably linked to an enzyme-coding sequence encoding a
CRISPR enzyme, and whereinfomponents I and II are located on the same or different vectors
of the system, and when tfanscribed, a first tracr mate sequence hybridizes to a first tracr
sequence and the first angl the second guide sequence directs sequence-specific binding of a first
and a second CRISPR fowplex to the first and second target sequences respectively;

wherein the first CISPR complex comprises the CRISPR enzyme complexed with (1} the first
guide sequence fhat is hybridized or hybridizable to the first target sequence, and (2) the first

tracr mate segfience that is hybridized or hybridizable to the first tracr sequence,

the sfoond tracr mate sequence that 1s hybridized or hybridizable to the second tracr sequence,

43
oo
-3




WO 2014/204726 PCT/US2014/041804

wherein the polynucleotide sequence encoding a CRISPR enzyme 1s DNA or RNA, and

wherein the first guide sequence directs cleavage of one strand of the DNA duplex near fhe first
target sequence and the second guide sequence directs cleavage of other strand near fhic second
target sequence nducing a double strand break, thereby modifying the orgamsry/or the noun-
human organism by minimizing off-target modifications.

Si. The composition, method or use of any one of the preceding claims yherein the hepatic
target sequence is proprotein convertase subtilisin kexin 9 (PCSK9).

52.  The composition, method or use of any one of the preceding chfirns wherein the hepatic
target sequence 18 SERPINATL,

53, The composition, method or use of any one of the precedfip claims wherein the hepatic
target sequence 18 Hmger.

54, The composttion, method or use of any one of the pfeceding claims wherein the hepatic
target sequence 18 Apolipoprotein B (ApoB).

55.  The composition, method or use of any one offthe preceding claims wherein the hepatic

target sequence 18 low density ipoprotein receptor (LDL-R).
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CLAIMS

1.

2.

Use of a composition comprising a CRISPR-Cas system comprising:

a Cas9 comprising at least one nuclear localization sequence, a guide sequence capable
of hybridizing to a hepatic target sequence expressed in liver and associated with a gene

involved in a liver disease or disorder, a tracr mate sequence and a tracr sequence, or
one or more polynucleotides encoding the CRISPR-Cas system

in the preparation of a medicament for treating a liver disease or disorder in an

organism.

Use according to Claim 1, in which expression of a gene product is altered by the

CRISPR-Cas system in liver, thereby producing a phenotypic change.

3.

Use according to Claim 1 or 2, in which the composition is to be delivered to liver cells

in an organism.

4.

Use according to Claim 1, 2 or 3, in which the medicament is for treating or inhibiting a

condition caused by a defect in the hepatic target sequence expressed in liver.

5.

Use according to Claim 1, in which the composition comprises one or more viral vectors

comprising:

(a) afirst regulatory element operably linked to a polynucleotide sequence encoding

the guide sequence, the tracr mate sequence, and the tracr sequence, and

(b) asecond regulatory element operably linked to a polynucleotide sequence

encoding the Cas9 comprising at least one nuclear localization sequence,
in which components (a) and (b) are located on same or different vectors.

Use according to Claim 1, in which the composition comprises:

(a) apolynucleotide sequence comprising, from 5’ to 3°, the guide sequence, the tracr

mate sequence, and the tracr sequence, and

(b) apolynucleotide sequence encoding the Cas9 and at least one nuclear localization
sequence, in which the tracr mate sequence is capable of hybridizing to the tracr

sequence, in which the guide sequence is capable of directing sequence-specific binding
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of'a CRISPR complex comprising the Cas9 to the target sequence, and in which the
polynucleotide sequence encoding the Cas9 is DNA or RNA.

7. Use according to Claim 1, in which the composition comprises:

(a) apolynucleotide sequence comprising the guide sequence and the tracr mate

sequence,

(b) apolynucleotide sequence encoding the Cas9 and at least one nuclear localization

sequence, and
(c) apolynucleotide sequence comprising the tracr sequence,

in which the tracr mate sequence is capable of hybridizing to the tracr sequence, in
which the guide sequence is capable of directing sequence-specific binding of a CRISPR
complex comprising the Cas9 to the target sequence, and in which the polynucleotide

sequence encoding a Cas9 is DNA or RNA.

8.  Use according to any preceding claim, in which expression of two or more hepatic gene

products is altered.

9. Use according to any of Claims 1 to 6, in which the guide sequence is fused to the tracr

mate sequence and the tracr sequence.

10. Use according to any one Claims 1 to 7, in which the polynucleotide sequence encoding

the Cas9 is codon optimized for expression in the organism.
11. Use according to any of Claims 1 to 7, in which the organism is a mammal.

12.  Use according to any of Claims 1 to 7, in which the Cas9 is S. pyogenes or S. aureus

Cas9.

13.  Use according Claim 5, in which the one or more viral vectors is an AAV or lentiviral

vector.
14. Use according to Claim 13, in which the viral vector is an AAV2/8 vector.

15. Use according to any of Claims 5, 6, or 7, in which (a) and (b) are located on the same

viral vector.




10

15

381

16. Use according to Claim 15, in which the viral vector is an AAV vector and the Cas9 is

S. aureus Cas9.

17. Use according to any of Claims 1 to 7, in which the hepatic target sequence comprises a
polynucleotide sequence encoding proprotein convertase subtilisin kexin 9 (PCSK9), Alpha-1
Antitrypsin (A1AT), SERPINA1, Hmgcr, Apolipoprotein B (ApoB), or low density
lipoprotein receptor (LDL-R).

18.  Use according to any of Claims 1 to 7, in which the polynucleotide sequence encoding

the Cas9 is operably linked to a liver-specific promoter.

19. Use according to any of Claims 1 to 7, in which the polynucleotide sequence encoding

the Cas9 is operably linked to a TBG promoter.

20. Use according to any of Claims 1 to 7, in which the liver disease or disorder is AAT

deficiency.

21. Use according to any of Claims 1 to 7, in which one or more deficient genotypes are

corrected.

22. Use according to any of Claims 1 to 7, in which the CRISPR-Cas system is to be
delivered as RNA polynucleotides using a stable nucleic acid-lipid particle (SNALP).

23.  Use according to any of Claims 1 to 7, in which the CRISPRCas system is to be
delivered using a AAV2/8 vector.




