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CLAIMS
What is claimed is:

1. A method for producing a recombinant protein with a human-like glycgSylation
pattern, the method comprising expressing the recombinant protein/in a non-
human mammalian cell line deficient in cytidine monophosphate/N-
acetylneuraminic acid hydroxylase (Cmah) and/or glycoprotejf alpha-1,3-
galactosyltransferase-1 (Ggtat).

2. The method of claim 1, wherein the cell line comprises An inactivated
chromosormal sequence encoding Cmah and/or an iplactivated chromosomal
sequence encoding Ggtat, and the cell produces reduced amount of Cmah
and/or Ggta1t.

3. The method of either claim 1 or claim 2, whérein the recombinant protein has
a reduced content of N-glycolylneuramintt acid (Neu5Gc) residues and/or
galactose-alpha-1,3-galactose (alphaA3al) residues compared to the same
recombinant protein produced by g/comparable cell line not deficient in Cmah

and/or Gata1.

4, The method of claim 2, wheggin all copies of the chromosomal sequence
encoding Cmah and/or Ggfta1 are inactivated, and the cell line produces no
Cmah and/or Ggtai.

5. The method of claiph 4, wherein the recombinant protein lacks N-
glycolyineuramindc acid/or (Neu5Gc) residues and galactose-alpha-1,3-

galactose (algha-Gal) residues.

8. The methgfl of any one of claims 1-5, wherein the recombinant protein has at

7. e method of claim 6, wherein the property that is improved is chosen from
reduced immunogenicity, increased bioavailability, increased efficacy,
increased stability, increased solubility, improved half-life, improved

clearance, and improved pharmacokinetics.
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10.

1.

12.

13.

14,

15.

16.

17.

The method of any one of claims 1-7, wherein the recombinant protein is
chosen from an antibody, an antibody fragment, a growth factor, a cytokjfie, a

hormone, and a clotting factor.

The method of any one of claims 1-8, wherein the cell line is a Chjfiese
hamster ovary (CHO) cell line.

The method of claim 1, wherein the cell line is a CHO cell ligk, all copies of
the chromosomal sequence encoding Cmah are inactivajéd, the cell line

produces no Cmah, and the recombinant protein lackg/Neu5Gce residues.

The method of claim 1, wherein the cell line is a CHO cell line, all copies of
the chromosomal sequence encoding Ggtal arg/inactivated, the cell line
produces no Ggta1i, and the recombinant prgiein lacks alpha-Gal residues.

The method of claim 1, wherein the cell ligle is a CHO cell ling, all copies of
the chromosaomal sequence encoding gmah and all copies of chromosomal
sequence encoding Ggta1 are inaciated, the cell line produces no Cmah or
Ggta1, and the recombinant protgfn lacks Neu5Gc and alpha-Gal residues.

A non-human mammalian celfline deficient in cytidine monophosphate-N-

acetylneuraminic acid hydgxylase (Cmah).

The non-human mamrpélian cell line of claim 13, wherein the cell line

comprises an inactivéited chromosomal sequence encoding Cmah.

The non-human ghammalian cell line of claim 14, wherein the inactivated
chromosomal fequence encoding Cmah comprises a deletion of at least one
nucleotide  £n insertion of at least one nucleotide, a substitution of at least

one nuclfotide, or a combination thereof.

The gon-human mammalian cell line of either claim 14 or claim 15, wherein

thg chromosomal sequence is inactivated with a targeting endonuclease.

he non-human mammalian cell line of claim 16, wherein the targeting
endonuclease is a zinc finger nuclease.

The non-human mammalian cell line of any one of claims 14-17, wherein the
inactivated chromosomal sequence encoding Cmah comprises no

exogenously introduced sequence.
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

The non-human mammalian cell line of any one of claims 14-18, wherein t
inactivated chromosomal sequence encoding Cmah is monoallelic and t

cell line produces a reduced amount of Cmah.

The non-human mammalian cell line of any one of claims 14-18, wherein the
inactivated chromosomal sequence encoding Cmah is biallelic gnd the cell

line produces no Cmah.

The non-human mammalian cell line of any one of claimg/3-20, wherein the
cell line produces at least one protein having a reduced content of or no N-

glycolylneuraminic acid (Neu5Gc) residues.

The non-human mammalian cell line of any ong/f claims 13-21, wherein the
cell line is further deficient in glycoprotein alpia-1,3-galactosyltransferase-1
(Ggtat).

The non-human mammalian cell line 0ff22, wherein the cell line comprises an

inactivated chromosomal sequence£ncoding Ggtat.

The non-human mammalian celjfine of claim 23, wherein the inactivated
chromosomal sequence encgding Ggtatcomprises a deletion of at least one
nucleotide, an insertion of # least one nucleotide, a substitution of at least

one nucleotide, or a cogbination thereof.

The non-human mapgAmalian cell line of either claim 23 or claim 24, wherein

the chromosomal Sequence is inactivated with a targeting endonuclease.

The non-humgh mammalian cell line of claim 25, wherein the targeting

endonuclegée is a zinc finger nuclease.

The nopfhuman mammalian cell line of any one of claims 23-26, wherein the
inactrated chromosomal sequence encoding Ggtal comprises no

exfgencusly intreduced sequence.

he non-human mammalian cell line of any one of claims 23-27, wherein the
inactivated chromosomal sequence encoding Ggta1 is monoallelic and the

cell line produces a reduced amount of Ggtat.

35




WO 2013/003767 PCT/US2012/045027

29.

30.

31.

32.

33.

The non-human mammalian cell ling of any one of claims 23-27, wherein t
inactivated chromosomal sequence encoding Ggta1 is biallelic and the ¢éli

line produces no Ggtal.

The non-human mammalian cell line of any one of claims 22-29, wherein the
cell line produces at least one protein having a reduced contenjf or no N-

glycolylneuraminic acid (Neu5Gg¢) residues.

The non-human mammalian cell line of any one of claimg/13-30, wherein the

cell line is a Chinese hamster ovary (CHO) cell line.

The non-human mammealian cell line of claim 13, wherein the cell line is a
CHO cell line, all copies of the chromosomal seglience encoding Cmah are
inactivated, and the cell line produces no C

The non-human mammalian cell line of clfim 22, wherein the celiline is a
CHO cell line, all copies of the chromogbmal sequence encoding Cmah and
all copies of the chromosomal sequghce encoding Ggtal are inactivated, and
the cell line produces no Cmah opfGgtal.




CLAIMS

1. A Chinese hamster ovary (CHQ) cell line deficient in glutamine synthetase {GS), cytidine
monophosphate-N-acetylneuraminic acid hydroxylase {Cmah), and glycoprotein alpha-1,3-

galactosyliransferase-1 (Ggtal).

2. The CHO cell line of claim 1, wherein the cell line comprises an inactivated chromosomal

sequence encoding Cmah and an inactivated chromosomal sequence encoding Ggtan.

3. The CHO cell line of claim 2, wherein the inactivated chromosomal sequences encoding Cmah
and Ggtal comprise a deletion of at least one nucleotide, an insertion of at least one nucleotide, a

substitution of at least one nucleotide, or a combination thereof.

4, The CHO cell line of claim 2, wherein the chromosomal sequences are inactivated with a

targeting endonuclease.
5. The CHO cell line of ctaim 4, wherein the targeting endonuclease is a zinc finger nuclease.

6. The CHO cell fine of ¢laim 2 wherein the inactivated chromosornal sequences encoding Cmah

and Ggtal comprise no exogenously infroduced sequence.

7. The CHO cell line of claim 2, wherein the inactivaied chromosomal sequences encoding Cmah

and Ggtal are monoaillelic and the cell line produces a reduced amount of Cmah and Ggta1.

8. The CHO cell line of claim 2, wherein the inactivated chromosomal sequences encading Cmah

and Ggtal are biallelic and the cell line produces no Cmah or Ggtaf.

8. The CHO cell line of claim 1, wherein the cell line produces at least one protein having a reduced

content of or no N-glycolylneuraminic acid (NeubGc) residues.

10. The CHO cell line of claim 2, wherein the inactivated chromosomal sequence encoding Cmah
comprises a deletion of 17 or 31 base pairs, and the inactivated chromosomal sequence encoding Ggta1

comprises a deletion of 3, 4, or 23 base pairs.

11. A Chinese hamster ovary (CHO) cell line comprising inactivated chromosomal sequences
encoding glutamine synthetase (GS), cytidine monophosphate-N-acetylneuraminic acid hydroxylase
{Cmah), and glycoprotein alpha-1,3-galactosyltransferase-1 (Ggta1).

12. The CHO cell line of claim 11, wherein the inactivated chromosomal sequences encoding GS,

Cmah, and Ggta1 are biallelic and the cell line produces no GS, Cmah, or Ggtal.
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