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PATENT APPLICATION

GLYCOPEGYLATED FACTOR VII AND FACTOR VIIA

CROSS-REFERENCES TO OTHER APPLICATIONS

[0001] T'he present application is related to U.S. Provisional Patent Applications
60/746,868, filed May 9, 2006: 60/756,443, filed January 5, 2006; 60/733,649, filed
November 4, 2005; 60/730,607, filed October 26, 2005; 60/725,894, filed October 11, 2005;
60/709, 983, filed August 19, 2005, which is incorporated by reference in its entirety for all

purposes

SUMMARY OF THE INVENTION

[0002] It has now been discovered that the controlled modification of Factor VII or
Factor VIIa with one or more poly(ethylene glycol) moieties affords a novel Factor VII or
Factor VIla peptide conjugate with pharmacokinetic properties that are improved relative to
the corresponding native (un-pegylated) Factor VII or Factor VlIa. Furthermore, cost
effective methods for reliable and reproducible production of the Factor VII or Factor VIIa

peptide conjugates of the invention have been discovered and developed.

[0003] In an exemplary embodiment, “glycopegylated” Factor VII or Factor VIIa
molecules of the invention are produced by the enzyme mediated formation of a conjugate
between a glycosylated or non-glycosylated Factor VII or Factor VIIa peptide and an
enzymatically transferable saccharyl moiety that includes a modifying group, such as a
polymeric modifying group such as poly(ethylene glycol), within its structure. The PEG
moiety 1s attached to the saccharyl moiety directly (i.e., through a single group formed by the
reaction of two reactive groups) or through a linker moiety, e.g., substituted or unsubstituted

alkyl, substituted or unsubstituted heteroalkyl, etc.

[0004] Thus, in one aspect, the present invention provides a conjugate between a PEG
moiety, e.g., PEG and a peptide that has an ir vivo activity similar or otherwise analogous to
art~-recognized Factor VII or Factor VIIa. In the conjugate of the invention, the PEG moiety
is covalently attached to the peptide via an intact glycosyl linking group. Exemplary intact

glycosyl linking groups include sialic acid moieties that are derivatized with PEG.
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[0005] The polymeric modifying group can be attached at any position of a glycosyl
moiety of Factor VII or Factor VIIa. Moreover, the polymeric modifying group can be bound
to a glycosyl residue at any position in the amino acid sequence of a wild type or mutant

Factor VII or Factor VIla peptide.

[0006] In an exemplary embodiment, the invention provides an Factor VII or Factor Vlla
peptide that is conjugated through a glycosyl linking group to a polymeric modifying group.
Exemplary Factor VII or Factor VIIa peptide conjugates include a glycosyl linking group

having a formula selected from:

(R%)q

11

(0007]  In Formulae I and II, R? is H, CH,OR”, COOR’, COO" or OR’, in which R’
represents H, substituted or unsubstituted alkyl or substituted or unsubstituted heteroalkyl.
The symbols R’ R* R, RS and R® independently represent H, substituted or unsubstituted
alkyl, OR®, NHC(O)R’. The index d is 0 or 1. R® and R’ are independently selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl or sialic acid. At
least one of R>, R*, R®, R® or R® includes the polymeric modifying group e.g., PEG. In an
exemplary embodiment, RS and R®, together with the carbon to which they are attached are
components of the side chain of a sialyl moiety. In a further exemplary embodiment, this

side chain is functionalized with the polymeric modifying group.

[0008] In an exemplary embodiment, the polymeric modifying group is bound to the
glycosyl linking group, generally through a heteroatom on the glycosyl core (e.g., N, O),

through a linker, L, as shown below:

RW—L—S
R is the polymeric modifying group and L is selected from a bond and a linking group. The
index w represents an integer selected from 1-6, preferably 1-3 and more preferably 1-2.
Exemplary linking groups include substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl moieties and sialic acid. An exemplary component of the linker is
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an acyl moiety. Another exemplary linking group is an amino acid residue (e.g., cysteine,

serine, lysine, and short oligopeptides, e.g., Lys-Lys, Lys-Lys-Lys, Cys-Lys, Ser-Lys, etc.)

[0009] When L is a bond, it is formed by reaction of a reactive functional group on a
precursor of R! and a reactive functional group of complementary reactivity on a precursor of
the giycosyl linking group. When L is a non-zero order linking group, L can be in place on
the glycosyl moiety prior to reaction with the R precursor. Alternatively, the precursors of
R' and L can be incorporated into a preformed cassette that is subsequently attached to the
glycosyl moiety. As set forth herein, the selection and preparation of precursors with
appropriate reactive functional groups is within the ability of those skilled in the art.

Moreover, coupling of the precursors proceeds by chemistry that is well understood in the art.

[0010] In an exemplary embodiment L is a linking group that is formed from an amino
acid, or small peptide (e.g., 1-4 amino acid residues) providing a modified sugar in which the
polymeric modifying moiety is attached through a substituted alkyl linker. Exemplary linkers
include glycine, lysine, serine and cysteine. Amino acid analogs, as defined herein, are also
of use as linker components. The amino acid may be modified with an additional component
of a linker, e.g., alkyl, heteroalkyl, covalently attached through an acyl linkage, for example,

an amide or urethane formed through an amine moiety of the amino acid residue.

[0011] In an exemplary embodiment, the glycosyl linking group has a structure according
to Formula I and R? includes the polymeric modifying group. In another exemplary
embodiment, R’ includes both the polymeric modifying group and a linker, L, joining the
polymeric modifying group to the glycosyl core. L can be a linear or branched structure.

Similarly, the polymeric modifying group can be branched or linear.

[0012] The polymeric modifying group comprises two or more repeating units that can be
water-soluble or essentially insoluble in water. Exemplary water-soluble polymers of use in
the compounds of the invention include PEG, e.g., m-PEG, PPG, e.g., m-PPG, polysialic
acid, polyglutamate, polyaspartate, polylysine, polyethyeleneimine, biodegradable polymers
(e.g., polylactide, polyglyceride), and functionalized PEG, e.g., terminal-functionalized PEG.

[0013] The glycosyl core of the glycosyl linking groups of use in the Factor VII or Factor
V1la peptide conjugates are selected from both natural and unnatural furanoses and
pyranoses. The unnatural saccharides optionally include an alkylated or acylated hydroxyl
and/or amine moiety, e.g., ethers, esters and amide substituents on the ring. Other unnatural

saccharides include an H, hydroxyl, ether, ester or amide substituent at a position on the ring

3
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at which such a substituent is not present in the natural saccharide. Alternatively, the
carbohydrate is missing a substituent that would be found in the carbohydrate from which its
name is derived, e.g., deoxy sugars. Still further exemplary unnatural sugars include both
oxidized (e.g., -onic and —uronic acids) and reduced (sugar alcohols) carbohydrates. The

sugar moiety can be a mono-, oligo- or poly-saccharide.

[0014] Exemplary natural sugars of use as components of glycosyl linking groups in the
present invention include glucose, glucosamine, galactose, galactosamine, fucose, mannose,
mannosamine, xylanose, ribose, N-acetyl glucose, N-acetyl glucosamine, N-acetyl galactose,

N-acetyl galactosamine, and sialic acid.

[0015] In one embodiment, the present invention provides a Factor VI1I or Factor Vlla
peptide conjugate comprising the moiety:

OH
D

HO O—---g
G—HN
OH
wherein D is a member selected from -OH and R'-L-HN-; G is a member selected from H
and R'-L- and -C(O)(C;-Ce)alkyl; R' is a moiety comprising a straight-chain or branched
.poly(ethylene glycol) residue; and L is a linker, e.g., a bond (“zero order”), substituted or

unsubstituted alkyl and substituted or unsubstituted heteroalkyl. In exemplary embodiments,
when D is OH, G is R!-L-, and when G is —C(O)(C;-C¢)alkyl, D is R'-L-NH-.

[0016] In another aspect, the invention provides a Factor VII or VIla peptide conjugate
comﬁrising a peptide which can be Factor VII or Factor VIIa. The conjugate also comprises
a glycosyl linking group, wherein the glycosyl linking group is attached to an amino acid
residue of said peptide, and wherein said glycosyl linking group comprises a sialyl linking

group having a formula which is a member selected from:
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OH
OH
OH
O R?
R‘IG_ x2 O /.’LLL'
|
X°—C
[ L2 R®
R17_X4
R and
(CI)CHZCHz)nA1
(|3A3A4
56y
(CASA®) o
AZ(CHZCHZO)m+A7
(CAPA®),
C|;A10A‘[1 RZ)’LL

|

L

RS
R4
wherein
R16_x2
| L
Y5 - \g
R’|7_>\(4

are modifying groups. R? is a member selected from H, CH,OR', COOR/, COO™ and OR’.
R’ is a member selected from H, substituted or unsubstituted alkyl and substituted or
unsubstituted heteroalkyl. R’ and R are members independently selected from H, substituted
or unsubstituted alkyl, OR®, and NHC(O)R’. R® and R are independently selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl and sialyl. L"is a
linker selected from a bond, substituted or unsubstituted alkyl and substituted or
unsubstituted heteroalkyl. X°, R'® and R are independently selected from non-reactive
group and polymeric arms (e.g. PEG). X? and X* are independently selected linkage
fragments joining polymeric moieties R'® and R'" to C. The index j is an integer selected

from 1 to 15.
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[0017] In another exemplary embodiment, the polymeric modifying group has a structure

according to the following formula:

(CIDCHzCHz)m‘\1
?A3A4

(CA>A®),

AZ(CHZCHZO)m‘—I—N

(CA®A®),
(I:A'I OA‘l 1

|
La—é (Illa)

in which the indices m and n are integers independently selected from 0 to 5000. Al A% A°
At A% A A Ag, A’ A% and A are members independently selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -NA“A", .OA"? and -SiA2A, A% and AP are

members independently selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted

heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl.

[0018] In an exemplary embodiment, the polymeric modifying group has a structure

according to the following formulae:

(OCH,CHo),A
‘ (OCH,CHy),A
2
A (CHZCHQO)m—|:H A%(CH,CH20),, H
O
Y O
\/\k /bl'z,, HN\)LN/‘%L
d H :

[0019] In another exemplary embodiment according to the formula above, the polymeric

modifying group has a structure according to the following formula:
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(OCH,CH,),A'’
AZ(CHchzonz H
H ,_a_g
H
In an exemplary embodiment, Al and A? are each members selected from -OH and —~OCHs.

[0020] Exemplary polymeric modifying groups according to this embodiment include:

H

i (OCH,CH,),OCHs

CH40(CH,CH,0),, H

H
| H
O CH3O(CH,CH,0)

HN
L{O
HN—_ 555
and

[0021] The invention provides a Factor VII or VIla peptide conjugate comprising a

peptide which is a member selected from Factor VII and Factor VIIa. The conjugate also

comprises a glycosyl linking group, wherein the glycosyl linking group is attached to an

amino acid residue of the peptide, and wherein the glycosyl linking group comprises a sialyl
linking group having the formula:

HO
OH

OH
S—0

0
R® NH 0 Q
Ly WNHKO/\’( \/9\0/
o ° f

Whergin
& .
Q
o ° f

is a modifying group. The index s is an integer selected from 1 to 20. The index f1s an

integer selected from 1 to 2500. Q is a member selected from H and substituted or

unsubstituted C;-Cs alkyl.
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[0022]  In an exemplary embodiment, the invention provides a modified sugar having the

following formula:

OH

OH OH
OH 0
O R? p—
o |
L

O
(R"),,—L—NH R3 N—‘«

[0023] The present invention provides methods of forming conjugates of Factor VII
peptides, e.g., Factor VII and Factor VIIa. The methods include contacting a Factor
VII/Factor VIla peptide with a modified sugar donor that bears a modifying group covalently
attached to a sugar. The modified sugar moiety is transferred from the donor onto an amino
acid or glycosyl residue of the Factor VII/Factor VIla peptide by the action of an enzyme.
Representative enzymes include, but are not limited to, glycosyltransferases, e.g.,
sialyltransferases. The method includes contacting the Factor VII/Factor VIla peptide with:
a) a modified sugar dohor; and b) an enzyme capable of transferring a moditied sugar moiety
from the modified sugar donor onto an amino acid or glycosyl residue of the peptide, under
conditions appropriate to transfer a modified sugar moiety from the donor to an amino acid or
glycosyl residue of the peptide, thereby synthesizing said Factor VII/Factor VIla peptide

conjugate.

[0024] In a preferred embodiment, prior to step a), the peptide is contacted with a

sialidase, thereby removing at least a portion of the sialic acid on the peptide.

[0025]  In another preferred embodiment, the Factor VII/Factor VIla peptide is contacted
with a sialidase, a glycosyltransferase and a modified sugar donor. In this embodiment, the
peptide is in contact with the sialidase, glycosyltransferase and modified sugar donor
essentially simultaneously, no matter the order of addition of the various components. The
reaction is carried out under conditions appropriate for the sialidase to remove a sialic acid
residue from the peptide; and the glycosyltransferase to transfer a modified sugar moiety

from the modified sugar donor to an amino acid or glycosyl residue of the peptide.

[0026] In another preferred embodiment, the desialylation and conjugation are performed

in the same vessel, and the desialylated peptide is preferably not purified prior to the
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conjugation step. In another exemplary embodiment, the method further comprises a
‘capping’ step involving sialylation of the peptide conjugate. This step is performed in the

same reaction vessel that contains the sialidase, sialyltransferase and modified sugar donor

without prior purification.

[0027] In another preferred embodiment, the desialylation of the Factor VII/Factor Vlla
peptide is performed, and the asialo peptide is purified. The purified asialo peptide 1s then
subjected to conjugation reaction conditions. In another exemplary embodiment, the method
further comprises a ‘cappihg’ step involving sialylation of the peptide conjugate. This step is
performed in the same reaction vessel that contains the sialidase, sialyltransferase and

modified sugar donor without prior purification.

[0028] In another exemplary embodiment, the capping step;, sialylation of the peptide
conjugate, is performed in the same reaction vessel that contains the sialidase,

sialyltransferase and modified sugar donor without prior purification.

[0029] In an exemplary embodiment, the contacting is for a time less than 20 hours,

preferably less than 16 hours, more preferably less than 12 hours, even more preferably less

than 8 hours, and still more preferably less than 4 hours.

[0030] In a further aspect, the present invention provides a Factor VII/Factor Vlla peptide
conjugate reaction mixture. The reaction mixture comprises: a) a sialidase; b) an enzyme
which is a member selected from glycosyltransferase, exoglycosidase and endoglycosidase;

¢) a modified sugar; and d) a Factor VII/Factor Vlla peptide.

[0031] In another exemplary embodiment, the ratio of the sialidase to the Factor
VII/Factor V1la peptide is selected from 0.1 U/L:2 mg/mL to 10 U/L:1 mg/mL, preferably
0.5 U/L:2 mg/mL, more preferably 1.0 U/L:2 mg/mL, even more preferably 10 U/L:2
mg/mL, still more preferably 0.1 U/L:1 mg/mL, more preferably 0.5 U/L:1 mg/mL, even
more preferably 1.0 U/L:1 mg/mL, and still more preferably 10 U/L:1 mg/mL.

[0032] In an exemplary embodiment, at least 10%, 20%, 30%, 40%, 50%, 60%, 70% or
80% of said Factor VII/Factor VIla peptide conjugate includes at most two PEG moieties.

The PEG moieties can be added in a one-pot process, or they can be added after the asialo

Factor VII/Factor Vlla is purified.

[0033] In another exemplary embodiment, at least 10%, 20%, 30%, 40%, 50%, 60%,
70% or 80% of the Factor VII/Factor Vlla peptide conjﬁgate include at most one PEG
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moiety. The PEG moiety can be added in a one-pot process, or it can be added after the

asialo Factor VII/Factor VIla is purified.

[0034] In a further exemplary embodiment, the method further comprises “capping”, or
adding sialic acid to the peptide conjugate. In another exemplary embodiment, sialidase is
added, followed by a delay of 30 min, 1 hour, 1.5 hours, or 2 hours, followed by the addition

of the glycosyltransferase, exoglycosidase, or endoglycosidase.

[0035] In another exemplary embodiment, sialidase 1s added, followed by a delay of 30
min, 1 hour, 1.5 hours, or 2 hours, followed by the addition of the glycosyltransfase,
exoglycosidase, or endoglycosidase. Other objects and advantages of the invention will be

apparent to those of skill in the art from the detailed description that follows.

[0036] In another exemplary embodiment, the method includes: (a) contacting a Factor

VII/Eactor VIla peptide comprising a glycosyl group selected from:

g;—GaINAc % Gal (Sia),
: and
with a modified sugar having the formula:
OH
OH OH
OH o
/O R /p.._....o OH
o~ |
Or O O

and an appropriate transferase which transfers the glysocyl linking group onto a member
selected from the GalNAc, Gal and the Sia of said glycosyl group, under conditions
appropriate for said transfer. An exemplary modified sugar is CMP-sialic acid modified,
through a linker moiety, with a polymer, e.g., a straight chain or branched poly(ethylene
glycol) moiety.

[0037]  The peptide can be acquired from essentially any source, however, in one
embodiment, prior to being modified as discussed above, the Factor VII/Factor VIla peptide
is expressed in a suitable host. Mammalian (e.g., BHK, CHO), bacteria (e.g., E. coli) and
insect cells (e.g., Sf-9) are exemplary expression systems providing Factor VII or Factor VIla

of use 1n the compositions and methods set forth herein.

10
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[0038] In exemplary embodiments, a Factor VII/Factor VIla peptide conjugate may be
administered to patients for the treatment of a tissue injury such as ischemia, trauma,
inflammation, or contact with toxic substances. In other exemplary embodiments, a Factor
VII/Factor VIla peptide conjugate may be administered to patients for the treatment of a
patient having Hemophilia A, a patient with Hemophilia B, a patient having Hemophilia A,
wherein the patient also has antibodies to Factor VIII, a patient having Hemophilia B,

wherein the patient also has antibodies to Factor IX, and a patient having liver cirrhosis.

[0039] In another exemplary embodiment, a Factor VII/Factor VIla peptide conjugate
may be administered to patients for the treatment of bleeding in emergencies, elective
surgery, cardiac surgery, spinal surgery, liver transplantation, partial hepatectomies, pelvic-
acetabular fracture reconstruction, and allogeneic stem cell transplantation. In another
exemplary embodiment, a Factor VII/Factor V1la peptide conjugate may be administered to
patients for the treatment of acute intracerebral haemorrhage, traumatic brain injury, variceal

bleedings and upper gastrointestinal bleeding.

[0040] In another aspect, the invention provides a pharmaceutical formulation comprising

a Factor VII/Factor VIla peptide conjugate and a pharmaceutically acceptable carrier.

[0041] In the Factor VII/Factor V1la peptide conjugate, essentially each of the amino acid
residues to which the glycosyl linking group or modifying group is bound has the same
structure. Fdr example, if one peptide includes a Thr linked glycosyl residue, at least about
70%, 80%, 90%, 95%, 97%, 99%, 99.2%, 99.4%, 99.6%, or more preferably 99.8% of the
peptides in the population will have the same glycosyl linking group covalently bound to the

same Thr residue.

[0042] Other objects and advantages of the invention will be apparent to those of skill 1n
the art from the detailed description that follows.

DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1 illustrates exemplary modified sialic acid nucleotides usetul in the practice
of the invention. A. Structure of exemplary branched (e.g., 30 KDa, 40 KDa) CMP-sialic
acid-PEG sugar nucleotides. B. Structure of linear Factor VIIa-SA-PEG-10KDa.

[0044] FIG. 2 is a synthetic scheme for producing an exemplary PEG-glycosyl linking

group precursor (modified sugar) of use in preparing the conjugates of the invention.
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[0045]  FIG. 3 is a table providing exemplary sialyltransferases of use in forming the

glycoconjugates of the invention, e.g., to glycoPEGylate peptides with a modified sialic acid.

[0046]  FIG. 4, comprising Figures 4A to 4E, sets forth exemplary schemes for
remodeling glycan structures on Factor VII and Factor VIIa. Figure 4A is a diagram
depicting the Factor VII and Factor VIIa peptides indicating the residues which bind to
glycans contemplated for remodeling. Figure 4B is a diagram depicting the Factor VII and
Factor VIIa peptides A (solid line) and B (dotted line) indicating the residues which bind to
glycans contemplated for remodeling, and the formulas for the glycans. Figures 4C to 4E are
diagrams of contemplated remodeling steps of the glycan of the peptide in Figure 4B based
on the type of cell the peptide is expressed in and the desired remodeled glycan structure.

[0047] FIG. 5, comprising Figures 5A and 5B, is an exemplary nucleotide and
corresponding amino acid sequence of Factor VIIa (SEQ ID NOS: 1 and 2, respectively).

[0048] FIG. 6 is an image of an isoelectric focusing gel (pH 3-7) of asialo-Factor Vlla.

Lane 1 1s Factor VIla; lanes 2-5 are asialo-Factor VlIa.

[0049] FIG. 7 1s a graph of a MALDI spectra of Factor Vlla.

[0050] FIG. 8 is a graph of a MALDI spectra of Factor Vlla-SA-PEG-1KDa.

[0051] FIG. 9 is a graph depicting a MALDI spectra of Factor V1la-SA-PEG-10KDa.

[0052] FIG. 10 is an image of an SDS-PAGE gel of PEGylated Factor VIla. Lane 1 1s
asialo-Factor VIIa. Lane 2 is the product of the reaction of asialo-Factor Vila and CMP-SA-
PEG-1KDa with ST3Gal3 after 48 hr. Lane 3 is the product of the reaction of asialo-Factor
VIIa and CMP-SA-PEG-1KDa with ST3Gal3 after 48 hr. Lane 4 1s the product of the
reaction of asialo-Factor Vlla and CMP-SA-PEG-10KDa with ST3Gal3 at 96 hr.

[0053]  FIG. 11 A-B shows simultaneous desialylation, with less sialidase, and
PEGylation. These figures highlight that capping in the presence of sialidase 1s efficient.
Figure 11 A shows the reaction course when the sialidase is at a level of 0.5 U/L. Lane 1
corresponds to native Factor VIla while Lane 2 1s asialo Factor VIla. From Lane 3 to Lane 7,
there is an increasing amount of PEGylated product as time progresses. In Lane 3, the major
product is monoPEGylated (see spot at 64), while aliquots assayed at later times show the
formation and increasing amounts of di (see spot just below 97), tri (see spot just above 97),

and higher PEGylated products. Lanes 8 and 9 show the results of ‘capping’, or adding sialic
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acid, to the reaction. When the reaction is capped, the extent of reaction is stopped, as can be
seen from the similar PEGylated product distribution found in Lanes 5, 8 and 9. Figure 11 B

shows the reaction course when the sialidase is at a level of 0.1 U/L.

[0054] FIG. 12 A and B. Fig 12 A shows the situation when the sialidase and the
glycosyltransferase are added at the same time. Figure 12B shows the situation when the

sialidase is added first, followed by glycosyltransferase after a 30 minute delay.

[0055]  FIG. 13 is a table of the peptides to which one or more glycosyl linking groups

can be attached to order to provide the peptide conjugates of the invention.

[0056] FIG. 14 A and B displays chromatograms showing the results of HPLC
experiments. FIG. 14A displays labeled chromatograms of Factor VIIa-SA-PEG-10KDa
(top) and native Factor VIIa control (bottom) analyzed by the light chain method. The
sepafation of LC (light chain), 1x10KDa-PEG-LC, 2x10KDa-PEG-LC, and 3x10KDa-PEG-
LC from other products is shown. FIG. 14B displays labeled chromatograms of Factor VIla-
SA-PEG-10KDa (top) and native Factor VIIa control (bottom) aﬁélyzed by heavy chain
method. The separation of HC (heavy chain), 1x10 KDa -PEG-HC, 2x10 KDa -PEG-HC,
and 3x10 KDa -PEG-HC from other products is shown.

[0057] F1G. 15 A and B displays chromatograms showing the results of HPLC
experiments. FIG. 15A displays labeled chromatograms of reduced native Factor VIla
control (top) and reduced Factor VIla-SA-PEG-40KDa (bottom) analyzed by the light chain
method. The separation of LC (light chain), 1x40KDa-PEG-LC, 2x40 KDa -PEG-LC, and
3x40KDa -PEG-LC from other products is shown. FIG. 15B displays labeled
chromatograms of reduced native Factor VIIa control (top) and Factor VIla-SA-PEG-40KDa
(bottom) analyzed by the heavy chain method. The separation of HC (heavy chain),
1x40KDa -PEG-HC, 2x40KDa -PEG-HC, and 3x40KDa -PEG-HC from other products is

shown.

DETAILED DESCRIPTION OF THE INVENTION AND
THE PREFERRED EMBODIMENTS
Abbreviations
[0058] PEG, poly(ethyleneglycol); PPG, poly(propyleneglycol); Ara, arabinosyl; Fru,
fructosyl; Fuc, fucosyl; Gal, galactosyl; GalNAc, N-acetylgalactosaminyl; Glc, glucosyl;

GlcNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, mannosaminyl acetate; Xyl,
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xylosyl; NeuAc, sialyl or N-acetylneuraminyl; Sia, sialyl or N-acetylneuraminyl; and

derivatives and analogues thereof.

Definitions

[0059] Unless defined otherwise, all technical and scientific terms used herein generally
have the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Generally, the nomenclature used herein and the laboratory
procedures in cell culture, molecular genetics, organic chemistry and nucleic acid chemistry
and hybridization are those well known and commonly employed in the art. Standard
techniques are used for nucleic acid and peptide synthesis. The techniques and procedures
are generally performed according to conventional methods in the art and various general
references (see generally, Sambrook et al. MOLECULAR CLONING: A LABORATORY MANUAL,
2d ed. (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., which is
incorporated herein by reference), which are provided throughout this document. The
nomenclature used herein and the laboratory procedures in analytical chemistry, and organic
synthetic described below are those well known and commonly employed in the art.
Standard techniques, or modifications theréof, are used for chemical syntheses and chemical

analyses.

[0060] All oligosaccharides described herein are described with the name or abbreviation
for the non-reducing saccharide (i.e., Gal), followed by the configuration of the glycosidic
bond (o or B), the ring bond (1 or 2), the ring position of the reducing saccharide involved in
the bond (2, 3, 4, 6 or 8), and then the name or abbreviation of the reducing saccharide (i.e.,

GlcNAc). Each saccharide is preferably a pyranose. For a review of standard glycobiology
nomenclature, see, Essentials of Glycobiology Varki et al. eds. CSHL Press (1999).

[0061] Oligosaccharides are considered to have a reducing end and a non-reducing end,
whether or not the saccharide at the reducing end is in fact a reducing sugar. In accordance
with accepted nomenclature, oligosaccharides are depicted herein with the non-reducing end

on the left and the reducing end on the right.

[0062]  The term “sialic acid” or “sialyl” refers to any member of a family of nine-carbon
carboxylated sugars. The most common member of the sialic acid family 1s N-acetyl-
neuraminic acid (2-keto-5-acetamido-3,5-dideoxy-D-glycero-D-galactononulopyranos-1-onic
acid (often abbreviated as NeuSAc, NeuAc, or NANA). A second member of the family is N-
glycolyl-neuraminic acid (Neu5Gc or NeuGe), in which the N-acetyl group of NeuAc is
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hydroxylated. A third sialic acid family member is 2-keto-3-deoxy-nonulosonic acid (KDN)
(Nadano er al. (1986) J. Biol. Chem. 261: 11550-11557; Kanamori ef al., J. Biol. Chem. 265:
21811-21819 (1990)). Also included are 9-substituted sialic acids such as a 9-O-C1-Cs acyl-
Neu5Ac like 9-O-lactyl-NeuSAc or 9-O-acetyl-NeuSAc, 9-deoxy-9-fluoro-Neu5Ac and 9-
azido-9-deoxy-Neu5Ac. For review of the sialic acid family, see, e.g., Varki, Glycobiology 2:
25-40 (1992); Sialic Acids: Chemistry, Metabolism and Function, R. Schauer, Ed. (Springer-
Verlag, New York (1992)). The synthesis and use of sialic acid compounds in a sialylation

procedure is disclosed in international application WO 92/16640, published October 1, 1992.

[0063] "Peptide" refers to a polymer in which the monomers are amino acids and are

joined together through amide bonds, alternatively referred to as a polypeptide. Additionally,

unnatural amino acids, for example, -alanine, phenylglycine and homoarginine are also
included. Amino acids that are not gene-encoded may also be used in the present invention.
Furthermore, amino acids that have been modified to include reactive groups, glycosylation
sites, polymers, therapeutic moieties, biomolecules and the like may also be used in the
invention. All of the amino acids used in the present invention may be either the D - or L -
isomer. The L -isomer is generally preferred. In addition, other peptidomimetics are also
useful in the present invention. As used herein, “peptide” refers to both glycosylated and
unglycosylated peptides. Also included are peptides that are incompletely glycosylated by a
system that expresses the peptide. For a general review, see, Spatola, A. F., in CHEMISTRY
AND BIOCHEMISTRY OF AMINO ACIDS, PEPTIDES AND PROTEINS, B. Weinstein, eds., Marcel
Dekker, New York, p. 267 (1983). A listing of some of the peptides of the invention 1s
provided 1n F1G. 13.

[0064] The term “peptide conjugate,” refers to species of the invention in which a peptide

is conjugated with a modified sugar as set forth herein.

[0065] The term “amino acid” refers to naturally occurring and synthetic amino acids, as
well as amino acid analogs and amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino acids are those encoded by the
genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline, y-
carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that have
the same basic chemical structure as a naturally occurring amino acid, i.e., an o carbon that is
bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine,
norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified

R groups (e.g., norleucine) or modified peptide backbones, but retain the same basic chemical
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structure as a naturally occurring amino acid. Amino acid mimetics refers to chemical
compounds that have a structure that is different from the general chemical structure of an

amino acid, but that function in a manner similar to a naturally occurring amino acid.

[0066] As used herein, the term “modified sugar,” or “modified sugar residue”, refers to a
naturally- or non-naturally-occurring carbohydrate that is enzymatically added onto an amino
acid or a glycosyl residue of a peptide in a process of the invention. The moditied sugar 1s
selected from enzyme substrates including, but not limited to sugar nucleotides (mono-, di-,
and tri-phosphates), activated sugars (e.g., glycosyl halides, glycosyl mesylates) and sugars
that are neither activated nor nucleotides. The “modified sugar” is covalently functionalized
with a “modifying group.” Useful modifying groups include, but are not limited to, PEG
moieties, therapeutic moieties, diagnostic moieties, biomolecules and the like. The
modifying group is preferably not a naturally occurring, or an unmodified carbohydrate. The
locus of functionalization with the modifying group is selected such that it does not prevent

the “modified sugar” from being added enzymatically to a peptide.

[0067] The term “water-soluble” refers to moieties that have some detectable degree of
solubility in water. Methods to detect and/or quantify water solubility are well known in the
art. Exemplary water-soluble polymers include peptides, saccharides, poly(ethers),
poly(amines), poly(carboxylic acids) and the like. Peptides can have mixed sequences of be
composed of a single amino acid, e.g., poly(lysine). An exemplary polysaccharide 1s
poly(sialic acid). An exemplary poly(ether) is poly(ethylene glycol). Poly(ethylene imine) is

an exemplary polyamine, and poly(acrylic) acid is a representative poly(carboxylic acid).

[0068] The polymer backbone of the water-soluble polymer can be poly(ethylene glycol)
(i.e. PEG). However, it should be understood that other related polymers are also suitable for
use in the practice of this invention and that the use of the term PEG or poly(ethylene glycol)
is intended to be inclusive and not exclusive in this respect. The term PEG includes
poly(ethylene glycol) in any of its forms, including alkoxy PEG, difunctional PEG,
multiarmed PEG, forked PEG, branched PEG, pendent PEG (i.e. PEG or related polymers
having one or more functional groups pendent to the polymer backbone), or PEG with

degradable linkages therein.

[0069]  The polymer backbone can be linear or branched. Branched polymer backbones
are generally known in the art. Typically, a branched polymer has a central branch core

moiety and a plurality of linear polymer chains linked to the central branch core. PEG 1s
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commonly used in branched forms that can be prepared by addition of ethylene oxide to
various polyols, such as glycerol, pentaerythritol and sorbitol. The central branch moiety can
also be derived from several amino acids, such as lysine. The branched poly(ethylene glycol)
can be represented in general form as R(-PEG-OH)y, in which R represents the core moiety,
such as glycerol or pentaerythritol, and m represents the number of arms. Multi-armed PEG
molecules, such as those described in U.S. Pat. No. 5,932,462, which 1s incorporated by

reference herein in its entirety, can also be used as the polymer backbone.

[0070] Many other polymers are also suitable for the invention. Polymer backbones that
are non-peptidic and water-soluble, within about 2 to about 300 loci for attachment, are
particularly useful in the invention. Examples of suitable polymers include, but are not
limited to, other poly(alkylene glycols), such as poly(propylene glycol) ("PPG"), copolymers
of ethylene glycol and propylene glycol and the like, poly(oxyethylated polyol), poly(olefinic
alcohol), poly(vinylpyrrolidone), poly(hydroxypropylmethacrylamide), poly(a-hydroxy
acid), poly(vinyl alcohol), polyphosphazene, polyoxazoline, poly(N-acryloylmorpholine),
such as described in U.S. Pat. No. 5,629,384, which is incorporated by reference herein in 1ts

entirety, and copolymers, terpolymers, and mixtures thereof. Although the molecular weight

of each chain of the polymer backbone can vary, it is typically in the range of from about 100
Da to about 100,000 Da, often from about 6,000 Da to about 80,000 Da.

[0071] The “area under the curve” or “AUC”, as used herein in the context of
administering a peptide drug to a patient, is defined as total area under the curve that
describes the concentration of drug in systemic circulation in the patient as a function of time

from zero to infinity.

[0072] The term "half-life" or "t'2", as used herein in the context of administering a
peptide drug to a patient, is defined as the time required for plasma concentration of a drug in
a patient to be reduced by one half. There may be more than one half-life associated with the
peptide drug depending on multiple clearance mechanisms, redistribution, and other
mechanisms well known in the art. Usually, alpha and beta half-lives are defined such that
the alpha phase is associated with redistribution, and the beta phase is associated with
clearance. However, with protein drugs that are, for the most part, confined to the
bloodstream, there can be at least two clearance half-lives. For some glycosylated peptides,
rapid beta phase clearance may be mediated via receptors on macrophages, or endothelial
célls ;[hat recognize terminal galactose, N-acetylgalactosamine, N-acetylglucosamine,

mannose, or fucose. Slower beta phase clearance may occur via renal glomerular filtration
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for molecules with an effective radius < 2 nm (approximately 68 kD) and/or specific or non-
specific uptake and metabolism in tissues. GlycoPEGylation may cap terminal sugars (e.g.,
galactose or N-acetylgalactosamine) and thereby block rapid alpha phase clearance via
receptors that recognize these sugars. It may also confer a larger effective radius and thereby
decrease the volume of distribution and tissue uptake, thereby prolonging the late beta phase.
Thus, the precise impact of glycoPEGylation on alpha phase and beta phase half-lives may
vary depending upon the size, state of glycosylation, and other parameters, as is well known
in the art. Further explanation of “half-life” is found in Pharmaceutical Biotechnology (1997,
DFACrommelin and RD Sindelar, eds., Harwood Publishers, Amsterdam, pp 101 — 120).

[0073] The term “glycoconjugation,” as used herein, refers to the enzymatically mediated
conjugation of a modified sugar species to an amino acid or glycosyl residue of a
polypeptide, e.g., a G-CSF peptide of the present invention. A subgenus of
“olycoconjugation” is “glyco-PEGylation,” in which the modifying group of the modified
sugar 18 poly(ethylene glycol), and alkyl derivative (e.g., m-PEG) or reactive derivative (e.g.,
HoN-PEG, HOOC-PEG) thereof.

[0074] The terms "large-scale" and "industrial-scale" are used interchangeably and refer
to a reaction cycle that produces at least about 250 mg, preferably at least about 500 mg, and
more preferably at least about 1 gram of glycoconjugate at the completion of a single reaction

cycle.

[0075] The term, “glycosyl linking group,” as used herein refers to a glycosyl residue to
which a modifying group (e.g., PEG moiety, therapeutic moiety, biomolecule) is covalently
attached; the glycosyl linking group joins the modifying group to the remainder of the
conjugate. In the methods of the invention, the “glycosyl linking group” becomes covalently
attached to a glycosylated or unglycosylated peptide, thereby linking the agent to an amino
acid and/or glycosyl residue on the peptide. A “glycosyl linking group” is generally derived
from a “modified sugar” by the enzymatic attachment of the “modified sugar” to an amino
acid and/or glycosyl residue of the peptide. The glycosyl linking group can be a saccharide-
derived structure that is degraded during formation of modifying group-modified sugar
cassette (e.g., oxidation—>Schiff base formation—>reduction), or the glycosyl linking group
may be intact. An “intact glycosyl linking group” refers to a linking group that is derived
from a glycosyl moiety in which the saccharide monomer that links the modifying group and
to the remainder of the conjugate is not degraded, e.g., oxidized, e.g., by sodium

metaperiodate. “Intact glycosyl linking groups” of the invention may be derived from a
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naturally occurring oligosaccharide by addition of glycosyl unit(s) or removal of one or more

glycosyl unit from a parent saccharide structure.

[0076] The term, “non-glycosidic modifying group”, as used herein, refers to modifying
groups which do not include a naturally occurring sugar linked directly to the glycosyl
linking group.

[0077] The term “targeting moiety,” as used herein, refers to species that will selectively
localize in a particular tissue or region of the body. The localization is mediated by specific
recognition of molecular determinants, molecular size of the targeting agent or conjugate,
ionic interactions, hydrophobic interactions and the like. Other mechanisms of targeting an
agent to a particular tissue or region are known to those of skill in the art. Exemplary
targeting moieties include antibodies, antibody fragments, transferrin, HS-glycoprotein,
coagulation factors, serum proteins, B-glycoprotein, G-CSF, GM-CSF, M-CSF, EPO and the
like.

[0078] As used herein, "therapeutic moiety" means any agent useful for therapy
including, but not limited to, antibiotics, anti-inflammatory agents, anti-tumor drugs,
cytotoxins, and radioactive agents. “Therapeutic moiety” includes prodrugs of bioactive
agents, constructs in which more than one therapeutic moiety is bound to a carrier, e.g, ;
multivalent agents. Therapeutic moiety also includes proteins and constructs that include
proteins. Exemplary proteins include, but are not limited to, Granulocyte Colony Stimulating

Factor (GCSF), Granulocyte Macrophage Colony Stimulating Factor (GMCSF), Interteron
(e.g., Interferon-a., -B, -y), Interleukin (e.g., Interleukin II), serum proteins (e.g., Factors VII,
VIla, VIII, IX, and X), Human Chorionic Gonadotropin (HCG), Follicle Stimulating

Hormone (FSH) and Lutenizing Hormone (LH) and antibody fusion proteins (e.g. Tumor
Necrosis Factor Receptor ((TNFR)/Fc domain fusion protein)).

[0079] As used herein, "pharmaceutically acceptable carrier” includes any material,
which when combined with the conjugate retains the conjugates’ activity and is non-reactive
with the subject's immune systems. Examples include, but are not limited to, any of the
standard pharmaceutical carriers such as a phosphate butfered saline solution, water,
emulsions such as oil/water emulsion, and various types of wetting agents. Other carriers
may also include sterile solutions, tablets including coated tablets and capsules. Typically
such carriers contain excipients such as starch, milk, sugar, certain types of clay, gelatin,

stearic acid or salts thereof, magnesium or calcium stearate, talc, vegetable fats or oils, gums,
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glycols, or other known excipients. Such carriers may also include flavor and color additives
or other ingredients. Compositions comprising such carriers are formulated by well known

conventional methods.

[0080]  As used herein, "administering," means oral administration, administration as a
suppository, topical contact, intravenous, intraperitoneal, intramuscular, intralesional,
intranasal or subcutaneous administration, or the implantation of a slow-release device e.g., a
mini-osmotic pump, to the subject. Administration is by any route including parenteral, and
transmucosal (e.g., oral, nasal, vaginal, rectal, or transdermal). Parenteral administration
includes, e.g., intravenous, intramuscular, intra-arteriole, intradermal, subcutaneous,
intraperitoneal, intraventricular, and intracranial. Moreover, where injection is to treat a
tumor, e.g., induce apoptosis, administration may be directly to the tumor and/or into tissues
surrounding the tumor. Other modes of delivery include, but are not limited to, the use ot

liposomal formulations, intravenous infusion, transdermal patches, etc.

[0081] The term "ameliorating" or "ameliorate" refers to any indicia of success in the
treatment of a pathology or condition, including any oby ective or subjective parameter such as
abatement, remission or diminishing of symptoms or an improvement in a patient's physical
or mental well-being. Amelioration of symptoms can be based on objective or subjective

parameters; including the results of a physical examination and/or a psychiatric evaluation.

[0082] The term “therapy” refers to "treating" or "treatment" of a disease or condition
including preventing the disease or condition from occurring in an animal that may be
predisposed to the disease but does not yet experience or exhibit symptoms of the disease
(prophylactic treatment), inhibiting the disease (slowing or arresting its development),
providing relief from the symptoms or side-effects of the disease (including palliative

treatment), and relieving the disease (causing regression of the disease).

[0083]  The term “effective amount™ or “an amount effective to” or a "therapeutically
effective amount”" or any grammatically equivalent term means the amount that, when
administered to an animal for treating a disease, is sufficient to effect treatment for that

disease.

[0084] The term “isolated” refers to a material that is substantially or essentially free
from components, which are used to produce the material. For peptide conjugates of the
invention, the term “isolated” refers to material that is substantially or essentially free from

components which normally accompany the material in the mixture used to prepare the
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peptide conjugate. “Isolated” and “pure” are used interchangeably. Typically, 1solated
peptide conjugates of the invention have a level of purity preferably expressed as a range.
The lower end of the range of purity for the peptide conjugates is about 60%, about 70% or
about 80% and the upper end of the range of purity is about 70%, about 80%, about 90% or

more than about 90%.

[0085] When the peptide conjugates are more than about 90% pure, their purities are also
preferably expressed as a range. The lower end of the range of purity is about 90%, about
92%, about 94%, about 96% or about 98%. The upper end of the range of purity 1s about
92%, about 94%, about 96%, about 98% or about 100% purity.

[6086] Purity is determined by any art-recognized method of analysis (e.g., band intensity

on a silver stained gel, polyacrylamide gel electrophoresis, HPLC, or a similar means).

[0087] “Essentially each member of the population,” as used herein, describes a
characteristic of a population of peptide conjugates of the invention in which a selected
percentage of the modified sugars added to a peptide are added to multiple, identical acceptor
sites on the peptide. “Essentially each member of the population” speaks to the
“homogeneity” of the sites on the peptide conjugated to a modified sugar and refers to
conjugates of the invention, which are at least about 80%, preferably at least about 90% and

more preferably at least about 95% homogenous.

- [0088] “Homogeneity,” refers to the structural consistency across a population of
acceptor moieties to which the modified sugars are conjugated. Thus, in a peptide conjugate
of the invention in which each modified sugar moiety is conjugated to an acceptor site having
the same structure as the acceptor site to which every other modified sugar is conjugated, the
peptide conjugate is said to be about 100% homogeneous. Homogeneity is typically
expressed as a range. The lower end of the range of homogeneity for the peptide conjugates
is about 60%, about 70% or about 80% and the upper end of the range of purity 1s about 70%,
about 80%, about 90% or more than about 90%.

[0089] When the peptide conjugates are more than or equal to about 90% homogeneous,
their homogeneity is also preferably expressed as a range. The lower end of the range of
homogeneity is about 90%, about 92%, about 94%, about 96% or about 98%. The upper end
of the range of purity is aboﬁt 02%, about 94%, about 96%, about 98% or about 100%
homogeneity. The purity of the peptide conjugates is typically determined by one or more

methods known to those of skill in the art, e.g., liquid chromatography-mass spectrometry
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(LC-MS), matrix assisted laser desorption mass time of flight spectrometry (MALDITOF),

capillary electrophoresis, and the like.

[0090] “Substantially uniform glycoform” or a “substantially uniform glycosylation
pattern,” when referring to a glycopeptide species, refers to the percentage of acceptor

moieties that are glycosylated by the glycosyltransferase of interest (e.g., fucosyltransferase).

For example, in the case of a al,2 fucosyltransferase, a substantially uniform fucosylation

pattern exists if substantially all (as defined below) of the Galf31,4-GlcNAc-R and sialylated
analogues thereof are fucosylated in a peptide conjugate of the invention. In the fucosylated
structures set forth herein, the Fuc-GIlcNAc linkage is generally al1,6 or 1,3, with al,6

generally preferred. It will be understood by one of skill in the art, that the starting material
may contain glycosylated acceptor moieties (e.g., fucosylated Galf1,4-GlcNAc-R moieties).

Thus, the calculated percent glycosylation will include acceptor moieties that are

slycosylated by the methods of the invention, as well as those acceptor moieties already

glycosylated in the starting material.

[0091] The term “substantially” in the above definitions of “substantially uniform”
generally means at least about 40%, at least about 70%, at least about 80%, or more
preferably at least about 90%, and still more preferably at least about 95% of the acceptor

‘moieties for a particular glycosyltransferase are glycosylated.

[0092] Where substituent groups are specified by their conventional chemical formulae,
written from left to right, they equally encompass the chemically identical substituents, which

would result from writing the structure from right to left, e.g., -CH;O- is intended to also
recite —OCH,-.

[0093] The term “alkyl,” by itself or as part of another substituent means, unless
otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination
thereof, which may be fully saturated, mono- or polyunsaturated and can include di- and
multivalent radicals, having the number of carbon atoms designated (i.e. C;-Cjp means one to
ten carbons). Examples of saturated hydrocarbon radicals include, but are not limited to,
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