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Interferon, in particular interferonc2a, is a pharmaceutically
active protein which has antiviral and antiproliferative activity. For
example interferon is used to treat hairy cell leukemia and Kaposi's
sarcoma, and is active against hepatitis. In order to improve stability

5 and solubility, and reduce immunogenicity, pharmaceutically active
proteins such as interferon may be conjugated to the polymer
* polyethylene glycol (PEG).

The bioavailability of protein therapeutics are often limited due
10 to their short plasma half-life, thus preventing them from attaining
their maximum clinical potency. In recent years, PEG conjugated
biomolecules have been shown to possess clinically useful properties
(Inada et al., J. Bioact. and Compatible Polymers 5, 343 (1990);
Delgado et al., Critical Reviews in Therapeutic Drug Carrier Systems 9,
15 249 (1992); Katre, Advanced Drug Delivery Systems 10, 91 (1993)).
Among these are better physical and thermal stability, protection
against susceptibility to enzymatic degradation, increased solubility,
longer in vivo circulating half-life, decreased clearance and enhancing
potency. It has been reported that branched PEG conjugates exhibit
20 increased pH and thermal stability and greater stability towards
proteolytic digestion than linear PEG conjugates. (Monfardini et al.,
Bioconjugate Chem. 6, 62 (1995)). Other properties of PEG proteins
are reduced immunogenicity and antigenicity, as well as reduced
toxicity. Another effect of PEGylation of certain proteins may be
25 reduced in vitro activity accompanied by enhanced in vivo activity.
This has been observed in G-CSF (Satake-Ishikawa et al., Cell
Structure and Function 17, 157-160 (1992)), IL-2 (Katre et al., Proc.
Natl. Acad. Sci. USA 84, 1487 (1987)), TNF-a (Tsutsumi et al., Jpn. J.
Cancer Res. 85, 9 (1994)), IL-6 (Inoue et al., J. Lab. Clin. Med. 124, 529
30 (1994)) and CD4-IgG (Chamow et al., Bioconj. Chem. 5, 133 (1994)),
among others.
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much increased over other PEG interferon-a conjugates, yet the
reduction in antiviral activity is similar. In addition, the PEG
10 interferon-a conjugate of this invention is non-immunogenic, it elicits
virtually no antibody formation. In contrast, other PEG interferon-o
conjugates do elicit limited antibody formation.

Accordingly, the invention is a new class of PEG derivatives of
15 interferona (IFNa). The conjugate of this invention has a branched
PEG structure, as can be seen below. The branched PEG has the
advantage of allowing the attachment of 2 linear PEG molecules at a
single site, thus doubling the attached PEG mass without multiple sites
of PEGylation.
20
Compared to unmodified IFNa (i.e. IFNa without a PEG attached),
the conjugate has an increased circulating half-life and plasma
residence time, reduced immunogenicity, decreased clearance, and
increased antiproliferative activity, concomitant with decreased in
25 vitro antiviral activity. Compared with other PEG-IFNa conjugates,
the conjugate of this invention has a much greater antiproliferative
activity, disproportionate to the enhancement or reduction that occurs
in its other characteristics, and virtually no immunogenicity.

30 The physiologically active PEG-IFNa conjugate species of this
invention has the formula:
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toxicity. Another effect of PEGylation of certain proteins may be 25
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K

R'OCH,CH,(OCH,CH,)n' _O—ﬁ—NH \c—x— IFNo
0 o

The conjugate of this invention has the same uses as IFNa, for

example, antiproliferative uses. In particular, the PEG interferon-o

5 conjugates of this invention are useful to treat immunomodulatory
disorders such as neoplastic diseases, for example, hairy cell leukemia,
CML, and Kaposi‘s sarcoma, and infectious diseases, in the same way
IFNas (especially IFNa2a) are used to treat these diseases. However,
the conjugate of this invention has improved properties including

10 superior stability, greater solubility, enhanced circulating half-life and
plasma residence times. In addition, these conjugates have anti-
proliferative activity which is superior to IFNa. Also as noted the
conjugate shows a surprising dissociation of antiviral and anti-
proliferative effects. This property is additionally useful to enhance a

15 desired activity of a conjugate, while decreasing or eliminating an
undesired activity. For example, if an undesired side effect is
associated with the antiviral activity, eliminating this activity would
eliminate the side effect, while retaining the antiproliferative activity.
Therefore, the present invention also comprises the pharmaceutical

20 compositions on the basis of the compounds of formula I or their salts
and to methods for producing them.

The pharmaceutical compositions of the present invention used
in the conmtrol or prevention of illnesses comprises an interferon
25 conjugate of the general formula I and a therapeutically inert, non
toxic and therapeutically acceptable carrier material. The pharma-
ceutical compositions to be used can be formulated and dosed in a

This Sheet Has Been Reﬂlaced

AR




It has been now observed that in the case of interferonTHIS SHEBEBASAEENN
reduces in vitro antiviral activity but increases anti p RERL ati ve
activity in human tunor cells. However the new PEG ugat e
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that not only of interferon but of other PEG interferon conj ugat es.
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elicit ligmted antibody formation. Accordingly, the invention is
a new cl ass of PEG derivatives, of 15 mterferonapél FN[err]). The_conjugate
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The branche¢ogiizdl@s habg the formula

Il
ROCH,CH,(OCH,CH,)n—0 —C —NH I

(CHy),4

b

ROCH,CH,(OCH,CHy)n' —o—c—n/ \:—x— IFNo

0
10
where R and R' are independently lower alkyl; X is NH or O (X is at
least one of the functional groups in the IFNo. molecule selected from
NH, or OH); n and n' are integers having a sum of from 600 to 1500;
and the average molecular weight of the polyethylene glycol units in
15 said conjugate is from about 26,000 daltons to about 66,000 daltons.
The conjugate of formula I has a branched structure, in that two PEG
moieties are attached to the protein via a single linkage.

The numbers n and n' are selected such that the resulting

20 conjugate of Formula I has a physiological activity of IFN«, which
activity may represent the same as, more than, or a fraction of the
corresponding activity of unmodified IFNa. n and n' (n and n' may be
the same or different) represent the number of ethylene glycol units
in the PEG. A single PEG unit of OCH,CH, has a molecular weight of

25 about 44 daltons. The molecular weight of the conjugate (excluding
the molecular weight of the IFNo) depends on the numbers n and n'.
The sum of n and n‘ for the conjugate of Formula I is from 600 to
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0P atct  oRBPRLEAE 5" 45,00 dattong) sl sl aboht IS0 ALEH o
i mmunogeni cdaltons,3@vith 40 OOthahbnsleﬂpeglaﬁm Ip;tefurtedte AE@refeyred osurgef e
species gf hhgg n¢ id WG bBGu 380" 5 1200 With the average sum being from

about 850 to 1000, and a preferred sum being about 910. Either of n

or n‘ may individually be 420 or 520, or both may be 420 or 520, or

both may be 455. The preferred ratio of n to n‘ is from about 0.5 to

1.5, with an especially preferred ratio of from about 0.8 to about 1.2.

10 A molecular weight of "about" a certain number means that it is
within a reasonable range of that number as determined by
conventional analytical techniques.

Also preferred is a conjugate of Formula I where IFNu is
15 IFNo2a, a conjugate where R and R' are methyl, a conjugate where X is
~ NH, and a conjugate where n and n‘ are individually or both either
420 or 520. Such a conjugate having all the above characteristics is
especially preferred.

20 R and R' may be any lower alkyl, by which is meant an alkyl
group having from one to six carbon atoms such as methyl, ethyl,
isopropyl, etc. Branched alkyls are included. A preferred alkyl is
methyl. With regard to the two PEG groups of Formula I, R and R’
may be the same or different.

25

By IFNo (interferon o) and its species IFNoi2a is meant the
natural or recombinant protein, preferably human, as obtained from
any conventional source such as tissues, protein synthesis, cell culture
with natural or recombinant cells. Any protein having the activity of

30 IFNo, such as muteins or otherwise modified proteins, is
encompassed. Obtaining and isolating IFNo. from natural or
recombinant sources is well known (Pestka, Arch. Biochem. Biophys.
221, 1 (1983)). A preferred IFNo is IFNa2a, which as stated above, is
“obtained by known methods (Pestka, Sci. Am. 249, 36 (1983);

35 European Patent No. 43 980)).
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The physiologically active conjugate of Formula I has IFNa
activity, by which is meant any fraction or multiple of any known
IFNa activity, as determined by various assays known in the art. In
particular, the conjugates of this invention have IFNa activity as
shown by antiproliferative activity against tumor cells and antiviral
activity against cells infected with a virus. These are known activities
of IFNa. Such activity in a conjugate can be determined by assays
well known in the art, for example the assays described below (see
also Rubinstein et al., J. Virol. 37, 755 (1981); Borden et al., Canc. Res.
42, 4948 (1982)). Part of this invention is a conjugate of Formula I

which has greater antiproliferative activity and less antiviral activity
than unmodified IFNa.

The conjugate of Formula I is produced by covalent linkage of
IFNoa to PEG which has been activated by replacement of the PEG
hydroxyl with a linking group, forming a reagent which is an N-
hydroxy succinimide ester derivative of PEG (in particular
monomethoxy PEG) of Formula II. The reagent may be obtained by
conventional methods (Monfardini et al., supra). Linkage is via an
amide or ester bond. In a preferred conjugate, linkage is via an amide
bond (X is NH). Part of this invention is a method for increasing the
antiproliferative activity of IFNa while reducing the .antiviral activity
of the IFNa, by linking the IFNa as described above to a reagent of
Formula II to produce a PEG-IFN conjugate.

X represents the attachment site on IFNo by which the PEG
reagent of Formula II is covalently attached to the IFNo. The reagents

attach to primary amino groups (XH = NH,) on for example lysine or to
the N-terminus of the IFNa. The reagents can also attach to a

hydroxyl (XH = OH) on for example serine.

_—
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The conJ ugate of this invention has the same uses as I FNa, for exanpl e,
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conjugate of this invention has inpr ed properties includlng 10 superi or
stability, gre d girculating half-life and

pl asma resi den%gaﬁzéfre | t| o) heﬁié| conj ugat es have anti -
proliferative activity V\/m ch IS superl orrto IFNJerr]. Also as noted the
conj ugate shows a surprising dissociati ggHgf, antiviral and anti- '
proliferative effects. This property is hdditionally useful to enHhnce a 15

desired activity of a conjugate, while degcreasingpgQr elimnating an
undesired activity. For exanple, if an esired si gffect is

R'OCHZCHQ(OCHchz)n'—O—ﬁ— H O—N + XHIFNO, ——
v/
0 ! o
I o 1
ROCH,CH,(OCH,CH,), —0 —C —NH
(CH,), + HON

L 'S

R’OCHZCHZ(OCHZCHZ)H-—o—c—N{ \IT—X— IFNo,
1

5 The reagent of formula II (PEG2-NHS), in which a total of 2
mono-methoxy PEG (m-PEG) chains are linked to lysine, one each at
the oo and € amino groups via carbamate (urethane) bonds and having
the lysine carboxyl group activated to a succinimidyl ester, may be
obtained by conventional methods, according to known procedures

10 (Monfardini et al., supra) applicable to a reagent with R as lower alkyl,
and a desired n. The reagent may be obtained from Shearwater
Polymers, Inc. (Huntsville, Alabama). The preferred average MW of
the PEG obtained is about 20,000 daltons, providing a total PEG mass
of about 40,000 daltons in PEG2-NHS (other MWs may be obtained by

15 varying n for the PEG-alcohol starting materials for the reagent of
Formula II, by conventional methods).

The reagent of formula II may be conjugated to IFNo by
conventional methods. Specifically, the reagent of Formula II
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backbone of PEG The PEGylation reaction can also take place between

5 PEG2-NHS and the free (if any) hydroxyl groups (for example serine)
of IFNa to form an ester linkage. The reaction mechanism is shown
above. The reaction conditions are conventional to a skilled person,
and are provided in detail below. The PEG reagent is combined with
IFNo under mildly basic conditions at low temperature under

10 conditions suitable for a nucleophilic substitution which will produce

- the conjugate of Formula I. This is also shown in the above reaction
mechanism.

Attaching the reagents to IFNo may be accomplished by

15 conventional methods. PEGs of any selected MW of this invention
may be used. Reaction conditions may be selected to provide the
claimed conjugate with one reagent attached. The conjugate of
Formula I, which has a single reagent of Formula II attached, is
separated from unmodified IFNa and conjugates having attached

20 more than one reagent molecule by conventional methods.
Purification methods such as cation exchange chromatography may be
used to separate conjugates by charge difference, which effectively
separates conjugates into their various molecular weights. The
content of the fractions obtained by cation exchange chromatography

25 may be identified by molecular weight using conventional methods,
for example, mass spectroscopy, SDS-PAGE, or other known methods
for separating molecular entities by molecular weight. A fraction then
is accordingly identified which contains the conjugate of Formula I
purified free from unmodified IFNo and from conjugates having more

30 than one reagent attached. In addition, the reagents of Formula II
release one lysine per reagent upon acid hydrolysis, so that the
number of lysines in the hydrolysis indicates the number of PEGs
attached to the protein, thus the number of reagent molecules
attached to a conjugate may be verified.

35
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The following Examples are provided to illustrate the invention
and do not limit it in any way. IFNo2a is used in these examples.
Other species of IFNo may also be conjugated to PEG by the methods
exemplified. '

DESCRIPTION OF THE DRAWINGS

Figure 1: Antitumor activity of the PEG2-IFNalpha2a in nude mice
implanted subcutaneously with human renal A498 cells. All animals

10 received a subcutaneous implant of 2 x 10° human renal A498 cells
on Study Day -33. On Study Day 0 PEG-IFNalpha2a treatment was
initiated. The indicated amount (30, 60, 120 or 300 pug) of PEG2-IFN
alpha2a was administered subcutaneously under the opposite flank of
the tumor, 1 time per week for a four week period.

15
Figure 2: Antitumor activity of IFNalpha2a in nude mice implanted
subcutaneously with human renal A498 cells. All animals received a
subcutaneous implant of 2 x 10° human renal A498 cells on Study
Day -33. On Study Day O IFNalpha2a treatment was initiated. The

20 indicated amount (10, 20, 40 or 100 pg) of IFNalpha2a was
administered subcutaneously under the opposite flank of the tumor, 3
times per week for a four week period.

Figure 3: Antitumor activity of PEG2-IFNalpha2a in nude mice
25 implanted subcutaneously with human renal ACHN cells. All animals
received a subcutaneous implant of 2 x 10° human renal ACHN cells
on Study Day -25. On Study Day 0 PEG2-IFNalpha2a treatment was
initiated. The indicated amount (30, 60, 120 or 300 pg) of PEG2-
IFNalpha2a was administered subcutaneously under the opposite
30 flank of the tumor, 1 time per week for a five week period.

Figure 4: Antitumor activity of IFNalpha2a in nude mice implanted

subcutaneously with human renal ACHN cells. All animals received a

subcutaneous implant of 2 x 10° human renal ACHN cells on Study
35 Day -25. On Study Day 0 IFNalpha2a treatment was initiated. The
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10 where R and R are independently lower alkyl; Xis NHor O (X is at
| east one of the functional groups in the IFN err] nnhﬁg g ﬁ' gggd from
NH2 or OH); n and n' are integers having a sumof fr g and
the average nol ecul ar wei ght of the p onEbh | ene gl ycol unlts |n 15 said
conjugate is fromabout 26,000 daltons t0 about 66, Oqﬂggﬂks p@%m“ﬁ’ The
conjugate of formula | has a branched structure, in t 21!t ol (JL
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For mul 3 |” nAdelinidlod SabFuGneRisLX, iwifes: terqnpbsite ”Mh STt 3

times per week for a five week perid.

5 Figure 5: Antitumor activity of PEG2-IFNalpha2a in nude mice
implanted subcutaneously with human renal G402 cells. All animals
received a subcutaneous implant of 2 x 10° human renal G402 cells on
Study Day -45. On Study Day 0 PEG2-IFNalpha2a treatment was
initiated. The indicated amount (30, 60, 120 or 300 pg) of PEG2-

10 IFNalpha2a was administered subcutaneously under the opposite
flank of the tumor, 1 time per week for a five week period.

Figure 6: Antitumor activity of IFNalpha2a in nude mice implanted
subcutaneously with human renal G402 cells. All animals received a
15 subcutaneous implant of 2 x 10° human renal G402 cells on Study Day
-45. On Study Day O IFNalpha2a treatment was initiated. The
indicated amount (10, 20, 40 or 100 pg) of IFNalpha2a was
administered subcutaneously under the opposite flank of the tumor, 3
times per week for a five week period. '
20
Example 1

Preparation of conjugate of Formula I

25 Materials

Interferona2a was prepared by known methods (Pestka, supra).
Polyethylene glycol (PEG) reagent of formula II was purchased from
Shearwater Polymers, Inc. (Huntsville, Ala). Fractogel® EMD CM

30 650(S) resin, with particle sizes 25-40pum, were supplied by EM
Separations (Gibbstown, MA). Concentrated (10X) phosphate buffered
saline (PBS), pH 7.3, was purchased from BioWhittaker (Walkersville,
MD). Sodium dodecyl (laurel) sulfate/polyacrylamide gel
electrophoresis (SDS-PAGE) pre-cast gels and electrophoresis units

35 were obtained from NOVEX (San Diego, CA). Concentrated Fast Stain
for protein staining of PEG conjugates on SDS-PAGE was purchased
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corresponding activity of unnodified IFNJerr]. n and n' (n REREABEDmMRyY be

the sane or different) represent the nunber of ethyl enef [gn ' in
the PEG A single PEG unit of OCH err] CHgrs] has a ol S E Egmllof 25
about 44 daltons. The nol ecul ar wei ght of the conjugate (é‘iz t he
nol ecul ar weight_of the IFN[err]) depends on the nunbers n and n'. The

sum of n anfrom Zeion: Researshy dug-c(Newtan,nMA).| The fyAkn eniptoxin assay kit
REPLACEMENT wigEfdrchased from Associates of Cape Cod, Inc. (Woods Hole, MA).

All other reagents used were of the highest quality available. The
jugular cannulated rats and BDF-1 mice were supplied by Charles
5 River Laboratories (Wilmington, MA).

Experimental Procedures

A. Small scale preparation of conjugate of Formula I
10
Two hundred-eight milligrams (5.2umol) of the reagent of
Formula II (average MW of 40,000 daltons) were added to 50 mg
(2.6pmol) of IFNa in 10ml of 100mM borate, pH 8.0. Final protein
reagent molar ratio was 1:2. The reaction mixture was stirred at 4°C _
15 for 2 hours. The reaction was stopped by adjusting the pH to 4.5 with
glacial acetic acid.

The reaction mixture was diluted 50-fold with water, filtered

through a 0.2p filter and applied onto an Amicon column packed with

20 100ml (3.2x13cm) Fractogel EMD CM 650(S), at a flow rate of
20mVmin. The column was previously equilibrated with 10mM
ammonium acetate, pH 4.5. The column effluent was monitored by
UV absorbance at 280nm. The column was then washed with the
eqﬁilibration buffer until UV absorbance returned to baseline. PEG-

25 IFN conjugates having more than one reagent of Formula II attached
(PEG-IFN oligomers) were eluted with 40 mM ammonium acetate, pH
4.5 and the conjugate of Formula I was eluted with 0.12M NaCl in the
40 mM ammonium acetate buffer. The unmodified IFN remaining in
the column was eluted with 0.5M NaCl in the same buffer. The

30 column was regenerated by a 1.0M NaCl wash followed by the
equilibration buffer wash. The pooled fractions of the conjugate of
Formula I were concentrated in an Amicon stirred cell concentrator
fitted with a YM10 membrane to approximately Img/ml
concentration.

35
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- 5- .. 1500, producing a conjugate having a total average nol ecul ar
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Tle:KIPglr ?ijess IFN ohgomersAlvéé}epreﬁlftgﬁ "%ith' 20TNC HtHShfunt" a e%l%u #hite 8 ©
conjugate of Formula I eluted with 0.12M NaCl. The unmodified IFN
eluted with 0.5M NaCl. All preparations contained <5SEU/mg
endotoxins. The resulting preparation contained >99% of conjugate of
Formula I and was free of unmodified IFN.
10
B. Large-Scale Preparation of conjugate of Formula I

Six thousand two hundred and forty milligrams (156 pmol) of
the reagent of Formula II (average molecular weight of 40,000
15 daltons) was dissolved in 63 ml of ImM HCI at 4°C and quickly added
to 125 ml of a solution containing 1000 mg (52 pmol) of interferon in
50 mM borate buffer, pH 9.0. The final protein/reagent ratio was 1:3
and the final reaction mixture protein concentration was 5.3 mg/ml.
The reaction mixture was stirred for 2 hours at 4°C. The reaction was
20 stopped by adjusting the pH to 4.5 with glacial acetic acid.

The reaction mixture was diluted 10-fold with water and

applied onto a column packed with 600 ml Fractogel EMD CM 650(M)
previously equilibrated with 20mM sodium acetate, pH, 4.5 at a linear

25 velocity of 1.3cm/min. The column was washed with the
equilibration buffer followed by 10 mM NaCl to remove excess
reagent, reaction byproducts and PEG-IFN oligomers. The conjugate of
Formula I was eluted with the equilibration buffer containing 200mM
NaCl. The unmodified interferon still adsorbed to the column was

30 removed by washing with 0.75 M NaCl in the equilibration buffer. The
conjugate of Formula I, which was eluted at 0.3-0.5mg/ml was further
concentrated and diafiltered into the final formulation buffer, 20 mM
sodium acetate, pH, 5.0, containing 150mM NaCl. The overall yield of
the conjugate of Formula I was 40-45%.

35
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i5 IF.N[err] 2a, a conjugate where R and R are nethyl, a conjugate where X

S NH, and a conjugate where n and n' are indivi duaII or Ethper
420 or 520. Such a conjugate having all the above char acﬂ" ‘;&
especially preferred. 20 R and_R3 may be any Iower y which
I's meant an al kyl group having fromone to six carb yug mzm m\

nmet hyl , ethyl, i sopropyl, etc. Branched alkyls are ;!

preferred al kyI The purifisdh PEGIFN: fremathe tlarge?ecalmpmrgmompsomsusornul a
I, Rand Rg g%yc u?@@ SfrP“Qrﬁ{ A e moleculﬁr wig hFN.[fefHe]
(mterferon&}arr r% ts ﬁSlFN err 2a| e tur%tl or

r econbi nant© h O pF@?IBP yOhthish e t18 ﬂtons, e

convent i onamodecular weightaef tIH‘iuﬁa whiclt és il %5341 I":tedtans, carld thellavm'ege

VN orr) S cnoRbctlE WRIAR"be B ReadeBl MR8 SGHE, DR dntl 45,600

enconpasseddaltpas abeyt «h30090/daltons. | FNa from natural or

Example 2

10 Characterization of conjugate of Formula I

Protein Determination

Protein concentrations were determined using an Ajgg value of
15 1.0 for a 1mg/ml solution of IFNa a2a.

SDS-PAGE Analysis

The conjugate was analyzed by sodium dodecyl (lauryl)

20 sulfate/polyacrylamide (8-16%) gel electrophoresis, under reducing
conditions, according to the methods of Laemmli (Nature 227, 680
(1970)). SDS-PAGE containing PEG-conjugates were stained for
protein using Fast Stain (Zoion Research, Inc.) according to the
manufacturer's instructions.

25
Determination of Endotoxin Levels

Endotoxin levels were determined using the LAL method,
according to the manufacturer's instructions. All preparations
30 contained <5 EU/mg endotoxins.
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reconbi nant sources is well known (Pestka, Arch. Biochem Bi ophys 221,
1 (1983)). A preferred IFN[err] is IFNerr]2a, which as stat e, 1S
obt ai ned by known net hods (Pestka, Sci. Am 249, 36 (I§'§§§‘EPL %Jropean
Pat ent No. 43 980)). - 6-

e S g e oty e Com gt e o o ﬁ'yakhoﬁsiﬂﬂ!ﬂ T
Example

In Vitro Bioactivities of conjugate of Formula I

5 Antiviral Activity in Bovine Kidney Cells

The in vitro antiviral activity of IFNa.2a and the conjugate of
Formula I as prepared in Example 1.A. were determined in a cell
culture bioassay employing Madin-Darby bovine kidney (MDBK) cells
10 challenged with vesicular stomatitis virus (Rubinstein et al., supra).
The antiviral activities are listed in Table 1, along with their
corresponding residual activities as a percentage of the starting IFN.

Table 1
15
Anti-Viral Activities
Samples PEG Total PEG| # Lys Specific |Residual
Type Mass Modified | Activity | Activity
(kDa) (U/mg) (%)
IFNo2a - - - 2.00 x 100
108
Conjugate of] Branched 40 1 140 x 7
Formula I 107
In Vitro Antiproliferative Activity in Human Tumor Cells
20

The in vitro antiproliferative activities were assayed in human
Daudi (Burkitt's Lymphoma) cells, as described by Borden et al.
Human Daudi cells were maintained as stationary suspension cultures
in RPMI 1540 supplemented with 10% fetal bovine serum and 2 mM
25 glutamine (Grand Island Biologicals, Grand Island, NY). The cells were
screened and found to be free of mycoplasma. Cells (2 x 10*) were
added to wells of microtiter plates (Costar, MA) in 100 pl of medium.
Various concentrations of IFN and the conjugate of Formula I as

prepared in Example 1.A. were added to the wells in a volume of
30 100 pl. The plates were incubated at 37°C in 5% CO, for 72 hours.
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| FNa actrvrty, as det er ni ned by various assays known in the art. In
particular, the conjugates of this invention have IFN er THISSHEET 1 BEEN
shown by ant i proliferative activity against tunor cells and BFPL¢
activity against cells infected with a_vigus. These are g" lﬂﬂ

of IFN[err]. Such activity in a conjugate can be determ pggild &g QQ%&KHEQ
well known in the art, for exanple the assays descri bed berow see 10 als
Rubi nst ei n €ellsl werd. pul‘sccblwuB?O 25&531(\&6]819»5 Hohymidine dNew CEnglaﬂaes

42, 4948 (198mhdar ?{)gtoﬁ M?g? a :&\é@ﬂtl’l s ?ef%r&?%lf”%%s% TPIH Bells.

whi ch has greater I've ac ess anti |ra actrvrty
t han unnodi Wes@ mstedwnto glassmbe@onpdgseen@ri mranliquid seingillationed by

coval ent |i gbafierof The refifkerwire! explssedi 45 9% amhbiefonachicidaed HY¥ing

repl acenent ﬁé he PEG hydroxyl with a Iinking group, formng a reagent
whi ch is?ant rm‘H;?droxy succi nim de ester derivative of PEG (in
parti cul ar nononmet hoxy PEG of Formula Il. The reagent nmay be obtai ned

by 20 convent i offalInhibitioniss (M#Af-aBdf A] xt106), wherepra). Linkage is via an

A = cpm in control culture (cells incubated in medium alone)
10 - B = cpm in experimental culture

Samples were run in quadruplicate and standard deviation was
less than 20% of the mean of all cases. Experiments were run at least
twice with comparable results.

15
The antiproliferative activities (IC5,) of IFN and the conjugate

are listed in Table 2. The data indicate that there is a 28-fold increase
in antiproliferative activity for the conjugate of Formula I, as
compared to that of IFN.

20

Table 2

In Vitro antiproliferative activities in human Daudi (Burkitt's
lymphoma) cell lines.

25 .

Antiproliferative Activity

Sample IC50 (ng/ml Increase
IFNa2a 0.56 1x

30
Conjugate of Formula I 0.02 28x
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ami de or ester bond. In a preferred conjugate, linkage is via an am de
bond (X is NH). Part of this invention is a nmethod for increasing the

antiproliferative activity of I FNa while reducing the ant%/ }I_I ks [ty
of the IFN[err], by linking the I FN[err] @s_described afib éa e 5 nt of

25 Formula Il to produce a PEG | FN conj ugate. X'represents the
attachnment site on IFN[err] by which the PEG reageg!“mlmmm“lﬂml S
covalently attached to the IFN[err]. Bxamplegdnts ry

am no groups (XH = NH err]) on for exanple lysine or to 30 the N-term nus

of the IFN[err]. The reagents can also attach to a hydr oxyl (XH = OH)
on for exanple serine. Pharmacokinetics .
5 Female Sprague Dawley rats, surgically implanted with jugular

cannulas, with an average body weight of 240 - 260g were housed
individually, allowed free access to food and water and maintained in
a 12 hour light -dark cycle. Within 4 - 6 hours after arrival, jugular
cannulas were flushed with PBS. The following day, after flushing

10 with 0.15 - 0.2ml PBS, 2x10% units of IFNc in 0.2 - 0.4ml PBS were
injected, followed by injection of 0.15 - 0.2ml PBS to assure that all
drug was washed into the animal. Thus each animal received a
dosage of 8x10° IFNo. units/kg body weight.

15 Blood samples were drawn at 5, 15 and 30 minutes, as well as,
1, 3, 5, 12 and 24 hours after injection of IFN and, the conjugate of
Formula I. At all time points, after discarding the first 0.15 - 0.2ml
of blood, an aliquot of 0.5ml blood was withdrawn using a fresh
syringe via the jugular cannula. The samples were discharged into

20 serum separating tubes at room temperature. Once all the samples
were collected for the time points, the tubes were centrifuged at
14,000 x g in a refrigerated Eppendorf centrifuge for 10 minutes. The
separated serum was transferred into 1.5ml microfuge tubes and
frozen at -80°C, until ready for bioassay. Serum samples were diluted

25 appropriately and the antiviral activity at each time-point was
determined as described.. From the plot of time vs. activity, the
terminal half-life of the conjugate of Formula I and IFNa were
determined and listed in Table 3, which also include plasma residence
times.

30
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Terminal Half-Lives (ti2) and Mean Plasma Residence Time

Plasma Residence

Sample ‘1/2__(hours) ime (hours
IFNo2a 2.1 1.0
Conjugate of Formula I 15.0 20.0

Terminal '1/2 estimated by log linear regression.

Example 5
Immunogenicity

Normal BDF-1 mice (ten per group) were injected
intraperitonially once per day five times per week with various
interferon preparations having 300,000 units of antiviral activity.
Some mice were also injected with aggregated form of IFNw2a which is
more immunogenic than the monomer form. Blood samples were
taken 19 days following the last injection and the serum was
evaluated for neutralizing antibodies.

As seen in Table 4, mice injected with IFNa2a produced neutralizing
antibodies and this response was greatly increased in mice injected
with interferon aggregates. No antibodies were detectable in the
majority of animals injected with the conjugate of this invention.

—_—
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5 ‘ The reagent of formula Il (PEG-NHS), in which a total of 2

nono- met hoxy PEG (m PEG) chains are |inked to |ysine one each at the a

and [err] am no groups via carbamate (urethane) bondHISHHE EEﬂ'atiASr'EgEEN t he
| ysi ne carboxyl group activated to a sucqigninm dyl ester;

obtai ned by conventional nmethods, according to knownlg
(Monfardini et al., supra) appli cabl e tTo a reagent NWT@? mm al kyl ,

Immunogenicity

5 Antibody (INU/ml) *
Treatment | Median Range
IFNo2a 2,400 217-8,533

10 IFNa2a Aggregates 42,667 8,000-768,000
Conjugate of Formula I 0 0-1,133
* Interferon neutralizing units/ml

15

Example 6
Antitumor activity In Vivo

20 The in vivo antitumor activity of a conjugate of Formula I
(PEG2-IFNalpha2a) and ummodified IFNalpha2a were evaluated by
determining their ability to reduce the size of various human tumor
cells implanted subcutaneously into mice. Results are shown in
Figures 1-6.

25 '

Procedure: Athymic nude mice (Harlan) received a
subcutaneous implant under the left rear flank of 2 x 10° human
renal A498 cells (Figures 1 and 2), human renal ACHN cells (Figures 3
and 4), or human renal G402 cells (Figures 5 and 6). 3 to 6 weeks

30 were allowed for the tumors to become established, as indicated. The
size criteria for acceptance into the study was 0.05 to 0.50 cubic
centimers. The mice were given total weekly doses of PEG2-
IFNalpha2a or unmodified IFNalpha2a of 30, 60, 120 or 300 pg. In
the case of PEG2-IFNalpha2a the mice were treated one time per

35 week (Monday) with 30, 60, 120 or 300 pg of PEG2-IFNalpha2a per
treatment. In the case of unmodified IFNalpha2a the mice were
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and a desired n. The reagent may be obtai ned from Shearwat er Pol yners,
Inc. (Huntsville, Al abama). The preferred average MN.of t he PEG

obtai ned i s about 20,000 daltons, providing a total ﬁﬁ@%THAs BeEnabout
40,000 daltons in PEG2-NHS (ot her M mayghe obtai ned by FEBL4GERing n for

t he PEG al cohol starting materials for the reagent o ["m by
conventional nethods). The reagent of for W

conj ugat ed tteeatedy EhIP? times pepriveek i Gylandant Wgﬁéneﬁdiyel Jg éo
reagent of B, M@ ar!100 ng of IFNalpha2a per treatment. The duration of

treatment was 4 to 5 weeks depending on tumor aggressiveness.
Tumor volumes were measured every Monday prior to treatments.

Results: PEG2-IFNalpha2a showed a marked reduction in A498
tumor size as compared to unmodified IFNalpha2a for all weekly
dosage levels tested, at 7 days, 14 days, 21 days and 28 days after the
beginning of treatment (Figures 1 and 2). Treatment continued for

10 four weeks. Seven days after treatment was discontinued three mice
in each group were sacrified. In the three mice treated with PEG2-
IFNalpha2a no residual tumor was observed. In mice treated with
unmodified IFNalpha2a the A498 tumor weight was 1.28 grams, 0.62
grams, and 1.60 grams respectively in each of three mice. The A498

15 tumor weight was 2.32 grams, 2.37 grams, and 1.94 grams in each of
three control mice. At 80 days after the end of the four week
treatment period the existence of tumors was determined by
palpation in seven mice. All seven mice were free of tumor tissue by
palpation.

20

PEG2-IFNalpha2a showed a significant reduction in ACHN tumor
size as compared to unmodified IFNalpha2a for weekly dosage levels
of 60, 120, and 300 pg, at 14 days, 21 days, 28 days and 35 days
(Figures 3 and 4).

25
PEG2-IFNalpha2a showed a significant reduction in G402 tumor
size as compared to unmodified IFNalpha2a for weekly dosage levels
of 60 and 120 pg, at 14 days, 21 days, 28 days and 35 days (Figures 5
and 6).
30
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-'8- prinmarily reacts w-tt—one or nore of the primary amno groups (for
exanpl e N-tefmﬁU?’énd IyS| SI de chains) of |IFNa (for exanpl e | FNa2a)

to forman amm\ ‘\Em\m en the IFN[err] and théHiSc} rHAS BEgnackbone

of PEG The P n can al soppake place bet wB ‘?ILA@QDEGZ NHS and
the free (if chydr oXyl groups (for exarrple serin rr] to
forman ester |inkage. The reaction nechanismis sh m”"lg

reaction conditions are conventional tcdCkimisil|ed perso

provided in detail below. The PEG reagent is conbined w t h I FNa under

m | dly basic conditions, at rat efd0 conditjons suitable for
a nuci eophi I ic sdbstitdti R}W Y] Iacﬁ dﬁE&'fFﬁat Fjagate, gV theor nul a
|. This is dosmwlaown in the above reaction mechani sm

At t achi ngqot he reagents to IFNerr] nmay be acconplished by 15 conventi onal
met hods. PEGs of any selected MWof this i6vention

i
ROCH,CH,(OCH,CHy)y—0—C —NH I

(CHp),

L

R'OCHZCHZ(OCH2CH2),,._O_C_,\{ \":—x— IFNo.
I |

wherein R and R' are independently lower alkyl; X is NH or O; n
and n' are integers having a sum of from 600 to 1500; and the
10 average molecular weight of the polyethylene glycol units in said
conjugate is from about 26,000 daltons to about 66,000 daltons.

2. A conjugate of claim 1 wherein the molecular weight of
the polyethylene glycol units is from about 35,000 to about 45,000
15 daltons.

3. A conjugate of claim 2 wherein the molecular weight of
the polyethylene glycol units is about 40,000 daltons.

20 4. A conjugate of claim 1 wherein R and R' are methyl.
5. A conjugate of claim 1 wherein X is NH.
6. A conjugate of claim 1 wherein the IFNo is IFNo2a.

25

7. A conjugate of claim 1 wherein the average sum of n and
n‘ is 850 to 1000.
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may be used.Ws may be selected to provide the cl ai med
conj ugate w one re ched The conjugate of Formula I, which

a
has a singler ﬂ[&g attached, is separated from
unnodi fied | F} £ wgat es havi.ngy attached 20 rMHieSHERTHARBEENageNt
nol ecul e by co en*t i dnal met hods. Pur| fication met hods REBEACER cation
exchange chronmat ography may be used to separate co rge
di fference, which effectivel y separ ates conj ugat esﬂ!émﬁ | ous
mol ecul ar wei ght ., Thg\ conjugaté gjmt ewﬁ%ﬁg; dORI 3
exchange chp ap Yy | dent e ecu melg u5|ng
conven'?l onal tm yﬁq%ﬂ? %&Eﬁ OEB 626 SDS- PAGE, or
ot her known net hods for separ atl ng nmol ecul ar ent | ties by nolecul ar

Soni Ugat & of Forgni a °°nﬁ;§fe > At Galth ol Vel R sl RS dre@I KR o
conj ugat es I&‘Eg r@ﬁﬁﬁrlé 1B 28 rangh, ene @ geoth @ﬂﬂaﬂﬂﬂeﬂ lSl A2@ddi ti on, the
reagents of Formula I rel ease one | ysi ne per reagent upon aci d

pyaroysis: 20 A conjufsts®SF HhimYP' Rich Thas" greter Anfiproliferative -
activity than IFNo and less antiviral activity than IFNc.
10
11. A method for producing a PEG-IFNa conjugate having an
increased antiproliferative activity and decreased antiviral activity as
compared to IFNo, which method consists of covalently linking a
reagent of Formula II to IFNo to produce said PEG-IFNa conjugate.
15
12.  Pharmaceutical compositions comprising a PEG-IFNa
conjugate as claimed in any one of claims 1-10 and a therapeutically

inert carrier.

20 13.  Pharmaceutical compositions for the treatment or
prophylaxis of immunomodulatory disorders such as neoplastic
diseases or infections diseases comprising a PEG-IFNa conjugate as

claimed in any one of claims 1-10 and a therapeutically inert carrier.

25 14. The use of a PEG-IFNa conjugate according to any one of

claims 1-10 for the manufacture of medicaments for use in the
treatment or prophylaxis of illnesses.

15. A PEG-IFNa conjugate as claimed in claims 1-10 whenever
30 prepared according to the method as claimed in claim 11.

16. A PEG-IFNa conjugate as claimed in claims 1-10 for the
manufacturing of medicaments for use in the treatment or prophylaxis
of illnesses.

35
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éttached to rotein, thusm:e nunber of reagent nol ecul es attached

to a conj ugate m@ mmm THlSSHEETHAg EEN
9 -

anpl es are prOV| ded to il |l uRepaa
invention ohot"‘llmt it in any FN[err]2a_is usedlnt

e e o el 8 b o
1 The products, pharmaceutical compositions, processes and

methods substantially as described hereinbefore.

18. A method for the treatment or prophylaxis of immuno-
5 modulatory diseases comprising administering a PEG-IFNa conjugate
according to any one of claims 1-10.

dkk
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DESCRI PTI ON OF THE DRAW NGS Figure 1. Antitunor activity of the

PE&2- | FNal pha2a in nude m ce i npl ant ed subcut aneously wi th human renal
A498 cells. Al animals 10 received a subcutaneous inplant of 2 x 106 hunan
renal A498 cells on Study Day -33. Study Day 0 P

treat nent was initiated. The indi catog%l amount (30, 6(%3':llb E@%@%%&E”
[err]g) of PER&-I1FN al pha2a was adm ni st ered subcut aneo under the
opposite flank of the tunor, 1 time per week for a f ,Mﬂu”’”" . 15
Figure 2: Antitunor activity of |FNal pQ ﬁ.alc@ nude mce

subcut aneously wi th human renal A498 ce ani mal s recel ved a

subcut aneous inplant of 2 x 10[err] hurran renal A498 cells on Study Day

-33. On Study Day O I|IFNal pha2a treatnent was initiated. The 20 indicated

ggggﬂt aﬁleohsl uﬁgrgfotlég tég;%c?i)g ??éiwa&%%es lgw?ﬁiénat ﬁ%‘g&%g?s week

for a four él@“ﬁérl od.

0
' ]
ROCH,CH,(OCH,CH,),=——0 —C —NH

(CHy),

L

R‘OCHzcnz(OCHZCHZ)n._o_C_ﬂ \T—x— IFNo,
1 -
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Figure 3: Antitunor activity of PEG-I|FNal pha2a in nude mce 25 inplanted

subcut Lth buman repnal ACHN cells. Al animals received a
subcut gneous i nplant of 2 x 106 hunman renal ACHN cells on Study Day
- 25. Study Day 0 PEG2-1FNal pha2a treatnment was ipitiated. The
i ndi catjed amount (30, 60, 120 or 300 [err]g) of PERm | P! HASBEEN
adm ni 4t ered subcut aneously under the opposite 30 flank of the EHMHCEnl
time pgr week for a five week period. Figure 4: Sanitu
| FNal pffa2a in nude mnice inplanted subcut aneousl| yow hlﬁﬂﬂqg ﬂ
cells. JAIll animals received a subcut aneous |np|a pf 2
renal ACHN cel O . PAVES s g 0 | FNa pha2a t reat ment
was i nijtT at ed.
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- 10 - I ndi cated anount (10, 20, 40 or 100 [err]g) of |FNal pha2a was
adm ni st ered subcut aneously under the opposite flank P ol difEetrHAS BEEN

tinmes per week for a five week perid. 5 Figure 5: An ItREPUMHﬂJIV|ty of
PEQ2- | FNal pha2a in nude m ce i npl ant ed subcut aneousl “B‘Hmarenal
human renal 02 cells on Study Day - 45 On St udy Bhig!l E) | pha2a

402 cell s. pinnl.s recoiyvod o Y.
treat nent wa initiated. The indicated anount (30, 60, 140 or 300

[err]g) of PH&- 10 | FNal pha2a was adm nisst e+ under the
opposite a
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flank of the tunor, 1 tine per week for a five week period. Fi gure 6:
Antitunor activity of I|FNal pha2a in nude m ce inplantegys syekyhastgEpgeus! y
with human renal (402 cells. Al animals received a 15 subggp @mus |an ant

of 2 x 106 hurman renal (402 cells on Study Day -45, On Stud

| FNal pha2a treatnment was initiated. The i nd| cated ﬁmul ﬁmml 40 or
100 [err]g) of I|IFNal pha2a was adm ni st ered subcut al he
opposite flank of the tunmor, 3 times per week for a five week peri od.
20 Example 1

Preparation of conjugate of Formula | 25 Materials I nt erferona2a

was prepared by known net hods (Pestka, supra).
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Pol yet hyl ene glycol (PEG reagent of fornmula Il was purchased from
Shearwat er Pol yners, Inc. (Huntsville, Ala). Fractogel[err] EVD CM 30
650(S) resin, with particle sizes 25-40[err]m e EPHASBEEN EM
Separations (G bbstown, MA). Concentrated (10X) phosg Epuf f er ed

saline (PBS), pH 7.3, was purchased from Bi oWi ttaker hewti 11 €,

MD). Sodi um dodecyl (laurel) sulfate/polyacryl am;@%ﬂmmﬁct rophoresis
(SDS- PAGE) pre-cast gels and el ectrophoresis unitsil@b i ned from

NOVEX (San Di ego, CA). Concentrated Fast Stain for protein staining of
PEG conj ugat es on SDS- PAGE was purchased
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from Zoi on Research, Inc. (Newton, MA). The LAL endotoxin assay kit was
purchased from Associ ates of Cape Cod, Inc. (Wods Hole, M. Al'l ot her
reagents used were of the highest quality avail abl e. THI®SHEET HAgBERBK

cannul ated rats and BDF-1 mice were supplied by Charles REPRAGED

Laboratories (WI mngton, M. Experimental Pro Smal |
scal e preparation of conjugate of Fornula |I 10 7. ﬂhﬁ;ﬂﬂﬂtg - ei ght
mlligrams (5.2[err]nol) of the reagent of For mul MWV of

40, 000 daltons) were added to 50 ng (2.6pnol) of IFNerr] in 10m of
100mM borate, pH 8.0. Final protein reagent nolar ratio was 1:2. The
reaction mxture was stirred at 4[err]C 15 for 2 hours. The reaction was
stopped by adjusting the pHto 4.5 with

&l
@
<
o ©
© © N N
NN o ©
C © L <
L £ 0 0
2 0°c ©
 ©
Z 2
< 2 u W
L L 7o ®
NNO O . )
Ty O Ow w 2 o
w w g
o -én-n-.._r-o-? “ <
= S w o < -
[C] c cc o0
o |- 82 @ EE
- e © ©
T o oo 9 e
O o 23 — (3]
- o = I
O =2 &£ OO0 D a
I~
9:»:»88 <
E33& S
DM O =M (< §
[an]
< MmO o (g :no
< o
B 1T P 1T 1T 1T 1 [ i L
N © N O ¥ O VWO WmLOo o wowao
N I~ O © 10 0 ¢ < M O N N~~~ O O

This Sheet Has Been Reﬂlaced

WA



ol

gl aci al acetic acid. The reaction m xture was diluted 50-fold

with water, filtered through a 0.2[err] filter and applied onto an
Am con colum packed with 20 100m (3.2xl3cn) Fractogel EVMD CM 650(S), at a
flow rate of 20m /min. The col unn was previously 4li$ SHEEDHAS BrEfh 10MM

anmoni um acetate, - pH 4.5. The colum effluent was nonitor &EPBHCED UV
absor bance at 280nm The col um was then washed with LJ.Lbration
buffer until UV absorbance returned to baseli ne. PEGL !IHMEMMt es

havi ng nore than one reagent of Fornula Il attached goners)
were eluted with 40 mM anmoni um acetate, pH 4.5 and the conjugate of
Formula | was eluted with 0.12M Nad in the 40 mM ammoni um acet ate
buffer. The unnodified IFN remaining in the columm was eluted with 0.5M
NaCl in the sanme buffer. The 30 colum was regenerated by a 1.0M NaC wash
foll owed by the equi li bration buffer wash. The pool ed fractions of the
conj ugat e off ymim: ET e CONCE areq T an A 0 irred cell
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sfitted with a YMLO menbrane to approximtely |

\\
“Fract ogel CM 650(S) cation "ébéchange resin used ¢
adsorbed the PEG and unnodified | FN ef fective ’i‘ﬁé”n“( 5/ p”"nﬂ"'a& to fagod -

B hbstract  :pagsd O to ymd .....

1 21 gy, 897
DATE OF RECEIPT .ccccvvevrrnrenne. .

INTERFERON CONJUGATES

Interferon, in particular interferonc2a, is a pharmaceutically
active protein which has antiviral and antiproliferative activity. For
example interferon is used to treat hairy cell leukemia and Kaposi's
sarcoma, and is active against hepatitis. In order to improve stability

5 and solubility, and reduce immunogenicity, pharmaceutically active
proteins such as interferon may be conjugated to the polymer
polyethylene glycol (PEG). ‘

The bioavailability of protein therapeutics are often limited due
10 to their short plasma half-life, thus preventing them from attaining
their maximum clinical potency. In recemt years, PEG conjugated
biomolecules have been shown to possess clinically useful properties
(Inada et al., J. Bioact. and Compatible Polymers 5, 343 (1990);

- Delgado et al., Critical Reviews in Therapeutic Drug Carrier Systems 9,
15 249 (1992); Katre, Advanced Drug Delivery Systems 10, 91 (1993)).
Among these are better physical and thermal stability, protection

against susceptibility to enzymatic degradation, increased solubility,
longer in vivo circulating half-life, decreased clearance and enhancing
potency. It has been reported that branched PEG conjugates exhibit

20 increased pH and thermal stability and greater stability towards
proteolytic digestion than linear PEG conjugates. (Monfardini et al.,
Bioconjugate Chem. 6, 62 (1995)). Other properties of PEG proteins
~are reduced immunogenicity and antigenmicity, as well as reduced
toxicity. Another effect of PEGylation of certain proteins may be

- 25 reduced in vitro activity accompanied by enhanced in vivo activity.
This has been observed in G-CSF (Satake-Ishikawa et al., Cell
Structure and Function 17, 157-160 (1992)), IL-2 (Katre et al., Proc.
Natl. Acad. Sci. USA 84, 1487 (1987)), TNF-a (Tsutsumi et al., Jpn. J.
Cancer Res. 85, 9 (1994)), IL-6 (Inoue et al., J. Lab. Clin. Med. 124, 529

30 (1994)) and CD4-IgG (Chamow et al., Bioconj. Chem. 5, 133 (1994)),
among others.
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strength of adsorption was dependent upon the degree of PEGyl ati on. The
“conjugates bound less tightly than the unnodified IFN. The PEG 5 IFN

‘oligoners were eluted with 40nM ammoni um acetate, while the conj ugat e
of ‘Formula | eluted with 0.12M NaCl . The unnodified IFN eluted with
0.5M NaCl . All preparations contai ned <5EU nyg endot oxi ns. The resulting
preparation contai ned >99% of conjugate of2 . Formula | and was free of
unnmodi fied I FN. 10 B. Large- Scal e Preparation of conj ugate of Formul a
I Si x thqusand two hundred and faorty millig (156 [err]nmol)
of the reagentt J1asFbeem| RoW| obssrxed ghabdpe é’laS%ve‘P M“ ergm, 000 15

dal t1 ggsﬁﬂ wafs REG§ Mﬁtﬁﬁ fedubeés Nin @ftr&gi(\)%ﬁﬂﬁmﬂt aéﬁﬁlty]ﬁnamueuseskl yf added
50 MM bor at e a%&%?eﬁ* erifive e, i, Rtnr Bebg? dellsgeniomelep Qacne®; PEG"
and the fi nalmteeﬁarbnonon]ugane eobrthiseumvenﬂnmrinastsmmsmg ‘propemties in thatThe
reaction 1y XL eymfsrofifbrativd hefivity "G¢'tRe 2 PEGC dtbiferd'® s CAftchORigifs
| than that not only of interferon but of other PEG interferon
conjugates. Although the antiproliferative activity of the comjugate is
much increased over other PEG interferon-o conjugates, yet the
reduction in antiviral activity is similar. In addition, the PEG
10 interferon-o conjugate of this invention is non-immunogenic, it elicits
virtually no antibody formation. In contrast, other PEG 1nterferon-a
conjugates do elicit limited antibody formation.

Accordingly, the invention is a new class of PEG derivatives of
15 interferona (IFNc). The conjugate of this invention has a branched
PEG structure, as can be seen below. The branched PEG has the '
advantage of allowing the attachment of 2 linear PEG molecules at a
single site, thus doubling the attached PEG mass without multiple sites
of PEGylation.
20 | :
Compared to unmodified IFNa (i.e. [FNa without a PEG attached),
the conjugate has an increased circulating half-life and plasma
residence time, reduced immunogenicity, decreased clearance, and
increased antiproliferative activity, concomitant with decreased in
25 vitro antiviral activity. Compared with other PEG-IFNa conjugates,
' the conjugate of this invention has a much greater antiproliferative
activity, disproportionate to the enhancement or reduction that occurs
in its other characteristics, and virtually no immunogenicity.

30 The physiologically active PEG-IFNa conjugate species of this
invention has the formula:
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.20 stopped by adjusting the pHto 4.5 with glacial acetic acid.

*The reaction mxture was diluted 10-fold with water and applied onto a
‘col um- packed with 600 ml Fractogel EMD CM 650(M previ ously
equilibrated with 20mM sodi um acetate, pH, 4.5 at a linear 25 velocity of
1.3cmmin. The colum was washed with the equi libration buffer followed
by 10 MM NaC to renbve excess reagenB, - reacti on byproducts and PEG | FN
ol i goners. The conjugate of Formula | was eluted with the equilibration
buf f er contai ni ng 200nM NaCl . The unnodi b| ed interferon still adsorbed

to the colum was 30 renoved by washing wthy0.75 MNad in the
equi | i bration buffer.ROCH,CH,(QCH,CERj—0O-Eo=)H |, which mas eluted at

0.3-0.5my/ M was further concentiated and difafiltered into the final
formul ati on buffer, 20 nv sodi um acetate, p 5.0, containing 150nM
NaCl . The overall yield of the conjugate of ((dghgul a | was 40-45% 35

H
R'OCHZCHz(OCHZCHz)n'—o-—c—N{ \ﬁ_x_ IFNo
o o
The conjugate of this invention has the same uses as IFNa, for
example, antiproliferative uses. In particular, the PEG interferon-o
5 conjugates of this invention are useful to treat immunomodulatory
disorders such as neoplastic diseases, for example, hairy cell leukemia,
CML, and Kaposi‘s sarcoma, and infectious diseases, in the same way
IFNas (especially IFNo2a) are used to treat these diseases. However,
the conjugate of this invention has improved properties including
10 superior stability, greater solubility, enhanced circulating half-life and
plasma residence times. In addition, these conjugates have anti-
proliferative activity which is superior to IFNo. Also as noted the
conjugate shows a surprising dissociation of antiviral and anti-
proliferative effects. This property is additionally useful to. enhance a
15 desired activity of a conjugate, while decreasing or eliminating an
undesired activity. For example, if an undesired side effect is
associated with the antiviral activity, eliminating this activity would
" eliminate the side effect, while retaining the antiproliferative activity.
Therefore, the present invention also comprises the pharmaceutical
.20 compositions on the basis of the compounds of formula I or their salts
and to methods for producing them.

The pharmaceutical compositions of the present invention used
in the control or prevention of illnesses comprises an interferon
25 conjugate of the general formula I and a therapeutically inert, non
toxic and therapeutically acceptable carrier material. The pharma-
ceutical compositions to be used can be formulated and dosed in a
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The purified PEGIFN fromthe | arge-scal e preparation

veonsi sts of >99% conjugate of Fornula |I. The average nol ecul ar wei ght
of the conjugate of Fornmula | of this exanple is 62,000 daltons,
i ncl udi ng the nol ecul ar weight of . IFNJerr]2a which is 19,241 daltons,

and the average 5 nol ecul ar wei ght of the reagent which is between 40, 000

and 45, 000

10

15

20

25

dal t ons, about 43, 000 dal rdhs.

fashion consistent with good medical practice taking into consideration
the disorder to be treated, the condition of the individual patient, the

site of delivery of the protein conjugate, the method of administration
and other factors known to practitioners.

The claimed conjugate is a physiologically active PEG-IFNo.
conjugate having the formula

o)
. l I .
ROCH,CH,(OCH,CHa)n—0—~C —NH I

(CHp)4

o

R'OCHZCHz(ocuchz)n'—o;lcl—N{ \ﬁ—x—. IFNo.
o) o

where R and R' are independently lower alkyl; X is NH or O (X is at
least one of the functional groups in the I[FNo molecule selected from
NH, or OH); n and n' are integers having a sum of from 600 to 1500;
and the average molecular weight of the polyethylene glycol umits in
said conjugate is from about 26,000 daltons to about 66,000 daltons.
The conjugate of formula I has a branched structure, in that two PEG
moieties are attached to the protein via a single linkage.

The numbers n and n' are selected such that the resulting
conjugate of Formula I has a physiological activity of IFNa, which
activity may represent the same as, more than, or a fraction of the
corresponding activity of unmodified IFNa. n and n' (n and n' may be
the same or different) represent the number of ethylené glycol units-
in the PEG. A single PEG unit of OCH,CH, has a molecular weight of
about 44 daltons. The molecular weight of the conjugate (excluding
the molecular weight of the IFNa) depends on the numbers n and n'.
The sum of n and n* for the conjugate of Formula I is from 600 to
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Exanple 2 10 : Characterization of conjugate of Formula I

" Protein Determnination Protein concentrations were determ ned
‘using an Alerr]-value of 15 1.0 for a 1ng/m solution of IFNa [err]2a.
SDS- PAGE Anal ysi s The conjugate was anal yzed by sodi um dodecyl
(lauryl) 20 sul fate/ polyacrylam de (8-16% gel el ectrophoresis, under
reduci ng condi tions, according to thegnethods of Laenmmii (Nature 227,
680 (1970)). SDS-PAGE contai ning PEG conjugates were stained for
protein usi ni; Fast Stain (Zoion Research, Inc.) according to the .
manuf act ur er I300,nprodmcingns. conjugate having a total average molecular weight

of PEG units of from about 26,000 to 66,000 and preferably from
about 35,000 to 45,000 daltons, and especially about 39,000 to 45,000
daltons, with 40,000 daltons especially preferred. A preferred sum of

5 n and n‘ is from about 800 to 1200, with the average sum being from
about 850 to 1000, and a preferred sum being about 910. Either of n
or n‘ may individually be 420 or 520, or both may be 420 or 520, or
both may be 455. The preferred ratio of n to n‘ is from about 0.5 to
1.5, with an especially preferred ratio of from about 0.8 to about 1.2.

10 A molecular weight of "about"” a certain number means that it is
within a reasonable range of that number as determined by
conventional analytical techniques.

Also preferred is a conjugate of Formula I where IFNa is
15 IFNa2a, a conjugate where R and R' are methyl, a conjugate where X is
NH, and a conjugate where n and n‘ are individually or both either
420 or 520. Such a conjugate having all the above characteristics is
‘especially preferred.

20 - R and R' may be any lower alkyl, by which is meant an alkyl
group having from one to six carbon atoms such as methyl, ethyl,
isopropyl, etc. Branched alkyls are included. A preferred alkyl is
methyl. With regard to the two PEG groups of Formula I, R and R’
may be the same or different.

25 :

' By IFNe (interferon o) and.its species IFNo2a is meant the

natural or recombinant protein, preferably human, as obtained from .

any conventional source such as tissues, protein synthesis, cell culture

with natural or recombinant cells. Any protein having the activity of

30 IFNa, such as muteins or otherwise modified proteins, is
encompaséed. Obtaining and isolating IFNo from natural or
recombinant sources is well known (Pestka, Arch. Biochem. Biophys.
221, 1 (1983)). A preferred IFNa is IFNo2a, which as stated above, is
obtained by known methods (Pestka, Sci. Am. 249, 36 (1983);

35 European Patent No. 43 980)).
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25 Det erm nati on of Endotoxin Levels Endotoxin | evel s were
determ ned using the LAL nethod, according to the manufacturer's
instructions. Al preparations 30 contained <5 EU ng endot oxi ns:

- 14 -

10

15

Exampl e 3
-6-

The physiologically active conjugate of Formula I has IFNo
activity, by which is meant any fraction or muitiple of any known
IFNa activity, as determined by various assays known in the art. In
particular, the conjugates of this invention have IFNa activity as
shown by antiproliferative activity against tumor cells and antiviral

~ activity against cells infected with a virus. These are known activities

of IFNa. Such activity in a conjugate can be determined by assays
well known in the art, for example the assays described below (see
also Rubinstein et al., J. Virol. 37, 755 (1981); Borden et al., Canc. Res.
42, 4948 (1982)). Part of this invention is a conjugate of Formula I

which has greater antiproliferative activity and less antiviral activity
than unmodified IFNa.

The conjugate of Formula I is produced by covalent linkage of
IFNa to PEG which has been activated by replacement of the PEG

- hydroxyl with a linking group, forming a reagent which is an N-

20

25

30

hydroxy succinimide ester derivative of PEG (in particular _
monomethoxy PEG) of Formula II. The reagent may be obtained by
conventional methods (Monfardini et al.,, supra). Linkage is via an
amide or ester bond. In a preferred conjugaté, linkage is via an amide
bond (X is NH). Part of this invention is a method for increasing the
antiproliferative activity of IFNo while reducing the antiviral activity
of the IFNa, by linking the IFNa as described above to a reagent of

Formula II to produce a PEG-IFN conjugate.

X represents the attachment site on IFNa by which the PEG
reagent of Formula II is covalently attached to the IFNa. The reagents
attach to primary amino groups (XH = NH;) on for example lysine or to
the N-terminus of the IFNa. The reagents can also attach to a

hydroxyl (XH = OH) on for example serine.




In Vitro Bioactivities of conjugate of Fornula I 5 Antiviral Activity in

Bovi ne Kidney Cells _ The in vitro antiviral activity of IFNerr]2a
and the conjugate of Formula | as prepared in Exanple 1. A were
determned in a cell cul ture bioassay enpl oyi ng Madi n-Darby bovine

ki dney (MDBK) cells 10 challenged with vesicular stomatitis virus

(Rubi nstein et al., supra). The antfwiral activities are listed in
Table 1, along with their correspondi ng residual activities as a
percentage of the starting | FN Table 1
15 Ant i ?ﬁ ral Activities Sanpl es

PEG Tot al RBEHLCHAOCH,CHoPRSS o —F@gi dual

_ - (Ith I
H o]
R-QCHzcm(OCHZCHz)n._O_ﬁ_N{ W-O—N + XHIFNG
0] o o/
O
1 o I
ROCH,;CH,(OCH,CH,), —0—C —NH |
b+ o
L >
R'OCHZCHZ(OCHZCHZ),,._O_C_N{ \T—-—x— IFNe
' 1]
5
5 The reagent of formula II (PEG2-NHS), in which a total of 2

mono-methoxy PEG (m-PEG) chains are linked to lysine, one each at
the o and € amino groups via carbamate (urethane) bonds and having
the lysine carboxyl group activated to a succinimidyl ester, may be
obtained by conventional methods, according to known procedures

10 (Monfardini et al., supra) applicable to a reagent with R as lower alkyl,
and a desired n. The reagent may be obtained from Shearwater
Polymers, Inc. (Huntsville, Alabama). The preferred average MW of
the PEG obtained is about 20,000 daltons, providing a total PEG mass
of about 40,000 daltons in PEG2-NHS (other MWs may be obtained by

15 varying n for the PEG-alcohol starting materials for the reagent of
Formula II, by conventional methods).

The reagent of formula II may be conjugated to IFNa by
conventional methods. Specifically, the reagent of Formula II




Type Mass Modified Activity Activity

(kDa) . (U ng) | FN[ err] 2a -
2.00 x 100 10[ err] Conj ugat e of Br anched 40
1. 1.40 x 7 Formul a |

10[ err] In Vitro Antiproliferative Activity in Human Tunor Cells 20
The in vitro antiproliferative activities8were assayed in human Daudi
(Burkitt's Lynphoma) cells, as described by Borden et al. Hurran Daudl
cells were maintai.ped as sta onar sus en cultures

suppl enent ed%‘?ﬂ‘%%?%‘?aw \ﬂnﬁe E"ra 13?"8{%5‘8“ hqﬂﬂ

| sl and Bi ol ogxamiple Nrtermiinus and, lme side chains) W§r (fosr exampleand
Pt ot el 3‘@’9{* Tl bRy he MENox and AECPolyhetel |
backbone PEG The PEGylatxon reaction can also take place between
5 PEG2-NHS and the free (if any) hydroxyl groups (for example serine)
of IFNa to form an ester linkage. The reaction mechanism is shown
above. The reaction conditions are conventional to a skilled person,
and are provided in detail below. The PEG reagent is combined with
IFNo under mildly basic conditions at low temperature under
10 conditions suitable for a nucleophilic substitution which will produce
the conjugate of Formula I. This is also shown in the above reaction
mechanism.

Attaching the reagents to IFNo. may be accomplished by

15 conventional methods. PEGs of any ‘selected MW of this invention

may be used. Reaction conditions may be selected to provide the
-+ claimed conjugate with one reagent attached. The conjugate of

Formula I, which has a single reagent of Formula II attached, is
separated from unmodified IFNo and conjugates having attached

20 more than one reagent molecule by conventional methods.
Purification methods such as cation exchange chromatography may be
used to separate conjugates by charge difference, which effectively
separates conjugates into their various molecular weights. The
content of the fractions obtained by cation exchange chromatography

25 may be identified by molecular weight using conventional methods,
" for example, mass spectroscopy, SDS-PAGE, or other known methods
for separating molecular entities by molecular weight. A fraction then
is accordingly identified which contains the conjugate of Formula I
purified free from unmodified IFNo and from conjugates having more

30 than one reagent attached. In addition, the reagents of Formula II
release one lysine per reagent upon acid hydrolysis, so that the
number of lysines in the hydrolysis indicates the number of PEGs
attached to the protein, thus the number of reagent molecules
attached to a conjugate may be verified.

35




Various concentrations of IFN and the conjugate of Fornula | as
prepared in Exanple 1. A. were added to the wells in a volume of 30 100

[err]l. The plates were incubated at 37[err]Cin 5% CJerr] for 72 hours.
- 15 - Cells were pulsed with 0.25[err]C /well of [err]H thym dine
(New Engl and Nucl ear, Boston, MA), sixteen hours before cell
harvesting. The cells were harvested.@nto glass filters and counted in
a liquid scintillation counter. The results were expressed as %

i nhibition calcul ated using . . . .
The following Examples are provided to illustrate the-invention

and do not limit it in any way. IFNo2a is used in these examples.
Other species of IFNo may also be conjugated to PEG by the methods

exemplified.
D N GS

Figure 1: Antitmmor activity of the PEG2-IFNalpha2a in nude mice
implanted subcutaneously with human renal A498 cells. All animals
10 received a subcutaneous implant of 2 x 10° human renal A498 cells
on Study Day -33. On Study Day 0 PEG-IFNalpha2a treatment was
initiated. The indicated amount (30, 60, 120 or 300 ug) of PEG2-IFN
alpha2a was administered subcutaneously under the opposite flank of
the tumor, 1 time per week for a four week period.
15
~ Figure 2: Antitumor activity of IFNalpha2a in nude mice implanted
* subcutaneously with human renal A498 cells. All animals received a
subcutaneous implant of 2 x 10° human renal A498 cells on Study
Day -33. On Study Day O IFNalpha2a treatment was initiated. The
20 indicated amount (10, 20, 40 or 100 ng) of IFNalpha2a was
administered subcutaneously under the opposite flank of the tumor, 3
times per week for a four week period.

Figure 3: Antitumor activity of PEG2-IFNalpha2a in nude mice
25 implanted subcutaneously with human renal ACHN cells. All animals
received a subcutaneous implant of 2 x 10° human renal ACHN cells
on Study Day -25. On Study Day 0 PEG2-IFNalpha2a treatment was
initiated. The indicated amount (30, 60, 120 or 300 pg) of PEG2-
IFNalpha2a was administered subcutaneously under the opposite
30 flank of the tumor, 1 time per week for a five week period.

Figure 4: Antitumor activity of IFNalpha2a in nude mice implanted

subcutaneously with human renal ACHN cells. All animals received a

subcutaneous implant of 2 x 10° human renal ACHN cells on Study
35 Day -25. On Study Day 0 IFNalpha2a treatment was initiated. The
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5 the fornul a: -% Inhibition = [(A- B/ Al x 100, where;

A =cpmin control culture (cells incubated in nedium al one) 10 B =
‘cpmin experinental culture Sanpl es were run in quadruplicate
and standard devi ati on was | ess than 20% of the nean of all cases.
Experinments were run at | east twice with conparable results. 15

The antiproliferative activities (1C50) 05 | FN and t he conjugate are
listed in Table 2. The data indicate that 't)h'ere is a 28-fold increase
in antiproliferative activity for the conjugate of Fornmula I, as

conpared 10 Ghdcatd aifbunt((10, 20, 40 or 100 pg) of IFNalpha2a was Table 2
administered subcutaneously under the opposite flank of the tumor, 3
times per week for a five week perid.

5. Figure 5: Antitumor activity of PEG2-IFNalphaZa in nude mice _
.implanted subcutaneously with human renal G402 cells. All animals
received a subcutaneous implant of 2 x 10% human renal G402 cells on
Study Day -45. On Study Day 0 PEG2-IFNalpha2a treatment was
initiated. The indicated amount (30, 60, 120 or 300 pg) of PEG2-

10 IFNalpha2a was administered subcutaneoﬁsly under the opposite
flank of the tumor, 1 time per week for a five week period.

Figure 6: Antitumor activity of IFNalpha2a in nude mice implanted
subcutaneously with human renal G402 cells. All animals received a

15 subcutaneous implant of 2 x 10° human renal G402 cells on Study Day

. -45. On Study Day O IFNalpha2a treatment was initiated. The

. indicated amount (10, 20, 40 or 100 pug) of IFNalpha2a was

administered subcutaneously under the opposite flank of the tumor, 3
times per week for a five week period.

20 '

Example 1
Erepg;ag' ion_of conjugate of Formula I
.25 Materials

Interferona2a was prepared by known methods (Pestka, supra).
Polyethylene glycol (PEG) reagent of formula II was purchased from
Shearwater Polymers, Inc. (Huntsville, Ala). Fractogel® EMD CM

30 650(S) resin, with particle sizes 25-40um, were supplied by EM
Separations (Gibbstown, MA). Concentrated (10X) phosphate buffered
saline (PBS), pH 7.3, was purchased from BioWhittaker (Walkersville,
MD). Sodium dodecyl (laurel) sulfate/polyacrylamide gel
electrophoresis (SDS-PAGE) pre-cast gels and electrophoresis units

35 were obtained from NOVEX (San Diego, CA). Concentrated Fast Stain
for protein staining of PEG conjugates on SDS-PAGE was purchased
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In Vitro antiproliferative activities in human Daudi (Burkitt's

| ynphoma) cell lines. 25 _ Antiproliferative
Activity Sanpl e | C50 (ng/m) Increase | FNa2a
0. 56 1x 30 Conj ugate of Fornula | 0. 02

28x REPLACENMENT
SHEET -11 -

10

15

20

25

30

35

from Zoion Research, Inc. (Newton, MA). The LAL endotoxin assay kit
was purchased from Associates of Cape Cod, Inc. (Woods Hole, MA).
All other reagents used were of the highest quality available. The
jugular cannulated rats and BDF-1 mice were supplied by Charles
River Laboratories (Wilmington, MA). '

Experimental Procedures

A. Small scale preparation of conjugate of Formula I

Two hundred-eight milligrams (5.2pmol) of the reagent of
Formula II (average MW of 40,000 daltons) were added to 50 mg
(2.6pmol) of IFNa in 10ml of 100mM borate, pH 8.0. Final protein
reagent molar ratio was 1:2. The reaction mixture was stirred at 4°C _
for 2 hours. The reaction was stopped by adjusting the pH to 4.5 with
glacial acetic acid.

The reaction mixture was diluted 50-fold with water, filtered
through a 0.2p filter and applied onto an Amicon column packed with
100ml (3.2x13cm) Fractogel EMD CM 650(S), at a flow rate of
20mU/min. The column ‘was previously equilibrated with 10mM
ammonium acetate, pH 4.5. The column effluent was monitored by
UV absorbance at 280nm. The column was then washed with the
eqﬁilibration buffer until UV absorbance returned to baseline. PEG-
IFN conjugates having more than one reagent of Formula II attached

. (PEG-IFN oligomers) were eluted with 40 mM ammonium acetate, pH

4.5 and the conjugate of Formula I was eluted with 0.12M NaCl in the
40 mM ammonium acetate buffer. The unmodified IFN remaining in
the column was eluted with 0.5M NaCl in the same buffer. The
column was regenerated by a 1.0M NaCl wash followed by the
equilibration buffer wash. The pooled fractions of the conjugate of - .
Formula I were concentrated in an Amicon stirred cell concentrator
fitted with a YM10 membrane to approximately 1mg/ml
concentration.




- 16 - Exanpl e 4

Phar macoki netics 5 Femal e Sprague Dawl ey rats, surgically
inplanted with jugul ar cannul as, with an average body wei ght of 240 -
260g were housed individually, allowed free access to food and water
and maintained in a 12 hour light -dark cycle. Wthin 4 - 6 hours
after arrival, jugular - 12 -

The Fractogel CM 650(S) cation exchange resin used for
purification, adsorbed the PEG and unmodified IFN effectively. The
strength of adsorption was dependent upon the degree of PEGylation.
The conjugates bound less tightly than the unmodified IFN. The PEG-

5 IFN oligomers were eluted with 40mM ammonium acetate, while the
conjugate of Formula I eluted with 0.12M NaCl. The unmodified IFN
eluted with 0.5M NaCl. All preparations contained <5EU/mg
endotoxins. The resulting preparation contained >99% of conjugate of
Formula I and was free of unmodified IFN. '

10 '

B.  Large-Scale Preparation of conjugate of Formula I

Six- thousand two hundred and forty milligrams (156 pmol) of
the reagent of Formula II (average molecular weight of 40,000
‘15 daltons) was dissolved in 63 ml of 1mM HCI at 4°C and quickly added
to 125 ml of a solution containing 1000 mg (52 pmol) of interferon in
50 mM borate buffer, pH 9.0. The final protein/reagent ratio was 1:3
and the final reaction mixture protein concentration was 5.3 mg/ml.
‘The reaction mixture was stirred for 2 hours at 4°C. The reaction was
20 stopped by adjusting the pH to 4.5 with glacial acetic acid.

The reaction mixture was diluted 10-fold with water and

applied onto a column packed with 600 ml Fractogel EMD CM 650(M)
previously equilibrated with 20mM sodium acetate, pH, 4.5 at a linear

25 velocity of 1.3cm/min. The column was washed with the
equilibration buffer followed by 10 mM NaCl to remove excess
reagent, reaction byproducts and PEG-IFN oligomers. The conjugate of
Formula I was eluted with the equilibration buffer containing 200mM
NaCl. The unmodified interferon still adsorbed to the column was

30 removed by washing with 0.75 M NaCl in the equilibration buffer. The
conjugate of Formula I, which was eluted at 0.3-0.5mg/ml was further
concentrated and diafiltered into the final formulation buffer, 20 mM
sodium acetate, pH, 5.0, containing 150mM NaCl. The overall yield of
the conjugate of Formula I was 40-45%.
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cannul as were flushed with PBS. The fol | owi ng day, after flushing 10 with.
0.15 - 0.2m PBS, 2x10[err] units of IFNa in 0.2 - 0.4m PBS were
injected, followed by injection of 0.15 - 0.2m PBS to assure that all

drug was washed into the animal. Thus each animal received a dosage of
8X10[err] IFNferr] units/kg body weight. 15 Bl ood sanpl es were drawn
at 5, 15 and 30 mnutes, as well as, 1, 3, 5, 12 and 24 hours after
injection of IFN and, the conjugate of . 13Formula I. At all tinme points,
after discarding the first 0.15 - 0.2m of bl ood, an aliquot of O0.5n

bl ood was w t hdrawy using_a.f syringe viat  ugul ar , cannul a. The
sanpl es were di sch eBPr?ﬁPG éﬁg]y(iJNuﬁ%Bp&‘at% Q%E%JSPI%’P@W consists
tenperature. ome%ldonﬁﬁgatsam?@smula Imeﬂmeca{rémgéemolaulaﬂwdlgne ofiothet s,
centr | Tuge 1P nﬂﬁ%ﬁ’e b Eoreita 1 of B Sudinfle 35 000 ' Sidlsy dnoRRARG fre
1.5m m cr of ugeleawlats gight of AFde?a aWthBO{SerIP}EI slaltons, andy the,average

bi oassay. erﬁ%}]m SRei¢RE Coffithe' RAgént APRICAP ¢ BekwkeA"40/000 2RE' Y5760

act] V_I ty at eg to:gsl, rrgbg\(l)tl nt{S )388 daltons.

Example 2

—

10 aracterizati ingate Formula

Protein Determination

Protein concentrations were determined using an Agjgg value of
15 1.0 for a Img/ml solution of IFNa «2a.

- SDS-PAGE Analysis

The conjugate was analyzed by sodium dodecyl (lauryl)

20 sulfate/polyacrylamide (8-16%) gel electrophoresis, under reducing
conditions, according to the methods of Laemmli (Nature 227, 680
(1970)). SDS-PAGE containing PEG-conjugates were stained for
protein using Fast Stain (Zoion Research, Inc.) according to the
manufacturer's instructions.

25
- Determination of Endotoxin Levels

Endotoxin levels were determined using the LAL method,
according to the manufacturer's instructions. All preparations
30 contained <5 EU/mg endotoxins.
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determ ned as described. Fromthe plot of time vs. activity, the

termnal half-life of the conjugate of Fornmula | and IFN[err] were
‘determ ned and listed in Table 3, which also include plasma residence
times. 30 - 17 -
Table 3 '
- 14 -
Example 3
In Vitr ioactivitie conjugate ormula

5 Aantiviral Activity in Bovine Kidney Cells

The in vitro antiviral activity of IFNa2a and the conjugate of
Formula I as prepared in Example 1.A. were determined in a cell
culture bioassay employing Madin-Darby bovine kidney (MDBK) cells
10 challenged with vesicular stomatitis virus.(Rubinstein et al., supra).
The antiviral activities are listed in Table 1, along with their
corresponding residual activities as a percentage of the starting IFN.

Table 1
15
Anti-Viral Activities
Samples PEG Total PEG| # Lys Specific ]Residual
Type Mass Modified | Activity | Activity
(kDa) (U/mg) (%)
IFNc2a - - - 2.00 x 100
' | .| 108 |
Conjugate of] Branched 40 1 1.40 x 7
Formula I 7
_ 10
In Vitro Antiproliferative Activity in Human Tumor Cells
20 '

The in vitro antiproliferative activities were assayed in human
Daudi (Burkitt's Lymphoma) cells, as described by Borden et al.
Human Daudi cells were maintained as stationary suspension cultures
in RPMI 1540 supplemented with 10% fetal bovine serum and 2 mM
25 glutamine (Grand Island Biologicals, Grand Island, NY). The cells were
screened and found to be free of mycoplasma. Cells (2 x 10*) were
added to wells of microtiter plates (Costar, MA) in 100 pl of medium.
Various concentrations of IFN and the conjugate of Formula I as
prepared in Example 1.A. were added to the wells in a volume of
30 100 pul. The plates were incubated at 37°C in 5% CO, for 72 hours.
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Term nal Half-Lives (t[err]) and Mean Pl asma Residence Tine 5

Pl asma Resi dence Sanmpl e , [err]1/2 (hours)

Time (hours) | FN[ err] 2a 2.1

1.0 10 Conjugate of Fornula I 15.0 - 20.0
Termnal [err]l/2 estimated by log |inear regression.

Exanple 5 15 - 15 knmunogenicity Nor mal
BDF-1 mice (ten per group) were injected intraperitonially once per day

five ti k with vari
Ve TS Peens were pulsed with 0.25uCi/well of'H-thymidine (New England

Nuclear, Boston, MA),. sixteen hours before cell harvesting. The cells

were harvested onto glass filters and counted in a liquid scintillation

counter. The results were expressed as % inhibition calculated using
5 the formula:

% Inhibition = [ (A - B / A] x 100, where;

A = cpm in control culture (cells incubated in medium alone)
10 B = cpm in experimental culture )

Samples were run in quadruplicate and standard deviation was
less than 20% of the mean of all cases. Experiments were run at least
twice with comparable results.

15
The antiproliferative activities (IC5,) of IFN and the comjugate
~are listed in Table 2. The data indicate that there is a 28-fold increase
.. in antiproliferative activity for the conjugate of Formula I, as
compared to that of IFN.
20
Table 2 ;
In' Vitro antiproliferative activities in human Daudi (Burkitt's
lymphoma) cell lines.
25
_ Antiproliferative Activity
Sample IC50 (ng/ml) Increase
IFNa2a 0.56 1x
30 :
Conjugate of Formula I 0.02 28x
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20 interferon preparations having 300,000 units of antiviral activity.
Sone mce were also injected with aggregated, formof |FNa2a which is

nore i munogeni ¢ than the nonomer form Bl ood sanples were taken 19
days following the last injection and the serumwas  evaluated for
~neutralizing antibodies. 25 As seen in Ta 4, mce injected with | FNa2a
produced neutrali zi ng anti bodies and thfs response was greatly .
increased in nmice injected with interferon aggregates. No antibodies
were detectable in the mej ority of Eatiniples4i njected with the conjugate
of this invention. :
harmacokinetics .
5 Female Sprague Dawley rats, surgically implanted with jugular

cannulas, with an average body weight of 240 - 260g were housed
individually, allowed free access to food and water and maintained in
a 12 hour light -dark cycle. Within 4 - 6 - hours after arrival, jugular
cannulas were flushed with PBS. The following day, after flushing

10 with 0.15 - 0.2ml PBS, 2x10% units of IFNe in 0.2 - 0.4ml PBS were
injected, followed by injection of 0.15 - 0.2ml PBS to assure that all
drug was washed into the animal. Thus each animal received a
dosage of 8x105 IFNc. units/kg body weight.

15 Blood samples were drawn at 5, 15 and 30 minutes, as well as,
1, 3, 5, 12 and 24 hours after injection of IFN and, the conjugate of
Formula I. At all time points, after discarding the first 0.15 - 0.2ml

~ of blood, an aliquot of 0.5ml blood was withdrawn using a fresh
syringe via the jugular cannula. The samples were discharged into

20 serum separating tubes at room temperature. Once all the samples
were collected for the time points, the tubes ‘were centrifuged at
14,000 x g in a refrigerated Eppendorf centrifuge for 10 minutes. The
separated serum was transferred into 1.5ml microfuge tubes and
frozen at -80°C, until ready for bioassay. Serum samples were diluted

25 appropriately and the antiviral activity at each time-point was

. determined as described. From the plot of time vs. activity, the
terminal half-life of the conjugate of Formula I and IFNo were
determined and listed in Table 3, which also include plasma residence
times. '

30
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- 18 - Tabl e 4

| mmunogeni city 5 S Anti body (INU m)
* Tr eat ment Medi an Range | FNa2a
2,400 217-8,533 10 IFNerr]2a Aggregates 42, 667
8, 000- 768, 000 Conj ugate of Fornula I 0
0-1, 133 *Interferon neutralizing unijps/m 15

Table 3

Terminal Half-Lives (ti/2) and Mean Plasma Residence Time

5 | Plasma Residence
Sample ‘1/2__(hours) Time (hours)
IFNa2a 2.1 1.0

10 Conjugate of Formula I 15.0 20.0

Terminal ‘1/2 estimated by log linear regression.

Example 5
Immunogenicity .

15

Normal BDF-1 mice (ten per group) were injected
~ intraperitonially once per day five times per week with various
20 interferon preparations having 300,000 units of antiviral activity.
Some mice were also injected with aggregated, form of IFNa2a which is
more immunogenic than the monomer form. "Blood samples were
taken 19 days following the last injection and the serum was
evaluated for neutralizing antibodies. :
25 As seen in Table 4, mice injected with IFNa2a produced neutralizing
antibodies and this response was greatly increased in mice injected
" with interferon aggregates. No antibodies were detectable in the
majority of animals injected with the conjugate of this invention.
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Exanpl e 6 Antitunor activity In Vivo 20

The in vivo antitunor activity of a conjugate of Fornula I
*(PEQ2- 1 FNal pha2a) and unnodi fied | FNal pha2a were eval uated by

determning their ability to reduce the size of various hunman tunor

cells inplanted subcutaneously into mce. Results are shown in Fi gures
-1-6. 25 Procedure: Athym c nude p8ce (Harlan) received a

subcut aneous i nmpl ant under the left rear flank of 2 x 10[err] human

renal A498 cells (Figures 1 and 2), hu&ig E qa ACHN cells (Figures-3

and 4), or human renal (402 cells (Fig nd 6). 3 to 6 weeks 30 were
allowed for the tunors to becone established, as indicated. The si ze

criteria for acceptance into the st 9 o 0.50 cubic

centinmers. The mice were given tota of PE®2-
5 Antibody (INU/ml) *
Treatment Median ange

IFNo2a : 2,400 217-8,533

10 IFNa2a Aggregates 42,667 8,000-768,000
Conjugate of Formula I 0 0-1,133

* Interferon neutralizing units/ml
15 '

Example 6
activity In Vivo

20 The in vivo antitumor activity of a conjugate of Formula I
(PEG2-IFNalpha2a) and unmodified IFNalpha2a were evaluated by
determining their ability to reduce the size of various human tumor
cells implanted subcutaneously into mice. Results are shown in
~ Figures 1-6. '
25 '
Procedure: Athymic nude mice (Harlan) received a
" subcutaneous implant under the left rear flank of 2 x 10° human
renal A498 cells (Figures 1 and 2), human renal ACHN cells (Figures 3
and 4), or human renal G402 cells (Figures 5 and 6). 3 to 6 weeks
30 were allowed for the tumors to become established, as indicated. The
size criteria for acceptance into the study was 0.05 to 0.50 cubic
centimers. The mice were given total weekly doses of PEG2-
IFNalpha2a or unmodified IFNalpha2a of 30, 60, 120 or 300 pg. In
‘the case of PEG2-IFNalpha2a the mice were treated one time per
35 week (Monday) with 30, 60, 120 or 300 pg of PEG2-IFNalpha2a per
treatment. In the case of unmodified IFNalpha2a the mice were
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| FNal pha2a or unnodified | FNal pha2a of 30, 60, 120 or 300 [err]g. In

the case of PE®2-I|FNal pha2a the mce were treated one tine per 35 week
‘(Monday) with 30, 60, 120 or 300 [err]g of PE®-IFNal pha2a per

treatment. In the case of unnodified | FNal pha2a the mce were

- 19 - treated three tinmes per week (Mnday, Wednesday, Friday) with
10, 20, 40 or 100 [err]g of IthIphaZ?gper treatnent. The duration of

treated three times per week (Monday, Wednesday, Friday) with 10,
20, 40 or 100 pg of IFNalpha2a per treatment. The duration of
treatment was 4 to 5 weeks depending on tumor aggressiveness.
Tumor volumes were measured every Monday prior to treatments.

Results: PEG2-IFNalpha2a showed a marked reduction in A498
tumor size as compared to unmodified IFNalpha2a for all weekly
dosage levels tested, at 7 days, 14 days, 21 days and 28 days after the
beginning of treatment (Figures 1 and 2). Treatment continued for

10 four weeks. Seven days after treatment was discontinued three mice
in each group were sacrified. In the three mice treated with PEG2-
IFNalpha2a no residual tumor was observed. In mice treated with
unmodified IFNalpha2a the A498 tumor weight was 1.28 grams, 0.62
grams, and 1.60 grams respectively in each of three mice. The A498

15 tumor weight was 2.32 grams, 2.37 grams, and 1.94 grams in each of

. three control mice. At 80 days after the end of the four week

. freatment period the existence of tumors was determined by
palpation in seven mice. All seven mice were free of tumor tissue by
palpation.

20

PEG2-IFNalpha2a showed a significant reduction in ACHN tumor
size as compared to unmodified IFNalpha2a for weekly dosage levels
of 60, 120, and 300 pg, at 14 days, 21 days, 28 days and 35.days
(Figures 3 and 4). |

25 :
PEG2-IFNalpha2a showed a significant reduction in G402 tumor

size as compared to unmodified IFNalpha2a for weekly dosage levels

of 60 and 120 pg, at 14 days, 21 days, 28 days and 35 days (Figures 5

and 6).

30
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treatment was 4 to 5 weeks dependi ng on tunor aggressiveness. Tunor
vol unmes were neasured every Monday prior to treatnents. 5

"Resul ts: PE&-1FNal pha2a showed a narked reduction in A498 tunor size
as conpared to unnodi fied | FNal pha2a for all weekly dosage | evel s
tested, at 7 days, 14 days, 21 days and 28 days after the begi nni ng of
treatnent (Figures 1 and 2). Treatnent coggipued for 10 four weeks. Seven
days after treatnent was discontinued thr mce i n each group were
sacrified. In'the three mce treated with PE&X- | FNal pha2a no resi dual
tunmor was observed. In mice treated witiClaimsunnodi fied | FNal pha2a t he A498
tunor wei ght was 1.28 grans, 0.62 . grams, and 1.60 grams respectively in

each of three mce. The A498 15 tu r wei, ght 32 granms, 2.37 grans,
and 1.94 grans inleach &% physiqlagi oﬁ?‘i%? eniii@‘ WJHS?@ Aving Fhfe end

of the four Weekula treatnment period the existence of tunors was

det er m ned_ by pal pation in seven mce. Al seven mce were free of
tumor tissue by pal pati on. o
] I

(CHy)y

R-ocnzmz(ocnzcri,)n_o_ﬁ_ﬂ I —X~— IFNCt
o

wherein R and R' are independently lower alkyl; X is NH or O; n
" and n' are integers having a sum of from 600 to 1500; and the
- 10 average molecular weight of the polyethylene glycol units in said
conjugate is from about 26,000 daltons to about 66,000 daltons.
2. A conjugate of claim 1 wherein the molecular weight of
the polyethylene glycol units is from about 35,000 to about 45,000
15 daltons.

3. A con_]ugate of claim 2 wherein the molecular weight of
the polyethylene glycol units is about 40,000 daltons.

© 20 4. A conjugate of claim 1 wherein R and R' are methyl.
5. A conjugate of claim 1 wherein X is NH.
6. A conjugate of claim 1 wherein the IFNa is IFNa2a.
25

7. A conjugate of claim 1 wherein the average sum of n and
n 1s 850 to 1000.

REPLACEMENT SHEET
2 1JuL 997




20 PEQ2- | FNal pha2a showed a significant reduction in ACHN tunor

size as conpared to unnodified | FNal pha2a for weekly dosage | evels of
60, 120, and 300 [err]g, at 14 days, 21 days, 28 days and 35 days
(Figures 3 and 4). 25 PEG2- | FNal pha2a showed a signifi cant
reduction in 402 tunor - size as conpared to unnodified | FNal pha2a for
weekl y dosage | evel s of 60 and 120 [er?}g: at 14 days, 21 days, 28 days
and 35 days (Figures 5 and 6). 30

8. A conjugate of claim 1 wherein R and R' are methyl; X is

NH; IFNa is IFNa2a; and one or both of n and n' is 420.

5 9. A conjugate of claim 1 wherein R and R' are methyl; X is
NH; IFNca is IFNo2a; and one or both of n and n' is 520.

10. A conjugate of claim 1 which has greater antiproliferative
activity than IFNo and less antiviral activity than IFNc.

10 .
- 11. A method for producing a PEG-IFNa conjugate having an
increased antiproliferative activity and decreased antiviral activity as
compared to IFNo, which method conmsists of covalently linking a
reagent of Formula II to IFNa to produce said PEG-IFNo conjugate.

15 :
12.  Pharmaceutical compositions comprising a PEG-IFNa

conjugate as claimed in any one of claims 1-10 and a therapeutically
inert carrier.

20 13.  Pharmaceutical compositions for the treatment or
prophylaxis of immunomodulatory disorders such as neoplastic
diseases or infections diseases comprising a PEG-IFNa conjugate as

claimed in any one of claims 1-10 and a therapeutically inert carrier.

25 14. The use of a PEG-IFNo conjﬁgate according to any one of
" claims 1-10 for the manufacture of medicaments for use in the
treatment or prophylaxis of illnesses.

15. A PEG-IFNa conjugate as claimed in claims 1-10 whenever
30 prepared according to the method as claimed in claim 11.

16. A PEG-IFNo conjugate as claimed in claims 1-10 for the
manufacturing of medicaments for use in the treatment or prophylaxis
of illnesses.

35
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- 20 - d ai ns 1. A

physi ol ogically active PEGIFN err] conjugate having the formula 5
ferr]
THIS SHEET HAS
REPLACED BEEN

n- AR

17.  The products, pharmaceutical compositions, processes and
methods substantially as described hereinbefore.

18. A method fdr the treatment or prophylaxis of immuno-
5 modulatory diseases comprising administering a PEG-IFNa conjugate
according to any one of claims 1-10.

Ak

This Sheet Has Been Replaced

NN
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wherein R and R are independently lower alkyl; Xis NHor G n and n'
are integers having a sumof from600 to 1500; and the 10 average nol ecul ar

‘wei ght of the pol yethylene glycol units in said conjugate is from about
26, 000 daltons to about 66,000 daltons. 2. A conjugate of
claim1 wherein the nol ecul ar wei ght of t he pol yet hyl ene gl ycol units
is fromabout 35,000 to about 45,000 15-d2Bt-ons. 3. A
conjugate of claim2 wherein the nol ecul ar wei ght of t he pol yet hyl ene
gl ycol units is about 40, 000 dﬁi’fﬂiﬁERON CONJUGATES
Abstract
5 Physiologically active PEG-IFNo. conjugates having a formula as
follows:
0
I
ROCH;CH(OCH,CH3)y~—0—C —NH ,
(CHy),y

L

R'omzcnz(omzmgn_o_ﬁ_é \T_X— IFNo.
!

Figure 1
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20 . 4. A conjugate of claim1l wherein R and R are nethyl.

5. A conjugate of claiml1l wherein X is NH 6. A conj ugat e of
-claim1 wherein the IFNa is |FNa2a. 25 7. A conjugate of claiml
wherein the average sumof n and  n' is 850 to 1000. :

A
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- 21 8. A conjugate of claim1l wherein Rand R are nethyl,; X

S NH, IFNa is IFN[err]2a; and one or both of n and n' is 420. 5

9. A conjugate of claiml1l wherein Rand R are nethyl; X is NH;, | FNa
is IFN[err]2a; and one or both of n and n' is 520. 10. A
conjugate of claim 1 which has greater antiproliferative activity than
| FNa and | ess antiviral activity than | FNperr]. 10 . 11. A nethod
for producing a PEG | FNa conjugate havi ng—an i ncreased
antiproliferative activity and decreased antiviral activity as conpar ed
to I FNa, which nethod consists of covalently i nking a reagent of
Formula Il to IFNerr] to pr@paﬁfo;v&lﬁﬁ% (Ia}lhesr] conjugate. 15
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12. Pharnmaceutical conpositions conprising a PEG | FNa conj ugate as

claimed in any one of clains 1-10 and a therapeutically I nert carrier.
20 13.  Pharmaceutical conpositions for the treatnent or
prophyl axi s of i nmunonodul atory di sorders such as neopl astic di seases
or infections diseases conprising a PEG|FNa conjugate as clainmed in
any one of clainms 1-10 and a therapeutically inert carrier. 25 14.
The use of a PEG | FNa conjugate according to any one of clainms 1-10 for
t he manuf acture of nedicaments for use in the treatment or prophyl axis
of illnesses. 15. A PEG | FNa .conjugate as clainmed in'clains 1-10

whenever 30 prepared according to the nmethod as clainmed in claim1l
16. A PEGIFNerr] conjugate as clained in clains 1-10 for the
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manuf acturi ng of medi canents for use in the treatnent or prophylaxis of
i1l nesses. 35 _ - 22 - 17. The
‘product s, pharmaceutical conpositions, processes and nmethods substantially

as descri bed hereinbefore.
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Tumor Volume (cm®)

FIGURE 5

7.5
7.0
6.5
6.0
5.5 _
5.0 -
45
4.0
3.5
3.0
2.5
2.0 -
1.5
1.0
0.5 -

0.0 -

m o O W >

Untreated Control .
30ug/treatment, PEG2-IFN alpha-2a
60ug/treatment, PEG2-IFN alpha-2a
120ugitreatment, PEG2-IFN alpha-2a
300ug/treatment, PEG2-IFN alpha-2a

REPLACEMENT SHEET

2 1, 1997




Tumor Volume (cmd)
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FIGURE 6
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17. The ’iii%ducts, pharmaceutical comipositions, processes and
methods substantially as described hereinbefore.
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