5. " METHOD FOR PREPARI NG | NTERFERON ALPHA- 2 CRYSTALS 10 BAGKGROUND OF
THE | NVENTI ON The human interferon al phas are a fanily of proteingsl 5
conpri sfng at |east 24 subspecies, Zoon K.C., Interferon 9, 1-12 (1987),
Geesser |., ed. Academ c Press, New York. They were originally described as
agents capabl e of inducing an ant|V|raI .state in cells but are known as

pl ei otropi c | ynphoki nes affecting many functions of the inmune system
Opdenakker, et al., Experinmentia 45, 513-520 (1989). 20 Apart fromtheir
in vitro biological activities the human interferon al phas are currently
used for several inportant indications, e.g. hairy cell |eukem a, Kaposi
Sarcoma, .veneral warts, and are being investigated for several others
Intron A (interferon al pha-2b) dinical status (1989). Proceedings froma
satellite synposium at the 5th European 25 Conference on Cinical

Oncol ogy, London, U K. Septenber 1989. The demand for highly purified and
crystalline forns of interferon al pha, especially the reconbi nant type

al pha- 2b i s5of foreMETH CPREPARINGCHNTERFERONt ALPHA-2€l | as for

formul ati on-of various dosage forns. p§$£%§iﬂﬂ§§9f crystalline human
interferon al pha-2 have 30 been re , ler et al., Science. 215,
689- 690 (1982); Kung et al., U S. Patent No. 4,672,108; Wi ssnmann, The
Cloning of interferon and other Mstakes, In: Interferon 1981, |lon G esser,
ed., Acadenmic Press, New York, 101-134; Wissmann, Phil. Trans. R Soc.
Lond.. B299, 7-28 (1982); and Nagabhusban, et al., Characterization of

Cenetical |l yo35 Engi neered Al pha-2 Interferon, In: Interferon: Research.
Cinical . o '
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The human interferon alphas are a family of proteins
15 comprising at least 24 subspecies, Zoon K.C. , [nterferon 9, 1-12 (1987) ,
Gresser l., ed. Academic Press, New York. They were originally
described as agents capable of inducing an antiviral state in cells but
are known as pleiotropic lymphokines affecting many functions of the
~ immune system, Opdenakker, et al., Experimentia 45, 513-520 (1989).
20 Apart from their in vitro biological activities the human interferon alphas
 are currently used for several important indications, e.g. hairy cell
leukemia, Kaposi Sarcoma, veneral warts, and are being investigated
for several others Intron A (interferon alpha-2b) Clinical status (1989).
Proceedings from a satellite symposium at the 5th European
25 Conference on Clinical Oncology, London, U.K. September 1989. The
demand for highly purified and crystalline forms of interferon alpha,
especially the recombinant type alpha-2b is of foremost importance for
structure elucidation as well as for formulation of various dosage forms.
_ Two forms of crystalline human interferon alpha-2 have
30 been reported. Miller et al., Science, 215, 689-690 (1982); Kung et al.,
. U.S. Patent No. 4,672,108; Weissmann, The Cloning of interferon and

other Mistakes, In_; Interferon 1981, lon Gresser, ed., Academic Press,
New York, 101-134; Weissmann, Phil. Trans. R. Soc. Lond., B299, 7-28

(1982); and Nagabhusban, et al., Characterization of Genetically
35 Engineered Alpha-2 Interferon, In: Interferon: Research, Clinjcal



-2- Application and Regul atory- Consi deration, Zoon, et al., Elsevier, New
Yor k 79w88.(1982). These publications describe nethods for crystallizing
interferon al pha-2 from pol yet hyl ene glycol at |ow tenperature or ‘froma
phosphat e buffer solution by adjusting the pHor 5 tenperature. These

met hods normal |y provide needle crystals which cannot be well characterized
by X-ray diffraction techni ques. The MIler et al. article also nentions
crystalline interferon alpha-2 in a pri%patic form'. In general, the

met hods for crystallizing proteins such as 10 interferon have been found

to be unpredi ct Applica n:-. m' .': [atory Oonsiderati Zb &tadiC HiséNler, N&w 2, 108
(1987) specifi rous 't echni ques

have been develgﬁ&_’&gs (1932) Tﬁeseppﬁcqtqqgs&%gflgﬁmgtgpgeﬁogf pr ot ei ns,
however, no gengystallizirg intextexdnr asipha<? hremnpelyethglenecglycalrat lowny pr ot ei ns

inpr edi ot abl o Zﬁeﬁrﬁi‘?%lﬁf% Shirorf 2tdEphafe? %ﬁ&z%;'“%'? b adfustihgfe Rt r o
anong many posstenperalures Theiseanetiodsdwrogilly provide nefedicerystals wiide! y used
approaches i nv Mﬁt%@%«ﬁﬁﬂh&fé&fhﬁi&dé}ﬁ%ﬁ&ﬁ@cﬁ% ‘E%élﬂﬁqﬁ’és 2¥he Mille

a crystallizing agent tﬁ){l , such as ammni um suffate
or ammoni um ci tetAleadiclealsgrmantiensseiystaiine interferas alphandn aiprismatic
2-et hyl -2, 4- penfopiedi ol . However, such

. In general, the methods for crystallizing proteins such as
10 interferon have been found to be unpredictable. For example, Kung et
al., U.S. Patent No. 4,672,108 (1 987) specifically states in column 1,
llnes 52-64:

*Numerous techniques have been developed
15 . for the crystallization of proteins, however, no
: generalized procedure has been discovered,
and many proteins remain uncrystallized.
. Thus, crystallization of proteins is an
- unpredictable art utilizing trial and error
20 procedures among many poss;ble alternative
methodologies.

One of the most widely used approaches
involves the addition to the protein solution of
25 a crystallizing agent, which is commonly a salt,
i | m i
citrate or an organic solvent, such as ethanol
or 2-ethyl-2,4-pentanediol. However, such

procedures do not provide a suitable means
r i lii

30 n
interferons.” (Emphasis added.)
SUMMARY OF THE INVENTION
- 35 We have now surprisingly found that high quality

crystalline interferon alpha-2 can be produced efficiently even at room
temperature by a method which comprises equitibrating a solution of
interferon alpha-2 against a sulfate salt solution that will cause the
interferon alpha-2 solution to become more concentrated and form
40 interferon alpha-2 crystals. Preferably, the equilibration is effected by



procedures do not provide a suitable nmeans 30 : for producing
crystalline human | eukocyte interferons."” (Enphasis added.) SUWMMARY OF THE
| NVENTI ON 35 W have now surprisingly found that high quality
crystalline interferon al pha-2 can be produced efficiently even at room
tenperature by a nethod which conprises equilibrating a solution of

I nterferon al pha-2 against a sulfate salt solution that wll cause the
interferon al pha-2 solution to becone norg_concentrated and form 40

interferon alpha-2 crystals. Preferably, the equilibration is effected'by
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procedure wi'll he | owe .., fr about - 2%t 0 about 18% sat urated.
Preferably, t'hegmﬂgﬁs@%hggﬂﬁﬂé‘-’rﬁ" i"%aicr?f‘QPT‘&?‘ﬁﬂFQ AL 3lput 12% to about

10  30% saturated, more preferably in a concentration of from about 15% to
about 25% saturated ammonium sulfate. As noted below, the '
concentration of sulfate salt at the start of the equilibration procedure will
be lower, i.e., from about 2% to about 18% saturated.

Preferably, the interferon-alpha-2 is interferon alpha-2b

15 and is more preferably human, recombinant crystalline interferon alpha-
2b.' In one embodiment, the crystalline material is interferon alpha-2b
having the amino acid sequence shown below:

1 Cys Asp Leu Pro GIn Thr His Ser Leu Gly Ser Arg

20 13 Arg Thr Leu Met Leu Leu Ala GIn Met Arg Arg lle
25 Ser Leu Phe Ser Cys Leu Lys Asp Arg His Asp Phe
37 Gly Phe Pro GIn Glu Glu Phe Gly- Asn GIn Phe Gin

49 Lys Ala Glu Thr lle Pro Val Leu His Glu Met lie
61 GIn Gin lle Phe Asn Leu Phe Ser Thr Lys Asp Ser
25 73 Ser Ala Ala Trp Asp Glu Thr Leu Leu Asp Lys Phe
85 Tyf Thr Glu Leu Tyr Gin GIn Leu Asn Asp Leu Glu
97 Ala Cys Val lle Gin Gly Val Gly Val Thr Glu Thr
109 Pro Leu Met Lys Glu Asp Ser lle Leu Ala Val Arg
121 Lys Tyr Phe Gin Arg lle Thr Leu Tyr Leu Lys Glu
30 133 Llys Lys Tyr Ser Pro CysAla Trp Glu Val Val Arg
145 Ala Glu lle Met Arg Ser Phe Ser Leu Ser Thr Asn

- 157 Leu GIn Glu Ser Leu Arg Ser Lys Glu

Interferon alpha-2a may also be employed. The primary
35 amino acid sequence of interferon alpha-2a differs from the above



15 and is nore preferably human, reconbinant crystalline interfer.on al pha-
2b. I'n one enbodi nent, the crystalline material is interferon al pha-2b

havi ng tthe ami no aci d sequence shown below. 1 Cys Asp Leu Pro Gn Thr H's
Ser Leu Ay Ser Arg 20 13 Arg Thr Leu Met Leu Leu Ala G n Mt Arg Arg
Ile 25 Ser Leu Phe Ser Cys Leu Lys Asp Arg His Asp Phe 37 Gly Phe Pro
Gn du Gu Phe dy Asn An Phe An 49 Lys Ala Gu Thr Ile Pro Val Leu
Hs Qu Mt Ile 61 A@n dn Ile Phe A&Q Leu Phe Ser Thr Lys Asp Ser 25
73 Ser Ala Ala Trp Asp Qu Thr Leu Leu Asp Lys Phe 85 Tyr Thr Qu Leu

B G0 O SRRl e Hone o8 e beblrorfel vl 3 132
Lys Tyr Phe d nawyimjneldteeside pasitiony®3. Leu Lys G u 30 133 Lys Lys Tyr
Ser Leu Ser Thr Asn'157 T uidt st St ofrfrtSigh alph-2 Mol CP0 Fhe
- al pha-2a may al @§U§@Seﬂrbu3§fef@aw'mméwpﬁﬁ@t°3% WW&@MY?@&M@&@ of

interferon g phg.028uéh fals&d §oa|um"rph Ifﬂ@@bﬁﬁersolﬁtnoﬁequence of Interferon
al pha-2b by the replacene ition 23.

The sulfate salt soluti on?é? q%*éﬁﬂ%ﬂ%ﬁ?%&r%aﬁa?é’fwﬁ ‘ée a
buffer havi ng amethads may beoused as rsred @ysthis fabpyeparing addtlomaIS 8.0, such

as a sodi um pho&&g@“ﬁ]é)m@ﬁémﬁ%ﬁhé@

10 DETAILED DESCRIPTION OF THE INVENTION

As noted above, the method of the invention involves
equilibrating a sulfate salt solution of interferon alpha-2 against a sulfate
salt solution that will cause the crystalline interferon alpha-2 solution to

15 become more concentrated and form interferon alpha-2 crystals. Any
suitable interferon alpha-2 can be émployed, e.g., interferon alpha-2a
and interferon alpha-2b, more preferably human, recombinant interferon

' alpha-2a (r-h-interferon alpha-2a) or intetferon alpha-2b (r-h-intérferon
alpha-2b). Commercially available alpha-2 interferon preparations are

20 - available from Hoffmann-La Roche (Roferon®) and Schering-Plough
(Intron®A). Mixtures of pure interferons including alpha-2 interferons
are available from Burroughs-Wellcome Corporation (Wellferon®). In
view of the high degree of sequence homology in'the human interferon-
alphas, the method of the present invention should be applicable for

25 each subspecies. -

‘ - The human interferon alpha-2 subspecies may be
obtained through recombinant DNA technology or may be purified from
natural sources (e.g. human peripheral blood lymphocytes, human
lymphoblastoid cell fines), for example, as described in Pestka, et al.,

30 Ann. Rev. Biochem., 56, 727-777 (1987). A prefetred interferon alpha-2
is r-h-interferon alpha-2b having the amino acid sequence as set forth
above.

Natural human interferon alphas have been purified from
several cell sources including leukocytes isolated from whole blood,

35 neonatal fibroblasts, lymphoblastoid and various leukemiic cell lines.



The crystalline interferon al pha-2 prepared by the above nethods may be -
Used as seed crystals for preparing additional crystalline interferon

al pha-2. 10 DETAILED DESCRI PTION OF THE | NVENTI ON As not ed above, the

met hod of the invention involves equilibrating a sulfate salt solution of
intérferon al pha-2 against a sulfate salt solution that will cause the
crystalline interferon alpha-2 solution to 15 becone nore concentrated and
forminterferon al pha-2 crystals. Any sggjable interferon al pha-2 can be

enpl oyed, e.g., interferon al pha-2a and interferon al pha-2b, nore
preferably hu ¥ | pha- 2a)
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I nterferon al pha 'Peci es rough reco nant DNA

technol ogy or Mgygeaseili. fQQﬂie“l( Ndtharmacebthars 1(869-3&8kan peri pheral

bt ood | ynphocyt es, hunanﬁebaﬁrwﬁémshwrréréﬁlal Hdsnﬁé\)e bkéh c%ﬁé@bﬁd
described in Pestka, E? 127-777 (1987) A

‘preferred int ePf‘@'ieéﬁegl"bEIaQﬁh%é{ ﬁe"ﬁrqlrﬂrgﬁ‘?% 'he’éﬁfBRE* Zg Welrsmanhetani no
aci d sequerge ak SundeP09 (4080)k1348:1849] Thenpurificationfafrrecombiierst have been
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li nes. combination of chromatographic steps such as ammonium sulfate

precipitation, dye affinity chromatography, ion exchange and gel

filtration, for example, as described in Weissmann, C., Phil BR. Soc.

15 (Lond), (1982) b299, 7-28). An alternative approach for purifying
recombinant interferon alphas employs immunoaffinity chromatography
with an immobilized antibody (P.P. Trotta et al., Developments in
Industrial Microbiology 72, Elsevier, Amsterdam (1987) 53-64). For a
review of available purification schemes used for recombinant alpha

20 interferons, see T.L. Nagabhushan and P.P. Troita, Ullmann's |
Encyclopedia of Industrial Chemistry. A14, VCH, Weinheim, Federal
Republic of Germany (1989) 372-374.  Preferably, the interferon alpha-
2b used is purified by a conventional purification process described in
Ullmann's Encyclopedia of Industrial Chemistry. A1, VCH, Weinheim,

25 Federal Republic of Germany (1989) 372-374 followed by reversed
phase high performance chromatography. .

Suitable methods of equilibration include dialysis,
- ultrafiltration, e.g. diafiltration, or using drops, e.g., hanging or
sandwiched droplets. Equilibration can be effected against a second

30 sulfate salt solution that is more concentrated than the sulfate salt
solution of interferon alpha-2. A particularly preferred method is to
equilibrate a solution of r-h-interferon alpha-2 against a sulfate salt
solution using a phosphate buffer solution. Preferably, the equilibration
occurs slowly, e.g., over 2 to 30 days.



The first clinically available preparation of human | eukocyte interferon
was devel oped by K. Cantell and associates in Finland, centrifuged bl ood
fromnormal donors is primed with interferon, induced by addi tion of Sendai
vifus and centrifuged. The resulting supernatant is 5 precipitated with
pot assi um t hi ocyanate, extracted with ethanol, pH precipitated, and

di al yzed agai nst phosphate-buffered saline (K E. Mrgensen, L. Cantel
(1977) Pharmacol. Ther. 1, 369-381). Recogb|nant i nterferon al phas have
been cl oned and expressed in E. coli by sgveral groups, for exanple, C

i 1 0 al. Scj o 43-1349. Th i fication of
\r/\g:zrsmnﬁgg,nt e;I pha- 2ai nt e?_ L 1§g%§sér%%§ﬁ&ﬁé§%P?qyeﬁg&?&mgg?d&youps usi ng
a conbi nation oanethmdérgqpltgammt@ va:)e;‘delaquSl!m:;'gltiksi‘ragi)zggialy;msg:{i;:g gh .
precipitation, gififtkdtion. Mﬁ i&lﬁl@_ é}gi u?}gp rr% @G@B ] gan bei

f e, I Ner§ , C., “Pnil R S0C. 15
(Lond) . CTogn) 1365 A pafcakionaricancaniraton siar EWIRGMONe: I sucty

reconbi nant § nt epéeition dhmioniurh Sulfais comaL Apladdd M¥®ﬂﬁ%rﬁﬁf@P§MTé’t’bt h an
I mobi | i zed antgggﬁdy (P.P. Trotta et al., Developnents in Industria

M cr obi ol ogy 72] ‘sevier, Amsterdam (1987) 53-64). For a review of
avai | abl e purification schhedinalcencdnirationcafrtherinterfesdm aiphzn2 in ther f er ons,

. L. bh . |1 m I ' strial
Cheni stry. A 495@5,%%@%5{@%@%}3‘S@%ﬁ'ﬂ'?"‘c@ﬁ¥%@?#§ﬁ€3ﬁ’3§4?3 72-374,
Preferabiy, theCiy§taiomalionacandange frioseabout Hita abeut 89 mg/mbn\Mote onal

purificati oo pr prAemblig 386 cbRBehtfatidr GFRterferbh GisHAPA Wt%n?fabbﬂfjﬂé?%a'

-%S[ng?ta,r ¥6I ﬁl)mgﬁb%/ﬁ%w@@s 'P%fe%gbly,' Eleeqﬁ{ee}'}eroRg %ﬂma{-g s(tjgrti(r?sr many 89)
' concentration is about 20 mg/ml. _
The concentration of the sulfate salt in the interferon alpha-
2 solution at the initial stage prior to the start of crystallization

15  procedures can range from about 2% to about 18% saturation, i.e., the
sulfate salt present at 2 to 18% of the concentration which would be
present if the solution were 100% saturated. More preferably, the
concentration of the sulfate salt is from about 7% to about 15% saturated
in the interferon alpha-2 solution. In the counter solution at the start of

20 the crystallization procedure, the concentration of sulfate salt is from
about 12% to about 30% saturation, more preferably, from about 15% to
about 25% saturation. - |

The pH of the interferon alpha-2 solution and the counter
sulfate salt solution is preferably controlied in the range of from about

25 6.5 to about 8.5, more preferably from about 7.3 to about 8.0. Any
suitable buffer can be employed for this purpose. For example, sodium
phosphate, Tris[hydroxymethyl]-aminomethane hydrochloride or N-[2-
hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid] buffers can be
employed. _ _ :

30 The crystallization preferably is performed under controlled
temperature conditions. The temperature is preferably in the range of
from about 15° to about 37°C, more preferably from about 18° to about
25°C. '

)

Since the present invention surpriéingly produces
35 crystalline interferon alpha-2 at room temperature, it offers a distinct



phase hi gh performance chromatography. Suitable nmethods of equilibration

I nclude dialysis, ultrafiltration, e.g. diafiltration, or using drops,

e.g., hanging or sandw ched droplets. Equilibration can be effected agai nst
a Second 30 sulfate salt solution that is nore concentrated than the
sulfate salt solution of interferon alpha-2. A particularly preferred
method is to equilibrate a solution of r-h-interferon al pha-2 against a

sul fate salt solution using a phosphate buffer solution. Preferably, the
equi libration occurs slowy, e.g., over 2/t 0 30 days. -6- Large scale

hod | ent
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18% saturation, i.e., thelhe crystalline interferon alpha-2 prepared by the method
10 - of the invention will form the basis for various pharmaceutical '
formulations. For example, the crystalline interferon can be employed in
a slow release formulation, e.g. a depot preparation capable of
releasing the equivalent of a dally dose of 0.1 - 1.0 ug/kg body wenght A
depot preparation employing crystals prepared by the method of the
15 inventions should exhibit considerably slower rate of dissolution than a
formulation containing crystals produced at 4°C. In particular, ambient
temperature (22°C) crystals should be less temperature sensitive than
crystals that require a lower temperature of formation.
In addition, complexes of metals and human interferon
20 alpha-2 can be formed then subsequently crystallized by the method of
the invention. The crystals of such a complex could likewise be used in
a slow release formulation. Examples of metal ion - protein complexes
used in slow release formulation have been described in prior art. A
complex of zinc and insulin prepared by the addition of zinc chloride to a
25 sterile insulin solution was described in U.S. Patent 2,882,203 assigned
to Novo Terapeutisk Laboratorium A/S. The crystalline suspension of
such complex was 4 to 6 times longer acting than a non-crystalline
preparation (Remington Pharmaceutical Sciences 17, Gennaro, A.R.,
ed., Mack Publishing Co., Easton, Penn. (1985) 975-976). The zinc-
30 insulin complex is commercially available in different forms from several
manufactures for example: Lente Insulin (Squibb), Ultra-Lente lletin
(Lilly) and Ultralente Insulin/Ultratard (Squibb-Novo), Remington )
Pharmaceutical Sciences 17. Gennaro, A.R. ed., Mack Publishing Co.,
~ Easton, Penn. (1985) 975-976. Isophane Insulin is a crystalllne product
35 ofinsulin (zmc-msulln) and-an alkaline protein (salmmdme) The



sulfate salt. present at 2 to 18% of the concentration whi ch woul d be
present if the solution were 100% saturated. Mre preferably, the
concentration of the sulfate salt is fromabout 7%to about 15% sat urat ed
in‘the interferon alpha-2 solution. In the counter solution at the start of
20 the crystallization procedure, the concentration of sulfate salt is
from about 12% to about 30% saturation, nore preferably, from about 15%to
~about 25% saturation. The pH of the interferon al pha-2 solution and the
counter sulfate salt solution is pref era’fﬁ‘y controlled in the range of from

. bout 8.5 ferably.f bout, . 7.3 to about 8.0.
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10 The crystalline interferon alpha-2 prepared by the method
of the invention can be used in basically the same manner in which prior- -
interferon alpha-2 materials have been used in pharmaceutical
preparations, e.g., depot preparations of interferon alpha-2, which can
. " be designed to administer a daily dose of about 0.1 pg/kg to about 1.0
15 pg/kg of crystalline interferon alpha-2. Such preparations contain a
physiologically effective amount of the crystalline interferon alpha-2 in
association with a conventional pharmaceutically acceptable carrier.

The invention disclosed herein is exemplified by the
following working example, which should not be construed to limit its

20  scope. Alternative methods within the scope of the invention will also be
apparent to those skilled in the art.

The interferon alpha-2 employed was recombinant human
interferon-alpha 2b expressed in E. coli as described in Weissmann, et
al., Science, 209, 1343 (1980). The cells were cultured, harvested and

25 extracted as previously reported in Leibowitz, P. et al (1982) US Patent
4,315,852. The resulting extracts was purified by a combination of
conventional purification steps: ethanol extraction, matrix gel blue ligand
affinity chromatography, ion exchange and gel filtration chromatography.
The resulting purified interferon alpha-2b preparation was further

30  purified by reversed-phase HPLC using a Rainin Auto Prep
Chromatography system. Purified interferon alpha-2b (50mg) was

- chromatographed on a Rainin (4.1 x 250cm) C4 300 Angstrom column
which had been pre-equilibrated with 27% acetonitrile, 0.1% |
trifluoroacetic acid (TFA). A linear gradient of 27%-72% acetonitrile,

35 0.1% TFA over a 30 minute period at 40mi/min was used to elute the



5 buffer with 0.15 M sodi um.chl ori de added. Mreover, since sulfate salt
solution is easier to renove, e.g., by dialysis, than polyethylene glycol,
purer interferon al pha-2 crystals can be obtained upon redissolution with
the pethod of the invention. The crystalline interferon al pha-2 prepared by
the method 10 .of the invention will formthe basis for various '
phar maceutical fornulations. For exanple, the crystalline interferon can be
enployed in a slow rel-ease fornmul ation, e,g. a depot preparation capabl e of
rel easing the equivalent of a daily dose™§f 0.1 - 1.0 [err] body weight. A

vent Fon. snounireBathrpRe: 2L ikt dOLER, el datiios e Qesty fon
formul ati on contasedmn theyahsarbanseoprofiledrem greincline Knaper UVcdetectorsati ent

tenperature [erig ogoVdridntetefoul d be less tenperature sensitive than
crystals that require a | ower tenperature of formation. ]n, addition,

conpl exes of netals and héfstallization wasachieved,by,Napor diffusion vsinged t hen
subsequent | y5cr withet the?Randing] Sigtingedrshdwichd diop &thnitjue. THanging tirdp  of

such a conpl ex dJ | at.i on.

Exanpl cs of . mot ARPPLATSH SXnatoeiS fuarB rbuen iR BN BRI ST i on

have been descr iphetdsi{BeptondDickinson Andd@ampanyfLincola park, Nd}.ulSandwiepeded by

ATl A ron Pl LinC . . |
described in U SoRSERlifeniEybl fedomed ifpidein dptaliBafith dafs as
Labor at or i um Al SrystelPlatef¥(Elow haberatqiiass Mal-ean, y&drawglwdmvamro 6
times | OngefoaCfdiﬂﬂ%iéﬁ‘éﬁgiéﬁﬂhéﬂté?WM% perdmfod YDA Rl RHEMSS OYapor

Phar maceuti cal Sgj ences, 17, nnaro,. A R., ed , ck Publishing Co.,
Easton, Penn. ( O@Pﬁﬁﬁsgwnzli“ﬁc%“é@s'qeng%in conpl ex is

commercial |y avail abl e i nForhaagng drbplets; 10 pihdreplats @ontaininha20 wigrelf or
RSO ol e GRS sl AR S S ol th o
phosphate, pH 8.0 were hung from siliconized coverslips inverted on .
15  Linbro tissue culture plates. These droplets were equilibrated against 1
mL of 20% saturated ammonium sulfate, 40 mM sodium phosphate, pH
8.0. Large monoclinic prismatic crystals (0.5 x 0.5 x 0.5 mm) were
evident anywhere from 4-15 days of incubation at 22°C. Comparable
solutions and experimental conditions were used for the sitting and
20 sandwiched droplet-experiments. The crystals were stable to X-ray
diffraction analysis and diffracted to 6 A resolution. Different batches of
crystals were subject to X-ray analysis and gave consistent results with
respect to morphology.- This is the first report of an X-ray diffraction .
pattern for interferon alpha-2. N
25 For X-ray studies, crystals are mounted in glass capillaries .
and are photographed with a precession camera at 22°C using CuKar
radiation from a Rigaku RU-300 rotating anode generator operating at
40 kV and 100 mA. The native data set is collected on a Nicolet X-100A
area detector using the same radiation source. o

30.
CHARACTERIZATION

1. BIOASSAY



Phar maceuti cal Sciences 17. Gennaro, A R ed., Mck Publishing Co., Easton,
Penn. (1985) 975-976. |sophane Insulinis a crystalline product 35 of
insulin {zinc-insulin) and an alkaline protein (salnmridine). The - 8-
product is manufactured under several trade nanes; NPHIletin (Lilly),

I nsul ated (Leo) and Novolin N (Squi bb-Novo) (Pharmaceutical Mnufacturing
Encycl opedia 1, Sittig. M ed., (1988) 820-822). A zinc- interferon al pha-2
conpl ex can be forned by methods described in U S. 5 Pat ent 2, 882, 203.
The interferon-al pha-2-zine conpl ex canl®e crystallized using the nethods

f this i tion. Th ulti talline suspensio conprijsin

O yStaTs of cuni for m o zdnabigal PatalS Wark Sximctad Fam:amanc g SLoplars,

met hyl par aben,withodisyninge] thendesuspe ncedl Q0 pt of whsh solutionucatsisting olf hae o
bcut | dHo2 Clol . . [ erf.er pha-

reparod byt H EsrhiHtestafmonium sitets, 400 s3I M PhRSphER R ES A o

manner in whi &2%€i Theiswspensipowas Eemnmgaﬂmd me;;waahes%ommn_ p% uam% in

phar maceut § calreRiovBa"AtH 8 astéurdpipel&PPhe Wa"sﬂéagfwftﬁl%ﬁ ré Rdis &9?8

| pha-2, which : d,.t m ter ose, of about 0.1

PR e kg e O

preparations gg@aCn a physiologically effective anount of the crystalline

interferon alpha-2 in a l.ation,wth a conventi.qngl raceutically
acceptabl e carrier. Theﬁrﬁfﬁé%ﬂﬁnd#fagemg ﬁ@%ﬁ'ﬁea@%awqﬁﬁ% by t he
fol I owi ng wor Rising purenhumanihierierem alpha-2i asiereferericeustandard.i Antiviras 20
scope. Al{6T iy [WBWABHBRILY & BFiopaRRE iffibhioh 4485 UdiRG nlithdnd! SO Pe
apparent to those skilled In the-art: o

foreskin diploid fibroblasts and encephalomyocarditis virus (ATCC-VR-

129). A detailed desctiption of the assay is provided in S. Rubinstein, .

P.C. Familletti and S. Pestka, J. Virol. 37 (1981) 755-758. The'

redissolved solution yielded a specific activity of 2.0 x 108 lu/mg . This

15  value is the same as that predicted for the original interferon alpha-2b
preparation prior to crystallization, within the limits of the assay ( typically

within the range 1 x 108 to 3 x 108 lu/mg).

2. HPLC
20
Analytical high performance liquid chromatography’
(HPLC) (Waters Ass. Milford, MA) was performed on an aliquot of
redissolved interferon crystals. The sample was applied to a Rainin
Dynamax C4 300 Angstrom column (4.6 x 250mm) which was
25 subsequently eluted with a linear gradient of écetonitrile 27-72% in
0.1% trifluoroacetic acid over a 30 minute period. A .Gilson variable
wavelength detector set at 280nm with a sensitivity of 0.02 absorbance
units was used to monitor the eluate. The retention times and
chromatographic profiles of both the redissolved crystal solution and the
30 original interferon alpha-2b preparation prior to crystallization were
identical.

3. SDS-PAGE ANALYSIS



The interferon al pha-2 enpl oyed was reconbi nant human interferon-al pha 2b .
expressed ih E. coli as described in Wissmann, et al., Science, 209, 1343
(1980).The cells were cultured, harvested and 25 extracted as previously
reported in Leibowitz, P. et al (1982) US Patent 4,315,852. The resulting
extracts was purified by a conbination of conventional purification steps:
et hanol extraction, matrix gel blue ligand affinity chromatography, ion
exchange and gel filtration chromatography. The resulting purified _
interferon al pha-2b preparati on was furfhﬁ'r 30 purified by reversed-phase
HPLC using a Rainin Auto JPrep Chromat ography system Purif] i,nterferon

al pha-2b (50ng) was chroﬁ?%'gpﬁﬂﬁ%“ﬁ;@aagi i'ﬁts _rgn)g'll%?ﬁ)%etfgr%@gg

Angfslt rom col umaftehcofstallizatioreby the oagudimdnsianall 15% Isoditivh alodeoyl sulfdte, g. 1%
trifluoroaceti ' ' [ Ok 7 20 M trile, 35
0. 196 Tra over  SOBECRYIARIdE gof elacBhofiels (8BS PACR) inefioHERGMed in

i nterferon al phaeawnll, WniK: (1978) INature 227,tG80.1f There was neeyasiation iact ed based
on the absaf ba : i@y f ' j 280
nanomet ors S or YOEPS MRy ViREh B bAPIe) oR camadiofTh Pedlel #iedon

either the han¥?h§ameigeli ng or sandwi ched drop techni que. Hangi ng drop
vapor diffusion experi mefFresmer2and'd abvows] thereds olealy hossasorctd ture pl ates

Ceper | ment < veSUPRASH HRRES ShersAERRARGRL bt o bienBlNY 688 S6fn 1 o
Laboratori es, Maleplace\dWringnthe crystallizationporegponstitutiod. f f usi on experi ment's
were perfaggred in WO 24 \id the pralein ilAttontdd HebAMeRbAbES id & yschem

Inc., Riverside, CA). X . R .
conjunction with the specific embodiments set forth above, many

alternatives, modifications and variations thereof will be apparent to
- those of ordinary skill in the art. All such alternatives, modifications and
variations are intended to fall within the spirit and scope of the present
15 invention. '



For hanging droplets, 10 [err] droplets containing 20 ng/nL of protein in
10% aqueous sat urated ammoni um sul fate, 40 nM sodi um phosphate, pH 8.0 were
hung fromsiliconi zed coverslips inverted on 15 Li nbro tissue culture

pl ates. These droplets were equilibrated against 1 nL of 20% sat urated

ammoni um sul fate, 40 nM sodi um phosphate, pH 8.0.
prismatic crystals (0.5 x 0.5 x 0.5 mMm) were evi CH“ﬂ!ﬁmmmmlmF" 4-15
days of incubation at [err]. Conparabl e sol utions and expenri nenta
conditions were used for the sitting and120 sandwi ched dropl et

experinments. The crgstals were stable to X-ray diffraction analysis and
diffracted to D ferent batches of crystals were subject to
X-ray anal ysis and gave consi stent results with respect to m)rphol ogy. This
is the first report of an, tion ter nte [on alpha2
b5 | For . ayl-sA/pLiod {ar ¢ prepatator bf chdlaip GreteR
capillaries anoblpha-aowmchgemppaslesveqblhbraﬁngcasalfame salhaolutlam Coetaihingsi ng
CuKa radi at j B%H W ating at
40 kV and 100 mI&{ rﬁnlg E%a se%lms coﬁ ecé%g'%%i]%lﬂh coﬁé){ g( 100A area
det ect or using mteéfes'amalmwaaquwrbtmbe@mgm@ammeanamqurm Bl CASSAY

-10- I ndi vi dualinfarietbal a‘-’rpH@QQ: safgact ed from a hanging droplets with a
syringe, then resuspended in O [err] of wash solution consisting of 35%

~saturated anmmoni um sul fate, 40 mM sodi um phosphate, pH 8.0 at
2. The method of claim 1, characterized by the

10  equilibration being effected by means of ultrafiltration or dlaly3|s or by
vapor diffusion.

. 3. The method of claim 1 or 2, characterized by the
equilibration being effected by vapor diffusion using hanging or
15 sandwich droplets. ' :

_ 4. The method of any of claims1-3, characterized by a
sulfate salt solution of interferon alpha-2 being equilibrated against a
more concentrated: sulfate salt solution.
20
5. The method of any of claims 1-4, characterized by the
interferon alpha-2 is human, recombinant interferon alpha-2b.

6. The method of claim 5, characterized by the sulfate salt
25 Dbeing selected from an ammonium, calcium, cadmium, potassium,
lithium, magnesium or sodium salt.

7. The method of claim 5, characterized by the sulfate salt
being ammonium sulfate,
30 .
8. The method of claim 5, characterized by the sulfate salt
solution of interferon alpha-2 including a buffer. '

9. The method of claim 8, characterized by the interferon
35 alpha-2 solution being buffered to a pH of 7.3 to 8.0.



[err]. The suspension was centrifuged and the wash solution was 5 renoved
wi'th a Pasteur pi pettmm were redissolved in 100 [err]
of. 20 nM sodi um phosphat e, sodiumchloride, at [err].
Protein was determ ned gmu ﬁlﬂ “ﬁ! n!ldf ord assay using pure human
interferon al pha-2b as ard. Antivi ral—n-iew-w--aetwr-t-yb—y\ya-s
determ ned by a cytopat hi e inhibition assay using hurahnlSf bitigski i di-plia
fibroblasts and encephalonyocarditis vi r‘és (ATCC- VR- | 129) .Ri&i detihi | ed
description of the assay is provided in Rubi nstei P "C™"Fam ITetti and

S. Pestka, J. Virol. 37 (11981) 755-758. The redissol ved sol ution yielded a
specific activity of 2.0 x Is 15 value is the same as that

predicted for the originkf- [rﬁlrﬁé%‘lﬁwrpféﬂﬁjﬁwﬁ‘%ﬁ@ﬁ%‘?&ﬁﬁlﬂrﬁhﬁr@lﬂerto

crystal | i zati opeing dtiimt piodphté.s of the assay ( typically within the
range 1 x [err] to 3 x [err] lu/ng). 2. HPLC 20 Anal ytical high performance

| i qui d chromat ography (HPLC) (Waters Ass. MIford, MA) was perfornmed on an
al i quot of 5redi ssol ved i h.eMhermethodycftciim 1(THEharaGtﬂrized/ely thepsulfadet o a

Rai ni.n Dynamax

subsequently € ﬁfgéﬂ&@%&éﬁ{ﬁ%&% d‘g"e%ﬁ’”éf%@mnm. Po)‘ig(%nt%?‘;}) Rfo 1%
trifluoroacet |i§0mbpld\ﬂe§%zio about 3 %esqi@rat@d at thecppind of vﬁeﬁ&mmam?-engt h
detector set % FoPrmdtion. @ sensitivity of 0.02 absorbance units was used
to nonitor therg uat e. T e retention tinmes and chromat ographic profil es of
both the redissolved crystal solution and the 30 original interferon

al pha- 2b pioeparati on pri 92, (heomgtiioa oficlaim 00, clearecietizetibyehe sulfat®S- PACE
ANALYS' S salt being present in the interferon alpha-2 solution in a concentration of
from about 15% to about 256% saturated at the point of interferon alpha-2
crystal formation.

d

15 13. The method for crystallizing interferon alpha-2
characterized by using crystals obtained by a process of claim 1 as seed
crystals. -

14. A depot formulation comprising crystals of interferon
~ alpha-2 in combination with a pharmaceutically acceptable depot
- 20 carrier.

15. The formulation according to claim 14, characterized
by the crystals of interferon alpha-2 being present in the form of a metal
or protamine complex.

25

16. The formulation according to claim 15, characterized

by the metal complex being a zinc complex.
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- This Sheet Has B

umm mm il I"I



A conparison was nmade of interferon al pha-2b before and after
crystallization by the one-di nensional 15% sodi um dodecyl sulfate

pol yacryl ami de gel el ectrophoresis (SDS-PAGE) nethod described in Laemmii,
U “K.: (1970) Nature 227, 680. There was no variation in 5 relative

nmobi ity when the sanples were conpared in parallel |anes on the sane gel.
From1l, 2 and 3 above, there is clearly A8 reason to suppose that any
chem cal changei\%sw&_.ﬁgt FH ﬁg igf the protein took place during the
crystallizatio Wil e the present

i nventi on has MEFHOR SEQR HRREPARENG | INEERBBRON tALRHA-2 (RRYSTALSnbodi nent s
set forth above, many alternatives, nodifications and variations thereof
will be apparent to those of ordinary skill in the art. Al such
alternatives, nodifications and variations are intended to fall within the
spirit and scope of the prés@ethord ®r makingctystals intedadn MpKd-2ltheGisd MED | S:
1. A nethod for me@ﬁ‘mmﬁﬁtlf§ﬁn@%u6 é’%Pé‘Hsbfb% bnt erferon al pha-2 which
conpri ses eqﬁllbratlng a sul ates utron containing 5 interferon
al pha-2 agai st a sulfate salt solution that will cause the interferon

al pha-2 solution to becone nore concentrated and forminterferon al pha-2
cr yst al s.




2. The nethod of claima1, ch'aracteri zed by the 10 equi libration bei ng
effected by nmeans of uItraflltratlon or dialysis, or by vapor diffusion. 3.

The met hod of cl %ﬂg&éﬁ zed by the eqU| I i bration being
ef fected by vapor diffusion usin nging or 15 g Foh—tiraplels. 4. The

met hod of any of %’, terized by a sul 51-@ SHEETB}AELHEEQn'iof
interferon al pha- mn Mmgﬂﬂi ed against a ngfe comEPaacabed sufifate
salt solution. 20 3. Thet any of clains I- =yt he
interferon al pha- 2 i s human, reconbinant interferon al pha-2b. 6. The net hod
of claimb5, characterized by the.-sulfate salt 25 bei ng selected from an
amoni um cal cium cadm um potassium |ithium magnesiumor sodiumsalt.

7. The nethod of claimb5, characterized by the sulfate salt being ammoni um
sulfate, 30 8. The netho 3y characterized by the sulfate salt

sol ution of interferon am-ncl udi ng a buffer. 9. DED: GEAIMF cl ai m
8, characterized by the |nterferon 35 al pha-2 sol ution being buffered to

a pH of 7.3 to 8.0. 0 THREmERIdP6r Obick |52 cHePactehzéatythbtihery the

buffer bein sod| um ho
g being SOdI rﬁ phosphate

11. The method of claim 10, characterized by the sulfate
salt being present in the interferon alpha-2 solution in a concentration of
from about 12% to about 30% saturated at the point of interferon alpha-2

10  ‘crystal formation.

12. The method of claim 10, characterized by the sufate
salt being present in the interferon alpha-2 solution in a concentration of
.~ from about 15% to about 25% saturated at the point of interferon alpha-
15 2 crystal formation.

13. The method for crystallizing interferon alpha-2
characterized by using crystals obtained by a process of clanm 1as
seed crystals.

20 .

14. A depot formulation comprising crystals of interferon
alpha-2 in combination with a pharmaceutically acceptable depot
carrier, said crystals of interferon alpha-2 being monoclinic prismatic
crystals capable of diffracting x-rays to 6A resolution.

25 ) -
15. The formulation ac¢ording to claim 14, characterized
by the crystals ot interferon alphai-z being present in the form of a metal
or protamine complex.

30 . 16. The formulatxon according to claim 15, characterlzed
by the metal complex being a zinc complex.

=l i




11.  The nmethod of claim 10, characterized by the sulfate salt bei néz‘m”' Lhos
present in the interferon al pha-2 solution in a concentration of from about

12% t o dbout W the point of interferon-alpha:2 grystal
formation. he nethod of claim 10/ charact eri zed f) t he

sul fate salt qm He interferon al pha- 2! s'cg)ll ution: i a“}
concentration ’m mm "B’/o to about 35% sat ur at kadI t fof
S

R
interferon al pifa-2 crys tion. The net h"odt érigﬁdsﬁw | ifzifng
interferon al pha-2 characterized by 15 usi ng cryst al-s.-oht.ai ned {by a
process of claim1l as seed crystals. 14. A depot forrrul ation conpri $i ng

crystals of interferon alpha-2 in conbination with a pha*rn&eeut-—;-c.a,ngL
accept abl e depot carrl er, said c a.l s of interfero bei

monocl i ni ¢ prismati dOr ydhgmast 'é%i{)étﬂaémo% CE?rPFtPﬁﬁq %&Q%ugerabemg s?‘ﬁ to 6A
resol ution. 15.phosghyte.f Or mul ation according to claim 14, characterized by
t he crystgls of interferon al pha-2 being present in the formof a netal or

pr ot am ne”conpl ex. 25 16. The formul ati on according to claim 15,
characterized by thenret a1heanapbdanf blairm 40, acharacterizedbydhe stifate salt‘lbeing

formul ation accor%rgg‘ thg mﬁonoc %ﬁha—%@l{lﬁé %ﬂﬂtﬁéﬁ{)ﬁhﬁr&ﬂ ?&Jt 12%to

i nterferon aIpI‘Pa{ I’ISH’B.IC crysta capa

diffracting x- atoyub30% osﬂatw@tasllaﬁtﬁmlnt_@BlnteffeMlﬂhﬂ-z prystal fameatiosy on al pha- 2
in the formof a zinc conplex..

10 12. The method of claim 10, characterized by the sulfate salt being
present in the interferon alpha-2 solution in a concentration of from about 15% to
\/ about 25% saturated at the point of interferon alpha-2 crystal formation.

13. The method for crystallizing interferon alpha-2 characterized by
16 using crystals obtained by a process of claim 1 as seed crystals.

14. A depot formulation comprising crystals of interferon alpha-2 in
combination with a pharmaceutically acceptablé depot carrier, said crystals of
interferon alpha-2 being monoclinic prismatic crystals capable of diffracting x-

20 rays to 6A resolution.

15. The formulation according to claim 14, characterized by the
crystals of interferon alpha-2 being present in the form of a metal or protamine

: complex.
N’
25
16.  The formulation according to claim 15, characterized by the metal
complex being a zinc complex. '
17. The formulation according to claim 14, wherein said crystals of
30 interferon alpha-2 being monoclinic prismatic crystals capable of diffracting x-

rays to 6A resolution.

18. Crystalline interferon alpha-2 in the form of a zinc complex.



