1 5,METHQQEEQB PURI FYI NG | NTERLEUKI N- 4 BACKGROUND OF THE | NVENidohH 1895
Thks invention relates to a method of purifying interleukin-4. 15

Ihterl eukin-4 (1L-4) is a |ynphokine (stinulator of the inmmne system that
has a broad range of imune-cell stinulatory activities [Banchereau et al.,
Lynphoki ne Res. Vol. 6, No. 1: U135 (1987); Yokoto et at. Proc. Natl. Acad.
Sci. USA, 83: 5894-5898 (1986); Lee at al., Proc. Natl. 20 Acad Sci. USA,
83: 2061-2065 (1986); Coffrman et al., J. Imunol. 136: 949- 954 (1986);
Sanderson et al., Proc Natl. Acad. Sci. USA, 83: 437-440 (1986); G abstein
et al., J. Exp. Med., 163: 1405-1413 (1985); and Vitetta et al., J. Exp.
Med: 162: 1726-1731 (1985)]. At various tignes, IL-4 has al so been referred
to as B-cell gromh factor (BCGF) [Butler et al., J. Immnol. 25 133:

251- 255 (1984) (human BCGF); and Farrar et al., J. Inmunol 131: 1838-1842
(1983) (nobuseBCGF)] and B-cell stimulatory factor 1 (BSF-1)-[Chara et al.,

J. I munol . I35:2518-2523 ' | s finally
proposed and adopted in 19§@§P§Q%h£§§§%ﬁ§pp§?ﬂ$ﬁg?%gﬁtﬂﬁﬁﬁﬁﬁAcad_ Sci . USA,
83: 437-440 (1986)]. 30 IL-4 was originally-thought to be inportant only
for the co- stinulation of activated B-cells [Roehm et al., J. Exp. Med.
160: 679- 694 (1984)]. It has aﬁé&ﬁﬁ%ﬂ%ﬂi&@&m nodul at e t he
activities of T- cells and nast cells [Mdsmann, et al., Proc Natl. Acad.
Sci. USA. 83;5654- 35 5658 (1986)]. See also WO 87/0290, where the
activity of 1PL-4 asTaisTineeition relatbsgo @Walthbdof parifylng iftecleditingr owt h factof is
descnbed as being useful to enhance natural defenses against various
infections. T-cells and B-cells act in the later stages of an i mune
response. ‘ _

15
Interleukin-4 (IL-4) is a lymphokine (stimulator of the immune
system) that has a broad range of immune-cell stimulatory activities ,
~ [Banchereau et al., l__ymphokine Res. Vol. 6, No. 1: U135 (1987); Yokoto et
al., Proc. Natl. Acad. Sci. USA, 83: 5894-5898 (1986); Lee at al., Proc. Natl.

20 Acad. Sci. USA, 83: 2061-2065 (1986); Coffman et al., J. Immunol. 136: 949-

© 954 (1986); Sanderson et al., Proc. Natl. Acad. Sci. USA, 83: 437-440
(1886); Grabstein et al., J. £xp. Med., 163: 1405-1413 (1985); and Vitetta et
al., J. Exp. Med. 162: 1726-1731 (1985)]. At various times, IL-4 has also
been referred to as B-cell growth factor (BCGF) [Butler et al., J. Immunol.

25  133: 251-255 (1984)(human BCGF); and Farrar et al., J. Immunol. 131:
1838-1842 (1983)(mouse BCGF)] and B-cell stimulatory factor 1 (BSF-1)
[Ohara et al., J. Immunol. 135: 2518-2523 (1985)]. The name interleukin-4
was finally proposed and adopted in 1986 {Sanderson et al., Proc. Natl.
Acad. Sci. USA, 83: 437-440 (1986)]. ' -

30 |

IL-4 was originally thought to be important only for the co-
stimulation of activated B-cells [Roehm, et al., J. Exp. Med. 160:679-694
(1984)]. It has also been shown, however, to modulate the activities of T-
cells and mast cells [Mosmann, et al., Proc. Natl. Acad. Sci. USA. 83:5654-
35 5658 (1986)]. See also WO 87/0290, where the activity of IL-4 as a T-ceil



5 | t* woul d be highly advantageous to have an agent which woul d increase
and activate neutrophils which act in the early stages of infection and are
the body's first line of defense against infection. In the normal process
of white blood cell hematopoiesis, cells 10 originate in the bone marrow
froma primtive inmature cell known as a stemcell and differentiate

t hrough progressively nore mature stages atong different :li neage pat hways,
to arrive at a termnal state of differentiation as a nonocyte, granul ocyte
or |ynphocyte. 15 A _prapert fi tur ndifferentiated cells
is the ability G5 fﬁctﬂff'}daﬁﬁaﬁ? jro h?%qdmgﬁeaﬂﬁ#?d;%bsm%%m@@l

mat ures and di f-ieahante alatwral befergestdieiest valivipindectiomges that it generally
| oses its capacity to proliferate and assunes the role of a specialized,
functional mature cell. In the normal state, cells that reach their final
mature form do not prol TielanediBrcally agriedhe fater fages of anfinigiung respomse.
general , canger gi S5 | | b &bl '

Tyel oy d | eukom doRoRa e Bt aBlariEpods o faf0aa AoRluhlch RALK fetddse

granul ocytic | i aed@etivatecngtanbils vwich gctigrthy eafly gtagas dlinfacionandae theus

25  have not | ggtiy'k eétriine’ of défenak iagainseiedtion. Because these
mat uration-arrested cells continue t0 proliferate, they give rise to a

popul ati on of immature cancer cells, resulting in a diagnosis of |eukem a.
There is evidence that [Mahé qosmay praveds ot whiteittoabbélb hematdisoidsis, telligiced to

diff [ I nt. h d ar. I h

i 1 oront 1 atd onStsieed FanedieCharRET 1BRtn BERMyeC¥Trs 28F K0A%h 4G Ytem
suggests that toell anddiifférentiate theoughhprogiessivalemaratmatured gtagesagony woul d
be useful as a 8@?&9*&8%%?@%9&&8%&5 Qtpa termﬁ'l;l’gg@r(@%\fogfe%ﬁﬁa#@@gg ON

The present invention pro I'mproved process puritying
Accordi ng to t hsonaoyet geanuleeyteios lynpbeede a process for purifying a crude
sol ution of active reconbinant human interl eukin-4, conprising

15 - A property of immature, undifferentiated celis is the ability to
muttiply rapidly. It is only when a precursor cell matures and differentiates
through these multiple stages that it generally loses its capacity to proliferate
and assumes the role of a specialized, functional mature cell. In the nomal
state, cells that reach their final mature form do not proliferate to any great

20 extent, if at all.

in general, cancer is a disorder of cell differentiation. In particular,
myeloid leukemias are disorders in which cells of monocytic and
granulocytic lineages are blocked at an early stage of maturation and thus
25 have not lost their proliferétive capacity. Because these maturation-arrested
~ cells continue to proliferate, they give rise to a population of immature
cancer cells, resulting in a diagnosis of leukemia. '

There is evidence that various myeloid leukemia cells can be
30 induced to differentiate into normal macrophages and granulocytes, and that
upon differentiation these cells lose their capacity to proliferate. This
suggests that the induction of terminal differentiation by an agent would be
useful as a therapy for myeloid leukemia.



(a) charging said crude solution of IL-4 buffered at a neutral to slightly
al kal i ne pH and contai ni ng about 0.5-1.5M sodiumchloride to a netal

chel ati ng .agarose gel chromatography colum to selectively bind the acti ve
recombi nant human interleukin-4 to the colum; (b) washing said colum
twice, first with an equilibration buffer containing 1.0M sodium chl oride
and then with a buffer containing 10%%1I ycerol and O. 15M sodi um chl or.i de;
(c) eluting the bound acti erl eukin-4 fromthe
colum with an el uting buffet v >5; (d) charging the
active human I L-4 solution from(c) ina buffer to chr omat ogr aphy on a
cation exchanger and gradient eluting a buffered solution of the active
human 1L-4 fromthe col urm (e) concentrating the eluate from(d) on a

stirred cell r ecul ar

wei ght to pass; f@&% ] ect %Bﬁé@éﬁi&ﬁﬁ"% gﬁgfgosmhi% &mfﬁlqgllggi excl usi on
chr omat ogr aphy;Acoelifg o u&pmwermdagthhhs I_?’UVIUéd eqarc@bwfmopurtﬂyn@ca cvigle
reconbi nant. hurman interl eukin-4 purity active IL-4 can be

obt ai ned ﬁ@laﬁpwéaﬂévmrabmnt lmmmmmrleulgnzﬂ,@samp@é@gng E. coli in a
three-step process conprising 1 .Subjecting crude fernentation broth to
affinity chromatography on a net aI chel ati ng- agarose gel colum such as a

chel at i'ng- Sephgg)oskdreing| sa¥d cagle sdlatidrabl eLI4 baffélBararac nsutkdlne SHpdlycal s,
Pi scat away New Jersey under the nanes chel ati ng- Sephar ose! err] Fast Fl ow

and chel at i ng- 2tiafineriis eangdpcontriaing: Rbryt SbptlatMssqditim | e o AvmdHsi sts of
| m nodi acetic %ﬁilgu%é 99%85%% S&?&@ﬁt&é&ﬁl‘fﬁf@ﬂﬁ@&%@%ﬁ@& rEd gk?%ﬁctﬁeow by

stable ether lin ose OWlis a cross ar ose, 6%

A buffer, 10 pe(ej‘nﬁﬁﬁ;mtmumaphmﬂ&ﬂhﬁ»muftﬁ@éolumﬁ used. The phosphate buf f er
used is one with a high sodiumchloride concentration, i.e about 0.5 to 1
.5M preferably 1.0M in a neutral to slightly al kaline pH i .e about pH

6,78 prefer ahy A sfa o i i@ W ANGR A ARG Butc iahirge v !

1.0M sodium chloride and then with a buffer containing 10% glycerol and
0.15M sodium chloride;

(c) eluting the bound active recombinant human interleukin-4 from the column

with an eluting buffer at abouf pH 4.5 to 5.5;

(d) charging the active human IL-4 solution from (c) in a buffer to
chromatography on a cation exchanger and gradient eluting a buffered solution

of the active human IL-4 from the column,;

(e) concentrating the eluate from (d) on a stirred cell membrane that allows

matter of less than 10,000 molecular weight to pass;

(f) subjecting the concentrate from (e) to size exclusion chromatography; and

(g) recovering the purified solution of active recombinant human interleukin-4. -



maxi m ze binding of the active interleukin-4 and m nimze binding of other
15 proteins to the colum. The preferred netal chelate is zinc, although
ot her nmetal chelates such as copper, cobalt or nickel can be used. After
the binding is conpleted, the colum is washed twice, first with an

equi libration buffer containing 20 mM sodium phosphate, pH 7.2 and 1.0 M
sodiumchloride. It is then washed with tfe phosphat e buffer contai ning
about 10% 20 glycerol and a | ow concentrati on of sodiumchloride, i.e.
about 150 nM in a 20 niHighgitity ahieedhat earbbé bbraingthorelberiermerialiag
renoves inpuritj [ ydj I é {e

I mpurities. Fi ng 9&%3{1%%%%6%’?58?? élttﬁrggg,ﬁgﬁpgﬂd'e%s%%ﬁﬁﬁggﬁ acetate
buf fer containing 0.50 M Séhjedingtrudeifeanentgtion broth to affinity hse@alagigprime

sol ution of aCth%[ Het4i %ﬁé?&ﬁ.ﬁ;[-sgar%séfge@%iu% SuE as gectidISPS oghaRRLE®N a
S- Sepharose Fast Fl ow colum @ near_neytral pH of about. §. 75 and at 15
nS( conduct i \B t ygel@eilablg fom Rpamagia £ing S’E“"B'ﬂﬁo‘.g 's‘fﬁéwfaﬁf RYJEIRPY £ i ed
|L-4 in a buff efigdesMleha@si cheldlin-Sépiiatgsé® east Rlowandichelatingt 30
2 si 26 excl usi ocRBAIAFRGH; (GhaNng:SRPEROTE® sl B FPRTEE A ani Ry qeatlc °"
after concentr ag¢idgro t@n?:ﬁbamfsltmgﬂe@td) 8epharblser Eastlfdowibygstable gtherf i ed
. ) . ; . 4 A ; . : '
S A R N
CHO- cel | | itges preferapiyaedospbaterbiufiengs used. Theusjasphategbufteidisedds ioneul t ur e
medi um cont ai ni Ci..l - t i : I
S- Sephar osef[ er r%&%s@lbéfsévﬂ‘éléaﬂn)ﬁ%téﬂﬁﬁgggmg't% r %Pagﬁﬁ%? 83%%@%?%%{%}( 8,

preferably 7.2, 1.8Mi iam neuird teslighthualkaling pH) i.eyatost phe. /tGnpieferatly ahouiot

bi nd, S-Sephar oge| efd highesdit SoncBhfrdtiGY At HehP nblGA! SR BBSUHF EiHetps
Chem cal s, Piscataway, w Jersey 1s a cross-linked agarose. nmat rgéﬂ avi ng

coupl ed t her et onakigize bircipg £t 28 geth\gointesiquiin-f 200 BIMIZR, PRdING &ol um
i's washed Wist h sieedih 6 B eslubidl f Thetdiefered metal chelate is zinc , although other

metal chelates such as copper, cobalt or nickel can be used. After the
binding is completed, the column is washed twice, first with an equilibration
buffer containing 20 mM sodium phosphate, pH 7.2 and 1.0 M sodium
chloride. It is then washed with the phosphéte buffer containing about 10%

20 glycerol and a low concentration of sodium chloride, i.e. about 150 mM, in a
20 mM sodium phosphate buffer. The second washing removes impurities
including very closely related hard to separate impurities. Finally, the active
iL-4 is eluted at pH 5.0 with an acetate buffer containing 0.50 M sodium
chloride. =

25 2. Subjecting the solution of active IL-4 from step 1 to cation
exchange chromatography on a S-Sepharose® Fast Flow column at a near
neutral pH of about 6.75 and at 15 mS(conductivity) where most impurities
do not bind. The fuﬁher purified IL-4 in a buffered solution is then eluted
from the column; and '

30 3. Subjecting the active IL-4 solution to gel filtration
chromaiograbhy on a size exclusion column equilibrated with 10 mM
sodium citrate, pH 4.5 after concentration up to 20 mg/mi at pH 4.5. Then

coliecting the purified active IL-4 solution which is 95%-99% pure.
Also, high purity aclive IL-4 can be obtained from the cell culture

35  medium of IL-4 expressing CHO-cell fines in a process comprising '



the purified IL-4 in a buffered solution is isocratically eluted fromthe
coI um by a buffer systemat pH 7.2. containing 0.26M NaCd and pool ed; 10
2. Subjecting the pooled eluate fromstep 1 to further cation exchange
chromat ography on a relatively small S-Sepharose Fast Fl ow colum which is
about 15% the bed volume of the colum of gtep 1. The colum is washed with
an equilibration buffer, then the active IL-4 nolecule is eluted by a

buffer systemat pH 7.2 co L ni.n odi um chl or.i de 1
0:50M 3. Subj ecting the g‘o%ﬁ?ﬂ“&i""ﬁ‘i‘i F'?)ECLF"P'%'"FF'Hm g{nwhgato at Lﬁ %ﬂ/

chr omat ogr.aphy on @ligfeextharnigel clromgtagyaphysen ges-Sephaipse®uF ad Flawjcalmimat ¢ he
solution to pH 7. %:wmln@tmﬁxqm thBé(utt@7ﬁ§859ﬂéﬁrabT ?2 and at 13- 15 :

chel at i ng- Sephar oseé@ M i s, avail a Eom Ph (% h%pn l.cal s,

Pi scat away, New J& 'V@Hd’éﬁ’erﬂfﬁoﬁdﬁ\?g“ #efepe rﬂj" es gég’sﬁas ag ow
and chel ati ng- 5Se iy asm[abler fro®B>haEhwci Fing Gwephicals Sisdatawayi-New demmey &4 s of
I m nodi acetic aci F w by
stabl e ether |i nkg?(gggymeg%g?ggg@ﬁ%é@%mﬁlﬁ c&&l&?%?éstgﬂfe fon e@éha:’f%é;e 6%
A buffer, preferal C?ﬁ-b éﬁat"éa*behPé?O'”'P@ iy washed 'I"H@‘ g’q’g{?ﬂ%‘?" used
is one 25 with atlmophnﬁeﬁdmtunlwlbumasmuuahu@lso@’anedﬂplalutﬂi orklthé calumeuit r al
to slightly alkal§ I 7.2. The
salt concentrati onp% neﬁ%ﬁ#ﬁ 7%‘:89&"@%?5%&?%9 %dq%a!gdm ze binding
of. the activelPnterl euki ﬁ-ﬁu@ﬁema merw%e%ewéned@%fsteaﬂh fudhescaling to t he
colum. The pr ef eexetdngetchromb@yaiphyl ¢n aabriltivelpkinkd $obegtdneseELIFIGR

conpl eted. t he coftiuan GEEE sl A5y e B \ifine'SFfle S ofi e by AeD 1,
mM sodi um phospha¢@umpiis washeg with. an mmgbtaﬂaum buffess hae theaelp|Il-4 malechlsr i ve

IL-4 is isocr at ' CQ'ék)teG'bytﬁﬂufﬁér sybtefn 8t pHIA2 domBiamp RéRbidi chRFdE gridibRl N9
0. 50 Msodlu 4. Subjecting the active IL-4 solution to gel

filtration ch 538 §pW'on a.size exclusion colum, -preferably Sephacryl
S-200 HR or S-100 HR whi 3Subjesting Hessolutieniotantive Mfrgmﬁte;azltqlatﬁeﬂw an and

N, N- chromatography on a metal chelating-agarose gel column after adjusting the
solution to pH 7.2 and conductivity to 45-50mS. The chelating-Sepharose®
gel is available from Pharmacia Fine Chemicals, Piscataway, New Jersey

20 under the names chelating-Sepharose® Fast Flow and chelating-
Sepharose® 6B. Chelating Sepharose® Fast Flow consists of iminodiacetic
acid groups on spacers coupled to Sepharose 6.Fast Flow by stable ether
linkages. Sepharose® 6 Fast Flow is a crosslinked agarose, 6%. A buffer,
preferably a phosphate buffer, is used. The phosphate buffer used is one

25 with a sodium chloride concentration of about 0.5 M at a neutral to sitghtly
alkaline pH, i.e. about pH 6.7-8, preferably about 7.2. The satt
concentration and near neutral pH of about 7.2 helps maximize binding of

~ the active interleukin-4 and minimize binding of other proteins to the
column. The preferred metal chelate is cobalt although other metal

30  chelates such as zinc, copper or nickel can be used. After the binding is
completed, the column is washed with an equilibration buffer containing 20
mM sodium phosp'hate, pH 7.2 and 0.5 M sodium chloride. Finally, the
active IL-4 is isocratically eluted at pH 6.0 with a phosphate buffer containing
0.50 M sodium chloride; '



met hyl ene bi sacryl am de which are available from Pharmacia, equilibrated 5
wth 10 MM sodiumcitrate, pH 4.5 after concentration up to 20 ng/nL at pH
4.5. Then collecting the purified active IL-4 solution which is 95% 99%
pure. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Figure 1 illustrates
the am no acid sequence of a specific (human) IL-4 which may be purified
according to the present invention. Thi $ sequence Is defined in the
Sequence Listing by SEQ ID NO 1. 15 20 DESCRI PTI ON
OF THE | NVENTI ON Any swtable | L-4 may be enployed in the present

i nvention. Conpl ement 4r SUbiRAkn S(lﬂgl\ﬂél)/eflbﬁ $q_UW"H9\9@‘ fir@liof | y been cl oned

and sequenced ditomatoyra égeh d ﬁb@re&bl%ioﬁscolﬁng pretésidsly Sephaelyl® SF2eE. Nat | .

Acad. 25 S 8 Nat | .
e 22 e MRS a0 MRS oRihkel MRt iflagplran BB 6 N1
640- 646 ( 1986)matyiase, bisacrglamite Whlch sreoavaxlah@nfrom@armeewegmb@@}emave
descri bed td“e vPiUP@@'ﬁiM%Bd@fm tifrg H‘@Btaﬁé@'&ﬁcér#raﬁomﬂ o0 Ged/hi atlgH 4 1S

Boston, 30 WiSadHESEel ‘émﬁé% adﬁsu\gee%m#:ﬁm@ﬁc%ﬁ %ﬁf’gﬁ? :

has been purified from var| ous cul ture super nat ants e.g., Sanderson et

al., Proc. Natl. Acad. Sci. ] : IS6 G abstein et
al., J. Exp. Med., 163: 14052 5 (1 al ., J. | munol,
135: 2548- 2523 (1985) (nouse BSF 1); Butler et al ., J. Immunol ., 133:

251- 255 35 (1984) (human BCGF); and Farrar et al J. | nmunol : 1838- 1842
7 sequences and met h&re billys tﬁ?‘ﬂ’ieﬁﬂ“@ﬁct‘daiﬂqléenfzi"&la WHE‘E?E\ r@”‘%iﬁ"‘u‘g‘@g’?

the present inv ' :gicaéa t ttllihepxjeic finVeREn] Mhish@qRh&SEWefihdtVianthé on
will be a hunan%%& f?%{?ﬁan rm\s% Bref eralrollg;1 It e\n ll}gqthe human versi on
with the sequencSeqmbaea::LisﬁeplbYrSEQoﬂbt‘@dt al., Proc. Natl. Acad Sci. USA 83:
5894-5898 (1986) and PCT Patent Application No. 87/02990 published May 21.

1987. The
- 15

20 DESCRIPTION OF THE INVENTION

Any suitable IL-4 may be employed in the present invention.
Complementary DNAs (cDNAs) for IL-4 have recently been cloned and -
sequenced by a number of laboratories, e.g., Yokoto et al., Proc. Natl. Acad.

25 Sci. USA, 83: 5894-5898 (1986) (human); Lee at al., Proc. Natl. Acad. Sci.
USA, 83: 2061-2065 (1986)(mouse); and Noma et al., Nature 319: 640-646
(1986){mouse). Le et al., J. Biol. Chem. 263: 10817 (1988) have described
the broduction of recombinant human IL-4 in CHO cells. IL-4 is also an

. article of commerce, available, e.g., from Genzyme Corporation, Boston,

30 Massachusetts (human and mouse). Moreover, non-recombinant IL-4 has
been purified from various culture supernatants, e.g., Sanderson et al., Proc.
Natl. Acad. Sci. USA, 83: 437-440 (1986)(mouse); Grabstein et al., J. £xp.
Med., 163: 1405-1413 (1985)(mouse); Ohara et al., J. Immunol., 135: 2518-
2523 (1985)(mouse BSF-1); Butler et al., J. Immunol., 133: 251-255

35  (1984)(human BCGF); and Farrar et al., J. Immunol., 131: 1838-1842



di scl osures of the above-nentioned article and PCT Application are hereby
ncor porated herein by reference. 10 15 20 25 30 8 5 10 15 Construction
of the Human |L-4 Expression Plasm d odhir- SRal oha263 20 The
construction of plasm ds pSRa- CAT196, pcD137, pcD- SRa205, pcDhlL-4 clone
125 and pcD- SRa- 224 have been descri bed (Takebe et al., Ml ecular and

Cel lul ar Bi ol ogy, 8: 466-477 (1988); ang Yokoto et al., Proc. Natl,; Acad.
Sci. USA 83: 5894-5898 (1986)). As sho in Figure 1, plasmd pcD SRa- 205 _
was constructed by the trinolecular 25 ligation of the 373bp Ncol - Xhol SRa
pronot er f ragrigfuencemapdreetiopds: fps obtaining suitghlxHot msterials foq use indhet i on

(SJ) and 5 myreséntlihvehtionl L-4) fragment from pcD137 and the 3221bp
Sstl-Ncol fragnent, also from pcDl37, containing the 3' nurine |L-4 cDNA,
SV40 pol yadenyl ation region and the pBR322 derived plasiid backbone

cont ai ni ng the ori gi nPreferablyl theali-bosedih the pregsnt inviention edi lse ariumagene The

I | I
i:gdt alSC| E@%ﬁﬂéﬁé&jrﬁg% kVéh #%@hf}ﬁTﬁmgz&pmﬁ ugée 8 a%m ’(;la:)Ll
(Okayama and @@55” amhinctelfole ehak @’éﬂ Yty Aegch 1S54 /S 532§§9Q%§

restricted w tdndASCT FaitehttApplitatitn No. 87/02990 pubhshed May 21, 1987. The

disclosures of the above-mentioned article and PCT Appilication are hereby'
incorporated herein by reference.
10 '

15

- 20
25
30

35



5 nucleotide overhang renoved by the 3' -5 exonucl ease activity of T4.

pol ynerase; Bglll linkers were ligated to the flush DNA ends foll owed by
restriction with Bglll and HindlIl. The Hndl Il Bglll fragment containing
the SV40 sequence of pLl1 was isolated and inserted into Bgl!ll/H ndll
restricted pcD MCGF (Yokoto et al., Proc. Natl. Acad. Sci USA, 81:

1070- 1074 (1984)) 10 to yield internediate plasmd 101. The purified 311lbp
Pst fragnent fromplasnmd pcD-hlL-4 clone846 was restricted with Sau3A-1
whi ch rel eases a 163bp fragnent with overhangs conpatible with Bglll. The
162bp fragment was ligated to Bglll restricted pl01l to yield internedi ate
112. The H ndl |1/ Nnhel fragment of pl12 containing SV40 and human | L-4 cDNA
15 sequences was ligated to HindlIl/Nhel restricted clone 46 DNA to
produce pcD-hlL-4 clone 125 containing an SV40 early pronoter, SV40 splice
junction and conplete human I1L-4 cDNA with the GC tail deleted. Plasmd
pcD- Sra224 233 constructed by replacing the small Xhol fragnent of pcD

SRa: 205 (containing the SJ and m L4 cDNA) with the small - Xhol fragnent of
20 pcDhlL-4 clone 125 containing the SJ and H L-4 cDNA with GC tai

del eted as described above. A Sall site was introduced into pMIVdhfr (Lee
et al., Nature, 294: 228-232 (1981)) by EcoRI/BanmH restriction, Kl enow

pol ynerase fill in of the overhang and ligation to an oct anucl eoti de Sal
l'inker as shown in Figure 1. 25 Plasmd pMIVdhfr259, then, |acks
restrlctloq sites for EcoRl and BanH and the region between the two is
repl aced w ph a Sail linker. The Sall fragment of pcD-SRa224 containing the.
‘Sra pronoter, SV40 SJ, human IL 4 cDNA and SV40 pol yadenyl ati on signals was
i hserted into the unique Sall site of pMIvdhfr259. The final human IL-4
expression plasm d, pdhfr-SRal pha263 30 contains the follow ng el enents,
counterclockwi se fromthe Sall site: 1. Amnpicillin resistance gene and
origin of replication frompBR322. 2. MMIV LTR driven dhfr expre55|on uni t
from35 45 pMrvdhfr.

nsiruction of the Human H.-4 Ex ion Plasmid odhir-
. SRalpha263 '
20 The construction of plasmids pSRa-CAT196, pcD137, pcD-

SRa205, pcDhiL-4 cone 125 and pcD-SRa224 have been described
(Tekebe et al., Molecular and Cellular Biology, 8: 466-477 (1 986); and
Yaokoto et al., Proc. Natl. Acad. Sci. USA, 83: 5894-5898 (1986)}. As shown
in Figure 1, plasmid pcD-SRa-205 was constructed by the trimolecular

2S5 ligation of the 373bp Ncol-Xhol SRa promoter fragment from pSRa-CAT126.
the 434bp Xhol-Sstl splics junction (SJ) and 5 murine IL-4 (miL-4) fragment
from pcD137 and the 3221bp Ssti-Ncol fragment, also from pcD137,
containing the 3' murine IL-4 cDNA, SV40 polyzdenylation region and the
pPBR322 derived plasmid backbone containing the origin of replication and



10 3. SRal pha promoter. 4. SV40 derived splice junction. 5. Human IL-4
¢DNA. 6. SV40 derived pol yadenyl ation signal. 5 The human | L-4 cDNA
sequence present in the vector is the sane as in pcD-H'L-4 clone 46 given
in Yokoto et al., Proc. Natl. Acad. Sci. USA, 83: 5894-5898(1986). 10

DHFR Gene Anplification and Sel ection of §L-4 Sl Line Chinese hanster ovary’
cell nmutants deficient in dihydrofolate reductase activity (CHO dhfr) are

wi dely used for ov_e_&igr oduction of ‘various _reconbi nant proteins. (Kaufnman et

al ., Mol ecul ar 2FHICHB| egistanas geeryy I e G1Gdal wasgleleted pn petpibildHiaionat ant
cel I's have an ag{yokeRhetcallProce it ARRBL s%pwmwseéhsgzy) %Qxand%d&e and
gl yci ne. Expr eg,?‘lmofs vectors in or[&%{ atl Q&Ifa dhfr ker may be used to
conpl ement t hi kayasma-Berg alasmid 1 40kaema any BergwMalaulanand n ¢ he
absence of t he Ce#fytirBidlogp a3 c28®2891(1083Henas rdmtitied with P<Bead BaPloti cation
(increase i COQXI nﬁa‘oer Li,% to 1 %(i](b r{gééfg acconpl i she % g_i_owi ng cells
in increasing 38CCREAR ONEHANSDLIPBPVEH LY 2 AMEPaTERVINeRhlE (M) .
The anplifi cat polynEraséie Bglit égkersaderecigatod tatie fhihr DNacersisi follévaed ggnome
results inac ' ' - n f he expressi.on,unit for
he gene of i niGRdon Wi BB BRGFibFuE Sk FIRAR A el BORREIAG 118" 1 /5
(1981) ; and KaSVéfrseguente of plHOvas jsalatetband dge(ted §d BgllHindlil restrictedThe
pl asm d DNA hayi W’oﬁn@ u : q%Pkw n g
(pdhfr- SRaZGB)&\AggA%%S ruct eg?ég, ggtg&érf? éd‘j&agn"é_ﬁ r-é:@‘f égh} f)}g??)f“ S84))
pdhfr - SRa2BB | erYieliptermediate glasmick101, iThe muified 3libp &gt Hagment froen cal ci um
phosphat e precpisiid peD-RIBL efbne(48 %'?é&'fﬁﬁ(é’é“@v‘l‘ﬁ -1 Which! , 046
(1978)) Tr ansf%r_%‘t géaere selected I1n a select ilp;%antgjg} um i:DNr%Q‘Niés%g?a
Dul becco’ s Modl$Riiregmest withnashings somnaiRle wihBallht Hirsac2hpiireamani ne.
¢h0| ggﬁzdelsl grwagdgatalaao\@%uqummd pllivcét he ygd_kﬂ siitexg)@t{:ﬁpqﬁ 2anpiel ficati o
e cl ong,,) red i errl].- medi agl.e' s ni essenti a
nedi un) cont a?ﬁmllﬁgeh%ﬁwrﬁr‘?& Al 1%6@‘?"2{'%9 gp]éﬁ@gg human iL-4 %NA ’
15 sequences was ligated to Hindlil/Nhel restricted clone 46 DNA to produce
pcD-hil-4 clone 125 containing an SV40 early promoter, SV40 splice
junction and complete human iL-4 cDNA with the G-C 1ail deleted. Plasmid
pcD-Sro224 was constructed by replacing the small Xhol fragment of pcD-
SRa205 (containing the SJ and miL4 CDNA) with the small Xho! fragment of
20 pcDhiL-4 clone 125 containing the SJ and HIL-4 cDNA with G-C tail deleted '
as described above. ' ,
A Sall site was introduced into pMTVdhir (Lee et al., Nature, 294:
228-232 (1981)) by EcoRl/BamH] restriction, Klenow polymerase fill in of the
overhang and ligation to an octanucieotide Sall linker as shown in Figure 1.
© 25 Plasmid pMTVdhir259, then, lacks restriction sites for EcoR and BamHI and
the region between the two is repiaced with a Sall linker. The Sall fragment
of pcD-SRa224 containing the Sra promoter, SV40 SJ, human {L 4 cDNA
and SV40 polyadenylation signals was inserted into the unique Sall site of
pMTVdhir259. The final human IL-4 expression plasmid, pdhir-SRalpha263
30 contains the following elements, counterclockwise from the Sall site:

1. Ampicillin resistance gene and origin of replication
from pBR322. _
2. MMTV LTR driven dhfr expression unit from
35 pMTVdhr.



were sel ected. A clone designated 3812- A26 was used for further 35
anplification with 1[err]Jm MIX. After the second cycle of drug selection, a
cl one desi gnated 3B12- A26-19 was chosen for further devel opnent. This clone
was adapted to growh in a suspension node with 10% NU Serunferr] V and a
subcl one designated IL-4 SI was selected for the |arge scal e propagation. 5
Culture Preparation In order to prepare a Master Cell Bank (MCB), two
original 100m spinner flasks containing ©he IL-4 SI cells were used. The
cells were carried thr%ugg add| tional growth nmedi um exchanges and gr.own
in 100 i 10 spi nner Re'RME RRMP®edi um i s basal nediumplus 0 to 10%
serum e.g., NU Ser unf de r SV, de@vbdsplncounmzﬂoh flask were coll ected,

washed, resuspended [ “sl%ﬂin afy f4 N\ng medi um pool ed and asepti cal | y
dlspensed in about 2.0 ni ten[‘e ce storaage Vi als (freezing mediumis

basal nedi um plus 20% §er§WOéij1V9dm9|BeiﬁjW! lon)signall us 10%
di met hyl sul §oxi de). The vials 15 were slowy frozen at -70[err] C and
stored in liquid nitro fromthree frozen yials were thawed

gﬁ The ”d"j}k

and propagated by susp §|W?‘F\ NA $88LERcS Bresent 1t hegisriorisilBasame
sp: Inne[ 1;' gsks &finigr®; Eﬂﬁwﬂdonéuﬁf’ggvéd ﬁg\’éﬁﬁo@t aﬂgﬁzﬁt:d Wé%ﬂwj‘a@ S&'%SAV\BFG
collected by c g shed, and resuspended in freezing nedium
The cell 20 sé&pé%ﬁ ﬁéé\g@gggiptlcal |y dispensed in about 2.0 m sterile
cell storage vials. The vials were sIowa frozen at -70[err]C and stored in
liquid nityogen to COnStIH}: - s Wor ki ng

Cel | Bank ) was preparet - '
MCB and propagati ng th@hMWamswfbwaak@IHths deﬁc:eokpedltlydmftblale4 to 6

generations in é@ftf&&léén %?ﬂvné?k@ﬂ@d@?&%?e Wi d&élfr psed f&?eo\ieﬁa}@i{u%nﬁﬂ'df qatisls

washed, resuspen
descri bed for m@mmgantrnéotw\ee (Kaofrean etal.i Ma ¢Qquardarm Cedldlan Bielog) 5:.

1750-1759 (1985)). CHO-dhir mutant cells have an auxotrophic

15  requirement for hypoxanthine, thymidine and glycxne Expression vectors
incorporating a dhfr marker may be used to complement this mutation;
selection is achieved by growing cells in the absence of the required media
_cofactors described above. Gene amplification (increase in copy number up
to 1000X) may be accomplished by growing cells in increasing

20 concentration of the folate analog methotrexate (MTX). The amplification of

| the integrated recombinant dhir locus in the'genome results in a concomitant
increase in copy number of the expression unit for the gene of interest
(Ringhold et al., J. Mol. Applied Genetics, 1: 165-175 (1981); and Kaufman
etal., EMBO J, §: 187-193 (1987)). _

25 The plasmid DNA having the coding sequence for dhfr and human
-4 (pdhfr—SRa263). was constructed as described above. Transfection of
"pdhir-SR263 into DXB-Il CHO-dhgr cell line was carried out by the calcium

. phosphate precipitation method. (Graham and Van der Eb, Virology, 52: 546
(1978)) Transformants were selected in a selection medium (DMEM,

30 Dulbecco's Modified Eagle’'s Medium) that lacks hypoxanthine and
thymidine. A clone designated 3812 was chosen for the first cycle of
amplification. The 3B12 clone was cultured in o-MEM medium (Eagle's
minimum essential medium) containing 40 nM MTX until resistant clonee
were selected. A clone designated 3812-A26 was used for further

35  amplification with 1um MTX. After the second cycle of drug selection, a




| L-4 production was carried out in bioreactors of 50 to 200 liters in 30
val ume. To start production, one frozen vial fromthe MACB was thawed and
inoculated into a T-75 flask Fromincubation until cell concentration
reaches 100% confl uency, cells were trypsinized and inoculated into two T-
75 flasks (optionally, a T-160 flask can be used). These flasks were again
I ncubated until 100% confl uency and the tiypsinized cells were used to 35
i noculate a 100 m spinner flask. . 12 The 100 m spinner flask was )

i ncubat ed unti | clgse desighated I3BA0NDE- 199528 RhasdiElr aitthalasfevefopingdt. iTHsul um
for a 250 m spinner flaciak' é simlar step was _reﬁ'%zfed. |q % M‘{)éter nd a
3 liter flask &A&WRS FERRIGT 1o growih i 8 usaensien fade; with,10pe NihSeqim
liter reactor Wwaadusedbelonerdeyidnuied or-42Sbwad8eleotetiltr thd large seaiéor. This
reactor is initj 8' lﬁ ﬁégwn bat chwi se and upon achi evi ng adequate cell
concentrati on, R{OR3AR Aous nedi a perfusion was initiated.” The nedi a used

for gromh &nd conti nuous perfusion .was nodified Iscove's nedium which may

be supplenented with up t 9 %Qe a(rSi n NU Serunferr] V). No nethotrexate
was used throughout the ss. The fernentation stages were

carried out under ster In erdesidiprepate aidaster CelbBank §yIGEIntwo auginklel00ml
fermentation p%gﬁgﬁg?fa%k.S,%éﬁﬁi STEE] EeUSOWere?IElééét‘Fﬁ’é‘cél 8fd &gl

wer e noni tored ontrolled as appropri ate roughout the growth and
conti nudus per iOUSH togdditiongbgravdhynpdives exyghasgesred gsevndailOlimy o
nmeasur e pHygcelshinfrIlabKs grhvith HmBERM [sObasdl Ridditrk Pt IE 0% Srukpelg! i a

Cpertusate) . b SEmeiAG” (Cetshof ebh okuetfipiBeiedt washednay bo -
present, 20 anesuspeacedriat 18l miaf frddzird mediurh] povled badcarpttillyadispenddch
Cont a1 1. £r e HBol2 bl B kg Sy el BRI
plus 20% serum, e.g., NU Serum™ V plus 10% dimethylisulfoxide). The vials
is were élowly frozen at -70°C and stored in liquid nitrogen.

The cells from three frozen vials were thawed and propagated by
suspension in growth medium for 4 to 6 generations in spinner flasks of
increasing volume from 100 mi up to 3 liters. Cells were collected by
centrifugation, washed, and resuspende(f in freezing medium. The cell

20 suspension was aseptically dispensed in about 2.0 ml sterile cell storage
vials. The vidls were slowly frozen at -70°C and stored in liquid nitrogen to
constitute the Master Cell Bank {(MCB).

A Master Working Cell Bank (MWCB) was prepared from the MCB
by thawing 1 to 3 vials of the MCB and propagating the celis in T-flasks and °

25 in suspension for 4 to 6 generaﬁoris in increasing volumes up to 3 liters.
Cells were collected, washed, resuspended in freezing medium and
aliquoted and frozen as described for the MCB. The MWCB was stored in
liquid nitrogen as well.

IL-4 production was cariied out in bioreactors of 50 to 200 liters in

30 volume, To start production, one frozen vial from the MWCB8 was thawed
and inoculated into a T-75 flask. From incubation until cell concentration
reaches 100% confluency, cells were trypsinized and inoculated into two- T-.
75 flasks {optionally, a T-160 fiask can be used). These flasks were again
incubated until 100% confluency and the trypsinized cells were used t0 /

35 " inoculate a 100 ml spinner flask.



carried out by perform ng a cation exchange chromatography on a sul phonate
colum (e.g., S-Sepharose). This step was typically repeated. 25 Selected
pool ed fractions fromthe sul phonate colum were then forwarded to a
chel at e chromat ography step (e.g., cobalt-chel ate Sepharose). The sel ected
pool ed chel ate fractions were then diafiltered and concentrated via
menbrane filtration. The concentration wae chromat ographed in a gel
filtration colum (e.qg. , HR S-200). The pool ed fractions which constitute

t he 30 urified bulk ' r
| ower . Tﬁe process for pur I%@ﬁab@ﬁ%g?lék%%agqn%t {{%’@ﬁ%@é ? 01911'8‘8'%}7 ve
recombi nant hui@s pblainethasd wasiseskas inagulum dema 860 |fWgsmﬂmﬁIfff8§kecP- crude
sol ution of actgipfiat £teﬁ Wi f’é@f& fehl Iﬁé’}’ éh’aﬁ ﬁﬁl@f’ ek Qn&%ti(i)ﬂ) f@(ﬁ@nge

chromat ography .at a pea ral- I ght al kaline pHt
sel ectivel y bi RUOHERENQT Q?"Saffﬂj“ |t§%épéP|%9aMP§/rQ§ ‘ﬁé‘etl!f@dl as mocv!wn fora
subj ecting 5he 5gl t¢at G0 f(@@'ﬁéﬁt@ﬂ m)s rbﬁcfdﬂ"é [etiallyadrbWn tﬁt@rﬁﬁ@s%nd upon

h t h t (15% th
Clen(a)) at s AeHiSvind pReRUAlE <l GrnaeplaR: 7 FEr R OHRMBERIPERHSRP AT ( he

IL-4; (c) $nftipel i ng the eluate fromstep (b) to affinity

chromat ography on a ¢ ' ., CO system a near neutral
to slightly alkaline beg%égﬂa@g%@ﬁﬁggﬁ)ﬁfgh‘lqﬂ@%tﬁo% P&?‘IPBPE Wi fer; 10
(d) concemadifiéd éscove'sanadiuen, fwhich shayp be supplenhersad whithr ap td 10% i on
rrenbrane( ™MRHJ | |
concentrat ed Sgggf’l on%%raactl\) wcf_ﬁ%t??%%%ast?%g% @%Wt?ﬁ g{bﬁ%&gn

chromat ogr aphyP&I€E8Ssi ze excl usion colum at an acid pH and col l ecting the

purified IL-4 soluti Onfhelérmentatlon sth @s@@éré%rﬁé&aéﬂgﬁd%@ﬁ@t&%ﬁ

carried out mtwosepsater t e ture nediumis filtere
remove ext r aned(d N gloged Sy¥slenteh hg H@ﬁ“%@iﬁ«“@ﬂ@ﬁéﬁ@%ﬁef%sw 89 100ng/rrL

protein on a dieMpératdel pH, agitation and aeration were monitored and controlled as
15  appropriate throughout the growth and continuous perfusion stages. Aseptic
samples were-taken periodically to measure pH, cell density and to check for
sterility (absence of bacteria and fungi). '
Upon collection of an adequate volume of conditioned media,
(pérfusate), the broth was fiitered to remove any cells that may be present,
20 and concentrated via ultrafiltration. The concentrate, which contains crude
CHO [L-4, was forwarded to the final purification stages.
Purification of IL-4 from the crude CHO IL-4 concentrate was
carried out by performing a cation exchange chromatography on a
sulphonate column (e.g., S-Sepharose). This step was typically repeated.
25 Selected pooled fractions trom the sulphonate column were then forwarded
to a chelate chromatography step (e.g., cobalt-chelate Sepharose). The
selected pooled chelate fractions were then diafiitered and concentrated via
membrane filtration. The concentration was chromatographed ina gel
filtration column (e.g., HR S-200). The pooled fractions which constitute the
30  purified bulk IL-4 were then filtered and stored at -20°C or lower.
The process for purifying such a crude CHO- 1L concentrate of
active recombinant human IL-4 thus comprises:
(a) - subjecting a buffered crude solution of active IL-4 from
aCHO-cell cuiture medium to cation exchange chromatography at a near ’,




menbrane and the pHis adjusted to pH 7.1-7.3, preferably 7.2. The nenbrane
is preferably a stirred cell fitted with a nenbrane which holds all 20
material greater than 10, 000MN e.g. a YM1 O nenbrane, Ami con Co., -

U S . Aor Pellicon filter PTGC Cassettes, MIlipore Corp., Bradford, Mass.
In the first step, crude culture nediumis |oaded on a cation exchange

chr omat ogr aphy col um such as S-Sepharose[err] Fast Flow ( up to. 100 ny
protein per nml resin) previously equlibridted with a phosphate buffer of

near 25 neutral to slightly alkaline pH i.e. pH 6.7-8, preferably 7.2,
cont ai ni ng 0.neutralte gdslightly likatingepH Thissleaivelyt sindrthe He-4a@nthisodrhtidally

remai ni ng on difgns Meigand nost undesired proteins and other inpurities
bei ng washed through. The active IL-4 is then isocratically eluted fromthe
colum with a sodi un{Phosphaiublesiingdhe gluateciraf stepia) tof fugthercatich 3, nore
particul arly,e: ' @gmyh | gj,qg 0, . sodi um
chl ori de. Theeﬁ%?ﬁ.g?%}(%ér@aﬁ%g?m ng Z{f‘?‘é@?? agﬁ&ﬁgﬁt%ﬁ%ﬂ‘gg lfeﬁcgﬂ

SDS- PAGE 4&nd Yoi¥peiat %éﬁsaté} gegfoRedaaldeaslighily slialinesptd gindgradient pH 7. 2
and 1 4nS. | rplithey #eciongt step, the adjusted pool fromthe first step is

| oaded on a relatively small_cati.on, ,exchange chromatography col um, about
15% 35 bed vol ume o@jt he céf"ﬁ&‘r{'ﬁgéiﬁ%rﬂ@tgcﬁ%ﬁt%hﬁglp tiaiyy 1,

equi | brat ed chearhatographyop lansiydhating agbfee %émg'{m' Qtﬁtﬁh%twﬁéiﬁdrtiétgﬂr@y?n
an e acti . 0 . 1he.active JL-4 is eluted with a
sodi um chl or¥‘ggi'%!?t§’dl.en§ %?“1.‘]‘%?@“%@9%5%(5%?’&%" %ﬁg‘cé?‘ﬁ{%"ﬂg buf fers
consist 0 a | ow sal {d)buf f econcentratitgnieseldiatenfrohosiebdcewithdn7. 2, 0. 12M

772, 0. S0m s TRt Mepibediof *0l00B ireicutar Frigt O SE .0 Che active

7.2, 0.50M sodiumc C |
|L-4 as determined W) SDs- pAdiesiieg the conaeaisatedsautionolrdivedhdt frofrust ed

exchange inS%ggggﬁfgfégi *"‘"ﬁ*‘;@ﬁgﬁ;ﬁ*‘ﬁéﬁ?é_ﬁ% ot sideicliion bR 3PalD] et e
o affinity &f r%fgﬁ?%% Ret k4 selutignagar ose gel col unm prepar ed
by 15 The cation exchange chromatography is caried out in two steps
after the CHO-cell culture medium is 'ﬁltered‘t'o remove extraneous large cell
debris, then concentrated to up to 100mg/mL. protein on a dizfiltration
membrane and the pH is adjusted to pH 7.1-7.3, preferably 7.2. The
membrane is preferebly a stirred cell fitted with a membrane which holds all
20 material greater than 10,000MW, e.g. 2 YM-10 membrane, Amicon Co.,
U.S.A.,or Pellicon filter PTGC Cassettes, Millipore Corp., Bradford, Méss. In
the first step, crude culture medium is loaded on a cztion exchange
chromatography column such as S-Sepharose@' Fast Flow ( up to 100 mg
- protein per ml resin) previously equiibrated with a phosphate buifer of near
25  neutral to slightly alkaline pH, i.e. pH 6.7-8, preferably 7.2, contzining 0.12M
sodium chloride. This results in the active IL-4 remzining on the column and
most undesired proteins and other impurities being washed thrcugh. The
active [L-4 is then isocratically eluted from the column with a sodium
phosphate buffer, preferably one of pH 7.1-7.3, more particularly, pH7.2, with
30 20mM sodium 'phosphate and about 0.26M sadium chiodde. The fractions
 containing active IL-4 as determined by the SDS-PAGE and protein assays
are pooled and the pool is adjusted to pH 7.2 and 14mS.
inthe sgcsnd step, the adjusted poo! from the first step is loade,d
on a relatively small cation exchange chromatography column, about 15%
35 bed volume of the cztion exchange column used in step 1, equilibrated with



nmetal treated chel ati ng- Sepharose[err] gel, i.e.

chel ati ng- Sephar ose[ err] Fast Fl ow or chel ati ng- Sepharose[err] 6B. The

chel ating col unms conprise two portions in a single colum. The top part of
the columm contains a netal 15 treated-chelating agarose gel, preferably a
cobalt treated-chel ati ng- Sepharose[err] Fast Flow gel, and the bottom part
of the colum is an untreated chelating-§§pharose[err]Fast Fl ow gel . The
volune ratio of the two layers is about 2Z.3-3:0 vol unes of cobalt

t reat ed- chel at i aghBsphatedssifer; itjpurities aee walshee thrbugitarehttedactivel hr4 ng
Sepharose[err]. £ L | L~4 ' xchange
Croatnent 1o 1 ehufs oAGnBARyrh, BHetacvE i oo WA bOGuBMIGHaE e an0
t hr ough t r aver sgradient of d . Zzns per pedvobimef Tha@dsingrhutigne censirbof & w Saftough
cont ai ni ng any | N | yi ok hh. S¢ :

neutral, pref er%lgfg;' ﬂﬁ@@@g&g@ﬁ@ﬁg@@%@x pgr)?dgi o'g.g%psh%ggﬁhr%aé?\?%??dae,
active |L- 45rmlr§9'ﬂllsé§ bufterde. «0mM spgiupy phespiiate.iH 412 0-p0Y sO¥WHRat ogr aphy
Sephar osel er 1] R G g e eteined Y i o
of contam nati r@%‘rpdgé%‘fﬁﬁggiﬁtaﬁsﬁy REE g@?@?i%ﬁ’.a %tegctpiﬂ?gi -?L"%'H’e ?éﬁ%? ns
on the columsmg8d is isocratically eluted wwth a buffer at a slightly acid
pH, preferably at pH 6.9 cont.ainip : a.. 30 . The purified
solution of active IL-4" B‘?ﬁ'?ﬁ@c@% B‘ﬁ?%ﬁg@?ﬂsofﬁ%‘péﬂ? %H?"(%F’&Wg S
concentrat 8@ owrcheomatagraphy whichiis @boehih0an&(% pir® B0thier/subjeatéd Yo affinitiyer abl y
"on a stirred c » | ' (o) L i th
areater than 16" petsFaRtl b LnBRTRhERRE ARt b Bippalgd )"
preferred nenbmgial treated chelating:Sapharose®rgel sie. chelating-Sepharosa®Fast
concentration [ %Y : LAinn| ' I re
used, 15 fi ﬁ@g%ﬁﬁﬁmﬁﬁgﬁ%u@ggtﬁﬁg %ﬂl%hbmg?ﬁhgjrg%l\?’s%dl um
chloride, and Rogins{a asinglercalfinen Tihe top prerefiihg column solaing 2metat e at pH
4.5. The cpmcefrbaficeehdlhting @gafisedsdll pfdrably Ac8balFEaRM-EReIatingZ

AUt ons*c BphbRisoBFas o) arid thh Botbiisi Guhe calurmh i An itrdsiSd
suitable.is a chelating-Sepharose®Fast Flow gel. The volume ratio of the two layers is
' about 2.3-3.0 volumes of cobalt treated-chelating Sepharose® to one
volume of untreated chelating Sepharose®. ‘When the pool of purified {L-4

20 from the cation exchange treatment is loaded unto the top of the column, the
solution flowing through traverses to the bottom portion of thecolumn whére
the flow-through containing any remaining impurities exits.

By using a buffer at near neutral, preferably pH 7.2, and
preferably about 0.5 M sodium chloride, active IL-4 molecules are selectively

25 bound by affinity chromatograp_hy to a metal chelating-agarose gel column,
preferably chelating Sepharose® Fast Flow or Sepharose® 6B, to the
substantial exclusion of contaminating proteins present in the solution. The
active 1L4 remains on the columns and is isocratically eluted with a buffer at
a slightly acid pH, preferably at pH 6.0 contéining 0.5M NaCl.

30 The putified solution of active IL-4 from the affinity chromatography
column is concentrared on an ultrafiltration membrane(10,000 MW cut-off),
preferably on a stirred cell fitted with a membrane which holds all material
with greater than 10,000 molecular weight, which range includes IL-4. A
preferred membrane is YM-10 manufactured by Amicon Co., USA. The-

35 concentration obtained is up to 20mg/mL. Two diafiltration buffers are used,




Sephacryl[err]S-200 HR or S-100 HR (Pharmacia) gel filtration colum. The
Sephacryl[err]S-200 HR(hi gh resolution) and S-100 HR are crosslinked
copolynmers of allyldextran and N, N - net hyl ene bi sacryl am de. Their
fractionation range in Daltons is 5,000 -250,000 and 1,000 - 100, 000, 10
respectively. Qther suitable materials are the Sephadexes (Pharnaci a) which
are crosslinked dextran gels. Preferabl the solution of active IL-4 is
charged to an S-200 HR columm previously equilibrated with a 10 MM citrate

subj oct | ng'a WLALUM MARnosHhats BHMer 2o BULHE Cot i NadEPhBHRRGF L2691 r om
a CHOf:eI Legeilsgfgggmwemmmst preterably Grakfsulien citratewt it aqoﬁynog1 SOHM
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cross-|inked agar osé col u&] in ste i‘ avi n
about 15% of 4apOlWBEmA! alddextranaeg '*(Af -migt ylama@rsa@.rylam'qﬁwwelr 7.5,
preferably 7. f?actmahanrranze% Bioneds w000 250,000 and DO adoemooe! uti ng

2 2O PRSRBORR, DL ol ardrSRNa e pofbedle fefariibag U
subj ecti ng t hehipbare ¢réssiioked mextranagels.v Préferably, rthtmsshﬁpﬁh)f antivelL-4 & to
Consi st ng o TEgED %?"ﬁ%r?@ Pluaielplty R ARt MR "
gel and a bottmﬁnerpbp &5 of unt reat ed chelating 35 Sephar oseFast Fl ow gel
with a 20mM phosphate buffer at pH 7.2 16

15 A more preferred embodiment comprises : .

(a) subjecting a crude buffered solution of active
recombinant human IL-4 from a CHO-cell cell culture medium to cation
exchange chromatography on a cross-linked agarose column (preferably S-
Sepharose®Fast Flow) in a 20mM phosphate buffer, pH 6.7 to 8, preferably,

20 pH 7.2, with 0.12M sodium chloride at 13-15 mS, preferably 14mS, then
isocratically eluting the active IL-4 from the column with a 20mM phosphate
buffer at pH7.1 to 7.3, preferably, pH 7.2 with 0.26M sodium chloride and
collecting the active IL-4 fractions;

(b) subjecting the IL-4 solution from step (a) to additional

25 cation exchange chromatography on the same type of cross-linked agarose
column used in step (a) but having a bed volume of about 15% of the ¢
column used in step (a), in a buffer at pH7.2 - 7.5, preferably 7.2, containing
0.12M sodium chloride, then gradient eluting with a 20mM phosphate buffer
at pH 7.2 containing 0.12 M to 0.50M sodium chioride and pooling the

30 fractions containing active IL-4;

(c) subjecting the pooled fractions of active IL-4 from step(b)
at pH 7.2 to affinity chromatography on a metal chelating agarose gel

- column, preferably consisting of & top portion of a cobait-chelating
Sepharose®Fast Fiow or 6B gel and a bottom portion of untreated chelating
35 Sepharose®Fast Flow gel, with a 20mM phosphate buffer at pH 7.2



contai ning 0. 5M sodi um chloride, the volunme ratio of the two portions is
about 2.3-3.0 volume of cobalt-treated chel ati ng Sepharose[err] to one

vol ume of untreated chel ati ng Sepharose[err], washing with an equilibration
buffer, then eluting the active IL-4 with a phosphate buffer at pH 6.0
containing 5 0.5M sodiumchloride and collecting the IL-4 fractions; and
(d) concentrating and diafiltering the IL-4 fractions(pooled) from step
(c) to up to 20ng/nL at pHA.5 on an ultrgfiltration nenbrane which hol ds
all material with greater than 10,000 nolecul ar weight, preferably a

stirred cell fitted .w ch as YM 10 ubj ecting the

ac!t ive 10 |L- '508%%89@5\ schb@l “2\20'@%‘9 I“L‘I%VB'H""(“’Q'@?'OPP?}?E@Y é?i’?'olnsgs

chr omat ogr aphy abnut 2B ihvoluttiecdil doteiit-treutad] eheldtieg Sephaiase®i to drieevalome i on
di t t

A NN e hy Pl EotEBled €h ddlin g eBnalcte, AR fRP ah R fé@ R 2"

10mM sodi um ci #h%ﬂ é'“!ﬂ]gftﬁ? agtivey {4 Vﬂ“hﬁd’“@épfl'%étquﬁef ’E‘W§ Q@tajning,

fractions. &5 OSM sodiurh 'thidrRie 4@ c@ll‘tﬂ:uﬁ qRe (b)Y ftdegoms]apld the fracti I ons are

adjusted to pH 7.2 and conduct i vit he .b

voJI ume rati opof t he tv&ﬁﬁcat i ofOR M%& %‘Hsﬂlﬁ'ﬁgsqr@ "éﬁdéw {%'agqul

S- ISephar 0s e{ er frbrestepn(e) toup tte ROreymiat phives valanetrafiitration rrmubranemrhaﬂge
colum in ste i c a

ol um 15 20° ol A RS 6B R IR, 00D Bl ibidhy i‘éé*g@f‘b%"ﬁaﬁ. h
0.12 M sodi um &tifred P&@fmﬂdmlﬁém@ﬁb@éﬁlwhé&mn ﬁhqns SEPE g e actfar ose
substi t ut eggw '(LM-cGriE:thrkteSﬁﬁié ]exciugioﬂr@]al ﬂfrﬁﬂkﬂﬁ chﬁdtﬁiilogﬁap‘ﬁySprar osef[err]

T step (a) i Enon il SRRt dng iRt o e sAdiopaqcBRibae tRup gy o' o
fractions wit hwlesg;ﬂem a Zgosslimkashcopalymas obéllyldaxtrae and M. Njaseldylemet he

SOS- PAGE and pgt. Hh,g ® %@oﬁ r I nis
adjusted to pHB§ § an w?%%?l%?}g \)ﬁéyd[_sa Stﬂgnﬁlgﬁﬁlg;!%%ggﬁ dt*)jﬁe'd(ijt%vol une
with 20mM sodi buligfRiRih 42 apdceliectng theacive le‘él @ﬂﬁoq% then | oaded with the
| L-4 sol utign and gr adh etdp & Wé?lmh@m{@ﬂh@ﬁkmnéaﬁﬁﬁju&w&

ol ct od | L- 47 ComerARRGE el ot s SR NBE ol hed 2Rl ato 411°
protein assaysthertwqoomicndexdﬁmg@ouxdmmnens zbout &atvolume et HFrpharose®
g{‘[ ggﬁt ?gr ?Egyﬁgﬁnrﬁﬁ' 86H79) LRd b8 Yourh8 3k e ExthldéRande ollhittin BpWi | |
' (b). The cation exchange gel material in a chromatography column is
20 equilibrated with a 20 mM phosphate buifer at pH 7.2 having 0.12 M sodium
chloride. - A preferred cation exchanger is crosslinked agarose substituted
with -CH2-SQ3- Nat groups, such as S-Sepharose® Fast Flow avzilable
from Pharmacia. The active IL-4 is isocratically eluted in step {2) with a 20
mM phosphate buffer at pH 7.2 with 0.26M NzCl. The fractions with highest
25 concentrations 6f active IL-4 based on the SOS-PAGE and protein assays
are pooled. The pooled fractions solution is adjusted to pH 7.2 and the
conductivity is adjusted 13-15mS per bed volume with 20mM sodium
phosphate buffer pH 7.2 The column is then loaded with the IL-4 solution
and gradient eluted using a gradient of 1.75mS with 20mM sodium
30 phosphate butfers of pH 7.2 containing 0.12-0.50M NaCl. The collected IL-4
containing fractions as determined by the SDS-PAGE and protein assays
are pooled. The conditions for cation exchange chromatography are
selected to insure that the active IL-4 fraction will attach to the cation
exchanger matrix. The near neutral pH 7.2 which is relatively high for a
3 cation exchange chromatography and the 13-15mS conductivity which is



exchanger matrix. The near neutral pH 7.2 which is relatively high for a 35
cati on exchange chromat ography and the 13-15ntS conductivity which is 17
relatively high for cation exchange chromatography results in mld binding
conditions where nost inpurities do not bind to the colum, elution is
relatively easy and high purity of the active IL-4 solution is obtained,

I .e. about 60%-70% 5 The preferred netal chel ati ng-agarose
utilized in step (c) is chelating Sephatbse[err] Fast Flow, although

chel ati ng Sepharose6B i's al so satisfactory. The Sepharoses are products of
Phar maci a Fi ne, Chem ahs Pi scat away, NewJersey. A preferred nethod of
preparing t hée}ﬂg(‘:lf?&r 98 Tog ssdipp Qﬂ@@?ﬁﬂ?@"@ﬁ@@@@y e@sultsrinfrald fgding t hi s

[ n?/ent ion i deyldMnssuBemmdw ithp er&tﬁ@é)t]@rm%.m{o the @blgﬁmlg)/@maﬁl gba;:fet ate
solution an niLze IL1praglo uffer,
e Hom sodt BIVER A dad Hiallhass oftbraeid T Saiin RGERL . colum.
| nst ead of cebaut Gaﬁ’etm% ot her cobalt salts may be used, cobal t

one_ col un contai ni ny CaCof metal %el?ﬁiaéa‘h%%ﬁ%&éﬁn? oygp o ses

chel at i ng- Segheladiag epTagJﬁe‘aaﬁalsttfﬁe“s@ﬁbndgbrcﬁetattngﬁéply@bse@ﬁaasrmso

hel at S I t.
The vol ume 1 Sergecerg ThedSentidiutes i3 BRIIRECHr BheRhaly Hiae Chetfibdls o)
treated chel gﬂfr‘i-?éa‘gébh%‘?%’é%@ﬁy ] /‘t praja@ed gnethodofprepating ﬂ‘aapr@&mem ating
Sephar ose. Thebait ehel=ting sepaérds@@@&amn foT*a%enﬁ%@ﬁh%tmf lg‘ﬂg used to

ggm !31: ﬁr ﬁée 508 %V%Efﬁ%&?ﬂ@séﬂgﬂ%é %v%@'ﬁﬁﬁgﬁ je E‘PM’%‘B i %@d Sephar ose
and the unt rwatshmgcwemiemngdMaeqstabﬂrard eqeilibratioa mﬂiﬂrl ié)rzﬁrﬁm with a
phosphate Sukitnthnitiat G013, B9 il So0Rb B A B A dEec
chel at i ng- Sepfrmllﬁteﬁ@tﬁta}e.tmmug@balheahmma)abeadsedi.eé at comlt dehde ase[err]
with a 0.02 Mphosppake buffer at pH 6.0
15 The chromatography column comprises one column containing
two layers , the first or top layer contains a metal chelating-Sepharosa® gel
and the sacond or bottom layer contzins chelating Sepharose® gel which
has not been treated with a metal salt . The volume ratio in the dual columns
is about 2.3 to 3.0 volumes of metal treated chelating Sepharose® to one
‘20 volume of untreated _chélating Sepharose®. The preferred metal is covalt.
The preferred buifer used to equilibrate the columns is 2 0.02 M
phosphate bufier at pH 7.2-7.5 containing 0.5M sodium chloride.
In step (c) the cobalt chelating-Sepharose® and the untreated
chelating Sepharose® gels are equilibrated with a phosphate buifer at pH
7.2 containing 0.5M sodium chloride, then the adsorbed active IL-4 is
isacratically eluted from the cobalt chelating-Sepharose® through the
untrezted chelating -Sepharose® with a 0.02 M phosphate buifer at pH 6.0
with 0.5 M sodium chloride or altematively with a neutral pH buffer
~ containing 2 0.5M NaCl and of {i) a chelating agént such as 50mM
% EDTAiet_hylenediaminetetraacetic acid), or (ii) an analog of histidine such as
50mM imidazole, or (iii) an amino acid such as SOmM histidine. Preferred is '
the phosphate buffer at pH 6.0 with 0.5M NaCl. The eluate containing active.
IL-4 is collected. The fractions with the highest concentrations of active iL-4
based on the conventional SDS-PAGE and protein assays are paoled.




with 0.5 Msodiumchloride or alternatively with a neutral pH buffer
containing a 0.5M NaC and of (i) a chelating agent such as 50mM 30

EDTA( et hyl enedi am netetraacetic acid), or (ii) an analog of histidine such
as 50mM i m dazole, or (iii) an amno acid such as 50mM histidine. Preferred
I's the phosphate buffer at pH 6.0 with 0.5M NaCl . The el uate cont ai ni ng
active IL-4 is collected. The fractions with the highest concentrati ons of
active IL-4 based on the conventional SO8 PAGE and protein assays are

| ed. 18 | t I f t t
Boncent rated and ai af i el (i Re pocte ebteirpgias i e g - ) °'°
](c:h[;)ngt og[ ﬁphmnEMrmbdggwq{Z?iﬁe‘r%wme@ eaeg%lbtgz:ﬁz#amn?hmrg%%néo o
itted w a Iy a a
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tr)rﬁf fe glrJ a|roHWgI g/m%gaidﬁuaibnmtme\ﬁmgwmehmanw apamoleculat waghtand am?:l)) ae

d 0.5M Nad t
a0, 051 N6 i et o iy HincBbhe B 1985 ool g’ 20°
t he concent r a0 PM ELEA éethylang; diamine telspacstictasid)andn-a W then 6:08d
menbrane is Y%é@mmnuf@@twwd ysiee, émm'@@t of tHé oeessTm% é‘anegpu ation -

obtained is u t Q aboué g(g gL of ac The conéent rated uat es of
active IL-4 a “E?l%l'%@ Oyt,9U-997% PUESC @5 |so‘ﬁ tbgévpnmiﬁi selyfiog setapedni ch
I racti Ionat es of s\%;ﬁbﬂﬁlel menfitsranel W pﬁéfeﬁ@a%dmbmdegg mgouhaﬁumewéa byA
ypical c i C is a - or
HR(Phar 57 Lo, Ut An i eRShHRIOR POBEH U e Sou Sa. of
resol ution) a:mhv@-ll.@@ HRe amoacentratd elkatbsoofautiyet-4 afe didrgédi&)(arsme and N,
N - met hyl ene I e a 250, 000
and 1, 000" 105" G AEad i bl o Rale BRI e WPl
Sephadex es| eraqopm!mg tadnalecular (welghta Artypictl elemndehich imnsujtabte isha ef erably
the solution g 'ﬂénéd' eV| ously
equi | i brated vvl‘% ' bbo 'gl%tgcr??lbtg?g% gf?‘?a&é}aﬁ%%ﬁfa‘gg&@ E er T?L
condi t i ond ofSeRhagery ‘?QQHﬁ(BﬂhefQSQ %‘%Mﬁ&’p@ aafercsassinkgdt o 20
mg/ m . This igepoRasers dihalyidandain dn@Nl WrembyleHiclis8érylamide. Their
fractionation ranges are 5,000 - 250,000 and 1,000.- 100,000, respectively.
Other suitable materials are the Sephadexes® (Pharmacia) which are
crosslinked dextran gels. Preferably the solution of active iL-4 is charged to
20 an S-200 HR column previously equilibrated with a 10 mM sodium citrate
buffer at pH 4.5. Under the conditions of step (d) the stable IL-4 concentrate
can reach up to 20 mg/ml. This increases the capacity and performance of
the gel filtration chromatography. The fractions of eluate containing the
highest concentrations of active IL-4 as determined by the SDS-PAGE and
25 protein assay are collected and pooled to result in a 95-89% pure solution of
active IL-4.

The above references are hereby incorporated by reference, for,
their relevant teachings of materials and methods used in the construction of
30 the CHO expression system for hiL-4.

CONSTRUCTION AND CHARACTERIZATION QF THE E.
COLI-DERIVED HUMAN IL-4 '




the gel filtration chromatography. The fractions of eluate containing the
hi ghest concentrations of active IL-4 as determ ned by the SDS-PAGE and 25
protein -assay are collected and pooled to result in a 95-99% pure sol ution
of active IL-4. The above references are hereby incorporated by reference
for. their relevant teachings of materials and methods used in the
construction of 30 the CHO expression sytemfor hlL-4. CONSTRUCTI ON AND

CHARACTERI ZATI ON OF THE E. COLI - DERI VED HUMAN. | L- 4 19 A Construction of
the human |L-4 expressio asm d RG857 11 Th% construct'on_f t he human

| L-4 expression plasmd

descri bed previously: me J. I nd. M CI’ObI ol ogy 1989 and
Yani sch-Perron et al., Gene, -33:103- 119. 1985. In order to construct

pRGI857-1 1, pAH3 was digested with the restriction endonucl ease, Aval. The
5' overhang created by tHiscerstyuctionas tie hUeeni lh—&\exﬂ)resblenlﬁlmﬂWSfragrrent

(k) 11 agnint PAH f ﬁn ‘fﬁﬁg% B0 o P REB0EN dekbbed BlevialRF, “Liddl §FRe°
Pvul | - Pvul fr &pdalD cH89%and) YanischiRered ef al. dﬁem@.rBS te3414ds,
Fol | owi ng trargke! rratdre@r t%fcd%strﬁed ?Ré%s Qﬂep‘N nég@so?% ted Withh €s! st ant

| L-4 expression El asm s carryl n eT?n 'OI”I catlon was
PRGT839- 2, as FeHBGHCH ANePQsigase, Amgl. The 5° overhangyreatesbby this @npxwe269- 2
were then bot vadi fillesitindviti tHe Iﬂéhbhfﬁd@jﬂh&ntﬂfﬁ Ffbﬂ zlﬁﬁifﬂea@&lw of

PROTO30- 2,521 i U, 336 48 b R R s o 14 ol
reaction was igbdegions wasdigated o thedl .4 I@Pwmmfraghﬁam OS U0 1g
st o < B REEST dob EERe Fba  B lol Ee
origin of repP8éaonenf thenjanpicilioniedistant Ihtmemeﬂbhplwadis carrying the

: pUC origin of replication was pRGT839-2, as shown in Figure 2.

15 pRGT839-2 and pKGT269-2 were then both digested with Aatll
and Pvul. The 6.7 KB fraagment of pRGT839-2 canrying the IL-4 and laci
regions was ligated to the small 1 KB fragment from pKGT269-2,, encoding
chloramphenicol resistance. The ligation reaction was used to transform E.
coli 294. One of kthe resulting transformants was pRGT857-11. As shown in

20 Figure 2, this IL-4 expression plasmid caries chioramphenicol resistance as
well as the pUC origin of replication. This plasmid was subsequently used
to transform E. coli RL732I. -

B: Host Bacterium
The host organism carrying the plasmid, pRGT857-11 which is

25 used for the production of human IL-4 is E. coli K-12. The sirain is E. coli
RL732l, a derivative of E. coli MM294 which has been previously described
by Bolivar et al., Methods in Enzymology, Vol. 68, 245-267, (Ray Wu, ed.),
Academic Press, 1979. This strain conforms with the guidelines established .
for an EK1 host. E. coli RL732l was isolated from E. coli MM294 as follows:

30 A streptomycin resistant form of E. coli MM294, designated E.
coli 29485, was first isolated by transducing the former strain with
bacteriophage P1 cml, cir100 [Miller, J. H., 1972. Experiments in Molecular
Genetics. Cold Spring Harbor Laboratory. Cold Spring Harbor, N.Y.] which |
had been grown on E. coli PAM163 {Johnson, B.F. 1977. Fine structure




to transformE. coli RL7321. B: Host Bacterlun1The host organi sm carrying
the plasmd, pRGI857-11 which is 25 wused for the production of human |L-4
is Ecoli K-1 2. The strainis E coli RL7321, a derivative of E. coli
MV294 whi ch has been previously described by Bolivar et al., Methods in
Enzynol ogy, Vol. 68, 245-267, (Ray Wi, ed.), Academ c Press, 1979. This
strain conforns with the guidelines established for an EK1 host. E. col

RL7321 was i sol at ed from E. coli MW94 &5 fol l ows: 30 A
streptonycin r | | t. ol i 294S, was
first isolat ed %3{{%8{'?%0{ {iﬁldnor %ﬁgcégEﬁlAbQﬁ@ 'g‘qf’%“‘?ﬁ e P1L cnml,

cirl00 [MI]1 er,ig_ﬂlﬂi‘,'_a_&g!l’t( Fapd Bistaiiss G?P%B@&uﬁﬁﬂ@e&ﬁjt ics. Cold Spring
Har bor Laboratory. Col d Brebi 994’@%@.rmutggé’m]ze@’%tﬁhjﬁ?éﬁol%?ﬁghp{o Vﬁ’glaqgrf

coli PAML63 [Johnson, Fi ne structure

properties of ﬁﬁﬂ@‘ﬂﬂ%?@“@dﬁﬁ?%@?@bfaﬁ@ $BIFUEL J?‘Pd%?"ﬁﬁ“ﬂf@dﬁéﬁﬁaéﬂ?ﬁ forcol i
K-12 and Bsst ramaaco@mnh gv. lamﬁom%?xr@éihent?ca@sw 9@9‘4/&%&;&% ageni zed
wth uItraV|oI ht, to _jsol ate traln ective.in, ou menhr ane
Structure. mhedeermegneelitfadnidanelin 15 TiassnicteLeh sHserrTamp. Thi s
EI' [1 eat nent causgds alﬂzix&%ax(d incdbated ,at 32¢@ fov mﬁduds}ln Kthégaﬁgwgﬂﬁ shakih FYE?ICU][Y\ 5
e nutageni zed ce sus ncubat e r or
hours in the dark with sﬁtelggr@{b ﬁs‘ﬁ% lyﬁpk hf%wt%@d@gé ri gphage
wer e added t o flofee fGrmphgamés per mi. n@herbamenpphagd T7 hesedasex seipbnge e} 7 is

used as a (gel &ﬁdcg%lv Bag:%na?[’d%fvirggrgtjfé%onéﬂ %" BRhHRIES. | gfi%d

out er nenbranes I nce or lpopolysacc arl e, an
out er menbr aneregempéwsﬂoc@zﬁdaoednpmolmham@ rammtebmemwranermemfm $ome

resistance to &gen‘ MeRtiraR8 mdtalid Wﬁ?{ef\ﬂtd?ﬂr%%sfa)ﬁ% t? é%enot el e W 11 be

sensitive to infection and thus
di'scussed bel d@vingswilddype oxier mamirages wilkbe sensitiydiq W@Ct@l" andlhusg be

menbrane. The KR 6H. bﬁ@tl@ékmm@@pvdrseﬁwé@mswae ddb 1d'gh Rtrba8e@f outer
menbrane dg rm%eenrr]l%:szlbl? ity of t%e outer membrane. The use of bacteriophage T7
ressstance as an indication of outer membrane damage has been shown
prevaously [Branes et al., J. of Bacteriglogy, 154:1462-1466, 1983).
Following T7 infection, the flask was shaken at 37°C until cell
lysis was observed (approximately 30 minutes). The T7 resistant cells were
20 collected b y centrifugation and resuspended in 1 ml fresh broth. These
cells were spread onto TYE (Tryptone:yeast exiract: sodium
chloride@20:10:5) agar plates and incubated at 37°C overnight. After 24
hours, each plate contained from 30-50 colonies. These colonies were for
outer membrane damage. One method was to observe any increase in
25 RNase ! ieakage to the medium. Single colonies of T7 bacteriophage
resistant clones were streaked across.fresh TYE agjar plates that had been
-overlaid with 4 m! of TYE agar coritaining 1% yeast RNA (Sigma Corp.) at
pH 7. After ovérnight incubation at 37°C, the plates were flooded with TN
HC1. Halo size was used 1o determine strains leaking RNase activily into
30 medium [Weigand, R.A. and Rothfield, J. of Bacteriology, 125:340-345,
1976]. A second indicator of outer membrane damage in E. goli is failure to
grow oa MacConkey agar {Hancock, R.E.\W_, Ann. Rev. Microbiol., 38:237-
64, 1984]. One of the thirty T7-resistant colonies shown to be particularly
sensitive to MacConkey agar and able to release substantial amounts &f '
35 periplasmic RNase | was designated RL7. |




v

previously [Branes et al., J. of Bacteriology. 154:1462- 1466, 1983].

Follow ng T7 infection, the flask was shaken at 37[err]C until cell lysis
was observed (approximately 30 m nutes). The T7 resistant cells were 20
collected b y centrifugation and resuspended in 1 m fresh broth. These
cells were spread onto TYE (Tryptoneyeast extract: sodium chloride@O: 10:5)
_agar plates and incubated at 37[err]C 0\§?rn| ght. After 24 hours, each plate
contai ned from 30-50 col oni es. These col0ni es were for outer nembrane
damage. One nethod was - o cgfiFr & wasransformedseith theiulLRiapeessidr aleatr t 0

he medi Si,R
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RNase | was d
hul L4 expr, eSS| on VEc gthéﬁﬁy(lé 'E(J‘Z(:‘%Q"J'ia @iégé@oqft hﬁpé%?‘%m‘ﬂg%%gﬁ% ne
across thed i naaemocellntemmmg d%tv(elmmaeptaunﬁleaghe spdant weloaiels: orT he
t ransf or mant sq lig Iff-@'lf %\é: rn blot analysis using the
hul L-4 pol ycl O%@?eéﬁ%{é@%éaﬁ descr bﬂﬁg b%/ow ﬁ?/ pAH3 was nut ageni zed as
before with UV light. After growmh in the dark for at |east 2 hours, the
irradiated cells werem@ MOthGEhiZoE AR welrdt diRiteYPRAE g)t 0

e

ol oni es. wer (RPTs /e gén@ﬁﬂ% 5 L A e, St 100
hul L4 as fisndijegineld dnypitillia. rmAﬂernirmnmanonl at IRC| ovemiightintiee plterut ant
colonies. The contained from 500-2000 colonies of approximately 1 mm
diameter. The plates were then covered with a 137 mm
nitrocellulose disc (Schieicher and Schuell) with 0.45u pore size.
The disc was gently applied from one edge to allow gradual and
20 even wetting. The disc was immediately peeled back in one
motion so that the colonies were lifted from the agar plate onto
the nitrocellullose disc. This disc was nitrocellulose disc (or
discs) previously placed onto the surface of a sterile agar plate.
The plates were then incubated overnight at 30°C. After
25 incubation, the bottom .disc (or discs) was separated from the
colony bearing disc. The filters wre incubated in 10 mM Tris pH
8, 150 mM NaCl and 0.05% (v/v) Tween-20 (Bio Rad, Enzyme
Immuno Assay Purity) (TBST) containing: 1% BSA (bovine serum
albumin) at room temperature for 60 minutes. Filters were then
30 incubated with either rabbit polyclonal antiserum (1:1500
dilution in TBST/BSA; used for dertermination of total hull-4) or
monoclonal antiserum (11B4) (1:10 dilution of -hybridoma culture
supernatant in TBST/BSA; used for determination of protein in a
native conformation) at room temperature for 30 minutes. The
35 filters were washed three times in TBST, then incubated with ‘the




doubl e disc assay is performed as follows: The nutageni zed cells were
diluted and spread (0.1 m per plate) onto TYE agar plates (142 nm

di ameter) containing 100 15 J[err]g/m anpicillin. After incubation at
30[err] C overnight, the plates contained from 500-2000 col oni es of
approximately 1 mmdi anmeter. The plates were then covered with a 137 nm
nitrocel 'ul ose disc (Schleicher and Schwell) wth 0.45[err] pore size. The
disc was gently applied'fron1one edge to allow gradual and 20 even

wetting. The g Woa\géérmg SbloB ét%%ebﬁﬁke sges?aayeﬁmﬁ?%& the

col oni es were rom
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to human [L-4 (11B4) followed by alkaline phosphatase
15 conjugated, goat anti-rat IgG. One strain selected as a high
producing strain was designated RL731.

E. coli RL731/pRGT857- -11 was mutated with UV light
as before. After the requisite growth in the dark, the cells were
plated on TYE'agar supplemented with antibiotic and 1 mM IPTG

20 (isopropyl B-D thiogalactoside). . RL731/pRGT857-11 does not
grow in the presence of the inducing substance, IPTG. Cells were
plated at-a density of 104 colony forming units per ml. About 5-10
colonies per plate developed upon overnight incubation. Over 75 colonies
were purified by streaking and checked for hull-4 production. Production

25 level was determined by western blot analysis. Clones that showed the
heaviest bands were cured of their plasmid as before, retransformed with
pRGT857—1 1 and checked for retainment of high production of hullL-4. The
strain picked for most satisfactory characteristics, including production and
leakage of biologically active hull-4 and continued cell growth after the

30 induction of hull-4 expression, was RL7321.

During the fermentation of human Interleukin-4 (rhiL-4), the
product is directly secreted into the fermentation broth. Initial downstream
steps are performed to separate the broth fron the cells and then concentrate
the rhiL-4 in the broth. There are two distinct processes to accomplish this

35 task: a membrane process and a sodium trichioroacetic acid ({TCA) process.
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The suspect colonies were cured of the plasm'd by continuous transfer in
non-sel ective nedi.a foll owed by streaking on non-sel ective TYE pl ates.

Col oni es that scored negative for growmh on anpicillin plates were checked
for absence of plasmd 10 and then retransforned with the human IL-4
expression plasnid, pRGI857-11. These clones were screened for increased
rel ease of hul L-4 by dot immuno-blotting,whole broths obtained from 10 mi
tube fernentations. Detection was by a ocl onal anti body to human IL-4
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15  (e.g. with Millipore ultrafiltration membranes) The diafiltered .

concentrate is further purified by chromatography on a gel filtration column

(e.g- with S-200 HR). The pooied fractions which constitute the purified bulk

rhiL-4 are then filtered and stored at -20°C or'below.

The process for purifying a crude solution of active recombinant

20 human IL-4 from E. coli thus comprises.

- {(a) subjecting a buifered crude solution of said IL-4 at a
neutral to a slightly alkaline pH and containing about 0.5 to 1.5 molar
sodium chioride to affinity chromatography on a metal chelating-agarose gel

25 to selectively bind the I1L-4;

(b) washing the column first with a 20mM sodium phosphate
equmbratlon buffer at pH 7.2 containing 1.0 M sodium chloride, then with the
buffer containing 1 0% glycerol by volume and about 150 mM of sodium

~ chioride; _ '

30 (c) - eluting the bound IL-4 with an eluting buffer at an acid
pH or a neutral pH buffer containing a chelating agent, an analog of histidine
or an amino acid;

(d) treating the active IL-4 eluate from step (c) with a cation
exchange chromatography column such as S-Sepharose® (available from

35 Pharmacia Fine Chemicals) at a near neutral to slightly acid pH and at a



23 In the sodium TCA process, cells are inactivated by addition of TCA
salt. After renoving the cells, the pH of the broth is |lowered to
precipitate the rhliL- 4, and the broth is centrifuged to recover rhliL-4 in
the formof a pellet or. sludge. The menbrane process uses both
mcrofiltration and ultrafiltration to 5 recover rhlL-4 in the formof a
| i quid concentrate. This process nay enﬁﬂoy several washes with buffer to
enhance downstream recovery. Purification of rhiL-4 froma crude
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diafiltered w Eﬁ;g?\géj trﬁa?éﬁ%bg%§gged§wg‘g‘g§ﬁ)pont ai ni ng-a menbr ane of
- appropriat & nom nal nff) ecultseating tiiet concentratedtretentate iy ge! filgatioms i n t he
concentrate 1 | | filitrati on menbranes). The
diafiltered co%rtl'(r:é'ﬁtagj%gw?ﬁoyéggggzﬁﬁglgﬁggglﬁégﬁiomat'ogr aphy on a gel
filtration colum (e. wi t RORSCGHNG tRR)PU @ &ell.fracti ons which
constitute the purified bulk rhiL-4 are then filtered and stored at
-20[err] C or below. The process for purifying a crude solution of active
reconbi nant 20 human [Re-Most preferTed @mbadiment.enmprises she follpwing stegsi ect i ng
a buffereggcrude solution of said IL-4 at a neutral to a slightly al kaline

pH and cont ai ni ng abor@ 0.5tp 1.5 nol ar soiiium hl oride to.affinit .
chr omat ogr aphy on a al c,h@ﬁ%ﬁg‘?%-aa‘ayfjﬁss@'ﬁ’@f‘ OEE‘C“Y%“%O@F\B&W\;Q“W%? nd the
| L-4; (b) Hiadltozm affinity chromatographyncolnm AlniMeddhelalinagaioabeage!,

the bur er coRtalpiti EheBiind seeslBiroRt® Bt Fiov, fy335ulel BcSs0hy Bhcalh um
chl oride; 30 pH phosphatahufler cortainingd -@Mesodium dhlotide; wi th an el uting '
an anal 0g' St h sti a9 or g%%gm%&gw&?ﬂ{% dbrBsfiis e o7
el uat e from sPEp-Z c¥-Seamaigingi 0 sodium chioride, then with tge phosphate buffer
- containing 10% by volume of glycerol and 150mM sodium chloride;
() . isocratically eluting the active L4 from the column with
an eluting acetate buffer at pH 5.0 containing 0.5M sodium chloride;
20 (d)subjécting the active IL-4 eluate-in a phosphate buffer at pH .
6.75, conductivity 15mS, from step (c) {o cation exchange chromatography
on a column such as S-Sepharose® equilibrated with 20mM sodium
phosphate butfer, pH 6.75 and 0.12M sodium chloride;and gradient eluting
with a phosphate buffer at pH 6,75 having 0.12-0.6M NaCl;
25 (e} concentrating the eluate from step (d) with an ultrafiltration
membrane; _ '
(f) treating the concentrated eluate by gel filiration chromatography
on a size exclusion coltimn egilibrated with 10mM sadium citrate buffer at
pH 4.5;-an'd _
30 (g) collecting the purified active IL-4 solution.

The preferred E. coli strains used to prepare the active IL-4
purified according to this invention are RL 2117/pRGT857-11 and
RL7321/pRGT857-11.



exchange chromat ography col umm such as S-Sepharose[err] (available from 35
Pharmaci a Fine Chemcals) at a near neutral to slightly acid pH and at a -
24 conductivity of 15 nB5, S-Sepharose[err] is a cross-linked agarose matri x
havi ng coupl ed thereto the ion exchange group -CH err]-SOerr]- Na[err];
(e) concentrating the eluate fromstep (d) with an ultrafiltration
menbrane( 10, 000 nol ecul ar wei ght cutoffj; 5 (f) treating the
concentrated retentate by gel filtration chromatography on a size excl usi on
col um; and (g) col heprelagedimetali chelaingzagarese yilized imistemiatis pref erred
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25 conc ting the Iuaefromste with a .
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filtration chrfitspor aph colima: cOnEinS K zmccutemingrsemrbsé@ gbEghdwiid 10mV
sodi um ci t rat %chijor bo%{om column contains chelating Sepharose® gel which has not -

15 been treated with a zinc salt or other metal salts. The volume ratio in the
dual columns is about three volumes of zinc treated chelating Sepharose®
to one volume of untreated chelating Sepharose®.

- The preferred buffer used to equilibrate the columns is a
phosphate butfer at pH 7.2-7.5 containing 1.0M sodium chioride.

20 In step (b) a special two-part wash with first as an equilibration
buffer the ph'osphate buffer at pH7.2 confaining 1.0M sodium chloride then
with the sodium phosphate buffer at pH 7.2-7.5 containing10% glycerol and
a low concentration of sodium chioride (150mM) are charged to the column.
The washes remove impurities, including one which is very closely related

25  and difficult to separate. The active IL-4 remains on the column.

The preferred buffer to maintain the pH of the solution of active IL-
4 is a phosphate buffer at pH 7.2 containing 1.0M sodium chloride. When
the buffered crude active IL-4 solution is run through the columns, the IL-4 is
selectively adsorbed on to the gels. L

30 In step {c) the zinc chelating-Sepharose® and the untreated
chelating Sepharose® gels are equilibrated with a phosphate buffer at pH .
6.75 containing 1.0 M sodium chioride then the adsorbed active IL-4 is
isacratically eluted from the zinc chelating-Sepharose® through the
untreated chelating -Sepharose® with an acetate buffer at pH 5.0 with 0.5 M

35 sodium chloride or alternatively with a neutral pH buffer containing a




pH 4.5; and 30 (g) collecting the purified active IL-4 solution.
The preferred E. coli strains used to prepare the active IL-4 purified
according to this invention are RL 2117/ pRGI857-11 and RL7321/pRGI857-1 1.
The preferred netal chelating-agarose utilized in step (a) is chelating
Sephar ose Fast Fl ow al t hough chel ati ng Sepharose6B is al so satisfactory. The
Sepharoses are products of Pharnmacia Fine Chem cals, Piscataway, New
Jersey. A preferred nethod of preparing 2t5he preferred zinc 5 chelating

Sepharose column for use in this inventi by pouring the Sepharose gel
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whi ch i s very 20 sdiphosphitecbufter abpél 6176 ittt 2tG6 M NaGlt eThelinactigisi ve
IL-4 remains Qo NErEY YSkentrations of active IL-4 based on the SDS-PAGE and
15 protein assays are pooled.The conditiong for cation exchange
chro_matog‘raphy are selected to insure that the active 11.-4 fraction will attach
to the cation exchanger matrix. The near neutral pH 6.75 which is relatively
high for a cation exchange chromatography and the 15mS conductivity
which is relatively high for ion exchange chromatography-results in mild
20 binding conditions where most impurities o not bind to the column, elution
is relatively easy and high purity of the active IL-4 solution is obtained, i.e.
about 90% -95%.
In step (e) the pooled eluted fractions from step (d) are
concentrated on a stirred cell fitted with a membrane which holds ali material
25 with greater than 10,000 molecular weight. This includes active IL-4. Since,
| at this stage of the process the active IL-4 solution is about 90-95%: pure,
very little except active IL-4 is in the concentrated solution retained on top of
the membrane. A preferred membrane is YM-10 manufactured by Amicon
Co., U.S.A. The concentration obtained is up to about 20mg/mL of active IL-
30 4. o : |
In step (f) the pooled, concentrated eluates of active IL-4 from step
{e) are.charged to a size exclusion gel filtration column which fractionates
proteins in the solution according to molecular weight. A typical.column |
which is suitable is a Sephacry!®S-200 HR or S-100HR(Pharmacia) gef
35 fiitration column. The Sephacryl®S-200HR(high resolution) and S-100HR



The preferred buffer to maintain the pH of the solution of active IL- 4 is
a* phosphate buffer at pH 7.2 containing 1.0M sodi um chl ori de. Wen the
buffered crude active IL-4 solution is run through the colums, the IL-4 is
sel ectively adsorbed on to the gels. 30 In step (c) the zinc

chel ati ng- Sepharose and the untreated chel ati ng Sepharose gels are
equilibrated with a phosphate buffer at pH 6.75 containing 1.0 M sodi um
chloride then the adsorbed active IL-4 is isocratically eluted fromthe.
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concentration of 20 mM or sodium citrate or sodium acetate buffers at the
concentrations and pHs as shodyn in the examples, as well as the specific
amount of sodium chloride indicated. The pH is adjusted with sodium
hydroxide or acid. in the two part wash of step (b), the first wash is with

20 a20mM sodium phosphate equilibration buffer at pH 7.2 containing 1.0M
sodium chloride. and the second wash is with the phosphate bufier
containing about 150mM sodium chloride and10% glycerol which is
required in the second wash buffer.

The concentration of the sodium chloride in the buffers gsed with

25 the zinc chelating-Sepharose columns is critical to this invention because

' high salt, preferably 1M sodium chloride, improves the recovery of
solubilized active IL-4 from a trichloroacetic acid (TCA) pellet as well as
enhances active IL-4 binding to the metal chelating Sepharose. The
concentration enables the IL-4 to be more selectively adsorbed to the zinc

30 chelating Sepharose column than impurities in the fermentation broth.

The bulk IL-4 was then prepared for injection by thawing and
diluted with sterilized water and/or 10 mm citrate buffer.



.

20 binding conditions where nost inpurities do not bind to the colum,
eldtion is relatively easy and high purity of the active IL-4 solution is
obtained, i.e. about 90%-95% In step (e) the pooled eluted fractions from
step (d) are concentrated on a stirred cell fitted with a nenbrane which
holds all material 25 wth greater tharegl0, 000 nol ecul ar weight. This

I ncl udes active IL-4. Since, at this stage of the process the active IL-4
solution is about 90-95% pure, very little except active IL-4 is in the
concentrated solution retained on top of thgk qane. A preferred nenbrane
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are chosen bethwosgh theboflematfdlke calinpr.oper conditions of bindi ng, washi ng
and el utign to enabl ehBg 4 top flow adapter on the column and equilibrate the gel
‘ with 5 bed volumes of a buffer composed of 20 mM sodium phosphate, pH
7.2, 0.12M NaCl, by pumping the buffer through the column at a flinear
velocity of approximately 1icm/min. Adjust the top flow adapter to press firmly
on top of the resin bed. Then pump at least 5 bed volumes of a bufier
20 comp'osed'of- 20 mM sodium phosphate, pH 7.2, 0.12M NaCl, through the -
column at a linear velocity of approximately 1 cm/min and if necessary
continue pumping the buffer through the columa at the same flow rate until
the pH of the effluent is between 7.1and 7.3. Adjust the bed volumes of the
columns so the smaller column has 15% the bed volume of the larger

25 column.
Example 2
PREPARATION OF COBALT CHELATING-
. SEPHAROSE® FAST FLOW
30

Suspend chelatihg Sepharose®Fast Flow gel in 5 volumes of 0.02
M cobalt acetate and let stand overnight with occasional stirring. Wash the
gelona Buchner funnel with deionized water, then wash the gel with a
buffer of 0.02M sodium phosphate, pH 7.2, containing 0.5 M NaCl. The(_l
35  slurry the gel in 0.5 gel volumes of 0.02 M sodium phosphate buffer at pH



LY

active IL-4 either to adsorb to the chromat ography gels or elute
.sélectively 15 therethrough. The preferred buffers are sodi um phosphate
buffers at a concentration of 20 mMor sodiumcitrate or sodium acetate
buffers at the concentrations and pHs as shown in the exanples, as well as.
t he specific anmount of sediumchloride-ixdi cated. The pHis adjusted with
sodi um hydroxide or acid. In the two part wash of step (b), the first wash
is with 20 a20mM sodi um phosphate equilibration buffer at pH 7.2

contai ni ng 1. O\ s@itasmT 0! d phat e
~buf fer containi {&g@gé ut 158;%%%“%&%?%% deﬁaﬁg%QWIcwééofﬁ Qﬁﬁ

required in tR8 smeter and 320 BEIB deiglit |36ﬁ' Qﬁmt)li@e é'gulchm
~chloride in tﬂﬂ’ob hftﬁéfboilﬁﬁd Piabe aﬂoptﬂbw ﬁmmiwwgn@m@aﬁﬁ.b@ﬂwms

is critical t | nvent.i 0 1M saod] um
chloride, i rrp 8 P@é%@r‘?&a (ﬁﬁ‘@b‘%?qsfﬁa{ea@ﬁe\?@t IPIT‘FZ 2. ([c9Rtaining
trichl orodtet 05 Mcmaq TGa)ghaht evlimn aehppmsiceabigrcen/art, | FRickla flowi ndi ng

to the netal e he concentration enables the IL-4 to be
i E e e T

nore sel ectivelry adso e zinc 30 chelating Sepharose colum than
inpurities in the fermentation broth. The bulk IL-4 was then prepared for

I njection by thawing and diluted with ster ter and/or 10 nmcitrate
buf fer. 28 Exanmpl e 1 PREPARATI ON OF -S- S err] FAST FLOW COLUWN
Prepare two cation exchaRG& M!&WQEGHM@@ SEBEAST FLOMOW
cation exghange resin l(N@TbFFﬁEATngW?ﬂWM mgqty\grg,& sphate, pH 7.2, and
0.12M NaCl . The. first_col IS a col Lé__rm I n_di anmet er and 45 cm
in height and the seﬁﬂm%grh]ﬂﬁ%“g §eg émﬁf_@ EH‘H’ gejdnmbutienramposedand

I300 nm i nI hei gflromMhsodion ﬂl)I%smﬁtm A7 Whfod thcbeplomomm t@f tHd Gel
arger colum h_golumn i s cation
exchange gel . "%%‘3?’8 170 W@Wdﬁ’&‘{-ﬂ}n éﬂi’"? ga?'g‘@ge gvlg? &'P?S/‘?'S gebaoh fegded Fast
Fl ow gel cat iwith thecinbalesaliesetties in a unifbfne fayeo opase thobi the cobalt charged

15" gel. Place a flow adaptor on the column and equilibrate the gel with 0.02M

sodium phosphate buffer at pH 7.2 containing 0.5 M NaCl.

Example 4
EQUILIBRATION OF COBALT CHE[LATING-SEPHAROSE®
20 - COLUMN .
After the cobalt chelating Sepharose® Fast Flow and the untreated

chelating Sepharose®column is prepared according to Examples 2 and 3,
- invert the column so the cobalt treated resin is on top of the untreated resin.

25 Continue pumping the buffer, i.e. 0.02 M sodium phosphate, pH 7.2, 0.5 M
NaCl, through the column until the pH of the effluent is between 7.1 and 7.3.

Example 5
30 PREPARATION OF SEPHACRYL®S-200 HR COLUMN
Pump at least 1 bed volume of a buffer composed of 10 mM
sodium citrate, pH 4.5, through the S-200 HR gel in a 1.8L chromatography

~ column, 50 mm diameter, 100 cm height, at a linear velocity of approximately
35 0.2 cvmin to equilibrate the column.



20mM sodi um phosphate, pH 7.2, and 0.12M NaCl . Pour t-he gel into the
appropriate chromat ography colum, allow the liquid to flow or punp it

t hrough the bottom of the columm. 15 Place a top fl ow adapter on
the colum and equilibrate the gel with 5 bed volunes of a buffer .conposed
of 20 mM sodi um phosphate, pH 7.2, 0.1 2M NaCl, by punping the buffer

t hrough the colum at a linear velocity ofg-approximately 1 cm mn. Adjust
the top flow adapter to press firmy on top of the resin bed. Then punp at

| east 5 bed volunes of a buffer 20 conposed of 20 mM sodi um phosphate, pH
7.2. 0.12M Nad, through the colum at a |irfesamplelocity of approximtely 1
cnmimn and if necessary continue punping the buffer through the colum at
the sane.flow-rate until the pH of t? effluent is between 7.1and 7. 3.

Adj ust the bed vol umes of the col um&REPARBTIONQRBUESERS has 15% t he bed
vol ume of the larger 25 colum. Exarrpl e 2 PREPARATI ON OF COBALT CHELATI NG
SEPHARCSE EAST FLOW 30 Suspend chel at i ng haroeFast FI ow eI inb

vol umes of 90. 02 M cobal t acet at e g 5 p Y. dédddonal
stirring. \asigddhema€higritiea Buchner f unnel W|th de| oni zed vvat er, then wash

the gel with a buffer 0. 02M.sodi.um ntaining 0.5 M
NaCl. Then 35 slurr yMﬁ{]EOQQES}Pé\ﬂi ‘ﬁ' ‘g‘%’é“'égpq"\?g%??é @t%ﬂ%ﬂ“lﬂ%’&ﬂhﬁ#ﬁ phosphat e
buffer at pH morma'siQmomnhydﬁahen@(B.ﬂLl\ﬂm .chitwigdie dréDsufficient Eneowrthstl t
charged gel igt ; dgrm ' mm in hei ght and punp
the Iiquid thrgo:ﬂ\éﬁ ?ﬁ'{gﬁ]ggﬁ 4d S?EFF% (g-@qpl’t er on the colum and
equi | i brad@ the gel by punping 0.02 M sodi um phosphate buffer at pH 7.2,
containing 5. 0.5 M Ng ﬁ bbgvp gg, 4
'Placeaflowadapter oh Top -
ix together m delomzed water 2.78 g/L sodium phosphate
monobasic monohydrate and 15.19 g/L sodium chloride. Adjust the pH to
¢ 7.2 (20.1) with 6.3N sodium hydroxide. :
15

() 0.02M Sodium Phosphate, pH 7.2, 0.50 M Sodium Chloride
Mix together in deionized water 2.78 g/L. sodium phosphate
monebasic monohydrate, 29.22 g/L sodium chioride and sufficient amount of
50% NaOH to adjust the pH to 7.2(0.1).

20

(d) 0.02M Sodium Phosphate, pH 6.0, Q 05M EDTA, 0.5 M
Sodiym g;hlgngg

Mix together in deionized water 2.78 gm/L_ sodium phosphate
25 . monobasic monohydrate and 19 g/L tetrasodium EDTA and 29.22 g/L
sodium chloride. Adjust the pH to 6.0 (30.1) with 6.3N sodium hydroxide/4N
HCL.

(e) 10mM Sodium Citrate, pH 4.5
30 : ' "
' Mix 210 grams (2.1 g/L) citric acid monchydrate with 100L
deionized water until the citric acid monohydrate is dissolved. Adjust the pH.
of the buffer to 4.5 with 4N hydrochloric acid and 6.3N sodium hydroxide, if
needed. This buffer is used for diafiltration and uitrafiltration as well as for

35 gel filtration chromatography. '



Examsl e 3 PREPARATI ON OF CHELATI NG SEPHAROSEFAST FLOW 10 ( NOT
TREATED WTH A METAL SALT) Slurry Chel ati ng Sepharose[err] Fast Flow gel in
a buffer conposed of 20nmM sodi um phosphate at pH7.2 with 0.5 M NaCQ Pour 75
m. of the gel into the chromatography colum from Exanple 2 so that the gel -
not treated with the netal salt settles in a uniformlayer on the top of
the cobalt charged 15 gel. Place a fl ow3hdaptor on the colum and

equi librate the gel- with 0.02M sodi um phosphate buffer at pH 7.2 containing
0.5 M Nad . Exanple 4 EQU LI BRATI ON OF COBALT CHELATI NG SEPHARCSE 20

COLUWN After the cobalt chel ati ng Sepharose Fast Fl ow and the untreated
chel ati ng Sephar ose[ erg] ' D4 i ng to Exanpl-es 2 and 3,

i nvert the colum solt(h u %éngon top of the untreated
resin. 25 Continue punping the buffer, i.e. 0.02 M sodi um phosphate, pH
72 a2657M3Nacija thr Ogﬁiggﬁg%g%dm ipholspateingholiaif AlohbHpdiatd dithet ween
SEPHACRYL[ & 1] m@odemtzﬁd_wmrlanﬁpagﬁate ardil dissplvady dvdiyst the pH qf the bufler
composed of 101y 908 S%/AOH a1 th & conLERAY drbeafis200 HR gel in a

1. 8L chromat ography col um, mm di aneter, 100 Cm height, at a |inear

vel ocity of approximately 35 0 2 cmmn to equi librate the col um. 30
Exanpl e 6 PREPARATI ON OF BUFFERS 5 Example 7 (a) 0.02M Sodi um
Phosphate, pH 7.2. 0. ' ' ed water
2.78 g/L sodium phosp@ﬁﬁ%m%ﬁmwgéq fﬁ?@gﬁ;ﬁchl oride

and suffi gigent anpunt of - OF CRUDE iL-4 SOLUTION -

Adjust the crude IL-4 containing cell culture medium (total protein
about 14,000g) to pH 7.2 (0.1) and adjust its conductivity to 14 mS(x1).
Pump the solution through the S-Sepharose® cation exchange column at a

15 linear velocity of approximately 1.0 cm/min or less. Wash the column with
the buffer prepared in Example 6(a). Isocratically elute the column with the
buffer prepared in Example 6(b) at a linear velocity of approximately 0.2
cm/min. Collect the fractions which contain active IL-4 as determined by the
SDS-PAGE and protein assays and pool them. The purity of the pooled

20 active IL-4 is about 50%.

Example 8
GRADIENT ELUTION OF PARTIALLY PURIFIED ACTIVE IL-4
SOLUTION ON CATION EXCHANGE COLUMN

25 :
Adjust the pH of the pooled active IL-4 solution made according to
-Example 7 to 7.2 (+0.1) with either 4NHCI or 6.3N NaOH as required. Adjust
the conductivity of the solution with the buffer prepared in Example &(f) to
14mS (1).
30 " Pump the solution through an S-Sepharose® column as

prepared in Example 1 at a linear velocity of approximately 1cm/min or less.
Collect the flow-through solution in one fraction.

Elute the column uéing a gradient of approximately 1.75 mS
per bed volume and a linear flow rate of approximately 0.2 cm/min.



6. 3N sodi um hydroxide to adjust the pHto 7.2(0.1). 10 (b) 0.02M Sodi um
Rhosphate, pH 7.2. -0.26M Sodium Chloride. Mx together in deionized water
2.8 g/ L sodium phosphat e nonobasi ¢ nonohydrate and 15.19 g/L sodi um
chloride. Adjust the pHto 7.2 (0.1) with 6.3N sodi um hydroxide. 15 (c)

0. 02M Sodi um Phosphate. pH 7.2. 0.50 M Sodi um Chloride M x together in

dei oni zed water 2.78 g/L sodi um phospi&t:e nonobasi c nonohydrate, 29.22 g/L
sodi um chl ori de and sufficient anount of 50% NaOH to adjust the pHto
7.2(0.1). 20 (d) 0.02M Sodi um Phosphate. pH 6.0. 0.05M EDTA. 0.5 M Sodi um
Chloride M x together Tie tw salt betleresert in2héQrgdibht sataumagh as BRamnpie25

chl or de.  Ad) o And (RF Pightsd trtdf B0 B s ﬂ%\%&@?@&?ﬁéf%ﬁﬁlﬁ%{“ (&)
10n1\/|h88?;121 V(\)II fﬁailgprH 4.5 30 Mx 210 %r ans (2.1 g/L) citric acid ,
g:)ggo%/ved Adj ust the éﬂ&?sqﬁ@ V‘f?:%(?irong it ‘émﬁmﬁ&giﬁ%h@‘?fg’@‘g’?’wjgm d and
6. 3N sodi urh hydﬁ@%pl!-tmeiif Codlectdbe rermiayvmmrfaéhon%(amwcﬁom ydlumesanfi on and

ultrafiltrati o aged®bluniss.for 35 gel filtration chronatography. 31 (f)
20 nM Sodi um P osp%ate pH 7.2 M x 278 grams sodi um phosphat e nonobasi c

nonohydrate with 5 fmy g fracignsdercrciiyedLatyby the- SRS P AGE andhpinsein
Adj ust the pH gésdyie PadiitRe abtvelit-4 fréctibAd) ﬁﬁ%hla:%faﬁé pb8led sAvsluCEi Vi ty

of 2-4nS. solution is about 60% to 70%.

10
Example 9
COBALT CHELATING SEPHAROSE® CHROMATOGRAPHY
PURIFICATION OF ACTIVE RECOMBINANT HUMAN INTERLEUKIN-4
15 Adjust the pH of the IL-4 solution from Example 8 to 7.2 (+0.1) with
4N HCl and/or 6.3N sodium chloride. Adjust the conductivity of the solution
t6 45-50 mS.

Clarnfy the solution |f necessary by centrifugation oxicrofiltration.
Pump the solution (about 3.3 mg protein per mL gel) through the cobalt
20 chelating Sepharose®Fast Flow and untreated chelating Sepharose® Fast’
Flow columns as prepared in Example 4 at a linear velocity of approxxmately
0.5 em/min. Collect the flow-through in one {raction.
Wash the columns with approximately 10 bed volumes of the
bufter prepared in Example 6{c) at a linear velocity of approximately 0.5
25 cm/min and collect the wash in no more than 5 fractions, then elute the
column with approximately 10 bed volumes of the buffer made in Example
6(d) at a linear velocity of approximately 0.5 cm/min. Coliect. fractions with &
volume of approximately 0.2 bed volumes. Analyze each sample for active
IL-4 with SDS-PAGE and protein ass_ay% and poal the active 1L-4 fractions..
30 The purity of the active IL-4 solution treated according to this

Example 9 is about 90 - 95%.



Exanpl e 7 CATI ON EXCHANGE CHROVATOGRAPHY TREATMENT 10 ”

OF CRUDE | L-4 SOLUTION Adjust the crude IL-4 containing cell culture nmedium
(total protein about 14,000g) to pH 7.2 (0.1) and adjust its conductivity
to 14 nS5(1). Punp the solution through the S-Sepharose ‘cation exchange
colum at a 15 linear velocity of approximately 1.0 cmmin or |ess. Wash
the colum with the buffer prepared in Exanple 6(a). Isocratically elute
the columm with the buffer prepared in Exanple 6(b) at a linear velocity of
approximately 0.2 cmnin. Collect” theghractions which contain active IL-4
as determ ned by the SDS-PAGE and protein assays and pool them The purity
of the pooled 20 active IL-4 is about 50% E@gﬁ, €08 GRADI ENT ELUTI ON OF

the ph of tho pool ed active 1 L- 3%%%MAQQ£QWI%%| 7o
7.2 (0.1) with either 4NHCI or 6. 3N NaOH as required. Adjust the
Tans (1. 307 | CohceRlal Inepadeddiasiont FoRaR-amPE SignE resArLm
as preparedsi nsfiredehambeafitted Mth@fmv-ebcmemjbrmfe tpplaeingrihe povleld cn m n or -
using a gr adi el iR RREY haRindaBite bRl it in aehetanet aed, 1 ow
rate of approxaddinglapprodmatelyriOi2S voluaesTolethe dwffeaptepandd ar Exmraglel 6{d) he
gradient 1 Do EVRURNE o o 2y i o2,
a vol une of appﬁtrgﬂtMpmqp theaYM-10 membrane. Oilute the concentrated retentate
10 with 4 volumes of the buffer prepared in Example 6(e) and concentrate it to
approximately 0.2 volumes'by ultrafiltration on the YM-10 membrane.
The concentration step can be repeated to achieve approximately
0.1 the volume of the initial pooled fractions. Transfer the concentrate o an
. apptopriate container and hold at cold room temperature for immediate use
15 or store frozen at -20°C.

Example 11
GEL FILTRATION CHROMATOGRAPHY (SIZE EXCLUSION)

20 Equilibrate a Sephacryl® S-200 HR column with the buffer
prepared in Example 6(e) by pumping at least one bed volume of the buffer
through the columan at a linear velocity of approximately 0.2 cm/min.

Clarify the solution made in Example 10 by centrifugation on a
~ laboratory centrifuge at 4500 pm for 30 minutes at 2°C-6°C. Measure the

25  Aggp and dilute the solution with the buffer prepared in Example 6(e) so

there are 5 optical density units at 280 nm per mL

Pump the resulting solution onto a Sephacryi® S-200 HR column
at a linear velocity of approximately 0.1 cvmin. Continue pumping the
buffered of EXample 6(e) through the column at a flow rate of approximately

30 0.1 cmvmin. Collect one large fracticn having a total volume of 0.4 to 0.55
bed volume, then collect 50 fractions of approximately 0.01 bed volume.

Select the fractions with the active IL-4 as determined by SOS-
PAGE and protein assay. Pool the active IL-4 fractions and filter through a
0.2 micron sterile filter. Recover the filtrates which are 95% to 99% pure



5  bed volumes. Collect the remaining fractions (about 40-50) in vol unes of
0.1 bed volunmes. Analyze the, fractions for active IL-4 by the SDS-PAGE and
protei n assays. Pool the active IL-4 fractions. The purity of the pool ed
active IL-4 solution is about 60%to 70% 10 Exanple 9 COBALT CHELATI NG '
SEPHARCSE[ err] CHROVATOGRAPHY PURI FI CATI ON OF ACTI VE RECOVBI NANT HUVAN

| NTERLEUKI N-4 15 . Adjust the pid of the IL-4 solution from Exanpl e
8to 7.2 (0.1) with 4N HO and/or 6.3N sodiumchloride. Adjust the

conduct i v1 1y ofeci0f 169 SLAGHd & Aoy PRSP a5t e dgipoessary

by centrifugation Qor mcr tration, Pu t&Q’g sol utron.

protein per nlL Ydbasgdamtheacive bpditt 1l qultueg MegiugpishZi%seFast Fl ow and
un]t reat ed clhel at [ ngf Sephalﬁ@_agsdyai‘mtseﬂq)mm@ﬁhmaeaﬁim mﬁﬁ@f?mm@ﬁmheﬁ' at
a |linear veloci of _appr.ox . ect the flowthrough in
one fraction. \ééﬁa m@&?&#ﬁ?@%&% %ﬁ(‘%&%@"ﬁﬂ’eﬁé‘d‘%’ﬁ guﬂi'e‘blhe
buffer prepar edlid 16 Anpg Optical PeasityUnit (B is/equivient tofi.Gp bxamanely 0.5 -

25 cnmn and i I ons, then elute the
colum wth ap%%ﬁag%@%\gﬁ% alh\%gpg?re@?? t?&ﬂgmg'gﬁ'g@”régée i n Exanpl e -6(d)

at a linear velocity of approximately 0.5 cmimin. Collect fractions with a
vol unme of approxi'mately 0.2 bed volunes. Anal yze each sanple for active

IL-4 with SDS- PACE and protein assays and %ohﬁ hg active IL-4 fractions.
30 - The purity of the active IL-4 8MG 39 treated accor di ng to
this Exanpi@ 9 is about 90 - 95%PREPARAHGNDRZING OHERAFINGRATI ON AND

CONCENTRATI ON Concentrate the pool ed JagpgAhOBES £ Ftayw! € 9 using an
Am con _ '

Slurry chelating Sepharose®Fast Flow gel in deionized water. To
prepare a 3 liter column, pour the slurty into a chromatography column 500
15  mm high with a diameter of 180 mm. Allow the liquid in the column to flow or
pump it through the bottom of the column.

_ Place a top flow adaptor on the columnand pack/wash the gel
with deionized water. Pump the water through the column at a linear
velocity of approximately 1 cm/ min. Adjust the top flow adaptor to press

20 firmly on top of the resin bed. Pump at least 5 bed volumes of deionized
water through the columns at a finear velocity of approximately 1 cm/ min.
Pump approximately 5 bed volumes of 0.023 M zinc acetate
solution through the column at a linear velocity of approximately 1
cm/minute. Pump approximately 10 bed volumes of deionized water
25 through the column at a linear velocity of approximately 1 cm/ min.
Continue pumping the phosphate buffer solution through the
column at a linear velocity of approximately 1.0 cm/min. until the pH of the
effluent is between 7.1-7.3

30 ' Example 13
PREPARATION OF CHELATING SEPHAROSE®FAST FLOW
(NOT TREATED WITH A METAL SALT) ' :

Slurry Chelating Sepharose®Fast Flow gel in a buffer.composéd
35 of 20mM sodium phosphate at pH7.2 with 1.0M NaCl. To prepare a 1 liter



5 stirred chanber fitted wwth a YM 10 nenbrane by placing the pool ed

fractions from Exanple 9 containing active human IL-4 in a container and
addi ng approxi mately 0.25 volunes of the buffer prepared in Exanple 6(d)
Concentrate the volune to approximately 0.2 the original vol une by 5
ultrafiltration on the YM 10 nenbrane. Dilute the concentrated retentate 10
with 4 volunmes of the buffer prepared A Exanpl e 6(e) and concentrate it to
approximately 0.2 volumes by ultrafiltration on the YM 10 nenbrane. The

concentration step can be repeated to achi'eve approximately 0.1 the vol une

£ the initial . :
cont ai ner and. fgtangPousife i éh%@éf“?ﬁ’s AWy SREER Ji 40 b SRcREg) B 7. ©
frozen at - 2Q[ €00 mm beightlaadielutedmm the_tairom ohthe-Feivmmodrapliy 3{QSUEEgel
A SN 20 wit aggro@%h{éé,bwea VbIgHREN8EA Butier ERfipbBecr o BTl dbiddie

buffer prepared I'n

vol une of the

t t
buffer through Pﬂﬁépbéi%ﬁhpﬁt%%“ﬂthﬂe %?%(I:'gé)a‘{‘vp the Bﬁ‘?rd%%rbtlh? @lomangtni n

Aarify thegsolutddit vaseity of dpproBimatelp mynmmOohugaélpmmmﬁgméabﬁéatory
centrifuge at 450

for 30 nut es sure the 25
Alerr] and dil m@ugbéwgm!&'mﬂﬁtW"c%‘f'ﬁgoﬂtfg‘?eeﬁ"ltﬁ%ﬁhe%%ﬁ % 6(e) so
there are 5 oppedgbefgndidnd BIts at 280 nmper nL Punp the resulting
solution onto a Sephacryl S-200 HR colum at a |inear velocity of
"approximately 0.1 cmimn. Continue punping the buffered -of Exanple 6(e)
through the colum at a flow rate of approxErampley180 0.1 cninmin. Collect

one Iarge action.having a tota l,l_-g@r me, then .
col | ect 50 (iract i ons, of appr oxi ngﬁéfJA d?%@ﬁéw&@gﬁcﬁgﬁe fractions
with the active IL-4 as det erm ned by SOS- PAGE and protein assay. Pool the
active [L-4 fractions g LHEJ JiRé SE 59@?8 th%e@‘F"ds’i"Flo'iL%hHHﬁefdn'trte%'i d

Recover theflltrates are o pure active IL-4 solutions
as evi denced bghemng[%em@sa%@lymnwéewm%rﬁﬁ accordlng to Examples 12°and

13, connect the columns in series so the flow is first into the zinc chelating
15 column and then into the norn-zinc (untreated) chelating column. A bubble
trap should not be inserted between the columns. )

Example 15
PREPARATION OF S-SEPHAROSE®COLUMN
20
Sluriy S-Sepharose gel cation exchange resin in a buffer
composed of 20mM sodium phosphate, pH 6.75, 0.12M NaCl and 0.001M
ethylene diamine tetraacetic acid (EDTA). Pour the gelinto a
‘chromatography column, 100 mm diameter, 45 cm height and allow the
25 liquid to flow or pump it through the bottom of the column.
Place a top flow adapter on the column and equilibrate the gel
with 5 bed volumes of a buffer composed of 20 mM sodium phosphate, pH
6.75, 0.12M NaCl, 0.001M EDTA, by pumping the buffer through the column
at a linear velocity of approximately 1cm/min. Adjust the top flow adapter t0
30 press firmly on top of the resin bed. Then pump at least 5 bed volumes of 2
' buffer composed of 20 mM sodium phosphate, pH 6.75, 0.12M NaCl, -
0.001M EDTA th}'ough the column at a linear velocity of approximately 1
cm/min and if necessary continue pumping the buffer through the column at
the same flow rate until the pH of the effluent is between 6.6 and 6.9.

35



-

yi el d based on the active IL-4 in the cell culture neédiumis 70% All the
assays used to deternmine the active fractions of interleukin- 4 are
conventional. For WV absorbance at 280nm neasurenent of purified 5 I L-4,
1.0 Alerr] Optical Density Unit (OD) is equivalent to 1.6 ng by am no acid
conposition analysis and to 2.0 ng by Lowy's Mthod. Exanple 12 10
PREPARATI ON OF ZI NC CHELATI NG SEPHAROSH§ err] FAST FLOW Sl urry chel ati ng
Sephar oseFast Fl ow gel in deionized water. To prepare a 3 liter columm,
pour the slurry into a chromatography col unm 500 15 nm high with a

di anmeter of 180 nm Allow the liquid in theEQQ,ln gigo flow or punp it

t hrough the bottomof the c aptor on the colum
and pack/wash the gel with gléﬂ%yn‘qgékﬁﬂt@r:S%Aﬁﬁ%\%ég%@*@@@bghﬁmhe |
colum at a linear velocity of approximately 1 cm min. Adjust the top flow
adaptor to press 20 oyl the resi ed P at | east 5 bed
vol unes of dei oni zed mg‘ffﬁrﬁgﬂ“’f{]@'%ﬁﬁﬁ?%@f?mpﬁ d ofdOgaMy of

appr oxi mat &l y sbdiurh cifrate, pihg. &ﬂmaghMS@O(BHE&;tI m)huﬁmsmafogﬁaﬁﬁﬁ M zi nc
acetate sol uti r vel | Droxi my

cm ni nut e. Pun‘%qé%gfggﬁnn{aﬁnfe%}jb 8 (ol Sﬁggeégfa 8 F@éﬁy\%?@pr%m ﬁlg’ough
the col um at %2 icnee toaqmubtratedhemmmm mately 1 cmi min. Continue

punpi ng the phosphate buffer solution through the colum at a Iinear

velocity of approximtely 1. 0 cm mn. unt|I the pH of the effluent is
bet ween 7.1-7.3 30 Example 17 Exanpl e 13 PREPARATI ON

OF CHELATYHG SEPHARCSE] er r] FAST FL%@@RW@I@:W@F@RQ’ETAL SALT) Slurry
Chel ati ng SepharoseFast Flow gel in a buffer conpose of 20nMM sodi um
phosphate at pH7.2 with 1.OMNaCl. To prepare a 1 liter . 35

(a) 0.02M Sodium Phosphate, pH 7.2, 1.0M Sodium Chlori

Mix together in deionized water 2.78 g/L sodium phosphate
15 monobasic mb‘nhydrate, 58.44 g/l sodium chlotide and sufficient amount of
'6.3N sodium hydroxide to adjust the pH to 7.2(10.1). The batch should be
large enough to provide at least 30 liters per liter of the gels in the metal
_ chelating Sepharose® columns.

20 (b) 0.02M Sod‘ ium Phosphate, pH 7.2, 0.15M Sodium Chioride, Q%
Glycerol

Mix together in deionized water 2.78 g/L. sodium phosphate
monobasic monohydrate and 8.76 g/L. sodium chloride. Adjust the pH to 7.2
25  (30.1) with 6.3N sodium hydroxide. Add sufficient glycerol to provide 0.1 L/L.
' Prepare sufficient amount of the buffer to provide at least 6 liters per liter of
the gel with whichi it will be used.

(c) 0.02M Sodium Acetate, pH 5.0, 0.5M Sodium Chloride

30 .
‘Mix together in deionized water 1.15 ml/L of 99.7% acetic acid and
29.2 g/ sedium chloride. Adjust the pH to 5.0 (0.1) with 6.3N sodium.
hydroxide. Prepare sufficient amount of the buffer to provide at least 10
liters per liter of the gel with which it will be used.
35



colum pour the gel into a chromatography colum of 140 nm dianmeter and 500
mm hei ght and elute fromthe bottomof the colum. Equilibrate the gel with
approximately 5 bed vol unes of a buffer conposed of 20 mM sodi um phosphate
at pH 7.2 with 1.0M NaCl. Punp the buffer through the colum at 5 a |inear
velocity of approximately 1 cmimn. Continue punping the buffer through the.
colum at the sane flow rate until the pH g the effluent is between 7.1
and 7.3. Exanple 14 10 PREPARATI ON OF COLUWNS I N

SERI ES After the zinc chel ati ng Sephar ose Fast Flow and the untreated

chel ating Sepharose[ er rig _ o34 dexpapl es 12 and
13, connect the colums in Seri s So [
chelating 15 colum and then into the non-zinc (untreated) chel ating

colum. A bul&lill (e]:trap Miudodretidr ibeleidiaid aetdrel. 1eg glmfsed@ﬁi pmvs‘phlaEéarrpl e
15 PREPARATI r a e t I on
exchange resin ﬂ?"gbﬁﬁ'FfoP"i? 8@9%3%@% ?f%rﬁ" r@g‘gafd@su%&‘ P

0. I12M l\laCI &hd P.0080. wmhﬂaa\hsodlummmm aﬁt@ﬁre:sdftgﬂcxdnﬁzﬁm_ uﬁ?{ oll?gerl It he
gel into a chr cm heig and al | ow
the 25 [|iqui do?rr._zﬁ%q, ¥'°% %‘rpggﬁt %1@ Eg%ﬂhg%{)%{ltom of the colum. Place a
top fl ow adapter on the coI um and equilibrate the gel with 5 bed vol unes
of a buffer conposed of SO ,& pH 6.75, 0.12M Nadl, 0.001M
EDTA, by punping the b&?f%ﬁ#@%@%ﬁ%t a linear velocity of
approximately lcnmimn. Adjust the top flow adapter to 30 press firmly on
top of the qgesin bed. WQTQW#ﬁnﬂi(é ?@H_ élrié%dﬁio%ﬁ?drﬁfe @ztlb'#bb@r conposed

of 20 MM SOdI um phas 007 T, rough the
colum at a i nized watey Bﬁ“ tgﬁﬁtﬁﬁlﬂ?ﬁi{w@%ﬂ%y‘éﬁ%ﬁﬁ‘%ﬁﬂi ‘f ’%@l &‘%9
continue punpi rtﬂméleubr@ft@aSMmMmhhydnacﬁ@Inwﬁmaénd BSNs sdthudl pdrdade, wnt i |
the pHof the ef o u%ntThls bu%ter s used E)r i ac%' ttralnon and ultrafiltration as well as for

gel filtration chromatography.

15
Example 18
PURIFICATION ‘OF ACTIVE RECOMBINANT HUMAN
INTERLEUKIN-4
{Zinc chelating Sepharose® chromatography)
20

Concentrate 700 liters of a fermentation broth in which active
human recombinant IL-4 is dissolved to 20 liters, then subject the solution to
a 25-fold diafiltration against the buffer of Example 17(a). Adjust the pH of
the solution fo 7.2 (#0.1) with 4N HCI and/or 6.3N sodium chloride. Adjust

25 the conductivity of the solution to 70-90 mS.

Clanfy and concentrate the solution by filtration. Wash the filter
with the buffer of Example 17(a) to retum the volume of the solution to 20
liters.

~ Pump the solution through the zinc chelating Sepharose®Fast
30 Flow and untreated Sepharose® Fast Flow columns at a finear velocity of
approximately 0.5 cm/min. Collect the flow-through in one fraction.

The columns must be washed twice, first with approximately 10
bed volumes of the buffer prep'ared' in Example 17(a) at a linear velocity of
approximately 0.5 cm/min and collect the wash in no more than 5 fractions,

35 then with approximately 5 bed volumes of the buffer made in Example 17(b)



36 Exanpl e 16 PREPARATI ON OF SEPHACRYL[err] S-200HR COLUW Punp at least 1
bed volunme of a buffer conposed of 10 M5 sodiumcitrate, pH 4.5, through
the S 200 HR gel in a chromatography col um, 50 mm di aneter, 100 cm hei ght,
at a linear velocity of approximately 0.2 cnmimn to equilibrate the colum.
Exanmpl e 17 10 : . PREPARATI ON OF BUFFERS (a) 0.02M
Sodi um Phosphate. pH 7.2. 1.0M Sodi um Chl oP8de M x together in deionized
wat er 2.78 g/L sodi um phosphate 15 nonobasic nonhydrate, 58.44 g/L sodium
chl oride and sufficient anobunt of 6.3N sodi um hydroxide to adjust the pHto

7.2(0.1). The bgttﬁnégp%,gcgf%?gﬁgoéﬁﬂ%%%}gogg{%ﬁw% ?anrer felwah i fers

per liter of the gels in the ar ose col umms. 20
(b) 0.02M Sodi i phate. pH 7.2. 0.15M Sodi um Chl ori de. 10% d ycerol M x

Logeter 1 n del onl 220 e né A8/ L-pheiRorLRTRI A SmTelimecy Rag 0l
and 8. g/ L sodi.um chl ori de. ust, the p . 1) . .
sodi um hydr oxi IUTRES @Jé?%"@ﬁf‘k 8 iadrxamplg %KSWO%EG‘?'&YQJ{%Q‘WIﬂrfepar e
suf fi ci ent gnouwpprexinidtelyooZsedmintind IClicde frattidmawith & Volufesof R@brdifnetelpf
the gel with nggg)q;q ui |1 be used. (e%ﬁo.. 02M SCidJ um Ac%Ttﬁltue. & 5‘-0. 0. 5M
Sodi um Chl or i deé YOIGIRS RCARGLUHADER Fptaning 3% afiupnt§.54! peg ml
acetic acid andode clpcted ofitherbufiéromade in Bstpomgle t Higd)pH to 5.0 (0.1) with
‘6. 3N sodi um hydr oxi de. fil el - - f ovi de
%t least 10 17ters per TRt Rcfpalfcle BB R SSRAYE g6 sldiah 3

assays.

10 The purity of the active IL-4 solution treated according to this
Example 18 is about 20%-40%. The yield of active IL-4 based on the
amount in the crude fermentation broth is 30%.

Example 19
15 PREPARATION OF BUFFERS FOR S-SEPHARQOSE®
' CHROMATOGRAPHY

- (a) 20 mM Sodium Phosphate, pH 6.75, 0.12M Sodium Chloride,

0.001M EDTA
20

Charge 2.78 g/L sodium phosphate monobasic monohydrate, 7.03
- g/L sodium chloride, 0.38 g/l tetra sodium EDTA and 1 L/L of deionized
water into an appropriate co_ntainér and agitate until dissolved.
Adjust the pH of the buffer solution to 6.75 (#0.1) with 6.3N sodium
25 hydroxide.

(b) 20mM Sodium Phosphate, pH 6.75 9.55M Sodium Chioride,
0.001M EDTA

30 Charge 2.78 g/L. sodium phosphate monobasic monohydrate,
32.14 g/l sodium chloride, 0.38 g/L tetra sodium EDTA and deionized water
into an appropriéte container and agitate until dissolved. Adjust the pH of
the buffer solution 1o 6.75 {+0.1) with 6.3N sodium hydroxide.



37 ('d) 0.03M Sodi um Phosphate, pH 7.0. 0.003M EDTA M x together in

dei oni zed water 4.17 gn L sodi um phosphat e nonobasi ¢ nonohydrate and 1. 14
g/L tetrasodi um EDTA. Adjust the pHto 5 7.0 (0.1) with 6.3N sodium

hydr oxi de. Prepare sufficient anmount of the buffer to provide at |east 2
liters per liter of gel (e) 10mM Sodium Citrate, pH 4.5 10 M x
210 granms (2.1 g/L) citric acid nonohydrate with 100L deionized water unti |l
the citric acid nonohydrate is dissol ved32Adj ust the pH of the buffer to
4.5 with 4N hydrochloric acid and 6. 3N sodi um hydroxide, if needed. This

buffer is used for diafd)!2gabi SBdA n,1MﬁETAs for gel
filtration chromatography. 15 Exanp A VE RECOVBI NANT
HUVAN | NTERLEUKI N-4 (Zi nc chel ating Sephar osel [err] chrorrat ography) 20
Concentrate 700 |itersChérge ihty amﬁmém@nsbmtdmﬂynargbltcmoatzw lblsﬂsdmm

nbi t I d.t 20 f t t
e Told i afi | AgsP %%biééﬁtias'?%gow le P 38U IRER S5 Eﬁaﬁ dihe pht of
the sol utiof t deibrizgdwalerwiAditaddluriGl dissdived add3idjussidhe pHodfitbe bdéfer fulj ust
25 the conductslyg Pb Qtw’t‘ﬁ%-??ﬁl'ﬁéwagqﬁé&g& nS. Clarify and concentrate
S eri

t he solution by filFtration. ef Wi th the buffer of Exanpl e
17(a) to return the volune of the solution to 20 liters. Punp the solution

t hrough the zinc chel ati ng Sepharose[err] Fagty, ﬁfble@oow and untreated
Sepharose[err] Fast Flow colums at a |inear ocity of ai)h[zrom mately 0.5

cmmin. Collect the flow@RAGUGNT FLURION Gl PUSHIFIEEH A CT8Y B INEE RUE D=4

washed twigg, first with appr GOIBTRON GR GATION EXCRARGE Dol er _
prepared in Exanple 17(a) at a linear velocity of approximately 0.5 cmmin

and collect the wash in no nore than 5 fracti ons.
Adjust the pH. of the active 1L-4 solution made according to

Example 7 to 6.75 (30.1) with either 4NHCI or 6.3N NaOH as required.
Filter through a 0.45 micron fifter. Wash the filter with
15 - approximately 1 liter of the buffer prepared in Example 19(c). :
Adjust the conductivity of the resuiting solution to 15 (& 0.5 mS)
with the buffer solution prepared in Example 19(c)
Pump the solution through an S-Sepharose® column as
prepared in Example 4 at a linear velocity of approximately 1cm/min or less.
-20  Collect the effluent solution in one fraction.
Wash the column with approximately S bed volumes of the buffer
solution prepared in Example .19(a) at a linear velocity of approximately 1.0
cm/min or less.
. Collect the wash in 1 fraction. Elute the column using a gradient of
25 approximately 4.5 mS per bed volume and a linear flow rate of
approximately 0.2 cm/min.
The low salt buffer used in the gradient is that made in Example
19(a) at 5 bed volume and the high salit buffer used in the gradient is that
made in Example 19(b), at 5 bed volume. .
30 : Collect 5 large fractions, each with a volume pf approximately

0.8 bed volumes.
Collect the remaining fractions (about 40-50) in volumes of 0.1

bed volumes.
Test the . fractions for active IL-4 by the SOS-PAGE and proteiry,

35 assays.



35 “then with-approximately 5 bed vol unes of the buffer made in Exanple
A17(b) 38 at a linear velocity of approximately 0.5 cmmin and col |l ect
the wash in 1 fraction. Elute the active - 1L-4 fromthe colum wth

approxi mately 8 bed vol unes of the buffer nade in Exanple 17(c) at a linear
velocity of 5 approximately 0.25 cmmn. Collect fractions with a vol une
of approximately 0.2 bed volunes in separate containers containing as a
diluent 0.5 mM per mM to be collected of #the buffer nmade in Exanple 17(d).
Test each sanple for active IL-4 with SDS-PAGE and protein assays. 10

The purity of the acti VRodilthé ac@lelil L9 atlieds. ethagieR dliddfve P-4 ti S nple 18

I s about 20% 40% The vield,.of .actiyve |IL-4 based on the anmount 1 n the crude
fernentation br r?'T’guéd&a%#p“gé“X@ $4c chefaling pooled eluabegis ARG ON OF

BUFFERS FOR S- SEPHARCSEhe putityGhiRabAEGRRARMN ofution 29 abdt 309 trasRhosphat e.  pH
6.75. 0.1 2M Sodi um Chl ori de. 0.001M EDTA 20 Charge 2.78 g/L sodium
phosphat e nonobasi ¢ nonohydrate, 7.03 g/L sodiumchloride, 0.38 g/L tetra
sodi um EDTASand 1 L/L of deionized water intxamplea@propriate container and

W'th 6 3N sodi um 25 hydr ox! do. UL i ST ANH CONFENIRAIID 75 ¢ st
Sodi um Chl ori de. 0.001M EDTA 30 . .Charge 2.78 g/L. sodium phosphate
oo ana o oo vonwst Sonefcdin AL RS S0l SfLA, 2611
di ssol ved. Adj dynicopestigedshamber fitted w:Bx a YM 10 membrane by placing the pooled
10 fraclions from Example 20 containing active human -4 in a container and
concentrating the volume to approximately 0.1 the ordginal volume by
ultrafiftration on a YM-10 membrane. Dilute the concentrated retentate with
4 volumes of the buffer prepared in Example 17(e) and concentrate it 10
approximately 0.2 volumes by ultrafiitration on a YM-10 membrane.
15 The concentration step can be repeated to achieve approximately
0.1 the volume of the initial pooled fractions. Transfer the concentrate to an
appropriate container and hold at cold room temperature or store {rozen at -

20°C.

20 _ Example 22
GEL FILTRATION (SIZE EXCLUSION)

Clé:iiy the solution made in Example 21 by centrifugation on a

laboratory centrifuge at 4500 rpm for 30 minutes at 2°C-6°C. Measure the
25 Aggo and dilute the solution with the butfer prepared in Example 17(e) so
there are 15Agg¢/mi. '

Pump the resulting solution onto a Sephacry(® $-200 HR column
at a linear velocity of approximately 0.1 cnvmin. Continue pumping the
buffer of Example 17(e) through the column at a flow rate of approximately

30 0.1 c/min. Coliect five fractions ‘having a total volume of 0.4 10 0.55 bed
volume, then collect SO fractions of approximately 0.01 bed volume.
i Select the fractions with the aclive iL-4 as detemmined by SDS-
. PAGE and protein assay. Poof the active [(4 fractions and filtec through a
0.2 micron stedile filter. Recover the filtrates which are 95% to 99% pure,



the buffer solution to 6.75 ([err]0.1) with 6.3N sodi um hydroxi de. 39
(*c¢) 20mMM Sodi um Phosphate, pH 6.75. 0.001M EDTA Charge into a contai ner
sufficiently large to hold 2.78 g/L sodi um phosphat e nonbbasi ¢ nonohydrat e,
0.38g/L tetra sodium EDTA and 5 deionized water. Agitate until dissolved
and adjust the pH of the buffer to 6.75 (0.1) with 6.3N Na OH as required.
Exanpl e 20 GRADI ENT ELUTI ON OF PURI FI ED ACTI VE | NTERLEUKI N-4 10 :
SOLUTI ON ON CATI ON EXCHANGE COLUWN. Adj ust, the pH of the active IL-4

sol ution made according to Exanple 7 to 61h5 (0.1) with either 4NHCI or .
6. 3N NaCH as r exive dd-4 galbtians. t Theoaydrall yikld based oothd atthar IL-dNastmet he filter
with 15 approx |1 f e buffer prepared in Exanple 19(c).

Adj ust the con%@%@%ﬁm}g{&bﬁé@e@jﬁti ng solution to 15 ( 0.5 nB) with the
buffer solution prepar &de puntyeiipe seaovesed paline LhkissF-8voas evidenged &y

.S- Sephar ose 003 OS-PEP3s88y ] N Exanple 4 at a linear velocity of
approximately lIcmimn or less.” 20 Collect the effluent salution in one

fraction. Vsh the colMhihaRtsayaysedlp defermne theactivel fmmions of imerieidifer
i oi)ut In;)n' pr epa}&%e'c%&ﬁféflﬁ@é&.t Ierdssays te diffé%ﬂbtr _§@lb@%g Xtt:ﬂfet i?étﬁifoﬂléﬁ'ﬁ&he' y

.0 cmmin or |ess, ec sh™in raction. ute the col usi ng
a gradient of ¥ elél'ﬁfﬁ%%ené‘f’éw agg?)’%ﬁ@cﬁét 2§§ﬁm\fﬂ?§ﬂ€emt-ap P{ H%‘&#ergfldw
rate of approxidpuodizpng OpticahDensity Ohit (OO)is aquivilehf ©r 1.838gl biyntine agiddi ent
is that nade in Exarrﬁxle 1%&;15) attS d volgrre anlg| Ehe hi gh salt buffer
used i n the gr SAFERPUPE nalysis,Aad ?ﬁ'@'zgnlw OWRHYetgd-5 bed vol une. 30
Coll ect 5 1(arge fractions, each with a volune of approximtely 0.8 bed
vol Ures. SDS-PAGE assay is also required for selecting active fractions.

This method is discussed in Laemmli, U. K_, Nature, 227 : 680 (1970).

Lowry's Method is described in Lowry et al., J. Biol. Chem.
15 , :

While the present invention has been described in connection with
certain specific embodiments, it will be evident 1o one of ordinary skill in the
art that many altematives, modifications and variations may be made. All
such altematives, modifications and variations are intended to be included
'20  within the spirit and scope of the invention.



hd

Cold ect the remaining fractions (about 40-50) in volumes of 0.1 bed

vol umes. Test the fractions for active |IL-4 by the SOS-PAGE and protein. 35
assays. . 40 Pool the active IL-4 fractions. The yield of active IL-4
based on the anmpbunt of active ILA in the zinc chelating pooled eluates is
90% The purity of the active IL-4 solu#4on is about 90%to 95% Exanple 21
ULTRAFI LTRATI ON AND CONCENTRATI ON Concentrate the pooled fractions from
Exanpl e 20 using an Amicon stirred chanber fitted with a YM 10 nenbrane by
placing the pooled 10 fractions from Exanple 20 containing active human
IL-4 in a container and concentrating the volune to approximately 0.1 the
original volume by ultrafiltrat SEHQUENCEMITDINGnbrane. Dilute the
concentrated retentate with 4 volunes of the buffer prepared in Exanple.
17(e) and concentrate it to approxinately 0.2 volumes by ultrafiltration on
a YM 10 nenbrane. 15 . SEQE)TN@ doncentratl on step can be repeated to

achi eve approximately 0.1 (Y@lll | .pool ed fractions.
Transfer the concentrate t%ég')n a rogEl ate cor{q ai Qer and hold at cold room
tenperature or store frozed Hp328 amino acids

Exanple 72 GEL FILTRATI ON pﬁtﬁEEﬁ)m_:QSI gmng,qh{éﬂémnspl ution nmade in
Exanpl e 21 by centrifugation on a | aboratory centrifuge at 4500 rpmfor 30

mnutes at 2[err]C-6[err]C. Measure the 25 Alerr] and dilute the solution

with the buyfifseror epar ady B1EXeHR! fed 76 8) Gy IS &1 &yl OALES &]e/dﬂAsnF’U”P

the resul ti ng sOlution ontgQ a Sephacryl S-200 HR colum at a linear
vel ocity oft approxi mately .1 cmmin. Conti nuewpurrpl ng the buffer &%
Exanpl e 176e)k hRuovalk e Gehumpsatha 1é0VEyAlThOGIAPAIEX ITHH &l Thr

‘ _ 20 257 o 30
Asp Ile Phe Ala Ala Ser Lys Asn Thr Thr Glu Lys Giu Thr Phe
o 35 40 . 45
Cys Axrg Ala Ala Thr Val Leu Arg Gln Phe Tyr Ser His His Glu
‘ . 50 - 55 60
Lys Asp Thr Arg Cys Leu Gly Ala Thr Ala Gln Gln Phe His Arg
' 65 ' 70 ' 75
His Lys Gln Leu Ile Arg Phe Leu Lys Arg Leu Asp Arg Asn Leu
’ 80 | 85 90
Trp Gly Leu Ala Gly Leu Asn Ser Cys Pro Val Lys Glu Ala Asn
.95 100 105
Gln Ser Thr Leu Glu Asn Phe Leu Glu Arg Leu Lys Thr Ile Met
110 115 . 120
Arg Glu Lys Tyr Ser Lys Cys Ser Ser
125



30 0.1 cminin. Collect five fractions having a total volume of 0.4 to

0. 55 bed vol une, then collect 50 fractions of approximately 0.01 bed

vol une. Select the fractions with the active IL-4 as determ ned by SDS-
PACGE and protein assay. Pool the active IL-4 fractions and filter through a
0.2 mcron sterile filter.. Recover the filtrates which are 95%to 99% pure,
41 active IL-4 solutions. The overall yield based on the active IL-4 in the
fermentation broth is 70-80% The purity o the recovered active IL-4 is
95-99% as evi denced by the SDS- PAGE assay, 5 Al'l the assays used
to determine the active fractions of interleukin- 4 are conventional. The
assays required for selecting active fractions fromthe eluates are the W
absor bance at 280nm neasurenent. For purified IL- 4, 1.0A[err] Opti cal
Density Unit (OD) is equivalent to 1.6 ng by am no acid conposition
analysis and to 2.0 ng by Lowy's Method. 10 SDS-PAGE assay is al so
required for selecting active fractions. This nethod is discussed in
Laemm i, U K, Nature, 227: 680 (1970). Lowy's Method is described in

Lowy et al., J. Biol. Chem 15 Wile the present invention has been
descri bed i 5 connection wth certain specific enbodinents, it will be
evident to one of ordinary skill in the art that many alternatives,

nodi fications and variations my be made. Al such alternatives,
nodi fications and yariations are intended to be included 20 wthin the
spirit and scope of the invention. 42 SEQUENCE LI STI NG

10

CLAIMS -

15 1. A process for purifying a crude solution of active recombinant human
interleukin-4, comprising

(a) Charging said crude solution of IL-4 buffergad at a neutral
to slightly alkaline pH and containing about 0.5-1.5M sodium

20 chloride to a metal chelating agarose gel chromatography
column to selectively bind the active recombinant human
interleukin-4 to the column;

_ (b} washing said column twice, first with an equilibration buffer
25 containing 1.0M sodium chloride and then with a buffer
containing 10% glycerol and 0.15M sodium chloride;

(c) eluting the bound active recombinant human interleukin-4

from the column with an eluting buffer at about pH 4.5to 5.5;
30 ' ' o

(d) charging the active human {L-4 solution from {c) in a buffer

to chromatography on a cation exchanger and gradient elutmg

a buffered solution of the active human IL-4 from the columrr

Ay



SEQ D NO 1 SEQUENCE TYPE: Am no acid SEQUENCE LENGTH: 129 am no aci ds
PROPERTI ES: Human interleukin-4 H's Lys Cys Asp Ile Thr Leu Gn Gu lle lle

Lys Thr Leu Asn 1 5 10

15 Ser Leu Thr Gu A n Lys Thr Leu Cys Thr GQu Leu Thr Val Thr 20

25. 30 Asp Ilte Phe Ala Ala Ser Lys Asn Thr Thr du Lys
A u Thr Phe 35 40 _ 45 Cys Arg Ala Al a
Thr Val Leu Arg G n Phe Tyr Ser Hs Hs GQu 50 _ 55

60 Lys Asp Thr Arg Cys Leu Gy Ala Thr Afa G n G n Phe H's Arg 65

70 75(dficonby¥srding th Asp
R0y Asn Leu 80 ). g theelddt€ rdhB(dTRR é&gééd{g%ﬁgg.ynbf 3P

Gy Leu -Asn Ser Cys Pro W&f aliows maftenot legs thags10,000 molecular weight fo rass;
105 G n Ser Thr Leu Gu Asn Phe Leu Gu Arg Leu Lys Thr-Jle Mt 110

ié5CLAI M5 1A progég)%fgﬂ?zﬁgﬁrt#¥%? ;r%énéégé Héé‘s@ﬁ %?’?g:?nge‘g‘gétz ;Sve 488

reconbi nant hurman interl @8 ng (a) Charging said crude
solution of IL-4 buffered at a neutral to slightly al kaline pH and

containing about 0.5-1. 5(% ?eo&'vgr%g the purified solution of active recombinant

. human interleukin-4.
2. The process of Claim 1 wherein in step (a) the buffer is a phosphate buffer of
10 pH 7.5 and the sodium chloride concentration is 1M. and the metal chelating

gel column is a zinc chelating agarose gel.

3. The process of Claim 1 or Claim 2 wherein in step (b) the buffer is a
- 15 0.02 mM sodium phosphate at pH 7.2 also having 150mM sodium chloride

therein.

4. The process of any of Claims 1 to 3 wherein step (c) the eluting buffer is a
20 0.02 mM sodium acetate buffer with 0.5mM sodium chloride and pH 5.0.

5. the process of any of Claims 1 to 4 wherein the step (ci) the charging buffer
is a 20 mM phosphate buffer at pH 6.75 with 0.12M sodium chloride and the
eluiing buffer is a 20 mM phosphate buffer at pH 6.75 with about 0.12-0.55M

25 sodium chloride.

6. The process of any of Claims 1 to 5 wherein the- concentration of step (e) is

accomplished by diafiltration against 10 mM sodium citrate buffer at pH 4.5 |
30 to a concentration of up to 20 mg/mL.

7. A process for purifying a crude solution of active recombinant human
-

interleukin-4 expressed from CHO-cell lines, comprising

35 _
@) charging said crude solution of active [L-4 buffered at a neutral

to stightly alkaline pH and 13 to 15 mS to cation

S



b

20 chloride to a netal chel ating agarose gel chromatography
colum to selectively bind the active reconbi nant hunman interleukin-4 to
the columm; (b) washing said colum twice, first with an equilibration
buffer 25 . contai ning 1. OM sodi um chloride and then with a
buffer containing 10% gl ycerol and 0.15M sodi um chloride; (c) eluting the
bound active reconbi nant human interl eukin-4 fromthe colum wth an
eluting buffer at about pH 4.5 to 5.5; 40 (d) charging the active human
IL-4 solution from(c) in a buffer to chronatdgraphy on a cation exchanger

d gradient elut bu d spl ut { the act h |L-4 f th
ol umme 44" (0) concent PETRIGE EREAGIEBNY ofha CORSIANEY SOPEEel ||

menbrane that all ows nattmatriafcolurss.td belectbv@lyobiad tind actiNearecomibiiidntt o pass;
(f) subjecting the conce rﬂﬂ?kfrﬁ ' X ' .

chromat ography ; and (g) %@%ﬁgﬁl kté ?&I&Hﬁ’sg’%g?r@%‘g}é%ctive
reconbi nant human i nter| qugplﬁraﬁongbuﬁer aﬂﬁés‘iﬁfm& efting) the ctivelleddram i n

step (a) thes buffer is atpdesphat;e buffer of 10 pH 7.5 and the
sodi um chl oride concentration is 1M and the netal chelating gel colum is
a zinc chelating agarose gel. 3. The process of Claim1l or Claim?2

wherein jn step (b) the DY f echarging the active humand{.-g2soltianotiomniepiroaphat e at

pH 7.2 al so having 150Wb%ﬁe+mmah&idgi§pﬁwsﬁ %'é?nalﬂar catiod Bﬁcﬂr@%eéoﬁuﬂh any

of Claims 1 to 3 wherein step N

mM sodi um acet at e buf f er '@VIG %’OﬁfrﬂB%@P "(‘.)‘P? HZ‘%Batfﬂq gxqhange e

process of 1@y of C ai s columm ik {elhewashing hﬁhsaremlﬂtb)'aﬁdreboﬂw radleduf fer is

a 20 nmM.phosphate buffer _ d the

eluting buffer is a 20 ‘ﬁ@kh%bgé"%%wl’eq" %%ﬁﬁ%w"kﬂ gﬁfﬁ‘%

12-0. 55M : system at pH 7.2, containing O. 12 0.50M sodium chloride and
pooling the active eluates;

15 {c) adjusting the pH of the eluate pool to pH 7.2 and the
conductivity to 45 - 50mS, then charging the pooled eluates to
a metal chelating agarose gel column in a buffer at about pH
6.7 to 8 and containing about 0.5M sodium chioride, then
' washing the column with a buffer at near neutral pH containing
20 0.5M sodium chloride, then isocratically eluting the active iL-4
with a buffer at pH 6.0 containing 0.50M sodium chloride;

(d) concentrating and diafiltrating the eluate from (c) at pH
4.5 on a stired cell membrane that allows matter of less than
25 10,000 molecular weight to pass;

(e) charging the concentrate from (d) to size exclusion
chromatography column on a crosslinked coplymer gel of
) allyldextran and N,N'-methylene bisacrylamide equiilibrated
30 _ with a buffer system at pH 4.5; and

(f) collecting the purified solution of active recombinant human

interleukin-4. ’,

A



sodi um chl ori de. 6. The prbcess of any of Clains 1 to 5-\/\,herei n the
cdncentration of step (e) is acconplished by diafiltration against 10 mM

sodiumcitrate buffer at pH 4.5 30 to a concentration of up to 20
ng/ L. . 7. A process for purifying a crude solution of active reconbi nant
human i nterl eukin-4 expressed from CHO cell |ines, conprising 35 (a)

charging said crude solution of active IL-4 buffered at a neutral to’
slightly alkaline pH and 13 to 15 nB tgqgcation 45 exchange
chromat ography on a cross-1linked agarose gel matrix colum to selectively

bind the acti i inter) euki s 4 t > col washi ith
an"equi i br Bt | on TDGERSeSaAG GRBcE whPiedt i e B Mesdemrateh e 20 g, &
the colum; (D) ss&ﬁhgé]tgaﬁ%ﬁd@@atw ?.F?c&ﬂ!ﬂﬁiﬂgbl—nﬂ sedikthicAlbride eBhdenration.a

buffer to chromatogra n a smaller cation exchange col um havi ng about
15% t he bed volune of the cation exchange 10 .colum in (a),
washing with an ui librati buffer, .aradient .el uti t he bou active
IL-4 fromtHe col r%:qsigog%gadﬁu%pr Qﬁé@eﬁﬁ?fe’ﬂﬁn#?, (P’gglﬁ‘g}“r‘%g“ T3 2

0. 50M’sodi um chl gpi fer adiunrP Phbplate"t FF17.7 Hating@0.33-0.90M sodium chloride( C)
adj usting the pH of %e e’I _ua?e %goﬁ% toﬁgH 7.2 and the conductivity to 45 -
50nS, then char gigrgli¢rdtethpreid eadd eheianetal chelaingegedl cobimi as iangpbaliachedatingel
colum in a buffer at about pH 6.7 to 8 and contai ni ng about 0.5M sodi um
chloride, then wa§MPHy8€he columm with a buffer at near neutral pH

contai ni ng 20 0. 5M sodi um chl oride, then jsocratically eluting

the active IL-4 with a buffer at pH 6.0 containing 0.50M sodi um chlori de;
(d) concent 18t i nThandocksafof lahy af Qlajms Yetoed whereinf inostep( (c) tha elpiing buffer is

a 20 mM phosphate buffer at pH 6.0 containing a 0.50M sodium chloride.

11.  The process of any of Claims 7 to 10 wherein the concentration step (d) is
accomplished by diafiltration against 10mM sodium citrate buffer at pH 4.5

to a concentration of up to 20mg/mL.

12. . The processes of any of Claims 7 to 11 wherein in step (e) the column is

equilibrated with 10 mM sodium citrate.
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4.5 on a stirred cell nmenbrane that allows matter of |ess than 25

107000 nol ecul ar’ wei ght to pass; (e) charging the concentrate from(d) to
si ze excl usi on chromat ography col um on a crosslinked copl ynmer gel of

al lyldextran and N, N -net hyl ene bi sacryl am de equilibrated 30

with a buffer systemat pH 4.5; and (f) collecting the purified solution of
active reconbi nant human interl eukin-4. 47 46 8. The process of aim7
wherein in step (a) the equilibration buffer is 20 mM sodi um phosphat e at
pH 7.2, containing 0. 12M sodi um Ch',Qﬁ ger F% tration. 9. The process
of Claim7 or Claim8 wherein in step (D) e eluting buffer is a 20 nM
sodi um phosphate at pH 7. V] = i oride gradient
therein and the netal cheﬁﬁ%é@%@%‘%‘?ﬁ%@g@%ﬁwgﬁgl ating Agarose
gel . 10. ‘The process of any of Clains 7 to 9 wherein in step (c) the
eluting buffer is a 20 nM phosphate buffer at pH 6.0 containing a 0.50M
sodi um chl orfdeethad is proyigded fpp perdfyingfintgrgukip—4ovaichdnveives the supeassive steps
concent r at i oof chrepatagyaphy e ¢ metal ghelting agasdse| gelachromategrapiyt on Gnivatiardi um
ci'trate buffexchangerd gofcantrationonded rstiniedn aefl upenokrafenahdi size?. exclusien
processes ofclaomatograéphyi.ns 7 to 11 wherein in step (e) the colum is
‘equilibrated with 10 nM sodiumcitrate. :



