- 1 - SPECI FI CATI ON METHODS FOR PRODUCI NG PROTEI'NS USI'NG HAMSTER®

| G=-1 TECHNI CAL FI ELD [0001] The present invention relates to
novel hanster |1 G--1 pol ypeptides. The present invention also rel ates
to methods. for efficiently and inexpensively producing desired
recombi nant proteins using the novel | GF-1 pol ypeptides. BACKGROUND
ART [0002] Ani mal cells have been frequently used as host cells
for produci ng reconbi nant proteins becausgé aninmal cells allow conpl ex

post-translational nodification andlﬁgggg#gﬁﬁgg%hat coul d not be

achi eved with bacterial cells when © for producing
pharmaceutically p e 1989 [ 18S.

[ 0003] When aﬂﬁg%ébg %ggo%gége%Pg%uceéﬁby aHggﬁPng§M§f$$n&g§%io
be obtained by culturing the animal cell or when a desired protein
was to be prepared by culturing an aninmal cell transfornmed with a
gene encodi mgcHNeCHBSFIBED protein, the culture nmedium had to be

suppl enented with 5-20% of an extract, nornally derived froma nmammual
for the growth(ﬁOQQkianinal cell, specifically a serumsuch as feta

calf serum in addition to basic nutrlents such as salts, sugars,
am no aci ds and THe AHEFEPtHIRFEBL1OPHFRlakRhiice@ovrd PBIFERF nEGF -1

polypeptides. The present invention also relates to methods

for efficiently and inexpensively producing desired

recombinant proteins using the novel IGF-1 polypeptides.

BACKGROUND ART

[0002]

Animal cells have been frequently used as host cells for
producing recombinant proteins because animal cells allow
complex post-~translaticnal modification and/or folding that
could not be achieved with bacterlial cells when they are used
for producing pharmaceutically useful proteins by genetic
engineering techniques.

[0003]

When a natural protein produced by an animal cell was to
be obtained by culturing the animal cell or when a desired
protein was to be prepared by culfturing an animal cell
transformed with a gene encoding the desired protein, the
culture médium had to be supplemented with 5-20% of an extract,
normally derived from a mammal for the growth of the animal
cell, specifically a serum such as fetal calf serum, in
addition to basic nutrients such as salts. sugars, amino acids

and vitamins. However, this entailed the following



- 2 - disadvantages: 1) such sera derived from nmanmal s are expensi ve,
2) stable growth can not be achieved due to variation in quality
anong lots, 3) there is a possibility of contam nation with viruses
and/ or mycopl asmas, and 4) the isolation/purification of the desired
protei'n as the cell product fromthe culture nedi um may be
conplicated. Thus, there has been a need bhor a techni que capabl e of

i nexpensi vely produci ng reconbi nant proteins by cul turing ani nal

cell's in segidabiaarABdEa. 1) 0904t sera dérBicieErbm RGRAHES Ard' 8kpésive,
in aserumfree nedium a growh factor contained in a serum nust be

added, and wahestable, gEblrhetars mote belldchiededcéhé o orafiertdidnorinand
survival rate are inproved to achieve |ong-term cul ture and/ or

| ar ge- scal e quallitiyeamapgnbdty. bY) ddwineg dsumaposSpI1itnf igentamdnation
grow h factor 1). [0005] The mature formof IG-1is a single

chai n pol yp#ithd¥izpses apfiier JYRPIATESverBE 45 9ol ypepti de

havi ng insulin-like agctiyities. and a.structure simlar to th of
bro noul 1o eeaat bbb eeEial ot kel ABSAFPRCRRofRR LI CR

met abol i ¢ agli i o t f: ot h '5%E¥ ro

factors for Eigrﬁéhg%o%]ﬁmo?ﬂig n@f@iﬁl uaﬁfgifa:ﬁfg?gé pér: 0 cfe |er‘1ﬂt h\g‘hltllSVer
under the agheeB AhsabBeRVE Mndd e A GMnaeghet 84bdBNdManexpensively
hypophysi s and thought to pronote the growmh of a renpte target bone

ti ssue and peodlienngerabombInact ipddteing bysehkt@ithadirposa ¢elllis. in
[0006] - 3 - Recently, 1G-1 has been produced in various cel

cul ture systsemsm-fnde| @dlawas reported to have not only a
proliferating effect on these cells but also various- physi ol ogi cal

activities, in &88P%1on to the endocrine effects as described above.
Mor eover, noting the_cel]l proljferation-pronpting effect of '§§k$’ a
Tot hod 1 or pr epiPi FECS rERGRRAGEGR SpPBOEEASDYR 17 aerBHTaes ZoBrAT. o
encoding a BeLYREPELIE.DAMLh thd¥ Ul LELALLANGRLOTDY MRl Sl SHER

as human 1G=1 into an animal ce culture system producl ng the

recombi nant g0t ebBo8E1 P& 0PAS @ 1(tdPed002691 086501 AlDatildPRAlA survival

rate are improved to achieve long-term culture and/or large-
scale culture, normally by adding human IGF-1 (insulin-like
growth factor 1).

fooo05]

The mature form of IGF-1 is a single chain polypeptide of
70 amino acids discovered as a polypeptide having insulin-like
activities and has a structure similar to that of proinsulin.
IGF-1 has a cell-proliferating effect and insulin-like
metabolic activity and counts as one of the most important
growth factors for the growth of individualis. IGF-1 is
produced in the liver under the action of a growth hormone
(GH) secreted from the hypophysis and thought to promote the
growth of a remote target bone tissue and to show metabolic
activity in muscle and adipose cells.

[oo06]



Various growh factors such as IG--1 are used as reconbi nants derived
from humans, but these are very expensive, and it is therefore
desirable to decrease a content of |G~ 1 to reduce production costs.
DI SCLOSURE: OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0008)- An object of the present invention is to obtain a novel

| G=-1 pol ypeptide having a strong cell prgliferation-pronoting
activity at |ow production cost. Another object of the present

invention is tORREERRLS, AT G®S] HHY BlenCBirbatPalie Pirkidd el lhigde
I nexpensi vely producing a reconbi nhant protein by using a DNA encodi ng

the novel | Gystepsl yanat icke-1 Sidd Irepoattear tobh&eé wht tdislpraesent

I nvention is to provide a nethod for preparing a reconbi nant protein

by using t hpredsfeaatiny efféct on AhesREARS1IFOSOLALS I HRERCBELEMS

[ 0009] As a result of careful studies to attain the above

obj ects, wepdiyséelegidgah aebdritiesyl iln pARétgrowtd thetandorrimpereffects
pol ypepti de derived_ from hanster and found that the novel |G=-1

pol ypept i de aFaSeaCFERET KABPE® ceMOnsOFers e PAELBA- RO it h Prerifderation-
ani malcel | cul Lutes o APG.E NSY e e 2CRRURESPSS LRSS
recombinant protein by transferring a DNA encoding a
pelypeptide having a proliferation-promoting effect such as
human IGF-1 into an animal cell culture system producing the
recombinant protein was proposed (US 2002/0105650 Al}.
[{0007]
Various growth factors such as IGF-1 are used as
recombinants derived from humans, but these are wvery expensive,

and it is therefore desirable to decrease a content of IGF-1

to reduce production costs.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SCLVED BY THE INVENTION

[0008]

An object of the present invention is to obtain a novel
IGF-1 polypeptide having a strong cell proliferation-promoting
activity at low production cost. Another object of the
present invention is to prepare a host animal cell capable of
efficiently and inexpensively producing a recombinant protein
by using a DNA encoding the novel IGF-1 polypeptide, 8Still
another object of the present invention is to provide a method
for preparing a recombinant protein by using the host animal

cell.



[ 0010] Accordingly, the present invention provides the follow ng: 1.
A pol ypeptide selected fromthe group consisting of: (1) a

pol ypepti de having the am no acid sequence of SEQ ID NO 1, and

(2) a polypeptide having an anmino acid sequence in which the third
am no acid of the amno acid sequence of SEQID NO 1 is substituted
by another amino acid and having insulin-#ike growth factor 1 (1GF-1)

activity. 2. The pol ypeptide as defined in 1 above wherein the
third am noME&N8 '® SQDLVE| THE RRABLEMS | ne. 3. The pol ypeptide as

defined in 1 above wherein the third amno acid is substituted by
| ysine 4. A DNAIBABBdi ng the pol ypeptide as defined in 1 above. 5. A
vect or contalnlgg t he as_defin

c

4 b
containing the foFegy Ee??rﬁﬁf?ﬁ%ii%a g5 to agfai?hgﬁﬁog?og%l?b%ﬁfts'
defined in aﬁ@ Sov%?égh 'ﬁb : ne%ﬁlh %iggoggowéhrgﬁé#$1°forEGgeﬁ

preparing t he polype e as e using the hos
as defined bBl?p@thdébgéﬁaved from hamster and found that the novel

IGF-1 polypeptide has a remarkable cell proliferation-
promoting effect in animal cell cultures, and thereby we
accomplished the present invention.

[0010]

Accordingly, the present invention provides the following:

1. A polypeptide selected from the group consisting of:

(1) a polypeptide having the amino acid sequehce of SEQ ID
NCG: 1, and

(2) a polypeptide having an amino acid sequence in which
the third amino aclid of the amino acid sequence of SEQ ID NO:
1 is substituted by another amino acid and having insulin-like
growth factor 1 {IGF-1) activity.

2. The polypeptide as defined in 1 above wherein the third
amino acid is substituted by serine.

3. The polypeptide as defined in 1 above wherein the third
amino acid is substituted by lysine

4. A DNA encoding the polypeptide as defined in 1 above.

5. A vector containing the DNA as defined in 4 above.

6. A host cell containing the vector as defined in 5 above.

7. The host cell as defined in 6 above, which is a CHO
cell.

8. A method for preparing the polypeptide as defined in 1

above using the host cell as defined in 6 or 7 above.



- 5- 9. An antibody binding to the polypeptide as defined in 1

above. 10. A cell for producing a desired protein into which a
DNA encodi ng the pol ypeptide as defined in 1 above and a DNA encodi ng
the desired protein are transferred. 11. The cell as defined in

10 abdve wherein the DNA encodi ng the pol ypeptide as defined in 1
above and the DNA encoding the desired protein are simultaneously
transferred by a single vector. 12. The cell as defined in 10
above wherei n t he ANfamnitostinginddngoltypeht i pelgemefdenasd definefove 1
and the DNA encoding the desired protein are separately transferred
by nultipleabéﬁﬁors 13. The cell as defined in any one of 10 to
12 above, which is a net hod for prepar

desired proteint® oﬁmﬁ?%ﬁrﬁf?nﬁqﬁquﬁﬁgtﬂed%%&?eQﬁP%ﬁQQH?e&ntﬁngHscBn%

f 10 to 13
golypepfldenggo%g???%ﬁpl %_ﬁﬁéiﬁgﬂ%ﬂﬁe”E%6HQ#% q??hpgbﬁg ﬁﬁ?a% DNA
defined in Lﬁca&ﬂ\@ mgr@éﬁfé?fp%laé@ﬁpsféet@én%fw in 1 above is

added to the nedi um . The culture nediumas defined in 15
above wherein tihe, pmie/pﬁn dﬁ mafdﬁfedneﬂ 10 dbabovwhdreincenat PHAfrom
a host cell. 18. The culture nedium as defined in any one of 15

to 17 abovegnwbdihgithea peElypardtide asddefiined ainreldiabovier @adf Eben BRY

conponent derived from mamual s except for the pol ypeptide as defined

in 1 above. enceding the desired protein are simultaneously transferred by
a single vector.

12. The cell as defined in 10 above wherein the DNA
encoding the polypeptide as defined in 1 above and the DNA
encoding the desired protein are separately transferfed by
multiple vectors.

13. The cell as defined in any one of 10 to 12 above,
which is a CHO cell.

14. A method for preparing a desired protein, comprising
culturing the cell as defined in any one of 10 to 13 above.

15. A culture medium containing the polypeptide as defined
in 1 above.

16. The culture medium as defined in 15 above wherein the
polypeptide as defined in 1 above ig added to the medium.

17. The culture medium as defined in 15 above wherein the
polypeptide as defined in 1 above is secreted from a host cell.

18. The culture medium as defined in any one of 15 to 17
above, which is a serum-free medium or a medium free from any
component derived from mammals except for the polypeptide as
defined in 1 above.

19. A method for preparing a desired protein, comprising



19. A nmethod for preparing a desired protein, conprising - 6 -
culturing a CHO cell using the culture nmedium as defined in any one
of 15 to 18 above. 20. A nmethod for preparing a cell for use in
the preparation of a desired protein, conprising the steps of:

(a) transferring a DNA encoding the desired protein into a CHO cel |,
and (b) transferring a DNA encoding.lG--1 into the cel
prepared in step (a). 21. A nmethod for preparing a cell for use

in the preparation of _a Sir rotein, conprisin he ste of :

(0 1ransf et ingia cE A TE il SRR U ddY 5% B o
b) sel ecti a | | - expr | desired protein fromthe cel
grépared in%gyégﬁ%a§f g%d6§si§g§c fransferr?ng a DNA encoding I1G--1
into the cell sgbecsefetibdifi PHeparing 22ce L BINQd G RH@Paring a

cell for use in the preparation of a desired protein, conprising the
steps of: preparation of a desired protein., comprising the steps of:

(a) transferring a DNA encoding the desired protein into a
CHO cell, and

(b) transferring a DNA encoding IGF-1 into the cell
prepared in step (a).

21. A method for preparing a cell for use in the
preparation of a desired protein, comprising the steps of:

(a) transferring a DNA encoding the desired protein into a
CHO cell,

{b) selecting a cell expressing the desired protein from
the cell prepared in step (a), and

(c) transferring a DNA encoding IGF-1 into the cell
selected in step (b).

22. A method for preparing a cell for use in the
preparation of a desired protein, comprising the steps of:

(a) transferring a DNA encoding the desired protein and a
DNA encoding IGF-1 simultaneously into a CHO cell, and

(b) selecting a cell expressing the desired protein from
the cell prepared in step (aj).

23. The method as defined in 22 above wherein the DNA
encoding the desired protein and the DNA encoding IGF-1 are
simultaneously transferred into a CHO cell using a single
vector containing the DNA encoding the desired protein and the
DNA encoding IGF-1,

24. A method for preparing a cell for use in the



(a) t?ansferring a DNA enédding thé”dégfréd protéfn“and a DNA

encoding I GF-1 sinultaneously into a CHO cell, and (b) selecting
a cell expressing the desired protein fromthe cell prepared in step
(a). - 23. The nmethod as defined in 22 above wherein the DNA

encodi ng the desired protein and the DNA encoding IG--1 are

simul taneously transferred into a CHO eetl-using a single vector
contai ning the DNA encoding the desired protein and the DNA encodi ng

| GF- 1. 24. pfeprirhedoh 06f p4 apsdimg droeklinf Otompseising Nthe stéps of:
preparation of a desired protein, conprising the steps of: (a)
transferring al®NAtemestRrgingGa DNanepcadDMD TEF+1 Inkb a CHO(pell, and
transferring a DNA encoding the desired protein into the cell .
prepared in stép)(Eyansferring a) DR RBECELPI pis feHgFed dartefsr ipte
in the preparat.i f a desired .protein, conprising the steps of:

(a) transfgﬁ?iﬁ§9£ ﬁﬁﬁ?%ﬁ% dhG &) into a cHO cel I, (b)

transferring a;pNiy 6RCOMANEdNpApaiRg R Q4P Nedtnd NG Gak!
prepared in step (a), and

preparation of a desired protein, comprising the steps of:

(a) transferring a DNA encoding IGF-1 into a CHO cell,

(b) transferring a DNA encoding the desired protein into
the cell prepared in step (a), and

(c) selecting a cell expressing the desired protein from
the cell prepared in step (b).

26. The method as defined in any one of 20 to 25 above -
wherein IGF-1 is the polypeptide as defined in 1 above.

27. A method for screening a cell for use in the
preparation of a desired protein, comprising the steps of:

(a) transferring a DNA encoding the desired protein into a
CHO cell,

{b) selecting a cell expressing the desired protein from
the cell prepared in step (a),

(c) transferring a DNA encoding IGF-1 into the cell
selected in step (b), and

(d) selecting a cell expressing the desired protein and
IGF-1 from the cell prepared in step (c).

28. The screening method as defined in 27 above wherein

IGF-1 is the polypeptide as defined in 1 above.

BRIEF EXPLANATION OF THE DRAWINGS

[0011]



(c) selecting a cell expressing the desired protein froth the cel
prepared in step (b). 26. The nethod as defined in any one of 20
to 25 above wherein IG~1 is the pol ypeptide as defined in 1 above.
27. A nmethod for screening a cell for use in the preparation of a
desired protein, conprising the steps of: (a) transferring a DNA
encodi ng the desired protein into a CHG celd, (b) selecting a
cell expressing the desired protein fromthe cell prepared in step
(a), (c) traqsferyisipwe BHA anendbbidd Gedudntieo ande amghb acid
selected in step (b), and (d) selecting a cell expressing the
desired prosequenee diGle fhamstere IGEFL gerpatedivied fiwom CEP. cells of
28. The screening nmethod as defined in 27 above wherein I|G--1 is the
pol ypept i dethd efeeserdd inyePtd®®vre. BRI EF EXPLANATI ON OF THE DRAW NGS
- 8 - Fig

e 1 shows the nucl eotide sequence and _ani no_acid
sequence of 1 heEETRS o TGP S ERBBRE!TOR AT HAROBEC BB R o e
present invgptiOfees of the hamster IGF-1 derived from CHO cells of the

present invention and human IGF-1.

Figure 3 shows activated hamster IGF-1 variants in which
the negatively charged amino acid E at position 3 from the N-
terminus of 70 amino acids of hamster IGF-1 was changed into R,
K and S for positively shifting the polarity. (+) represents:
a positively charged amine acid, (-) represents a negatively
charged amino acid, and (t) represents a neutral amino acid.

Figure 4 shows a plasmid for expressing modified hamster
IGF-1.

Figure 5 is a graph showing the effects of native and
modified hamster IGF-1 on the proliferation potency.

Figure 6 is a graph showing the effects of native and
modified hamster IGF-1 on the survival rate.

Figure 7 is a graph showing a comparison of the amounts of
antibodies produced in fed-batch cultures of anti-IL6éR
antibody-producing cells transformed with hamster and human
IGF-1 (E38).

Figure 8 is a graph showing the amounts of antibodies
produced in fed-batch cultures of anti-IL6éR antibody-producing
cells transformed with hamster, mouse and human JIGF-1 (E35).

Figure 9 is a graph showing a compariscn of the amounts of
antibodies produced by strains having the highest production

Jevels among triple anti-ILéR antibody-producing cells



Figure 2 shows a conparison between the am no acid sequences of the
hanster 1 G- 1 derived from CHO cells of the present invention and
human | G- 1. Figure 3 shows activated hanster ICE-1 variants in
whi ch the pegatively charged amno acid E at position 3 fromthe
N-term nus of 70 am no acids of hanster |IGF-1 was changed into R K
and S for positively shifting the polarity._.(+) represents a
positively charged amno acid, (-) represents a negatively charged
ani no acid, téﬁﬁsébrﬁsﬁrﬁfﬁmm&ﬂ&ut hdlis8MhihE ﬁssrhén IeF-1 Risgune 4
shows a plasmd for expressing modi'fied hamster Figure 5
is a graph showngutéelefiec sgmfphnahbwengndh@mindurﬁfh lene i bbGEed
on the proliferation potency. Figure 6 is a graph show ng the
effects of pabdueedniin nbeid fhatrchhanditaresGhE lantd + Heb R antihbaidyr-gtreducing
Figure 7 is a graph showi ng a conparison of the anpbunts of antibodies
produced i ncpédspiransEernend oultdy tter| srowse | vt \hynasd J&Fnd SEBES -
transforned with hanmster and human |G~ 1 (E3S). Figure 8 is a
graph showi ng the anmounts of antibodi es produced in fed-batch
cul tures of pt Juci | by t d with
hanst er, mgwéwiﬁgﬁﬁ%wg 6F P%%rwgraph
show ng a conpajygpsy of the amounts of antibodi es produced by strains
havi ng t he hi ghest productlon | evel s anong triple anti-I1L6R
ant i body- producthg gelyseptid® ozt EABSHOEBESL Wdverlubil Qs pFegseably
human |1 G--1 ( E3S)

secreted mature hamster IGF-1 having the amino acld sequence

shown in Figure 1 and SEQ ID NO: 1, but may also be precursor
hamster IGF-1.

[0013]

The polypeptide of the present invention also includes a
polypeptide having an amince acid sequence in which the third
amino acid of the amino acid sequence of hamster IGF-1 shown
in SEQ ID NO: 1 is substituted by another amino acid and
having insulin-like growth factor 1 (IGF-1) activity. The
third amino acid may be substituted by any amino acid not
specifically limited, but preferably serine, lysine, or
aspartate, especially serine or lysine.

[0014]

As used herein, the expression "having insulin-like growth
factor 1 (IGF-1) activity" refers to having a proliferation-
promoting activity and/or survival rate-increasing activity
for animal cells.

[0015]

As used herein, the term "polypeptide" is sometimes?

synonymous with "protein”.



Figure 10 is a graph show ng the anmounts of antibodi es produced in
fed-batch cultures of anti-I1L6R antibody-producing cells transforned
wi th hanster, nouse and human I G~-1 (E3E). THE MOST PREFERRED

EVMBODI MENTS OF THE | NVENTI ON [ 0012] The pol ypeptide of the
present invention is preferably secreted mature hanster |G- 1 having
the am no acid sequence shown in Figure- 1oand SEQ ID NO 1, but may
al so be precursor hanster |G~ 1. [0013] The pol ypeptide of the
present inventigooakso includes a pol ypeptide having an amno acid
sequence in which the third amno acid of the am no acid sequence of
hanster | GF-1 sAbenpphySewride NG the pregbsti Laventbyn arrot rer paepaved
acid and having insulin-like gromh factor 1 (IG--1) activity. The
third am no @fcid TREPMBENARB Rt RRT I8l &Ry aaRrhBratiRetigreptide by a

ifically lim.ted, b f |, i | ysi pe, t
copeci al 1y SSTRE BROYSFROERT Ty PRI AR thEySRbr o) fhie diFombinant
Fofers to hdiagpaReLBE bad b S SHPUd ny HaBledt LG Crdn ittt rom
rate-increasyl®adebi MbbY £011 aMdMrorRleldSwikB035kuitab S disRERabLaI N,

the term "pol ypeptide" is sonetinmes? synonynous with "protein".
vector carrying a DNA encoding the polypeptide of the present
invention and then purifying thus obtained extracts by ion
exchange, reverse-phase, gel filtration or like chromatography,
or affinity chromatography using a column coupled with an
antibody against the polypeptide of the present invention, or
a combination of these columms.

[0017]

When the polypeptide of the present inventlon is expressed
as a fusion protein with a glutathione S transferase protein
or as a recombinant protein having multiple higstidines in a
host cell (e.g., animal cell or E. colil), the expressed
recombinant protein c¢an be purified by a glutathione column or
nickel column.

[0018]

After purification of the fusion protein, regions other
than the desired polypeptide in the fusion protein can be
cleaved by thrombin or factor Xa or the like and removed, if
desired.

[0019]

The natural polypeptide can be isolated by a method well-
known to those skilled in the art, e.g., by purifying the

extracts of a tissue or cell expressing the polypeptide of the



- 10 - [0016] The pol ypeptide of the present invention can be
prepared as a reconbi nant pol ypeptide or a natural polypeptide by a
met hod known to those skilled in the art. The reconbi nant pol ypepti de
can be prepared by harvesting transformants from a suitabl e host cel
transf.ormed with a suitabl e expression vector carrying a DNA encodi ng
the pol ypeptide of the present inventianignd then purifying thus
obt ai ned extracts by ion exchange, reverse-phase, gel filtration or

[ ke ohr OmLoaEaRY 1 noLnel 34 Nbiouillf UIRLOGIAPEY LOLfh SAYM vitn an

coupled with an anti agai nst tthe pol ypepti esent

i nvention, @htabs@ybbiRding & tHeIRmeekwMEF -1 00diAlpept ideViRBclchBed
pol ypeptide of the present invention is expressed as a fusion protein
with a gl ut delbene 'Bhé ramsfmrdis engyr diecpolygclasalh ¢xawrudlamalpr ot ei n
having nultiple histidines in a host cell (e.g., animal cell or E.
coli), the expr&882@lreconbinant protein can be purified by a

gl ut at hi one col um or nickel colum. After purification

0018
of the fusion pTB?eP?ﬁs?Qﬁﬁ%ﬂﬁ?qiﬁﬂgraﬁﬁanp%ﬂﬁi%ﬁ%iqeﬁFﬁuﬂ%ﬂ&@ﬂPFdEh?n

t he fusi t ei I d ht. onbi . f agt h

[ Tke and reagteger; FERCE o E A ot SRVRRE G, | ¢ I sBhthde can
be 'So!at?dp9¥ﬁénﬂﬁiﬁ$ﬁhﬂﬁﬂ "SI QehNPSE SKA&dEthd td ®odYpeptille: of
by purifying t elT expressing the

e extracts of a tissue or ¢
pol ypepti detak pBEsent invention as described above in vivo or in vitro.

The DNA of the present invention may be in any form so far as
it can encode the polypeptide of the present invention. That
is, it may be any of a cDNA synthesized from mRNA, or a
genomic DNA, or a chemically synthesized DNA. A DNA having
any nucleotide sequence based on the degeneracy of the genetic
code is included so far as it can encode the polypeptide of
the present invention.

[0021]

The DNA of the present invention can be prepared by a
method known to those skilled in the art. For example, it can
be prepared by constructing a cDNA library from a cell
expressing the polypeptide of the present invention and
hybridizing it with a part of the sequence of the DNA of the
present invention (e.g., SEQ ID NO: 2) as a probe. The CcDNA
library may be prepared by the method described in e.g.,
Sambrook, J. et al., Molecular Cloning, Cold Spring Harbor
Laboratory Press (1989) or may also be a commercially
avallable DNA library. It can also be constructed by
preparing an RNA from a cell expressing the polypeptide of the

present invention, synthesizing oligo DNAs on the basis of the



- 11 - present invention through an affinity colum coupled with an
anti body binding to the hanmster | GF-1 pol ypeptide descri bed bel ow.
The anti body may be pol ycl onal or nonocl onal. [0020] The present
i nvention .l so provides a DNA encoding the hanster 1GF-1 of the
present invention. The DNA of the present invention can be used for
produci ng the pol ypepti de of the present ignvention as descri bed above
invivo or in vitro. The DNA of the present invention may be in any
form so farsaguéhce b efieodNy E RAkypepséeie ivdrieiopr,esnat amplifying
invention. That is, it my be any of a cDNA synthesized from nRNA, or
a genom c Dhie obNAk @ieriow [bthespoliypepiide DMA. the Ditkseati Agvenpion by
nucl eoti de sequence based on the degeneracy of the genetic code is

i ncl uded soPfRrredction #piddde™ RE BBIYPeDhti de of the present

i nvention. [OOﬁéﬂ The DNA of the present invention can be
prepared by a %A known to those skilled in the art. For exanpl e,

it can be prepa%éﬁ%f%ﬁé§¥¥?ﬂp%ﬁgi?glfoﬁéﬁ#\éfégéﬁﬁﬁéf%%g‘Eﬁggé#%owed.

expressing the ypept | of the pres nvent 1 on and I 2T ng

it with a paitsoOf hmer selueatel EPemDAN Ol t R fRRSEeBEghAVERt tRA 1ike
(e.g., SEQID NO 2) as a probe. The cDNA |ibrary may be prepared by

t he net hod eepreddinly ithee pplypBanrhieosf the airadlent Nokeatilian.C oie ng,
Col d Spring Harbor Laboratory Press (1989) or may al so be a

comer ci al | iselatlemlaf DENA jisr aeyformed Iy adirpardngootalcREY by a
preparing an RNA froma cell expressing the pol ypeptide of the
present i nvEROYRMERR hedi%i nFWHINGINENAS tEACER atigm t(fhirgwin, J.

o oo o o DSBS TR 7 DU e R Db P18
¥ea0t'9” “Stéﬁb$$E¥H§¥iJ“ﬁ.”%& - sh80g2] N., Aéa%azsﬁb%ikh¥1(39§¥} 162,
ol ow ng procedure can be foll owed. First, I's I1solated om a

cel |, tissueseorsmy, &td.he anidkpuexpyessi mend Fe-droltneepbide REAIHE using
present invention. The isolation of nRNA is perfornmed by preparing
total RNA byRNA Khoowt inettieed, Kétg(Phgoeadih newltheaddireri f Ajdérmatively,
(Chirgwin, J. M et al., Biochemstry (1979) 18, 5294-5299), AGPC

met hod ( Chone¥A s bep digiggtdacerepared bihaising QURekFrepoBRyA 162,

156- 159), efc., and_purityiQ% NRNA fromthe total RNA by using nRNA
Purifi cati orPREEL B Ed ta) FBATPAEIR | ke. Alternatively, mRNA can be
directly preparfgbégﬁ using Qui ckPrep nRNA Purification Kit

(Phar nmaci a) .

A cDNA is synthesized from the resulting mRNA using a
reverse transcriptase. A cDNA can also be synthesized using
AMV Reverse Transcriptase First-strand cDNA Synthesis Kit
(Seikagaku Corporation) or the like, A cDNA can also be
synthesized and amplified by 5'-RACE (Frohman, M. A. et al.,
Proc. Natl. Acad. Sci. U.S.A., (1988) 85, 8998-9002; Belyavsky,
A. et al., Nucleic Acids Res. (1989) 17, 2919-2932) using 5'-
Ampli FINDER RACE Kit (Clontech) and pelymerase chain reaction
(PCR) with the primers described herein.

[0024]

In the Examples below, a cDNA encoding the hamster IGF-1

polypeptide was obtained by PCR cloning. PCR primers were



b

[ 0023] A cDNA is synthesized fromthe resulting nRNA using a
reverse transcriptase. A cDNA can al so be synthesized using AW
Reverse Transcriptase First-strand cDNA Synthesis Kit (Sei kagaku
Corporatiop) or the like. A cDNA can al so be synthesized and

- anplified by 5 -RACE (Frohman, M A et al., Proc. Natl. Acad. Sci.
U S A’ (1988) 85, 8998-9002; Bel yavsky,- A3 et al., Nucleic Acids Res.
(1989) 17, 2919-2932) using 5 - Ampli FINDER RACE Kit (C ontech) and
pol yner ase @baigné@agding fdflnsvidoskieefr amdis WR{GT iad ndaisel/Auman
[ 0024] In the Exanpl es bel ow, a cDNA encoding the hanmster 1G--1
pol ypept i delGBsl opee netidgnd@@R cl oning. PCR prinmers were - 13 -
desi gned using regi ons conserved anong known rat/nouse/ human | G- 1
gene sequences. [?%%5215] A desired DNA fragnment is prepared from

th lting P od fused .t t . ,
rego;rgiszanlt n%&%@%ﬁr#é}ﬁ%&aﬁﬁmﬁ gﬁgpa\é%?ae%q %“EF%(%E?F%BFFHE PCR
i k d ' desj.[.ed '

vector ThobEORFE: Py SIS X0 W0 RLEBR Bul, LM o bR veotor
by a known gBtpHpshSHEd H5a GrdnsrdhdeaxYREs! £otddle Wiaithe ahenghion.

[ 0026] A genom c DNA can be isolated by screening a genomc

i brary usi agléhiss chiei gedbotiaiA tas paepapdea ddidéd recombinant vector.
The nucleotide sequence of the desired DNA can be confirmed by
a known method such as e.g., dideoxynucleotide chain
termination.

[0026]

A genomic DNA can be isolated by screening a genomic DNA
library using thus obtained cDNA as a probe.

[0027]

In the DNA of the present invention, a nucleotide sequence
with higher expression efficlency can be designed in
consideration of the codon usage frequency of the host used
for eXpression (Grantham, R. et al., Nuclelc Acids Research
(1981) 9, r43-74). Moreover, the DNA of the present invention
can be modified by use of commercially available kits or known
methods. Modifications include e.g., digestion with
restriction enzymes, insertion of synthetic oligonucleotides
or sulitable DNA fragments, addition of linkers, insertlon of
initiation codons (ATG} and/or stop ceodons (TAA, TGA, or TAG),
etc.

[0028]

The present invention also provides a vector containing

the DNA of the present invention. The vector of the present



In the DNA of the present invention, a nucleotide sequence with

hi gher expression efficiency can be designed in consideration of the
codon usage frequency of the host used for expression (G antham R
et al., Nutleic Acids Research (1981) 9, r43-74). Mreover, the DNA
of the present invention can be nodified by use of comercially
avai l abl e kits or known nethods. Modificat ens include e.g.,
digestion with restriction enzynes, insertion of synthetic

ol i gonucl eotingreatQonSis tadd Bu DN magmeatiaingdthé i BNA off |tHek @r®sent
insertion of initiation codons (ATG and/or stop codons (TAA, TGA, or
TAG, etc. [oge8tion inThehqrtestedil oavEpti eXPRESSHLNT i@ lypepttide of
containing the DNA of the present invention. The vector of the
present - Fhe Pragenti HWeRtieful for nmintaining the DNA of the

pr esent inventigg %9 a host cell or for expressing the pol ypeptide of
the present inv n? oh. (0029] The vector is not specifically

limted so far I eSO & LORLy LTy v L.l R.E
coli (e.qg., JI\/[L'(%%? %)?—Ea, gﬂéiglgto%ple%%%%eg)ﬂ(%&iﬁ ue é&s]gsot %gttroiats ?E

prepared i ncenkaigs woBNt ifor RinpIagSing enel rééeat iah H.n de1icqlt gand

a gene for selecting transformed E. coil (e.g., a drug-resistant gene
di scer nabl e gy 08 onBHSE UKoY, GBl01), XLetbaagl| sMeshdaninis Prepared in
chl oranpheni col)) when the host is e.g., E. coli. Exanples of vectors

i ncl ude ML3avéargesquptic Ve domassiBR3applpglertn pin HCRoSdr apd, a
etc. In addition_to the vectors nentioned_above

.g., PGEM T,
pDI RECT, pT?eBAdTPReS P RE W HGErREPddEd ‘F%Ht‘??e'g%ur %oéguarr%istant
subcl oni ng gr PS?@&&&&%&{%;‘#‘?@Q&EY{%Y%@% Li1t14S6d tr(;%rc?fliag%g? the

pol ypepti de 5 € presen ression vec

especi al Iy Waghithesd NecRrd¥ B HA 6§ OynBHSEnd VL & e.g., E. coli.
characteristics descri bed above allowng the vector to be anplified

in E co/i shefplée X WaSSI inkladg. M1E. veéetdrs s pglrsivieedorandpBRaz2,
must further contain pronoters for efficient expression in E coil,
e.g., lacZ pBdveserigVarpCRtScdipt,Netore (1983)i8UIn Wi4he46pcEASEB
J. (1992) 6, 2422-2427), araB pronoter (Better et al., Science (1988)
240, 1041- 1088}ioned PGFHNR-& +WRERMr Ee RREREGE. RTTc@nd $henhlike are

314109, DHd5a, DHIOa, HB1O 1- bl ue. Suc@ vectors. include pGEX-5X-1

(Phar maci &) 21561 RRGHPISE SOR (Ui RABPRGEPE FRERBPALES (o8 TRELTHIS A CONA.

;SZieii E)Eet 2@{? réi ?/té&é)[xgércgéﬁb'iys Rlseh €¥PHESEHEY dHe DARUMNTRELAES) thE
present invention, an expression vector is especially useful.
The expression vector must have the characteristics described
above allowing the vector to be amplified in E. coli when the
expression In e.g., E. coli is desired, and it must further
contain promoters for efficient expression in E. coli, e.g.,
lacZ promoter (Ward et al., Nature (1989) 341, 544-546: FASEB
J. (1992) 6, 2422-2427), araB promoter (Better et al., Science
(1988) 240, 1041-1043}), or T7 promoter when the host 1is
E. coli such as JM109, DH5a, DH10c, HB101l, ¥XLl-blue. Such
vectors include pGEX-5X-1 (Pharmacia), "QIAexpress system"

(Qiagen), pEGFP, or pET (in this case, the host 1s preferably

BL21 expressing T7 RNA polymerase) in addition to the vectors



- 15 - mentioned above. [0030] The vector may al so contain a

si gnal sequence for secreting the pol ypeptide. Wen the pol ypeptide
is to be produced in the periplasmof E. coil, the pel B signal
sequence (Lei, S. P. et al J. Bacteriol. (1987) 169, 4379) can be
used ds the signal sequence for secreting the pol ypeptide. The
transfer of the vector into a host cell- d&n-be perforned by e.g.

cal cium chl oride-nedi ated transfornmation or el ectroporation. [0031]

I n addi ti onmentionedlahoweect ors used to e.g., prepare the polypeptide
of the present invention include e.g., expression vectors derived
frommanmal s (el@030bcDNA3 (I nvitrogen) or pEF-BOS (Nucl eic Acids.

Res. 1990, 18, 322 EF, , [ t derived f

naect cbl s (OTE VOHRE MARLo0,GBNPOTT hon S e e CP S EER
BacPAKS8 f i , . i i f

(0 .. pvroSREbtd ORI RERAaRE ] St 0B el oel 9 PhCBLS

(e.9., PH S¥ro@hdeda PAHHE WeriPIBERASSEOCR, VESE LT StHE P8 shiGARY sequence

retroviruses (e.g., pZlpneo), expression vectors derived fromyeaSts
(e.g., "PichlLeiExpr emssian &4 tI'. Bhoverioyen)199NVIk9 ,SBR3@0])) can be used
expression vectors derived fromBacillus subtilis (e.g., pPL608,
PKTHSO), etas flo®3Pgnal segwencehforxpeessting i theamiolwpeptlifis - suthe as
CHO cells, COS cells, NIH3T3 cells is desired, the vector nust

contai n profbRRFEeh e ddif ywerkert ABtaxpraest oipli 197 beneesépraed by

e.g., - 16 - _Sv4 ronn&g&ﬁg I'ligan e | . %ﬁhtur &1979) 277,
108). MWLV BT pTOHOREl CTBerd a5 BRATar ST \PSHLHAGRIAR N OF Nucl ef ¢
Aci ds Res. éig? ogdratine), RSV promoter, CW pronoter, and nore
preferably 1t further contains a gene for selecting transfornmation
into the cells (e®$.] a drug-resistant gene discernible by drugs
(neonycin. (418, hygronycin, puromycin)). Vectors having such
properties inclInddegdditgon AN, pER2, WBEKERSV ugeBKtOW,. gpOPREApare the
pOP13, etc.
polypeptide of the present invention include e.g., expression
vectors derived from mammals (e.g., pcDNA3 (Invitrogen) or
PEF-BOS (Nucleic Acids. Res.1990, 18, p5322), pEF, pCDM8),
expression vectors derived from insect cells (e.g., "BAC-to-
BAC™ baculovirus expression system" (pBacPAK8 from
Invitrogen)), expression vectors derived from plants (e.gq.,
pMH1, pMH2), expressicn vectors derived from animal viruses
(e.g., pH SV, pMV, pAdexLcw), expression vectors derived from
retroviruses (e.g., pZIpneo), expression vectors derived from
yeasts (e.g., "Pichia Expression Kit" (Invitrogen), pNV1l,
SP-Q0l}, expression vectors derived from Bacillus subtilis
(e.g., pPL608, pKTH50), etc.
[o032]
When the expression in animal cells such as CHO cells, COS

cells, NIH3T3 cells is desired, the vector must contain

promoters necessary for the expression within the cells, e.g.,



[ 0033] Wien it is desirable to stabl’y expreSs a géne and anplify
t he nunber of copies of the gene in cells, CHO cells |acking the

pat hway of nucleic acid synthesis can be transforned with a vector
contai ni ng.the DHFR gene conplenenting it (e.g., pCHO) and anplified
by nethotrexate (MIX), or when it is desirable to transiently express
a gene, COS cells carrying a gene encoding the SV40 T-antigen on
their chronosone can be transforned with a vector containing the

origin of %ghbcgﬁbﬁgtégr d%ﬂ}ved C. )Na£§ [Hi% or. %ins of

replicationincltde seque ces rém V|r

adenovi r usesmr.QOYirRCpPaRb L4 XM hiomBRN} (ﬂigusﬁﬂnér&% 'J:Ly thRcleic
nunber of copies of ?he gene in a host cell system the expression
vect or can fagitibeReson{ b$ 90 kel &.Cct5829 , "TREWEp Somaitd ACMINipTegotesi dad
transferase (APH) gene, thym di ne kinase (TK) gene, E. co/1

xant hi ne- guaRrrePphEepabl Y bb"s;ﬁuqtmﬂrsf:enagénq R oggng fyaneselecting

di hydrof ol ate reductase (dhfr) gene, etc. [0034] When t he DNA of
t he present TFAPEAPTBALIQN t s ceddgd (endvi @ ¢FPQH¥%ﬁ%ﬁﬁﬂnt gene
sui tabl e ve

can_be_tranéﬁgg?gggﬁﬁ?gb¥gﬁquﬁn ﬂﬁoﬂgﬁ§nby5?£§7 (15 pégﬁﬁﬁgagg))
cationic || pe30BRs RivAs e e‘b?%?‘é&:%&@ﬂ LAENSAO! natg on g?

vectors include, but not"limt , adenoviral ‘vector's

pAdex| cw) apdrrREVOVHERICMECIFUERSIE. goplpZIEﬂgo) Gener al gene
mani pul ati on such as insertion of the DNA of the present invention
into the vectorie@a®d3be perfornmed by conventional nethods (Ml ecul ar
Cloning, 5.61-5.63). Admnistration into the |living body may be
perfornmed ex viWhB%ri?rﬁﬁMQRﬁiIP@GSSFO stabheeipresm@ igenenenénaaptofy
provides a host cell Ensforned wi.th the vector  of the present

i nvention. Fh& Pl‘é@?e’ée‘i’ WIS OfatbPofRBE W tFethe G geldf tReking
present invepti SQtfﬁ%}F'O&f SI‘HE.'ELG 'c%%gli Hm:ﬁggi % use%r It.F ns% ' ”Ed opith

cells such ase coll s can

of the pr essniree@afnéémfrﬁmdoecﬂésgﬁpﬁsg@ng Gor@pﬁn%ﬁwgoatsxétsm for
preparing or expressing the polypeptide of the present invention.
Producti on $gHOENsatdranyeiEdd®ypakypeptétese | (Mix)de drmwhiehr atapd in
vivo production systens. In vitro production systens include those

usi ng eukar fesirakd®e | ko grrgnsgleatylyt egpress sa JOBBR6|COS ceWAgncarrying a
eukaryotic cells are_used, animal cells, plant cells and fungal
cel I's can b@epgctneedingide I@?r’d«ﬁn TAARKAFER 9B Sthea] FHE OMRFARP €8P| ke

Cbaby hanst BFARPEREDSE h = EF3 o5 aRPRE BHEPG e orbegn” REnBRALIcation

cocytes ( ,Vag,g,l,sﬁo al pep Nl § (188802831 + 358 Vg1 ¥ JeN$EEL168E 6

inciude sequences derived from polyomaviruses, adenoviruses,

bovine papilloma virus (BPV)}, etc. To amplify the number of
copies of the gene in a host cell system, the expression
vector can further contain selectable markers such as
aminoglycoside transferase (APH) gene, thymidine kinase (TK)
gene, E. coli xanthine-guanine phosphoribosyl transferase
{Ecogpt) gene, dihydrofolate reductase (dhfr) gene, etc.

[0034]

When the DNA of the present invention is to be expressed

in vive in an animal, a suitable vector containing the DNA of



- 18 - Tn5. Anong CHO cells, CHO cell's deficient in the DHFR gene,
l.e., CHO dhfr- (Proc. Natl. Acad. Sci. USA (1980) 77, 4216- 4220) or
CHO K1 (Proc. Natl. Acad. Sci. USA (1968) 60, 1275) can be preferably
used. When: |l arge-scale expression in aninmal cells is desired, CHO
cells -are especially preferred. The vector can be transferred into
the host cells by e.g., calcium phosphat @7nedi ated transfection, DEAE
dextran-nedi ated transfection, cationic |iposonme DOTAP-nedi at ed

t ransf ect i othé Bnedddrntgeinvdntiloal Bhn béettdmgsmid@®intd paketliyfig body
etc. [0037] Pl ant cells known as pol ypepti de-produci ng systens

i ncl ude e. gby retrevidars-.ediposemii-¢cocabheniabbdmeaomei of sdanpeinged
as callus cultures. Aquatic plant cultures (Biolex) are_also

ef fective. PSRt iR fanmeting; ud%“y@%‘%]c“s vestprs d@frdyde. but not
Saccharonyces, . e. g... Saccharaq S 88y evisiae; filanment.qus fu
e.g., genusfﬂgb%‘?‘g'qq use'ge"g‘il@é Vér‘ailrﬁ%trﬁ & 9003 é?l lcw
prokaryotic prradyct i ne b r ‘
are known. %?V\(I%’] Jg?:g:]’teerla r(:Sel(%stll nc?ﬁld@[%;)ecolc'q:ﬁ'J ! gli;"l}l)g h%ﬁi$ﬁon

3MLO9, DHSagudiilda,: ddkdliontlog. thaspMel b a&@q&édeﬂ& ubbhtisn 1963%ne
The pol ypeptide can be obtained by transform ng these cells with the

desi red DNAvesithrc Wddrurbengeiriferineansy ocomeerciel dismli methbde. (Maretalamon
can be performed by known net hods. For exanple, culture nedia that
can be usedCieninghi rfal61cd 163 )i- ncﬁ%bﬂl%tlgathwEMtONEhB 1rping cdody may

| MDM The rredl a can be sxp%l emented with serum such as fetal calf
serum ( FCS)PorPefprmed; ¢ vive or in vivo.

[00351

The present invention also provides a host cell
transformed with the wvector of the present invention. The
host cell fto be transformed with the vector of the present
invention is not specifically limited, and various animal
cells such as e.g., E. coli and CHO cells can be used. The
host cell of the present invention can be used as e.g., a
preoduction system for preparing or expressing the polypeptide
of the present invention. Production systems for preparing
polypeptides include in vitro and in vivo production systems.
In vitro preoduction systems include those using eukaryotic
cells or prokaryotic cells.

[0036]

When eukaryotic cells are used, e.g., animal cells, plant
cells and fungal cells can be used as hosts. Known animal
cells include mammal cells, e.g., CHO (J. Exp. Med. (1995) 108,
945), COS, 373, myeloma, BHK (baby hamster kidngy). Hela,
Vero; amphibian cells, e.g. Xenopus oocytes {Valle, et al.,

Nature (1981) 291, 358-340): or insect cells, e.g., S5f9, Sf21,



be serumfree. The pH during incubation is preferably about 6-8.

| ncubati on
hours, and
[ 0040)

producti on

Is normally perfornmed at about 30-40C for about 15-240

I f desired, the nedia are replaced, aerated or stirred.
In vivo pol ypeptide-produci ng systens include, e.g.,

systens using animals or plants. These animals or plants

are transforned with the desired DNA and it8he pol ypeptide is produced
in the animals or plants and harvested. As used herein, the term
"host" is i mhendeAmény i CHY usel Ishe HCapkddl sdafibjdmintinn HhH20HHFR gene,
When ani mal s are used, production systens using nmanmal s and insects
are included.eMan®idP sdhfet (Farcdhe Naddd AAafudiciyodiSA (il9803hddp, 4216-

nouse, and

1993) . When?Adfie?s HE KL dPraG-aieddni BCafi nifs:

cow (Vicki daser, SPECTRUM Bi ot echnol g Appl i cations
5 Ha'568dq 50.0842)

For exanpl 6881%;2%% gﬁ'sé eegabq.(}% uiss da r e%ngdl %/g" %arfﬁ. Le"ﬁ'%ugeﬁtsg.o% gngxbimal

encodi ng a

e produced specCifica | as goat

casein. Thegej s DNG 44 AEN GRNIRNALNErE NEshdlSi AN W% Fedrdl. 6ChR

into the enbryo of a goat and this enbryo is inplantéd into a fenmale
goat. The desttef @& Wepiddiesfearrdae iabbatnethddrading wyl k. .@lodygedium
by transgenic goats born fromthe goat inpregnated with the enbryo or
progeny t hepkoSphdie tnmticdsdl tiransfechiocof RERE pExipep-médiatefai ni ng
m | k produced by the transgenic goats, hornbnes may be used in the

transgenic

soarafeat igypr optiigndc lipgsome ERRFAP-nedWated Aransfection

BiO/TEChnO|?gXeégéﬁggr:ﬁ%néﬁg%ﬁﬂqzklenggglration, lipofection, etc.

[0037]

Plant cells known as polypeptide-producing systems include
e.g., cells derived from Nicotiana tabacum, which can be used
as callus cultures. Aduatic plant cultures (Bioclex) are also
effective. Known fungal cells include yeasts, e.g., genus
Saccharomyces, e.d., Saccharomyces cerevisiae; filamentous
fungi, e.g., genus Aspergillus, e.g., Aspergillus niger.

[0038]

When prokaryotic cells are used, production systems using
bacterial cells are known. Known bacterial cells include
E. coli (E. coli), e.g., JM109, DH5¢a, DH10¢, HB1l0l, etc., as
well as Bacillus subtilis,

{00391

The polypeptide can be obtained by transforming these
cells with the desired DNA and culturing the transformed cells
in vitro. Incubatlon can be performed by known methods. For
example, culture media that can be used for animal cells
include, e.g., DMEM, MEM, RPMI1l640, IMDM. The media can be

supplemented with serum such as fetal calf serum {(FCS} or can



| nsects that can be used include, e.g. silkworns.” When silkworns are
used, the desired pol ypeptide can be obtained fromthe body fluid of
silkworns infected with a bacul ovirus contai ning a DNA encodi ng the
desired po}ypeptide (Susumu, M et al., Nature (1985) 315, 592-594).
[ 0044]- When pl ants are used, tobacco can, for exanple, be used.
When tobacco is used, a DNA encodi ng theidesired pol ypeptide is

inserted into a plant expression vector, e.g. pMON 530, and this

vector is tpansdLihefrddlt O thebpft BLEYAY SHESBRSL G Q@%&%EEH%H about
tumef aci ens. The desired pol ypeptide can be obtained fromleaves o

t obacco, e.g-g, N ebiEdraBaC wieind €9t peribihed S Mpaakesbulbid Wdan
K-C Maet al., Eur. J. Inmunol. (1994) 24, 131-138). [0045]

Thus obt ai nebowbl 1peptd deowfs,t kpdpiésdasiredentheomeddn beei seplhaeceld,
fromthe host cells or extracellular systens (such as culture mnedia)
and purifi e#erated psAtEHGeal-ly pure and honpgeneous pol ypeptide. The
isolation/purifﬁcm%don of the polypeptide can be perforned by any
isolation/purif'%%. bn net hod conventionally used for the

purification of ent.| _ t y i can_be _
i sol ated/ puri f ilérg j%/%a grlg’%%%%%ysggﬁﬂé%ﬁ%g%ﬁsn?ﬁgﬁg gfbrr%f%'g'r aphy
colums, fijbi&dectibd rAfdtdnsais@ig aALhATE o5 Yieitls .Pr @RkBet 8hiMMs or
sol vent extraction, distillation, imunoprecipitation,

SDS- pol yacr ylawt €leaxge | traineForaploweghSthe -deklired i@l @aatlr the

el ectrophoresis, dialysis, recrystallization, etc. [0046]

Chr onat ogr aptlt¥peptidaides @enpducedf ini thechndnalsgraphlant ok deavgsted.
chronat ogr aphy, hydrophobic_chromat ography, gel filtration

chr onat ogr agﬁy‘,m% VS Hhdbe ERFUnaROFE aphy 1nd@ddept teninclude these

chr omat ogr aphy tc. {Strategies for Protein Purification and

Char acteri z%ﬁ/%%fs fq_‘%l?;ll’agtttgr‘y Course Manual. Ed Daniel R Marshak et
al., Cold SpH|¥b&fypor Laboratory Press, 1996). These

chr omat ogr aphi es can be performed by using |iquid phase

chr omat ogr aphi emenGhiaaldPhCe GTRE, HEsductiRnPEeEeBhsi AYERG | Bk 5P
i ncl udes pol ypeptides highly purified by using these purification
met hods. [ G ]insectsOptrieodakclyded. peanuiel < arhalie cpar bealibgd r Emolheie
by nodi fying the polypeptide by the action of a suitable

pol ypept i dededfdi BAidrg SbeLPremBERer caRd @AY (Vickl &lpgeri | BBECTRUM

POl PPt o o A SIS LIS b 200 Ul BEL YOS,
transgenic animals can be used.

[0042]

For example, the desired DNA is prepared as a gene fused
to a gene encoding a polypeptide produced specifically in milk
such as goat B casein. Then, a DNA fragment containing the
fusion gene is injected into the embryo of a goat and this
embryo is implanted into a female goat. The desired
polypeptide can be obtained from the milk produced by
transgenic goats born from the goat impregnated with the
embryo or progeny thereof. To increase the amount of the
polypeptide-containing milk produced by the transgenic goats,

hormones may be used in the transgenic goats as appropriate



[ 0048] The present invention also provides an anti body bi ndi ng
to the polypeptide of the present invention. The antibody of the
present invention is not specifically limted to any form and may be
pol ycl onal - or nonocl onal. Antisera obtained by i munizing an ani nal
such as a rabbit with the pol ypeptide of the present invention, al

cl asses of polyclonal and nonocl onal anrtRbodi es, as well as human
anti bodi es and humani zed anti bodi es obtai ned by genetic engi neering
are also - (BRextjrciMdest 410048f.0/TechibRogpl (ysst)i de,obovheopsesent
invention used as an inmunizing antigen for obtaining the antibody
can be obtai nedl®843ki ng the gene sequences or amino acid sequences

di scl osed herein =§£0050 In the $resent i nvention,_ the
pol ypepti de uset? 22 Rg UAe e bé -8 wﬁépgwﬁéﬁﬁrdewﬁﬁn

D PEbL ey find N e deLQ,Qé&]goggrrgrﬁ'l%[ ShaoPe gheptnea

pol ypepti de™0 I'rfventi on~or *hé&feo
obt ai ned 'nffbﬂckﬁg B&Bﬁ”fﬂﬂ&db$f351lkworms infected with a baculovirus

containing a DNA encoding the desired polypeptide (Susumu, M.
et al., Nature (1985) 315, 592-594).

[0044]

When plants are used, tobacco can, for example, be used.
When tobacco is used, a DNA encoding the desired polypeptide
is inserted into a plant expression vector, e.g. pMON 530, and
this vector is transferred into a bacterium such as
Agrobacterium tumefaciens. The desired polypeptide can be
obtained from leaves of tobacco, e.d., Nicotiana tabacum
infected with this bacterium (Julian K.-C. Ma et al., EBur. J.
Immunol. (1994) 24, 131-138).

[0045]

Thus obtained polypeptide of the present invention can be
isolated from the host cells or extracellular systems (such as
culture media} and purified as a substantially pure and
homogeneous polypeptide., The isolation/purification of the
polypeptide can be performed by any isolation/purification
method conventionally used for the purification of
polypeptides. For example, the polypeptide can be
isolated/purified by appropriately selecting/combining
chromatography columns, filters, ultrafiltration, salting,
solvent precipitation, solvent extraction, distillation,

immunoprecipitation, SDS-polyacrylamide gel electrophoresis,



known net hod from host cells described herein transformed with a
known expression vector containing a gene encodi ng the pol ypeptide or
a fragnent thereof and can be used as the imuni zi ng anti gen.
Alternatively, a cell expressing the polypeptide or a |ysate thereof
or a chenically synthesized pol ypeptide of the present invention may
al so be used as the i munizing anti gen.- P8052] The mammal

i muni zed with the i mmuni zing antigen is not specifically |imted,

but pref er abbgeletioctiedjavtowpdodesdsi odiaty sbmpatedyiyisitallizahiohe etc.
parent cell used for cell fusion, and typically selected from
rodents, |agonotPAehnd primates. [0053] Sui t abl e rodents

i nclude, e.g., use,, rat anster tc, Suit e .l.agonmor phs i ncl.ude,
el ranbi ¢ SIS Blanpdas: 186198 e g | A SO HRERA o e
Sui t abl e MORKEYSy iG] H & HATLREAbN{ 0! Ay dPE KRN KEbma®ofraphy, gel
macaque, rhesus, handdryad, chinpanzee, etc.” [ 0054] The aﬁlnaI%
are i muni zeg) w& i sl ecHABMAYoGIrAGhNt +Eeer 86 Ll GhirdmsReYRapBy hods.
A typical nethod is intraperitoneal or subcutaneous injection of the
i Muni zi ng adsoxetriomtchmmmakmgrbph@peetéi cedtnatddiesi mounProhgin
antigen is diluted or suspended to an appropriate volune in PBS

( Phosphat e- Baritieatisyl iand) Charprysrbratieni Adighoragedy CoubseiManrpal.
m xed with an appropriate amount of _a conventional _adjuvant, e.g.
Freund s coffil BA SR MAEERRRSEnEE o1 15 &H RFANeHAZBRF nlebeFelots a
manmal . Pre |y, ap ri the, i ni.zi nti.gen
is then nix%%égftr}%%ggjndHé%%ﬁcghgfﬁggggé?ﬁ%ﬁ% %gﬁg%gdﬁFﬁ?gfﬁ?%dgy
several tings; gy ey dauhd® prd@rs chRoflltbGPhsh £ Ik GRNHPECYUSPELAUTdAY,
i mmuni zation wth the immnizing antigen. The animal s imunized in
t hi s manner Tharnskédenndnent ion albgo Sen¢hadey golgpeblieddeshigrlly

anti body is confirnmed by a conventional nethod.
purified by using these purification methods.

[0047]

Optionally, a peptide can be partially removed by
modifying the polypeptide by the action of a suitable
polypeptide-medifying enzyme before or after it is purified.
Polypeptide-modifying enzymes inciude, e.g., trypsin,
chymotrypsin, lysyl endopeptidase, protein kinase, glucosidase,
ete.

{0048]

The present invention also provides an antibody binding to
the polypeptide of the present invention. The antibody of the
present invention is not specifically limited to any form, and
may be polyclonal or monoclonal. Antisera obtained by
immunizing an animal such as a rabbit with the polypeptide of
the present invention, all classes of polyclonal and

monoclonal antibodies, as well as human antibodies and

humanized antibodies obtained by genetic engineering are also



[ 0055] To obtain a polyclonal antibody against the pol ypepti de of
the present invention, blood is collected fromthe mammal i mmuni zed
with the antigen after confirmng that the serumlevel of the desired
anti body has increased. Serumis separated fromthis blood by a known
met hod, Serum cont ai ni ng the pol ycl onal antibody can be used or, if
desired, a fraction containing the pol yclzegnal anti body can be further
isolated fromthis serum and used. For exanple, inmunoglobulin Gor M
- 24 - can hacpuepated by collecting a fraction recogni zing only the
pol ypeptide of the present invention through an affinity colum
coupled with theopé®ypepti de of the present invention and purifying
this fraction through a protein A or protein G colum. [0058] To
obt ai n a nonocl hal Pehiperiide afmihez egeeert sinwporn Msedc fgdakrr om

th i ized with th ti nd df | fusi t
(e ol RURLEESs 01405 K AR REH VPR Ak, " BB
i d. i i || d fUsi

L1 ea560, BOohE8AS AR Secits V58 o b0 AR Bypcrones

i mmuni zed cgkksipreferably include manmalian nmyel oma cells, nore
preferably nmyel oma cells having acquired a property for selecting
fused cells by potisay. [0057] Cell fusion of the inmunized cells
to myeloma cells can be perforned basically according to known

met hods, e.g., ihethetprsbert NMnvensinnet the p¢lmdptddeGusgddas an
MIlstein, C, Mthods Enzynol. (1981) 73, 3-46). [0058] .
Hybri donas &BTERAELRGAREIger aYoReapevRel e RERIEIRR 9t GhRETEAaL npgptide
conventionalfsghgctéfe guyﬁﬁge medi um e.g., HAT nedium (a culture
nediun1Cont8|n|ng %yﬁgiéﬁf Ine, ami nopterin and thym dine). The

i ncubation in thgyd¥§y nmediumis continued for a sufficient period to
kill cells other than desired hybridomas (non-fused cells),

typically, severgé deySrdd RAYQeplideeks. tHd efreduily iiG0@RSiPHO0EHCA NG

the desired anti body are screened by conventional limting dilution

and fragment thereof can be obtained in vivo or in vitro by a
known method from host cells described herein transformed with
a known expression vector containing a gene encoding the
polypeptide or a fragment thereof and can be used as the
immunizing antigen. Alternatively, a cell expressing the
polypeptide or a lysate thereof or a chemically synthesized
polypeptide of the present invention may alsc be used as the
immunizing antigen.

[0052]

The mammal immunized with the immunizing antigen is not
specifically limited, but preferably selected in consideration
of compatibllity with the parent cell used for cell fusion,
and typically selected from rodents, lagomorphs and primates.

[0053]

Suitable rodents include, e.g., mouse, rat, hamster, etc.

Suitable lagomorphs include, e.g., rabbit. Suitable primates



- 25 - are cloned. [0059] In addition to the hybridonas obtai ned
by i mmuni zi ng a non-human aninmal with the antigen, hybridonmas
produci ng a desired human anti body having a pol ypepti de- bi ndi ng
activity can be obtained by in vitro inmunizing human | ynphocytes,
e.g. human | ynphocytes infected with EB virus with the pol ypeptide, a
cell expressing the polypeptide or a |ysage_thereof and fusing the

i muni zed | ynphocytes to permanently dividing nyeloma cells derived

from human, 4 cg‘ady%ééwﬁwﬂi@y@& 1§ﬁ§§5bl%39§81§gs irﬁc-itﬁﬁ'%z CtaQSFr%ini

resulting hybridoma 1s transplanted into t m nal” cavity o

nmouse and aggiLéiesorl® MO, e@ .ol QMnhbeqE® Y SEhe Al tHRkhaaelhai ned
nonocl onal anti body can be purified by e.g., amoniumsulfate

precipitati ohimpamtes N etacol utm, protein G colum, DEAE ion exchange
chromat ography, an affinity colum coupled with the pol ypeptide of
the present inveE®@3%h, etc. The anti body of the present invention
serves not only for the purification or detection of the polygeptide

of the present THeRtimh@reaivgunizgd cahdt ddiee IMuRd zdganpatigen
ant agoni st of the. pol tide of.the present. invention. .It is also
cont grrpl at eac?ﬁﬁ‘gnﬁ)%i%éo q“ﬁ’oﬂvtggﬁsbg pmlecf:iﬂt &eé:h‘tolr“]'b&ﬁy t her apy of
di seases in i I éﬁggg.'n Nnthan .| s
i nvol ved. vﬁﬁﬁ£§ﬁ%££ﬁ?ﬁﬁgﬁgﬁg%Pg?Hgén%égﬁ2% OHI{ é%pgpgo%@ﬁg?lZlng

adni ni strat hRP1§on BN (Rfkaldy shBei fdyaAr1y ! dhe ahﬁhﬁ&a@hg anbigap
anti body or humani zed anti body to reduce i munogenicity. [0061] - 26
- For gxafipleied drurnarspenidedody agaamstordiaataohvpepki d8 B8 be
obt ai ned by using hybri donas obtai ned by i mmuni zing a transgenic

ani mal havi (Bhosphat arfufifisedgéndineperr ddhrpsiodiadicee sadtlhgeand, if
pol ypeptide, a cell expressing the pol ypeptide or a |ysate thereof to
gi ve ant i bof§s EFefiudhipd &t #RdaPREPRH # e AN @0 An CEBY PR L RRAL

o 020"k oL r s OO 0300, EY AT w2800 ane
then administered to a mammal. Preferably, an appropriate
amount of the immunizing antigen is then mixed with Freund's
incomplete adjuvant and administered several times every 4-21
days. A suitable carrier can be used during immunization with
the immunizing antigen. The animal is immunized in this
manner, and an increase in the serum level of the desired
antibody is confirmed by a cenventional method.

fo055]

To obtain a polyclonal antibody against the polypeptide of
the present invention, bloed is collected from the mammal
immunized with the antigen after confirming that the serum
level of the desired antibody has increased. Serum is
separated from this blood by a known method. Serum containing
the polyclonal antibody can be used or, i1f desired, a fraction

containing the polyclonal antibody can be further isolated

from this serum and used. For example, immunoglobulin G or M



In addition to hybridomas, the anti body can al so be produced by using
i mmuni zed cells such as anti body- produci ng i nmuni zed | ynphocyt es
imortal i zed by an oncogene. [0063] The nonocl onal antibody can
al so be obtained as a reconbi nant anti body produced by using genetic
engi neering techniques (e.g., see Borrebaeck, C. A K. and Larrick,

J. W, THERAPEUTI C MONOCLONAL ANTIBCDPE§4I%Hﬂished in the United
Kingdonlby MACM LLAN PUBLI SHERS LTD, 1990). The reconbi nant anti body
i s producedapy ber RESPAFAH Ny achblactidingh aa£xart idh ereeegwizigenoalyi the
a DNA encodinggthe anti body cl oned fron1h¥br|donas or immuni zed cells

such as i mRQh 88t?9ﬁpﬂ50 e PLFHHIciRyer é°ﬁnF?¥RRﬂh afh @i iRd &t
i nvention ingl, oE 184" fﬂﬂrﬂe&g}o@n@mg 0150919 RESRSY évq_r S2NEion

the anti bogy resent I nven e an an i ragrrent or

modi fi ed a%abselﬁﬁgiﬁart@ﬁs 'frai:&eﬁinf Ltﬁ%bhghba NgSot&id h@ d&olgwea&hde
of the present”invention. For exanple, antibody fragments includ

Fab, F (abcpdumhy or - 27 - single chain Fv (scFv) in which the
heavy and |ight chain Fv fragnents are joined via a suitable |inker
(Huston, J. S.[ef5@&l., Proc. Natl. Acad. Sci. U S. A (1988) 85,

5879- 5883). SpeC|f|caIIy, the antibody is treated with an enzyne,
e.g., papain OTOpQBE?h“t%)%ﬁ%ﬂﬁﬂﬂ@@&n?PEéH?dYra@Wﬂ#ﬂ%ﬁ Gfddes can be

o Mg RSB0k P RS T S huGRTAA ST O e Lt

e.g., see I - 6

et tor M “ShucForu i EoR 25er @dpﬁiﬁ%gﬁééﬁ%ﬁ?tﬁéeﬁ%?&e%%%&e
Pl uckt hun, ac128d SKerbeay Aas MidHeRSBNZY Db £ e A8 Al 2t GeBi5;
Lanoyi, E., Methods Enzynol. (1986) 121, 652-663;

used for cell fusion here especially include spleen cells.
Parent cells to be fused to the immunized cells preferably
include mammalian myeloma cells, more preferably myeloma cells
having acquired a property for selecting fused cells by a drug.

[0057]

Cell fusion of the immunized cells to myeloma cells can be
performed basically according to known methods, e.g., the
method of Milstein et al. (Galfre, G. and Mllstein, C.,
Methods Enzymol. (1981} 73, 3-46).

[o058]

Hybridomas obtained by cell fusion are selected by
incubation in a conventional selective culture medium, e.g.,
HAT medium (a culture medium containing hypoxanthine,
aminopterin and thymidine). The incubation in the HAT medium
is continued for a sufficient period to kill cells other than
desired hybridomas {(non-fused cells), typically, several days
to several weeks. Then, hybridomas producing the desired

antibody are screened by conventional limiting dilution and



Rousseaux, J. et al., Methods Enzynol. (1986) 121, 663-669; Bird, R
E. and Wal ker, B. W, Trends Biotechnol. (1991) 9, 132-137). [0065]
Modi fi ed anti bodi es including anti bodi es conjugated with various

nol ecul es such as pol yet hyl ene gl ycol (PEG can al so be used. These
nmodi fied anti bodies are also included in_the "antibody" of the
present invention. Such nodified anti bd#8s™can be obt ai ned by

chem cally nodi fying the antibody obtained. These net hods have

al r eady bee%r%sqghﬂqqghed inthis field of the art. [0066] The
ant i body of t*“%dﬂ' ent invention can al so be obtained by using a
known t echni que as chimeric antibody consisting of the variable

regions fFO”‘a-fH”EdﬁﬁFWBnQQBi@Hgyhgﬁﬂi&$ﬁhé¥yﬁﬂaiﬂbdrB?iQHﬁuﬁiéiﬂéia

human anti body or a hunmani zed antibody consisting of the CDRs

(conpl ement @én it eMIMAlNGitAJtABSAntigen, hybridomas producing a
desired human antibody having a polypeptide-binding activity
can be obtained by in vitro immunizing human iymphocytes, e.g.
human lymphocytes infected with EB virus with the polypeptide,
a cell expressing the polypeptide or a lysate thereof and
fusing the immunized lymphocytes to permanently dividing
myeloma cells derived from human, e.g. U266 (JPA SHO 63-17688).

[00601
Then, the resulting hybridoma is transplanted into the

abdominal cavity of a mouse and ascites are collected from the
mouse, and thus obtained monoclonal antibody can be purified
by e.g., ammonium sulfate precipitation, protein A column,
protein G column, DEAE ion exchange chromatography, an
affinity column coupled with the polypeptide of the present
invention, etc. The antibody of the present invention serves
not only for the purification or detection of the polypeptide
of the present invention but also as a candidate of an agonist
or antagonist of the polypeptide of the present invention. It
is also contemplated that this antibody can be applied to
antibody therapy of diseases in which the polypeptide of the
present invention is involved. When the antibody obtained is
used for the purpose of administration t¢ humans (antibody
therapy)}, it is preferably a human antibody or humanized

antibody to¢ reduce immunogenicity.

[0061]



- 28 - froma non-human anti body and the FRs (framework regions) and
constant regions froma human anti body. [0067] The anti body
obt ai ned as above can be purified to honogeneity. The

i solation/purification of the antibody used in the present invention
can be perfornmed by isolation/purification nethods conventionally
used f'or proteins. For exanple, the ant-i kédy can be isolated/purified
by appropriately sel ecting/conbining, but not limted to,
chromat ogr aphy eet uesmpxe, af humiahy aabibody agiait ahet PO lkbkptide can
filters, ultrafiltration, salting, dialysis, SDS- pol yacryl am de gel

el ect rophor bei gbtatwed vy rissing dybréoghvaeseltaiied byAdmmbodzdsg: aA
Laboratory Manual. Ed Harl ow and David Lane, Cold Spring Harbor ]
Labor at or y, tT3B8yenyq, Arigittle AVANGo UGNt AR IRAGH AR COFERPREQ1IRSS With

chove can DidCLel st TR 19 L1e, BISLEER, B HRIERbLOkE e
ffinit h | hel.ude, . ' . ' .
S i L G
Sepharose Finhfm {&hifdBma)cel@068ke IntefMOIBNOBYPHEA LRS! nbHAN

affinity chromatography include, e.g., ion exchange chromatography,
hydr ophobi cwobdz oomd DAy af@ns -2gel7,f wobrad2eoz ¢ wanpi2egBaphWO96e887SE and

phase chromat ography, adsorption chromatography, etc. (Strategies for
Protei n PurWp9¢a34@¥6 bnd Characterization: A Laboratory Course
Manual . Ed Daniel R _Marshak et al., Cold Spring Harbor

[0062]

In addition to hybridomas, the antibody can also be
produced by using immunized cells such as antibedy-producing
immunize& lymphocytes immortalized by an oncogene.

[0063)

The monoclonal antibody can also be obtained as a
recombinant antibody produced by using genetic engineering
techniques {e.g., see Borrebaeck, C. A. K. and Larrick, J. W.,
THERAPEUTIC MONOCLONAL ANTIBODIES, Published in the United
Kingdom by MACMILLAN PUBLISHERS LTD, 1990). The recombinant .
antibody is produced by transforming a host with a suitable
vector containing a DNA encoding the antibody cloned from
hybridomas or immunized cells such as immunized lymphocytes
producing the antibody. The present invention includes this
recombinant antibody.

[0064]

Meoreover, the antibody of the present invention may be an
antibody fragment or modified antibody so far as it
gspecifically binds to the polypeptide of the present invention.

For example, antibody fragments include Fab, F (ab')2, Fv or



- 29 - Laboratory Press, 1996). These chromat ogr aphi es can be
performed by using liquid phase chromatographi es such as HPLC, FPLC,
etc. [0070] The antigen-binding activity of the antibody of the
present invention can be assayed by e.g., neasuring the absorbance or
usi ng:Enzyne-1inked i munosorbent assay (ELISA), EIA (Enzyne
Irmunoassay) Rl A (Radi oi nmunoassay) or FFfuorescent Antibody Assay.
When ELI SA is used, the pol ypeptide of theepresent invention is added
to a plate singke cthaime Fant(sbBdy i whieclpridee iteavyy entli dhglasclieeien Fv
i mmobi i zed, and then a sanple containing the desired antibody, e.qg.
the cul t ur eEEARGTHR @re Jriapdania bodsriabdecilighesl KHastan puti S et

anti body is added. The anti gen-bi ndj ng. act.i vi.t n _be eval uat ed
|ncubat|>/ng the % \ﬁattﬁr gEEGonﬁ%ﬂ'y Tﬁl%odﬁgpégoaﬁrﬁﬁbg'tw 3). >

anti body | a%?%ped%i‘@atﬂ N RAZYNEs pEaP 15 A Kalde ethﬁs hal ase $”d%teqf}§”

washing it en addi ng an enzyire substrate s g BT op

phosphat e JEADH 'p%s&ﬁetébﬁPémeanﬁbQ@yy@%lengﬁtg r&g (:E%Hes e.g.

C-terminal Tragnment or N-termnal fragnent may al So be use s the

pol ypept i deenddEimaf ttheisky aft ibbéy aftd it solareheopsesedted ANt i ON
can be eval uated by using Bl Acore (Pharmacia). [0071] The
present i nviertreiugedodndesan expregmiormpreduorngnd tibenrexpyssHes nn a
which is transfornmed with a DNA encodi ng the pol ypeptide of the
present i nvakhiain-cab@s Bﬁﬂ\leh%@h nfach&odedli-r 8d pEoddi n. I THimmunsl.

is useful for epari ng _the desired protein -.30 - I n
t he present(]igr#;’e)n&%n g?ﬁ@ a&? eth iagdngf’r’gb'é%rf@cdﬂ'ymetho‘is

e B8, T AR W B, .
Methods Enzymol. (1989) 178, 497-515; Lamoyi, E., Methods
Enzymol. (1956) 121, 652-663: Rousseaux, J. et al., Methods
Enzymol. (1986) 121, 663-669; Bird, R. E. and Walker, B. W.,
Trends Biotechnol. (1991) 9, 132-137}),

[0065]

Modified antibodies including antibodies conjugated with
various meolecules such as polyethylene glycol (PEG) can also
be used. These modified antibodies are also included in the
"antibody" of the present invention. Such modified antibodies
can be obtained by chemically modifying the antibody obtained.
These methods have already been established in this field of
the art.

[0066]

The antibody of the present invention can also be obtained
by using a known technique as a chimeric antibody consisting
of the variable regions from a non-human antibody and the

constant regions from a human antibody or a humanized antibody

consisting of the CDRs (complementarity-determining regions)



ant i bodi es, humani zed anti bodi es, etc.), physiologically active
proteins (granul ocyte colony-stinulating factor (G CSF), macrophage
col ony-stimulating factor (GW CSF), erythropoietins, interferons,

i nterl euki-ns such as IL-1 or IL-6, t-PA, urokinase, serum al bum n,
bl ood' coagul ation factors, etc.), but antibodies are esbecially
preferable. [0073] The DNA encodi rg28he pol ypepti de of the
present invention and the DNA encoding the desired protein can be
si nul t aneoustom ta arsi-euk@d Aytabsayohed vided MRsON feapawaik| yegions) and
transferred by nultiple vectors. [0074] The cell to be

t r ansf or neccanstranthge@Nangnfodinng rmapandedyde of the present

I nvention and the DNA encoding the desired protein is not
specifically | il%edd and may be any cell, but CHO cells, especially

a1 50 provi des. TEUPPIAEORE P AR EORT A TR e £ BoPT pERELELS S he

Cnvent i on T eddtam Gan BeCapor o TSGR oy S nede BEGaRIM, sess

the types ofn tfife 'ﬁ@islémtuiﬁdentbgﬁc@fﬂ Sod @eﬁ&o&hﬁbhu’bﬁd and F he ’

desired protein to be prepared, but normally 0.1 ng/L-5 ng/L,

pref erabl y isd atjon/pungflicanbor npeeieialdonventiogally uséd for
proteins. For example, the antibody can be isolated/purified
by appropriately selecting/combining, but not limited to,
chromatography columns for affinity chromatography or the like,
filters, ultrafiltration, salting, dialysis, SDS-
polyacrylamide éel elecirophoresis, isocelectric
electrophoresis, etc. (Antibodies : A Laboratory Manual. E4
Harlow and David Lane, Cold Spring Harbor Laboratory, 1988}.
The concentration of the antibody obtained as above can be
determined by measuring the absorbance or Enzyme-linked
immunoscorbent assay (ELISA), etc.

[o068]

Columns used for affinity chromatography include protein A
columns and protein G columns. For example, protein A columns
include Hyper D, POROS, Sepharose F. F. (Pharmacia).

[0069]

Chromatographies other than affinity chromatography
include, e.g., ion exchange chromatography., hydrophobic
chromatography, gel filtration chromatography. reverse phase
chromatography, adsorption chromatography, etc. (Strategies
for Protein Purificatlon and Characterization: A Laboratory

Course Manual. Ed Daniel R. Marshak et al., Cold Spring Harbor



[ 0076] The cul ture nmedi um containing the pol ypeptide of the
present invention is useful for preparing a protein using ani mal
cells, especially CHO cells. [0077] The cul ture nmedium of the
present invention can contain the pol ypeptide of the present

i nvention, which may be externally added or excreted from host cells.
[ 0078] O her conponents in the cuttz9e- mediumused in the
present invention nmay be those conventionally used in culture nedia
for cells (Jefrtzhiyy Presspaloge)!l s)Theww mhidopaitbgkafhgs atdmmeaci ds,
vitamns, |lipid factors, energy sources, osnoregulators, iron
sources, pHpesfdmesl byhasdsat gﬁﬁ@i@)fm%@h@@mp@ngnﬂnh'm% suehned HALE,
the ranges of suitably 0.05-1500 ng/L am no acids, 0.001-10 ng/L

vi tam ns, (ﬁ%ﬁﬁ)lﬁiQ', lipid factors, 1-20 g/L energy sources,

0. 1- 10000 ng/L %%g%regulators, 0.1-500 ng/L iron sources, 1-10000
ng/ L pH bufferé, 60001-200 ng/L m nor netal elenents, 0-5000 ng/L

surfactants, OT%g-;9Q983H96k33£%g$%¥§%¥;§ QES+RRY5 0 C%%;E%g“yﬂe

nucl eosi des, but are not 1imtec ranges an
appropri at ginesigiterinvead idapeadi vg ﬁbé{%&%{;@.gt , L Reas@Hing WHdir ed,
etc.

the type of the desired protein, In addition to the

conponent s ais@wrbanecegor DEhng Retyvrie-cliskedt smmanofarbamt SasHOWHLISA) ,

cofactors, nucl eosides and the Iike nay al so be added. [0080]
EIA (Enzyme Immunoassay), RIA (Radioimmunoassay) or
Fluorescent Antibody Assay. When ELISA is used, the
polypeptide of theipresent invention is added to a plate on
which the antibody of the present invention has been
immobilized, and then a sample containing the desired antibody,
e.g., the culture supernatant cof an antibody-producing cell or
a purified antibody is added. The antigen-binding activity
can be evaluated by incubating the plate with a secondary
antibody recognizing the antibody labeled with an enzyme, e.g.,
alkaline phosphatase and then washing it and then adding an
enzyme substrate such as p-nitrophenyl phosphate and measuring
the absorbance. A polypeptide fragment, e.g. C-terminal
fragment or N-terminal fragment may also be used as the
polypeptide. The activity of the antibody of the present
invention can be evaluated by using BIAcore (Pharmacia).

[0071]
The present invention provides a cell for producing a

desired protein, which is transformed with a DNA encoding the
polypeptide of the present invention and a DNA encoding the

desired protein. This cell is useful for preparing the

desired protein.



- 32 - Specifically, the culture mediumcan contain e.g., amno
acids such as L-al anine, L-arginine, L-asparagine, L-aspartic acid,
L-cysteine, L-cystine, L-glutamne, L-glutamc acid, glycine,

L- hi stidi me, L-isoleucine, L-leucine, L-lysine, Lnethionine,
L-ornithine, L-phenylalanine, L-proline, L-serine, L-threonine,

L- tryptophan L-tyrosine, L-valine, etc. 30preferably L-al anine,
L-argi nine, L-asparagine, L-aspartic acid, L-cystine, L-glutam ne,
L-glutam c aci d[o@i3ki ne, Lhistidine, L-isoleucine, L-Ieucine,

L-1ysine, L-nethionine, Lphenylal anine, L-proline, LLserine,
L-t hreoni ne, L- ¥?3ﬁﬂqHﬂﬁﬁﬁenE §9W8§Fﬁ€n LtQ%ﬂq%ﬁiraﬁ PERTRANs hEnnak

aci 0. pan nEREREH LY d e aRORRY oPRcHt B agear o6 antiBodies
hydrochlori gﬁ Y41 deEH‘E ébé‘lr O%Q%Qﬁlaﬂ@e &R 4l UPL&E[ ' Egi otin.

hydr ochl ori vitamn ascorbic aC| et'c., préeferabl

folic acid, aﬁtiﬁbd&éﬁﬂ(humaﬂriédnhﬁeibséié% <s£dn)unpmﬁ@&@ubgmaa§1y .
pyri doxal hydrochlorlde ri boflavin, thiam ne hydr ochl ori de, vitamn
312, ascorbactﬁmecbrdtqmnkfﬁgﬁanuiammmb gslohpt stbmelhdniriglefactioal (G CSF),

tartrate, linoleic acid, oleic acid, cholesterol, etc., preferably
chol i ne chImm¢th9hQH&HQBAQRMH&?@@HQQEﬁnasfgcb@DséGMgﬁﬁﬂﬂu(ﬁmxthnnn@igéinS.
fructose, etc referably glucose; osnpregul ators such as sodi um
chlori de, &A% dﬂt&éleﬁéﬁlags?%h RS rdtd, %8t dL-6pr ErBRabl y

di hl . EDT.
o 11 S0 U, A LB A LA 1
ferric n'tr@ﬁﬁ’afﬁﬁﬁodﬂaéegg%aQgﬁeﬁgéiif ﬁigf%ianatelron EDTA, iron

citrate; and pH ers such as sodium bic cal ci um chl ori de,
sodi um di hydr ogegp#osphate, - 33 - HEPES, MOPS, etc., preferably
sodi um bi carbonate. [0081] In addition to the conponents

menti oned aboveThd MNAC ehcodéngethenpoelypaemnids wfethe, present nitadntion
el enents such as copper sul fate, manganese sul fate, zinc sulfate,
magnesi um said gkhe DijZcleaicodingr the, deshrebimiatedn ragnesi aimehtangansly
sodiumsilicite, etc referablé ﬁgg er sulfate, zinc sulfate

c

magnesi um stFARREETRES PYc fafidad °ﬁ'v%‘ér?eé’(§*ral5fa&?oﬁ?€n?%%rr%‘?m h

cofactors s qu ant insulin, reconbinant | G--1, reconbi nant
EGF, reconﬁﬁ%ghi ﬁG&% reg%nblnant PD&E-, reconbi nant TGF-a,

et hanol am ne hygdyghl ori de, sodiumselenite, retinoic acid,

putresci ne hydrochloride, etc., preferably sodium selenite,

et hanol am ne hymiedcel1ar tdeper ecanbfoandd lv@thl theUDNRSE6h86ding the
hydrochl ori de; and nucl eosi des such as deoxyadenosi ne, deoxycyti di ne,
deoxyguanospokypepddies iofie they prdsant fuagrosiare andr ittenBNAeéncoding the
preferred exanples of the present invention described above, the

cul ture ned@%ﬁﬁ?ﬁﬁlRﬁﬂﬂ@&PniénﬂpblﬁP?Q%f%ﬁRﬂiﬂéélﬁﬂﬁéﬂtéﬁ?cﬂﬁY be any
e o111 & BOL TR o Nert A e A AL SRR S e
extracts or enqxﬂﬁghcally di gested fish. [0083]

The present invention also provides a culture medium
containing the polypeptide of the present invention. The
content of the polypeptide of the present invention in the
medium can be appropriately determined, depending on the types
of the medium used, the cells to be cultured and the desired
protein to be prepared, but normally 0.1 mg/L-5 mg/L,

preferably 0.2 mg/L-1 mg/L, more preferably 0.5 mg/L.



The pH of the culture nmedum depends on the cells to be cultured, but
normally is pH 6.8-7.6, and may often suitably be pH 7.0-7.4. [0084]
The cul ture nedium can be prepared fromcomercially - 34 -
avail abl e ctulture nedia for animal cells such as e.g., D MEM

(Dul bécco's Modified Eagle Medium, D-MEMF-12 1:1 M xture

(Dul becco's Mdified Eagle Medium: NutriBént M xture F-12), RPM 1640,
CHO S-SFM I (Invitrogen), CHO SF (Signa-Aldrich), EX-CELL 301 (JRH

bi osci ences), AP@CH] (I nvitrogen), IS CHOV (lrvine Scientific), and
PF- ACF- CHO (Si gna- Al drich). [0085] Moreover, the culture nedium
of the present ThfeHLiOHe Fefisperabtylning thin Modyrapyidm of bhe

medi um free from any conponent derived_from nma | s except for the
bl ypept | dePTREST CUEHAR TiRForte JRCERB0SeT DReDamA ACRERESIRyBRIFSN
al so provid fqQr.pr L,N ifed protein, conprising
cul turing a&%%ﬁ?%i&%g¥%ﬁ %5 tﬁgggg?ygg%t§géy%ﬁ: the present invention.

[ 0087] The pgepent invention al so provides a nmethod for preparing

a desired protein, by culturing a CHO cell transfornmed with a DNA
encodi ng t he pofygpepilitiecotmedhampoeseiné prosytit dhvendian can contain

the polypeptide of the present invention, which may be
externally added or excreted from host cells.

[0078]

Other components in the culture medium used in the present
invention may be those conventionally used in culture media
for cells (preferably, aﬁimal cells), normally including amine
acids, vitamins, lipid factors, energy sources, osmoredqulators,
iron sources, pH buffers. The contents of these components
are normally in the ranges of suitably 0.05-1500 mg/L amino
acids, 0.001-10 mg/L wvitamins, 0-200 mg/L lipid factors, 1-20
g/L energy sources, 0,1-10000 mg/L osmoregulators, 0.1-500
mg/L iron sources, 1-10000 mg/L pH buffers, 0.00001-200 mg/L
minor metal elements, 0-5000 mg/L surfactants, 0.05-10000 pg/L
growth cofactors and 0.001-50 mg/L nucleosides, but are not
limited to these ranges and can be appropriately determined
depending on the type of the cell cultured, the type of the
desired protein, etc.

[0079]

In addition to the components above, e.g., minor metal
elements, surfactants, growth cofactors, nucleosides and the
like may also be added.

{o080]



DNA encodi ng the desired protein. [0088] The CHO cell can be
cultured by a nmethod known to those skilled in the art. For exanple,
it can be normally cultured in an atnosphere at a CO2 concentration
of O-40@b:preferab|y‘2 10%in the gas phase, at 30-39C, preferably
about '37C for 1-28 days. [0089] Various bioreactors for aninmal cell
cultures can be used, - 35 - e.g. fermeARer-type tank bioreactors,
airlift bioreactors, culture flask bioreactors, spinner flask

bi oreact ors, mSpexcidrirdadiyhi dheactdtere fhedidiny ednbednbadn eacy or ssmino
hol | ow fiber bioreactors, roller bottle bioreactors, packed-bed

bi or eact or sacidz . SYGOIH] L- alaﬁlhéeprEs@?ﬂlnmmﬁ'@ﬁp&r@@lp@ovﬁ-d@%P%T-‘th
net hod for pre arln a cell for use in the aaratlon of a, desired

protein, ¢ LFaeiEaps-GEstine. Jogl m“m er P AGUEABAR acdd.
encodi ng th é%ﬂéenijﬁfgfyd ne?tB fs§1§%é§ﬁe; L T%uclne, L-lysine, L-

methionine, L-ornithine, L-phenylalanine, L-proline, L-serine,

L-threonine, L-tryptophan, L-tyrosine, L-valine, etc.,
preferably L-alanine, L-arginine, L-asparagine, L-aspartic
acid@, L-cystine, L-glutamine, L-glutamic acid, glycine, L-
histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-
phenylalanine, L-proline, L-serine, L-threonine, L-tryptophan,
L-tyrosine, L-valine; vitamins such as i-inositol, biotin,
folic acid, lipoic acid, niéotinamide, nicotinic acid, p-
aminobenzoic acid, calcium pantothenate, pyridoxal
hydrochloride, pyridoxine hydrochloride, riboflavin, thiamine
hydrochloride, wvitamin B12, ascorbic acid, etc., preferably
biotin, folic acid, lipoic acid, amide nicotinate, calcium
pantothenate, pyridoxal hydrochloride, riboflavin, thiamine
hydrochloride, vitamin Bl2, ascorbic acid; lipid factors such
as choline chloride, choline tartrate, linoleic acid, oleic
acid, cholesterol, etc., preferably choline chloride; energy
sources such as glucose, galactose, mannose, fructose, etec.,
preferably glucose; osmoregulators such as sodium chloride,
potassium chloride, potassium nitrate, etc., preferably sodium
chloride; iron sources such as iron EDTA, iron citrate,
ferrous chloride, ferric chloride, ferrous sulfate, ferric
sulfate, ferric nitrate, etc., preferably ferric chloride,
iron EDTA, iron citrate; and pH buffers such as sodium

bicarbonate, calcium chloride, sodium dihydrogen phosphate,



(b) transferring é“bNAmencoding IGF-1 into fhé-cellﬁﬁ?épared in éfép

(a). [0091] The present invention also provides a nethod for
preparing a cell for use in the preparation of a desired protein,
conprising the steps of: (a) transferring a DNA encodi ng the
desired protein into a CHO cel I, (b) selecting a cell expressing
the désired protein fromthe cell prepar2d +n step (a), and (c)
transferring a DNA encoding I1G--1 into the cell selected in step (b).
[ 0092] HERESr MOPR, eheent poefeatsimlip randices bdcaebbndtéor prepari ng

a cell for use in the preparation of a desired protein, conprising
the steps of: (I®P8ansferring a DNA encoding the desired protein and

a - 36 - DNA %%F%%EQQiLSFi% %ﬁénggéggﬁgﬁgsymgg%gogeg}g%gﬁiJ’tﬁguéulture
medium can contain e.g., minor metal elements such as copper
sulfate, manganese sulfate, zinc sulfate, magnesium sulfate,
nickel chloride, tin chloride, magnesium chleoride, sodium
silicite, etc., preferably copper sulfate, zinc sulfate,
magnesium sulfate; surfactants such as Tween 80, Pluronic Fé8;
growth cofactors such as recombinant insulin, recombinant
IGF-1, recombinant EGF, recombinant FGF, recombinant PDGF,
recombinant TGF-a, ethanolamine hydrochloride, sodium selenite,
retinoic acid, putrescine hydrdchloride, etc., preferably
sodium selenite, ethanolamine hydrochloride, recombinant IGFfl,
putrescine hydrochleride; and nuclecsides such as
deoxyadenosine, deoxycytidine, deoxyguanosine, adenosine,
cytidine, guanosine, uridine, etc. In preferred examples of
the present invention described above, the culture medium can
contain antibiotics such as streptomycin, penicillin G
potassium and gentamlcin; and pH indicators such as phenol red.

[0082]

The culture medium can also contain f£ish extracts or
enzymatically digested f£ish.

[0083]

The pH of the culture medium depends on the cells to be
cultured, but normally is pH 6.8-7.6, and may often suitably
be pH 7.0-7.4,

[0084]

The culture medium can be prepared from commercially



(b) selecting a cell expressing the desired protein fromthe cel
prepared in step (a). [0093] When a DNA encodi ng the desired
protein and a DNA encoding I G--1 are sinultaneously transferred into
a CHO cell in the nethod above, the DNA encoding the desired protein
and the DNA encoding IGF-1 may be sinultaneously transferred by
separate vectors or may be sinultaneousl ysgtransferred by a single
vector containing the DNA encoding the desired protein and the DNA

encodi ng | Gydi 18y AN&wechenah! ¥osi MitaNealsy shanabes! §d, usiyigs
a single vector. [0094] The present invention also provides a
met hod for (Mepwssddry 4 Muailfikar Ed§Ee i Med i pr epMEMYFon20f : 2 MESt YIS
protein, conprising the steps of: (a) transferring a DNA
encodi ng | Ghulbenay 's Ga@ifded, Eagie Mediymp): tNudawdeotr Magtar®N12),
encoding the desired protein into the cell prepared in step fa);

[ 0095] R §4 0 SHO-SnPENE T o AT RY L br 83V -d £HO5 SEed fdampppldrich) ,
prepari ng f u ' he preparati desired ot

conpri si ng )ﬁ"glésltl'eggmofs@lzhnb&ofg)%? %?’Ig‘f ecﬁzp'i% gIBNAtE%S’EF hgle$ &gofv
into a CHO o . : L Lans r _ LN sired
protein i nt“g)ﬁt‘;h:ligl eceﬁclleg(l)l?)é%%%d %ﬁ&sit)ﬁe%“%ag%aggﬁ %h ﬂ%g?fgfgf ecting a
cel | expressingdgedesired protein fromthe cell prepared in step

(). Moreover, the culture medium of the present invention is
preferably a serum-free medium or a medium free from any
component derived from mammals exéépt for the peolypeptide the
present invention.

[o0oB6]

The present invention also provides a method for preparing
a desired protein, comprising culturing a CHO cell using the
polypeptide of the present invention.

{00871

The present invention also provides a method for preparing
a desired protein, by culturing a CHO cell transformed with a
DNA encoding the polypeptide of the present invention and a
DNA encoding the desired protein.

[0088]

The CHO cell can be cultured by a method known to those
skilled in the art. For example, it can be normally cultured
in an atmosphere at a CO; concentration of 0-40%, preferably
2-10% in the gas phase, at 30-39°C, preferably about 37°C for
1-28 days.

[0089]

Various bioreactors for animal cell cultures can be used,



- 37 - [0096] That is, a DNA encoding the desired protein and a
DNA encoding | G--1 can be transferred into a CHO cell in any order,
but it is preferable to transfer a DNA encoding |G- 1 and a DNA
encodi ng the desired protein sinmultaneously or to transfer a DNA
encoding the desired protein and then a DNA encoding | G--1 because

t he expression | evel of the desired prot@n-can be readily

controll ed. [0097] In the various nethods for preparing a cel
for use in ¢lp feependerotypt haukshierkgutotrsi.nalcGEEft biopeaderhl v
t he pol ypeptide of the present invention. [0098] The present

i nvent i on #%FYRCOFldEE RIREEAGHOFDr RITNEGT KdagkcRLPTeaFteR® in the

preparatio
transferri

S BRAT CoB RESPRECHRe T Bt PrataPAG: Rt racoreF terol ok

ransferris | i _ _
brepar ed | Sty (e SSURESt R O e e BB B b PR | i

t he cell

salRala¢toRsst 8Rc(P) ., and

[0090]

The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:

{(a) transferring a DNA encoding the desired protein into a
CHO cell, and

{b) transferring a DNA encoding IGF-1 into the cell
prepared in step (a).

[0051]

The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:

(a) transferring a DNA encoding the desired protein into a
CHO cell,

(b) selecting a cell expressing the desired protein from
the cell prepared in step {a), and

{c) transferring a DNA encoding IGF~1 into the cell
selected in step (b).

[0092]

The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:

(a) transferring a DNA encoding the desired protein and a



(d) selecting a cell expressing the desired protein'and IGF-1 from

the cell prepared in step (c). [0099] In the screeni ng net hod
above, 1G~-1 is preferably the polypeptide of the present invention.
[0100] - .38 - The gene encoding 1G--1 used in the nethods for

preparing a cell for use in the preparation of a desired protein of
t he present invention or the nethod for sgreening a cell for use in
the preparation of a desired protein is not specifically limted, and

nmay be | GF-dnAleshoddidg amrany safuMBhnEsE4LPSiiyTRN CHBDBESL ,  Bhd
hanst er, but preferably hanmster 1G-1. |1G-1 sequences other than

hanster | GF-1 afte) desledtieg anchilit| expréesidyy Rbe. dédifel) prdB8&Ba 788
(1986) and J. Biol. Chem 262 (16), 7894-7900 (1987). [0101] As
shown in t hHeheExeadbt PusFaFRd w8 g&abnédtated that anti body- produci ng
cells having ideal growth behavior in cultures in the absence of

| GF-1 can be es&%&ﬂ$@hed by transferring a DNA encodi ng the

polYoepti e ol SHATLALBAERL' P01 U A Ly RPN PEDAR enconsns

produci ng anti bodies to allo exXpress

Ant i body- pr agici NG-&£ &l il 1ttadBehel et d Fothy AQ¥PEPELECcRI1t DS the

present invention showed excellent proliferation potency and survival

rate as welhe&ifo® XD vesNtthee Nt Enbddine B Walsiret pRbtoOfli 884 the DNA
produced. The present invention is industrially very useful because

it can be appiodihd dGFelll sagr bdusimyl tamewlssliyr dédtapsfeerad by peepatdte
anti body-producing cells. [0102] The followi ng exanples further
i1l ustrate ¥eREQFeSEhMAYnPensiBRltrRe@UALY HeRasderTrAnbyY | Ags ingle

o ST 0 g e DR AL 1S L3 A0 8 TROS Y e
i ncl uded irbﬁi“%ﬂ%éﬁ%ﬂ& IEQYQDti@ﬂey are preferably simultaneously
transferred using a single vector. -
[0094]
The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:
(a) transferring a DNA encoding IGF-1 into a CHO cell, and
{b) transferring a DNA encoding the desired protein into
the cell prepared in step (a).
[0095]
The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:
{a) transferring a DNA encoding IGF-1 into a CHO cell,
{b) transferring a DNA encoding the desired protein into
the cell prepared in step (a), and
({c) selecting a cell expressing the desired protein from

the ¢ell prepared in step (b).



- 39 - [Exanples] [0103] Exanple 1: doning of a cDNA encoding
hanster 1G~-1 (1) Synthesis of the cDNA Total RNA was extracted
fromanti-IL-6R anti body-producing cells (JPA HEI 8-99902, Reference
exanpl e 2) obtained by transformng an anti-interleukin 6 receptor
(IL-6R) antibody gene into CHO DXB11l cells. The cDNA was synthesi zed
from<the resulting nRNA. [0104] Spegyfically, the foll ow ng
procedure was followed. About 5 x 106 CHO cells in the growth phase
72 hours after pplbgyl ture were obtained in a state packed at the
bottom of a centrifuge tube containing no culture fluid by
centrifugati onTapt4€s, 1a00NA remeddime thendeesredngdrotbeibn candld YNaysed
by pipetting in 4 mM of Sepasol-RNA I prewarned to 65C, and al |l owed
to stand eueQQQQ#PBeﬁEErétGﬁE Portoansfraned e wukEOwgelduinhapy order,
t horoughly stirred wt 8. mM of chloroformin a vortex mxer,

and
t hen aIIoméﬂ”%disﬁénarﬁfeFﬁBﬁ?tEﬁnﬁﬁ%ﬂ%ﬁqg foPN3 ﬁPﬁﬂ@%%g Wk < and 2

Avant | m 303 pelkeAR FHE A60Ee S mr Rk sEiyaafeGRRky s () drny¥s
transferreg WAaeBEEEHn§5tH$ débred Bdteln Rk EH%O&%M Stidddigg

with 4 m of 2-propanol “in a vortex m xer, then allowed to stand
at room t emeE-at beeahise the nétpiterssiol QefeCeBEr thegaés DrediprdEein, @64
rpmfor 10 m nutes, the supernatants were conpletely renoved to give
RNA pel | et e Tleadddll cbatrobiedhe centrifugal tube was thoroughly
rinsed with 4 m of 75% ethanol, and the - 40 - tube was centrifuged
at 4C, 7,000 rpRPPE} 5 nminutes. After the supernatants were
conpletely re

the_tube rinsed with-4 of 100%
cthanol - Aft or TBoREPi PRGLITOMaAnoE F9%0B0ePRRIRErA SR hiADs ES ghvEhe
oL % e biB BESa b SR hAN] Syt sony ARG b 20
pi petting ipdlypeptide of the present invention.

[0098]

The present invention also provides a methed for screening
a cell for use in the preparation of a desired protein,
comprising the steps of:

{a) transferring a DNA encoding the desired protein into a
CHO cell,

{b} selecting a cell expressing the desired protein from
the cell prepared in step (a),.

{c) transferring a DNA encoding IGF-1 into the cell
selected in step (b}, and

{d) selecting a cell expressing the desired protein and
IGF-1 from the cell prepared in step (c).

[0099]

In the screening method above, IGF-1 is preferably the

polypeptide of the present linvention.

[0100]



100 R1 of DEPC-Water. Further, total RNA was purified according to
the protocol of RNeasy Mni Kit. The concentration of 30 Rl of total
RNA t hus obt ai ned was determ ned using a spectrophotoneter DU640, and
t he kKNA cdncentrati on was cal cul ated as an absorbance of 10D 40 Rg/

m at a wavel ength of 260 nm The high-purity total RNA in an anount
of 5 Rg was used for cDNA synthesis. The3Righ-purity total RNA in an
anmount of 5 Rg was prepared to 10 RL with DEPC-Water, and then
conpl et el y m xétheniaenel eReodingPLEF gl aeiked G el MREhIEs (19D 4pYepaising
added by pipetting and then the m xture was spun down. To anneal the

primer, the? ff&turPmdSendst dheaPropedblon Phiandegirednprehein of the
qui ckly spun_do and chi.lled opn ice, . After 2 mnutes on ic Rl of
2 Fi Lt SRrSRi drraP ELanedro g S Forn FroRE LB SoCRRF dRirD Wik
were added Dy PG ldAGat38H bBCaMaEL L& WAS1AWN 10RB L Ak pdGs Ak 1y

pl aced on ice. Two mnutes after starting’ ncubation on a heat ock

at 42C, 2 4 0hi ey maly bk Rewel S@edivdts Erdi ag9 WAsmaddedc®Yas
pipetting to start a First-strand synthesis reaction. After 60

m nut es, t hisumant wres1s&as rgdl, ckéys spon wowprediecapllgcbdmsher CEGF Th.
subsequently performa Second-strand synthesis reaction, 91 Rl of

DEPC- Wt er , 1@ RsegluencesSeEbal- sham eptiife IGF3 1Raref dgschipeiiiim

Mx, 1 Rl of E. .- 41 - coil ligase, 4 gl of E._co/i DNA _.
ol yrrer ase NUPIE iclds Boscollt kale PBTr BB At ang JaaBdoby Chem.
pi petting, f‘éﬁj m r S down at 4C, and pl aced on ice.
The m xture maéH?ﬁdugékgdgg 1%%?#2}'120 mnutes to perform
Second-strand syilgigsis. After 2 hours, 2 gl of T4 DNA pol ynerase was
added, and after further incubation for 5 mnutes, the m xture was
qui ckly spun d@enshame phatkd BXamgbe bElRW WeldemvASt¥atddXxathtM t h
152 gl of 25:24:1 phenol : chloroform: isoanyl alcohol. for 30
seconds, arshtitedyspmeddowng aatls$ urahiorg mideed byopikhebehany.omnih
applied on a Phase Lock Gel tube prelimnarily centrifuged for 1
m nut es anoc‘-Hé'd-lé'&f Wiy fhg SBF?n%t‘é? ¥y iRRgRei atabluged YO0 rpm
for 2 mnutes, the aqueou ayer s transferred tq a fresh 1.5
i EppondortSAISTIANE BnBNBLIRTILORS (b P UNPRCs e ot GEpaTighent
Pai nt - and 76, 9forf 1 +3M-810DN & 22 BLbalc $HG CEsS] e ¥
added. The J?n]xtnur & \Was vortexed %l\nf%lﬁf%%gé gl of &%B gs;/?eghano:lf oreSSC}h'o
seconds, anghidiennrkd @wedxbest addht BratPMdFEIREr AhHBodPlpRoducing
cells transformed with the polypeptide of the present
invention showed excellent proliferation potency and survival
rate as well as excellent results in the amounts of antibodies
produced. The present invention is industrially very useful
because it can be applied to cells producing any desired
protein, especially antibody-producing cells.
[0102]
The following examples further illustrate the present
inventlon without, however, limiting the invention thereto.
Various changes and modifications can be made by those skilled

in the art, and such changes and modifications are also

included in the present invention.



m nutes. The m xture was centrifuged at 4C, 15,000 rpmfor 10 m nutes
to give cDNA precipitates free fromunreacted dNTP. The cDNA was
centrifuged with 500 gl of 75% et hanol at 4C, 15,000 rpmfor 3

m nutes. Fhe m xture was desalted by washing tw ce and further
centrifuged with 100 gl of 99.5% ethanol at 4C, 15,000 rpmfor 5

m nutes, and then ethanol was conpl etety3®efroved. The m xture was
air-dried for about 5 mnutes, and then dissolved in 1.5 gl of RNase
free Water, andFEstampdesds a cDNA at -20C. A 1/50 volume was used as
PCR tenmplate. (2) Coning of a cDNA encodi ng hanmster IG--1 - 42 -
The hanster | GROlGfdne was obtained by PCR cloning. PCR prinmers were
desi gned usi ng Jeqiqns _conserved apon own rat/ nouse/ hu | GF-1
gene sequences.ﬂ"[ag]f’g‘:ﬂ 1: gigﬂéﬁgf?g‘?%}% ﬁé@%ﬁ?’&ﬁﬁﬁ%‘?ﬁﬂ%‘i was
foll onwed. A PCQJHe AR SWAS o PELL OT SReh USi ng the cDNA descri bed above
as a tenplate with gene sequence encoding Ala at position 13 to Ay
at position 19 wftaihenk kBETeRYSa@fedBiYE antl -TEE R antibody-producing
5'-gctcttcagttcgtgtgtgg (SEQ ID NO 3) as a forward primer an&)the
sequence ofcel o NEiPAMHETaBY 99b02N(Referergenexanpodi DY Abfabdedas tion
50 to Arg at position 56 of the N-term nus: 5'-ctcctcagatcacagctccg
(SEQ | D NO tzEnsformingy ansenpir ipterlukdn r aeceatren({Iht 6Rb@nt5ibody
m nutes, 35 cycles of denaturation at 98C, 5 seconds, annealing at
53C, 30 sec¥fitts indd CHRrBXBldncetlyoc Thyp DdBoivgs wEpEheshred &ram the
anplify the dqﬁjred ?&ﬁgk foll owed by extension at 72C, 10 mnutes to
give a 131.?ﬁf a e -1 PCR fragnent. [0106]

[0104]

Specifically, the feollowing procedure was followed. About
5 x 10° CHO cells in the growth phase 72 hours affer
subculture were obtalned 1n a state packed at the bottom of a
centrifuge tube containing no culture fluid by centrifugation
at 4°C, 1,000 rpm for 5 minutes, and then quickly lysed by
plpetting in 4 ml of Sepasol-RNA I prewarmed to 65°C, and
allowed to stand at room temperature for 5 minutes. The tube
was further thoroughly stirred with 0.8 ml of chloroform in a
vortex mixer, and then allowed to stand at room temperature
for 3 minutes. After centrifugation at 4°C, 7,000 rpm for
5 minutes in a cooling centrifuge Avanti™ J25 (BECKMAN), the
upper layer was carefully collected and transferred to a fresh
15 ml-tube. The tube was thoroughly stirred with 4 ml of
2-propanol in a vortex mixer, and then allowed to stand at
room temperature for 10 minutes. After centrifugation at 4°C,
7,000 rpm for 10 minutes, the supernatants were completely
removed to give RNA pellets. The wall face of the centrifugal

tube was thoroughly rinsed with 4 ml of 75% ethanol, and the



The nucl eotide sequence of the resulting PCR fragnent was exam ned to
confirmthat it is an anplified DNA of hanster I1G-1, and the
sequence information was used to further continue PCR reactions. A
PCR reacticon was performed using the cDNA described above as tenplate
w th a gene sequence encoding Thr at position 29 to Ile at position
35 of the N-term nus: 5'-acaggctatggctecé@catt (SEQID NO 5) as a
forward priner and the sequence of a conplenentary strand of a gene
encodi ng G turd wosiddririfaged Atgddt, Q9D epm7Foof 5 thendedLr MaRter
tgagtcttgggcatgtcagtg (SEQ ID NO 6) as a reverse - 43 - priner.
After pretrekgireatgnts yegpnaemRleBl yamoyedi. dbgatubatven further
98C, 5 seconds, anneali ng at 53C, 40 seconds, and extension at 72C

90 seconds FHreed gpddt i ™lo %fnﬂ‘%“r%y ethangeési r 8§tgEneen EHIFuARIdL gy at 4°C,
extension af Jaf spjnlo f'@rmét ft {19 9l V& G GnldP ?i%ttgr k\% é\txg%a

fragment. As'a re nucl €6tT de” s quence oding posﬁi on

13 of the NjifgdhdduS tsQaﬁ'daa%t rQ&ﬁ"Eéxﬁ’%\ax@cxﬁfe e Sot REALEYS. Ofrhe RNA
mat ure hamster | G--1 was obt ai ned 01 To further obtain the

N-term nal perancaere BER-aeasdi @ﬂﬂd%ﬂﬁiﬁﬂ%@sé&l Bg bhpetfiNy in
descri bed above as tenplate with a sequence containing t at -33 bases
fromthe bas®@ giulatoft DEPE-Wandrof Fimethext ertotals R¥A wabuperifited G- 1
to g at position 14: 5 -tgottgctcacctttaccag (SEQID NO 7) as a
forward pri®eFortHds fe §‘é'&u§ﬁ€*é°6?la°%d?ﬁﬂaé¥e 1Rdy Kdftr ang®f a gene

encodi ng at 05|t|on 50toA 05|t|on 56 of the N-term nus:
5' -ctcct cag%‘t’ oG PSEEP Bt aés RUA dhuss@bhaingd wad t er
retreatnmen ute ra 30
I[s)econds anélege}rlnﬁ'g]%éit %f%a %Oggggglﬁ : Q:fgf? ?Eg%gh %{18 E%é lg%p

seconds werg, c?é?ﬁ:?cta%%nowﬁgpl—:hi&ui%&'eéé ra‘%‘xd a%%’&%baﬁ@le' Spefolsg d;g/ ml

ext ensi on at 72C, 10 mnutes to give a 185 bp fragnent containin

N-term nal ated cavellehgtht of 26F-1im. The Riamppbar2tyDebeali RMA | 0N of

t he nucl eotide sequence and am no acid sequence of the cDNA encoding

hanst er | Grariount ofThe uguwheousdd HeguEFe syhthkeisl onthle gehghvmsrity

determ ned by a DNA sequencer, and the am no acid sequence was

further - ¥tal RNA in an amount of 5 ug was prepared to 10 pl with
DEPC-Water, and then completely mixed with 1 pl of HPLC grade
100 pmol/pl T7-(T)2, primer added by pipetting and then the
mixture was spun down. To anneal the primer., the mixture was
heated at 70°C for 10 minutes, and then quickly spun down and
chilled on ice. After 2 minutes on ice, 4 pl of 5 x First-
strand buffer, 2 pl of 0.1M DTT, and 1 pl of 10 mM ANTP Mix
were added by pipetting, and the mixture was spun down at 4°C
and placed on ice. Two minutes after starting incubation on a
heat block at 42°C, 2 pl of SuperScript II Reverse
Transcriptase was added by pipetting to start a First-strand
synthesis reaction. After 60 minutes, the mixture was quickly
spun down, and placed on ice. To subsequently perform a

Second-strand synthesis reaction, 91 pl of DEPC-Water, 30 pl

of 5 x Second-strand buffer, 3 pl of 10 mM ANTP Mix, 1 pl of E.



determned fromit to confirmthat it encodes hanster |G- 1. Thus
obtained am no acid sequence is showm in Figure 1 and SEQ ID NO 1,
and the DNA sequence is shown in SEQ ID NGO 2. [0108] Mat ur e
secreted I'G--1 of any species consists of 70 ami no acids, but the
hanster | GF-1 gene has a uni que sequence, which differs from human
|G~-1 by 3 amno acids, i.e., P (Human- BY at position 20, | (Human:
S) at position 35, and T (Human: A) at position 67 (Figure 2).

Exanpl e 3: ésEpaNR i ygasfe ,nudipli ed Bansbei bXE-fdo D@inesassnd dndeilr ul of E.
| GF-1 activities }& Preparation of nodified hanmster |1 G--1 genes
The secr et etPHafiiasge | efegéﬁé’cﬁ%l‘éeﬁég&iq%l‘v HeefEdngni ABdaERel E
(glutamate) at position 3 fromthe N termnus. Mdified hamster 1G-1

genes in wWHIFEH4ife @f 7@URcAqVat atht L p&di% PAACRASORhATFGed T SUARFE
acids for p&gl td V%t}/at fH fa ! Nge & %lp?#] In&)éu\%%r et8r§g§ :r.dm Je(ﬁgai l%j:rand

I nt roduction of at’ions |n gene ST perfor

site-direct ﬂﬂgﬁ%nesﬂﬁer[ 319Rhirs, 2TD§ BﬁtTileDm%ffmézg:sel vﬁ%n%dded

and nodi fied hamster | GF-1 genes therefromare desi ghated as
(native), E3d (eftgutfanahert anbubabior hBsge atinuwteist, i mneBm;.xauiuale bdds
(a glutamate-to-serine change at position 3) (see Figure 3). (2)
Ef fects of quidhdy spdnnd@whi.ednfaptaeed |@F-iceon [Fihel misktureowasot ency

and survival rate Plasm ds for expressi ng the nodified hanster 1G--1
genes - 45vertexed with 152 pl of 25:24:1 phenol : chloroform : isoamyl

alcohol for 30 seconds, and then spun down, and further mixed
by pipetting, and applied on a Phase Lock Gel tube
preliminarily centrifuged for 1 minutes and packed with a gel.
After centrifugation at 4°C, 15,000 rpm for 2 minutes, fhe
aqueous layer was transferred to a fresh 1.5 ml-Eppendorf tube,
and thoroughly vortexed with 0.5 pl of Pellet Paint and 76 pl
of a 7.5M ammonium acetate sclution successively added. The
mixture was vortexed with 600 pl of 99.5% ethanol for 30
seconds, and then allowed to stand at room temperature for 5
minutes. The mixture was centrifuged at 4°C, 15,000 rpm for
10 minutes to give cDNA precipitates free from unreacted AdNTP.
The cDNA was centrifuged with 500 pl of 75% ethanol at 4°C,
15,000 rpm for 3 minutes. The mixture was desalted by washing
twice and further centrifuged with 100 pl of 99.5% ethanol at
4°C, 15,000 rpm for 5 minutes, and then ethanol was completely
removed. The mixture was air-dried for about 5 minutes, and
then dissclved in 1.5 pl of RNase free Water, and stored as a

cDNA at -20°C. A 1/50 volume was used as PCR template.

(2) Cloning of a c¢DNA encoding hamster IGF-1



(Figure 4) were constructed and transferred into the parent strain
anti-1L-6R anti body-producing CHO cells, and drug-resistant strains
were selected by hygronycin to give cell strains stably expressing

t hese genes. The resulting cell strains were subjected to single cell
cloning by Limting Dilution to give clone cells having high
proliferation potency in a serumfree medfum |l acking | G--1. [0110]
VE4S5 (E3E), MK44 (E3K), and Ms19 (E3S) were selected fromthe cl one
cel I's obt ai ned Thomansded IGEErdngppe chrs gt addveds bE3ECREGKOnGNG. EFTR
and their cel] %ﬁollferatlon paot enci es and survival rates in a

serum free PR Spgpe Pﬁ“&glﬁ%ﬂ’rﬁ“%ﬁqﬁ&rvﬁiﬁ%%ﬂr%ﬂwn
conpar ed T i n - 6 tlbody produci ng cells were
al so cul ture%t}lq"‘;i‘:c;lgéL h%% s&&gpﬁ' §e enc ‘Wwith human | GF-1
(Longn4R3I GF- 1) gawsghased from JRH B| OSCI ences and tested for
conpari son. After an 100 m -spinner flask containing 100 mM of a
serum free submgddira dmdiyymcher £dRAGWHG PJrod@duaat waadydi péwsici Ng pcr
cells was conditioned in a CO2 incubator at 37C for 1 hour. 3 x 106
cells of eacénditypn werse peerforingdgesing dtles kA Tesciribbiabbovabde a
density of cells and survival rate were determned in a 1-nL aliquot
of the cul ttgmlaten witd ﬁrseﬁedayguguqe encediingaPlgust RES1ELPR ek &P
he_nunber of cells and suryival

are. [0t e BB, of cheuil ey o me B R et
pot ency) angl %%@ﬁg@%g%gkg@a@% HER S5 PR B ane

best prollfera 1 on pote rvival

M519 (E3S) shovednintd Veval chbithfefin 88% Qe 08V aNgBhedaYcdalg Arg
culture. MK44 (E3K) showed the second better results. The parent
strain antiat lpd¥R tarin 5odyeopaeduat noseticn W& @ fn@healil eti@iow when
they were cultured in the absence of 1G--1. The proliferation potency
of MB19 wass prafviatemgadgaicagetiags GSEQ B d¥0:cdiit @sea uederspepyimd.
advant ageous as shown fromthe doubling time (MS19; 26.5 hr, M44;
33.0 hr, N@@emp@tﬁﬁataﬁprc RE- %ﬁfcpaﬁemlngteap n35 geYgles )ofand

maxi me nunber of cells X 105 cells/m MK44: 20.3 x
cells/n, 'Jfaéf@% 2 598e¢1 s‘-'r rﬁewgﬁﬁ- PRRRaLIRE At 15 n3°zie9°9<ds-
105 Il s/ 5 I
risi ﬁg a?\d en seg%ﬂ'lgﬁygg: O\?\Ilﬁﬁlb to {Lﬁe C%F’(a%neaepgmf#g%as&e ﬂv\\égia%lpg'q'q:L ¥ne

for anti bodys i Gen, C%bhiow@hsﬁ?y aSx NI Bl f?&%n te QIR $8N
of the survival rates on day 7 of culture (MS19; 86. 2 % MK44: 66. 4

% ME45; 58ilvedsa arstli bpl Gapatent IGE ¥ RiFCR Hragmenty)., MS19 was t he nost

stable cell strain until the late growth phase. Exampl e 4:
Amount s of ant il®3®6ds produced by cells transforned vm'th hanst er
| GF-1 (E39) To denonstrate that hamster |G- 1

ant i body- pr odudity "HEGLERLEAP EGHAPNTD B %egl’r'éﬁutl’ﬁéﬂgtﬁ% bragmfifn vas
G- the amut: o Anples b 2N Dodies ipaduced ha SLROkgAlanes

showi ng th growt avi or —anohg rain cel

transfor m%‘dmwlh Rl LB Egguén&gsﬁif@ﬂﬁﬂwm&aheﬁséd( ESSkuMei&r

conpared. A hunman | GF- 1 expressing plasm d was constructed by
successi velc;bnﬁitmﬁdm:mngeautabn@ns A @ciPHHactidhSwandpd HFdrmd@mngeing

using hanmster 1G--1 (E3S) as - 47 -
the cDNA described above as template with a gene sequence
encoding Thr at position 29 to Ile at position 35 of the
N-terminus: 5'-acaggctatggctccagcatt (SEQ ID NO: 5) as a
forward primer and the sequence of a complementary strand of a

gene encoding Gln at position 85 to Arg at position 77 of the

N-terminus: tgagtcttgggcatgtcagtg (SEQ ID NO: 6) as a reverse



tenplate. In the sane manner as described in Exanple 1, the plasmd
was transferred into the parent strain anti-1L6-R anti body- produci ng
CHO cell s and hygronycin-resistant cells were selected to give cel
strains stably expressing IG--1 (E3S), whereby cell strains having
acquired proliferation potency in a nediumlacking I1G--1 were

sel ected. Single clones were obtained by4azimting dilution of the

cell stranes, and the anobunts of anti bodi es produced in fed-batch

cul tures ofp6@lds t A@RekopPEErddimedGatl o5E35) s haMiuke Nl BB cycles of
proliferation potency were conpared. The results are shown in

Fi gure 7. Tenataattioof aandsthdise semondscednhyaidg satt r5a7ef, onoedepbiids,
hanster 1G--1 (E3S) was 973 qy/L on day 8 of culture, which was

hi gher tharanthesdepsadncall by G h@Opsecandst vaie Teeniay (Yo anpldéyl the

transformed with human IGF-1 (E3S) (821 ng/L). It was shown that the
cell's trandiesimed APbR - Felhaved &Y qurienmiony et tho. M MEduteso GAt

of anti bodi i e o Ir pm z 0 par ent
strain. %éa%plang:%pAﬁoaﬁgfesf;%é#anfiﬂt%{j!}%gg%fgégpceggb{l/ %%%4%’ 4
transf or Tedyilelbthags bekub e led&tfing Ald Atagghitoont o3 Bxamle 4
denonstrating that hamster | GF-1 has an anti body-produci ng potenti al

hi gher tham-{tteawiahshtioanld Gt lpositidody produei Ogteohbmnis s mefture
three I GF-1 species including nouse 1G-1 were further conpared. A
nouse | G- haEI8y- ékpréswangoptabmd was constructed by introducing a
mutation for a S69A_change using hanster 1G-1 (E3S) as tenplate. For
conpari son anon§1PAdee native IGF-1 (E3E) - 48 - species in addition
to |G—-1 (E3S) nutan inthis exa t he _hanster, huma d nouse_ -
|G 1 (E35) gends FiErichoahfath i M terniBaloREHReATe Mo bo it ion

G- 1 (E3E)XRee¥siigaPh ety dlﬁléé;ycﬂm»} r&@‘é%hﬂ@da?ﬂ%é‘t -Qntefngfla%%EWith

[0112] The resulting siX -1-expressing plasmds wer
transferred Reqgekeaskr epptaih My it 1138 BAGBBL £86hatHe BLAIEGH Rhe
paral l el, and hygronycin-resistant cells were selected to give cell
strai ns st &jl-engdxptesbeny-t&Fminus\hel elaturer eetce®GF - StTtainsatofposddion
group showi ng the highest growth anong cell strains having acquired
proliferatildt Joréaeytonteapeditasda KiSEQ IPFN®: (hr3ys affewagife primer
human | G- %“%]SEBE) strain beCﬁrre unahl e ta gr ow dur‘ia;r;g expansi on, the
experi ment tEEnEPABRRCH Ph HPBH PR ATHUARRAT SRR § [ERhe giFoding

total of 1hfebl BHLaLES,"6S & RANded 143000581 sErLINGE- dlankaand

then the anddnts odi es uce e ulftures weré

conpar ed. Epl%%hctcaﬁafﬁﬂééﬁb@Eéﬁ"&gﬁ?IT% AeRUBY Saffa AUdYUH §F-imer.

produced in fed-batch cul tures s transfornmed wth hanster,

nmouse and hier bebtiebhtdant dhoFreer 80R:iraRed! 3 biidaodires

produced by three strains showing high growh in each group (n=3) was
better in tdemadndatioh Aans5®r, BonsesendshuaanmeaFimpyret 9400W60aseconds,
conmpari son of strains having the highest antibody-producing |evels
anong t he tamdeexgenpignratl n62G-af9f seaedds) vere Ainneatedntes ampadfy the
human G-~ 1 (E3S). In addition tq the average anmpunt, _the hanster

'GET (E3SPEEARG: GPRan: L ALLOHRS $% G EGr onaE nE? Sodit Tepates. to
ant'bOd'esgﬂ%%dQC?QSbﬁpt£§%§ﬁéﬁ¥rEontaining the N-terminal region of

hamster IGF-1.

Example 2: Determination of the nuclectide sequence and
amino acid sequence of the c¢DNA encoding hamster IGF-1
The nucleotide sequence of the cloned gene was determined

by a DNA sequencer, and the amino acid seguence was further



- 49 - having the highest potential. Figure 10 shows the anounts of
anti bodi es produced in fed-batch cultures of cells transfornmed with
hanst er, nouse and human | G~F-1 (E3E). The average anount of

ant i bodi es produced by strains transforned with native IG--1 (E3E)
showi ng high growth was also better in the order of hanster > nouse >
human. - 50 - CLAIMS 1. A polypeptide bBaving an amino acid sequence
i n which the third amno acid of the am no acid sequence of SEQ ID

NO 1 is substéimimsl Braeliith@o b¥HiFDem OFhas PaY tecddedNHalR8¥eAJIGF-1.
insulin-like growth factor 1 (1G~1) activity. 2. The pol ypeptide of

claim 1l wheTkus ¢lisined duelmonacadi segeersedhsis tafosoh iy Fépgune. 1 &d SEQ
The pol ypeptide of claim1l wherein the third amno acid is

subst i t ut edIByNPy sk neand fhepADBRASeauereegle Ly yisle FERJEPONOE| i m 1.
S. A vector contfiniqg the DNA of claim4. 6. A host cell containing
the vector of cl%4f%5.

Mature secreted IGF-1 of any species consists of 70 amino
acids, but the hamster IGF-1 gene has a unique sequence, which
differs from human IGF-1 by 3 amino acids, i.e., P (Human: D)
at position 20, I (Human: S) at position 35, and T (Human: A)

at position 67 (Figure 2).

Example 3: Preparation of modified hamster IGF-1 genes and
their IGF-1 activities

{1l) Preparation of modified hamster IGF-1 genes

The secreted hamster IGF-1 gene has a negatively charged
amino acid E (glutamate) at position 3 from the N-terminus.
Modified hamster IGF-1 genes in which the amino acid at this
position was changed intoc amino acids for positively shifting
the polarity were prepared. The introduction of the mutations
into the IGF-1 gene was performed by site-directed mutagenesis.

[0109]

The native hamster IGF-1 gene and modified hamster IGF-1
genes therefrom are designated as E3E (native)}, E3K (a
glutamate-to-lysine change at position 3}, and E3S (a

glutamate-to-serine change at position 3) (see Figure 3).

{(2) Effects of native and modified hamster IGF-1 on
proliferation potency and survival rate

Plasmids for expressing the modified hamster IGF-1 genes



7. The host cell of claim6, which is a CHOcell. 8. A nethod for
preparing the pol ypeptide of claim1l using the host cell of claim®6
or 7. 9. An antibody binding to the polypeptide of claiml1l. 10. A
cell for producing a desired protein into which a DNA encodi ng the

pol ypeptide of claim1l and a DNA encoding the desired protein are
transferred. 11. The cell of claim 10-wABrein the DNA encoding the
pol ypeptide of claim1l and the DNA encodi ng the desired protein are
sinultaneoué¢ygurquﬁ§famﬂ@dbesarQChgﬁeamdxxnansfentedThatoetheQﬁarﬁuﬁrn
10 wherein the DNA encodi ng the 8 ypeptide of claim1l and the DNA
encodi ng t hetFRG raFIoridt-&iRn 2Rt & D0ERaPERBIGARG LAY &rldd - bPnELAT Pt e

. 13. T | 1, _of, 0t h
col 1 14, SOHAS (U7 PEpHPT R S HELTS i SSErNoLBonB, PRl
cul turing t@@r Eﬂé atAdY & Ee?%lﬁ%ﬁf ?%%#%513 gf%Sreéufgiﬁ&rébll

dlun1conta|n|ng the p Iyp pt
strains were subjected to 51ngle cell cloning by Limiting

Dilution to give clone cells having high proliferation potency
in a serum-free medium lacking IGF-1.

[0110]

ME45 (E3E), MK44 (E3K), and MS19 (E35) were selected from
the clone cells obtained from the differently charged genes
E3E, E3K, and E3S and their cell proliferation potencies and
survival rates in a serum-free medium lacking IGF-1 in a 100
ml-spinner flask were compared. The parent strain anti-IL-6R
antibody-producing cells were also cultured in a medium
supplemented or not with human IGF-1 (Long™R?IGF-1) purchased
from JRH Biosciences and tested for comparison. After an 100
ml-spinner flask containing 100 ml of a serum-free subculture
medium for MRA(anti-IL-6R antibody)-producing cells was
conditioned in a CO; incubator at 37°C for 1 hour, 3 x 10°
cells of each type were centrifuged and added. The initial
viable density of cells and survival rate were determined in a
1-mL aliquot of the cultures. On and after days 3-7, a 1-mL
aliguot was collected at a fixed time and measured for the
number of cells and survival rate.

[0111]

The results are shown in Figure 5 (proliferation potency)
and Figure 6 (survival rate). MS19 (E3S) was shown to the

best proliferation potency and also the best survival rate.



16. The cul ture nmedi um of clai m Swhereinthe pol ypeptide of claim1lis
added to the nedium 17. The culture nedium of claim15 wherein the
pol ypeptide of claiml1l is secreted froma host cell. 18. The culture
medi um of ;any one of clainms 15 to 17, which is a serumfree nmedi um or
a medi'um free from any conponent derived from manmal s, except for the
pol ypeptide of claim1l. 19. A nethod fer4preparing a desired protein,
conprising culturing a CHO cell using the culture nedium of any one

of clains 18519 (IB3iSP(Ehovedeihsurivdvaprepes iofy &dicell mboe ogeniontdmy 7
preparation of a desired protein, conprising the steps of: (gg

t ransf er ri ngf CHNARhcodiid F8KAeshrrn pFhn darconst beitenoresnltts andthe
(b) transferring a encqdi e_pol tide of claiml into the

cel | prepar%ﬁr?ﬁ&sﬁﬁﬁ? R IEgA%He?ﬁk&ﬁ%ﬁglﬁﬁQQﬂﬁﬁpﬁgcgqéélVefﬁrnﬂge
in the prep i i p i 148 t S.Pftam_
(a) transfe?é?%gg éﬁ%o ?%bE?%X ggé?r@%}pro eﬁ% ?%Poggs%hégc%$I¥GF 1.

(b) selecti 'ﬁﬂeapf&i:ﬂf@jﬁ%ri%%sbegehe? NS B JRIOLRIohihed® BhLi68! days 3
prepared in step (a). and c) transferring a DNA encoding the

pol ypept i detofés cd@iddlturel,0 andeeepetistled@thntagebotg GB) shddn from the

met hod for preparing a cell for use in the preparation of a desired

protein, codpibbing time dMSI9:0R6.5 hr, MK44; 33.0 hr, ME4S5; 47.0 hr,
anti-IL-6R parent strain:; 86.7 hr) and maximum number of cells
(MS19; 25.8 x 10° cells/ml, MK44; 20.3 x 10° cells/ml, ME45;
7.98 x 10° cells/ml, anti-IL-6 parent strain; 21.7 x 10°
cells/ml) during days 4 to 5. The growth behavior of MS19
gently rising and then steeply growing to the late growth
phase was ideal for antibody-producing cells. Also as
prominent from the comparison of the survival rates on day 7
of culture (MS19; 86.2 %, MK44; 66.4 %, ME45; 58.1 %, anti-IL-
6 parent strain; 76.0 hr%), MS19 was the most stable cell

strailn until the late growth phase.

Example 4: Amounts of antibodies produced by cells
transformed with hamster IGF-1 (E3S)

To demonstrate that hamster IGF-1 has an antlbody-
producing potential equal to or higher than that of human
IGF-1, the amounts of anti-IL-6R antibodies produced by single
clones showing the best growth behavior among the parent
strain cells transformed with hamster IGF-1 (E3S) and human
IGF-1 (E3S8) were compared. A human IGF-1 (E3S)-expressing
plasmid was constructed by successively introducing mutations

for P20D, I35S and T672 changes using hamster IGF-1 (E3S) as



(a) transferring a DNA encoding the desired protein and a DNA
encodi ng the polypeptide of claimIl sinultaneously into a CHO cell,
and 52 - cell prepared in step (a). 23. The nethod of claim 22
wherein the DNA encoding the desired protein and the DNA encoding the
pol ypeptide of claim1l are sinultaneously transferred into a CHO cel
using a single vector containing the DNA4gneodi ng the desired protein
and the DNA encodi ng the polypeptide of claiml1l . 24. A nethod for
preparing atemplater use tie tdunedPmBpAERt AONAOS oLl KA i e ExRm@llel 0, the
conprising the steps of: (a) transferring a DNA encodi ng the
pol ypept i depdfspidi vad iransferdia0 dokp, thadparent stydin tangdsflébrRng
a DNA encodingﬁthe desired protein into the cell prepared in ste

(a). 25. A RBERBRAYRTARGHT (HOaCELIF PR REEFOW G Goed SAPRLi s%l!ﬁ
2 DNA encod Rt REBE Sheit M SoPearaP TP 1§ oo e atng Tok-1
brepar od | n EPER” (4 TG S erdnfCRap By Bl kg WeBIIEEEREn e
desi red propeténéy o thandElum RERRANGATEP- BlpPrd Melected. Single
clones were obtained by limiting dilution of the cell stranes,
and the amounts of antibodies produced in fed-batch cultures
of cells transformed with IGF-1 (E3S) having high
proliferation potency were compared.
The results are shown in Figure 7. The amount of
antibodies produced by cells transformed with hamster IGF-1
(E3S) was 973 mg/L on day 8 of culture, which was higher than
those produced by the parent strain (843 mg/L) and cells
transformed with human IGF-1 (E35) (821 mg/L). It was shown
that the cells transformed with the hamster gene produced the
highest amount of antibodies in spite of the culture method

optimized for the parent strain.

Example 5: Amounts of antibodies produced by cells
transformed with hamster IGF-1 (E3S)

In addition to Example 4 demonstrating that hamster IGF-1
has an antibody-producing potential higher than that of human
IGF-1, antibody-producing potentials of three IGF-1 species
including mouse IGF-1 were further compared. A mouse IGF-1
(E3S)-expressing plasmid was constructed by lntroducing a
mutation for a S69A change using hamster IGF-1 (E3S) as

template. For comparison among three native IGF-1 (E3E)



26. A nmethod for screening a cell for use in the preparation of a
desired protein, conprising the steps of: (a) transferring a
DNA encodi ng the desired protein into a CHO cel |, (b) selecting
a cell expressing the desired protein fromthe cell prepared in step
(a), (c) transferring a DNA encodi ng the pol ypeptide of claim1
into the cell selected in step (b), and 48 53 - (d) selecting a
cell expressing the desired protein and 1G>-1 fromthe cell prepared
in step (a)spediSsquenaddiitdbnngd TERO> (HBgjalmuBanyakinKahushekxample,
Kai sha <120> Met hods for produci ng proteins using hanster |G--1 <130>
050252 <160theg hamster, human and mouse IGF-1 (E3S) genes were used as
templates to construct their native IGF-1 (E3E)-expressing
plasmids by introducing a mutation for E3E.

[0112]

The resulting six IGF-l-expressing plasmids were
transferred by electroporation into the parent strain prepared
in parallel, and hygromycin-resistant cells were selected to
give cell strains stably expressing IGF-1, whereby three cell
strains of each group showing the highest growth among cell
strains having acquired proliferaticen potency in a medium
lacking IHF-1 (n=3). After one human IGF-1 (E3E)} strain
became unable to grow during expansion, the experiment was
continued with n=2 only for human IGF-1 (E3E) and a total of
17 cell strains were expanded in a 100 ml-spinner flask and
then the amounts of antibodies produced in fed-batch cultures
were compared.

[0113]

Figure 8 shows the amounts of antibodies produced in fed-
batch cultures of cells transformed with hamster, mouse and
human IGF-1 (E3S). The average amount of antibodies produced
by three strains showing high growth in each group (n=3) was
better in the order of hamster > mouse » human. Figure 9
shows a comparison of strains having the highest antibody-
producing levels among the three cell strains transformed with
hamster, mouse and human IGF-1 (E35). In addition to the

average amount, the hamster IGF-1 (E3S) transformant was also

superior in the amount of antibodies produced by the strain



<210> 1 <211> 70 <212> PRT <213> Hanster <400> 1 Ay Pro GQu Thr Leu
Cys Gy Ala Qu Leu Val Asp Ala Leu G n Phe 151015 Val Cys Gy Pro
Arg Ay Phe Tyr Phe Asn Lys Pro Thr Ay Tyr Ay 202530 Ser Ser Ile
Arg Arg Al.a Pro Gn Thr Ay Ile Val Asp Qu Cys Cys 354045 Phe Arg
Ser Cys Asp Leu Arg Arg Leu Gu Met Tyr Cys Ala Pro Leu 505560 Lys
Pro Thr Lys Ser Ala - 49 -

having the highest potential. PFigure 10 shows the amounts of
antibodies produced in fed-batch cultures of cells transformed
with hamster, mouse and human IGF-1 (E3E). The average amount
of antlibodies produced by strains transformed with native
IGF-1 {(E3E) showlng high growth was also better in the order

of hamster » mouse > human.



6570 <210> 2 <211> 242 <212> DNA <213> Hanster <400> 2 tttgccacag
ct ggaccaga gaccctctgc ggggctgagc tggtggatgc tcttcaattc60 gtgtgtggac
caaggggctt ttacttcaac aagcccacag gct atg ctc cagcattcggl20 agggcacctc
agacaggcat tgtagatgag tgctgcttcc ggagc gt ga tctgagaagal80 ctggagat gt
actgtgcccc cctcaagcct acaaaatcgg cccgctctat ccgtgcccag240 cg 242
<210> 3 <211> 20 <212> DNA <213> Art CEREMElL Sequence <220>
1. A polypeptide having an amino acid sequence in which the third
amino acid of the amino acid sequence of SEQ ID NO: 1 is substituted
by serine, lysine or aspartate, and having insulin-like growth factor
1 (IGF-1) actiwvity.
2. The polypeptide of claim 1 wherein the third aminoe acid is
substituted by serine.

3. The polypeptide of claim 1 wherein the third aminc acid is

substituted by lysine.

4. A DNA encoding the polypeptide of claim 1.

5. A vector containing the DNA of c¢laim 4.

6. A host cell containing the wvector of c¢laim 5.
7. The host cell of claim 6, which is a CHO cell.

8. A method for preparing the polypeptide of claim 1 using tﬁe host
cell of claim 6 or 7.

9. An antibody binding to the polypeptide of ¢laim 1.

lo. A cell for producing a desired protein into which a DNA encoding
the polypeptide of claim 1 and a DNA encoding the desired protein
are transferred. ’

1. The cell of claim 10 wherein the DNA encoding the polypeptide
of claim 1 and the DNA encoding the desired protein are simultaneously
transferred by a single vector.

12. The cell of claim 10 wherein the DNA éncoding the polypeptide
of claim 1 and the DNA encodiné the desired protein are separately
transferred by multiple vectors.

13. The cell of any one of claims 10 to 12, which is a CHO cell.
la. 2 method for preparing a desired protein, comprising culturing
the cell of any one of claims 10 to 13.

15. A culture medium containing the polypeptide of claim 1.



<400> 3 gctcttcagt tcgtgtgtgg20 <210> 4 <211> 20 <212> DNA <213>
Artificial Sequence <220> <400> 4 ctcctcagat cacagctccg <210>-5 <211>
21 <212> DNA <213> Artificial Sequence <220> <400> 5 acaggctatg

gctccagcat t21 - 51 -

16. The culture medium of claim 15 wherein the polypeptide of claim
1 is added to the medium.
17. The culture medium of ¢laim 15 wherein the polypeptide of claim
1 is secreted from a host cell.
18. The culture medium of any one of claims 15 to 17, which is a
serum-free medium or a medium free from any component derived from
mammals, except for the polypeptide of claim 1.
19. A method for preparing a desired protein, comprising culturing
a CHO cell using the culture medium of any one of claims 15 to 18.
20. A method for preparing a cell for use in the preparation of a
desired protein, comprising the steps of:

(2) transferring a DNA encoding the desired protein into a CHO
cell, and

(b) transferring a DNA encoding the polypeptide of claiml into
the cell prepared in step (a).
21, A method for preparing a cell for use in the preparation of a
Gesired protein, comprising the steps of:

(a) transferring a DNA encoding the desired protein into a CHO
cell,

{b) selecting a cell expressing the desired protein from the
cell prepared in step (a), and |

(c) transferring a DNA encoding the polypeptide of claiml into
the cell selected in step (b).
22. A method for preparing a cell for use in the preparation of a
desired protein, comprising tﬁe steps of:

(a) transferring a DNA encoding the desired protein and a DNA
encoding the polypeptide of claim 1 simultaneously into a CHO cell,

and

(b) selecting a c¢ell expressing the desired protein f£rom the



<210> 6 <211> 21 <212> DNA <213> Artificial Sequence <220> <400> 6
tgagtcttgg gcatgtcagt g21 <210> 7 <211> 20 <212> DNA <213>
Artificial Sequence <220> <400> 7 tgcttgctcacctttaccag <210> 8 <211>
20 <212> DNA <213> Artificial Sequence,<220> <400> 8

cell prepared in step (a}.
23. Themethodof c¢laim22wherein the DNA encoding the desired protein
and the DNA encoding the polypeptide of claim 1 are simultaneously
transferred into a CHO cell using a single vector containing the DNA
encoding the desired protein and the DNA encoding the polypeptide
of claim 1 |
24, & method for preparing a ¢ell for use in the preparation of a
desired protein, comprising the steps of:

{a) transferring a DNA encoding the polypeptide of claim I into
a CHO cell, and

{b) transferring a DNA encoding the desired protein into the
cell prepared in step (a).
25. A method for preparing a cell for use in the preparation of a
desired protein, comprising the steps of:

(a) transferring a DNA encoding the polypeptide of claim 1 into
a CHO cell,

(b) transferring a DNA encoding the desired protein into the
cell prepared in step (a), and

{c) selectiné a cell expressing the desired protein from the

¢cell prepared in step (b).

26. A mathod for screening a cell for use in the preparation of a
desired protein, comprising the steps of:

(a) transferring a DNA encoding the desired protein into a CHO
cell,

(b) selecting a cell expressing the desired protein from the cell
prepared in step (a),

{(c) transferring a DNA encoding the polypeptide of ¢laim 1 into

the cell selected in step (b}, and



ctcctcagat cacagctccg20

- 53 -

(d) selecting a cell expressing the desired protein and IGF-1 from

the cell prepared in step {(c).



[Sequence Listingl

{110> Chugai Seiyaku Kabushiki Kaisha

{120> Methods for producing praoteins using hamster I1GF-1
<130> 050252

{160> 8

{2100 1

211> 70

{212» PRT

<{213> Hamster

<4007 1

?ly Pro Glu Thr Eeu Cys Gly Ala Glu %gu Yal Asp Ala Leu Gln Phe
15

Val Cys Gly Pro Arg Gly Phe Tyr Phe Asn Lys Pro Thr Gly Tyr Gly
20 25 30
Ser Ser |le Arg Arg Ala Pro Gln Thr Gly Ile Yal Asp Glu Cys Cys
35 40 45

Phe Arg Ser Cys Asp Leu Arg Arg Leu Glu Wet Tyr Cys Ala Pro Leu
50 55 60

Lys Pro Thr Lys Ser Ala
B5 70

{210 2

{211 242

212> DNA

€213} Hamster

{400) 2

tttgecacag ctggaccaga gaccctotge ggegcteage tgegteggatge tettcaattc
gtgtgiggac caapgrectt ttacttcaac aagcccacag getatggctc cagcattcge
agggeacclc agacaggcat tetagatgag tectectitcc ggagctetga tcigagaaga
ctggag:;gt actgtgecce cctcaageet acaaaatcgeg ccegetetat cogtgeeccag
cg

{2100 3

<211> 20

<212> DNA

213> Artificial Sequence
{2200

<400> 3

getetteagt teptgtetee 20

<210 4

<211y 20

{212> DNA

<{213> Artificial Sequence
<220

{400) 4

ctcctcagat cacagetecg

210> 5

<21 N

<212> DNA

213> Artificial Sequence
{2207

<400y 5

acaggcetatg getccageat t 21

210> 6

211> 21

{212> DNA

{213) Artificial Sequence
{2200

{400> 6

tpagtctige gcategtcagt g 21

60
120
180
240



<210 7

<2113 20

<212> DNA

213> Artificial Sequence
{2207

400> T
tgettgetcacctttaccag

<2107 8

<211 20

<212> DNA

213> Artificial Sequence
220>

<400 8

ctectcagat cacageiccg 20



