- 1 - SPEC FI CATI ON METHODS FOR PRODUCI NG PROTEI'NS USI'NG"HAMBTER™

| 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 becausé animal cells allow conpl ex
post-transl ational nodification andlﬁg Egigﬁ hat coul d not be

achi eved with bacterial cells when £ § for producing
pharmaceutically p e of [ S.
10003] " vhen a BIrPS FORCPRODOIIA R ARILRIR AEMEERGRST

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 mgcuHRecHesFIELb protein, the culture nedium had to be

suppl emented wth 5-20% of an extract, normally derived froma mammal
for the growth ofoa®d animal cell, specifically a serumsuch as feta
calf serum in addition to basic nutrients such as salts, sugars,

am no aci ds and The fnesentHIREeREiophFelatfsitcedomed RBMESAF 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-translational modification and/or folding that
could not be achieved with bacterial 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 culturing 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, speclfically 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
protein as the cell product fromthe culture nedium my be

conplicated. Thus, there has been a need por a techni que capabl e of

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

cells in serdiMalitaatABAE2. 1) 0094h sera ddri¥edelerof REAAHES Ard' 8kSiAsive,
in aserumfree nedium a growh factor contained in a serum nust be
added, and whegtabge. gkblxketds ot wblachhiededcaté 5 oradiritaidnoinand
survival rate are inproved to achieve |long-term cul ture and/ or

| ar ge- scal e gnaltityeamongnbbdty, 13) adeireg isumaposSIli{tnf icentakmdnation
grow h factor 1). [0005] The mature formof IG--1is a single

chai n pol yp#thd¥isnses andor VPP l@Esyesventd 4% Bhool ypepti de

having insulin-like activities, and has a strucéure simlar %% Th&é of

proi nsul i n. 1FEEat1RR4PUTEEIFA LY} (¥ REi AGSLFPRCRTANRLT (AU

t abol i t i\ t f. th i h
factors. 1 or BERECEY EPAnCPAY  Sh it eipbr Ral 8L CORPHEGYed! Diinlo,
under the aghion fhsapabR Ml TAC o Gebhnt4as Ll IOB Mhexpensively

hypophysi s and thought to pronote the growmh of a renpte targe one
ti ssue and peoahewhgetebohbIinatt iptidteing BySehet@thadMeea ¢ls. in
[0006] - 3 - Recently, 1G-1 has been produced in various cel
{culture syssemam-findel|@Ediawnas reported to have not only a
proliferating effect on these cells but also various- physi ol ogi cal
activities, in k@@P#ion to the endocrine effects as described above.
Mor eover , notingPthe cel | proliferation-gronpting effect of IGF-1, a

met hod for prepifi AHAEE rER FHAMNER BpPIPERPLR bR tF FRFWIELSG Retipm. 2
di | . \ e s . 7 H
encoding a (ﬁ_%i%i?ﬁ pEéQ@oPa&ﬂ%ﬁ% 9.(11:1:J Fte SALLE s oL 'agﬁgie% %ﬂqe%}{%n

n
as human | I'nto an ‘ani mal ce ure system pr oduci g

reconbi nant ¢pgOot egfoWaS1 P ORAS @A 1dP4002L91 02650 Al datild¥O%0h 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).

{0005]

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-preliferating effect and insulin-like
metabolic activity and counts as one of the most important
growth factors for the growth of individuals. 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.

[0006]



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

| GF-1 pol ypeptide having a strong cell prgliferation-pronmoting
activity at |ow production cost. Another object of the present
o by CRBEERELE. 2rdiPS! Bl Whon®BlbabBRRNE Ple s el Lk 00
I nexpensi vel y produci a reconbl nant protern by using a encodi ng
the novel |GEsleRQl YRRA1EE-1 Sldd lrefaRtBAr toPheeE Mt thigPresent

I nvention is"to provide a nethod for preparing a reconbi nant protein
by using therbosfepatiidg effdct on 4hesWEAMNDIS iSO Afs ol M RARGELEVS

[ 0009] As a result of careful studies to attain the above
obj ects, wepliystolegicdah aotdatitiesul in- bARétjonwtd flerteoordobrin€reffects
pol ypeptide derived from hanster and found that the novel 1G-1
pol ypept i de agadeacr thed kalnee ceMonsogert epat iv9- thomalihprelfiferatjon-
animal cell cultures, and thereby we acconplished the present
i nventi on. Promoting effect of IGF-1, a method for preparing a
recombinant protein by transferring a DNA encoding a
polypeptide having a proliferation-promoting effect such as
( human IGF-1 into an animal cell culture system producing the
recombinant protein was proposed (US 200270102650 Al).
[0007]
Various growth factors such as IGF-1 are used as
recombinants derived from humans, but these are very expensive,

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

to reduce preduction costs.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

( [oo008]

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 lnexpensively producing a recombinant protein
by using a DNA encoding the novel IGF-1 polypeptide. §Still
another object of the present invention is to prowvide 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 am no acid sequence in which the third
am no -acid of the am no acid sequence of SEQID NO 1 is substituted
by another am no acid and having insulin-4ike growth factor 1 (1G--1)
activity. 2. The pol ypeptide as defined in 1 above wherein the
third am nomeand e sobstitHE eROBLEMST | ne. 3. The pol ypeptide as
defined in 1 above wherein the third amno acid is substituted by

| ysine 4. A DNAL@Pedili ng t he pol ypeptide as defined in 1 above. 5. A
vector containing the DNA as defined in 4 above. 6. A host cel
cont ai ni ng the §8cRoFeadl et rearsitls sipwiles to atpaighgheodbove|ebipcts,

or epar 1 ng t HE- BOPSREDE Pe Ao ek 1Ret 1A~ LEBOFES R MPTHRE HoddoFet)

as defined bBl@pQﬁtZdéb&@§&ved 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
NO: 1, and

(2} 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 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 above wherein the DNA encoding the pol ypeptide as defined in 1
above and the DNA encoding the desired pretein are simultaneously
transferred by a single vector. 12. The cell as defined in 10

above wherein toe DNAaefoashiy®indd ngokypeRé i g1 Brepialdened derinaloyve 1
and the DNA encoding the desired protein are separately transferred

by nul ti pl eabeeéors. 13. The cell as defined in any one of 10 to
12 above, which is a CHO cel|. 14. A nethod for preparing a
desired proteinlocoﬁmﬁﬁ%ﬁrﬁ?ﬁnﬂﬂﬂﬁuphggtﬁed%%¢¢eQﬁPRR§ﬁ¥ﬂeén¢ﬁ whic<hne
of 10 to 13_above. A cul t nedl m_cont ai ni_ng .t he

pol ypept i dePH& gRfediRg |‘ﬁ“el BRIFPEP ide e o eﬁ':"l%e‘{?d'rrt Li"r%bi?é'ﬁi GRfla® DNA
defined in r p € in 1 above is
added to thé§cﬁ§§91¥§1 »Xizﬂ? fé#gﬁﬁ%%%éﬁﬁ u%iég %%Ja%&gfejfl ned in 15
above wherein the palyRentd de Aeedabaned 16 doAROUMdre156¢hEt BRATrom
a host cell. 18. The culture nedium as defined in any one of 15

to 17 aboveen¥biithg i thd wEIyHertice wedaugm f&éd aidedidysve eadf €re pRy
conponent derived from nmanmal s except for the pol ypeptide as defi ned
in 1 above. encoding 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
miltiple 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 is added to the medium.

17. The culture medium as defined in 15 above whereln 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 method for preparing a désired proteir , —~TOMPrisImg - © -
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 IGF-1 into the cell prepared
in step (a). 21. A method for prepér?n@ a cell for use in the
preparation of a desired(grotein, conprising the steps of: gg)
t r ansf er r i nGUALBRERE N2 deHP FLaHe UhdSigr éaepf"ég*é‘ﬂ?\e ifrBlun @godediiped in

(b) selecting._a cell_expressi the desired protein fromthe cel
prepared i nag?eﬁn?a?f, f;%dto Sié]%(bc?)vet'ransf erring a DNA encoding | G--1
into the cell sgheck &l ifhe iRy &;E}epgréng_ &%ce ) RIS QL RhgPAring a

cell for use in the preparation o eSired 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

(¢) 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 1GF-1 simultaneously into a CHO cell, and

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

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) transferring a DNA encoding the desired protein 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 cefl_using a single vector
containing the DNA encoding the desired protein and the DNA encodi ng

|G- 1. 24. peegsmeﬂoﬁ 05 £ PX ERA1Iel drogblinf oeomﬁﬁéﬁg N&ie stbps of:
preparation of a desired protein, conprising the steps of: (a)

transferring a(®dNAtencotimgingCa bNaneacadGip pedll b a cHo(bRll, and
transferring a DNA encoding the desired protein into the cel

prepared in stép) (tyansferrixg aADNat Bodofibng ptlepaidsiged eaoltefior inte
in the preparation of a desired protein, conprising the steps of:

(a) transf&PRi Aglh BREPIRDIETMFEBF{®)into a CHO cel |, (b)

et [ nosrap medied " prapakiRg RMSLA o b U G
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

[0C11]



(c) selecting a cell expressing the desired protein fromthe cell
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 nmethpd for screening 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 CHQ ggld, (b) selecting a
cell expressing the desired protein fromthe cell prepared in step

(a), (c) tﬂ‘}?%\ﬁ‘é?rlr ISHdwa Phie ?HEQQ&E‘Q&A q:eqldénl'&}eoahheaﬁﬁhln acid

selected in ste selecting a cell expressing the
desired progeqtends dﬁ‘_t-hh wmbhelceLl Pl ved Erem CHD. cells of
28. The screening nethod as defined in 27 above wherein IG-1 is the
polypeptldeths ped¢serad invehtdbove. BRI EF EXPLANATI ON OF THE DRAW NGS
8 - Figure 1 shows the nucl eoti de sequence and anino acid
sequence of thef HHEg & SPQ¥S1agERABPABEFRPY nCiiyec amiBoofCifle

present Invegéﬁéghes 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 § for positively shifting the polarity. (+) representst
a positively charged amino acid, (-) represents a negatively
charged amino acid, and (t) represents a neutral aminc 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-ILéR
antibody-producing cells transformed with hamster and human
IGF~-1 (E3S).

Figure 8 is a graph showing the amounts of antibodies
produced in fed-batch cultures of anti-TL6R antibody-producing
cells transformed with hamster, mouse and human IGF-1 (E38).

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

levels among triple anti-IL6R antibody-producing cells



Figure 2 shows a conparison between theé amno acrd—sSequences of the
hanster 1 G- 1 derived from CHO cells of the present invention and
human | G- 1. Figure 3 shows activated hanster G- 1 variants in
whi ch the npegatively charged amno acid E at position 3 fromthe
N-term nus of 70 ami 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

am no acid, rand, ga}mé&%fa?q{ansac ge%ggﬁm % fdd 1or-1 Eagyre 4

shows a or expressing nodi‘fie i‘'gure 5

is agr aph showrpgutde; ¢f L %refphnehbwfnenehm‘idﬁds msa%&bb%e;

on the proliferation potency. Figure 6 is a graph show ng the
effects of pabiueednin Psdfbatthamtares Ghf lawty {1166 WnWibaldy- preducing
Figure 7 is a graph showi ng a conparison of the anpbunts of antibodies
produced i ncédilsbttamsfernaed o tdf hanstet | GRbae | dradt yhymaod IGFRG ¢BBES.
transforned with hanmster and human |G~ 1 (E3S). Figure 8 is a
graph showi ng the anmounts of antibodi es produced in fed-batch

cultures of anti-IL6R antibody- roducing cells transformed with
hanster, 955D FMEEDIHENTS OF, ik JIENTION  aph show ng

a conparison of 6@? gnnunts of anti bodi es produced by strains having
t he hi ghest pro& n levels anong triple anti-IL6R

anti body- producgng 68 tigd ofl tRASHLLOEG: W LR Qs pFBESRaB
human | GF- 1 (Essg‘]g yrept b e pBHaFaBTY

secreted mature hamster IGF-1 having the amino acid 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 amino 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-1ike 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, especlally 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".



Figuré 10 is a graph showi 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 anino acid sequence shown in Figure Jgmand SEQ ID NO 1, but may
al so be precursor hanster |G~ 1. [0013] The pol ypeptide of the
present inventi@gogk§0 i ncludes a pol ypeptide having an amno acid
sequence in which the third amno acid of the am no acid sequence of
hanster | GF-1 shravnpbDysEstide N2 the preubati Lnvesthyn agii ey pagipaged
acid and having insulin-like growth factor 1 (I1G~1) activity. The

t hi rd am no a&ciad reagmbénaswbspokypead iide amyaandhoeratipbixpeptide by a
specifically limted, but preferably serine, |ysine, or aspartate,
especi al | y §&tPRE BpovVYstaethgsrpeiilled AR gBed2hkr ei The (Fpcombinant

expression "having.insulin-like growh factor 1 (I1G--1 tivity"

efers to hRPIABSREARE] T4, 50 (EREARROO P EEeTE1Rg AN TR Fom o

R R L
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 columns.

[0017]

When the polypeptide of the present invention is expressed
as a fusion protein with a glutathione S transferase protein
or as a recombinant protein having multiple hisgstidines in a
host cell (e.g., animal cell or E. coli), the expressed
recombinant protein can be purified by a glutathione c¢olumn or

(. nickel column.

[0018]

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

[0D19]

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 ypepti de of "The preserit” Tnventi on 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 suitable host cel
transf.ormed with a suitabl e expression vector carrying a DNA encodi ng
t he pol ypeptide of the present inventionlﬁpd t hen purifying thus

obtai ned extracts by ion exchange, reverse-phase, gel filtration or

| i ke chromatography, or fini.ty chromataqgra usjng a col.u

coupl e wi ¢ RESReRR: 1508y ko HiRo el ARoRs RARERY L3St s prach an
i nventi on, ' | $Rnfs - v : VQEQ
polypeptidegéfﬁPﬁggg?EQ%%@Qfﬁ%gﬁgfon |?ggggézsgg%}%%P%Pﬁﬁﬂﬁ<an EFE?SFn
with a glutgkhbgne €héransivdds may PeCipBd19E188aP ¢ GRSHUIRIHaIRr Ot €1 N
having nultiple histidines in a host cell (e.g., animal cell or E.
coll), the exprgsszdlreconbi nant protein can be purified by a

gl ut at hi one col umm or nickel colum. [0018] After purification of
the fusion prot8ha, presgihsimiegididonhad spherdebde e RNA pasoiddagi khehe
fusion protein can be cl|eaved b%)thronbin or factor Xa or the like

and renovedPaPpteestPRyl oy Presentndnrantien - pofBfpddth & EBF be
el £ TR T R P D VLR YR
of the the present 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 i1s 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.qg.,
Sambrook, J. et al., Molecular Cloning, Cold Spring Harbor
Laboratory Press (1989) or may also be a commercially
available DNA library. It can also bhe 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 .al so provides a DNA encoding the hanmster |GF-1 of the
present invention. The DNA of the present invention can be used for
produci ng the pol ypeptide of the presentihbnyvention as described above
invivo or in vitro. The DNA of the present invention may be in any
formso far ﬁ&uéﬂc&a&f eaifeo%mt e EHEYBEé’ééx‘P@ By oY, eﬁgat anplifying
i nvention. I't may be any of a cDNA synthesized or
a genom ¢ Dife SINR alwidied lthespolipspEide DA tHA BNAsBAYI mgvaﬂylon by
nucl eoti de sequence based on the degeneracy of the genetic code is

i ncl uded soPCRrreesctiorcarsisgedtiemt he poingaepti de of the present

i nvention. [0021] The DNA of the present invention can be
prepared by alﬁQQﬂ%ﬂknomn to those skilled in the art. For exanpl e,

b d DNA Iib f | |
'etxpfggs.ﬁgp[ Dy o #Re 281 Fadlhe nantentiars:, C8Ry bRy EP P9y
t th f f t
(o o N 2R 'i‘{“a"a?gli%ﬁ 58 ERGn RVACN L B CRERAVED LR ke

t he met hod Qfgfé Ithef gb1ypeptRELOKs the redlent Mabeﬁuhaﬁ Gﬁ@éng
Col d Spring bor Laboratory Press (1989) or may al so

comer ci al | yseuvstiablor RIRNA dbr peyfohhed &y qimpabangomatamcknﬁ By a
preparing an RNA froma cell expressing the polypeptide of the
(present i nViemewmmelhat hesigi.n@uenigdnbNad toaceerbiggation tithirgwid, J.

- sequence of the DNA of the present invention, and anplifying the
cDNA encoditg %@m?%myl}ﬁéﬁ%%#ﬁé56FYthé9b?bskﬁﬁ 5298 R2O8M - b&GéﬁrwethOd

fol | owi ng prORERGDck Be FBR SRELR FiY st ATRARSSREB! af b4E7) oHiZe
ShartiRrgrering gt 1 Ak BoPRY £33 it h o laaee pLd Bl (8 using

pr esent |nvent|on ‘The i'sol at'i S y prepari

total RNA hyrén KNeWEiBRith o4, K@tg(phwﬂp%wlﬁu@aq&ﬁbrl fugaém@twely,
(Chirgwin, J. M et al., Biochemstry (1979) 18, 5294-5299), AGPC

met hod ( ChanRNA/ nsdd beP diaedtIgcphépated Binalsinidi guherPrépABRNA 162,
156-159), etc., and purifying nmRNA fromthe total RNA by using nmRNA
Pur|f|cat|cﬁuﬁ@ﬁiQﬂﬂmﬂnﬂﬁéﬁaXPbarmh@1¢)ke Al ternatively, nRNA can be
directly prepared %y using Qui ckPrep nRNA Purification Kit

(Phar nmaci a) . [(ﬁﬁ?ﬁ

A ¢DNA is synthesized from the resulting mRNA using a
reverse transcriptase. A cDNA can also be synthesized using
AMV Reverse Transcriptase FPirst-strand ¢DNA Synthesis Kit
(Seikagaku Corporation) or the like. A ¢DNA 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 polymerase chain reaction
(PCR) with the primers described herein.

[0024]

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

polypeptide was obtained by PCR cloning. PCR primers were



A cDNA is synthesized fromthe resulting nmRNA using a reverse

transcri ptase. A cDNA can al so be synthesized using AW Reverse
Transcriptase First-strand cDNA Synthesis Kit (Sei kagaku Cor porati on)
or the like. A cDNA can also 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, A. et al., Nuclei.cjAcids Res. (1989) 17,
2919-2932) using 5 - Anpli FINDER RACE Kit (Cd ontech) and pol ynerase
chai n react 5@8; {FER) udddd I%%}o@l%‘ @%h‘sﬁ.egeé&rmﬁﬂ% i) rat§Rédke /muman
In the Exanpl es below, a c encodi ng the hanster |G- 1 pol ypeptide
was obt ai nedebPyl R§dhe | sijuemceldCR priners were - 13 - designed using
regi ons conserved anong known rat/nouse/ human | GF-1 gene sequences.

[ 0025] A de&92%H DNA fragment is prepared fromthe resulting PCR
product and fused to a vector DNA. Thus, a recomnbi nant vector is
prepared and trardgekrad) DN §Tegmept| 15 P¥eRayedk £ToRY th§ sREEItARE PCR

Sequence é?p?%«ig%éieﬁ%e%eke%aﬁ%%ﬁ??%{%ﬁ“ i oA SHRERBA B ERC T
DA can be LSOl APy i SRR RRel el DALY U O, mp nArBIRAR ©

obt ai ned cDh¥ éfids D Be1Rell to prepiréd e dMNARMa HRRRLEREAL vector.
i nvention, a nucl eotide sequence with hi gher expression efficiency

can be desi ghednicl amnkied aeamieaneobft bre cdsknirad AR chagbeneyndirnde by
host used for expression (Gantham R et al., Nucleic Acids Research
(1981) 9, radkryayn meihosh @ucht e BNG. of digroxymaxdpotideeshadn can be
nodi fied by use of commercially available kits or known net hods.

Modi fi cati oh€TTHRAARe. g., digestion with restriction enzynes,

i nsertion of sy@m]i c oligonucl eotides or suitable DNA fragnents,
addition of linkers,” insertion of initiation codons (ATG and/or stop

codons (TAA, TGA gHomiAChbnaClén be isolated by screening a genomic DNA
library using thus obtained cDNA as a probe.
[0027]
Iﬁ 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., Nucleic Acids Research

o~

(1981) 9, rd43-74). Moreover, the DNA of the present invention
can be modlfled by use of commercially available kits or known
methods. Modifications include e.g., digestion with
restriction enzymes, insertion of synthetic oligonucleotides
or suitable DNA fragments, addition of linkers, insertion of
initiation cedons (ATG)} and/or stop codons (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



[ 0028] The present invention also provides a vector containing
the DNA of the present invention. The vector of the present - 14 -
invention is useful for maintaining the DNA of the present invention
in a host cell or for expressing the polypeptide of the present

i nvention. (0029] The vector is not specifically limted so far
as it ‘contains "on" for anplifying the .vagtar in E. coli (e.g.,
JMLO9, DH5a, DHl10a, HB101, XL1l-blue) so that it is prepared in a

| arge quant ihyeRY: BRSSE V@s@fﬂl ifrCalaiARalRiky €14 (Db §RNSrkeknt
selecting transformed E. coil (e.g., a drug-resistant gene

di scer nabl eihyestfen ding (logt @dlli br Fokr agyeéssing ki podiybeptide of
chl or anpheni col)) when the host is e.g., E. colt. Exanples of vectors
i ncl ude ML3thecpuesenpUhvastitioms, pBR322, pBl uescript, pCR-Script,

etc. In addition to the vectors nentioned above, e.g., pCGEMT,

pDl RECT, pT7 anBO®%2]|ike are also included for the purpose of

bcl DNA. Ve d d h
o vont 1 de_of TE 1rdd i3 Mot erart EEra EED Lot B e e ie e
iall
g?\gregi:?er?/sglaggg%esch@%gg% o%ﬁgﬁ'}ég&h%gtt Z&%@ﬁré?% bgoé%pl(efg"

in E coil whefs!l NBHSXPIHPEI LN HEL 08, Ix11Ep168) &5 et rlecd,lsa&ss!ebta ed in
must further confain pronoters for efficient expression in E f

e.g., lacZ arpavyerqiddt tietbyamassiiebuarp (19883t 131 irb 4 - 5667 EASEB

J. (1992) 6, 2422-2427), araB pronoter (Better et al., Science (1988)
(240, 1041- 1048%, for TYlggiging drapsénrmhd Bostols @.%oi [a dyuh-nesistant
3ML09, DH5a, DH10a, HBlOl XL1- bl ue.. Such vectors i ncl ude pGEX-5X-1

( Phar naci a) gean%i‘fﬁ Js%/QYerﬂc’mPQdaﬁgnfamlb%G#’- Tor tﬁé?aeﬁ’ﬁlﬁﬁPs
case, _the hﬁ?ﬁ igc?giéyfg}éﬁﬂ%knlcgiese n e ﬁgg%l¥¥ %WEK?SEZ coli.

addition to
Examples of vectors include M13 wvectors, pUC vectors, pBR322,

pBluescript, pCR-Script, etc. 1In addition to the vectors
mentioned above, e.g., PGEM-T, pDIRECT, pT7 and the like are
also included for the purpose of subcloning or excising a cDNA.
When the vector is used to produce the polypeptide of 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 Iin e.g., E. coli is desired, and it must further
contain promoters for efficient expression in E. ceoli, 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 is
E. coli such as JM109, DH5¢, DH10a, HB10l, XLl-blue. Such
vectors include pGEX-5X-1 (Pharmacia}, "QIAexpress system”
(Qiagen), pEGFP, or pET (in this case, the host is preferably

BL.21 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. coli, the pel B signal
sequence (Lei, S. P. et al J. Bacteriol. (1987) 169, 4379) can be
used as the signal sequence for secreting the pol ypeptide. The
transfier of the vector into a host cell- agn-be perforned by e.g.

cal cium chl oride-nedi ated transfornmation or el ectroporation. [0031]
I n additi onméptfone€d®ldhowectors used to e.g., prepare the polypeptide
of the present invention include e.g., expression vectors derived
frommamal s (el @30cDNA3 (Invitrogen) or pEF-BOS (Nucleic Acids.
Res. 1990, 18, pb322), pEF, pCDMB), ression vectors derived from
i nsect cells (€TRg, veqhRs t“‘@BA&%ﬁBaEBP IR B SIS Siedineagst ERF

EEBSC,F’AEBNH%&“ pBins Sk aliva el aBeor Shhgh | Vot HOORERFLAR 191 FAoDe
(e,0:: DM Sfeo8Wsa ATSHO Wr SRERSSEOR. VEELE! SCTIMEH LR scevence
ret r0V| ruse ? Xpr ession” vectors Ved Pom yea

(e.g., HPichigi EXEWQSS'G.QH A tJ" @EB’be:ngenhQé)f\ivjl%g 333%:}) can be used
expression vectors derived fromBacillus subtilis (e.g., pPL608,

PKTHSO), etss {KWOIFRgnal séﬂﬁﬂnc@hfoexséeﬁétiﬁgIﬁheamoaqbepehﬁs suthe as
CHO cells, COS cells, NTH3T3 cells is desired, the vector nust
contain pr otDeRs Semn are dver yeichort hatexprkest oreMdi t@inn behperébimed by
e.g., - 16 - Sv40 pronoter (Mulligan et al., Nature (1979) 277,
(108), MWLV-ETR p%%ﬁa‘ltl@r cf’éﬂr&dﬁra}ﬁg%éFE‘é VERRFHiGRadd 0@l o Nucl ei ¢

Aci ds Res. %i é;? RSV pronoter, CW pronoter, and nore
preferably ?9%5 Mtai ns a gene for selecting transformation
into the cells Hy a drug-resi stant gene di scernible by drugs
(neonycin, (418, hydgronycin, puromycin)). Vectors having such

properties inclyfesa®@tdon RYAE. BEOR2, PRIV udeBK+teMY, ghOPRSpare the
pOP13, etc. [0033]

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.g.,

(‘ pMH1, pMH2), expression vectors derived from animal viruses
(e.g., pH SV, pMV, pAdexLecw), expression vectors derived from
retroviruses (e.g., pZIpneo), expression vectors derived from
yeasts (e.g., "Pichia Expression Kit" (Invitrogen), pNV1l1,
SP-Q01}, expression vectors derived from Bacillus subtilis
(e.g., pPL608, pKTH50), etc.

[0032]
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.,



When it is desirable to stably express a gene and-amptify the nunber
of copies of the gene in cells, CHO cells |acking the pathway of

nucl ei ¢ acid synthesis can be transfornmed with a vector containing

t he DHFR gene conplenenting it (e.g., pCHO) and anplified by

nmet hotrexate (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 transfornmed with a vect®or containing the origin of
replication r. SV40 CD, .efc.). Qther sujtable i gi hs_of

replicati onSB’%gI B’d8“‘8£§ﬁeh’é‘é}sf f@d#ronhﬁﬁ’g?%n&ﬁ?%%e%?m 108),
adenovi ruse oyi.pe ' i BRV) , c. Jo anplify t .
nunber of cg%qll'gs_y"gg P%@R%gﬁgp?gnﬂlé{ %%so Og?aézl:l (gélg?%%m‘? gt e%(%‘r'egg\c&ﬁlc
vector can fuitBere§ONt 89490 pelECtsmYH , MREYEpSomsedr ASTMTJIAMotees dia
transferase (API!) gene, thym dine kinase (TX) gene, E. coli

xant hi ne- guanireeppbdepably his yurdtitersicentaené B ogaig HANGelecting

di hydrof ol ate reductase (dhfr) gene, etc. [0034] When t he DNA of
t he present tiranefermatientinie theredded (engvi V@ drmgnremiigtant gene

suitabl e vector containing the DNA of - 17 - the present invention
can be tranSftEFRPERLIPHE PY HIFYIS/i (RFOBEEY Py CHER r T FHANYCHY pPaEeEYCin) ).
cationic i RRSQIE- {%V denoL\l/i rusmedir%t.ed trags or mat i on. ﬂiirta?%e
vectors i nclGgeCTBulawttY | TR SIS Laey. 10GHRhoviG - v s PPB2y. |
pAdex| cw) aBgKr-ﬁg{I?Vi)ﬁ@lCWPtﬁU}ﬁ%M' gopl Zl ?ggo). CGeneral gene
mani pul ati on such as insertion of th “of "'the present invention
(nto the vectorjgagspe perfornmed by conventional methods (Ml ecul ar
Cloning, 5.61-5.63). Adninistration into the living body may be
perforned ex viWbenritnwidesidadl@Skto stabIneexpmsenta igenentindnanpidfy
provides a host cell transformed with the vector of the present
invention. The humbererf ¢opins fadbrogade ik t¢ell @B @elds fheking
present invention js not_specifically limted, and various ani

mal
cel |'s such &8°ePgthway of fucieiccaeiterrRtisHinLake tHARshosmederith
of the present i Nt | S S . roduction,system for
prepari er])g oﬂ'r?1 g?%?égsé%%%hp‘ﬁﬁy%eg Fgegg?gt%% ir)eénseenn lnlgnvlé:n%(;g()ﬁ.' !

Product i on ?ﬁﬁb@Wsaxﬁ&rawmédﬁ%yp%xﬁs%éﬂ@@einmbd,e_dxnwﬂew gand in
vivo production systens.” In vitro production systens include those

usi ng eukar yesigabet | So otraglentygt erpeebbsa §&806]cos ceMencarrying a
eukaryotic cells are used, e.qg., animal cells, plant cells and fungal
cel Il s can bgeuvsednagdingtihe KVain Tannfaben edh stheaiict wha-omemsomle cehl be
e.g., CHO (J. Exp. Med. (1995) 108, 945’2., .C0s, 3T3, nyel oma, BHK. _
(baby hanst &FaRFEABYSE ey 2 V&K OTaRBRFBLRINE e oxigin rénsppdication

oocytes (Valle ool pen ML S (L38RL-28%: o 50 W0gardl SESN108MLS:

( include sequences derilved 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 viveo in an animal, a suitable vector containing the DNA of



- 18 - Tn5. Anpbng CHO cells, CHO celI's deficient in thé DHFR gene,
i.e., CHO dhfr- (Proc. Natl. Acad. Sci. USA (1980) 77, 4216- 4220) or
CHO Kl (Proc. Natl. Acad. Sci. USA (1968) 60, 1275) can be preferably
used. \Wen.l arge-scale expression in animal cells is desired, CHO
cells .are especially preferred. The vector can be transferred into

t he host cells by e.g., calciumphosphatgynmedi ated transfection, DEAE
dextran-nedi ated transfection, cationic |iposonme DOTAP-nedi at ed

transfecti opyd Boedud NgeinJ4aale Bhn BLEEELQPALAId PNty RAECEELORg body
etc. [0037] Plant cells known as pol ypepti de-produci ng systens

i ncl ude e. gbhy eetteviiars-ved ifpoedmbl-¢cotatdenialbiposonsh o aaanbeivsed
as callus cultures. Aquatic plant cultures (Biolex) are also

ef fective. mediatddingzinsfeinmatipol udBujtbalsis vestprs dagdude, but not
Saccharonyces, e.g., Saccharonyces cerevisiae; filanmentous_fungi,
e.g., genusl-'in@b@%ifrq-us%-ge.rg@fiEAgHéth Yectergee - g-00PdRex1lcw) \aRd

prokaryotic cells, are used, productio stens using _bacterial _ cells.
Bre known. FRGRY Bk SRCHORSGIPs St noPAHRAEE) To|GoReFAL gEPF, MAn{pUlation

314109, DH5 " id.J ikl.S. .
gﬁ%@%sg%np%gﬂt%’é‘ BkC thaﬁlgM’e‘!):E dens 1§1‘<}Qh't£bﬁe§réto the

(0039] can obt al ne ransformng t

celI's with $herstesddrehINA rzoemeH! bgreéaﬂvémarrﬂn%feqmag ¢8bh&chlar
vitro. Incubation can be performed by known nethods. For exanpl e,

cul ture nedtrorirg, carslba .639d f admani setaicidd Sinteclthde lieifng, bobfEMay
MEM RPM 1640, DOM The nedi a can be supplenmented with serum such as
(fetal calf berrgnfcm®d @x ydwo oridn-vheoserum free. The pH during
incubation is preferably about 6-8. Incubation is normally perforned
at about 30- 400 %%4° labout 15-240 hours, and if desired, the media are

repl aced, aeraLfHL(Efé%%hkrggvention also provides a host cell

transformed with the vector of the present invention. The
host cell to 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
production system for preparing or expressing the polypeptide
of the present invention. Production systems for preparing

(_ polypeptides include in vifro and in vivo production systems.
In vitro production systems include those using eukaryotic
cells or prokaryotic cells.

[0036]

When eukarycetic 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), C0OS, 3T3, 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., Sf9, Sf21,



[ 0040] In vivo pol ypepti de-produci ng systens include, e.g.,
production systens using aninmals or plants. These animals or plants
are transfornmed with the desired DNA and the pol ypeptide is produced
in the animmals or plants and harvested. As used herein, the term
"host™ is intended to include these animals and plants. [0041]

When ani mal s are used, production systenggusing nammal s and insects
are included. Mammal s that can be used include goat, pig, sheep,

mouse, and Y. (Vikddg @RS Vel 137ECHBUM BLOt @A O 1/fp&h1'e0®hmngene,

1993). When manmal s are used, transgenic ani mals can be used

For exanpl ei.é&he mldmmno&- .prepar. efcad. asgenaydrudadsing argenele-
encodi ng a pol ypeptide produced specifically in mlk such as goat p
casei n. The#228) DNA §HGdReriProent HiatilngAeae. fRst oVSferid %68)i APeclads)
into the enbryo of a goat and this enbryo is inplanted into a fenale
goat. The dEdirky Rﬁﬁéﬁﬁﬁhyﬁhgaﬁgn b@hﬁﬁtéﬁﬁ%%F§9%ﬁﬁIﬁﬁ@rﬁFFQoﬁrbﬂuéﬁ%Wal
by transgenic oats

pr ogeny t heF&b #%ﬁﬁ Q%%pcgggﬁn?kgpé?ﬁ%:5§ﬂ9%%%gfgg%8 nta¥ﬁF
mlk pr OdUCGQcPXrt%tﬂ@%f%r&%@lt 8nt9%l§%?{?§sf@éﬁ§ %ge@.br.‘,tgglclmn

transgeni c goats as appropriate -

Ri O/TeChn0|ﬁﬁasﬁﬂéﬁﬁbméﬁﬁaﬂﬂ%BtEQ&bfeEQ@éﬁ] DEAE ddi&e@hsmehlabtean be
used include, e.g. silkworns. Wien sil kworns are used, the desired

pol ypept i deteansbeciobimi et ffomdm tthpobonly POTARFnefdisitednaransEaterord
wi th a bacul ovirus containing a DNA encodi ng the desired pol ypeptide
((Susunu, M {(BeehringewMarmbeligys) edestreporagiyn, 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 (Biolex)} are also
effective. Known fungal cells include yeasts, e.g., genus
Saccharomyces, e.d., Saccharomyces cerevisiae; filamentous
fungi, e.g., genus Aspergillus, e.g., Aspergilius niger.

[0038]

When prokaryotic celis are used, production systems using

(_ bacterial cells are known. Known bacterial cells include
E. coli (E. coli), e.g., JM109, DH5a, DH1l0a, HB1l0l, etc., as
well as Bacillus subtillis.

{0039]

The polypeptide can be obtained by transforming these
cells with the desired@ DNA and culturing the transformed cells
in vitro. Incubation can be performed by known methods. For
example, culture media that can be used for animal cells
include, e.g., DMEM, MEM, RPMI1640, IMDM. The media can be

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



[ 0044] When pl ants are used, tobacco ¢an, for  éxarpl'e, be used.
When tobacco is used, a DNA encoding the desired pol ypeptide is
inserted into a plant expression vector, e.g. pMON 530, and this
vector is transferred into a bacterium such as Agrobacterium

t unef aci ens. The desired pol ypepti de can be obtained fromleaves of

t obacco, e.g. Nicotiana tabacun1infecLeq3mLth this bacterium (Julian

K.-C. M et aI , Eur. J. | nmunol (1994) 4, 131-138). [0045]
Th bt t
Thus ooterngd gt &*gseﬁﬁuﬁgsﬂz R )

and purifieg gs arsibsdaidd ald }‘;OEHEafl Cﬁ@fﬁe\ ik Bﬂkygspab@fo@e

|solat|on/purlflcat|on 0 the pol ypep |de orne by any
i sol ati on/ papodt crsd D0 Meiied eadvept desatdéd, used redhat Bee replaced,
purification of polypeptides. For exanple, the pol ypeptide can be
i sol at ed/ pua¢¥atezld yr gpied.at el y sel ecti ng/ conbi ni ng chr omat ogr aphy
colums, filters, ultrafiltration, salting, solvent precipitation
sol vent extractﬁQﬂﬁohlstlllatlon |nnunoprecipitation
SDS- pol yacryl a el.ectr 5ore5| | ectric
ol o6t rophor bs; S drAR, HEITRERER S‘t‘%F?‘?‘}%’t’i‘%rFY Hews foGaEfe . o9+
Chr omat ogr b Ei gj phy
agﬁé e i(]ﬂop @ usdhf! h}{a &E'g;fl%g{ﬁ% The98 SXERAYC

chromat ogr a I C chronatograp ati1on

chromat ogr apiwnt 4 emed S&-dﬂﬁ%&m@hf Qﬁrﬁhoﬂlﬁ@p&elsiﬂ%ﬁmt LEA the
chronatography, etc. (Strategies for Protein Purification and

(Char act er i zpdlppeptidenhior gimydpcedunae thvanaaimats Manpkint Ava Haakested.
al., Cold Spring Harbor Laboratory Press, 1996). These
chronatogra@ﬁi%ﬁﬁimhﬁﬁﬂiﬂpeﬂh@rﬁ@ﬁmb hest hgls iinfegidgdase include these
chr omat ogr aphi es_ such, as HPLC, FPLC, etc. The present invention also

i ncl udes pofHERtS A RGNS -purified by using these purification

met hods. [ 0047] 004 Optionally, a peptide can be partially renoved

by nodifying th &peptide by the action of a suitable

pol ypept i de- ”D%éﬁ %1%”%&%9&& Oﬁr@édc?{idnt gy tBHE k88 mammals

Pol ypepti de-nodi fyi ng enzynes include, e.g., trypsin, chynoirypsin,

lysyl endopepd | dasest PraaiceiAckiaaae, Bhieard dasa cahCbe| A948] include
goat, pig., sheep, mouse, and cow {(Vickl Glaser, SPECTRUM
Biotechnology Applications, 1993). When mammals are used,
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 § casein. Then, a DNA fragment containing the
fusion gene is injected into the embryo of a goat and this
embryo is implanted inte 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



The present invention also provides an anti body binding to the

pol ypeptide of the present invention. The antibody of the present

I nvention is not specifically limted to any form and may be

pol ycl onal ; or nonocl onal. Antisera obtained by imunizing an ani nal
such as a rabbit with the pol ypeptide of the present invention, al
cl asses of polyclonal and nonocl onal antppodies, as well as human
anti bodi es and humani zed anti-bodi es obtai ned by genetic engi neering

are also - (BBert] nclmdest 10048ko/TechddEodp! yi3ant) de 0kobbegpy esent
i nvention used as an i nmuni zi ng antigen for obtaining the anti body
can be obtai nedi®43ki ng t he gene sequences or am no acid sequences
di scl osed herein. [0050 In the present invention, the

pol ypepti de usetnect f SRR R HEGEQWW be& & wisdlLEwpensi deWhen a

partial peptide of the pol ypeptide. [0051] The desired .
pol ypept i desﬁ:f'k‘t'%“%r%%egﬁ’tggdnvéﬁfai Gﬁ‘L‘He% ReLyprthiden&Adobecghtpbned

obtal ned 1 neYiy0uOl ddhsyIdQ Py ea okopan Pt otk LM nost (CBLLS: vy

descri bed herelrn iranstorne NOWN eXpr essi on ecflo

cont ai ni N9 Boeden &P UG, WheoRhYPERS | Hos Dot J139ERAY abNPEELLmAN dr.

can be used as the imuni zing antigen. Alternatively, a
expressi ng &heapp) WWepidedq 19859 Bysatsoztegepf or a chemically

synt hesi zed pol ypepti de of the present invention may al so be used as

t he i nmuni zi ng BEM4d4gen.

( 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 bacterlum such as
Agrobacterium tumefaciens. The desired polypeptide can bhe
obtained from leaves of tobacco, e.g., Nicotiana tabacum
infected with this bacterium (Julian K.-C, Ma et al., Bur. 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 isclation/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 apprepriately selecting/combining
chromatography columns, filters, ultrafiltration, salting,

solvent precipitation, solvent extraction, distillation,

immunoprecipitation, SDS-polyacrylamide gel electrophoresis,



[ 0052] The manmal i mmuni zed with the i mmuni zi ng antigen i s not
specifically limted, but preferably selected in consideration of
conpatibility with the parent cell used for cell fusion, and
typically selected fromrodents, |agonorphs and primates. [0053]

Sui tabl e rodents include, e.g., nouse, rat, hanster, etc. Suitable

| agonor phs include, e.g., rabbit. Suitabke primates - 23 - include,
e.g., nonkeys. Suitable nonkeys include Catarrhini (old world

m)nkey), e. gsoceIBCAOLE e IdtAwbholtegad) yatal il sipareaestaiaizh0064] etc.
The animals are i nmuni zed with the i muni zing anti gen according to

known net hods. @OQ@ﬁﬁcaJ method is intraperitoneal or subcutaneous
injection of the immnizing antigen into a mammal . Specifically, the

i muni zi ng ant i PR QAT SoANEHYBe Y tcﬁﬁﬂin&ﬁﬁfﬁﬁFPﬁ?Eogﬁﬁﬂhﬁ
PBS ( Ph h Buf f d S | | |

desi red.  m o a%a?‘%*h“%er EEH S S L SRR o e S

€. g. Fre“”?lftfé’i%x?t Pr e?@aplg Nd,goLtsd fﬂl‘%ﬁea%‘ﬁrloﬂl%@o?rg?hyhe

adnini stered 16 a MRMMA an appropriate anoun

i muni zi ng aasé dr$ &ﬂwmaﬂdg@apxwt, heEeeumtﬁaﬁerga@gpkf@&epadwyant
and adm ni stered several tinmes every 4-21 days. A suitable carrier

can be usedpduifieat ik Charawitkhi ¢atiommilaegatbiclygenurd@eManual .
animal is immunized in this manner, and an increase in the serum

| evel of thBddeanield Rentfansieki etcahf i r Getd BSpring Beahoirohabonatouy.

0055
’[ ] Press, 1996). These chromatographies can be performed by

using liquid phase chromatoegraphlies such as HPLC, FPLC, etc.
The present invention also includes polypeptides highly
purified by using these purification methods.

[0047]

Optionally, a peptide can be partially removed by
modifying the polypeptide by the action of a sultable
polypeptide-modifying enzyme before or after it is purified.
Polypeptide-modifying enzymes include, 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



To obtain a polyclonal antibody agai nst the pol ypeptide of the

present invention, blood is collected fromthe manmal i nmunized with
the antigen after confirmng that the serum|evel 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 anti body can be used or, if
desired, a fraction containing the polyclognal antibody can be further
isolated fromthis serum and used. For exanple, inmunoglobulin Gor M
- 24 - can hgcprgRared by collecting a fraction recognizing only the
pol ypeptide of the present invention through an affinity colum
coupled with theopedypepti de of the present invention and purifying
this fraction through a protein A or protein G colum. [0056] To
obt ai n a nonocl Thal pelypémiide iafinbhiez paesent simeen i oldedc aed afir om
the mammal i mmuni zed with the antigen and used for cell fusion after
confirm ng ﬂﬁ@?ni—ﬁ%nge@%FﬁEF%ﬂléO’be%ttﬁénéégi e amtibrslly qfds be obtained
i ncreased. Preferred, jinmuni zed cells used_for cel% fusi on her

especi al 1y PRI SHRECTERE | Fodidogaenpr afao (3L TRRIERTES fgolosed
i nmuni zed cgll.sgjpreferably include mammalian nyel oma cells, nore
preferably nmyeloma cells having acquired a property for selecting
fused cells by pogseip. [ 0057] Cell fusion of the immnized cells
to myeloma cells can be perforned basically according to known

met hods, e.g., Ihethetpweksait Moveheibnet the . pdGadpta,deGusaddas an
MIlstein, C, Methods Enzynol. (1981) 73, 3-46). [0058]

Hybri domas épmanhatngyarilger wsivobeanewhelecpert e iar wbarirddalnpaptide
conventional selective culture medium e.g., HAT nedium (a culture
medi um cont 8FnFRg PYPBERESre, aminopterin and thymidine). The

i ncubation in trg %fﬁ mediumis continued for a sufficient period to
kill cells othe ? ah desired hybridomas (non-fused cells),

typically, sevepsl §ayerdd SRR 1MReks. tlbeflre B I RERT BROGNCANG

the desired antibody are screened by conventional lTimting 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

(b polypeptide of the present invention may also be used as the
immunizing antigen.

[0052]

The mammal ilmmunized with the immunizing antigen is not
specifically limited, but preferably selected in consideration
of compatibility 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 hybridonmas obt ai 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 i muni zi ng human | ynphocyt es,
e.g. human | ynphocytes infected with EB virus with the pol ypeptide, a
cell expressing the polypeptide or a Ixsg e thereof and fusing the

i muni zed | ynphocytes to permanently divi“di ng nyel oma cells derived
from human, .e.g..U266 (JPA SHO 63-176 006 hen, the .
oot {1 ng. hiBFFHFR T18 11 BORRIR ed SMERDER SN daelaR £piaFrgint
nouse and aggi te o] u RS 4 i ned
monocl onal gﬁ%‘itlg?)%];icgan ﬂée%gdrigf'%dn]gégggggj Slgln‘%%ﬁj'u% su fqgttag

preci pitati gRimpawd&d N kol um, protein G col um, DEAE ion exchange
chromat ography, an affinity colum coupled with the pol ypepti de of
the present invpedsson, etc. The anti body of the present invention
serves not only for the purification or detection of the pol ypeptide
of the present Theemimalsha@realisnunized cehith ddte igmuad zaggnastigen
antagoni st of the polypeptide of the present invention. It is also
cont enpl at e8CEARALIRG 1° XNBoBpEtRAShe AphYRPEeAL dedhoidhddy t her apy of

di i which t | ti f th toi ti i ..
Cveived. | Wb he e LR b srbendantats LA et g8 th8o dbhgpizing
nvo ved U Ol HoT

oo Body or ffubch MRS, (RALE0CY sHUSLERN ) | 4k RLRLAAGELY 204080

(- For exagpiered JWRMEpaRLEROEY afahmisto e teoh¥ReRELI 48 sa8 be

obt ai ned by using hybri donas obtai ned by 1'mmuni zing a transgenic

ani mal havi pEhésieat B ffededgeaginapest opliysi oliddl dahe santihgeand, if
pol ypeptide, a cell expressing the polypeptide or a |ysate thereof to
gi ve anti bodgspretiuciiredelitth andapprepylate mmanty elforncosiésticnzl

I nternational Publications Nos. W92-03918, W93-2227, W94- 02602,
W094- 25585, aRE37 35 Sand FREYBA35098)ple e juvant, | gngdqamuishfied and

hybri domas, . t he antj bo can_. al so_be oduced_ b sing_i mmuni ze

cell's such BEG%ﬂ?Qﬁgﬁvi S%MEPna WHWHH#Ze T e niﬁﬁBFPHF??E%

by an ONCoggfiSunt 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 conventional method.

[00565]

To obtain a polyclonal antibody against the polypeptide of
the present invention, blood 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, if desired, a fractiomn
containing the polyclonal antibody can be further isolated

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



[ 0063] The nonocl onal anti body can al so be obtained as a

reconbi nant anti body produced by using genetic engineering techniques
(e.g., see Borrebaeck, C. A K and Larrick, J. W, THERAPEUTIC
MONOCLONAL ANTI BODI ES, Published in the United Ki ngdom by MACM LLAN
PUBLI SHERS LTD, 1990). The reconbi nant anti body is produced by
transform ng a host with a suitable vectawr -containing a DNA encodi ng
the anti body cl oned from hybridonmas or imuni zed cells such as

i Muni zed kpApbecyiesapsddueicul idok 1aat Abedsictite Pesasmitzing onllyOfhe
i ncl udes this reconbi nant anti body. [0064] Mor eover, the

anti body oboinpeptédenefithemyeseniajnyenfhonnthbergh fara@fdinisy
nodi fi ed antibody so far as it specifically binds to the polypeptide
of the preSEAPMRNGEWPLSHh. Wi ?98mﬂﬁ¥¥?eaﬁ§%ﬁoﬂﬁ e praedt deveasion
Fab, F (ab'.)2, Fv.or. - 27 - singl.e chain Ev (scFv) Jjn which the.
neavy ana PPARPEERSTing BTt ShatteSer ERFBpAl A oo A Byl Brpithte, ©
(Huston, Jgoo$umft @l ., Proc. Natl. Acad. Sci. U S A (1988) 85,
5879-5883). Specifically, the antibody is treated with an enzyne,
e.g., papain o[opsepin to produce antibody fragnents or genes
encodi ng these antibody fragnents are constructed and introduced into
an expressi on Vectbtaimch trgrwodopedsastiibodn, simmablz=d astllsechn be
(e.g., see Co, M S. et al., J. Immunol. (1994) 152, 2968-2976;
Better, M cghderbedi from Athe mampalydpguEhzodovlth 10y )artd gen7gndogsed

PLack D, o S0 LS el SHhpIEa BB b el T e
al ., thhoﬁ%sired antlibody has Increased. Preferred immunized cells
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 Milstein, C.,
( Methods Enzymol. (1981) 73, 3-46).
[0058]
Hybridomas cobtained 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 sc¢reened by conventional limiting dilution and



Enzynol . (1986) 121, 663-669; Bird, R E. and Wal ker, B. W, Trends
Bi otechnol . (1991) 9, 132-137). [0065] Modi fied anti bodi es

I ncl udi ng anti bodi es conjugated with various nol ecul es such as

pol yet hyl ene gl ycol (PEG can also be used. These nodified anti bodies
are also included in the "antibody" of the present invention. Such
modi fi ed anti bodi es can be obtai ned by-cR&ntcally nodifying the

anti body obtai ned. These nethods have already been established in
this field afetdiongd.. [ 0066] The anti body of the present

i nvention can al so be obtained by using a known techni que as a
chinmeric antibokRP5§dnsisting of the variable regions froma non-human

e D3, ROBR Al TS B B fiing =

(Conplenentﬁ%ﬂlﬁﬁﬁgﬂ‘aﬂﬁﬂylHQiEEQEHQSAntigen, hybridomas producing a
desired human antibody having a polypeptide-binding activity
can be obtained by in vitro immunizing human lymphocytes, 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).

[0060]

Then, the resulting hybridoma is transplanted into the
abdominal cavity of a mouse and ascites are collected from the
mouse, and thus obtained monoclonal antibedy 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 to humans (antibody
therapy), it is preferably a human antibody or humanized

antibody to reduce immuncgenicity.

[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 fror proteins. For exanple, the anti bgdy can be isolated/purified
by appropriately sel ecting/conbining but not limted to

chromat ogr aphy g8} Ugismp 1L, %fﬂdmahyaﬁhiﬁaaf%s@ﬂm Qe Pbﬁstme can

filters, ultrafiltration, salting, dialysis DS- pol yacrylam de gel

el ect rophorael sbtasmdem nisiml egbragbnassoestabiad Hy\imredizesg: aA
Laboratory Manual. Ed Harl ow and David Lane, Cold Spring Harbor

Labor at ory, t1888yeniheariunle ftavimigo huphnt aet thedh @bneobegentdiges with
above can be determ ned by neasuring the_absorbance or Enzyne-linked
innunosorbeﬁPea§§5&9?¥194§%933ﬁ¥93 [ 806811 expregiinthdhes@9lypeptide or

ol FoE R A R R AL B e
Sepharose Fen pg%%% Kelyd R ke Inte%@f@{aolg%% ﬁ%@gﬁsm ban

affinity chronatog g., I on exchange chromatography

hydr ophobi cyg85 0§7%sé P& ardys - 0l7 fWbb&abté@zCrWd&EHZBHB%phWOQ%e§§ﬁ§§ and
phase chromat ography, adsorption chronatography, etc. (Strategies for

Protei n Purwboeatamys pnd Characterization: A Laboratory Course
Manual . Ed Daniel R WMarshak et al., Cold Spring Harbor - 29 -

[0062]

In adﬁition to hybridomas, the antibody can alsoc be
produced by using immunized cells such as antibody-producing
immunized 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, 199C0). 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]

Moreover, the antibody of the present invention may be an
antibody fragment or modified antibody so far as it

gpecifically binds to the pelypeptide of the present invention.

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



Laboratory Press, 1996). These chronat ographi es can be perfornmed by
using liquid phase chromatographi es such as HPLC, FPLC, etc. [0070]
The antigen-binding activity of the anti body of the present invention
can be assayed by e.g., neasuring the absorbance or using
Enzyne- | i nked i mmunosor bent assay (ELISA), EIA (Enzyne | nmunoassay),
Rl A (Radi oi nmunoassay) or Fluorescent Angybody Assay. When ELISA is
used, the polypeptide of theepresent invention is added to a plate on

which the aginddyerdin B REeseNt ih WSIEH AhddeaRgeanbMTREht | &9shn 3RA
then a sanple containing the desired anti body, e.g., the culture
super nat ant£xdgneen tantareodyipeddutang seltabdre aipkeirf i(Hdseok| bddys) et
added. The antigen-binding activity can be eval uated by incubating
the plate vitth Prsucobigddy Anefibolgl s dbdydi-zi(A§8BHe8ant FBDBY58&bel ed
with an enzyne, e.g., alkaline phosphatase and then washing it and

t hen addi nPREFIEIART Ysubher 08100 18 traatedopAéhy PRpRBEIMAL & dhd

measuri ng the absaorbance.. A 0I¥ tide tf.ra nme t,a e. C-term nal
fragment orP3d rﬁrnglepﬁlggﬁgni’ ﬁi@c%la\% e s%ﬁ ggle[qﬁ@ PoI9Pt i de.
Th tivit ; iLb i ' b

val uat ed By SRS et badt e SRR, Fpp €8hbeRuERhs ha

invention pimWdiReed Gaktb hAreRPAEHEI 0 Ry el RheheiBprididd 1S a
transfornmed with a DNA encodi ng the pol ypeptide of the present

i nventi on andtmd¥dAhestodedl (begdesseecdor tt.esn. eThas. cefl Inamuisaf.ul

for preparing the desired protein. - 30 - [0072] In the present

(i nvention, ¢IRP4dediS2ed2p68t8PH6; Beiespdsi RindaHbywitai thd Hnd Mehode

any protei nE such e}_s %nt,i hodi es ,anat ur.a!P anti bodi es, fIrlggmant ed

ant i bodi es, En@¥mtdri & 18801 B8 ed” o 1N i FAMFREA PR oA eqDd eFkEeTa, AL,

physi ol ogi Gl ¥as 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. {(19%%1) 9, 132-137).

[0065]

Modified antibodies including antibodies conjugated with
various molecules 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 obtalned 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 antlbody or a humanized antibody

consisting of the CDRs (complementarity-determlning regions)



active proteins (granul ocyte col ony-stimulating factor (G CSF),

macr ophage col ony-stinulating factor (GW CSF), erythropoietins,
interferons, interleukins 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 ng the pol ypepti de
of thé present invention and the DNA encgging the desired protein can
be sinmultaneously transferred by a single vector or separately

transferreds Ry r&'lﬂanlh%m\éﬁchﬂ%iboh?OZﬁ& the FR-Ehgfﬁ%}nlawBkafegions) and
transfornmed wth the DNA encodi ng the polypeptide of the preSent

i nvent i on adshdtEntDie gdeneditrgmt ARehdesh rad Wadyei n i s not
specifically limted and nmay be any cell, but CHO cells, especially
CHO dhfr- cel | 40868 Ipref erabl e. [0075] The present invention
al so provides a culture nmedium containing the pol ypeptide of the

present inventiThe aPkdbegHt eRtadReE neS pRYiFe SERdRCOPUEAELPE eE@nt

the Types dFPTHETRadYam 188 LoPRBCLER Rt hatdam ﬁ“fEEhan%gFﬁﬁgéf%sed

desired P ot %Lxg%earteg%sﬂtiew &%‘dyé&&%g H%k 5 my/L,

preferably ng /L, nore prefera 31 [ 0076]
isolation/purification methods conventionally used for
proteins. For example, the antibody can be isolated/purified
by appropriately selecting/combining, but not limited to,
chromatography columns for affinlty chromatography or the like,
filters, ultrafiltration, salting, dialysis, SDS-
polyacrylamide éel electrophoresis, isocelectric
electrophoresis, etc. (Antibodies : A Laboratory Manual. Ed
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.

[o0o68]

( 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 Purification and Characterization: A Laboratory

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



The cul ture nmedi um containing the pol ypeptide of the present

i nvention is useful for preparing a protein using aninmal cells,
especially CHO cells. [0077] The cul ture nmedium of the present

i nvention can contain the polypeptide of the present invention, which
may be externally added or excreted from host cells. [0078]

O her. conponents in he culture nmediumusggl in the present invention
may be those conventionally used in culture nedia for cells

(pref erabl aryiairyCeires), N958R! | yridyd Whirdea@ByPRpREL S SearyiBani ns,
lipid factors, energy sources, osnoregulators, iron sources, pH

buffers. Themrformee dyolstihgstigohd@ledess cirematogeaphies $dch raangPLC,
of suitably 0.05-1500 ng/L am no acids, 0.001-10 ng/L vitamns, 0-200
mg/ L |ipi dH-&&.0edc-1-20 g/L energy sources, 0.1-10000 ny/L

osnoregul ators, 0.1-500 ng/L iron sources, 1-10000 ng/L pH buffers,
0.00001- 200 ng/l®%Pdor metal el enments, 0-5000 ng/L surfactants,

0. 05-10000 Rg/ rowm h cofactors and .0..001-50 /L cl eosi but
are not |Iim teg‘hto &d8"r ﬁ%‘gjsn%n %clérﬁ%eo pﬁggp??gia%? dBt € ned
dependi ng t e I i e,ty | red
protein, e%%%&?é?gegftiwncgﬁd% ic%gnédt&%%?ﬁg[ E'c') '6%%%%‘1% 0 Ceiqsfée. g.,
m nor net alav¥cBance, ofUhk 2R A Symd 0MKRAC OmAGhOESrbaniE | £asd Wasianrd) ,

the like may al so be added. [0080 32 -
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 of 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 procducing 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.



Specifically, the culture mediumcan contain e.g., am no acids such
as L-al anine, L-arginine, L-asparagine, L-aspartic acid, L-cysteine,
L-cystine, L-glutamne, L-glutamc acid, glycine, L-histidine,

L-i sol eucine, L-leucine, L-lysine, Lnethionine, L-ornithine,

L- phenyl al ani ne, L-proline, L-serine, L-threonine, L-tryptophan,
L-tyrosine, L-valine, etc., preferably-L3al anine, L-arginine,

L- asparagi ne, L-aspartic acid, L-cystine, L-glutamne, L-glutamc
acid, glycine, pdosijdine, L-isoleucine, L-leucine, L-lysine,

L- net hi oni ne, Lphenyl al ani ne, L-proline, LLserine, L-threonine,
L-trypt ophan, LInytlssinresentyvdnivaptiont atﬁitmsdeaicmdasvriotbmosilsonot
biotin, folic acid, lipaic acid, nicotinamde, nicotinic_ aci

panlnobenzo?Ee%%f%Fa¥%¥(ﬁ%ﬂ%tﬁgnﬁaph@ﬁﬁtﬁe ?RH|Rﬁ9&%inh?HFBcﬁFoFPH%b°dleS
pyri doxi ne hydroc orld i_bof |_avi n Ny drochloride, vitamn
B12, ascorbr% gfefﬁﬂp?eﬁﬁ%é t#ﬁﬁ&’ SaC|hg FFbglc acid,
anlde ni cot Ci t ri

ri bofl avin, éﬂﬁgﬁﬁ% Hémaﬂ%'%%rﬁi gﬁ@%??éﬁl n %&ge’ ?"g‘r g’?gbg %ﬁ}(i pid
factors SUCQc@ﬁw&hﬂféfE&ﬁH”6&ﬁdﬁﬂlo@9@b‘Belbﬁﬁléﬁﬁﬁhléﬁiﬂﬁ(ﬁébﬁﬂﬁ dG-cs¥),
oleic acid, cholesterol, etc., preferably choline chloride; energy

sour ces sucmaaﬁomﬂagﬁrﬂb1Qﬁy4yﬂmmseatmagnﬁaetofrUGMGG$F)ﬁﬂerythropoietins,
preferably glucose; osnoregul ators such as sodi um chl ori de, potassium
chloride, pbressienand t daterlensinspsetram|ILdodicudlehl okirBa; iron

sources such as iron EDTA, iron citrate, ferrous chloride, ferric
(chl ori de, f%ﬁ?%&ﬁ?%ﬁﬂf%ﬂﬁ?m pappming ;Proed ceagulatiqn; faFEOTEy cote. ).

preferably fe ric ride, iragn citrate; and pH buffers
such as sodP¥ j;? c@‘ngt grecgfg %‘?‘F\Y gfe a;b 1I'um di hydr ogen
phosphate, - g73EPES, MOPS, etc., preferably sodi um bicarbonate.

[ 0081] I n addﬂtlon to the conponents nment i oned above, the

cul ture medi uUMm@EaN NN RICBAENY. thE1 POLypadtldee e ALS psESEn £SiKARE on
sul fate, manganese sul fate, zinc sulfate, magnesi um sul fate, nickel
chl oride, tamdctheoriNie enradiegi thec@éoira® prodiimmesinl bei s#muktaneously
preferably copper sulfate, zinc sulfate, magnesi um sul fate;

sur f act ant stEARHE emrefvdan a86inplar 6AFEOF6Y; SPRamatedyf szanstested s
reconbi nant insulin, reconbinant |G~ 1, reconbinant EGF, reconbi nant
FGF, reconﬂT?%ﬁﬁ IpEecteESonbi nant TGF-a, et hanol ani ne hydr ochl ori de,
sodiunlselenltea t|n0|c aci d, putrescine hydrochloride, etc.
preferably sodi Ienite et hanol am ne hydr ochl ori de, r ecombi nant

| G- 1, putrescifig faétirlocelal Bkl €8andPdriii B d48e PHANeREoding the
deoxyaden05|ne deoxycyti di ne, deoxyguanosi ne, adenosi ne, cyiidi ne,
guanosi ne, pelfheptidd &f theppebeentdigvaias ald the pRRseftoding the
i nvention described above, the culture nmediumcan contain antibiotics
{such as st ragtiomdiprotedni disl hoh Specifisslly dddhigedt anilcinay e damH
i'ndi cators such as phenol red. [0082] The cul ture nedi um can

al so cont ai P¥} s PWiktGHEt tae1dis e #APRELREAY | §HQ | oSE v-g] Idh afep@eBferable.
The pH of the cul ture medi um depends on the cells to be cultured, but
normally is pFiQ?qysﬂ 6, and nay often suitably be pH 7.0-7. 4. [0084]

The cul ture mediyumcan Be RLERAEES: 1PN SRR Yulture 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 normaily 0.1 mg/L-5 mg/L,

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



- 34 - available culture nedia for animal cells such as e.g., D MEM
(Dul becco's Modified Eagle Medium, D-MEMF-12 1:1 M xture

(Dul becco's Modified Eagle Medium: Nutrient Mxture F-12), RPM 1640,
CHO S-SFMJ{ (Il nvitrogen), CHO SF (Sigma-Aldrich), EX-CELL 301 (JRH
bi oscirences), CD-CO (Invitrogen), IS CHOV (Irvine Scientific), and
PF- ACF- CHO (Si gma- Al drich). [0085] -Maneever, the culture nmedium
of the present invention is preferably a serumfree nmediumor a
medi um free fropo@ny) conponent derived from manmal s except for the
pol ypeptide the present invention. [0086] The present invention
al so provi des drimetditidtumy meddpar cogtaiaing ride podiyepeptidenpfi theg
culturing a CHO cell wusing the polypeptide of the present invention.

[ 0087] TresenesEnten tham tisoRsgryd Feh\PERRAGINGE BheFoteinprapadi ng
a desired protein, by culturin CcheI transfornmed with a DNA
encodi ng th%n{fﬁﬂlp‘"e%%i%e et?PeFﬁg‘lEVeg RAtc¢MEnti on and a DNA encodi ng
the desired prchﬂjy] [ 0088] The CHO cell can be cultured by a

met hod known to ose skilled in the art. For exanple, it can be

normal |y cul turggh idy 3 HRARLRT 8£atne ANGRENRY bANcSh ofttn

preferably 2-10%in the gas phase, at 30-39C, preferably about 37C

for 1-28 dayie polypeptide of the present invention, which may be
externally added or excreted from host celils,

( [00678]

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 amino
acids, vitamins, lipid factors, energy sources, osmoregulators,
iron scurces, 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 vitamins, 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.

[0080]



[ 0089] Various bioreactors for animal cell cultures can be used, -
35 - e.g. fernenter-type tank bioreactors, airlift bioreactors,
culture flask bioreactors, spinner flask bioreactors, mcrocarrier

bi oreactor:s, fluidized-bed bioreactors, hollow fiber bioreactors,
roller bottle bioreactors, packed-bed bioreactors, etc. [0090]

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

(a) transferrimgperiBNAEANEQdItRE ERBLERS INATiud @ali BohBk@nae GO Cahino
and (b) transferring a DNA encoding IG--1 into the cell prepared

in step (a)acidd%*hijch as ThalpnésentL+aweiiime dl-ssppregides Bh-awmpdmidic
for preparing a cell for use in the preparation of a desired protein,
conpri si ng a¢id stlemysdfeine. L-cyFtinandiwgiutfpinepNik-ghvbantg agkd,
desired protein into a CHO cell,
glycine, L-histidine, L-isoleucine, L-leucine, 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, nicotinamide, nicotinic acid, p-
aminobenzoic acid, calcium pantothenate, pyridoxal
hydrochloride, pyridoxine hydrochloride, riboflavin, thiamine
hydrochloride, wvitamin Bl2, 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, etc.,
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) selecting a cell expressing the desired protein fromthe cel
prepared in step (a), and (c) transferring a DNA encoding I G--1
into the cell selected in step (b). [0092] The present invention
al so provi.des a nethod for preparing a cell for use in the
preparation of a desired protein, conprising the steps of: (a)
transferring a DNA encoding the desired psotein and a - 36 - DNA
encoding 1 GF-1 sinultaneously into a CHO cell, and (b) selecting
a cel |l expressRs\g MOPS,desicl edppepéLabl ¥ rsyaitdie beebkbphrgpared in step
(a). [0093] When a DNA encoding the desired protein and a DNA
encodi ng | GF- 1 [®081di nmul t aneously transferred into a CHO cell in the
net hod above, the DNA encoding the desired protein and the DNA
encodi ng | GF- 1L@a?dgétépﬁuF?ag%®u%?®PQQQﬂﬁ§f@Pﬂééoﬁ9ds@%ﬁwatéﬂVEéﬂdﬂ§re

or may be si Itaneousl transferred by a |ng vect or containin
the DNA on (R GEBERLE Br 8t o PR eBRELR| ALCH (3% CoPReTy

%892{ ef er 3Rl Yeae T b AGERYSL Y L1 AL &14 15 ‘é% 24t8, ShighSs YGE Qlrsate,

nickel chloride, tin chloride, magnesium chloride, sodium
silicite, etc., preferably copper sulfate, zinc sulfate,
magnesium sulfate: surfactants such as Tween 80, Pluronic Fé68;
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 IGPF-1,
putrescine hydrochloride; and nucleosides 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 gentamicin; and pH indicators such as phenol red.
[0082]
The culture medium can also contain fish extracts or
enzymatically digested fish.
[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



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 encoding IG--1 into a CHO cell, and (b)
transferring a DNA encoding the desired protein into the cel

prepared in step (a). [0095] The present invention also provides
a method for preparing a cell for use iLngjhe preparation of a desired
protein, conprising the steps of: (a) transferrlng a DNA

encodi ng | e ( a Iy nc

the desi re?pro E[ei%l(r% [ rllltgi‘gf%eln%g %?Jépga%ie 1| n%%s‘:"tq' '551951 PN% g Oﬁl(}&%{
sel ecting g ]ﬁﬂﬂec@ﬁ)rser&leﬁeEQgﬁérl@é’dﬁant e'ﬂlbﬁmﬁﬁaelcflﬂ{ixture
prepared in step (b) - 37 - I's, a DNA encodi ng the

desired protmilbeistmb 'a D‘Hﬁiemeadﬁ:aglé Gfediwan bﬁatt:ﬂantf Nikedré o013y,

CHO cell in any order, but it is preferable to transfer a DNA

encodi ng | GBMI 164D .9 CHO-S-SFMII (Invitrogen), CHO-SF (Sigma-Aldrich),
EX-CELL 301 (JRH biosciences}, CD-CHO (Invitrogen), IS CHO-V
(Irvine Scientific), and PF-ACF-CHO (Sigma-Aldrich}.

[0085]

Moreover, the culture medium of the present invention is
preferably a serum-free medium or a medium free from any
component derived from mammals exdépt for the polypeptide the
present invention.

[0086]

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

[0087]

The present invention alsc provides a method for preparing
a desired protein, by culturing a CHO cell transformed with a

C 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,



DNA encodi ng the desired protein sinultaneously or to transfer a DNA
encodi ng the desired protein and then a DNA encoding | GF-1 because
the expression |level of the desired protein can be readily
controlled. [0097] In the various nethods for preparing a cel
for use in the preparation of a desired protein, 1G-1is preferably
t he pobl ypeptide of the present inventien3s[0098] The present

I nvention al so provides a nethod for screening a cell for use in the
preparati ore of. FedgRnted-pypbetank Coigurdsdtiigs,haiglleps PioreactoxAs)
transferring a DNA encoding the desired protein into a CHO cel |,

(b) sel ectiowltanse|filagkpbaoreagtohe. depinnet Filasss hibrearvtoescel |
prepared in step (a),

microcarrier bioreactors, fluidized-bed bioreactors, hollow
fiber bloreactors, roller bottle bioreactors, packed-bed

bioreactors, etec.

[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-l into the cell
prepared in step (a).

[0091]

The present invention also provides a methed 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

(L CHO cell,
(b) selecting a cell expressing the desired protein from
the cell prepared in step (a), and
{(c) transferring a DN2& encoding IGF-1 into the cell
selected in step (b).

[0092]

The present invention also provlides 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



(c) transferring a DNA encoding IG--1 into the cell selected in step
(b), and (d) selecting a cell expressing the desired protein and
|G- 1 fromthe cell prepared in step (c). [0099] In the
screeni ng -met hod above, 1G--1 is preferably the polypeptide of the
present invention. [0100] - 38 - The gene encoding | G--1 used
in the nethods for preparing a cell for yge_in the preparation of a
desired protein of the present i nvention or the nethod for screening

a cell for ra @gﬁ* r0 n no
spemﬂcall?l/ﬁ |%§%5%Fh T EEHH}EF %0 er fﬁ##ﬁo%ﬁgnCEgﬁln%Pdsuch
as human, nouseby astelelariwgera, cbul expfesaly ﬂmwabe&ré@FpﬁotéﬁE from
sequences ot her than hanster |G- 1 are described in Nuclelc Acids
Res. 14 (20fhe 781t tB&Dart@36) andpJ(aBiol . Chem 262 (16), 7894-7900
(1987). [0101] As shown in the Exanple bel ow, we denonstrated
that anti body- gr$idli ng cel I's having ideal growh behavior in
cultures in the absence of I G-1 can be established by transferring a

DNA encodi ng t %’blayﬁ’&g‘t FBE°8?n9hEh?)r%%‘%‘rﬁeq Wé’ﬁFF-BnaFﬂt% it} | gnooding
tablish d t

ot vated | KT U e BRRRBE R ot rat Bl PSR R BP R R etn the

pol ypept i d?né’éhc;&eaﬂgv%se'%he' Bﬁﬁn{ehgadfﬂ? %%ﬁyeﬁn%rg{:@ihfgﬁétﬂ?@ DNA

pOt enc_y an_ survi val rate as wel as_ exce ent resulfs in the anount
of anti bodi @scdith aerk- 1ThayPpes eihul Farstdslry |t&ahB@H§i:éaaH(YSé!1%J)’ate

useful because it can be applied to cells producing any desired
(protein, espsciatd ymamtybbeysprotitareousky [tscansferred by a single
vector containing the DNA encoding the désired protein and the
DNA encoding IGF-1. They are preferably simultaneously
transferred using a single vector. A
[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 cell prepared in step (b).



[0102] The following exanples further illustrate the present

i nvention wi thout, however, limting the invention thereto. Various
changes and nodi ficati ons can be nmade by those skilled in the art,
and such changes and nodifications are also included in the present
inventiom. - 39 - [Exanples] [0103] Example I: Coning of a cDNA
encodi ng hanmster IG--1 (1) Synthesis of 4Hhe cDNA Total RNA was
extracted fromanti-IL-6R anti body-producing cells (JPA HElI 8-99902,
Ref erence exanplyg %b obtained by transformng an anti-interleukin 6
receptor (IL-6R) antlbody gene into CHO DXBIl cells. The cDNA was

synt hesi zed fr afakhesl, eaUbITA NgnddiNAg [tBE0dksireaSpeetéiaddd/ .a o
foll ow ng procedure was foll owed. About 5 x 106 CHO cells in the

growt h phasscédihguisFallt eansbbéctibdansffemerd iolidcaian €O wedlstiat any order,
packed at the bottom of a centrifuge tube containing no culture fluid
by centri fuhj@t iAdn st Plefe!{a@b@ ?%rﬁ#@ﬁfsrnﬁnﬁﬂésenﬁﬂ@imme?ﬁw &ndy a

| ysed by p| ttin |n 4ﬁﬂ1 asol prewarmed to 65C, and

al | owed to ﬁ&c ipgofie et q”ﬂfqﬁﬁin55ﬁWH&Fé§e°q$%¥tQHx$QM£§anSfer

further thqr hi |rre W f chloro vor

m xer, and%t %ﬁ% a?l'f: wed 9t 1E’jil.‘%t&a‘l)n %et% :goom tlgrrf)lgr a{: e ?orﬁ% 3%5‘?
After centrigrugabeeludb ﬂﬂé ékgggééﬂﬁﬁ'ﬁ%%eﬁ Hknﬂhésdé£hfbé“¥¥dﬁéin can
centrifuge Avantirm 325 , the upper layer was careful ly

col l ected aﬂﬁrbhﬂﬂiﬁe&bﬁﬁrbDl@dfFESh 15 m -tube. The tube was

t horoughly stirred with 4 m of 2-propanol in a vortex m xer, and

(t hen al |l owed t 6088Ahd at roomtenperature for 10 m nutes. After
centrifugation at 4C, 7,000 rpmfor 10 minutes, the supernatants were
conpl etely renﬁveah?OVQF%@P$wW$RhﬂqSe¢§r PREPAEENT f & ke ﬁQﬁause in the

0,
centrifugal,,Lube 1as,t Dpr 2ualh i dd et Mrde 21 JRSIIAT e

polypeptide of the present invention.

foo9g]

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 invention.

[0100]



- 40 - tube was centrifuged at 4C, 7,000 rpmfor 5 mnutes. After the
supernatants were conpletely renoved, the tube was further rinsed
with 4 mM of 100% ethanol. After centrifugation at 4C, 7,000 rpm for
5 mnutes:to give RNA pellets, the tube was allowed to stand at room
tenperature for 30 minutes. The RNA pellets were air-dried and

conpl etely Iysed by pipetting in 100 g 88 DEPC-Water. Further, total
RNA was purified according to the protocol of RNeasy Mni Kit. The
concentrati on afhe3geik ehcobdiah RBA-1 hussdhimithed meahodet £611 peeparing
usi ng a spectrophotoneter DU640, and the kNA concentration was

cal cul at ed ascahl dsyoisenda shelpperdrfgiomiofta demdvellepgohebh @BOthe
nm The high-purity total RNA in an amount of 5 Rg was used_for cDNA
synt hesi s. H*I"es‘?ﬂbﬂnﬁlﬁr‘ittl?nt SFthRhmeFIFP%rf%Iﬁ%ieeBF-ng Rgchhkt for use

d h
R BT PPLC T o RGTRRATARE 15 RIISRTERe e S Red 00O ] ﬁég‘f#:ggc%ﬁ]é"
then the m isiﬂt'if' d"’asctnﬁoﬂﬁtygg‘é“IG;Ol aedled Iﬁ@: spgi%r 3n&ﬂ§l né'&él'lfl

heated at 7 10 mnu and then quick own and

on ice. Aftgimah Mnbdses @At CRamédt&R, utd ﬁﬁ:e&'efr%ﬁal%t haﬂgtbﬂff@ﬂ‘dZ Rl
of 0.1MDTT, and 1 Rl of 10 nM dNTP M x were added by pipetting, and

the m xt ur eICESl Syaguethows athd4€ thean phaceicemIIGFea. aTaodasantesd afd er

starting incubation on a heat block at 42C, 2 Rl of SuperScript II
Reverse Tr dfaekeist a”é@dﬁa§e§ddéd W%b péBTBn{eid CkHG) and Jst Biolanghem.

synt hesi s reaction. utes, the mxture was quickly spun
down, and ptetéd & |7(§84 '?BOQUB%%@{(antIy perform a Second-strand

synt hesi s reactfo%gn 91 R1 of DEPC-Water, 30 R1L of 5 X Second strand
buffer, 3 RL of:%0 iM dNTP Mx, 1 Rl of E.

As shown in the Example below, we demonstrated that
antibody-producing cells having ideal growth behavior in
cultures in the absence of IGF-1 can be established by
transferring a DNA encodlng the polypeptide of the present
invention into cells established for producing antibodies to
allow them to express activated IGF-1. Antibody-producing
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
invention without, however, limiting the invention thereto.
Varlous changes and modifications can be made by those skilled
in the art, and such changes and modifications are also

included in the present invention.



- 41 - coli DNAligase, 4 RL of E. coli DNA polynerase, and 1 Rl of
E. coli RNase H were successively added by pipetting, and the m xture
was spun down at 4C, and placed on ice. The m xture was i ncubated at
16C for 120 minutes to perform Second-strand synthesis. After 2
hours; 2 Rl of T4 DNA pol ynerase was added, and after further

i ncubation for 5 mnutes, the m xture waggqui ckly spun down, and

pl aced on ice. The m xture was vortexed with 152 R1 of 25:24:1 phenol
. chloroform : (iss@aipilesgl cohol for 30 seconds, and then spun down,
and further m xed by pipetting, and applied on a Phase Lock Gel tube
prelimnarily deito3ilf uged for 1 mnutes and packed with a gel. After
centrifugation at 4C, 15,000 rpmfor 2 m nutes, the aqueous |ayer was
transferred toExampden 13, SlanimgpehddrdPNAulsacodaagt hametghl JGK ok t exed

with 0.5 R1 of Pellet tPai nt and IZG Rl _of a 7.5M ammoni um acet at e
sol ution succeddilv&¥Pthggds. o FnEr%i M e was vortexed with 600 RL of

99. 5% ethanol b 30 RECRNNS o AR IE E:A QWRY 10 8h20H: B0 PUlogucing

t enperat ure for m nut es. ure was centrlfuge

rpm for 10 gdnW Qa0 net'rV 8 -6 P Prect didle S xhinBS of "zﬁ”bﬂﬂéfﬁ"&&%
dNTP. The cDNA was centrifuged wth 500 RL of 75% et hanol at 4C,

15, 000 r pmifeins¥orimitigean aheirixter was ¢esakepdoly (MASHR NGad by
and further centrifuged with 100 RL of 99.5% ethanol at 4C, 15, 000
rpmfor 5 rgemg detoafHO-BEB1ét behbs. WwiBhec amplretvaky syehbestized hirom the
m xture was air-dried for about 5 mnutes, and
resulting mRNA.

[0104]

Specifically, the following procedure was followed. About
5 x 10° CHO cells in the growth phase 72 hours after
subculture were obtained in 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
pipetting 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



then dissolved in 1.5 Rl of RNase free Water, and stored as a cDNA at
-20C. A 1/50 volunme was used as PCR tenplate. (2) Coning of a cDNA
encodi ng hanster IG-1 - 42 - The hanster |G- 1 gene was

obtai ned by PCR cloning. PCR prinmers were designed using regions
conserved anong known rat/nouse/ human | G--1 gene sequences. [0105]
Specifically, the follow ng procedure waggofoll owed. A PCR reaction
was performed using the cDNA descri bed above as a tenplate with a

gene SequengenheReERdideg ti#udbaPaei k4N 7L30b0rfhy 8t PORiALQdL 19 Heer
the N-terminus of mature raf IGF-1: 5' -gctcttcagticgtgtgtgg (SEQ 1D

NO 3) as atliorsvpetnatames @etdet bempkeguel erenfovedcotheehahe awys sfunatricer
of a gene encoding Arg at position 50 to Arg at position 56 of the
N-t er mi nus:rBisat ovttdadatacHdyditddy etBEQOLD NBEtdy eentrifwgation at 4°C,
primer. After pretreatnment at 95C 5 m nutes, 35_cycles,_ of

denat ur at i ofr 40 gEB I9TsScBARYtegnhRI TR KR Psleds  sEBBnbYDe gfRp
t i t, 7 d t t | i he, desi rad
ext ension & a 39 38601 ﬁt;“%gr&f?%g&ez?a%r% IR L-*Byg&ggifg%-s 'b[)'ﬁme RNA

gene, foll o%l Yy extéension a mnutes 10 giv

hamst er 'G:P%%fé%% Wed@Mant ak¥d86ing confie i & %eﬁ_e%ﬁiegﬂgﬁ{?@i&é idhe

resul ting fragnent was examned to confirmtha

anplified DN qfs Rampeec-Wikket. apdrifer sa@4NCaNaANLAEMBhLPPi¥@S used
to further continue PCR reactions. A PCR reaction was performnmed using
t he cDNA descgdbboalioyehes pretmpial cofv RNeasyyimis&gtenc®hencodi ng
Thr at position 29 to Ile at position 35 of the N-term nus:

6' - acaggct ateppardeatdent ofSEO kD 6 tBhalaRNR ftbpgaptpinedrwasd t he
sequence of _a conpl enentary strand of. a gene encoding A.n at position
85 1o Arg SISHORTTIEn BFA NG 2t ABSRETSYATYARE T ary RURA0: gBBEatGE I g

(SEQ ID hKICéHCéE%f%HE%%e%%g célé&léted as an absorbance of 10D=40 pg/ ml

at a wavelength of 260 nm. The high-purity total RNA in an
amount of 5 pg was used for cDNA synthesis. The high-purity
total RNA in an amount of 5 png was prepared to 10 pl with
DEPC-Water, and then completely mixed with 1 pl of HPLC grade
100 pmol/pnl T7-{T)2s primer added by pipetting and then the
mixture ﬁas 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 pul of 5 x First-
strand buffer, 2 pl of ¢.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.



prinmer. After pretreatnment at 95C, 5 minutes, 35 cycles of
denaturation at 98C, 5 seconds, annealing at 53C, 40 seconds, and
extension at 72C, 90 seconds were repeated to anplify the desired
gene, followed by extension at 72C, 10 minutes to give a 170 bp
hanster 1G-1 PCR fragnent. As a result, a nucl eotide sequence
encoding Ala at position 13 of the N-terginus to Ala at position 70
of the CGterm nus of mature hanster |1 G--1 was obtained. [0107]

To further obiaigyA g:fAsreerm nal ogeguepses ﬁnf%i dQN VB 1 pl of E.
performed using the ¢ described above as tenplate with a sequence

cont ai ni ng ¢odt RNZBebdbeerer sucthesbasky gadded Mgy @.upeructlmg t Apd the
N-term nus of mature rat I1G--1 to g at position 14:

5' -t gct t getreiacinite awcagpL8EQoWD A 4°0. andapflecedr dnpicerer Thel nihgure
sequence of a conplenentary strand of a gene encoding Arg at p03| ti Ond

50 to Arg a‘faﬁ)ci'ﬁqu@ﬁ% adt 16He F@% Jrafi AYRUtSS. EPCRRERRER

SEQ I D NO Aft t., at 95C,
ook oo, el CHERE, B B 20 8L SECHA S 1 inraRg s, paded,
44C, 60 se%ﬂﬂsaft@}d 8RS QAcaba?2én A0 AT ! enbeReREEFe titas

anplify the desired gene, followed by extension at 72C, 10 mnutes to
give a 185 qpidriagmin @owhai ahagplaced\t-derivdal Thegneftote heast er

| G- 1. Exanpl e 2: Determ nation of the nucl eotide sequence and
am no aci d werfeatece wdftht he2c PNAoENZB2 gl hiesiodr :| €hldroform Theisoamyl
nucl eoti de sequence of the cloned gene was determ ned by a DNA

(sequencer, PhHe fo% 8 serardequendcthels Sann Hepn. . and fugbhey mikad

fromit to conf, r?ﬂ:t hat it encoggs hanst ai ned am no

hei 0 Sequertte PRI | RO BEPLLIa (o Sa5A% KGRk Bk, BbRe Dua
sequence | iplséﬂ‘{’ﬂn'aﬁ-l gQ ngi%@fﬁﬁed[%zogﬂ nute@%ﬂﬁeﬁégﬁégt?ﬁt]ﬁq eg%;l

of any species consi st no acl ut the ter
has a uni qugrSRIWRNGS4 rRheR Al hf el f rl@,”bBH”BFPmlgr 15 BYi @, NQhe

acids, i.e., P (Human: D) at position 20, | at posi‘tion

35, and T (dduemus Aayelr wasi ttlransﬁértsﬂgtldieaﬁresh 1. 5 ml-Eppendorf tube,
and thoroughly wvortexed with 0.5 pl of Pellet Paint and 76 pl
of a 7.5M ammonium acetate solution 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 dNTP.
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 dissolved 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



Exanpl e 3: Preparation of nodified hanster 1G-1 genes and their

| G--1 activities (1) Preparation of nodified hanster | G--1 genes
The secreted hanster | G--1 gene has a negatively charged amno acid E
(glutamate) at position 3 fromthe N-term nus. Mdified hanster 1G-1
genes *in which the amno acid at this position was changed into am no
acids ‘for positively shifting the pol ariag were prepared. The

i ntroduction of the nutations into the 1G--1 gene was perfornmed by
site-directed mHieagamtes IEP109%ene wadhdidinede bfapsReelbhingd. gePeR
and nodified hanster 1 G~ 1 genes therefrom are designated as E3E
(native), B3KiNers)lwanersiesigoeflyushrg chegipnsicopssrvednadyng akeowEss
(a glutamate-to-serine change at position 3) (see Figure 3). (2)
Ef fects of FRtANRISE{PIRGH flggdlhﬁﬁ%?e?e‘l‘ﬁn%%n proliferation potency
and survival ra[&,emPI]asm ds for expressing the nodified hanmster 1G-1
genes - 45 - ( |gL?re 4) were constructed and transferred into the

parent strain @Eé-c'ilfli'cgﬁlgr,‘t Eg?df?g%%ﬁgg:oga@u%@ bis fgglow??. A PCR

drug-resistant stralns were ec ronycin to give ce

strains staplactddy Gasl perkbenedIessy the JoMaUldesRei68h! abbvai &8 a
were subjected to single cell cloning by Limting Dilution to give

cl one cel | stdmplierty hiigh pr gknéesatiaeticd airayeiinign Adasatupes Lo el wo
| acking |1 GF-1. [0110] ME45 (E3E), MK44 (E3K), and MS19 (E3S) were

sel ect ed fr@h tadle Resdiid opelPsofbthe MEdterimushefdimpterenray E@&rhed
genes E3E, E3K, and E3S and their cell ];a)éol i feration potencies and
(survival rat eShFEcagtirotetataadi SR I R N%ig Jars13i forwap@ primer and

m - spi nner fl askr%\_%rneq CQEpar gngIhn?ecng entesd:sr;tar %;gﬁggit ig?ﬁ%llé_gzg oding Arg

ant i body- pr%%%csie cel'ls were ars Sup

or not Wi t hyhurmn i@ Sol kBNRR3! GF-Jos DU Ghazed ! ram ARHBhosed ences

and tested for conparison. Aftér an 100 nl-spinner flask containing
100 m of &5 safitetidaR@teubaybtoecg (Exlh um No: MRAGaNki rétebt primer.

ant i body) - producing cells was conditioned in a CO2 incubator at 37C
for 1 hour,after HiGtrehitmeat atchsto,ps wenateent 35 fepereairnd added.
The initial viable density of cells and survival rate wer e det er m ned
in a 1-nL alenpitradgfionhatcBtGr ds.se@endisd ahnealingsai3-53°Ca 30nseconds,
aliquot was collected at a fixed tinme and neasured for the nunber of
cell's and San”qﬁﬂenﬁgpg_at 72°C, 30 seconds were repeated to amplify the
desired gene, followed by extension at 72°C, 10 minutes to
give a 131 bp hamster IGF-1 PCR fragment.
[0106]
The nucleotide sequence of the resulting PCR fragment was
examined to confirm that it is an amplified DNA of hamster
IGF-1, and the sequence information was used to further
continue PCR reactions. A PCR reaction was performed using
the ¢DNA 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



[0111] The results are shown in Figure 5 (proliferation potency)
and Figure 6 (survival rate). M519 (E3S) was shown to the best
proliferation potency and al so the best survival rate. - 46 - Ms19
(E3S) showed a survival rate of 80% or nore even on day 7 of culture.
MK44 (E3K) showed the second better results. The parent strain
anti-tL-6R antibody-producing cells weresfiof able to grow when they
were cultured in the absence of 1G--1. The proliferation potency of

M519 t t . i

dvant ageote TEEh ot tREORT ShEe Aty o e’ (Retu RS Bnhs, of
33.0 hr, Mgtunathta®ibh, a®nbsed L56|3e%ha§t ﬁﬁﬁé‘éﬂlnéﬁag gyt 28 seconds,
maxi me nunber of cells (Ms19; 25.8 x 105 cel Is/m. MK44: 20.3 x 105

cells/m, Modbexten8ivnl@b Teid slgnni seabhis| kebe pﬁé;ﬁﬁte&i ta BmpdLf¥ Xhe
105 cell s/rri) during days 4 to 5. The growth behavior of M519 gently
ri sing and ddsdirest gepky gobm\bwgi thy tdaeteln@ti@ngatbv\ﬂa (Ghdde mias tiege &b

for anti body- producin SO as Pprom nent fromthe corrparl son

of the sur\HWA ar&t@s%BnhG‘aﬁt‘?’ro?GFcuﬂtlﬁfief(’:ﬁ'STQHtSG sta Jpeptt 6@ 4

t, ME4S5; 58 [ [ € 76.0_hrt ng s, he nost
stabl e cel I" regltgﬁén'tsghg?ﬁ I&Ee gr a ﬁasBOSl)ciOIEx c\flg EP

Amount s _of I@{Térlﬂﬁﬁhgstgr Rdyced | drs 7t0r %@5 (3218 ”Edté‘s‘:rﬁi'hlf@r@ﬂ fature
| GF-1 (E39) To denonstrate ha anster 1G--1 has an

ant i body- pneaistierg 1pet entaal oaled 0 or hi gher than that of human

| GF-1, the amounts of anti-IL-6R antibodi es produced by single clones
(showi ng the bed©01g7dwt h behavi or anong the parent strain cells
transformed with hanster IGF-1 (E3S) and hunman | GF-1 (E3S) were .
conpared. A hufgnfperber (eBgindgiedbittgmanasdnfadverce orstRf meadijon -

cuccessl Vol gl Tt %%%'Egsygfégtt'ﬁé%gﬁ RO TS
d bed f t )
descriDed D SEAIRLE, bentAEPhASTIA 128 Laghs! eERUAL' Rl B W

hygronyci n-g-egndt apt tﬁelkswﬁﬁﬁl@@l@mu&a ghvereeli &4 r@idys pd=aklivn
expressing |1 G-1 (E3S), whereby cell strains having acquired
proliferatilan potepeytgoteacetttmdarKisEg TOFNG: Wwef eas ed efximmchrdSipiger
cl ones were obtained by limting dilution of the cell stranes, and

t he anmount aingf thst sbaderse peHduceanplerfeadayt shrandt of o3 gene ¢nopding
transformed with IG--1 (E3S$ havi ng hi gh prollferatl on potency vvere

conmpared. Ar9 ?ﬁePPééﬁF?E 3% et Hovkh ath Desdlidan 756 1ok Hhn fintegminus:
ant i bodi es cells trans anster_| G--1
375 o Lo sy e oo b RER et c@%ﬁ%h}“aneﬁtﬁan SIFOEF S SRTEE by
t he parent I r h n 1G-1
(E3S) (821A&%f%35ré§§§ggﬂé own g% t%e égtrans 5%%%hgﬁfth t he
(hamster gengnRioddeednt he Hsaheslo %@%aasof aRfbADOM &5t 144°8Di 66 Qéconas,
the culture nethod optim zed for the parent strain.
and extension at 72°C, 90 seconds were repeated to amplify the
desired gene, followed by extension at 72°C, 10 minutes to
give a 185 bp fragment containing the N-terminal region of

hamster IGF-1.

Example 2: Determination of the nucleotide sequence and
amino acid sequence o¢f the cDNA encoding hamster IGF-1
The nucleotide sequence of the cloned gene was determined

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



Exanpl e 5: Anmounts of antibodi es produced by cells transfornmed with
hanster 1G~1 (E3S) In addition to Exanple 4 denonstrating that
hanster |1 GF-1 has an anti body- produci ng potential higher than that of
human | GF-.1, anti body-producing potentials of three | G--1 species

i ncl udi ng nouse | GF-1 were further conpared. A rmouse |GF-1

(E3S) -expressing plasm d was constructed,py_introducing a nutation
for a S69A change using hanster |G--1 (E% ) as tenplate. For
compar! Son ARPOINE & ke tbFode £ nar AP cnctRRE! BamkPoRlfbs o1

to 1G--1 ( $in this exanple st er, huiman and nouse’

| GF-1 ( E3S) mgied esh B 3 386 ndS abeaPLéd®sndd 1@Wtzl_nt ?Qbﬁr@ailéﬁﬁi SEQ
| GF-1 (E3E)-expressing plasmds by introducing a nutation for E3E

[0112] TheNo eslul tandy thiex DNEFsdgeentesis rhaimdm ¢EQWMEDENO: 2.
transferred by el ectroporation into the parent strain prepared in
parallel, and H}I@r@rﬂyci n-resistant cells were selected to give cell
strains stably expressing | G=-1, whereby three cell strains of_each,

group show ng tW%%W%PGV\EﬁF‘M e ISPﬁcrléiSn§°H§$FF@ %qm reERLno

prolrferatro in HFl( n=3

uman 1 oo 190ESE Y 4 BelEreY HBrL S Re 4 Pigue . paite B, cpon
experi ment t.frr_ryd.pqll Wah N 1BF2 y3 Q¥ rerH?‘ﬁ lsGF51( E3E) 1@1;}% ,
total of 17 ce 'fggtrar nsuwgre e;E(.p%m ed3| nla 100 o -spi ﬁnergffas an(?)
then the an@urdssiafioantziohodi eHuRARIUSE Gt HdAd-iat G5, CHhiuUr efHWRAE: A)
conpared. [0113] Figure 8 shows the anounts of ant i bodi es

foroduced i nat epbdidticin &7 (Eigsref2tel | s transfornmed with hanster,
nouse and human | GF-1 (E33). The average anount of anti bodies
produced by three strai ns show ng hi gh growth in each group (n 3) was
better in the der ter

a se_> re 9
conpari son of prJr§ ﬁavgﬁap?ﬁﬁtgoul%:stm" &15%‘“ BECT‘% Jte?Fé}ess and
anong the t %Scfdfl 1sr;dr gagitiggnsformad vvlth hanst er, nouse and

human |1 G- 1 ddition to the average amount, the hanster

IGF-1 (E3S) tr S)f qrfa@a&a\ﬁaénabﬁqnmwmamtwe 1@P0YNGe s
ant i bodi es produced by the strain - 49 - having the highest

potential. Fi guhe becskaed hlmsdadurds- Dfgedet haedncfepadiuerf dharged
fed-batch cultures of cells transformed with hanster, nouse and human
| GF- 1 ( E3E)amifive apigh &gd gdnsaenate] ahtpdidiien §r ddovetdhbyNsterminns.
transfornmed with native | G--1 (E3E) shovmn hi gh grom h was al so
better in t¥RAFIREY hemsisrsLEF -1 the amino acid at this

position was changed into amino acids for positively shifting
the polarity were prepared. The introduction of the mutations
C 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



Clainms 1. A pol ypeptide having an am no acid sequence in which the
third amno acid of the am no acid sequence of SEQID NO | is
substituted by serine or lysine and having insulin-like growh factor
1 (IG~-1) activity. 2. The polypeptide of claim1 wherein the third
amno.acid is substituted by serine. 3. The polypeptide of claiml
wheretn the third amno acid is substituagd-by lysine. 4. A DNA
encodi ng the pol ypeptide of claiml1l. 5. A vector containing the DNA

of claim 4. (Bighdagt wetll coaBtaustad dltt MeGlsFerebackatd the paddife
host cell of claim6, which is a CHO cell. 8. A nethod for preparing
t he pol ypepstxkeimfantiailm-6Rusnhjbéfe-posiucigld 0 cedilm, and drug-
resistant strains were selected by hygromycin to give cell
strains stably expressing these genes. The resulting cell
strains were subjected to single 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 (E3S) were selected from
the clone cells obtained from the differently charged genes
E3E, E3K, and E35 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
l1-mL aliquot of the cultures. On and after days 3-7, a 1-mL
aliquot 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). MS1l9 (E3S) was shown to the

best proliferation potency and alsc the best survival rate.



6 or?. 9. Acell for producing a desired protein into which a DNA
encodi ng the pol ypeptide of claim1l and a DNA encodi ng the desired
protein are transferred. 10. The cell of claim9 wherein the DNA
encodi ng t-he pol ypeptide of claim1l and the DNA encoding the desired
protein are sinultaneously transferred by a single vector. 11. The
cell of claim9 wherein the DNA encodi ng4the pol ypeptide of claim1
and the DNA encoding the desired protein are separately transferred

by mul tipl eMyest Gt35) Bhowhe aCeukvefainya&0fgodl drMhoPet 8vdd, oMhdh 7
is a CHOcell. 13. A nethod for preparing a desired protein,

conpri si ng cfil ¢uiktimee t h@kad! |(EGK) asowed idie demiomsl Betttet2resdbltdd. Ahe
cul ture medi um containing the golypeptide of claim1. 15.The culture
medi um of cPaxent s tapdireiamtiihd Lp bRy pebib ety ufr adugiimgl ced lgdWere tzek he

medi um 16. The cul ture nmedium of claim14 wherein the %ol peptide of
claiml is gQ&ﬁeﬁ%xgrow when they were cultured in the absence of IGF-1.

The proliferation potency of MS19 was prominent during days 3
to 6 of culture, and especially advantageous as shown from the
doubling time (MS19: 26.5 hr, MK44; 33.0 hr, ME45; 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; B86.2 %, MK44; 66.4 %, ME45; 58.1 %, anti-IL-
6 parent strain; 76.0 hrg), MS19 was the most stable cell

strain until the late growth phase.

Example 4: Amounts of antibodies produced by cells
transformed with hamster IGF-1 (E38)

To demonstrate that hamster IGF-1 has an antibody-
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 (E3S5) and human
IGF-1 (E3S8) were compared. A human IGF-1 (E3S)-expressing
plasmid was constructed by successively introducing mutations

for P20D, I35S and T67A changes using hamster IGF-1 (E3S) as



froma host cell. 17.The culture nmedium of any one of clainms 14 to
16, which is a serumfree nediumor a nediumfree from any conponent
derived from mammal s, except for the polypeptide of claiml1, 18 A
met hod for.preparing a desired protein, conprising culturing a CHO
cell using the culture nmedium of any one of clains 14 to 17. 19.A
met hod for preparing a cell for use in_the preparation of a desired
protein, conprising the steps of: (a) transferring a DNA

encodi ng the.ggshied pfrptiﬁien slafeO mAnftl 5§|&es@f‘ﬁoed in ExafBle 1, the
transferring a DNA encoding the polypeptide of claim1l into the cel

prepared i npshepid ayas Akrshstriried fiatoptepaparehta ldinf @antisErL.sARt he
preparation of a desired protein, conprising the steps of: (a)
transf erri ngnaibDdly epwticiga FECdeeilledapd ct¥drpnivaion -reGHOtesk| cells

were selected to give cell strains stably expressing IGF-1
(E3S), whereby cell strains having acquired proliferation
potency in a medium lacking IGF-1 were selected. 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
(E35) 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 (E38) (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
(E3S8)-expressing plasmid was constructed by intreducing a
mutation for a S69A change using hamster IGF-1 (E3S) as

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



(b) selecting a cell expressing the desired protein fromthe cell
prepared in step (a), and (c) transferring a DNA encodi ng the
pol ypeptide of claiml1l into the cell selected in step (b). 21. A

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

protein, conprising the steps of 52 (a) transferring a DNA
encodi'ng the desired protein and a DNA_epgodi ng the pol ypepti de of
claim1 simultaneously into a CHO cell, and (b) selecting a

cel | expr esa%éaetéﬂqnd%aa&eﬂoﬁr pbeigrii oms:she ma@bhtB’ eRAERTs | S Sl
(a). 22.The nethod of claim21 wherein the DNA encoding the desired

prot ei n anctHéh@dnlshegnchadmag ahé mohyoeamr-de (EBSQl geed were used as
simul taneously transferred into a CHO cell using a single vector
cont ai ni ng tewmplaN&sefoodPRgtriet dbbeie dhgpriore IfFahd (ERR) DhfpXeruidiang
t he pol ypeptide of claim 1. 93. A nethod for preparl ng a cell for use
in the preddiafMigf bF dngeedretngrdpt@irption for E

[0r12]

The resulting six IGF—l—éxpressing 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 proliferation potency in a medium
lacking IHF-1 {(n=3). After one human IGF-1 (E3E) strain
became unable to grow during expansiocn, 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-gpinner 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 (E38). In addition to the
average amount, the hamster IGF-1 (E35) transformant was also

superior in the amount of antibodies produced by the strain



conprising the steps of: (a) transferring a DNA encodi ng the
pol ypeptide of claim1 into a CHO cell, and (b) transferring
a DNA encoding the desired protein into the cell prepared in step

(a). 24. A nethod for preparing a cell for use in the preparation of a
desired protein, conprising the steps of: (a) transferring a
DNA ericodi ng the pol ypeptide of claiml gato a CHO cel |, (b)
transferring a DNA encoding the desired protein into the cel

prepared | m&taly (e MRthest poteh€labe! atidui@® aoCehbweXPheSshdEhtdes
desired protein fromthe cell prepared in step (b), 25.A nmethod for
screeni ng aarEibdodigrs ypewducetihénpfepabatclocuwdfturegepifr edlps oteamsformed
conprising the steps of: (a) transferring a DNA encodi ng the desired

protein i nt$liEh Gast@n, mouse and human IGF-1 (E3E). The average amount
of antibodies produced by strains transformed with native

IGF-1 (E3E) showing high growth was also better in the order

of hamster > mouse » human.



53 (b) selecting a cell expressing the desired protein fromthe
cell prepared in step (a), (c) transferring a DNA encodi ng the
pol ypeptide of claiml1l into the cell selected in step (b), and
(d) selecting a cell expressing the desPred protein and the
pol ypeptide of claiml1l fromthe cell prepared in step (c). [Sequence
Li sting] <110>. Chugai Seiyaku Kahushi ki Kai sha <120> Met hods f or
produci ng proteins using hanmster |1 G--1 <130> 050252 <160> 8 <210> 1
<211> 70 <212> PRT <213> Hanster

Claims

i 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 or lysine and having

insulin-like growth factor 1 (IGF-1) activity.

2. The polypeptide of claim 1 wherein the third amino acid is substituted by
serine,

3. The polypeptide of claim 1 wherein the third amino acid is substituted by
lysine.

4, A DNA encoding the polypeptide of ¢laim 1,

5. A vector containing the DNA of claim 4.

6. A host cell containing the vector of claim 5.

7. The host cell of claim 6, which is a CHO cell.

2. A method for preparing the polypeptide of claim 1 using the host cell of claim
6or7.

9. 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.

10. The cell of clainy, 9 wherein the DNA encoding the polypeptide of claim 1 and
the DNA encoding the desired protein are simultaneously transferred by a single vector.
11. The cell of ¢laim 9 wherein the DNA encoding the polypeptide of ¢laim 1 and
the DNA, encoding the desired protein are separately transferred by multiple vectors.
1.2. The cell of any one of claims 9 to 11, which is a CHO ce]l,

i3, A method for preparing a desired protein, comprising culturing the cell of any

one of claims 8 to 12.



<400> 1 dy Pro Qu Thr Leu Cys Ay Ala Qu Leo Val Asp Ala Leu Gn
Phe 151015 Val Cys Gy Pro Arg Ay Phe Tyr Phe Asn Lys Pro Thr Gy
Tyr Ay 202530 Ser Ser Ile Arg Arg Ala Pro @ n Thr Ay Ile Val Asp
G u Cys Cys 354045 Phe Arg Ser Cys Aspsieu Arg Arg Leo Gu Met Tyr
Cys Ala Pro Leo 505560 Lys Pro Thr Lys Ser Ala 6570 <210> 2

14, A culture medium containing the polypeptide of claim 1.
15. The culture medium of claim 14 wherein the polypeptide of claim 1 is added to
the medium,
16. The culture medivm of claim 14 wherein the polypeptide of ¢claim 1 is secreted
from a host cell.
17. The culture medivm of any one of claims 14 to 16, which is a serum-free
medium or a medium free from any component derived from marnmals, except for the
polypeptide of claim 1,
18. A method for preparing a desired protein, compriging culturing a CHO cell
using the culture medinm of any one of claims 14 to 17.
19. 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 the polypeptide of claim 1 into the cell
prepared in step (&)
20. A method for preparing a cell for use in the preparation of 2 desired protein,
comprising the steps of:

(2) 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 2 DNA encoding the polypeptide of claim 1 into the cell

selected in step (b).

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

comprising the steps of:



- <211> 242 <212> DNA <213> Hanster <400> 2 tttgccacag ctggaccaga

- gaccctctgc ggggctgagce tggtggatge tcttcaattc60 gtgtgtggac caaggggcett
ttacttcaac aagcccacag gctatggctc cagcattcggl20 agggcacctc agacaggcat
tgtagatgag tgctgcttcc ggagctgtga tctgggaagal80 ctggagatgt actgtgcccc
cct caagcct acaaaatcgg cccgctctat ccgtgcccag240 cg242 <210> 3 <211> 20
<212> DNA <213> Artificial Sequence <220> <400> 3 gctcttcagt

tcgt gt gt gg20

(2) transferring a DNA encoding the desired protein and a DNA encoding the
polypeptide of claim [ simultaneously into 2 CHO cell, and

(b) selecting a cell expressing the desired protein from the cell prepared in step
(a).
22, The method of claim 21 wherein 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.
23. 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 a2 CHO cell,

and

(b) transferring a DNA, encoding the desired protein into the cell prepared in
step (a),
24, A method for preparing a cell for use in the preparation of a desired protein,

comprising the steps oft
(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 (2), and

(c) selecting a cell expressing the desired protein from the cell prepared in step
(b).
25. A method for screening a cell for use in the preparation of a desired protein,

comprising the steps oft

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



<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> 6 acaggctatg gctccagcat t21 <210> 6 <211> 21
<212> DNA <213> Artificial Sequence 53

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

(¢) transferring a DNA, encoding the polypeptide of ¢laim 1 into the ce¢ll selected
in step (b), and

(d) selecting a oell expressing the desired protein and the polypeptide of claim 1

from the cell prepared in step (c).



<220> <400> 6 tgagtcttgg gcatgtcagt g21 <210> 7 <211> 20 <212> DNA

<213> Artificial
<211> 20 <212> DNA <213> Artificial
cacagct ccg20

{Sequence Listing]
{110 Chugai Seiyaku Kabushiki Kaisha

Sequence <220> <400> 7 tgcttgctcacctttaccag <210> 8

Sequence <220> <400> 8 ctcctcagat

<1207 Methods for producing proteins using hamster IGF-1

<1307 050252
{160> 8

<2100 1

{2115 70
{212 PRT
{213) Hamster
<4000 1

Gly Pro Giu Thr Leu Cys Gly Ala Glu Leu Val
1 5

10

Val Cys Gly Pro Arg Gly Phe Tyr Phe Asn Lys
20 25

Ser Ser lle Arg Arg Ala Pro Gln Thr Gliy lle
35

40

Phe Arg Ser Cys Asp Leu Arg Arg Leu Glu Met
50 55

Lys Pro Thr Lys Ser Ala
65 70

{210) 2

C211)> 242
212> DNA
<213> Hamster
400> 2

titgccacag ctggaccaga gaccctetge ggeecigagce
gtgtetegac caagggegett ttacticaac aagcccacag
agggcaccbc agacagegcat tgtagatgag tectecttce
ctggagatgt actgtgccce cctcaageet acaaaatcge

cg 242

{2100 3

211> 20

<{212> ONA

213> Artificial Sequence
220>

<400> 3

getettecagt teptetgige 20

( <2107 4
‘. <211 20
212> DNA
<213> Artificial Sequence
{220
<400> 4
ctectcagat cacagetceg

<210, 5

<21y 21

<212> DNA

{213> Artificlial Sequence
{2205

<4007 5

acaggetatg getecageat ¢ 27

<2100 6

Q11> 21

<212 DNA

{213 Artificial Seqguence
220>

<400 6

tgagtctige gcatgtcagt g 21

Asp Ala Leu Gln Phe

15

Pro Thr Gly Tyr Gly
30
Val Asp Glu Cys Cys
45

Tyr Cys Ala Pro Leu
60

tggtggatge tcttcaattc 60
getatggcte cageattcgeg 120
ggagctgtga tctpagaaga 180
ccegetetat cogtgecccag 240



210> 7

211> 20

<212) DNA

213> Artificial Sedquence
<2207

<4007 1
tpettgctcacctttaccag

210> 8

<211> 20

{212 DNA

213> Artificial Sequence
220>

<400> 8

cteotcagat cacageteeg 20



