- 1 - SPECI FI CATI ON METHODS FOR PRODUCI NG PROTEI NS USI NG HAMSTER | GF- 1
TECHNI CAL FI ELD [0001] The present invention relates to novel hanster | G-I
pol ypeptides. The present invention also relates to nmethods for efficiently
and i nexpensively producing desired reconbinant proteins using the novel

| GF-1 pol ypeptides. BACKGROUND ART [0002] Animal cells have been
frequently used as host cells for produciing reconbi nant proteins because
animal cells allow conplex post-translational nodification and/or folding
that could not be achieved w th bagbgriralcagtby when they are used for
produci ng pharnmaceutically useful proteins by genetic engineering

techni ques. [O00JeTHERN FoRARGBGC NO BROTETINS USSING YH s Pk MBEFCEl | wWas to
be obtained by culturing the animal cell or when a desired protein was to
be prepared by culturing an animal cell transforned with a gene encodi ng
the desired protein, the culture nediumhad to be supplenented with 5-20%
of an extr agCHNICWLHIELDderi ved froma mammal for the growth of the animal
cell, specifically a serumsuch as fetal calf serum in addition to basic
nutrients such B808alts, sugars, amino acids and vitam ns. However, this
entailed the followng 2 disadvantages: 1) such sera derived from manmal s
are expensi ve, The present invention relates to novel hamster IGF-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 medium had to be supplemented with 5-20% of an extract,
normally derived from a mammal for the growth of the animal
cell, specifically a serum such as fetal calf serum, in
addition to basic nutrients such as salts, sugars, amino acids

and vitamins. However, this entailed the following



2) stable growth can not be achieved due to variation in quality anong
lots, 3) there is a possibility of contam nation wth viruses and/ or
nycopl asmas, and 4) the isolation/purification of the desired protein as
the cell * product fromthe culture nmediummay be conplicated. Thus, there
has been a need for a techni que capabl e of inexpensively producing

reconbi nant proteins by culturing animal- @l'ls in serumfree nmedia. [0004]
In order to produce a protein in a serumfree nedium a growh factor

cont ai ned iddsadvaniagasst e sukledsemmddentved efpom GRION3LE| erar expenisdved,
cell proliferation and survival rate are inproved to achieve long-term
cul ture an@)os tladlge gredite can mate beh@ahalgwe bhydued dion ¢ a Al qreA
(insulin-like_ growh factor 1). [0005] A The mature formof IG--1 is a

si ngl e chaidqadditypanange lsts . 7@ Jakihtradit® AesshRidddaLfa G §asena on
having insulin-like activities and has a structure simlar to that of

proi nsul i nWithGEATUsES ANt SRS @M g e"t)t R i nsulin-l1ike
ot abol ¢ asLn S o5 8 e RSt RO, oA oot ors
octl on Of B AR Lo LAMT S, i Lhouant o
ool | DAY PG £ o (e TR of T b8ty
producing recombinant proteins by culturing animal cells in
serum-free media.
[o004]
In order to produce a protein in a serum-free medium, a
growth factor contained in a serum must be added, and when
e.g., CHO cells are cultured, cell proliferation and survival
rate are improved to achieve long-term culture and/or large-
scale culture, normally by adding human IGF-1 (insulin-1like
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-proliferating effect and insulin-1like
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.

[o006]



systens, and 1G--1 was reported to have not only a proliferating effect on
these cells but al so various physiological activities, in addition to the
endocrine effects as described above. Mreover, noting the cel
proliferation- pronoting effect of 1G--1, a nethod for preparing a

reconbi nant protein by transferring a DNA encoding a polypeptide having a
proliferation-pronoting effect such as -h8man |G--1 into an ani mal cel
culture system produci ng the reconbinant protein was proposed (US

2002/ 0102650 ARpcenh®07] IGFal tas (peent produceds iaucarrousGedl laraliisake as
reconbi nants derived from humans, but these are very expensive, and it is
t her ef ore dysitealsl,e and J&Fr-dasymsa reporded dfo h@vel nod raedic e pr oduct i on
costs. DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SCLVED BY THE | NVENTI ON
[ 0008] An omjeddfeshtimg gfdeatt amidesieoeeld st dudbtadise yamhais | G- |

pol ypeptide having a strong cell proliferation-pronmoting activity at |ow
product i onP@d§t1°1R|§k}Fﬁé-r isditigs + Ha agliddddom itoy die @ndocnipegreffadts
host ani mal cell eﬁble of eff|C|entIy and i nexpensively producing a

r econbi nantasptdéﬁé’ir sy bty a MIYRWIFEod AT 1 TGV e higREP WdisKdpiatte.
Still another ect of the present invention is to provide a nethod for
preparing QrPEPGH‘JBQnSﬁtfe&totogfor‘Fqg‘y LisitnJethe JOr ARSRATIREIG . 4 - MEANS TO

SQLVE THE ?gg%L%lnaLQO%r%teln 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 2002/0102650 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 production 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 inexpensively producing a recombinant protein
by using a DNA encoding the novel IGF-1 polypeptide. Still
another object of the present invention is to provide a method
for preparing a recombinant protein by using the host animal

cell.



As a result of careful studies to attain the above objects, we discovered a
novel insulin-like growth factor 1 (I G~1) polypeptide derived from hanster
and found that the novel 1GF-1 pol ypeptide has a remarkabl e cel
proliferation- pronoting effect in animal cell cultures, and thereby we
acconplished the present invention. [0010], Accordingly, the present

I nvention provides the followi ng: 1. A'pélipeptide sel ected fromthe group
consi sting of: 1) a pol ypeptide having the am no acid sequence of SEQ I D
NO 1, andM@?*}“sa(f#\lsﬂlrg’ﬁ Wﬁﬁg&;@% ani no aci d sequence in which the
third am no acig §f the am no acid sequence of SEQID NO 1 is substituted
by anot her anmi 1898311d and having insulin-like growh factor 1 (1G--1)

activity. 2. The pol.ypept. d s defined in. 1 apove ereiln the third. am no
Bt 't substi Bt By A (9 i Sardids PO S AER T HIe 2BavE BRasET]
wherein the _t hi.r ) I Q1S 4 ot Ut | icodi ng t he
pol ypept i dg]earsal&% iv%erp(?la?r?ai{og’g&vé&g@l%ﬂvlg% g%hj(%%{ ;klaargﬁtnoglAt]}?ngg
defined in 413000814 dRri%¥a $8ldm MMl Hhd TOWMRE tHa@Scelidirdh in 5
above. 7. Thé host cell as defined in 6 above, which is a CHO cell. 8. A

net hod for rerepaglgpept i WarPtd densrkdafidiekbiin prolalamtiddg the host
cell as defined in 6 or 7 above. 5 9. An antibody binding to the

pol ypept i dpramoddinighed fagrtl imlamithal 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 sequence 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-1like
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.



10. A cell for producing a desired protein into which a DNA encoding the
pol ypeptide as defined in 1 above and a DNA encoding the desired protein
are transferred. 11. The cell as defined in 10 above wherein the DNA
encodi ng 't he pol ypeptide as defined in 1 above and the DNA encoding the
desired protein are sinultaneously transgggred by a single vector. 12. The
cell as defined in 10 above wherein the " encodi ng the pol ypeptide as
defined in 1 above and the DNA encoding the desired protein are separately
transferred by?-nfiPt Aprébpayt §iading. tendheepplypepéiifedsi Aeddpegndriofl 10
to 12 above, which is a CHOcell. 14. A nethod for preparing a desired
prot ein, cBhﬁVFS|ng culturlng the cell as defined in any one of 10 to 13

above. 15. A ﬂe m cont ai ni.ng th gol e ti e.as.d fln q in
Shove. 16 Theltl BLFEL e aPE PLodndiib g R8T s¥lr Brateads antol podon 3
I tid f dded d
ggd?ﬁﬁ?a; §N$?ﬁ§§051%%5E goygq&*%Ptid% %% d%% b%gpgﬁd;ugéo a%@ﬁ |nN%Pabove

i's secreteg Eéagha %td%%ﬁEed égthP% Gt E%ng%@&&%has deflned in any one

of 15 to 1 ove |ch 'S a sérumTtree ne iumor a mediumfree from any

conponent deriyed THaM-BBAMALS ge¥38RE GAr 10NapBOLY RBRHdR 3%e BRI ned in 1
above. 19. A method for preparing a desired protein, conprising 6 culturing

gbgl\jg cel | eHebAgngheheubbuipeprdidemaas ade¢fingad inn1 akbvenanef the Dhals
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 transferred by
multiple vectors.

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

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

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

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

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

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

19. A method for preparing a desired protein, comprising



20. A nethod for preparing a cell for use in the preparation of a desired
protein, conprising the steps of: (a) transferring a DNA encodi ng the
desired proteininto a CHO cell, and (b) transferring a DNA encoding | G--1
into the cell prepared in step (a). 21. A nethod for preparing a cell for
use i'n the preparation of a desired protein, conprising the steps of: (a)
transferring a DNA encoding the desired-pgotein into a CHO cell, (b)
selecting a cell expressing the desired protein from the cell prepared in

step (a), @ﬁqtﬁ%).mtgr ANTHRY Ided AN @Oy g:ulrg:mladl'ﬁtnp dd @ faldeq Sl ect ed

in step (b). 22. Amethod for preparing a ce for use I1n the preparation

of a desirgdybPoakeioE 160HRF 13 RBiee steps of:  (a) transferring a DNA
encodi ng t he deS|red protein and a DNA encoding I GF-1 sinultaneously into a

CHO cel |, and @b). aemethiodg forcpirepatiihesa kelih€odesiseed nprtdieci N from the
cel | prepared in step (a). 23. The nmethod as defined in 22 above wherein the
DNA encodpigphitatdesi o€d ap delsdiredapadotted nDNEompaddiing e btaps of:

simul taneously transferred into a CHO cell using a single vector containing
t he DNA encodi fg)t heradeferedngr at ®NA andodieag DNA desdadiedg préfelin 2htoAa

met hod for preparing a cell for use in the 7 preparation of a desired
protein, cCHPriceilldg @amd steps of: (a) transferring a DNA encoding IG--1 into
a CHO cell, and

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

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

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

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

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

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

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

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



(b) transferring a DNA encoding the desired protein into the cell prepared
in step (a). 25. A nethod for preparing a cell for use in the preparation
of a desired protein, conprising 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 cel
expressing the desired protein from t he’cal | prepared in step (b). 26. The
nmet hod as defined in any one of 20 to 25 above wherein IG—-1 is the

pol ypept i BEeR3TasipPne@fi p degbaed Prorein. nEORPFisdings dheeite®saodal | for

use in the pr ration_of a desired protein, conprising the steps_of: (a)
transferring ggﬁhﬁFéﬂﬁgﬁFﬁ@nﬂhé BQQiFBHOBFBQeFﬁFFﬁt&né% éHéﬁ@bFF}lchn%

| ecti ' th ired protein f Lt L1 d
Step (2) (c) (D) afERBFFRRGLRODRADIACBOF RGN i, ARG LFRE BBt BoRBEPL | n
t b), d I 1.RO ; I ' t he desired tei d I1G-1
rom the' S0P ethoBFefarERdsE SFep T °ThC Ccr ooni ng method as defined i

27 above whergkn ,l I3S e i de def.L.n iR.l ove. BRI EF
EXPLANATI ON B THE 'gghj&ﬂv’\?aéw[ 8(’%%%93%9993?211%% o%g % he ﬁ&%l eoti de

sequence 3RdLarhR9oACHE aS@EYERed BirotRenhameeiilsPhy! thenetdeys wed from CHO
cells of "the present invention.
(a) transferring a DNA encoding IGF-1 into a CHO cell,
(b) transferring a DNA encoding the desired protein into
the cell prepared in step (a), and
(c) selecting a cell expressing the desired protein from
the cell prepared in step (b).
26. The method as defined in any one of 20 to 25 above
wherein IGF-1 is the polypeptide as defined in 1 above.
27. A method for screening a cell for use in the
preparation of a desired protein, comprising the steps of:
(a) transferring a DNA encoding the desired protein into a
CHO cell,
(b) selecting a cell expressing the desired protein from
the cell prepared in step (a),
(c) transferring a DNA encoding IGF-1 into the cell
selected in step (b), and
(d) selecting a cell expressing the desired protein and
IGF-1 from the cell prepared in step (c).

28. The screening method as defined in 27 above wherein

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

BRIEF EXPLANATION OF THE DRAWINGS

[0011]



Figure 2 shows a conparison between the am no acid sequences of the hanster
| G- 1 derived fromCHO cells of the present invention and human | G- 1.
Figure 3 shows activated hanmster IG--1 variants in which the negatively
charged amno acid E at position 3 fromthe N term nus of 70 am no acids of
hanmst-er 1 G- 1 was changed into R K and S for positively shifting the
polarity. (+) represents a positively chafged amino acid, (-) represents a
negatively charged amno acid, and () represents a neutral anino acid.

Fi gure 4 showsFigpreshi ghews §h9r@§§ﬂﬁgtﬁ@§iSequehﬁﬁs@éﬁ am&polackdgure 5 is
a graph show ng the effects of native and nodified hanster |IG-1 on the
prol i f er at Fe@upBeeney. thei hameteri GE-4r aphesARiNgdt RECBT £BE: §edisngfi ve
and nodified hamster 1G=-1 on the survival rate. Figure 7 is a graph show ng
a conpar i sbR®oPTERENENDBKEETEPR - ant i bodi es produced in fed-batch cultures of

ti-1L6R tibod d | 1s_ t f t h
?2F[1 (E3S)an g %ep5?§H§W5?SS§°@§8ﬁﬁ%§ﬁtﬁsggﬁﬁﬂn%E o%ggﬂgrﬂgg esu pr oduced

i fed- bat sgq&ghaggesfofcﬂgnaam%ggﬁ L BOAL-ALAUSLER cB) L31hARs! gred

wi t h hanst noase and are I's a owng a

conpari son Péséﬂ? H?Hﬂiﬁoﬂfanénhhﬁﬁﬂ'QEFQEOdUCEd by stralns havi ng the

hi ghest pr ductlon evel s anong triple anti-1L6R anti body-producing cells 9
transformed wifh HE@BQeéhoﬁ?”ﬁ@té@ﬂtéﬁ”ﬁﬁmb@%r1Iéﬁ3§)varEhﬁQ%elﬁowhicﬁ graph

show ng t he annunts of antibodies produced in fed-batch cultures of
anti-1L6R gRti REgutPveUYCEABrged amino acid E at position 3 from the N-
terminus of 70 amino acids of hamster IGF-1 was changed into R,
K and S for positively shifting the polarity. (+) represents
a positively charged amino acid, (-) represents a negatively
charged amino acid, and (t) represents a neutral amino acid.

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

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

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

Figure 7 is a graph showing a comparison of the amounts of
antibodies produced in fed-batch cultures of anti-IL6R
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-IL6R antibody-producing
cells transformed with hamster, mouse and human IGF-1 (E3S).

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



cells transformed with hanster, nouse and human I GF-1 (E3E). THE MOST
PREFERRED EMBCODI MENTS OF THE | NVENTI ON [ 0012] The pol ypepti de of the
present invention is preferably secreted nature hanster |1 G- 1 having the
am no aci'd sequence shown in Figure 1 and SEQ ID NO 1, but may al so be
precursor hanmster |1GF-1. [0013] The pol ypeptide of the present invention
al so includes a polypeptide having an anPne aci d sequence in which the
third amno acid of the am no acid sequence of hanster 1G-1 shown in SEQ
ID NO 1 isranbstirnetiedilth aaoisher ,amonseaand &uthanhdGRrg i(E3EH)i.n-1i ke
growh factor 1 (I1GF-1) activity. The third amno acid nmay be substituted
by any am no akBidumet 10specif graphy showiingd theuampuafter aifl ynddbiodd.esl ysi ne,
or aspartate, especially serine or lysine. [0014] As used herein, the

expr essi onprpguced insfednbatich gudwuirest oft gnti-ILER B tibodyiprodustiars t o
having a proliferation- pronoting activity and/or survival rate-increasing
activity fellgntranséermed pdghshamsdeysemonseeighd haame LG -dol (E3EDt-i de”
is sonmetines? synonynous with "protein”. 10 - [0016] The pol ypepti de of the
present invention can be prepared as a reconbinant pol ypeptide or a natural

pol ypeptide by a nethod known to those skilled in the art. The reconbi nant
THE MOST PREFERRED EMBODIMENTS OF THE INVENTION

[0012]

The polypeptide of the present invention is preferably
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, especially serine or lysine.

[0014]

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

[0015]

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

synonymous with "protein".



pol ypepti de can be prepared by harvesting transformants froma suitable
host cell transfornmed with a suitable expression vector carrying a DNA
encodi ng the pol ypeptide of the present invention and then purifying thus
obt ai ned extracts by ion exchange, reverse-phase, gel filtration or |ike
chromat ography, or affinity chronatographé using a colum coupled with an
anti body agai nst the pol ypeptide of the pt@sent invention, or a conbination
of these colums. [0017] When the pol ypeptide of the present invention is
expressed as d00d®bilon protein with a glutathione S transferase protein or
as a reconbinant protein having nultiple histidines in a host cell (e.g

ani mal cel | or TBe AYPeRTE RS ddite PTaBnBiINTARt IRTHtEAH Q%rPIEﬁantﬁﬂ‘?f i ed

Pshon pr ol f GcomA a0 HHeRT 0% Godd 3@#% RV TIAS oY iston
st red. || Bted RV 2 h%gﬁnby%%& T Bl o e Bfed fﬁ%a@ﬁﬁ M
known to tg;‘?ﬂi(pseg ilgd daﬂmt prpep bdye Oafrgﬂ{] gﬁﬂéfgtfﬂ%foeﬁﬁéﬂc

tissue or pr ESSI ng t ] nvenrgl on

T?Jr:miggo?;psg{)ﬁdye descri bedlco%g OW. nt |%ghiy may Eg%ﬂ%o{%"l[ ona hamst °

nonocl onal .+df3Q20lcarrying a DNA encodlng 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 histidines in a
host cell (e.g., animal cell or E. coli), the expressed
recombinant protein can be purified by a glutathione column or
nickel column.

[0018]

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

[0019]

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

extracts of a tissue or cell expressing the polypeptide of the



et S P

The present invention also provides a DNA encod| ng the hamster | GF-1 of the
present invention. The DNA of the present invention can be used for
produci ng the pol ypeptide of the present invention as described above in
vivo or in vitro. The DNA of the present invention nmay be in any form so
far as it can encode the pol ypeptide of the present invention. That s, it
may be any of a cDNA synthesized fromnRNAL or a genonmc DNA, or a

chem cally synthesized DNA. A DNA having any nucl eoti de sequence based on

t he degenepaegedft tiheepenen chrouds iah afdinded o luain avuglanwviancede the
pol ypeptide of the present invention. [0021] The DNA of the present

I nventi on aatibedyr ddaddegoytoa thee thams HeroMER-A. tpodypeptiilldecdidschibedrt .

For exanple, it can be prepared by constructing a cDNA library froma cel
expr essi ngbelewpol Fhepaindd boldyt Imaypoes @alyiohom@li @r awhodianaldi zing it with
a part of the sequence of the DNA of the present invention (e.g., SEQID
NO 2) as a pr&B820the cDNA Ilibrary may be prepared by the nethod descri bed
in e.g., Sanbrook, J. et al., Mlecular doning, Cold Spring Harbor
Laboratory Pred8e( Pggspns, inyentios @dse (Pc’fr‘?lYérd@lsalal PNA eRqodding e

library. an al so_be caonstructed prepar,ing an RNA from a_.cell
expr essi ngi’Fﬁ'étEEI S’gptll && e t?é:esﬁréséﬁ’t VenhioRt- o Nes PP &F z'ibr?g oligo

DNAs on the ba5| t seguence of th res Ve t|o

and ampl | FFRGSAEn Ay SUER: SAMG S 18 Bl o RS e EEaorR T i

by PCR re%%%'%%e 5%915 ol éﬂﬁéstJ%e%?%bove in vivo or in vitro.
The DNA of the present invention may be in any form so far as
it can encode the polypeptide of the present invention. That
is, it may be any of a cDNA synthesized from mRNA, or a
genomic DNA, or a chemically synthesized DNA. A DNA having
any nucleotide sequence based on the degeneracy of the genetic
code is included so far as it can encode the polypeptide of
the present invention.

[0021]

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

present invention, synthesizing oligo DNAs on the basis of the



Specifically, the follow ng procedure can be followed. First, nRNAis

i solated froma cell, tissue, organ or the |like expressing the polypeptide
of the present invention. The isolation of nRNA is performed by preparing
total RNA by a known nethod, e.g., guanidine ultracentrifugation (Chirgw n,
J. M et al., Biochemstry (1979) 18, 5294-5299), AGPC net hod

(Chontzynski, P. and Sacchi, N, Anal. Bildchem (1987) 162, 156-159), etc.,
and purifying nRNA fromthe total RNA by using nRNA Purification Kit

( Phar maci ajeanenae PFkeheADNAr afit thel presariAlp¥anbaodi r epdl pmpldfyiad by
using QuickPrep nRNA Purification_Kit gPharnacia). [0023] A cDNA is

synt hesi zetihe¢r sANAhenFeding; t§enRRAYREPRAAS Of e FBRSBTEFSRSCcANFLASdONADYDNA
can al so be _synthesized using. . AW Reverse Transcriptase First-strand cDNA
Synt hesi s KFR TE3ELkSBaRT1REr hBFRt PSnPTIMeTRe |ike. A cDNA can al so be

synt hesi zed anp ) iified by 5 -RACE (Frohman, M A. et al., Proc. Natl.
Acad. Sci . U.S.%.g? 988) 85, 8998-9002; Bel yavsky, A et al., Nucleic Acids
Res. (1989) 17 3 US{Ng.055  Ampli | n h) and
ol ymer ase. chatRev ehkenany - (PRR ESHRATRY BFPREPE-RoSan BhaFRATENEE") 000a)
In the Exa b i@ G odi h s - | ypept.l.dg ;was
obt ai ned bggt%g'cﬁ%ﬁﬁgég Eggégﬁgﬁe?ge&e%egfgi'dgg%SHgg é%?ﬁg %gg?gﬁsgl“@
conser ved éﬁ?ﬂgsgﬂﬂﬁﬂtﬁétbﬂﬁyﬁébhﬂﬁénoflEﬁélpgéﬁén%eﬂﬂeaﬁ%ionL00%§E A

desired DNA Tragnent is prepared fromthe resulting PCR
isolation of mRNA is performed by preparing total RNA by a
known method, e.g., guanidine ultracentrifugation (Chirgwin, J.
M. et al., Biochemistry (1979) 18, 5294-5299), AGPC method
(Chomczynski, P. and Sacchi, N., Anal. Biochem. (1987) 162,
156-159), etc., and purifying mRNA from the total RNA by using
mRNA Purification Kit (Pharmacia) or the like. Alternatively,
mRNA can be directly prepared by using QuickPrep mRNA
Purification Kit (Pharmacia).

[0023]

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

[0024]

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

polypeptide was obtained by PCR cloning. PCR primers were



product and fused to a vector DNA. Thus, a reconbi nant vector is prepared
and transferred into E. coli or the like and colonies are selected to
prepare a desired reconbi nant vector. The nucl eotide sequence of the
desired DNA can be confirned by a known nethod such as e.g.,

di degxynucl eotide chain termnation. [0026] A genom c DNA can be isol ated
by screening a genomic DNA |ibrary u5|nd5%hUs obt ai ned cDNA as a probe.
[0027] In the DNA of the present invention, a nucleotide sequence wth

hi gher expédesignadepsingernegiensn senaéwgﬁeémpng kpawnd&piy men se/ humanc odon
usage frequency of the host used for expression (Gantham R et al.,
Nucl ei ¢ Aci@E- ¥@g@a?cﬁqu§98§f-9, r43-74). Moreover, the DNA of the present
i nvention can_be dified by use of comrercially available kits or known
met hods. Nbdif[gﬁgggns include e.g., digestion with restriction enzynes,

f h id
ToETon O | YThOR LS CbUACRHERGLLIES 5 Rboslitholl£a U] LAQTERLS, B o
TGA, T 0 t |
Ton o1 TA Bl hOBEEL. ThesPLERGIL bR bl al S0 BLA 8 VAEHRS

| nvent | on iE ?§8£H£eﬁ°5nﬁa't%ﬁ5%5}?yhhﬁn‘Pg‘AEOf cB?Ee BreERal 11h@VERK on in a

host cell or expressing the polypeptide of present 1 nvention.
(0029] colonies are selected to prepare a desired recombinant vector.

The nucleotide sequence of the desired DNA can be confirmed by
a known method such as e.g., dideoxynucleotide chain
termination.

[0026]

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

[0027]

In the DNA of the present invention, a nucleotide sequence
with higher expression efficiency can be designed in
consideration of the codon usage frequency of the host used
for expression (Grantham, R. et al., Nucleic Acids Research
(1981) 9, r43-74). Moreover, the DNA of the present invention
can be modified by use of commercially available kits or known
methods. Modifications include e.g., digestion with
restriction enzymes, insertion of synthetic oligonucleotides
or suitable DNA fragments, addition of linkers, insertion of
initiation codons (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



The vector is not specifically limted so far as it contains "ori" for
anplifying the vector in E. coli (e.g., JML09, DHSa, DHl0a, HB101
XL1-blue). so that it is prepared in a large quantity by nassive
anplification in E. coli and a gene for selecting transforned E. cola
(e.g.-, a drug-resistant gene discernable by sone drug (ampicillin,
tetracycline, kanamnycin, chIoranphenicbI%ﬁ When the host is e.g., E coll.
Exanpl es of vectors include ML3 vectors, pUC vectors, pBR322, pBluescript,
PCR- Scri pt in¥geptipp adgdusednlt §orh@alatadnd nandie HYdd ofbdihe RregentpGEM T,
pDl RECT, pT7 and the like are also included for the purpose of subcloning
or exci si ngN¥eRBYRN iPpnanhese ¢edlorT £ofs &FPEESSidudd s melyRepidsts &F of

the preseni invention, an expression vector is especially useful. The
expressi ont 80?5?5ﬁ83t19§98 &-characteristics described above allowing
the vector to Eso?gﬁhified in E. coli when the expressionine.g., E. cola
Is desired, and’i st further contain pronoters for efficient expression

in E. coli, e. pe r G 4 14 € 1989 341, 544-546;
FASEB J. (1992?*’67%%5- %%g%%f% 5&’%%1%%%?‘5? e el _Sg’t %%%. ,a%silutence
(1988) 24050494155043) 4 "0 o/ aRpATRYBNgVieR LR tiestin & .Ecdagl eS;J(Ph as
JML09, DHSa, DHl10a, HB101, XL1-blue. Such vectors include p -5X-1

(Phar maci aymi0Q Al s e i n, G (i ' n L he
host 1o pr oF R P B D L b e A i e o

vectors 15a- 1aeGki quadtahgvey MaG3ilve Bipluedicationy ial U eIlaighd asi gnal

sequence for secreting the pol ypeptide. Wen the pol ypeptide is to be
gene for selecting transformed E. coli (e.g., a drug-resistant
gene discernable by some drug (ampicillin, tetracycline,
kanamycin, chloramphenicol)) when the host is e.g., E. coli.
Examples of vectors include M13 vectors, 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 in e.g., E. coli is desired, and it must further
contain promoters for efficient expression in E. coli, e.g.,
lacZ promoter (Ward et al., Nature (1989) 341, 544-546; FASEB
J. (1992) 6, 2422-2427), araB promoter (Better et al., Science
(1988) 240, 1041-1043), or T7 promoter when the host is
E. coli such as JM109, DHS5a, DH10c, HB101l, XLl-blue. Such
vectors include pGEX-5X-1 (Pharmacia), "QIAexpress system”
(Qiagen), pPEGFP, or pET (in this case, the host is preferably

BL21 expressing T7 RNA polymerase) in addition to the vectors



produced in the periplasmof E. coli, the pelB signal sequence (Lei, S P.
et al J. Bacteriol. (1987) 169, 4379) can be used as the signal sequence
for secreting the polypeptide. The transfer of the vector into a host cel
can be perfornmed by e.g. calciumchloride-nediated transformati on or

el ectroporation. [0031] 1In addition to ﬁﬁb00|i’ vectors used to e.g.,
prepare the polypeptide of the present” imvention include e.g., expression
vectors derived frompmammuals (e.g., pcDNA3 (lnvitrogen) or pEF-BOS (Nucleic
Aci ds. ResM¢dbyoneqd aps¥se3) pEF, pCDMB), expression vectors derived from

i nsect cells (E o "BAC-t0- BACT" bacul ovirus expression systeni' (pBacPAK8
from Invitrog ﬂ??,]expression vectors derived fromplants (e.g., pM],

VH2) | ' ' f i mal Vi . g. H SV, pW,
Phdoxiow | oxpPDesVen tobopats YEr: RRTRER E patbhs; FoautRed Fob 2 nb0).
| <161 i VU Pront PEEP8YI PUSES]CE. 5 bl pe
(1 i 1 ogeny CEpRP, ChepPRA7pUBEINBas. Rk ne peugaeBrril I3 AbR | s
btili PLRO 0 ; [ i i mal
el s sucntaedapglcef EnopBRtphepl OF RiTOLL, ) ERP PRIETHISRe, Bednte

nmust cont ajfleipr gnoper stnagegsaBucheribie 108eysien Wahhioh the &Rl hede: J. .
16 SV40 pronoter (Mulligan et al., Nature (1979) 277, 108), MWV-LTR

pronoter, &&ltrersipghalokeguelcausbrmeeetreting Wuel pod ypapitddeRes Thel990)

18, 5322), RSV pronoter, CW pronoter, and nore preferably it further

cont ai ns atgensféor osekthet vegtor into a host cell can be performed by
e.g. calcium chloride-mediated transformation or
electroporation.

[0031]

In addition to E. coli, vectors used to e.g., prepare the
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, pAdexLcw), expression vectors derived from
retroviruses (e.g., pZIpneo), expression vectors derived from
yveasts (e.g., "Pichia Expression Kit" (Invitrogen), pNV1l1,
SP-Q01), expression vectors derived from Bacillus subtilis
(e.g.., pPL608, pKTH50), etc.

foo32]

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.,



transformation into the cells (e.g., drug resi stant gene discernible by
drugs (neomycin, (418, hygromycin, puronycin)). Vectors having such
properties include, e.g., pMAM pDR2, pBK-RSV, pBK-CW, pOPRSV, pOP13, etc.
[0033] Wien it is desirable to stably express a gene and anplify the
nunber of copies of the gene in cells, CHO cells |acking the pathway of
nucl eic acid synthesis can be transfornmedl®i+h a vector containing the DHFR
gene conplenenting it (e.g., pCHO) and anplified by nethotrexate (MIX), or
when it issvidesiprafiotero (MuASigan let @nr.edatargena,9799S &l | ssoyrying a
gene encodi ng the SV40 T-antigen on their chronosone can be transforned
with a vecMMLVcQLTRAapTiom) tiehre @®@F1g pramatel | (eaizushindaoretS\H0. ( plsleice. ) .

QO her suitable origins of replication include sequences derived from

pol yormavi r dsdds Reéeno\ilfddes 18 .bGA2Re .pRHV Ipmemotieus QMBPBromstter Tamhpl i fy
the nunmber of copies of the gene in a host cell system the expression

vect or can™Pger P&efegdiabdivn 1§egf@étté‘lﬂre qeaybadns su@engs fo&"msfﬂigﬁ%ldsﬂ de

transferase (AP ene, thyn1d|ne ki nase (TK) gene, E. coli

xant hi ne- g&RPS °|§%@st|3-l‘?6‘r he Sedis $e 9- (E@od’d"t‘ﬁg “FafE s t@Hy g9l at e
reduct ase fr) etc 0034 V\hen t DNA_of the present invention is
to be exprés‘?&? T, \Pg ﬂ?“&# E;I‘ltlgbl @Y\%&'B’ijébnt%l?ﬂ"fyg”t’}?e)

o 2 e AR o S BRI ST 1 MR
transf_orrrablB(knngu })%lig_%m,ec WP§§WC|§H%%’3,bléttcn.Ot limted to, e.qg.,
adenoviral “vectors pAdex! cw)’

[0033]

When it is desirable to stably express a gene and amplify
the number of copies of the gene in cells, CHO cells lacking
the pathway of nucleic acid synthesis can be transformed with
a vector containing the DHFR gene complementing it (e.g.,
pPCHOI) and amplified by methotrexate (MTX), or when it is
desirable to transiently express a gene, COS cells carrying a
gene encoding the SV40 T-antigen on their chromosome can be
transformed with a vector containing the origin of replication
for SV40 (pCD, etc.). Other suitable origins of replication
include sequences derived from polyomaviruses, adenoviruses,
bovine papilloma virus (BPV), etc. To amplify the number of
copies of the gene in a host cell system, the expression
vector can further contain selectable markers such as
aminoglycoside transferase (APH) gene, thymidine kinase (TK)
gene, E. coli xanthine-guanine phosphoribosyl transferase
(Ecogpt) gene, dihydrofolate reductase (dhfr) gene, etc.

[0034]

When the DNA of the present invention is to be expressed

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



~~~~~ . G B N R — N

retroviral vectors (e.g., pZIPneo) Gener al gene nanlpulatlon such as

i nsertion of the DNA of the present invention into the vector can be
performed by conventional methods (Mol ecular Coning, 5.61-5.63).

Adni nistration into the living body may be performed ex vivo or in vivo.

[ 003521 The present invention also prOV|des a host cell transforned with
the vector of the present invention. The 17"host cell to be transforned with
the vector of the present invention is not specifically limted, and
various anthelpreseént invaniiosm gan pe §§ﬂnsﬁﬁ§r€ﬂoi@épl§h@aﬂiwénas@@dYThe
host cell of the present invention can be used_as e. production system
for preparPKgr%Fr%YbFE§SvnélPﬁéoﬁﬁryp@BFFBBlcoﬁlPﬁéoﬂﬁéséﬁtaﬂﬁ@@ﬂFFHﬁ‘

d ol d | ud d
Eﬁgdﬂﬁiigﬂmééi%ﬁ “RRSGP FBtaPBaL ?ﬁ@ﬁgéégféﬁégfﬁ%|Eaéﬁpﬁééé% anlg'“ e
Cukaryot C11gELLS, 9, PEOSTTYELRORSLLT yLARRRL (157, SHkBRMAS, sal s e

(1505) 105t BrEqEyPapEELkRet" foibE TBTIEReb ., crlieded, SkRe dorThiAt Ity
anphi bi an ggly Sag 19se?€§89“6f09ﬁ¥t8ﬁA(¥§|kﬁe ﬁkeégnt 1H@%HE38&13%¥5 2L

358-340);.or I nsect cell , St21, 18
celI's defigiepbri BahhBe Bfg@med bX eonveﬁelehta& m(al*e‘hgas Nefol1 e cHG RS- SCI
USA (1980) 77, 4216- 4220) or CHO Kl (Proc. Acad. Sci. USA (1968) 60,

1275) canchenphgf esabhysussd. V\hamlhafsg@a%ciahelﬁwr e¢sel QA viiAgahody! may
be performed ex vivo or in vivo.

[0035]

The present invention 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 vitro and in vivo production systems.
In vitro production systems include those using eukaryotic
cells or prokaryotic cells.

[0036]

When eukaryotic cells are used, e.g., animal cells, plant
cells and fungal cells can be used as hosts. Known animal
cells include mammal cells, e.g., CHO (J. Exp. Med. (1995) 108,
945), COS, 3T3, myeloma, BHK (baby hamster kidney), Hela,
Vero; amphibian cells, e.g. Xenopus oocytes (Valle, et al.,

Nature (1981) 291, 358-340); or insect cells, e.g., Sf9, Sf21,



cells is desired, CHO cells are especially preferred. The vector can be
transferred into the host cells by e.g., calcium phosphate-nedi ated
transfectjon, DEAE dextran-nediated transfection, cationic |iposone
DOTAP- nedi at ed transfecti on (Boehringer Mannhein), electroporation,

| i pof-ection, etc. [0037] Plant cells known as pol ypepti de-produci ng systens
i nclude e.g., cells derived fron1Nicoriéﬁh'tabacun1 whi ch can be used as
callus cultures. Aquatic plant cultures &Biolex)_are also effective. Known
fungal cel 'B5;nchnaegdyEHEt seldsy. CHQefgd lssdefhgdemicds theg DHFEy@em@r-omyces
cerevisiae; filanmentqous fungi, e.g., genus Aspergillus, e.q., Aspergillus
ni ger. [0638} -WHER BPSEér§8%P8'c§%ﬁ§'aP€aGse§FlprH&@Cﬁﬂ@ﬁogygpéné ng
bacteri al are_knoyn. ,Known erial. cells inclu «cala (S..coli),
oo o822 BlsPEr FIO%RE: FERE NARI0: el sl By tigBmiadef g2
subtilis. 3 h eptide c e i fQrmng th

cells mﬁthggﬁegge ?Fgggghigan§e§UItﬁ§F%gl é%fgggé oF#é%%%g%QS 4ﬁ1qﬁiﬁ%%

| noubat | ONcEanahe PABLILER] Bk B STELAOUspeki X BTG { U ed! &

that can be used Tor animal cells 1nclu 0, | VDM

The nedi a gaptBe caHPBLeweAh&FeMrl S@feMtpdCRoat Rhals Rl e .2Lr UBalldasn or
can 19 be serumfree. The pH during incubation is preferably about 6-8.

| ncubat i onphsspaaiBLmEapatkar Fednal e2hqeh , 3DEABC detft raplaidldibred?O0 hours,

and if desired, the nmedia are replaced, aerated or stirred.
transfection, cationic liposome DOTAP-mediated transfection
(Boehringer Mannheim), electroporation, 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. Aquatic plant cultures (Biolex) are also
effective. Known fungal cells include yeasts, e.g., genus
Saccharomyces, e.g., Saccharomyces cerevisiae; filamentous
fungi, e.g., genus Aspergillus, e.g., Aspergillus niger.

[0038]

When prokaryotic cells are used, production systems using
bacterial cells are known. Known bacterial cells include
E. coli (E. coli), e.g., JM109, DH5a, DH1l0a, HB1l0l, etc., as
well as Bacillus subtilis.

[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



[0040] In vivo pol ypeptide-produci ng systens include, e.g., production
systens using animals or plants. These animals or plants are transforned
with the desired DNA and the pol ypeptide is produced in the animals or

pl ants and harvested. As used herein, the term"host"” is intended to
include these animals and plants. [0041] Wen animals are used, production
systens using manmal s and insects are - Ad@ uded. Manmmal s that can be used

i nclude goat, pig, sheep, nmouse, and cow (Vicki d aser, SPECTRUM

Bi ot echnol bgysépphi-£aéeonsThé9p8) duvhag dapubhtieneissptefetrablygabott
animal s can be used. [0042] For exanple, the desired DNA is prepared as a
gene fusedé6-80 algeubathondisgnarpalyyeptirderpeddatedbspeci3Di-daPtyfon m | k
such as goat (3 casein. Then, a DNA fragnment containing the fusion gene is
i nj ected i apouthdSerdtPyboursa godt 1Andeshred. etbeypeddaj agearepdacedo a
femal e goat. The _desired polypeptide can be obtained fromthe m |k produced
by transge®Fatg§8aPs BbikTPHom t he goat inpregnated with the enbryo or

pr ogeny thereoL. To.increase the anount of the polypeptide-containing mlKk
produced by th °?43ﬁsgenic goats, hornones may be used in the transgenic
goats as approgriate 20

Ebert . KM .et al., Bio/Technolqgy (1994) 12,
395 702) . " Looka] P FecBe yPREF agreheaitafsi hephans EhgTudRl kotns, vien
si | kwor s 8£8dHé%Q0ntQ?sggﬁgrﬁgiﬁalXgiﬂgigeogaglgﬁtg?ta&ﬂgge animals or
plants are transformed with the desired DNA and the
polypeptide is produced in the animals or plants and harvested.
As used herein, the term "host" is intended to include these
animals and plants.

[0041]

When animals are used, production systems using mammals
and insects are included. Mammals that can be used include
goat, pig, sheep, mouse, and cow (Vicki 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 P casein. Then, a DNA fragment containing the
fusion gene is injected into the embryo of a goat and this
embryo is implanted into a female goat. The desired
polypeptide can be obtained from the milk produced by
transgenic goats born from the goat impregnated with the
embryo or progeny thereof. To increase the amount of the
polypeptide-containing milk produced by the transgenic goats,

hormones may be used in the transgenic goats as appropriate



fromthe body fluid of silkwrnms infected wth a baculovirus containing a
DNA encodi ng the desired pol ypeptide (Susunu, M et al., Nature (1985) 315,
592-594).,[0044] Wen plants are used, tobacco can, for exanple, be used.
When .t obacco is used, a DNA encoding the desired polypeptide is inserted
into-a plant expression vector, e.g. pMON 530, and this vector is
transferred into a bacterium such as Ag?ﬁbacterlunltunefaC|ens The desired

pol ypepti de can be obtained fromleaves of tobacco, ., N cotiana tabacum

i nfect ed Wi ERe¥hi sKiMet 8Fi amr ¢ JBLP4ARerhnelogy £2984) 1Eur599 702punol .
(1994) 24, 131: égﬁ% [ 0045] Thus obt ai ned polypeptlde of the present

i nvention can b Lolated fromthe host cells or extracellular systens
(such as cult ified.as_a sabstantial%h ure and

hormogeneous pof§5%€? a%hga éFaPFSﬂ/bHF}? Bat Pofl - of 1L KECTPSI y p¥BEPde can
be perforngg Q¥09H¥ 5§8|§E58n/gﬂé' Egikéanﬁgﬁgbh§@188”%SHtb%“ %E%lﬂ%@d for

t he purlflca Ion 0 ypepti de can

i sol at ed/ pt‘{:bﬁm' ‘Eﬂeb?i?&?pif?{i&h%@' !1&&#8%5“%%8 bR B9 tnChr 9RLAGLARDY

col ums, ters rafiltration vent precipitation, solve t

extractiongoflt8ihihgt AODNA EHBHARAGCEHAI aetsheea §Q§y5@b¥§@%¥|(%ﬁ‘s@ﬁnugeh
el ectrophoresis, 21 isoelectric electrophoresis, dialysi

recrystal | egaalon, NetGre [(0946) Shsonmebagsaphi.es i ncl ude e g., affinity
chromat ography, ion exchange chronmat ography, hydrophobi c chronat ography,
gel [0044]

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

[0045]

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

immunoprecipitation, SDS-polyacrylamide gel electrophoresis,



filtration chromatography, reverse phase chromat ography, adsorption
chromat ography, etc. (Strategies for Protein Purification and
Characterization: A Laboratory Course Manual. Ed Daniel R Marshak et al.,
Col d .Spring Harbor Laboratory Press, 1996). These chromatographi es can be
performed by wusing liquid phase chromataographies such as HPLC, FPLC, etc.
The present invention al so includes pol ypeptides highly purified by using

these purification nethods, [0047] .Optionally, a peptide_can be partially
oroved by SREUPETTRG. PACCHEPPBOEERAS. bILPLESkEe | ROy Shaltiratien, ote-
polypeptide-nngbﬁx%ﬂg enzynme before or after it is purified.

Pol ypepti de- np yrng enzynes include, e.qg., trypsin, chynotrypsin, |ysyl

crdovert doee R BhelTgHaIey Bhusankcaes, . skepdO0tBhoolie tianny

i nvention al so provi anti

present inygntLosnadge 8Atbhad¥gPhphle nPEESBRbLIBYERFLARtbYABhyY, gel
specifically lrhmted to any form an may be pol ycl onal or "nonocCl onal .

Antisera opiatPeeiby chbBMAt3yPEpAY, aRkiRrssUphags éhﬁ:éhﬁitbﬁ‘ﬁiabhyt,he
pol ypeptide of the present invention, all classes of polyclonal and

nmonocl onal aasbtrpedbfischasmaebhraphfynercanysheditegiand foktupabitags anti bodi es
obt ai ned by genetic engineering are also - 22 - included. [0049] The

pol ypept i deusifibatpoasanti Chaeatieriratdoas AnLabbiramhbziyngoamisieg®anan .
obtai ning the antibody can be obtai ned
Ed Daniel R. Marshak et al., Cold Spring Harbor Laboratory
Press, 1996). These chromatographies can be performed by
using liquid phase chromatographies 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 suitable
polypeptide-modifying enzyme before or after it is purified.
Polypeptide-modifying enzymes include, e.g., trypsin,
chymotrypsin, lysyl endopeptidase, protein kinase, glucosidase,
etc.

[o048]

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



by using the gene sequences or am no acid sequences disclosed herein.

[0050] In the present invention, the polypeptide used as an i nmuni zi ng
antigen may be a whol e peptide or a partial peptide of the polypeptide.

[ 0051] The desired pol ypeptide of the present invention or a fragnent

t hereof can be obtained in vivo or in vitro by a known nethod from host
cells described herein transfornmed with™ %2 khown expression vector

contai ning a gene encoding the polypeptide or a fragnment thereof and can be
used as thdncilgfgdi-zi ng antigen. Alternatively, a cell expressing the

pol ypeptide or a Igsate thereof or a chemcally synthesized polypeptide of
t he present i nf8RAPdn may al so be used as the imunizing antigen. [0052]

Th | i i d.with .t i i zi ti i S .not i fi ||

i ted, but | piBEaPaTpeBsitee OF 0o GG ARta RFTR R A (45 190y i th ¢ he
P onor ons 1AL Z10G, 381 qel it oAl She artIrtie Cald W HiSa
hamster, epe. ugPit EEBLGE gfglgoglg%ée@c'o@%mi%&- ,cigg% en%ﬁaié .ad?dsg‘coz]%rdéé@t es

23 include; e.g.; nmo e nonkeys 1 nclu arrhini wor | d
monkey), epgreif@caque, rhesus, hamadryad, chinpanzee, etc. [0054]

[0050]

In the present invention, the polypeptide used as an
immunizing antigen may be a whole peptide or a partial peptide
of the polypeptide.

{0051]

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

[0052]

The mammal immunized 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



The aninmals are immunized with the inmmunizing antigen according to known
nmet hods. A typical nmethod is intraperitoneal or subcutaneous injection of
the imunizing antigen into a mammal . Specifically, the imunizing antigen
is diluted or suspended to an appropriate volunme in PBS (Phosphate-Buffered
Sal i pe) or physiological saline and, if desired, mxed with an appropriate
anount of a conventional adjuvant, e.g. ,23r<eund' s conplete adjuvant, and
enul sified and then adm nistered to a manmal . Preferably, an appropriate

amount of §helu@synezgng MBhkees.i SshlitablexmdnkeyB kheladesS Ccaitheemanat e

adj uvant and adm ni stered several tines every 4-21 days. A suitable carrier

can be use(olidrwagldmmunkag)i oa.git, hmathquepmehesueg Aamadegadlhe animal is

i mmuni zed in this manner, and an increase in the seruml|evel of the desired

ant i body i ehimpaneeed bgca conventional nethod. [0055] To obtain a

pol ycl onal anti body agai nst the pol ypeptide of the present invention, blood

is collected fE@OP&he mammal i nmmuni zed with the antigen after confirmng

that the serum I|evel of the desired anti body has increased. Serumis

separat ed fronThaianbnads pyeaimmunhzadt wogh SheupmBypigingngntigen

pol ycl onal anti body can_be used or, if desired, _a fraction containing the

pol ycl onal 26RPFE6BY EankBewRuMehBPAEsol At EYPiFRdnMERRedsdBSum and used. For

exanpl e, innunoslobulin can be Ere ared by cogleqtin .a fraction
p

Fecogn 2i ngRBARYSEREONRBRy BEpFAE S ARG, ABIBRE PR bt bR SAFGUGH 12

oY 6RO COHPhoH, Hobli S BOLKORRLRAS, Ol e BRI U R 2N
is diluted or suspended to an appropriate volume in PBS
(Phosphate-Buffered Saline) or physiological saline and, if
desired, mixed with an appropriate amount of a conventional
adjuvant, e.g., Freund's complete adjuvant, and emulsified and
then administered to a mammal. Preferably, an appropriate
amount of the immunizing antigen is then mixed with Freund's
incomplete adjuvant and administered several times every 4-21
days. A suitable carrier can be used during immunization with
the immunizing antigen. The animal is immunized in this
manner, and an increase in the serum level of the desired
antibody is confirmed by a conventional method.

[0055]

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 fraction
containing the polyclonal antibody can be further isolated

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



columm. [0056] To obtain a nonoclonal antibody, immunized cells can be
collected fromthe mammal inmmunized with the antigen and used for cel
fusion after confirmng that the serumlevel of the desired antibody has
i ncreased. Preferred i munized cells used for cell fusion here especially
i ncl'ude spleen cells. Parent cells to_pf fused to the i mmunized cells
preferably include manmalian nyel oma c€ *s, nore preferably nyelonma cells

havi i red ty f | ect i f cells b drug. 0057] Cel
Fusi on of SPRe CPrAEAPATE LM SO AR ASACE 1 The oA ar Baen |y
di \ cwarl f te] al.. (Glfre, G
and w | st BPRYERBYIcETR the Bydhaar'e Apgirish Yoot Bt ae gt domms
nd M s S Wediods 73, 3H6P il
Cel cct ve AT SORRAR i T e vRep (10 B P sl R 1

hypoxant hippg, ng“'iif%lﬁ _rtmsarf@auﬁrandit@ﬁ)ouglwea If1GHRAl AN dr gttt 34T dredi um

I's continued r a sufficient period to kill cells other than desired
hybri domagoflaan-fused cells), typically, several days to several weeks.
Then, hybridomas producing the desired antibody are screened by
conventional I[ooskilng dilution and - 25 - are cloned. [0059] In addition to
the hybri donas obtained by imuni zing a non-human animal with the antigen,
hybri domas pr @duobgia a monoclonal antibody, immunized cells can be
collected from the mammal immunized with the antigen and used
for cell fusion after confirming that the serum level of the
desired antibody 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 obtained by cell fusion are selected by
incubation in a conventional selective culture medium, e.g.,
HAT medium (a culture medium containing hypoxanthine,
aminopterin and thymidine). The incubation in the HAT medium
is continued for a sufficient period to kill cells other than
desired hybridomas (non-fused cells), typically, several days

to several weeks. Then, hybridomas producing the desired

antibody are screened by conventional limiting dilution and



desired human anti body having a pol ypepti de-binding activity can be
obtained by in vitro i mmuni zi ng human | ynphocytes, e.g. human | ynphocytes
infected with EB virus with the polypeptide, a cell expressing the

pol ypeptide or a lysate thereof and fusing the inmunized | ynphocytes to
permanent |y dividing nyeloma cells deriyed_fromhuman, e.g. U266 (JPA SHO
63-17688) . [0060] Then, the resulting hybridoma is transplanted into the
abdomi nal gayi a nmouse and ascites are collected fromthe nouse, and

t hus obt ai ned nnnoc?onal anti body can be purified by e.g., ammonium sulfate
precipitation, gsodgin A colum, protein G colum, DEAE ion exchange
chronatography an “affinity colunn coupled with the pol ypepti de of the

present inventh odgdftfon THE BHé | RPBYi@bmaSCoBtESRBE bPVeRhLANZSREVES not
only for the purification or detection of the polypeptide of the present

i nvention het - pik&n a8n Bm&BNWL At €hef anbigenNi Rybrodonatagesaating ahe

pol ypeptide of the present invention. It 1is also contenplated that this
anti body caesieeapphmen antibolybhdyihfeaapylppepts@asbindiinghachivhey

pol ypeptide of the present invention is involved. Wen the antibody
obt ai ned icanusedobhbainéé pwrposeidfoaimmunizingi buman hymphecfaasi bedy.
therapy), it is preferably a human anti body or humani zed antibody to reduce
i munogenilewgn {yophocytes Fenfegtagdl eith ﬁﬁnﬁhruﬁtWbébythgapﬂévpenéide

pol ypepti de can. be obtai ned by using hybridomas obtai ned by inmunizing a
transgenlcaaﬂ$%%le%&ﬁ?%ﬁlﬁﬂnﬁheaﬁ?iﬁBGQ 48ReoFepetydnfesthptfoft ABdant i gen

ol e t|de a cell expres |n epti de or
polypep sing the 1 unfze ymp oc%geg 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 antibody can be purified
by e.g., ammonium sulfate precipitation, protein A column,
protein G column, DEAE ion exchange chromatography, an
affinity column coupled with the polypeptide of the present
invention, etc. The antibody of the present invention serves
not only for the purification or detection of the polypeptide
of the present invention but also as a candidate of an agonist
or antagonist of the polypeptide of the present invention. It
is also contemplated that this antibody can be applied to
antibody therapy of diseases in which the polypeptide of the
present invention is involved. When the antibody obtained is
used for the purpose of administration to humans (antibody
therapy), it is preferably a human antibody or humanized
antibody to reduce immunogenicity.

[0061]



a lysate thereof to give antibody-producing cells and fusing themto

nmyel oma cells (see International Publications Nos. W»2-03918, WX»03-2227,
W094- 02602, WDO4- 25585, WDO6- 33735 and W)96-34096). [0062] |In addition to
hybri domas, the antibody can al so be produced by using i munized cells such
as anti body-producing inmmunized |ynphocytes imortalized by an oncogene.

[ 0063] The nonocl onal anti body can al s0 4% obtained as a reconbi nant

anti body produced by using genetic engineering techniques (e.g., see
Borrebaeck, C Far gxampdel.apr human]anpibodyHERAREET| ChROROTYORAL 14KTICBADI ES,
Published in the United Kingdomby MACM LLAN PUBLI SHERS LTD, 1990). The
reconbi nanP® QRtRABEG PY PFEdBGcBYLE)AOPRSs PHLALAGda PRodMMWNEiAGs @ t abl e
vect or containingaa DNA encoding t he antibodébcloned from hybridomas or

i muni zed EEPPEISHLR 3BiPAILARYERY DHPRBC #RELPOFY 0 G680 RN & ePRE TR TS0 M thThe
rti body oPRenBp+EERnPOLNPERELSR - ny CRY LaR<PRREEAOE thEaBRUNP B IBIOR cd
Sventi on & P8 kher@BE] by BRveY alcdBoal kBRI nY RIS ala LSRR,
Soined viathel tpofiiéiol, Ha1TS (38NIRCEAAT 0! PRTuBaTons’ B! S 2 €

g-n%/’r‘?é | (é?vg_é;b2853955?%53%3&-227$p%'“9f4i-6%'6b}é’, WB$ 42855830y oD 6153313 Afiqt N an
W096-34096) .

[0062]

In addition to hybridomas, the antibody can also 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, 1990). The recombinant
antibody is produced by transforming a host with a suitable
vector containing a DNA encoding the antibody cloned from
hybridomas or immunized cells such as immunized lymphocytes
producing the antibody. The present invention includes this
recombinant antibody.

[0064]

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

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



papai n or pepsin to produce antibody fragnments or genes encoding these

anti body fragnents are constructed and introduced into an expression vector
and then expressed in a suitable host cell (e.g., see Co, M S. et al., J.

| mupol . © (1994) 152, 2968-2976; Better, M and Horwitz, A H., Methods
Enzynol . (1989) 178, 476-496; Pluckthun, A_ and Skerra, A, Methods Enzynol.
(1989) 178, 497-515; Lanoyi, E., thh06527EﬁzynDI. (1986) 121, 652-663;
Rousseaux, J. et al., Methods_ Enzynol, (1986) 121, 663-669; Bird, R E. and
val ker, B.Siggle Ghain By of gehinbl in (Wiybal the iheavyy7and|[bbghat cheénfFed
ant i bodi es_i ncl udi ng antibpdigs coqgggated with various nol ecul es such as

pol yet hyl TPYISRLT FREG RS af 13 2 prutkable thbrkehFotHes e and i bBdi 88 are
anti bodi st carPERE oftef e esd crEft eyt 5 Aodl FPRE The 2H7755885 Dbt ai ned.
[0056] | THIPSHH] ot b The B BREROT 1 okt ToHod i B 8% L BBPat B by usi ng
From a norTeran ShERith DEY FramheS e CONRy ChibneLe | OF SERLED P, ooy “or
Fegi ong) - S e L P R (hes Fre ([ arevar ¥ egi ons). and

constant 1&g MBudd®@ Mt HUaReApté OOt TO96D adderRdh i bLYe 98L& PRdaaS

above can be purified to
suitable host cell (e.g., see Co, M. S. et al., J. Immunol.
(1994) 152, 2968-2976; Better, M. and Horwitz, A. H., Methods
Enzymol. (1989)178, 476-496; Pluckthun, A. and Skerra, A.,
Methods Enzymol. (1989) 178, 497-515; Lamoyi, E., Methods
Enzymol. (1986) 121, 652-663; Rousseaux, J. et al., Methods
Enzymol. (1986) 121, 663-669; Bird, R. E. and Walker, B. W.,
Trends Biotechnol. (1991) 9, 132-137).

[0065]

Modified antibodies including antibodies conjugated with
various 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 obtained by chemically modifying the antibody obtained.
These methods have already been established in this field of
the art.

[0066]

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

consisting of the CDRs (complementarity-determining regions)



honogeneity. The isolation/purification of the anti body used in the present
I nvention can be perfornmed by isolation/purification nethods conventionally
used for proteins. For exanple, the antibody can be isolated/ purified by
appropriately selecting/conbining, but not limted to, chronmatography
colums for affinity chromatography or the like, filters, ultrafiltration,
salting, dialysis, SDS- polyacryl ani de~géP &l ectrophoresis, isoelectric

el ectrophoresis, etc. (Antibodies : A Laboratory Manual. Ed Harl ow and

Davi d LaneEramlal rspnhignaardotibedyrandr yhe 18R8) (frahewenkcragiansbnand t he
anti body obtai ned as above can be determ ned by neasuring the absorbance or
Enzyne- | i QR tanimrrebenfremsayhper aptikedy. [ 00681 Col ums used for
affinity chromat ography include protein A columms and protein G col unms.
For exanpl e, FﬁQﬁéﬁlﬁ A colums include Hyper D, PORCS, Sepharose F. F.

Ph I a). 069) . hi h h ffinify. h
et ude, o g. THORSARRRECEH DRE oiF apRgve iy donoBTELE LA Ght ogr aphy. gel
f11rat ] on, GOl oLy 300 481 56 UGS, FNERRLROLEDNN, BFREBE) °Dsed

chr omat ograp (Straf eqi ern Purificarion an
Char act erigzatid,on: %prr YtiSRUESS gng§el R Marshak et al.,
Col d Spri néglja}?%og% aﬁ%‘?‘f’at%%&&%ss%%%&?ﬁ%ese chr omat ogr aphi es can

D per | orh b4 i i L ke GRARECREATBAGLRBIOREL By olsB8 FBEC  FPLC

proteins. For example, the antibody can be isolated/purified
by appropriately selecting/combining, but not limited to,
chromatography columns for affinity chromatography or the 1like,
filters, ultrafiltration, salting, dialysis, SDS-
polyacrylamide gel electrophoresis, isoelectric
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
immunosorbent assay (ELISA), etc.

[{ooé68]

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 antigen-binding activity of the antibody of the present invention can
be assayed by e.g., neasuring the absorbance or using Enzyne-linked

i mmunosor bent assay (ELISA), EIA (Enzynme | munoassay), R A

(Radi oi nmunoassay) or Fluorescent Antibody Assay. Wen ELISA is used, the
pol ypeptide of the present invention is added to a plate on which the
anti body of the present invention has beéA ~i nmobi |l ized, and then a sanpl e

containing the desired antibody, e.g., the culture supernatant of an

anti body- g-r'%ﬁﬂfé%ibalrefb?r %9%@1}1' f i'&?%ﬁ]ﬂ%ﬂ?ﬁtwws Tern be
antigen-binding activity can be eval uated by incubating the plate with a
secondary Peaﬁﬁqgrﬁ‘lfb‘i/ % % byt Wﬁ%ﬁ&?%@%@%%?ﬁ S FFellPCyq. |
al kal i ne &gﬁ%ﬂhaggse and then washing it and then adding an enzyne
substrat e “sut é%‘btnitrophenyl phosphat e and neasuring the absorbance. A
pol ypepti de fgqgﬁﬁgf, e.g. CGtermnal fragnent or NNterm nal fragnent may
al so be used as th pol ypeptide. The activity of the antibody of the

present i nvemhjon car é}?t?ié'gasﬂ'gg} gagﬁ%%@}r& K Ykt IR BT @)e [0071]

The present invention T OVi produci ng a i Ted protein,

which is tyansdipr "Btbaid o K shcadi e d ey @%yp_?ﬁﬁgaa?r g [ige Pr esent

invention and a DNA encoding the desired prot ein. s cell"is useful for
prepari ng d¥ruifidd sk RIPLRY mn%e-iwﬁ Anind s PFESENta d SWENLERTsA § he
desired protein is not specifically [imted and may be any protein such as
anti bodi eEI1A NEikyie anmbosh $5ay f | FOIPE N R4 B0 i @th £5s a i or i C

Fluorescent Antibody Assay. When ELISA is used, the
polypeptide of the present 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 producing a
desired protein, which is transformed with a DNA encoding the
polypeptide of the present invention and a DNA encoding the
desired protein. This cell is useful for preparing the

desired protein.



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

interl eukins such as IL-1 or IL-6, t-PA, urokinase, serum al bum n, bl ood
coagul ation factors, etc.), but antioni§® are especially preferable.

[ 0073] The DNA encodi ng the pol ypeptide the present invention and the
DNA encodi ng the desired protein can be sinultaneously transferred by a
si ngl e vector B9°§%garately transferred by multiple vectors. [0074] The

|1 b f d wth th ' h I i de_of th
fﬁveni Eoneaﬁéafse e e L
imt b I Lall ht.r - :
or of or abi oL bESer Tt Bt Eea dha iy TBE! EnyCBEGELTh Yubh ol bR 168 ©

cont ai ni N 4e.PeLYARPIHHR1 8L,  BeaBheAEEl hAYEREROEs TBRinERGLENt of the

pol ypepti de o e present invention in medi um can be appropriately

det er m nedan gepeadtsy RAmhhezEWPaALiBbatES, MBELUN, UpRYsibhBggehhiyt O be
cultured and the desired protein to be prepared, but norna?ly 0.¥ ng/ L-5

g/ L, prehetabeyplotelBsl{framiulociiee dUIRM A it il facted ¢G{EOHFP)
The cul ture nmedi um containing the polypeptide of the present invention is
useful formacepphagg aopbayeistimailagingnifEatozel (GM-ESHEC &ty yhEdkd Letins,

interferons, interleukins such as IL-1 or IL-6, t-PA,

urokinase, serum albumin, blood coagulation factors, etc.),

but antibodies are especially preferable.

[0073]

The DNA encoding the polypeptide of the present invention
and the DNA encoding the desired protein can be simultaneously
transferred by a single vector or separately transferred by
multiple vectors.

[0074]

The cell to be transformed with the DNA encoding the
polypeptide of the present invention and the DNA encoding the
desired protein is not specifically limited and may be any
cell, but CHO cells, especially CHO dhfr- cells are preferable.

[0075]

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

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



[0077] The culture nedium of the present invention can contain the

pol ypeptide of the present invention, which may be externally added or
excreted fromhost cells. [0078] Qher conmponents in the culture nmedium
used.in the present invention nmay be those conventionally used in culture
media for cells (preferably, animal cellg), nornmally including am no
acids, vitamns, lipid factors, energy s ces, osnoregulators, iron
sources, pH buffers. The contents of these conponents are nornally in the
ranges of suith®Py6d. 05-1500 ng/L amino acids, 0.001-10 ng/L vitanins,
0-200 ng/L I|p|d factors ner sour ces 000
osnor egul at or sTRP_ §Y Eﬁrénﬂ?élPW ﬁ°§§ﬁ+eg§9 fﬁﬁoeeéYﬁﬁPEig EPEng

0. 00001-200_ng/L, m nor, wetal ene 0-5000 nmg/L surfactants, .0.05-10000
oL gromnr%?a&wgeaﬁm 557 U86E Ry Eof BraBarars, bRFoLPER e 1Ra m ted to

t hese ranggﬁ%ﬁgg 83?% gggéggg?agebgodggg glned dependi ng on the type of

the cell ured esi'red protein, etc. [0079] In
addition to thF §94ponents above, e.g., mnor netal elenments, surfactants,
growt h cofactors nucl eosi des and the 1|ike may al so be added. [0080] 32

Specifically, the eUlture RBALUR 6§ntﬁ@nb§b9eﬁt91nvéfﬂ:ﬁlen 8ahdgon¥ainas
L-al ani ne, L-arginine, L-asparagine, L-aspartic acid, L-cysteine,

L-cystine, thegpbl@pepeidb- gEUtRBl prasedt igkyainon, Lwhichi fafebe
L-i sol euci ne, L-Ileucine, L-lysine, L-
externally added or excreted from host cells.

[o078]

Other components in the culture medium used in the present
invention may be those conventionally used in culture media
for cells (preferably, animal cells), normally including amino
acids, vitamins, lipid factors, energy sources, osmoregulators,
iron sources, pH buffers. The contents of these components
are normally in the ranges of suitably 0.05-1500 mg/L amino
acids, 0.001-10 mg/L 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 ug/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]



met hi oni ne, L-ornithine, L-phenylalanine, L-proline, L-serine, L-threonine,
L-tryptophan, L-tyrosine, L-valine, etc., preferably L-alanine, L-arginine,
L-asparagi ne, L-aspartic acid, L-cystine, L-glutam ne, L-glutam c acid,

gl ycine, "L- histidine, L-isoleucine, L-leucine, L-lysine, L-nethionine, L-
phenyl al ani ne, L-proline, L-serine, L- thr oni ne, L-tryptophan, L-tyrosine,
L-valine; vitam ns such as i-inositol bid in, folic acid, lipoic acid,

ni coti nam de, nicotinic acid, p- ami nobenzoi ¢ aci d, caIC|un1pantothenate
pyri doxal hyd$EQ¢#€#¢@%lYpthGoﬁP%Euﬁ?dm%@hPBr?G@ cenbainag: f; - t AdRPne
hydrochloride, vitamn Bl12, ascorbic acid, etc referab I biotin, folic

acid, |ipcteidgisuchnpaelnpiabing: eb-eRsthiRe- pﬁngﬁPﬂEﬂ%B - pyr PEBREF1C
hydrochlorlde ri bof | i am n Bl2,_ ascorbic

h d
oo o affa T revefiiRe . L aTs P Rne VP LATRESRARS; | Neb Rk Bpae aciRnol O
iﬁhfcei' g'u@ry%gﬁg, Logleeisigl, Etfsolgﬁsisgabtylgnekhge ghhgifg; gner oy

preferably
| ucose; or od{ u pot a hl or
ot aset um T P LIALYCE- 3%?2 BEngr) b oBh ek EaLifnofote ??%%%%urEeEQSaEﬁ'as

i ron EDTA, LlfﬂfeGhiﬁét ey- tiﬁﬁﬁeﬁﬁaﬁhl BLigeoshfbl i E-Ghh @hbdeetker rous
sulfate, ferric fate, ferric nitrate, etc., preferably ferric chloride,

iron EEWAnpréPQrabi at,ealansnet buﬁfgiﬁlﬁéchLaésﬁgﬂhgﬂheblEaEBEBQEQc cal ci um
chl oride, 'sodi um di hydrogen phosphate, 33 HEPES, MOPS, etc., preferably

sodi um bi cacb@nat.ecyst0A81] L+ g1laddmninan ngnheammapaaﬁatngyannened above,

the culture nediumcan contain e.g., mnor netal elenents such as copper
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, vitamin Bl2, ascorbic acid, etc., preferably
biotin, folic acid, lipoic acid, amide nicotinate, calcium
pantothenate, pyridoxal hydrochloride, riboflavin, thiamine
hydrochloride, vitamin Bl12, 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,
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sul fate, manganese sulfate, zinc sulfate, magnesium sulfate, nickel
chloride, tin chloride, magnesiumchloride, sodium silicite, etc.
preferably copper sulfate, zinc sulfate, nmagnesiumsulfate; surfactants
such as Tween 80, Pluronic F68; growth cofactors such as reconbi nant
insulin, recombinant |GF-1, reconbinant_EGF, reconbi nant FGF, recombi nant
PDG&-, reconbinant TG a, ethanolanlne hQarochIorlde sodi um sel enit e,
retinoic acid putreSC|ne hydrochl ori de, etc. preferablé% sodi um sel eni te,

et hanol aniHePERdr (N??Er'rﬁﬁﬁﬁﬁﬁék&ﬁ gedium biga¥FeRaFR- hydrochl ori de

and nucl eosi d QHQ deoxyadenosi ne, deoxycytidine, deoxyguanosine,
adenosi ne, af guan05|ne uridine, etc. In preferred exanples of the
present inventjo scrlb ahove t he culture medi u an tain

anti biotics sufc aaéjc{estt rept orryC| %, CURMSTTS MBS tiie @S?C%?X%hd BrtEhteF %

ié‘lﬁt DH 1 MBSy Lo IS0 1 Sipol BB, TUEAU LYY SIRCLTEBLR! 50, |

) H
A P e L Nl Sy e A T oA
can be prepasies férpmlcmmer@i@léméﬁa@vama $1.6h! ST - 1881 35 5@L u@ni Mal

cells such as e.g., DDMEM (Dul becco's Mditied Eagle Medi un), D- VEM F- 12
1:1 M xt urgi 1 {ddecort s, P@ﬁhfé:@bﬁa%@pﬁ@ﬁls@faw;um Mxtare, F-12),

RPM 1640, CHO S-SFM 1 (Invitrogen), CHO SF (Sigma-Aldrich),

magnesium sulfate; surfactants such as Tween 80, Pluronic F68;
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 hydrochloride, etc., preferably
sodium selenite, ethanolamine hydrochloride, recombinant IGF-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



EX- CELL 301 (JRH bi osciences), CD-CHO (Invitrogen), IS CHOV (lrvine
Scientific), and PF-ACF-CHO (Sigma-Al drich). [0085] Moreover, the culture
medi um of the present invention is preferably a serumfree nediumor a
medi um free fromany conponent derived from mamral s except for the

pol ypeptide the present invention. [0086] The present invention also
provi des a nethod for preparing a desiréd protein, conprising culturing a
CHO cell using the polypeptide of the present invention. [0087] The
present i rarsitlanleal ol ipuryinedia het hooinal eekbsrswugh as desgr edDpMEMei n,
by culturing a CHO cell transfornmed wwth a DNA encodi ng the pol ypeptide of
t he preseMﬁulhﬁﬂﬂ¢tﬁ1M@Qﬂ%@e¢mﬁﬁ9#ﬁxMR¢¢the RIMEMAR- b2 ot el NM1ik0OBE] The
CHO cell can be cul tured a_method known to those skilled in the art. For
example. | DHPaRD ot S1ed) F19 10 HeGLEN HNPSEHRRE HAXBUTEDF- 1)

concentratiqn of 0-40% referab 2-10% i the gas hase, at .30-39C
pr ef er abl W Mﬁ“%’?@q §’ }aijl%v {' &b?%%c%ﬁ?El?B? * ani mal

cel ! ol Scﬁzra? S oL Pk pqBagLeaFobto. ' 111
Er i o B i

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

[0088]

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

[0089]

Various bioreactors for animal cell cultures can be used,
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bi oreactors, etc. [0090] 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 the desired protein
into a CHO cell, and (b) transferring a DNA encoding IGF-1 into the cell
prepared in step (a). [0091] The presenf_invention also provides a nethod
for preparing a cell for use in the pfeégrétion of a desired protein,

conprising the steps of: (a) transferring a DNA encodlng%the desired protein
into a CHO%elfermentert &me ntArK RIPTeAGT LS LT Hef teki PESABESFRI n r om

e 0t ne c%}paurhieg ot Tie Sagfiny ”a”Sft‘%L%SIb%a%D?Né\?ﬁ%%? on al’so.
pr ovi des antf@éocoadrgfér %f&@éaggors CELlidplcanted LN REERRLALUOM B &

desired pr"b ., conpri TT ans err| ng a

the desir 1%! J}:eaa[@tc?rs% r[%f“t%’@éi‘@ 1%_ Stopkt %&ébybé&to a CHo
cell, and sel’ecting a celT expressing t esire pr from the cel
prepared igy SteRASDs, [O093]
[0090]
The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:
(a) transferring a DNA encoding the desired protein into a
CHO cell, and
(b) transferring a DNA encoding IGF-1 into the cell
prepared in step (a).
[0091]
The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:
(a) transferring a DNA encoding the desired protein into a
CHO cell,
(b) selecting a cell expressing the desired protein from
the cell prepared in step (a), and
(c) transferring a DNA encoding IGF-1 into the cell
selected in step (b).
[0092]
The present invention also provides a method for preparing
a cell for use in the preparation of a desired protein,
comprising the steps of:

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



When a DNA encoding the desired protein and a DNA encoding |1G--1 are

simul taneously transferred into a CHO cell in the nethod above, the DNA
encodi ng the desired protein and the DNA encoding |G--1 nmay be

simul taneously transferred by separate vectors or may be sinultaneously
transferred by a single vector containin% t he DNA encoding the desired
protein and the DNA encoding | GF-1. Theg®are preferably sinultaneously
transferred using a single vector. [0094] The present invention also

provi des aDNkténdodbngpiéPati sgmubtaredusdy imtoia €HE pedpar andon of a
desired protein, conprising the steps of: (a) transferring a DNA encodi ng
|GF-1 into a CHO ceelechimg 2ugel} aeXpEesshad atipndestoed npreheidesread
protein into the_ cell prega[ed in step (a). [0095] The present invention
al so provithe ¢ehbtPBePEe p%%p%F?Hg(ag-cell for use in the preparation of a
desired proteL£Q9 éfnprising the steps of: (a) transferring a DNA encodi ng
IG~-1 into a T |, (b) transferring a DNA encoding the desired protein

i nt th | [ t d | ect | I ' th
dosi red pr ot el AT o SheaErdlhg e cBERHE4e SBFEES 1 Sata ok BRRERLRY ' 2°
DNA di t | ' | | GF= 1

ranst or el o c2oe PSP SLELE e nFher s A CRIED % CHOCCERT R the st or
a DNA e“CQQéEQoéC%bévéﬂdtﬁe DNA encoding the desired protein and the DNA

encoding IGF-1 may be simultaneously transferred by separate
vectors or may be simultaneously transferred by a single
vector containing the DNA encoding the desired protein and the
DNA encoding IGF-1. They are preferably simultaneously
transferred using a single vector.

[0094]

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

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

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

[0095]

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

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

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

(c) selecting a cell expressing the desired protein from

the cell prepared in step (b).



DNA encodi ng the desired protein sinultaneously or to transfer a DNA
encodi ng the desired protein and then a DNA encoding |G- 1 because the
expression level of the desired protein can be readily controlled. [0097]
In the various nethods for preparing a cell for use in the preparation of a
desi'red protein, IG--1is preferably the polypeptide of the present

i nvéntion. [0098] The present invention3also provides a nethod for
screening a cell for use in the preparation of a desired protein,
conprising thdofx9&ds of: (a) transferring a DNA encoding the desired protein

into a CHO cell, (b) selecting a cell expressing the desired protein from
t he cell prepé‘rh@di i1 stePNA)enqading di desined Dieteeond@ WA 1 into
the cell selected in step (b), and (d) selecting a _cell expressing the

desired prRCAdHhd CHGr-92% r FF@P%@@?r%¢eb%F%dalHHQtéﬁl@c}n POYO 9 derh
t he scree |ng netho above, IGF 1 .is preferably the peptide of the
present i Wﬁ% %‘F&Cﬁil%l@fﬂ %dI B 1 P %e? hods

rotein of t he

by esont paﬁﬂv@hﬁ%ﬁ?c%wq h@{%f%%]ﬁ%rpg N PPl e Syl AL e Bl gafeS
preparati % IZR\IA aen%%sdl egd ﬁ{eOtfégﬁ.fesd rﬁotsé)l%?lgri&a%ﬁé/n a DNA encoding

IGF-1 because the expression level of the desired protein can
be readily controlled.

[0097]

In the various methods for preparing a cell for use in the
preparation of a desired protein, IGF-1 is preferably the
polypeptide of the present invention.

[0098]

The present invention also provides 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}.

[0099]

In the screening method above, IGF-1 is preferably the
polypeptide of the present invention.

[0100]



limted, and may be 1 G~-1 derived fromany aninmal such as human, nouse,
rat, hanster, but preferably hanmster 1G--1. |G- 1 sequences other than
hanster |G- 1 are described in Nucleic Acids Res. 14 (20), 7873-7882 (1986)
and J. Biol. Chem 262 (16), 7894-7900 (1987). [0101] As shown in the
Exanpl e bel ow, we denonstrated that agtg ody- producing cel | s having ideal
grow h behavior in cultures in the absence of G- 1 can be established by

transferring a DNA encodi ng.fhe polypeptide of the present_invention into
cel l's ostabli SR JERe FRERIRG TGTT botred 18 thF ) BAFRALM FOF cREPRETING

of the pr eer?L i RUBrtTor A noRBCPERRRFREEn 0Bl 1 GFAETSN BOOERED GhaCEE

he | | il
survi va e%x?&%\ﬂén?foﬁx&? Jcﬁé'tmégraé'{lﬁo# Ps&PEeﬁER@Q%ﬁFQR%aEBk gdies

pr oduced. Inventron 1S 1n rally very u ecause I't can

be appl i ed; I n ' I N;  ESHECH .
antibody-g#%SE%?HEE%%§€€E£?%%%§]¥ #ﬁ§i¥§§lgﬁfg%f%xéﬁpﬁgg %g%%%g%cﬁﬂﬁﬁstrate

the preseniimif@Nt40d Wy Modt 1GROYCYEFived TELbMJahPCah MM 5QBNT RET €t 0.
Vari ous changes and nodifications can be nmade by those skilled in the art,

and such changes modls@pdrat ¢ahamsted ebat Spref8eaplgdhamstee PGESENt

I nvention. 39 - [Exanples] [0103] Exanple 1. doning of a cDNA encodi ng

hanst er | GGGE-1 (déqiymntdesoshet thanChhiister IGF-1 are described in
Nucleic Acids Res. 14 (20), 7873-7882 (1986) and J. Biol. Chem.
262 (16), 7894-7900 (1987).

[0101]

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 encoding 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.
Various changes and modifications can be made by those skilled

in the art, and such changes and modifications are also

included in the present invention.



Total RNA was extracted fromanti-IL-6R anti body-producing cells (JPA HEl
8-99902, Reference exanple 2) obtained by transform ng an anti-interleukin
6 receptor (IL-6R) antibody gene into CHO DXB11l cells. The cDNA was

synt hesized fromthe resulting nRNA. [0104] Specifically, the follow ng
procedure was followed. About 5 x 106 cells in the growth phase 72
hours after subculture were obtained in State packed at the bottomof a
centrifuge tube containing no culture fluid by centrifugation at 4C, 1,000
rpmfor 5 ni ndtEMRIRE L hen quickly Iysed by pipetting in 4 nl of

Sepasol - RNA | [pre med to 65C, and allowed to stand at room tenperature
for 5 mnutes. ube was further thoroughly stirred with 0.8 m of

chl oroforminEa v etef:r@': cferlgjig ah&ft@e&i@'&%%ﬁ?@%%n@% t enperature

for 3 minutes. A ceht i oh at sin a

cooling centri flupesﬁyﬂ;g%{r%\ﬂolgﬁﬁg N), the upper |layer was carefully
0 a

coll ected and transferre res 5 m-tube. The tube was thoroughly

stirred with 4pdda OfRNEZ-WHORAPOtadFed #6h %ﬂxﬁisﬁnﬁln{fﬁ&dﬁlﬁﬂ‘@%%iﬂg

stand at roomtenperature for 10 mnutes. After centrifugation at :

7,000 rpmden g0 SPAUWIEE, 8 1 §ig9 G2IPERELE BEN Se VB Sns PEP) Pt SbYaih&dONPd to give
RNA pellets. The wall face of the centrifugal tube was thoroughly rinsed

wth 4 M ofandfemiienoin aneh i heter Fukinbe ﬁ@éeﬁ@@fr(iygeﬂ)aénﬂiboaﬂooo
rpomfor 5 mnutes. After the supernatants were conpletely renoved, the tube

was furt hefene iirsiesl GHO+IDX¥BI] ©£1190% PhdachA wis esynehésitegatiomn dhe4C,
7,000 rpmfor 5 mnutes to give RNA pellets, the tube was

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



allowed to stand at roomtenperature for 30 mnutes. The RNA pellets were
air-dried and conpletely Iysed by pipetting in 100 | of DEPC Water.
Further, total RNA was purified according to the protocol of RNeasy M ni
Kit. The' concentration of 30 | of total RNA thus obtai ned was determ ned
usi ng a spectrophotoneter DU640, and the RNA concentration was cal cul ated
as an absorbance of 10D=40 Rg/ m at a ﬁﬁvelength of 260 nm The

hi gh-purity total RNA in an amount_of 5 g was used for cDNA synthesis. The
hi gh- puri tfube ofas FRItFhfuwgednatint’Gf 5 Y i frashdr aeiinure®- | After

DEPC- WAt er,. and then co Ietel m xe HPLC gr ade [ /1
T7-(T) 24 piRer URRRRA B i Hek .ﬂ@m%ﬂﬁt%ipénr%rn%ve%‘ YERF LB vgsangagﬁerm
anneal the priner,. the m xture m%% ?Fted at 70C for 10 mnutes, and t
ey e R e v b (k| PEG 100% el anpler Athen e iAo A 485

Pt SUANOQUELETco2 b 1o QLN Bl Tos 90 | 00 4P TMANTE, X, per e addec

by pipetting, xture was s and ﬁace on rce. Two

m nut es aféf]h&%&”%é n&amugetf&e;&n%e%@%gré d@ﬁiﬁ ) ;ﬂzﬁutés. Ofhe FNA

Super Scr i pt everse [Transcriptase pr petting to start

First-strahgh1sydtiesd Sai£agt1i O aklit 86mpPefE Iyt £ se&hﬁy”% buEeiNgsifui ckly
spun down, and placed on ice. To subsequently performa econd- strand

synthesi s 1@@Ckl 8% Sdpc- wétélEPC-Mafteﬁer30t£’{apr§Axw§§cgﬁél§iéand buffer, 3
| of 10 MM dNTP Mx, 1 R of E. - coli DNA Iigase., 4 1 of E coli DNA

poIyneraseacewwhﬂngdt@ftﬁé pt@t@c&@bﬁﬂ RNesse Mintekstvel yhadded by

pi petting, and the m xture was spun down at 4C, and placed on ice. The

m xture wesnéastibat toh adf 18C€ fibrofi2fota hURRE thupesbbain&acwad- strand
determined using a spectrophotometer DU640, and the RNA
concentration was calculated 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 pg was prepared to 10 pl with
DEPC-Water, and then completely mixed with 1 pl of HPLC grade
100 pmol/pl T7-(T),4 primer added by pipetting and then the
mixture Was spun down. To anneal the primer, the mixture was
heated at 70°C for 10 minutes, and then quickly spun down and
chilled on ice. After 2 minutes on ice, 4 pl of 5 x First-
strand buffer, 2 pl of 0.1M DTT, and 1 pl of 10 mM ANTP Mix
were added by pipetting, and the mixture was spun down at 4°C
and placed on ice. Two minutes after starting incubation on a
heat block at 42°C, 2 pnl 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.



synthesis. After 2 hours, 2 [err]l of T4 DNA pol ynerase was added, and
after further incubation for 5 mnutes, the m xture was quickly spun down,
and placed on ice. The m xture was vortexed with 152 | of 25:24:1 phenol
chloroform: isoanyl alcohol for 30 seconds, and then spun down, and
further m xed by pipetting, and applied ﬁn a Phase Lock Cel tube
prelimnarily centrifuged for 1 ninutes 4 d packed with a gel. After
centrifugation at 4C 15,000 rpmfor 2 mnutes, the aqueous |ayer was
transf err ezPtb BNA bigagep Aj W ppEnHer FodghBNA Redymeadaseghlapd, dr tielxef Vit h

gugcgsg{vgfllgt %%ngﬂgggﬁggfﬂ?%eﬁﬂﬁveﬁ¥taaangmkgHngg%gigg?Oégaggggthanol
Tonutes. S FRSREe s 8o ot Tt oi Sy aa?ff? TG o e R Bere o

S Ur 00 A LB E fea L €0 S OBIAT LA, NTPt%TPrr'ﬁeﬁ%ﬁ A NEECEE PRI
desal tedat yﬂ(‘%?%iggbotﬂkfgraﬂdhéﬁ%heﬁ g‘imo%' 40 8fl A #}ﬁﬁ%ﬂe %aggéfd/%d

et hanol m f or m nut e and ‘then e was conpl

renmoved. Tdved N an efmarrlﬁémsdti@ﬁ 8bPUS RiAhbEseSthaNdixtlie8 @a§sol ved
in 1.5 1 of RNase free Water, and stored as a cDNA at -20C. A 1/50 vol une

was used aguif¥IR¥ esphmt @owr 2) afill 0opl age@f on £EBIA evrednigthaaswas | G--1 42
The hanster |1 G- 1 gene was obtained by PCR cloning. PCR prinmers were

desi gned usoigex&di Wwitbh COR3 eliY e6if ap®nNY4 KNOphendat £ NONI6+r6E08BM Lt Cisdaggne

sequences. [0105] Specifically, the follow ng procedure was followed. A PCR
alcohol for 30 seconds, and then spun down, and further mixed
by pipetting, and applied on a Phase Lock Gel tube
preliminarily centrifuged for 1 minutes and packed with a gel.
After centrifugation at 4°C, 15,000 rpm for 2 minutes, the
agqueous layer was transferred to a fresh 1.5 ml-Eppendorf tube,
and thoroughly vortexed with 0.5 pl of Pellet Paint and 76 pl
of a 7.5M ammonium acetate 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 ANTP.
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 cDNA encoding hamster IGF-1



reaction was perfornmed using the cDNA described above as a tenplate with a
gene sequence encoding Ala at position 13 to Gy at position 19 of the
N-term nus of mature rat 1G--1: 5" -gctcttcagttcgtgtgtgg (SEQID NO 3) as a
forward prinmer and the sequence of a conplenentary strand of a gene
encoding Arg at position 50 to Arg at_pqai[ion 56 of the N-termnus:

5' -ctcctcagatcacagctccg (SEQ ID NO 4) as™a reverse prinmer. After

pr et r eat ment tion_at  98C,

95C, 5 m 35 I .d t 5
seconds, anneE#Q% éWS%g%;f§€§%e%%%§§§a52%§L%&?§32P§L GR 9bening. soEGRds
d | jf h i | ] d t i t 72C, 10
M nat oot PEEneEs VBLS ' detone ot ifd Se0Font CboRtEHvEN SHARIKARR oot de
. ned ti h Lo
sequence q;a{{ﬁaégéy%ﬁhgg f@f}%;ggﬁgnna&?ﬁgcgganlne to confirmthat it is

an anplified anst er a equence i nformation was used to
further contipgegdfR reactions. A PCR reaction was perfornmed using the
cDNA descri bed above as tenplate with a gene sequence encoding Thr at

position 29 tospd&ificDEY! i Be 3PoLiohiRg PréE&&dhPESwas followed. A PCR
5' -acaggct at ggctccagcatt (SEQ ID NO 5) as a forward prinmer and the

sequence Ofe&ctDoP| waBNbefFosinéands OhgathgesPNENgedRgb&inaBbvROSEt hON 85 to
Arg at position 77 of the Nterm nus: tgagtcttgggcatgtcagtg (SEQ ID NO 6)
as a reversemgBaterwith.aAjére pequeratnentodin§gbhlabati pokeésiondbSlaytebes of
denaturation at 98C, 5 seconds, annealing at 53C, 40 seconds, and extension
at 72C, 90Gtecahdsosktionepactdthe Hrpérmynuseofdwatned gahelGFollkowed by
extension at 72C, 10 mnutes to give a 170 bp hanmster 1G--1 PCR fragnent.
As a resul®'!-gctcttcagttcgtgtgtgg (SEQ ID NO: 3) as a forward primer and

the sequence of a complementary strand of a gene encoding Arg

at position 50 to Arg at position 56 of the N-terminus:

5'-ctcctcagatcacagctccg (SEQ ID NO: 4) as a reverse primer.

After pretreatment at 95°C, 5 minutes, 35 cycles of

denaturation at 98°C, 5 seconds, annealing at 53°C, 30 seconds,

and extension 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 cDNA described above as template with a gene sequence

encoding Thr at position 29 to Ile at position 35 of the

N-terminus: 5'-acaggctatggctccagcatt (SEQ ID NO: 5) as a

forward primer and the sequence of a complementary strand of a

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

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



nucl eoti de sequence encoding Ala at position 13 of the N-termnus to Al a at
position 70 of the C-termnus of mature hanster |G- 1 was obtai ned. [0107]
To further obtain the N-term nal sequence, a PCR reaction was perforned
using the cDNA described above as tenplate with a sequence containing t at
-33 bases fromthe base g at the 5'-end of the N-term nus of mature rat
|GF-1 to g at position 14: 5 -tgcttgctcédclttaccag (SEQ ID NO 7) as a
forward primer and the sequence of a conplenentary strand of a gene

encodi ng pArigneat. pdsitémprditeatmentatatposih.of 5@ nateshe 39 tavgliquof
5'-ctcctcagatcacagctccg (SEQ ID NO 8) as a reverse priner. After

pr et r eat netenaftuIgdd ors & M €5, S35eepRdss gnnedddaduiadt iSnCat 4956ecgpds.,
seconds, annealing at 44C, 60 seconds, and extension at 72C, 90 seconds
were reped eXFelian 2k hi2 Cdedi0r S§C9RNE, VeSS SRPE AhPe e fAIRI T thec, 10

mnutes to give a 185 bp fragvgefent containing the N-ferm nal regi on of

hanst er | GESETeE 6% EOoBAEGH BaiFHHELTherhult Sot ilfe ddFGT & And
ami no_aci . seauence, of; g, SONA facorl g, NARLEL, | G-, The, qug] got | de
€ C

sequence oned gene was ‘det ef ni ne a sequencer, and the

o 2| RS A Sn s L deds iy L s et

tai ned amno a sequence is shown in Figure

1 and SEQnJdeh@nds @NhideaONbSEHGNCH | f ShaWe i et SO mgturd 0108]
Mat ure secreted I G--1 of any species consists of 70 amno acids, but the
hanst er | Gamstganerd@sy aval)i shiea Sespuence, which
[0107]
To further obtain the N-terminal sequence, a PCR reaction
was performed using the cDNA described above as template with
a sequence containing t at -33 bases from the base g at the
5’-end of the N-terminus of mature rat IGF-1 to g at position
14: 5'-tgcttgctcacctttaccag (SEQ ID NO: 7) as a forward primer
and the sequence of a complementary strand of a gene encoding
Arg at position 50 to Arg at position 56 of the N-terminus:
5'-ctcctcagatcacagctccg (SEQ ID NO: 8) as a reverse primer.
After pretreatment at 95°C, 5 minutes, 35 cycles of
denaturation at 95°C, 30 seconds, annealing at 44°C, 60 seconds,
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 of 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



differs fromhuman 1G=1 by 3 amno acids, i.e., P (Human: D) at position
20, | (Human: S) at position 35, and T (Human: A) at position 67 (Figure
2). Example 3: Preparation of nodified hamster I G--1 genes and their |1G-1
activities (1) Preparation of nodified hanster | G--1 genes The secreted
hanster 1 G--1 gene has a negatively charged amno acid E (glutamate) at
position 3 fromthe N-terminus. Mdified4hanster | GF-1 genes in which the
amno acid at this position was changed into am no acids for positively
shifting dérepuinedtfromritptepaeorfiirmhthaht ibdescodasohamhtenui&frdns
into the IG--1 gene was perforned by site-directed nutagenesis. [0109] The
native hanbhes obyaine@namine asddfseduanmdt&f slpwn ipeRégurfelefhEnthRe
designated_as E3E (native), E3K (a glutamte-to-|lysine change at position
3), and E3D (¥0: gl ut2Rdt ERe oPYR PRAGUERGRGLS afPBBRI LRoREY) IPsER: FRgure 3).

(2) Effects of @Eﬁ e and nodified hanster IGF-1 on proliferation potency
and survival rb asm ds for expressing the nodified hanster |G--1 genes

45, (Floure ugeie. cotstiich gigge?fa&%ge%ﬁgw' 0t g L8 par Bt 7oSLETLR

anti-IlL-6R antl - resistant "strains mere

sel ected by, f&grfgyﬁ'g?é°h9h¥€efeié é%gshégagl¥n§§8%6§éhﬂgnhgesﬁhggﬂes

The resul ti ng ce alns were SU to sin oni n

Limting & #pdionetomOhifakl 206 feb%%hamms Qegaspr@.l éferﬁtmamaﬁteﬁ@y in
a serumfree nmediumlacking 1G-1
at position 20, I (Human: S) at position 35, and T (Human: A)

at position 67 (Figure 2).

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

(1) Preparation of modified hamster IGF-1 genes

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

[0109]

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

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

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

Plasmids for expressing the modified hamster IGF-1 genes



VE45 (E3E), MK44 (E3K), and M519 (E3S) were selected from the clone cells
obtained fromthe differently charged genes E3E, E3K, and E3S and their
cell proliferation potencies and survival rates in a serumfree nedi um
lacking 'GF-1 in a 100 m-spinner flask were conpared. The parent strain
anti-1L-6R antibody-producing cells merﬁ also cultured in a nmedi um

suppl enented or not with hunan IG~-1 (Lo aTNRSIGF 1) purchased fromJRH
Bi osci ences and tested for nParlson After an_ 100 i nner fl ask

cont ai ni ngt Fl TR bk %P%%r%%? E CE%%C%?@UFEan%%%¥Eﬁ¢fb?t enPRTPRt6R

ti bod d dit i bat 37C f 1
hour . 3" x SR et oft Sa e ERRSR RPERRE TS %ﬁﬁfzgdé’%d RS 1] ai
viabl e der}féé:é’s@é eH %l wa Y ¥é‘% é@é& Wﬁy&f‘%’rﬁ% ngﬁ ’tﬂé al i quot

of the cultures er days mas co d at a

fixed ti %ﬂ@w f%apw@smgzm@ﬁés fg&gbls afﬂesyé§hyehn§a&@11[01lll

The results are shown Igure 5 (proliteration potency and " Figure 6

(survival g@t£ns N&lﬁe(ﬁ%@e&v@édsww@lﬁgléhéeli)eéioﬂmblBﬁrﬁﬂngﬂlﬁgtency and
al so the best survival rate. 46 M519 (E3S) showed a survival rate of 80% or

nore even mindedor t&fgLwéd tléne MdH1 § Eﬁ&)lﬁélol«m@ht?ﬁoﬁﬂﬁeﬂétb@htpbtéﬂéy” ts.
The parent strain anti-I|L-6R antibody-producing cells were not able to

gr ow when imey serem<fitéeirmediumt backbsenteFol. | G--1. The proliferation
pot ency of MS19 was prom nent during days 3 to 6 of culture, and especially
advant ageous adkkblm fromthe doubling tine (M519; 26.5 hr, MK44; 33.0 hr,
ME4S5; 47.0 hr, anti-IL-6R parent strain; 86.7 hr) and maxi num nunber of
cells ME45 (E3E), MK44 (E3K), and MS19 (E3S) were selected from
the clone cells obtained from the differently charged genes
E3E, E3K, and E3S and their cell proliferation potencies and
survival rates in a serum-free medium lacking IGF-1 in a 100
ml-spinner flask were compared. The parent strain anti-IL-6R
antibody-producing cells were also cultured in a medium
supplemented or not with human IGF-1 (Long™R?*IGF-1) purchased
from JRH Biosciences and tested for comparison. After an 100
ml-spinner flask containing 100 ml of a serum-free subculture
medium for MRA(anti-IL-6R antibody)-producing cells was
conditioned in a CO, incubator at 37°C for 1 hour, 3 x 10°
cells of each type were centrifuged and added. The initial
viable density of cells and survival rate were determined in a
1-mL aliquot of the cultures. On and after days 3-7, a 1-mL
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). MS19 (E3S) was shown to the

best proliferation potency and also the best survival rate.



(MS19; 25.8 x 105 cells/m, M44; 20.3 x 105 cells/m, ME45; 7.98 x 105
cells/m, anti-IL-6 parent strain; 21.7 x 105 cells/m) during days 4 to 5.
The growt.h behavior of MS519 gently rising and then steeply growing to the

| ate. groim h phase was ideal for antibody-producing cells. Al so as

prom nent fromthe conparison of the survival rates on day 7 of culture
(M519; 86.2 % MK44; 66.4 % ME4A5; 58.1 % anti-lL- 6 parent straln 76. 0

hrog, Ms19 L st stabl e cell train until the late growh ase,
Exanpl e 4: %ﬁ% F3s SBHY?§OG| grBFBG cEQtByotefPE oF r BAEPOFVER ﬂPt a¥artst er

ot ent 1 ol SHuSrERESr niSRar (ERKD ERarosy %@%331‘@2?%?*%%39%&8%3”8#93
ant - 1L- 0%, apLpog 23 Qg 29 O Sk Boat! BPEA.SBRN D1 4oy BS peEoN

behavi or he “paren strain ce or ne -1 (E3S)
and human ,biE- L, (G35 WRER tRAEPALELe éuﬂHHEQg & %héEﬁﬁéeﬁEQr8?5&&9 1.
pl asm d was constructed by successively I ntroduci ng nutations

135S and TfHé& SPaNgLEraeing Paﬁshey b&néléEa& Beofiineh®MBli2lifg haygh@ same
manner as described in Exanple the plasmd was transferred into

parent strebneasti chlbule, aghbespepialugi Agvatiageblis aBdshown from the
hygromyci n-resi stant cells were selected to give cell strains stably
expr essi ngdéébiring( EBme, (MBEpebg6cBl hrst MEhAas BavonhracMBéUbed4pr. ol hirer ati on
potency in a mediumlacking 1G-1 were selected. Single clones were
obt ai ned bgntiniLt+6B darentoatuvainhe86ell hg)r andsmaxamumt hambhroupfsceflls
ant i bodi es produced in fed batch cultures of cells transformed with I1G--1
(E3S) haV|HgSh9gh25 8 x 10° cells/ml, MK44; 20.3 x 10° cells/ml, ME45;

7.98 x 10°> cells/ml, anti-IL-6 parent strain; 21.7 x 10°

cells/ml) during days 4 to 5. The growth behavior of MS19

gently rising and then steeply growing to the late growth

phase was ideal for antibody-producing cells. Also as

prominent from the comparison of the survival rates on day 7

of culture (MS19; 86.2 %, MK44; 66.4 %, ME45; 58.1 %, anti-IL-

6 parent strain; 76.0 hr%), MS19 was the most stable cell

strain until the late growth phase.

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

To demonstrate that hamster IGF-1 has an 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 (E3S) and human
IGF-1 (E3S) 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



proliferation potency were conpared. The results are shown in Figure 7. The
anount of antibodies produced by cells transfornmed with hanster |G--1
(E3S) was, 973 ng/L on day 8 of culture, which was higher than those
produced by the parent strain (843 ng/L) and cells transforned with hunman
IG-1 (E3S) (821 ng/L). It was shown that the cells transforned wth the
hanst er gene produced the highest amountt7of~ anti bodi es in spite of the
culture nmethod optimzed for the parent strain. Exanple 5: Anmounts of

anti bodi estpmBdated bincehﬁsSamﬁaﬁéﬂaﬁﬁeéswﬁﬁﬁcﬁaﬁﬁﬂe#nl@FEPPGEBS) the

addition to_Exanmple 4 denonstrating that_ hanster |1G=-1 a
ant i body- pPbaSRHgVASt ERAPS eﬁFSﬂegnFﬁaﬁhﬁhBFrSPthﬁﬁﬁﬁlnlGﬁtf IL6-R

er e fur  hoRcLERRSr BRoSRCHBeSs PRt I8, a3 huGRRRyEin rpRsshelt, RB138 |
const ruct e by gn&aegga'egnglvgueaaaoetkggﬁg 563861200 U3Ag figaoner | OF-1

(E3S) as I'son~ anong ree na

speci es in 99“:%@ FpyCEe 1 EREhL Ut AR 1N bl ENA TRl s celat ATS T

human and use enes were use t 0 construct thelr

native | Grpd+bR3f) 18R meakim 1Bbﬁiﬂbdieb¥1'QEEQdEQEQQt%dUUt%Hh ef or E3E
[0112] The resulting six |G- 1l-expressing plasmds were trans rred by

el ectropor ailbfBsi #Weeet BBtAAKBA! byt NAMAtRhEPARedtioR BE dhlelcelan@tranes,
hygronyci n-resi stant cells were selected to give cell strains stably

expressi ngahG@Fthe alotuaky oblir aati®bliest pgbdacell &ac fed-bakchhewlngirelse
hi ghest growt h anong cel
of cells transformed with IGF-1 (E3S) having high
proliferation potency were compared.
The results are shown in Figure 7. The amount of
antibodies produced by cells transformed with hamster IGF-1
(E3S) was 973 mg/L on day 8 of culture, which was higher than
those produced by the parent strain (843 mg/L) and cells
transformed with human IGF-1 (E3S) (821 mg/L). It was shown
that the cells transformed with the hamster gene produced the

highest amount of antibodies in spite of the culture method

optimized for the parent strain.

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

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

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



strains having acquired proliferation potency in a nmedium |acking |IHF-1
(n=3). After one human I G--1 (E3E) strain becane unable to grow during
expansi on, the experinent was continued with n=2 only for human I G- 1 (E3E)
and a total of 17 cell strains were expanded in a 100 m -spinner flask and
then.the anpbunts of antibodi es produced i fed-batch cultures were
conpared. [0113] Figure 8 shows the aﬁnﬁgté of anti bodi es produced in fed-

batch cultures of cells transforned with hanster, mouse and human | G~-1
(E3S). 'ﬂuﬁBﬁ@%%@el%n%%%¥t%9naﬁ?|B%ﬂlés(E?%Hd@%HanB§ %Hr5€i§t?§Pﬁ31§homnng

hi gh h d f_h
> ﬁuggrg"“ e el i %?r’ﬁ‘éaﬁehiéﬁﬁaf‘ﬂégﬁaé’%ﬂéétﬁsrﬁfﬁ%éég s E
pamscer. it %nf’ghteve licf’E 1k BEENTF 1o ot BRe) " EBRF SR Atpunt

t he hanst t o) u ior in the anpbunt of
' ' pro ucedﬁg %e stra#%aﬁ mifac o f%% ﬁ?ﬁ

antlbodle aving t I ghest potential. Figure
10 shows the arpiyy$ of antibodies produced in fed-batch cultures of cells
transfornmed wth hanster nouse and human | GF-1 (E3E). The average anount

of anti bodi es 'ﬂ!@dﬁ@ﬁﬂl@ﬂnétéﬂknﬁGNﬁ“éi%f@@ﬁ'lﬂ‘@ﬁl&&hi&@ wetE-1 (E3E)
showi ng high growh was al so better int order of hanster > nouse >

human. 50 trdddtdfred. b @DLyPEPPOHat S6hechtd thenpahenfr sUpacanpsrepapedof :

(1) a polypeptide having the am no acid sequence of SEQ
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 expansion, the experiment was
continued with n=2 only for human IGF-1 (E3E) and a total of
17 cell strains were expanded in a 100 ml-spinner flask and
then the amounts of antibodies produced in fed-batch cultures
were compared.

[0113]

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

superior in the amount of antibodies produced by the strain



ID NO 1, and (2) a polypeptide having an am no acid sequence in which the
third amno acid of the am no acid sequence of SEQID NO 1 is substituted
by another am no acid having insulin-like growh factor 1 (I1G-1) activity.
2. The polypeptide of claim1l wherein the third amno acid is substituted
by serine. 3. The pol ypeptide of claim1 erein the third amno acid is
substituted by lysine. 4. A DNA encoding the polypeptide of claimi1. 5. A
vect or cont ai ni ng, t he cel l contalnlgg t he vector

o oA g dae T thhe St Sefeft tans Fiaven T8 e Ebf) Sgnkerefnos
f | d h h f
7°rgpriﬁa;%ra?b%%&%°népg§“ $8,f Fofi Bubetoelratr APTbeT8s' sPenfrlried © |
Pl ol "9 B B AR OE A1 f0Rs0 Nh g i TERTYL PRSRY) ??E%Efe 2PeLABEPLhAfAE

cel I of clg¢ Mlfs yber 8 Npib6u L 89008k ATnS NeraROLYPREAT dELA! ngkal 1 and

the DNA encodi ng the desired proteln are S|nu taneously trans erred by a

single veci@®F-1 11@3E5rh§h8€iﬁ D%Aabﬁb»lghmﬁéehﬂséhﬁe%eﬂﬁoéhegokﬁér

pol ypeptide of claim1l and t encoding the desired protein are

separ at el yof rgaré €s¥ esl ﬁuugul$|pﬁﬁaﬂectors 51 13. The cell of any one of
clainms 10 to 12, which is a CHO cell. 14. A nethod for preparing a desired

protein, conprising



culturing the cell of any one of clainms 10 to 13. 15. A culture nedium
containing the polypeptide of claim1. 16. The culture nmediumof claim15
wherein the polypeptide of claim1l1l is added to the nedium 17. The culture
medi ym of* cl ai m 15 wherein the pol ypeptide of claiml is secreted froma
host .cell. 18. The cul ture nedi um of any% e of clainms 15 to 17, which is a
serumfree nediumor a nediumfree fronia.@ ‘conponent derived from mammal s,
except for the polypeptide of claiml1l. _19. A nethod for preparing a desired
protein, conprising culturing a CHO cetPA NS ng the culture nedi um of any

e
R S A T R e T N

preparing gpC@ly. Hor Jyge in the preparation of a desired protein,
conprising the steps of: (a) transferring a DNA encoding the desired protein

into a CHO cell (54b) ?%'l??@)p'%@ld@ Bk n@XRHCARIAG b8 deHRA Y Al ivhildom
the cell prepared in step™(a), and (c) transferring a DNA ‘encoding 1G-1

into the cehle FRirs eheieddid YeRHD)anidd s iEidfiditde EERD D Aeel |
for use in the preparation of a desired protein, conprising the steps of:
1 is substituted by another amino acid 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 claim 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.

8. A method for preparing the polypeptide of claim 1 using

the host cell of claim 6 or 7.

9. An antibody binding to the polypeptide of claim 1.

10. 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.

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

protein are separately transferred by multiple vectors.



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

| GF-1 simultaneously into a CHO cell, and (b) selecting a cell expressing
the desired protein from the cell prepared in step (a). 23. The nethod of
claim 22-wherein the DNA encoding the desired protein and the DNA encodi ng
| GF-1 are sinultaneously transferred into a CHO cell using a single vector
containing the DNA encoding the desired3rotein and the DNA encoding

|GF-1. 24. A nethod for preparing a cell for use in the preparation of a
desired prdBei n,Toenpeldi of anhg enepesfoflaimy 1Pahef &RriwhgiehDils en€HOI ng
IGF-1 into a CHO cell, and (b) transferring a DNA encodi ng the desired
protein in€®llthe cell prepared in step (a). 25. A nethod for preparing a
cell for use in the Ere aration of a desired protein, conprising_.the steps
of: (a) trafsferdiRg OEnEﬁﬁPﬂﬁlpﬁFaldPﬁ%Beﬁ pretedn; CoppyifiaMsferring
a DNA encoding t he desired ein into the_cell ﬁreg Lﬁd in step (a), and
(c) sel ect FRYTUCLRP| TBRpFELS; ﬂ BRE 88§|Pgd°ﬁP&P§| 3the cel | prepared
in step (b 26., The thod 5. where S
the”porypebtr de BrogHETH thedhuf ofPRiRted, %rsgﬁmapﬁléa BECERatBelin { he

preparatiogs53 phe cgféafsdlpgaeg@s”e PPh $5MnhE1 8" ERS BL1ybBbtiae

transferring a encodi ng proterni
of claim 1 is added to the medium.

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

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

(b) transferring a DNA encoding IGF-1 into the cell
prepared in step (a).
21. A method for preparing a cell for use in the preparation
of a desired protein, comprising the steps of:

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

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

(c) transferring a DNA encoding IGF-1 into the cell



(b) selecting a cell expressing the desired protein from the cell prepared
in step (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
IGF-1 fromthe cell prepared in step (c). 28. The screening nethod of claim
27 wherein IG=1 is the polypeptide of g%ai_'m 1. 1 [Sequence Listing]
<110> Chugai Seiyaku Kabushi ki Kai sha <120> Met hods for produci ng proteins
usi ng hanmster I1G--1 <130> 050252 <160> 8 <210> 1 <211> 70 <212> PRT
<213> ansﬁ%]lfec%oyl 15@?/ ﬁl’ Gu Thr Leu Cys Gy Ala Gu Leu Val Asp Al a
Leu G n Phe 35 %Pro Ar%GI%/the Tyy %Asn Ls Pro Thr
Ay Tyr A4 20 II‘Efl?ea P A Fah o B Hhrths PTER I{)?ﬁ" MWp
GuQIsQ/s 354045P é%gs %ﬁpl,%yAr g.Leu Au Met Tyr Cys
Ala Pro Leu %di?fa'l%eod T% Vs 7 a gel:}% %
(a) transferrlng a DNA encoding the desired protein and
a DNA encoding IGF-1 simultaneously into a CHO cell, and
(b) selecting a cell expressing the desired protein from
the cell prepared in step (a).
23. The method of claim 22 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 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).
25. A method for preparing a cell for use in the preparation
of a desired protein, comprising the steps of:
(a) transferring a DNA encoding 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 of any one of claims 20 to 25 wherein IGF-1
is the polypeptide of claim 1.

27. A method for screening a cell for use in the preparation



<210> 2 <211> 242 <212> DNA <213> Hanster <400> 2 tttgccacag ctggaccaga
gaccct ct gc ggggctgagc tggtggatgce tcttcaattc 60 gtgtgtggac caaggggcett
ttacttcaac aagcccacag gctatggctc cagcattcgg 120 agggcacctc agacaggcat

t gt agatgag tgctgcttcc ggagctgtga tctgagaaga 180 ctggagatgt actgtgcccc

cct caagcct acaaaatcgg cccgctctat ccgtgccgag 240 cg 242 <210> 3 <211> 20
<212> DNA <213> Artificial Sequence <220> <400> 3 gctcttcagt tcgtgtgtgg 20

<210> 4 <211> So> S5213> Artificial Sequence o <220> <400> 4
ct cct cagat c?cégecstlfcéz pé%% Ty SPMRring X PES Artificial Sequence
<220> (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 of claim 27 wherein IGF-1 is the

polypeptide of claim 1.



<400> 5 acaggctatg gctccagcat t 21 <210> 6 <211> 21

Artificial Sequence

tgcttgcteacctttaccag

[Sequence Listing]

<220> <400> 6 tgagtcttgg gcatgtcagt g 21 2
<211> 20 <212> DNA <213> Artificial Sequence <220> <400> 7

<212> DNA <213>

<210> 7

<210> 8 <211> 20 <212> DNA <213> Artificial Sequence
<220% <400> 8 ctcctcagat cacagctccg 20 |,

{110 Chugai Seiyaku Kabushiki Kaisha
<{120> Methods for producing proteins using hamster IGF-1

<130 050252
<160> 8

{2100 1

Q211> 70
<{212> PRT
<213> Hamster
<400)> 1

Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Gln Phe
1 15

5

10

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

25 30

Ser Ser lle Arg Arg Ala Pro Gin Thr Gly Ile Val Asp Glu Cys Cys
45

35

40

Phe Arg Ser Cys Asp Leu Arg Arg Leu Glu Met Tyr Cys Ala Pro Leu

50

55 60

Lys Pro Thr Lys Ser Ala

65 70

100 2

Q211) 242
<212> DNA
<{213> Hamster
<400) 2

tttgccacag ctggaccaga gaccctctge ggeggetgage tggtggatge tettcaattce
gtgtgtggac caaggggett ttacttcaac aagcccacag getatggetc cagcattcgg
agggcacctc agacaggcat tgtagatgag tgctgettcc ggagectgtga tctgagaaga
ctggagatgt actgtgccce cctcaagect acaaaatcgg cccgetectat ccgtgeccag

cg 242

<210) 3
<211> 20
<212> DNA

<{213> Artificial Sequence

220>
<400> 3
gectcttcagt tcgtgtegtee

<2107 4
211> 20
<212> DNA

20

213> Artificial Sequence

220>
<400> 4
ctcctcagat cacagctccg

<210> §
11y 21
<212> DNA

<{213> Artificial Sequence

<220»
<4007 5

acaggctatg gctccagcat t 21

<2107 6
<211y 21
<212> DNA

<213> Artificial Sequence

<2207
<400> 6

tgagtcttgg gcatgtcagt g 21

60
120
180
240



Q10> 1

<211> 20

<212> DNA

<213 Artificial Sequence
<220>

<400 7
tgcttgctcacctttaccag

<210> 8

<211)> 20

<212> DNA

<{213)> Artificial Sequence
<220>

<4007 8

ctcctcagat cacagectceg 20





