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WD 20051095611 PCT1EP2005/ 002176 Method for the reconbi nant expresséon of an N-termnal fragment of hepatocyte growth factor F The
invention relates to a nmethod for the reconbi nant expression of ‘a N-terminal four kringle-containing fragment of hepatocyte growth
factor. Background of the Invention 5 Hepatocyte growh factor (HGF/}SF) is a PofyP,eP tide identified and purlfled b Y Nakanura, T.,
It was further found that hepatocyte growth factor is'identical to scatter
USA 88 (1@91) 7001-7005. HGF is a glycoprotein involved in the devel opnent

WOR003995618 ochem B ophys. Res. Commun. 22 (1984)U/ER8¢002156

factor (SF), Widner, -M, et al., Proc. Natl. Acad. Sci.

of a nunber of cellular phenotypes 10 including proliferation,

cells, invasion and netastasis. For a status review, see Stuart, K Ai, et

human HGF have been sequenced and cloned (Myazawa, K. et
15 Nature 342 (1989) 440-443; Seki, T.

a

n1togenesis,

formati on of branching tubules and, in the case of tunor
al., Int. J. Exp. Pathol. 81 (2000) 17-30. Both rat HGF and

Blochenl Blophys Res. Comm 163 (1989) 967-973; Nakanura, T., et al.
, et al., Biochem and Blophys Res.
Acad. Séthodifik tBe rdcdBibinand Eﬂﬁre&iﬁﬂfof ar(Netprmimal ﬂagmatt at ,

Comm 172 (1990) 321-327; Tashiro, K., et at, Proc. Natl.

Eur. J. Bio¢hem 193 (1990) 375-381). HGF is a protein with high sinmilarity to

human pl asm nogen (3&9@ gsse %%‘gthdé #ence identity). HGE and pl asminogen are both synthesized as a single chain 20 polypeptide which

|s proteol ytically proc

fide-linked heterodi mer. HG- ¢ontains an N-term nal domain four consecutive kringle domai ns and

car boxyterm nal , protease-like domain. Different truncated HGF variants have been described. NK1 is the shortest HGF vari ant

Ts Nﬂ;te& gﬁi ﬂ%mlﬂge RebSinade eihBssiiitofl SNitethEAL ed after tlj1e first kringle domain (Lokker, NA., and Godowski, 25 P.J., J.
Bl o 993) 5 17150) wth"%z consi sts of the N-term nal ém no add term nus and kringle 1 and kringle 2 and is the
niRug Keipg csaawmg gme% gpcyte growth factor _

Backeround of the Invention

Hepatocyte growth factor (HGE/SFE) is a polypeptide identified and purified by
Nakamura, T., et al., Biochem. Biophys. Res. Cormunun. 22 (1984) 1450-1459. It was
further found that hepatocyte growth factor is identical to scatter factor (SF),
Weidner, KM., et al,, Proc. Natl, Acad. Sci. USA 88 (1991) 7001-7005. HGF is a
glycoprotein involved in the development of a niimber of cellular phenotypes
including proliferation, mijtogenesis, formation of branching tubules and, in the
case of tumor cells, invasion and metastasis. For a status review, see Stuart, K.A., et
al,, Int. J. Bxp. Pathol. 81 (2000) 17-30. -

Both rat HGF and human HGF have been sequenced and cloned (Miyazawa, K. et
al,, Biochem. Biophys. Res. Comm. 163 (1989) 967-973; Nakamura, T., et al,
Nature 342 (1989) 440-443; Seki, T., et al., Biochem. and Biophys. Res. Comm. 172
(1990) 321-327; Tashiro, K, et al., Proc. Natl. Acad. Sci. USA 87 (1990) 3200-3204;
Okajima, A., et al., Eur. J. Biochem. 193 {1990) 375-381).

HGF is a protein with high similarity to human plasminogen (38% amino acid
sequence identity). HGF and pla_sminogen are both synthesized as a single chain
polypeptide which is proteclytically processed to a disulfide-linked heterodimer.
HGF contains an N-terminal domain four consecutive kringle domains and a
carboxyterminal protease-like domain. Different truncated HGF variants have been
described. NK1 is the shortest HGF variant described. NK1 contains amino acids
32-210 and is truncated after the first kringle domain (Lokker, N.A., and Godowski,
P.].,]. Biol. Chem. 268 (1993) 17145-17150). NK2 consists of the N-terminal amino
acid terminus and kringle 1 and kringle 2 and is the naturally occurring product of
an alternatively spliced HGE mRNA (Chan, A.M,, et al., Science 254 (1991) 1382-
1385). Further HGF variants containing parts of the heavy chain of HGF (amino
acids 1-494, containing the alpha-subunit of HGE from amino acids 1-463) are
described by Lokker, NLA., EMBO J. 11 (1992) 2503-2510).
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an alternatively spliced HGF nRNA (Chan,
heavy chain of HG- (am no acids 1-494,
EMBO J. 11 (1992) 2503-2510). -2-
domai n and the four kringle domains of HGF/ SF has pharnmacol ogi cal pr
Is an antagonist to the influgnace of HGF/ SF on the notility and the i

A M, et at,
contai ni ng the al pha-subunit

angi ogenesi s i nhibitor that suppresses tunor growh and netastasis (Parr,

al ., Cancer Res. 60 (2000) 6737-6743; Date, IC, et al., FEBS Lett. 42
N&Awias ﬁmﬂmnafbanid ahstoard EHGF/68 . frdyenesit,aeemed NIM; ainkistidpoe thK. , et al.
' t|c elastase

|n aa?gp |ng§ ’%# Sﬁ%u?ﬁért Pb G| %Pﬁ@ﬁfg&e gI es | and 2

Sci ence 254 (1991) 1382- 1385).

It was further found that an HGF/ SE fragnent,

Furt her HGF variants containing parts of the
of HGF from am no adds 1-463) are 30 described by Lokker, NA.,
termed NK4, consisting of the N-termnal hairpin

operties that are conpletely different fromthose of HG-I SF, and
nvasi on of 5 colon cancer cells, and is, in addition, an

C., et al., Int. J. Cancer 85 (2000) 563-570; F Kuba, K., et
0 (1997) 1-6; Date, K., et al., Oncogene 17 (1989) 3045-3054). I
FEES Lett. 420 10 (1997) 1-6) by reconbi nant expression of HGF

Two other isofornms of HGF (NK1 and NK2)
, respectively, were produced in E. coli

encodi ng the N-term nal
(Stahl, S.J., Biochem J.

3@621:1!(1@99%)%17@@9@@)& thﬂomvmmpltﬂﬂ%dlﬁenehbﬂronemmesafc}ﬁG?!SiFn about an amount of HGF- 15 derived proteins which is about 10-20% of the

t

h%&‘% s 4 t her
épat ocyt e

oﬁzst Hig%ﬂuéhfc b P&dﬂ?ﬁ

fn@aﬁ&f ?spect

an N-term naPQ?r agmen her eof

?&uﬁnﬁ? di&hth;ﬂdoﬂxeﬁgﬁbﬁ%}’ﬁ@dc @ty ﬁ%tl prcﬁceié iRe (@
Kiiba, Ko f alo Cancer Res &b ‘?5000’3 £5he9,4 rem Ros el

(1997) 1-6; Date, K., etal Oncogene 17 (1989) 3045—3054)

tagefoNK pol ypept i
L}J]%Bconsn stl ng of codc
S Lett

NK4 is prepared according to.the state of the art (Date, K., et al., FEBS Lett. 420
(1997) 1-6) by recombinant expression of HGF cDNA in CHO cells and subsequent
digestion with pancreatic elastase. Two other isoforms of HGF (NK1 and NK2)
encoding the N-terminal domain and kringle 1, and the N-terminal domain and
kringles 1 and 2, respecﬁvely, were produced in E.coli (Stahl, S.]., Biochem. J. 326

- (1997) 763-772). However, this method results only in about an amount of HGE-
derived proteins which is about 10-20% of the total protein.

Summary of the Invention

According to one aspect, there is provided a method for the product_ion of the
alpha-chain of hepatocyte growth factor (HGF) or an N-terminal fragment thereof
7 (NK: polypeptide) by expression of a nucleic acid encoding said !
NK polypeptide in a microbial host cell, isolation of inclusion bodies containing
said NK polypeptide in denatured form, solubilization of the inclusion bodies and
naturation of the denatured NK polypeptide, characterized in that in said nucleic
acid at least one of the codons of amino acids selected from the group consisting
of codons at positions 33, 35 and 36 is CGT.

Amino acid (aa) and codon nﬁmbering is according to the sequence shown in
Swiss-Prot P14210, wherein aa (amino acid) 1-31 denotes signal sequence, aa 32-
494 denotes alpha chain, aa 128-206 kringle 1, a2 211-288 kringle 2, aa 305-383
krinlge 3 and 22391-469 kringle 4.

Surprisingly it was found, that modification of at Jeast one of the codons of the
DNA sequence of positions 33, 35 and 36 (codon 33, 35 and 36 encode arginine,
numbér'mg_according to M73239) results in an increase of the expression yield of
about 100% or more. It is further preferred that the codon for amino acid 32 is

e is provided a nethod for the production of the alpha-chain of

(NK pol ypeptide) by expression of a nucleic acid encoding said 20 NK
p@plppeff&w@eceﬂh aéldniscﬁbbqkh?loﬁo%lt apgipgenefis gnlybitomthet sippiiessss on bodi es cont ai ni ng

said NK pol ypeptide in denatured form sol ubilization
'de, characterized in that in said nucleic acid at | east one of
ns at positions 33, 35 and 36 is CQGI.
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.consi sting.of. as 32-494 or an N-tern nal
.. b@%‘ﬂﬂ’@%

SRhd et beink MR ROV 7hAlgR pelspeptides dielosedheatin shoslaedviagm ©f N-t er mi'nal

- " scatter assay according to Example 4.

 consisting of aa 32-494 or an N terminal fragment thereof, beginning with aa 32,

- codons-at positions 33, 35 and 36 are CGT.

25 Ami no acid (aa) and codon nunbering is according to the sequence shown in
as 128-206 kringle 1,

si gnal sequence, as 32- 494 denotes al pha chain,
4. t Surprisingly it was found, that nodification of at |east one of
(codon 33, 35 and 36 encode arginine, nunbering according-to M/3239)
more. It is further preferredsthat the codon for amno add 32 is qE
splitting off NN term.nal nethionine. NK pol ypeptides disclosed here
begi nning with aa32), preferably fragnment as 32-478, the smallest 5

Swi ss-Prot P14210, wherein as (am no add) 1-31 denotes

as 211-288 kringle 2, as 305-383 kringge 3 and aa391-469 kringle
the codons of the 30 DNA sequence of positions 33, 35 and 36
results in an increase of the expression yield of about 100% or
-3 changed fromencoding G n to encoding Ser in order to inprove
n consi st of as 32-494 or a NNterm nal fragnment thereof (always
fragment being as 32-207. Al NK pol ypepti des discl osed herein

shﬂm%@bﬁbﬁfhko&ﬁ%agmggaﬁkgﬂh%gggyn@ﬁQ@@g5@@nk@sﬁﬁ&ﬁﬁhﬁfﬁ¥ The di sclosure further provides a nucleic acid encodi ng an NK pol ypepti de
t tHhereof,

fragne
10 preferably 207 or 478,

begi nni ng

MSEROIRE 478, and X is

Characterized in that at
- the group consisting of codons at positions 33, 35 and 36 is CGI. According to another aspect,

" eNKopfilypeptites disclosdl erein coapsl ofcin 2470 ak B N-seminal dragmeoN- t ermi nal ' fr

with as 32, preferably fragnents as 32-x, wherein x is a nunber
| east one of the codons of am no acids selected from
there is provided a nucleic acid

agnment thereof, characterized in that in said nucleic acid at

| east ~one_of. the.co S g% ' i : e%%gﬂgf he group consisting of codons at positions 33, 35 and 36 is CGI. Preferably,
a%leréogga(!i‘gﬁ‘és%eigm%nﬁ %lﬂgns 3 %ﬁgﬁg@egﬁg . ’gﬂgé)gpfl%iﬁg{ preferred enbodi nent of the invention as 32 is changed fromglntamne to

The disclosure further provides a nucleic acid encoding an NK polypeptide

preferably ff_aginents aa 32-x, wherein x is a number between 207 and 478, and x is
preferably 207 or 478, characterized in that at least one of the codons of amino
acids selected from the group consisting of codons at positions 33, 35 and 36 is

CGT. According to another aspect, there is provided a nucleic acid encoding the a-
chain of hepatocyte growth factor or an N-terminal fragment thereof, characterized
in that in said nucleic acid at least one of the codons of amino acids selected from

the group consisting of codons at positions 33, 35 and 36 is CGT. Preferably, all

In a preferred embodiment of the invention aa 32 is change‘d from glutamine to
serine to improve homogeneity of the protein ( cleavage of N-terminal

‘methionine).

It 1s ﬁJIﬂ:_ler pIefefred fo intrdducé two translationa'l stop codons (TAA, TAG

. and/or and TGA) at the end of the nucleic acid encoding the NK pblypepﬁde in
order to stop the translation at a " position equivalent to the end of desired
polypeptide. |

Detailed Description of the Invention

Human HGF is a disulfide-linked heterodimer, which can be cleaved in an o-
subunit of 463 amino acids and a B-subunit of 234 amino’ acids, by cleavage‘
between amino acids R494 and V495. The N-terminus of the ci-chain is preceded
by 31 amino acids started with a methionine group. This segment includes a signal




methionine). 20 It is further preferred to introduce two translational stop codons (TAA, TAG and/or and TGA) at the end of the nucleic
add encoding the NK pol ypeptide in order to stop the translation at :a position equivalent to the end of desired polypeptide. 25
Det ai | ed Description of the Invention Human HGF is a disulfide-lIinked heterodi mer, which can be cleaved in an a- subunit of 463 am no
acids and a D-subunit of 234 am no' acids, by cleavage between am no:acids R494 and V495. The N-term nus of the a-chain is preceded |
30 by 31 amno acids started with a nethlonlne group. This segnment includes a signal -3a- sequence of 31 am no acids. The a-chain
starts at am no add 32 and_%%ntalns four kringle domains. The so-calil ed "hairpin domai n" consists of am no acids 70-96. The kringle 1
domai n consi sts of am no acids 128-206. The kringle 2 domain consists of amno acids 211-288, the kringle 3 domain consists of am no
acids 305-383, and the kringle 4 domain consists of amino adds 391-469 of the a-chain, approximtely. There exist variations of these
sequences, essentially not affecting the biological f~f If 4 WO 2005/095611 PCT/EP2005/002176 properties of NK pol ypeptides
(Eﬁpéﬂﬁ@fﬁyanUMOa@ﬂbaﬁmﬂ@ﬂhﬂs5@@@@#@@H§§“ﬁh@é§m®F@ﬂm@sﬁBH HGF and it$ antiangi ogenic activities), which variations are described, for
e%%ﬁg e l,des can vary within a few amino acids as long as its biological properties
are %gogﬁ#kcteégggﬁéﬁﬁkﬂgéiﬁg?gmbuhggghﬁaﬁﬁn&%%ggq%ggg%the HGF/ SFa- ¢chai n, NK2 consists of aa32 to 288-305 and NK4 is conposed of as
3eringle b gompineennsisf apnino agids {4Rs b@P@E sonepss canesFRid by the nucl eic acids according to the invention and which can be produced

r GRHRIRRNY L Y380Be kithad slddride cmm;mmﬁn@a@dgmmbsﬁd fhe
kringle 4 domain consists of amino acids 391-469 of the a-chain, approximately.
There exist variations of these sequences, essentially not affecting the biological
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WO 2005/08364F yoti ¢ host cel |l s,

WO 93/ 23541 and are e.g. 32-207, 32-303, or 32-384. NK pol ypepti des @ave the in 10 vivo biological activity of causing inhibition of

tunor growth, angi ogenesi s and/ or
the nucleic acid i CraPre@sa0Bad® i nto a suit
skilled in the art. Such 15 an expression vector preferably contains

i ntroduced for the expression4i-nto a suitable host cell such as,

which allow expression of the heterol ogous gene. After fernentation
i sol ated. 20 Escheri.chi a, Sal nonel | a,
pPERRsERSSH MK wbmspgife@m

| PIEPhADs Qaigtiautls, Peldpephiidss a8desbe@dbeatample f ermented i

is ver

ggﬂg%%g%ggéé- é%ﬁgggégéﬁﬁggﬁggggggﬁéﬁggé%SEW%ggnB Qgg%gggfgéion bodi es are separated from ot her cel

ceatls aflogghs nnbimldgial pepkrtley atesnothiffectedic| usi on bodi es were sol ubilized by adding a denaturing agent |ike 6 M

hydrochl oride or 8 Murea at pH 7-9 in phosphate buffer (preferably
presence aof DTT WD 2005/ 095611 PCT/ EP2005/ 002176

met ast asis. The NK pol ypeptides can be produced by reconbi nant means in prokaryotes.

e. d.

. Streptonyces or Bacillus are for exanple suitable as
egally ppbrifeciizedls asHgltics pnipgomdstivdd i n the usual nanner with the vector which contains the DNA according to the

-5 (Dithio-1,4-thréitol).
t ANK1 ponsisénelaxd2 GSRPEEEE0{ fhedil F oy cizminONKRcogdistt afwd38rp and a denaturing agent in

For expression
abl e expression vector, according to nethods famliar to a person
a regul atabl e/induci bl e pronoter. The reconbinant vector is then
., E. coli and the transformed cell is cultured under conditions

i ncl usi on bodies containing denatured NK pol ypeptide are
prokaryotic host organisns. For the

n the usual
y | ow.

manner. However expression yield in E. coli using the
I ncl usi on bodies are found in the cytoplasmas the gene to
conmponents, for exanple by

30 guani di ni um

1.0M e.g.0.4 M preferably in the
The solubilisate is diluted in phosphate buffer pH 7-9 in

a non denaturing concentration (e.g. 2M

in a concentration of 0.1 -

gg@mgggqﬁﬂpbh%pngghﬁﬁﬁgpOpgm43@M5rg@)(ngﬁéggg§gﬁqﬂaﬁw}q&kead of guani di ni um hydrochl oride or urea, arginine in a

polypeptides encoded by the nucleic acids according to the invention and which
can be produced recombinantly according to the invention are described in
WO 93/23541 and are e.g. 32-207, 32-303, or 32-384. NK polypeptides have the in
vivo biological activity of causing inhibition of tumor growth, angiogenesis and/or
metastasis.

The NK polypeptides can be produced by recombinant means in prokaryotes. For
expression in prokaryotic host cells, the nucleic acid is integrated into a snitable
expression vector, according to methods familiar to a person skilled in the art. Such
an expression vector preferably contains a regulatable/inducible promoter. The
recombinant vector is then introduced for the expression into a suitable host cell
such as, e.g., E. coli and the transformed cell is cultured under conditions which
allow expression of the heterologous gene. After fermentation inclusion bodies

containing denatured NK polypeptide are isolated.

Escherichia, Salmonella, Streptomyces or Bacillus are for example suitable as
prokaryotic host organisms. For the production of NK polypeptides prokaryotes are
transformed in the usual manner with the vector which contains the DNA
according to the invention and emcoding a NK polypeptide and subsequently
fermented in the usnal manner. However expression vield in E. coli using the
original DNA sequence of a NK polypeptide (GenBank M73239) is very low.

Inclusion bodies are found in the cytoplasm as the gene to be expressed does not
contain a signal sequence. These incdusion bodies are separated from other cell
components, for example by centrifugation after cell lysis.

The inclusion bodies were solubilized by adding a denaturing agent like 6 M
guanidinium hydrochloride or 8 M wurea at pH 7-9 in phosphate buffer (preferably
in a concentration of 0.1 — 1.0 M, e.g.0.4 M) preferably in the presence of DTT
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5 concentration of about 0.3 to 1.0 M preferably in a concentration
tenperature of about 4 C and for about 48 t0l160 hours. According to
mai nly of GSH nodi fied NK pol%geptides. To the contrary, it was surpr
range between 7 and 9, preferabty between pH 8 and 9,

After

of 0.1 - f | east_ 24 haqurs referably for 24 - .
@gﬁ@Pﬂ%ﬁﬁﬁﬂyﬁkﬁ%ﬁ%ﬁ?k#ﬁ%ﬁ15éﬂﬁ?4&&E#°¥¢%@ﬁ%@képﬁkﬁﬁﬂﬁ iteel pol ypeptiide (inclusion bodies) according to the

pr eembby(;sw@m@@tewmpmm iRL BREHtioR) Gnd RYedddhtinh hyendt chr omat ogr

e D e R B °&§&%§§L28hokfﬁel

Oranph dehhtiRE podRheg

ofophns@hﬁhe1@@&&bmfapﬂmmhnhynthﬁkuéﬂoﬁﬁebﬂty&a%omgﬁm@ﬁyh a 25 sepharase_

i nvent i

' ! E'JﬂchQtr fer shan ceen o

I'S un ers Oog)lugﬁ% tt001 ell\? %rte{%?ab can

20@@1@@@3@4 iPeriEprd(BLRobly 6 2 tgapebguny dithionh 4dE andéorfbgut e:
48 10160 hours.

According to the state of the art the use of Tris buffer during solubilization and
naturation leads to a considerable amount (of about 50%) of side-products which
are identified by the inventors as consisting mainly of GSH-modified NK
polypeptides. To the contrary, it was surprisingly found that the use of potassium
phosphate buffer in a pH range between 7 and 9, preferably between pH 8 and 9,
leads to a considerable improvement in yield and purity of NK polypeptides.

After naturation is terminated the solution was dialyzed preferably against
phosphate buffer pH 7-9 (preferably in a concentration of 0.1 - 1.0 M, e.g. 0.3 M)
for at least 24 hours, preferably for 24 — 120 hours.

NK polypeptides can be purified after recombinant production and naturation of
the water insoluble denatured polypeptide (indlusion bodies) according to the
method of the invention preferably by chromatographic methods, e.g. by affinity
chromatography, hydrophobic interaction chromatography, immunoprecipitation,
gel filtration, ion exchange chromatography, chromatofocussing, isoelectric
focussing, selective precipitation, electrophoresis, or the like. It is preferred to
purify NK polypeptides by hydrophobic interaction chromatography, preferably at
pH 7-9, in the presence of phosphate buffer and/or by the use of butyl- or phenyl
sepharose.

The foliowing examples, references, figure and sequence listing are provided to aid
the understanding of the present invention, the true scope of which is set forth in
the appended claims. It is understood that modifications can be made in the

- procedures set forth without departing from the spirit of the invention.

of about 0.7M
the state of the art the use of Tris buffer during solubilization
warmios/evaéur at i on | eads to a consi derabl e anountpdrafpradsmuet1760%9 of side-products which 10 are identified by the inventors as consisting
isingly found that the use of potassium phosphate buffer in a pH
| eads to a consi derabl e i nprovenent
naturation is termnated the solution was dialyzed preferably against

of ent
811 Orﬁ Fﬂg“pd@iocedures set forth W t hout departing fromthe spirit of the invention.

Renaturation is perforned preferably at a

inyield and purity of NK pol ypepti des.

15 phosphate buffer pH 7-9 (preferably in a concentration
120 hours. NK pol ypeptides can be purified after reconbi nant
met hod of the invention
aphy, hydrophobic interaction chromatography, i nmmunoprecipitation,
ectric focussing, selective precipitation, electrophoresis, or

nt eracti on chromat ography, preferably at pH 7-9, in the presence
The foll ow ng exanples, references, figure and sequence

the true scope of which is set forth in the appended cl ai ns.
8 WO

on,
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Figure 1. SDS-Cel (10% NuPAGE-SDS, 5| per |ane, nunbering fromleft gto right) of NK4 protein in biomass and isolated inclusion bodies
(IB). 5 lane 1. standard |ane 2: biomass |ane 3: supernant after cer%!trifugati on |l ane 4. supemant after further centrifugation |ane 5:
oéﬁ%%{?s aration 10 lane 6: IB preparation after wash _Description of the Sequences: SEQ ID NO 1 Amino acid sequence and DNA sequence

w ' the a-chain of HG-, original sequeﬁ@g@@g@f‘){??]ﬂ@ to GenBank {Mr3239 (without 15 signal sequence) SEQ ID NO 2 Protein sequence
of the a-chain of - HGF SEQ | II_)é\jQ 3 Am no acid sequence and DNA sequence encoding NK4 according to the invention (am no acid sequence
including N- termnal nethionine, DNA sequence including two stop codons) 20 SEQ ID NO 4 Protein sequence of NK4 Exanple | Reconbi nant
expression of NK pol ypepti des The NK4 pol ypepti de consisting of am n(%) acid position 32 to 478 of HG- was used for cloning and
I Is thekRRessi on in Escherichia coli. The original DNA 25 sequence used as source of DNA was described (database identifier
gb: . R was performed in order to anplify and concurrentlyinodify the DNA coding for NK4 (SEQID NGO 1). Al nethods were
perfornmed under standard conditions. WO 2005/ 095611 PCT/ EP2005/ 00217&_ -7 In conparison to the original DNA sequence of NK4, the

fRgbew ng noTfs-Gat {1096 NuPAE-5D 5d e thine, numbering from left
to right) of NK4 protein in biomass and isolated inclusion bodies

(IB).

lane 1: standard

lane 2: biomass

lane 3: supernant after centrifugation

lane 4: supernant after further centrifugation
lane 5: 1B preparation
lane 6: IB preparation after wash

Description of the Sequences:

SEQIDN(O:1  Amino acid sequence and DNA sequence encoding the a-chain of
HGF, original sequence according to GenBank M73239 (without
signal sequence)

SEQIDNO:2 Protein sequence of the 0t-chain of HGF

SEQIDNO:3 Amino acid sequence and DNA sequence encoding NK4
according to the invention {amino acid sequence including N-

terminal methionine, DNA sequence including two stop codons)
SEQIDNO:4  Protein sequence of NK4

Example 1
Recombinant expression of NK polypeptides

"The NK4 polypeptide consisting of amino acid position 32 to 478 of HGF was used
for cloning and recombinant expression in Escherichia coli. The original DNA
sequence used as source of DNA was described (database identifier “gb:M73239”).
PCR was performed in order to amplify and concurrently modify the DNA coding
for NK4 (SEQ ID NO: 1). All methods were performed under standard conditions.
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- Elimnation of the eukaryotic signa
exchange of am no add position 32 (position 2 in SEQID NGO 2) fromG@G

- modi fication of the DNA sequenc ns of am no
““iy%%ﬁ%§ n order to i mprove gene expression ﬁﬁﬂﬁﬁ%%ﬁvﬁﬁf% nodi f i

and 478 (GIC to GIT) in orderyto facilitate insertion of PCR product
at positions 479 (TAA) and 480 (TAG, in order to stop the translati
The PCR-anplified DNA fragment was treated with restriction endonucl ¢

(@@gﬁl@hnéo%i 10"ihi Qﬁigﬁﬁl OINA bk éﬁreh@egoiaNKWeiHe falovREE RsdflEdbns €9i On) ,  whi
of ex e Si o plasn1 pQE- NK4- Ser plasn1d Si ze 4447 bp) are T5 pro

t PERS OO EShal termination region, rrnB Ti transcriptional ternminati
sequence The ligation reaction was used to transformE. coli conpete

I S5 73 | j i ted and
gngf@w t‘JP (ﬁg"‘é E‘fjjfaglfrg? dsgl? a?l)ﬁpgp %%%%cl F%Cr? @I%%H\A@@ﬁ%ﬁeebyagnaw
cel | gt poddd n@tﬂtmmmatCMeposmces@mfé\Tﬁé appr opri at e anti biotics and af
Th I Th
Ihe S e Rsiehl ) aen 2t

process. ernent tlon was perfor ned

Ser in order to improve homogenelty 0 e protein product (Met-free)

- modification of the DNA sequence of the codons of amino acids at position 33
(AGG to CGT), 35 (AGA to CGT), and 36 (AGA to CGT) in order to improve
gene expression in E.coli.

- modification of the DNA sequence of codons at position 477 (ATA to ATC)
and 478 (GTC to GTT) in order to facilitate insertion of PCR product into the
vector :

- introduction of two translational stop codons at positions 479 (TAA) and 480
(TAG), in order to stop the translation at a position equivalent to the end of
NK4 protein domain.

The PCR-amplified DNA fragment was treated with restriction endonucleases Ndel
and Banll and was ligated to the modified pQE vector (Qiagen) (elimination of
His-tag as well as DHFR coding region), which was appropriately treated with Ndel
and Banll. The elements of expression plasmid pQE-NK4-Ser (plasmid size 4447
bp) are T5 promotor/lac operator element, NK4 coding region, lambda to
transcriptional termination region, rrnB T1 trapscriptional termination region,

ColE1 origin of replication and B-lactamase coding sequence.

The ligation reaction was used to transform E.coli competent cells, e.g. E. coli
strain C600 harbouring expression helper plasmid pUBS520 (EP 0 373 365). E.coli
colonies were isolated and were characterized with respect to restriction and
sequence analysis of their plamsids. The selection of clones was done by analysis of
the NK4 protein content after cultivation of recombinant cells in LB medium in the
presence of appropriate antibiotics and after induction of the gene expression by
addition of IPTG (1mM). The protein pattern of cell lysates were compared by
PAGE. The recombinant E.coli clone showing the highest proportion of NK4
protein was selected for the production process. Fermentation was performed
under standard conditions and inclusion bodies were isolated. Yield: 130 g/l net
weight of cells with 30%-40% NK4 of total protein.

pepti de sequence and fusion ot

the ATG start codon next to amino acid position 32 of NK4 5 -
nto Ser in order to inprove honogeneity of the protein product
acids at position 33 (AGGto CGI), 35 (AGA to CGI), and 36 (AGA
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under standard conditions and inclusion bodies were isolated. Yield:
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to a concentration of 0.4 in a buffer
HC1)

OB A NIPRAR 1 RpA R ok

pH 8.0 for at least 3 x 24 hours, optimally for 5 days in total.

%_Mgraphy 20 Buffer conditions: Buffer A: 50 mM Tris pH 8.0 B
ub volunes 25 25-55% buffer B, 16 colum vol unes 55-100% buff el
Solu Eﬁzatmn and naturation

Inclusion bodies were dissolved over night in a buffer containing 6 M guanidinium
hydrochloride, 0.1 M potassinm phosphate pH 8.5 (by titration with 10 M KOH), 1
mM EDTA, 001 mM DTT. The concentration of the dissolved protein was
determined by Biuret assay and finally adjusted to a concentration of 25 mg total
protein/ml at room temperature.

This NK-solubilisate was diluted to a concentration of 0.4 mg/ml in a buffer
containing 0.7 M arginine, 0.1 M potassium phosphate pH 8.5 (by titration with
conc. HCL), 10 mM GSH, 5 mM GSSG and 1 mM EDTA. This renaturation assay
was incubated between 2 and 8 days at 4°C. After obtaining the maximal
renaturation efficacy, the renaturation assay of 15 1 volume was concentrated to 3 1
using a tangential flow filtration unit (MW cut off 10 kDa, Sartorius). It was
subsequently dialyzed against 3 times 50 1 buffer containing 0.3 M potassium
phosphate at pH 8.0 for at least 3 x 24 hours, optimally for 5 days in total.

Example 3
Purification

Purification was performed by Heparin-Sephatose chromatography.

Buffer conditions:
Buffer A: 50 mM Tris pH 8.0
Buffer B: 50 mM Tris pH 8.0, 2 M NaCl

5-25%
25-55% buffer B, 16 column volumes
55-100% buffer B, 0.7 column volumes

100%

Gradient: buffer B, 2 column volumes

buffer B, 2 column volumes

To the eluted material 1 M ammonium sulfate in 0.1 M potassium phosphate pH
8.0 was added and incubated at 4°C overnight. The sample was centrifuged and the

10 containing 0.7 Margi
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100% buffer B, 2 columm volunmes To the eluted material 1 M ammonium $ulfate in 0.1 M potassi um phosphate pH 30 8.0 was added and
i ncubated at 4C overnight. The sanple was centrifuged and the FF WO 20051095611 PCT/ EP20051002176 -9 supernatant was | oaded on a

P epharose colum (150 m ). The col um washed with 1 colum volunme 1 M ammoni um sul fate, 50 mM pot assi um phosphate pH 8. 0.
Woébg%}yggﬁ'ﬁcondi tions: 5 Buffer A: 1 M anmoni um%@?@,’"oéﬁﬁm pot assi uin phosphate pH 8.0 Buffer B: 50 mM pot assi um phosphate pH 8.0, 40
% et hyl ene glycol 0-100 % buffer B, 20 colum vol unmes Exanple 4 10 Peterm nation of activity a) Scatter assay MDCK cells were
subconfluently grown in tissue culture plates. Cells were treated with HG (10 ng/m) or with conbinations of HGF and NK4. In these
experiments the HGF-induced cell scattering was inhibited by the addition of a 10 to 1000-fold 15 nolar excess of NK4 at |east for 90%

eﬂﬁﬁaﬁrt i4ad J Pﬁmﬁ%ﬂ%ﬁ{me (raat @/50 )Tﬁé%lhfrﬁr\%é on assay Inhibition of the mtogenic activity of HG- by NK4 was determ ned by

surl % Sy nt esis ‘o eEﬁ (g es in primary culture:as described in Nakanmura et al. (1989). In these experinents the
dlc,f@lumerﬂlwmérhtMoﬁWWF tei P& gnbly potassinedi ti on of al 10 to 1000-fold nolar excess of NK4 at |east for 90% and nore,

sﬂ%mebpp&ﬁuncti onal activity. c) Invasion assay In this assay theiinvasive potential of tumor cells is analyzed. The assay was done

Elution conditions:

Buffer A: 1 M ammonium sulfate, 50 mM potassium phosphate pH 8.0
Buffer B: 50 mM potassium phosphate pH 8.0, 40 % ethylene glycol
0-100 % buffer B, 20 column volumes

Example 4
Determination of activity

a) Scatter assay

MDCK cells were subconfluently grown in tissue culture plates. Cells were treated
with HGF (10 ng/ml)} or with combinations of HGF and NK4. In these experiments
the HGE-induced cell scattering was inhibited by the addition of a 10 to 1000-fold
molar excess of NK4 at least for 90% and more, showing the functional activity.

b} Proliferation assay

- Inhibition of the mitogenic activity of HGF by NK4 was determined by measuring
DNA synthesis of adult rat hepatocytes in primary culture as deéscribed in
Nakamura et al. (1989). In these experiments the HGF-induced cell proliferation
was inhibited by the addition of a 10 to 1000-fold molar excess of NK4 at least for
90% and more, showing the functional activity.

c) Invasion assay

In this assay the invasive potential of tumor cells is analyzed. The assay was done
essentially as decribed in Albini, A., et al., Cancer Res. 47 (1987) 3239-3245, using
HT115 cells. Again, HGF-induced (10 ng/ml) cell invasion could be inhibited by a
10 t01000-fold molar excess of NK4 at least for 90% and more, showing the
functional activity.
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Example 5

Activity in vivo

Model: Lewis Lung Carcinoma nude mouse tumor model
1 x 10° Lewis Lung Carcinoma cells were s.c. implanted into male
nude mice (BALB/c nu/nu).

Treatment:  After 4 days, one application daily of pegylated NK4 over a period of
2-4 weeks '

Dose: 1000 pg/mouse/day
300 pg/mouse/day
100 pg/mouse/day
placebo

Result: Treatment with NK4 shows a dose dependent suppression of

primary tumor growth and metastasis, whereas no effect is seen in
placebo treated groups.

"‘NK4 at | east for 90% and

1/ nu). Treatnment: After 4
day 10 100 g/ nouse/ day

vhereas no effect is seen
, A, et alL, Cancer Res.

3239-3245, using 25 HT115 cells. Again, HGF-induced (10 ng/m)

nore, show ng the functional activity.
nude nouse tunor nodel 1 x 106 Lewi s Lung
days, one application daily of pegyl ated
pl acebo Result Treatnment with NK4 shows a
in placebo treated groups. 15 { L kC
47 (1987) 3239-3245
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- <160> 4 <170>. Patentl np%glrﬁsélon 3.2 <210> 1 <211> 1389 <212> DNA <213> Honp sapi ens <220>

1. A nucleic acid encoding the a-chain of hepatocyte growth factor or an N-
terminal fragment thereof, characterized in that in said nucleic acid at least
one of the codons of amino acids selected from the group consisting of

5 codons at positions 33, 35 and 36 is CGT.

2. Anucleic acid according to claim 1, characterized in that the codons of amino
acids at positions 33, 35 and 36 are CGT.

3. Method for the production of ot-chain of hepatocyte growth factor or an N-
terminal fragment thereof (NK polypeptide) by expression of a nudleic acid

10 encoding said NK polypeptide in a microbial host cell, isolating of inclusion
bodies containing said NK polypeptide in denatured form, solubilization of

the inclusion bodies and naturation of the denatured NK polypeptide,

characterized in that in said nucleic acid at least one of the codons of amino

acids selected from the group consisting of codons at positions 33, 35 and 36
15 1s CGT.

4. Method according to claim 3, characterized in that the codons of amino acids
at positions 33, 35 and 36 are CGT.
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<221> CDS <222> (1)..(1389) <223> DNA sequence encodi ng the al pha-chs
aga aat aca att cat gaa ttc aaa aaa tca gca aag 48 dn Arg Lys Arg A
_ aa ata gat cca gca ctg aag ata aaa acc aaa aaa 96 Thr Thr L
Wé%@'s&gﬁﬂﬁct gca gac caa tgt get aat aga tgt abttVEEYO{M1%aa gga 144
40 45 ctt cca ttc act tgc aag get ttt gtt ttt gat aaa gca aga aaa caa
AGn's. 505560 tgc ctc-tgg ttc ccc ttc aat agc atg tca agt gga gtg
Val Lys Lys Gn 65 70 75 80 ttt ggc cat gaa ttt ac ctc tat as aac ac
G u Asn Lys Asp Tyr Ile Arg Asn 85 90 95 WD 2005/ 0956 PCT/ EP2005/ 0C

atc act 336 Cys Illelle Ay Lys Gy Arg Ser Tyr Lys **fhr Val Ser il
Niroy v  steyoreir
t%jéi;j v oy

1/1

Val

n of-he atoc to py gromh factor (HGF) <400> 1 caa agg aaa age
g Asn Thr Ile Hs Qu Phe Lys Lys Ser Ala Lys 1 5 10 15 act acc
ulle Lys Ile Asp Pro Ala Leu Lys Ile Lys Thr Lys Lys 20 25 30
Asn Thr Ala Asp.d@n Cys Ala Asn Arg Cys Thr Arg Asn Lys Gy 35
Phe Asp Lys Ala Arg Lys

192 Lau Pro Phe Thr Cys Lys Al a Phe Val
Met Ser Ser Qy

aaa aaa gaa 240 Cys Leu Trp The Pro Phe Asn Ser

a g ac gac tac att age aac 288 Phe Ay H's Qu Phe Asp Leu Tyr
2176

-2 tgc atc att ggt aaa gga cgc agc tac aag gga aca gta tct
|l e Thr



100 105 110 aag agt ggc atc aaa tgt cag ccc tgg agt tcc atg ate cca

Pro HHs Gu 115 120 125 cac agc ttt ttg cct tcg agc tat agg ggt aaa @

eu AGn @u Asn 130 135 140 tac tgt c a ggg gaa g

i W@QE%@S“E y Ay Pro Trp Cys Phe Thr 145 150 1%%/%§®ﬂg’§%&’?ﬁgat cca gag
Gn Val Arg Tyr Gu Val Cys Asp Ile Pro @n Cys Ser 165 170 175 gaa

Gu Val du Cys Met Thr Cys n dy GQu Ser Tyr Arg Ay Leu Met 180 1
cag aca 624 Asp His Thr AQu Ser Ay Lys Ile Cys @n Arg Trp Asp Hi s
CCC gac aag ggc tt$EQEERCE RPrerics Arg His Lys Phe Leu Pro Gu Arg Tyr
gat_ggc_cag ccg agg cca tgg tgc 720 Asp Asp Asn Tyr Cys Arg Asn Pro
<110%ctfc ‘éf%E’EntIg"cRP%@e 49 tac tgt gca att aaa aca 768 Tyr Thr Leu Asp

<1209°L 985 831 8% ;219 28L,0 9at,,9L1 £EL 119 0ga aca act 816

ac act ,
an N-termindl “fragment
of hepatocyte growth factor

expressi

<130> 22388 W0
<150> EP 04004951.2
<15%> 2004-03-03
<160> 4
<170> . PatentIn version 3.2
<210> 1
<211> 1389
<212> DNA
<213> Homo sapiens
<220>
<221> (D8
<222> (1)..{138%9)
<223> DNA sequence encoding the alpha-chain of -hepatocyte growth factor .
(HGF}
<400> 1
caa agyg aaa aga aga aat aca att cat gaa tte aaa ama tea gea aag 48
Gln Arg Lys Arg Arg Asn Thr Ile His Glu Phe Lys Lys Ser Ala Lys
1 5 10 15
act acc cta atc aaa ata gat cca gea oty aag ata zaa ace aasa maa 96
Thr Thr Leu Ile Lys Ile Asp Pro Ala Leu Lys Ile ILwys Thr Lvs Liys
20 ' 25 30
gtg aat act gca gac caa tgt gect aat aga tgt act agg aat aaa gga 144
Val Asn Thx Ala Asp Gln Cys Ala Asn Arg Cys Thr Arg Asn Lys Gly
35 40 45
ctt cea tte act tge aag get ttt gttt ttt gat aaa gea aga aaa cas 152
Leu Pro Phe Thr Cys Lys Ala Phe Val Phe Asp Lys Ala Arg Lys Gln
50 55 60
tge cke- tgg tic cee tte aat age étg tca agt gga gtg aaa aaa gaa 240
Cys Leu Trp Phe Pro Phe Asn Ser Met Ser Ser Gly Val Lvs Lys Glu
65 70 75 80
ttL gge cat gaa ttt gac cte tat gaa aac aaa gac tac att aga aac 288
Phe Gly His Glu Phe Asp Leu Tyr Glu Asn Lys Asp Tyr Ile Arg Asn
85 90 95

cac gas 384 Lys Ser Gy Ile Lys Cys An Pro Trp Ser Ser Net Ile
ac cta cag gaa aac 432 H's Ser Phe Leu Pro Ser Ser Tyr Arg Gy
aa ggg gga ccc tgg tgt ttc aca 480 Tyr Cys Arg Asn Pro Arg Ay
gta cgc tac gaa gtc tgt gac att cct cag tgt tca 528 Ser Asn Pro
gtt gaa tgc atg acc tgc eat ggg gag agt tat cga ggt ctc atg 576
85 190 gat cat aca gaa tca ggc aag att tgt cag cgc tgg gat cat
Adn Thr 195 200 205 cca cac cgg cac aaa ttc ttg ect gaa aga tat
Pro Asp Lys Gy Phe 210 215 220 gat gat aat tat tgc cgc aat ccc
Asp.@y An Pro Arg Pro Trp Cys 225 230 .235 240 tat act ctt gac
Pro Hs Thr Arg Trp Qu Tyr Cys Ala Ile Lys Thr 245 250 255 tgc
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r 325 330 335
Ay Tyr Cys Ser An Ile Pro Asn Cys 340 345 350 gat atg tca-
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Ser @n Tyr Pro H's 290 295 300 gag cat gac atg act cct gaa eat
he Lys Cys Lys Asp Leu Arg Au 305 310 315 320 { { fE 4 WO
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175

cte
Leu

cag
Gln

ggc
Gly

tgg
Trp

aaa
Lys
255

aca
Thr

aat
Asn

cctht
Pro

cga
Arg

gaa
Glu

aac
Agn

aca
Thr
160

tca
Ser

atg
Met

aca
Thr

ttt
Phe

tgc
Cys
240

aca
Thr

act
Thr

ace
Thi

cac
His

gaa
Glu
320

384

432

480

528

576

624

672

720

768

816

864

9212

960

avr @vis Fly TAr g/aSepedNel'mir Thr Cys Ser Met Trpg 370 375 380




aat
Agn

act
Thr

gat
Asp

atg
Met

gac
Asp
385

gca
Ala

cat
His

tge
Cys

tta
Len

<210>

gac aag aac atg
385 390 395 400

wo IO 11 2

Cys Au Ay Asp
Pro Val |le Ser
Arg Asn Thr lle
t¥al tAsrod hatAb@s
T@ NCysb @rH FsB0Pro

gat
Agp

atg
Met

ggc
Gly
370

aag
Lys

agt
Ser

gga
Gly

cct
Pro

gac
Asp
450

<2A1l1l>
<212>

<213>

‘<400

Z

cca
Pro

tca
Ser
355

Z2ac
Asn

aac
Agn

asag
Lys

cce
Pro

att
Ile
435
cat

]

His

463
PRT
Homo

Gln Arg Lys

1

Thr Thr Leu

Val Asn Thr

35

Lieu Pro Phe

50

325

aac atc cga
asn Ile Arg
340

cat gga ca=a

His Gly Gln

tta tce caa
Leu Ser Gln

atg gaa gac

Met Glu Asp
390

ctg aat gag

Leu Agn Glu

405

togg tge tace

Trp Cys Tyr

420

tct cot tgk

Ser Arg Cys

cce gta ata

Pro Val Ilie

sapliens

Arg Arg Asn

Tle Lys Ile

20

Ala Asp Gln

Thr Cys Lys

gaa gac tta cat cgt cat atc ttc tgg gaa cca gat 1200
gca agt aag ctg sat gag eat tac tgc cga eat cca gat
405 410 415 Jf cat gga ccc tlg tlg?tc%l tac acg gga eat ¢
Pro Trp Asp Tyr 420 425 430 8002476 tct cgt tgt
Thr Thr Pro _Thr Ile Val Asn 435 440 445 tta gac cat ¢
Cys Ala Lys"3r'hr Lys A n Leu Arg 450 455 460 <210> 2
Hs Au Phe Lys Lys Ser Ala Lys 1 5 10 15 Thr Thr L
Asp ddont&y =hl ecahsac Algg €S EBrady g Asibobys Gy 35 4
Asp Gly Ser Glu Ser Pro Trp Cys Phe Thr
330 335

gtt gge tac tge tee caa att cca aae tgt 1056
Val Gly Tyr Cys Ser Gln Ile Proc Asn Cys
345 - 350

gat tgt tat cgt ggg aat gge aaa aat tat 1104
Asp Cys Tyr Arg Gly Asn Gly Lys Asn Tyr
360 365

aca aga tct gga cta aca tgt tca atg tgg 1152
Thr Arg Ser Gly Leu Thr Cys Ser Met Trp
375 380

tta cat cgt cat atc tte tgg gaa cca gat 1200
Leu His Arg His Ile Phe Trp Glu Pro Asp
395 400

aat tac tge cga aat cca gat gat gat get 1248
Asn Tyr Cys Arg Asn Pro Agsp Asp Asp Ala
410 415

acg gga aat cca cte aktt cct tgg gat tat 1296
Thr Gly &sn Pro Leu Ile Pro Trp Asp Tyr
425 430

gaa ggt gat acc aca gct aca ata gte aat 1344
Glu Gly Asp Thr Thr Pro Thr Tle val Asn
440 445

tct tgt gece aaa acg aama caa ttg cga 1385
Ser Cys Ala bys Thr Lys Gln Leu Arg
455 460

Thr Ile His Giu Phe Lys Lys Ser Ala Lys
10 15

Asp Pro Ala Leu Lys Ile lLys Thr Lys Lys
25 30

Cys Ala Asn Arg Cys Thr Arg Asn Lys Gly
40 45

Ala Phe Val Phe Asp Lys Ala Arg Lys Gln
55 60

- Asp Lys Asn Met GQu Asp Leu H's Arg His Ile Phe Trp Qu Pro Asp
gat gat got 1248 Ala Ser Lys Leu Asn Qu Asn Tyr Cys Arg Asn Pro
ca ctc att cct tgg gat tat 1296 His Ay Pro Trp Cys Tyr Thr Ay

- gas ggt gat acc aca cct aca ata gtc aat 1344 Cys Pro lle Ser Arg
CC gta ata tct tgt gcc aaa acg aaa caa ttg cga 1389 Leu Asp H's
<211> 463 <212> PRT <213> Hono sapiens <400> 2 A n Arg Lys Arg
eu lle Lys Ile Asp Pro Ala Leu Lys Ile Lys Thr Lys Lys 20 25 30

O 45 Leu Pro Phe Thr Cys Lys Ala Phe Val Phe Asp Lys Ala Arg Lys




