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25  disruption of essential bodily functions (i.e., energy supply, acid-base
balance and thermoregulation.) If not rapidly reversed, complications
such as uncontrolled bleeding and sepsis occur, and dependent organs
such as the brain and kidneys cease to function because of toxic by-
products or because the liver is no longer synthesizing important
30 nutrients. After large liver damage, liver tissue looses its regenerative
and metabolic functions, and liver transplantation is a therapeutic
strategy commonly used. However, the clinical application of liver
transplantation is limited by the availability of human hepatocytes, liver
tissue and the number of liver cells that can be transplanted safely at one

35  time. Moreover, latence before surgery and post-surgery complications
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30 and extrahepatic sites and within the liver itself. Cytokines interact with
hormones such as glucocorticoids, resulting in a complex network of
mutual control. Many cytokines exert growth activity in addition to their
specific proinflammatory effects. The liver is an important site of cytokine
synthesis and the major clearance organ for several cytokines. In liver

35 disease, cytokines are involved in the onset of intrahepatic immune
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25 liver failure, and would be deprived of adverse toxic and tumorigenic
effects. This need exists in any patient population in which liver damage
has been induced. This need exists not only for transplanted patients but
also for donors, and patients having undergone a liver resection. Further,
there is still a need in the art for novel therapeutically useful compounds,
30  which stimulate liver regeneration.
Additionally, taking into account the poor availability of donor
organs, living donor partial liver transplantation is recognized as a
measure for overcoming the lack of organs, and facilities for partial liver
transplantation. However, partial liver transplantation cannot be
35 considered as a safe operation for adults representing the majority of
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In another aspect, the present invention relates to a
pharmaceutical composition for stimulating liver regeneration in vivo
30 comprising an effective amount of the human hepatocarcinoma-intestine-
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N°1, in combination with at least one physiologically acceptable
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Figure 3 Time course of in vivo hepatic regeneration after partial

hepatectomy.
A. Immunodetection of BrU-positive nuclei, in wild-type (1,2,3,4) and
30 HIP/PAP transgenic livers (5,6,7,8); 1 and 5 24 hours, 2 and 6 36

hours, 3 and 7 46 hours, 4 and 8 55 hours after hepatectomy.
B. Each box plot comprises five horizontal lines displaying the 10™, 25",
50", 75", percentiles of a variable. All values for the variable above
the 90M percentle and below the 10" percentile are plotted
35 separately, so that the box plots are valuable in highlighting any



hepat ocytes. 20 B. Western bl ot hybridised with
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C. DNA synthesis in cultured hepatocytes 60 hours after plating: Growth

Factors (EGF 30 ng ml™", HIP/PAP 40 ng ml™") were added after cell

25 attachment. Forskolin was added for the last 16 hours. The data from

4 to 20 of experiments were presented as mean £ SD () wild-type,

(m) HIP/PAP.

Figure 5 HIP/PAP inhibits TNF-a + ActD-induced apoptosis in
30  cultured primary hepatocytes .

A. Dose-dependent TNF-a reduction in cell viability in wild-type (o) and
HIP/PAP (m) transgenic hepatocytes. The data presented are the
mean % s.e.m of independent cultures with four replicates from five
mice of each genotype.
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Figure 7 Stimulation of liver regeneration in SCID mice by
HIP/PAP protein. -

25 Box plots of the liver weights of SCID mice intra-splenic injected
36 Hours after partial hepatectomy with HIP/PAP protein (600ng/mice) or
phosphate buffer saline (PBS) (100uL). Mice were killed 7 days after
hepatectomy. A significant difference was observed (p=0.0022) between
SCID injected with HIP/PAP protein versus SCID injected with PBS, by

30  using the Mann-Whitney test.

Figure 8 HIP/PAP protein injection stimulates liver regeneration in
C57 mice.
The effect of the HIP/PAP protein versus saline injected
35 immediately after partial hepatectomy of C57BI6, on the restoration of the
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25  mRNA content.

Figure 11 Stat 3 activation post-hepatectomy
accumulation/degradation time course of nuclear phospho-STAT3 was
measured in HIP/PAP transgenic versus C57BI6 mice, during the first 24

30 hours after partial hepatectomy (figure 11). Activation was detected as
soon as 1 hour post PHX in HIP/PAP but not in C57BI6 mice (p= 0.02).
Moreover, STAT3 activation was back to lower levels in HIP/PAP"than in
C57BI6 mice (p=0.04), as soon as 12 hours. The results were validated
and visualized by western blot analysis with anti-STAT3 phosphorylated

35  antibodies.
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Detailed description of the invention :

The inventors have found according to the invention that HIP/PAP

has mitogenic and antiapoptotic effects in vitro on hepatocytes in primary
30 culture. Moreover, HIP/PAP is a mitogenic and anti-apoptotic molecule
for hepatocytes, in vivo, during liver failure and liver regeneration.

The human hepatocarcinoma-intestine-pancreas /pancreatic-
associated protein (HIP/PAP) gene was identified because of its
increased expression in 25% of human hepatocellular carcinoma by

35  using Northern blot analysis (Lassetrre et al., 1992). It had been shown
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and is particularly devoid of any carcinogenic effect, in contrast to the
growth factors known in the art such as HGF, TGFa or EGF, as
described above.
Taken together, these results demonstrate the therapeutic
30 importance of HIP/PAP in liver regeneration. Thus, these experimental
results have allowed the inventors to design pharmaceutical
compositions for stimulating liver regeneration in vivo comprising an
effective amount of the human hepatocarcinoma-intestine-pancreas/
pancreatic-associated protein (HIP/PAP) of sequence SEQ ID N°1, in
35 combination with at least one physiologically acceptable excipient.
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An isolated or purified biologically active portion of HIP/PAP is
substantially free of cellular material or other contamination proteins from
the cell or tissue source from which HIP/PAP is derived, or substantially

30 free from chemical precursors when chemically synthetised.

To determine the percent of identity of two amino acid sequences,
the sequence are aligned for optimal comparison purposes. For example,
gaps can be introduced in one or both of a first and a second amino acid
sequence for optimal alignment-and non-homologous sequences can be

35 disregarded for comparison purposes.
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peptides homologous to HIP/PAP, it is herein intended peptides that
25  induce in vivo liver regeneration with the same order of magnitude than
the full length HIP/PAP, as it can be easily determined by the one skilled
in the art, for example by measuring BrdU incorporation by heparocytes,

and measuring liver mass restoration as it is shown in Example 2.
As used herein the biologically active portion of HIP/PAP
30 encompasses a polypeptide comprising an amino acid sequence having
90% of identity with the polypeptide of sequence starting at the amino
acid residue 36 and ending at the amino acid residue 175 of sequence
SEQ ID N°1. According to the invention a first amino acid sequence
having at least 90% of identity with a second amino acid sequence,
35 comprises at least 90 %, and preferably at least 91%, 92%, 93%, 94%,
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30 physiologically acceptable excipient.
A further object of the invention consists in a pharmaceutical
composition according to claim 1 comprising an effective amount of the
polypeptide consisting of the amino acid sequence starting at the amino

acid residue 27 and ending at the amino acid residue 175 of sequence
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25 90 %, and preferably 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more identity with the amino acid sequence of SEQ ID N°1.

The invention also encompasses HIP/PAP chimeric or fusion
proteins. As used herein, a chimeric protein or a fusion protein comprises
the polypeptides cited above which are fused to a non-HIP/PAP

30 polypeptide. Within the fusion protein, the HIP/PAP polypeptide and the
non-HIP/PAP polypeptide are fused to each other. The non-HIP/PAP
polypeptide can be fused to the N-terminus or to the C-terminus of the
HIP/PAP polypeptide. .

For example, in one embodiment, the fusion protein is a GST-

35 HIP/PAP fusion protein in which the HIP/PAP sequence is fused to the C-
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situations such as surgery, transplantation, diseases, and after hepatoxic
compounds exposure conducing to liver necrosis or partial liver necrosis.
30 Firstly, the pharmaceutical compositions according to the invention
are suitable in the treatment of acute and chronic liver failure.
Acute liver failure is generally caused by a massive
apoptosis/necrosis of hepatocytes, and represents a devastating
" condition of viral or toxic origin. Acute liver failure is mainly induced by
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30 induce cytotoxicity and liver necrosis. Among these therapeutics, we can
disclose anaesthetics, such as Enflurane, neuropsychotropics such as
Hydrazides, anticonvulsants such as valproic acid, analgesics, such as
Acetaminophen, antimicrobials such as Amphotericin B or Penicillin,
hormones such as Acetohexamides, cardiovascular drugs, such as

35 Papaverine, Immunosuppressives and antineoplastics, such as
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30 By stimulating liver regeneration, the compositions of the
invention have other beneficial effects. Among them, we can cite the
opportunity to make liver transplantation and partial liver transplantation
with high effectiveness and also the opportunity to stimulate liver
regeneration ex vivo, for example stimulate the growth of a liver



Al pha-1-antitrypsin deficiency, WIson D sease,

Henmochromat osi s, Tyrosinem a, Protoporphyria, and
w@y®niestd brosis. The conpositions accordi ng tRCT/AR2004/006633

invention are suitable in til8e 25 treatnent of al

pat hol ogi cal situations resulting froman exposure to

hepat ot oxi ¢ conpounds. A nunber of hepatotoxic

compounds, i ncl uding al cohol, virus, such as HBV, HCV

or H'V, nushroons, such as halolde amani

par asieespIat Ve epiieliabassmivel Heparel 0 HIRIFAR, ggneticall

t her apeadifietscelidbefdre daasplghtatioki city and Iiver

necr osi o AIBOGANNCRE ASHARSHIGH ot basRB®t the

anaest heti CS ane, neur roprc
such awentigair s2n dbe, fasmuiateshvin) @arﬁ%e@@c rals syipbleoifer the

acisd, ppeRIrgRRINC Bf lnsmhamlaﬁeebmm @nh%ud_me?llum wherein
anti m ricin B or Penicillin,
ﬁﬂ;}iﬁlﬁs dléébigéea?éorhég}')%ggﬁé T

hornD s suc es, cardi ovascul ar drugs
such as :I@enamgseernvraéfallurﬁmﬁd@egmeéglguuvél@e srapdest sense, and

g?ZEI'I/ Egﬁzl:g%az!?é 826 ??grﬁal%;hl@‘ﬁ fMetigRAl4h; ﬂ;ﬂszl?e%ﬂlltm dlrecitly or |nd|rectly
a nas. er enS|

i ugs Toah s SonprseraraRor &f 9 Snfendl L RS ang

driggs bifiaghcells. vi t ami n A ()<yphen| satin, iodide Ion.

Al t hough Tmaeteﬁﬁawerrmaanahmﬂf hébeﬂﬁat @cSrﬁPHoﬁ'rhé!am in the art
uncert ai,n .0US

nopat 09 HhclEES BrfiRL AR MBIV SERp Rty Ty fpicH s fverof a
necr osiogonis pastiallyi or whelyureseatnd ansppartiallyoor wholly transplanted

fail ufge gsrﬁgf;le@ﬂt' Partiaf ln?é]o’f?@ndp’larﬁé’iﬁimkse c%ssﬂﬁ@@ by operation
phar mace accor

t
P Sentian mieogOaR: srel Wae Foreianan. detelbiopis partal iver
f ai | utranspias@tiobyaratthedikenandhthe, prasentiinwention was\kenapplied to

ef f ecta 'o(P tﬁ&ﬁ' Wﬁarﬁ&lel heFtraASIERatic, Al ittM8plafit or a Jpartial

furth vention consj sts i
i 1 B Ba0snied EPoar Soto, PEePARING DS BbRi RSP of the
( I ) anbhealdpentvoluald §f @tdamentve typicaligtirapkpianted as a graft into

at ROXEGpIeAIRMARE  livel 'nhs Abehl %BBIW&S@E‘EEHnBquth@ present
po ype t|de conp iS'S

hav! hansoUR RO ECPIF dRrTPETg fiHor FRISPBIABB RN bepatocyte
consi growih eventihtae gnathis ebouti3®equéssse starting at the

?g‘;i”gugcT%g.él?%éﬂ#&n%@arﬁé}%ne@%‘f%Qrt%hlatrhﬂpé‘r@&rﬂfé #&ddiding the
significant shortage of cadaveric organ donors, associated with an

25  exponential growth in the number of patients on waiting lists worldwide
and the success of living donor liver transplantation (LDLT) in paediatric
recipients. In practice, the lack of cadaveric or size-matched liver grafts
has led to the development of reduced, split, living-donor liver
transplantation. Although regeneration occurs quickly in the transplanted

30 graft, patients undergoing living donor liver grafts receive a smaller
hepatic mass than those receiving a cadaveric transplant, and
controversy over small-for size syndrome has escalated in recent years.
Small-for-size liver grafis can be defined by a recognized clinical
syndrome that results from the transplantation of an insufficiently large

35  functional mass of liver in a designated recipient, and represents the
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The pharmaceutical compositions according to the invention are also

suitable in the treatment of liver failure consecutive to Hepatic ischemia-

30 reperfusion (I/R) which remains a significant limitation to both liver

resection and liver transplantation, and may be responsible for liver
failure, lung injury and death.

Although the following part of the specification relates especially to

the formulation of compositions comprising the HIP/PAP protein, it is also
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i ver 9PFaGRS, PG PSAOMPG L d SIRTBIET oW e Flcfds
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mentioned yhd bhHOBH &l ®fmulation depends mainly on the particular type
and the concentration of HIP/PAP protein, but preferably ranges
30 anywhere from about 3 to about 8.

Compositions particularly well suited for the clinical administration
of HIP/PAP include sterile aqueous solutions or sterile hydratable
powders such as lyophilised protein. Typically, an appropriate amount of
a pharmaceutically acceptable salt is also used in the formulation to

35 render the formulation isotonic.



the use of avail able organs and reduce overall

norbidity and nortality. As used herein "liver
woe@aspisant ' nmeans a |iver transplanted into aPCTI/EP2004/006633

reci pient by the transpl antzti on operation as

descri bed above, and also includes the so-called

"partial liver transplant" corresponding to a graft

15 consisting of the part of the |iver of a donor.

Li ver transplantati on nmeans al so injection of

hepat ocyt eStefillignist teadily Yacomrepifshed o strilertilt@tiod thugh (0,2

proli Bﬁ&%hgm%hb‘?éé erentl ate) into portal vein. As

use ed case_of ‘liver transplantation, the phrase
"liver relenetHPiFAR RIS RhapRacticel c%ﬂ@%%t'qrh will  be
whi ch fdratilatd védsed| anadesinainistered in apfaghiofl dansistent with good
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l'iver scmmpg ant aaiﬂm@stram | eRérothad faeters winominy to5medical

rqgecb{aéjgt,ﬁ@,ﬁergreatl ng hepat| c failure caused by I iver
di seases sy ch as hepatic.cir

al cohol i c, b/? fhgrap |§§l Yof eﬁﬁ%WSvﬁﬁn%lﬁH? 0{'6'?’7‘5’3" PLRtein to be
canceadmvhﬁermhwﬂlad@tgqyarne@lobposmqh cessidetations, ngmdols the

the | Q@R BrAd it %e%‘éssér&“ foalplace, Not %ﬁeﬁn%ﬁ@élﬁféﬂhaﬁfze liver

oo TR S VR Pk SaES S BRplR frerably below

| i1si t e amaunt bthah i§i togic tedsbet mamnaaldot irepders the mammal

trans ible for liver
fail ur@igﬂ%@ﬁ’{gpﬂor@é‘lﬁc lp?a?ﬁew%ﬁfhou h the f ol Igw@p N in

part of th f‘l"’ 2y 'PQI’ e 2HTUISIELad %, a yise
f or mureferemce db ldtﬁ’mmelprotmm; referspta thahgadnhensHh‘MrPAPHlP/PAP

pr ot ei Fbt rtw¢|§h 8!: %Oéﬁﬂlﬁg%spﬂﬂ BF2R0A44 §05633ection,

20 sui E eutlc conp03|t|ons conprising
p&Pprbt”‘ 'M%rs”?r}sé’ 'P or bi ol ogi caly. active portions
of HI P/ PAP. For the purpose of the present invention,

H P/ PAP can be c&%n%k@%ﬁ%ﬂ@éﬁfé&ﬁgﬁ@ AW INVEI IR S

to prepare phar STrrons,
whereby H P/ PAP is conbined in adm xture with a

phar maceut Ac addject asfcthptintdrdionais ra eompSuitivadomprising dividing

and t Rggétocytgf Wg!:&\%blﬂgﬁor?@ﬁ desiydepide BmBRSHhE UnCiinio acid

Phar mac
sequence having 90% amino acid identity with the polypeptide consisting

of the amino acid sequence starting at the amino acid residue 36 and
ending at the amino acid residue 175 of sequence SEQ ID N°1.

Another object of the invention is a composition comprising

30 hepatocytes that have been transfected with an expression cassette that

drives the expression of a polypeptide comprising an amino acid

sequence having 90% amino acid identity with the polypeptide consisting

of the amino acid sequence starting at the amino acid residue 36 and
ending at the amino acid residue 175 of sequence SEQ ID N°1.
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By " physiologically acceptable excipient " is neant
waedodiase4 liquid o filler, diluent or substaPCBEEP2004/006633

whi ch may be safely used irm2system c or topical -

adm ni stration. Depending on the particular route of

adm ni stration, a variety of pharmaceutically

acceptable carriers well -known in the art include

solid or Ihg gg(gregg.hb %ra§set% t'hH?Ertn%sl th%%&gk‘%egﬁ of a Cpolypeptlde

surface active
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adm nigfseregh UsioR) @Rolidbr 3o NABBAeEtonALt Br BBERGRS in vitro
and.desire drg}a concentrations of such pharnmaceuti cal

cHhpoeRate WréSiry depending on the particul ar use
envi si onedA fértherpolyjedt @‘fmecnvwlo%isomserrippsitioummprising an-

exper Lepal s %.%oahpl& %gor%hsw SRR EChe SombftiBe Rith a

dosages can nner known .in 5 e . .
art . , PRlypeptide compg@rr@s@aamm%? Shfpenge having 90% amino acid
Phar maemuy wits t8e pidpdeptiti®Oddnsisking pHtld anhino acid sequence

oy MAahindNaflfRe A0SR Yodiud 136 BAY dnfiiteAtar tm&eabm.ﬂadac.d

concentration o ﬁé roteln pref er abl
ranger§3'd3’§ HRyRlseneenseoRradblY 13 t o about 8.
Conposi t i aNih@arwisiing & by boehd teany partitolar thry;Ithmimhtors

adm %eﬁfeﬁx@ttha{‘ he E?rﬁlrﬁét%ﬁﬁ cgodda%ema WJSW ét‘énﬁﬂ&ﬁsoﬂéated with

ers suc

I yothI | Eéﬁ tg,adqaéqeﬁt "'"P&&FE%IPT r!fd"’&bfﬁ%ﬁ‘?f 108 PDIRGRSSt
ofo a phaheresikidricoatgogitians elp!;ertﬂeel abeve cas bal mdlfeneldngnerm
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st er i talipipriassaysa dieyavedakility of dhe gelhyarsgmpesitions above avoid
filtratreeunrdmrredgirs¢ Qo hepatettamy faenhtammﬁ in Vli® hepatocytes

HI P/ FRuPEL e inDERISTRSIEY o iBris6Q TRAhdd e ddmPtitions for
25  stimulating liver regeneration in vivo comprising an effective amount of a
composition as defined here above. '
. In preferred embodiments of the present invention, the polypeptide
~ from the compositions cited above is replaced by a polypeptide fragment
of HIP/PAP, a biologically active portion of HIP/PAP or the entire
30 HIP/PAP protein as defined in the present specification.

Process according to the invention

Another object of the invention is a process for stimulating
35 hepatocyte growth in vifro comprising :



fornul ated, dosed, and adm nistered in a fashion

consistent with good 5 nedical practice. Factors for
w@omgitdseati on in this context include the parPCTEPEN4/006633

di sorder being treated, the3particular mamual bei ng

treated, the clinical condition of the individual

patient, the cause of the disorder, the site of

delivery of the agent, the nethod of adm nistration,

the scheduling of admi nistration, and other factors

ther apey .C%E?é"ﬁ‘?lhe PR ot 5 of &

rot o n St &1 aPRBoHF e Titp e
consi der &)itarasing asdidi hephtocyies niwithm aanmitngeniecapwany of a
:2 iegglﬁgtel éﬂ g@?ﬁ@é N \‘i%ln)é Sﬁ‘@ﬂi‘ﬁ? bél&eéequence havmg 90%
pr gf erably 915%'[‘6\/9 %\éﬁ@y%’ﬁhﬁ{e ‘ﬂg‘i’euﬁr@et%s@t'? mﬂ'ée amino
mammal or reeideequence startimpliat thel gminfol acidrésidumoB6 and ending
suscept i bl &0, LafHe gédlcpfé%aduEhlgStcﬁrsghueﬁ’dy'S@QQDrl@1' on

>> or < adm ni stere I'n in_ refer

H P/ PRY "PHiegenis areputs it I5 RaRt Wahiie bepaiopdRs giil be treated
H P/ PiRh @&affieient ahiotint of ther polppeptidet as deifimad henedobisfore to

wi,bh, Ib %rucgfrie% tc?cyti,levgr{(}\nftr?%%w Yed. R ¥ c@turd Yﬁrhelpatocytes

t rans lar ositions accord
t he i FRBAREEI¥N BANMEBPRNE Eﬁ'ﬂoqrﬁe asnenifiesh abgve consists of an
conpoghioudh of @&y pslyp@tdevwdchgndlﬂﬁshmpﬁmmesf fhe cultured -

conbi I
acid ﬂgé%]tggﬁysé %a\ﬁjlcﬁﬂ béc%% I¥nggte acl g b%}dent‘ﬁ}{é élévﬁ\}e{&ﬁnttn%aﬂ,
pol ypé;iteixémp&mtpléﬁh g@U ipeorppiatighap dlissiased éréébﬁe‘??@@"mes

stigrting aAnéth@r adhjew ecitish rigvdntion B6 aaprocessdiongstirhulating

the a e. f. ence SEQ I D N1.
Anot hEPPABRGEE S pgpscLenee SEQ 1 D
conpri si (/) cofectingdapatoey®s: t hat have been transfected
with an Rﬁﬁtﬁéh@@ sé;@%@éib@ytb@ﬂ{ an dppr‘b@ﬁaief‘rﬁ‘xlture medium ;

&)
expr essi 0
Sequence GAAT 808 A hPRoBAET ok P ShrARid gStete wat
pabypept i dedriveasthet expgessign toﬁéh%trﬁli?ﬂ’% i protaiderrald hepatic
starting atggjge am no acid reS| due 36 and ending at

the amn aci residue 17 eguence
2004/ 112 %pégbgpao % %e Ar?CgQrg’lﬂEf&é? tﬁle tevpmques
cass etdtselqslaat in dexamie ttheandxipr @sswrs&ppnémgo&s@q@@pt ingee part
as des,g,gfekpgga@@mé%a@n be obtai ned for exanple as
descrl beq_ pa }
he phrase collecting hepatocytes”, as used herein, means that
hepatocytes are directly collected from a liver, or means that they are |
obtained from stem- cells and particularly from bone marrow stem cells
that have been differentiated into hepatocytes. The differentiation of
bone-marrow stem cells in hepatocytes has been reported by Petersen et
30 al, (1999) and Mitchell ef al. The recourse to such bone-marrow stem
- cells can avoid recourse to hepatectomy for obtaining in vitro
hepatocytes cultures. Thus, another object of the invention is a process
for stimulating hepatocyte growth in vitro comprising :
(a) collecting bone marrow stem cells;




entitled ~_Transgenic nice expressing H P/PAP in the

liver". The hepatocytes as used herein, are directly
weoiokecsed froma liver, 5 or obtained from SPEIER®DI/G06633

and particularly from bone 24arrow stemcells that

have been differentiated into hepatocytes. The

differentiation of bone-marrow stemcells in

hepat ocyt es has been reported by Petersen et a/.,

(1999) and Mtchell et al. The recourse to such

bone- mar (&V&uﬁi\/ﬁﬂh%%ﬂ ISoneafafe\9isterh @efs! irs an aPpropriate culture
hepat ect ony f(ﬁr taining in vitro io hepatocytes

cul tures. A%UYTher object of the invention is a

conposi t (grireating saisi bepeamarrowegtermcgsily avithnd oriloggnic amount of

Bg{‘;pgﬁ: |r 8‘35 ggﬁpﬂbﬁtﬁié %mﬂrlﬁwﬁh%ﬁgllngnasdéﬂ ts@q@ence having 90%
0% am no- 260 AL KBRS W 0% PESPRRtPBarand o 1 amino
consi sting auid séquesnece ratarting dt egaminceadd residue i3Agangt ending
the am no I?eér‘?nﬁiodé{ﬁ‘d REIGh 7Bt %éﬂcé@EQﬂD‘l@q aci d

resi due 17 ut. W sh
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cehlsg Jn?%&lﬁﬂ Mﬁltﬁl\h}% Féq ReRAE ’cﬁé’ll\%rpl‘i‘\tgirgi'éﬁ'reﬁ'aéfnboT iments of the

aclel &rat egeneraé%o#&{{g fi}cess
cel | ulPERse®b ipETtieNoike RASMEPH ecRIPOSES | G phpve s
| ong- replated by va tpotypeptidel fragofenh e dilBdARS a biologically active

exanpl,g fabl f @ﬁpW‘?ﬁ%Bf r}tfﬁ?"FﬂWIQAP bldih s g ﬁr?égsin the

The aVal conposi ti1ons
avoi d PrepenteRad @ﬁf'omecourse t o hepat ectorry for
obtaining in vitro hepatocytes cultures. The

i nvention also conpri S§Se QQ@J iHeAhveAABASI tions

for 25 stinulating Ilvmvg%m

conprising an effective anount of a conposition as

defi ned h@\bmeabm]@;t of ihe preeéstr neenturbednstelt of tHe Ube of a

g gﬁ;gg pgﬂti e %:({qg%nstl@cgarq %l‘r}flpoe B&Pds%gaéﬁéé”héﬁ@q 90% ?mlno acid

f r2agmigentityowithll teppaply Pﬁptlﬂeo P@'@ﬁ'@mgl of é%@ iafaing o?‘f'ﬁj digagence

HI P{ E@Férﬁ’lﬁg taIﬂQh@anhlhf@ ack® réﬂn&%é’% Eﬁ@teﬁid’hgi&t dieéd |dﬁlﬁd|9] acid
in the rese spegif | KO GeQr

| nventrﬁ3 ‘g}%ed? %?%E]?g sgtqw | E\?’ '?otﬁgl gAa'?%EJrcngésgf a
for stphatmaasiutiep! compesiian &rﬁlm%t@mhﬁer regeneragon in vivo.

conpr i si NgA: fuMker2e)éét1diaBe Hré¥eht RRPAGNA ROASISR ofBe use of a

25 polypeptide comprising an amino acid sequence having 90% amino acid

identity with the polypeptide cdhsisting of the amino acid sequence

starting at the amino acid residue 36 and ending at the amino acid

residue 175 of sequence SEQ ID N°1 in the manufacture of a

pharmaceutical composition for the prevention of the establishment or

30 progress of liver failure in a patient at risk for developing or having been
diagnosed with liver failure.

The invention also encompasses the use of polypeptide fragments

from HIP/PAP and biologically active portions of HIP/PAP as defined

above.




(a) collecting hepatocytes; (b) cultivating said
hepatocytes in an appropriate culture medium; (c)

W0 e@atiiasge sai d hepatocytes with a mtogeni c aneCHEPN4/606633
pol ypepti de conprising an &% no aci d sequence havi ng
90% 5 amno acid identity with the pol ypeptide
consisting of the amno acid sequence starting at the
am no acid residue 36 and ending at the am no acid
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di scl &%ﬁiisien AYEOIERIIAS eHePQEUSAncﬁrﬁ@ﬁryoblﬂmromlutme type |,
I nvenigrpstogsnié cﬁﬂ%%sfsrfgwr-l\‘ﬁéjjlaﬁﬁi/rﬂirbmgt B@P&t@fgétnﬁﬁl Hepatic

nafa %&r?%@ eGSR Pk e A BA SO0 cirpss, Famla

approﬁtmmléoﬁﬂl tBHlér}’rreeNr@ma (HepatecsiisipectGarginomiad  Primary
hepat g)drgingv ”Cl'ﬁlﬂb essuébhtaﬂéﬁsﬁqbe tb:aé €0  Syndrome,

drive thee ono PAP rot i"d
hepat i ma@@l'q %FE% A a ﬁ'aE’ ?J?ﬁa & c ﬂ é@éﬁf”md neuro-
accor eéndecring, tDI'GQ tl@itlﬂﬂdq recberigal liver &xmambuctt as focal
ariﬁlt t Qobigr ﬁ%ﬁérﬁ@ﬁi‘éﬁ.q{/é}gtuﬁﬁﬁb IsQ8h ia8 Héﬁét@@llhlar carcinoma and
mat e :
nepat GeplAngbeatiqi eyt anb el s, BukEGhiad svagrome,
are diipker1-gnitnipsirct deffigiensy, a Wilsper , Diseasmartdembeitromatosis,

they ?S/ﬁ)Slrfémlé“Fs}%%ﬁoPWr%t gﬁa Cﬁ@ﬂid foraqd, particularly
from bone nmarrow stem cel at have been

differentiated i nto hepat ocyt es. The differentiation

of20 bone- marrow st enMethdds aecdrdjngg tocthedaventiomeen

reported by Petersen et 30 al., (1999) and Mtchell et
uch bone-nmarrow stem _ cel|

al . e rse t ca
o dARRlIEt S, Of oE: dREOHGN { Br CoURSIGR riGY MIGHERE liver
hepat c&gphesatsoul tcorrmcmSInTthﬂdmlalstﬂrimgr avbj effactioé Bhwunt of a

' nVenEbl?Beétﬂeaco%&%ﬁ'ﬁsan ffing bbilWeBbeN® REAARYS 96Y4 Smino acid

gzs ldenpty W|tI[\ the gglypeptlo% consisting of the amino acid sequence

starting at the amino acid residue 36 and ending at the amino acid
residue 175 of sequence SEQ ID N°1 to a patient.

In a preferred embodiment, the method according to the invention

encompasses a method comprising administering an effective amount of

30 polypeptides fragments from HIP/PAP, biologically active portions of

HIP/PAP or the entire HIP/PAP protein as defined in the present

specification.
Another object of the invention is a method for the treatment of a
patient with a hepatotoxic therapeutic agent effective in the prevention or



(a) collecting bone marrow stemcells; WO 2004/112824
PCT/ EP2004/ 006633 24 (b) cultivating said bone nmarrow
waee@aneskd s in an appropriate culture medi um PCT/EP2004/006633
treating said bone marrow %emcells wth a mtogenic

anount of a polypeptide conprising an am no acid
sequence having 90% 5 amno acid identity with the
pol ypepti de consisting of the am no acid sequence
starting at the am no acid residue 36 and ending at

t he apbithedt bfla dRSrdbior bathogis pRySSI6GicAEAntiBoME, . comprising
W thout wishing to be bound to any particul ar theory,
the inventors believe that the treatnent described

abov e(z) mdeninistering do Iseite patiant.osimulieneeusiy e&iin optienal iorger, a
to regepgyidigaliynN et - déde PoEf Sdid ethapaticeaedt Ond a
the present | r%_ventﬁlgpn. t he {])ol%rpegtl de .fromthe. .
prdcess PEeRIptyEY Rifective aragiint @ BOIVRSHIde, Fomprisigg-an amino
f r agmentacilf séduehPa\Paving B3k agnioaldojd identityewitlp dive polypeptide
the  pr Sousipi, B4 Bntho oot sthigiRe sBRIECH 1 aiho acid
vent | SRR BRANLENRS i RIR SLlhioSaHRArS oh SSavence
consi st SED ID Mé1.use of a polypeptide conprising an
amino act : ; . . . .

am JL\Ho@SH H@tegtgofhtﬁél 'xﬁl&nﬁ&@sag‘frﬁétln@& fd?.th@%ré\}éﬁ{?éﬁ bYthe

h the polype e consi sting of, e am no aci .
sequefdiablishgiant ngf OgrRES i AYSradsilire e SPERRAVSHCH Rf @ liver
endi ngesettidgrh e hwer hanasiantations sorda @efatfis ddongeipingnadmisistzring
I D N1, i " .
copol§ FiERCRN RGN Fintin ot RTRERERE bpprsing an amino
vi vo. agidf srauesse divig: 98t BREngrasikidentify, aviini B polypeptide
copnsi sbisigtingtdiehaiamirdf acd s@quareyqiafing de treoaminosddtresidue
am no 1.Nng: 909 ' ' ' i °
i th PReng SHOBKER i AR R RURE 18, A Sk lued SRR E et
sequenceAcerdngi iagthet metiodaabere. slbpdpelsagriide iseadimigistrated
IGzr[1)d II\I g_eﬁétfe,td\ﬁin@nbrpéﬁacé diver esdedtion bfSa GberseansphatatBinQ The

| ture of , a . eyt lc ;
corrpoB?&P%‘fﬂ'%fegr%gk4 h%?sr? r etf/‘ee n%qng]rq_'sgljf% ?e{ﬁgetsﬂ]ti%bﬁélms%ng F]t aorhver
300 pr tigneiantation, jareto thai regripti it ardeattp eamoicaforr pxamplerpost-
devel giigegy B6mpiatiogs. bReRrdinl 3@ nies atktiéd Bbbie @fe polypeptide
Failure.q is a fragment of HIP/PAP, a biologically active portion of HIP/PAP
or the entire HIP/PAP protein as defined in the present specification.
Another object of the invention is a method for stimulating liver
25  regeneration in a patient comprising: '
(a) collecting hepatocytes from said patient ;
(b) cultivate said hepatocytes in an appropriate culture medium';
(c) treating said hepatocytes with a mitogenic amount of a
polypeptide comprising an amino acid sequence having 90%
30 amino acid identity with the polypeptide consisting of the amino
acid sequence starting at the amino acid residue 36 and ending
at the amino acid residue 175 of sequence SEQ ID N°1 ; and
(d) injecting said cells into said patient.
By “mitogenic amount it is meant that the hepatocytes will be
35 treated with a sufficient amount of the polypeptide as defined herein



The invention al so enconpasses the use of polypeptide

fragnments from H P/ PAP and biol ogically active
w@eootilsss of H P/ PAP as defined above. WO 200B¢TERRR41006633

PCT/ EP2004/ 006633 25 In a Xreferred enbodi nent, the

liver failure is a consequence of a |I|iver resection,

a liver transplantation, or hepatitis. In a further

aspect of the invention, the use according to the
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rab uretean i h e LG < breehd, SBEREGEA i metnod
hyper pomptisesiadgiforali®p such as Hepat ocel | ul ar
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Cystic fibrosis. 20 Methods according to the invention
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of sequencegEQ thd é\)l]arééém"l BRh&HIP/PAP SorBfeff ® '8l hepatic
enbodi nent, hhe nmet hod according to the invention

enconpasse$ S:A%hod conprising adm ni stering an
ef f ect i vél)amectirtg sHid cd® ipiol spipbpatiedes fragnents from

HI P/ PAR, o;r QL B8H S8ddette bl YhvdOfe! &steSion of a polypeptide as
25 described above can be obtained for example as described in the part
-entitled “ Transgenic mice expressing HIP/PAP in the liver”.

A further object of the invention is a method for stimulating liver
regeneration in a patient comprising:
30 (a) collecting bone marrow stem cells from said patient ;
(b) cultivating said bone marrow stem cells in an appropriate culture
medium ,
(c) treating said cells with a mitogenic amount of a polypeptide.
comprising an amino acid sequence having 90% amino acid
35 identity with the polypeptide consisting of the amino acid



H P/ PAP or the entire H P/ PAP protein as defined in
the present specification. Another object of the

WO pooentdsen is a nethod for the treatment of a PQEEHEP®NL/006633
with a hepatotoxic therapewsic agent effective in the
prevention or WO 2004/ 112824 PCT/ EP2004/ 006633 26
treatnment of a disorder or pathol ogi c physiol ogi cal
conditions, conprising (a) admnistering to said
patient, sinultaneously or in optional order, a
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consisting of the am no acid sequence starting at the

amno acid residue 36 and ending at the am no acid
resi due 17Bheavailebilinefdhe sEthodabave avwichadepdrensispensirse to
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Sgpygg%@&ﬁgwaaceaeaatgqﬁ% ﬁf&grrn@énlerféfrétﬁﬁ r&@es@mgnt hof ﬁ
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am no«@Refodaf ea?a'dd Weethd@s angd @n %ré‘f@rr@& Eh®oBImdIR, aRé dmethod
residue 175 o . According to the

Ence SEQ
met hoBORBESARS, aqdp;@ S ??B%ptl de is adnministrated before,
durl ng ofte)dfldrétoring kaidgratiestsfecindimation oflivier fedlure, and

nspl ayga&b I?mm "?n %%D%@&%ﬂﬁgcw &%go(egeuntil said liver

m ni st onor rver
transpl aFﬁQS’PP'E?f'ﬁ'O"'dﬁS‘{ Ciefe receipt, in order to avoid
for exanplla arathersamigediyenionie invahiienselatés do mdmnethotidor the

the ng*%%gtlcﬁp%ﬁet&?aﬁ%ﬁﬁeﬁp& %gre‘éé & IN./ecr ﬁ?&rhﬁ%%ent at

of HI acti v
or t hBSkfar %/enpmsmp Byipg é'%eﬁn é’s&agf@lsﬁﬂéfﬂ "i Wral g autoimmune
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Iaspgt FQ?ILE% grefvgﬁtaﬁvé %d?.ﬁn')t 3¢ o *Mgéep‘u%é Joﬂ%ﬁgﬁ{)gﬁéh %fnlh@ acid
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hepat QLxih§ %t Weldhifto BelPRERLS 1350 8LqRncB SEQ ID N°1.

25 In another embodiment of the method above, the polypeptide used,
is a fragment of HIP/PAP, a biologically active portion of HIP/PAP or the
entire HIP/PAP protein as defined in the present specification.

The invention also concerns HIP/PAP, as an active ingredient of a
composition for stimulating liver fegeneration in vivo, comprising an

30 effective amount of a polypeptide comprising an amino acid sequence
having 90% amino acid identity with the polypeptide consisting of the
amino acid sequence starting at the amino acid residue 36 and ending at
the amino acid residue 175 of sequence SEQ ID N°1 in combination with
at least one physiologically acceptable excipient.

35



pol ypepti de conprising an am no aci d sequence havi ng
90% 30 amno acid identity with the pol ypeptide
weongitsaseyg of the ami no aci d sequence st arti NBCHEP1004£006633

amno acid residue 36 and e@4ding at the am no acid

resi due 175 of sequence SEQ ID N1 ; and (d) injecting
said cells into said patient. By "mtogenic anount "

it is meant that the hepatocytes will be 35 treated

with a sufficient anount of the polypeptide as defined
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| nduces, PrAle/PREHrbAlcHdn bR puidaibAd Nepat ocytes, as
it can 5 skilled in
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" rEAERmaAnY gmd r?étmewgusly |dﬁ5%['bf§ é?fyeth?é%veélﬁ%&?m%@ etal,
the meobed conprises additional steps: (e) nonitoring
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liver m"Fr@WPBt Iniffh qne- %Q't'f ﬂ“QHSéntZYQOESS A@fodﬁ-’@ls'/@éﬁ%@t hybrid
of th@tralﬁyeﬂTh@nwleﬁe Rlomefidto dyftall DNA ramaBsisngn ISoutiern blots.

regen

h eg at WS%A% @?%ét%@%tﬁﬁ?&rl ﬂ%@\e L#e?i)era?t?é lfr%éHgﬂgs were

hepat eeparetedi anah’oap@arepe i gaie and| fransemeditoniytrarp 188 The
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rives X

pr ot el ﬁ”Y @%{M %8% (g Fe@i?'f)éﬁﬁéﬁ%ﬂ) Ahﬁeeggtl ng said

cells into said patient. An expression cassette that

gr ' vres t heAI?éPde—ﬁﬁﬁér@Q nﬁtfl%(?n@@hmﬂblfﬂl% a'm?d cotlitions for animal
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descr
20  Ministry of Agriculture guidelines (dated 19 April 1988).

- Milk samples

Milk was collected at day 13 postparturition from anaesthetised mice
25  previously injected with 0.05 U of oxytocin to stimulate milk letdown.

Mouse milk was diluted (1/10) in 10 mM Tris/HCI pH 7.5, 100 mM CaCls,

and centrifuged for 30 min at 40 000 g . The pellet was discarded and the

supernatant was spun again under the same conditions. The supernatant

or lactoserum was used immediately for the purification of HIP/PAP or
30 kept frozen at 20 °C.

- Purification of HIP/PAP protein from transgenic mouse milk

The resulting lactoserum (see'above) was acidified to pH 4.6 by the

addition of acetic acid (1 M) under stirring at 0 °C for 30 min. The
35  precipitated material was removed by centrifugation at 110 000 g for 1 h




entitled "_Transgenic mce expressing H P/PAP in the
liver". A further object of the invention is a nethod
wo e0044128pl ati ng |iver regeneration in a patiPBCI/EP2004/006633

conprising: 30 (a) collecti¥g bone marrow stemcells
fromsaid patient ; (b) cultivating said bone marrow
stemcells in an appropriate culture nedium (c)

treating said cells with a mtogenic anmount of a
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pat | fRUSEY] | SIS 1 A Sioe HSMATBREa: BPSTEAGENC Wefe aperformed
pad y pagddrdiag ¢o pemsilia ©meassienduasiaining @eisewers seannad and

90% ag?é]ﬁﬂ@&' sln%;%qﬁfabém%fep the polypeptide

consi mno acl d sequence starting at the
am no aci d resi due 36 and

Animals
25 - Transgenic mice expressing HIP/PAP in the liver.

The regulatory region of the mice albumin gene 18 was cloned
upstream the HIP/PAP gene fragment to drive a human HIP/PAP gene
expression specifically in the liver as described in the figure 1. The entire

30 - Notl/Kpnl- linearized construct was microinjected into single cell mouse
zygotes of hybrid strains in the Experimentation on the Transgenesis
department (Villejuif France). The 24 and 27 homozygous transgenic
lines were developed from independent founders on genetic background.
Animal welfare, conditions for animal handling before slaughter and all



ending at the amno acid residue 175 of sequence SEQ
ID N1. 25 In another enbodi nent of the nethod above,
w0 b@4pasypept i de used, is a fragnment of HI P/ PACI/ER2004/006633
bi ol ogically active portiorslof H P/PAP or the entire
HI P/ PAP-protein as defined in the present
specification. The invention also concerns H P/ PAP, as
an active ingredient of a conposition for stimulating
liver regeneration in vivo, conprising an 30

ef fecky &.rﬁéma%meéd@ ggvewenéurgmmnﬁwmncﬁm.ﬁetry of

aci d se uence aV| Q acid i dentity wt
pol ypéﬁf‘?‘ﬂfé"%SH@ieQWSn@aEﬁd {n e APHH{988)aci d sequence

starting at the am no acid residue 36 and endi ng at

t he am pd.residue 175 of sequence SEQ ID NI in
conbi natq'l’.iotrr‘r-\;v&ll‘%ée at | east one physiologically

acéept abl e excipient. 35 WD 2004/ 112824
PCT/ EP2@BYEL06 Gride viste irovitied baerail SREDG ligAtbresial Feance)

ocamp o8 VelREdh of i REHZERP PRonE i on

and purification : 5 H P/ PAP was produced in

t ransgermmdci § f Foldted Répatbtges he rabbit WAP gene
able to drive expression of the H P/ PAP gene in the
md ry gland, as previously described by the

i nvent or%x-@\@ﬁkrtécﬂ deraglegevere ogpbined |lmmﬂn9ﬁ§@é¢ﬂfdsﬁﬁ|@k mice
carr y(IrgALOREDS/ HWPDr@QI@SF"rMHe WRER 4RBET 8l eﬂi\eb)’ec:plents of

m cro ction i n e-ce

C5 751 NERRRR/ Ry iePltect o Hga'e-?ﬁifﬁv@? dFarRte  mige gy mele
tai | ONEBhifamice (FfA-CRIRD.dr Artisesle Frandehue enipiniizevary risk of
di;gestafrapddtibnSacl , and the generated fragments were
separated on 1 %agarose gels and transferred to

Nytran 13N. The IS presence of the transgene was

det ect ed al dlepatbdt¢ hhing ' :

t he upstream region of the rabblt WAP gene

experlnents i ncl udi ng _ani na qn |t|ons
FoF i mal LVeTadap g DEEPNLS aiih: &f ?vefoza YRiugtass: as
i 120 ac desativedebywiHidgpifs @nd hAnd&bsdv (iﬂlggmy if alAgini fswd monéh old
gui deljinesadidalChctRedVrd inP8Britoneal injection of 60 mg per kg
body weight BrdU in 0.9% NaCl for 2 hours before dissection. They were
sacrified 24, 36, 46 and 55 hours post-hepatectomy. Animals and livers
were weighted and BrdU-labelled nuclei were scored after incubation
25 with anti-BrdU antibody (clone Bu 20A) and revelation was performed
using the Universal LSAB2 horseradish peroxydase kit (Dako) with at
least 20 low magnification (x 10) microscope fields for each liver slide
(Olympus BX60). More than 1600 nuclei were screened per slide.

30 Hepatocytes in primary culture

Primary mouse hepatocytes were isolated from 2 to 3 months old mice,
as previously described (Klaunig et al, Renton et al) with Liberase
Blendzyme. Viable hepatocytes were purified using a low speed iso-
35 density Percoll centrifugation method, as described by (Kreamer et al).



- MIlk sanples M1k was collected at day 13
postparturition from anaesthetised mce 25 previously

w0 pjogaizsed with 0. 05 U of oxytocin to stinul at eP@i/ER2004/006633

| etdown. Mouse m |k was dijuted (1/10) in 10 mM
Tris/HC pH 7.5, 100 mM CaCl2, and centrifuged for 30
mn at 40 000 g . The pellet was di scarded and the
supernat ant was spun agai n under the sane conditions.
The supernatant or |actoserumwas used i mTedi ately

for t purification | P/ P Oke en
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25 -
Cell viability and evaluation of apoptosis in primary culture

hepatocytes.

A Seventeen hours after the addition of TNF-q, the monolayer was
30 fixed with 4% paraformaldehyde for 20 minutes at room temperature,
stained with Hoechst 33258 (0,5 pg/ml). Apoptotic cells were examined

at wavelengths between 350 and 460 nm using an Olympus BX60
inverted fluorescence microscope (Olympus America Inc.). Loss of cell
viability was quantified using the MTT assay: 30,000 cells per well in a 96

35 well microtiter plate were freated with x pl (0,5 mg/mi) MTT solution,



20 according to Laemm i. Coommssie blue staining gels
were scanned and quantified using an inmgenaster.
wo\ional2s24 25 - Transgeni c m ce expressi ng H P/ RAPEPI004/006633

the liver. The regulatory r3gion of the mce al bumn

gene 18 was cl oned wupstreamthe H P/ PAP gene fragnent

to drive a human HI P/ PAP gene expression specifically

in the liver as described in the figure 1. The entire

30 Notl/Kpnl- linearized construct was mcroinjected

into fe&y th%@lvledﬂﬁUﬁ@ilummﬂﬂeﬁolﬁfathCl TFhetmediom was then
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corrbl nodef i ci ent mce (IFFA-CR

L' Ar bf 3%36e) wer e used as the recipients of
hepat ocyt es i solated frommal e H P/ PAP transgenic mce

or male (RIBEkf |$%I%ﬁoﬁ|aﬁﬁATE@nthtleﬁbr esl e France),

to mnim ce rejection. Parti al

Hepat ect ony and BrdU i ncorporation in vivo. Liver

r esect i onHepsatoegent weré0 otdted hieorn otvad-miontheroldrassle  &4P/PAP

20 deﬁgﬁnﬁ‘?ﬁ; PHY gﬁ&ﬂhﬁ% é@fblﬁ@qﬁﬁé %w\(}cﬂh@%@&a@é BRIndkyme,

: nt aaﬁerww%ﬁeﬁ%@e%?v@?néﬁg gpd %ﬁ b@ u&%le BeRgfocytes were

vei ghpulifiatiusing @. 1886deet, BordeBsito Rescobb ekotrifugation method, as
di Sse‘aeeé}[ﬁeﬁ BgyK?’&rn?er ‘?ﬁélé'§élD2§n1c§6weﬂ=§ ARdiheRzed with

hour s pos |na S an
20 xylazine ( Bayer Leverkusen, Germany) and ketamine (Biomérieux, Lyon

France) dissolved in NaCl 0.9%, spleens were exteriorized through a
small, left-flank incision, and a syringe with a 26-gauge needle was used
to inject 100yl of cell suspension (0.75 x 10® viable hepatocytes) in
Willliams medium (Gibco/BRL). Recipient SCID was held for 30 days to

25 allow sufficient time for the proliferation and reorganization of donor
hepatocytes into the Iiver”Barenchyma, before partial hepatectomy was
performed.

Evaluation of Liver Regeneration.

30
Animals received one intra-peritoneal injection of 60 mg kg'1 body
weight BrdU in 0.9% NaCl 2 hours before dissection. They were
sacrifi ced 24 36 46 and 55 hours post-hepatectomy. Animals and livers
were weighted and BrdU-labelled nuclei were scored after incubation
35 with anti-BrdU antibody (clone Bu 20A) and revelation was performed
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nmet hod, as descri bed by (Kreaner et al). WO
2004/ 112824 PCT/ EP2004/ 006633 32 Cel|s were
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HIP/PAP assays : western blot analysis,
35  immunohistochemistry and ELISA Test.




than 1000 hepatocytes were screened per well. 25 Cell
viability and eval uation of apoptosis in primary

we o124 hepat ocyt es. Sevent een hours after tPEI/EP2004/006633
addi tion of TNF-a,,the nondSayer was 30 fixed with 4%
par af or mal dehyde for 20 m nutes at roomtenperature,
stained with Hoechst 33258 (0,5 pg/m). Apoptotic
cells were exam ned at wavel engt hs between 350 and
460 nm using an A ynpus BX60 inverted fluorescence
m croscope (A ynpus Anerica Inc.). Loss of cell
viability was quantified using the MIT assay: 30,000
cel | s per RHEVPAPnpeptgs 8as wasbduaedc and i puifieg| tiom ther enilk of
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quadr (Gaudedirancé)or H P/ PAP and wil d type hepatocytes

di spensed on the sane plate. Percentage cell survival

was cal cul ated b ing the _ogti cal density reading
ofifcells r ; edranscripfionifagtor 3IATS 4 v di ng

t hat nunber by the readi ng for untreated, control
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C57BL/ 6 m ce, using the Liberase Bl endzyne, as

pr evi ousl yLideséytokirbstaxpfessiohg and Renton. Vi able

hepat ocytes were purified using a | ow speed,
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Ger many) and ket am ne (Bi onmerieux,-Lyon France)

di ssolved in NaCl 0.9% spleens were exteriorized
through a small, left-flank incision, and a syringe

with a 26-ARABSntSEsHtRes used

i el

25 -HIP/PAP transgenic mice and C57BI6 was intoxicated by a lethal
dose of APAP (1000 mg/kg), as described by Bedda et al., 2003 or Ferret
P.J. et al., 2001. Recombinant HIP/PAP protein (600ng or 1200 ng) was
intravenous injected 1 hour before intraperitoneal injection APAP to
C57BI6 mice. The animals were monitored for 24 hours, and survival was
30 calculated using the Kaplan-Meier method.

Statistical analyses.

Results for hepatocytes in primary culture were expressed as
35 ~mean +/- SD, and statistical signifiance (P<0.05) was determined using



to inject 100pl of cell suspension (0.75 x 106 viable
hepatocytes) in WIlIlians nmedium (G bco/BRL).

woRemupizset SCI D was held for 30 days to 25 al | BGI/EP2004/006633
sufficient time for the prd6iferation and
reorgani zati on of donor hepatocytes into the liver
parenchyma, before partial hepatectony was perforned.
Eval uation of Liver Regeneration. 30 Aninals received
one intra- peritoneal injection of 60 ng kg-1 body
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were scredRESULTES slide. 5 H P/PAP purified protein
injection after Hepatectony. Reconbinant H P/ PAP
protein was produced and pur|f| ed as reV| ousl
dé&cri bed Example; 3: Ghagacterization of jauman HIR/PAPG tra
NaCl mik. % at 6 pg/m 100 pl H P/ PAP protel n or PBS
(Phosphate Buffered to Saline) was injected |nto the
spl eens of_Severe Cel | ular.lmmunoDeficient

m ce 36 h Hia 8iP/PAR transgeéﬁawe%tssﬁ?ﬂcaﬂvfeewews'wﬁe"ver
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dgoxyﬁ t‘é‘g’[t‘?%‘é%uqd E"D lfwgg pg%{i\feo?rr&e@qnve kefpge or after HIP/PAP

anpl i $éacetidronesppctivady. oflIPlPAP protein was secreted into the serum
(250 ng/ml to 700 ng/ml) in homozygote transgenic lines 24 and 27, and

into the culture medium of primary hepatocytes (30 to 120 ng/ml per
25 2.10° celis). No difference in morphology and ploidy was detected
between HIP/PAP-expressing and control hepatocytes by histological
examination (mouse hepatocytes were 80% binuclear after adhesion as
previously described by Leist et al.). HIP/PAP immunohistochemistry
views of hepatocytes in culiure showed that more than 50% of the
30 hepatocytes were HIP/PAP labelled (Figure 2A, 3 and 4). Western-blot
analysis detected HIP/PAP as a 16 kDa protein in liver extracts and
primary culture hepatocytes from HIP/PAP transgenic mice (figure 2B).
HIP/PAP protein was not detected in wild type mice. Actin hybridization
allowed an accurate estimation of the 50 ug protein loaded for livers and
35 hepatocytes (50 ug corresponded approximately to 50,000 hepatocytes).
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WO Tw4/@EesTM PCR Beads (Anmersham 25 Bi osci ences) PCHEPRN4/006633
HI P/ PAP transgene expressi & was detected with
primers 19/101. Endogenous HI P/ PAP/ Mo gene expression
was detected with 104/105 priners which fromthe
nouse published sequence of Itoh and Terakoa (). 19
sens : 5 cgc ccc ggg atg ctg cct ccc atg gcc ctg 30
101 antisens : 5 cgc gaa tcc gcc cat gat gag ttg cac
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E?O] 1 2§%c nESed m%r@éxpr@?&%”ﬁ ﬂ@évéﬁﬁ&é PAReREYeCL B, BFHYPE was
no diﬁ%rence in this ratio between the two groups: 0.0460 + 0,0064, n=12
and 0.0489 x 0.0035 n = 16 for wild-type and HIP/PAP fransgenic mice,
respectively. Liver recovery was higher in the HIP/PAP transgenic than in
wild-type mice, and the difference was statistically significant at 48 hours

25 (p <0.001), 60 hours (p<0.003) and 96 hours (p<0.002). At 120 hours,
the liver weight recovered to the same percentage in both wild-type and
HIP/PAP transgenic mice. ’

Example 3 HIP/PAP mitogenic effect in primary culture
30 hepatocytes

In order to further investigate the enhanced liver regeneration
observed in vivo after hepatectomy in HIP/PAP transgenic mice, primary
35 cultures of hepatocytes were used to evaluate a HIP/PAP mitogenic



i ntravenous injected 1 hour before intraperitoneal

injection APAP to C57BI6 mce. The aninmals were
worevstiased for 24 hours, and survival was 30 PCT/EP2004/006633

cal cul ated usi ng the Kapl ar88Mei er net hod. Statisti cal

anal yses. Results for hepatocytes in primary culture

were expressed as 35 nean +/- SD, and statistical

signi fiance (P<0.05) was deterni ned usi ng WO

2004/ 112824 PCT/ EP2004/ 006633 36 an unpaired
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25 associated with a HIP/PAP antiapoptotic effect. Rat hepatocytes in
primary cultures were not sensitive to cell death caused by TNF-a
treatment alone. Instead, they die through apoptosis after exposure to
TNF-a combined with a low dose of ActD (22). Mouse hepatocyte cell
death was induced by TNF-a combined with an ActD dose as low as 0.05

30 pg/ml, despite ActD (0.05 ug ml™) alone did not induce any loss of
viability (Figure 5B). It is shown (figure 5A) that hepatocytes expressing
HIP/PAP resisted TNF-a + ActD — induced apoptosis after a 16-17 hours
of treatment. Cell survival reached 75% versus 43% (p < 0.0001) for 2ng
mi™ TNF-0, and 60% versus 27% for 20 ng mi"TNF-q, (p<0.0001). The

35 LDso for TNF-a was over 40 ng ml”" and 1 ng ml™ in HIP/PAP and wild-
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than 1/1000 in the recipient livers. Moreover, HIP/PAP expression was
shown in.a limited number of liver cells without preferential distribution in

30 the liver sections (portal or centrolobular area). Second, it was took
advantage of the presence of the human HIP/PAP sequence to perform

. RT-PCR. Human HIP/PAP expression was indeed detected in recipient
SCID liver, before partial hepatectomy, thus confirming liver cell
transplantation Moreover; human HIP/PAP expression persists in the

35 liver section obtained at different times after hepatectomy. These results




H P/ PAP transgenic mce. Exanple 3 H P/ PAP m togenic
effect in primary culture 30 hepatocytes In order to
wo eoothes24 nvesti gate the enhanced |iver regenePEL/EPI004/006633

observed in vivo after hepaectony in H P/ PAP

transgenic mce, primary 35 cultures of hepatocytes

were used to evaluate a H P/ PAP m togenic WD

2004/ 112824 PCT/ EP2004/ 006633 38 effect. Hepatocytes
derived from H P/ PAP transgenic and wild-type mice
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agai n not HIRRAR by TNF-a + ActD in primry
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mice that had been injected 36 h after partial hepatectomy with 100ul of
25 purified HIP/PAP (600ng per mice). The results presented on figure 7
indicated a 10% increasing of liver weight in mice injected with HIP/PAP
compared with that seen in mice injected with PBS. This observation
demonstrated a mitogenic paracrine effect of HIP/PAP protein in vivo.

30 Example 7 Liver regeneration and mitose are stimulated in
C57BI6 mice by administration of HIP/PAP

The effect of the HIP/PAP protein versus saline injected
immediately after partial hepatectomy of C57BI6, on the restoration of the
35 hepatic mass, the incorporation of BrdU and mitosis, 46 hours after
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i nduce any loss of wviability (Figure 5B). It is shown

(figure 5A) that hepatocytes expressing H P/ PAP

resisted TNF-a + ActD - induced apoptosis after a
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tested in the SCID recipient mce. Two conpl enentary
approaches were used to assess liver cell
transplantation. First, advantage of the human HI P/ PAP
transgene To characterize the benefit of HIP/PAP on liver regeneration, the

20 model of the median test has been used to classify the mice in four
nominal groups according to the combined median for BrdU and mitosis.
(figure 9). Statistical analysis of mice populations according to BrdU
associated to mitosis has shown that more HIP/PAP-injected mice were
positive for both BrdU nuclei and mitotic hepatocytes (liver in S/M phase

25 of the cell cycle) than saline-injected mice (p=0.01), suggesting that

~ HIP/PAP could accelerate hepatocyte progression through the cell cycle.
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the expression of LTBand TNF-a (both cytokines belongs to the same

25  functional family) was inhibited in the SCID livers transplanted with

HIP/PAP hepatocytes. These results show that HIP/PAP inhibits hepatic
TNF-o expression in SCID liver.

Rnase protection methodology did not allow detecting IL6

expression-during the liver regeneration of the SCID. However, the

30 kinetic of activation of the transcription factor STAT3 has been

investigated in HIP/PAP transgenic and C57BI6 mice. The

- -accumulation/degradation time course of nuclear phospho-STAT3 was

activated in HIP/PAP fransgenic versus C57BI6 mice, during the first 24

hours after PHX (figure 11). Activation was detected as soon as 1 hour

35 post PHX in HIP/PAP but not in C57BI6 mice (p= 0.02). Moreover,
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%)7088%61%%% éf a%AFl m?gcged 'WWII@nge ?’rﬁge %gs %%%n]téstgg 0Drug-
induced acute liver failure was achieved in 24 HIP/PAP transgenic and
24 C57/bl6 mice (12 males and 12 females in each group) by the
intraperitoneal injection of a lethal dose of 1000 mg/ml (APAP1000) diluted
.25 in 200yl sterile phosphate buffer saline.

The survival times showed that 80% of HIP/PAP transgenic mice
(males or females) survived for more than 24 hours, versus 25% in the
wild-type control group. These results show that HIP/PAP protein is a
good candidate for clinical therapeutic applications aimed at preventing

30 and freating liver failure, through its action on both the regenerative and
live status of liver cells (figure 12).

To investigate the preventive paracrine protection of HIP/PAP
protein against APAP intoxication, HIP/PAP protein has been injected by
intravenous in the tail of C57BI6 1 hour before APAP. The results

35 showed a dose dependent preventive protection of HIP/PAP protein: for



P-val ue 0.0038 0.0113 To characterize the benefit of
H P/ PAP on liver regeneration, the 20 nodel of the
wore@iamnseest has been used to classify the m cECT/RP{004006633

nom nal groups accordi ng toi4t he conbi ned nmedi an for

BrdU and mtosis. (figure 9). Statistical analysis of

m ce popul ati ons according to BrdU associated to

mtosis has shown that nore H P/ PAP-injected mce were
positive for both BrdU nuclei and mitotic hepatocytes
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25 by woodchucx hepatitis (WHV) regulatory sequences causes liver cancer
in all animals Terradillos et al. (1997). Survival curves showed that the
T50 of bitransgenic mice was 60 weeks (n= 87 mice) versus 42 weeks -
for the T50 of WHV/c-myc oncomice (n=39 mice),which was the median
published by Terradillos et al. (1997). Survival curves were identical for
30 HIP/PAP transgenic mice and for littermate negative controls. Thus,
firstly, toxicity of HIP/PAP protein during the lifespan of these mice has
not been detected, and secondly, it has been shown that HCC onset is
delayed in mice carrying both transgenes, i.e. WHV/c-myc and HIP/PAP.

(Figure 13)




the expression of LT(3 and TNF-a (both cytokines
bel ongs to the sane 25 functional famly) was

wo pdvbiased in the SCID livers transpl anted w tPCT/EP2004/006633
HI P/ PAP hepat ocytes. These 45esults show that HI P/ PAP
i nhibits hepatic TNF-a expression in SCID liver.
Rnase protection nethodol ogy did not allow detecting
IL6 expression:,, d the liver regeneration of the
SCI D. However, the 30 kinetic of activation of the
transgginti ; | i it
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versus C57B16 mce, during the first 24 hours after
PHX (figure 11). Activation was detected as soon as 1
hoir 35 post PHX in H P/ PAP but not in C57B16 mice (p=
0.02). Moreover, WO 2004/112824 PCT/ EP2004/ 006633 43
STAT3 activation was back to |lower levels in
H P/ PAP'than in C57BI6 mce (p=0.04), as soon as 12
hours. The results were validated and visualized by
western bl ot analysis with anti-STAT3 phosphoryl at ed
anti bodies. (figure 11) 5 Exanple 9 HP/PAP is a
protective drug agai nst APAP- induced acute liver
failure The induction of human acute liver failure
could be mimcked by a to relevant experinental
ani mal nodel, consisting of APAP (acetam nophen)
I ntoxi cati on. APAP overdose | eads to the increased
producti on of NAPQL, a highly reactive nmetabolite that
depl etes the intracellular pool of GSH, a non-protein
thiol with both oxi dant scavenger and redox
regul ating capacities. Consequently, during APAP
i ntoxication 15 in the nouse, toxic reactive oxygen
species (ROS) are generated |leading to acute liver
failure. A large single dose of APAP in the nouse, as
in humans, can cause nmassive centrol obul ar
par enchymat ous destruction and hepatocyte death. The
therapeutic activity of H P/PAP protein in a nouse
nodel of APAP-induced acute |liver failure has been
i nvestigated. 20 For this purpose, the resistance of
Hl P/ PAP transgeni c mice agai nst a
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25 4. A pharmaceutical composition according to claim 1 comprising an
effective amount of the polypeptide consisting of the amino acid
sequence starting at the amino acid residue 27 and ending at-the
amino acid residue 175 of sequence SEQ ID N°1, in combination with
at least one physiologically acceptable excipient.
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5. A pharmaceutical composition according to claim 1 comprising an
effective amount of the human hepatocarcinoma-intestine-pancreas
/pancreatic-associated protein (HIP/PAP) of sequence SEQ ID N°1 in
combination with at least one physiologically acceptable excipient.

35
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10.A composition comprising dividing hepatocytes in combination with a
polypeptide according to anyone of claims 1 to 5.

11. A composition comprising hepatocytes that have been transfected
35 with an expression cassette that drives the expression of a
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20 (a) collectlng hepatocytes
(b) cultivating said hepatocytes in an appropriate culture medium ;
and

(c) transfecting said hepatocytes with an expression cassette that
. drives the expression of the HIP/PAP protein in said transfected
25 hepatocytes.

- 16.A process for treating bone marrow. stem cells in vifro comprising :
(a) collecting bone marrow stem cells;
- (b) cultivating said bone marrow stem cells in an appropriate culture
30 medium ; and
(c) treating said bone marrow stem cells with a mitogenic amount of
a polypeptide according to anyone of claims 1 to 5.
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