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| N LI VER REGENERATI ON AND FOR THE PREVENTI ON OF LI VER FAI LURE Field of the
I nvention s The present invention concerns the use of the human

hepat ocar ci honma-i ntesti ne-pancreas | pancreatic-associ ated protein

(HI P/ PAP) for stinmulating liver regeneration and also for the prevention of

l'iver failwbaesmBagseground art 10 Liver failure occurgcibertosdbggiyer of acute
and chronic clinical conditions, including drug-induced hepatotoxicity,

viral Infections, vascular injury, autoinmune disease, or blunts trauma. In
addition, patients subject to Inborn errors of netabolismmy be at risk
for developing liver failure. Synptons of liver failure occurring as a
result of 15 these clinical conditions Include, for exanple, fulmnant acute
hepat i t i BLP/ PAR RERYREPTIOP AOMPSITIOY, FQR V4ENES LEVER RFGENERATEIN \ANP FORfHEes, t he

r est or at TRENENGFON ADHLAER FATHYRE function is vital to the survival of patients.
For exanple, <cirrhosis is the seventh | eading cause of death and the fourth
di sease related cause of death i eopl e between the ages of 25 to 44.
(Source: 20 Anerican Liver Found i f the inv | iver disease, the liver
is abl e to rsegener aTtle aptesentbdnventioh nicomoachs [thet gedicfedtsee humgn esses beyond

the liver's ca | I el S €Al Le et abol i sm
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i nstabi ity corfdiPfRAP)or stimulatingliveptagenerationsandaisq for theoreventionett i ons (i . e. ,
ener gy supply, lisérifaifupgse bal ance and thernoregulation.) If not rapidly
reversed, conplications such as un ro | eedi ng and sepsis occur, and
dependent organs such as the brain cease to function because of
toxi ¢ by- pioduct s ldverotaiures ecauns: in jaysumber abacwagand shreniecclini¢ahg i nport ant

30 nutrients. Abhdifiorsdr #HRIUINGT drtlgimilRed | h¥Sitotbkieye virfOSiffectiér’s,  egener ati ve
and netabolic funcsl ons, and ] iver "téfans !antbftt on is a therdzh?eutlc
strategy commNESCURL U Atouhmune, disease,; o u&bspltr?l:'@?r dn aqdmign, e

t ranspl ant at i opatients i subjeet! tbyinbdra ewars| afbmetabplisnh ayrebe laépiskofoyt es, i ver
developing liver failure. Symptoms of liver failure occurring as a result of
15 these clinical conditions include, for example, fulminant acute hepatitis,
chronic hepatitis, or cirrhosis, and in many instances, the restoration of
normal liver function is vital to the survival of patients. For example,
cirhosis is the seventh leading cause of death and the fourth disease
related cause of death in people between the ages of 25 to 44. (Source:
20  American Liver Foundation).

In acute liver disease, the liver is able to regenerate after being
injured. If the disease progresses beyond the liver's capacity to
regenerate new cells, the body’s entire metabolism is severely affected.
Loss of liver function may result in metabolic instability combined with

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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critical to counteract the acute phase of liver failure. Another
therapeutic strategy consists in a liver resection (renoval of a portion of
the liver) wohveymmed typical Indications for liver regegpbiotioogss a nal i gnant
tumor, a hepatocel lular carcinoma or2a proliferative billary diseases s

i ncl udi ng chol angl ocarci noma. Tunors can be primary (devel oped In the
liver) or nmetastatic (devel oped in another organ, then mgrated to the
liver). The mpjority of |iver netastases cone fromthe colon. The single
tunor or nore than one tunor confin to either ft riah i de of the
liver can be suc%'?s?’%lcﬂt!?gf@s@é‘[‘ g hacgt_eey@gpegtﬁ r\@{ureaﬂlﬂ{hg as 60% io
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reli evel t hg Syﬁpﬁqtarﬁﬁerﬁwsex%sbbypkaqndi&mgs foPkver ﬂkéab? laré & hraligraat overrent I n
survival . Benign,tunor [ r

hyper pl asi a) cant‘8"s%§h°§é‘§§{]'ﬁ\ab %‘Y&&'&ggd&ggnﬁ?@%@mﬁ gﬁeic idg%aggséwel | . Liver
resections aré aingadipgehalanglogarsinomacliimors,can %B{'WWZQ%S‘P@%'&@PG of 15 their
liver. Taking i nfver)asrametastatio) @develmmdtinranethef olgam,cthen imigretet dottke i on and
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regeneration and ress ting IJ1v f.ai e i.n .t e of liver
regect ion or t raWE]SPghF‘BEel @ﬂ'.‘ oaglqmqr,g?nﬁggﬁo ?@%éﬁi%\?g’& s?‘f? %Zﬁ%ont rol l ed by
various growt h sivenoarbe syccessfidlygesested withif-yaar suryivahasohiothas 68%. aut ocri ne or
par &CL' ne fri@i Duvwgﬁbns péM%?ﬁtmam@ vftnctxﬁsﬁdpaﬂb aR6ds@Ninayn of t htesg
ro actors is.far, from. entir | secrete

gept i des or pr ot BIRE t[‘?\ﬁ’fmpt?'ﬁ%%ﬁ%?%g)f ﬁg,qﬁh?re@ﬂnggfr%qﬁ’é&g%%%g% of am no
acid, proteins, SBvivals Benigarwmes of ithe duery(adenpmer and foed) (naduAESs | ncl ude
peptides or prohweRsasid)adanast siocesshily Mmanaged by nivart resectiomadsawedl. i nvol ved in
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i nfl anmat ory cel s_1i.o e walls and to the extra cellular
15 their liver.

Taking into account the importance of liver transplantation and
liver resection, Several strategies have been suggested to stimulate liver
regeneration and suppress or limiting liver fallure in the case of liver
resection or transplantation.

20 Liver cell is believed to be controlled by various growth stimulatory
and growth Inhibitory cytokines of autocrine or paracrine origin, however,
the exact role and action mechanism of these growth factors is far from
entirely understood. Cytokines are.secreted peptides or proteins that
regulate the intermediary metabolism of amino acid, proteins,

" 25 carbohydrates, lipids and minerals. Cytokines include peptides or
proteins that act to mediate inflammation and are involved in intracellular
communication modulating cell proliferation, and adheslon of
inflammatory cells to the walls of the vessels, and to the exira cellular
matrix. Cytokines are essential for the communication between the liver

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



matri x. Cytokines are essential for the conmmunication between the |iver 30
and extrahepatic sites and within the liver itself. Cytokines interact with
hor nrones such as gl ucocorticoids, resulting in a conplex network of nutual
control. Many cytokines exert growmh activity in addition to their specific
prol nflammatory effects. The liver is an Inportant site of cytokine
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di sease, cytokines are involved in the onset of intrahepatic i nmune WO

2004/ 112824 PCT/ EP2004/ 006633 3 responses, in liver regeneration, and in
the fibrotic and cirrhotic transformation of the liver. Liver cell is also
believed to be controlled by various growh factors. Gowmh factors are

required to tedubgifsdevil ARICREAerdbReRd O e HEGHE T4 bAmbRIUl at e

expressi on of gen ent ngﬁ er secreted proteins that nmay participate in
intracel | ul ar cofAnsimeafiop Shh&Mer coor di nati on of devel opment and I ncl udes,
I nsul in-1ike growth Eivart cail-is alsal believed Itabe| cantraliad) by vepeusegrewth gr owt h f act or

(EGF), type a angctbiPErdwth tdmarerrézmed @ reyvildte devdiepmdnisbeventsod TGF- P)

pl at el et -derived gr.o f.ac ) ' sis in

| sol at ed hepaf ocrﬁg‘ﬁf?%g’s reggg‘}eaﬁeasﬁ%gr\rﬁn {)nngF gnés%]ie%m%@e@ v ?;565& factors such
as TGFa, or EGF.prateingr thabr may oparfigipate Ja nitdracplias qeqmnau hal%ct or ( HGF)
hgs been shown tokiinationtoft degelopménd anginciodesy inbidinlike grawits factbb| @aked on t hese
observations, it r y g nmport ant
CTCIRRG Rt bt pan s ng s il
or HGF with gro t\ i a! in the
treatnent of ibi Viactor@9&fer ati on. However, these therapeutic strategies,
suggested to stinul ajpyifd, YNA SyRHEES NAsdiAsY Répatdbptes HAPb&mshbwh ey failure,

Raver 1" hooe’s, b fihid bF bl fpdl i asBSE b dor, CindtiicRRe °ff°Cl <
1992;  Lee 1992; wnameddieppiocytegrowth fagfgo%G_F)% AWN o be ABHRG#TENRI ns a need
In the art for aforginfery hépatocyteet hod whi ch would stinmulate |iver -
regeneration, ;woul d BLQide&t 1488 1oBSdrvations, it has been proposed that these
factors may be important mediator of liver regeneration. Consequently,
growth factors as TGFa, EGF or HGF with growth factor-like activities
have been indicated in the treatment of liver regeneration. However,
these therapeutic strategies, suggested to stimulate liver regeneration
20 and suppress liver failure, have not proved their efficacity without toxicity,
and adverse effects. Namely, these growth factor favor tumor
progression (Gang-Hong, et al., 1992 ; Lee 1992; Horiguchi, et al. 2002).
Consequently, there remains a need in the art fgr an effective
, method which would stimulate liver regeneration, would protect against
) 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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liver regener at iabjechof theprasest jnvention dawise tafprevidea drug that sanspiP@Ateat i on such as
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hepatitis. Thes arent to, one ordl nary Wi I
in the art: SurfRHsing divert f?@“"?n\%?ﬂ |35rF'""I°§s-‘I'ﬁ%”tgrr@§éT’Hs PR AN 1s based on
t he experi mend alhepatitidi ng that H P/ PAP has m togeni c and antl| apoptotic
effects In vitro on HeRglng Yirker ob,éudowyara»p&uﬁtttaroﬁe oNiiRP¥RN in H P/ PAP |'s a
m t ogeni ¢ and agﬁl apoptotic nolecule for hepatocytes, in vivo, during liver
failure and liv ‘egener at i on. The present Invention Is al so based on the
experinmental 20 finding that H P/ PAP has no adverse effects in mamals. A

first object of the Invention coBamfiafy ofitheinveatiomceuti cal
15 The present invention is based on the experimental finding that

HIP/PAP has mitogenic and antiapoptotic effects in vifro on hepatocytes

in primary culture. Moreover, HIP/PAP is a mitogenic and anti-apoptotic

molecule for hepatocytes, in vivo, during liver fallure and liver

regeneration. The present invention is also based on the experimental
20 ﬁnding that HIP/PAP has no adverse effects in mammals.

A first object of the inventlon consists in a phamaceutical
composition for stimulating liver regeneration- in vivo comprising an
effective amount of a polypeptide comprising an amino acid sequence
having 90% amino acid identity with the polypeptide consisting of the

| 25 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.

In another aspect, the preéent invention relates to a
pharmaceutical composition for stimulating liver regeneration in vivo

30 comprising an effective amount of the human hepatocarcinoma-intestine-
pancreas/ pancreatic-associated protein (HIP/PAP) of sequencs SEQ ID
N°1, in combination with at least one physiologically acceptable
excipient. :

the present invention also relates to a pharmaceutical composition

35  with limited adverse effects on liver necrosis comprising :



conposition for stinmulating |iver regeneration In vivo conprising an

ef fecti ve anount of a pol ypeptide conprising an am no aci d sequence having
90% ami no acid identity with the pol ypeptide consisting of the 25 am no acid
sequence starting at the am no add residue 36 and ending at the am no add
residue 175 of sequence SEQ ID N1, in conbination with at |east one

physi ol ogiwabkdoy11azeept abl e exci pi ent. | n anot her aspatEP260lve0sEB3ESENt
invention relates to a pharnmaceuti dal conposition for stinmulating liver
regeneration in vivo 30 conprising an effective anmount of the human

hepat ocar ci nonma- I nt esti ne pancreas/ pancreatic-associated protein (H P/ PAP)
of sequence SEQID N, in conbination with at | east one physiologically
accept abl e exci&lent. t he Present i nvention also relates to a

phar maceut i cal ddnpastherageutically effpstive | amauntef ad@patptoxic sempeund. on | j ver

necrosi s conpri gi)ng a liver\\arR4ye4éffebii> amBEE/ dR2 (DiypoRtide 38 dsfifed) a

t herapeutical ly effegfi¢ye anount of a hepatotoxic conpound, (11) a liver
damage effective anount of a polypeptide as defined above. 5 Description of
drawings: Figure 1 Schematic representation of the transgene. The enhancer
(2 kb) and pronoter (0.3 kb) of tescription ofidrawings:cgi ons of the nouse al bunin
gene are indicated by dotted lines. Exons 1o Il, Ill, 1V, V and VI and

introns of the huma | P/ P .ndicated by bl ack boxes and
a dotted line, respgf:ﬁ"]\;e"l 9&%%%\%%@“%&%&?#%%@%% poIy A fragnent
(1021- 1235) pcDNA 3.The enhangerc@: k) s pramater (@3 KB) Rl the ragiidtaypna 1's

i Edi cated by t heedlevof the mouseRdbumviagéne aredridicatsudi byndatted treesaErorisndi cat ed by
| mmunon! st ochem upyy: pedGUAREATRGE BB s B EAP BBTBINED, | er,
HI P/ PAP transgerﬁ'i"‘{!"%?d\/@ ,bgﬁ %Oﬁf- g@ﬂp@ cﬁgﬁiﬁ%iﬁé@‘:{“@ Y11 'BPpAYINe
growth hormone poly A fragment (1021-1235) pcDNA 3.1 Is indicated by
a dofted line. Plasmid DNA is indlcated by the heavy line. Relevant
restriction sites are indicated by the arrows.
15
Figure 2 Immunodetection of HIP/PAP protein.
A. Immunohistochemistry: original magnification x20, 1 wild-type liver, 2
HIP/PAP transgenic liver, 3 wild-type hepatocytes, 4 HIP/PAP
hepatocytes.
20 B. Western blot hybridised with HIP/PAP and actin antibodies showing
a band with the 16 kDA and the 45 kDa expected size, respectively.
Lane 1 purified HIP/PAP protein (10 ng), lanes 2 , 3 and 4, wild-type
liver; HIP/PAP transgenic liver 27 and 24 homozygous strains,
respectively, lanes 5, 6 and 7 wildtype, HIP/PAP 27 and 24
) 25 hepatocytes after isolation, respectively.

Figure 3 Time course of in vivo hepatic regeneration after partiai
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 90™ 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 blot hybridised with H P/ PAP and actin anti bodies
showing a band with the 16 kDA and the 45 kDa expected size, respectively.
Lane 1 purified H P/ PAP protein (10 ng), lanes 2 , 3 and 4, wild-type

liver; H P/PAP transgenic liver 27 and 24 honbzygous strains, respectively,
|l anes 5, 6 and 7 wild-type, H P/ PAP 27 and 24 25 hepatocytes after

i sol at i on, WO28@da8/el y. Figure 3 Tinme course of in pCrmPlieymasest
regeneration after partial hepatect®dny. A |nmunodetection of BrU positive
nuclei, In wild-type (1,2,3,4) and 30 H P/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 hepatectony. B. Each box pl ot corrpri ses five horizontal |ines

di spl ayi ng the 10t E“th&g%?]d'tyg%{"ﬁeéer c ﬁr}-ﬁﬁm\blt%éf@ lcarﬁl\éé‘%-%i Al'l val ues

for the variabl e above I'"e and percentlle
are plotted 35 septF 9‘9; so t hat the box plots are valuable in
hi ghl i ghti ng anyCWivéOWweidtits 2wps! meadurdcPi0RekmaD 6B Bepateotomirademice. W | d- t ype

mice (n = 9), and ﬂﬂ.\PeﬁB’oayr.%feeﬁm.@umaeecaknraébe)and(ax&e&@&% éhacI V;'rlvg[)dy

wei ghts were neasured in_nor
ratio of weight Wagve(g%gecaergergg aﬁﬁﬁ&% % dﬁfﬁj@"“% 0y fhis fé° per cent age
SD. There was no dbétweerstheetwongroupss (0:460 ot B PGk em =t & andud-WBBulbs (0. 0460
0.0064, n = 12 andp@ofH&P ¢ 16).10O3fdype bad T HIP/MAP dtrhnsgenienghice] P/ PAP

{ransgentc i ce. i&ﬁ&%@éw Pl dvere SoRURARERCHERF SN ure*?gftar@{y of normal

l'iver weight E’ ; Svarious tine
points 10 after pa”c?‘é)l' H@Bé!fpéc( ) E’W&@Pﬂ'm)ﬁ%‘ peOPtS n t he H P/ PAP
transgeni ¢ mice (5Saftey partiai b@ahstomy@pws etimaated eetosery dm the l'leiﬁAH or each

group) The differepgRqume nide?{s t8ld MRk Wéré hétFHtéctcﬁﬁin atledth tiRUo

oyntresi o i 1 g%&'&‘#?ﬁ%f AereAce Vit & g@ﬁ?ﬂ?‘v S%aﬁé%@?#&&“r? < b

<0.001), 60 hours (p < 0.003) and 96 hours (p<0.002).

15 Figure 4 DNA synthesis in wild-type and HIP/PAP transgenic
hepatocytes.
A. Immunodetection of BrU-positive hepatocytes at 60 hours, wild-type
(a), HIP/PAP (b) (original magnification x 200). The values shown are
the mean + SD of independent cultures from 12 mice of each
20 genotype.
B. time-course of DNA synthesis in hepatocytes stimulated by EGF (30
ng.mi™), wild-type (O), HIP/PAP (m).
C. DNA synthesis in cultured hepatocytes 60 hours after plating: Growth
Factors (EGF 30 ng mI", HIP/PAP 40 ng mi™") 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,
() 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.



A. I mmunodetecti on of BrU positive hepatocytes at 60 hours, wld-type (a),
H P/ PAP (b) (original magnification x 200). The val ues shown are the nean
SD of independent cultures from 12 mce of each 20 genotype. B. tine-course
of DNA synthesis in hepatocytes stinulated by EG-F (30 ng.m"), wld-type
(0), HHP/PAP (a). C. DNA synthesis in cultured hepatocytes 60 hours after

pl ati ng: Gwowpdy/nBactors (EG- 30 ng m ", H P/ PAP 40 pgr/mbo0400688 added after
cell 25 attachnent. Forskolin was added for the |l ast 16 hours. The data
from4 to 20 of experinments were presented asinean SD (0) wild-type, (a)
H P/ PAP. Figure 5 HI P/ 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 H P/ PAP (. ransgeni ¢ hepatocytes. The data
presented are th@ Hppalpeytes, were,trpated rﬁéb@%%ﬂgﬁl E%SWI&-%? ?‘R‘C)ur replicates
fromfive mce of HIFRAP (NThe histograms\Eeprésadt tha Misa vallies ERAIOK 6006633 7 B.
Hepat ocytes were ! il afards dapélimeslit il delicligslr s, wil d-type (o), H P/ PAP
(a). The hi stogr&mg re eseln,t t ep%ga v%hl e@a s.e.m of hree separate
experi ments wit h“f BYioYG UPEL OE e _cy&?k t A cnagl.\g?reoﬁalngéa ytes still
attached wer esst ai Heathsl 832585(magaification X34%3 Amewym indiceter festures 2D0) . Arrows
l Rdi cate feat urefs SoptciBOBbdIés Corbfefitie@ S in0@asttest dchafactdriziet dfe e »
characteristic o pat A ; I -type
(1,3,5) H P/ PAP (%g,b%t"@?‘%c%r??%'%q%@%%@ikﬁr‘#o%ggﬁai @#,%Eﬁgﬁ%ﬁg) , TNF-a 2 ng
m" + ActD (3 and(2A6) cpRirlguliusess go additionA2 ans 25 TR 239 Mo+ Aclr e 6
Stinmulation of I|iv@andeyemNA-a20 ngmi'n+ A&EDI5 and8). trenspl anted with
hepat ocytes fpomw | d-type or H P/PAP transgenlc mice.
‘?' Figure 6 Stimulation of liver regeneration In SCID mice
- transplanted with hepatocytes from wild-type or HIP/PAP transgenic
mice. .
A. Macroscopic evaluation of the livers of SCID mice, transplanted with
15 hepatocytes from wild-type or HIP/PAP transgenic mice, and killed 7
days after hepatectomy.
B. Box plots of the liver weights of hepatocyte-transplanted SCID mice 7
days after hepatectomy. A significant difference was observed
(p=0.0008) between SCID transplanted with wild-type hepatocytes
20 versus SCID transplanted with HIP/PAP hepatocytes, by using the
Mann-Whitney test.

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



A. Macroscopic evaluation of the livers of SCID mce, transplanted with |Is
hepat ocytes fromw | d-type or H P/ PAP transgenic mce, and killed 7 days
after hepatectony. B. Box plots of the liver weights of

hepat ocyte-transplanted SCID mce 7 days after hepatectdny. A significant

di fference was observed (p=0.0008) between SCID transplanted with wild-type
hepat ocyt e€02@4vi8824us SCI D transpl anted wi t h H P/ PAPPdTmpadoacoss®s, by usi ng
the Mann-Wiitney test. Figure 7 Sti%mulation of liver regeneration In SCID
m ce by H P/PAP protein. 25 Box plots of the Iiver weights of SCID mce
Intra-splenic injected 35 hours after partial hepatectonmy with H P/ PAP
protein (600ng/ mce) or phosphate buffer saline (PBS) (1001k). Mce were

killed 7 days after,. t.ect i gy fi t i ff observed
(=0 0022) Dot adEhbic<pRE if itBkordlof oF it 38 mitkls, AWl e BRI ECC
with PBS, by 3(ragigl hepatertomn fias\pfep rojnramed: Boxiplpts £opsesaPi)gpiie pr ot ei n

| nj ection stinulepetit masseithe ingarpenatidn of Brid an@5iitasiscare presentetif Act of t he

HI P/ PAP protein S | § ] edan [ L |5 artial

hepat ect ony of é@%ﬁ@ﬁ"‘%ﬁ _r:teﬁi hrbgsg%&aﬁag%ibf@ﬁg @\%@2%0%%%2?94

PCT/ EP2004/ 0056 Ftistcaliesigtic@tess  the I ncorporation of BrdU and mitosis, 46
hours after partial hepatectony, has been conpared. Box plots representing

the hepatic mass, thsui'ermsfaﬂarca;ta'newsi@iafﬁkggomlomabm:ﬁgw@rdaresent ed. A

Mann- Wi t ney test has been realised, and p<0.05 is considered 5
statistically siaé'ﬂi '°§'3‘r1t ., Figure 9 Statistical analysis of mce population
according to BrdU afhe distilsdips is stafisticaly differpofthebypengreyps: whieh @8l | y di f f er ent

bet ween groupg, defihehactoriinglio cbedbired dneaitamofortheoBridU incurporation anddi an for the
Brdy I ncor por at irﬂr[bs@.% homstaﬂéﬂcjpsartfa@h%}ﬁwcf%n@f ter partial hepatectony. Figure
ni1n the

10 Hepatic cytokines expressi I'ver of transpl anted

Figure 10 Hepatic cytokines expression in the liver of transplanted

mice after hepatectomy
15 cytokine expression in the liver at TO of PHX (partial hepatectomy)
and after 46 hours of SCID mice transplanted with HIP/PAP versus
control hepatocytes has been compared. Rnase protection methodology
allowed to compare in the same experiment lymphotoxin-8 (LTB) , TNF-o
and TGF-B in a pool of 4 liver extracts HIP/PAP transgenic mice lanes a
20 . and b; SCID mice lanes ¢ and d at TO (lanes a and c) and at T46 hours
post PHX (fanes b and d). Densitometric analysis quantified the signais
which have been normalized versus two house keeping genes (L.32 and
GAPDH). mRNA levels have also been measured In liver extracts. The
graph represents for each group of mice, the mean of L32 and GAPDH

| 25  mRNA content.

Figure 11 Stat 3 activation post-hepatectomy
accumulation/degradation time course of nuciear 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 C57BI8 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 resuits were validated
and visualized by western blot analysis with anti-STAT3 phosphoryiated

35  antibodies.



m ce after hepatectony 15 cytokine expression in the liver at TO of PHX
(partial hepatectony) and after 46 hours of SCID mce transplanted with

Hl P/ PAP versus control hepatocytes has been conpared. Rnase protection

met hodol ogy allowed to conpare In the same experinment |ynphotoxin-p (LTp) ,
TNF-a and TGF-p in a pool of 4 |liver extracts H P/PAP transgenic mce | anes
a 20 and bwodawD2setce | anes ¢ and d at TO (| anes a aui/EProo&n@6at T46 hours
post PHX (lanes b and d). Densitonmetric analysis quantified the signals

whi ch have been normalized versus two house keeping genes (L32 and (j APDH).
nMRNA | evel s have al so been neasured in liver extracts. The graph represents
for each group of mce, the nean of L32 and GAPDH 25 nRNA content. Figure
11 Stat 3 activation post-hepatectony accunul ation/degradation tine course
of nucl ear phospho- STAT3 was _neasured in H P/ PAP transgeni c versus C57B16
mice, during the firBgurs/23dIFRAR tansgenic mice arp protactpd Aadnsy Asuter i gure 11).
Activation was deéregiiuegindixed pacetamindphien (APAR)st PHX | n HI P/ PAP but not in

o F o ARt han 02:3?5 subVaFer e Sinplo HAFACbichlc e Ry PR6iKalbd) | el | EYD S
E@?A?é@" R\‘RAE'F%?(W @ﬁpoi"a@ﬁ)aﬁ%?éb PoeRal . i sTATa

wer e val i dat ed ag
phosphoryl at ed ®5eaﬁAPABd¢®£amlwel0d1¢(D1Iz8M)Pbﬂ$ BPErO®MPecse3 9 Figure 12

El Pl PAtP tranSﬁenh& sgﬂvﬁﬁl @r@ms)&mb{edﬂ?g @57816%&9; gnwm @), ure | ndu€$d

y acet am nophe va nic mce (Tg
H P femal es) q%?%@ @@%Pﬁ Eébtrané1 gpr?ﬁfg gé‘ ho\ ubﬁ\%gﬁgag) treated by a
| ethal dose of obsgmweq M@MW&AFemnsggmmmgnlﬁgte HPAPHEERISC onpar ed t o

the survival ;of CEBB-fontroimhic®injesied with BPABS AFIPAPBbealsaagréventivecs) , treated

by APAP or PBS. | | pence in survival was observed between
HI Pl PAP transgenﬁﬁgaagglhgtlﬁﬁawmgﬂg\}\hst h APAP versus io C571316-control mce

Injected with APAP. HI PI PAP has al so a preventive effect against APAP

i nt oxi cation. Figure 13 HIP/PAP exhibits no toxic effects during long-term in
vivo follow-up
15 HIP/PAP transgenic mice (metallothionéine promoter) were

crossed with WHV/c-myc mice in which the liver-specific expression of c-
myc driven by woodchuck hepatitis (WHV) regulatory sequences causes
liver cancer in all animals. Survival curves showed that the T50 of
bitransgenic mice was 60 weeks (n= 87 mice) versus 42 weeks for the

20 T50 of WHV/c-myc oncomice (n=39 mice), Survival curves were identical
for 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 HCC onset is delayed in mice camying both
transgenes, i.e. WHV/c-myc and HIP/PAP.

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 (Lassetre et al., 1992). It had been shown



Figure 13 HI PIPAP exhibits no toxic effects during long-termin vivo

foll owup 15 H P/ PAP transgenic mce (netall othion6ine pronoter) were
crossed with WHV/ c-nyc mice in which the liver-specific expression of c- nyc
driven by woodchuck hepatitis (WHV) regul atory sequences causes |iver
cancer in all animls. Survival curves showed that the T50 of bitransgenic
m ce was 600 weelazs2¢ n= 87 m ce) versus 42 weeks for thoa/ERoodibd@eadf WHV/ c- myc
oncom ce (n=39 mce), Survival curvées were identical for H P/ PAP transgenic
mce and for littermate negative controls. Thus, firstly, toxicity of

H P/ PAP protein during the |ifespan of these m ce has not been detected and
HCC onset is delayed In mce carrying both transgenes, i.e. WHV/ c-nyc and

H P/ PAP. 25 Detail ed _description of the Inverlltig_n : ,Tgﬁ i_@vgﬂtors have found
according to t hdatWBMAFRroteim s dptestechin nacmal Fuplsels N dne, ftestiei apopt ot ¢
effects In vitr ¢Panetthapbnencreretoctine gelis) and the BMcreas (aginar pangresticer , HI P/ PAP |'s

i ver fal | ur o g TuReR oL goMane)” MEIFIRAR, DORH @ edctoleatad i Vo, AU N9
hepat ocar ci norra-sP'??Pé@fqnﬂﬂ-‘g%ﬁ?SF%’a{é’er/ gegﬁ_gfogﬂﬁ{@ﬂa'aagg%gf ez [!;'Yecgt ei n (H P/ PAP)
gene was i dent i f(ChristehetcahutR99hHIPPAP is rapldly pyergxpragsed sirieghthe @cyt8os of hunman
hepat ocel | ul ar Ghagd BPPBNdPYatiBS K Sisdgadwdrak har adiEsivh moRcYs ifer (dtasserre at

., 1992). It 4 PCLLEP 10 t hat
2 Pl PAP o ot e n NEQatRS. B Wlondls il ‘orrbpsiiofy et prdiits WBPES. 1008
neur o- endoct i ne 'anaining) and fiprangeling Zhig proigin ¢ontaingsa pyfative signgl Reptide | s and islets

of Langer hans) . ahfehud baldrgy® tpgatupiVil oftheCstyped latiirc faendy,| accosingetopot ent i al

rogenitor |iyver ) ; It MEF Christa at al.,
299%). H P/ PAP |Dsrﬁr%'h‘?cfé?’[a%ﬁ%ﬂmgﬁﬂm%ﬁﬁarﬁiys'gq%%{gﬁlé1959)'( e of

pancreatitis. It al Vﬁc'¥@0\a/{'g‘;°§ﬁps;§%§§idf8ﬁ#%(ﬂ&chil"%r f’%qe"Fﬁpg'pf\%pat ocytes and
interacts wth efimolated| inurie; imeniceiexpressingothahumao HIBPAR ganengftert and
fibronectin. Thiparial AbgttettsiytAidiiBnally it had ibden FoumdaaccBRigi Wethe and t hus
bel ongs to groug, MhtorCthat Afb/PAR YBE al fiftdgbic it dfso ACGRE T PAimb
15 culture hepatocytes. In another aspect, it has also been found according
to the invention that HIP/PAP has an anti-apoptotic effect against
apoptosis induced by TNF-a. combined with actinomycin D in primary
culture hepatocytes. It has also been shown according to the invention
that hepatocytes that recombinantly express HIP/PAP induce liver
20 regeneration, when injected locally in partially liver-resected mice. The
inventors have shown that the HIP/PAP protein, when injected to mice
having undergone partial hepatectomy, induces liver regeneration.
Taking these observations into account, the inventors have shown that
the HIP/PAP protein provides effective mitogenic and anti-apoptotic
) 25 effects, and protects against liver failure, /n vivo, has no adverse effects
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 phammaceutical
compositions for stimulating liver regeneration in vivo comprising an
effective amount of the human hepatocarcinoma-Intestine-pancreas/
pancreatic-assoclated protein (HIP/PAP) of sequence SEQ ID N°1, in
35 combination with at least one physiologically acceptable excipient.



10 Drickaner's classification and structural analysis (Abergel at al.,

1999). Now, the Inventors have found that |iver regeneration Is

stinmulated, in vivo, in mce expressing the human H P/ PAP gene, after

partial hepatectony. Additionally, it has been found according to the

I nvention that H P/ PAP has a mtogenic effect also in vitro in primary 15
cul ture hepgioogpmisas. | n anot her aspect, it has al so pgesmdpessds according to
the invention that H P/ PAP has an anti-apoptotic effect against apoptosis

i nduced by TNF-a combined with actinomycin DIn primary culture

hepat ocytes. It has al so been shown according to the invention that

hepat ocyt es t hat reconbi nantly express H P/ PAP induce |iver 20 regeneration,

when injected |ocal ::& partially liver-resected mce. The inventors have
shown that the H P/ PAFirpf @bl@ptn°f e invenljoac eengistso inviac @hamagewigalunder gone
partial hepat ectmosmcrrdmesummamg lwagmgenaauonnln vivekinohgliighefter obser vat i ons

I nto account, g{eorlﬁerh%(lﬁresh vg e??t%ﬂfé’ﬁmf)r&t gl n provides

effective ni togem C and antl - 0 ec s agai nst
liver failure, IRPINPEREde %%"ﬂ@pgg%lf‘gé feaenee F‘%W@ E’B‘%P 58{9| arly devoid

of any car ci npgedderndityefvitie dhe polypentide rcassisting dof Hbe agniomtakidf sequence known in t he
art lsgchdas HGtF,stiJ anheEgﬁhoaa%{d A8RIGE '3@9.91d @Ea&mnh@mherl these
results denpnstra er apeu ance o in liver
regeneration. TH&§'8” ﬂgs% rséﬁ% ':938 " EE rébélpaﬁlg(}évngla# S\ﬁg@?}ehe i nvent or s
to design phar myaplpwmllyaé@ﬁpﬁbquplelﬁet for stimulating |liver regeneration in
vivo conprising an ¥Ad datdntien adisdltbncdinst fae pharifadsutical composition

hepat ocarcl n | ei n (H P/ PAP
of IOs,,equence g@g ‘lfoﬁ}pﬁéhé Q?o@@é}%ﬁﬁm nfgﬂ-ﬁﬁﬁ?{g ﬁpi@ﬁisg@e@dgﬁgorggﬁél ol oél cally )
accept abl e exci pre@sneratiop s polyroptide obsequensso¥arting 66 41 amino ACld st obj ect ~ of
the I nvention conesided 36 amd endingpatrtize anino @all residueptySi dfisequehcs SEQI nul at i ng
Conpr 55 56" on”e] PRUTEHG, o buplinty BB oo e el g [ (00,
segﬁence ﬂaw ng ¥ 3% h?ﬁer'?f)evé?(':'w heen %8#8?‘{%\% ha&)ﬁﬁycﬁ% gﬁgrf'@oé' consi sting of
the amino acilsl slepoaim&ERD) sequence (Christa et al. 1994).
In a first preferred embodiment, the pharmaceutical composition of
the invention comprises a biologically active portion of HIP/PAP as
described hereabove, which can be isolated from cell or tissue sources
by an appropriate purification scheme using standard protein
20 purification techniques.
In another preferred embodiment of sald pharmaceutical
composition the biologically active portion of HIP/PAP Is produced by
recombinant DNA techniques, such as described in the examples.
According to a third preferred embodiment, the blologically active portion
) 25 of HIP/PAP is synthetised chemically using standard peptide synthesis
techniques.
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.



starting at the amno acid residue 36 and ending at the am no add residue
175 of sequence SEQ ID N1, in conmbination with at | east one physiologically
accept abl e exciplent. The Invention al so concerns a pharnaceuti cal
conposition io0 conprising a polypeptide fragnent of H P/ PAP, which is
effective for liver regeneration. This polypeptide of sequence starting at
t he am no VH2904/112824 due 36 and ending at the am no a®CHEPW/MWER3 175 of
sequence SEQ |ID NI consists of a blologically active portion of the H P/ PAP
protein, which had previously been described as a Carbohydrate Recognition
15 Domain (CRD) sequence (Christy at al. 1994). In a first preferred

enbodi ment, the pharmaceutical conposition of the invention conprises a

bi ol ogi cally active port of HIL. P/ PAP as escrihe whi ch can be
i solated from cell rPP@%@%GPﬁ?@squsﬁsn lgﬁ) ?r gt'%enﬂﬁr‘?qweat i on scheme
usi ng standard pmitosicid segdenses can beachinved with |- W tvemlopt 482 preferred
embodi ment of sy tﬁ@aéuawmg%arsmbtersqqrrpw Mmmet bechstalvmmp:atz)y active

por <1 on of  H P AN TERE O44GEE, BourBBs FoRiN= MR RRIRENSpy Such a5
bi ol ogi cal | y SactQUI® OQE@%% =pcaligped P@ﬁﬁ'—pg %NﬁENTs‘eﬂ“%hefﬁ )cal |y using
standard pepti de(TSJ?anﬂSsme) % edbfaultjzie &) WINDOWILENSTHo «efauitngd bi ol ogi cal |y
ot her cont am na i oot ol ety ) JOUAR 2 o Ao O om whi ch

H P/ PAP i s deri f#@@ge’@s B%S%{L? i gﬁ é&kbgifcf &Bﬁﬁ@ﬁgﬁoﬁﬁpr ecursors when
chenical | y synt kgoneed (12Vdﬂm|§r?mﬁefatﬂhé O GARt OFEN drdefaulf »6f two ami no
aci d sequences, (14)/END GNPSNE & dafital; i (158 GAPOEXTENSION -ca«cumnmaon pur poses.

For exanpl esequzﬂﬁ éﬁPﬁAPBEEQdEﬁ&QuIW WWE I?Q;,E Jggﬁg and a second

am no add non- US sequences can
be 35 disregar ®H8) HRE %9%73‘5@ ISHAN dide ».\\p 20041112824 PCT/ EP2004/ 006633
12 For opti nal conpeﬂlalegiwllpurapm/sesporﬁohe pferbltHIEAR)f inchidat ipeptides t wo

comprising amino acid sequences sufficiently homologous to the full
15 length amino acid sequence of HIP/PAP of SEQ ID N°1, which include
the same number of amino acids than the full length HIP/PAP, and
exhibit at least the same biological activity than HIP/PAP.
Biologicaily active portions of HIP/PAP include further peptides
comprising amino acid sequences sufficiently homologous to the full
20 length amino acid sequence of HIP/PAP of SEQ ID N°1, which include
more amino acids than the full length HIP/PAP, and exhibit at least the
same biological activity than HIP/PAP.
By the “same biological activity”, as applied to biologically active
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 determinéd by the one sklled
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 acld 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%,



am no acid sequences can be achieved with CLUSTAL W (version 1.82) wth the
follow ng paraneters : (1) CPU MODE = ClustalWnp ; (2) ALIGNVENT = a fulls
; (3) QUTPUT FORVAT= " sin w nunbers)) ; (4) 5 OUTPUT ORDER = (c aligned));
(5) COLOR ALIGNMENT = a no s ; (6) KTUP (word size) = a default)) ; (7)

W NDOW LENGTH = a default)) ; (8) SCORE TYPE = a percent)) ; (9) TOPD AG =
a def aul t sWO 2q0y/0p824 PAl RGAP = a default)); (11) PHYLG@aNEId0©006638E/ TREE TYPE
;a none)); (12) MATRI X a defaults13 (13) GAP OPEN = ((default)) to (14)
END GAPS = (c default)); (15) GAP EXTENSION = a defaults ; (16) GAP

DI STANCES = ((default v; (17) TREE TYPE = a cladogram)) at (18) TREE GRAP
DI STANCES = a hide s. Biologically active portions of H P/PAP include

peptides conprisin ] ¢id ugnces .sufficiegntly honpl ogous to the
full 15 Iengthgirﬁ'%g%g@il}ﬂ)i @Jhﬁ%ﬁé@oﬁgeﬁ BRI §I‘:”@{I5158IQP?° i ch I nclude
the same nunber apfincarichsequente. t han the full 1ength H P/ PAP, and exhibit at
| east the same bi ol omgRpticestdosbriiig tthars IvGHiBARomBlisd a1 watidnts,act i ve

Bequences. suf f1 GUahEP 3 5RE: Sies R lireiiiepaiBRR) i B EMER 00 G ooqence
of H P/ PAP of5 SHrom thenpovinghparnereatic | thygad mstein ABPRB) 2 ithes PeR@Patiche full | ength
HI P/ PAP, and exldsbodiated prbteist (PARE) frapmtine rétj ddscrihied by Orelle] stiad.y t han HI P/ PAP. By
the "same bi ol ogi cal \nagbio {oVnaturdy &emhhgeaueg@vmaﬁisoaimﬁibmgiaagi ve peptides
honol ogous to HI PLPAP it | }Fé\éel n. |nt e@de ﬁﬁﬁ%l des t&lat 2n I nduce In
vivo liver reger?ép‘éﬁ‘?%‘il?"vﬁftl'ﬁp seqyAnce; frate BRMESaReRPERN: he £ ul |
| engt h HI P/ PAP, skilled in toenart will frthet agpretistethet ¢hengesycan ibe intoduceritlyl ed in t he
art, IOL eraﬁmlr G}mbl&tidﬁ?ﬁéu’feirﬁiﬂ[eaid&éehm RPSEQ iIDmethéﬂ@@aéétm@t@Z,s ang erein
T oot ol e RSl Sk P HRIONS s Wb, bo06, Bt
conprising an arhilegicaadVifUREAPhavi ng 90% of identity with the
pol ypepti de of sequelncadditiorstubstitutioris of hen-assential amochcidean taendt®d and endi ng at
the amino acid riﬁ%ﬁéﬂesqgwc‘asoéonﬁﬁsw&aﬂg% HEHRAP DaNhon 86eRfidH BfiirkO t he
'nvention a fl."l, rsatcida rrgsigue %Ca{ndanﬁiﬁo gg Cresidue that can be altered from the wild
type sequence of HIP/PAP without altering the biological activity,
whereas an “essential” amino acid residue is required for biological
activity.
A second object of the invention consists in a pharmaceutical
20 composition for stimulating liver regeneration in vivo comprising a
polypeptide of 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.
Another object of the invention is a pharmaceutical composition for
) 25  stimulating liver regeneration in vivo comprising an 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 27 and ending at the amino acid
, residue 175 of sequence SEQ ID N°1, in combination with at least one
30 physiologicaily 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



having at |east 90% of ldentity wwth a second am no acid sequence, 35
conprises at least 90 % and preferably at least 91% 92% 93% 94% WO
2004/ 112824 PCT/ EP20041006633 13 95% 96% 97% 98% or 99% of identity in
am no adds with said second am no acid sequence. Pol ypeptides according to
t he I nvention conprise also variants, such as the CRD sequence from

di f f er ent weaaed#l12824 and for exanple 5 fromthe bovi RETBEI04®6633 c t hr ead
protein (BPTP) or the pancreatic asH®ociated protein | (PAP1) fromthe rat,

described by Orelle, at al. In addition to naturally occurring allelic
variants of the biologically active portion of H P/ PAP sequences that exi st
In manmmal s, the person skilled in the art wll further appreciate that

changes can be |% }éa‘?gn %ﬂl&ﬂgyw hﬁﬁaét%gﬁoﬂam g;g's)gque pisequence of SEQ

| D N1, thereby I anges in e am ce of HI P/ PAP
without alteri ngxelwent bi ol ogi cal activity of H P/PAP. In addition,
substitutions of nommrﬂbje!:t oﬁrthmdnuedﬁbncaonslsts nradephémacdtﬂcaiequences

correspondi ng [% {faﬁpforﬁsugmﬂnf ﬁsm mowvol%oﬁsﬁéihd gai due is an

am no acid resi

at _can romt seguence of
H P/ PAP wi t hout © ﬁ?‘ftlé‘?l n§meHd b° tEﬁ'caﬁ’ A | J1 '&Mfg@& g‘%’ essential "
ami no add resi dlpanﬂ:rsasfnaml‘eahidaﬁsmlatbd @rotain (HIP/P xlwwnbmaAorseﬂ;tbnd obj ect of

the i nvention C%ﬂﬁ;b&to‘he|pﬁys?ol6§‘tﬁlﬂﬁ§c“c6pt§blsakmﬁle?@ conposition for stinulating
I t tart t
i ver regeneration i g@é%ﬁ@ or%esﬁcﬁﬂd?otar&%a}%ﬁlg“wg&%(}ﬁeﬁﬁ&ﬂ ce starting a

the amno acid resid residue 175 of
sequence SEQ | D briievéjthatdbmenmpiate HH’/ AR pretedn of sequence SEQIRN 1ol gi cal | y
accept abl e exgi mpvlypepﬂ&@(bbhpnsmdﬂxeCRDcsquéneelmmt peptide, and.ajphear maceut i cal

conposi ti on for peggdesnéa'ay't@ta' 4 £ rgofr@aﬁﬂa . ARiliEY Wigh SBEPY [ 51 ng an

ffect t equence havin
SO%e;ml \ég :(r:rlogn W‘H@'Ht'? P db@/ﬁ%h ©oH 3%%%‘?%'3?2" %ﬂ@?%l'ﬁ@”@@ﬁguam ho a\é: dg

sequence st art icelis that have baen ensfected with @h @upressiongagdsestecinpeping it.t he ani no aci d
residue 175 of s0MeNag, Seblrdcbioding dfihe BBkipBEichifacive RIFAPAP agt one
15 lead to a best biological efficiency for the pharmaceutical composition
comprising said protein, for liver regeneration compared to a composition
comprising only a portion of the protein.

In a preferred embodiment, HIP/PAP has the amino acid
sequence shown in SEQ ID N°1. In other embodiments, HIP/PAP Is

20 substantially identical to SEQ ID N°1 and retains the same biological

activity, for liver regeneration, when compared to the protein of sequence

SEQ ID N°1, but differs in amino acid sequence due to natural allelic

variations or mutagenesis. Accordingly, in another embodiment HIP/PAP

is a protein which comprises an amino acid sequence of at least about,

, 25 90 %, and preferably 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
| 99%, or more identity with the amino acid sequence of SEQ 1D 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 sequencs is fused to the C-




30 physiol ogically acceptable exciplent. A further object of the invention
consists in a pharmaceutical conposition according to claim1 conprising an
ef fective amount of the polypeptide consisting of the am no acid sequence
starting at the amno acid residue 27 and ending at the am no acid residue
175 of sequence WD 2004/ 112824 PCT/ EP2004/ 006633 14 SEQ ID N1, in

conbi nat i owovsos/im28k | east one physi ol ogi cal | y acceptrdi/er200emas33] ent .  Anot her
obj ect of the invention consists inl&a pharmaceutical conposition for
stinmulating liver regeneration in vivo conprising an 5 effective anount of
t he human hepat ocar ci noma-i ntesti ne pancreas/ pancreati c-associ ated protein
(HHP/PAP), in conbination with at |east one physiologically acceptable

exci plent. Wthout w shi t o be bound to.a rticular theqry, the

i nventors bel i 0ERYSY tF%@%o?&ﬂ”E’ﬂ‘@' SPW fyﬂgxr?{?%?@? ﬁa'b?acg'@fhg}%e SEQ | D NI,

i.e. io0 a polypmyfi¢atien ofoagombinanyHIPRARCRD sequence, a signal peptide, and a
pro peptide, |eads tg af dagsd thb AlsibinHioteths 5Pthé iINvertioR ipdssel@ tHel salear | y when sai d

protein is prodﬁéggéazéagy%%/ﬁﬁp&@wﬁrﬁogt echni ques in eukaryotic cells

t hat have been ¢ an expression cassette encoding it. By the
way, a correct fol di Fwe gifferentpathwaysidager iver rageperatiane ong pauseptheay 1s | ead to
a bgst bi ol ogi ]g:a‘epmjéﬁdncbemrématea_a hiteppioeytes.oe Uillana  cellsoafters ipaiitian  conpr i si ng
sai d protein, r ekak i egd Lo OFRR conpri sing
only a portion o ep%%}é(tﬁﬁryoc?g(ﬁlﬁ_ él%lil hg'ﬂﬂg'rqqlfE er roeg‘ %Iﬁb% i ‘hent, h} %P'PAP has the
anm no acid sequ@‘?@)ﬂg‘gﬁ%ﬁ’"? FPORRIAVE PRWaY |5 tiggeesd aeLIONC MY HI P/ PAP | s
20 subst anti al | ymassmat ineadosis 0 oBEGartibogdnesind when aitims proliferatiore ofi ol ogi cal

activity, forgliNhtobREESHiIRN Qs isWhisdlied QFEaWELbY e § slopi/m of Sequence
SEQ|ID N1, bub dipfopaes s fy &lls isHipalre y the Irly fFa

vari ations or nu‘%féggé\%%"r"g". @E&glgpg%?d @@%ﬁﬁ%&ﬁ@? ﬁﬁ?*’t’%%ﬁ'@r&"@u IGD} :DZP s a
protei n whi ch cohpas kass paeposed «stearike »<eelis praliferats ang differarfiateaibiout | 25 90 %
and preferably NdfatoB\d8é atBBfliary4pithelidl LellsD @AM ther Yepdpllte thO%ver. v nore
identity with the gl Nfe A diSE VA GRs Fopradet 'sLhMrogeneous cellular
15 compartment in which well-defined subpopulations have yet to be
isolated. In humans, the oval cell compartments may participate in
repopulating the liver after acute massive necrosis, and has also been
identified in chronic liver diseases (Roskams T, et al., Sell S et al.). As
used herein, The phrase « liver regeneration» concerns the process by
20  which « stem-like » cells proliferate and differentiate into hepatocytes and
biliary epithelial cells, and then repopulate the liver as well as hepatocyte
and biliary cells replication.

The term “Biologically active amounts” concerns the amount of the

composition according to the invention sufficient for treating the liver
) 25 diseases assoclated with a decreased number of hepatocytes, in which
fliver regeneration conduced by HIP/PAP can restore hepatic function.

Liver regeneration conduced by HIP/PAP can be useful in several
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 fallure is mainly induced by



The invention al so enconpasses H P/ PAP chineric or fusion proteins. As used
herein, a chinmeric protein or a fusion protein conprises the polypeptides
cited above which are fused to a non-H P/ PAP 30 pol ypeptide. Wthin the
fusion protein, the H P/ PAP pol ypeptide and the non-H P/ PAP pol ypeptide are
fused to each other. The noh-H P/ PAP polypeptide can be fused to the

N-t er m nusworoow/oi2s2he C-term nus of the HI P/ PAP pol yreampeeebe/nos633r exanple, in
one enbodi nent, the fusion protein & a GST- 3s HI P/PAP fusion protein In
whi ch t he HIP/PAP sequence is fused to the C WD 2004/112824

PCT/ EP2004/ 006633 15 terminus of the GST sequence. Such fusion proteins can
facilitate the purification of reconbinant H P/ PAP. In all cases the fusion

pr ot ei ns. of the l.n ent I v' as H P/ PAP
of SEQ 1D N . I&ﬁ%”ﬁﬁ%ﬁw&QWW%%%%h on, one
causes the replﬁl(‘@mlmhmdmnﬂﬁﬁ?@m 84idep- hepat ocyt es or bi I I ary cells after
piart i alzoog;apatTﬁct orrycmgnbnlver mg wmgab?rabe(tﬁrwéw the eder;!#posﬁléﬁbfl t Fausto at

al ., Cacobrdii rtﬁ@‘ﬁﬂ/@ﬁ | Yifay ! nddtéd gphfitfscB @%qni‘é oxi ¢

injury, on massjve n cr03|s nogenesi s |feration of io
hepat ocytes of binfectigng ‘EetIVIEC’? Lj ﬂ?ﬁ'? g'gpeg'ﬁ s § &Kﬁfés'ﬁryg@h@&? 0y (Factor WM
et ﬁl , bPet er senaIEblRIi:(fztty ijad;%%?ﬂ%ﬁ a%"n)recql]ﬂmgh?:l?aze condi tions,
it has been propgsg Sikisandnd ol Syrlfome fgp@,sa@ uWerentiate into
hepat ocytes and Dill ary 305 tossetP "§J’ ?@@%ﬁtﬁ@ erﬁgtﬁg §P|2 Fat e the liver. In
rodents, the so- %IT'PEI!? Cer| eous_cel lul ar 1s
conpart ment in whi chAegerdingly fcomeesitionp gesarding foothe 'W&U@"y%!@ sutabie | sol at ed.

I n humans, thg omate tﬁéﬂ%emeﬂmrfaﬂma,tcanmmwpam tisedspasiechias : repopul ating the

i ver Sféiésii“ﬁﬁaﬁﬁﬁiéw$ IQIIS it sé 7o b&ﬁgdS'd*ﬁ '%Iﬁﬁn'”Tﬁ2r°”'C
phrase a |iver r@@’@ﬁ’@?‘ﬁ?@'@ﬁ)‘“ﬁzo P‘Ff@dpf" %ﬂ% 8‘ % R( stemlike))
cell's proliferat Biseas#, diAlifoimmaunei dﬂepatlfm; o Primpeyt oldyperexalsrial t)twl ||ary epi thel i al
cell's, and then grpRELMIGLRNSSE CrijkRNaRP syMaldmeA§pd E BBhqMIthIHepatilsl bi | i ary
cells repli cat | C)plbross Neimann- Pick Disease, .Primary Biliary Cirrhosis, Familial
Amyloidosis, Biliary Atresia, Hepatocellular Carcinoma, Primary
Sclerosing  Cholangitis, Hepatoblastoma, Alagille = Syndrome,
Hemangioendothelioma, Familiai Cholestasis, Non-Carciniod neuro-
endocrine, Drug induced liver failure, benign liver tumor such as focal
20 nodular hyperplasia Liver tumors such as Hepatocellular carcinoma and
Cholangiocarcinoma, Acute/fulminant liver failure, Budd-Chiari syndrome,
Alpha-1-antitrypsin  deficiency, Wilson Disease, Hemochromatosis,
Tyrosinemia, Protoporphyria, and Cystic fibrosis.
The compositions according to the invention are suitable in the
) 25 treatment of all pathological situations resulting from an exposure to
" hepatotoxic compounds.
- A number of hepatotoxic compounds, including alcohol, virus,
such as HBV, HCV or HIV, mushrooms, such as phaloide amanite,
parasites such as Plasmodium Falciparum) or certain therapeutics,
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 Penigillin,
hormones such as Acetohexamides, cardiovascular drugs, such as
35 Papaverine, Immunosuppressives and antineoplastics, such as



The term "Biologically active anounts" concerns the anount of the
conposition according to the invention sufficient for treating the liver 25
di seases associated with a decreased nunber of hepatocytes, In which |iver
regeneration conduced by H P/ PAP can restore hepatic function. Liver
regenerati on conduced by HI P/ PAP can be useful in several situations such
as surger ywowosrnsk ant ati on, di seases, and after heparEerwd/oeaspounds
exposure conducing to liver necrosi & or partial liver necrosis. 30 Firstly,
t he pharnmaceutical conpositions according to the Invention are suitable in
the treatnment of acute and chronic liver failure. Acute liver failure is
general |y caused by a massive apoptosis/necrosis of hepatocytes, and ’
represents a devastating condition of viral or toxic origin. Acute liver
failure i s mai nlagparagivased anfi-hygerizosion drugsp antdfiapmateny dugss3nd 16 vir al

hepatitis (aboutmigditenediis Gragesuch abyitamiinig, o@pamaﬁg,,uodu«w lorxanpl e with
acet am nophen duri ng ) ﬂ%&u@ﬁmﬁ@%xﬁ&'@b&%n §foﬂép%tdt6)d’<ﬁ? if an whi ch can be
|

treated by the conpos acc 'nve e | nduced by

hepatitis B or thegp GeEPounds,hiayey %%’P% 9%9"@ OB JIfRR °°3&r"6‘ﬁ‘?r%¥'ﬁ8pat itis B,
cirrhosis, but aindaohdbuteliw theohectosisaafthgpéticvtissueliand apparitivhf lyer NAFLD is a
termrecently chggen to describe a clinical and pathol ogical syndrone that

spans a spectrum fr msu st,eatosis to NoNg al goh ohe atttis

(RIASH) Agcor di ngl y, &El %‘T’ o] I§°W§ccf raf Efo t hlﬁg ﬁb%ﬁ'??é"ﬁ%re Ew tabl e

ioin the treat reenpwiﬂonsuaoeqrd'ﬂatq t!FPé"Veﬂfdﬂﬁ‘sQ!eﬁt'W@ indheifrestmenisofsuch as

Hepatitis B, Hep@ér failsre Gausédeby @pethmindptienttand hawerial prabentive effect .

hyper chol est &f Ola%??n@t c@a&%ﬁh%ﬂﬂﬂ&&ﬂ ci'rrhosi s, G ycogen Storage Disease,
|

Autql mune Hepat oxal urla t | togeni c cirrhosis,
Cri gl er-Naj Jar syndr® g@H?’l igp %%'5? i 315“ rl eg, Nei mann-
Pi ck Di sease, Pra'queﬁct braivpr ﬁbo‘osimmpnsnﬁgam lial Anyloidosis, BilTiary
Atresia, Hepat oq |1 ué rt@hmmvgrdrﬁm{nyofa% gtgmb@gmmmhangf tls,
Hepat obl ast onm, %:iy endot hlel i oma,. Fani,| i al
Chol estasi s, Nor! )Car%'] ﬂ? ?18{5'%" °«§ﬁd%°g:€q ﬂtédo AU AFE, failure,
beni gn |iver 13 unor seasMengs hayingl 90% amino acid |dentrty WIth the polypeptide
consisting of the amino acid sequence starting at the amino acld
residue 36 and ending at the amino acid residue 175 of sequence
SEQ ID N°1.
The invention also encompasses a kit comprising a polypeptide fragment

20 of HIP/PAP, biologically active portion of HIP/PAP or the entire HIP/PAP
protein as defined above. The hepatotoxic compound of the composition
can be one of those cited above.

The pharmaceuticai compositions according to the invention are
also suitable in the treatment of liver failure, consecutive to liver resection
) 25 and liver transplantation. The pharmaceutical composition according to
the invention can be administrated to the donor of a liver transplantation,
to the receipt of such transplantation, to patients after a liver resection, in-
order to prevent the establishment or progress of liver fallure by
stimulating liver regeneration.

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



20 nodul ar hyperpl asia Liver tunors such as Hepatocel |l ul ar carcinoma and
Chol angi ocarci noma, Acute/fulmnant liver failure, Budd-Chlari syndrone,

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

Tyrosi nem a, Protoporphyria, and Cystic fibrosis. The conpositions according
to the invention are suitable in the 25 treatnment of all pathol ogical

si tuat i onVO We4il1ed2hg from an exposure to hepat ot oxiPETEBPHWHES. A nunber of
hepat ot oxi ¢ conpounds, Including al 8hol, virus, such as HBV, HCV or HV,
mushr oons, such as phal oYde amanite, parasites such as Pl asnodi um

Fal ci parun) or certain therapeutics, 30 induce cytotoxicity and liver

necrosi s. Anong these therapeutics, we can disclose anaesthetics, such as

Enfl urane, neur qpaKARAl 'in%‘?'e%ﬁhe?ib‘lc&ué‘shver"éféiﬁ%L %F HIPIPAPGRA %.ﬁ,ants such as

val proi c add, an Its, such as et am nophen, antimrobials such as
Anphotericin B d?‘°‘%@ﬁ’ c&fls pefore raH?ﬂ' 88 ‘such as Acet ohexani des,
cardi ovascul ar dr ugsEs;mmaHy,ame%haFIap@umal reompbsitinns oacsprsiings 4 thes and

an': l nﬁ0p| aft ' Csylnﬁédh‘ﬂaw aganVVBe 2 Qihli4tbd 8 it aPGI(eEIBZQQﬁV QiEbia3 forll?he.fvlsloar ag' nase,
anti - hypertension dru ug eous drugs
such as vitan?n B8 hcﬁq@g& EsPrénga(? e@l%ﬂ iﬁ‘@lg?fdﬁ]"fﬁ@ ej(}'gct mechani sm
of hepat ot oxi cl t';"F’v'Fé‘\ ﬁ@@ﬁ?'&?drprsﬂmée%orrpounds have deI eterious effects on
hepat ocyt e met abol iThen phFasartivee tlrei* Heibsad therelrhin thebroadest seriseliemit i ¢ ti ssue,

A by Lo Ohaibatdbny SRlchid Sr nneRAE] iflryfesfibg> AR bnGrRAP) © 0. 1 he
pharmaceutical conp | on C g c? \9ent | On,_are table in the
treatment of | iU afi?qr G‘g’%"d° biyer erlthg ﬁB‘B‘n% hepafgeyt %ﬁ/@ preventive

effect 1o agai nglianpcalisam nophen i ntoxication. A further object of the
i nvention consists 1y t@rnk”lﬁ/eﬂ\&éngfq’ﬁhtaﬁd\eﬂas tﬁd‘bSlhﬁﬁn‘?fléa‘ﬁﬁ'nb iﬁ"ihe' aryer necrosis

Compouna (11 MRVt R B B NS o o

15 sequence havi #rnopiopattialv or wbplly resrsiadiang partially ohwhelly| tiapaplanters

into a recipient. Partlal liver transplantation is classified by operation

15 mode into orthotopic partial liver transplantation, heterotopic partial liver

transplantation, and the like, and the present invention can be applied to

any of them. In partial liver transplantation, a liver transplant or a partial

liver transplant from a donor corresponding to about 30-50% of the

normal liver volume of a recipient is typically transplanted as a graft into

20 the recipient whose liver has been whooly resected. But the present

invention has the effect of promoting liver regeneration or hepatocyte
growth even if the graft is about 30% or less.

Partial liver transplantation is of particular importance, regarding the

significant shortage of cadaveric organ donors, associated with an

25  exponential growth in the number of patlents 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 grafts 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



consisting of the amno acid sequence starting at the amno acid residue 36
and ending at the am no add residue 175 of sequence SEQ ID Not. The

i nvention al so enconpasses a kit conprising a polypeptide fragnent 20 of

Hl P/ PAP, biologically active portion of H PIPAP or the entire H P/ PAP
protein as defined above. The hepatotoxi c conpound of the conposition can
be one of womseiizsd ed above. The pharnaceutical conmPSIEPROH6E3Ccor di ng to
the invention are also suitable In%he treatment of liver failure,
consecutive to liver resection 25 and liver transplantation. The

phar maceuti cal conposition according to the invention can be adm nistrated
to the donor of a liver transplantation, to the receipt of such

transpl antati Onnqrgé)teﬁa&rﬂsﬁglte%wlﬂé%i@for%hé@fﬁt?tfoﬁﬁ'ﬁ dufts '(Héé?? ), A ﬁg to prevent

the establishne [iver

regenerati on. SOAIFﬂs"PN'ﬁ?IP‘&'Etl gy weight ratio ghlass 8F1 %t'WBa'ﬁ)YﬁS‘B tions of the
i nventi on have ohfiavs trea&tfngcuralpoetélf dypegtenglomngnd rﬁmmancsd awtaboli¢ e t he

&pfﬁr}] Iuriiht Y ]g gcp?é@gan . atnEﬁt@W&ﬁ’lnaé‘%o%gblmfbaPéHﬂdlﬁéﬂ tthak ﬂtﬁﬁg%"fnnrerrs’:llniglrant ation
regenergt i on éx Py F? e'gl?g?rﬂ\'ags Eﬁeﬁ'gﬁ%g %pélﬂ@%b?%ﬁnois'gw fa"'f'f‘?/er WO
20041112824 PCT/iERhetasipesstese 1Wints isnenpsidered asi 4 aainfactaramusing cel |'s, |iver
stemcel |'s, or HAIROPsi@ée spidrend, lwhichrghds frise do ipalred Ivdr degenbratiors pl ant at i on.
Especially, the M&F&f‘s“éf tﬁéém&P%FB@%%@ué&ﬂﬁusﬁ@%ﬂﬁé’b rﬂ%#&r%bﬁtga tg nvention can

be fornmulated in g enic forms rvati on of Over
transpl ants, prefditdiving related dvar srapgRiantaticgyredustion °WP,"'P9$°" piS cﬁ%sol ved or
suspended. The pby asirgy 6k iptiamateuitical compositionsi aave mentiomed will bpiimiss oadest sense,

and , I ndicates agy,sib f%hﬁb?éor@énsfdﬁﬂ?édheé‘é\} rélﬂhél-BMm{ﬁﬂ{-h W1 di rectly or

indirectly froma

hepat ocyt'es ‘and i soﬁqdalpesyeeelfvpg?raqsn% %é’?%"?]al et r?'?%"ﬂ'fﬂ% 'H?’aq i on" has the
common neani ng i 1ecipiest by the trandplantationperatien a$ descabet! abpyeeand also

| i vertranspl ant apbigdes theVdoldalleda“paitidElivePfrafsplant® corresponding to a grait
15 consisting of the part of the liver of a donor. Liver transplantation means
also injection of hepatocytes (genstically modified or stimulated to
proliferate or differentiate) into portal vein.
As used in the case of liver transplantation, the phrase “liver
regeneration” means morphologic changes in which lost liver tissues are
20 replaced by hepatocyte growth of a liver transplant or partial liver
transplant, but also Includes biochemical changes such as improvement,
recovery, or normalisation of hepatic functions. Specific subjects to be
treated by the composition of the invention includes, for example patients
who received partial liver transplant after the liver had been wholly
25 resected for treating hepatic fallure caused by liver diseases such as
hepatitis, hepatic cirrhosis of alcoholic, viral, drug or unknown cause, or
hepatic cancer. _

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



donor is partially or wholly resealed and partially or wholly transpl anted
into a recipient. Partial liver transplantation is classified by operation
is nmode into orthotopic partial liver transplantation, heterotopic partial
liver transplantation, and the like, and the present invention can be
applied to any of them In partial liver transplantation, a liver

transpl anwomoodai1ar tial |iver transplant froma doror/ERmogmep®ndi ng to
about 30-50% of the normal liver v une of a recipient Is typically
transplanted as a graft into 20 the recipient whose |iver has been whooly
reseal ed. But the present invention has the effect of pronoting |iver
regeneration or hepatocyte growh even if the graft |s about 30% or | ess.

Partial liver trans Ian ation,is of particul regardi ng the

si gni ficant shofYiaye ot ttheggag%qogmp #@&ﬁ °B'BH'?§?’¥9 poi@gg eét @Gmﬁp h an 25
exponent i al growrblolbgicalynectivarpbmonscdfHﬁ%(PAEnt s on waiting lists worldw de and
the SUCC;%SS of livi %rdﬁa%urbds\éeaf ttfeaa@eérﬂnwéﬂuam AISARAD ddh baefll atric o
reci pients ra S iver grafts
has led to the o drtu at?én%‘ﬁ’%’%g @‘%dﬂa Asﬁ(s éﬁenbﬁagg'%"%{ﬁ‘g

transpl ant at i%on usatultmwgﬁt'%gwh@'ﬁat HB) cl§m°§'biﬁ‘9¢é'k99mmr€t Wih gy anspl anted 30
graft, patients phasieecaaicaly |aceeptgblelocamier| | Sgitablgr adatriers eamd Vihelt snal | er

hepatic mass thag Agse R drg a8 m&%mﬁsmp&%&m@w controver sy

over small-for S|ze Smal | -for-si ze

liver grafts cafdhad WZM"’F\'&B“% '%96%@ ibydplagt ,aﬁ, cal syndrome that results
from the transpl ant 8y ophysilogitaliyresodpitabls exciplept » isr mear Soliduerdiguidnal mass of

liver in a desi gié! afliehel BitiEnce, ARSIcH ﬁﬁf'%eéﬁfeﬂytugsd YWsytdiiic 1oF 2824

PCT/, EP2004/0066§%§ adhed ti ?’sbacl IVIH% tran Ia tations In
adults (Heaton, ). &F 8?'}9 pl%{ht od tio of less than
of 0.8 inpairs \Aeminisdration, £ UﬁﬂetY &% pharmageytial ﬁoaqcaptawyp@me@mvedin and enhanced
met abol i ¢ denarmkdswn rin tied iagtninsluté sblidi or Hquiddillers,| dinieats] hgdrotbpes,on. The

splitting of "‘éﬁ?a%esac*l\{%t eﬁfs%éﬁ%sbl% dupdsngeafts Increases the

otential risks Sl.ze recl |en These points is
(F:)on5| dered a¥ a main %‘?&‘E?F“pemsr’(ﬂ“ R’Q ImP@FP @VﬁéF‘BH& ofwhi ch gi ves

rise to | npairedhd HIRAPAR prytaire fertaxample droih oethessder ot[)ﬁbmulé wlto graft. As
size m smatch i apgutMl Me/nPRYERéEwit a suitable amount of carrler to prepare
pharmaceutically acceptable compositions suitable for effective
administration to the patient.

20 HIP/PAP may be administered parenterally or by other methods
that ensure its delivery to the bloodstream in an effective form. HIP/PAP
may preferably be administered using an intra-hepatic route. Dosages
and desired drug concentrations of such pharmaceutical compositions
may vary depending on the particular use envisioned. A typical effective

) 25 dose in mouse experiments is about 30 pg/kg. Interspecies scaling of
dosages can be performed in a manner known in the art, e.g. as
disclosed in Mordenti et al., Pharmaceut Res 8 p1351 (1991).

The pH of the formulation 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 particularty 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 sait Is also used in the formulation to

35 render the formulation isotonic. .



adult living related liver transplantation, reduction of the inpact of SF55

I 0 by using the pharmaceutical conpositions above nentioned wll optim se
t he use of avail abl e organs and reduce overall norbidity and nortality. As
used herein "liver transplant” means a liver transplanted Into a recipient

by the transplantation operation as descri bed above, and also includes the
so- cal | edwonasaniime4 | i ver transplant” correspondi ng POT/EPMe4DE633 i S consi sting
of the part of the liver of a donor2t Liver transplantation neans al so

i njection of hepatocytes (genetically nodified or stinulated to proliferate
or differentiate) into portal vein. As used in the case of liver

transpl antation, the phrase "liver regeneration" neans norphol ogi c changes
in which lost liver tissues are 20 replaced by hepatocyte growh of a liver
transpl ant or parti a3terlity isrreadibinapspmplishedrby sterileofiliration thesygh g‘i).%cherri cal
changes such as nii¢rpn)anenBtaies. recovery, or normalisation of hepatic

functions. Specific ﬁ‘gbjmgﬁpt }r&@in. teph?@agéwagl t&ﬁ'&pﬁﬁ@?mo%éli 3 of the

| nvention includes, for exanpl at | o receryed partial liver

transpl ant af t eformyiated, gasedy, 3pd SE’EWSWRS’I ipya faghipp caRgistent ith 990dat i ng hepati c
failure caused Imedical praciites €acters fou conskisratiore jirathis centextdpchidecthei r r hosi s of

al cohol i ¢, Vi alpaliiOaiBbrabt SRy Bedhal! W péicudt RN BARL Beated e

phar maceut i cal %) osi t1ons accor di to Lnvention, are ?so suitable In
the treatment o q"a\')@ﬁfmaﬁen BF@BH?B’&H?H R?@eetokﬁé"ﬁﬁfel 9“"%9??8%?‘5- 30
reperfuslon (1/ e wité oh deliverny 10f the 'agéengnihei methed |df redministeation,othBot h | i ver

resection and | iseRdduligt b PAdrimistiction, am GtheryfaBiers’ RAGWAN 0 Dingditar |1 ver
failure, | ung) [ @I’*E‘%"%d death. Although the follow ng part of the
rela

specificatio es especially to the fornulation of conpositions
conprising the H P/ PAe thergeautically j«effective amguntp gidyIDFAR) prateinta be
PCP/ EP2004/ 0066 Zdminifersdi withilee gbwerneidh by aguelut Goosideretioms; tandnis thenpr i si ng
pol ypept | des fr 3RS amBint HeRbAhCR! Made! lof teREtveRentahcd i PAP.  For the
pur pose of the present. Invention, HIfF?@PAP CF;;II’I bet».for r'mlbeit gd] according to
known net hods taewsﬁ&%%far@m&mn Qlrg. puch amount is preferably below
15 the amount that is toxic to the mammal or renders the mammal
significantly more susceptible to infections.
The term « administration » or « administered » as used herein in
reference to HIP/PAP protein refers to that administration of HIP/PAP
protein which occurs prior to, simultaneous with, or after a liver resection,
20  or a liver transplantation.

Cellular compositions according to the Invention

An object of the invention is a composition comprising dividing

) 25 hepatocytes in combination with a polypeptide comprising an amino acid

sequence having 90% amino acid identity with the polypeptide consisting

of the amino acid sequence-starting af 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.



s useful conpositions, whereby H P/PAP is conbined In adm xture with a

phar maceutically acceptable carrier. Suitable carriers and their

formul ati ons are described In Rem ngton's Pharmaceutical Science, 16th ed;,
1960, Mack publishing Co, edited by Gslo at al. By " physiologically
acceptabl e exciplent " Is meant solid or liquid ro filler, diluent or

subst ance wy\hgfisaRy be safely used In systemc or Pb?,@bib&/ooé’ﬁfn ni stration.
Dependi ng on the particular route of2 admnistration, a variety of

pharmaceutically acceptable carriers well known in the art include solid or
liquid fillers, diluents, hydrotopes, surface active agents, and
encapsul ating substances. 15 These. conpositions w || typically contain an

ef fective anmount of P r éiﬂm the order of
about 6 lug/m to a%%%ré%ﬂ glts ?fagbnﬂresit% exﬁﬁgﬁm Sf? Paount of carder
to prepare pha@fdessibedapqve %BE@BP‘Q’H ¢ for Gxarpnie o3 deronbed Indg Bart o ef fect i ve
adm ni stration featitiede Tearisgenid mica @xpiesire/HP/RRP ibthedden"nl stered parenteraliy

or by ot her nethods r W amin an
effective form HI P/‘gk&%b éiﬁn%gﬁ?ds%ah thl% e |stere s?trq{’&
Intra-hepatid rQuPeaingd fam I8 &%ﬁd@?ﬁ%ﬁ?@ %f such

phar maceut i cal dreatphave tbeen sdifferentiatedr intod bepatatites. dhe tdiftergntiatiorcof ar use

oal kg, Inter ?pteié heangy SRR (ot iep Qﬁiﬂeéc“hsr&“ﬁ%pg*ﬂf%”a?ﬁa" e known
in the art., e. égsé:)a‘?r‘gqﬂ%‘%gﬁ Fﬁfﬁﬂ (5%"3{‘"‘363? SQ‘?" Res 8 p1351
(1991) .. The' pH oellst reanf gvaidil tecpupe diop dapaiegiemy)| fpr o@btéln'agpé{rthMI ar type and
t he concentrg,tha.g &boytdsRuffEs.prot ei n, but preferably ranges 3o anywher e

fromabout 3toa S t e ,.for t he
clinical adm nist rat'llicf)"ﬁ‘".I %W#@i@m @E&S%ﬂpb#%&r@ﬂﬁb sol utions or
steril e hydrat a@ffectivg oaprunt @LRQQW"W’OB‘HN Isqin, cernl P glonTyih &l 1y, an
appropri at e anopolypegtide aomprisingearcarhing atitl gequenesphauirigeS0%6.amiricsacld so used I n

tp?;% 2353‘627‘5582 éc%g?itl it I polypepidd RoRSKtRAG | dthd MRS gl YWdueR&yH 112824
tartmg at the amino acid residue 36 and ending at the amino acid
residue 175 of sequence SEQ ID N°1. _
Without wishing to be bound to any particular theory, the inventors
believe that the administration of bone marrow stem cells treated with
HIP/PAP to a patient may accelerate the liver regeneration process.

20 The cellular compositions described above can be used for long-term
in vitro culture of hepatocytes, for example for the purpose of in vitro
cellular assays. The availability of the cellular compositions above avoid
a recurrent recourse to hepatectomy for obtaining in vitro hepatocytes
cultures. The invention also comprises pharmaceutical compositions 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 biologlcally 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 vitro comprising :



Sterility is readily acconplished by sterile filtration through (O, 2

m cron) nenbranes. The HI Pl PAP protein pharmaceutical conposition wll be
formul ated, dosed, and administered In a fashion consistent with good s
medi cal practice. Factors for consideration in this context include the
particul ar disorder being treated, the particular mamual being treated, the
clinical cWO#112840f the individual patient, the cRETEPHL4/006e3di sor der,

the site of delivery of the agent, the nethod of administration, the

schedul i ng of adm nistration, and other factors known to nedical io0
practitioners. The therapeutically "effective anmount)) of H P/ PAP protein to
be admnistered will be governed by such considerations, and is the

m ni nrum anount necessary to induce, or alternatively enhance |iver
regeneration and pl@\cetacting hepetocyps;ure. Such amount is preferably belowis
the anount that I s (§)@xiticating shif hepacoytes iroan appropeiate cultee wediued; si gnificantly

o Sroroa o (RS R neliboldl A NG ORI B
that administration dOYPPRIdRGOMPH3IRg & AP a'?‘doe‘zq%%hg\ﬂ?g §b° si mul t aneous
with, or aftes a |ivemineadd ideotity with @heopolypepiidecconsistingsgfl thertapinoon. Cel | ul ar
composl tions accor di %idfjééqh%ﬁbe'swﬂgﬂtdg% ﬁﬁg@?bl@%si&fe 36‘91#5%\?63%" i/\np?hi Z a
ol ypept i de compri oi 1R A A refRue a3 S5olbREe SFRTT B0 i no aci d | dent ity
with the pol ypepBy teitogenieiagopiy it lsimeantthahihehepatoeytercyilldecteatrdarti ng at the
anmi no aci d resi dith 3Guficient anulinhof thé pbigpeptioe ae dafittbdr iesséin befole’fo of Sequenge
nepay ocyt es. that RSy eBatates oyl INERAGE D £ OO OEMRHERCTY %, 2, °°
drives the exprc@eslyop @'PS?%@HPPB‘&?@O?H?F%%‘? RPOYh CaRHS RAY  sequence
havi ng 90% ani ncansaint] of daid tpotypeptié lwhicheénquobs pegliferation afrtke sulfureyl " of t he am no
aci d sequence stRurhiobfledilas!itt@n dEicA8IyHeteimh6® bt oo skiled intheleRg at the amino
acid residue 1750, s 1RiGSh S50 idOrportion 5% Aiddlosed it i examplod, 2004/ 006633
15 Another object of the invention is a process for stimulating '
hepatocytes growth in vitro comprising :
(a) collecting hepatocytes;
(b) cultivating said hepatocytes in an appropriate culture medium ;
(c) transfecting said hepatocytes with an expression cassette that
20 drives the expression of the HIP/PAP protein in said hepatic
cells.
Steps (a) to (c) can be conduced according to the techniques
disclosed in example 5 and to the corresponding section in the part
“material and methods”.
’ 25 The 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 /n 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;



22 An expression cassette that drives the expression of a pol ypeptide as
descri bed above can be obtained for exanple as described In the part
entitled " Transgenic mce expressing HP/PAP In the liver". The hepatocytes
as used herein, are directly colleqted froma liver, 5 or obtained from
stemcells and particularly frombone marrow stemcells that have been

di f f er ent V¥ 2984#/112826 hepat ocytes. The differenti ati oPCEEP200490663har r ow st em
cell's In hepatocytes has been repor#ed by Petersen at at., (1999) and
Mtchell at at. The recourse to such bone-marrow stem cells can avoid
recourse to hepatectony for obtaining In vitro tO hepatocytes cultures. A
further object of the Invention is a conposition conprising an: effective

amount of bone-marrow stemcells in conbination with a {)ol pepti de
conpri sing an ani ndb)sytivaingsaldchene marrey stanvselsimen apnrepra eo@alft“iet y wWith the
pol ypepti de consi sti ngediim{ he am no acid sequence is starti ng at the am no

add residue 36 and ng dﬁﬂ'ﬁtrﬁéﬂoqpst@tﬁ'cglls Wi pgauence SEQ ID

N1. Wt hout w shi n &J 0, an arti cap eorh¥ LE& I nvent ors
bel i eve that the adm"hP YReR %FPWSIBSI?Q e 8 §P€‘|’ﬁ"8%l \ing 90%:t o wi t h
HI P/ PAP to a patient amiyo acit édeetitywith tivecpolypeptider eapeistingacfi the apirocess. 20 The

cel lular conposi ti onscdeseglientediatgVa tHerdmiRE abig @esiduer 38 aidderddfigm | n vitro
cul ture of hepatocyte e n vit ro cel lul ar
assays. The avail abi | aﬁ{mq%citﬁ@%lﬁng °tf§§%§§§%0$$‘§h@h tove avoid a
recurrent recourse Witho yishieg tobg beusd t@@ﬂhlpﬁﬁlﬁ{;iar theery.t the inyeplatsocyt es

cul tures. The i rpetigvd Bt thb I@amwIPdéseitodrdbdveTenteinces the bonepwsiowi ons for 25
stimul ating |yh vedon GORMEIR/ b HohehBratdl HOWELTR plofir eﬁ@boa.h{ ofis!dryis anount of a

conppsi tion as ment s of the present

i nvention, the pPSASEventon. fP%W{VH%pﬁe%r{&%llﬁ Brreess cfl aBOKPe!Si s repl aced by
a pol ypept| de f rrapiasst by af pdtypepiiePfragmeint of tUF/EAP] g bialogically @otitel on of HI P/ PAP

or the entire 3QAdnPoPAPMAPIRIte dRtIEHIPIEA® bratdiMasMefifgin saeci fication.
Process accordi n to thc“,l nvgntlon Anot her object of the Invention Is a

process for Stl

Use according to the invention

Another object of the present invention consists of the use of a
polypeptide comprising an amino acid sequence having 90% amino acid
20 identity with the polypeptide consisting of the amino acid sequence
starting at the amino acld residue 36 and ending at the amino acid
residue 175 of sequence SEQ ID N°1 in the manufacture of a
pharmaceutical composition for stimulating liver regeneration in vivo.
A further object of the present invention consists of the use of a
’ 25  polypeptide comprising an amino acid sequence having 90% amino acid
Identity with the polypeptide cdnslsting 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.



as hepatocyte growh in vitro conprising : W 2004/ 112824 PCT/ EP2004/ 006633
23 (a) collecting hepatocytes; (b) cultivating said hepatocytes In an
appropriate culture medium; (c) treating said hepatocytes with a mtogenic
anount of a polypeptide conprising an am no aci d sequence having 90% 5
amno acid identity with the pol ypeptide consisting of the amno acid
sequence Wo0041m2824at t he ami no aci d residue 36 and BEHEPR§04/04463% he ami no acid
resi due 175 of sequence SEQ ID N1. By "mitogenic amount " It |Is neant that

t he hepatocytes will be treated wth a sufficient anount of the pol ypeptide
as defined herein before to io0 induce hepatocytes growth when added Into a
culture of hepatocytes. Cenerally, a "mtogenic anount” as specified above
consi sts of an amiuatpreferrechembeodimepte fitei liver fafiure Hs andnsempiepcobi der at i on of

the cultured hepatRsethiss alifer tdnsHidftatth, Sdepatisdet er mi ned by the one skilled
in the art, for eﬁgl e .t hrough srﬁl# iiYnﬁchﬂérﬁotf]ation g&é@l sc‘%otﬁed in the
exanples. is Anoth B‘]”@EE agp he VEl & lésepP LAY B, 8¢ j nul at i ng
hepat ocyt es gr ovievention goncemsc oanpafientaf risk (fan devaloping: phéaviepdeeeyt es;: (b)

cul tivating sai diidyppsddaniieifet failae cased p aidkbaseedniprised imetRs grioup ( C)

transfecting sai t QCY, . Pk EFSI-0 e 20 drives
t he expression ocgn{]ﬁgﬁl—ﬁlg/ﬁ?ﬂ%gr ?geﬁaﬁﬁ g’aﬁgéahgg‘g?isd?%%sélﬁs. aét eps (a) to
(c) can be conddweerchrlesigrelemin. ¢ flcohd ndyged; ihesis, o Glyepgae SprgRxanpl e 5 and
to the corresporDiseage,s eAutoimmune tHepafitis; t Prithemyt elyperoxaluda neygeods”. 25 The
phrase "col | ecti P&h&t% S CriclB_N&IRESInaRHR) R patocytes are
directly coll ec%ﬁpt. oma li \%%rcngﬁgjnga% thaéﬁ%@{%ﬁg%?pgfﬁed fromstem
cell's and pardi diRrassyNEIMaRDT SHRk A%y, rimaRy Bilfang Cirhpsis, [zamlligh ooy
di ffierenti at ed iAnyoitesisat BiiptyesAtrasia  didppiocelivtar atGapsinama, Rrimaryrar r ow st em
celI's in hepat oqeissintrS ORShgitRPOr HeshtdaskpiaeT S Alaghle 3ByAlrome]l 999) and
Mtchell at at gt 6eeHicHRibRaS HFhIRP ChoBYiEsR! RrkBhreiniod neuro-

endocrine, Drug induced liver failure, benign liver tumor such as focal

15 nodular hyperplasia Liver tumors such as Hepatocellular carcinoma and '
Cholangiocarcinoma, Acute/fulminant liver failure, Budd-Chiari syndrome,
Alpha-1-antitrypsin deficlency, Wilson Disease, Hemochromatosis,

Tyrosinemia, Protoporphyria, and Cystic fibrosis.

20 ' Methods according to the Invention

Another object of the inventlon is a method for stimulating liver
regeneration comprising administering an effective amount of a
polypeptide comprising an amino acld sequence having 90% amino acid
25 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 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.
Ancther object of the invention is a method for the treatment of a
patient with a hepatotoxic therapeutic agent effective in the prevention or



cells can avoid recourse to hepatectony for obtaining In vitro hepatocytes
cultures. Thus, another object of the Invention is a process for
stinmulating hepatocyte growmh in vitro conprising : (a) collecting bone
marrow stem cell's; WD 2004/ 112824 PCT/ EP2004/ 006633 24 (b) cultivating said
bone marrow stemcells in an appropriate culture nedium; (c) treating said
bone marrwo»Mamszel [ s with a mtogeni c amount of acpabPw@@péssxie conpri si ng
an am no acid sequence having 90% % anino acid ldentity with the

pol ypepti de consisting of the am no acid sequence starting at the am no acid
residue 36 and ending at the amno acid residue 175 of sequence SEQ | D N1.
Wt hout wishing to be bound to any particular theory, the inventors believe
that the treatnent described above enhances the bone marrow to stemcells
ability to regeteatmbst df Aalisordee or patholqgicgfhysiolegical chburitions,wompdsing he pr esent

I nventi on, the pol ypeptide fromthe process cited above I's replaced by a

pol ypepti de’ P/ PAP, bi.ol 0gi cal | clli rtion of H P/ PAP
or the entire H@gg'ﬂ 'sgﬁf'!}? é‘? ﬁa'QQa@ﬂ@H&% Xr I? é’é‘é‘?ﬂ Of5EcT fication. 15
Use accordina to blegicaye reffective Adosen cof @Bljdeéhe"%ﬁeu ineaganksandt & nvention
consists of the upveitaivelysbstive bt of aPRIypEDtite campritingnd amihel sequence

havi ng 90% ari no g&ggggga%cé fgithg bive Ykl BT KR RIS Folgolbbs 1 N0 Of 1 he

anm no add sequenc endi ng at the
amno acid resi dgensishing of am@ﬁ@@dsmupmtamng hdheramineadddr e of a
pharmaceuti cal congsidtit3d6oandf endingtatrthe aminogadd residue dg8mésedquence i n vi vo. A
further object of gghgpy-g¢sent invention consists of the use of a 25

0
ol Ypopt 06 GOm0 e 1% Rl 80 SR B e R SR 2
starting at theestablisbmeidon @eigmse of6livendfaliureli pepseguange ofnd nlDleadd resi due
175 of sequenceredbélioh[h Wer itrandpidtation Wr acliepaiftis Comprising administering
to a patient an effective amount of a polypeptide comprising an amino
acld sequence having 90% amino acid identity with the polypeptide
15 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.
According to the method above, the polypeptide is administrated
before, during or after a liver resection or a liver transplantation. The
polypeptide can also be administrated to the donor of a liver
20 transplantation, or to the recelpt, in order to avoid for example post-
surgery complications. According to 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.
Another object of the invention is a method for stimulating liver
J 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 acld resldue 36 and ending
at the amino acid residue 175 of sequence SEQ ID N°1 ; and
(d) injecting said cells into sald patient.
By “mitogenic amount “ it is meant that the hepatocytes will be
35 treated with a sufficient amount of the polypeptide as defined hereln



phar maceuti cal conposition for the prevention of the establishnment or 30
progress of liver failure in a patient at risk for devel opi ng or having been
di agnosed with liver failure. The invention al so enconpasses the use of
pol ypeptide fragnents from H P/ PAP and biol ogically active portions of
H P/ PAP as defined above. WO 2004/ 112824 PCT/ EP2004/ 006633 25 In a
preferredwohodiipeant, the liver failure is a consequemns®2004008633! i ver
resection, a liver transplantation,2por hepatitis. In a further aspect of the
i nvention, the use according to the invention concerns a patient at risk
for devel oping or having been s diagnosed with a liver failure caused by a
di sease conprised in the group consisting of : Hepatitis B, Hepatitis C,
Urea Cycle defects, Famlial hyperchol esterolema, Al cohol induced
CHiy rrhosis, @ ycogea?f&teOfoameuceDb JRerSFegerfidtioh 'Whencinfdeatin ta patieht. i mary

peroxai uria type Sd S s yndronme type
I, Congenital I—|epatG F’Ee'?@’ %Ph@gg{}féccarﬁ%{nﬁahé% é_g%gﬂ%(b%v@ecggg{sthgﬁiaﬁmy Blliary
Girrhosis, Fanili aPmoylh phisaldspypepiide &'PPRAW%%G%Pmﬁ%'EQ?'b&éI ¥8 ar carci nom,
Primary Scl er osi nguiiGreal hepptdcytes, &dehaiao Heasasiyraisteihingd Iby th&yondr one,
Hemangt oendot hel i Ogl?rlied':ﬁ{nﬂ'\é alrt, G50 leRShEIS | throudiP NBrBT RESHHGELGE W50~ endocri ne,

Drug i nduced liver ,alel ur.e benlan l'1ver tundr such as focal 15 nodul ar
hyperpl asi a Liver O§ABFed R {hepxaaPiessnat ocel | ul ar carci noma and
Chol angi ocarci noma, Acute/fulmnarit |iver failure,. Budd-Chiarl syndrone,

?l pha-l-antit L ypsl etéaefa'ay!t@r(eyc%ﬁ/\ibbsgndﬁe_aememinue@mr@ammbs, g

yrosi nem a, - Prog r . ccording to

the I nvention Ar?iﬁ%ﬁ’géaoﬁ)}ﬁf%a??plégg ”?r}@/et%i irqgeér?b ?g@%ﬁ{j@g asg‘%{g)yﬁhgﬂgg’ra Flst i mul ati ng

liver regenétat'meteriglodp? i dethedadii  SrepTety embogimegtt hoemeHdnt of a

pol ypepti de conmwomptises additioral stepsaci d sequence havi ng 90% ami no acid 25

st T ano Bt AL T st e
|G8nfipuing, injections; ageording to ste until said liver

175 of sequence SE
regeneration is sufficient.

15
Another object of the invention is a method for stimulating liver
regeneration in a patient comprising:
(a) collecting hepatocytes from said patient ; -
(b) cultivate said hepatocytes in an appropriate culture medium ;
20 (c) transfecting said hepatocytes with an expression cassette that
drives the expression of the HIP/PAP protein in said hepatic
cells, and )
(d) injecting said cells into said patient.
An expression cassette that drives the expression 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



In a preferred enbodi nent, the nethod according to the invention
enconpasses a nethod conprising adm nistering an effective anmount of 30
pol ypepti des fragnments from H P/ PAP, biologically active portions of H P/ PAP
or the entire H P/PAP protein as defined In the present specification.

Anot her object of the invention is a nmethod for the treatnent of a patient
wi th a hepat004ax8m t her apeuti c agent effective in therpreusndisson or WO
2004/ 112824 PCT/ EP2004/ 006633 26 t28eat ment of a di sorder or pathol ogic
physi ol ogi cal conditions, conprising (a) admnistering to said patient,
simul taneously or In optional order, a biologically effective dose of said
therapeutic agent and a 5 preventatively effective anount of a pol ypeptide
conprising an amno acid sequence having 90% anm no acid ldentity with the

pol ypeptide consi Sigefi@ned staffig aFihe AnfittFackSRYIBNE 86 ShdbhdintCatdhe t he ami no acid
resi due 36 and endi nﬂvat t‘ﬂe ﬁmgﬁ acl d res%a%]ﬁ of sequence SEQ ID N1.
t o Anot her object ofMIPACdfERIAYS q' o enER r the prevention of the
establ i shment or [(d)dnjecting thefcelly qhtaingd:at ptap g) intwsaldpalieRte of a |iver

resection, a liver transplantation, or a hepatitis conprising admnistering

to a patient aan eff LV | Ll S n amno acid

sequence havisng 90%%g%na‘r@lagig@g’?%h(?%?tﬂ?otd%%\l?myfﬁgid:n%ﬁgg'?gmgép@{"%g_t‘?s consi sting

of the anino adberaiapipsmcler ebtaining i vitie h?WﬁB‘“ﬁ%ﬁ-ﬁ'ﬁ@%ﬁ‘Mﬁ@nQ 36 and endi ng

at the ami no actobedsundido lanp pHrticalar treone tiREQ@vefois1believe that dheng t o t he

met hod above, t pksi [ lefa) t [ or after a
Q&mﬂghf{tfb@eéf She! MafshTistehs bR RAtdICHRN HIPBHP! 8%

| iver resection of traﬁ‘srﬂl ant at | 0{]. The pol ypeptide can al so be

admi ni strated t BaYEAEMAYAcEPlefAte the|llyef LooenergliqnAIALeS-ant ati on, or to the

recgi pt, in order $lepava) tb {dr canx berpoadysed taccudiperty thertpehinigies ons. Accordi ng
t

to the method agguesdd H@AMpREBIAndS0 the RErrdsporiig’ &liBAtIN WHe phre/ PAP, a
bi ol ogi cal |l y act,l

defined in the gpaulcand duoast, [1,e prdien PRaiinett” e len: on (< a
met hod for sti mgeraprisegadditiongl steps: r egeneration in a patient conprising:

(e) Monitoring said patient for Indication of liver failure, and
15 (f) Continuing injections according to step (e) until said liver

regeneration is sufficient. .

In another embodiment, the invention relates to a method for the
prevention of the establishment or progress of liver failure in a patient at
risk for developing or having been dlagnosed with viral or autoimmune

20 hepatitis, or a cirrhosis comprising administering to said patient a liver
failure preventative 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.

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 regeneration 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



(a) collecting hepatocytes fromsaid patient ; (b) cultivate said
hepatocytes in an appropriate culture medium; (c) treating said hepatocytes
with a mtogenic amount of a polypeptide conprising an am no acid seguence
having 90% 30 amino acid identity with the pol ypeptide consisting of the
am no aci d sequence starting at the amno acid residue 36 and ending at the
am no aci WOr20e1gd§24 175 of sequence SEQ I D Nall ; an8CT/EPR200400&83 i ng sai d
cells into said patient. By mitogec anount " it is meant that the
hepatocytes will be 35 treated with a sufficient amount of the pol ypeptlde
as defined herein WO 2004/ 112824 PCT/ EP2004/ 006633 27 before to i'nduce a

| iver regeneration when injected In a patient. Generally, a "mtogenic
anount” as specified above consists of an anmount of said pol ypeptide which
i nduces prol i f eFatthepdetails oftthe invention aredliustratad incthe dallowing npn-limiting be easil y
determ ned by tlagy 5 skilled in the art, for exanple through BrduU

| ncorporation as I scl osed inmsﬁgm(a) to (d) can be
conduced according to the tech 1 exanple 5 and to the
correspondi ng sect i dHP/PAP:preduotion and purtfieationi:a| and net hods”. In a preferred
enbodi nent, tshe met hod conprises additional steps (e) nmonitoring said

patient for Indicati E—, Wéé/g;og[‘%dl Hrﬁansgé]'gc %}l&ﬁgﬂgf&@ ecti ons

according to step ci ent.
Anot her obj ect &P RH?%?PBﬁ° fdve,expERssig °?§'l° rﬁﬂ genenty ¢ }‘? ver

regeneration i nmanpaery gland,@sppavicsisin gesafibgd yothe énventorg (Gbiista etal, es from said
patient ; (b) cy @0 vate said hepatocytes in an appropriate culture medium;

20 (0 transtechiid s ioRatpErh g i SR SR L
microinjection into one-cell mouse zygotes of C57BI/6xCBA hybrid
strains. They were identified by tall DNA analysis on Southem blots.
Mouse DNA was digested with Sacl, and the generated fragments were
separated on 1% agarose gels and transferred -to Nytran 13N. The
15 presence of the transgene was detected using a 4.4-kb Xhol fragment
derived from the upstream region of the rabbit WAP gene.

All experiments, including animal welfare and conditions for animal
handling before slaughter, were conducted in accordance with French
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 CaCl,,
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 iactoserum (see above) was acidifiled 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



(d) injecting said cells into said patient. An expression cassette that
drives the expression of a polypeptide as 25 described above can be
obtained for exanple as described In the part - entitled Transgenic mce
expressing HHP/PAP In the liver". A further object of the Invention Is a
met hod for stinmulating liver regeneration in a patient conprising: 30 (a)
col l ecti ngvdomngiizeas row stemcells from sai d pati ent pcTERI004006d33 vat i ng sai d
bone marrow stemcells in an approp¥i ate culture nmedium (c) treating said
cells with a mtogenic anount of a polypeptide, conprising an amno acid
sequence having 90% am no acid 35 identity wth the pol ypeptde consisting
of the amino acid WD 20041112824 PCT/ EP2004/ 006633 28 sequence starting at
the am no add residue 36 and ending at the amno acid residue 175 of

sequence SEQ | DN} éé’&kn‘laﬂl %) quotbh@G w srameé JAITAE bupbmatafP was) i nto said

patient. s The o) Lent recourse
to hepat ectorry%fag' B‘feé"' !95‘1 %aqe/zq @F&c f’ }é‘éch ugrlg%%mthout w shi ng
to be bound to #®y casfied byh QW@Q)P?“’"‘W °Prﬂ$eﬁh°&?§"6é1't9’§96°“tﬂat the

adni ni stration ofileR@z2 Pmwfitep (Milipers) Gelahcoutt; Frahad) befoterloddirg dddPat 0 a  pat i ent

may accelerate hitho!d MR'ss Sﬁﬁﬁ%&aﬁhg&c@irﬁﬁﬁ oudiP eqlifbRted fin 78 () can be

O T oo hoebe lr b 4, s Ao SR kg ar o % L1
enbodi ment, t he 20wilhgrddientoh 508 e Namurtﬂwewaﬂdngtbaﬁerwa(ses)arlwmhbori ng said
Bocor ding 1o a1 S {speafe R el The ShriPI kiCRES | B0, T oc] one
anot her gnbodl mqa'n? imgr} ﬁtVY°(5?1°9"81§3‘? é—@ﬁ&‘é\ H{?lnmg(fra[cgqnst%% prevention of
the establ i stmemeoled, ditiedin yoloef 140veM sedium acetaterbufferatinlohP aad  ri sk f or
devel opi ng or haydppledit @ik MorRoS BREIE diiunin stjullibratedrwithUI4OImMMIBedurd0 hepati ti s,
or a cirrhosis GOUBf! 5ilBOpRUD. Ths iohirelgh WaddisaRidl ' 4R8 thé iR
was developed with a 20-mL gradient ranging from 0 to 400 mM NaCl in
the working buffer. The column flow rate was 1 mUmin and 1-mL
15 fractions were collected. Fractions containing HIP/PAP were pooled,
diluted in 1 vol. of glycerol and stored at 20 °C.
Protein concentrations in the samples were determined using the
Peterson protein assay. Denaturing polyacrylamide gels in sodium
dodecy! sulfate (12.5% acrylamide, SDS/PAGE) were performed
20 according to Laemmli. Coomassie blue staining gels were scanned and
quantified using an imagemaster.

Anlmals.

) 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 (Villejulf 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 ali



failure preventative anmount of a pol ypeptide conprising an am no acid
sequence having 90% am no acid identity with the pol ypeptide consisting of
the am no acid sequence starting at the am no acid residue 36 and ending at
the amino acid residue 175 of sequence SEQ ID N1. 25 in another enbodi nent
of the method above, the polypeptide used, 1|s a fragnment of H P/ PAP, a

bi ol ogi caljgnoagilitsye portion of H P/ PAP or the enti peridbisddddésspr ot ei n as
defined In the present specification The invention also concerns H P/ PAP,
as an active ingredient of a conposition for stimulating |iver regeneration
in vivo, conprising an 30 effective anmount of a pol ypeptde conprising an
am no aci d sequence having 90% amno acid ldentity wth the pol ypeptide
consisting of the amno add sequence starting at the am no acid residue 36

an?rb e”dit ng at tteklﬁerﬁﬁgn'ﬂﬂ ﬁﬁbdhréﬁﬁérdléﬁs&gcﬁnqlﬁ?Wmﬁ]ﬂﬂ%?wcglﬂﬁub@&ﬂl |rlt 25 VO
conbi nation wi e [ y acceptabl e excipien

2004/ 112824 PCT/ ﬁ%@ﬁ%@%ﬁ% (d%@é@é ﬂﬁ@%’t ails of the invention are
illustrated in the following non-limting exanples. MATERI ALS AND METHODS

HI P/ PAP product i.oncghdl igei fication : 5 H P/ PAP was produced in transgenic
nmouse mlk carrying the rabbit WAP gene able to drive expression of the

H P/ PAP gene 1n the __ mamary and q Vi 'IV\E Fﬁl the I nventors
(Christa at at, ZeRBH6 F’B’eﬂ’%ﬁ Megs% E%\ &w&tﬁf’ BEP const ruct
wer e gener at ed mdwﬁe:usmldrqse:onﬂ'odspf|l'ﬂi?lBABrwensgehlb migduse zygotes of C57BI/ 6xCBA
hybrid strains. They were ldentified by tall DNA anal ysis on Sout hern

bl ots. Muse DNA s.dit efSto('f "W th SI and the generated fragnents were
separated on 1%'aM%M' rred to Nytran 13N. The is presence
of the transdgene was detected using a 4.4-kb Xhol fragnent derived fromthe
upstream regi on of gikh@ek-alatfeinald/Advere ombined Immunodeficient (SCID) mice

(IFFA-CREDO, L'Arbresle France) were used as the recipients of

hepatocytes isolated from male HIP/PAP transgenic mice or male

C57BL/6 mice (IFFA-CREDO, L'Arbresle France), to minimize any risk of

15 cell rejection.
Partial Hepatectomy and Brd Ipco lon in vivo.

Liver resection represents 70% of the total liver mass, as

20 described by Higgins and Anderson (Higgins et al.) in two month old

mice. Animals received one intra-peritoneal 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).



Al'l experinents, Including aninmal welfare and conditions for ani mal

handl i ng before slaughter, were conducted In accordance wth French 20

M nistry of Agriculture guidelines (dated 19 April 1988). MIk sanples M1k
was collected at day 13 postparturition from anaesthetised mce 25
previously injected with 0.05 U of oxytocin to stinulate mlk | etdown.
Mouse m | kyomaesgisbaut ed (1110) in 10 nM Tri s/ HC1 pH Bchephemossds CaCl 2, and
centrifuged for 30 mn at 40 000 g 3 The pellet was discarded and the
supernat ant was spun agai n under the same conditions. The supernatant or

| act oserum was used i medi ately for the purification of H P/PAP or 30 kept
frozen at 20 C. - . Purification of H P/ PAP; proteln fromtrans-genic nouse
m |k The resulting | actoserum (see above) was acidified to pH 4.6 by the

addi tion of acew& a&éré Gésu%edaaa‘ieﬁn S{dg I hédumt oents‘mfn H.c.mnn- The 35

precipitated mate wa v centrlfua P g for 1 h WO
2004/ 112824 PCTTeR @W&'Pog‘@%%“eg‘&? "ﬁ ?Pd Gagny,

France). The sugasdmd1G) amgnsﬂwseqfﬁsédooar&Mg mpmllferahgaaMt 1L of 20 nM
sodi um acet at e fyoplotic Operifielts fspeotivalyedn bPrirhariah pramedcsl@nweré ugation as

France) bef B'Pfeeﬁgﬁféﬁﬁd § /C IS QfiGnduobgrte, b9 1ld ARl 2 0P T
-previously equ?haﬂﬁ‘?daﬁﬁﬁl %ﬂaPW“?’G to e Plstasuier 30@\%@ doys: fFellolng 4. 8. The
f | owt hr ough wasatthichmantd ¢, celisdwere iR3edrionges aeld eottured vﬂﬂﬁﬂﬁ gdheNaCl in the

wor ki ng_buf f er w@auat&rnfaﬁmqgwﬁ@@emhha«oa@a rekzgasse 16 oS (5 igdndpsel i ne. The

| unm f1
4 PI PAP. cont ai nbHy  RF28 Falees ghpapoenipiigh §pn 6 A € f‘ﬁm &F o 140

sodiyum acet aife haurs, ainleas ofhprwisepspenified Ineth?)ﬂgurelﬁgemst Fer poliferaorHR 5/ 5 col um
equi librated wi bpeAmEntsths abidiufi was Slippletnehtet fwith 38,B'4riiBdotily#enihd OW hr ough was

di scarded and t £ ¥ t r ranging fromoO
to 400 mv NadCl ?% %%m%@ﬁ%agg\fﬁ’f W?@We cggﬂ%m% ﬁa@l %ﬂas 1 nmin and
1-nL 15 fracUo?@W@?'é%luﬂbﬁ‘gﬂ‘ PWN&@??@H@"%‘UHP%?'@KQGW%?AP wer e pool ed,
diluted in 1 vol. of glycerol and stored at 20 C

15 DNA synthesis in primary culture hepatocytes

To measure DNA synthesis, BrdU (20 mM) was added for the last
16 hours pri6r to evaluation. The hepatocytes were washed with PBS,
fixed, and rendered permeable in 30:70 acetic acid/ethanol solution at —
20 20°C for 30 minutes. Incorporated BrdU was localised using the BrdU
Labelling and Detection kit Il. Replicative DNA synthesis was measured
by scoring the percentage of BrdU labelled cells in at least 10 low
magnification microscope field for each sample (Olympus CK2). More
than 1000 hepatocytes were screened per well.
25

Cell viabllity and evaluation of apoptosis In primary cuiture
hepatocytes. ’

_ Seventeen hours after the addition of TNF-a, 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 csll
viabllity was quarttified using the MTT assay: 30,000 cells per well in a 96

35 well microtiter plate were treated with x pl (0,6 mg/ml) MTT solution,



Protein concentrations in the sanples were determ ned using the Peterson
protein assay. Denaturing pol yacrylam de gels in sodium dodecyl sulfate
de, SDS/ PAGE) were perforned 20 according to Laemi.
Coomassi e blue staining gels were scanned and quantified using an

(12.5% acryl am

| magemaster. An
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Liver Cell Isolatlon and Transplantation

Hepatocytes were isolated from two-month old male HIP/PAP
transgenic mice and male C57BL/6 mice, using the Liberase Blendzyme,
as previously described by Klaunlg and Renton. Viable hepatocytes were
purified using a low-speed, iso-density Percoll centrifugation method, as
described by Kreamer. Female SCID mice were anesthetized with
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 100pl of cell suspension (0.75 x 10® viable hepatocytes) in
Willliams medium (Gibco/BRL.). Reclipient SCID was held for 30 days to
allow sufficient time for the proliferation and reorganization of donor
hepatocytes into the liver parenchyma, before partial hepatectomy was
performed.

Evaluat_lpn of Liver Regeneration.

Animals received one intra-peritoneal injection of 60 mg kg™ body
weight BrdU in 0.9% NaCl 2 hours before dissection. They were
sacrificed 24, 36, 46 and 55 hours post-hepatectomy. Animals and livers
were weighted and BrdU-labelled nuclei were scored after incubation
with anti-BrdU antibody (clone Bu 20A) and revelation was performed

ggi ns and



m ce. Aninmals received one intra-peritoneal Injection of 60 ng per kg body
weight BrdUin 0.9% Nad for 2 hours before dissection. They were sacrified
24, 36, 46 and 55 hours post-hepatectony. Animals and livers were weighted
and BrdU-| abell ed nuclei were scored after Incubation 25 with anti-BrdU
anti body (done Bu 20A) and revel ation was perfornmed using the Universal
LSAB2 hor %0 2084/9p82per oxydase kit (Dako) with at | e®CI/ERD4/@e638agni fi cati on
(x 10) mcroscope fields for each |#ver slide (dynpus BX60). Mre than
1600 nuclei were screened per slide. 30 Hepatocvtes In primary culture
Primary nmouse hepatocytes were isolated from2 to 3 nonths old mce, as
previously described (Kiaunig at al, Renton at al) with Liberase Blendzyne.
Vi abl e hepatocytes were purified using a | ow speed iso 35 density Percoll
centrifugation neihhaice UaiwerdalsicSAB2chbréeyadidtr parowydaset kitu(Dako)\with(14/ 112824

PCT/ EP2004/ 0066 ket 38 1éapiragniialin 1010 kteuiesh hlas %7 4ueAiiven gigBt ai ni ng
penicillin, str @tonglgga@ unglll qurégo bci%l ne seruga al me n (0,1% and fetal
calf serum (104§, mpy  Mprg dnan, 1650 pucie) weti fgreengd RYSIGe, . o1 o1 i ferati on and
apoptotic experinents respectively In Primaria plates. Cells were s
mai nt ai ned ats; 37C i rHip/EARDsHifedeoRinTRRBIGH &fter Mépatattomeli um was changed
after attachnment to the plates ours. Following attachnent, the
cells were rinsed once and cultured with the sane nedi um containing no
serum and then expodResomginagt; HIRIBAR) retein, was ppdygedrapd pufied gSges of
concentration fmpesvidisly} describ@d i(Qlirista dtcat., 20000, and &vasadiltedrirs NaGh0.8ss ot her wi se
specified in the, figsr e i fermid r:1 s, the nmedi um
was suppl ement eé}\?‘;ﬁ @lr@ 66] ﬁ’@gmt:ﬁj@ggicﬁeﬁés ‘()%bqsgﬁég/f Bémg'gaqet hasone 10"’
VT sl 18pgRnine) wes ieciad fohe fRent i Sayse Gy ImroioDaTRRRLy g i
pyruvate 20 nmiM 48QI0)ceiceaB6 haafter pertialrhepatectomny. Thidranimals tvease Killech 8pri mar y
cul ture hepat oc\a@saflep patiaitiepatettdily.synt hesis, BrdU (20 mV) was added for the
| ast 16 hours prior to evaluation. The hepatocytes were washed wi th PBS,
fixed, and rendered perneable in 30:70 acetic add/ethanol solution at 20
20C for 30 minutes. DetectionofJirgnspianted Lixar Gells by RIRCR anglysis

15

RNA from frozen liver tissues was extracted according to TRIZOL
reagent (Life Technologies) supplied instructions. CDNA was
synthesised by 200 units Moloney murine leukaemia reverse
transcriptase (Promega) and primed with 400 ng random primers

20 (Invitrogen), from 1ug total RNA, at 42°C for 45 min, in the presence of
10 U RNasin, 1 x buffer supplied by the enzyme, 40 mmol I"! of the four
deoxynucleotides. PCR was performed with 40 amplification cycles of 1
min each at the following temperatures : 94°C, 60°C, and 72°C, from 1/8
cDNA , by using pure Taq ™ Ready —To-Go ™ PCR Beads (Amersham

25  Biosciences). Human HIP/PAP transgene expression was detected with
primers 19/101. Endogenous HIiP/PAP/Mo gene expression was
detected with 104/105 primers which from the mouse published
sequence of itoh and Terakoa ().

19 sens : 5’ cge ccc ggg atg ctg cct cce atg gec cig

30 101 antisens : §’ cge gaa tce gee cat gat gag ttg cac acc aaa ¢ 3'

104 sens : 5'cgc gga ttc atg ctg cct cca aca gectge t 3

105 antisens : 5' cgc aag ctt tta acc agt aaa tit gca gac ata 3’

HIP/PAP assays : western blot analysis,
35 Immunohistochemistry and ELISA Test.




Labelling and Detection kit It. Replicative DNA synthesis was neasured by
scoring the percentage of BrdU | abelled cells In at least 10 | ow

magni fi cati on mcroscope field for each sanple (A ynpus CK2). Mre than
1000 hepatocytes were screened per well. 25 Cell viability and eval uati on of
apoptosis In primary culture hepatocytes. Seventeen hours after the

addi ti on ovoJFwmitag24t he nonol ayer was 30 fixed w t h MCYBER200§006¢33al dehyde for
20 minutes at roomtenperature, st# ned with Hoechst 33258 (0,5 pg/m).
Apoptotic cells were exami ned at wavel engt hs between 350 and 460 nm usi ng
an A ynmpus BX60 inverted fluorescence mcroscope (O ynpus Anerica Inc.).
Loss of cell wviability was quantified using the MIT assay: 30,000 cells per
well Ina 96 35 well mcrotiter plate were treated with x pi (0,5 ng/m) MT
sol ution, WD 2004/112824 PCT/ EP2004/ 006633 33 freshly dissolved in nmedium

for 1 hour at 37C. T, i \ { spi ' O wer e added
to solubilize the dyﬂ’%’%?@%‘ﬁﬁ@? \?ﬂ%@u@agﬁ géﬁ%fja@%]tﬁ%r@gﬁ l%/sa Dynex MRX
96 wel | ni cr opllagtating drapegenicoyipeas deselined abepeeand gocargingto ChHgtaeteasur ement 5
was performed i ralguzo80upNestame blot canalysi®/ &P immunohistochemnistry hepmt ocyt es

di spensed on §NeeffadPhil Hre-iTEr &RABSGHAS of BldvioBbl] oucHbotenri 6! al ed by

taking the op sity ' r i 0 I's recehrlr a, I.cul ar
treatnment, divi#h ng%yr%"y'ﬂl‘fﬁ@gﬁa%)’e N@reciﬁs?@;disﬁﬁ aﬁﬂ%d‘ﬁlﬁﬁgg d, control
cell's and then testl in ptoprdagcewithOibe nEwwfasturess rinsifuciane (Dysabia,dani th t he
number of to apophglel Fraféd)! s Vi sualised using Hoechst 33258 validated the
accuracy of the MIT assay. Liver Cell Isolation and Transpl antation 15
Hepat ocytes were Isolated fromtwo-nonth old male H P/ PAP transgenic mce
and mal e C57BL/ 6 ni cActivationof thetransprplionfactordTMide, as previously

descri bed by Klaunlg and Renton. Vi able hepatocytes were purified using a
| ow speed, | SO- dedSidol oF fletRinscripfs falibi§iRTabse BRI by tRS TrafifiAM | Ded DY
Kraemer. Female 5@% rﬁ':lgtif)wgrr\cie b:; Wi\agge?neglgtzaen(gly\é\fs r;%Ejrformed as previously

described (Simon et al., 2003), with total anti-STAT3 and anti-phospho

15 STAT3 antibodies (Santa Cruz)

Liver cytokines expression

Liver cytokines expression were evaluated by RNase protection assay as
20  previously described (Tralhao JG, 2002)

APAP intoxication :

J 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-Meler method.

Statisticai anaiyses.

Results for hepatocytes in primary culture were expressed as
35 mean +/- SD, and statistical signifiance (P<0.05) was determined using
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The HIP/PAP transgene was specifically expressed in the liver,
and HIP/PAP-expressing mice did not develop livers tumours, after a two
year following. Immunohistolocalization analysis detected HIP/PAP
protein in the liver of transgenic mice as diffuse Intra-hepatocyte
immunostaining, occupying most of the cytoplasm of the hepatocytes
(figures 2A, 1 and 2). Staining was heterogenous and positive regions
were located either in centrolobular or portal areas of the liver acinus.

~ This heterogeneous distribution likely reflects HIP/PAP secretion, thus

hepatocytes could be either positive or negative before or after HIP/PAP
secretion respectively. HIP/PAP 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
2.10° celis). No difference in morphology and ploidy was detected

" between HIP/PAP-expressing and control hepatocytes by histological

exarmination (mouse hepatocyies were 80% binuclear after adhesion as
previously described by Leist et al.). HIP/PAP Immunohistochemistry
views of hepatocytes in culture showed that more than 50% of the
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 proteln loaded for livers and
hepatocytes (50 pg corresponded approximately to 50,000 hepatocytes).
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20 (Invitrogen), from1 pg total RNA at 42C for 45 mn, in the presence of
10 U RNasin, | x buffer supplied by the enzyne, 40 nmmol 1-1 of the four
deoxynucl eoti des. PCR was perforned with 40 anplification cycles of I mn
each at the followi ng tenperatures : 94C, 60C, and 72C, from1/8 <cDNA , by
using pure Tag TM Ready -To-Go TM PCR Beads (Amersham 25 Bl oscl ences). Hunman
H P/ PAP t vonmgenmexpressi on was detected with pri rerspridd/@esss Endogenous
Hl P/ PAP/ Mo gene expression was det¥cted with 104/ 105 priners which fromthe
nmouse published sequence of Itoh and Terakoa (). 19sons: 5'cgccccggggig
ctgcotcoc atg gcc ctg 30 101 antisens : 5 cgc gas tcc gcc cat gat gag ttg
cac ace aaa ¢ 3' 104 sans : 5'cgc gga tic atg ctg cct cca ace gcc tgc t 3
105 antisens : 5 cgc aag ctt tta ace agt aaa ttt gca gac ate 3' H P/ PAP
assays western blot analysis. 35 Imunohl stochem strv and EUSA Test WO
2004/ 112824 PCT/EP2004/006633 35 HIP/PAP proteln was produced and purified
fromthe mlk of 2 M - : By S NeE

according to Chrkgsiﬁgthahumarﬂﬁml’gﬂﬁgjeern bI ot anal yS| s and

i mmunohi stochem stry were s perfornmed with pre-H P anti bodi es, as previously
described (Christa at . al H P/ PAP | evel s wer assayed using a
sandwi ch ELI SA testTo fegt 'ad'e@rta%\as'l%gghg’@%?tr?@ lﬁﬁ ‘Eﬁ"dlf?'lﬁ’@'l‘ "S?Y?ﬁst ructions
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previously desg'PP”Bg‘a %l?l% plgeerg%@ 3;5}\ V\H fﬁ lnﬁ %ﬂt fmgszT3 and
anti - phospho 15’9@12@988&9& pastive Bed salistwerehigher ini HE’/'%R/%WWB@ expressi on
Li ver cytoki pes tigandih aia-type livers, edespitel thé@ lowdovehall bgsencp obhwmdi whithassay as 20

previously descrhageﬂo&ﬂgrgt'eaa@rdﬁem 8&9 ZaroﬁEAa'hbnﬁé}éerﬁ?gtebo& nuclel
incorporating BrdU were significantly higher in HIP/PAP transgenic mice
(median 33%; range 20-42%) compared to wild-type (median 18%; range

11-27%) (P = 0.0014), 46 hours after partial hepatectomy (figure 3 B).
15 To reinforce the hypothesls that HIP/PAP protein may act as Growth
Factor during liver regeneration, the time-course of the hepatic mass
restoration in wiid-type and fransgenic miice was established, after
hepatectomy (figure 3C). Animal and liver weights were measured in
normal non hepatectomized mice. The liver/body ratio of weight was
20 calculated and expressed as the average percentage + SD. There was
no difference in this ratio between the two groups: 0.0460 + 0,0064, n=12
and 0.0489 + 0.0035 n = 16 for wild-type and HIP/PAP transgenic 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
EuE 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 mitogenic effect in pri iture
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



25 -H P/ PAP transgenic mce and C571316 was I ntoxicated by a |l ethal dose of
APAP (1000 ng/kg), as described by Bedda at al., 2003 or Ferret P.J. at
at., 2001. Reconbi nant H P/ PAP protein (600ng or 1200 ng) was |ntravenous
Infected 1 hour before Intraperitoneal Injection APAP to C57B16 mce. The
animals were nonitored for 24 hours, and survival was 30 cal cul ated using

t he Kapl arwd/moerizsxet hod. Statistical anal yses. Resulpca/Eprtooséegat ocytes in
primary culture were expressed as 3 nean +/- SD, and statistical
signi fl ance (P<0.05) was determ ned using WO 2004/112824 PCT/ EP2004/ 006633
36 an unpaired Student's test. In vivo liver regeneration was represented by
the percentages of nuclei Incorporating BrdU using the box and whiskers
representation, and the statistical signifiance of differences between

HI P/ PAP transgen PleeBn nn 5 Wit ney
U-test (P<O0.05), © céa]i%’agc&% tdéata &&'ﬁutlogé%‘g&ﬂo@mn@gﬁrg% (Statview 5",
Abacus Concepts ex'B@Fﬁ@éW@)Pea rd 4.howrs aftef plating, WiePeri zati on of
human Hi Pl PAP t stimalatediby EGH (ﬁguresThA ahtl B’) MBU houxs) supan eerastaggssafi f i cal |y
Cunours. af Loy SUYBSsie 'z%w‘g AE Sem fRtopande e % & Qggt'?ﬁxeéﬁ& yoie
detected Hi P/5PAIf‘aB§Q9N9|aﬁ'd 8’%’8 T‘F%é?spgﬂv?'ﬂu@%h?)c%eeé’e WPt f use

| nt r a- hepat ocyt etimitlated raysSH@F,PWay synthesispyasrajsontigher it HIRBAR yhamgnasm of t he
hepatocytes (fiwgatpe Rébatob 8daP)r 145 ai & Hoveless Betieregenodsq,and positive

regions were |qca t uj ar of the liver
aci nus. 20 Thi s?%@%§3’8§e%‘t£e 66 OEE? a@%‘@ﬁn&ﬁ EﬁF?R ffa cts%ﬁflﬂl PAP
secretion, thus sighifipancgcyMhes h@B@IPWteéé”eé? natestinyiaied PX/@’ ageti ve before or
after H P/ PAR Wmomuraﬂmwaetm%eﬂ ¥(n =8)BhEAR :ps(rtevnn\tvassmﬂncr eted into the

se(rjum 525?hng/ r;t.‘ dt Qild- % g9t &n arms 0 3 24/ %nd 27, -
21105 cel l's). NP méicampn-ﬁfi{aﬁ% § ¥ g Fesiely getrﬁeni& d
was therefore tested whether it might act as a paracrine mltogenic factor.
When HIP/PAP protein (40 ng.mi"') was added to wild-type hepatocytes,
15 EGF-induced DNA synthesis increased from 16 + 4% to 24 + 7% (p =
0.0168; n = 8; figure 4C). These resuits showed that HIP/PAP was a
mitogenic factor for hepatocytes in primary culture. The mitogenic effect
of HIP/PAP on hepatocyte proliferation was thus demonstrated both in
vivo and in vitro.
20
Example 4 HIP/PAP_anti-apoptotl ct against osis
induced by TNF-a + ActD In primary culture hepatocytes.

It was next examined whether the HIP/PAP mitogenic effect was

25 associated with a HIP/PAP antiapoptotic effect. Rat hepatecytes 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 iow as 0.05

30  pg/ml, despite ActD (0.05 ug mI™) 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-a, and 60% versus 27% for 20 ng mI''TNF-a, (p<0.0001). The

35 LDso for TNF-a was over 40 ng ml”" and 1 ng mI" in HIP/PAP and wild-
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exam nation (nouse hepatocytes were 80% bi nucl ear after adhesion as

previ ously described by Lelst at al.). H PIPAP I mmunohi stochem stry views
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hepat ocytes from H P/ PAP transgenl asm ce (figure 2B). HI P/ PAP protein was

not detected in wild type mce. Actin hybridization allowed an accurate

estimation of the 50 pg protein |oaded for livers and 35 hepatocytes (50 pg

corresponded approximately to 50,000 hepatocytes). 0 WO 2004/112824
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15 hepatocytes isolated from HIP/PAP transgenic mice.

An in vivo expen'mentél model was set up to test for the effect on
overall liver regeneration of HIP/PAP expression in a minority of liver
cells. Liver cell transplantation of hepatocytes isolated from HIP/PAP

20 transgenic and C57BL/6 mice was thus performed, and then the extent of
liver regeneration after partial hepatectomy was tested in the SCID
recipient mice.

Two complementary approaches were used to assess liver cell
transplantation. First, advantage of the human HIP/PAP transgene

25 expression was took.to monitor the fate of transplanted liver cells, by
using immunohistochemistry with HIP/PAP antibodies. A semi
quantitative estimation indicated that transplanted cells constituted less
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



respectively. Liver recovery was higher in the H P/ PAP transgenic than in

w ld-type mce, 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
i ver weight recovered to the sane percentage in both wild-type and H P/ PAP
transgenic mce. Exanple 3 H P/PAP mtogenlc effect In primary culture 30
hepat ocyt gy JohyQisder to further Investigate the enhapemeiobd66dss F €generation
observed in vivo after hepatectony jn H P/ PAP transgenic mce, primary 35
cultures of hepatocytes were used to evaluate a H P/ PAP mtogenic WO

2004/ 112824 PCT/ EP2004/ 006633 38 effect. Hepatocytes derived from H P/ PAP
transgenic and wild-type mce exhibited two peaks DNA synthesis, 60 and 84
hours after plating, when stimulated by EG- (figures 4 A and B). At 60

hours, mean P oot et SrehdpiBZh L dale ﬂé?é’i’éié& bff Sstfiifiort 170 (n=19) and
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t 11% n = 4,  1iRSRIeh Hﬁlll\Yeratfe é‘rferaﬁl@n NéteF phrtal ﬁM&&brﬁ)h'w%réj'tﬁef‘\erence di d not

attain significance. gs rtﬁ g drrul ahed b&% IGr owt h Factor,
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therefore teste o actor. en
H P/ PAP pr ot ei nq\e%&}ep%es?ﬁn%g%gg cén@'ﬁ\eé‘ b?ﬁ"?q%ed'l'ﬁ"{ga% Wg&% 15
EGF-i nduced DNA Ykt \r-ﬁ%rgﬁég"!ﬁ%fﬂtb(é!!,@?rff}@ﬁtplﬁaf mca%qnapeme d¥er=  0.0168; n =
8; flgure 4Cho  detiss from dmnsgenicsHiBA® (Flgate GB)PBEAPinwponaﬁomanalygsm c factor for
hepat ocytes In Rfe'erﬁﬂe‘ﬂ AW Eﬁgr%anfgh?epﬁieﬁt@W'anc tmarlégd H:rg)éseAP on
hepat ocyt e prol (Faggg}log strgé } ‘ |5)'§1nd In vitro.
20 Exanpl e lar, BN |s u%ﬂ"f er{sp giarers © og FLPA

expresslng hepatocytes Thus the transplantation of 750 000 viable

hepatocytes was sufficient to increase liver regeneration. Standard

15 histological examination of the liver did not reveal any obvious
morphological changes.

Example 6 Liver regeneration is stimulated in mice b
administration of HIP/PAP

20

It was tested whether the injection of purified HIP/PAP might have

the same effect as transplantation on liver regeneration. The weights of

remnant livers were compared 8 days after partial hepatectomy in SCID

mice that had been injected 36 h after partial hepatectomy with 100pi 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 reqgeneration 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 mitosls, 46 hours after



i nduced by TNF-a + ActD In primary culture hepatocvtes. It was next exam ned
whet her the H P/ PAP mtogenic effect was 25 associated with a H P/ PAP

anti apoptotic effect. Rat hepatocytes in prinmary cultures were not
sensitive to cell death caused by TNF-a treatnent alone. Instead, they die
t hrough apoptosls after exposure to TNF-a conbined with a | ow dose of ActD
(22). MougR hGRMsecyte cell  death was induced by Thcrapfeigeésasd W th an

Act D dose'as low as 0.05 30 pg/m, gespite ADD (0.05 pg m-1) alone did not

i nduce any loss of wviability (Figure 5B). it is shown (figure 5A) that
hepat ocytes expressing H P/ PAP resisted TNF-a + AdD - | nduced apoptosis
after a 16-17 hours of treatnent. Cell survival reached 75% versus 43% (p <
0.0001) for 2ng m-1 TNF-a, and 60% versus 27% for 20 ng nr' TNF-a,

<0.0001). The 3s: TNE- ' nm' In
I(-llloPI PAP a)nd W | 8%3’5%’8?%@’@ @!;f %ﬁ@%@g/@g %%g\ cfbggeei%@gat ocytes,
respectively. Presioration: Refhe Jyer wpsss WSt pbssyRY 4 hruss epi’t@ADf mk (50pM
conpl et el y prevdspatectdmi;- aithbughu theddiferehce deatriof statistically dignificantg t hat this
process occurs ‘(?ﬁédbﬁlaﬁibggl?’bﬁca%@% R&UrS is tod bariP® oBsade 8cBMdicief Whet her dyi ng

call s exhibited y |@ eattHes ofetg apo|pt 0si S. V\hemlﬁhned W th
Hoechst 33258 MARAFPDI BeL PSS JTMHVely Saore c 808N s BEeRTH , fragmented
nudei and apopt dndotporatidn gp<0.02)eansia sumberapl eitosis | (9<@04) imoHIP/RAR f eat ures of
apopt oti c bodi esnjygdemesgani zed in  "rosettes” characteristic of the

hepat ocyt e apopt osi SDiLtﬂﬁﬂ@ﬁ? gfy iﬂ-&l'?@]o?aﬂo Flogubpdlﬁcgn VmF&isHl \ﬁérgAP protein (40
ng m's) was added to W1 d-Type 1 0 hepal oCcyt es, proc{ ecti1 on agai nst 20 ng

nr' TNF-a + Act D hetpsrgenousyp9 asgessed by thagifferencasdn meansrandseediasaindenonst r at e

t hat Hl P/ PAPipareatly groap obmize il Ushig-the median ¢abt (wihight is ah @application ofar y
hepatocytes. EXaplrngr bkatPfesh)SRIRE' Bhoh Valstod thel hib aflodtdy Wie DY 1

hepat ocyt es | sol %}g rom_HI P|'"PAP tr@&&%ﬂf cqﬁpécrg. n_I.n V|Ivo experinental
nodel was set uﬂ'ﬁ ceprepateq A aroup: y ol fom mice: IeS¥dner at i on of

H P/ PAP expr essivith Na@l.4Tablewdrity of liver cells. Liver cell transplantation
of hepatocytes isolated fromH P/ PAP 20 transgenic and C57BU6 m ce was thus
per f or med, a?Sd t hen {.Jiﬁ:elextent of

BrDU positive nuclel (%) Mitotic hepatocytes (%)
NaCl HIP |combined| NaCl HIP |combined
n 16 15 3 16 156 31
mean | 12.669 | 22.313 | 17.335 0.525 1.567 | 1.029
median | 7.300 | 23.000 | 15.800 0.000 0.7200 | 0.000
P-value 0.0038 0.0113

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 analysls of mice populations according to BrdU
associated to mitosls 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.



| iver regeneration after partial hepatectony was tested in the SLID

reci pient mce. Two conpl enentary approaches were used to assess liver cell
transpl antation. First, advantage of the human H Pl PAP transgene 25
expressi on was took"#o nonitor the fate of transplanted |iver cells, by
usi ng i nmunohi stochem stry with H PI PAP anti bodies. A sem quantitative
esti mati ogohmdinskied that transplanted cells constirqIErdoodsesss33 t han 1/ 1000
in the recipient livers. Mreover, 4H P/ PAP expression was shown it a
limted nunber of liver cells without preferential distribution in 30 the
i ver sections (portal or centrol obular area). Second, it was took

advant age of the presence of the human HI P/ PAP sequence to perform

RT- PCR. , Human HI P/ PAP expression was i ndeed detected In recipient SC D

liver, before parti cnal @ctomy - this, canbir 0l 06 o Ld =
transpl antation Nbri,a et J:“"l‘*k SN -v J a%n% k S the 35 |iver
section obt ai neSTAE3 franscription ; fagtor quning the,ime..course 101 JN6E o5y ts WO
2004/ 112824 PCTyelbnéragéf06633 40 denonstrated that transplanted cells
persi sted upon stinulation of recipient |liver regeneration and retained

ene expression. The effects of the . intra | c inmplaptatj.on of liver cells
goncern?ng fhe ext EWP" rggerjerafigp h?%%eﬁ?e?"ﬁlepgﬁa‘é\\#‘%ra%gélr'gicglf’k'ﬂ%spat ectony were
then s assesseid.ordenty ipiiate thechepataryles to enteptheiGilphase erthgcelkgysleaf t er parti al
Pepat eft ony 8 houRdbr Fohtfdl loR11.-8, s SRATS irdhstription DR S plesspRdrplated:i ce o)

ranspl anted w [ n ure
Mor eO\F/)er, t heseg&l’l%téelf%g%%l%agegﬁg}tégn@'gﬁgg 1"{;\{'/&@;9#a E\Xgélb\gﬁrtg}sﬁgé E{;-grrent s, which
wer e si gni fi canTNFrafi&expressian pad$ A BACtvAtiR isidelateriousanddelaysthe | i ver to cells
from transgemi ctihé-Béurdd of FregemeratidiB)the Bffebt) of rt4IP/RAGT ahiliver aytaltinesi s  per f or ned

48 h after Partia)nges'af%H%&BBWacﬁM’ioﬁ 1'*Ar1*3‘h%|§|’i5g§ ligeéﬂ SbEarths | N cel lul ar
DNA synt hesi s uE ntr %{&aﬁl antatign af urrEn I - 'géﬁ\r,ﬁés] [}g hepat ocyt es.
Thus the transpfRltR: CHRKRE eXBEseoR 1 the dvernah 30,06 B @i ficient to
| ncrease |iver hepatactomy) i and. alrad@ichodrsi of ISCID omisgi trarisplentadi with i on of t he
liver did not rQygEAP ayifsudbbitteh hePBtbG/se BEs ChdenC Ramp&AEd. Rnase
15 protection methodology allowed to compare in the same experiment
lymphotoxin-B (LTB) , TNF-o. and TGF-B in a pool of 4 liver extracts
(Figure 10 ; HIP/PAP transgenic mice lanes a and b; SCID mice lanes ¢
and d) at TO (lanes a and ¢) and at T46 hours post PHX (lanes b and d).
Densitometric analysis quantified the slgnals which have been
20 normalized versus two house keeping genes (L32 and GAPDH). The
results showed no difference in the hepatic expression of TGF-B when
transplantation was done with HIP/PAP or control hepatocytes : at 46
hours post PHX, TGF-B increased at the same extent. On the contrary,
the expression of LTp and 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 fransgenic and C57BI6 mice. The
- -accumulation/degradation time course of nuclear phospho-STAT3 was
activated in HIP/PAP transgenic 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,



Exanple 6 Liver regeneration is stinulated In mce by admnistration of

H P/ PAP 20 It was tested whether the injection of purified H P/ PAP m ght
have the sane effect as transplantation on |iver regeneration. The weights
of remant |ivers were conpared 8 days after partial hepatectony In SLID
m ce that had been infected 36 h after partial hepatectony with 100pi of 25
purified Md0RAR8600ng per mice). The results presegteekoomoéssgure 7
indicated a 10% I ncreasing of liver#dweight in mce Injected with H P/ PAP
conpared with that seen In mce injected with PBS. This observation
denonstrated a mtogenic paracrine effect of H P/PAP protein in vhro. 30
Exanpl e 7 Liver regeneration and mtose are stinmulated In C57BI6 mce by
adm ni stration of H P/ PAP The effect  of the H P/ PAP protein versus saline

njected | MTedsEhPs YeRbih whdbadciy |$Wd?%s/@|§tiﬁ>wpﬁAPer3ﬂnGC the

restoration of epati c naes ncor por ati on and mtosis,
46 hours after We\/@‘% 4F§1328'24?S 013"2/r %ﬁered’f"%é hepat ect ony,
has been conpar vidualigdd hyrwessem biet analysisawith Ianﬂ-'Sﬂ'éT3rRt©snhoada’tem of the liver
mass was observg,q{,be,&egqﬁgu&ﬁter partial -hepatectony, although the

di fference was not statistl cal ly significant (p=0.08) probably because 46
hours is too earl y to observe a consi stent 5 Increase |n I|ver Mass.
However, there are &XaME PAP 52 " ' RINSY OF and nunber of

mtosis (p<0. 04!ndubed-ﬂu¢R{tE’n¢Férfall_qrect ed m ce. D|st ri but i ons of i ncor por ation
of BrdU and mtosis were heterogenous,. as assessed by the differences In

A M TN T R T M e
injected with riévaRAP expsrimentaht eahiraalgr oagelst aonsgstingal loff cARARrent from nice
injected W th NalamidopRéH)Sntoxication.TAPAR dverdose leads to the increased
production of NAPQ1, a highly reactive metabolite that depletes the
intracellular pool of GSH, a non-protein thiol with both oxidant scavenger
and redox regulating capacities. Consequently, during APAP intoxication
15 in the mouse, toxic reactive oxygen species (ROS) are generated ieading
to acute liver failure. A large single dose of APAP in the mouse, as in
humans, can cause massive centrolobular parenchymatous destruction
and hepatocyte death. The therapeutic activity of HIP/PAP protein in a
mouse mode! of APAP-induced acute liver failure has been investigated.
20 For this purpose, the resistance of HIP/PAP transgenic mice against a
lethal dose of APAP injected in wild-type mice has been tested. Drug-
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 (APAP4gq0) diluted
25 in 200yL sterle 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 treating liver faiiure, 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




BrDU positive nuclei %9 Mtotic he patocytes % NaC H P conbined NaCl H P
conbined n 16 15 31 16 15 31 nean 12.669 22.313 17.335 0.525 1.567 1.029
medi an 7. 300 23. 000 15.800 0.000 0.7200 0.000 P-value 0.0038 0.0113 To
characterize the benefit of H P/PAP on |liver regeneration, the 20 nodel of
the nedi an test has been used to classify the mce in four nom nal groups
accor di ng wo 26olyer2e&29nbi ned nedi an for BrdU and m t osigocT/EpRéok/déEn 9) .
Statistical analysis of mce popul a4 ons according to BrdU associated to
m tosis has shown that nore H P/ PAP-injected mce were positive for both
BrdU nuclei and mtotic hepatocytes (liver In S/M phase 25 of the cell
cycle) than saline-injected mce (p=0.01), suggesting that HI P/PAP could
accel erate hepatocyte progression through the cell cycle. | WO 2004/112824

pet/ EPZOgLTl/A $g66%§0ng43/15>éﬁ&r§,‘19 Hip/PAPIAEN iogha el ¥Bétef WiceisdRBaand activation
?egfangratlon tSr%r‘]’\%gt °$e&gﬁgb@? %whﬁréd ?ﬁobg%’tﬁpgﬁagf%raﬁﬁﬁ &" In\(;eIrL 6

cytoi dnes in orijested mpice pirvived, cesppaivelibpat ocytes to enter the GL phase of the
cell cycle. Under control of IL-6, the STAT3 transcription factor Is
phosphoryl at e? pever, the
persi stence o

del ays the io tileaa-tesminxive : ; ANSC) :
cyt oki ne expressi on and on the actlvatlon of STAT3 has been i nvestigated.

In this contexiy, %Yﬁdj&igﬁﬁle%*wrﬁﬁléﬂn rﬁvérrbeil??oh"ei'éﬁ%ﬁ h@b all ) e aﬁb‘x (partial
hepat ect ony) and after

versus control H&YS 8@“&%?03 ?I'Bae'@lf tg %P'@%”ﬁ%‘ﬁﬂ '\9 tlglnpl il
met hodol ogy &l | gieritot anycasiministeatiom Ewwmg@aieoemgememce exprasisingoxi n- (3 (LT(3)
, TNF-a and TGFHamaf HIP/PAP|geRd ufddri sithér tR bfoatter of the mouse albumin

gene (two strains) or the promoter of the mouse metallothioneine gene

(two strains) have been developed. Both models target HIP/PAP gene

expression in the liver and secretion of the HIP/PAP protein in the blood.

15 None of the HIP/PAP-expressing mice had developed liver (or other)
tumours, after a two-year follow-up period.

Example 11 : HIP/PAP delays HCC development In predisposed
transgenic mice

20
The effects of HIP/PAP protein on a model of liver carcinogenesis from
the long-term follow-up of bi-transgenic mice has been investigated. The
HIP/PAP transgenic mice (metallothionéine promoter) were crossed with
WHV/c-myc mice in which the liver-specific expression of c-myc driven

25 by woodchuck 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 oncomlice (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)



(Figure 10 ; H P/ PAP transgenic mce |anes a and b; SCID mce |lanes ¢ and
d) at TO (lanes a and c) and at T46 hours post PHX (lanes b and d).
Densitonetric analysis quantified the signals which have been 20 nornalized
versus two house keeping genes (L32 and GAPDH). The results showed no
difference in the hepatic expression of TG--p when transplantati on was done
w t h H P/ P&B2am/1n2eeat r ol hepatocytes : at 46 hours peStERZiMN06Esa- P | ncreased
at the same extent. On the contraryg4s the expression of LT( and TNF-a (both
cyt oki nes belongs to the sane 25 functional famly) was inhibited in the
SCID livers transplanted with H P/ PAP hepatocytes. These results show t hat
H P/ PAP inhibits hepatic TNF-a expression in SCID |iver. Rnase protection
met hodol ogy did not allow detecting 1L6 expression  during the |iver

regeneration of tHype BADevid¥NOE Y&t Moxidi e:unﬁ@ﬂieuaeg-teﬁn@amm&rauai bpn of the
transcription faﬁlbﬁfAPSRﬁ?-';é?\fé?% ?gﬁpgidgt{&?t&%ce% cqn @éﬁ’ Ifi/ |,ansgenl c and

C57BI 6 mi ce. The = accunu 1on time course nuc ear

phospho- STAT3 weeance[dianggepicdnicehasibepiopsepednsgeni ¢ ver sus C57BI 6 mi ce,
during the first 24 hours after PHX (figure 11). Activation was detected as
soon as 1 hou% 35 post PHX in H P/ PAP but not In C571316 mce (p= 0.02).

Mor eover , 004/ 112824 PCT/ EP2004/ 006633 43 STAT3 activation was back to
| ower 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 blot analysis with
anti - STAT3 phosphorylated antibodies. (figure 11) 5 Exanple 9 H P/PAP Is a
protective drug agai nst APAP- induced acute |iver failure The induction of
human acute liver failure could be mmcked by a to relevant experinenta
ani mal nodel, consisting of APAP (acetam nophen) intoxication. APAP
overdose |l eads to the Increased production of NAPQL, a highly reactive
netabolite that depletes the intracellular pool of GSH a non-protein thiol
wi th both oxi dant scavenger



and redox regul ating capacities. Consequently, during APAP intoxication is
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 nassive centrol obul ar parenchymat ous destruction and
hepat ocyte death. The therapeutic activity of H P/PAP protein In a nouse

nmodel of {gARuhgsuced acute liver failure has been pgyRShimadssd. 20 For this
pur pose, the resistance of H P/ PAP gransgenic mce against a |ethal dose of

APAP injected in wild-type mce has been tested. Drug- induced acute |iver
failure was achieved in 24 H P/PAP transgenic and 24 C57/bl16 mce (12 mal es
and 12 fermales In each group) by the intraperitoneal injection of a lethal
dose of 1000 ng/ M (APAPto) diluted 25 In 200pL sterile phosphate buffer
saline. The survival tines showed that 80% of H P/ PAP transgenic m ce

(rmal es or females) gupvived for nore than 24 hours, versus 25%in the

w |l d-type control g : ese results show that H P/ PAP pratein is a good
candidate for clinical therapeutic applications ainmed at preventing 30 and
treating Iiver fai I u\bergeltorowwessasasnmammb@mdscmeBmmener ative and

| tat t
pia\r/:cfl ﬁeu;r tec | on 'ﬁ\? %B%%Egémsﬁég 1995202{%@&%&%%8?%]@1{!&%;’?2; Vﬁ P/ PAP
protein has beefv§tajogeapbig sudy ¢f ! Eg [}L”"I%H IR gyqrexpressad i) 6 1 hour

bef ore APAP. Thprimarg liver sardsrss ActaSaystallofyy SeBidkGrystallogt 551487189 e pr ot ecti on of
HI Pl PAP protein: for W) 2004/112824 PCT/ EP2004/ 006633 44 600ng, 4/10 and

2/ 10 HI P/ PAP-i nj ect al i e _Survi ectively; for
1200ng, 8/ 10 and 2/ %ﬂ qqqﬂ/ fﬁj(t@bgﬁggﬁaﬂe f’%‘g Y %pgtgg ?ﬁ] ce survived,
respectivel yl0 5683(arrpl e 10 HI PI PAP protein exhibits no toxic effects during
the long-termlin vivo follow up of H Pl PAP-expressing transuenl c mce Any

drug capable of sti b@%ﬁ]@gc}obggrracp yﬂ*o%ébﬁra& tential to

i nduce cancer, so t e’ ri etermned to

0
prior to any adfahtsBr 5PPB@CT@O?%D£EW@? th‘& ﬂ‘?'?,"t E’ B€pressing  human
HI P/ PAP gene unsigplementedrdigtipeotaeod affectivelyindudes omlwsls il rbouse diver.

15 Hepatology 34, 519-522.
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gene (two strains) or the pronoter of the nouse netall othioneine gene (two
strains) have been devel oped. Both nodels target H P/ PAP gene expression in
the liver and secretion of the H P/ PAP protein in the blood. 15 None of the
Hl P/ PAP- expressing m ce had devel oped liver (or other) tunours, after a
two-year followup period. Exanple 11 : HI Pl PAP del ays HCC devel opnent In

pr edi sposex 2004/amueni ¢ m ce 20 The effects of H P/ Barmptoai/esedson a nodel of
| i ver carcinogenesis from the |long4termfollowup of bl-transgenic mce has
been Investigated. The HI PIPAP transgenic m ce (netall othionel ne pronoter)
were crossed with WHV/c-nmyc mce in which the |liver-specific expression of
c-nyc driven 25 by woodchuck hepatitis (WHV) regul atory sequences causiver
cancer in all animals Terradillos at al. (1997) Survival curves showed
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52 O ai meonsisting Rhthe@EINe @sid seayrncet $taringoat the; amm aﬁlg residye 36 and
regener at i t¥ ?mnrﬂ%&&' n%?d@%li% of @H#&WF@N'“I OWIAdffbﬁ’WIth at_
a epti de Cco an

conprising an-e I've ano po am no acid
sequence Heastoge@hy$lebgtca9mrcmptabjeaxcwjlentient ity with the pol ypepti de
consisting of the am no acid sequence starting at the amno acid residue 36
and ending at the am no acid residue 175 of sequence SEQ ID N1, in

combi napi @NpNarhfacalticdl @8Miposiien RBYSdMIgasictdam! ¥ cah pASIhG BhefRétveaMBUNt of
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.

3. A pharmaceutical composition according to claim 1 comprising an effective amount of
a polypeptide comprising an amino acid sequence having at least 90% amino acid
identity with 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.

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.

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.

6. A pharmaceutical composition according to any one of claims 1 to 5, for treating
patients having endowed a liver resection.



2. A pharmaceutical conposition according to claim1l conprising an effective
anount of the pol ypeptide consisting of the am no acid sequence starting at
the amino acid residue 36 and ending at the am no acid residue 175 of
sequence SEQ ID N1, in conbination with at |east one physiologically

accept abl e excipient. 3. A pharmaceutical conposition according to claiml
conprising an effective amount of a pﬁgl ypepti de conprising an am no acid
sequence having at |least 90% am no acid identity with the pol ypeptide
consisting of the am no acid sequence starting at the am no acid residue 27
and endjng at the amno acid.residue 175 of sequenc EQ.I D t in..
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accept abl ?'% g‘xtzo:gpé\”gmd Q/ér s, gfehﬁ@na%@u%mﬁ c%tlinog é?lo(oﬁs'g@ég’rg ghf@ééﬁfal m 1
conpri si ngaaceref f ecti ve anount of the hunman

hepat ocar ci noma-i nt esti ne- pancreas /pancreatic-associ ated protein (H P/ PAP)
of sequence SEQ ID N1 in conbination with at |east one physiologically

accept agl e 9h§ﬂnﬁ>amhca|6corﬁpmmaewain§aﬂo aRyTRABI df @aquorods Nepritpedting one
of claims 1 to 5, for treating patients having endowed a |iver resection.
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carcinoma and Cholangiocarcinoma, Acute/fulminant liver fallure, Budd-Chiari
syndrome, Alpha-1-antitrypsin deficiency, Wilson Disease, Hemochromatosis,
Tyrosinemia, Protoporphyria, and Cystic fibrosis.

9. A pharmaceutical composition with limited adverse effects on liver necrosis
comprising :

(i) atherapeutically effective amount of a hepatotoxic compound, and

(i) an effective amount of a polypeptide according to anyone of claims 1 to 5.

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

11. The composition according to claim 10, wherein the hepatocytes consist of dividing
hepatocytes.



Chol estasi s, Non-Carciniod neuro-endocrine, Drug induced liver failure,
benign liver tunor such as focal nodul ar hyperplasia Liver tunors such as
Hepat ocel | ul ar carci noma and Chol angi ocar ci nona, Acute/fulmnant |iver
failure, Budd-Chiari syndrone, Alpha-l-antitrypsin deficiency, WIson

D sease, Henochromatosis, Tyrosinem a, Protoporphyria, and Cystic fibrosis.
9. A pharmaceutical conposition with l¢g4nted adverse effects on |iver
necrosis conprising : (i) a therapeutically effective anmount of a
hepat ot oxi ¢ conpound, and (ii) an effective anmount of a pol ypeptide
according to anyone of clains 1 to 5. 10. A conposition conprising

hepat gci{ii.?@ cbrﬂpﬁﬁﬂm B%PﬂﬁnthBa@ ?@Exmweﬁeéﬁgﬁngfé%é Rith %HB(ér?](BFésgfond ai ms

C
1to The conposition according to claim10, wherein the hepatocytes
consi st cagfsetie ¢hatidiiyes thepaxpressios of a mlypeptide Aceardingdptanyane ofrplainas Ado

hepat ocyt e t ransfected with an expression cassette that
drives %ﬁﬁ%&g@ggggﬁeg?{%gy%& ypepti de according to anyone of clains 1 to 5
in said transfected hepatocytes. 13. A conposition conprising an effective
amount of bone-marrow stemcells in,_ conbination with a po [

I, ] Vgept d? ,
accor di F@ fbc_ﬁmﬁ@oﬁf CRMAr$Eg 137 oefse.ct'!ex.amowﬁapfm&%@rme PWe: fed<selisoff f or
stimul fiébrﬂginhtid(r?ﬁv(i}ﬁ %gﬁiWe?iHQ'&cb&dlﬁcht& BRE bfLias 1o 8T f ective anount of a
Ing to an | ai

conposi tion accor yone of 10 to 13. 15. A process for
stinmul ati ng hepatocyte grow h or inhibiting hepatocytes apoptosis in vitro

an bopr dar Bpafhaceied AR e G Bhieg WergbastBlo R h a78 FobEREREAF 25 '
ef f ect i gffective @hioudt ofa RoMpREitibh decordingtdiangoh® of clane¢0 ed 18] aims 1 to 5. 16.
The process according to claim15, wherein at step (c) the said hepatocytes

are treated with a mtogenic amount of a polypeptide according to anyone of
i bi g SRSy SRR toB S Bl SOITRRATIE RpRofresidpoplasts in
hepat ocy#resomprising :

(a) collecting hepatocytes;

(b) cultivating said hepatocytes in an appropriate culture medium ; and

(c) treating said hepatocytes with an effective amount of a polypeptide according to

anyone of claims 1 to 5.

16. The process according to claim 15, wherein at step (c) the said hepatocytes are
treated with a mitogenic amount of a polypeptide according to anyone of claims 1 to 5.

17. A process for stimulating hepatocyte growth or inhibiting hepatocyte apoptosis in vitro
comprising :
(a) collecting 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 hepatocytes.

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



(b) cultivating said hepatocytes in an appropriate culture nmedium; and (c)
transfecting said hepatocytes with an expression cassette that drives the
expression of the H P/PAP protein in said transfected hepatocytes. 18. A
process for treating bone marrow stemcells in vitro conprising (a)

col l ecting bone marrow stemcells; (b) cultivating said bone marrow stem
cells in an appropriate culture medium®d and (c) treating said bone marrow
stemcells with a mtogenic anount of a polypeptide according to anyone of
claime 1 to 5. 55 19. Use of a pol ypeptide according to anyone of claiml
to 5 to manufacture a pharmaceutical conposition for stinulating |iver
regener 49i &isei af @ pelypepide @ecarding fo Royoreafoalaimneb3e 5.1ta reanybasiore & STI NG
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<211> 175 <212> PRT <213> Hono sapiens <400> 1 Met Leu Pro Pro Met Ala Leu
Pro Ser Val Ser Trp Met Leu Leu Ser 1 5 10 15 Cys Lou Met Leu Leu Ser Gn
Val AGn dy Gu Gu Pro dn Arg Gu 20 25 30 Lau Pro Ser Ala Arg Ile Arg
Cys Pro Lys Ay Ser Lys Ala Tyr dy 35 40 45



Ser
Asp
Ser
Asn
Thr
Asn
H s
160

Hi s
Leu
Ay
Ser
du
Tyr

Cys Tyr
Al a Cys
Ala du
Tyr Ser
Pro Asn

Cys Al a Ser
Tyr Asn Cys Asn Val Arg Leu Pro Tyr Val Cys Lys Phe Thr Asp 165 170 175

SEQUENCE LISTING

Al a Lou

dn
Ay
Tyr
Ay
PRo 20b47112854

Leu

Lys
Ser
Val

du
Au
Ser

Phe
Arg
Phe
Trp
Ay
Arg
Arg

Leu Ser
Pro Ser

Val

Ser
lle Ay Leu
Trp Au Trp
Asn Pro Ser
Ser ThripAl a

Pr

Ay
Ser

0 Lys

Asn
Leu
Hi s
Ser
Thr
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