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FI ELD OF THE | NVENTI ON The invention relates to the diagnosis of

hepat ocelwoloanowas ci nona. In particular, the invention r@CIt@EOINGS2

anti bodi es and nethods for determining the |I|evel of glypican-3 as a marker
for hepatocel lul ar carci noma. BACKGROUND OF THE | NVENTI ON Thr oughout this
application, various references are cited-to describe nore fully the state
of the art to which this invention pertains. The disclosures of these
references are hereby incorporated b ref erence |nto the pr.esent
di scl osure. Hepat ocel DIAG Lz yELEULA RCINOMA, sol i d- or gan
tunor in the world, being responsible for nor e than 1 mllion deaths
annually (Parkin, et at., (1999) CA Cancer J. din., 49:33-64, and kuda,
et al., (199BJELD ma')pHEsllijﬂTm Liver in Diseases of the Liver, 7th
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i ndicate tha e death rate from I'n men has nearly doubl ed over t he

| ast 15 year kvelldfegldigicamg3apha osarkér fopdiepatacellular isatdinemmahepat i ti s suggest
that the incidence will double again in the next 10 years (Zou, et al.,
(2000), Can. J. Gastroenterol., 14:575-580). HCC is usually asynptonmatic at

early stagespAtkSROEGND GRITHRINVERNTION for intravascular or intrabiliary
i nvasi on, evem wien tne primary tunor 15 small (Fong, et al., (2001),

Cancer of the Li vEhroughosi thissappliTatian, variousreferenceparaeitesl loglescibact i ce of

advanced st aBrai e S0 81 b o ol b enbion PitalS AFREIS 1088 o7V ocs

are found toteRereResicER e Merddigintoreratéd by defepsras |ﬁtdﬁemeseﬁt al .
(2001), Cancer of the Liver and Biliary Tree in Cancer: Principl es &

Practice of diselosd®y, 1162-1199). More recently, with the advent of HCC
screening prograng. bic il @PR5Hding (HE2 §8 ot EdfrAliEsolid-organ

tumor in the‘world, being responsible for more than 1 million deaths annually
(Parkin, et al., (1999) CA. Cancer J. Clin., 49:33-64, and Okuda, et al., (1993),
Neoplasms of the Liver in Diseases of the Liver, 7th edition 1236).

The incidence of HCC is increasing in most Western countries (Deuffic,
et al., (1998), Lancet 351:214-215). Although good epidemiological studies
are not available, data from Health Canada indicate that the death rate from
HCC in men has nearly doubled over the last 15 years. The demographics of
patients with viral hepatitis suggest that the incidence will double again in the
next 10 years (Zou, et al., (2000), Can. J. Gastroenterol., 14:575-580).

HCC is usually asymptomatic at early stages and has a great
propensity for intravascular or intrabiliary invasion, even when the primary
tumor is small (Fong, et al., (2001), Cancer of the Liver and Biliary Tree. in

" Cancer: Principles & Practice of Oncology, 6th Edition, 1162-1199). As a
result, HCC is generally at an advanced stage when discovered. Historically,
only 10-20% of primary HCCs are found to be resectable at the time of
diagnosis (Fong, et al., (2001), Cancer of the Liver and Biliary Tree in Cancer:
Principles & Practice of Oncology, 1162-1199). More recently, with the
advent of HCC screening programs, the proportion of potentially curable
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patients still have incurable disease at the tinme of diagnosis. HCC is
associ at esowstiwsehronic liver injury, primarily chronic vipcalCAobepaRitis
and al coholic liver disease (Rustgi, (1987), Gastroenterol.din.North Am,
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may be as high as 5% per year, compared to 0.5% for HBV carriers (Di
Bisceglie, (1995), Semin.Liver Dis., 15:64-69). Persistent HCV infection is the
cause of 70% of the cases of HCC in Japan, and the most likely reason for
the rising incidence of HCC in North America is the increased spread of HCV
infection in the population (Hasan, et al., (1990), Hepatology, 12:589-591 and
El-Serag, et al., (1999), N.Engl.J.Med., 340:745-750).

Several chemicals have been linked to the development of HCC. The
most important of them is ethanol, and alcohol abuse has been linked to HCC
(Schiff, (1997), Hepatology, 26:39S-42S and Nalpas, et al., (1995), Alcohol,
12:17-120). Ethanol is thought to produce HCC through the generation of
hepatic cirrhosis or as a co-carcinogen with other agents such as HBV and
HCV. Aflatoxins produced by several fungi have also been linked to HCC
(Yu, (1995), J.Gastroenterol.Hepatol., 10:674-682). These fungi tend to grow
on grains, peanuts, and other food products, and are the most frequent cause
of food spoilage.

The diagnosis of HCC is relatively straightforward in patients with a
space-occupying lesion on ultrasonography or computed tomography (CT),
and serum alphafetoprotein (AFP) of more than 500 ng/ml (Fong, et al.,



space-occupyi ng | esion on ultrasonography or conputed tonography (CT), and
serum al phafetoprotein (AFP) of nore than 500 ng/m (Fong, et al., WO

03/ 100429wB@3/1@Ae8/ 00752 -3 (2001), in Cancer of the LivecTanb3Biiseary
Tree in Cancer: Principles & Practice of Oncol ogy, 6th Edition,

1162-1199). In general, however, by the tine these conditions are net, the
HCC i s untreatable, since very frequentl43the AFP is not diagnostically

el evated. Diagnosis by imaging of small lesions is relatively inaccurate,

whet her by ul trasonography, CT scanning or_MRl (Fong, et al., (2001), in
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with a needle biopsy, a well- differentiated cancer nay be difficult to
di sti ngui sh byaertrasariagraplksi@hscanning or MRle(Fongi etal..{a00M), infCangeeel al
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there is still a need for a suitable nolecular marker to distinguish HCC

from beni gn hypervasediaphepaipcgllylar eafcinagma by arterial Bhage thages PR anrd o

ani fi e i . : . oG
(Voki ol SPRELGECHOl Rabiol "SEIERSIS 5 SRbERTwIR e RTeb AL fich "¢
treat nent opmanmiraiccH@Carddidlbgichlly agatiiraotic nodtles smal dysplasticnrdules.
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(2001), in Cancer of the Liver and Biliary Tree in Cancer: Principles & Practice
of Oncology 6th Edition, 1162-1199). Thus despite the advances in imaging
technology, there is still a need for a suitable molecular marker to distinguish
HCC from benign liver lesions in difficult cases. |

The size of a tumor is a significant risk factor for intrahepatic spread
and metastasis of HCC (Yuki, et al., (1990), Cancer, 66:2174-2179). In
addition, many more treatment options are available for patients with small
tumors. Symptomatic tumors are generally large, and beyond therapeutic
intervention. Another situation where a sensitive and specific marker for HCC
would be useful is in screening of patients at risk, such as chronic carriers of
HBV and individuals with cirrhotic HCV. Although this screening is widely
applied, there are as yet few data to suggest that it is effective in reducing
disease (Coliier, et al., (1998), Hepatology, 27:273-278). One of the reasons
why screening has not been shown to be effective is that the serological test

currently used, namely sequential AFP assays, has low sensitivity and



di sease (Collier, et al., (1998), Hepatol ogy, 27:273-278). One of the
reasons why screening has not been shown to be effective is that the
ser ol ogi c&b Basd429 currently used, nanely sequential AFP a®s€ay\03kers2| ow
sensitivity and WD 03/ 100429 PCT/ CA03/00752 -4 specificity (Collier, et
al ., (1998), Viral Hepatitis Reviews, 4:31-41). Thus, inproved test
systens are needed to inprove screening-flor HCC. The only nol ecul ar marker
that has been wi dely used for the screening and diagnosis of HCC is
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case of smal Fﬁ‘?'?} s?’r%g%glt’ ?A%Q,?I%f?e?%, k_'géﬁﬁf F@gﬁ{q?@ﬂﬁh%ﬁﬁ%b&g%%a( rel%/i sani ,
et al., (2004dncehtizripAtddicreasts gréduliipaiter Kirthttber 1 hghhieim18-18 nidrthsise of
AFP as a marker for HCCis its lTack of specificity; si gnificanﬁ i ncr eases

of AFP (20- 26bPrigaRPRaty i@ raaiemnalpesumBingReapRRCHUINGEIAHd PERYAEIRGs wi th
doray. 1 CRRSEERRE SR RRU ] O SRbinata ngBBRben, 0, T
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(1990), Hepat ol ogy, 12:1420-1432). 11 js, theref. t t hat
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conf ounds thm@&t erpretation of the results of the AFP assay.
Consequent |y, the useful ness of AFP neasurenment as a surveillance tool for
patients at risk ffAFREYdmef D@ ag/miuashigberare(@nsidarad dianes)ic, 60 tepat ol .,

80% of HCC cases are detected but, in the case of small tumors, sensitivity is
significantly lower (40%) (Trevisani, et al., (2001), J.Hepatol., 34:570-575).
Another problem with the use of AFP as a marker for HCC is its lack of
specificity; significant increases of AFP (20-200 ng/ml) are seen in a
considerable number of patients with chronic liver diseases (Collier, et al.,
(1998), Viral Hepatitis Reviews, 4:31-41). It has been reported that 15-58% of
patients with chronic hepatitis, and 11-47% with cirrhosis had increased
serum AFP (Taketa, (1990), Hepatology, 12:1420-1432). It is, therefore, not
uncommon that serum AFP levels in patients with HCC and cirrhosis overlap,
which confounds the interpretation of the results of the AFP assay.
Consequently, the usefulness of AFP measurement as a surveillance tool for
patients at risk for HCC has been questioned (Sherman, (2001), J.Hepatol.,
34:603-605). It has been proposed, therefore, that the only circumstance in
which the measurement of AFP is justified is for the confirmation of an initial
diagnosis based on an imaging technique (Sherman, (2001), J.Hepatol.,
34:603-605).



34:603-605). It has' been proposed, therefore, that the only circunstance
in which the neasurenent of AFP is justified is for the confirmation of an
initial wbagneses based on an imagi ng techni que (Sher manPCrAMINY752

J. Hepatol., 34:603-605). WD 03/100429 PCT/ CA03/00752 -5 In view of the
unreliability of AFP |levels, nobst screening reginmens include

ul t rasonogr aphy, which is highly sensitiv@-to |iver masses. However,

ul t rasonography | acks specificity, and cannot reliably distinguish between

HCC, hot | I |
than about 2 cm et MR REDRp) B Rl miscpeuRE Tadmaer o or
HCC have beerincmaé‘@lﬁ”éélﬁ'bg?ap%wmﬁi 3 Hi@hi?'s%%%ltb(/estéiﬂi%i Raskes AHBwaer,been

found (Seow, et al r ot eom cs, 1249-1263 For exanpl e,
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tunor s ( NomCCepTtE nodibEaht Gxab3sEbeTE herl e RrESESkiAMe: fiort o
Hsu et al ., rghoutRasmt hat, by perform ng differential mRNA di spl ay
anal ysi s of nornal Iiver and HCC, they had identified a transcript that

was upregul at ed i AnHeelqastdew y@@r%seve(aiggyv) potegfielaparkess forg 7€ hayeshenn |
C3
Thi s transcrijptesitd uﬁi M%tﬁiﬁ@%&a&f? pehH fbeﬂF LHastdt??é%e{ gé&‘icer%ﬁi/i/ Bt %AFP ) -

GPC3 is a heparan ‘ate pro oun surface by
a lipid tai I(ZODJmpmteBmm:a,I ’e$249-t1268) F()iiéia@:hple.] d@eiganﬁimal-carzoxy

141: 1407- 1414 et al. found th expressed in 143 out
of 191 (74.8%HM iBPmPH? ba% §eh SEAPQ a%@&%%efiﬂﬁ‘ ma%wégweaer g (3. 29
normal |1 ver nofcaREARE AT nbOUSKtUAIP 1€ Bk fiSh BF sl Fifrer P, &t % of
HCC cases, but no dver-expression was e ecte ocal nodul ar

hyper pl asi a aald (1299) HmchastmntthUQé‘65ﬁ+654 (2001), CGut, 48, 558-564).

A e et s Wi Ty
fﬂg' tion, onldis@al iamalyat @Mimﬁfai Aler AVEHAT GheY hadadéntiRdetrbisGRfttigdted to
was upregulated in HCC (Hsu, et al., (1997), Cancer Res., 57:5179-5184).
This transcript, which they named MXRY7, turned out to be Glypican-3 (GPC3).
GPC3 is a heparan sulfate proteoglycan that is bound to the cell surface by a
lipid tail (Duenas Gonzales, et al., (1998), J.Cell.Biol., 141:1407-1414). Hsu
et al. found that GPC3 mRNA was expressed in 143 out of 191 (74.8%)
primary and recurrent HCCs, but in only 5 of 154 (3.2%) normal livers.
A second study found over-expression of GPC3 mRNA in 75% of HCC
cases, but no over-expression was detected in focal nodular hyperplasia and
cirrhotic liver (Zhu et al., (2001), Gut, 48, 558-564).
These studies analyzed only mRNA levels and it is known that mRNA
levels do not always correlate with protein expression and secretion. In
addition, only a limited number of liver proteins are normally secreted to the
circulation.
While these results suggested that GPC3 mRNA analysis in liver tissue
might be useful for the detection of HCC, this type of analysis is invasive,
since it requires the isolation of tumor tissue. Furthermore, mRNA analysis is

time-consuming and difficult to perform routinely.



circulation. While these results suggested that GPC3 nRNA analysis in liver
tissue mght be useful for the detection of HCC, this type of analysis is
i nvasi ve,woaBnew29t requires the isolation of tunor tissueCTRiaBlers2Or e,
MRNA analysis is time-consumng and difficult to performroutinely. WO
03/ 100429 PCT/ CA03/00752 -6 There is therefore a need for a serum marker
whi ch can be used for screening (i.e. wi€h will be positive in a high
proportion of asynptomatic patients with small HCC s). In patients where
an ultrasound has identified a small mass |esion, the test should al so be
abl e to rel i abl'hhesejpmtharefope ginaadsfor @i sarumanarkes whiel san ketuseddar mal i gnant

| esions. In I on, &l -4 t I mar ker s
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as HCV pati patienteiiith srabiblCGBRdincpaticnts wherd be uitessatimdf s iﬂsnﬁlfiétﬁakers
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rapi d, conveni ent Iracehalasion nhats issstillassegd fdrdietief heoleculapravieetspeci ficity
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sanpl e; wher ¥ely diffisul deedadle bighedegreeaif disieropeneity tat chamoterizeisdHGespl e i s

suggestive o i h bj rdange. Wt not her enbodi nent of
the present {Tnﬂx?’gﬁ?'ir%r?f“'%ﬁég’e@?’?)’p&%‘b’?eﬁg%ngﬁs5@@@5@@ Iy purified antibody
or fragment thereof which binds specifically to GPC3 or to a fragnent
th f.

ereo SUMMARY OF THE INVENTION

The inventors have found a new serum marker for HCC, glypican-3

(GPC3), which provides a basis for a new, rapid, convenient and non-invasive
assay that offers improved specificity in the diagnosis of HCC.

In accordance with one embodiment of the present invention, there is
provided a method for screening a subject for hepatocellular carcinoma (HCC)
comprising:

obtaining a body fluid sample from the subject; and

determining the level of glypican-3 (GPC3) in the sample;

wherein the presence of a detectable level of GPC3 in the sample is
suggestive of HCC in the subject.

In accordance with another embodiment of the present invention, there
is provided a substantially purified antibody or fragment thereof which binds
specifically to GPC3 or to a fragment thereof.

In accordance with another embodiment of the present invention, there
is provided a method for diagnosing HCC in a subject comprising:

obtaining a liver tissue sample from the subject; and

determining the presence of GPC3 in the tissue sample;

wherein detection of GPC3 in the sample is indicative of HCC.



I n accordance with anot her enbodi nent of the present invention, there 1is
provi ded a nethod for diagnosing HCC in a subject conprising: obtaining a
liver tiswomsdempde fromthe subject; and determ ning thecpr@ssnes2of GPC3
in the tissue sanple; wherein detection of GPC3 in the sanple is

i ndi cative of HCC. WD 03/100429 PCT/ CA03/00752 -7 In accordance with

anot her enbodi ment of the present inventifon, there is provided a nethod
for detecting the presence of GPC3 in a sanple, the nmethod conprising:
contacting a sanple with an anti body or fragment thereof which binds
specifically to dpacerdarcewith anether eameediient of fia priesenbinvaniion therean

ant i body- crs APVRRE s fdbid et e dr BT of BPE 2T A AMRGM anot her

enbodi ment omethed pompeisingt nventi on, there 1is provided a nethod for
determining the level of GPC3 in g sanple, , conprising; contactjn sanpl e
Wth an anti body PTRFHRABRATIEMERY SANThOd FEAoBEEEhereaWich BREC3 or
to a fragnmen f rdFitdy of ' | t r
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ant i body- GPC3 nt conpl ex; an etermning 't
ant i body- GPCanfibayr&RIC T ompplex, or antikatyeGlAEEagineht eormplex; asdbodi nent  of

the present invention,. there ..is lded a.Kki r..detecti or
determining the | 99%@“89 %@@ﬂt'l??fjgbg)%?%a'%#yf{;gﬁ?gﬁa%mgﬂgg‘?'gﬂﬁxaI ly
purified antibody|macddragn@aivithkeioedr sibsdinttint f thesPrGiht Fkhion, Gh&RC3 or
to a fragnment thereof. BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred

enbodi nent s tSfProMidedray methethfordetersipingdbe level Iof GRG0 asamplée dr awi ngs,
wherein: Fi gg[) ;ll Iﬁgows phot om crographs of GPC3-transfected 293 cells
(Panels C an '%f &hd control cells transfected with vector only (Panels A

and contacting a sample with an antibody or fragment thereof which binds

specifically o GPC3 or to a fragment thereof to permit formation of an
antibody-GPC3 or antibody-GPC3 fragment complex; and

determining the antibody-GPC3 or antibody-GPC3 fragment complex.

In accordance with another embodiment of the present invention, there
is provided a kit for detecting or determining the level of GPC3 in a sample
comprising:

a subsiantially purified antibody or fragment thereof which binds
specifically to GPC3 or to a fragment thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described with respéct to

the drawings, wherein:

Figure 1 shows photomicrographs of GPC3-transfected 293 celis
(Panels C and D) and control cells transfected with vector only (Panels A and
B), stained with anti-GPC3 monoclonal antibody 1G12. Panels A and C are
phase contrast micrographs and Panels B and D are fluorescent micrographs.

Figure 2 shows a Western blot (WB) analysis of proteins from 293 cells
transfected with vector alone (EF) or HA-tagged GPC3 (GPC3). Membranes
were incubated with anti-GPC3 antibody 1G12 or anti-HA antibody (12CAb).

Solid arrow: GPC3 core protein; open arrow: glycanated forms of GPC3;



B), stained with anti-GPC3 nonocl onal antibody 1Gl2. Panels A and C are
phase contrast mcrographs and Panels B and D are fluorescent m crographs.
Fi gure 2 wbasgom29\éstern bl ot (WB) anal ysis of proteins from@®3/0emsk| s
transfected with vector alone (EF) or HA-tagged GPC3 (GPC3). Menbranes
were incubated with anti-GPC3 antibody 1 Gl2 or anti-HA antibody (12CAS).
Solid arrow. GPC3 core protein; open art®w glycanated forms of GPC3; WO
03/ 100429 PCT/ CA03/ 00752 -8 arrowhead: a cl eavage product contai ning

N-term nus of GPC3 which does not contain epitope de t 1612,
Nﬁnber_s on rargimhaaﬂ‘-r@QE%WQQG@fomté@maa"r"nﬂéﬁl'@ﬂm%$ Qﬁ&?ggw%hed%e% hows
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(H), hepati tAs1pXusvetviewrafdiighlp@Pe8a+positiveHCC) (TAsdrmspded dynon-giained

carci nona patients CC) ,. determned, by AT I . t th
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of the figure Al LED DESCRI PTI ON OF THE I'NVENTI ON The present invention

provi des a( new neFigoce # showsrtbenelaorshipbeueen SR&H cepeentstionad ocel | ul ar
carci noma (HCQ).  The .i nvent hshed that the cell surface

pr ot eogl ycan®kH d@ﬁﬁ'bb'@ %ELE%Q%&?W foiteé‘gévg?r cul ation, in the serum or

pl asma, of subj eCFFféjuVé ERHdES lebolt I GRCROi sowm fronatorirals} leepaditise | evel ,
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carcinoma patients (HCC), determined by ELISA, results shown represent the
average of quadruplicates. Significance of difference between the average
GPC3 values for the HCC patients and cirrhotic patients is shown at the top of

the figure.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a new method for screening a

mammalian subject for hepatocellular carcinoma (HCC). The inventors have
established that the cell surface proteoglycan GPC3 can be detected in the
circulation, in the serum or plasma, of subjects with HCC, but does not occur
at a detectable level, i.e. a level significantly above background, using a
standard test of significance as described herein, in the serum or plasma of
normal subjects. It has also been shown that little or no GPC3 can be '
detected in serum or plasma of subjects suffering from hepatitis or from
hepatitis plus cirrhosis.

There is therefore provided a convenient, non-invasive method for
screening a subject for HCC by determining GPC3 levels in a body fluid from
the subject. Suitable body fluids for testing include serum, plasma and whole

blood. Screening of serum or plasma is preferred.



normal subjects. It has al so been shown that little or no GPC3 can be
detected in serumor plasnma of subjects suffering fromhepatitis or from
hepatiti swploagowes r hosis. There is therefore provided a c®QTAM08/00752

non-i nvasi ve nethod for screening a subject for HCC by determ ni ng GPC3
levels in a body fluid from the subject. Suitable body fluids for testing
i ncl ude serum plasma and whol e bl ood. -Screening of serumor plasm is
preferred. WO 03/100429 PCT/ CA03/00752 -9 GPC3 levels in a body fluid may

be determ ned by any suitable nmethod for measurin hat protejn.
| mrunol ogi cal net GEES levelsdn & bady ﬂhgdmaebew@wmn%ﬁi byrﬁ"@{Eﬁ a@lﬂﬁ‘@m%t ,

and suitabl e types o Wi | : RSRani t, d
are further @5!’_@?%553'&9@%{;#;%?6@0rlh]gﬁgﬁﬁ#alﬁ%gaitdgg%or arrlllltn pb%ﬁ?? ; agngzt S
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anti body- based assay nethods fo eterm ni ng, GPC3. HCC may be di agnosed b
contacting ato theag in fthe artsa f%ﬁ"&'l%jdéé?r%ﬁc?he'@r‘ﬂanti body or frag?rent Y

whi ch binds specgfi i Febi ht it ifi } on of
An anti body- CPC3 CoagT BRI APl G BANY Rl et b0 B Ta™ evel

of that cond leumail@&P&smravidefthabasisddya eadstyceimiitibedydasedassaywi th t he

| evel of GPC3.in, the le. T erm.anti body" ' dif
not ot herw sE‘e_élb%qﬁ_ %réé?%'ﬂ@gtﬁégga %Pﬁ?%ﬁgl&%%wg%&%ﬁ@g?gﬂal |
ant i body, a BBﬁVﬁﬁi'dCfr&H_tthQ%ﬁb%ec@withWé‘rﬁtﬂﬁéﬂy&fﬂffé@?ﬁ&nt&ﬂhﬁch bdwl e chain
antibody. The term "antibody fragment” means a portion of an antibody that
di spl ays t hespeeiticdliydosEREByder conditions @ermiing fymptignefiancanithedyrab, F

(ab') 2 d . N ot i
o shid Lo Bk SaTBIT pndmaaRetad sl eRfAG nPoRIbL HRRY (2o
anti body fragggplex. " Hi§®aficift ofaAtikbdESPCRcoapExtconslates véthbilie ldeaofnot

substantially recognise and bind other nolecules present in a sanple
cont ai ni ng t &Rfe3 imiheesample.

The term "antibody", as used herein and if not otherwise specified,
includes a polyclonal antibody, a monoclonal antibody, a chimeric antibody, a
humanised antibody and a single chain antibody.

The term "antibody fragment" means a portion of an antibody that
displays the specific binding of the parent antibody and includes Fab, F (ab')2
and F, fragments.

As used herein, an antibody or antibody fragment is said to "bind
specifically" to a target molecule if the antibody or antibody fragment
recognises and binds the target molecule but does not substantially recognise
and bind other molecules present in a sample containing target molecules.

Chimeric antibodies are antibodies which contain portions of antibodies
from different species. For example, a chimeric antibody may have a human
constant region and a variable region from another species. Chimeric
antibodies may be produced by well known recombinant methods, as
described in U.S. Patents Nos. 5,354,847 and 5,500,362, and in the scientific
literature (Couto et al., (1993), Hybridoma, 12:485-489).

Humanised antibodies are antibodies in which only the
complementarity determining regions, which are responsible for antigen

binding and specificity, are from a non-human source, while substantially all of



Chineric anti bodi es are anti bodi es which contain portions of antibodies
fromdifferent species. For exanple, a chineric anti body may have a human
const ant wegBam4and a vari abl e regi on from anot her speci ePCTTNIIBOTISL

anti bodi es may be produced by well known reconbi nant nethods, as described
in US. Patents Nos. 5,354,847 and 5,500,362, and in the scientific
literature (Couto et al., (1993), Hybridthm, 12:485-489). Hunmani sed

anti bodi es are antibodies in which only the conplenentarity determ ni ng

regi ons, which are responsible for anti bi ndi ng and, speci &Qéll ty,

from a non- hinesiemaingdersof ttAﬁ.ame@dﬁmeA@ﬁu?%ﬂs human. Sureniged anghogies an
Pl CA03] 00Ty ood'légakﬁ%graergﬁdls@%n‘%om%% bRoedTRioAplbSyfBIman,

Humani sed an S an hei'r reparation are nown in the art
- see, for eRatgiteNos. 5225%93&58&089 $6927693d 5,698%6239; 5, 693, 761 and

5,693, 762. Singl h d
Capabl ¢ of speci BING Epglg.tarr&% gies epinei8 ssiness firtate ABCRR) o
chain anti bogﬁeélﬁcalf}%hqf iRg o J%J[ﬁob@evxﬂhbgé‘ihé)émgmlﬁBﬁtllﬂo@ is2

nonocl onal or clona ant ngl e chai n anti bodi es incl ude
pol ypept i desdelmed/ﬁfdrrfeltkmr tlhmlhghih Gsre}maawymhm of:a morqu:ﬂorwllo)umwcmﬂal bodi es

where the sin ti.bod deriv th ht h
chai n thereo?‘zlﬁ Wffy g%'&ﬂ?s&‘%le&/ﬁp%‘i'ﬁﬁ nely %88y8§’p %ﬁé@\%lfg&bgepa(r)re s
pol ycl onal aH&hﬁ%éﬂSch%ﬁébﬁ@llﬁﬁ%ammd%s where théngingleeshaire obt ai ned.
GPC3 may be purified from for exanple, human placenta by conventional

met hods, f or asiteody is desiveddem isiber thedighh o heaykeaiatthareof. (1997)

J. Bi oI.Chem v. 272, pp. 12415-12421. The purified protein may, if
desired, be coupled to a carrier protein such as keyhol e |inpet

henocyani n, Antibodies! known in the art, and is then mxed with Freund's

adj uvant and injected into rabbits or ot her suitable |aboratory animals.
Polyclonal Antibodies Y

In order to prepare polyclonal antibodies, purified GPC3, human or
non-human may be obtained.

GPC3 may be purified from, for example, human placenta by
conventional methods, for example as described in Bonneh-Barkay et al.,
(1997), J.Biol.Chem., v. 272, pp. 12415-12421.

‘The purified protein may, if desired, be coupled to a carrier protein
such as keyhole limpet hemocyanin, as is well known in the art, and is then
mixed with Freund's adjuvant and injected into rabbits or other suitable
laboratory animals.

Alternatively, all or a portion of the GPC3 protein can be synthesised
recombinantly in a suitable host, such as a bacterium, by expression of an
appropriate DNA sequence inserted into a suitable clonihg vehicle. DNA
encoding GPC3 may be cloned by previously described methods (Filmus et
al., (1988), Molec. & Cell Biol., v. 8, pp. 4243-4249; Linsley et al., (1993), Ann.
Rev. Immunol., v. 11, pp. 191-212; Peach et al., (1994), J. Exp. Med., v. 180,
pp. 2049-2058). GPC3 or a portion thereof may be expressed as a fusion
protein by similar methods.

Two widely used expression systems for producing recombinant fusion

proteins in E. coli are gluthathione-S-transferase or maltose binding protein



Alternatively, all or a portion of the GPC3 protein can be synthesised
reconbi nantly in a suitable host, such as a bacterium by expression of an
appropri awe BhWo4gequence inserted into a suitabl e cloni ngPeahiaBeo7sDNA
encodi ng GPC3 nmay be cl oned by previously described nethods (Fil nmus et
al., (1988), Mdlec. & Cell Biol., v. 8, . 4243-4249; Linsley et al.,
(1993), Aan. Rev. Immnol., v. 11, pp.'%I-ZlZ; Peach et al., (1994), J.
Exp. Med., v. 180, pp. 2049-2058). GPC3 or a portion thereof may be

expressed as_a, fusian ro n by simlar methods. .Two w d
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are gl uthat hi gagss-transferase or nmaltose binding protein WO 03/100429
PCT/ CA03/ 0075 -11 fusions using the pUR series of vectors and trpE
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appropriate | aboratory aninmals. Follown booster ipnjections at weekly
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vari ous neth _ ing af y chrorat ography enpl oyl ng oteln
A- Sephar se, ap irganblSepmy thesara ishidted nilkesdrg-cBedimusae diréayyed purifled

anti bodi es may al so be prepared usin ra nt of GP ant i gen.
Fragnents of PIIRF EKbUSR bynyagors Reibods ?f@?%%%ﬁw&fg‘_f?maﬁwﬁﬁﬁyaﬂ?@@qf no
acid sequence, nR@seaﬁéimgfaﬁFq%%ﬁ BASATBAE oF AMHMBUSEI G 3R phéfbsai no aci d
carboxy-term nal” am no acid sequence, or a portion thereofp, is a preferred
antigen. Fragment $aiyolomal gntibddiesdnay atsotienpreayed opingenfiagmentof G n

W th_keyhol o AiaHIETH AR oF Brrept Bie SROFga e e EM W8noci onal
Anti bodi es Mpseeh oidihoditid sEReh@ thiap @i RsedTey GPGY flagnisn deagrising the

70 amino acid carboxy-terminal amino acid sequence, or a portion thereof, is

a preferred antigen. Fragments may be produced recombinantly, optionally

as fusion proteins, as described herein. Such peptide antigens may be

conjugated with keyhole limpet hemocyanin to improve antigenicity in vivo.

Monoclonal Antibodies

Monoclonal anti-GPC3 antibodies may also be produced by
conventional methods after injecting into mice purified GPC3 or fragments
thereof, optionally as fusion proteins, obtained as described above for
preparation of polyclonal antibodies.

Briefly, the purified protein or peptide is injected into mice in Freund's
adjuvant, for example for nine times over a three week period. The mice 4
spleens are removed and resuspended in phosphate buffered saline (PBS).

'The spleen cells serve as a source of lymphocytes, some of which are
producing antibody of the appropriate specificity. These are then fused with a
permanently growing myeloma partner cell, and the products of the fusion,
hybridomas, are plated into a number of tissue culture wells in the presence of

a selective agent such as HAT. The wells are then screened by ELISA to



conventional methods after injecting into mce purified GPC3 or fragnents
thereof, optionally as fusion proteins, obtained as described above for
prepar at iwo oofiogged ycl onal antibodies. Briefly, the purifi @dTHrAe8007520r
peptide is injected into mce in Freund' s adjuvant, for exanple for nine
times over a three week period. The mce spleens are renpved and
resuspended in phosphate buffered salinelZPBS). The spleen cells serve as
a source of |ynphocytes, sone of which are producing anti body of the

appropri at ificity. Th i i
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well's contain sin ones whic positive for antibody production.
Fromthis prmoddue ¢he anibady is dstaklisbedc Theemonaclonal FdweyCani8eams body i s

establ i shed. The nocl qnal anti body can | ffinit

chr omat ogr apPiyf %@éﬁrﬁgaﬁ'ﬂgv é"}"FF_’rﬂa@_@ﬁ?é}yog%n@ %{}%ﬁfAeg%l%gr{ggg & E)r/"éﬁ mat oglr a% hy,
as well as V&dr%@gg AP EmetSEhpRY, ANwePbstasants dret bovnbinations of thdser t her
enbodi nent, anti y fragnents are prepared, including but not restricted

EgcggggégifﬁfaﬁE?U§Fanr ;ragnenps or single chain conponents from .
pr ot e_ol yti C cl eavgb%?Lﬂﬂjqrrﬁqﬁ%&&gtet%?i@@%&{%%s%,re %é}gﬂgﬁgﬁ‘?ﬁgd Hstng
descri bed i npli fotqbsiticted (OUSED),, FRAK'S, aifd (% fradbreht® 653ingbe chain genet i ¢
mani pul ati on of genes encodi such fra nts and fer tation of
transfect ed mr@agaemf@ﬁr@p&%@g-%pﬁ&tﬂcan@"?% 9%?J|9é“®Pd?égf§‘f‘§hga%'?}8H"sant i - GPC3
inil liggy a]; ;aﬁ{gfﬂ;esgehAQrtaitéo(%gﬁg%?&fe%ﬂﬁiicec?eé\fag‘%rbﬁﬁttdcgQﬁti-@FﬁCBiahﬁb@éﬂieé,t | east
for example as described in Lin et al., (1978), PNAS, 75(6);2649-2653, or by
genetic manipulation of genes encoding such fragments and fermentation of
transfected production systems that are capable of secreting such anti-GPC3
antibody fragments.
Anti-GPC3 antibodies of an antigen affinity of at least 1 x 108 are
preferred.
Various types of assay formats can be used to assay GPC3 in a
sample. These include sandwich ELISA, radioimmunoassay,
fluoroimmunoassay, dot-blot, dip-stick and Western Blot.
In a preferred embodiment, an antibody which binds specifically to
GPC3 or to a fragment thereof and carries a detectable label is used and the
resulting GPC3-antibody complex is determined by measuring the detectable
label, thereby determining the level of GPC3 in the sample. Alternatively, a
first antibody specific for GPC3 or a fragment thereof is employed, followed by
a second antibody specific for the first antibody and carrying a label which
may be a directly detectable label or may be a component of a signal-
generating system. Such labeled antibodies and systems are well known in

the art.



preferred. Various types of assay formats can be used to assay GPC3 in a
sanpl e. These include sandw ch ELI SA, radioi munoassay, fl uoroi mmunoassay,
dot - bl ot ,woiopastseek and Western Blot. In a preferred embo®ChHIn3/0ens2
anti body which binds specifically to GPC3 or to a fragnent thereof and
carries a detectable label is used and the resulting GPC3-antibody conplex
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rhodam ne ange{eQPa%q&a%eel; exemplary radioactive labels include the y-emitters

128 and '3'l. A fluorescent label may also be used as a directly detectable
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label: for example, suitable fluorophores include coumarine, rare earth metal
ions, chelates or chelate complexes, fluoescein, rhodamine and rhodamine
derivatives.

Suitable labels also include metal complexes, stable free radicals,
vesicles, liposomes, colloidal particles, latex particles, spin labels, biotin/avidin
and their derivatives. '

Enzyme-linked signal-generating systems may be used, including
alkaline phosphétase, amylase, luciferase, catalase, beta-galactosidase,
glucose oxidase, glucose-6-phosphate dehydrogenase, hexokinase,
horseradish peroxidase, lactamase, urease and malate dehydrogenase. The
activity of the enzyme can be detected by measuring absorbency,
fluorescence or luminescence intensity after reacting the enzyme with an
appropriate substrate. When enzymes are used as a label, the linkage
between enzyme and antibody may be achieved by conventional methods
such as glutaraldehyde, periodic acid and maleimide methods.

Solid matrices to act as solid supports suitable for immobilising an

antibody include microtitre plates, such as those obtainable from Falcon



derivatives. Suitable |abels also include netal conplexes, stable free
radicals, vesicles, |iposonmes, colloidal particles, latex particles, spin
| abel s, bwvotwndwed din and their derivatives. Enzyne-link@dTKmﬂymnsf

signal -generating systens may be used, including alkaline phosphatase,

anyl ase, luciferase, catal ase, beta-gal actosi dase, gl ucose oxi dase

gl ucose- 6- phosphat e dehydr ogenase, hexoki4rase, horseradi sh peroxidése

| act amase, urease and nal at e dehydrogenase. The activity of the enzyné can
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I mobi i sation include polystyrene tubes, sticks orwﬁ%gdl es of .a%){
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ahi ch_ar o vieM RSN THeval §ofty et B Skimple S0 RUERIBETIRY. ST, Mot
No. 5, 352, 58Pgtdri Nas.@8526688. Wi th a preferred enbodi nent of the invention,

a sanple of a body fluid is contacted wt first.  anti body whi | nd
_specioyc : cally to &pagcardanes mith & BrabeTESC eﬁ%@%fmﬁefts(’féﬁ?i'% P()Be‘ar%pn&é >
| mobi 11 sed 8Pa%o§i9lf|u§id is contacted with a first antibody which binds specifically to

GPC3 to form a complex, the first antibody being immobilised on a soiid

support. Sufficient time is allowed to permit binding of the GPC3 of the

sample to the immobilised antibody. The solid support is then washed and
contacted with a second antibody which binds specifically to the first antibody
and is labeled with a detectable label or has attached to it a signal-generating
system. The label or generated signal bound to the solid support is
determined, providing a measure of the complex present in the sample, and
hence determining the level of GPC3 in the sample.

In accordance with a further embodiment, the sample is contacted
simultaneously with the immobilised first antibody on the solid support and the
labeled second antibody.

In a further embodiment, the second antibody may lack a label or
signal-generating system component and the solid support-bound second
antibody is determined by means of a third antibody bearing a detectable
label or signal-generating system component, the third antibody binding
selectively to the bound second antibody.

In accordance with a further embodiment, the sample is contacted,

either simultaneously or stepwise, with a first antibody which binds specifically



support. Sufficient time is allowed to pernmt binding of the GPC3 of the
sanple to the immobilised antibody. The solid support is then washed and
cont act edwaioshoe2second anti body which binds specificallyrro/asea/ooise st
antibody and is labeled with a detectable |abel or has attached to it a
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hepatitis sufferers, and was found at negligible levels in occasional hepatitis
plus cirrhosis sufferers.

In trials using subjects with diagnosed HCC, from 53 to 55% of
subjects had detectable serum GPC3 levels, ranging from 151 ng/ml to 2924
ng/ml.

When serum AFP was used as an HCC marker in the same patients,
and 20 ng/ml was used as the threshold of abnormality, 59% of HCC patients
were detected. If the threshold level of AFP indicative of disease is raised to
100 ng/ml, only 32% of HCC cases are detected. A threshold level of 20
ng/ml AFP, however, will include a number of false positives, since AFP levels
greater than 20 ng/ml are seen in many chronic liver diseases other than
HCC.

It has been found by the inventors that elevated levels of GPC3 in HCC
patients was not well correlated with AFP levels (Table 4). The method of the
invention therefore provides a useful additional tool for identifying HCC cases
not detected by AFP screening. The method of the invention may be used
alone or in addition to AFP screening by conventional methods to improve the

ability to identify HCC at an early and treatable stage.
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and GPG3. The assays may also be used to screen populations at risk for HCC, for
example chronic hepatitis B or C sufferers or carriers.

in a further embodiment, the invention provides an
immunohistochemical method for diagnosing HCC by examining liver biopsy
samples from subjects presenting with a liver mass. Liver tissue samples
obtained by biopsy often show distorted morphology, making conventional
histological diagnosis difficult. Tissue sections from such biopsies are stained
with anti-GPC3 antibodies, as described in the examples herein, and
detection of GPC3 in the sections is indicative that the biopsied mass is HCC.
The anti-GP3 antibodies may themselves carry a detectable label, such as a
fluorescent label, or the first anti-GPC3 antibody may be detected by a
detectably labelled second antibody.

The present invention also provides antibodies which bind specificaily
to GPC-3. Antibodies which bind to the same epitopes as these antibodies
are also encompassed within the invention. The antibodies may be of any
immunoglobulin class including 1gG, IgM, IgA, IgE and IgD and any subclass

thereof.
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The examples are described for the purposes of illustration and are not
intended to limit the scope of the invention.

Methods of chemistry, molecular biology, protein and peptide
biochemistry and immunology referred to but not explicitly described in this
disclosure and examples are reported in the scientific literature and are well

known to those skilled in the art.

METHODS
Patient tissues: Liver tissue samples were obtained from the Department of
Pathology, Toronto General Hospital. All liver specimens were large blocks
from surgically resected tumors and adjacent parenchyma. All tissue was
fixed in 10% formalin and embedded in paraffin for routine histological
examination.
Patient sera: Blood samples were obtained from 34 patients with HCC (see
Table 3 for patient characteristics), 20 patients with hepatitis plus liver
cirrhosis (12 with HCV and 8 with HBV), 18 patients with hepatitis (12 with
HCV, 1 with HCV plus HIV, 1 with HCV plus Thalesemia, 1 coinfected with
HCV and HBV and 3 with HBV) (Toronto General Hospital), and from 53
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ch col Cell lines:

nont hs after su ection. HCC cel | i
| nesd lg%ﬁj%h alﬁ%p3B and

PLC- PRF- 5 weBRL}ahtlsupglemented with MEM non-essential amino aci
sodium pyruvate (1 mM). The 293 cell line was cultured in DMEM and 10%
FBS. All cell lines were obtained from the American Type Culture Collection,
and were maintained at 37°C in a humidified atmosphere with 5% COs.. To
collect conditioned media the cell lines were grown at high density overnight
in the absence of serum. The collected media was concentrated using
Centricon YM-10,000 filters (Millipore).
Transfection of GPC3: The 293 cell line was transfected with a hemaglutinin A
(HA)-tagged-GPC3 cDNA 21 introduced into the pEF vector (or empty vector
as control), and transfected cells selected with 800 ng/ml G418 (Gibco BRL).
Cells expressing high levels of GPC3 were sorted by FACS after staining the
G418-selected cells with an anti-HA 12CA5 Mab and a FITC-conjugated
secondary antibody. Sorted cells were then expanded in tissue culture.
Production of anti-GPC3 mouse monoclonal antibodies: Balb/C female mice
were immunized with a single i.p. injection of 50 pg of a His-tagged GPC3
fragment containing the last 70 amino acids of the core protein. The
immunogen was emulsified with Titermax Gold (Cedarlane) adjuvant. After 21
'days, the mice were boosted with 50 ug of the same immunogen in thé
absence of adjuvant. Two days later, blood samples were collected from the
tail's vein, and the corresponding sera obtained. The anti-GPC3 titre in the
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To sel ect foopipd4ichHeroxidase-conjugated goat anti mouse-IgG and goat-anti '
mouse-IgM (StressGen) with O-phenylenediamine (Sigma) and hydrogen
peroxide as substrates. The positive clones were then further expanded, and
their ability to stain GPC3-transfected 293 cells was tested by
immufluorescence. The positive hybridomas, named 1G12 and 8H5, were re-
cloned twice, and their isotype determined (IgG1, K) using Isostrip (Roche).
Antibodies were purified from conditioned culture supernatants using protein
A columns (Affi-Gel Protein A MAPS 1 kit, Bio-Rad).
Immunofiuorescence: GPC3- or vector alone-293 transfected cells were
seeded on poly-L-lysine treated slides, and fixed with 4% paraformaldehyde in
PBS. After 1 hour incubation with anti-GPC3 Mab or normal mouse 19G
(Santa Cruz Biotechnology)(15 pg/ml), the slides were washed 3 times with
PBS, and the binding of the first antibody detected with FITC-conjugated
sheep anti-mouse IgG F(ab’)2 fragment (StressGen).
Western Blot analysis: Cells were lysed in RIPA buffer containing protease
inhibitors (2 mM PMSF, 10 pg/ml leupeptin, 10 pg/ml aprotinin) for 30 min on
ice. The protein samples were run on a 6% SDS-polyacrylamide gel and
transferred to a PVDF membrane (Pall Corporation). The membranes were
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reagents (Du
peroxide in methanol for 10 minutes to block the endogenous peroxidase. The
slides were rehydrated and immunostaining was performed using the anti-
GPC3 Mab at 20 pg/mi (or normal mouse 1gG and PBS as negative controls)
according to the instructions of the Histostain-SP kit (Zymed Laboratories)
and the TSATM Biotin System (NEN Life Science Products). Serial sections
were stained with a rabbit polyclonal antibody to AFP (Dako, A008) at a
dilution of 1/400. Endogenous peroxidase was blocked with aqueous
hydrogen peroxide, and antibody binding was detected with the Ultra HRP
system (ID Labs).
Sandwich ELISA: 96 well ELISA plates were covered with 0.5 ug of anti-
GPC3 Mab 1G12 in 50 pl of PBS per well. The plates were blocked for 2 h
with 1% BSA in PBS, and 50 ul of diluted serum samples (1:3 in PBS) were
added and incubated overnight at 4°C. After washing the unbound material
with 0.1% BSA in PBS, bound GPC3 was detected using an anti-GPC3 sheep
polyclonal antibody 22 f5llowed by an incubation with horseradish peroxidase-
conjugated donkey anti sheep IgG (Sigma) using O-phenylenediamine
(Sigma) and hydrogen peroxide as substrates. In order to quantify the GPC3
present in the serum, a calibration curve of purified GPC3 added to the same
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The fusion protein, purified on a glutathione column, was used to
immunise sheep, using a standard protocol. The polyclonal antibodies were
affinity purified against the 70 amino acid immunogen, by conventional
methods, as described in "Antibodies, a Laboratory Manual", (1988), Ed.
Harlow et al., Cold Spring Harbor. The polyclonal antibodies were used for

Western blot and immunoprecipitation studies.

EXAMPLE 2: Production of Hybridomas yielding Monoclonal Antibodies
to GPC3

The same immunogen, a GST-fusion protein including the C-terminal
70 amino acids of human GPC3, was used to raise monoclonal antibodies.
This 70 amino acid region is the least conserved across species and was
thereforé used to generate antibodies specific for human GPC3. Hybridomas
were generated using methods known to those skilled in the art, for example
as described in Kohler and Milstein, Nature, 256:495-497, (1975).

Briefly, Balb/C female mice were immunized with a single i.p. injection

containing 50 pg of a His-tagged carboxyl-terminal 70 amino acid human



determ ned by Mann-Witney test. Serological concentration of AFP: AFP

|l evels in parallel serumsanples were determ ned by a commercially

avai | abl ewBbloBS#o4k9t (Axsym Abbott). EXAMPLE 1: Producti @CTAM®3/00752
characterization of Polyclonal Antibodies to GPC3 A portion of the cloned
GPC3 cDNA (Filnus et al., supra) encoding the 70 consecutive C-term nal
am no acids of human GPC3 was expressed-as-a gl utathione-S-transferase
fusion protein in a conventional E. coli expression system The fusion
protein, puri%i ed on a gl utathione colum, was 0 i.m€Mmuni se sheep,
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vein, and the nouse sera obtained. The anti-GPC3 titre in the sera
mercaptoethanol, 20 % FBS supplemented with Nutridoma-CS™ (Roche) as
source of growth factors and hypoxanthine, aminopterin and thymidine to
select the hybrids. The clones obtained were screened by ELISA, using 96-
well plates loaded with 0.05 pg of carboxyl-terminal GPC3 fragment/well. The
plates were blocked for 2 hours with 1% bovine serum albumin (BSA) in
phosphate-buffered saline (PBS), and incubated with the conditioned culture
supernatants. Binding of the first antibody was detected using horseradish
peroxidase-conjugated goat anti-mouse-lgG and goat anti-mouse-igM
(StressGen™) with O-phenylenediamine and hydrogen peroxide as
substrates. The positive clones were rescreened by immunofluorescence
using'GPC3-transfected cells. The selected hybridomas (1G12 and 8H5)
were cloned twice, their isotype determined (IgG1, K) using Isostrip™ (Roche)
and they were purified from conditioned culture supernatants using protein A
column chomatography Affi-Gel Protein A MAPS Il kit, (Bio-Rad™).

Antibodies produced by the hybridomas were screened against the 70

amino acid GPC3 fragment using an ELISA. Positive clones were then tested
for their capacity to stain specifically GPC3-transfected cells. Two
hybridomas (1G12 and 8H5) produced antibodies that showed strong and
specific immunostaining of GPC3-transfected cells. Figure 1 illustrates

staining of 293 cells with 1G12 antibodies, followed by a fluorescent second



sanpl es was tested by an enzyne-linked i munosorbent assay (ELISA) using
as negative control the pre-inmunized serumfromthe sane m ce.

Spl enocytwe dho@kened fromthe two mce with highest titrePagr@odoese with
SP2/0 Agl4 nouse nyeloma cells (relation 6:1) with pol yethyl ene glycol 4000
usi ng standard procedures' (Parkin, D.M, Pisani, P. & Ferlay, J., d obal
cancer statistics. CA Cancer J. din. 28 33-64, 1, (1999). The fused
cells were plated into 96-well plates in a-MEM 10 nM Hepes, 50 M 2-
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GPC3-transfected cells. ,Th el ect ed A (1G1l2 and 8H5) were cloned
twice, thei rcq@gf%f}%e%@g&'ﬁ] i‘&d’ %f(ﬁlgx%(b using | sostri pT™M (Roche) and
they were purified fromconditioned culture supernatants using protein A

col um chomat ography Affi-Gel Protein A MAPS || kit, (Bio-RadTM Antibodies
produced by EXAMRLEi3doGharagterzatierafdiongaional lﬁt’ﬂ@"ﬁﬁesan‘i no aci d GPC3
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m cr ogr aphs uorescent” mcr o%r aé)hs. Panels A and B
show 293 cel hadti@safeatcetresponding to the glycanated form of GPC3. As a control, a

paraliel Western blot was run with an anti-HA antibody (12CAb5).

EXAMPLE 4: GPC3 in tissue sections

Paraffin sections of HCC tumour and surrounding non-malignant cells
were immunohistochemically stained with anti-GPC3 monoclonal antibody
1G12 as described above. The anti-GPC3 antibody was detected using a
biotinylated anti-mouse immunoglobulin second antibody and the bound
second antibody was detected using streptavidin conjugated to horse radish
peroxide.

Figure 3 shows that the anti-GPC3 monoclonal antibody, 1G12, bound
strongly to tumour celis, but did not bind at all with the normal hepatocytes. In
addition to the predicted presence of GPC3 on the cell membrane, significant
staining in the cytoplasm was also seen. The cytoplasmic staining was mostly
granular and close to the cell surface. Occasionally perinuclear staining was
observed. Non-parenchymal cells were generally negative, with the exception

of macrophages. These results indicate that anti-GPC3 monoclonal



with the vector alone, while panels C and D show cells transfected with the
GPC3-containing vector. In this exanple, the cells were stained in the
presence wbD0300@y M of nonocl onal antibody (mAb) 1Gl2. PaaglCADILITE2r |y
denonstrates specific staining with mAb I Gl2. No staining is seen in the
cells transfected with the vector al one (panel B). EXAMPLE 3:
Characterization of Mnoclonal Antibodi-e4 -The specificity of the two

nonocl onal anti bodi es produced by 1 Gl2 and 8H5 hybri domas was confirned
by Western blot analysis of p '

rotein | es.fram . .
HA- t agged- GRutibpdigsssche Hsee (e Q!agﬂgsgm R HVGI‘—FiQt&ﬁPg sgctions, by 888%"“? a2
detected the Qﬁg@ corresponding to the GPC3 core protein, and the snear
correspondi r?é o) ?he gl ycanated formof GPC3. As a control, a parallel
Western blot was run with an anti-HA antibody (1 2CA5). EXAMPLE 4: GPC3 in

ti ssue sections Paraffin sections of HCC e
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anti bodi es can be used to di agnose HCC iagwl iver tissue sections by
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Table 1. GPC3 expression in HCC.

Acc. No.of | mAb1G12 | mAb $H5 % of positive cells
HCC'’s

2188-96 1 3 3 70
21914- 3 3 80
4865-99 3 3 90
7530-93 A 3 3 100
7590-98 B 3 2 90
2882899 A |3 - 100
12056-97 2 2 40-60
190626-98 A |1 1 1-5
18891-96 1 1 5
6301-99 B 1 1 20
2978-97 B 1 1 1
5940-96 1 1 5-10
21424-98 A |0 . 0 -
1035597 D |0 0 -




and benign lesions Table 1 summarizes the results of an i mmunohi st ochem cal
study of nonoclonal antibodies to GPC3 reacting with fifteen different
hepat ocel woloanoo4ear ci nomas. Twel ve (80% of these HCC s reatt@d3mitsh t he
nonocl onal antibodies to GPC3. There was sone variation in the nunber of
stained cells that reacted with the anti-GPC3 mAb in each tunor. Positive
cells were wusually clustered into clon€8+ike regions. In all cases, the

non-nmalignant liver cells surrounding the tunor were negative. Table 1.
GPC3 expression in HCC. Acc. No. of mAh 1G12 mAh 8H5 % of positive cells

HCC s 2188-961 3 303654ZU@1ﬂ()3 3 80 4865-99 3|3 90 7530-93 A|3 3 100
7590-98 B 3 2 90 3 —106—12656=97 22 40-60—19626-98 A 1 1
1-5 18891-96 1 1 5 6301-99 B 1 1 20 2978-97 B1 11 5940-96 1 1 5-10

21424-98 A 0 0 - Ti4536% shovid 8 sUmmiiyQF/tBE Pl AtsRIT Te 8 DO R anti-BP(G8865- 01
CO0O0 Table 2 shows a summary of the results of reactions of an. anti-GPC3
nonocl onal dﬁ@ﬂ%@?ahﬁﬂt@%lwléhmlgm ashooRMaligRant 'I'Yﬂféﬁssk'?%sgé'é’er 6 |iver

adenomas and, @ JJLY&I o Ho BAIVAF HSpI4ERE WiE Hdg4Rve fr GPES.

DN

Table 2 . GPC3 expression in non-malignant liver tissues

Type of Liver Tissue Number of tissue GPC3 expression (%)
types tested

HCC 23 19 (83%)

High-grade dysplasia 3 0 (0%)

Low-grade dysplasia 6 10 (0%)

Hepatocellular adenoma | 6 0 (0%)

Normal liver 34 0 (0%)

The data indicate that GPC3 is not expressed in normal liver and in
benign.lesions, while the majority of HCCs express detectable levels of

glypican-3.

EXAMPLE 6: Immunological assay for GPC3 detection

A sandwich ELISA was used to determine GPC3 in the serum of
patients diagnosed with HCC. For the ELISA, 96-well plates were coated with
anti-GPC3 monoclonal antibody 1G12, and an aliquot of test serum was
added. Unbound material was removed by washing, and bound GPC3 was
detected using anti-GPC3 sheep poISIclonaI antibodies prepared as in
Example 1, complexed directly or indirectly to a detection reagent useful for
detecting the presence of the immune complex. The optical density of the
sample was measured and compared to results of a standard curve. Figure 4 |
illustrates the standard curve for the assay. Assay results were linear within

the tested range.



Table 2 . GPC3 expression in non-malignant |iver tissues Type of Liver

Ti ssue Nunber of tissue GPC3 expression (% types tested HCC 23 19 (83%
Hi gh- gr aowodgapi4asia 3 0 (0% Low grade dysplasia 6 0 (0¥ T/ddepaeseel | ul ar
adenoma 6 0 (0% Normal liver 34 0 (0% The data indicate that GPC3 is not
expressed in normal liver and in benign. lesions, while the majority of
HCCs express detectable |evels of glyppean-3. EXAMPLE 6: | munol ogi cal
assay for GPC3 detection A sandwi ch ELI SA was used to determne GPC3 in the
serum of patients diagnosed with HCC. For the ELISA, 96-well plates were
coated with ant A-geeGxaiwascastalzishadtto lsollgctise® Fonapatientsaliawere of t est
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pr ot ocol MEL@A@'@%G%W@ Q: 3:@4elr@thBsy@ldtrdhr@maéls@m;ﬂem&@cwampl@el ng
treated for HCC at the Toronto CGeneral Hospital, and whose witten consent

was obt ai newa3|anaéy4ﬁdeln|waﬁuvl@t@dyhe%naewéa@rb@ﬂ GRESBwas pBfAIRed BYt i ent s
wi th establi t bl ood donors
and pool ed. é%%g”hg%é sl&ﬁv\e%?’ea' grPﬁf%%ﬁéérﬂgFegghﬁ%ﬁ n&@% assay, usi ng
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quadr upl i cato?no;mael sCe?'GFnent ration of GPC3 was obtai ned by
Table 3 summarizes the results of the study. Five of the nine HCC
patients (55%) had GPC3 values that were significantly elevated. None of
these patients had significantly increased AFP levels. GPC3 was not

detectable in any of the normal samples.

Table 3.

Patient # GPC3 level (ng/ml) | Standard error P

1 100.6 17.7 0.0027 (*)
2 292.4 16.7 <0.0001 (*)
4 84.9 19.3 0.0081 (*)
5 0 9.6 NS

6 75.4 9.0 0.0014 ()
7 14.9 3.5 NS

8 44 .4 54.3 NS

9 102.6 12.9 0.0001 (*)
10 0 12.9 NS
Pooled Normal sera 0 10.1

*significantly different than normal serum

Additional studies were conducted using a sandwich ELISA to measure
the levels of serum GPC3 in 53 healthy individuals, 18 patients with hepatitis,



conparing the OD obtained fromeach sanple with a standard curve generated
by addi ng various anounts of GPC3 to the sane dilution of a pool of nornal
serum Tawba3doseymari zes the results of the study. Five @CTithe3nime HCC
patients (55% had GPC3 val ues that were significantly el evated. None of

t hese patients had significantly increased AFP | evels. GPC3 was not
detectable in any of the normal sanples-27Fable 3. Patient # GPC3 |evel
(ng/m) Standard error P 1 100 6 17.7 0.0027 ( ) 2 292.4 16.7 <0.0001 ( )

4 84.919.3 0.0081 (*) 50 9,6 NS 6 754 9. 0 00014(5@ 7 14,
44.4 54.3 stogmnrolaeaatltzs plug CUUU)_SIS( and Fpwigh 13CG. Ngwap %‘fhﬁ&ﬁ%3 sera o

10.1 * f
conduct ed us'i) S LeiRbRPR A ARy MATR RPN ISR A U P o
Eg_?_} tC%S; gg;égmaéza?sggﬂy))hﬁd significasintip ellrlaerd tevels memmeem with values

- t tit
was found tha@ngmjroma\g Jﬂ(?@ﬁga I #&8 '3 ‘ﬁ-ﬁé%c@hjhl %é‘?m th!’it
18 out of 34 5%@%&8% 3l paRBRSIERI? hbpifitiand Aty @étb&ﬂe@antdnw ¢Iowet ed

| evel s of ser ues ranging from151 to 2924 n
and Tabl e 4) (5%) patiehts with heﬁﬁmla/\alss arﬂdmacat@blleeehwf =7 ng/ml |(g5uf’/s Wi t h

hepatitis and it cted in atit
plus ci rrhosﬁ?ec'&\é\ﬁ@ dg'@g?t"@g afi‘lyon Sng ﬂg%%nn(@ﬁtpgy%sﬁ&}%ﬁgp F‘a ca: 'S
anal ysi s usi ngetdie 6 WVl @Yy/hB 3 GIO3es phtightsiwith HCC is significantly

higher than those with hepatitis plus cirrhosis, hepatitis and healthy donors

and there was no significant difference among the last three groups.

EXAMPLE 7: Comparison of GPC3 and AFP levels

Serum AFP levels were measured in the same set of 34 HCC patients
described in Example 6, using a commercially available ELISA (Axsym,
Abbott). Table 4 shows a comparison of the AFP and GPC3 values obtained.

Table 4: Serum concentration of GPC3 and AFP in patients with HCC

Patient # GPC3 (ng/ml)  AFP(ng/ml) Etiology
1 2924 133 HBV

2 2295 12 : HCV

3 1758 <5 HBV

4 1065 34 HCV

5 1026 14 HCV

6 1006 30 HBV

7 849 14 HCV

8 783 23 HBV & HCV
9 755 <5 HBV

10 445 14428 Unknown
11 433 10 HBV

12 351 7809 HCV

13 252 8629 HCV

14 235 1628 HCV

15 214 78 Alcoholic
16 211 <5 Alcoholic
17 184 5 HBV

18 151 40 Alcoholic



average serumlevels (ng/m) of GPC3 in patients with HCC is significantly
hi gher than those with hepatitis plus cirrhosis, hepatitis and heal t hy
donors awo iBhered was no significant difference anong thePCagtAoBhozse
groups. EXAMPLE 7: Conparison of GPC3 and AFP | evels Serum AFP | evel s were
measured in the same set of 34 HCC patients described in Exanple 6, using
a comercially available ELI SA (Axsym =-2Bbott). Table 4 shows a conparison
of the AFP and GPC3 val ues obtained. Table 4: Serum concentration of GPC3
and AFP in patients with HCC Patient # GPC3 (ng/m) AF (n%/_rﬂ) Etiology 1
2924 133 HBV 12295 12 HC¥#/ 3 1758 <5 #4890 4 1065 34"‘1‘%@\9 lig 1026 14 HoV 6
1006 30 HBV 7249 14 HCV 28 783 23 HBVIRIGHCVY 9 755 <bIG¥BV 10 445 14428
Unknown 11 433 10 HBV 120351 7809 HCW8 13 252 8629 HBYW 14 235 1628 HCV
15 214 78 A c%l ic 16 212 <5 Al coholigg 17 184 5 HBYpR\L8 151 40 Al coholic

WO 03/ 100429 / CA03/ 0075 -28 19 47 §§000 Al cohol i ¢5\20 26 1516 HCV
24 0 15 HBV
25 0 <5 HBV
26 0 488 Unknown
27 0 5 Alcoholic
28 0 2603 Unknown
29 0 194 HBV
30 0 13 HBV, HIV
31 0 67 HCV
32 0 27 HBV
33 0} 74 HCV
34 0 1900 HCV

The present invention is not limited to the features of the embodiments
described herein, but includes all variations and modifications within the

scope of the claims.



21 0 8 HBY 22 0 30 HBY 23 0 <6 HBV 24 0 15 HBV 25 0 <5 HBV 26 0 488
Unknown 27 0 5 Alcoholic 28 0 2603 Unknown 29 0 194 HBV 30 0 13 HBV, HV
31 0 67 HEG033M40 27 HBVY 33 0 74 HCV 34 0 1900 HCV The poras®anoisavent i on
is not limted to the features of the enbodi nents described herein, but

I ncludes all variations and nodifications within the scope of the clains.
WO 03/ 100429 PCT/ CA03/00752 -29- W clak8r- 1. A nethod for screening a
subj ect for hepatocellular carcinoma (HCC) conprising: obtaining a body
fluid sanple fromthe subject; and determning the |evel of glypican-3
(GPC3) in thWeglaims: wherein the presence of a detectable |evel of GPC3 in
the sanple is suggestive of HCC in the subject. 2. The nethod of claim1l
further conprising determining the |evel of al phafetoprotein (AFP) in the

sanpl e, wherei n Atmbtastfopsereehiny deubjeichfdredpatmdellafar @@@3Inomat(HECGRnp! e
and an AFP | evel higher than the AFP | evel of normal control subjects in
the sanple COMPHFHESti ve of HCC in the subject.

obtaining a body fluid sample from the subject; and
determining the level of glypican-3 (GPC3) in the sample;
wherein the presence of a detectable level of GPC3 in the sample is

suggestive of HCC in the subject.

2. The method of claim 1 further comprising
determining the level of alphafetoprotein (AFP) in the sample,
wherein at least one of a detectable level of GPC3 in the sample and
an AFP level higher than the AFP level of normal control subjects in the

sample is suggestive of HCC in the subject.

3. The method of claim 2 wherein the AFP level of the sample is greater
than 20 ng/ml.

4. The method of claim 3 wherein the AFP level of the sample is greater
than 100 ng/ml.

5. The method of any one of claims 1 to 4 wherein the GPC3 level of the

sample is determined by an immunological method.

6. The method of claim 5 wherein the method employs an antibody or
antibody fragment which binds specifically to human GPC3 or to a fragment

thereof.

7. The method of claim 6 wherein the antibody or fragment binds
specifically to an epitope within the 70 consecutive carboxy-terminal amino
acids of human GPC3.



3. The method of claim2 wherein the AFP | evel of the sanple is greater
than 20 ng/m . 4. The nmethod of claim3 wherein the AFP | evel of the sanple
is greatewOohed2d00 ng/ M. 5. The method of any one of clrairra0t/007324
wherein the GPC3 | evel of the sanple is determ ned by an i nmunol ogi cal

met hod. 6. The method of claim5 wherein the nethod enpl oys an anti body or
anti body fragnment which binds specifical3§-to human GPC3 or to a fragnent
thereof. 7. The method of claim®6 wherein the anti body or fragnment binds
specifically to an epitope within the 70 consecutiv ca1§ boxy-term nal am no
aci ds of hurfan GPU® mathodcioeim® @Cﬁ'W@RO@PGb‘??Q“bOg‘OOBTagﬂé” #od of

claimé6 or 7 I nti body or fragnent is a polyclonal antibody. 9.
The net hod Oqé’f@@éﬁ%l}%ﬁ@)?)d? wherein the antibody or fragnent is a

nonocl onal anti body. 10. The method of claim6 or 7 wherein the antibody or
fragnent is a fragnent selected fro he gr.oup nsi sting of Fab, F(ab')?2
and F, 11. The neT%H‘thO(gﬁ‘gc@HE Bofr €W 'ﬂéﬁ?@nﬁgoaﬁgﬁﬁanﬁ%'%ﬂti body or
ant i body fral%gﬁ%loﬁﬁféﬁtﬂ%d?.det ectable |l abel. 12. The nethod of any one of

clainms 6 to erein the anti body or antibody fragnent is detected by
using a second anti body which binds specifically to the anti-GPC3 anti body

Systom 38 Hhoo nEes sibed S RRE of 7 ETRE 6C et baty AL AR B ANt | e
anti body or fiaeeRNEelbstcdtAARNRE greuRcsRdisthobal (@b’ Ard sanpl e is

contacted wth the solid substrate to permt GPC3 in the sanple to bind to
the attached anti-GPC3 antibody or fragnent, the solid substrate is washed

and the boung Q.O@ﬁﬁeirﬁetﬂ%&%ﬁ‘%?%%e%icmeﬂn% S &5 20 LiRbihReaniBba obi nds

specifically t J
antibody fragment carries a detectable label.

12.  The method of any one of claims 6 to 10 wherein the antibody or
antibody fragment is detected by using a second antibody which binds
specifically to the anti-GPC3 antibody or antibody fragment and comprises a

component of a signal-generating system.

13.  The method of any one of claims 6 to 10 wherein the anti-GPC3
antibody or fragment is attached to a solid substrate, the sample is contacted
with the solid substrate to permit GPC3 in the sample to bind to the attached
anti-GPC3 antibody or fragment, the solid substrate is washed and the bound
GPC3 is determined using a second antibody which binds specifically to the
anti-GPC3 antibody or antibody fragment and comprises a component of a

signal-generating system.

14.  The method of claim 12 or 13 wherein the second antibody is

conjugated to horse radish peroxidase.

15.  The method of any one of claims 2 to 14 wherein the level of AFP is

determined by an ELISA assay.



anti-GPC3 anti body or antibody fragnent and conprises a conponent of a
signal -generating system 14. The nethod of claim 12 or 13 wherein the
second anwDadyo42s conjugated to horse radi sh peroxi dasePCIKA0Ihersaet hod
of any one of clains 2 to 14 wherein the level of AFP is determ ned by an
ELI SA assay. WO 03/100429 PCT/ CA03/00752 -31 16. The nethod of any one of
clains 1 to 15 wherein the body fluid is31serumor plasnma. 17. The net hod
of any one of clainms | to 16 wherein the subject is a human subject. 18. A
substantially purified antibody or fragnment thereof which binds .

speci fical | y160 GFoe roethod of anyvarreet claing &ée 15mhereimibebAdWBHd i cl ai m
18 wherein the anti b?d%/ or fragnent is a polyclonal antibody. 20. The

anti body or F?%ﬂé’ﬁtp%m%l aim 18 wherein the anti body or fragnent is a
nonocl onal anti body. 21. The anti body or fragnment of claim 18 wherein the

anti body or fragnment is selected fromithe grqup consisting.of .a single
chai n anti body. nolTéeumnethoghof anyPne gh@aims 130 ﬁ%&%‘?%refrf JeCtdS B f ¢ agnent

and a chinmeri 22. The antibody or fragment of any one of clains
18 to 21 V\hepgjlrﬁngﬂﬁ‘gﬂlegthti body is an anti body selected fromthe group

consisting of 1gG IgM I1gA IgE 1gD and any subclass thereof. 23. The

anti body or fragnent of apy, one of clai 18 to 21 wherein.the nti body

fragment bi nd$. spdepabsianti |thrﬁﬁﬁisﬁpt@@ % fa@H‘eA‘JfFP%f&F?gWP"E%ngf. 24. A

hybri doma celgh o gé@pf&émoﬁﬁ%ﬁﬂ headiherbofny one of clainms 18 to 23.
Iag

25. A nethod Tor nosing HCC 1 n subj ect conprising: obtaining a liver
ti ssue sanple fromthe subject; and WO 03/100429 PCT/ CA03/ 00752

19.. The antibody of claim 18 wherein the antibody or fragment is a

polyclonal antibody.

20. The antibody or fragmént of claim 18 wherein the antibody or fragment

is a monoclonal antibody.

21.  The antibody or fragment of claim 18 wherein the antibody or fragment
is selected from the group consisting of a single chain antibody molecule, an

Fab fragment, a F(ab), fragment, a F, fragment and a chimeric molecule.

22.  The antibody or fragment of any one of claims 18 to 21 wherein the
antibody is an antibody selected from the group consisting of 1gG, IgM, IgA,
IgE, 1gD and any subclass thereof.

23.  The antibody or fragment of any one of claims 18 to 21 wherein the
antibody fragment binds specifically to human GPC3 or to a fragment thereof.

24. A hybridoma cell that produces the antibody of any one of claims 18 to
23.

25. A method for diagnosing HCC in a subject comprising:
obtaining a liver tissue sample from the subject; and



-32 determning the presence of GPC3 in the tissue sanple; wherein
detection of GPC3 in the sanple is indicative of HCC. 26. The net hod of

cl ai m 25 wbaad2e he presence of GPC3 in the tissue sanplPETICGAABOTER M ned
by contacting sections of the tissue with an antibody or antibody fragnment
whi ch binds specifically to human GPC3 and detecting the anti-GPC3

anti body or fragment bound to the tissudZection. 27. The nethod of claim
26 wherein the bound anti-GPC3 antibody or fragnment is determ ned using a
second anti body whi ch binds specifical I?é the anti-GPC3 anti body or
fragnment and conmietesRinpaibRFIRsMRCLPT G 93g'ﬁéhe tl@%%%ﬁamp% system 28. The
met hod of claim 27 W w 29. A

met hod for det ectallwr‘léé\‘jé (gé%F{e'sence 0 @@% aeéihrgl%tlvttg#ef%n%?hod
conprising: contacting a sanple with an antl body or fragnment thereof which

bi nds speC|f|caIIyto GPC3_or ., t afra nt thereof rmt formatlon of
an anti body2@ePc3l e mstisd 05?'8%&5 Rresgeh ol é%ﬁ%e'é&heéﬁa Bet ecti ng
the antibody ﬁ?&? if4d ?é?ﬁin}?&!ééy%ﬁ%cﬁﬁ@@@@f@n§@mb€ﬁ§sue$ﬂth &n antibedy bor

det er mi ni ng teh eveF’ anpl e, conprisin contacting a sanple

wi th an ant idniibpdyrfragragmievhich ndsospeagifioatly o humansggmamhdet@ctlagm:a or

ant | body- crantr RS AptReRR S Rh TR Rl the AT 5ol s oay - cpcs o

anti body- GPC3 fragnent corrpl ex. 31. A kit for detecting or determning the
| evel of GPC3 in a sanple conprising: WO 03/100429 PCT/ CA03/0 752 -33 a
subst ant i al 137.purThe swthed oheleym @6 whgrmme pogickanti-Gi e aph

specifical 'y to | 31
wherein the fé?ﬁ?‘ﬁﬂﬁ% %Iewggﬁedﬁmgé%%wéﬁﬁgﬁdﬁ@@% I ca%?%élftl%\él t}Er}r]an GPC3
or to a fragmeninti-GeCGPantibody or fragment and comprises a component of a signal-

generating system.
28.  The method of claim 27 wherein the second antibody is biotinylated.

29. A method for detecting the presence of GPC3 in a sample, the method
comprising:
contacting a sample with an antibody or fragment thereof which binds
specifically to GPC3 or to a fragment thereof to permit formation of an
antibody-GPC3 complex, or antibody-GPC3 fragment complex; and
detecting the antibody-GPC3 or antibody-GPC3 fragment complex.

30. A method for determining the level of GPC3 in a sample, comprising:
contacting a sample with an antibody or fragment thereof which binds
specifically to GPC3 or to a fragment thereof to permit formation of an
antibody-GPC3 or antibody-GPC3 fragment complex; and
determining the antibody-GPC3 or antibody-GPC3 fragment complex.

31. A kit for detecting or determining the level of GPC3 in a sample

comprising:



33. The kit of claim31 or 32 wherein the antibody or fragment binds
specifically to an epitope within the 70 consecutive carboxy-termnal am no
aci ds of womano@@C3. 34. The kit of claim 33 wherein the 2aTidtwedypose
fragment is a polyclonal antibody. 35. The kit of claim33 wherein the
anti body or fragnent is a nonoclonal antibody. 36. The kit of claim 33
wherein the antibody or fragnent is a fra$ment selected fromthe group
consisting of Fab, F(ab')2 and F. 37. The kit of any one of clainmns 31 to 36

further conprising nmeans fo detecti, t I, i he. '
e e tame o rBgay or P5bim ol WEiABHAL ©F @

specifically to GPC3 or to a fragment thereof.

32.  The kit of claim 31 wherein the antibody or fragment thereof binds

specifically to human GPC3 or to a fragment thereof.

33.  The kit of claim 31 or 32 wherein the antibody or fragment binds
specifically to an epitope within the 70 consecutive carboxy-terminal amino
acids of human GPC3.

34. The kit of claim 33 wherein the antibody or fragment is a polyclonal

antibody.

35. The kit of claim 33 wherein the antibody or fragment is a monoclonal

antibody.

36. The kit of claim 33 wherein the antibody or fragment is a fragment

selected from the group consisting of Fab, F(ab"). and F..

37. The kit of any one of claims 31 to 36 further comprising means for
detecting or determining the amount of a GPC3-antibody complex or a GPC3-

antibody fragment complex.



