WD 03/ 100429 PCT/ CA03/00752 -1 DI AGNOSI S OF HEPATOCELLULAR CARCI NOVA FI ELD
OF THE I NVENTI ON The invention relates to the diagnosis of hepatocellul ar
carcinoma. In particular, the invention relates to antibodi es and net hods
for deter wabngostte |evel of glypican-3 as a marker for hBPECASEN|THT 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-df these references are hereby

i ncorporated by reference into the present disclosure. Hepatocellular
carcinoma (HCC) is the nbst common solid tumor in the world, being
responsi bl e for nore tDEAGNOSISIOBHERATOCELIILARCAREINGOMA ot al ., (1999)
CA. Cancer J. din., 49:33-64, and kuda, et al., (1993), Neoplasns of the
Liver in Diseases of the Liver, 7th edition 1236). The incidence of HCC is

i ncreasi ng i IFIEPBOPERUENNVENTION es (Deuff ic, et al., (1998), Lancet

351: 214-215) —Athougn good epr dem ol ogi cal studies are not gvail ahl e, data
from Heal t h Canadd Henigiveatien f&iahesttﬁéh@gﬁgﬁoﬁﬁtcg hepate celioariGreiBAMias Tnear | v

doubl ed over the last 15 years. T e [ i f ' -t:h vk al
hepatitis sud’g?ég‘fu"f“hil?e {r}%n |ﬂ%irﬂg%§etg\éﬁ?ﬁgog%§b% @gegi]cﬁfsffr??{a tﬁgerm_rl\[tgﬁg\f% years
(Zou, et al. | o(ARQypiceI3 ad-a FRFkérdONhEpatbcelluldr &aiBirfoda.. HCC is usually
asynptomatic at earl’y stages and has a great propensity for intravascul ar
or intrabiliary invasion, even when the primary tunor is small (Fong, et
al ., (2001), Cancer. e Liver and Biliary Tree. in Cancer: Principles &
Practice of & .. ‘;"'. -:- 62=1199). As a result, HCCis

general ly at an aduapegsbuttiRg @pphcitiofll saierefbreftsy sl sitetiity desonithey 10- 20%
of primary HCCs are found to be resectable at the tinme of__ di agnosis (Fong,
et al., (200IporeCalcthe statedfdhe autde véeh tBig inwestion pertains.chhe sisclospresel pl es
& Practice of, Oncol.ogy, 1162-1199). Nbre, rec . ent of HCC
screeni ng préa?%ﬁ’rﬁfer%ﬁgefbﬁf?pla‘?'ie éﬁW%Fpﬁéiegﬁ?f%%“ﬁ#@@|’“@Q§B%gy100429

PCT/ CA03/ 0073¢sclosure.

Hepatocellular carcinoma (HCC) is the most common solid-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. Gastroenterof., 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



-2 tunors is increasing, although nost patients still have incurable disease
at the tinme of diagnosis. HCC is associated with chronic liver injury,
primarily chronic viral hepatitis and al coholic liver disease (Rustgi,
(1987), CGastongenmtmrol. din. North Am, 16: 545-551). ThePhirghast07hci dence
of HCC is found in areas were hepatitis B virus (HBV), and hepatitis C
virus (HCV) are endemc. In the case of HBV, it has been denobnstrated that
the relative risk of developing HCCis 58- to 100-fold greater in

i ndi viduals with evidence of chronic infection than in non-infected
i ndividual s (Beasley, et al., (1994), Epidem ol ogy of hepatocellul ar
carci noma i n tumcas ishieseadsing aétﬁmughmstmaﬁéa\‘@eﬁtlli%@oe, |ngﬁ'ﬁ%d'5§@ﬁ%@?&ﬁjses
of HCC, chrﬁgic g(fgatiti s B cirrhosis is not a necessary precondition for
t he devel opmefit€ &F Cla8ECS here are no estimates of relative risk with

chroni ¢ HCV, but tied Besdeetecdivithichrdrc fverinpiryprimafiyatsont il may be
as high as 5% per year, conpared to 0.5%for (B carriers (D Bisceglie,

(1995), Seni rhapatiéis Binl. alcaliolgdivenyliserse Rustght(1BBY), iGasdaardsrdl. & it ause

f 70% of th f i-0.J an j kel v . th
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infection in ﬁ&tﬁatﬂewb@&él gg%ybﬂaaﬁﬂrhe;ﬁiﬁ%g virid 890V alepatiemigyin tha:@8e- 591
g

and El-Serag, et al., ( . N. En ) ., 340:745-750). Several chem cals
have been | i nifgdBYoitthiae htevedeporsitated thatdhe Telativenssk of Apeeloang IEG isem i s

hanol , and | has. been. | i nk . .
Fepat ol oy, 03930 Bipalel p G Vighialh bk o tyly medthilbepjp)
Et hanol is th%{ﬂmfeétedWﬁ&dwﬁaglsw@%afsrgy??ﬁsl.,t(hggmﬁ:rm@érinmo@y of hepatic

cirrhosis or as a co-carcinogen with other agents such as HBV and HCV.
Af | at oxi ns prioehateceibyarszareiname inngral hepetits aod heendisparaddD. ke vu,

G ai nd, peandtBs BPRPG: Pl CFosa PNbaGER LS Baimgsts Bt kot faitent “cause
of food spoi | ageondifen $brBRAENVEIHMEIRGHHTEE ey &y notdstingibs of naaie n
patients with a space-occupying |esion on ultrasonography or conputed
t omogr aphy ( Gk wittaeHrarde biG\4| ph e insidenceiof HQEM cothaetisr @artinenoH90Vng/ n
(Fong, et at "fmay 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), Hepalology, 26:395-42S 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.,



WO 03/100429 PCT/ CA03/00752 -3 (2001), in Cancer of the Liver and Biliary
Tree in Cancer: Principles & Practice of Oncology, 6th Edition, 1162-1199).
In general, however, by the tine these conditions are net, the HCCis

unt r eat abmay oBionee very frequently the AFP is not di agnosk¢EaRPIIEIevat ed.
D agnosis by imaging of small lesions is relatively inaccurate, whether by
ul t rasonogr aphy, CT scanning or MRl (Fong, et al., (2001), in Cancer of the
Liver and Biliary Tree in Cancer: PrincipBes & Practice of Oncol ogy, 6th
Edition, 1162-1199); and Murakam , et al., (1995), Detectability of

hyper vascul ar hepat ocel | ul ar car.ci no y arterja hase, | mages and
S%Pr al CT. Adt?ﬁoﬁ)?hélﬂ §lancep of W'ﬁQ%a’;‘?Bﬁ‘é%iﬁq %4:38?9’? %é’”?(}%eﬁ ég:lf’r 82@0%i ch
may mmc H j igald M hr i GREy it | es.
Ty er b opoy BOLERGR GRIRHMGH. 2 BoL 1, fn BRRUCE ARGVt bR L e b
(Levy, et algondit2fdlare st 1SeHLC i234treasb2)Since Beey freiquanty teelFE iBi opsy,

a well- differentiated cancer may be difficult to distinguish from benign
| esi ons due tnpt diagnostigateglexatasht of material usually obtained by this

procedure (Fong, : : %g@ i : ol i b l\idtedree in
Cancer: Principl egé@%bpglcst |}§'e 9 &P%@?ggﬁ%ﬁlsﬁﬁtﬁgwh?%ﬁﬁiE;A{)r%; ?i'rhus
despite the asvamessnbgrapmygCigscanairigne  MBY (Fargret al.s (2001)] ireCarert dfor a
suitabl e nol ecul ar marker to_distinguish_ HCC fré‘)? beni gn bl ver | e&bons in
di fficult casks.Livareand Buiant Treq BinfednGed: Brinsigiasts £4aelias LORPSIPgY: 88

i ntrahepatic : : ' : ( i it 0), Cancer,

66: 2174- 2179)E&F'§ﬁ91a10@3ﬂg§?’ %?n%iﬁ?/h%gém{%alt’mmbgeit%ﬁgblggyéggvai | abl e for

patients w t hgarlsculariepatoSindraartinomalpaderal rgesdnades dfdildendand
beyond therapeutic _ intervention. Another situation where a,sensitive and
speci fi c mar kaira 7. ot Raslioly 396 303=4761)- i 18 nanticda e ﬁ/&o SSioNg beﬁhs at

ri sk, such as r onl rLg Yo IRV ! } kLc HCV.
A though t i STEUraIE R cadbhiaty g o Aiptel e And dispash, hondes? 1

suggest that lijver biop§ ef birted! legions thalso hsufficedbesdrSitiva er spedfialLevy(d998) ,
Hepat ol ogy, 27:273-278). One of the reasons V\:hé screeni ng has not been
shown to be ellfd2091e Ang. Siwat, 4362@&2BP boFven WitBs nedierioRsy adekr, nanel y

sequential  AFRASSRY g O2Tcd May 6O iibN {oYai8ifhuish from benign lesions due to

the limited amount of material usually obtained by this. procedure (Fong, et al.,
(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 (Collier, 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



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

i nprove screening for HCC. The only nol ecul ar nmarker that has been wi dely
used for m@esmoe®ni ng and diagnosis of HCC i s al phaf et opPOt/€nA3/f0ARP) . Thi s
protein is synthesized in large quantities during enbryonic devel opnment by
the yolk sac and by the Iliver (Chan, et al., (1999), in Tunor Markers. in
Tietz textbook of clinical chenmistry, 3rél- 722-749, Taketa, K (1990),
Hepat ol ogy, 12:1420-1432). AFP concentration decreases gradually after

birth to < 10 ng/nm in 12-18 nonths. AFP reappears in _t\(la\{1 aITserum during
pregnancy. | speetisityl (Golliguletal.n G O9REPVIRSTeRAS3a6ear 2 vt th HEE gastric

. ) N o . g
Costicuar cAMBraReBeLauslBnE #8leedsplgipprdld sqbkninglier | £0°< TIE
text book of clini cale 6MMhslktMlar FdtkerBat hdd Bpen WidélyRideeMel sheoscraening/ i or

hi gher are considered diagnostic, 60 to 80% of HCC cases are detected but,
in the case andstiaghosiamsi;C sxabhefaipprptein (AEPgniTHiTRIAEI) 1$ SYB 86%853

Trevisani, et al., (2001 . o 34 - Al W th
Ehe use of A#’ﬂ’l%{'geélu%&gﬁg% Uf’ﬁﬁ%@&émpt%v?g%gﬂ%ﬁ%stgg i |§|§§$Hag)|?|gtﬁlg}l cant
increases of |HEP(CREh,2A%ING(9d9), i Burh@eMarikers. inchiesi etiulkeofralintoad  of
patients with chronic liver disea

Collier, et al., 8
Hepatitis Rewitheweistna:3d, 4129-745 Tﬁzgfsébge(ﬂ 99@1?3‘!@5@104%9& 1%%%@3%4&2\? ! 1 ent s

ith ch i h titl 11-47% W A i LG AFP
Craket a (16985 2ehlshlicn ABRGPa525 SEb Pl ey HiiPR & 1o/l RasREmorte ™ C 0
that serum AR ey@hsedrs ifaidtemas seiunh dtiiiy pregrednoyhdeceasedrdiaplatinghi ch

confounds the interpretation of the results of the AFP assay. Consequently,
t he usef ul neAFRBhaskremsasswciaiehwithdQCs gasteciqassipemMae dING 68NC8lat i ent s at

[ “has been FrOBEUER, e or G rach danpata 2B teiskpar pUERRER (Greqy bl ne
measur ement Qi 9d6Pid FuhistNIAikees. iis Tiet tdBo6I00f EfriRa/ichendbirarardny 22-al
di agnosi s based on an i magi ng techni que (Sherman, (2001), J. Hepatol.,
34: 603-605) . 749).
If AFP levels of 20 ng/ml or higher are considered diagnostic, 60 to
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.Hepato!.,
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).



WO 03/100429 PCT/ CA03/00752 -5 1n view of the unreliability of AFP |evels,
nost screening regi mens include ultrasonography, which is highly sensitive
to liver masses. However, ultrasonography |acks specificity, and cannot
reliably distinguish bet ween HCC, cirrhotic nodul e and dy dul e
when the MEEPHWE2re snaller than about 2 cm In the Iastﬁ¢Q6§5y&”Qp
several new potential markers for HCC have been investigated, but not hi ng
clearly superior to AFP has been found (quyn et al., (2001), Proteonics,
1:1249-1263). For exanpl e, des-ganma-carboxy prothronbin has been proposed
as a potential marker. However, this nolecule, |like AFP, is not useful for

the detection of s INISE Lels, b2 trechid rdgpbnoent erol .,
94: 650-654). In 19@“%@6*%[3%# rtggrfﬂe:g lté gI'ES by perrforr%]n differenti al

MRNA  di spl aﬁmw%msom@?pw{j whlches highdly smnsltl\tewm/ll\!ﬁdgaga;&eﬂ |Fﬂ¢>\ézfav%'|,Q
transcript that was requl ate et .a r es. ,
57: 5179- 2184) U'traﬁﬁﬂggfﬁfpiwge@f%ﬁpe%ﬁﬁ'%aPﬁ(i.&?“H%f@ ak&@gt'qwmg@&%ﬁo be

A ypi can-3 (LEY - ciry &?nb&é@ {ﬁ@%}hﬁl‘é'ﬁ%ﬁ‘e Wh@h%ﬁghé/éi@ﬁs bf@ém’a?erbmlaﬁd to

the cell surface’by a enas nzal es, et al
J. Cel |l .Biol .,aﬁ\ét.].tZéﬁV 1414) Hsu et al. found that GPC3 mRNA was expressed

143 out of 191 (74. 8¢ d b of 154
(3.2 normal 11 vefrsthe/sl%eee@%hg%%ﬁa%?efrat“‘” ol ket oo cheleela i -
75% of HCC d
nyper pl asia e LoReR, PO RHALGFIPBRT SUpeIIgras A1 By BegToLA RS 08 ek

These st udi es(200)yPesteonios, TR I-2€3)s Famdanample dtemgamrhatcamw | evel s do
not al way's correlate with protein ex ressi on g ﬁ@ cretion. addi ti on,
AL marker

only ? i m teﬁrﬂhfﬂiﬁﬁmd?aﬂ IPW P‘&%’ﬁ@ RS HPeen sé%?‘%‘?\éea' S t he
circul ation WEHIJ;&JIE Iﬁj%e/?\gﬁstéh éﬁtéﬂﬂ?éﬁtﬁgocﬁé?%éﬁéﬁsrﬂ%rﬁﬂ@ K&rfudaet | ver

tissue mght uset ection his type of analysis is
i nvasive, si ate(1i999) e4uiJ. Gastroentesal, &4i:@60-664).umor ti ssue. Furthernore,

TRNA analysts T i) 8o s ot A %B%ngaftﬁéfﬁ{/tpetrr%n%ﬁ{gf SRS A HEX
display analysis of normal liver and HCC, they had identified a transcript that
was upregulated in HCC (Hsu, et al., (1997), Cancer Res., 57:5179-5184).
This transcript, which they named MXR7, 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 usefu! 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.



WD 03/100429 PCT/ CA03/00752 -6 There is therefore a need for a serum marker
whi ch can be used for screening (i.e. which will be positive in a high
proportion of asynptomatic patients with small HCC s). In patients where an
ul trasoundvbaylicgentified a small mass | esion, the test shOUI@AAES2 be abl e
to reliably separate patients wth HCC fromthose wth non-nalignant

| esions. In conclusion, there is still a need for better nolecul ar markers
for HCC, particularly for the surveillanbe of high risk popul ations, such
as HCV patients with established cirrhosis. The search for such nmarkers has
been very difficult due to the hi%h degree of heterogeneity that

characteri zes HEGere stherejeis 8 vead ter a serum mebey which carebedised for

31:339-346). S RY . OF THE, | NTI The inventors. have fou W serum

mar ker for H&?%Qgi(b%nw@gh@%ﬁo ' Pdﬁ %’?lg&p&géo'goﬂé’gia?yﬁ??@?ﬁ w, rapid,
conveni ent anshtR@fs Wit amaieHCE3$ayn ipadbneiliese dnok@sednd pesiifiéstifled an the

di agnosis of HCC. In accordance with one enbodi nent of the present

i nvention, tHenal masspesiondde tastehawd atserbesabledairakiplly sappeate ppgents
hepat ocel | ul af.,.carci HCC). ri,sind. . obtaining a body fluid sanple
fromthe subj%ﬁ%%ﬁgﬂﬁg{o@%@'m ﬁ@%ﬁ%@“@gue%b?’% ypican-3 (GPC3) in the
sanpl e; wherein tha PheRRAE tRéreds @6 Gicdl for beuer meleddimarkdrifosampl e is
suggestive of HCC in the subject. In accordance with another enbodi nent of

t he present iMvenpeBisularhydpethe suetlandgeal Righuisk ponulations, sueh fesédClnt i body

or fragment thereof i ch . bi . speci fical | or_to a fragnent
thereof. In apcéi'gﬁgsa‘f!{@ﬁ eﬁqﬁlsﬁﬁapﬁﬁos&bt@?ﬁg%l&cthg’pggﬁgh H.Faé&%rrﬁ%q%sg tion,
there is prowrdedficuln@idesiHonigHiRYRES bNBetdtdgdrizity tREPLIRThcRPPRS IHT0F:
obtaining a liver tissue sanple fromthe subg ect; and determning the
presence of @bbgrgaissae, el ds(808dmpladre Gheslaidl 339-866).on of GPC3 in the
sanple is indicative of HCC. WD 03/100429 PCT/ CA03/ 00752

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.



-7 In accordance with anot her enbodi nent of the present invention, there is
provided a nethod for detecting the presence of GPC3 in a sanple, the

met hod conprising: contacting a sanple with an anti body or fragment thereof
whi ch bi nog) ozapebfically to GPC3 or to a fragment thereofPGIoCHEUT2

formati on of an antibody-GPC3 conpl ex, or antibody-GPC3 fragnent conpl ex;
and detecting the anti body-GPC3 or anti body-GPC3 fragnent conplex. In
accordance w th anot her enbodi nent of the/ present invention, there is

provi ded a nmethod for determining the | evel of GPC3 in a sanple,

conprising: contacting a sanple with an antibody or fragnment thereof which
bi nds speci fi cal lyatcordaage avitht anather eghedimenid’ dog Presast imantior ¢ on of

2t i bodly- PO B0V BBt et iR P SRaBRE LA PR ASaRE PR 110, e

enbodi nent Ofméthﬁd@bﬁ-ﬁﬁmn j:nvention, there is provided a kit for detecting
or determning the level of GPC3 in a sanple conprising: a_s b?{antially
purified anti body contdotiagreesamplecyitlo ANt ﬁdbpﬁﬁggﬁ@%émﬁe@m%iﬁ Bingpc3 or

t f t th f. SCRL PTI f d
e(r)rbgdi irg%[rg n@PeF'ﬁrﬁael?ynR?eﬁEﬁo%qg§cgagé%#ﬂﬁ ﬁ@ﬁ@ﬁ g g{)ﬁtoﬁéhgr awi ngs,
wher ei n: Fi ggarn%)édy“l@@(% RBATH, O eaMtiBatE-GHC ERE3MerarphgsieedaRd3 cel | s

(Panel s C an and control cells transfected with vector only (IPaneI s A

and B), stained wetectimgtthe@iiBonpeCdvarntibedv&RCY ErIME ONMP!IR-and C are

h t t m d,P B , ' hs.
Flgure 2 shous o VESFEoRABPBM PagoRG FyERa e s she PRESTH el By @Pre
transfected ‘1‘% ViR Qrmétheaﬁ‘or(E&brrﬂfniW@Q@t_be@:l%S(@%@émplwnbr anes were
i ncubated with anti-GPC3 antibody 1 GlZ2 or anti-HA antibody (12CA5). Solid

arrow. GPC3 corgrisirg:ei n; open arrow. glycanated forns of GPC3; WD 03/100429
PCT/ CAO3/ 00752 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.

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 subsfantial!y 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 respect to

the drawings, wherein:

Figure 1 shows photomicrographs of GPC3-transfected 293 cells
(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 Paneis 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 {(12CA5).
Solid arrow: GPC3 core protein; open arrow: glycanated forms of GPC3;



-8 arrowhead: a cl eavage product containing N-term nus of GPC3 which does
not contain epitope detected by 1 Gl2. Nunmbers on right correspond to

nol ecul ar wei ght markers. Figure 3 shows photoni crographs of

i mrunohi stvoek&mioézdl | y stai ned sections of hepatocel |l ul ar E&TEIAIGNESUSI Ng
nmonocl onal anti body 1Gl2. Panel A: 16X overview of highly GPC3-positive HCC
(T) surrounded by non-stained non-tunour liver tissue (N); Panel B: 400X

vi ew of sane tissue showing cytoplasm ¢ &rfanul es and nmenbrane stai ning.
Figure 4 shows the relationship between GPC3 concentration and opti cal
density in an ELI SA assay for GPC3. Figure 5 shows |evels of GPgS in serum
from cont r ol arroieadi 14 deapage pradiict ppntaina N-terainysel ePGhwaIc ents (H

Fesul to Showhor nnacnt qascdo GoBR. o2 iipbel o i B O ot

di fference bgiweaiat Weight phagers. GPC3 val ues for the HCC patients and
cirrhotic patients is shown at the top of the figure. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON Figurprieshows photomiciographs oldaynaneliffoseerteritoialféfeeni ng a

mammal i an subj ect f hepat | | ul rci: i tor ve
est abl i shed lshgfor{%@frr&eeqeﬁo %[iﬁ%[c rgbgﬁ%&&l@@gﬂor@@a&gﬁﬁggﬂggt@gggeﬂaﬁ t he
circulation, A n16>b%v§ﬁﬁwmgwerms- bSiGUSHET $TYétiotid byhodestsinedt
occur at a detectable level,”i"e. a level significantly above background,
using a st andartdmosstiver issugniN)i Baneld3:ad4008steW pégamsr kssye $HOWIRG serum or
pl asma of normal subjects. 1t has al > hown that little or no GPC3
can be det eEV@@HqW'QQFﬁWISP %\da@ﬁ@%@g%g%ﬁrﬁ@gs suffering fromhepatitis or
from hepatitis plysreiq EMess she rdistichshp bEROGP ¥ coriddgtration andeni ent ,
non-i nvasi ve nethod for screening a subject for HCC by determ ni ng GPC3

level s in a bptgalfdansityfin emElIGé asssydet SPS@.t abl e body fluids for testing
ncl ude serum pl g and whol s DLOS S BRI A ech T paRhaS™ | S

preferred. WO 03/
patients (H), hepatitis plus cirrhosis patients (H + LC) and hepatacellular

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.



-9 GPC3 levels in a body fluid may be determ ned by any suitable nethod for
nmeasuring that protein. Immunol ogi cal nethods of determning GPC3 |evels
are highly convenient, and suitable types of nethods will be well known to
those in tweosrdoszvand are further described herein. For exagplcaosentst bodi es
or antibody fragnents which bind specifically to human GPC3 provide the
basis for a variety of antibody-based assay nethods for determ ning GPC3.
HCC may be di agnosed by contacting a bod9-fluid fromthe subject with an
anti body or fragnment which binds specifically to GPC3 under conditions
permtting formati on of an anti body- GPC3 conpl ex and then detecting and/or
det erni ning the | eéyeC3dévelban a oayflusck mayhze detsuminest bhﬁﬂV@@dé*bl@F"G@g’@élrrpl ex

| at ith the I, | of @GP in the, l.e. ,The ,t i
UG REERER AN o MRV TR L
2, monocl onal 8L BASKiorfl E5hYBHTE, BRAIAGHIe WpedummRiiast ANtIOAdY kaodna

single chain a erm"anti body fragnent" neans a portion of an
ant i body t hatto tibspindhe arhearspareifiitbebiestiripgddferetie parent anti body and

i ncl ud Fab, F ‘)2 d F' . f . d h I, i;
ant i body 1 ragment Y S PoaniokiEs Shadiaicudragons ey A Sfer e
the anti body g1 ANt BatYs brGAEHie bAGERITH 9Hfets B ahlibedy-bhecd asesy ol ecul e

but does not Substan y recogni se and bind other nol ecules present in a
sanpl e cont aiméthodsdogestenmirdogiGRC3.ChiGE:may kadidgtoised bareordagtingodi es whi ch

tai ti f ti di fr, di ff, t i _— | e,
il rar c ant SRy fomdE S harei 20otEhE pe PGS Wit sRE0T e cgi on
f rom anot her r@tgﬁgf gy gésihjpgsé hﬁd%@éﬁﬂm HRinBGoRh et efl aRartBbly-known

reconbi nant cribed in US. Patents Nos. 5,354,847 and
5, 500, 362, an@PCB ddmeplexizeni then detddtingratdiordgteoninngthealevel ¢fitoeB) |

brid , 12:485-489). H i sed anti j tibodies.in. which onl
the | Compl emdVBRIEKy Thie ATAIR DGR KIA CarPaPIar OV Be o H B Be FOYE  8ht i gen
bi ndi ng and S@P@bf'hcﬂi\é)éanﬁ:ﬂé’. froma non-human source, while substantially

i
all of
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').
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
trom different species. For example, a chimeric antibody may have a human
constant region and a variable region from ancther 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 alt of



WO 03/ 100429 PCT/ CA03/00752 -10 the remainder of the antibody nolecule is
human. Humani sed anti bodies and their preparation are also well known in
the art - see, for exanple, U S. Patents Nos. 5,225,539; 5,585, 089;

5, 693, 761 vamo3/B0693, 762. Singl e chain anti bodi es are pol ypBptilad3/¥E§lences
that are capable of specifically binding a peptide or epitope, where the
single chain antibody is derived fromeither the |ight or heavy chain of a
monocl onal or polyclonal antibody. Singl'® thain antibodies include

pol ypepti des derived from hunani sed, chinmeric or fully-human anti bodi es

where the single chain antibody is derived fromejther the |jght. or heavy
chai n t her eofthe sgmiairster € thepantiRadynaplessta Bdnean. Hum%wfanﬁk?%%g? émg

polycl onal ot o e5,aei £ LR GBIk IHIFRRin 980 ERBTRY, U001 i ned.

GPC3 may be exanpl e, acenta conventi onal
met hods, for mexar® Ro&ss,d25530beda5I0a%, 5698, Bat kay 693762 (1997),

J.Biol.Chem, v. 272, pp. 12415-12421. The purified protein ma i.f _desired,
be coupled to a cavinplerchainesiinodigsare RSIYREDH? §9W‘?|'E%qs ﬁé’ﬂﬁfﬁ/é‘?‘ﬁ%'eg is
wel I known in the art..and | ' | Lénﬁiq [ q
injected int dsﬁ'egﬁlﬁ%{'g bg‘?fﬂ%{ hi)retptse@lgtoégllp g@ﬂ?,‘é%é%%aeﬁ ('E)]r@y |a Iiérrcg‘?!srw%réoecrgﬂat ively,
all or a porti@neaffrérheittBCheplight @r Meaan chainsft inesiosiemal oepolybionaht |y in a

sui tabl e host, such as a bacterium by expression of a .ap([}rorﬁri ate DNA
sequence i nsetib@dyntSingleahaimanibadighinglideapplwpept erysldfi™g GPC3 may be

cl oned by previ Ly dgscri. g I I il388hain\ol ec. &
Cel | i of . | urgiggo G35 IR} HafRn cribBs e Gy SigEehel

| munol ., v. érﬂtibol@lgs 48fived RonPeittedr the light or HeB84haid thabepf. Med., v. 180,
pp. 2049-2058). GPC3 or a portion thereof may be expressed as a fusion
protein by simlar nmethods. Two wi dely used expression systens for producing
reconbi nant fusj. .proteins in E. coli are gluthathione-S-transferase or
mal t ose bi ndim n

Polyclonal Antibodies

in order to prepare polyclonai 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 cionihg 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. Immunoi., 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



WO 03/100429 PCT/ CA03/00752 -11 fusions using the pUR series of vectors and
trpE fusions using the pATH vectors. The expressed GPC3 protein can then be
purified, for exanple using a glutathione colum, coupled to a carrier
protein ifwolesiowed, and mxed with Freund' s adjuvant (to REINgA8¥IH ate the
antigenic response of the animal) and injected into rabbits or other
appropriate |laboratory aninmals. Followi ng booster injections at weekly
intervals, the rabbits or other l|aboratoryl aninals are then bled and the
sera isolated. The sera can be used directly or purified prior to use by

various nethods including affinity chromatogr enpl oyi.n Pr | n

A- Sephar se, dhsiogensEup i RLR Erea R Verois égﬁj 3@%@&%@”&65‘%?@%

ant i bodi es ma\%/ &1%%0 be prepared using a fragnment of GPC3 as antigen.

Fragnents of "or nore consecutive amno acids fromthe GPC3 am no acid

sequence may be usPk eRpf@RE€adGROIEMbterooaT theimbe pusfied;Conakampiecuging a

carboxy-term nal am no acid sequence, or, ariﬁo{qti (;[m t hereof , I.s a.tﬁreferred
fialYy S

anti gen. Fr agifetatRiongycobEMBr {10 B CAHAT y! destednand ix “lsion
proteins, as E%%@%E&;@HP%&%&Pﬁ@%@%@%tﬂwg%r&‘igéh%%%ﬂﬁé’e BRtheCatilimdgpdrRsl Wi th

keyhol e I'i npet rove antigeniCity in vivo. Mnoclonal
Ant i bodi es Moppghanmlto aabbitsFi@Ghanappogiiate labgraibyoatimats.odotedngy

conventional nethods after injecting into, mc urifi.ed C3,ar frag nts
thereof , Optim@ﬂtewln@tm§i%we@kb‘;@?@rﬁ? Sp@@dﬁﬁégs Sgohl%fé? YelPryRVE For
breparat | on. of ARLY Ha83ha L sBAHEReEr TREkra Ehie vRUILd Efbd eraiunien

peptide is in? mce ' rn Freund' s adj uvan or exanple for nine
tines over a pivras udedky paridudmetfue sincledingpdféeits clammategmydy employing
resuspended in ph_osfg%ate buffered saline (PBE%. . The sr[%‘l gen cells serve as a
source of |ynprieftASephee GNtigan SeraaEse Rt SESBERYAGREt he
appropriate specifhgi T i ‘ r i ng
wvel om partnor el o okRa! BT riAlso BpREepalse SnPRATIREM o reY

pl ated into aafuptigsn of rddrasnts of thrieerer metd crisecttiee preseackisdfomdhsel ecti ve

agent such aSGE%-% arIaneo glgildlsséq%reﬁcé rr%wear;/ Sé: ng&eﬂ 8¥’C§L1Jrasé6‘mgagt comprising 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 polycional 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
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



WD 03/ 100429 PCP/ CA03/00752 -12 identify those containing cells naking

anti body specific for GPC3. These cells are then plated and after a period
of growth, these wells are again screened to identify antibody-producing
cel I's. Sev@ﬁ&ﬁ“&ﬂ@hlng procedures are carried out until overT/88&wisz he

wel I's contain single clones which are positive for antibody production.
Fromthis procedure, a stable |ine of clones which produce the antibody is
establ i shed. The nonocl onal anti body cam t#en be purified by affinity
chromat ogr aphy using Protein A Sepharose or ion- exchange chronatography, as

well as variants and conbi nati ons of these tech ues rt her
enbodi ment, dAENHYdHOse SREITIET 4Rl Brakig Artibady, &negalfwgforﬁﬁéﬁoufhpéetcﬁﬂ%t ed

to F(ab)2, K Oé;fém

GPC3- speci fi cé‘ireh])t}rtégl onaﬁ ant%éér'&gaﬁg@hgg%%%elﬁ%}gb e?t%re;t gg usi ng
proteol ytic chedeatfe aptibboy-peodirsing cERC3Sandrabodhirg; p rofceduﬁasaatrelcerasd
described in Lin et al PNAS, 75(6);2649- 2653 or by  genetic

mani pul ati on &4t L@E‘hége@fégcﬁfﬁbeéﬂ(ﬁ“ﬁ contrjmshidie slemesevhichese P@ﬁ't%@ for
transfected pragual pxgijﬁé’t@ o?rft?ﬂts gf&e% bat gta%[e ﬁr‘?&ﬁ?{: loRds %\H’ﬁ%h anti - GPC3

anti body fragments: I'es of "an-an en a |n|ty at | east

1 x 108 are mbetxee theel antitaad yoigsestatplishedf Tamawnworfatanmmmmed Heo assay
Thefsne i ncI ude sandwi ch ELI SA, radi oi munoassay,

fG|P ﬁr io.n m?runodg:gfﬁ&?d ivelfipity chramatograpiy wino Geatein A $2RA2TOPR R Igf-ef fer red
nbodi
enbodi ment , Bhg&%ﬂgoffggogj?%ﬁﬁaﬂﬁaa%b@@%éLhﬁaﬁﬂsyar@o%rﬁﬁﬁ%n% b?t}lge o agnent

t her eof and carrl e used an

GPC3- ant i bodyteclmigliex, i s determ ned by measuring the detect abl e | abel,

t her eby det erm ni ng the | evel of GPC3 in the sanple. Alternatlvely, a first
anti body specific R ueb@gemb@!meabmﬁbo@h&aememeaerrpraﬂaéa ipeldBiged by a

second anty DOsk ERBUALGAIBIF AR, FlPh, A ERIUEAR SELPYIT B obc) which
generati ng sy:sﬂmane‘ﬁmsﬁoh&@@@sp@@ﬁ@ﬁiﬂ@@lcﬁ@aﬁﬁﬁétﬁ%. Buehvirddmeémgwn i n
may be generated using proteolytic cleavage of intact anti-GPC3 antibodies,
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 10° 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.



the art. WD 03/100429 PCT/ CA03/00752 -13 Detection and determ nation of the
| abel or the signal generated by the signal-generating system conpared
with suitable calibration standards, permts the determ nation of the

GPC3- ant i bbdynclomabex present in the sanple and hence of GR@cadlhmrsecond
anti body carries a | abel which may be any suitable directly detectable

| abel or a conponent of any suitable signal-generating system Many

exanpl es of these are well known fromthel3teld of i Mmunoassay. Labeling of
t he second antibody with a detectable | abel or a conponent of a

signal -generating systemmy be carried out by techniques well known in the
art. Exanples of |Réteiciontzad dedermigation Dfﬂ'@da 8l orctheerignal gameraedyy the

det ect abl e |ncI e radi Qi sot 9LEsSE d ch um nescent
subst ances. )&ﬁp&rgtln%sysjg%ggmq%g%ydg h@'y %@) %@%S@%g} rectly
detectabl e | %@hﬂ sfthérﬂé'té‘r"rﬁ(néﬁéh enfHd GPdZ’ﬁQﬂ&)dlyrlﬁlﬂﬂéxtdﬂ@sgntﬁmﬁé ers 1241,
1251, 1211, and 131 A fluorescent |abel may also be used as a directly

detectabl e |seseple a‘rm*h@mmﬂ @PCui t abl e fl uorophores include coumarine,

rare earth netal ons, ch el dam ne
and r hodam ne derT%??%aea%ﬁ da\/b(faéF gZ%@elﬁﬁEEh?ﬂ%fBa n&esfflztﬁgfceo%%%@
stable free rasbeable Iablé?éf*Q'c@ﬁwpdn'eﬁ@épé'f%?su@eﬁﬂlé @{jcﬁ‘@'l g@ﬂéiatmlg stdrat ex
particles, spin labels, biotin/avidin hei r derivatives. nzyne | i nked

si gnal - gener dtlany exgmomse@r@wfﬂ klnonm fwa;rtbe figlckat unmlaunh@@fyat ase,
| | uci f t al bet
G cose. 6 phosphan bR Jesacid AT S tspiable aBE o b A iR Hanent

| act amase, urgasggaaNgemdatifg @g@aéﬁ{ mrtﬁﬁ@arn@a%utwtemmjuéé wWell&r@RAyife can
be detected by measuring absorbency, °“fluorescence’or |um nescence intensity

after reacti rtgetanie %mp’@s\mftlab@la thatpmendye Ltdiseddobender an antibadenzynes are

used as a | ab between enz nd an be.achi eved by
conventi onal ‘ie%?%gge lng@g%grgglo&qjg%?%ed@p{ & %(g‘relsgantcaré%pgaéﬂ(dmm SEPRt de
met hods. substances. For example, a radioactive element may be used as a directly

detectable label; exemplary radioactive labels include the y-emitters 24, 29|

281, and "I, A fluorescent label may also be used as a directly detectable
label; for example, suitable fluorophores include coumarine, rare earth metal
ions, chelates or chelate complexes, flucescein, rhodamine and rhodamine
derivatives.

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

Enzyme-linked signal-generating systems may be used, including
alkaline phosphatase, amylase, luciferase, catalase, beta-galactosidase,
glucose oxidase, glucose-8-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 suitabie for immabilising an

antibody include microtitre plates, such as those obtainable from Falcon



Solid matrices to act as solid supports suitable for immobilising an

anti body include mcrotitre plates, such as those obtainable from Fal con WO
03/ 100429 PCT/ CA03/00752 -14 Plastics, Oxnard, Calif., or, for exanple,
regul ar ELWGA3ME2Otitre plates (Inmulon 11, Dynax, ChantiPCIlyCAMNA)75and
Streptavidin-coated ELISA mcrotitre plates (Reacti-Bind, Pierce, Rockford,
IL), and mcrotitre strips, such as those obtainable from Dynatech,

Al exandria, VA The wells of the strips-ddthe microtitre plates are nade
of clear plastic material, preferably polyvinyl chloride or polystyrene.

Gt her solid matrices useful for antibody immobili th lon i n%ﬁd{a pol ystyrene
tubes, stickPlastigsa@inesd.ofalifnyrcionexamelt regilze=h '%6‘1“9@%” 8%eads or

pol yacryl am mat ri ges, Anti [es ' g i port by
conventi onal qﬁﬂ%\“ﬁﬂmﬁ @M‘%’ﬁ %&%%U\]gl Yﬂzﬁﬁn%tﬁdﬂ%\ﬁ%‘hﬁﬁeﬁgﬁég% etmaég
described in dihiSs (RBALEBindPiekoed Fbckftd, IL), @t mictatitre shiipd) sachrasitbosed
enbodi nent of the invention, a sanple of a body fl ui(% | S %ont acbed with a
first antibodyptaihpble iwmdayngseeh.rAlexandria o/A.cbag wedlst Fhf?é TSR, the

first antibody. bei,ng | L] e r heihaemty time i's
allowed to péﬁ?f‘? 't'[ﬁgﬂléf‘?n%g%fﬁ%ﬁg O%g@rgjgéthgeméfég%Iptéeftec?élt%lkﬂlmgi lised
anti body. ThersHdedospdpstiyteries Oledt song hestriess usefahfaardibodyt h a second
ant i body whi g:h bi nds spéecifically to the first antibod and is | abel (tad with

. y
a det ect abl e irahahilisationasciadepotsiyrepeitubes, stigkapr gaddiestal /gy COPYEREN The

provi ding-a. i o BOWFO Hee et ok PpY e e HRERE i e, “and hence
determ ni ng the | exglipdfiedIEY behinirRebilise®ba a sdlideggpotlng eomidritionaf ur t her
enbodi ment, the sanple is contacted sinultaneously with the inmobilised

first anti bodyethedshenishlare wealljpmemn iarte ene for exgande asedentiibadin bbdy. In a
];:Jgr;?lgfr g:rr:g(r)g%%qﬁg{ @9253@%&22% | gﬁgyt Ezysl)ﬁ:l(; 2u|pgg(ra!t - (t;(r)und second
anti body is deter nhnedoRyari®eanh afpréferftid émadiniad vf Beainveation cebagibib| e
| abel or signal -generating system conponent, the third anti body binding
of a body fluid is contacted with a first antibody which binds specificaily to
GPC3 to form a complex, the first antibody being immobilised on a solid
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 immobiiised 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 sampie is contacted,

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



selectively to the bound second anti body. In accordance with a further
enbodi nent, the sanple is contacted, either sinultaneously or stepw se,
with a first antibody which binds specifically WO 03/100429 PCT/ CA03/ 00752
-15- to GPERane4Ed which is attached one nmenber of a capt wC&@EaBH0EAD Wt h
a |abel ed second anti body which binds to the first antibody. The resulting
m xture is then contacted with a solid support on which is inmobilised the
ot her menber of the capture pair. After -dl%-ow ng sufficient time for the

| abel ed conplex to bind to the solid support by interaction of the nenbers

of the capture pair, the solid support is washed and the amount of |abel
bound to it its GH¥EBanditaer)ich is akaciad ore meanbenga %pt@mﬁasrﬁnﬂﬁ%ﬂ;am e.

Sui t abl e capt ur pairs,inglu L QL. b dig i e pairs

are known t o e BERo0g RLBET WEH bBUEi R L ohtioodd, TPhe PR S o Be
reversed, thenhhirslis #idr SGetyctdal with a@oa@euFan@lnl which i$ memobiisedxthand t he

| abel ed second anti body binding specifica

( y to GPC3. The screenj net hod
descri bed herather mpperoftie saptirg Rply. Aftecpilpwing sfigient Ung fphg}e llég%@dwas

undetectable in sanples fr not. ] t 4L wers, and
was found at %@ﬁ?gﬁ%ﬁg‘ﬂf‘é’aﬁfe@;'ﬂ%@@@l@ib ﬁéﬁ%r%@%é‘t%ﬂg m%@se?%ﬁﬁ?osi s
sufferers. In t&r@'pﬁamh@gowb@%mwggwﬂ agd tisedrmd06! of rabe Bund thE of
subj ects had tectable serum GPC3 | to 2924

evel s, ranging from 151 nqg/ m
ng/ M. When <ksteminge, tm@etaﬁémedbeé(w&ﬂ@t%&é}th%sqrﬁﬁlesag'étagg% CeRt¥e and

20 ng/mM was used as .the threshold. of rality,. 0 N S LeRAts were
detected. |f RHE 'Pﬁ]PQER)a?ta‘b?ﬁ%@?‘V@‘f”-AEg%}%a‘ﬂ?Q'ﬁ ’\y/aérsggr%@{soease ﬁ?slsgﬁsed to
100 ng/ i, onhy 232% 0 sFé&ﬁ@iaé@@f fecarstiioRiid Sthay A fuvesdwml, thé érstlantbo@p

ng/ M AFP, however, w Il include a nunber of false positives, since AFP

| evel s gr eatindingspeeticaly ta thereorspler and thalgbaled sarend pnlbod BRSEKE ot her
than HCC. It hasf bgeﬁh)bw by the inventors that elevated | evels of GPC3
in HCC pati eREEMRALY | correlated with AFP levels (Table 4). The

met hod of the The screening method described herein appears to be highly specific
for HCC, in that GPC3 was undetectable in samples from normal subjects and
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/mil.

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 faise 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 [evels of GPC3 in HCC
patients was not well correlated with AFP leveis (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.



invention therefore provides a useful additional tool for identifying HCC
cases not detected by AFP screening. The nethod of the invention may be
used alone or in addition to AFP screening by conventional nethods to
inprove the ability to identify HCC at an early and treatable stage. wO
03/ 100429 WQTB/OAG3Y 00752 -16 In a further enbodi ment of tmkreTitmentison, GPC3
and AFP screening nay be used in conbination to provide a test conbining
the specificity of screening for high | evels of AFP with the inproved
sensitivity of GPC3 screening. For exandife; as seen fromthe data of Table
4, if AFP and GPC3 serumlevels are determned and a threshold of 100 ng/m

AFP is used as the threshold of significance, 7%‘?& H&g\@%ti ents showed
el evation of at |dagtfurtheeegtoosirpentef thpdweniiong gn SN0 ng/ m

AFP is used alone_as H I r 9. S : rker. |If
both AFP and m@b@% Uged '%Rgfbdﬁﬁdd‘ @npdég'é.{ehér teegﬁgﬁﬁibv%a{ @?q%?b%ﬁﬂ /cr)ﬂfrmAFP is
used, 82% of scpatrieRtsr ISGRVELISbEKAPI With tHe iafprbeed sensidviof odBPCehd GPC3. The

serol ogi cal GPC3 asSays of the invention are especially, u | fo urt her
assessment ofsceedsjiegt &0 ksampie. @s saerdromibe ata shiable 4 ‘fls'lgégra%égpfs The

hr ot ¢ nepaierd aYaF b QTR AR Y Blo R B 100 R PRRE S sk Ras BRI

chronic hepatsiel“i"§1 cartrrers. | er e ment, the
i nvention pramMiddnsIRef sigAEaets, S09s be MG batiehtsathoerd eleagtiasonat IBES by
examning liver bllggsy sanpl es from subjects presenting wth a[?lil ver nmass.
Li ver tissue aengliAfSP aoist GPhed a6 pPpRspd §o a2 et 19RSW/ M 456 BetPerABRe RS gy,

maki ng conventi@nal , hist } i S| i,Efd . 1¥H ions from
such bi opsi egﬁgﬁé‘n@ikﬁr'n%ﬁ%%gt ﬁ@gﬁ%@@é@ﬁ?&({hﬁgg g?%@?%ﬁ%@% in the
exanpl es her espC3afd cotgldRedd aRd ef thed¥bdld nallberfSEChg/anARR is msbd; 820 ef t hat
the biopsied mass is HCC. The anti-GP3 anti bodi es may thenselves carry a

detect abl e | giadientsssiowed elevatibnef et aast oneeAFPoand RP¢3.r st anti - GPC3

b esent i mvent i on e siard EPGrEsaa SLl BT B AR 15

GPC-3. Anti bagigsr ¥4ycsRniint @f 5abjeb® SvEng RiihiepeiRdRatibhe 9 adiver herdises
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 iabelled second antibody.

The present invention also provides antibodies which bind specifically
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.



are al so enconpassed within the invention. The anti bodi es may be of any

i munogl obulin class including 1gG 1gM I1gA |IgE and 1 gD and any subcl ass

t hereof . WO 03/100429 PCT/ CA03/00752 -17 In a further enbodi nent, the

i nvention YWwooviiees? a kit conprising a substantially purifired/@siobsdy or
fragnment thereof which binds specifically to GPC3 or to a fragnent thereof.
In a further enbodinent, the kit is for a standard two-anti body sandw ch
assay in which a first GPC3-specific antifdody captures GPC3 present in the
fluid sanple and a second antibody detects the presence of the captured
GPC3. The capture antibody is typically immbilized on solid hase such
as an ELI SA pl at e, lna fuirthepeait ms@t tReiBWEAHON Areyides 8k ‘ta‘i%/mpr&'m@? suppor t

known in the art he det. b ae with a
colorimetric sg,bs}ag&aﬁy QHf'ﬁ'fo‘l% brﬁ%@eﬁ @ w&rd%t '(e;éﬁagréd%spé "?g?ldar Y,

| abel ed anti t@ﬁ@g%ﬂ-qglafﬂrggﬁq@ht ﬂqléee(bfsotype of the detecti ng ant i body
EXAMPLES The exanpl es are described for the purposes of IP|I us}yr ation and

are not intended Ina furthier emb@dsmepbtlaﬂ kit fefor gvidangaye. twgse of chemistry,

nmol ecul ar b|oIo rotein y referred
to but not exin Q‘?%Sﬁ%'@r‘?’ 'QB ﬁ'ts ﬁ‘%cabgﬁéaﬁosﬁ@%d gﬁ@gﬁ%@g‘g@;re
reported in }\9§_séﬁﬂlﬁﬁﬁéfﬂu{a $arhBledndl & sabsha@ ity deteotsinet pretbneeotiidl | ed
in the art. Patient tissues: Liver tissue sangl es were ob ai ned

from t he Deparaptenet GPC3Pakiteotapfyre mﬁbﬂﬁyds@é?i@ilbﬂ imppebilized ong $olid ver

| e bl ock | ] t
por enchyna. - Aase SEhesas ELPA R E A il ickE e s b GadB ALy arri n
for routine mtgé%%&?knoﬁﬁ%ﬁﬁ@éﬂtOfrhe%ﬁstté@tmg érﬂrb@dy%@qdesam@étgs ver e

obtained fro 4 patients wt CC (see Table 3 for patient
char act er i st ilabgled2dthpatcokatinsetwicton radipisotapic latielior is tesif deippiedda @ (12 with

HCV and 8 with HBX ty, 18,488 Lak by spfet]cn‘h SR ihé Isbtfpe o'tk Hetecting antibody.

EXAMPLES
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 repoited 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



HCV, 1 with HCV plus HYV, I with HCV plus Thal esem a, 1 coinfected with HCV
and HBV and 3 with HBV) (Toronto Ceneral Hospital), and from53 WO 03/100429
PCT/ CA03/ 00752 -18- healthy bl ood donors (Sunnybrook and Wonen's Col | ege
Heal t h Sciwmogguoi€entre, Toronto, Canada) under a signed carIamiosfonman t he
patients. HCC was diagnosed histologically when |liver biopsy was avail abl e
or fromclinical information follow ng the guidelines of the European

Associ ation for Study of Liver Disease-A8- The serumwas i nmedi ately
separated by centrifugation and frozen at -20 C. Sera from patients that

wer e di agnosed with non-malignant |iver disease b epat i t| th liver
cirrhosis anmdaétbatbiaodsdomrst (BannybreokfangdaVemencd 0@@9?&? ‘8H‘F‘§/3 i ncl uded

Wit such oo oo Eatiaprnban et s ShoBh colRshengn e FE‘?@ES HECHA e 5
wer e cul ture%ésg\l_oégdrht%mgﬁéaﬂ@%h@ﬁ liverdiiope \NEMavmlélbielﬁ%dmtcahlcbbw ne serum

(FBS) (G bco suppl enmented with M non-essenti al rCP ng aci c%
sol uti on and ln’@d)ldlratmm mﬂcwag ¢ guigrjinesTakthegreppaAN ASseCRASNJIAN i n DVEM

and 10% FBS., All_.cell lzd ure
Col I ect i on, K RSFESem ?%H%a@%%%ﬂ Jtél&rgm&) %??flégg{ rlﬂ%é%(rﬁg%vﬁnph 5%
0. To col 'f%n%”@dd@%aWh%a‘hBﬁtsCtﬁhiwbrdﬂéi%gmé@dwwmr&tnmilgghnﬁenslty
over ni ght e absence of serum The collected nedia was concentrated

usi ng Oent“lwend\éh’bé@ {oepatftis| wit Bve(rmmrmmsps)aegi hepatitisf aldhedimepf &1G8 The
293 cell line was transfected w,t Lnin A HA GPC3 cDNA
21 i nt r oducedallgedPn W@repﬁlﬂ}y\,‘@?:'f’g?g Fh'%%' t@@{%yvasd'go dgihqa?g)ﬂ)oq and
transfected GebidRRLREERY ShidhiOmel donGhIBcAbeo BRY). - Cel [ expressing

hi gh | evel s were s FACS after staining the 6418-selected
cel I's with arCelhnesNQQCas lived HepB2 HapaB ao PléaPer -5 veyeridtuye i i body

mouse. monoci GETARY SBSSLMeRM D (AR | B s i JEBOW Gl

ast 70 am ne R A S e B e 6%t

Titer max Col csofi@ed pyharee (hdpy.aiite 298 telt lidwas cultured in DMEM and 10%
FBS. All cell lines were obtained from the American Type Culture Coilection,
and were maintained at 37°C in a humidified atmosphere with 5% CO,. 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 fiiters (Millipore).
Transfection of GPC3: The 293 cell line was transfectied with a hemaglutinin A
(HA)-tagged-GPC3 cDNA ?" introduced into the pEF vector (or empty vector
as control), and transfected cells selected with 800 pg/ml G418 (Gibco BRL).
Celis expressing high levels of GPC3 were sorted by FACS after staining the
(G418-selected cells with an anti-HA 12CAS 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 ng 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



days, the mce were boosted with 50 g of the sane i mmunogen in the absence
of adjuvant. Two days |ater, blood sanples were collected fromthe tail's
vein, and the corresponding sera obtained. The anti-GPC3 titre in the WD
03/ 100429 WCDB@AB3Y 00752 -19 serum sanpl es was estimated pgTamBiLhSA usi ng
as negative control the pre- imunized serumfromthe same mce. Splenocytes
obtained fromthe two mce with the highest titre were fused with SP2/0
Agl4 nouse nyelonma cells (relation 6:1) 1% the presence of polyethyl ene

gl ycol 4000 (Sigma) using standard procedures. The fused cells were placed
into 96-wells plates and expanded in a-Me

I {I;é 10, mM Heges, 50 f%g&é )
2- mer capt oet fesnain, saroples PES esfipatesrhyaebLiwA WSS ABRRINESSRIR RS PEd
hypoxant hi ne,. _am nopt eri 1.di } SRlg - To
sgPect f or pr'mdt‘f?'%%é Sf if%@ﬁg@‘%ﬂ'ggg@%g.ﬁ%@%@?@%é?%bgd?Cf%?gg"rﬁled by ELI SA,
Tt oS ver o T e o ecour e o fmuﬁtmg | “"‘*”F iy mﬁfﬁ peishe

0 i R

pggsghagrﬁ- buf(felatien G'S“Lai:cilil Hee press) 'Pe&rﬁ@%@mﬂ'@’ﬂ%ﬁgﬂo @E%'Bﬂﬁﬁ% cl one was
added. e presence 0 i- : h S
det ect ed usi pﬁancﬁﬂfﬁé)&)&%&@t spﬁ%ﬁ?%ﬁs@-i@%%ﬁ?gw%gt%gﬁ?@ ’agfé;?!\l‘%G and
goat - ant | Heiih SLIVENS CEnmWiHdpee; Bh ey baneiapmbathan, g0w) RBEI

hydr ogen per oxi (rj]e as substrates. The positive clones were then further
expanded, andsupphehentsdiwith NutridenaiGs (Reha)andshaneatiog, 2BINCPIGRE t est ed

by i mufluorescence. T sitive hybtido , , were re-
cl oned twi ce,a%@’ymgﬁn?r}?@f§wlﬂ'§'{%{%'h% Jg%?e%%ﬁ%@%ggg rip (Roche).
Ant i bodi es i fd i td espatigifigosigkllg protein
A col umms (\Aﬁ@nggﬁ%rﬁge%{@ﬁhggggdﬁ%%%é?%h@%g?lml nmunof Iguor escence:
GPC3- or vectglatesllonde@9&ht(.a5 sieait@ECS dinnsunoges peyerelbd renplptiswerd ysi ne

A S

bi i ng of 12 (S and SEnatofles el AP hth SiohlTids Mulea iR, @ the

anti - nouse | gpebéade HRafhti-BMEdantibbdies ¥6and to the antigen was detected using
horseradish peroxidase-conjugated goat anti mouse-lgG and goat-anti
mouse-lgM (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 (1gG1, K) using Isostrip (Roche).
Antibodies were purified from conditioned culture supernatants using protein
A columns (Affi-Gel Protein A MAPS Il kit, Bio-Rad).
Immunofluorescence: GPC3- or vector alone-293 transfected cells were
seeded on poly-L-lysine treated slides, and fixed with 4% paraformaidehyde in
PBS. After 1 hour incubation with anti-GPC3 Mab or normal mouse 1gG
{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 1gG F(ab")2 fragment (StressGen).
Western Biot analysis: Cells were lysed in RIPA buffer containing protease
inhibitors (2 mM PMSF, 10 ug/mtl leupeptin, 10 pg/m! 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



Western Bl ot analysis: Cells were lysed in RIPA buffer containing protease
inhibitors (2 mM PMSF, 10 g/m | eupeptin, 10 g/m aprotinin) for 30 mn on
ice. The protein sanples were run on a 6% SDS- pol yacryl am de gel and
transf err edOtoo/1804BVDF menbrane (Pall Corporation). The nmempcanesiswerse WO
03/100429 PC F/ CA03/00752 -20 blocked in blocking buffer (10 nM Tris-HC pH
8.0, 150 MM NaC 0.1 % Tween20, 5% non-fat dry mlk) for 1 hour at room
tenperature, and then incubated with 1-¢0d 1Gl2 or 12CA5 Mab overni ght at
4 C. After incubation with horseradish peroxidase anti-nouse |gG secondary
anti body for one hour, protein bands were detected us chenol um nescence
ECL reagent si¢dhedntbloERihg buffau(ﬂcﬂhlmM daerditlqatt §:0, Iﬁéfoaﬂ"’f\i Zed tissue

of ot hanol - SONSRTANY% AR G a2 BTt h@ﬁg%‘%ﬂfe ormad
heating the méw"ﬁeve gpﬁ%gﬂé’@b‘?1§€N§Maﬂ%v@rmghﬁaﬁ<¢n(§0hﬁem crowave oven

(2 min at mn at power [evel mn at power

|l evel 9, and indethidhi with hbestradish eereticase anii-ceuseTiges sdmdi‘eiary\en‘éb@@)hsed
with distilled water, dehydrated in a gﬁcad d series f et hanol E@ﬁ di pped
in 10% hydr ojenongapeki Ietain baads wese delscty Uﬁ'inﬂLﬁh?én HineRHENCh dogenous

per oxi dase. r&‘!ﬂfhydrat ed and i nmunost ai ni ng was perforned
usi ng the antr?_gg@féé% at g/m (or normal nouse 1gG and PBS as negative
controls) aqmﬁdmmszb@hbhﬁstmﬂmaﬁlhbernlseddect tissud seadisnaiwe8P kit (Zyned

Laboratories) and the TSATM Bi ot i n %stem NEN Ll%%Sci.encg tgr oduct s)
Serial secti d@ara@ngesitwméwempﬁﬁl dehydigted op gradamhpetiss PLelienel AFP

(Dako, A008) 0 cked with
aqueous hydrsg%létﬂor}?ér n rfeg%év ?%ghgm%?ﬁglgﬁzeﬁgéﬁg@?ﬁﬁgm PLé)t he Utra
HRP  system (diBebapsD. m@adﬂmafts:lbuffé\rlﬁﬁﬁ D& N@’nrhoﬂﬂnﬁtkopﬂaateemewe(@enhncater ed

wth 0.5 pg of anti- GPC3 Mab 1 Gl2 in 50 | of PBS per well % | ates were
bl ocked for Zawerlpyél 1o 1BEMIN @t pRwer ygl Q@rﬁZéfmmﬂuﬁ%eré@Y%} les (1:3

in PBS) were rengﬁrgg e tﬂ?é{ﬂpgtteﬁg tERS RN L s Whre AR WAL WiRetnbOUN

mat eri al
dehydrated in a graded series of ethanol, and dipped in 10% hydrogen
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 IgG 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 pg of anti-
GPC3 Mab 1G12 in 50 ul of PBS per well. The plates were blocked for 2 h
with 1% BSA in PBS, and 50 pl 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 %, followed 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



with 0.1% BSA in PBS, bound GPC3 was detected using an anti-GPC3 sheep

pol ycl onal anti body 22, followed by an incubation with horseradish

per oxi dase- conjugated donkey anti sheep 1gG (Signa) using

O phenyl en&@ivdgfiirdd ( Si gma) and hydrogen peroxi de as subst ratrasaoslon’ser der to
quantify the GPC3 present in the serum a calibration curve of purified
GPC3 added to the sanme WD 03/100429 PCT/ CA03/00752 -21 dilution of a pool
of normal serumwas performed in parallell-To determine the presence of
GPC3 in normal serum the GPC3 calibration curve was done in PBS. Each

sanpl e was neasured three tinmes by quadruplicates, Statistical analysis:
Si gni fi cance di@tien Df%rp@@b@%n@féfﬂal@@ﬁimwéa%P@fu?ﬁn%g? P%f@i'@ft'rr-lio egyine e

Mann-Whitney test. S i.cal i tAER | j rall el
ser um sampl eregies GeoREm Qe o S ubhs Ehey AP IR R ARefR Rcym
Abbott) .  EXAMY B dsh Sadgicihe meatdired girae tiendszioy goadaipliPategc! onal
Antibodies to GPC3 A portion of the cloned GPC3 cDNA (Filnmus et al., supra)

encodi ng t he Statisticahgaelysisv 8ignificanse fid ITareReeHbe e e HRHPEBES was
expressed as l.ut at hi,one- §t.r ansferase fusion protein in a conventi onal
E. coli expr é@%‘?rg'ﬂne@g’é't ﬂﬁ‘“'?}(,@{’fe@feg{ﬁ protein, purified on a glutathione
columm, was Usgg/dofral cBRvEhEaticsEorRP UsF P dovels irapalaille! geratrosainpleBheere

pol ycl onal antibodies were affinity purified against the 70 am no acid

i munogen, bydeternmieed byreacommsreists avaRiRELISHEE (AxsVEhARAIes, a
Laboratory Manual ", (1988), Ed. Harlow et al., Cold Spring Harbor. The
pol ycl onal anti bodies were used for Wstern blot and i nmunopreci pitation

studi es. EXAMBLEVMRLEP) OProidueiop! ard Bhapstaszatioh GfRolyblorrd] dustibdddies bodi es
to GPC3 The same | mmunogen, a GST-fusion protein including the Cterm nal

70 ami no aci de GfPCBuman GPC3, was used to raise nonoclonal antibodies. This
(heref ore used o /bBABPRY LREIBIM SeCapsa el TBP ahasiaes  PFBe N8 ms

70 consecutive C-terminal amino acids of human GPC3 was expressed as a

glutathione-S-transferase fusion protein in a conventional £. coli expression

system.

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 polycional 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
therefore 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 ug of a His-tagged carboxyi~terminal 70 amino acid human



wer e generated using nmethods known to those skilled in the art, for exanple
as described in Kohler and MIstein, Nature, 256:495-497, (1975). Briefly,
Bal b/ C female mce were imuni zed with a single i.p. injection containing
50 g of awd @wa@ged carboxyl-term nal 70 am no aci d humarPORX 88/10B429

PCT/ CA03/ 00752 22 GPC3 fragment enulsified with Titermax Gold TM

(Cedarl ane) adjuvant. After 21 days, the mce were boosted with 50 g of the
sanme i nmunogen in the absence of adjuvaBE- Two days | ater, blood sanples
were collected fromthe tail vei n, and the nouse sera obtai ned. The

anti-GPC3 titre in the sera sanples was tested by an enzyne-1lin ﬂ

i mrunosor benGRG3 fag(rEnt SA‘)UISlf]Sﬁi Mgthaﬁtaiﬁ‘@dt(ﬁvlé ™ daedariangeagiiant zed

i ghost ©1 i1 1By, HEBIEaWER SapIe G RY BoLie st FEE:  on 6. 1)
with polyethy b&%C@bygtﬂhvﬁf&()@rwabgnla?éﬁfbﬂ?dcﬂsé}here%ﬂlué@scomeeﬁdqr@m tReM

Pi sani , rla cer statistics. CA. Cancer J. din., 49,
33- 64, 1 (1%I9\)edeﬂﬁ:l thesmouselskesa ohmmted)l"Eh@dntlﬁBCSGLtNﬁelhlth@lsat‘%s in a- MEM
10 mM Hepes, 50 M 2- nercapt oet hanol FBS sugg nt ed Yél %

Nut ri dona- CSTFW‘(WQ%W@? tested fy A enaime; B ¢ IFEWPGEST ARFPOLEMCAY ne,

erooned by EETgcS TROMR e lo hIRuIERY ffum g The Bemephice. ned ver e

car boxyl - t er SpgHocSSohtargrEndrviee two Tiiee wilhatighestdites Meoe:m:s@dfmth 2 hours
with 1 % bovi ne serum al bum n BSA i n g{;osp&gi Buffe d _saline %@8& and
i ncubat ed wi SFPA®édddiaPUsRABE %’Uﬁtcﬁll%(fe 198y With o'yt WPHG g!)\fccﬂ i rst
anti body was e hp Ber C it t

anti -mouse. | Jeanae SR R P SRS C Ity O BE RS R PR PRA S ookt

0- phenyl enedicanterestatistiosy @ dmaee Uogiie 48533 64bdt (8. Thedupedicellve cl ones
were rescreened by i mmunofl uorescence usi nq@GPC?, transfec&fg cells. The

sel ect ed hybwedepiied inteB5-wall piates in wdEM: o8l HigPes, 59 1 i sotype
condi 1 oned SdiTeapeuBalad FrEeS AR DR EEE AR e o ek,
Affi-Cel ProtgircefofhBWH fadters. ar(cﬁhﬁ:o%ﬂﬂ%e Adrhinbptirrsaind deuniethedy t he
hybri domas were screened agai nst the 7
select the hybrids. The clones obtafned 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'GPcs—transfected cells. The selected hybridomas (1G12 and 8H5)
were cloned twice, their isotype determined (1gG1, 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



am no acid GPC3 fragnent using an ELI SA. Positive clones were then tested
for their capacity to stain specifically GPC3-transfected cells. Two

hybri domas (1Gl2 and 8H5) produced anti bodi es that showed strong and

speci fic iwowsoaHzt ni ng of GPC3-transfected cells. Figure PCirldassmoaees
staining of 293 cells with 1Gl2 anti bodies, followed by a fluorescent second
WO 03/100429 PCT/ CA03/ 00752 -23 antibody. Panels A and C are phase contrast
m crographs and panels B and D are flue@Zdscent micrographs. Panels A and B
show 293 cells transfected wth the vector alone, while panels C and D show
cells transfected with the GPC3-containing vector. In this exa eae, he
cell's were staatinedy.i Rankls A@nds’éﬁc@pbasqgorptgaahm!@fogfaﬁ%ﬁaﬁaﬂar@ﬂ? ( mMAb)

1G1l2. Panel cl earl denonst r at |f tel. ) ' . No
Staining s Qe PERES B apER FARE A AT PR bl e e 1)
EXAVPLE 3: frafkeidcEstdIoRe Olhidpasdie Gandll shwdicelis Thasfoptad withithy of t he
two nonocl onal antibodi es produced by I Gl2 and 8H5 hybridqomas was

confirmed by GRE8montainiog vesiory dndhisiexgrmilei the qe)is yyase staipad in the

HA-t agged- GPC3-transfect ed, cell s. | i \ i Gl2
det ectg gd t he %%%F’d"%‘?fr@ib%/ﬁ‘a'i%g&“%ﬁ?@%\g@?b@%@ﬁ%? gtcjg]izr'\, @Q@lﬁ]@? S,Keea%lg near
cor respondi Nehthish@itds ¥5adIae @@tﬁiﬁwimfmm%mw@ staimincpls, seen ipathal | el
Western blot was run with an anti - ant i body lélZCAS). EXAMPLE 4: GPC3 in

ti ssue secti oelis Panafected withttheveclor alioe {PaeLB).and sur r oundi ng
non-mal i gnant cells were i munohi stochem cally stained with anti-GPC3
nonocl onal antibody 1 Gl2 as descri bed above. The anti-GPC3 anti body was

det ect ed usi KX AMPRECS! OHAYaR e ridtitionBf MoricoionaAatibbdfessecond anti body and
the bound second antibody was detected using streptavidin conj u%%tged to
I

horse radi sh per dtiedepedificityraf te dnomonasianal Betibedips aresueashby i1
anti body, 1Gl2, d .strongly to.tu r I tdid.: i at all
with the nor mRd éﬁ%gy BE@?@?S%{%? C%{Hkﬁ?%%@ %Shs{g bg&e%%?%ggip gdstgﬁ‘ce of GPC3
on the cell Wé@ﬂﬁm Hl’\gﬂ\%gg;bﬁﬁﬁ‘lbc35ﬂfé’}1§%d1@d'c@lté.hﬁscéhfovm psyuwes2al so seen.
The cytoplasm c staining nostly _

antibody 1G12 detected the band corresponding o the GPC3 core protein,

and the smear corresponding to the glycanated form of GPC3. As a controi, a

parallel Western blot was run with an anti-HA antibody (12CAS).

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 conjugaied {0 horse radish
peroxide.

Figure 3 shows that the anti-GPC3 monoclonal antibody, 1G12, bound
strongly to tumour cells, 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



granul ar and close to the cell surface. Cccasionally perinuclear staining
was observed. Non-parenchynmal cells were generally negative, wth the
exception of macrophages. These results indicate that anti-GPC3 nonocl onal
WO (13/ 1008409330 HH28A113/ 00752 -24- anti bodi es can be used tecrcagmese HCC in
liver tissue sections by detection of GPC3. EXAMPLE 5: In vitro

determ nation of GPC3 expression in nmalignant and benign | esions Table |
sumari zes the results of an i mrunohi st ocdfem cal study of nonocl onal
antibodies to GPC3 reacting with fifteen different hepatocellul ar

carci nomas. Twe) ve, (80% . of these, HCC s reacted w.th the nonocl onal,.
ant i bodi es tcﬁ'@@g!e(sﬁﬂﬁ EGMQQS‘BQ@W?EHQ?QW ;ﬁﬁe%“ﬁtﬁﬁ%’mﬁ%yéfeg?ﬁw cells
t hat reacted(ypi he anti-GPC3 mAb in each tunpr. Positive cells were

usual ly clustered Into clone-like regions. In all cases, the non-nalignant
liver cells surrounding the tunor were negative. Table 1. GPC3 expression

70 21014 3 SRAWPLIEES GoTGoRviermination 5T RPCESxBtessiangndpsnant oo - -
%ggi%g%ﬁ g élm%gggigll,g%g?éﬁ% i g ig 68 019626- 98A 1 1 1-5 18891-96 1 1 5
Table 1 summarizes the results of an immunohistochemical study of
monoclonal antibodies to GPC3 reacting with fifteen different hepatocetlular
carcinomas. Twelve (80%) of these HCC’s reacted with the monoclonal
antibodies to GPC3. There was some variation in the number of stained cells
that reacted with the anti-GPC3 mAb in each tumor. Positive cells were
usually clustered into clone-like regions. in all cases, the non-malignant liver

cells surrounding the tumor were negative.

Table 1. GPC3 expression in HCC.

Acc. No.of | mAb1G12 (mAb8H5 | % of positive cells
HCC's |
2188-96 | 3 3 70
21914- 3 3 80
4865-99 3 3 90
7530-93A |3 3 100
7590-98B | 3 2 90
28828-99A |3 - 100
12056-97 2 2 40-60
19626-98 A | 1 1 1-5
18891-96 1 1 5
6301-99B |1 1 20
2978-97B |1 1 1
5940-96 1 1 5-10
21424-98 A 10 |0 -
10355-97D | 0 0 - JJ




LO 0 WD 03/100429 PCT/ CA03/00752 -25- 10865-01 C 0 O Table 2 shows a summary
of the results of reactions of an anti-GPC3 nonoclonal antibody with
mal i gnant and non-nmalignant liver tissues. 6 liver adenonas and 9 liver
dyspl asi asvewyemgati ve for GPC3. Table 2 . GPC3 expressi BATICA03/MTS2

non-mal i gnant |iver tissues Type of Liver Tissue Nunber of tissue GPC3
expression (%9 types tested HCC 23 19 (83% Hi gh-grade dysplasia 3 0 (0%
Low grade dysplasia 6 0 (0% Hepatocel F@bar adenoma 6 0 (0% Normal |iver
34 0 (0% The data indicate that GPC3 is not expressed in normal |iver and
in benign. lesions, while the majority of HCCs express detectable |evels of
gl ypi can- 3. EXAMPLE}&650MinolCogi cal ass&y for GPE3 detection A sandwich

ELI SA was used t oldetermne—ERPES3—+n—the—serumof—pattents—di-agnmosed with
HCC. For the ELISA, 96-well plates were coated with anti-GPC3 nonocl onal
anti body 1Gl2, an asldebnsUfkouaddi-GRCG3 1 al was
renmoved by vvashl ng- %z[aén SB%% g&m(ﬁ%éé{@gg?ggfum nq anti - GPC3_sheep

pol ycl onal amtérizetibres aptibpdy e.athemailgnarEmadmoeﬂ mah@mrpil beedissigect lyelor

indirectly to a det ect i OQ rea useful for %@g t he presence of the
i mune conpl &4ENIRBSAN] 8 dver i;a%yvefq]geggtév 0«5 heasur ed and conpar ed
to results of a standard curve. Figure 4 illustrates the standard curve for

the assay. Assay results were linear within the tested range. WO 03/ 100429
PCT/ CA03/ 007Fable 26 BRGIerpessivasn esnabiligiand liver tisguesct sera from patients
who were

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 1 0 (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 polyclonal 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 resuits were linear within

the tested range.



being treated for HCC at the Toronto General Hospital, and whose witten
consent was obtained. In a prelimnary study, sera were collected from?9
patients with established HCC. Normal sera were also collected from 38

bl ood donswsoamdizpool ed. GPC3 | evel s were determ ned by a BEAREMIWISEL|I SA
assay, using 1:3 (serum PBS) dilution of the sanple. Each sanple was

anal yzed in quadruplicate. The concentration of GPC3 was obt ai ned by
conparing the OD obtained fromeach sangé-wi th a standard curve generated
by addi ng various amounts of GPC3 to the sane dilution of a pool of nornmal
serum Table 3 summarizes the results of the study. Five of the nine HCC
patients (55% haxpfdE8oMmahs establistiedver eplieichsera framtpaticete wabedereNone of

t hese patients had sidqni ficantly increased AFP | evels.

det ect abl e ibingireated s Hioe mithe Aatarde Cengppldiaspiiah:3 W%S%%%Lvel

(ng/mM) Sta r rLQr 1 .10 L (% 0001 (*)
4 84.9 19. 3r%%ggﬁw%g)°£%ﬁ8&9%glﬁé&gﬁlf@'fﬁ%%’ Sé@oﬁi@g?wbc%&j Vi WA
44.4 54.3 N$atenidRith eb2alflisBe@GC( NormbDseral®ete AlSo dedietted fomi@ sera 0
10.1 *significantly different than_nor seru Additignal st udies were

conduct ed us?ped doBaFINE ROBIEASASITES &%W@_re _1dﬁ rged OY & s apc3 i n 53
157 20"wi tn SRSETERY: R LB e A o e hat
GPC3  was unggs aasigbée in quatituptieatet Mhd cuficenthatibs ch P € B atasigbteimeddiy 34 HCC
pattents comparing the OD obtained from each sample with a standard curve
generated by adding various amounts of GPC3 to the same dilution of a pool
of normal serum.

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,



(53% sensitivity) had significantly elevated | evels of serum GPC3, with
values ranging from 151 to 2924 ng/m (Fig.5 and Table 4). In addition,
GPC3 was undetectable in all patients with hepatitis and it was detected in
only 1 of Y0 03/({(®y patients with hepatitis plus cirrhosis, patry@oeysk of 117
ng/m (95 % specificity). Statistical analysis using the Mann-\Witney test
showed that the average serumlevels (ng/m) of GPC3 in patients with HCC
is significantly higher than those with-pgpatitis plus cirrhosis, hepatitis
and healthy donors and there was no significant difference anong the fast
three groups. EXAMPLE 7: Conparison of GPC3 and AFP | evels Serum AFP | evel s
wer e neasur ed20 withheepatitis Bes cinfho3#s, HOT Jdavitle GC. tlesas fadl that SRLPI e 6,

cormar fson of MeRengpitiAeanel eatGe itk ard Bk o oF e s TRt
concentrati on o, @Bﬁé*iti@l%@zlﬁacdl’%igHiﬁ%@hﬂyeeﬁe%at@fdlavé@%f%%frmrﬁr@P#;?)%itﬁ%aﬁm m )

AFP(ng/m) Etiology 1 HBV 2 2295 12 HCV 3 1758 <5 HBV 4 1065 34
HCV 5 1026 1lrangig fronm 096 taROMBYg/MI F4p5 adlabled)7 43 additieBy/GRGIwag 755 <5

14 235 1626 HAPCIREBETG Tyl ARV NoRntis 2nadl WRRGRIFYIED 1T 9n¥ahobotey  1e
151 40 Al cohotgog) patients with hepatitis plus cirrhosis, at a tevel of 117 ng/ml (95 %
specificity). Statistical analysis using the Mann-Whitney test showed that the
average serum levels (ng/ml) of GPC3 in patients with 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 HBYV

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 HBY & 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

—
o

151 40 Alcoholic



WD 03/ 100429 PCT/ CA03/00752 -28 19 47 52000 Al coholic 20 26 1516 HCV 21 0
8 HBY 22 0 30 HBY 23 0 <5 HBV 24 0 15 HBVY 25 0 <5 HBV 26 0 488 Unknown
27 0 5 Alcoholic 28 0 2603 Unknown 29 0 194 HBV 30 O 13 HBV, HV 31 0 67
HCV 32 OWAo¥Bv42933 01 74 HCV 34 0 1900 HCV The present Pav€nabi/@nsl s not
limted to the features of the enbodi nents described herein, but includes
all variations and nodifications within the scope of the clains. -29- W
claim 1. A method for screening a subjec?8at risk for or having a clinical

i ndication of l|iver disease for hepatocellular carcinoma (HCC) conprising:
determning the | evel of glypican-3 (GPC3) in a body fluid sanple from the
subj ect; whereilB the pr esen% of a deteb288Pe | evel ofAlePbgliG n the sanple is
suggestive of BGC in the sukgect. 2. Thdsn8t hod of cl a8Vl wherein the GPC3
| evel of the sapple is detgrm ned by ag i nmunol ogi cal4ggt hod. 3. The net hod
of claim2 whebﬁi n the met ht?d enpl oys agoanti body or HBV

23 0 <5 HBV
24 0 15 HBYV
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 HBY
33 O 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 maodifications within the

scope of the claims.



anti body fragnment which binds specifically to human GPC3 or to a fragnent
thereof. 4. The nmethod of claim3 wherein the anti body or fragnent binds
specifically to an epitope within the 70 consecutive carboxy-term nal am no
acids of human GPC3. 5. The nethod of claim3 or 4 wherein the anti body or
fragnent is a polyclonal antibody. 6. The nethod of claim3 or 4 wherein
the anti body or fragnent is a nonoclopal antibody. 7. The nmethod of claim3
or 4 wherein the antibody or fragnment Ts a fragnment selected fromthe group
consi sting Eﬁ FEbI_F(ab')Z and F. 8. The nethod of any one of clainms 3 to 7
wherein the 2 y or antibody fragnent carries a detectable |abel. 9.
The nmet hod of any one of clains 3 to 7 wherein the antibody or antibody

fragnent is detected by using a second anti baody which binds -30-

speci fical |y to tyBehRHforgsreening aisyBipcheat ngffrbediawnagstMealand conprises a
conponent  of,4agibA R livdt IRk if édé?éf?eml i def-Qhoddygone of clains
3to7 V\her](;ﬂ n the ar%\{elg-él:’ég Sa'rﬂjtlbo ylolraiL ?rgyrarjglndtwﬁjiis g%taghedgto a solid
substrate, the sdetermining theriewd oédlypisantd (GRCI)chiachbasiyifhia sarepledrgrar mit GPC3
in the sarrpke t .bCit,nd to the attached anti-GPC3 antibody or fragnent, the
sol i d subst r}ft%u “washed and the bound GPC3 is deternined usi ng a second

anti body whi ch bivhdeeis Fecprcberdd of 4 Qetbb@bledBiel-dERERC RN thBadyn e isant i body
fragnent and conprises a conmponent of a signal-generating system 11. The
met hod of cPe99RsHve el HECRdPeSHPIERE second antibody is conjugated to horse
radi sh peroxidase. 12. The nethod of any one of clains 1 to 11 wherein the
body fluid is serumor plasma. 13. The nethod of any one of clains 1 to 12
wher ei n t heZ2subj ébe mathad ohelawm 1 sdisireiotthe GPCNeneltdidlie samplgdsect i ng t he

presence of (GRER 1) PimIASbGlcaHHERS

3. The method of claim 2 wherein the method employs an antibody or
antibody fragment which binds specifically to human GPC3 or to a fragment
thereof.

4. The method of claim 3 wherein the antibody or fragment binds
specifically to an epitope within the 70 consecutive carboxy-terminal amino
acids of human GPC3.

5. The method of ctaim 3 or 4 wherein the antibody or fragment is a
polyclonal antibody.

6. The method of claim 3 or 4 wherein the antibody or fragment is a

monoclonal antibody.

7. The method of claim 3 or 4 wherein the antibody or fragment is a
fragment selected from the group consisting of Fab, F(ab'), and F,.

8. The method of any one of claims 3 to 7 wherein the antibody or

antibody fragment carries a detectable label.

9. The method of any one of claims 3 to 7 wherein the antibody or

antibody fragment is detected by using a second antibody which binds



the nethod conprising: contacting a body fluid sanple with an anti body or
fragnment thereof which binds specifically to GPC3 or to a fragnent thereof
to permit formation of an antibody-GPC3 conpl ex, or antibody-GPC3 fragment
conpl ex, and detecting the anti body-GPC3 or anti body-GPC3 fragment conpl ex.
15. A method for determining the level of GPC3 in a body fluid sanple,
conprising: contacting a body fluid s&@le with an anti body or fragnent

t hereof which binds specifically to GPC3 or to a fragnent thereof to permt

formation efecifitamptd thechnti@®CB3aintiBodY BOsivoBEIagrrelBng cemppkexa and

determ ning the anti body-GPC3 or antibody-GPC3 fragnment conpl ex.
component of a signal-generating system.

10.  The method of any one of claims 3 to 7 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.

11.  The method of claim 9 or 10 wherein the second antibody is

conjugated to horse radish peroxidase.

12.  The method of any one of claims 1 to 11 wherein the body fluid is

serum or plasma.

13.  The method of any one of claims 1 to 12 wherein the subject is a

human subject.

14. A method for detecting the presence of GPC3 in a body fluid sample,
the method comprising:
contacting a body fluid 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 antibedy-GPC3 fragment complex.

15. A method for determining the level of GPC3 in a body fluid sample,
comprising:

contacting a body fluid 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.





