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ABSTRACT

This study aimed to detect the value of serum Glypican-3 (GPC3) inHCC
Egyptian patients as a more specific, sensitive and accurate biomarker by
comparing it with an established biomarker as AFP. Methods: This study
was carried out on the following groups: group |: 50 healthy individuals
served ascontrol, group I1: 100 HCV infection patients without any compli-
cations, group I11: 100 HCV infected patients complicated with cirrhosis
and group 1V: 150 HCV infected patients complicated with (90 localized and
60 metastatic) HCC. Detection of serum GPC3 and al pha-fetoprotein using
an enzyme-linked immunosorbent assay (ELISA) were done to all sub-
jects. Results: When analysis of variance was done between the four
groups, ahighly statistical significant difference wasfound between these
groups regarding the mean serum levels of AFP and GPC-3 where the
highest increase of three markerswere found in the HCC group. The com-
bined AFP and Glypican-3 improve the sensitivity and specificity of AFP
alone. Conclusions: GPC-3 could be a sensitive, specific and accurate
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marker for early detection of HCC diagnosis.
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INTRODUCTION

Hepatocel lular carcinoma (HCC), acommon solid
malignancy, isthethird most common cause of cancer-
rel ated morta ity worldwide¥ However, the prognosis
of HCC patientsremainspoor, withits5 year survival
rate after surgery aslow as 25-39%?. Surgical resec-
tion remainsto bethe standard choice of trestment for
patientsin theearly stage of HCC. However, evenwith
radica resection, 60-70% of patients develop metasta-
sisand recurrencewithin 5 years after surgery®4.

Glypican-3 (GPC3) isamember of the glypican

family of heparan-sulfate proteoglycans (HSPGs), which
isbound to the plasmamembrane through aglycosyl
phosphatidylinogitol (GPI) anchor. GPC3ishighly ex-
pressed in HCC, and it has been discovered as a po-
tentia serologica and histochemica marker specificfor
thedifferentiation between theearly stageof HCC for-
mation and its precancerous state’™. GPC3 belongsto
afamily of glycosyl phosphatidylinositol-anchored, cdll-
surface heparan sulfate proteoglycans. Six glypicans
have been identified in mammals so far (GPCL1 to
GPC6)!9. Although the homology of amino acidsbe-
tween glypican membersismoderate, dl glypicansare


mailto:fatenzahran55@yahoo.com

72 Glypican-3 as a tumor marker in hepatocellular carcinoma

BCAIJ, 7(2) 2013

Regular Poper ===

approximately 60 to 70 kd in size and share
acharacteristic pattern of 14 conserved cysteineresi-
dues”. Intact glypicans are decorated with heparan
aulfate(HS), whichislocated inthelast 50 amino acids
of the C terminus, placing the HS chains closeto the
cell membrane®. It isan oncofetal proteinthat islo-
cated onthe X chromosome, andishighly expressedin
theembryo and involved in morphogenesisand growth
control during development™. It isreported that al oss-
of -function mutation inthe GPC3 gene causes S mpson-
Golabi-Behmel syndrome, arare X-linked disorder
characterized by pre- and postnatal overgrowth, in-
creased risk of embryonic tumorsduring early child-
hood, and numerousviscera and skeleta anomdies™,
In the adult, GPC3 can only be detected in alimited
number of tissues, induding thelung, ovaries, mammary
epitheium, and mesothelium*¥ So, down regul ation of
GPC3 hasbeen observedin several human malignan-
cies, including mesotheliomaand ovarian, breast and
lung cancerg?, These observations indicate that
GPC3isaninhibitor of cell proliferation and atumor
suppressor in atissue-specific manner®, Thesoluble
form of GPC3 wasidentified inthe serum of patients
with hepatocellular carcinomas, and can beused asa
serological test for the diagnosisof hepatocel lular car-
cinomd*’. Theresultsof immunohistochemicd studies
have convincingly shown that GPC3isanovel diag-
nostic marker for HCC!3., [t wasreported that thefre-
guency of GPC3 expression in AFP-negative HCC
patientsis as high as 90%, suggesting that it can be
used indiagnostic of HCC*9, For example, adramatic
elevation of GPC3 and proteinlevel shasbeen reported
inlargeamountsof HCC, whereasitsexpression was
lessfrequent in preneopl astic or entirely absent in non-
neopladtic liver1, We have hypothesized that GPC3
over-expression might beclosaly related with progno-
Sisand post-operative metastas S/recurrencein HCC
patients. However, until now, theclinica significanceof
GPC3 over-expressionin HCC remainsto be vague,
whichincludestherelationship between GPC3 over-
expression and post-operative metastasi /recurrence.
Inthisstudy, therel ationship of GPC3 expressionwith
itscorresponding dinicopathol ogical festures, especidly
that between GPC3 expression and the prognosi s of
HCC patients, wasexamined using immunochemical
andyss.
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MATERIALSAND METHODS

Samples

The present study was carried out on 400 individu-
as(185femaesand 215 maes) with ageranged from
(19to 69 years). They weresdected from Clinical On-
cology and Internal Medicine Outpatient clinics, Fac-
ulty of Medicine, Zagazig University Hospital. They
weredivided into thefollowing groups: Group I con-
sistsof 50 hedthy individuas(26 malesand 24 femaes)
aged from 19-49 years served as control. Group II:
consistsof 100HCV infected patientswithout compli-
cations (66 malesand 34 females) aged from 22to 61
years. Group Il1: consists of 100 HCV infected pa-
tientswith Cirrhosis (64 malesand 36 femal es) aged
from 42-68 years. Group 1V: consists of 150 HCV
infected Patients complicated with cirrhosisand HCC
(90 localized and 60 metastatic) (74 malesand 76 fe-
mal es) aged from 43-69 years. Each patient was sub-
jectedtothefollowing:

Alpha-fetoprotein detection

ELISA for the detection of Alpha-fetoproteinin
serum according to Herberman(?4.
Glypican-3 detection

Serumleve of GPC3wasdetermined by usngUscn
Life Science Inc. Wuhan, Germany, by the enzyme
linked Immunosorbent assay. By following the
manufacturer’s protocol, the concentration of GPC3 in
the samplesis determined by comparing the optical
dengity of the samplesto the standard curve. Themini-
mum detectable doseof human GPC3inthekitis0.036
ng/ml. GPC-3ELISA kitisintendedfor laboratory re-
search use only and not for usein diagnostic or thera-
peutic procedures. The stop sol ution changesthe color
from bluetoyellow and theintensity of the colorismea-
sured at 450 nm using aspectrophotometer. In order
to measurethe concentration of GPC-3inthesample,
thisGPC-3 ELISA kitincludesaset of cdibrators. The
caibratorsareassayed at the sametimeasthe samples
and alow the operator to produceacalibration curve
of optical density versus GPC-3 concentration. The
concentration of GPC-3 in the samplesisthen deter-
mined by comparing the O.D. of the samplesto the
calibration curve. The coated well immunoenzymatic
assay for the quantitative measurement of GPC-3 uti-
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lizesapolyclona anti-GPC-3 antibody and aGPC-3-
HRP conjugate. The assay sampleand buffer areincu-
bated together with GPC-3-HRP conjugate in pre-
coated platefor one hour. After theincubation period,
thewellsaredecanted and washed fivetimes. Thewdls
arethenincubated with asubstratefor HRP enzyme.
The product of the enzyme-substratereactionformsa
blue colored complex. Findly, astop solutionisadded
to stop thereaction, which will then turnthe solution
ydlow. Theintengty of color ismeasured spectrophoto-
metricdly at 450 nminamicroplaereader. Theintengty
of thecolor isinversaly proportiona tothe GPC-3 con-
centration since GPC-3 from samplesand GPC-3-HRP
conjugate competefor theanti-GPC-3 antibody binding
dte Sincethenumber of Stesislimited, asmorestesare
occupied by GPC-3fromthesample, fewer Stesareleft
to bind GPC-3-HRP conjugate. Calibratorsof known
GPC-3 concentrations are run concurrently with the
samplesbeing assayed and acdibration curveisplotted
relating theintensity of the color (O.D.) to the concen-
tration of GPC-3. The GPC-3 concentrationisinterpo-
lated fromthiscalibration curve Todeterminetheamount
ineach sample, first locatethe O.D. vaueontheY-axis
and extend ahorizontal lineto thecalibration curve. At
thepoint of intersection, draw averticd linetothe X-axis
and read the corresponding concentration. Thesenstiv-
ityinthisassay is0.1 ng/mL

RESULTSAND DISCUSSION

Theserumlevel of AFPwassgnificantly increased
iINHCC patientsascomparedtoliver cirrhogs, hepdtitis
Cwithout copmlicationsand controls (p<0.001) for each.
Also GPC-3wasdggnificantly higher in HCC compared
to other groups (P<0.001) (TABLE 1, Figurel).

Asregard the obtai ned results of themean value of
GPC-3, asignificant increase was detected in HCC
group (1530.6 + 2950.3) than that found in patients
with cirrhosis (15.7 = 11.5) or with chronic hepatitis

TABLE 1: Mean and ssandar d deviation of AFPand GPC-3in
study groups.

Parameter HCC
AFP (ng/ml) 511.7+1195.1 22.4+24.3 142+48.6 3.9+2.0 <0.001
GPC-3 (ng/ml) 1530.6+2950.3 15.7+11.5 1.4+1.9 1.0+2.8 <0.001

Cirrhosis Hepatitis Control *P value

*p>0.05 is considered non-significant; p<0.05 is considered
significant.
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HCC
Figurel: Level of serum GPC-3 and AFP in the studied
groups.

Control

(1.4 + 1.9) and in control subjects (1.0 = 2.8), (p <
0.001). When Spearman’s correlation coefficient was
doneinthe patients, asignificant positive correation (P
value<0.001) of serum levelsof AFP& GPC-3was
found (TABLE 2).

TABLE 2: Spearman,scor relation coefficient between AFP
and GPC-3in all patients (N=200).
r Sig (2-tailed) P value
GPC-3& AFP 0.615 0.000 <0.001*
P value is highly significant correlation at <0.001*.

Onandysisof theresultsof AFPinthe patientswith
HCC (TABLE 3), 140 (93%) patients are + ve AFP
level (highAFPthanitsnorma range), while 144 HCC
patients (96%) are+ vefor GPC-3levd (high GPC-3
thanitsnormd range). Inthepatientswithliver cirrhos's,
48 (48%) patientshave+veAFPwhile54 patientswith
cirrhossare+vefor GPC-3serumlevels.

TABLE 3: Descriptive statisticsof the studied parameters

(AFP & GPC-3)inHCC group and LC group.

HCC group (N=150) LC group (N=100)
+ve -ve

N % N % N % N %

140 93% 10 7% 48 48% 52 52%

144 9%6% 6 4% 54 54% 46 46%

+ve -ve

AFP (ng/ml)
GPC-3 (ng/ml)

Concerning theobtained resultsof ssrumAFP, when
localized and metastatic HCC group was compared
with cirrhos's, hepatitisand hedlthy controlsones, asig-
nificant increase was observed (p < 0.000). Also, a
non significant differenceswas detected between cir-
rhosis and hepatitis groups but when they were com-
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Figure2: A scattar diagram showingtheindividual valuesof

AFPin patientsand contr ol subjects.
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pared with hedthy control one, asignificant increase of
serum AFPwas detected (p< 0.001) (Figure 2).
Thecombined AFP& GPC-3 gaveasensitivity of
92 % and specificity of 95%, whichishigher thanAFP
aoneand AUROC of 0.701 (Figure 3). Inconclusion,
detection of Glypican-3 and ssrum AFPhas different
significances; Asregard GPC-3, it seemsto beapa
rameter to detect HCC earlier than any other means,
S0 detection of Glypican-3 may helpto prefigure HCC
metastasis and monitor the responseto thetherapy.
Molecular biology Hepatocellular carcinoma
(HCC) ischaracterized by amulti-cause, multi-stage

ROC Curve
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Figure 3 : ROC curve of serum GPC-3 and compined
AFP& GPC-3for HCC prediction.

TABLE 4: General characteristicsof patientsin thisstudy

Characteristics Group!| Groupll Grouplll Group IV

Female 48 % 34% 36 % 50.7 %
Mae 52 % 66 % 64 % 49.3%
Age 19-49 22-61 42 - 68 43-69
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and multi-focus process of tumor progresson. Itsprog-
nosisispoor dueto bothitslate detection and thelack
of effectivetherapiesfor advanced stage diseased?2.
Up to 80% of HCCsdevel op against abackground of
crrhogsof theliver and at risk cirrhotic popul ation could
aid earlier detection of the disease and decrease the
cancer related mortdity rate®. Currently, standard sur-
veillanceincludesacombination of 6 monthly albdomi-
nal ultrasound scan and serum a phafetoprotein mea-
surement, but thisstrategy does not reliably detect early
disease®. Theaim of this study wasto evaluate the
va ue of serum GPC-3in HCC Egyptian patients. Re-
gardingthemean serum level of AFP, ahighly Statisti-
cally significant difference was observed between the
four groups (HCC, Liver cirrhosis. Hepatitiswithout
complicationsand control groups). A marked increase
showed intheHCC group, whileadlight increase oc-
curred inthecirrhotic group. In the current study by
applyingthe ROC curves, andys sshowed thebest cut-
off valuefor AFPto differentiate HCC patientsfrom
cirrhotic patientswas45.4 ng/ml. Thisgave 86.5%in
sengtivity and 92%in specificity. Whilethe best cut-off
recorded in thisstudy to diagnoseliver cirrhosiswas
15.5ng/ml. It yielded a 78% sengitivity and 80% speci-
ficity. Sores et al™!. showed that thebest cut-off value
of AFPhasbeen reported to be 20 ng/ml (sensitivity of
65%, specificity of 89%) in Sicilian popul ation com-
pared with 200 1U/ml (sengitivity of 70%, specificity of
100%) in Burman popul ation. However, Zhou and his
colleagues®¥, reported that somainvestigationshave
showed that the cut-off valueisfluctuant in different
ethnic groups and one of possiblereasonsfor thisdif-
ferenceisthediverseliving circumstancewhich hasa
great influenceon epidemiol ogy. They dsoreported that
AFPismoreuseful indetecting HCC patientswith non-
viral etiology. Lau and Lai*? stated the specificity of
AFPisvery highwhenthelevelsareabove400 IU/ml
in patientswithout testicular tumor. Also, Gomaet alt®3.
revealed an A FPvalue above 400-500 |U/ml hasbeen
considered to be diagnostic for HCC in patientswith
cirrhosis. Therefore, al theseresultsindicatethat se-
rumAFPleve playsalimitedroleindiagnosisof HCC,
especialy early HCC. Regarding the mean of the se-
rum level of GPC3,The present study showed ahighly
datisticaly significant differencewas observed between
the studied three groupswith highest increased in the
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HCC group and adlight increase only occurred inthe
cirrhotic group. Moreover, thegppropriate cut-off vaue
for serum GPC3 that di stingui shes between HCC pa-
tientsfrom cirrhotic patientswas A21 ng/ml; it yielded
a92 % sengtivity and 89% specificity. Whilethe best
cut-off that differentiatescirrhotic patientsfrom control
subjectswas A0.5 ng/ml, it gave a 90% sensitivity and
80% specificity. Liu and hiscoworkerd® agreed with
this study asthey stated that GPC3 can beused asa
potential biomarker for thediagnosisof early HCC and
can beused in screening of HCC asthey found that the
serum GPC3leve was higher than 300 ng/l in 50% of
early HCC patients, dthough thelr sstumAFPlevel was
below 100 pg/L in their study. They recorded that at
cut-off 300 ng/L for GPC3, the sengitivity and specific-
ity for thediagnosis of HCC was46.7% and 93.5%re-
spectively. Shafizadeh et a®. found GPC3 positive
cdlsin 90% of patientswiththeir sssumAFPleve B400
ng/L. They also found that serum GPC3 level was in-
creased in early HCC patientswith their ssrcum AFP
level B400 pg/L. So, they concluded that GPC3 is a
sengitive, specific serumand tissuemarker for thediag-
nosisof early HCC. Also, Nakatsuraet al®*?. demon-
stratethat theexpression of GPC3 (at both mRNA and
protein levels) inthe serum of HCC patientsissignifi-
cantly higher than that in serum of healthy adults
(PA0.001) or patients with nonmalignant hepatopathy
(PA0.01), and it can be detected in 40-53% of HCC
patientsand 33% of HCC patientswith seronegative
for AFP. Yao et d?7, concluded that an oncofetal anti-
gen GPC3 and GPC-3 mRNA expression in
hepatocarcinogenesi sisapromising molecular mark-
ersfor early diagnosisof HCC, especially in poor-dif-
ferentiated or small HCC. However, Bealeand hiscol-
leagues®” reveded that GPC3 hasnoroleat al inthe
aurvelllance of HCCinindividuaswith steatohepatitis
related cirrhosisasthey found both the sensitivity and
specificity of GPC3were poor intheir patient set. At
the current study, apositive correlation wasfound be-
tween serumleve of each of AFPand GPC3 with both
tumor sizeand porta veininvasion. Thiscomesin ac-
cordance with Zhou et al®®, who stated that HCC
patientswith ahigh AFP (€°400 ng/ml) tend to have
greater tumor size, bilobar involvement, massiveor dif-
fusetypes, portd veinthrombosis, and alower median
survivd rae.

—— Regdular Peper
CONCLUSION

GPC-3 could beasensitive, specific and accurate
serum marker for early diagnosisof HCC. Further stud-
iesinlarger groups of patients are needed to confirm
thisfinding. Therefore, combination of multiplemark-
ersmay bemoreva uablein thediagnosisand progno-
sisof HCC.
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