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ABSTRACT

This study was conducted on 25 healthy controls, 25 cirrhotic patients
and 30 patients with HCC. All patients had been diagnosed with HCV-
associated chronic liver disease. Methods: Serum PIVKA-11 and AFPwere
measured by enzyme linked immunosorbent assay (ELISA), while
telomerase activity in peripheral blood was estimated by polymerase chain
reaction- enzyme- linked immunosorbent assay (PCR- ELISA method).
Results: Mean telomerase activity, PIVKA-II and AFP levels were
significantly higher in HCC patients as compared to both cirrhotic patients
and controls, also asignificant elevation in cirrhotic patients were found
as compared to controls. Positive correlation was found between
telomerase activity and size of hepatic focal lesions. Also, a positive
correlation was found between both telomerase activity and PIVIKA-II
and between the pathological grades of HCC. In HCC the sensitivity/
specificity (88.2/79.6) of telomerase activity was much higher than both
PIVIKA-II (80.5/69.3) and AFP(72.6/61.5). Conclusion: The useful ness of
telomerase activity assay in HCC diagnosis and it’s superiority to other
tumor marker were recorded. Therefore, telomerase activity is a novel,
available detector and prognostic marker for HCC diagnosis.
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INTRODUCTION

Hepatocd lular carcinoma(HCC) isamagjor chal-
lengein contemporary medicine. Theincidenceof HCC
isincreasing and it isbecoming moreand more signifi-
cant both clinically and epidemiologicaly. Now HCC
representsthefifth most common cancer intheworld
and thethird most frequent cause of mortality amongst
oncol ogical patientsl. It isresponsiblefor morethan
500 000 deaths with over 600 000 new cases yearly
worldwide2. Morethan 95% of HCC patients present
underlying hepatopathy in particular of vira etiology.
Themajority of the cases (>85%) haveliver cirrhosis,

whichmaskssymptomsof cancer progresson. Thedini-
ca courseof HCC ismostly asymptomatic. Suspected
focdl liver changesareoften detectedincidental ly while
monitoring thepatient” s condition during ultrasound (US)
examination, and often aretoo large and too advanced
for thetumor to be subjected to potentially effective
and radical therapy3. Sofar, it isnecessary to concen-
trateontheearliest possiblediagnos's, particularly sen-
sitive detection of resectablefoca liver changesprefer-
ably whentumorsarelessthan 2cmindiameter4. The
first serological assay for detection and clinical follow
up of patientswith HCC wasal phafetoprotein (AFP)
5. Numerousdatahave proved that significantly higher
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AFPsrumleved saccompany variousliver diseases(vird
hepatitis liver crrhoss liver tumors: primarilyHCC and
hepatobl astoma, al so metastasisin 5% -10% cases),
which diminishitsspecificity asagolden standard se-
rum marker for HCC6. Sincethefirst description by
Liebmanetd. in 1984, prothrombininduced by vitamin
K absenceor antagonist -11 (PIVKA —II), also referred
to as des-gamma-carboxy prothrombin (DCP), has
been found to be another useful tumor marker for
HCC7. Recent study demonstrated that the diagnostic
accuracy of PIVKA-II seemed to be higher compared
to AFP8. It hasbeen proved that significant concentra-
tions of serum PIVKA-I1 in 50%—60% of all HCC
patients, but in only 15%-30% of early HCC cases9.
Clinica utility of PIVKA-II wasfurther investigatedin
view of correl ation between severa factorssuch astu-
mor size, intrahepatic metastases, and histological ac-
tivity of tumor tissue.10, 11 Thesetwo markers (AFP
and PIVKA-I1) which are supposed to be produced
independently by HCC may serve complementarily in
thediagnosisof HCC.12,13, Although themodalities
such asultrasonography and conventiona tumor mark-
ersareimportant for detection of HCC, they are still
not sengitiveenoughto detect HCC at theearly stage. 14

Hepatomatissues synthesize and secrete valuable
molecular markers such asAFP-betal-mRNA, IGF-
[I-mRNA, telomerase, etcinto blood. Theanayses of
these circulating hepatoma-specificbiomarkersareuse-
ful toearly diagnosisof HCC or monitoring metastasis
or postoperativerecurrenceof HCC.15, 16 Telomerase
isaribonucleoprotein enzyme composed of two key
components. acatal ytic component (human telomerase
reversetranscriptase, hTERT) and aRNA template. It
hel psto stabilizetel omerelength in human stem cells,
reproductive cellsand cancer cdlsby adding TTAGGG
repeatsonto thetelomeresusingitsintrindc RNA asa
templatefor reversetranscription, and itisalimiting
component intelomeraseactivity.17,18 Duringtheearly
stages of carcinogenes's, cellsundergo extensive pro-
liferation until telomerelength becomescriticaly short-
ened.19,20 Telomere shorteningisan early eventin
multistep hepatocarinogenesis, occurring in
preneoplastic lesions of dysplastic nodules.21 Short-
ened tel omeres have been reported toinduce chromo-
somd ingtability in hepatocytes, especialy importantin
viral-rel ated hepatocarcinogenesis.22,23 It has been
suggested that detection of cancer-related geneexpres-

sonsinserumisvery useful for diagnosisand follow-
up of cancer patients. hnTERT mRNA in serum was
detected in breast cancer but not in benign diseases,
suggesting that hTERT isavailablefor cancer diagno-
ss.24 Overexpression of telomeraseisassociated with
HCC development, and itsabnormality inliver tissues
or in periphera blood could be auseful marker for di-
agnosisand prognosisof HCC.25 Inthe present study,
wemainly focused on the comparison of telomerase
activity in peripheral blood with serum AFP, and
PIVKA-II to select themost reliable early diagnostic
and prognostic markersin HCC. A correl aion between
AFP, PIVKA-II and td omeraseactivity and tumor size
and histopathol ogical gradeswas performed.

PATIENTSAND METHODS

This study was conducted on 55 patients; 30 pa-
tientswith biopsy proven hepatoce lular carcinomaand
25 patientswith biopsy provenliver cirrhosis. They were
sdlected from attendants of the out and inpatientsLibia
Hospitd . Twenty five hedlthy ageand sex matched con-
trolswereenrolledinthisstudy.

All casseswere subjected to thefollowing:

I.  Full history taking with specia stressonjaundice,
blood transfusion and bilharziasis.

[1. Generd andabdomind clinical examination.

[11. Ultrasonographic examination of theliver wasdone
to assessitssize and echo pattern in order to ex-
pose any pathology such asliver cirrhosisand to
detect focal masses. The site and size of any de-
tected masswererecorded. Theporta tract aswell
astheportal and splenic veinswere a so measured.

IV. Percutaneousliver needle biopsy wasdonefor all
patients. Patientsnot fit for biopsy were excluded
from thestudy. The specimenswere processed and
embedded into paraffin blocks, cut at 5 um thick
sectionsand stained with Hx and Eosin.

V. Laboratory tests:

A) Routinelaboratory testsincluding:

1- Completeblood picture.

2- Liver functiontests(serumabumin, biliru-
bin, AST, ALT, Alkaline phosphatase and
prothrombin time) were measured by con-
ventiona methods.

3- Serologicd markersfor hepatitisB (HbsAg
and HbcAb) by ELISA of Boehringer
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Mannheim and hepatitisC (HCV Ab) by
Murex verson11l.
B) Specificlaboratory tests:

1. Determination of AFP level: by ELISA
method (Chieregatti, 1990).26

2. Measurement of PIVKA-II level (Amira
etal, 1991)27: by Asserachro PIVKA-II
ELISA Kit (DiagnosticaStago).

3. Assessment of td omeraseactivity: Thepro-
tein extracts (2ul) from peripheral blood
mononuclear cells (PBMCs), were ana-
lyzed by using Telomerase PCR ELISA
(Telomerase PCR ELISA, Boehringer
Mannheim).28,29 In brief, 50 ul contain-
ing 25 pl reaction buffer, 2 ul of protein
extract and 2 pl of primers telomeric re-
peats. The PCR condition wasasfollows:
incubation for 30 min at 25°C for primer
extension. Themixturewasthenincubated
a 94°C for 5 min to induce telomerase in-
activation. Thereaction mixturewasthen
subjected to 30 PCR cycles at 94°C for
40 sec, 50 °C for 40 sec, and 72°C for 90
sec (72°C, 10 min for the final step). An
aliquot of the PCR product wasdenatured,
hybridizedtoadigoxigenin (DIG)-labelled
tel omeric repeat-specific probe and bound
to astreptavidin-coated 96 well plate. Fi-
nally, theimmobilized PCR product was
detected with an anti-DI1G-peroxidase an-
tibody and visuaized by tetramethyl benzi-
dinesubstrate (colour reagent). The absor-
bance (A) of tel omerase was measured at
awave ength of 450 nm (reference wave-
length 620 nm) within 30 minutes of addi-
tion of the stop reagent. The cell extract
was heated to 65°C for 10 minutes as a
negative control.

SAMPLE

Under aseptic conditions, fasting venous blood
sample (12 ml) waswithdrawn by clean venipuncture
from theantecubita vein: 2ml on EDTA for blood pic-
ture; 3ml to separate serum for routinelaboratory tests
on the collection day and aliquot of serum was stored
at-20°C for AFP level measurement; 2 ml on citrate to

> Regulor Paper

separate citrated plasmafor PIVKA-II level measure-
ment; 5ml on heparin (for anticoagulant) and 2.5 ml of
ficoll to becentrifuged at 2000/minfor 20 minutesat 4
°C, peripheral blood mononuclear cells (PBMCs) were
collected fromtheficoll/plasmainterface. Thecdlswere
then washed threetimesin normal salineand pelleted
by using low-speed centrifugation for 10 minutes. The
sampleswereimmediately aliquoted and stored at -80
°C for determination of telomerase activity.

STATISTICALANALYSIS

Datawere processed using SPSSversion 17 soft-
ware program. Means and standard deviationswere
computed for clinical data. T-test analysiswasdone
between meansof two groups. Anaysisof variancewas
done between measured of variables more than two
groups and receiver-operator characteristic (ROC)
curveused. P value equd to or lessthan 0.05was con-
Sdered thethreshold for significant.

RESULTS

Resultswere summarized, statistically analyzed
and tabulated in TABLES (1-5), and graphically pre-
sented in Figures (1-3). Thirty hepatocellular carci-
noma patients, 25 cirrhotic patients and 25 control
caseswereincludedinthisstudy. Theclinical dataof
al patients were illustrated in TABLE 1. Mean
telomerase activity, PIVKA-Il and AFPlevelswere
significantly higher in HCC patients ascompared to
both cirrhotic patients and control swith asignificant
elevation in cirrhotic patients as compared to controls
(TABLE 2, Figure 1). The mean telomerase activity
and PIVKA-II valueswerefound to be significantly
higher in poorly differentiated grade 111 HCC com-
pared to moderately differentiated grade |l HCC and
well differentiated grade | HCC ((TABLE 4, Figure 1
& 3).Asregardsthesizeof thefocal lesions, it was
found that tel omerase activity was significantly higher
in patients with lesions 5-10 cm than in those with
lesionsbelow 5 cm. By using correlative studies, sta-
tistical significant correlation could befound between
the mean telomerase activity in relation to the size of
the hepatic focal lesions(TABLE 5). No correlation
wasfound between telomerase activity, PIVKA-II and
AFPinthe studied groups. InHCC, the sensitivity/
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specificity (88.2/79.6) of telomerase activity wasmuch
higher than both PIVIKA-II (80.5/69.3) and AFP
(72.6/61.5). Combination of AFP and PIVKA-II
yielded increasing sensitivity/specificity 82.6%/77.6%
and accuracy 87.8%, whileboth AFPand telomerase
increasing sengitivity (90.4%), specificity (82.3%) and
accuracy (89.9%) (Figure3& TABLE 3).

TABLE 1: Clinical, sonographic, hispathological data of

TABLE 2: Tumor markers. AFP, PIVK A-11 and Tdomerase
in control, cirrhossand HCC groups

AFP PIVKA-I1 Telomerase
(ng/ml) (ng/ml) Optical density (units)
Control (n=25) 3.05+1.2 1.26+0.5 0.39+0.14
Cirrhoss (n=25) 13.5+5.9 1.44+1. 07 0.43+0.26
HCC (n=30) 98.8+95.42ab  2.29+1.0 3ab 2.08+0.98ab

TABLE 4: Tumor markersin patientswith different grades
of HCC

cirrhosisand HCC groups. Variables Gradel Gradell Gradelll
- - N=10 N=12 N=8
Cirrhosis HCC
AFP mean=SD (ng/ml) 8355+8.69 95.25+10.50 116.80+25.6
Number 25 30 PIVKA-Il mearsSD (ng/ml)  1.6840.09 2.19+0.06a  2.68+0.08ab
HCVAD positive 14 19
P - T".'O";e'as.’e.mmSD 1.08£0.059 1.65:0.086a 2.38+0.095ab
HBsAg, HCVAD positive 6 7 unit of activity
[ 1
TABLE 3 : Accuracy of AFP, PIVKA, Telomerase and __ 1
combined markersin HCC group = 1 ata
AFP+ = ls
AFP  PIVKA- Toomerase PVIKA- . AFPY = 2 0
1 Telomerase =
Il = .
Cut off >13 =
valuefor ~ >10ng/ml : >0.7 unit Combined Combined G~ | = =
HCC ng/ml = i e e it i I o
Sensitivity ~ 80.5%  88.2%  82.6% 90.4% 92.6% ":’H —_—
Specificity  615%  69.3%  796%  77.6%  823% _ Sonna. Chvohosie oG
Over all Figurel: AFP, PIVKA-I1 and Teolmerasein control, cirrho-
accuracy 69.8% 703%  735% 87.8% 90.1% sisand HCC groups
L0

75+

TELOMERASE ACTIVITY
@ Cut-off point for TELOMERASE ACTIVITY

PIVIKA-II
B Cut-off point for PIVIKAAI

AFP
@ cut-off point for AFP

o4 : : :

o 25 =0 ]
1 - Specificity

1L.00

Figure2: Comparison of telomeraseactivity in peripheral blood from HCC, cirrhosisand nor mal controls. Arbitrary cut-

off level =0.7 units

DISCUSSION

Hepatocd lular carcinoma(HCC) isthemost com-
mon form of primary hepatic malignancy. Althoughre-
cent advancesinimaging diagnosissuch asreal time
ultrasonography, computed tomography and magnetic

resonanceimaging have changed the diagnostic strat-
egy for early diagnosisof HCC, determination of tumor
markersfor HCC at regular intervalsisstill acommon
practice. Nowadaysit isbelieved that early HCC diag-
nosisispresently considered feasiblein 30%-60% of
the casesin the devel oped countries. Tumorssmaller
than 2 cm in diameter represented < 5% of casesin
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1990s, whereas now they represent up to 30% of cases
inJapan.4 Significantly moreeffectivesurvelllance strat-
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egiesleadto earlier HCC detection and earlier qualifi-
cationfor effectively curativeradica surgery, with very

g
%

&
8

Optical density (units)
%

o

Grade |

Grade B

Grade ILI

Figure3: Receiver-operator characteristic curveanalysiscurveswererepresenting, AFP, PIVIKA-I11 and telomer ase
respectively obtained by importing quantified raw data and the sensitivity/specificity valueswer ecalculated. Each linehasa

cutoff point for amarker.

good postoperative survival rates.9

Thecurrent study enrolled 30 patientswith biopsy
proven hepatoce lular carcinomaand 25 patientswith
biopsy provenliver cirrhosisand 25 healthy age and
sex matched controls. Wemainly focused on the com-
parison of telomerase activity in periphera blood with
serumAFP, and PIVKA-II to select themost reliable
early diagnostic and prognostic markersin HCC. A
correlation between AFP, PIVKA-II and telomerase
activity and tumor Szeand histopathologica gradeswas
performed.

It hasbeen confirmed on numerousoccas onsthat
AFP serum concentrationincreasesin pardld withHCC
tumor size. For thisreason AFPhasto be considered
‘the golden standard’ for HCC serum

Since the first description by Liebman et a. in
1984, prothrombin induced by vitamin K absence or
antagonist -11 (PIVKA —II), also referred to as des-
gamma-carboxy prothrombin (DCP), has been found
to be another useful tumor marker for HCC. It was
demonstrated that thereisexcessive synthesisof pro-
thrombin precursors by human HCC tissueand that it
might be acontributing factor to the production of DCP
by HCC.7 Severa case control studies have shown
sensitivities of PIVKA-II of 28% to 89% and speci-
ficitiesof 87%t0 96% inthediagnosisof HCC.34-36,
37,38 Insomestudies, PIVKA-Il wasmore sensitive
than AFP,36,37,38 whereas, in other studies, AFPwas
moresensitive.34,35A recent study of 1377 HCC pa-
tientsand 355 non- HCC controlswith chronic hepati-
tisor cirrhosis showed that theaccuracy of PIVKA-II
wasinferior to AFP, particularly for small tumors.39

Variousfactorsmay influencethe performanceof HCC
biomarkers, including ethnicity, cutoff value, patient
demographics, cause of underlying liver disease, pres-
ence of cirrhosis, tumor stage and tumor biology and
s0 0n.40,41 markers. However, the usefulnessof AFP
testing for the popul ation at risk should be seriously
guestioned. AFPdiagnostic valuesfor thisassay are
undoubtedly poor. AFPspecificity variesfrom about
76% 10 96% and increaseswith e evated cut-off value.
Simultaneous sensitivity decreasemuch morefrom about
25% for potentially respectable of lessthan 3cmin
diameter to about 50% for lesions of >3 cmindiam-
eter.30, 31 20%-30% AFPsensitivity coincideswith
cut- off >100 pg/L, which means that 70%-80% of
liver tumors, normally respectable are non-detectable
and unfortunately do not undergo treatment or are sub-
jectedtoit too late.32 Therefore new biomarkerswith
better sengitivity and specificity than AFPto comple-
ment theimaging diagnosisareneeded.33

In the present study, both AFP and PIVKA-II
showed statistically significant higher levelsin HCC
patients compared to cirrhotic and control groups.. In
HCC, the sensitivity/specificity of PIVKA-II (80.5/
69.3) and accuracy (70.3%) were higher than AFP
(72.6/61.5, 69.8%). Combination of both AFP and
PIVKA-II yielded increasing sensitivity/specificity
82.6%/77.6% and accuracy 87.8%. In agreement with
the current study, has been postul ated that PIVKA-II
isauseful marker for detecting HCC, especidly insmadll
HCC and may have correl ations with known staging
systems, especidly incombinationwithAFP42,431n
contrary to our findings, recent study reported that AFP
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wasmoresensitivethan PIVKA-II and AFP-L3%for
the diagnosis of early stage HCC at anew cutoff of
10.9 ng/ml 44 while others concluded that PIVKA-I|
was not superior toAFPin the early detection of HCC
and that neither AFPa one, PIVKA aone, nor thecom-
bination of both was sufficiently accurateto beused for
early HCC diagnosisand monitoring recurrence after
curativeresection.45

Hepatomatissues synthesize and secrete valuable
molecular markers such asAFP-betal-mRNA, IGF-
[I-mRNA, Telomerase, etcinto blood. Theana ysesof
these circulating hepatomarspecificbiomarkersareuse-
ful to early diagnod sand monitoring metastasisor post-
operativerecurrenceof HCC.15, 16 Telomeraseisa
ribonucl eoprote n enzyme composed of two key com-
ponents: acata ytic component (human telomerasere-
versetranscriptase, hTERT) and an RNA template.25
Inthisassay, tdlomeraseactivity showed satisticaly Sg-
nificant higher levelsin HCC patientscomparedto cir-
rhotic and control groups.. INHCC, the sengtivity/speci-
ficity (88.2/79.6) wasmuch higher than both PIVIKA-
11 (80.5/69.3) and AFP (72.6/61.5). Combination of
both AFP and telomerase is increasing sensitivity
(90.4%), specificity (82.3%) and accuracy (89.9%).
Themean telomerase activity wasfound to be signifi-
cantly higher in poorly differentiated HCC compared
to moderately differentiated HCC and well differenti-
ated HCC. Asregardsthe size of thefocal lesions, it
wasfoundthat te omeraseactivity wassignificantly higher
in patientswithlesons5-10 cmindiameter thaninthose
withlesionsbelow 5 cm. By using correlative studies,
datigtica sgnificant corrdation could befound between
themeantelomeraseactivity inreationtothesizeof the
hepaticfoca lesions. No correlaionwasfound between
telomeraseactivity, PIVKA-Il and AFPinthestudied
groups. Tosomeextent, theseresultsare consstent with
aprevious studieswhich concluded that although the
measurement of telomeraseactivity in peripherd blood
isauseful and potentia approach to establish apracti-
cal diagnostic/predictive marker of HCC, it would be
imprudent to Statethat telomerase activity isaspecific
molecular marker for circulating malignant hepatoma
cells.46, 47 Other recent studiesreported that in HCC,
serum hTERT mRNA showed higher sensitivity/speci-
ficity valuesthan AFP, PIVKA-II and AFP mRNA.
Therewasapositive correlation of h TERT mRNA be-
tween tumor tissue and serum and this proved that se-

rum hTERT mRNA isderived from tumor hepatoma
cells.48 In astudy done by Bong et al., on 49 HCC
patientsshowed long telomere, hightel omeraseactivity
and positive correlationwith hTERT mRNA and more
advanced tumor stage.49

Inconclusion, inHCC patient’s telomerase activ-
ity, ismore specific marker andisrelated moreclosdly
tothedegreeof histologic differentiation andtumor sze
of HCC than AFP and PIVKA-II. Therefore,
telomerase activity might beauseful tumor marker in
early diagnosis of HCC and the monitoring of recur-
rence after curativeresection. Werecommend testing
of AFPwithtelomerase, asin combination they showed
higher overdlaccuracy.
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