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ABSTRACT

Background and rationale for the study. Continuing search for suitable tumor-markers is of clinical value in

managing patients with various malignancies. These markers may be presented as intracellular substances

in tissues or may be released into the circulation and appear in serum. Therefore, this work is concerned

with identification and quantitative determination of epithelial membrane antigen (EMA) and fibronectin

and estimating their performances as surrogate markers for identifying hepatocellular carcinoma (HCC).

Results. A total of 627 individuals constituted this study [fibrosis (F1-F3) = 217; cirrhosis = 191; HCC = 219].

Western-blot was used for identifying EMA and fibronectin in sera. As a result, a single immunoreactive

band was shown at 130-kDa and 90-kDa corresponding to EMA and fibronectin, respectively. They

were quantified using ELISA providing values in HCC higher than fibrosis or cirrhosis with a significant

difference (P < 0.0001). For identifying HCC, EMA showed 0.82 area under receiver-operating characteristic

curve (AUC) with sensitivity = 70% and specificity = 78% while fibronectin yielded AUC = 0.70 with sensitivity

= 67% and specificity = 82%. FEBA-Test comprising fibronectin and EMA together with total-bilirubin and AFP

was constructed yielding AUC = 0.92 for identifying HCC from cirrhosis with sensitivity = 89% and specificity

= 85%. FEBA-Test was then tested for differentiating HCC from fibrosis showing AUC = 0.97 with sensitivity =

90% and specificity = 89%. FEBA-Test enabled the correct identification of HCC patients with CLIP 0-1

and size  3 cm with AUC = 0.80 and AUC = 0.84, respectively, indicating its ability in identifying early HCC.
Conclusions. A four-marker index may improve the early detection of HCC with a high degree of accuracy.
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INTRODUCTION

Hepatitis C virus (HCV) is considered as a major

cause of liver associated diseases throughout the

world. People with HCV have 2% annual risk and 7

to 14% five-year risk for hepatocellular carcinoma

(HCC).1-3 HCC is the most common primary malig-

nancy of the liver, being the fifth most frequent can-

cer worldwide and the third most frequent cause of

mortality among oncological patients.4 For these

reasons, it is mandatory to establish a definite

strategy for diagnosing HCC at a stage where cura-

tive treatments can be performed. Many physicians

screen high-risk populations with various strategies

including serum -fetoprotein (AFP) and ultra-

sonography.5 However, despite the large number of

published studies in recent years, efficacy and cost/

effectiveness of screening and surveillance of cir-

rhotics for diagnosing HCC is still debated.6 The use

of AFP, a tumor marker variably secreted by hepa-

tocellular carcinomas, to detect these tumors has

been widely debated.7-9 AFP had 39-65% sensitivity

and 76-94% specificity for detecting HCC in previ-

ously published studies.10 Several investigators con-

cluded that AFP is not a useful diagnostic test,7-9,11

but AFP continues to be commonly used.5 Addition-

ally, it is almost impossible to evaluate the actual

sensitivity of ultrasonography and other imaging

techniques from the published studies on screening
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and surveillance, since the gold standard remains

undefined. However the analysis of these studies by

Gebo, et al. graded the evidence for the use of ultra-

sonography in this setting as weak evidence.6 This

work is concerned with determining the levels of epi-

thelial marker such as epithelial membrane antigen

(EMA) together with fibronectin and then estimat-

ing their performance as surrogate markers for de-

tecting HCC. Moreover, we aimed to create a simple

diagnostic discriminant index utilizing EMA, fi-

bronectin together with other markers for HCC di-

agnosis.

MATERIAL AND METHODS

Blood samples

A total of 373 consecutive Egyptian individuals

[133 with liver fibrosis (F1-F3), 115 with liver cir-

rhosis (F4) and 125 with HCC] constituted the esti-

mation group. In addition, a total of 254 patients

[84 with F1-F3, 76 with F4 and 94 with HCC] con-

stituted the validation group. Histopathological

classification of liver fibrosis and cirrhosis was per-

formed according to the METAVIR score.12 Liver fi-

brosis was defined as a Metavir score of  3 (F1-F3)

whereas cirrhosis was defined as a Metavir score of

4 (F4). The diagnosis of HCC was carried out ac-

cording to the American Association for the Study of

Liver Diseases (AASLD) Practice Guidelines.13 The

diagnosis of HCC was based on AFP levels above

400 U/L, presence of hepatic focal lesion (s) detected

by liver ultrasound (US), and was confirmed by

computed tomography (CT) and/or magnetic reso-

nance imaging (MRI) techniques. The final diagnosis

was confirmed by histopathologic analysis on US-as-

sisted fine-needle biopsy, when indicated. Patients

with other causes of liver diseases, or other suspect-

ed malignancies were excluded from the present

study. None of the HCC patients had received tran-

sarterial embolisation or chemotherapy or under-

went radiofrequency ablation or surgical

interference. Staging of HCC was conducted as fol-

lows: Cancer of the Liver Italian Program (CLIP)

score, based on four items and with a score ranging

from 0 to 6. These four items included:

� I. Child-Pugh stage (A = 0, B = 1, and C = 2).14

� II. Tumor morphology (uninodular < 50% = 0;

multinodular > 50% = 1; and massive or > 50%

= 2).

� III. AFP level (< 400 U/L = 0; > 400 U/L = 1);

and

� IV. Presence of portal vein thrombosis (no, 0;

yes, 1).15

Liver function tests [albumin, total bilirubin, as-

partate aminotransferase (AST), alanine ami-

notransferase (ALT) and alkaline phosphatase

(ALP)] were all measured using fresh serum in au-

tomated biochemistry analyzer (Roche/Hitachi 917,

Mannheim, Germany). AFP level was estimated by

chemiluminescence, with Immulite (1000) AFP kit

(Diagnostic Products Corporation; Los Angeles, CA,

USA).

Western-blot

and gel electroelution

First of all, sodium dodecyl sulfate-polyacrylamide

gel electrophoresis (SDS-PAGE) was carried out in

0.75 mm-thick, 12% vertical slab gels according to

the method of Laemmli.16 This technique facilitated

the separation of a mixture of proteins according to

their molecular weights. Following electrophoretic

separation, Western electroblotting is used for

transferring the separated protein bands onto a ni-

trocellulose membrane (0.45 mm pore size, Sigma)

in a protein transfer unit according to Towbin, et

al.17 Then, they were immunostained using their

specific monoclonal antibodies corresponding to

EMA and fibronectin separately. Finally, both EMA

and fibronectin bands were cut and electroeluted

separately from preparative polyacrylamide gels at

200 V for 3 h in a dialysis bag (Sigma). The protein

content of the purified bands was determined18 and

the remainder was stored at -20°C. Western-blot is

primarily a research tool which is useful and highly

sensitive and specific, but not routinely used for di-

agnosis for large numbers of samples. Therefore, low

cost ELISA test was used for quantifying these bi-

omarkers.

Quantitation of

epithelial membrane antigen and

fibronectin using ELISA

To quantitate EMA, serum samples were diluted

(1:40) in coating buffer (50 mM arbonate/bicarbo-

nate buffer, pH 9.6) and were added (50 L/ well) to

96-well microtiter plates at 4°C overnight. After

blocking with 0.5% BSA in coating buffer (200 L/

well), the specific mouse monoclonal antibodies

at dilution 1:100 in PBS was added (50 L/well) and

was incubated at 37°C for 2 h. Then, goat

anti-mouse antibody conjugated with alkaline
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phosphatase (Sigma) diluted (1:300) in 0.2% BSA in

PBS-T20 was incubated at 37°C for 1 h. The plate

was washed with PBS + 0.5% Tween 20 after every

step. The substrate was 1 mg/ml p-nitrophenyl phos-

phate and the intensity of the signal was determined

by measuring the absorbance at 450 nm after 10

min using a microtiter plate reader ( 960, Me-

tretech Inc, Germany). Fibronectin was quantified

using ELISA and fibronectin specific monoclonal an-

tibody. Serial concentrations of the purified EMA

(1.2-37.5 g/mL) and fibronectin (200-1,600 mg/L)

were tested in parallel to establish a dose-response

curve as a function of the concentration in serum

samples.

Statistical analysis

All statistical analyses were performed by SPSS

software version 15.0 (SPSS Inc., Chicago, IL) and

GraphPad Prism package; version 5.0 (GraphPad

Software, San Diego, CA). Continuous variables

were expressed as mean ± standard deviation. The

correlation was evaluated by Spearman’s rank cor-

relation coefficient. A value of p < 0.05 was consid-

ered statistically significant. The deviation of AFP

was successfully corrected by log transformation of

the data. The main endpoint was the identification

of HCC patients vs. cirrhotic patients using a simple

predictive score. For formulating the predictive

score, univariate analysis based on Student’s t test

was performed to identify variables that were signifi-

cantly different between HCC patients vs. those

with cirrhosis. All variables with a high AUC and a

high significance on univariate analysis were en-

tered in stepwise linear regression analysis to devel-

op a model for identifying HCC. Based on the

receiver-operating characteristic (ROC) analysis,

the best cutoff points were selected and then com-

mon indicators of score performance (sensitivity,

specificity, accuracy, positive predictive value (PPV)

and negative predictive value (NPV)) were derived

from such a 2 x 2 contingency table.

RESULTS

Patient characteristics

Laboratory characteristics of all patients were

summarized in table 1. The mean age of the patients

included in this study was 51.5 ± 10.2 years, 253

(67.8%) were men while 120 (32.2%) were women.

Overall, 35.7% had liver fibrosis (F1-F3), 30.8% had

liver cirrhosis (F4) and 33.5% had HCC. As antici-

pated, patients that developed F1-F3 were young

with a mean (± SD) of 42.7 (± 7.2) years as com-

pared to those who developed F4 or HCC. Patients

with HCC produced a range of AFP values from nor-

mal to more than 49,268 U/L. The main endpoint of

the current study was concerned with discriminat-

ing HCC patients from cirrhotic patients. To deter-

mine which factors could differentiate HCC from

cirrhosis, the laboratory data of these two groups

were analyzed. As expected, the data showed that

the distribution of all evaluated laboratory blood

markers (AST, ALT, ALP, albumin, total bilirubin

and AFP) differed significantly (P < 0.05) between

Table 1. Patients (n = 627) characteristics in estimation and validation study.

Marker Estimation study (n = 373) P * Validation study (n = 254) P *

F1-F3 F4 HCC F1-F3 F4 HCC

(n = 133) (n = 115) (n = 125) (n = 84) (n = 76) (n = 94)

Age (years) 42.7 ± 7.2 55 ± 8.3 57.6 ± 9.4 < 0.05 44.9 ± 5.6 52.3 ± 4.4 59.0 ± 8.4 < 0.05

AST (U/L)a 54 ± 30 70 ± 35 94 ± 76 < 0.05 52 ± 33 76 ± 38 99 ± 85 < 0.05

ALT (U/L)a 66 ± 39 48 ± 24 64 ± 59 < 0.05 64 ± 41 50 ± 23 66 ± 49 > 0.05

AST/ALT ratio 0.9 ± 0.3 1.6 ± 0.6 1.9 ± 1.3 > 0.05 0.7 ± 0.3 1.7 ± 0.5 2.0 ± 0.8 < 0.05

ALP (U/L)a 72 ± 37 151 ± 80 223 ± 184 < 0.05 78 ± 41 149 ± 72 242 ± 197 < 0.05

Albumin (g/dL)a 4.3 ± 0.4 3.3 ± 0.4 3.1 ± 0.5 < 0.05 4.5 ± 0.4 4.0 ± 0.5 3.0 ± 0.6 < 0.05

Total bilirubin (mg/dL)a 0.8 ± 0.4 1.8 ± 1.5 2.7 ± 1.8 < 0.05 0.7 ± 0.4 1.9 ± 1.6 2.8 ± 2.0 < 0.05

AFP (U/L)a 5.9 ± 1.0 18.3 ± 3.7 8873 ± 3848 < 0.05 6.3 ± 1.5 18.0 ± 612 10873 ± 5038 < 0.05

Log (AFP (U/L)a 0.5 ± 0.4 0.9 ± 0.6 2.3 ± 1.2 < 0.05 0.5 ± 0.1 0.9 ± 0.1 2.3 ± 0.2 < 0.05

EMA ( g/mL)b 2.6 ± 1.8 3.3 ± 1.8 8.0 ± 1 < 0.05 2.9 ± 1.7 3.5 ± 1.8 7.4 ± 1.0 < 0.05

Fibronectin (mg/L) 447 ± 157 496 ± 137 661 ± 332 < 0.05 440 ± 141 490 ± 150 647 ± 291 < 0.05

a Reference values: aspartate aminotransferase (AST) up to 40 U/L; alanine aminotransferase (ALT) up to 45 U/L; albumin 3.8-5.4 g/dL; total bilirubin up to 1

mg/dL; alkaline phosphatase (ALP) 22-92 U/L; -fetoprotein (AFP) up to 10 U/L. b EMA: epithelial membrane antigen. *P value for F4 vs. HCC (P > 0.05 is
considered non significant; P < 0.05 is considered significant).



Attallah AM, et al.  ,     2015; 14 (6): 869-880
872

HCC patients and cirrhotic patients. However, AST/

ALT ratio did not differ between the two groups

(P > 0.05) as shown in table 1.

Identification and quantitation of

both EMA and fibronectin

The target EMA and fibronectin were identified

based on SDS-PAGE procedure followed by Western-

blot. A single immunoreactive band was shown at

130-kDa and 90-kDa molecular weight correspond-

ing to epithelial membrane antigen and fibronectin,

respectively, in sera of patients with cirrhosis (F4)

and HCC (Figure 1). Then, these bands were puri-

fied from sera using the electroelution technique and

were quantified using dose-response curves of their

serial concentrations. As a result, the concentration

of EMA and fibronectin were higher in HCC

Figure 1. Identification and purification of epithelial membrane antigen (EMA) and fibronectin. A. Western-blot of selected

serum samples using mouse monoclonal antibody specific to EMA; lanes 1-2: sera of healthy individuals, lanes 3-5: sera of pa-

tients with liver cirrhosis, lanes 6-8: sera of HCC patients. B. SDS-PAGE and Western-blot of HCC serum sample and purified EMA

antigen. lane 1: serum of patients with HCC, lane 2: purified EMA antigen from patients with HCC. C. Western-blot of selected

serum samples using mouse monoclonal antibody specific to fibronectin; lanes 1-2: sera of healthy individuals, lanes 3-5: sera of

patients with liver cirrhosis, lanes 6-8: sera of HCC patients. D. SDS-PAGE and Western-blot of HCC serum sample and purified

fibronectin antigen. Lane 1: serum of HCC patients with, lane 2: purified fibronectin antigen from HCC patients. Molecular weig-

ht markers were myosin (215 kDa), phosphorylase B (120 kDa), bovine serum albumin (84 kDa), ovalbumin (60 kDa) and carbonic

anhydrase (39.2 kDa).
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Figure 2. The distribution of observed fold changes for epithelial membrane antigen (EMA) and fibronectin (FN) between HCC

patients versus those with liver fibrosis (F1-F3) or cirrhosis (F4). A. EMA (F1-F3 vs. HCC). B. EMA (F4 vs. HCC). C. FN (F1-F3 vs.

HCC). D. FN (F4 vs. HCC).

patients than patients with fibrosis (F1-F3) or cir-

rhosis (F4) with a significant difference (P <

0.0001) as shown in table 1. HCC patients had a 3-

fold and 2.4-fold increase in EMA concentration over

F1-F3 and F4 patients, respectively (Figures 2A-

2B). On the other hand, patients with HCC dis-

played a 1.48-fold and 1.33-fold increase in

fibronectin concentration over those who developed

F1-F3 and F4, respectively (Figure 2C-2D).

Predictors of HCC

Univariate analysis of all variables tested in this

study revealed that age, AST, ALT, ALP, albumin,

total bilirubin, log AFP, fibronectin and EMA were

all significant (P < 0.05) and were identified as pre-

dictors of HCC. Bivariate Spearman’s rank correla-

tion coefficient was then calculated to measure the

relationship between individual serum markers to

the progression of liver pathology (Figure 3A). In

order to estimate and compare the diagnostic accu-

racies of these individual markers, ROC curves were

used (Figure 3B). Using this method, the following

biomarkers EMA (AUC = 0.81) followed by AFP, fi-

bronectin and total bilirubin (AUC = 0.70) had the

best diagnostic accuracies for identifying HCC and

showing strong correlations with histological dis-

ease progression. Next, based on ROC analysis, opti-

mal cutoff points for these four candidate markers

were determined and their diagnostic performances

for identifying HCC were measured and presented in

Figure 3C. Then, AFP, EMA, fibronectin and total

bilirubin were combined in a single predictive func-

tion to improve their diagnostic accuracies for pre-

dicting HCC.

Development of FEBA-Test

Although baseline levels of age, AST, ALT, ALP,

albumin, total bilirubin, AFP, fibronectin and EMA

were all significant on univariate analysis and were

identified as predictors of HCC, only AFP, EMA,
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Correlation with FEBA-Test

fibronectin and total bilirubin retained significance

when combined with each other and the following

function called FEBA-Test was generated that could

improve the prediction of HCC.

FEBA-Test = [0.001 x fibronectin (mg/L) + 0.13

x EMA ( g/mL) + 0.036 x total bilirubin (mg/dL) +

0.83 x log AFP (U/L) - 0.063].

There is no correlation between theses candidate

markers incorporated in the FEBA-Test as shown in

figure 3D. They were not related with no redundancy.

In addition, Spearman’s rank correlation coefficient

between the FEBA-Test and its candidate markers

were measured for the impact of each marker on the

predictive criteria (Figure 3E).

Diagnostic ability of FEBA-Test

The areas under the ROC curve was used to esti-

mate the diagnostic value of FEBA-Test derived from

our data set that showed an AUC = 0.92 for differ-

entiating HCC from F4 (Figure 4A) which was evi-

dent to be more efficient than that produced by AFP

Figure 3. Development of FEBA-Test in the estimation group (n = 373). A. Spearman’s rank correlation coefficient of indivi-

dual serum markers in relation to the progression of liver pathology. B. Area under curve of individual serum markers to discri-

minate patients with HCC from those with liver cirrhosis. C. diagnostic performances of candidate markers incorporated in the

FEBA-Test for identifying HCC, D. Spearman’s rank correlation coefficient of candidate markers in relation to each other.

E. Spearman’s rank correlation coefficient between the constructed FEBA-Test and its individual components. FEBA-Test =

[0.001 x fibronectin (mg/L) + 0.13 x EMA ( g/mL) + 0.036 x total bilirubin (mg/dL) + 0.83 x log AFP (U/L) - 0.063].
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HCC

(AUC = 0.70). Next, an optimal cutoff point > 2.2

was selected and the diagnostic performances were

shown in figure 4B. For FEBA-Test > 2.2, the prob-

ability of patient to have HCC increases. On contra-

ry, for FEBA-Test  2.2, the probability of patient to

have HCC decreases as shown in figure 4B. The dis-

tribution of FEBA-Test levels in HCC patients in re-

lation to F4 patients were compared and presented

as box plots (Figure 4C). As seen in figure 4C, the

values of FEBA-Test in HCC patients were higher

than those in cirrhotic patients. The median value

in F4 was 1.6 while that of HCC was 3.6 with an ex-

tremely significant difference (P < 0.0001). Moreo-

ver, FEBA-Test significantly correlated with

histological disease progression with a Spearman’s

rank correlation coefficient of 0.72 (P < 0.0001). On

the other hand, the effectiveness of FEBA-Test for

discriminating HCC patients from those who devel-

oped F1-F3 was then estimated using ROC curve

that showed a superior AUC = 0.97 (Figure 4D).

Likewise, an optimal cutoff point > 1.8 was then se-

lected to separate HCC patients from F1-F3 patients

and the diagnostic performances were clarified in

figure 4E. At this point, 112 of 126 (PPV = 89%)

would have HCC and only 14 of 322 without HCC

would be classified incorrectly. In addition, 118 out

of 131 (NPV = 90%) would have F1-F3 and only 13

out of 125 without fibrosis would be classified false-

ly. The distribution of FEBA-Test levels in patients

with HCC in relation to those who developed F1-F3

were compared and were presented as box plots in

figure 4F. The median value in F1-F3 was 1.2 while

that of HCC was 3.6 with an extremely significant

difference (P < 0.0001).

Figure 4. Diagnostic performances and distribution of FEBA-Test. A-C. For separating patients with HCC from those with liver

cirrhosis (F4). D-F. For separating patients with HCC from those with liver fibrosis (F1-F3). AUC: area under the ROC curve. Sn:

sensitivity. Sp: specificity. Ac: accuracy. PPV: positive predictive value. NPV: negative predictive value.
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Figure 5. Distribution of epithelial membrane antigen (EMA), fibronectin (FN) and FEBA-Test levels among different groups

of patients with liver pathology in addition to diagnostic performances of FEBA-Test. A. Distribution of EMA. B. Distribution of

FN. C. Distribution of FEBA-Test. D. Area under curves for FEBA-Test for separating patients with F4 from patients with diffe-

rent stages of HCC. E. Calculated sensitivity (Sn), specificity (Sp) and accuracy (Ac) for FEBA-Test for discriminating patients

with F4 from patients with different stages of HCC.

A

E
M

A
 (

g
/
m

L
)

25

20

15

10

5

0
F1-F3 F4 CLIP 0-1 CLIP 2-3 CLIP > 3

B

F
N

 (
m

g
/
L
)

1,500

1,000

500

0
F1-F3 F4 CLIP 0-1 CLIP 2-3 CLIP > 3

C

F
E
B
A
-T

e
st

7
6
5
4
3
2
1
0

F1-F3 F4 CLIP 0-1 CLIP 2-3 CLIP > 3

D
F4 vs. CLIP 0-1 F4 vs. CLIP > 1 F4 vs. size  3 F4 vs. size > 3

1.0

0.8

0.6

0.4

0.2

0.0

Area under ROC curves

0.80 0.84
0.89

E

P
e
rc

e
n
ta

g
e
 (

%
) 100

80

60

40

20

0

Diagnostic performances

Sn Sp Ac Sn Sp Ac Sn Sp Ac Sn Sp Ac

FEBA-Test and CLIP scoring system

Also, we aimed to estimate the diagnostic ability

of FEBA-Test in identifying the percent of cases at

different stages of HCC that were categorized ac-

cording to CLIP scoring system (CLIP 0, 9.3%;

CLIP 1, 18.6%; CLIP 2, 34.9%; CLIP 3, 23.3%;

CLIP 4, 14%). Patients with HCC who had CLIP 5-6

were missing in this study. We used CLIP score (0-1)

to define early stages of HCC. To stage patients

according to CLIP scoring system, multiple clinical

indexes, such as Child-Pugh score, tumour morphol-

ogy, AFP level and presence of portal vein thrombo-

sis, were taken into account. The distribution of

FEBA-Test levels in addition to EMA and fibronec-

tin in different liver pathological groups is depicted

in figure 5A-5C. The differences in FEBA-Test

values were statistically extremely significant (P <

0.0001) between patients who developed cirrhosis vs.

those who had liver fibrosis, HCC (CLIP 0-1), HCC

(CLIP 2-3) and HCC (CLIP > 3). Our results

showed that the use of FEBA-Test could discrimi-

nate patients with HCC who had CLIP 0-1 and size

 3 cm from those who developed F4 with AUCs of

0.80 and 0.84, respectively, indicating its potential

ability in identifying early HCC. In addition, FEBA-

Test could discriminate patients with HCC who had

CLIP > 1 and size > 3 cm from those who developed

F4 with AUCs of 0.94 and 0.89, respectively (Figure

5D). Additionally, the diagnostic performances for

FEBA-Test for identifying these different groups

were calculated and presented in figure 5E.

Validation study

We evaluated whether the predictive criteria iden-

tified in the estimation study were able to reproduce

their predictive ability in a subsequent different, but

related group of patients. The characteristics of the

validation group were similar to that of estimation

group with no significant differences in any of the

assessed variables as previously depicted in table 1.

It is evident that the aforementioned results were re-

produced in the validation study with no significant
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difference. At cutoff level > 2.2, FEBA-Test yielded

sensitivity = 83% with PPV = 90% and accuracy =

91%, specificity = 88% with NPV = 81% for dis-

criminating HCC from F4. As well, at cutoff level >

1.8, FEBA-Test generated sensitivity = 88% with

PPV = 89% and accuracy = 96%, specificity = 88%

with NPV = 87% for discriminating HCC from F1-F3.

DISCUSSION

It is a worthy of noting that liver fibrosis eventu-

ally leads to end-stage cirrhosis and/or HCC in a sig-

nificant number of patients.19 HCC develops in a

cirrhotic liver in 80% of cases, and this pre-neoplas-

tic condition is the strongest predisposing factor.20

Consequently, proper definition of early HCC has

critical implications as one third of dysplastic le-

sions will develop a malignant phenotype.20,21 Thus,

there is an urgent need to identify better tools to

characterize these lesions. Several tumor markers

have been proposed for HCC diagnosis. Lens culi-

naris agglutinin-reactive fraction of AFP (AFP-

L3)22 and Des-gamma carboxyprothrombin (DCP)23

have been approved by the Food and Drug Adminis-

tration as plasma markers for HCC. DCP is a more

specific HCC marker than AFP because other liver

diseases don’t cause an increase of DCP serum lev-

els. DCP measurement for HCC has 48-62% sensitiv-

ity and 81-98% specificity. However, it has been

reported that AFP-L324 and DCP24,25 are less sensi-

tive than AFP for the diagnosis of early stage HCC.

On the other hand, Attallah, et al. reported that cy-

tokeratin-1 may be clinically valuable as a surrogate

marker for identifying HCC.26 Herein, this work

was concerned with the identification and quantita-

tive determination of EMA and fibronectin and then

estimating their performances for HCC diagnosis.

With respect to EMA, it is a type of mucins which

are a group of high molecular weight glycoproteins

found on epithelial surfaces. In general, mucins are

produced by secretory epithelial cells for the lubrica-

tion and protection of ducts and lumen.27 The loss of

cell architecture and polarity associated with malig-

nant disease means that EMA, normally confined to

luminal surfaces, is shed into the bloodstream and

thus has potential as a tumor marker. The abnor-

mal EMA molecules reveal new protein epitopes or

carbohydrate antigens, and may be recognized by

the immune system as notable tumor associated an-

tigens.28 It was reported that EMA is expressed by

adenocarcinomas of the breast, ovary and colon and

has been suggested as a circulating tumour marker.29

However, the expression levels of EMA in liver can-

cer and cirrhotic liver tissues and their correlation

with carcinogenesis still remain to be elucidated.

EMA could detect small deposits of malignant cells

in organs such as liver.30 There are discrepant re-

sults for EMA expression in HCC. Sasaki and Naka-

numa31 reported that EMA core protein is expressed

in intrahepatic bile duct carcinoma, but not in HCC.

However, Cao, et al.32 demonstrated that EMA is re-

markably expressed in HCC cells and can be consid-

ered as an indicator of HCC prognosis. In this

study, EMA was identified using Western-blot at

130-kDa. Several previous authors identified EMA

in different body fluids as a high-molecular-weight

glycoprotein (35-1500 kDa).33-35 Our results showed

that patients with HCC have a significantly elevated

EMA compared to patients who developed F1-F3 or

F4. Additionally, EMA significantly was correlated

with histological disease progression with a Spear-

man’s rank correlation coefficient of 0.533 and ena-

bled the correct identification of patients who have

HCC with 0.81 AUC. On the other hand, fibronectin

is a major component of the extracellular matrix

that is considered to have an important role in

chronic inflammatory periodontal disease.36

Fibronectin also plays important roles in the devel-

opment and pathogenesis of many disorders, includ-

ing cancer.37-39 Fibronectin plays an important role

in signal transduction and cell adhesion and is par-

tially regulated by TGF- ,40 a cytokine that plays a

central role in controlling the growth of normal

hepatocytes. Abnormal fibronectin protein expres-

sion in HCC may be a manifestation of dysregula-

tion of this important cell cycle control point.

Abnormal fibronectin expression may also cause

abnormal cell-to-cell or cell-to-extracellular matrix

adhesion, contributing to tumor development.

In fact, fibronectin has been implicated in the devel-

opment of multiple types of human cancer and it has

been associated with cell migration and invasion in

several metastatic models.41 Studies of fibronectin

in breast carcinomas have shown stronger expres-

sion than in normal breast parenchyma, and a dif-

ferent distribution.42 In addition, it was reported

that fibronectin levels increase with the progression

of colorectal cancer and this expression is a useful

marker of the degree of disease advancement.43

Apparently, fibronectin plays an important role in

cancer progression, and thus is hypothesized to be

highly associated with HCC progression.44 It was

stated that the expression of fibronectin is increased

in liver tumor growth and this elevation has been

linked to resistance to therapy.45 Furthermore,

fibronectin either regulates, or is regulated by, a
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number of important cell cycle proteins thought to

play a role in HCC pathogenesis including cyclin

D1, -catenin46 and p53.47 Previous authors have

suggested that four main fragments were produced

at 150, 120, 90 and 80 kDa after fibronectin proteol-

ysis.48 In this work, Western-blot analysis revealed

that monoclonal antibody reacted against fibronec-

tin at an apparent molecular weight of 90-kDa in

sera. Our results showed that patients with HCC

have a significantly elevated fibronectin compared to

patients with F1-F3 or F4. Fibronectin enabled the

correct identification of patients who have HCC with

0.70 AUC. These finding suggest that these mole-

cules, EMA and fibronectin, could be potential

markers for HCC diagnosis in patients with chronic

liver disease. In order to improve the diagnostic ac-

curacies of EMA and fibronectin, it is necessary for

them to be combined with other markers for HCC di-

agnosis in clinical setting. On univariate and multi-

variate analyses, only total bilirubin and AFP

together with EMA and fibronectin retained signifi-

cance when combined with each other. Consequent-

ly, AFP and total bilirubin were also identified as

diagnostic markers for HCC. It is well known that

persistently elevated AFP levels are related to the

presence of HCC and its determination can be help-

ful for a better definition of at-risk patients (i.e., pa-

tients with cirrhosis);49 hence, AFP is the most

widely tested biomarker in HCC. When used as a di-

agnostic test, AFP value of 20 ng/mL shows good

sensitivity but low specificity, whilst the higher cut-

off value such 200 ng/mL presents a high specificity

but low sensitivity.50 Consistent to these findings,

our results showed that AFP value at a cutoff of 400

U/L presents a superior specificity of 99% but the

sensitivity dropped to 35%. Our results were almost

similar to that obtained by Marrero, et al.51 who in-

vestigated the diagnostic performance of AFP in dif-

ferentiating patients with HCC from cirrhosis

yielding sensitivity = 34% and specificity = 100%.

This cutoff value was chosen because this value is

frequently reported to be specific for the diagnosis of

hepatocellular carcinoma. With regard to bilirubin,

it is well known that increased level of bilirubin in

the blood, hyperbilirubinemia, cause Jaundice. It oc-

curs in 5-44% of patients with HCC. It is an impor-

tant clinical presentation as the different

aetiological causes of jaundice in HCC determine the

therapeutic approach and the prognosis.52 Under

these aforementioned analysis, we introduced a pre-

dictive function called FEBA-Test combining four

markers (fibronectin, EMA, total bilirubin and AFP)

yielding AUC = 0.92 for identifying HCC. At a cut-

off value > 2.2, FEBA-Test has sensitivity = 89%

and specificity = 85% for predicting HCC. At this

point, HCC could be confirmed with a PPV = 87%

and could be excluded with NPV = 87%. The sensi-

tivity achieved by FEBA-Test was almost similar to

that produced by Ishida, et al.53 based on AFP, AST,

LD, hemoglobin, prothrombin time and male ratio

(82 vs. 85%) whilst the specificity was higher for

FEBA-Test (74 vs. 90%). Next, the effectiveness of

FEBA-Test for discriminating HCC from F1-F3 was

performed using ROC curve that showed a superior

diagnostic accuracy of AUC = 0.97. These results

were reproduced in the validation study with no sig-

nificant difference. In an additional part of this

study the ROC curve analysis was used to evaluate

the diagnostic accuracy of FEBA-Test in identifying

different stages of HCC that were categorized ac-

cording to CLIP scoring system. We used CLIP 0-1

to define early HCC. To stage patients in the CLIP

score, multiple clinical indexes, such as Child-Pugh

score, tumour morphology, AFP level, and presence

of portal vein thrombosis were taken into account.

FEBA-Test gave AUCs 0.80 and 0.84 for identifying

patients with HCC who had CLIP 0-1 and size  3

cm, respectively. This result may indicate the ability

of FEBA-Test in identifying early stages of HCC. In

addition, FEBA-Test enabled the correct identifica-

tion of patients with HCC who had CLIP > 1 and

size > 3 cm with AUCs 0.94 and 0.89, respectively.

In summary, we showed that FEBA-Test may im-

prove the detection of HCC with a high degree of ac-

curacy. Further prospective multicenter studies

involving a greater number of patients are warrant-

ed to validate the usefulness of the produced score

in clinical practice.

ABBREVIATIONS

� AAR: AST/ALT ratio.

� AFP: alpha fetoprotein.

� ALP: alkaline phosphatase.

� ALT: alanine aminotransferase.

� AST: aspartate aminotransferase.

� EMA: epithelial membrane antigen.

� HCC: hepatocellular carcinoma.

� HCV: hepatitis C virus.

ACKNOWLEDGEMENTS

The authors would like to thank Elbendary MS for

his kind help during the study. This study has been

completely supported financially and carried out at Bi-

otechnology Research Center, New Damietta, Egypt.



879
Determination of epithelial membrane antigen and fibronectin. ,     2015; 14 (6): 869-880

CONFLICT OF INTEREST

The authors declared that there is no conflict of

interest.

REFERENCES

1. Degos F, Christidis C, Ganne-Carrie N, Farmachidi JP, De-

gott C, Guettier C, Trinchet JC, et al. Hepatitis C virus

related cirrhosis: time to occurrence of hepatocellular

carcinoma and death. Gut 2000; 47: 131-6.

2. Hu KQ, Tong MJ. The long-term outcomes of patients with

compensated hepatitis C virus-related cirrhosis and histo-

ry of parenteral exposure in the United States. Hepatolo-

gy 1999; 29: 1311-6.

3. Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G,

Almasio P, Nevens F, et al. Morbidity and mortality in com-

pensated cirrhosis type C: a retrospective follow-up study

of 384 patients. Gastroenterology 1997; 112: 463-72.

4. Rampone B, Schiavone B, Confuorto G. Current manage-

ment of hepatocellular cancer. Curr Oncol Rep 2010; 12:

186-92.

5. Chalasani N, Said A, Ness R, Hoen H, Lumeng L. Screening

for hepatocellular carcinoma in patients with cirrhosis in

the United States: results of a national survey. Am J Gas-

troenterol 1999; 94: 2224-9.

6. Gebo KA, Chander G, Jenckes MW, Ghanem KG, Herlong HF,

Torbenson MS, El-Kamary SS, et al. Screening tests for

hepatocellular carcinoma in patients with chronic hepati-

tis C: a systematic review. Hepatology 2002; 36: S84-S92.

7. Sherman M. Alphafetoprotein: an obituary. J Hepatol

2001; 34: 603-5.

8. Johnson PJ. Screening for hepatocellular carcinoma-an-

swers to some simple questions. Am J Gastroenterol 2002;

97: 225-6.

9. Lin DY, Liaw YF. Optimal surveillance of hepatocellular

carcinoma in patients with chronic viral hepatitis. J Gas-

troenterol Hepatol 2001; 16: 715-7.

10. Daniele B, Bencivenga A, Megna AS, Tinessa V. Alpha-feto-

protein and ultrasonography screening for hepatocellular

carcinoma. Gastroenterology 2004; 127: S108-S112.

11. Tong MJ, Blatt LM, Kao VW. Surveillance for hepatocellular car-

cinoma in patients with chronic viral hepatitis in the United

States of America. J Gastroenterol Hepatol 2001; 16: 553-9.

12. Poynard T, Bedossa P, Opolon P. Natural history of liver fi-

brosis progression in patients with chronic hepatitis C.

The OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups.

Lancet 1997; 349: 825-32.

13. Bruix J, Sherman M. Management of hepatocellular carci-

noma. Hepatology 2005; 42: 1208-36.

14. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Wil-

liams R. Transection of the oesophagus for bleeding

oesophageal varices. Br J Surg 1973; 60: 646-9.

15. Prospective validation of the CLIP score: a new prognos-

tic system for patients with cirrhosis and hepatocellular

carcinoma. The Cancer of the Liver Italian Program (CLIP)

Investigators. Hepatology 2000; 31: 840-5.

16. Laemmli UK. Cleavage of structural proteins during the as-

sembly of the head of bacteriophage T4. Nature 1970;

227: 680-5.

17. Towbin H, Staehelin T, Gordon J. Electrophoretic transfer

of proteins from polyacrylamide gels to nitrocellulose

sheets: procedure and some applications. Proc Natl Acad

Sci USA 1979; 76: 4350-4.

18. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein

measurement with the Folin phenol reagent. J Biol Chem

1951; 193: 265-75.

19. Ellis EL, Mann DA. Clinical evidence for the regression of

liver fibrosis. J Hepatol 2012; 56: 1171-80.

20. Llovet JM, Bruix J. Novel advancements in the manage-

ment of hepatocellular carcinoma in 2008. J Hepatol 2008;

48(Suppl. 1): S20-S37.

21. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.

Lancet 2003; 362: 1907-17.

22. Oka H, Saito A, Ito K, Kumada T, Satomura S, Kasugai H,

Osaki Y, et al. Multicenter prospective analysis of newly

diagnosed hepatocellular carcinoma with respect to the

percentage of Lens culinaris agglutinin-reactive alpha-fe-

toprotein. J Gastroenterol Hepatol 2001; 16: 1378-83.

23. Okuda H, Obata H, Nakanishi T, Furukawa R, Hashimoto E.

Production of abnormal prothrombin (des-gamma-carboxy

prothrombin) by hepatocellular carcinoma. A clinical and

experimental study. J Hepatol 1987; 4: 357-63.

24. Marrero JA, Feng Z, Wang Y, Nguyen MH, Befeler AS, Roberts

LR, Reddy KR, et al. Alpha-fetoprotein, des-gamma carboxy-

prothrombin, and lectin-bound alpha-fetoprotein in early

hepatocellular carcinoma. Gastroenterology 2009; 137: 110-8.

25. Nakamura S, Nouso K, Sakaguchi K, Ito YM, Ohashi Y,

Kobayashi Y, Toshikuni N, et al. Sensitivity and specificity

of des-gamma-carboxy prothrombin for diagnosis of pa-

tients with hepatocellular carcinomas varies according to

tumor size. Am J Gastroenterol 2006; 101: 2038-43.

26. Attallah AM, El-Far M, Abdel Malak CA, Zahran F, Farid K,

Omran MM, Zagloul H, et al. Evaluation of cytokeratin-1 in

the diagnosis of hepatocellular carcinoma. Clin Chim Acta

2011; 412: 2310-5.

27. Moniaux N, Escande F, Porchet N, Aubert JP, Batra SK.

Structural organization and classification of the human

mucin genes. Front Biosci 2001; 6: D1192-D1206.

28. Yuan SF, Li KZ, Wang L, Dou KF, Yan Z, Han W, Zhang YQ.

Expression of MUC1 and its significance in hepatocellular

and cholangiocarcinoma tissue. World J Gastroenterol

2005; 11: 4661-6.

29. Davidson B, Babich J, Okeefe P, Styles J, Dean C. Circulat-

ing levels of epithelial membrane antigen in patients with

breast or colorectal-cancer. Int J Oncol 1992; 1: 611-4.

30. Ormerod MG, Steele K, Westwood JH, Mazzini MN. Epithe-

lial membrane antigen: partial purification, assay and

properties. Br J Cancer 1983; 48: 533-41.

31. Sasaki M, Nakanuma Y. Expression of mucin core protein

of mammary type in primary liver cancer. Hepatology

1994; 20: 1192-7.

32. Cao Y, Karsten U, Otto G, Bannasch P. Expression of

MUC1, Thomsen-Friedenreich antigen, Tn, sialosyl-Tn, and

alpha2,6-linked sialic acid in hepatocellular carcinomas and

preneoplastic hepatocellular lesions. Virchows Arch 1999;

434: 503-9.

33. Hendrick JC, Collette J, Claes S, Franchimont P. Epithelial

membrane antigen (EMA) distribution in various biological

fluids. Eur J Cancer Clin Oncol 1988; 24: 1589-94.

34. Tang CK, Katsara M, Apostolopoulos V. Strategies used for

MUC1 immunotherapy: human clinical studies. Expert Rev

Vaccines 2008; 7: 963-75.

35. Lacunza E, Bara J, Segal-Eiras A, Croce MV. Expression of

conserved mucin domains by epithelial tissues in various

mammalian species. Res Vet Sci 2009; 86: 68-77.

36. Muro AF, Chauhan AK, Gajovic S, Iaconcig A, Porro F,

Stanta G, Baralle FE. Regulated splicing of the fibronectin

EDA exon is essential for proper skin wound healing and

normal lifespan. J Cell Biol 2003; 162: 149-60.



Attallah AM, et al.  ,     2015; 14 (6): 869-880
880

37. Dufour S, Duband JL, Kornblihtt AR, Thiery JP. The role of

fibronectins in embryonic cell migrations. Trends Genet

1988; 4: 198-203.

38. Dufour S, Duband JL, Humphries MJ, Obara M, Yamada KM,

Thiery JP. Attachment, spreading and locomotion of avian

neural crest cells are mediated by multiple adhesion sites

on fibronectin molecules. Embo J 1988; 7: 2661-71.

39. Proctor RA. Fibronectin: a brief overview of its struc-

ture, function, and physiology. Rev Infect Dis 1987; 9(Sup-

pl. 49: S317-S321.

40. Kosmehl H, Berndt A, Katenkamp D. Molecular variants of

fibronectin and laminin: structure, physiological occur-

rence and histopathological aspects. Virchows Arch 1996;

429: 311-22.

41. Fernandez-Garcia B, Eiro N, Marin L, Gonzalez-Reyes S,

Gonzalez LO, Lamelas ML, Vizoso FJ. Expression and prog-

nostic significance of fibronectin and matrix metallopro-

teases in breast cancer metastasis. Histopathology 2014;

64: 512-22.

42. Gorczyca W, Holm R, Nesland JM. Laminin production and

fibronectin immunoreactivity in breast carcinomas. Anti-

cancer Res 1993; 13: 851-8.

43. Saito N, Nishimura H, Kameoka S. Clinical significance of

fibronectin expression in colorectal cancer. Mol Med Rep

2008; 1: 77-81.

44. Lin C-c, Yin M-c. Clinical significance of circulating IL-10

and fibronectin levels in hepatocellular carcinoma patients

with HBV infection. BioMedicine 2012; 2: 122-6.

45 . Zhang X, Liu S, Hu T, Liu S, He Y, Sun S. Up-regulat-

ed microRNA-143 transcribed by nuclear factor kappa

B enhances hepatocarcinoma metastasis by repressing

f ibronect in  express ion.  Hepatology  2009;  50:

4 9 0 -9 .

46. Danen EH, Yamada KM. Fibronectin, integrins, and growth

control. J Cell Physiol 2001; 189: 1-13.

47. Iotsova V, Stehelin D. Down-regulation of fibronectin gene

expression by the p53 tumor suppressor protein. Cell

Growth Differ 1996; 7: 629-34.

48 . Salcedo R, Wasserman K, Patarroyo M. Endogenous

fibronectin of blood polymorphonuclear leukocytes:

stimulus-induced secretion and proteolysis by cell

surface-bound elastase. Exp Cell  Res 1997; 233:

33-40.

49. Tsukuma H, Hiyama T, Tanaka S, Nakao M, Yabuuchi T, Ki-

tamura T, Nakanishi K, et al. Risk factors for hepatocellu-

lar carcinoma among patients with chronic liver disease. N

Engl J Med 1993; 328: 1797-801.

50. Trevisani F, D’Intino PE, Morselli-Labate AM, Mazzella

G, Accogli E, Caraceni P, Domenicali M, et al. Serum

alpha-fetoprotein for diagnosis of hepatocellular car-

cinoma in patients with chronic liver disease: influ-

ence of HBsAg and anti-HCV status. J Hepatol 2001;

34: 570-5.

51. Marrero JA, Su GL, Wei W, Emick D, Conjeevaram HS, Fon-

tana RJ, Lok AS. Des-gamma carboxyprothrombin can dif-

ferentiate hepatocellular carcinoma from nonmalignant

chronic liver disease in american patients. Hepatology

2003; 37: 1114-21.

52. Lai EC, Lau WY. Hepatocellular carcinoma presenting

with obstructive jaundice. ANZ J Surg 2006; 76:

631-6.

53. Ishida H, Matsuo S, Inoue Y. Evaluation of diagnostic per-

formance of alpha-fetoprotein (AFP) and des-gamma-car-

boxy prothrombin (DCP) for HCV related hepatocellular

carcinoma developed after long-term follow up. Rinsho By-

ori 2010; 58: 1065-72.


	A simple diagnostic index comprising epithelial membrane antigen and fibronectin for hepatocellular carcinoma
	Introduction
	Material and Methods
	Blood samples
	Western-blot and gel electroelution
	Quantitation of epithelial membrane antigen and fibronectin using ELISA
	Statistical analysis

	Results
	Patient characteristics
	Identification and quantitation of both EMA and fibronectin
	Predictors of HCC
	Development of FEBA-Test
	Diagnostic ability of FEBA-Test
	FEBA-Test and CLIP scoring system
	Validation study

	Discussion
	Abbreviations
	Acknowledgements
	Conflict of Interest


