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Abstract

Hepatocellular carcinoma (HCC) is the most severe and frequent
complication of chronic liver diseases. It represents a crucial public
health problem in Egypt, where up to 90% of HCC cases are at-
tributed to hepatitis C virus (HCV) infection. The outcome of HCC
depends mainly on its early diagnosis. Objective: assess the role
of serum Talin-1 with a panel of biomarkers that can significantly
differentiate between HCC and non-HCC patients with chronic liver
diseases. Patients and methods: A total of 120 adult subjects were
divided into 3 main groups, 40 HCC patients without evidence of
cirrhosis (HCC), 40 cirrhotic HCC free liver cirrhosis patients (LC),
and 40 healthy controls (HC). Liver functions, HCV antibodies, HB-
sAg, alpha-fetoprotein (AFP), Talin-1 (TLN1) were assayed. Results:
Talin-1, AFP, AST/ALT ratio, and albumin were significantly different
in HCC group with the optimum cut-off values as 33.75, 9 ng/ml, 1.65
and 2.65 g/dl respectively. By using these cut-off values combined;
100% of HCC patients showed two abnormal markers, correspond-
ing to only 37.5% of the LC group. Conclusion: The use of combined
Talin-1, AFP, AST/ALT ratio and albumin cut-off values improved the
positive predictive value for HCC from 80% to 100%.

Keywords: Alpha-fetoprotein; Hepatocellular carcinoma; Liver cir-
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most known cancer in
the world, and the third most common cause of cancer-related deaths
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[1,2]. Annually, it kills more than 650,000 people all over the world
[3]. In Egypt, The burden of HCC has been increasing with a doubling
in the incidence rate in the last10 years [4]. This has been attribut-
ed mainly to viral infection (hepatitis B and C viruses), and dietary
factors (e.g. aflatoxin B1) [5]. HCV causes HCC through promoting
continuous inflammation and hepatocyte regeneration in the setting
of chronic hepatitis leading to subsequent progression to cirrhosis,
which is thought to cause chromosomal damage and possibly to initi-
ate hepatic carcinogenesis [6,7].

HCC has wide regional differences in the pathology and epidemi-
ology, which is mainly influenced by the disease etiology. The ma-
jor contributing risk factors for HCC development are chronic viral
hepatitis and liver cirrhosis [8,9]. Early detection of HCC is of great
importance in order to offer the possibility of curative treatment [10].
Surveillance and screening programs have been conducted in differ-
ent countries to detect HCC at an early stage.

Talin was the firstly identified cytoplasmic protein partner of inte-
grins [11]. Vertebrates have two talin genes, TLN1 and TLN2, which
encode Talin-1 and Talin-2, respectively. Talin-1 is essential for cell
adhesion and motility and is the primary talin component of focal
adhesions. Talin-1 is expressed mainly in the kidney, liver, spleen,
stomach, lung and vascular smooth muscle and its overexpression
can promote prostate cancer cell adhesion, migration and invasion
[12-14]. A Previous study has identified talin-1 by differential Tis-
sue Proteome as a novel molecular marker for HCC progression [15].
Moreover, talin-1 has been identified in HCC serum samples obtained
from Egyptian patients [16].

Usually, Alpha-fetoprotein (AFP) and ultrasonography are used as
usual diagnostic tools [17]. Despite the recent scientific advances and
the implementation of measures for early HCC diagnosis in patients
at risk, the overall survival rate of patients has not yet significantly
improved during the last decades. The reason for that is the late diag-
nosis of most HCC patients [18] leading to extensive involvement of
the liver, invasion of the hepatic or portal vein and/or the presence of
metastasis [19], so curative treatment is not possible. Accordingly, the
development of tumor markers that can detect HCC at earlier stages is
essential.

The functions of tumor markers include diagnosis or screening of
cancer as well as prediction of prognosis or therapeutic response [20].
As markers predicting HCC occurrence are still very scarce, and early
detection of HCC increases the chance of treatment, consequently,
the objective of the present study was to assess the diagnostic value
of serum talin-1 the novel tumor marker with a panel of liver markers
that can significantly increase both the specificity and sensitivity to
recognize HCC.

Material and Methods
Subjects and samples

The present study included 120 subjects and they were classified
into three groups:
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Hepatocellular carcinoma group (HCC) included 40 liver patients
(mean age + SEM, 51.13 + 1.216 years; male: female ratio, 1.3:1) di-
agnosed with hepatocellular carcinoma at Liver and Endemic diseas-
es department of Al-Kasr Al-Ainy educational hospital, Cairo, Egypt.
HCC diagnosis was based on elevated AFP levels and presence of
hepatic focal lesion(s) detected by liver ultrasound and confirmed by
computed tomography and/or magnetic resonance.

Liver cirrhosis group (LC) included 40 patients with cirrhosis
(mean age = SEM, 49.98 + 1.37 years; male: female ratio, 1.2:1).
Diagnosis of cirrhosis was based mainly on clinical, biochemical, ul-
trasonographic and/or histological criteria.

The healthy control (HC) included 40 healthy individuals (mean
age = SEM 48.55 + 1.53 years; male: female ratio, 1.2:1). Patients
with rheumatoid arthritis, alcohol abuse, autoimmune liver diseases
and active infection or other malignancies were not included. The
study protocol conformed to the ethical guidelines of the 1975 Hel-
sinki Declaration and all patients gave informed consent to participate
in the present study [16].

Samples collection, preparation and storage

Five milliliters blood were collected from each patient and control.
Samples were collected between 9:00 am and 11:00 am to avoid cir-
cadian variation. Serum was separated by centrifugation at 3000 rpm
for 15 minutes using centrifuge. Each serum sample was divided into
three aliquots. One for measuring AFP, the second for determination
of TLN1 and the last for other biochemical parameters determination.
Sera were stored at -80°C and thawed only at the time of assay.

Detection of Hepatitis B and C viruses (HBV, HCV)

Serum samples had been screened for viruses using one step test
device which is a qualitative membrane based immunoassay for de-
tection of antigens or antibodies for viruses in serum or plasma. The
membrane is coated with recombinant antigens or antibodies on the
test line region of the device which reacts specifically with viruses.
Presence of a colored line indicates a positive result while its absence
indicates a negative one (Abon Biopharm (Hangzhou) Co.Ltd China).

Biochemical parameters

Serum alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), alkaline phosphatase (ALP), gamma glutamy] transferase
(GGT), total proteins, albumin and total bilirubin levels were deter-
mined using commercially available kits for all serum samples. De-
termination of serum AFP

Serum AFP levels were measured using the CALBIOTECH hu-
man AFP ELISA kits. Briefly, 25 pl of AFP standards, control and
patient’s sera were added to the plates pre-coated with AFP antibodies
first, then 100 pl of AFP antibody conjugated to horseradish perox-
idase were added to all wells, covered and incubated for 60 min at
room temperature (18-26° C). After 3 washes using automatic micro-
plate washer (Stat Fax® 2600), 100 ul of tetramethylbenzidine sub-
strate solution were added to all wells, and incubated for 15 min at
room temperature in dark, followed by the addition of 50 ul of stop
solution. Absorbances were measured within 15min after adding stop
solution at 450 nm using Microplate reader (Sunrise TM tecan group
1td.).

Determination of serum Talin-1

Serum Talin-1 levels were measured using human talin-1 ELISA
kits (Wekea medical supplies corp, NEW YORK, USA). Briefly, 50ul
of serially diluted standards, 5-fold diluted patient’s sera (10ul serum:
40ul sample diluents) were added to the plates pre-coated with talin-1
antibodies first and incubated for 30 min at 37° C. After five washes
with the diluted buffer concentrate reagent, 50ul of talin-1 antibody
conjugated to horseradish peroxidase were added to all wells except
blank wells. After incubation for 30 min at 37°C and five washes, 50ul
of substrate A followed by 50ul of substrate B were added to each
well and incubated for 15 min at 37°C followed by the addition of
stop solution to each well. Absorbances were measured within 15 min
after adding stop solution at 450 nm using microplate reader (Sunrise
TM tecan group ltd.).

Statistical analysis

All data are presented as mean values =+ SEM. Associations be-
tween categorical variables were tested by the use of contingency
tables and the calculation of chi-squared test. Differences between
groups were evaluated by the calculation of one-way ANOVA. Cor-
relations between biochemical markers and other continuous vari-
ables were tested using the Spearman or the Pearson’s correlation
coefficients. Sensitivity, specificity, positive and negative predictive
values, and diagnostic accuracy were calculated [21]. Receiver op-
erating characteristics (ROC) analysis was used to evaluate the diag-
nostic value for biomarkers to identify the optimal cut off values. Sen-
sitivity and specificity, positive and negative predictive values were
profiled by curves. The Statistical Package for the Social Sciences
version 16 (SPSS, Inc., Chicago, IL, USA) was used for ROC curve.

Results
Patients’ characteristics

(Table 1) shows the demographic and clinical characteristics of all
study groups expressed as the mean + SEM. A significant difference
has been shown among all studied groups with regard to measured
liver function tests. Levels of markers used in differentiation of hepa-
tocellular carcinoma in the studied groups are also shown in (Table 2).

Parameters c::ceil; aﬂtr(;c:l(l:lléz) Liver cirrhosis (LC) Healtl;)l:lg())ntrols
No. 40 40 40
Age 51.13+1.216 49.98 +1.37 48.55+1.53
Gender m (%) 23(57.5%) 22 (55%) 22 (55%)
BMI (kg/m?) 31.30+0.73 30.35+0.79 28.40 +0.70
ALT (U/ml) 70.13 +£2.65% 47.63 +1.39* 21.55+1.12
AST (U/ml) 137.4 £ 5.30* 75.30 +£2.30° 16.60 + 0.70
ALP (IU/L) 125.00 + 1.58%° 98.95 +4.10* 64.15+3.27
GGT (U/L) 102.80 + 1.472> 56.60 + 4.06° 25.95+1.82

Table 1: Demographic and clinical characteristics of the studied groups.

Data are expressed as Mean + SEM. Significantly different from: *HC, *LC
group (p<0.05). m: male, BMI: Body Mass Index, ALT: Alanine Aminotransferase,
AST: Aspartate aminotransferase, ALP: Alkaline Phoaphatase, GGT: Gamma Glutam-
yl Transferase, (Kg/m?) Kilogram/meter?, (U/ml): Unit/milliliter, (IU/L): International
Unit/Liter. Age, gender and BMI are matched (not significantly different).
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Parameters c::silzl ?zlc:l(l:[lcarc) Liver cirrhosis (LC) Healtlg{g())ntrols Marker (i:;tl:):f Sen(soi/zi)vity Spe(ii/:i)city I::;:)/ T‘:}; Ac:{l;:)acy
Talin-1 (ng/ml) 61.63 +2.47% 1724+ 4.78° 1.1+0.32 Talin-1 (ng/ml) | 33.75 (ng/ml) 100 87 88 100 93.75

AFP (ng/ml) 123.3 + 35.59% 80.2 + 26.60° 14+ 12.47 AFP (ng/ml) 9 (ng/ml) 80 65 69 76 725
AST/ALT ratio 2.023 £ 0.08** 1.59+£0.03* 0.80 +0.02 AST/ALT ratio 1.65 80 57 65 74 68.75
Albumin (g/dl) 2.29 + 0.06% 277+ 0.11° 3.97+0.05 Albumin (g/dl) | 2.65 (g/dl) 80 65 69 76 725

Table 2: Comparative HCC biomarker levels in different studied groups.

Data are expressed as Mean + SEM. Significantly different from: “control, °LC group
(p<0.05). AFP; Alpha feto protein, AST; Aspartate Aminotransferase, ALT; Alanine
Amino transferase. (ng/ml) nanogram/milliliter, (g/dl) gram/deciliter.

Receiver operating characteristic (ROC) curve plots serum TLNI,
AFP, AST/ALT ratio and Albumin in discriminating HCC patients
from those with LC (Figure 1). It shows AUC 0.90, 0.67, 0.77 and
0.72 for each biomarker respectively. AST: Aspartate Aminotransfer-
ase, ALT: Alanine Aminotransferase, AFP: Alpha Feto Protein (Table
3).

Figure 1: ROC Curve analysis.

Asymptotic 95% CI
Marker AUC £ SEM
Lower bound Upper bound
Talin-1 (ng/ml) 0.908 + 0.044 0.823 0.994
AFP (ng/ml) 0.677 +0.063 0.553 0.8
AST/ALT ratio 0.772 +0.053 0.668 0.876
Albumin (g/dl) 0.724 +0.060 0.607 0.842

Table 3: AUC for HCC biomarkers.

AUC; Area under curve, SEM: Standard Error of Mean, AFP: Alpha Feto Protein,
AST: Aspartate Amino Transferase, ALT; Alanine Aminotransferase, CI; Confidence
interval.

Performance of biomarkers

(Table 4) shows cut-off values, sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV) and accu-
racy of serum Talin-1, AFP, AST/ALT ratio and albumin in hepato-
cellular carcinoma (HCC) patients relative to the liver cirrhosis (LC)
group. These results reveal the highest sensitivity and specificity for
serum talin-1 biomarker compared to other biochemical parameters
when used lonely (Figures 2-5).

Table 4: Observed sensitivity, specificity, PPV, NPV and accuracy for the chosen cut-
off values.

PPV: Positive predictive value, NPV: Negative predictive value, AFP: Alpha Feto Pro-
tein, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, (ng/ml) nano-
gram/milliliter, (g/dl) gram/deciliter.

Figure 2: Columns representing the percentage of subjects with high risk of develop-
ing HCC by using AFP level > 9 ng/ml, AFP gp: Alpha Feto Protein, HC gp: Healthy
Control group, LC gp: Liver Cirrhosis group, HCC gp: Hepatocellular carcinoma
group.

Figure 3: Columns representing the percentage of subjects with high risk of develop-
ing HCC by using Talin-1 level > 33.75 ng/ml. TLN1: Talinl, HC gp: Health Control
group, LC gp:Liver Cirrhosis group, HCC gp: Hepatocellular group.

The cross tabulations using two and four markers are illustrated in
(Figure 6) shows the percent of subjects differentiated when talin-1
used alone or combined with AFP. In HCC group 80 of subjects have
both markers higher than normal while only 20 have only one mark-
er is high and the other is normal. In cirrhotic patients 5% had two
abnormal markers with high levels and 37.5% had one abnormal
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marker. (Figure 7) shows the combined use of serum Talin-1, AFP,
AST/ALT ratio and albumin, 100% of HCC patients had at least two
abnormal markers compared to 37.5 % of LC patients.

Figure 4: Columns representing the percentage of subjects with high risk of devel-
oping HCC by using AST/ALT level > 1.65. AST: Aspartate Aminotransferse, ALT:
Alanine Aminotransferase, HC gp: Healthy control group, LC gp: Liver Cirrhosis
group, HCC gp: Hepatocellular group.

Figure 5: Columns representing the percentage of subjects with high risk of develop-
ing HCCby using Albumin level < 2.65 g/dl. Alb: Albumin, HC gp: Healthy Control
group, LC gp:Liver Cirrhosis group, HCC gp: Hepatocellular group.

Figure 6: Percent of subjects with abnormal levels of either one or two markers in
the different groups. TLN1: Talinl, AFP: Alpha Feto Protein, N+N both markers are
within normal range, N+AB one marker is within normal range and the other one is
abnormal, AB+AB both markers’ levels are higher than normal level, HC gp: Healthy
Control group, LC gp: Liver Cirrhosis group, HCC gp: Hepatocellular Carcinoma
group.

e

Figure 7: Percent of subjects with abnormal levels of more than two markers in
the different groups. TLN1: Talinl, AFP: Alpha Feto Protein, AST: Aspartate Ami-
notransferase, ALT: Alanine Aminotransferase, Alb, Albumin, (0-1 AB) no or one
marker is within abnormal level, (2+ AB) more than two markers’ levels are higher
than normal, HC gp: Healthy Control group, LC gp: Liver Cirrhosis group, HCC gp:
Hepatocellular group.

Discussion

Liver cancer is the sixth most common cancer all over the world
and the third most common cause of cancer mortality, with more than
500,000 deaths annually [22-24]. A previously published study indi-
cated that the incidence rates of HCC had been increased in the Unit-
ed States three times from 1975 through 2005 [24]. In Egypt, HCC
incidence rates have been doubled over the last ten years and that is
attributed to the growing HCV incidence [25-29]. However, recently
developed direct-acting antivirals (DAAs), which directly target the
viral protease, polymerase, or non-structural proteins, have enabled
interferon-free anti-HCV therapies with a revolutionary improvement
of sustained virologic response (SVR) rate, approaching or surpassing
90%, and this may limit HCC incidence rate [30].

The ideal marker for HCC would be specific for HCC and not be
detected in cirrhosis. From a practical point of view, it is very import-
ant to find noninvasive biomarkers to identify early HCC cases within
the liver cirrhosis (LC) patients. With comparison to normal healthy
controls, the serum concentrations of various biomolecules change in
LC patients and may lead to a discovery of biomarkers [31]. The ideal
marker should be easily accessed, easily measurable, reproducible,
minimally invasive, accurate, and acceptable to patients and physi-
cians. The current tests do not meet these criteria and an urgent need
for newer ones are needed [32].

The ideal study design would be to compare cirrhosis that pro-
gresses into HCC and cirrhosis that does not progress into HCC in the
follow-up of the disease, but such samples were very scarce and very
difficult to collect as the follow-up among cirrhotic patients would be
extremely long and difficult. Therefore, we compared the levels of
these markers, single or combined, in two groups of patients suffering
from chronic HCV infection, chronic HBV infection or other risk fac-
tors for liver disease with a third healthy control group; these groups
represented HCC-free/liver cirrhosis (LC), and HCC patients. Study
groups are of matched age, sex and body mass index, however, body
mass index showed a significant negative correlation with our marker
talin-1.
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In this study, after assessing a panel of blood markers for HCC,
we developed a predictive model consisting of Talin-1 and three rou-
tine laboratory tests. Talin-1 was the firstly assessed marker. Talin-1
is easily measurable and requires only serum samples from patients
and a microplate colorimetric reader. However, there are few stud-
ies on the efficiency of Talin-1 as a marker for HCC. Our previous
publication clearly proved the potential use of serum talin-1 as HCC
biomarker [16].

The level of AFP, the second marker in our study increases in HCC
patients due to the re-expression of the related gene, which is usually
repressed in adult subjects. In the present study, the sensitivity and
specificity of AFP “the gold standard marker” were 80% and 65% at
cutoff 9 ng/ml. Our study agrees with those of Bessa et al., and At-
tallah et al., concerning AFP AUC (AUC 0.71 and 0.7) in predicting
HCC in Egyptian population [33,34]. Thus there is a need for the
enhancement of the diagnosis of HCC using AFP.

Serum aspartate aminotransferse to alanine aminotransferase ratio
was the third marker that can aid in HCC discrimination. Our results
showed values of sensitivity, specificity, cut off value and AUC for
AST/ALT ratio as 80, 57, 1.65, and 0.77 respectively. By using this
marker 20% of HCC were negatively diagnosed and 42.5% of LC
were positively diagnosed. Pohl et al and Giannini et al. reported
comparable observations[35,36]. However, other studies found that
the AST/ALT had no correlation with the presence of HCC [37,38],
these controversial results could be attributed to lower sensitivity and
specificity for this liver marker.

Furthermore, albumin was the fourth marker. Albumin produced
only by the liver, which is the major serum protein that circulates in
the bloodstream. The serum albumin concentration is usually normal
in chronic liver disease, until cirrthosis and HCC develop. In HCC
patients, the serum albumin level may be less than 3.5 g/dl [39]. In
the present study, AUC was 0.72 for albumin with the best cutoff val-
ue of <2.65g/dl. The diagnostic value of albumin is not significantly
worse and may be easier to measure as it is included in routine liv-
er function tests in many cases. However, hypoalbuminemia is not
specific for liver diseases and can be caused by various conditions,
including nephrotic syndrome, heart failure, liver disease and malnu-
trition [40-43].Our results agrees with that obtained by Masuzaki et
al. concerning albumin AUC value (AUC 0.71)[44]. Several studies
used the concept of combining several markers in order to support the
diagnosis of HCC using AFP [45-47].

From the present study we have concluded that serum talin-1 is
a novel sensitive marker for HCC. However, HCC traditional mark-
ers AFP, AST/ALT ratio and albumin cannot be considered as ideal
markers for HCC when measured lonely. Furthermore, their combi-
nation could serve as a good predictive model for HCC. Finally, the
combined use of our novel marker serum talin-1, with AFP, AST/ALT
ratio and albumin improves the positive predictive value for HCC
from 80% to 100%.
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