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ABSTRACT
Hepatitis C virus is one of the leading causes of liver cirrhosis and hepatocellular carcinoma.
The tumor-associated calcium signal transducer 2 (Tacstd-2) molecule is thought to be
involved in the expression of a number of molecules that facilitate transport of hepatitis
C into the cell. The aim of this study was to investigate Tacstd-2 concentrations in hepatitis
C patients, with and without cirrhosis, and compare with uninfected controls. Sixty-one
hepatitis C patients and twenty-nine control (hepatitis C antibody negative patients with
dyspeptic complaints) cases were recruited between 2014 and 2016. Tacstd-2 concentrations
in all hepatitis C and control patients were measured and compared. In addition, cirrhotic and
non-cirrhotic hepatitis C patients were compared in terms of Tacstd-2 concentration, and
comparison was made between patients with high and low concentrations of Tacstd-2. The
mean Tacstd-2 concentration of patients with Hepatitis C was 691.2 ± 473.3 ng/U was
significantly higher (p = 0.043) than in the healthy control group (524 ± 290.1 ng/U).
Although the Tacstd-2 value was higher in cirrhotic than the non-cirrhotic patient group,
the difference was not statistically significant (p = 0.78). Liver transferase concentrations were
higher in hepatitis C patients with a Tacstd-2 concentration <500 ng/U compared to those
with a Tacstd-2 concentration >500 ng/U. In patients with hepatitis C, Tacstd-2 level was
detected at higher serum concentrations than healthy individuals. The introduction of hepa-
titis C virus into the cell can be relatively easy in people with a higher serum concentration of
Tacstd-2.
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1. Introduction

Hepatitis C (Hep C) virus is one of the leading causes of
chronic liver disease and affects more than 170 million
people worldwide [1]. Hep C virus is a positive-stranded,
RNA virus of the Flaviviridae group [2]. Although the
detailed mechanism is uncertain, Hep C virus entry into
hepatocytes includes a multi-stage process involving
various host entry factors such as glycosaminoglycans
(GAGs), tight junction binding (TJ) proteins, claudin-1
(CLDN1), and occludin (OCLN) [3–5].

Tumor-associated calcium signal transducer 2 (Tacstd
2), also known as trophoblast antigen 2 (Trop2), is a type-
1 transmembrane glycoprotein [6–9] and an adhesion
molecule that is expressed in a multistradiated epithe-
lium, several stem/progenitor cell types, and carcinoma
cells. Current evidence suggsts that Tacstd-2 plays
a functional role in stem cells and also in cancer progres-
sion [10,11]. Modified expression and/or activity of
Tacstd-2 has been implicated in growth, proliferation,
migration, invasion, and survival of cancer cells [12–17].

Tacstd-2 binds directly to claudin 1 and 7 and is
required for these proteins to act as carriers to the cell
membrane or to localize to the plasma membrane
without degradation by the ubiquitin proteasome

system [18]. Tacstd-2 has an effect on the expression
of Occludin and Claudin, which play a role in the entry
of Hep C virus into the cell. Thus, increased Tacstd-2
molecule expression may play a role in the virulence
of hepatitis C infection. We hypothesized that Tacstd-
2 expresson may play a role in Hep C and Hep
C-related cirrhosis patients. The aim of this study
was to investigate Tacstd-2 concentrations in Hep
C patients, with and without cirrhosis, and compare
with uninfected controls.

2. Methods

Sixty-one Hep C patients and 29 control (people who
presented to the gastroenterology clinic with dyspep-
tic complaints and who did not have any additional
liver disease were accepted as the control group.
Individuals with HBs Antigen positivity were excluded
from the study) cases, who were admitted to our
gastroenterology clinic between 2014 and 2016,
were included in the study. Criteria for inclusion in
the patient group were those patients with positive
Hep C RNA values who gave their informed consent
to participate. Exclusion Criteria included any Hep
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C positive patient who had advanced heart failure or
renal failure or any patient declining consent.

Hep C patients were further divided into groups
based on those who had cirrhosis (patients with sple-
nomegaly, platelet levels below 150,000 and parench-
ymal liver disease) and those who did not. Patients
were also divided into two groups according to
Tacstd-2 levels, and differences between them were
examined according to statistical methods (those who
had Tacstd-2 concentrations under 500 ng/U (Group
A) and those with Tacstd-2 concentration >500 ng/U
(group B)). The rounded harmonic mean (harmonic
mean = 500 ng/U) calculated up for Tacstd-2 was
used as a discriminator value between two groups.
Comparisons in terms of laboratory results were made
between these groups and between the whole cohort
of Hep C positive patients and the control group. The
study was approved by the Ethics Committee of
Mersin University (number.2016/29, date:28/01/2016).

Blood samples were collected from all study partici-
pants at the first clinic visit (at 09.00 pm during fasting
period) and separated immediately following collection.
Serum samples collected for the study were stored at
−80°C. In this study, the levels of the Tumor-associated
Calcium Signal Transducer-2 protein (Manufacturer
company: Cusabio Technology LLC, Houston/USD)
(Tacstd-2) were measured in the DSX System [Dynex
(14340 Sullyfield CircleChantilly, USA)]. Monoclonal anti-
bodies against different epitopes of Tacstd-2 were used
in this measurement. The standards and samples used
were allowed to react with the capture monoclonal
antibody (MAb1) and the peroxidase (HRP) labeled
monoclonal antibody (MAb2) in the wells in which
they were placed. After an incubation period to allow
the formation of the sandwich (Mab1- (tacdstd-2) -MbA
2-HRP), the wells were washed to remove unbound
enzyme-labeled antibodies.

The bound enzyme-labeled antibody was measured
by a chromogenic reaction to add chromogenic solution
(TMB) and incubated. The reaction was stopped by
addition of stop solution, and the wells were deter-
mined by colorimetric measurement of absorbance.
The amount of substrate turnover determined by colori-
metric measurement of absorbance was calculated in
proportion to the concentration of Tacstd-2. In our
study, a calibration curve was drawn and the Tacstd-2
concentrations in the samples were determined by
interpolation from the calibration curve.

2.1. Statistical analysis

All analyses were performed using SPSS version 16.0
for Windows (IBM Inc, Chicago, Ilınois, USA). While the
parameters of kurtosis and skewness values between
+2 and −2 are considered as homogeneous, the para-
meters outside these limits are considered as non-
homogeneous. Differential analysis between study

groups and controls was performed by paired sample
T-test on parametric variables and Mann Whitney-U
for non-parametric variables. Spearmann correlation
analysis was performed between Tacstd-2 and hema-
tologic and biochemical variables. Factors affecting
Tacstd-2 levels in Hep C patients were evaluated by
a linear regression analysis method. P-value of<0.05
was considered statistically significant.

3. Results

Subjects consisted of 61 (67.8%) Hep C positive patients
and controls (Hepatitis C antibody negative patients
with dyspeptic complaints) were 29 (32.2%) healthy
patients. Forty one (67.2%) of 61 Hep C patients were
male and 20 patients (32.8%) were female. Forty-one
(67.2%) of the Hep C patients were non-cirrhotic and 20
subjects (32.8%) were from the cirrhotic group. In the
Hep C group, 44 patients (72.1%) patients had the Hep
C 1b genotype 1b. Genotype and mean HCV RNA levels
of Hep C patients in the study are shown in Table 1.
Three of the cirrhotic patients had hepatocellular carci-
noma. The mean Tacstd-2 concentration of patients
with Hep C was significantly higher (p= 0.043) at 691.2
± 473.3 ng/U than in the healthy control group (524 ±
290.1 ng/U) (see Table 2). When the Hep C patient group
was stratified by the presence of cirrhosis, cirrhotic
patients had a mean Tacstd-2 concentration of 715.5 ±
333.9 ng/U while non-cirrhotic patients had a mean
concentration of 679.3 ± 447.4 ng/U although this was
not statistically significant (p= 0.78) (Table 3).

Patients were stratified according to low (<500 ng/U;
Group A) or high (>500 ng/U; Group B) Tacstd-2 con-
centrations. Liver function tests showed that aspartate

Table 1. Comparison of viral load and Tacstd-2 concentration
in Hepatitis C positive patients by viral genotype.

Genotype 1b
(n = 49)

Non-genotype 1b
(1a,2,3,4) (n = 12) p

HCV RNA 171x104 ± 604x104 286x104 ± 623 x104 0.60
Tacstd-2 708 ± 492 613 ± 382 0.55

HCV-RNA: Hepatitis C virus ribonucleic acid; Tacstd-2: Tumor-associated
calcium signal transducer 2.

Mean ± SD was given at regular intervals.

Table 2. Comparison of laboratory parameters of Hepatitis
C patients with controls.

Hepatitis C patients
(n = 61)

Controls
(n = 29) p

Tacstd-2 (ng/U) 691.2 ± 473.3 524.1 ± 290.1 0.043
AST (IU/L) 43.0 (8–337) 31.5 ± 8.0 0.002
ALT (IU/L) 38 (6–971) 35.1 ± 9.1 0.26
ALP (IU/L) 108.6 ± 72.6 73.0 ± 29.1 0.201
GGT (U/L) 87.1 ± 179.2 39.8 ± 22.0 0.091
Hb (g/dL) 12.61 ± 1.68 13.24 ± 2.83 0.31

Tacstd-2: Tumor-associated calcium signal transducer 2; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phos-
phatase; GGT: Gamma glutamyl transpeptidase; Hb:Hemoglobin

Mean ± SD was given at regular intervals and median (min-max) at
irregular intervals.
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aminotransferase (AST) and alanine aminotransferase
(ALT) concentrations were significantly higher in group
A patients compared with group B patients. There was
no difference between the groups in terms of alkaline
phosphatase (ALP), gamma-glutamyl transpeptidase
(GGT) or bilirubin concentrations. Conversely, the hemo-
globin value was found to be statistically lower in group
B than in group A (Table 4).

In our study, a correlation between Tacstd-2 and
AST (r: −0.31, p: 0.02) and ALT (r: −0.29, p: 0.03) con-
centrations was found in Hep C patients (Figures 1
and 2). There was no correlation between Tacstd-2

and hematological parameters or Hep C RNA concen-
tration (Table 5). In the linear regression model, only
hemoglobin concentration was found to be depen-
dent on Tacstd-2 concentration in Hep C patients
(p= 0.007) as shown in Table 6.

4. Discussion

This study analyzed and compared Tacstd-2 molecule
concentrations in Hep C positive patients with a healthy
control group. It was shown that the Hep C patient
group as a whole exhibited higher concentrations of

Table 3. Comparison of Hepatitis C patients with and without cirrhosis.
Non-cirrhotic patients (n = 41) Cirrhotic patients (n = 20) p

Tacstd-2 (ng/U) 679.3 ± 447.4 715.5 ± 333.9 0.78
AST (IU/L) 60.11 ± 61.9 56.6 ± 24.4 0.82
ALT (IU/L) 94.91 ± 172.4 73.5 ± 26.4 0.23
ALP (IU/L) 90.1 ± 43.8 146.6 ± 102.6 0.012
GGT (U/L) 49.8 ± 42.1 167.1 ± 303.7 0.042
Hb (g/dL) 13.09 ± 1.8 11.55 ± 1.8 0.02
HCV–RNA (copies/mL) 150X103 (472-322x105) 289 x103 (3474-167x104 0.85
Platelets (/μL) 192900 ± 75167 98680 ± 60920 <0.001
INR 1.02 ± 0.19 1.25 ± 0.14 <0.001
Bilirubin (mg/dL) 0.64 ± 0.45 1.54 ± 0.94 <0.001

Tacstd-2: Tumor-associated calcium signal transducer 2; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline
phosphatase; GGT: Gamma glutamyl transpeptidase; Hb: Hemoglobin; Hep C-RNA Hepatitis C viral RNA; INR – International
normalized ratio.

Mean ± SD was given at regular intervals and median (min-max) at irregular intervals.

Table 4. The correlations between tumor-associated calcium-binding transducer-2 and liver function tests, hematologic para-
meters, and age.
Tacstd-2 AST ALT ALP GGT INR Bil Hg Platelets Age

r −0.311 −0.293 −0.272 −0.268 −0.168 −0.261 −0.008 −0.008 −0.19
p 0.023 0.033 0.067 0.079 0.328 0.095 0.128 0.957 0.138

Tacstd-2: Tumor-associated calcium signal transducer 2; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase;
GGT: Gamma glutamyl transpeptidase; Hb: Hemoglobin; Hep C-RNA Hepatitis C viral RNA; INR – International normalized ratio; Bil: Bilirubin; r:
Correlation Coefficient.

Figure 1. Correlation relationship between Tacstd-2 and Alanine Aminotransferase in Hepatitis C group. Alt: Alanine amino-
transferase, Tacstd-2: tumor-associated calcium signal transducer 2.
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Tacstd-2 than Hep C negative controls. However, no
difference in Tacstd-2 concentration was found
between cirrhotic and non-cirrhotic Hep C patients. It
was also shown that aminotransferase concentrations
were negatively correlated with Tacstd-2 concentra-
tions, with higher enzyme concentrations being found
in patients with lower Tacstd-2 concentrations.
Regression analysis showed that Tacstd-2 concentra-
tions may affect patients hemoglobin levels.

Sekhar et al. [18] investigated the relationship
between the tacstd-2 molecule and hepatocellular
carcinoma due to Hep C. They reported that both
Hep C virus cellular infection and viral replication
rates were decreased in cells with increased tacstd-2

expression in patients with hepatocellular carcinoma.
In our study, there were only three patients with
hepatocellular carcinoma thus we did not attempt
separate statistical analysis for these patients.

Shimizu et al. [19] analyzed the relationship
between the occludin molecule, a tight junction pro-
tein and the expression of which is dependent on
Tacstd-2, and Hep C virus cell entry. Using a mouse
model, it was shown that Hep C viral entry was pre-
vented with anti-occludin antibodies. It was also
demonstrated that anti-occludin antibodies may be
a treatment for Hep C patients. This suggests that
there may be a role for anti-Tacstd-2 antibodies in
the treatment of Hep C patients too.

Figure 2. Correlation relationship between Tacstd-2 and Aspartate Aminotransferase in Hepatitis C group. Ast: Aspartate
aminotransferase, Tacstd-2: tumor-associated calcium signal transducer 2.

Table 6. Hematological and biochemical parameters affecting Tacstd-2 according to linear regression analysis (Backward
method).

B SE t p OR (95% CI)
Adjusted
R square

ALT
Hemoglobin

−3.73
–126.94

1.96
40.79

−1.903
–3.10

0.076
0.007

−7.90–0.45
–213,28- −39,39

0.44

Dependent variable was Tacstd-2 and independent variables in the regression model were GGT, AST, ALP, INR, albumin, hemoglobin, and platelets.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase, GGT: Gamma glutamyl transpeptidase; INR: International
normalized ratio.

Table 5. Comparison of Hepatitis C patients with Group A (Tumor-associated calcium signal transducer-2 < 500 ng/U) and
Group B (Tumor-associated calcium signal transducer-2 > 500 ng/U) according to laboratory parameters.

Group A Group B p

AST (IU/L) 74.4 ± 65.0 38.2 ± 18.9 0.08
ALT (IU/L) 113.1 ± 188.3 33.7 ± 17.6 0.032
GGT(IU/L) 61.4 ± 45.1 131.5 ± 282.4 0.32
ALP (IU/L) 109.0 ± 57.1 110.6 ± 93.4 0.25
INR 1.16 ± 0.2 1.05 ± 0.2 0.11
Bilirubin(mg/dL) 1.1 ± 0.8 0.8 ± 0.81 0.29

Group A: Tumor-associated calcium signal transducer 2 < 500 ng/U, Group B: Tumor-associated calcium signal transducer 2 > 500 ng/U
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase, SD: Standart Deviation, GGT: Gamma glutamyl transpepti-
dase; INR: International normalized ratio.

Mean ± SD was given at regular intervals and median (min-max) at irregular intervals.
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Fofana et al. [20] reported a study in which they
investigated the effect of antibodies against claudin-1,
another tight junction protein, also regulated by
Tacstd-2. In this study, it was shown that Hep C virus
can be reduced by anti-claudin antibody treatment.
This study also supports the role of antibodies direc-
ted against molecules known to facilitate Hep C viral
cell entry into hepatocytes in the treatment of Hep C.

Tacstd-2 is a highly expressed molecule in many
cancer types, such as colorectal, esophagus, pancreas,
lung, and ovarian cancer [21,22]. In addition to tumor
growth, Tacstd-2 is also thought to be involved in
metastasis formation [21]. High levels of tacstd-2
may be an indicator of the oncogenic potential of
the virus in Hep C patients and measurement of
tacstd-2 may have some prognostic value. However,
we found that Tacstd-2 concentrations were not dif-
ferent between cirrhotic and non-cirrhotic patients
which may indicate that Tacstd-2 does not play
a role in the development of cirrhosis. Longer term
studies in newly diagnosed cases of Hep C infection
are needed to clarify this hypothesis. However, the
difference between control group and Hep
C patients may reveal the relationship between
Tacstd-2 and Hep C infection. The fact that it is easy
for hepatitis C virus to enter the cell with the height of
Tacstd-2 level can explain our study results.

Correlation analysis demonstrated a negative cor-
relation between Tacstd-2 and aminotransferase
levels in people with Hep C infection. In patients
with lower Tacstd-2 concentrations (<500 ng/U) ami-
notransferase concentrations were higher. Tacstd-2
concentrations were lower in Hep C patients with
high AST and ALT values. Cell damage caused by the
introduction of hepatitis virus into the cell may be
related to increased levels of transaminases and
a decrease in the Tacstd-2 concentration. There was
also a negative association between Tacstd-2 concen-
tration and hemoglobin concentration. In this study,
no relation was found between Hep C RNA concen-
tration, indicative of viral burden, and tacstd-2
concentrations.

In the literature, aminotransferase values are
found to be lower in cirrhotic patients than non-
cirrhotic patients [23]. Although it was not statisti-
cally significant in our study, aminotransferase
values were higher in the non-cirrhotic group com-
pared to cirrhotic patients. Tacstd-2 values were
measured at higher concentrations in cirrhotic
patients, but these results were not significant.
Although Tacstd-2 and aminotransferase levels
were inversely correlated, this condition could not
be observed between the evaluation of cirrhotic and
non-cirrhotic patient groups. Since liver cirrhosis is
a precursor condition to hepatocellular carcinoma
[24], it can be expected that Tacstd-2 values which
are elevated in most malignant diseases may be

higher in patients with cirrhosis. However, since
our results are statistically insignificant, it is neces-
sary to investigate the relationship between amino-
transferase and Tacstd-2 levels in cirrhotic and non-
cirrhotic groups with further studies. Also Tacstd-2
levels should be evaluated in Hepatitis C positive
hepatocellular carcinoma patients.

One of the limitations of our studywas the small size of
the group of patients with hepatocellular carcinoma
patients making statistical analysis unreliable. In addition,
additional investigation of occludin and claudin-1 con-
centration may have provided additional information on
the relationship between Tacstd-2 and these molecules.

In conclusion, our study is the first to evaluate Tacstd-
2 levels in patients with Hep C and to compare this with
a control group. Higher concentrations of Tacstd-2 in
patients infected with Hep C virus suggest that the
Tacstd-2 molecule may play a role in Hep C virulence
with higher concentrations indicating easier cell entry
for the virus. There does not appear to be a relationship
between Tacstd-2 concentration and the likelihood of
developing cirrhosis although there is a direct relation-
ship between aminotransferase concentrations and
Ttacstd-2 concentration. There is a need for further,
larger, long-term studies of the relationship between
Tacstd-2 and Hepatitis C infection which should include
more patients with hepatocellular carcinoma in order to
elucidate the role of Tacstd-2 in Hepatitis C infection and
disease progression.
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