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Introduction: Soluble Toll-like receptor 
4 (sTLR4) is a  negative regulator of 
TLR4 signalling that has been report-
ed in different diseases. In this study, 
we aimed to assess the serum levels 
of sTLR4 in hepatitis C virus (HCV)- 
related hepatocellular carcinoma 
(HCC) and to investigate the correla-
tion of sTLR4 with clinicopathological 
and biochemical parameters among 
HCV-related HCC patients and hepati-
tis C without HCC patients. 
Material and methods: Fifty patients 
with HCV-related HCC, 50 patients 
with hepatitis C without HCC and 50 
healthy control volunteers were en-
rolled. Clinicopathological and bio-
chemical parameters were examined 
in all patients. Serum levels of sTLR4 
were measured using enzyme-linked 
immunosorbent assay. 
Results: A  significant increase in 
serum sTLR4 was detected in pa-
tients with HCV-related HCC (4436.1 
±7089.8) (pg/ml) ± compared to 
the level in patients with hepatitis C 
without HCC (1561.4 ±532.0) (pg/ml)  
(p = 0.002) and the level in the con-
trol group (1170.38 ±159.42) (pg/ml)  
(p < 0.001). Serum sTLR4 was positive-
ly correlated with serum AST activity, 
serum direct bilirubin levels, serum 
alpha fetoprotein levels, tumour stag-
es of HCC according to the Barcelona 
Clinic Liver Cancer staging system 
(BCLC), and the severity of liver cir-
rhosis according to the Child-Pugh 
classification among the patients with 
HCV-related HCC. The combination of 
serum alpha fetoprotein and serum 
sTLR4 increased the sensitivity of HCC 
detection to 76% and the specificity 
to 94%. 
Conclusions: Serum sTLR4 may be 
a marker for HCC susceptibility among 
HCV-infected patients. 
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common types of liv-
er cancer and is a significant cause of morbidity and mortality [1]. HCC ac-
counts for 70.48% of all liver tumours among Egyptians [2] and is considered 
the second and sixth most prevalent cancer in men and women, respectively 
[3]. Chronic hepatitis C virus (HCV) infection is considered a major mediator 
of HCC pathogenesis worldwide [4].

Toll-like receptors (TLRs) are a  family of pattern recognition receptors 
that are predominantly expressed on antigen-presenting cells. They are ex-
pressed by macrophages, neutrophils, natural killer (NK) cells, and mast cells 
of the innate-immune system; T- and B-lymphocytes of the adaptive branch; 
as well as by some nonimmune cells, as epithelial and endothelial cells [5]. 

Their signalling activates antigen-presenting cells to initiate an inflam-
matory response against invading pathogens [6]. TLR signalling plays a vital 
role in hepatocarcinogenesis [7]. TLR4 was the first human Toll homologue to 
be identified [8]. It is a vital mediator of the host inflammatory response to 
infection [9]. Increased TLR4 expression has been observed in virus-induced 
hepatitis [10] and in HCC [11].

The inflammatory response is a double-edged sword. While protective, 
excessive production of cytokines can be fatal for the host and is involved in 
a variety of immune disorders, allergies, and cancer [6]. Dynamic regulation 
of TLR signalling is important for the prevention of chronic inflammation 
and tissue destruction [12]. Numerous endogenous negative regulatory mol-
ecules controlling TLR responses have been characterised [13].

Soluble forms of some TLRs have been identified in various body fluids 
and cellular secretions [14], including serum, urine, tears, and saliva. These 
soluble TLRs are considered as negative regulators of TLR signalling [15] . 
Soluble TLR4 (sTLR4) ectodomain is generated via cleavage by metallopro-
teinases (ADAM17) in human [16–18] or by alternative splicing of the corre-
sponding mRNAs in the mouse [19]. sTLR4 consists of 122 amino acids, of 
which 86 are identical to those of the extracellular domain of TLR4 [19]. The 
involvement of sTLR4 in HCC pathogenesis remains to be elucidated. 

There were two aims of the present study. The first aim was to assess the 
serum levels of sTLR4 in patients with HCV-related HCC, patients with hep-
atitis C without HCC, and a group of healthy control volunteers. The second 
aim was to investigate the correlation between the serum sTLR4 levels and 
biochemical and clinicopathological parameters in these patients.



217Serum soluble Toll-like receptor 4 and the risk of hepatocellular carcinoma in hepatitis C virus patients

Material and methods

Patients

The present study was conducted on 150 individuals. 
Between January 2018 and March 2019, the patients were 
recruited from the outpatient clinic of Damanhour Oncolo-
gy Center and Damanhour Fever Hospital. They comprised 
patients with recently diagnosed HCV-related HCC (HCC 
group, n = 50), patients with hepatitis C without HCC (HCV 
group, n = 50), and healthy volunteers (n = 50). The latter 
were age- and sex-matched with the HCC and HCV groups 
of patients. Patients with HCC with a background of hepa-
titis B virus infection, history of alcohol consumption, oth-
er causes of chronic liver disease, schistosomiasis, chronic 
diseases that included diabetes mellitus, and autoimmune 
disease were excluded from the study. Patients with other 
malignancies and cardiac, respiratory, and renal diseases 
were also excluded. The study protocol was approved by 
the Ethics Committee of the Faculty of Pharmacy Daman-
hour University (320PB17). Written informed consent was 
obtained from all subjects enrolled in the study.

Sample collection

Five millilitres of whole blood was withdrawn from each 
participant. The serum samples of the withdrawn blood 
were individually collected in a sterile Eppendorf tube and 
stored at -20°C until analyses, which included the levels of 
alpha fetoprotein (AFP) and sTLR4 in one volume and the 
activities of liver enzymes (alanine aminotransferase [ALT] 
and aspartate aminotransferase [AST]), direct bilirubin lev-
els, and albumin levels in the remaining volume. 

Analyses

Liver function tests were performed using a Dimension 
RxL Max Autoanalyser (Siemens, USA) [20, 21]. Serum AFP 
levels were assayed using an ELISA kit (DSI S.r.l. Italy) and 
the ADVIA Centaur (Siemens, USA) [22]. Serum sTLR4 lev-
els were determined using the human sTLR4 ELISA Kit ( 
In-Hu4103; Inova , USA) [15] and HumaReader Single (HU-
MAN, Germany). 

Statistical analyses

Data were fed to the computer and analysed using the 
SPSS software package version 20.0 (IBM, USA). Qual-
itative data are presented as numbers and percentages. 
Comparisons between different groups regarding categor-
ical variables were tested using the Chi-square test. Quan-
titative data are described using mean and standard devi-
ation (mean ±standard deviation). For normal distribution, 
comparisons between more than two populations were 
analysed by F-test (ANOVA) and post hoc test (Tukey) for 
pairwise comparisons. For abnormally distributed quan-
titative variables, comparisons between more than two 
studied groups were analysed using the Kruskal Wallis test 
and post hoc (Dunn’s multiple comparisons test) for pair-
wise comparisons. For abnormally distributed quantitative 
variables, comparisons between two studied groups were 
analysed using the  Mann Whitney test. To correlate be-
tween two distributed abnormally quantitative variables 

Spearman coefficient (r) was calculated. Receiver oper-
ating characteristic curve (ROC) statistics were applied to 
calculate the sensitivity and specificity to determine the 
diagnostic accuracy of the combination of biomarkers. The 
significance of the obtained results was judged at the 5% 
level. 

Results

Clinical characteristics

The three groups were matched in age and sex (Table 1). 
A significant increase in ascites, jaundice, haematemesis, 
melena and hepatic encephalopathy recurrence was de-
tected in the patients with HCC compared to the patients 
with hepatitis C without HCC (p < 0.05) (Table 1). A signifi-
cant increase in the severity of liver cirrhosis according to 
Child-Pugh classification was detected in the patients with 
HCC compared to the patients with hepatitis C without 
HCC (p < 0.001) (Table 1). Tumour staging of the patients 
with HCC according to the Barcelona Clinic Liver Cancer 
(BCLC) staging system was stage C in 20% of the patients, 
stage B in 38%, and stage A in 14% (Table 1).

Biochemical analyse (liver function tests)

A significant increase in serum ALT activity was detect-
ed in the patients with HCC (69.54 ±21.75) (U/l) compared 
to the activity in the patients with hepatitis C without HCC 
(46.0 ±17.87) (U/l) and the activity in the control group 
(20.70 ±4.94) (U/l) (p < 0.001) (Table 2). A  significant in-
crease in serum AST activity was detected in the patients 
with HCC (83.04 ±22.56) (U/l) compared to the activity in the 
patients with hepatitis C without HCC (51.83 ±22.47) (U/l) 
and the activity in the control group (24.32 ±7.74) (U/l) (p 
< 0.001) (Table 2). A significant decrease in serum albumin 
level was detected in the patients with HCC (2.35 ±0.597) 
(gm/dl) compared to the levels in the patients with hepatitis 
C without HCC (3.88 ±0.85) (gm/dl) (p

 
< 0.001) and the levels 

in the control group (4.74 ±0.41) (gm/dl) (p < 0.001) (Table 
2). A significant increase in serum direct bilirubin level was 
detected in the patients with HCC (2.50 ±1.18) (mg/dl) com-
pared to the level in the patients with hepatitis C without 
HCC (0.45 ±0.18) (mg/dl) and the level in the control group 
(0.31 ±0.15) (mg/dl) (p < 0.001) (Table 2) 

Serum AFP

A significant increase in serum AFP level was detected 
in the patients with hepatitis C without HCC (7.02 ±2.99) 
(ng/ml) and the patients with HCV-related HCC (289.89 
±691.26) (ng/ml) compared to the level in the control 
group (2.73 ±1.14) (ng/ml) (p < 0.001) (Table 3). A signifi-
cant increase in serum AFP level was also detected in the 
patients with HCV-related HCC (289.89 ±691.26) (ng/ml) 
compared to that in the patients with hepatitis C without 
HCC (7.02 ±2.99) (ng/ml) (p

 
< 0.001) (Table 3).

Serum sTLR4

The serum sTLR4 level was significantly increased in 
the patients with hepatitis C without HCC (1561.4 ±532.0) 
(pg/ml) and the patients with HCC (4436.1 ±7089.8) (pg/
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ml) compared to the level in the control group (1170.38 
±159.42) (pg/ml) (p < 0.001) (Table 3). A  significant in-
crease in the level of serum sTLR4 was detected in the pa-
tients with HCC (4436.1 ±7089.8) (pg/ml) compared to the 
level in the patients with hepatitis C without HCC (1561.4 
±532.0) (pg/ml) (p

 
= 0.002) (Table 3).

Correlation of serum sTLR4 levels with 
biochemical and clinicopathological parameters 

Correlation analysis within patients with HCC revealed 
a  significant positive correlation between sTLR4 and se-
rum AST activity, serum direct bilirubin, and serum AFP lev-
els (p ≤ 0.05). Serum sTLR4 was positively correlated with 

Table 1. Clinical characteristics

Characteristics Control (n = 50)

n                 %

Patients with hepatitis C 
without HCC

(n = 50)

n                        %

Patients with HCV-
related HCC 

(n = 50)

n                  %

Test of sig. p

Gender

Male 28 56.0 32 64.0 39 78.0 χ2 = 5.526 0.063

Female 22 44.0 18 36.0 11 22.0

Age (years) F = 2.038 0.134

Mean ±SD. 49.82 ±7.03 51.70 ±9.28 53.06 ±7.70

Jaundice 3 6.0 15 30.0 χ2= 9.756* 0.002*

Ascites 2 4.0 34 68.0 χ2 = 44.444* < 0.001*

Hematemesis and melena 3 6.0 16 32.0 χ2= 10.981* 0.001*

Hepatic encephalopathy 2 4.0 14 28.0 χ2= 10.714* 0.001*

A 45 90.0 0 0

B 5 10.0 36 72.0

Child-Pugh classification C 0 0 14 28.0 χ2 = 82.439* < 0.001*

BCLC staging A 7 14.0

B 19 38.0

C 10 20.0

D 14 28.0
Child-Pugh – classification of liver cirrhosis, BCLC– Barcelona Clinic Liver Cancer staging system, F – ANOVA test, p-value for comparing between the studied 
groups, *statistically significant at p ≤ 0.05

Table 2. Biochemical parameters of the three studied groups

Characteristics Control (n = 50) Patients with hepatitis C 
without HCC

(n = 50)

Patients with HCV-related 
HCC

(n = 50)

Test of sig. p-value

ALT (U/l), mean ±SD 20.70 ±4.94 46.0 ±17.87 69.54 ±21.75 F = 109.535* < 0.001*

AST (U/l), mean ±SD 24.32 ±7.74 51.83 ±22.47 83.04 ±22.56 H = 107.496* < 0.001*

Albumin (gm/dl), mean ±SD 4.74 ±0.41 3.88 ±0.85 2.20 ±0.58 F = 201.361* < 0.001*

D.Bil. (mg/dl), mean ±SD 0.31 ±0.15 0.45 ±0.18 2.50 ±1.18 H = 107.789* < 0.001*

Sig. bet. grps p
1
 < 0.05*, p

2
 < 0.001*, p

3
 < 0.001*

ALT – alanine aminotransferase, AST– aspartate aminotransferase, D.Bil – direct bilirubin, F – ANOVA test, H – Kruskal-Wallis test, pairwise comparison bet. each 2 
groups was done using Post Hoc Test, p – p-value for comparing between the studied groups, p

1
 – p-value for comparing between control and HCV, p

2
 – p-value for 

comparing between the control and HCC, p
3
 – p-value for comparing between the HCV and HCC, *statistically significant at p ≤ 0.05

Table 3. Serum AFP and serum sTLR4 levels of the three studied groups

Parameter Control (n = 50) Patients with hepatitis C 
without HCC (n = 50)

Patients with HCV-
related HCC (n = 50)

Test of sig. p-value

AFP (ng/ml), mean ±SD 2.73 ±1.14 7.02 ±2.99 289.89 ±691.26 H = 102.955* < 0.001*

Serum sTLR4 (pg/ml), mean ±SD 1170.38 ±159.42 1561.4 ±532.0 4436.1 ±7089.8 H = 104.742* < 0.001*

Sig. bet. grps p
1
 < 0.001*, p

2 
< 0.001*, p

3
 < 0.05*

AFP – alfa-fetoprotein, H – Kruskal Wallis test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test, p – p-value for comparing between the 
studied groups, p

1
 – p-value for comparing between control and HCV, p

2
 – p-value for comparing between the control and HCC, p

3
 – p-value for comparing 

between the HCV and HCC, * statistically significant at p ≤ 0.05
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the severity of liver cirrhosis according to the Child-Pugh 
classification and tumour stages of HCC according to the 
BCLC staging system (p ≤ 0.05). For patients with hepatitis 
C without HCC, a significant positive correlation was found 
only between serum sTLR4 level and serum direct bilirubin 
levels (p ≤ 0.05).

Diagnostic performance of the markers

ROC analysis (Fig. 1) to assess the sensitivity and speci-
ficity of serum AFP and serum sTLR4 revealed an area un-
der the curve of 0.865 for AFP and 0.768 for TLR4 in the 
discrimination between the group of patients with hepati-
tis C without HCC and the group of patients with HCV-re-
lated HCC. Using a cut-off value >1488.5 pg/mL, sTLR4 had 
a sensitivity of 62% and specificity of 88%. At a cut-off val-
ue > 9.91, AFP displayed a sensitivity of 74% and specificity 
of 80%. The combination of serum AFP and serum sTLR4 
increased the sensitivity of HCC detection to 76% and the 
specificity to 94% with an increase of the area under the 
curve to 0.889.

Discussion

TLR4 is expressed by immune cells in normal conditions, 
but its expression can be induced on hepatocytes and ep-
ithelial parenchyma cells ectopically during HCV infection 
[23]. Ectopic expression of TLR4 is associated with an in-
creased risk of HCC in HCV-infected animal models [23]. 
The non-structural 5A (NS5A) HCV protein downregulates 
the expression of NKG2D on natural killer (NK) cells via an 
interaction with TLR4. Down-regulation of NKG2D leads to 
decreased functions of NK cells and increases the chance 
of HCC progression [24]. TLR4 expression is upregulated 
in HCC tissues [11] and its signalling promotes cancer cell 
survival and proliferation through the modulations of the 
nuclear factor-kappa B and mitogen-activated protein ki-
nase signalling pathways in HCC [25].

The foregoing findings indicate that the TLR system 
must be tightly regulated in both the physiological and 
pathological states. Without this tight regulation, reac-
tions that are either insufficient or excessive lead to se-
vere or lethal events [11, 26]. To the best of our knowledge, 
this is the first study investigating serum sTLR4 levels as 
an endogenous negative modulator of TLR4 signalling in 
HCV-related HCC and its correlation with clinicopathologi-
cal parameters in these patients. 

Patients with hepatitis C without HCC and patients with 
HCV-related HCC had high serum levels of sTLR4 compared 
to the control group. This was most significantly elevated 
in the HCV-related HCC group. This may be suggestive of 
the role of sTLR4 signalling in HCC progression. The soluble 
form of TLR4 has been considered as negative regulator of 
TLR function [27]. sTLR4 inhibits TLR4-mediated signaling, 
possibly by interfering with receptor–ligand associations 
[28]. In a  study involving a  mouse macrophage cell line, 
the presence of soluble form of TLR4 significantly reduced 
LPS-induced nuclear factor-κB (NF-κB) activation and tu-
mor necrosis factor (TNF) production, suggesting that sol-
uble form of TLR4 is involved in regulating TLR signaling 
[13, 19]. 

A  previous study investigated the clinical significance 
of serum sTLR4 in non-small cell lung cancer (NSCLC) pa-
tients [8]. The patients displayed significantly higher se-
rum levels of sTLR4 compared to the levels in the healthy 
control group. Several studies showed that overexpression 
of TLR4 in HCC cell lines and in human HCC tissues [11, 
25]. Consequently, sTLR4 was rapidly elevated in the se-
rum of HCC patients as a  feedback mechanism because 
sTLR4 dampens inflammation by disrupting TLR-mediated 
pro-inflammatory responses [29]. This result agrees with 
a prior study [27] in which sTLR4 was rapidly elevated in 
the plasma upon the administration of lipopolysaccharide, 
like pro-inflammatory cytokines [29]. It is conceivable that 
the counter-regulatory mechanisms mediated by sTLRs 
extend to the interference with endogenous TLR ligands. 
This may imply that these anti-inflammatory mechanisms 
are regulated at different levels and are potential comple-
mentary strategies to reduce inflammation [27]. 

Concerning the correlation between sTLR4 and clinico-
pathological parameters, significant positive correlations 
of sTLR4 with serum AST activity, serum total bilirubin, se-
rum direct bilirubin, and serum AFP levels were detected 
in the group of patients with HCV-related HCC. For the pa-
tients with hepatitis C without HCC, a significant positive 
correlation was found only between serum sTLR4 levels 
and serum total and direct bilirubin levels. Moreover, sig-
nificant positive correlations were found between serum 
sTLR4 levels and the severity of liver cirrhosis according to 
the Child–Pugh classification and tumour stages of HCC 
according to BCLC staging. This was in agreement with the 
previous results of a positive correlation between serum 
sTLR4 levels and tumour stage in patients with stage I–III 
NSCLC [8]. 

In the present study, serum sTLR4 levels showed a high 
specificity (88%) in discriminating between patients with 

Source of the curve

sTLR4 (pg/ml)

AFP (ng/ml)

sTLR4 + AFP

Fig. 1. ROC curve for serum AFP and serum sTLR4 in the discrimi-
nation between the patients with hepatitis C without HCC and the 
patients with HCV-related HCC
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HCV-related HCC and patients with hepatitis C without 
HCC, using high cut-off values, but the sensitivity was low. 
The combination of serum AFP and serum sTLR4 increased 
the sensitivity of HCC detection to 76% and the specificity 
to 94% with increased area under the curve (0.889), indi-
cating that serum sTLR4 plays an active role in HCC patho-
genesis and could potentially be a marker of susceptibility 
for HCC. 

Conclusions

In conclusion, sTLR4 is an endogenous negative regu-
lator of TLR4 signalling that may also be a susceptible di-
agnostic and prognostic marker, in combination with AFP, 
for HCV-related HCC patients. Further studies with larger 
patient cohorts are warranted to validate the role of sTLR4 
as a susceptible marker and as a promising target for im-
mune therapy in HCV-related HCC patients.
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