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Abstract
Hepatocellular carcinoma (HCC) is one type of cancer included in the fifth order of cancer that causes globally severe deaths. Liver dysfunction related
to metabolic perturbation and chronic hepatitis C (CHC) may play a crucial role in inducing HCC incidence. Furthermore, the higher expression of
potential fibrogenic and inflammation-related genes was hypothesized to contribute to the HCC progression. This study aims to describe the basic profile
of classical serological markers and fibrogenesis-inflammation-related genes expression in the progression of HCC due to CHC and metabolic syndrome.
Interestingly, the results of serological tests in the male gender group showed that the average fasting body glucose level was 86.14 mg/dL, total
cholesterol 252 mg/dL, triglyceride 148.86 mg/dL, high-density lipoprotein-cholesterol (HDL-C) 19.43 mg/dL, and low-density lipoprotein-cholesterol
(LDL-C) 186.67 mg/dL. On the other hand, in the female gender group, the average fasting blood glucose levels are 82.33 mg/dL, total cholesterol 338
mg/dL, triglyceride 234.67 mg/dL, HDL-C 18.33mg/dL, and LDL-C 190 mg/dL. All gender groups also showed out of range for aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) levels. Furthermore, males tend to have a higher expression level of fibrosis-related genes
TGF-β1 (5.8 times) and NOX4 (1.2 times) than females. In addition, the expression of the proinflammatory cytokine TNF-α, is also known that two
times higher in males compared to females. The study revealed that the physiological alteration related to metabolic imbalance and increased
proinflammatory-fibrogenic genes expression may accelerate HCC development in subjects with CHC onset metabolic syndrome. Thus, the personalized
observation of HCC patients with these symptoms may become a future concern to prevent the severity of this disease during clinical administration.
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Hepatocellular Carcinoma (HCC) is one type of
cancer that was ranked fifth as the cancer-causing death
in the world (Axley et al., 2018). HCC cases are often
found in the Asian region, with a mortality rate of 72.4%
(Goodarzi et al., 2019). The number of HCC cases in
Indonesia is also the second-highest cancer incidence,
with the percentage of sufferers around 12.4% of the
100,000 population (P2PTM Kementerian Kesehatan
Republik Indonesia, 2019). From the high number of
cases and the death rate from the HCC incident, the
survival of patients is known to be only 4-8 months, and
almost 60% of HCC patients are only detected when
entering the final stage due to late diagnosis and poor
prognosis (Loho et al., 2016; Tsuchiya, 2015). The low
patient survival rate may be due to the lack of specificity
and sensitivity of the initial diagnosis of HCC (Njei et al.,
2015).

One of the causes of HCC is the Hepatitis C virus
(HCV), whose infection can be accompanied by
inflammation (Chronic Hepatitis C/CHC), steatosis, and
fibrosis of the liver (Goossens & Hoshida, 2015).
Chronic inflammation-mediated by HCV protein can
trigger HCC through cell proliferation, energy

metabolism, and apoptosis (Irshad et al., 2017). In this

case, fibrosis and cirrhosis are also included in the
dominant risk factors for the development of HCC
because they are carcinogenic zones (Balogh et al., 2016;
Irshad et al., 2017).

Aside from chronic infection caused by Hepatitis C,
pre-existing factors in the form of metabolic syndromes,
such as hypertension, dyslipoproteinemia, and impaired
fasting glucose, can also increase the HCC risk by 1.56
times (Welzel et al., 2011). Besides, obesity and diabetes
mellitus type 2 (T2DM) also become the high-risk
factors for liver cancer, pancreatic cancer, colorectal
cancer, kidney cancer, endometrial cancer, bladder
cancer, biliary tract cancer, breast cancer, and non-
Hodgkin’s lymphoma, as well as the independent risk
factor of HCC that is correlated with non-alcoholic fatty
liver disease (NAFLD) (Cohen & LeRoith, 2012). HCC
develops from chronic liver injury, inflammation, and
fibrosis (Baglieri et al., 2019). Consequently, the
increase in free cholesterol level, low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C), which are the parameter of
metabolic syndrome, also improves the cancer cell’s
proliferation during its progression (Mayengbam et al.,
2021).

The HCC development phase involves the
inflammation process so that the fibrosis and cirrhosis
also associate various primary genes, such as tumor
necrosis factor-α (TNF-α), transforming growth factor-
β1 (TGF- β1), and NADPH Oxidase-4 (NOX4). TNF-α
is the proinflammatory cytokine involved in the tumor
proliferation, invasion, and metastasis of cancer cells
( Yang et al., 2019). Meanwhile, TGF- β1 performs as
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the central mediator in the fibrosis that activates NOX4
to be the essential source of reactive oxygen species
(ROS), resulting in the mitochondrial dysfunction and
oxidative stress on the endoplasmic reticulum in the
HCC case (Guo et al., 2013; Ivanov et al., 2013).

The development of HCC involves multiple
processes ranging from chronic inflammation to fibrosis
and cirrhosis. In this regard, tumor necrosis factor- α
(TNF-α) acts as one of the major proinflammatory
cytokines involved in tumor proliferation, invasion, and
metastasis ( Yang et al., 2019). Meanwhile, other genes
such as transforming growth factor- β1 (TGF-β1) act as a
central mediator of fibrosis and will activate NADPH
Oxidase-4 (NOX4) as the primary source of Reactive
Oxygen Species (ROS), which can cause mitochondrial

dysfunction and oxidative stress on the endoplasmic
reticulum (Guo et al., 2013; Ivanov et al., 2013).

Albeit studies on the HCC incidence in patients with
chronic hepatitis C and fibrosis have been extensively
carried out, little is known about the clinical information
on HCC patients onset metabolic syndrome in
collaboration with chronic hepatitis C. Therefore, further
clinical investigation in this area could potentially
provide additional clinical data for these specific cases
and metabolic perturbation.

This study was carried out using the Quantitative
Real-Time PCR method and standardized serological
testing. The detail of the primer set for the RTqPCR test
are as follows:

Table 1.The primer set of Real-Time Quantitative Polymerase Chain Reaction
Human Gene Forward Reverse

Beta-actin AGCACTGTGTTGGCGTACAG GGACTTCGAGCAAGAGATGG
TNF-� GTTCCTCAGCCTCTTCTCCT ACAACATGGGCTACAGGCTT
NOX4 GCAGGAGAACCAGGAGATTG CACTGAGAAGTTGAGGGCATT

TGF-β1 AAGTGGACATCAACGGGTTC GTCCTTGCGGAAGTCAATGT

The project was conducted in collaboration with
Saiful Anwar General Hospital, Malang, East Java,
Indonesia. The study has obtained ethical approval from
the Institutional Review Board with the registration
number: 400/133/K.3/302/2019. In this preliminary study,
a total of 15 hepatocellular carcinoma patients with a
history of chronic hepatitis C (CHC) and onset metabolic
syndrome were willing to provide informed consent.
Research respondents consisted of ten men and five
women with several inclusion criteria, including the
HCV load > 800,000 IU/mL, patients with onset
metabolic syndrome, non-smoking, non-hypertension,
non-diabetic, and non-alcoholic. The exclusion criteria
were HCC patients with chemotherapy, diabetes,
hypertension, alcoholic history, smoking, and special
invasive administration. Moreover, the whole blood from
the patients was used for the total RNA isolation (the
NucleoSpin® protocol manual RNA Blood kit-catalog
No. 740200 Macherey-Nagel, Duren, Germany), while
the blood serum and used in serological testing. The
reverse-transcription process was done by using the
iScript™ protocol manual cDNA Synthesis Kit No.

1708890 Bio-Rad Laboratories. The collected data for
genes expression was then analyzed by t-test statistical
model with JMP software version 7 and presented in
graphical form using the GraphPad Prism version 5
software.

Baseline characteristics
Patients involved in this study were 15 individuals.

The male patient group has an age range of 28-62 years,
while the female patient group is in the 36-59 year age
range. Based on the serological tests, the male gender
group had a higher fasting blood glucose than the female
even in the normal range. The serum level of total
cholesterol, triglyceride, and LDL-C are higher in
females than in males. In addition, the HDL-C levels
were higher in male individuals than in the female.
Baseline serological results and the two classical markers
of liver injury in two groups of patients by gender are
presented in Table 2 and Figure 1.

Table 2. Baseline characteristics

Parameters
Group

Male (n = 10) Female (n = 5)

Age (yrs) 48.71 ± 1.19 44.25 ± 1.101

Fasting Blood Glucose (mg/dL) 86.14 ± 2.14 82.33 ± 3.64

Cholesterol (mg/dL) 252 ± 2.47 338 ± 4.17

Triglyceride (mg/dL) 148.86 ± 4.94 234.67 ± 6.29

HDL-C (mg/dL) 19.43 ± 8.12 18.33 ± 9.29

LDL-C (mg/dL) 186.67 ± 2.23 190 ± 1.22

Methods

Results
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Figure 1. Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT) levels in all HCC-CHC patients by gender group

The mean of AST level of male patients is 497 U/L,
with the highest AST level of 1237 U/L. Meanwhile, the
average AST level in male patients was 154 U/L, with
the highest AST level being 237 U/L. From these two
averages, the AST levels in both male and female
patients have exceeded the normal AST level.
Furthermore, the mean ALT level of female patients was
76.3 U/L, with the highest level being 137 U/L. The
average ALT level obtained was 57 U/L in male patients,
with the highest level being 79 U/L. Based on the
analysis, the ALT levels have exceeded the normal ALT
level.

Expression Levels of Fibrogenesis-related genes in
HCC-CHC Patients

TGF-β1 and NOX4 gene expression in male patients
was higher than in female patients. In male patients, the
TGF-β1 gene was expressed 5.8 times higher than in
female patients. Furthermore, in the NOX4 gene, the
expression level in male patients was also 1.2 times
higher than that of female patients. These results show a
higher increase in fibrogenic activity in male patients
characterized by high levels of expression of the TGF-β1
gene, which is a profibrogenic cytokine, and the NOX4
gene, which indicates increased oxidative stress (Fig. 2).

Figure 2. TGF-β1 and NOX4 gene expression levels in HCC patients due to Chronic Hepatitis C by gender

Expression Levels of TNF- � Pro-Inflammatory
Cytokine Genes in HCC-CHC patients

Linear to the previous fibrogenic-related genes
expression, the TNF-α gene in male patients was also
expressed higher than in female patients.

Figure 3. TNF- � gene expression levels of HCC patients due to
Chronic Hepatitis C by gender group

In addition, it was found that in male patients, the
TNF-α gene expression was increased by two times
higher than in female patients (Figure 3). In line with the
patients record, chronic hepatitis C has a significant
correlation to the higher TNF-α gene expression. This
cytokine plays a pivotal role in chronic inflammation and
could contributes to fibrogenesis in HCC-CHC patients.

Metabolic syndrome profiles in HCC patients due to
chronic hepatitis C

The presence of metabolic syndrome in enhancing
the HCC-CHC progression is correlated with its ability
to worsen the metabolic complications caused by HCV
infection from the glucose and lipid metabolism
disorders (Chang, 2016; Chaudhari et al., 2021). The
metabolic syndrome is characterized by the increase of
fasting blood glucose (FBG), an increase of triglycerides,
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decrease of HDL-C level, an increase of LDL-C, insulin
resistance, dyslipidemia, obesity, and hypertension
which also becomes the independent risk factor of the
advanced liver fibrosis (Amihăesei & Chelaru, 2014;
Chang et al., 2015). Among the baseline characteristics
that covered some parameters, such as FBG, cholesterol,
triglyceride, HDL-C, and LDL-C, only the FBG
parameter that was within the normal level (80-110
mg/dL) in both men (86 ± 2.14 mg/dL) and women
(82.33 ± 3.64 mg/dL) (Marbun & Mardiani, 2016).
According to the FBG parameter, all HCC-CHC patients
were not in the pre-diabetes and diabetes phase (Loftfield
et al., 2016). Generally, the increase of FBG is closely
related to the increase of liver cancer risk, by 77%, in the
diabetes and pre-diabetes phases (Han et al., 2017). The
correlation is induced by cancer cell proliferation caused
by the increase of insulin-like growth factor-1 (IGF-1) in
the hyperglycemia and hyperinsulinemia cases (Adachi
et al., 2016; Han et al., 2017).

In addition, the triglycerides were also observed to
increase, from the normal range (less than 150 mg/dL),
in the male (148.86 ± 4.94 mg/dL) and female (234.67 ±
6.29 mg/dL) patients. This group of gender is
categorized in the mild hypertriglyceridemia category
(Lee & Siddiqui, 2022). In the HCC-CHC patients, the
HCV infection can increase the accumulated
triglycerides within the liver (Felmlee et al., 2013). The
HCV infection also contributes to this accumulation by
activating lipogenic gene transcription that facilitates the
lipid synthesis in the patients (Fujino et al., 2010).The
liver injury caused by HCV infection increases the
triglycerides metabolism, accelerating the free fatty acid
in the blood and generating hypertriglyceridemia (Qasim
et al., 2020). It may occur due to the increase of ApoC-
IV expression, which is a core-protein responsive
element closely related to the increase of accumulated
triglycerides in HCV patients (Felmlee et al., 2013). In
addition, the presence of hepatic lipotoxicity caused by
triglycerides accumulation in patients with metabolic
syndrome may cause hepatocellular injury (Zhou & Sun,
2021).

The cholesterol level also increased from the normal
range (< 100 mg/dL) in male (252 ± 2.47) and female
(338 ± 4.17) patients. The high cholesterol level in HCC
patients is correlated with the increase of liver
tumorigenesis through steatohepatitis induction,
hepatocyte division promoting, intracellular stress
induction, and pro-inflammatory related genes, such as
NF-kB and TNF-α (Simoni-Nieves et al., 2021; Wang et
al., 2019). As an organ, the liver carries an essential role
in cholesterol metabolism within the human body. Thus,
liver damage in HCC-CHC patients disrupts the
cholesterol balance (Zhou & Sun, 2021). Additionally,
cholesterol induces the activation of hepatic stellate cells
(HSCs), which contributes to the activation of
fibrogenic-related genes, such as TGF-β in HSCs,
directly or through mechanisms involving inflammatory
cytokines (Sun et al., 2020; Tomita et al., 2014).

The high-density lipoprotein-cholesterol (HDL-C)
levels in male (19.43 ± 8.12) and female (18.33 ± 9.29)
patients are categorized as low (<40). Meanwhile, the
low-density lipoprotein-cholesterol (LDL-C) in male

patients (186.67 ± 2.23) is classified as high (160-189
mg/dL) and in female patients (190 ± 1.22) is
categorized as very high (>190 mg/dL). The combination
of low-HDL and high-LDL is closely related to the more
aggressive HCC progression with a higher death rate
(Akkiz et al., 2021). In the HCC-CHC, HDL-C, and
LDL-C patients, free cholesterol is one of the parameters
of the increasing cancer cell proliferation due to the
interaction between HCV and SR-B1, as well as
NPC1L1 and LDL, which are the cholesterol from HDL,
LDL, and free cholesterol particles (Aizawa et al., 2015;
Mayengbam et al., 2021).
The results from two gender groups showed that the
female patients presented increasing cholesterol,
triglyceride, and LDL-C at a higher level compared to
the male patients. In relation to this finding, the
correlation between metabolic syndrome and HCC risk
factors is not significantly affected by the patients’
gender (Chen et al., 2018). Besides, the baseline
characteristics reveal the lipid metabolism disorders in
the HCC-CHC patients, as they have high cholesterol,
triglyceride, and LDL-C levels and low HDL-C levels,
which have been observed to be beyond the normal level.

Liver injury marker profile (AST and ALT) in HCC
patients due to chronic hepatitis C

AST and ALT levels are two types of
aminotransferase group enzymes that are included in
liver function tests (Liver Function Tests). They have the
greatest clinical significance as an indicator of damage to
the liver. (Hall & Cash, 2012; Zachariah et al., 2017).
Based on the results of serological tests in the clinic,
AST and ALT levels in female patients tend to be higher
than in male patients. The normal range for AST levels
for men is ≤ 37 U/L and ≤ 31 U/L for women.
Meanwhile, the normal range for ALT levels for men is
≤ 40 U/L and ≤ 31 U/L for women. (Hann et al., 2012).
Therefore, both male and female patients have AST and
ALT levels that exceed normal limits from these results.

AST and ALT levels were found to be higher in
patients with advanced liver fibrosis compared to
patients in the early stages of the liver fibrosis process
(Salum et al., 2018). In a person with generalized HCC,
high levels of AST and ALT reflect damage to
hepatocytes as a direct result of tumor growth or liver
cell damage (Hasan et al., 2014). AST and ALT also
show impaired hepatocytes in non-tumor (X. Liu et al.,
2019). In addition, high ALT and AST values are known
to indicate a risk of hepatosteatosis in patients with
chronic hepatitis C infection (Lin et al., 2015).

HCV will cause chronic inflammation in hepatocytes
resulting in regeneration and proliferation of hepatocytes
which causes genetic instability (McGill, 2016). AST
and ALT levels are associated with various pro-
inflammatory and profibrogenic chemokines. AST and
ALT levels will increase in the setting of acute HCV
infection (Hajarizadeh et al., 2016).

Expression of fibrogenesis and proinflammatory-
related genes in HCC patients with chronic hepatitis
C
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HCC is also called a gender-biased disease because
HCC occurs more often in men than women in a ratio
that ranges from 2:1 to 11:1 (Deng et al., 2015). The
chance of a man at productive age suffering from HCC is
3-5 times greater than compared to women (Yan et al.,
2017). The analysis showcases that the development of
HCC starts from chronic inflammation and fibrosis due
to exposure to the HCV as indicated by the gene
expression levels of TNF-α, TGF-β1, and NOX4 in HCC
patients exposed to HCV were more dominant in males.

When inflammation occurs, male produces TNF-α at
much higher levels than female neutrophils (Aomatsu et
al., 2013). This finding is in line with the results of
research that has been done, which shows the level of
TNF-α gene expression in men is much higher than in
women. High levels of TNF-α in the body can increase
tumor growth, invasion, and angiogenesis ( Wang et al.,
2019). TNF-α which acts as a pro-inflammatory cytokine
will contribute to the formation of edema, blood
coagulation and trigger oxidative stress in areas of
inflammation and hepatocarcinogenesis. (Jang et al.,
2014; Zelová & Hošek, 2013). Based on this, it can be
seen that TNF-α is not produced in a healthy body. TNF-
α can also stimulate the release of inflammatory
cytokines and trigger the release of other fibrogenic
factors such as interleukin-1 (IL-1), interleukin-6 (IL-6),
and transforming growth factor-β. (Saleh et al., 2020).

In addition to the TNF- α gene, an increase in the
expression level is also known to occur in the TGF-β1
gene. TGF-β1 gene expression levels in men tend to be
significantly higher than in women. Men suffering from
HCC will generally have higher levels of TGF-β1,
cortisol, tumor-associated neutrophils (TAN) and tumor-
associated macrophages (TAM) when compared to
women. (Yan et al., 2017; Yang et al., 2012). TGF-β1 is
secreted by M2 phenotype macrophages and is a
profibrogenic cytokine that has increased expression in
every fibrosis event ( Liu et al., 2018). TGF-β1 also
contributes to the death of hepatocyte cells, accumulated
lipid, and production of reactive oxygen species (ROS)
( Yang et al., 2014). The high level of TGF-β1
expression is directly proportional to the increasing HCC
progression (Huang et al., 2018).

HCV infection that leads to the development of HCC
can also increase the expression of other genes such as
NOX4 due to the high expression of the profibrogenic
cytokine TGF-β1 (Boudreau et al., 2009). TGF-β1 is
initially stored in the extracellular matrix in the form of
latent TGF- β1, then becomes active TGF-β1 and
promotes ROS formation by inducing NOX4 (Okina et
al., 2020). NOX4 produced will cause mitochondrial
dysfunction, endoplasmic reticulum stress, and DNA
damage due to oxidative stress (Ivanov et al., 2013; Pal
et al., 2010). Due to oxidative stress, the general
consequence is the inhibition of liver regeneration which
leads to hepatocyte apoptosis, which encourages the
activation of hepatic stellate cells (HSCs). HSC will
proliferate into myofibroblasts, whereas the
accumulation of these myofibroblasts will cause scarring
of the liver. As a result, the stage of liver fibrosis will
then develop into HCC (Jung et al., 2010; Lan et al.,
2015; Sancho et al., 2012).

The expression levels of TNF- α, TGF-β1, and NOX4
genes are generally directly proportional to the increase
in AST and ALT; however, this is not always the case in
most cases (Mohy & Fouad, 2014). In the study results
above, it appears that there is an increase in AST and
ALT values that exceed normal limits in both male and
female patients. Increased levels of TNF- α, TGF-β1, and
NOX4 gene expression were accompanied by increased
plasma ALT and AST levels (Zhao et al., 2020). AST
and ALT levels also did not correlate with histological
activity, viral replication and virological response in
HCC patients who had previously been exposed to HCV
(Gomaa et al., 2014).

The analysis showcased that, in cases of HCC due to
HCV exposure, the gene expression levels of TNF-α,
TGF-β1, and NOX4 in men tend to be higher when
compared to women with AST and ALT values which
also exceed normal limits. The metabolism imbalance is
identified from the high cholesterol, triglyceride, and
LDL-C level and the low HDL-C level, showing a more
aggressive HCC progression with a higher possibility of
death. It is also supported by the increase of TNF-α,
TGF-β1, and NOX4 gene expression, indicating the
presence of liver inflammation and fibrosis. Therefore,
profiling of HCC-CHC patients with a pre-existing factor
of metabolic syndrome is essential to generate a clinical
contribution in preventing the severity of this disease.
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