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Abstract: The liver is responsible for extremely important functions in the human body. In the liver’s
structure, we distinguish between connective tissue (stroma) and parenchyma, the latter of which
is formed from the basic structural and functional units of the liver—hepatocytes. There are many
factors, that negatively affect the liver cells, contributing to their damage. This may lead to fibrosis,
liver failure and, in consequence, primary liver cancer, which is the sixth most commonly diagnosed
malignancy and the fourth leading cause of cancer death worldwide. Chemokines are a large family
of secreted proteins. Their main role is to direct the recruitment and migration of cells to sites of
inflammation or injury. Some authors suggest that these proteins might play a potential role in the
development of many malignancies, including primary liver cancer. The aim of this study was to
evaluate and summarize the knowledge regarding liver diseases, especially primary liver cancer
(HCC) and the participation of chemokines in the development of this malignancy. Chemokines
involved in the initiation of this type of tumor belong mainly to the CC and CXC chemokines. Their
significant role in the course of hepatocellular carcinoma proves their usefulness in detecting and
monitoring the course and treatment in patients with this disease.
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1. Introduction

The liver is responsible for extremely important functions in the human body. Among
them we can mention: nutrients metabolism, storage of vitamins, protein synthesis, bile
secretion and detoxication. Serious damage of liver cells leads to dysfunction of this organ,
which may cause secondary dysfunction of the whole organism. The most frequently
observed symptoms of liver and bile duct diseases include fatigue, apathy, excessive
drowsiness, impaired concentration, dyspepsia, bloating, nausea, vomiting, anorexia and
pain in the right side of upper abdomen [1]. Factors that are connected with hepatocyte
damage include: alcohol, viruses, drugs, toxins, heavy metals or metabolic products.
Moreover, obesity has been shown to be an independent risk factor for fibrosis and other
chronic liver diseases. Over the last 20 years, the number of overweight and obese people
has increased alarmingly. In addition, an increased risk of developing type 2 diabetes,
hypertension and lipid disorders also have an adverse effect on the liver [2]. Fibrosis
and chronic liver disease may lead to a more serious disorder—primary liver cancer. The
most common primary liver cancers include HCC (hepatocellular carcinoma) and CCC
(cholangiocarcinoma). The most important risk factor of primary liver cancer is liver
cirrhosis, regardless of its cause [3]. A summary of the most important risk factors is
presented in Table 1.

At present, the mortality from liver cancer is very high due to low and late detection
of these tumors. The existing methods in screening diagnosis are based solely on imaging
diagnostics and biopsy. Less invasive methods such as the concentration of tumor markers
are not popular due to their low diagnostic sensitivity and specificity [4].
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Table 1. The most important risk factors of primary liver cancer.

Risk Factors of Liver Cancer

Gender

Ethnicity

Chronic viral hepatitis B and C
Obesity

Type 2 diabetes

Aflatoxins

Tobacco use

Anabolic steroids

Oral contraceptives (the effect is still unclear)

Cirrhosis and conditions that contribute to its initiation
Non-alcoholic fatty liver disease

Primary biliary cirrhosis

Inherited metabolic diseases

Heavy alcohol use

Arsenic

Infection with parasites

Vinyl chloride and thorium dioxide

Therefore, new markers are still being sought to diagnose the early stage of the disease.
Some authors suggest that chemokines might be a potential biomarker of liver cancer.
These low-mass proteins belong to the cytokine group and are involved in the pathogenesis
of cancer by participating in the inflammatory processes [5].

Chemokines may increase the migration of specific cells to inflamed tissues, and thus
participate in the pathogenesis of certain diseases. The complex role of chemokines is
related both to their role in modulating the inflammatory response as well as in initiating
and sustaining processes related to tumor formation. These proteins are believed to take
part in the regulation of growth, cell proliferation and apoptosis, as well as in angiogenesis
and modification of the anti-tumor response (including its inhibition), and the formation of
tumor metastasis. Therefore, it is very important to evaluate and summarize knowledge
regarding liver diseases, especially primary liver cancer (HCC) and the participation of
chemokines in the development of this malignancy, which was the aim of this study.

2. Liver Diseases

Common liver diseases include non-alcoholic fatty liver disease (steatosis), alcoholic
liver disease, drug-induced liver injury and hepatitis. Each of these diseases is a factor that
predisposes to the development of primary liver cancer.

2.1. Non-alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease (NAFLD) is currently the most common chronic liver
disease. It is characterized by excess retention of triglycerides and affects about 25-45%
of the population. It is directly related to diseases such as obesity and diabetes [6]. It
has been proven that a sedentary lifestyle significantly affects the incidence of NAFLD,
independent of body mass index (BMI) [7]. NAFLD is recognized as one of the HCC etiology
factors, even without accompanying cirrhosis; it occurs in the absence of high alcohol
consumption and can lead to NASH (non-alcoholic steatohepatitis), fibrosis, cirrhosis and
HCC [8,9]. In addition, NAFLD and NASH significantly increase the risk of cardiovascular
disease [9]. The pathogenesis of NAFLD is based on a cascade of events (insulin resistance,
abnormal hepatocyte lipid accumulation, oxidative stress, inflammation, apoptosis, fibrosis)
leading to the development of NASH, but the precise mechanism of the development and
progression of NAFLD still remains unclear, although involvement of many factors, such
as oxidative stress, fatty acid synthesis and inflammation, have been identified [10-13]. It
is believed that the thyroid hormones can also play a significant role in the pathogenesis
of NAFLD. This is connected with their role in lipid metabolism, as hypothyroidism may
cause hypercholesterolemia [14-16]. Liver biopsy is known as the gold standard of NAFLD
diagnosis. It is graded as four types according to histological examination. Type 1 is
connected only with fatty liver, type 2 with fat accumulation and lobular inflammation,
type 3 with additional ballooning degeneration and type 4 with additional Mallory hyaline
or fibrosis [17-19]. Kanwal et al. [20] reported that 490 patients, from a total of 296,707 with
NAFLD, developed HCC.
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2.2. Alcoholic Liver Disease

Alcoholic liver disease (ALD) is a leading cause of cirrhosis and primary liver can-
cer [21]. An alcoholic fatty liver (steatosis) is an initial stage of ALD. It can develop into
alcoholic steatohepatitis (hepatic inflammation with injury) or alcoholic hepatitis, which is
a more severe form with a very poor prognosis [22]. Some patients with chronic liver injury
may progress into hepatic fibrosis and cirrhosis in the future, developing HCC (hepatocel-
lular carcinoma) [23-25]. The pathogenesis of ALD can be mainly divided into liver injury
connected with ethanol consumption (as the main cause), immunological response to injury
with an inflammatory process and intestinal permeability with microbiome changes [26].

Although the consumption of alcohol in European countries is decreasing, it still
remains at a very high level. The pathophysiology of ALD is still incompletely understood,
but relates largely to the direct toxic effects of alcohol [27]. According to the World Health
Organization (WHO), 60-80% of liver-related mortality in Europe is due to excessive
alcohol consumption [28]. To distinguish an alcoholic from a non-alcoholic basis is difficult.
In the diagnosis, ANI (ALD/NAFLD index) can be useful, which uses the MCV value
(mean corpuscular volume of erythrocytes), AST/ALT ratio, BMI and gender to identify
ALD patients [29,30]. Abstinence is considered to be the most effective therapy for ALD.
Drinking cessation terminates alcoholic steatosis and significantly improves survival in
cirrhotic patients [31].

2.3. Drug-Induced Liver Injury

Drug-induced liver injury (DILI) is considered to be the most important cause of acute
liver failure in the USA and Europe, even though it represents less than 1% of all cases
of liver disease detected by gastroenterologists [32]. DILI can be classified as intrinsic or
idiosyncratic. Intrinsic DILI is predictable on the basis of dose and the pharmacological
properties of overdosed drugs (i.e., APAP—acetaminophen). On the other hand, idiosyn-
cratic DILI is unpredictable by the same features. It is believed that the second type of DILI
can be a consequence of interactions between environmental conditions, properties of the
drug and host factors. DILI is a very complicated medical condition as it can imitate almost
any acute or chronic hepatobiliary condition. Additionally, there are currently no specific
diagnostic biomarkers or tests available for the differentiation of this condition. Therefore,
DILI is monitored and diagnosed nowadays on the basis of commonly used general liver in-
jury serum biomarkers (alanine aminotransferase—ALT, aspartate aminotransferase—AST,
alkaline phosphatase—ALP, and total bilirubin—TBL) [33,34]. There are studies showing
the usefulness of other parameters, such as glutamate dehydrogenase—GLDH, malate
dehydrogenase—MDH, high-mobility group box 1 protein—HMGBI, keratin 18—K18,
and microRNA—miR-122 and miR-129 in human and animal models, mainly based on
acetaminophen overdose [35-43]. The research of Onji et al. [44] has shown that, in older
people, DILI requires significantly longer hospitalization than in younger people. It may
be connected with increased susceptibility to adverse drug reactions in patients aged
>65 years old [2].

2.4. Hepatitis

Hepatitis is a group of infectious inflammatory diseases of the liver that is character-
ized by liver damage caused by hepatotropic viruses (hepatitis viruses). There are several
types of viruses that cause different forms and symptoms of hepatitis. The most common
are hepatitis virus A (HAV), B (HBV), C (HCV) and E (HEV) [45-49]. Among them, hepatitis
B, which is the most common infectious disease in the world, and hepatitis C known as ‘the
silent killer’, which has no symptoms in the early stages of infection and usually appears
after several years, deserve special attention. These two types of viral hepatitis constitute
the main risk factors for developing hepatocellular carcinoma preceded by liver failure and
cirrhosis [50,51].

HBYV is the most common HCC etiological agent in the world. The areas particularly
vulnerable to HBV infection include Asian, African, Middle Eastern and Eastern/Central
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European countries. Risk factors for HCC associated with HBV infection include, but
are not limited to, persistent high viral replication, older age (>40 years) with HBeAg
seroconversion, male gender, mother-to-child transmission and other carcinogens such as
smoking and alcohol. Liver cancer prophylaxis includes primary prevention with general-
population-targeted vaccination against HBV, secondary prevention with an antiviral agent
in high-risk patients with chronic HBV infection and tertiary prevention with an antiviral
agent to prevent relapse in patients successfully treated for cancer liver. Unfortunately,
despite the high prophylactic efficacy in the prevention of liver cancer, the number of new
cases is still increasing [52].

HCYV is also one of the most important risk factors for primary cancer. It is a non-
cytopathic virus that damages the liver through immune mechanisms. The virus plays
a significant role in the development of HCC. HCV genotype 3 is also associated with a
higher risk of HCC than other genotypes [53]. The mechanism by which HCV genotype 3
can be involved in hepatocarcinogenesis is not fully understood, but it may be related to the
downregulation of the phosphatase and tensin (PTEN) homolog gene, which acts as a tumor
suppressor [54,55]. Currently, the identification of infected patients is a major challenge to
reduce HCV morbidity and mortality. The asymptomatic progression of the early stages of
the disease makes this challenge even more difficult to overcome. Consequently, efforts
should be made to raise the awareness of society and health care professionals about HCV
underdiagnosis [56]. It is also extremely important to shorten the path from diagnosis to
highly effective HCV treatment methods, which could allow the treatment of subgroups
of patients, even in primary care [57]. Another challenge in eliminating HCV infection is
the coronavirus (SARS-CoV-2) pandemic. It is estimated that the impact of the pandemic
on global efforts to eradicate HCV could lead to an increase in the incidence of almost
45,000 HCC cases [58].

3. Primary Liver Cancer

All liver tumors can be divided into benign and malignant. Among the malignant
tumors, we can distinguish primary tumors (originating from cells within the liver) and
secondary tumors (caused by the appearance of distant metastases from other organs
affected by the neoplastic process).

The most frequently occurring primary malignancies of the liver include cancer de-
rived from hepatocytes (hepatocellular carcinoma), and cancer arising from cells that line
the bile conductors within the organ. Other malignant tumors in this location are rare. Hep-
atocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (cholangiocarcinoma,
CCC), although different in the official classifications of the diseases, are classified into one
group of ‘primary liver cancer’ [3]. More detailed classification of liver tumors is presented
in Table 2.

Table 2. Detailed classification of liver tumors.

Liver Tumors

Benign
. . Focal nodular
Hemangioma Hepatic adenoma .
hyperplasia
Tumor
Primary Secondary
Hepatocellular carcinoma
Intrahepatic cholangiocarcinoma Metastatic liver cancers, mostly pancreatic,
Angiosarcoma and hemangiosarcoma colon, stomach, breast or lung cancers

Hepatoblastoma
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3.1. Epidemiology

Liver cancer is more than twice as likely to affect men than women. The highest
incidence of this cancer is observed in the sixth to seventh decade of life. Only in 2020 were
there more than 900,000 new cases (approximately 630,000 males and 270,000 females) and
more than 800,000 deaths (570,000 males and 250,000 females) for liver cancer worldwide.
The distribution of primary liver cancer is characteristic. Most cases are registered in the
Far East and subtropical regions of Africa. In Europe, the incidence of primary liver cancer
ranges from approximately 5 cases per 100,000 population (Western, Northern and Central
Europe) to 10.5 cases per 100,000 population in the Mediterranean region. In recent years,
a significant increase in primary liver cancer has been observed in developed countries,
especially in Europe and the USA. As GLOBOCAN (Global Cancer Observatory) estimates,
primary liver cancer was the sixth most commonly diagnosed cancer and the third leading
cause of cancer death worldwide in 2020. Additionally, the highest rates are observed
mainly in countries with a lower income, such as Mongolia, Egypt, Thailand, Cambodia
and Vietnam [3,59].

3.2. Hepatocellular Carcinoma (HCC)

HCC is the most common primary malignancy of the liver. It is derived from hep-
atocytes, the main mass of the liver parenchyma. This type of liver cancer has the form
of a solid tumor that is vascularized by blood from the hepatic artery and is surrounded
by a connective tissue capsule. Its most common etiological factor is HBV infection. The
development of cirrhosis is associated with a high risk for HCC with most common risk
factors including alcohol, HCV infection and NAFLD (Figure 1).

'Type 2 Diabetes

Figure 1. Pathogenesis of hepatocellular carcinoma.
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These malignancies represent over 90% of primary liver cancer cases and usually do
not show characteristic symptoms. In the majority of hepatocellular carcinoma cases, it
develops in patients with cirrhosis [60,61]. The prevalence of HCC increases with age and
reaches its peak at around the age of 70. In China and Africa, the average age of onset
of HCC is much lower (2040 years). In contrast, in Japan, the highest incidence of HCC
concerns men aged 70-79 years. The highest prevalence of HCC is recorded in eastern Asia,
Sub-Saharan Africa and Melanesia (the islands of western Oceania). In the countries of
the western hemisphere, the incidence of HCC is lower (with the exception of southern
Europe) [59]. The main reason for the increase in the incidence of HCC is the “cohort effect”,
originating from the epidemic of hepatitis C infections. Apart from the epidemic of HCV
infections, the increase in the incidence of HCC may also be influenced by the hepatitis B
virus, mainly in countries with high immigration from endemic regions. In recent years,
a decrease in the incidence of HBV has been recorded in endemic countries thanks to the
vaccination of children. A further reduction in the incidence of HCC can be expected with
the use of orally administered drugs inhibiting the HBV replication activity [62].

Approximately 90% of all HCC cases are associated with known risk factors, as
previously described. Interestingly, the risk of HCC development is higher in patients
with thrombocytopenia and the presence of esophageal varices, as well as in men and in
elderly patients. The risk of HCC is also related to the level of portal pressure and the
advancement of liver fibrosis in elastographic measurements. The remaining HCC cases
(10%) can be attributed to other etiological factors, which most often also lead to cirrhosis.
These include alcoholism, inherited metabolic diseases (e.g., haemochromatosis or alpha-1
antitrypsin deficiency and the metabolic syndrome responsible for non-alcoholic fatty liver
disease (NAFLD) [22]. Additionally, HCC occurs sporadically in people with Wilson’s
disease and only in the presence of cirrhosis. Exposure to food products contaminated
with aflatoxin B1 from Aspergillus flavus and Aspergillus parasitivus fungi is an important
factor in the development of HCC in people living in some regions of Asia and Africa.
Epidemiological studies show a strong correlation between HCC and aflatoxin consumption
and the presence of abnormal p53 protein (especially in HBV-infected patients) [63,64].
People infected with the human immunodeficiency virus (HIV) have an increased risk of
HCC. HIV seems to be an additional risk factor for HCC in patients with chronic hepatitis
B and C [65].

3.3. Intrahepatic Cholangiocarcinoma (CCC)

The liver produces bile and transmits it via ducts to the gallbladder or directly to the
distal part of the digestive tract. Bile ducts are divided into those in the liver and those that
are extrahepatic. Cancers of intrahepatic bile ducts together with hepatocellular carcinomas
are classified as primary liver cancers. CCC is second most common type of primary liver
cancer, which constitute a small percentage of all liver and biliary tract cancers. Intrahepatic
cholangiocarcinoma of the small intrahepatic ducts may, for a long time, not show any
symptoms, and they are most often detected accidentally during an imaging test (usually
ultrasound) performed for other reasons. Large-sized tumors can give non-characteristic
symptoms such as aches and pains, followed by pain in the right upper abdomen, lack of
appetite, weight loss, weakness, and sometimes increased nocturnal sweating. Depending
on the location of the lesion, symptoms of cholestasis may appear with different timing,
which depends from the course of the disease. Cholestasis is manifested as pruritus,
jaundice and elevated enzyme-labeled liver enzymes [3].

3.4. Diagnostics

Histopathological evaluation of focal liver lesions in at-risk groups is recommended
for all patients. However, the diagnostic sensitivity of a biopsy depends on the location
and size of the focus, the expertise of the pathologist and the skill of the biopsy physician.
The morphological features of the cells do not allow early liver cancer to be distinguished
from a regenerative nodule with a high degree of dysplasia. Core needle biopsy is more
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valuable in the diagnosis of this neoplasm. In the tissue material obtained in this way, the
architectural assessment, the connective tissue stroma and the presence of small vessel
invasions are also assessed. Obtaining representative material during a biopsy allows for
immunohistochemical and molecular diagnostics, which is of particular importance in the
case of poorly differentiated cancer. Nevertheless, the use of a core needle biopsy carries a
risk of bleeding, pain and the possibility of spreading cancer cells along the canal after the
biopsy needle [66].

The assessment of liver cancer staging is crucial in selecting the appropriate therapeutic
treatment. However, it should be remembered that, despite the use of modern radiological
methods for this purpose, the risk of “underestimating” liver cancer advancement is
25-30%. This is because it is prone to vascular infiltration and is often multifocal. Before
radical surgical treatment, and especially before liver transplantation, it is recommended
to exclude the presence of metastases using chest CT and bone scintigraphy. Unlike most
cancers, positron emission tomography (PET) is not an effective diagnostic tool in patients
with primary liver cancer. A factor that hinders the characterization of focal lesions is
the pathologically “remodeled” liver parenchyma. Interestingly, in the case of HCC, for
the first time in the history of clinical oncology, in 2001, in Barcelona, the EASL expert
panel established the criteria for the diagnosis of malignant neoplasm solely on the basis of
imaging tests and additional examination of serum AFP (alpha fetoprotein) concentration
without the need for histological verification [62].

The majority of patients are diagnosed at an advanced stage of the disease, which
reduces the chances of survival and cure. Therefore, early detection is extremely important
because only patients with non-advanced tumors, without metastases can be treated with
the hope of a longer survival. The classical tumor markers—AFP in HCC, or in case of
CCC—cancer antigen 19-9 (CA 19-9)—widely recognized as good indices of liver cancers,
are not useful for early diagnosis because they neither detect all cases nor are characteristic
only for those diseases. Imaging tests such as ultrasound, computed tomography (CT) or
magnetic resonance (MR) are considered to be better screening tools than laboratory tests
to detect liver cancer. However, the combination of these two methods seems to be the
most useful [4]. Therefore, it is very important to search for new markers that would show
high diagnostic sensitivity and specificity in the detection of liver cancer in the early stages
of the disease. Thus, they might be used as screening tests in primary liver cancer, which
would significantly increase the percentage of patients cured.

4. Chemokines

Chemokines belong to a group of secreted proteins with the common name of cy-
tokines. They are a large family of about 50 members, which have a low molecular mass
(8-12 kDa). Their main role is to direct the recruitment and migration of cells to sites of in-
flammation or injury [5]. They are divided into four classes (XC, CC, CXC, CX3C) according
to the placement and number of cysteine residues at the amino terminus. Each chemokine
has a specific receptor located on the cell membrane of target cells (specific effector cells).
At present, there are 19 receptors corresponding to specific groups of chemokines [67].
Chemokines and receptor complexes demonstrate widely varying differences in terms
of selectivity and binding [68,69]. Some chemokines can bind and activate more than
one chemokine receptor and some chemokine receptors can be activated by more than
one chemokine ligand [70]. Chemokines are best known for their regulation of leukocyte
migration. This is necessary to maintain proper homeostasis of the organism and defense
against infiltrating pathogens. Therefore, all chemokines were divided into those related to
maintaining homeostasis and chemokines that react during ongoing inflammation [5]. The
division of chemokines and their receptors is shown in Table 3.
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Table 3. Chemokines and their receptors.
Chemokines Receptors
CCL1 CCR8
CCL2, CCL7 CCR2
Cetd/cctis, cciz) ccr1
CCL4 CCR1, CCR5
CCL5 CCR5
CCL8 CCR1, CCR2, CCR5
CCL11, CCL13 CCR2, CCR3, CCR5
CC group CCL12,CCL18 Unknown
CCL15 CCR1, CCR3
CCL16 CCR1, CCR2, CCR5, CCR8
CCL17, CCL22 CCR4
CCL19, CCL21 CCR7
CCL20 CCR6
CCL24, CCL26 CCR3
CCL25 CCR9
CCL27 CCR10
CCL28 CCR3, CCR10
s oar excLzz
CXCL4, CXCL9, CXCL10 CXCLR3
CXCL6, CXCL8 CXCLR1, CXCLR2
CXC group CXCL11 CXCLR3, CXCLR?7
CXCL12 CXCLR4, CXCLR7
CXCL13 CXCLR5
CXCL14, CXCL15, CXCL17 Unknown
CXCL16 CXCLR6
CX3C group CX3CL1 CX3CR1
XC group XCL1, XCL2 XCR1

All chemokines involved in inflammatory reactions may play an important role in
the pathogenesis of primary liver cancer. The pathogenesis of cancer in the setting of
inflammation and regeneration, as it occurs in chronic liver diseases, anticipates a major
role for these proteins and their receptors at different levels [71].

5. Chemokines in Liver Neoplasms

As more than 90% of all primary liver tumors are hepatocellular carcinomas (HCCs),
this chapter is devoted to the participation of chemokines in the development of this
type of cancer. Inflammation is involved in cancer progression. Many factors, such as
chemokines, are responsible for the initiation of inflammatory processes influenced by
the chemotaxis of monocytes, lymphocytes, neutrophils, eosinophils, basophils, natural
killer cells, dendritic cells, and endothelial cells. The second process which can stimulate
carcinogenesis is angiogenesis. In this process, various chemokines such as CCL2, CCL5,
CXCLS can be involved. Therefore, all these chemokines can simultaneously contribute
to the development of cancer [72]. Until now, the influence of a few chemokines on the
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initiation in the course of HCC has been discovered. The results of most publications have
focused on measurement of several chemokines and their corresponding receptors [73-77].
Some chemokines (CCL2, CCL5, CXCL5, CXCLS8) that contribute to the development of
inflammation and angiogenesis are supported by other chemokines through participation
in fibrosis, HBV/HCYV infections, the progression of the tumor and metastasis [73].

Hepatic fibrosis is the consequence of chronic inflammation. Advanced fibrosis leads
to liver failure and hepatocellular carcinoma (HCC) [78]. CCL2 and CCR?2 are the main
promoters of inflammatory monocyte subset accumulation in chronically injured livers.
Some studies have confirmed the effects of high concentrations of CCL2 and its receptor
on the accumulation of monocytes/macrophages and the initiation of the inflammatory
process, as well as the initiation of fibrinogenesis, which clearly contributes to the onset
of carcinogenesis [79]. A second important chemokine contributing to the inflammatory,
fibrogenic and tumorigenic environment is the chemokine CCL5, which binds to receptors
CCR1 and CCRS5. Deletion of the CCL5 gene, as well as pharmacological targeting of CCL5
abolishes experimental hepatic fibrosis in mice [73]. Other authors have found that CCL4
and CCLS5 levels in the serum of HCC cirrhotic patients were higher than in cases of cirrhotic
patients without HCC, which makes them interesting candidates for diagnostic biomarkers
of HCC. The performance of CCL4 and CCL5 was comparable for HCC detection with
an AUC (area under the curve) for CCL5 of 0.72 and relatively high sensitivity (71%) and
specificity (68%) [80].

In the study of Zhu et al. [81], CCL14 expression was analyzed in HCC patients using
tissue microarrays. The authors revealed that CCL14 was decreased in tumor tissues
compared to peritumoral tissues. Low expression of CCL14 was associated with poor
prognosis and was also predictive in liver cirrhosis. The basic mechanisms were further
explored by those scientists in HCC cell lines by overexpression of CCL14 and knockdown
in vitro. The CCL14 overexpression inhibited proliferation and promoted apoptosis of
cancer cells. Finally, the result was confirmed with the use of animal tumor xenograft
models in vivo, which resulted in overexpression of CCL14 and led to tumor growth
inhibition. These findings suggest that CCL14 could be used as a new prognostic factor for
HCC and as a tumor suppressor. Other authors [82] have also determined the expression
of CCL14 and its influence on cancer prognosis. These authors showed a significantly
lower expression of CCL14 in HCC tissues compared to normal tissues which confirms
previous results. Low expression of CCL14 was associated with poor overall survival,
disease-specific survival, progression-free survival, and relapse-free survival, especially in
the early stages of the disease. These findings show that CCL14 is a potential prognostic
biomarker that determines tumor progression in HCC.

Interestingly, in the study of Li et al. [83], the levels of mRNA and CCL15 protein
expression in HCC-positive HBV samples were higher than in adjacent liver tissues. In
addition, CCL15 was significantly associated with HBx expression and upregulation of HBx-
induced CCL15 expression in vitro. High CCL15 expression was significantly associated
with a poor prognosis in HCC patients.

Another process leading to liver cancer progression is the recruitment of lymphocytes
and tumor-associated macrophage populations by chemokines, which strongly indicates a
key role of chemokine pathways in liver carcinogenesis [73]. CCL3, CXCL5, CXCL8 and
CXCL12 chemokines are mainly involved in this way. CCL3 interacts with the CCL5/CCR1
or CCL5/CCRS5 axes in the inflammation process. Besides this, CCL3 has been identified
as recruiting leukocytes to hepatocellular carcinoma. In mice with a deleted CCL3 gene,
the number of cases of HCC were remarkably reduced [84]. CXCL5 has been identified
as promoting HCC cell proliferation, migration and invasion. These processes took place
through the activation of PI3K and ERK1/2 signaling pathways and neutrophil infiltration.
Its expression was increased in tumor tissues from patients with HCC when compared
to controls, indicating that CXCL5 overexpression has a potential role in therapy of this
type of tumor [76]. Some liver macrophages (Kupffer cells) were indicated to secrete the
CXCL8 chemokine (via CXCR1 and CXCR2) to neutrophils, which induces hepatocyte
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necrosis. Some researchers found, that CXCLS is a potential biomarker of tumor burden
and aggressiveness, not only in HCC, but also other types of tumors (i.e., melanoma, renal
cell carcinoma and non-small-cell lung cancer [85-87]. CXCL12 with its receptor CXCR4
are considered as important factors in the regulation of angiogenesis [88]. High expression
of this chemokine and its receptor has been found in HCC patients compared to control
groups (cirrhosis, liver adenocarcinoma and normal liver tissues) [89]. Other researchers
have suggested that the CXCL12/CXCR4 axis may play an important role in the metastasis
of HCC by promoting the migration of tumor cells [90].

In the case of the CXCL14 chemokine, its low expression was found in HCC tissues
and cells. The induced overexpression of CXCL14 inhibited cell viability and growth, but
promoted apoptosis through the upregulation of Bax and caspase 3, downregulation of
Bcl-2, and inhibition of Akt and mTOR phosphorylation. Meanwhile, the knockdown of
CXCL14 had the opposite effect to the overexpression of CXCL14, which indicates its low
usefulness in therapy [91].

Different authors [92-94] performed the mRNA transcriptional and survival analysis
of chemokines in HCC patients from different (ONCOMINE, GEPIA, cBioPortal, UALCAN,
STRING, GeneMinia, DAVID, Kaplan-Meier plotter, TIMER, GSCALite and NetworkAna-
lyst) databases. The results of this study showed significantly lower mRNA expression of
CXCL1, CXCL2, CXCL5, CXCL6, CXCL7, CXCL12 and CXCL14, and significantly higher
mRNA expression levels of CXCL9, CXCL10, CXCL16 and CXCL17 in HCC tissues. Inter-
estingly, survival analysis showed that high levels of CXCL1, CXCL3, CXCL5 and CXCL8
may show poorer overall survival in HCC patients, while high levels of CXCL2 may re-
sult in better overall survival. Overall, those studies shows that CXCL1, CXCL2, CXCLS5,
CXCL6, CXCL7, CXCL9, CXCL10, CXCL12, CXCL14, CXCL16 and CXCL17 may be novel
prognostic markers of HCC. On the other hand, CXCL1, CXCL2, CXCL3, CXCL5 and
CXCLS8 may serve as potential targets for the personalized treatment of HCC.

A similar study was performed in the case of CC chemokines by Jiang et al. [95]
where the authors, with the use of ONCOMINE, GEPIA, UALCAN, STRING, WebGestalt,
GeneMANIA, TRRUST, DAVID 6.8, LinkedOmics, TIMER, GSCALite, and Open Targets
databases, revealed that the transcriptional levels of CCL5, CCL8, CCL11, CCL13, CCL15,
CCL18, CCL20, CCL21, CCL25, CCL 26, CCL 27 and CCL28 in HCC tissues were signifi-
cantly elevated, while CCL2, CCL3, CCL4, CCL14, CCL23 and CCL24 were significantly
lowered. Importantly, patients with low levels of CCL14 and CCL21 were associated with a
significantly poor prognosis. These results provided potential insight into new targets for
immune therapy and prognostic factors for HCC biomarkers.

6. Potential Clinical Implications and Future Directions

Due to the poor prognosis for HCC patients, there is an urgent need to identify
novel therapeutic strategies. The use of this knowledge seems to be important for the
implementation and even greater understanding of the expression mechanisms and role
of chemokines for the management of this disease. In recent years, immunotherapy and
molecular targeted therapy have become increasingly popular. However, many researchers
are also trying to detect parameters that could allow for the early detection of cancer.
Interestingly, chemokines and their stimulation of the chemokine receptors expressed in
cancer cells have shown them to be regulators of biological processes involved in HCC
development. So far, it has been established that some chemokines, including CCL2, CCL4
and CCLS5, as well as CCL14, show high diagnostic utility in the detection of HCC [79-81].
For this reason, it is also very important to continue research into the usefulness of these
proteins and their role in cancer development. It seems particularly important to fully
understand the relationships concerning the structure and function of chemokine receptors,
the regulation of their signaling pathways, and the genetic and epigenetic mechanisms
regulating the expression of chemokines and their receptors. This may create opportunities
for the development of new drugs modulating the inflammatory and immune response
in the treatment of chronic cancer diseases. Some studies also indicate a significant role
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of chemokines (including CCL20) in the migration of Treg lymphocytes from neoplastic
tissues, which reportedly fosters tumor progression as well as it being associated with
poor HCC prognosis. Therefore, comprehensive analyses of cancer tissues in terms of
chemokines are necessary for the development of personalized therapy in HCC [96,97].
Some researchers estimate that in the next 5-10 years, the hepato-oncology community will
have a broader spectrum of tools to predict HCC, with simple serum assessments [80].

7. Conclusions

Hepatocellular carcinoma is the most common primary malignancy of the liver. It
is derived from hepatocytes and has the form of a solid tumor that is vascularized by
blood from the hepatic artery. Chemokines play a significant role in the process of tumor
formation. In HCC, this is mainly carried out by two mechanisms. Inflammation (which
leads to organ fibrosis) or recruitment of lymphocytes and tumor-associated macrophage
populations. There are many known chemokines, described above, that contribute to the
initiation of those processes. Their significant role in the course of HCC proves the high
usefulness of those proteins in detection, and in monitoring the course and treatment
of HCC.
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