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Abstract Liver is the organ responsible for hematopoiesis dur-
ing fetal life, which is also a target organ of metastasis for several
cancers. In order to recognize the hepatic metastatic changes,
obtain a better grasp of cancer prevention, treatment, and inhibi-
tion mode of hepatic metastasis progression, we investigate the
changes and transformation of normal hepatic niche cells to met-
astatic niche ones in this review. On the other hand, since meta-
static diseases alter the liver function, the changes in a number of
cancers that metastasize to the liver have also been reviewed.
Relevant English-language literature was searched and retrieved
from PubMed (1994-2014) using the following keywords: he-
patic stem cell niche, hepatic metastatic niche, chemokine, and
microRNAs (miRNAs). Also, over 86 published studies were
investigated, and bioinformatics analysis of differentially
expressed miRNAs in hepatic cancer and metastasis was per-
formed. Metastasis is developed in several stages with specific
changes and mechanisms in each stage. Recognition of these
changes would lead to detection of new biomarkers and clinical
targets involved in specific stages of liver metastasis. Investiga-
tion of the hepatic stem cell niche, development of metastasis in
liver tissue, as well as changes in chemokines and miRNAs in

Highlights

Evaluation of the changes in hepatic pre-metastatic and metastatic niches
Factors involved in the formation of hepatic pre-metastatic and metastatic
niches

Investigation of how cancer cells metastasize to the liver

Knowledge of tumor suppressor or oncogene function of miRNA mole-
cules in hepatic metastatic niche

>< Najmaldin Saki
najmaldinsaki@gmail.com

Health research institute, Research Center of Thalassemia
&Hemoglobinopathy, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran

metastatic hepatic niche can significantly contribute to faster de-
tection of liver metastasis progression.
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Introduction

Metastasis is the main cause of death in the majority of cancers,
which is different in terms of type and severity in various cancer
types [1]. Liver is often the target organ of metastasis. Liver tissue
contains stem cells with a high regeneration potential maintaining
homeostasis of liver [2]. Due to endocrine and exocrine func-
tions, the liver requires an environment in which stem cells are
able to proliferate and differentiate. Normal stem cells in this
specific environment (known as hepatic niche) are transformed
to liver cancer cells under the influence of pathophysiologic fac-
tors like abnormal liver regeneration and inflammation. Subse-
quently, the balance between proliferation and differentiation of
hepatic niche cells is disrupted, providing an appropriate ground
for cancer development and liver metastasis [2].

Tumor metastasis is not only dependent upon the characteris-
tics as well as invasion and migration potential of cancer cells but
is also related to the interaction between tumor and metastatic
niche cells [3]. Increased or decreased expression of microRNA
(miRNA) molecules (as oncogenes) is a factor enhancing tumor
growth, which can reprogram the normal liver cells to phenotype
of a cancer cell [3]. Studying the profile of miRNA expression in
normal stem cells and cancer cells would result in the identifica-
tion of target genes of these miRNA molecules in cancer cells.
Recognition of these target genes as biomarkers can be useful to
prevent the development of metastasis [4]. Evaluation of signal-
ing pathways and comparison of changes in their components
between normal and metastatic niches can significantly
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contribute to identification of therapeutic agents for prevention of
cancer progression and metastasis [5]. In most cases, metastasis
is diagnosed in the final stages when few therapeutic measures
can be taken for the patient. Since liver is the organ playing an
important role during hematopoiesis in fetal life, investigation of
drug metabolism and detoxification, characteristics of hepatic
stem cell niche, and development of liver metastasis can be help-
ful in faster detection of metastasis progression [6]. Therefore,
normal hepatic niche and the changes in metastatic hepatic niche
will be dealt with in this review paper. Afterward, the cancers that
metastasize to liver tissue and miRNAs involved in liver metas-
tasis will be reviewed.

Hepatic stem cell niche

Liver is the site of hematopoiesis during the fetal life. Thus, it
requires a specific environment to be able to regulate self-
renewal, proliferation, differentiation, and apoptosis of hema-
topoietic cells [7]. This environment, known as hepatic niche,
is made up of different cells directly involved in maintaining
the homeostasis of stem cells [8]. Studies suggest that the liver
has multiple niches containing heterogeneous populations of
progenitor and supportive cells. Due to presence of several
hepatic stem cell niches, activation of cells in a particular
niche is dependent upon the mechanism and site of insult. In
order to identify the characteristics of hepatic stem cell niches,
further studies are needed, which require knowledge of spe-
cific markers of the liver stem cells [9, 10].

Hepatic niche cells maintain the balance between self-
renewal and differentiation capacity of niche stem cells
through direct contact with supportive cells such as stellate
cells and myofibroblasts [2]. Bipotential liver cells are among
the niche cells capable of self-renewal and differentiation to
hepatocytes and cholangiocytes [11]. Few specific markers
have been introduced to detect the population of hepatic pro-
genitor cells. Delta-like homolog 1 (DLK-1) and «-
fetoprotein have been recognized as surface markers of liver
progenitor cells, which are normally expressed during liver
development [12]. Stellate cells are an important component
of hepatic niche, which are increased during liver develop-
ment [ 13]. These cells secrete important hematopoietic growth
factors such as erythropoietin and regulate hematopoiesis dur-
ing the fetal period through contact with hematopoietic cells
via secretion of stromal-derived factor 1 (SDF1) [14, 15].
They are also involved in maintenance, expansion, and devel-
opment of hematopoietic stem cells and subsequent formation
of blood cells in hepatic niche via secretion of cytokines such
as interleukin-1 (IL-1), IL-6, and stem cell factor (SCF). In
fact, stellate cells play their role in the liver in a niche similar
to bone marrow (BM) hematopoietic stem cell niche [16].

During liver development, macrophages in the hematopoi-
etic environment bind erythroblasts and Jagged-1 via
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expression of vascular cell adhesion molecule 1 (VCAM-1).
Jagged-1 is a ligand of Notch signaling pathway involved in
the regulation of hematopoiesis [17, 18]. Kuepfer cells among
fetal liver macrophage populations are involved in the regula-
tion of liver erythropoiesis. In general, knowing the role of any
population of cells in hematopoiesis regulation and liver dif-
ferentiation demands further studies [19].

Signaling pathways are among the factors regulating the
function of hepatic niche cells. Wnt/{3-catenin signaling path-
way in hepatic niche plays an important role in cell division
during fetal liver development as well as regeneration follow-
ing liver damage. Regulation of increased proliferation rate of
hepatic progenitor cells and stellate cells is another function of
this signaling pathway [20]. Notch signaling is another signal-
ing pathway involved in differentiation regulation of
hepatoblasts and tubule formation in distinct stages during
fetal liver development. In addition to the role of this signaling
pathway in liver development during fetal life, activation of it
after birth leads to differentiation of bile ducts [21]. Notch-1
and Notch-3 are receptors of Notch signaling pathway
expressed in quiescent stellate cells. Decreased and increased
expression of Notch-1 and Notch-3 is observed during
transdifferentiation of hepatic stellate cells to myofibroblasts,
respectively [22]. In addition, HNF1B expression in hepatic
niche is controlled by this signaling pathway. HNFIB is a
transcription factor playing a role in biliary specification and
hepatic lineage commitment [23]. In general, as an important
signaling pathway in biology of liver, Notch signaling is in-
volved in a wide range of liver functions, including expression
of hepatic transcription factors, differentiation, fate determina-
tion, and liver regeneration [22].

Hepatic metastatic niche

Despite the importance of hepatic stem cell niche in maintain-
ing liver homeostasis, it can be affected with pathophysiolog-
ical changes. Ectopic liver regeneration, inflammation, and
fibrosis can alter the hepatic niche and provide for its malig-
nancy [2]. Most tumors are lethal when they expand from their
original site to other organs of the body, a phenomenon known
as metastasis. Studies show that there are four successive
stages in liver metastasis. During microvascular phase, cancer
cells infiltrate into the liver. This phase includes mechanisms
to cease intravascular death of cancer cells and cause their
survival in a specific site in hepatic microcirculation [24].
During intralobular micrometastasis phase, cancer cells are
activated, and immune response against the tumor is inhibited
in the liver. The third phase is angiogenic lobular
micrometastasis followed by lobular growth of liver metasta-
sis, which is the clinical phase of metastasis [24].

Infiltration into lymphatic system or blood circulation is a
prerequisite for metastasis of cancer cells in the secondary
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organ to cause damage and clinical symptoms [25]. Figure 1
shows a schema of the role of hepatic niche components in
transformation of pre-metastatic niche to metastatic hepatic
niche. Cancer cells take advantage of protease enzymes to
infiltrate into vessels or the lymphatic system. In normal con-
ditions, tissue inhibitor of metalloproteinases (TIMP-1) in-
hibits the function of proteases, but it would cause develop-
ment of metastasis via activating the protease function [26]. A
high level of TIMP-1 causes liver to be immunocompromised
via SDF-1 binding to its receptor, providing ideal conditions
for cancer cells and local inflammation of the liver [27]. Pro-
liferation induction and anti-apoptosis effect are other contri-
butions of TIMP-1 to development of cancer. In other words,
TIMP-1 leads to a pre-metastatic niche to expand liver metas-
tases [28]. This niche is rich in BM myeloid cells that play a
role in development of liver metastasis [29]. Hypoxia is an-
other factor stimulating gene expression in solid tumors dur-
ing metastasis. Expression of transcription factors is changed
in hypoxic conditions. Hypoxia-inducible factor-1 (Hif-1) is

an important transcription factor subject to overexpression
under hypoxic conditions, which is associated with an in-
creased risk of metastasis and can therefore be considered as
a factor of tumor progression [30]. Hepatocyte growth factor
(HGF) and its receptor (Met) are activated under hypoxic con-
ditions and have promigratory and proinvasive functions dur-
ing development of liver metastasis [31]. Met has been intro-
duced as a downstream target of Hif-1 [32]. There are reports
suggesting that increased expression of TIMP-1 potentiates
the activity of hepatic growth factor and its receptor. With
regard to the relationship between TIMP-1, Hif-1, and HGF/
Met, it can be assumed that increased expression of TIMP-1
(as an inhibitor of matrix metalloproteinase) causes enhanced
liver metastasis by increasing HGF/Met-dependent induction
of Hif-1 signaling [33]. Epithelial-mesenchymal transition
(EMT) is an important event in tumor invasion, and reduced
expression of E-cadherin is considered as a sign of EMT and
cancer incidence [34]. Given the role of E-cadherin in adhe-
sion cell junctions, the absence of its expression is associated
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with the occurrence of metastasis in hepatocellular carcinoma.
On the other hand, Twist transcription factor plays an
important role in EMT induction as well as inhibition of
E-cadherin expression. Overexpression of Twist has
been associated with the likelihood of liver metastases
via induction of EMT changes (Fig. 1).

Malignant liver tissue includes a set of heterogeneous cells
that play an important role in the formation and growth of
tumor. This heterogeneous collection of cells can be called
hepatic cancer stem cell (HCSC) [35]. Metastasis to liver de-
pends on the interaction between cancer cells and metastatic
niche [36]. Studies have shown that following infiltration of
cancer cells into the liver, they will change the hepatic niche
cells and lead to proinflammatory events. In fact, malignant
liver tissue is a function of disturbed proliferation and interac-
tion of liver niche cells [23]. In this regard, Kuepfer cells in
hepatic niche trigger the release of tumor necrosis factor alpha
(TNF-) and IL-1. In addition, Kuepfer cells play a significant
role in increased binding of tumor cells to liver cells. Release
of inflammatory cytokines and increasing cell adhesion mol-
ecules in liver sinusoids by Kuepfer cells results in develop-
ment of metastasis [37]. In metastatic niche, chemokines play
a significant role in the interaction between tumor cells and
target tissue, such that the secondary tissue as target of metas-
tasis can provide signals for homing of malignant cells via
expression of chemoattractant molecules [38]. In other words,
ligand/chemokine receptor combination in niche of metastasis
target organ plays an important role in tissue metastasis [38].
Overexpression of vascular endothelial cell adhesion mole-
cules such as P-selectin and E-selectin causes extravasation
of tumor cells to hepatic parenchyma and triggers a signaling
pathway leading to diapedesis and invasion of cancer cells to
liver parenchyma. It could be argued that binding of cancer
cells to sinusoidal endothelial E-selectin is associated with
metastatic liver, and overexpression of E-selectin as a proin-
flammatory response may signal the onset and progression of
liver metastasis [39—41]. Interaction between hepatic niche
cells and cancer cells is important in generation of pre-
metastatic hepatic niche. In this regard, neutrophils form a
component of liver niche capable of increasing liver metasta-
sis depending on their ability to bind cancer cells. They can
also be involved in the formation of pre-metastatic hepatic
niche. There is a significant correlation between increased
neutrophil count and increasing production of CXCLI che-
mokine [42, 43]. The role of neutrophils in acceleration of
liver metastasis is a function of their ability to produce matrix
degradation proteins such as matrix metalloproteinase 9
(MMP-9), which causes the development of tumor and migra-
tion of tumor cells [44, 45]. Moreover, given the role of MMP-
9 in mobilization of hematopoietic stem cells in BM niche,
MMP-9 overexpression in liver tumor cells could be used as
marker for increased mobilization of tumor cells as well as
increased risk of liver metastases [46]. In addition, changing

@ Springer

expression of some of these proteins results in poor prognosis
of cancer. Therefore, a dual role can be assumed for neutro-
phils in formation of metastases in the liver (Fig. 1).

Signaling pathways of metastatic hepatic niche also play an
important role in maintaining the phenotype of liver cancer
cells. Mutation in components of these pathways (such as Wnt
signaling) can lead to self-renewal and stemness of these can-
cer cells [40]. In this respect, over activity of Wnt/3-catenin
signaling pathway in liver stem cells will increase prolifera-
tion and carcinogenesis of liver tissue [47]. Loss of polarity in
epithelial cells and development of mesenchymal phenotype
is a marker of tumor progression and metastasis, an event
known as EMT [48]. Ras and transforming growth factor-3
(TGF-f3) signaling pathways are known as important molec-
ular markers of transformation and metastasis. Studies suggest
that Ras/Rat/MAPK signaling can lead to unlimited growth,
invasion, and metastasis by itself [48].

Metastasis to liver

Lung cancer In lung cancer, liver metastases are often asymp-
tomatic, but changing gene expression and chemotactic fac-
tors play a significant role in the spread of this cancer to liver.
In this context, increased expression of insulin-like growth
factor receptor type 1 shows the extension of lung cancer to
the liver, which is followed by changing expression of extra-
cellular matrix proteins such as types 3 and 7 collagen [49].
Binding of type 7 collagen to integrin «2 indicates liver me-
tastasis in lung cancer [49]. Macrophage-stimulating protein is
a chemotactic factor accelerating metastasis of lung cancer to
liver not only through increased migration of endothelial cells
but also via enhancement of angiogenesis [50]. Extracellular
matrix proteins play an important role in pre-metastatic and
metastatic niches. In this regard, fibronectin is involved in the
attachment of cancer cells to pre-metastatic lung niche [35].
Tenascin C (TnC) is an extracellular matrix molecule and a
factor of lung metastases [51]. The expression of this molecule
is affected with metastasis suppressor miRNAs, including
miR-335, which is considered as a negative regulator of
TnC [52]. Studies suggest that TnC is associated with relapse
likelihood of lung cancer. TnC blocking does not affect pri-
mary tumor growth but reduces the incidence of lung metas-
tases [52]. The interaction of signaling pathways and their
associated genes is important in the incidence of lung metas-
tasis. In this regard, it has been reported that leucine-rich re-
peat-containing G protein-coupled receptor 5 (LGRS) and
musashi homolog 1 (MSI1) are the genes respectively
expressed by Wnt and Notch signaling pathways, which are
essential for metastasis in lung [53]. There is a close relation-
ship between TnC, signaling pathways, and their associated
genes in development of metastatic lung niche. The role of
TnC in interaction with these signaling pathways is played by
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Table 1 MiRNAs involved in metastasis to/from liver
miRNA Expression  Target Primary site Metastatic function Tumor suppressor/  Clinical References
gene of metastasis oncogene significance
miR-181a  Up Wif-1 Colon Promote cell growth, migration Oncogene Poor prognosis [71]
and invasion
miR-122 Down ADAM17 Liver Regulate intrahepatic metastasis Tumor suppressor - [72]
miR-143 Up NF B Liver Tumor cell invasion Oncogene - [73]
miR-30d Up GNAI2 Liver Promote tumor invasion and Oncogene - [74]
migration
miR-125b Down LIN28B Liver Inhibit cell proliferation, cell Tumor suppressor Poor prognosis [75]
cycle progression, and
metastasis
miR-145 Down Mucin-1 and Colon Inhibit tumor invasion Tumor suppressor Poor prognosis [76]
c-Myc
miR-320a Down NRP1 Colon Promotion of cancer cell Tumor suppressor Diagnosis [77]

migration, invasion, and
angiogenesis

NF B nuclear factor kappa B, GNAI2 Galphai2, NRPI neuropilin 1, ADAM]17 a disintegrin and metalloprotease 17, WIF-1 WNT inhibitory factor 1

LGRS expression in response to Wnt ligand and Notch sig-
naling dependent inhibition of MSI1 by JAK/STAT signaling.
In other words, TnC is of particular importance in the induc-
tion of lung metastasis during interaction with Notch and Wnt
signaling pathways [52].

Colon cancer Nearly 20-25 % of patients with colon cancer
show liver metastasis upon diagnosis of the disease [1]. In-
creased E-selectin expression in colon cancer is an indication
of liver metastasis, which plays a role in the induction and
progression of liver metastasis via cell-cell junctions [54].
Colon cancer cells can bind liver endothelium through the
interaction of selectin ligands on their surface with selectin
on endothelial cells of the liver. This may indicate a relation-
ship between cancer cells and niche factors in development of
metastasis [52]. Several chemokines and their receptors have
been reported to be involved in metastasis of colon cancer to
liver [18]. CXCR4 is the receptor for CXCL12, and a high
expression of'it has been associated with increased risk of liver
metastases. CXCR3 stimulates the invasion of metastatic co-
lon cells to liver, and CXCRG6 is involved in increasing recruit-
ment of cancer cells in metastasis of colon to liver [18].
Changes in gene expression profiles can also be used as a
clinical marker for diagnosis of metastatic colon cancer. Stud-
ies have reported the close relationship between simultaneous
expression of fibroblast growth factor genes and their recep-
tors in colon cancer patients with clinical and pathological
factors, particularly during metastasis [55]. Fibroblast growth
factor receptor 1 (FGFR-1) gene shows a higher level of ex-
pression in colon cancer patients with liver metastases com-
pared to patients who do not show signs of liver metastasis. In
other words, high expression of FGFR-1 can be used as a
clinical marker for metastatic liver in patients with colon can-
cer [55]. PRDX4, CKS2, and MAGED are among the genes
showing a high expression level in metastatic colon cancer to

the liver [56]. As an important EMT event, reduced expression
of E-cadherin is associated with liver metastasis risk. In fact,
studies show that E-cadherin plays an important role in the
induction of secondary tumors in the liver [57]. Changes in
expression of tight junction proteins have been reported in
colon cancer, among which increased expression of claudin-
1 (CL-1) has prognostic significance. Studies suggest that in-
creased expression of CL-1 leads to cellular transformation,
colon cancer invasion, and subsequent metastasis to liver [58].
In general, gene expression profiles of cancers showing me-
tastasis in secondary stages of the discase are different from
cancers without metastasis. These changes in gene expression
can significantly contribute to faster identification of tumor
progress stages in metastatic tumor tissue [56].

Pancreatic cancer Metastasis is an indicator of poor progno-
sis in pancreatic cancer. Therefore, understanding the biology
and incidence of metastasis is of great importance in assess-
ment of clinical and therapeutic targets [59]. Evaluation of
pancreatic gene profile has indicated that downregulation of
plasminogen activator inhibitor-1 (PAI-1), a serine protease
inhibitor, leads to invasion of pancreatic cancer cells and me-
tastasis to the liver [59]. In addition, high expression of vas-
cular endothelial growth factor (VEGF) is associated with the
risk of liver metastasis in pancreatic cancer, with an emphasis
on migration of pancreatic cancer cells and development of
malignancy by VEGF in this regard [60]. The role of VEGF in
induction of liver metastasis in pancreatic cancer is mediated
by JAK/STAT signaling pathway. There is evidence that
STAT3 regulates the incidence of liver metastasis via VEGF
expression. In fact, pancreatic cancer cells activate STAT3 and
subsequently increase VEGF expression through overexpres-
sion of growth factors and cytokines such as IL-6 and TGF-f3.
In other words, STAT3 may be considered as an important
transcription factor in tumor progression and metastasis [61].
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Table 2 Basic information on miR-gene retrieved from various databases

miRNA  Published target gene Validation methods Sequence miRNA
Strong evidence Less strong evidence
Reporter Western blot qPCR  Microarray NGS pSILAC Other
assay
Upregulated gene
miR-181a WIF1 v v v v 39-AACAUUCAACGCUGUCGGUG
AGU-61
miR-143 NFB v 61-UGAGAUGAAGCACUGUA
GCUCA -82
miR-30d  GNAI2 v v v v 6-UGUAAACAUCCCCGACUG
GAAG 27
Downregulated gene
miR-145  Mucin-1 v v v v 16-GUCCAGUUUUCCCAGGAAU
CCCUU -39
Myc v v v v
miR-320a NRPI v v v 48-AAAAGCUGGGUUGAGAGGG
CGAA -70
miR-122  ADAM17 v v v 15-UGGAGUGUGACAAUGGUGUU
UGU -37
miR-125b LIN28B v v v 17-UCCCUGAGACCCUAACUU
GUGA 38

WIF-1 WNT inhibitory factor 1, NF' B nuclear factor kappa B, GNAI2 Galphai2, ADAM17 a disintegrin and metalloprotease 17, NRPI neuropilin 1

Expression of VEGF is affected by BM hematopoietic pro-
genitors, and VEGF receptor is involved in homing of cancer
cells to pre-metastatic sites [35]. Another factor stimulating
the expression of VEGF in pancreatic cancer and subsequent
metastasis to liver is hypoxia in the niche of cancer cells, in
which Hif-1 plays a significant role by activating VEGF gene
promoter followed by increased VEGF expression [62]. Inter-
action between chemokine receptors in cancer cells and the
specific chemokines in target tissue can be considered as an-
other reason for metastasis [63]. Interaction between SDF-1/
CXCR4 is important since high expression of SDF-1 in liver
tissue leads to migration of its specific receptor of CXCR4
from pancreatic cancer cells to target organ and the associated
risk of liver metastases. In fact, it can be stated that CXCR4
inhibitor may be a therapeutic strategy to prevent the interac-
tion between the receptor and its specific ligand in liver tissue,
which will eventually prevent the incidence of metastasis [64].
The study of cancer stem cells (CSCs) in metastatic liver is of
particular importance. For example, pancreatic cancer stem
cells are rich in CD133 marker. A population of these cells
expressing CXCR4 has been detected, which can lead to liver
metastasis as invasive cells [52]. In general, the study of genes
and signaling pathways, specific interactions between ligands
and receptors involved in cancer, CSCs as well as their
relationship with metastasis incidence can lead to identification
of their potential therapeutic targets.

@ Springer

MiRNA network in hepatic metastatic niche

MicroRNAs are small non-coding RNA molecules involved
in the regulation of gene expression, cell proliferation, and
differentiation [65]. MiRNAs play important roles in the reg-
ulation of liver function during liver development, including
determination of the fate of hepatocytes and their differentia-
tion. Let-7f is a miRNA molecule, which has been recognized
as a negative regulator of liver differentiation [66]. MiRNA
dysfunction is closely associated with the development of
cancer. In addition to the role of miRNAs in cancer cells, there
are reports on the involvement of miRNA molecules in liver
stem cells. As miRNAs are involved in the regulation of gene
expression, reports suggest that these RNA molecules are ca-
pable of transforming normal liver cells to cancer cells [40].
Study of miRNA profiles leads to the identification of their
target genes, which promote metastasis progression condi-
tions including migration, invasion, proliferation, and angio-
genesis. Altered expression of these molecules plays a signif-
icant role in the development of liver metastasis [40]. In addi-
tion to miRNAs involved in liver metastasis, changing expres-
sion of them has been reported in cancers that metastasize to
liver tissue in secondary stages (Table 1). Studying the altered
expression of miRNAs in metastatic hepatic niche can eluci-
date their tumor suppressor or oncogene role to use these
molecules for therapeutic strategies [67]. Recognition of
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mechanisms associated with regulatory miRs in liver metas-
tasis from lung tissue requires further research in this field. For
example, regulatory effect of crk on miR-126 changes the
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sion, migration, and invasion [68]. On the other hand, de-
creased expression of miR-126 would result in metastasis
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recurrence [68], and ectopic expression of it would inhibit
lung colonization of liver cancer cells [69]. Thus, it is sug-
gested that miR-126 can be used as a marker of prognosis in
liver carcinoma. In addition, miR-29c is a tumor suppressor
miR in lung metastasis, inhibiting the metastatic features of
lung cancer cells via inhibition of target genes such as matrix
metalloproteinase 2 (MMP2) and integrin (31 [70]; however,
identification of secondary regulatory effects of this miR in
liver tissue requires further investigations.

In addition, overall, seven publications were retrieved on
various miRNAs involved in hepatic cancer and metastasis.
We then divided the selected miRNAs into two subgroups
based on the regulation profile, including upregulated and
downregulated groups. Among selected miRNAs and pub-
lished genes, almost all the selected genes were among the
strongly validated genes for selected miRNAs except NF B
gene for miR-143 (Table 2).

Considering qPCR results on expression profiles of various
miRNAs, only has-mir-122 among the selected miRNAs was
highly expressed in the liver (Fig. 2).

Based on the regulatory network in the upregulated group,
there are strong evidences for the interaction between miR-
181a and miR-143 with WIF1 and NF B genes, respectively
(Fig. 3). Hence, in the downregulated group, miR-122 and
miR-145 showed strong evidence of association with the se-
lected gene (Fig. 3).

Discussion and future perspectives

Liver metastasis involves complicated cellular and molecular
changes. Understanding the role of signaling pathways in he-
patic niche cells and recognizing their role in accelerating the
formation of liver metastasis could introduce these signaling
pathways as therapeutic models for treatment of malignant
liver tumors [40]. Investigation of changes in miRNA mole-
cules as important regulators of gene expression together with
their target genes can indicate their tumor suppressor or onco-
gene roles as markers of prognosis or diagnosis of metastatic
liver [71]. Furthermore, studies on components of pre-
metastatic and metastatic niches indicates that despite the fo-
cus of therapeutic investigations on metastatic cancer cells,
stromal niche of these cancer cells can also be considered as
a proper therapeutic target [52]. For example, targeting TnC in
lung cancer or CD133" CXCR4" cancer stem cells in pancre-
atic cancer could be considered as therapeutic anti-metastatic
strategies due to their role in the induction of metastatic liver.
In addition, design of antibodies against metastatic factors
may contribute to therapeutic approaches [52, 78]. The use
of antibodies in clinical stages is important, such that the use
of monoclonal antibodies can reduce the risk of metastasis.
These antibodies inhibit the expression of glycoprotein recep-
tors on cancer cells, which leads to inhibition of cancer cell

binding to hepatocytes [79]. On the other hand, it has been
reported that high expression of chemokines and their recep-
tors can be a sign of cancer and metastasis. For example,
CXCRA4 expression in primary tumors can be associated with
a high risk of recurrence, metastasis, and survival. Therefore,
the expression of chemokine/receptor axis can be a biomarker
of aggressive and metastatic cancer [64].
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