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Abstract

Hepatocellular carcinoma (HCC) and Cholangiocellular Carcinoma (CCA) represent the
most common malignant tumor of the liver accounting about 90 % of all liver malignancies. The
overall prognosis of HCC and CCA is very poor due to the lack of effective treatment.

MicroRNAs (miRNAs) represent a small endogenous non-coding RNAs that play a
significant role in the regulation of gene expression post-transcriptionally. Altered expression of
miRNAs has been observed in many malignancies including liver cancer. However, the
expression level of miR-126 in HCC and CCA and its role in hepatic-carcinogenesis remains
unclear. This thesis aimed to study the expression level, localization and biological significance
of miRNA-126 in HCC and CCA.

In an effort to distinguish the expression pattern of miR-126 in HCC and CCA tissues and
cell lines, two expression analysis has been used: in situ hybridization (ISH) and quantitative real
time polymers chain reaction (QRT-PCR). Our ISH analysis has shown a significant reduction in
miR-126 level in HCC and CCA tissues relative to their corresponding normal tissues. Moreover,
an intensive expression of miR-126 in normal hepatocyte, blood vessels and sinusoid cells has
been observed. Our qRT-PCR data demonstrated a lower expression level of miR-126 in HCC
and CCA cell lines relative to a normal kidney cell line. By using several gain of functions
analysis, this study demonstrated the effect of miR-126 in HCC and CCA cell lines. The over-
expression of miR-126 in HepG2 and HuccT1 has significantly inhibited cell proliferation and
growth. On the other hand, our data has shown that miR-126 overexpression inhibited cell ability
to migrate.

Taken together, this study indicted that miR-126 could play a critical role in hepatic
carcinogenesis. Indeed, miR-126 may serve as a novel suppressive miRNA in liver cancer.

Furthermore, miR-126 may serve as potential therapy, diagnostic and prognostic biomarker.
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Chapter 1

Introduction



1 Malignant epithelial tumors of the Liver

Liver tumors are classified into two major categories: primary liver tumors and
metastatic liver tumors. The primary tumor originates in the liver, while the metastatic tumor
spreads to the liver from other organs of the body, accessing the liver through the portal vein or
the hepatic artery. Primary liver tumors are further subdivided into benign or malignant; benign
tumors are noncancerous and remain in the liver, and malignant tumors are cancerous and spread
beyond the liver (1).

Most primary tumors are classified according to the liver cells they most resemble:
hepatocytes, the bile duct epithelium, or the endothelium. Primary malignant epithelial tumors
include hepatocellular carcinoma (HCC), hepatoblastoma, cholangiocarcinoma (CCA), and
hepatic cystadenocarcinoma. This chapter discusses the two types of primary malignant epithelial
tumors: HCC and CCA (1).

1.1 Hepatocellular carcinoma (HCC)

Hepatocellular carcinoma (HCC) constitutes a primary malignant tumor occurring in the
hepatocytic cells account for 85-90% of all primary liver cancer (2). HCC currently ranks as the
fifth most common type of cancer and the third most common cause of cancer-related mortality
worldwide (2). According to the most recent statistics on the GLOBOCAN web site (2012), over
782,000 new cases have been diagnosed and a similar high number of deaths have also been
reported.

HCC comprises a very poor overall prognosis, as approximately 80% of patients present
with advanced metastatic tumors for which surgical resection lacks effectiveness. Some patients
are diagnosed at an early stage of the tumor, which makes them eligible for curative treatment,
including resections of the tumor by hepatectomy and liver transplantation. While approximately

30% of patients are eligible for these treatment options, the prognosis remains poor due to the



recurrence of HCC after surgery (3). On average, HCC patients survive only 7 months from the
diagnosis period and approximately 10% of patients can live for 5 years following the surgery
(2).

1.1.1 Epidemiology and risk factors

The incidence of hepatocellular carcinoma varies among different geographical regions. A
high incidence of HCC occurs in developing countries, such as Southeast Asia and Sub-Saharan
Africa, where chronic hepatitis B infection occurs in endemic proportions. In fact, 50% of all
HCC cases have presented in China (4,5). Although HCC occurs less frequently in developed
countries, its frequency has been increasing in developed countries, including the United States
and Canada.

Several etiological factors fulfill a critical role in HCC pathogenesis. These factors include
chronic viral hepatitis Type B and Type C infections (HBV, HCV), which include 80% of all
HCC cases (6). In addition, liver cirrhosis represents another major risk factor associated with
heptocarcinogenesis, as approximately 80-90% of HCC relates to cirrhosis (6). On the other
hand, alcohol abuse has a significant involvement in the development of HCC. While the precise
mechanisms involved in alcohol-induced hepatic carcinogenesis remain controversial, heavy
alcohol consumption of more than 80g per day for at least 10 years and liver damage through
oxidative stress are strongly associated with HCC (6). Additionally, the exposure to certain
environmental toxins, especially Alphatoxin B1 (AFB1), also correlates with an increased risk of
HCC pathogenesis (6). Many other possible risk factors enhance the likelihood of HCC,
including the being male, smoking, diabetes, and obesity (6).

1.1.2 Pathogenesis
The pathogenesis of HCC entails a multifaceted mechanism involving several well-

recognized risk factors that enhance the malignant transformation of liver hepatocytes. The



etiological factors discussed above represent jeopardy triggers to heptocarcinogenesis. Generally,
HBYV infection alone causes half of the HCC cases (7). While the molecular mechanism of HBV-
induced tumorigenesis remains partially obscure, the majority of HBV-related HCC patients have
developed cirrhosis of the liver upon diagnosis of HCC (8). Research suggests that chronic HBV
infections induce inflammation of the hepatocytes as well as liver cell necrosis, subsequently
increasing the synthesis of cytokine-induced fibrosis and eventually causing cirrhosis (8). This
mechanism may result from the integration of HBV DNA into the cellular host genes of infected
hepatocytes that regulate the growth of normal cells and thus lead to chromosomal deletions and
genomic instability (8-10). On the other hand, studies have demonstrated that the viral
transcription of the HBx protein can activate the secretion of cytokines, including nuclear factor
kappa B (NF-KB), interlukin-8 (IL-8), tumor necrosis factor (TNF), and transforming growth
factor (TGF-p) (11,12). All of these cellular genes are responsible for the growth and survival of
cancer cells. In addition to the activation of cytokines by HBx, the inhibition of tumor suppressor
53 (TP53 or p53) by HBx can directly promote cell proliferation and inhibit normal cellular
processes such as apoptosis (11,12). In contrast to HBV, HCV lacks the ability to integrate into a
host genome such as HBV. However, HCV induces tumorigenesis by viral protein interactions,
which leads to the inactivation of the cyclin-dependent kinase (CDK) inhibitor p21(13).

As previously mentioned, long-term alcohol consumption as well as chronic HBV/HCV
causes chronic inflammation of the liver, increasing the secretion of fibers and collagen
deposition in the liver. Eventually, these processes lead to cirrhosis, which constitutes a
premalignant stage. Recent studies suggest that alcohol usage can directly induce hepatic
carcinogenesis and increase the risk of HCC incidents in patients with viral hepatitis (14).
Furthermore, dietary exposure to AFB1 is strongly linked to HCC. Research noted that HCC

patients who were exposed to AFB1 acquired a mutation of tumor suppressor p53 at codon 249,



which caused the transversion of AGG*™® to AGT>* (15).
1.1.3 Clinical, laboratory diagnosis and tumor markers

HCC patients are frequently diagnosed only when the tumor reaches its late stages due to
the absence of pathognomonic symptoms; hence, HCC comprises is an asymptomatic disease in
its early stage. Accordingly, the delay in HCC diagnosis diminishes the effectiveness of curative
treatments, leading to a median survival rate less than one year after diagnosis. Because of tumor
metastases and invasions, HCC usually entails a poor outcome. Patients with advanced HCC
present with abdominal pain, hepatomegaly with a right upper mass, fever, weight loss, jaundice
and anorexia (16).

The diagnosis of HCC involves the assistance of various laboratory tests and diagnostic
imaging; so that, patients at a high risk of HCC can be engaged in a surveillance program with
screening tests offered every 6-12 months (17). Patients with HBV, HCV, or alcoholic cirrhosis
are considered as high-risk populations. Diagnostic imaging of the liver includes magnetic
resonance imaging (MRI), computerized axial tomography (CT) scans, and ultrasonography.

The most frequently used laboratory test for HCC screening is the assessment of serum
alpha-fetoprotein (AFP) levels. Despite the reputation of AFP as the most useful serum protein
for HCC diagnosis, the sensitivity and specificity of remains low due to the possibility of
detecting AFP in patients with chronic hepatitis and cirrhosis (17). In addition to AFP, other
tumor markers include Glypican-3 (GPC3) and Golgi phosphoprotein 2 (GOLPH2) as well as
several enzymes, such as serum gamma-glutamyl transferase (GGT) and Des-Gamma-Carboxy
Prothrombin (DCP) (17,18).

1.1.4 Prognosis and potential challenges of HCC treatment
The treatment options for HCC vary based on the clinical findings, the time of diagnosis,

and the stage of the tumor. Early detection of the tumor increases the likelihood that the tumor



can be treated. Unfortunately, only a small fraction of HCC patients are diagnosed early and can
receive potential treatments. The treatment options for early HCC detection include surgical
resection, liver transplantation, radioembolization, and percutaneous treatment (2,19,20). For
patients presenting with advanced stage HCC, chemotherapy, namely Sorafenib, in combination
with other treatments, such as radiofrequency ablation, may decrease the tumor and extend the
patient’s life (2,19). Sorafenib acts by blocking the neovascularization process and limiting the
blood supply to the tumor cells (2)

The most effective treatment for HCC involves the surgical resection of the tumor;
however, patients undergoing resection must meet strict criteria. For instance, patients must have
normal liver function, possess a single nodule, and lack evidence of liver cirrhosis. (2). Liver
transplantation (LT) also represents a potential curative treatment for HCC patients. Similar to
surgical resection, patients must fulfill several criteria before physicians recommend LT.
Candidates for LT typically have a cirrhotic liver containing one tumor lesion less than 5 cm or
up to 3 lesions, each of which is 3 cm or smaller. Surgical resection and LT provide patients with
five-year survival period: for surgical resection, 70-75% of patients experience a high risk of
tumor recurrence, while for LT, only 15% of patients have a probability of tumor
recurrence.(2,21).

In the 1980s, researchers established the benefit of percutaneous treatment of HCC.
Specifically, two groups of investigators showed the ability of percutaneous ethanol injection
(PEI) to suppress tumor growth (20). Several years later, PEI comprised a first-line treatment for
early HCC tumors smaller than 3 cm in diameter, achieve a cure rate of 70-100%. Approximately
half of patients with tumors between 3 cm and 5 cm demonstrated an effective response to PEI
(18). Since that time, PEI has been replaced with radiofrequency ablation (RFA), another

percutaneous technique, which provides early HCC patients with greater survival benefits in



comparison to PEI (2,18).

Radioembolization, also known as selective internal radiation therapy (SIRT), has
recently undergone development as a technique for the treatment of intermediate-stage HCC. In
SIRT, radioactive particles are delivered through the arteries that feed the tumor, subsequently
causing apoptosis to the tumor cells (2).

1.2 Cholangiocellular carcinoma

Cholangiocellular carcinoma (CCA) is a primary liver cancer considered as a rare
adenocarcinoma; however, the cancer ranks as the second common primary hepatobiliary
malignancy after HCC (22). CCA arises from the epithelial cells of bile ducts; this cancer is
classified according to the anatomical location of the tumor in the biliary tree: intrahepatic (ICC)
and extrahepatic (ECC) (23). Extrahepatic CC further subdivides into distal extrahepatic and
peripheral extrahepatic, also known as Klatskin tumors (22,24).

Similar to HCC, CCA is asymptomatic and patients present with an advanced stage, when
therapeutic options are limited. At diagnosis, most patients have an untreatable tumor with a
median survival rate of 12 months after diagnosis, and less than 5% of patients who undergo
tumor resection survive up to 5 years. Overall, CCA entails a very poor outcome with a high
mortality rate due to liver failure, biliary obstruction and persistent sepsis (23).

1.2.1 Epidemiology and risk factors of CCA

CCA represents the second most common primary liver cancer, the sixth most common
cancer worldwide, and the third cause of cancer-related death(24). Over the last 30 years, the
average age of CCA incidence occurs in the seventh decade with a 5:1 ratio of males to
females(24,25). While CCA occurs most frequently in Asia, particularly Southeast Asia, the
incidence of this cancer has been increasing in the US and Europe over the past four decades

(24,26).



While the etiology of CCA remains unknown, many risk factors have been linked to CCA
development. This include, Primary Sclerosing Cholangitis (PSC) that contributes to CAA within
2.5 years from its diagnosis (26). Currently, PSC is responsible for up to 15% of all CCA cases
(26). Moreover, Kurathong S, et al. proposed the involvement of hepatobiliary flukes
(Opisthorchis viverrini and Clonorchis Sinensis) in the pathogenesis of CCA; these flukes mainly
occur from the consumption of undercooked or raw fish (27). The correlation between O.
viverrini and the development of CCA has been approved in animal models (28). Furthermore,
hepatolithiasis, which is defined as the presence of gallstones in the bile ducts, has been linked
with the development of CCA (26,29). Additional risk factors for CCA include Caroli’s
syndrome, choledochal cysts, and congenital hepatic fibrosis (26).

1.2.2 Pathogenesis:

In the last decade, the incidence of CCA has increased; with a high mortality rate from
intrahepatic CC. Several studies contributed to deciphering the molecular pathogenesis involved
in the malignant transformation of cholangiocytes. These studies revealed the involvement of
multiple etiological factors in cholangiocarcinogenesis with marked genetic and epigenetic
alterations. However, research acknowledges that the chronic inflammation of the bile duct leads
to cholangiocyte damage and subsequent obstruction of bile flow, thus leading to the
development of CCA (30). One of the well-recognized risk factors contributing to the chronic
inflammation of the biliary tree is PSC, a cholestatic liver disease characterized by the
inflammatory destruction of the biliary tree (31). PSC causes a local increase of cytokine
production, leading to prolonged stress in cholangiocytes, irreversible DNA damage, and the
inhibition of the tumor suppressor gene (30,31). Recent studies revealed a high expression level
of activation-induced cytidine deaminase (AID), the DNA/RNA-editing enzyme family, in PSC-

related CC (32). The abnormal expression of AID has been associated with tumor suppressor



gene mutations such as p53 (32-34). On the other hand, a study investigating PSC-related CC
showed an aberrant expression of the proto-oncogene k-ras (35) and inducible nitric oxide (NO)
synthase (iNOS) (33). CCA patients infected with O. viverrini demonstrated a high expression
level of cytokines, including the interleukin-1 receptor (IL-1) (36). Moreover, in vitro studies
showed a correlation between bile duct acid accumulation and the development of CCA (37).
Specifically, the accumulation of intrahepatic bile duct acid leads to the chronic inflammation of
cholangiocytes, which subsequently increases the production of interleukin (IL)-6. IL-6 has
proven to upregulate myeloid cell leukemia-1 (Mcl-1), a potent anti-apoptotic B-cell lymphoma
(Bcl)-2 protein, which causes cellular resistance to apoptosis (30,37).

1.2.3 Clinical, laboratory diagnosis and tumor markers

Despite the availability of many diagnostic approaches, the diagnosis of cholangiocellular
carcinoma remains difficult because most patients present with non-specific symptoms. This
characteristic enhances the difficulty of diagnosing the disease in early-stage patients, with the
exception of high-risk individuals enrolled in a screening program. Currently, the most effective
method of CCA diagnosis involves the use of imaging techniques in combination with several
laboratory tests. The two imagining techniques in CCA diagnosis include computed tomography
(CT) and magnetic resonance imaging (MRI) (38). Among these methods, CT is most effective
for assessing extrahepatic metastasis (39).

Serum levels of the tumor marker, carbohydrate antigen 19-9 (CA19-9), can detect CCA
with 74% sensitivity and 82% specificity (40). CA19-9 occurs in high levels in patients with
other gastrointestinal diseases, such choledocholithiasis (41). Since elevated levels of CA19-9 are
correlated with metastatic CCA, its serum levels might be utilized as an indicator for tumor
stages (42). In addition to CA19-9, carcinoembryonic antigen (CEA) has been elevated in CCA

patients, demonstrating 52% sensitivity and 55% specificity (40).



1.2.4 Options and potential challenges of CCA treatment

CCA represents an aggressive tumor with a poor prognosis and a low survival rate. CCA
patients live approximately 12 months or less without treatment (43). Definitive curative
treatments have limited availability due to the difficulty of early diagnosis. In most cases, the
resectability rate is very low due to the tumor’s advanced or metastatic state (44). Currently,
surgical resection and liver transplantation (LT) represent the only treatment options for early
stage tumors (44). A complete tumor resection can be performed in 25-40% of CCA patients
(45), with 20% of these patients having a three-year survival rate and 51% of patients having a
one-year survival rate (43).

In the case of nonresectable tumors, LT comprises a preferable option for selective
patients with tumor sizes of less than 3 cm and lacking evidence of extra or intra tumor
extensions; however, even after LT, CCA patients still demonstrate a poor prognosis due to
tumor reoccurrence (CCA (46,47). The survival rate of patients can be enhanced by the
combination of tumor resection and neoadjuvant chemoradiation therapy, especially in
comparison with tumor resection alone. (48).

1.3 miRNA
1.3.1 Overview

Since discovering that the lin-4 gene of Caenorhabditis elegans encodes small RNA
complementarity to lin-14, researchers have suggested that the interaction between lin-4 and lin-
14 fulfills a key role in the regulation of protein expression in C. elegans (49,50). Subsequent
identification of the conserved let-7 gene among species including humans (51) has initiated a
revolution in the scientific research to investigate a new class of small non-coding RNA, known
as microRNAs (miRNA).

miRNA comprise a class of short (~22 nucleotides), non-coding RNA that functions as
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post-transcriptional regulatory molecule in most eukaryotes, including humans, and provides a
critical function in every aspect of biological processes, including proliferation, differentiation,
developmental time, apoptosis, metabolism, and metastasis (51). Thus, the deregulation of
miRNA has been highly associated with human diseases such as cancer (52).

The standard mechanism of action by which miRNA repress the translation of target
proteins occurs through base pairings to the 3° untranslated regions (3’UTRs) of target messenger
RNAs (mRNAs). This pairing mediates protein repression by mRNA cleavage or/and
translational inhibition (52). The 3> UTRs of most mRNAs contain a conserved sequence that is
highly complementary to a 2-8 bases of miRNA sequences; accordingly, these regions have been
subsequently referred to as the ‘seed regions’ (53). However, mRNA cleavage requires a perfect
base pairing with the guide miRNA, which does not usually occur in animals. Current research
suggests that animal miRNA regulates gene expression post-transcriptionally by the process of
translation inhibition (52). This mechanism, which involves the miRNA silencing gene
expression, undergoes detailed discussion in Section 1.3.3.

1.3.2 miRNA biogenesis
1.3.2.1 General miRNA biogenesis aspect

The earliest steps of miRNA biosynthesis start in the nucleus, where the miRNA-genes
are transcribed into primary miRNA (pri-miRNA), a long transcript with a hairpin structure, a
terminal loop, and a flanking single strand RNA segment (52,54). An early study on randomly
selected pri-miRNA showed evidence of miRNA gene transcription by RNA polymerase II (55),
which initiates the transcription by binding to the promoter region of the miRNA gene.
However, the miRNA-gene promoter lacks all elements required for transcription initiation (55),
which complicates the identification of miRNA promoters. The majority of miRNA exist within

the intrinsic and extrinsic regions of protein-coding genes; however, several studies have revealed
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that some miRNA are located within the intergenic region (56-59)

Following transcription, pri-miRNA is processed through a sequence of endonucleolytic
cleavage catalyzed by two RNA polymerase type III enzymes: Drosha and Dicer. In the nucleus,
Drosha complexes with DiGeorge syndrome critical region 8 (DGCRS) to cleave the pri-miRNA
into a ~ 60-100 nt hairpin structure precursor miRNA (pre-miRNA). Subsequently, pre-miRNA
undergoes transport from the nucleus into the cytoplasm by exportin-5-dependent transports
(EXPS) for additional cleavage by Dicer (52,60).

Dicer promotes the cleavage of pre-miRNA to generate a ~ 22 nt mature miRNA duplex
(ds-miRNA) containing both guide strand and passenger strand miRNA. The miRNA duplex is
then incorporate into an Argonaute protein to form a large protein complex termed the RNA-
induced silencing complex (mi-RISC), which causes the degradation of the miRNA passenger
strand and the unwinding of the miRNA duplex. Subsequently, the RISC complex guides miRNA
to its target mRNA and represses the translation by base pairing to the 3’UTRs of its target (52).
(Figure 1)
1.3.2.2 Nuclear processing of miRNA by Drosha

The stem-loop structure of the pri-miRNA transcript represents a distinctive characteristic
that triggers Drosha to initiate the cleavage. Accordingly, Drosha acts on the base of the stem-
loop to generate ~ 60 nt precursor miRNA (pre-miRNA) with around 2 nt overhanging at the 3°-
end(49). An in vitro study indicated the necessary existence of a cofactor to increase the catalytic
action of Drosha (61,62). This research found that the reconstructed Drosha fails to produce a
mature miRNA, thus suggesting that Drosha requires an essential cofactor in order to generate a
mature miRNA. For instance, DGCRS8 is a cofactor that interacts with Drosha to form a large
complex, known as the Drosha microprocessor complex. The main function of DGCRS involves

the recognition of the region between single stranded RNA and the stem-loop, which promotes
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Drosha to cut ~11 bp away from the ssRNA-dsRNA junction (61).

The expression level of the Drosha/DGCRS8 microprocessor represents a critical factor
that regulates pre-miRNA production. Although the mechanism controlling the microprocessor
expression remains unclear, recent studies suggest that the microprocessor’s deregulation can
alter miRNA production, which subsequently affects the function of cells. Muralidhar and his
group have found that the expression level of Drosha increases in cervical cancer. These authors
also found that Drosha is linked to the upregulation of miR-31 (63). On the other hand, in vitro
processing of the pri-miRNA study has found that a minor change in DGCRS8 expression inhibits
the processing of pri-miRNA by Drosha. This finding suggests the tight regulation of the
Drosha/DGCRS8 microprocessor level, which is closely linked for the precise production of pri-
miRNA(64).
1.3.2.3 Nuclear export of pre-miRNA to the cytoplasm

After nuclear processing mediated by the Drosha/DGCR8 complex, pre-miRNA is
transported to the cytoplasm by Exportin 5 (EXPS5) , RanGTP-dependent dsSRNA-binding protein,
for maturation. EXP5 recognizes pre-miRNA by its structure, thus indicating the significance of
the steam loop for successfully binding to EXP5 (65).

The experimental knockdown of EXPS causes a reduction in the overall level of mature
miRNA (66). Interestingly, this study reveals the lack of accumulation of pre-miRNA in the
nucleus, suggesting that EXP5 prevents nuclear digestion and facilitates the translocation of pre-
miRNA into the cytoplasm (66). Pre-miRNA binds to EXP5 in conjunction with GTP, which is
bound to the Ran cofactor following a release of pre-miRNA in the cytoplasm and a subsequent
hydrolysis of GTP (54)
1.3.2.4 Cytoplasmic processing by Dicer and maturation

Following the translocation of pre-miRNA into the cytoplasm, another RNase type III
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protein called Dicer cleaves pre-miRNA near the terminal loop to generate a ~22 nt mature
miRNA duplex with 3’ overhanging ends (49)

Similar to the case with Drosha, several studies have identified Dicer-associated proteins
that act to enhance the stability and activity of this enzyme. The most abundant co-factor proteins
found to interact with Dicer include the TAR RNA binding protein (TRBP) and the protein
kinase R-activation protein (PACT) (67,68). The expression level of Dicer and its cofactor fulfill
a critical role in miRNA biogenesis. A study conducted by Melo et. al. has demonstrated a key
finding about miRNA biogenesis in human carcinoma. Their results suggest that the depletion of
either TRBP or PACT affect the stability of Dicer, both of which are associated with a decreased
level of miRNA (67). On the other hand, different expression levels of Dicer have been observed
in several types of cancer; for instance, a decreased level of Dicer occurs in non-small cell-lung
carcinoma and a high expression level exists in prostate cancer (49).

Cell lineage abnormal 28 (Lin28) is a conserved RNA-binding protein found in
eukaryotes. This protein functions as a regulatory molecule in several cellular functions,
including development, differentiation, metabolism, pluripotency and tumorigenesis. In recent
years, 1in28/1in28b has been found to modulate miRNA biogenesis by directly inhibiting pre-
miRNA-Dicer processing(69). The negative regulation of miRNA biogenesis depends upon the
domain structure of 1in28/1in28b, which consists of three RNA-binding domains: an N-terminal
cold shock domain (CSD) and two-zinc knuckle—type (CCHC-type) zinc-finger (ZnF) domains.
The RNA-binding domains CSD and Znf have been implicated in miRNA processing (70). To
date, only let-7 family members have been found to interact with 1in-28(70). This relationship
leads to the subsequent inhibition of Dicer action, revealing the post-transcriptional regulatory
role of 1in28 in Dicer activity (71).

1.3.2.5 Argonaute loading and RISC assembly
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The miRNA duplex generated by Dicer becomes incorporated into the Argonaute protein
(Ago) in order to form the RISC effector complex. Once loaded, the miRNA guiding strand
remains in the Ago protein while the other strand of the duplex experiences degradation.
Although the reason for selecting the guiding strand remains unclear, some studies investigating
the miRNA duplex suggest the role of thermodynamic stability in strand selection(71). These
studies found that the strand with an unstable base pair characteristic at the 5’ end joins the Ago
protein while the other strand with the more stable 5° end, becomes degraded (54).

Together, Ago and Dicer, in association with TRBP and/or PACT, form the RISC loading
complex (RLC), which subsequently facilitates the formation of the RISC complex containing a
single miRNA strand and guiding it to its target mRNA (49,54,71).

1.3.3 Mechanism of miRNA silencing gene expression

During the past decade, researchers suggested that miRNA play a key role in the
posttranscriptional regulation of gene expression. Functional analysis of miRNA has revealed the
precise ability of miRNA to recognize their target mRNA, bind to them by base pairing to the
3’UTR, and negatively regulating these targets. Currently, the two main mechanisms involved in
miRNA silencing gene expression include mRNA cleavage and translation inhibition, also known
as slicer-dependent and slicer-independent pathways (52). The miRNA-mRNA interaction
strongly depends on the compatibility between the miRNA and the seed region of their target
mRNA. The perfect match between miRNA-mRNA strands triggers mRNA degradation (Figure
1), while a lack of compatibility triggers translation repression (52).

miRNA mediate posttranscriptional gene silencing through the effector complex, RISCs,
and its core component, Argonaute (Ago) proteins. Ago proteins comprise a class of highly
conserved proteins in animals, plant, and fungi as well as in many unicellular and multicellular

organisms. In humans, the Ago protein consists of four members: Agol, Ago 2, Ago 3 and Ago
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4. A structural analysis of Ago reveals the presence of two main domains: PIWI and PAZ
(72,73). Each domain has its own unique characteristics that facilities the Ago mechanism of
action. For instance, the PIWI domain contains an RNase H-like fold(73), which serves as the
catalytic center of Ago responsible for targeted mRNA decay. In humans, only Ago2 (hAgo2)
contains an active catalytic PIWI domain(62,74). Whereas the PIWI domain only occurs in
Argonaute, the PAZ domain also exists in Dicer enzymes(75). Several studies suggest that the
PAZ domain possesses the ability to interact with the 3’ end of pre-miRNA. In conjunction, the
PAZ domain in Dicer and Argonaute proteins fulfill a key role in identifying the terminal
structures of pre-miRNA and aid in its processing (75,76).

As previously mentioned, a perfect match between miRNA and its target mRNA
promotes the endonucleolytic cleavage by Ago2. Although the majority of animal miRNA can
promote the translation inhibition of their target (52), mRNA decays can also occur. The
mechanisms by which miRNA mediates mRNA degradation remain only partially understood
and controversial. However, studies targeting the Argonaute protein, especially Agol, have
demonstrated the importance of GW182 family proteins, which are required for the miRNA-
mediated gene silencing via mRNA cleavage. These studies conclude that GW182 interacts with
Agol and enhances decay via deadenylation and decapping with DCP1 and DCP2 (77,78).

In vitro experimental studies have revealed evidence of translation repression by miRNA
in the two stages of protein synthesis: initiation and elongation. The implications of these
findings have proposed several mechanisms by which miRNA mediates translation inhibition,
including cap recognition and suppression, elongation blocking, deadenylation of targets mRNA
by Ago, and 60S repression subunit joining(77,79,80).

1.3.4 The involvement of miRNA in cancer

The discovery of Lin-4 miRNA in Caenorhabditis elegans has prompted investigations to
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study the non-protein-coding sequences in DNA, which initially lacked recognized biological
functions and were simply considered as ‘junk DNA’. Shortly after the revelation of /in-4
miRNA, this ‘junk DNA’ attracted scientific research attention to study the role of miRNA.
Seven years later, a second miRNA, known as let-7, was discovered in C.elegans, where let-7
controls larval developmental time (51). In humans, let-7 demonstrates variable expression levels
among different tissues, such as the heart, brain, and colon (51).

In 2002, the first correlation between miRNA and cancer was reported when Calin and his
group investigated frequent chromosomal deletion in chronic lymphocytic leukemia (CLL) and
two miRNA: miR-15 and miR-16 (81). These authors revealed a frequent deletion of
chromosome 13q14 in the majority of CLL cases. In addition, they demonstrated that miR-15 and
miR-16 are located within the deleted region. (51,82). A few years later, the miR-17-92 cluster
was identified as a potential oncogene that controls the expression of c-Myc in a B-cell
lymphoma mouse model(83,84). This cluster located in chromosome 13q31.3, a region that
amplifies in several types of lymphomas(85,86). MiR-17-92 cluster demonstrates overexpression
in colon cancer(87)and lung cancer(88). These findings suggest that miRNA genes are located in
fragile sites of the genome that are usually deleted or amplified in human cancer(81).

Global analysis of miRNA in cancer tissue has shown a deregulation in total miRNA
expression level when compared to the corresponding normal tissues. For instance, microarray
and northern blot analyses reveal that several miRNA in breast cancer tissues are significantly
deregulated, including miR-145, miR-125b, and miR-155(89). In colorectal neoplasia, miR-143
and miR-145 have demonstrated downregulation in comparison to normal mucosa specimens
(90). Moreover, bead-based flow cytometric analyses of 217 miRNA expressions in 334 human
samples have revealed that, in comparison to normal tissues, 90% of miRNA are downregulated

in leukemias and many solid cancers (91). Conversely, large-scale analyses of miRNA profiling
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in 540 samples from six solid tumors including breast, colon, stomach, prostate, pancreas, and
lung showed 26 overexpressed miRNA and 17 downregulated miRNA (92). Specifically, miR-21
demonstrated overexpression in all of the six tumors; miR-218-2 is downregulated in stomach,
colon, prostate, and pancreas cancers but not in lung and breast carcinomas(92).

1.3.4.1 Potential role of miRNA as tumor suppressors

The profiling of miR-15 and miR-16 in CLL comprised one of the first observations of
miRNA involvement in cancer progression. A few years later, B cell lymphoma 2 (BCL-2) was
identified as a main target of miR-15 and miR-16. Cimmino and his group have shown that these
two miRNA were significantly downregulated in 26 CLL samples, which contributed to CLL
tumorigenesis by upregulating Bcl2, an anti-apoptotic gene(93). Moreover, these authors also
demonstrated that the overexpression of miR-15 and miR-16 downregulates BCL-2 and induces
the apoptosis of B cells in CLL. Thus, the role of these miRNA in negatively regulating the
BCL-2 gene indicated their tumor-suppressive properties.

Another group of miRNA that display tumor-suppressive properties include the let-7
family. As previously mentioned, this group of miRNA was originally identified as controlling
larval developmental time in C.elegans(51). In 2004, Takamizawa et al. performed in vitro and in
vivo studies to display a remarkably low expression of let-7 in human lung cancer (94).
Furthermore, the overexpression of let-7 in human lung cancer cells inhibits cancer cell growth in
vitro. Overall, these finding indicate the critical role of let-7 in tumorigenesis. Hence, these early
observations of tumor suppressive properties in miR-15, miR-16, and let-7 provided a conclusion
to scientific research that miRNA with reduced expression may act as a tumor suppressor gene by
inhibiting oncogenes, anti-apoptotic genes, and genes that regulate cell proliferation and

differentiation (51). Examples of other tumor suppressor miRNA are listed in Table 1.
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1.3.4.2 Potential role of miRNA as oncogenes

In addition to tumor suppression, miRNA also contain well-established oncogenic
properties. Oncogenic miRNA are overexpressed in cancer and a play a key role in the inhibition
of tumor suppressor genes as well as apoptotic genes and regulator genes involved in cell
proliferation and differentiation (51). The miRNA-17~92 cluster is a well-established oncomir
known as on OncoMiR-1. In 2005, He et al. first reported the oncogenic aspect of miRNA-
17~92(83). These authors found that the overexpression of miRNA-17~92 in c-Myc transgenic
mice directly enhanced the formation of lymphomas(83). Although the exact mechanism of how
miRNA-17~92 induces tumorigenesis in mice models remains unclear, one hypothesis maintains
that it may result from c-Myc overexpression. (83).

Another example of an oncomir is miR-155, which has been commonly overexpressed in
solid tumors, such as lungs (95), breasts(89), and pancreas (96) as well as human lymphomas
(97). Studies have reported that miR-155 might act as an oncogene in pancreatic cancer through
the inhibition of Tumor Protein 53-Induced Nuclear Protein 1 (TP53INP1) (96). Examples of
other oncogenic miRNA are listed in Table 2.

1.3.5 Involvement of miRNA in hepatobiliary carcinogenesis

The frequent deregulation of miRNA has fulfilled a critical function in human cancer.
For example, profiling studies conducted on hepatobiliary cancer have demonstrated signature-
deregulated miRNA that participate significantly in hepatobiliary carcinogenesis. These miRNA
control liver cancer development and participate in all tumor stages, including cell proliferation,
metastasis and apoptosis. Table 3 summarizes some of the newly profiled deregulated miRNA in
liver cancer, including HCC and CCA.
1.3.5.1 miRNA in HCC

In the past few decades, many studies have investigated the involvement of miRNA in
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hepatocellular carcinoma progression, and emerging evidence has shown the effect of
deregulated miRNA in HCC cell proliferation and cell resistance to apoptosis. Moreover, certain
miRNA have been found to participate in tumor behavior, tumor stage, prognosis, and metastasis
potential. The cloning and sequencing of miRNA in mouse models has resulted in the assignment
of tissue-specific miRNA. Since 2002, miR-122 has been described as a hepatic-specific miRNA
that has not been detected in another tissue(98).

Several studies have demonstrated that miRNA can affect cell proliferation by targeting
genes involved in cell cycle control. For instance, cyclin-dependent kinases (CDKs) comprise
well-known proteins from the kinase family that regulate the cell cycle. A recent study on the role
of miRNA-200a in HCC progression demonstrated that the deregulation of miR-200a in HCC
cell lines induce tumorigenesis by targeting CDK6 (99). Also, investigations have illustrated that
CDKG6 constitutes a direct target for miRNA-124(100). In addition to the regulation of cell cycle
genes by miRNA, apoptotic genes comprise a direct target for miRNA. For example, one in vitro
study has revealed a strong association between miRNA-122 and Bcl-w as a main target. In this
study, the induced expression of miR-122 downregulated Bcl-w, suggesting that miR-122 may
induce tumor cell apoptosis (101). IL-6 and MCL-1 also represent other targets for miRNA,
including miR-125b and miR-26a(102,103).

The expression of miRNA in HCC also correlates with the clinical features of HCC
patients. Specifically, the expression levels of miR-20, miR-92, miR-18 were significantly
elevated in poorly differentiated HCC samples but remained constant in well-differentiated HCC
samples (104,105).
1.3.5.2 miRNA in CCA

The involvement of MiRNA in CCA pathogenesis has not been studied as extensively as

that in HCC. Consequently, the exact mechanism of miRNA-induced CCA tumorigenesis
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remains controversial. However, investigations have reported several deregulated miRNA in
CCA and their possible targets.

miRNA-21 represents one of the most studied miRNA in CCA. Kawahigashi et al.
reported that among 28 miRNA included in their study, miR-21 expressed most frequently in
CCA cell lines. In fact, miR-21 was also expressed in the normal intrahepatic biliary epithelial
cell line, suggested the novelty of miR-21 in biliary epithelium (106). One recent study reported
that the NAD-Linked 15-hydroxyprostaglandin dehydrogenase (15-PGDH), the COX-2/PGE2
signaling pathway key enzymes, constitute a direct target for miR-21(107). PDCD4(108)and
TIMP3(109) were also identified as potential targets for miR-21. Moreover, in vitro studies of
miRNA-200b/c and miRNA-31 in CCA cell lines showed that these miRNA inhibited cell
migration and cell proliferation by targeting ROCK2(110) and RASA1(111)respectively.

1.4 MiR-126

Expression analyses of miRNA have confirmed the existence of certain miRNA in a
particular organ or to a specific cell linage. Additionally, recent studies on Dicer-miRNA
interaction in endothelial cells (EC) have revealed that this relationship has a significant impact
on EC functions (112,113). For example, an in vitro study on Dicer-allele hypomorphic mice has
shown that the Dicer-miRNA interaction significantly impedes the formation of blood vessels in
embryos and yolk sacs(114) Based on these findings, Dicer and miRNA may combine to perform
a possible role in angiogenesis.

In 2008, an investigation on the expression of miRNA identified miRNA-126 as an
endothelial-specific miRNA located within the 7th intron of the Epidermal Growth Factor Like
Domain 7 (EGFL7), which resides in human chromosome 9 (115,116). Moreover, miR-126
demonstrates a high expression pattern in hematopoietic progenitor cells and highly vascularized

tissue, including the liver(115). Moreover, the role of miR-126 has been recognized in several
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diseases, such as atherosclerosis (117,118)and it also fulfills a significant role in pre-eclampsia
pregnancy disorder (119).
1.4.1 miRNA 126 in cancers

The expression patterns and implications of miR-126 in several diseases have provided
new insight for studying its role in cancer. The downregulation of miR-126 has been observed in
different types of primary tumors, including breast, lung, pancreas, and gastrointestinal cancers.
In breast cancer, miR-126 expression generally decreased in MDA-MB-231 cancer cell lines; the
induction of its expression suppresses the ability of MDA-MB-231 to metastasize(120).
Moreover, the in vivo delivery of miR-126 in NOD/SCID female mice (NCI) has significantly
decreased the overall tumor size(120). These findings indicate that miR-126 contains the ability
to suppress breast cancer growth and metastasis by inhibiting cancer cell proliferation. In lung
cancer, expression profiling has revealed a low level of miR-126 in cancer tissue relative to non-
cancerous control samples(121,122). Furthermore, miR-126 restoration in lung cancer cells has
reduced the expression of vascular endothelial growth factor (VEGF) and inhibited cell
proliferation(123). The delivery of miR-126 via lentivirus into nude mice successfully impeded
the growth of A549 lung cancer cells in vivo (123). However, VEGF has been identified as a
main target for miR-126 in many other types of cancers (115). The loss of miR-126 has been
reported in many gastrointestinal cancers, including gastric cancer(124,125)and colon
cancer(126-128). Interestingly, SOX2, CXCR4, and genes involved in the phosphatidylinositol 3-
kinase signaling pathway (PI3K) have been identified as a novel target for miR-126 in gastric and
colon cancer (125,126,128). The low expression of miR-126 has also been detected in pancreatic

cancer (129).
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1.4.2 miR-126 in liver cancer

Based on the literature and available data for miR-126, its expression pattern generally
exhibits downregulation in most cancers, including liver cancer. To our knowledge, only one
study on CCA tissue was reported (130). McNally et al. have demonstrated a low expression
level of miR-126 in 32 restricted CCAs relative to adjacent normal bile duct epithelia. These
authors also demonstrated a correlation between miR-126 and the overall survival rate; however,
low expression was associated with improved median survival rates(130).

Studies have focused more strongly on miR-126 in HCC than in CCA. In 2012, Novellino
et al. proposed that miR-126 tends to be low in HBV-related HCC(131). These authors showed
that miR-126 expression, along with other miRNA, was significantly associated with immune-
precipitated HBsAg particles from the sera of 11 HBV carriers, suggesting that miR-126 may act
as a prognostic marker for HBV-related HCC(131). Moreover, investigators have reported that
miR-126 expression levels were lower in tumor tissues of patients with recurrent HCC following
liver transplants when compared to non-recurrent patients(132). In the same study, the authors
also found that the restoration of miR-126 expression in HCC cell lines inhibit cancer cell
migration, invasion, growth, and proliferation. Similarly, the overexpression of miR-126
possessed the ability to suppress HCC metastases in vivo (132). In addition, another research
reported a decreased level of miR-126 in HCC recurrence tissue after LT (133). In contrast, qRT-
PCR analysis on HCC tissue and cell lines has revealed a lower expression level of-miR-126 in
comparison with normal liver tissue and cell lines (134). The same investigators have performed
an in vitro gain of function analysis, showing a reduction in the ability of cells to invade and
migrate. These results indicate that miR-126 possesses an anti-metastasis and anti-angiogenesis
effect in HCC cancer cells by targeting LRP6 and PIK3R2(134). Interestingly, the same study

performed an in vivo analysis using nude mice; the findings demonstrated the suppressive
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properties of miR-126 in tumor proliferation and angiogenesis(134). Another study of HCC
tissue has revealed a lower expression pattern of miR-126", a miR-126 complement, in alcoholic-
related HCC when compared to other types of HCC(135).

1.5 Rationale of this study, hypothesis and thesis objectives

An increasing number of liver cancer studies have aimed to identify unique diagnostic
markers and therapeutic approaches by understanding liver cancer pathogenesis. The discovery of
miRNA and the subsequent experiments of their biological functions in vivo and in vitro have
provided significant insight into carcinogenic processes and tumor behavior. Specifically, the
altered expression of miRNA in cancer tissues relative to non-cancerous tissues implies the role
of miRNA in cancer development as novel oncogenes and tumor suppressors. MiR-126 has been
investigated in many human cancers, and researchers have elucidated its functions as a tumor
suppressor gene. To the best of our knowledge, existing studies have not provided insight about
miR-126 in liver cancer, including HCC and CCA.

Therefore, this thesis examines the hypothesis that miR-126 fulfills the role of a
tumor suppressor gene in liver cancer, especially CCA and HCC.

The primary objective of this thesis aims to investigate the expression level of miR-126
in HCC and CCA by using cell lines and formalin-fixed paraffin-embedding tissue as study
models. Since miR-126 tends to be downregulated in most cancer types, the expression level of
miR-126 in our study models was confirmed using in situ hybridization analysis (ISH) and
quantitative real time polymerase chain reaction (RT-PCR). Upon the confirmation of miR-126
expression levels, the second objective aimed to use gain of functional analysis to study the

biological effects of miR-126 in cancer cell proliferation, migration, and growth.
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Figure 1.1 . miRNA biogenesis (71). In the nucleus, polymerase II or III transcript miRNA gene into primary
miRNA transcript (pri-miRNA) which is then cleavage by the microprocessor complex Drosha-DGCR8. The
pre-miRNA is then exported from the nucleus to the cytoplasm by Exportin-5-Ran-GTP. In the cytoplasm,
the RNase Dicer in complex with the double-stranded RNA-binding protein TRBP cleaves the pre-miRNA
hairpin to its 22-nucleotide mature miRNA duplex. The guiding strand of the miRNA duplex is then loaded
with Argonaute (Ago2) proteins into the RNA-induced silencing complex (RISC), where it directs RISC to
there target mRNAs through ad dampen their expression by mRNA degradation, translational repression or
deadenylation. Reprinted with permission from the publisher.
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Table 1: Examples of miRNA with tumor suppressive aspects

miRNA Cancer Target Gene Reference

miR-18a Colorectal Cancer CDC(C42 (141)

miR-30a Chronic Myeloid Leukemia BCR-ABL (142)

miR-127 Breast Cancer Tudor-SN (143)

miR-29 B Cell Chronic Lymphocytic TCL1 (144)
Leukemia

miR-181a B Cell Chronic Lymphocytic TCL1 (144)
Leukemia

Table 2: Examples of miRNA with tumor oncogenic aspects

miRNA Cancer Target Gene Reference

miR-222 Oral Squamous Cell Carcinoma PUMA (136)

miR-199a Gastric Cancer ZHX1 (137)

miR-135b Osteosarcoma FOXO1 (138)

miR-106a Pancreatic Cancer TIMP-2 (139)

miR-106a Gastric Cancer TIMP-2 (140)
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Table 3: Examples of deregulated miRNA in Liver Cancer

miRNA Liver Cancer | Expression Proposed Function | Target Reference
miR-29 CCA Downregulated Tumor Suppressor | c-Myc (145)
miR-127 | HCC Downregulated Tumor Suppressor | MMP13 | (146)
miR-138 | CCA Downregulated Tumor Suppressor | RhoC (147)
miR-141 | HCC Downregulated Tumor Suppressor | HNF-33 | (148)
miR-181a | HCC Downregulated Tumor Suppressor | c-Met (149)
miR-198 | HCC Downregulated Tumor Suppressor | c-Met (150)
miR-204 | CCA Downregulated Tumor Suppressor | Slug (151)
miR-214 | CCA Downregulated Tumor Suppressor | Twist (152)
miR-362 | HCC Upregulated Oncogene CYLD (153)
miR-433 | HCC Downregulated Tumor Suppressor | PAK4 (154)
miR-486 | HCC Downregulated Tumor Suppressor | p85a (155)
miR-605 | CCA Downregulated Tumor Suppressor | PSMDI10 | (156)
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Chapter 2

Materials and Methods

28



2.1 Cell lines:

The previously published cholangiocarcinoma cell line, HuCCT1, was purchased from the
cell culture bank of the Japan Health Sciences Foundation. Alternatively, the hepatocellular
carcinoma (HCC) cell line, HepG2, was obtained from the American Type Culture Collection,
(ATCC, Rockville, MD). The human embryonic kidney 293 cells, HEK293T, were obtained
from Dr. Judith Hugh’s Lab in the Katz Building at the University of Alberta.

All cells were cultured in their appropriate media. Specifically, HuCCT1 was cultured in a
RPMI 1680 medium, purchased from Invitrogen Canada Inc. in Burlington, ON, Canada. This
was supplemented with 10% Fetal Bovine Serum (FBS), obtained from PAA Laboratories Inc. in
Etobicoke, ON, Canada, and with 1ml gentamicin. HepG2 was cultured in Eagle's Minimum
Essential Medium (EMEM), purchased from ATCC in Rockville, MD, and supplemented with
10% FBS and 1ml gentamicin.

The cell line HEK293T was cultured in Dulbecco's Modified Eagle Medium (DMEM)
and purchased from Invitrogen Canada Inc. in Burlington, ON, Canada. This specimen was
supplemented with 10% FBS and 5 ml penicillin — streptomycin. All cells underwent incubation
ina5 % CO2 chamber at 37°C and were grown as a monolayer.

2.2 Tissue samples:

Hepatocellular and cholangiocellular carcinoma tissues were obtained from the archives
of the Department of Laboratory Medicine and Pathology at the University of Alberta. All tissue
samples were fixed in 4% buffered formaldehyde and processed regularly. Paraftin tissue blocks
were sectioned at six pum in an RNA-free environment and used for the in situ hybridization
method.

2.3 RNA extraction, cDNA synthesis, and RT-PCR:

The total RNA was extracted from the aforementioned cell lines by using mirVana™
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miRNA Isolation Kit, purchased from Ambion in Burlington, ON and applied according to the
manufacturer’s instructions. The quality and quantity of the RNA samples were assessed by the
Agilent 2100 Bioanalyzer, located in the Department of Agriculture, Food and Nutritional
Science at the University of Alberta, and the NanoDrop 1000 and Spectrophotometer, obtained
from Thermo Scientific in Wilmington, USA. First, 10 ng of the total RNA underwent reverse
transcription (RT) at a final reaction volume of 15 ul using the TagMan® MicroRNA Reverse
Transcription Kit, purchased from Applied Biosystems in CA, USA and applied according to the
manufacturer’s instructions. The cycling conditions for the RT reaction involved the following
steps: 1) hold at 16 °C for 30 min, 2) hold at 42 °C for 30 min, and 3) hold for 5 min at 85 °C
followed by a holding step at 4 °C for «. The expression level of mature miR-126 was measured
by a real time PCR reaction (QRT-PCR) according to the TagMan® MicroRNA assays protocol
under the following cycling conditions: hold at 95 °C for 10 min followed by 40 cycles of
denaturing at 95°C for 15 s and an annealing or final extension at 60°C for 30 s. All quantitation
procedures were normalized using human U6 small nuclear RNA (U6 snRNA), obtained from

—Act

Applied Biosystems, by the 2 ™ method. Theoretically, miR-126 expression level becomes
downregulated in cancer cell lines when the relative expression ratio is less than one. The primers
used in RT and qRT-PCR reactions for miRNA-126  (hsa-miR-126-3p,
UCGUACCGUGAGUAAUAAUGCG) and U6 snRNA were purchased from Applied
Biosystems in CA, USA. Both reactions were conducted using the StepOnePlus RT-PCR
machine, obtained from Applied Biosystems.
2.4 Transient transfection of miRNA-126 mimic and negative control:

Chemically modified double-stranded RNAs that mimic miRNA-126 and mirVana™

miRNA Negative Control #1 were purchased from Ambion. Each day, the HuCCT1 and HepG2

cells were trypsinised, counted, and seeded in six well plates at a density of 200,000 cells/well.
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This procedure was performed prior to the transfections to ensure 80% confluence at the time of
transfection. Subsequently, the transfection of miR-126 mimic and negative control occurred
using Lipofectamine® RNAIMAX Transfection Reagent, purchased from Invitrogen and applied
according to the manufacturer’s instructions, at a final concentration of 10nM. After 48-post
transfections, qRT-PCR was used to confirm the transfection (Figure 5). The transfected cells

were then used for subsequent experiments.

2.5 Cell proliferation assay:

To detect the changes in cell viability, an MTS assay was performed using CellTiter 96®
AQueous One Solution Cell Proliferation Assay, obtained from Promega in Madison, USA and
applied according to the manufacturer’s instructions. 24 hours after transfection, the HepG2 and
HuCCT1 cells were trypsinised, counted, and seeded in a 96 well plate at a density of 5 X 10*
cells/well and grown for up to 3 days. The wells containing only media were used as a negative
control. Every 24 hours, 20 ul of MTS reagent was added to all wells and the solution incubated
for 4 h. Subsequently, the number of viable cells was assessed by measuring the absorbance at
490 nm using the SpecraMax M3 Microplate Reader, purchased from Molecular Devices in CA,
USA. The experiment was conducted a total of three times.

2.6 Colony formation assay:

A colony formation assay was used to monitor cell growth. Two cells, HepG2 and
HuccTl1, previously transfected with either miR-126 mimic or negative control, were trypsinised
24 h after transfection. All cells were counted and seeded in six well plates at a density of 1000
cells per well and incubated with their common media for up to two weeks. Specifically,
HuCCT1 underwent incubation for 10 days while HepG2 was incubated for 14 days. The

colonies that appeared were fixed with 4% formaldehyde and stained with 0.1% crystal violet.
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All colonies, with the exception of small colonies, were counted by the naked eye. This
experiment was repeated three times.
2.7 Wound healing assay:

To detect changes in the ability of tumor cells to migrate, a wound-healing assay was
performed. Specifically, 24 hours after transfection, HepG2 and HuCCT]1 cells were trypsinised,
counted, and seeded in six well plates and cultured overnight in their common media to ensure
90% confluency. The next day, the monolayer of the cells were wounded by a 200ul pipet tip.
Then, cells were rinsed twice with 1x PBS to remove unattached cells, and the common media
replaced. HuCCT1 cells were photographed at 0 and 12 h using an inverted digital microscope
obtained from Zeiss microscope at the Department of Oncology of the University of Alberta in
Edmonton, Canada. HepG2 cells were photographed at 0 and 48 h using the same microscope.
The gap size between the wound edges was measured using TScratch software (157).
Subsequently, the percentage of the open image areas at the end-time point in comparison to the 0
hour open area was measured by the following formula: [open wound area through time] = 100 x
[open image area end-point] / [open image area Oh] .The experiment was conducted a total of
three times.

2.8 In situ hybridization:

In situ hybridization was performed in FFPE tissue sections using the miRCURY
microRNA ISH Optimization Kit # 5, obtained from Exiqon in Vedbaek, Denmark. This kit
contains a Double-DIG-labeled LNA™ miR-126 probe, a scrambled negative control probe, and
a U6 small nuclear RNA positive control probe. The negative control probe contained no
complementary sequences among human and mouse genomes. All buffers or reagents used in the
experiment were prepared as described in the kit’s protocol. Sections were cut at 6 pm in an

RNA-free environment at Pathology Core Translational Research Facility, located in The Li Ka
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Shing Building at the University of Alberta, Edmonton, AB. The day prior to the experiment, all
slides were baked at 60 °C for 2 hours in order to melt the paraffin and subsequently stored at
4°C overnight. The next day, slides were placed in xylene to remove the paraffin, and in ethanol
to dehydrate. The xylene was applied three times for 5 minutes each, while a series of graded
ethanol was applied in the following manner: 100% strength for 5 minutes, 96% strength for 5
minutes, and 70% strength for 5 minutes. These procedures were followed by a washing step in
1xPBS for 5 min. The Proteinase-K treatment was performed at a concentration of 15 ug/ml for
10 min at 37 ° in the Dako hybridizer, obtained from ThermoBrite StatSpin in Iris, USA. Next, a
probe hybridization step was conducted for 60 min at 52 °C. The probe concentrations were 1 nM
for the LNA U6 snRNA probe and 60nM for the Double-DIG-labeled LNA™ miR-126 probe /
scrambled probe. Stringent washing steps were subsequently performed with SSC buffers at a
hybridization temperature of 52°C. Subsequently, slides were incubated with an antibody
blocking solution for 15 min at room temperature and then subjected to an incubation with an
anti-DIG-regent having a concentration of 1:500 for 60 min at room temperature. In order to
avoid tissue dehydration, the incubation occurred in a humidifying chamber. Slides were then
incubated with NBT/BCIP alkaline phosphatase (AP) substrate, obtained at Roche in Mannheim,
Germany, for 2 h at 30°C in the Dako hybridizer. Finally, slides were incubated with KTBT
buffer (AP stop solution) twice for five minutes in order to stop the reaction. They were then
counter stained with Nuclear Fast Red, obtained from Vector Laboratories in Burlingame, CA,
USA, and mounted with Eukitt mounting medium, purchased from Sigma-Aldrich Co. LLC in
Oakville, Ontario. All stained sections were visualized by using light microscopy with blue

staining indicating of a positive signal.
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2.9 Statistical analysis:
The Student t-test for two independent groups determined the statistical significance using
IBM SPSS Software Version 22. P-values of less than 0.05 were considered significantly

different.
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Figure 2.1: QRT-PCR for transfected cells. HepG2 and HuCCT1 cells were
transfected with Lipofectamine® RNAIMAX at a final volume of 10nM. A Ct
value of less than 20 was considered as a successful transfection. P <
0.007 (t.test)

35




Chapter 3

Results
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3.1 The miRNA-126 expression pattern is lower in tumor cells relative to human embryonic
kidney cells:

The role of miRNA-126 was investigated in the previously published hepatocellular
(HepG2) and cholangiocellular carcinoma (HuCCT1) cell lines. First, the expression pattern of
miR-126 in tumor cells underwent comparison to that in Human Embryonic Kidney 293T cells.
The findings showed that the expression level of mature miR-126 is significantly lower in HepG2
and HuCCTT1 cells relative to HEK293T. These results are demonstrated in Figure 3.1, (P<0.05).
3.2 The miR-126 expression is high in normal hepatocytes and blood vessels in situ:

To visualize the expression pattern of miR-126, HCC and CCA tissues were used as a
study model. In order to confirm the specificity of hybridization probes for our target, miR-126,
the probes underwent adjustment for all tissues with positive U6snRNA probes and negative
scrambled miRNA probes. The positive staining in nuclei occurs in Figure 3.2 while Figure 3.3
displays the negative scrambled probes without labeling.

The results demonstrate that miR-126 is highly expressed in normal hepatocytes of HCC
tissues (Figure 3.4A and B) and CCA tissues (Figure 3.5A and B). However, miR-126 fails to
show high expression at the tumor cells of the tissues (Figures 3.4C and 3.5C), especially in
comparison to the negative and positive controls (Figures 3.4D and 3.5D). On the other hand,
miR-126 showed a strong staining signal in the endothelial cells of blood vessels in both tissues
(Figures 3.4 A and B and 3.5A and B). Interestingly, a positive signal of miR-126 has been
observed in the sinusoid cells of HCC tissues (Figure 3.6).

3.3 The overexpression of miR-126 in tumor cells suppresses proliferation in HepG2 and
HuCCT1 cells:
The two cell lines, HepG2 and HuCCT]1, transfected by miR-126 mimic and scrambled

shRNA, were subjected to a MTS assay to determine the change in cell proliferation. MTS data
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revealed that the miR-126-transfected cells have a lower proliferation rate in comparison with
those in the negative control group. A significant difference in the proliferation of HepG2 cells
(Figure 3.7) was observed after 72h (P<0.05) and 96 h (P<0.05) post transfection. Similarly,
HuCCT1 (Figure 3.8) showed significant differences after 48 h (P<0.05) , 72 h (P<0.05) , and 96
h (P<0.05) post transfection.

3.4 The overexpression of miR-126 in tumor cells suppresses growth in HepG2 and
HuCCT1 cells:

To investigate the biological affect of miR-126 in cell growth, colony formation assay
was used. Figures 3.9 and 3.10 reveal that miR-126 transfected cells significantly suppressed
HepG2 and HuCCTT1 cell growth relative to the negative control group. HepG2 and a significant
HuCCT]1 demonstrated a significant difference of P<0.05.

3.5 Effects of miR-126 mimics on regulation of HepG2 and HuCCT]1 cells wound healing
ability:

HepG2 and HuCCT1 cells transfected with miR-126 mimic and/or negative control were
subjected to a wound-healing assay in order to investigate the biological effect of miR-126 in cell
migration. As seen in Figures 3.11 and 3.12, the migration ability of HepG2 and HuCCT1 was
significantly decreased when compared to that of the negative control. Specifically, HepG2
displayed a significant difference of P<0.05 at 0-48 h while HuCCT1 showed significant

difference of P<0.05 at 0-12 hours.
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Figure 3.1: Results of qRT-PCR measuring miR-126 expression in HepG2 and
HuCCT1 cells. MiR-126 showed a relatively lower expression in HepG2 and
HuCCTT1 cells in comparison to HEK293T. *, ** P <0.05
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Figure 3.2: HCC and CCA FFPE tissue sections hybridized with U6 snRNA probe as a positive control. The
blue signal indicates a positive signal (A, B) CCA FFPE tissue sections showed a strong nuclear positive
hybridization signal for U6 (400x 100X respectively) (C) HCC FFPE tissue section showed a strong nuclear
positive hybridization signal for U6 (100x).
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Figure 3.3 : HCC (A) and CCA (B) FFPE tissue sections hybridized with scrambled
miRNA probes used as a negative control. (Magnification 100x)
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Figure 3.4: miR-126 expression in HCC tissue sections. The blue signal represents a
positive labeling. (A and B) images represent extensive and high expression (blue) of
miRNA-126 in normal hepatocytes and in blood vessels endothelium. MiR-126
expression is mainly distributed in the cytoplasm (magnification 50x). Arrow is pointed
to tumor cells where no noticeable miR-126 expression (positive signals) was detected.
(C) Image represent a lack of miR-126 expression in HCC tissue section hybridized
with miR-126 probe (no labeling) (magnification 200x) (D) HCC tissue section
hybridized with a scramble probe used as a negative control (100x).
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Figure 3.5: miR-126 expression in CCA tissue sections. The blue signal indicates
positive labeling. (A, B) images represent an extensive and high expression (blue) of
miRNA-126 in normal hepatocytes and blood vessels endothelium (magnification 400x,
200x respectively). Arrow 1 is pointed to a normal hepatocyte with extensively MiR-
126 expression, which is mainly distributed in the cytoplasm. Arrow 2 is pointed to
blood vessels with widespread miR-126 expression (C) Negative miR-126 expression in
tumor cells (100x). Arrow 3 is pointed to tumor cells where no noticeable miR-126
expression was detected (D) Scrambled negative control probes (50x)
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Figure 3.6: miR-126 expression in sinusoid cells of HCC tissue
section. Image represents HCC tissue section hybridized with
miR-126 LNA probe. Arrow is pointed to sinusoid cells with
widespread miR-126 expression (blue signal).
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Figure 3.7: MTS data analysis for HepG2.The change in cell viability
was measured by reading the optical density (OD) at 490nm. As seen
in the graph, miR-12 over-expression inhibits the proliferation of
HepG2 cells in comparison to NC. *’** P <(0.05
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Figure 3.8: MTS data analysis for HuCCT1.The change in cell
viability was measured by reading the optical density (OD) at 490nm.
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Figure 3.9: Colony formation assay for HepG2. MiR-126 transfected cells show lower
colony numbers in comparison to the negative control (NC). *P<0.05
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Figure 3.10: Colony formation assay for HuCCT1. MiR-126 transfected cells show lower
colony numbers in comparison to the negative control (NC). *P<0.05
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Figure 3.11: Wound-healing assay was performed to evaluate the effect of miR-126 overexpression
on HepG2 migration ability. The over expression of miR-126 significantly impeded the HepG2 cells
migratory ability. (A) 48 h post transfection, cells transfected with miR-126 mimic closed the wound
more slowly than NC. (B) The graph shows the fraction of open wound areas in the form of a
percentage. * P<0.05
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Figure 3.12: Wound-healing assay was performed to evaluate the effect of miR-126 overexpression
on HuccTl migration ability. The over expression of miR-126 significantly impeded the HuccT1
cells migratory ability. (A) 48 h post transfection, cells transfected with miR-126 mimic closed the
wound more slowly than NC. (B) The graph shows the fraction of open wound areas in the form of a
percentage. * P<0.05
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Chapter 4
Discussion
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4.1 General Discussion:

The aggressive nature of liver cancer emphasizes the importance of studying this type of
carcinoma because of its high worldwide mortality rate. The most challenging aspect of liver
cancer involves the wide variation in its etiological factors and its poor prognosis. The most
common primary liver cancer is hepatocellular carcinoma (HCC) with cholangiocellular
carcinoma (CCA) being the second most common primary liver malignancy. The diagnosis and
treatment of HCC and CCA is difficult due to the absence of specific symptoms, earning the
name “silent killers”. Several studies have investigated the molecular aspects (e.g. miRNA) of
liver malignancy in order to improve its diagnosis and treatment. In recent years, miRNA have
been found to be involved in cancer progression and behavior; in particular, some miRNA have
been highlighted as an organ-specific or cell type-specific miRNA. Lately, the endothelial
specific miRNA, miR-126, has drawn research attention as a tumor suppressor gene that plays a
vital role in cancer development. To date, few studies have focused on miR-126 in liver cancer,
and a paucity of information exists concerning its role in HCC and CCA. In the present study I
investigate the miR-126 expression in HCC and CCA tissues and/or cell lines. Moreover, an in
vitro gain of function analysis has been applied in order to understand the biological effect of
miR-126 in liver cancer progression.

4.1.1 Analysis of miRNA-126 expression pattern in HCC and CCA cell lines and tissue:

The expression pattern of miR-126 tends to be down regulated in several types of cancer,
including gastric(122,124), colon (126-128), pancreas(129), lung(123), and breast (120).
Moreover, the down-regulation of miR-126 in HCC tissue and cell lines has been previously
reported (131-134). Accordingly, the present study demonstrates a low expression of miR-126 in

previously published HCC and CCA cell lines, HepG2 and HuCCT]1 respectively. These cell
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lines underwent comparison to normal Human Embryonic Kidney cells (HEK293T) by qRT-PCR
analysis. Specifically, the cell line HEK293T was selected due to the limitation of using normal
liver cells.

In situ hybridization represents one of the most effective methods for analyzing the spatial
expression of miRNA in tissue sections. The present study has determined the expression and
localization of miR-126 in formalin-fixed HCC and CCA tissue sections by exploiting the locked
nucleic acid (LNA) probe. As shown in the results, a strong signal of miR-126 occurred in
normal hepatocytes as well as in the endothelial cells of blood vessels and capillaries. On the
other hand, a weak or absent signal was observed in the tumor cells of HCC and CCA tissues,
especially in comparison to the negative control. This finding indicates the loss of miR-126 in
HCC and CCA tissues, which provide evidence that this miRNA undergoes down-regulation in
liver cancer tissues. Moreover, the ability to detect miR-126 in the blood vessels of liver tissue
sections concurs with previous studies that showed the specificity of miR-126 as an endothelial-
miRNA (115,116). Interestingly, the results demonstrated that miR-126 also undergoes
expression in the sinusoid cells of HCC tissues, which comprise capillary-like small blood
vessels that fulfill a function in neoangiogenesis and tumor progression. One of the main
characteristics of a liver tumor involves the presence of high vascular integrity as a sinusoid like
tumor vessel formation, which is also known as sinusoidal capillarization. In contrast, normal
liver sinusoid cells are differ morphologically and functionally from tumor sinusoid, for example,
they do not usually express tumor markers such as CD34 and Willebrand Factor (vWF)
(158,159). In 2001, Ohmori et al. reported that in comparison to the control group, CD34 was
expressed at a higher level in the sinusoid-like tumor vessels of HCV-related HCC (159). This
finding suggests that CD34 represents a strong predictor for HCC. Moreover, a study conducted

by Du et al. showed that the overexpression of miR-126 in vivo reduced the expression of CD34
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(134). This result indicates that miR-126 correlates inversely with CD34 expression, therefore
reducing neoangiogenesis and tumor proliferation (134). The ISH result reveled an extensive
expression of miR-126 in sinusoidal cells of the liver; however, our data on sinusoidal cells-miR-
126 expression was not confirmed as non-tumor related sinusoid. Though, one can assume that
normal sinusoids are miR-126 positive while transformed sinusoids exhibit a negative miR-126
expression. Further studies investigating miR-126 in sinusoid cells are needed to confirm this
aspect.

Our results showed that miR-126 tend to be downregulated in cancer cells and tissues,
which provide important evidence of miR-126 lose in liver cancer. The loss of miR-126 in
hepatic carcinoma and cholangiocarcinoma cells and tissues provide an important perception of
the involvement of miR-126 in malignant phenotype of liver cancer cells. Moreover, the
deregulation of miR-126 in liver cancer cells and tissues indicate its role as a tumor suppressor
gene.

4.1.2 Biological functions of miR-126 in HCC and CCA:

Studies have suggested that the down-regulation of miRNA in cancer acquired tumor
suppressive properties. In the present study, I showed that miR-126 demonstrates marked down-
regulation in HCC and CCA tissues relative to normal liver tissues and/or has a lower expression
in HepG2 and HuccT1 cell lines relative toHEK293T. To test the hypothesis of miR-126 as a
tumor suppressor, several gain of function analyses have been performed for analyzing the
suppressive affect of miR-126 in tumor cells.

Numerous studies have revealed that miR-126 inhibits tumor cell growth, proliferation, and
migration in different types of cancer, such as gastric and colon cancer (124-126,128). We
proposed that increased expression of miR-126 in cancer cells effect liver cancer cells

proliferation, migration and growth. Specifically, the present study showed a significant
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correlation between miR-126 overexpression and tumor cell behavior. A cell viability assay
(MTS) demonstrated that the restoration of miR-126 in HepG2 and HuccT1 cells has
significantly reduced cell proliferation compared to the negative control group. Furthermore, in
order to evaluate the effect of miR-126 on cell migration and growth, a scratch and colony
formation assay was performed. As a result, these methods showed that the reintroduction of
miR-126 in HepG2 and HuccT]1 cells inhibited the ability of tumor cells to migrate and grow in
colonies relative to the negative control group. Thus, the effect of miR-126 on cell growth and
migration was statistically significant. Our data demonstrate a significant role of miR-126 in
regulating several attributes of tumor cells behaviour. Indeed, from this result one can speculate
that miR-126 impairs cancer progression not only by preventing cancer cell proliferation and
growth but also by inhibiting cancer cells migration.

The mechanism by which miR-126 inhibits cell proliferation, migration, and growth
remains unclear; however, several studies have attempted to illuminate these mechanisms. One of
the early studies investigating miR-126 expression identified its host gene: the epidermal growth
factor like domain 7 (EGFL7) (115,116,158) .A subsequent study suggested that the transcription
of miR-126 and its host gene occur in parallel. This study also found that the mature sequence of
miR-126 binds to the complementary sequence at the 3’ end of EGFL7 and inhibits its mRNA
translation, causing an overall reduction in EGFL7 levels (115,116). However, one of the main
functions of EGFL7 induces the formation of new blood vessels from the pre-existing vessels, a
process known as angiogenesis. Thus, miR-126 acts as a negative regulator on EGFL7 mRNA
translation, which results in a reduction of the cell migration and angiogenesis processes (158).
Recently, Liu ef al. showed that the hyper-methylation of EGFL7 leads to the down-regulation of
miR-126 in esophageal squamous cell carcinoma (ESCC) (159). These authors also

demonstrated that the knockdown of DNA methyltransferases (DNMTs), the DNA methylation
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enzyme, decreases EGFL7 methylation and subsequently increases miR-126 expression in ESCC
cell lines (159). Furthermore, Liu ef al. revealed that the knockdown of DNMTs reduces the
expression of ADAM metallopeptidase domain 9 (ADAMDY), a critical protein for cell-cell or
cell-matrix interactions (159)in vitro, suggesting ADAMY9 as another target for miR-126.
Research proposed that ADAMSY activates the Epidermal Growth Factor Receptor (EGFR), which
subsequently stimulates many cellular processes, such as extracellular signal regulated kinase
(ERK) and ribosomal S6 kinase (RSK) pathways as well as the phosphatidylinositide 3-kinases
(PI3K) - AKT signaling pathway (160). The activation of these pathways aids in controlling cell
proliferation, apoptosis, migration, and metabolism in normal and neoplastic transformation
(161).

To the best of the knowledge, only one study has been performed on HCC to identify
miR-126 potential targets (134). This lone study reported PIK3R2, a PI3K regulatory subunit, as
a direct target for miR-126(134). This finding displays consistency with a study conducted by
Gue et al., who reported that in colon cancer, miR-126 mediates growth suppression by inhibiting
the (128)PI3K signaling pathway(128). In addition, research has also proposed that the activation
of Vascular Endothelial growth Factor (VEGF) negatively correlate with the effect of miR-126
on tumor cell proliferation and growth (162). VEGF is a cell-signaling protein that enhances the
formation of new blood vessels. Liu et al. reported that the down-regulation of miR-126 in lung
cancer cells induces the expression of VEGF and maintains tumor cell growth (162).

These studies illustrate that, in combination, the down-regulation of miR-126 may
directly and indirectly activate EGFR, leading to the maintenance of growth and proliferation in
tumor cells. Our data provides an intuition of the regulation of cancer cells proliferation,
migration and growth by miR-126. Since miR-126 has been recognized to targets several growth

factor such as VEGF, it is possible that miR-126 involved in cell homeostasis conservation by
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control cell sensitivity to the growth factors important for tumor initiation and growth.
4.1.3 Summary and conclusion:

According to the most recent statistical estimations of cancer incidence, 3,2545,000 new
cases have been reported in the past 5 years (GLOBOCAN Site, 2012). Liver cancer alone
comprises 782,000 new cases, constituting 9.1% of total worldwide cancer mortality. The
mortality of liver cancer mainly results from poor prognosis and the lack of effective treatment.
However, the discovery of miRNA has provided a new promising direction in cancer research, as
many miRNA have been established to control cell functions in health and disease; these
molecules are now considered as cancer-associated genes. Much research has studied liver
cancer, and many miRNA have been reported to modulate liver cancer progression and act as
tumor suppressor genes or/and oncogenes. However, the tumor suppressor MiR-126 has not
undergone significant research in HCC and CCA. Accordingly, the objective of this thesis aimed
to study the expression and biological effect of miR-126 on HCC and CCA cell lines.

This study represented the first investigation showing that miR-126 is downregulated in
the tumor cells of HCC and CCA tissue sections and demonstrates high expression in hepatocytes
and blood vessels in situ. Furthermore, the thesis showed that the re-introduction of miR-126 in
HepG2 and HuccT1 cell lines decreases cell proliferation, growth, and migration in comparison
to the negative control group.

The data presented in this thesis encourages speculation of many assumptions and
hypotheses. For instance, one can assume that the overexpression of miR-126 affects the
behavior of tumor cells by targeting several growth factors, cellular receptors, and key pathway
components, such as EGFR, VEGF, ADAMY, and PIK3R2. All of these molecules comprise
critical factors that are mainly responsible for activating many signaling pathways that regulate

cell proliferation, apoptosis, differentiation, and malignant transformation.
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In conclusion, the tumor suppressive properties of miR-126 may offer a new insight in
liver cancer therapy. Through the restoration of miR-126 levels, one may possess the ability to
inhibit independent pathways that are predominantly responsible for tumor initiation, growth, and
progression. Considering the importance of miR-126 in cancer pathogenesis, miR-126 may serve

as a novel anti-cancer therapy.

4.1.4 Limitations and future directions:

The main limitation of this study involves the small number of samples. In the present
study, only two cell lines were used: the HCC cell line HepG2 and the CCA cell line HuCCTI.
Furthermore, only 3 cases of CCA and 2 cases of HCC were utilized. Consequently, future
studies should implement larger sample sizes as well as include additional cases of CCA and
HCC.

miRNA execute the post-transcriptional regulation of gene expression by targeting the
3'UTR of specific mRNA. In this thesis, the preliminary results suggested that miR-126 fulfills a
critical role in the pathogenesis of HCC and CCA. However, the identification of miR-126 target
gene was not applied in our study. Subsequent studies should aim to identify the target genes of
miRNA-126 to understand the mechanisms of miRNA-126 gene silencing. Du et al. have
reported PIK3R2 as a main target for miR-126 in HCC; however, further investigations are
needed to confirm this finding. Moreover, a paucity of information exists regarding the role of
MiR-126 in CCA, as, to the best of our knowledge, only one study, conducted by McNally et al.,
has shown the deregulation of miR-126 in CCA tissue. More studies are required to examine the
role of miR-126 in HCC and CCA by first identifying the target genes.

On the other hand, miRNA were intensively studied in different types of cancers. These

investigations suggested that miRNA could function as a set of potential prognostic and
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diagnostic markers. The in situ analysis demonstrated the down-regulation of miR-126 in HCC
and CCA tissue; however, this investigation lacked access to a history of patients. Hence, future
investigations should examine the correlation between miR-126 and the prognosis of liver cancer
patients, thereby enabling the possibility of using miR-126 as prognostic and diagnostic

biomarker in HCC and CCA.
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