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Hepatocellular carcinoma (HCC) is the most common type of primary liver
cancer. HCC has a replicative immortality and sustained proliferation rate. In addition, cell
cycle-related protein regulating proliferation in cancer are often found dysregulated, allowing
cancer cells to proceed their proliferation uncontrollably. Recently, a small non-coding RNA,
microRNA (miRNA), was found to play an important role in numerous biological functions.
Specific miRNA may ameliorate or promote cancer progression through different target
mRNA. MiR-372-3p has been explored in various cancers such as colon cancer, colorectal
cancer, and glioma. However, its functions have been rarely studied in HCC, especially in the
aspect of cancer proliferation. This study, thus, aims to investigate its role in HCC cell line
proliferation by introducing miR-372-3p overexpression vector into these cell lines. Results
indicated that normal hepatocyte exhibited higher expression of miR-372-3p compared to that
of HCC cells. Decelerated proliferation rate was detected in miR-372-3p overexpressing HCC
cells. BrdU incorporation assay also indicated that miR-372-3p expression in HCC cells
interfere the transition from G1 to S phase. G1-S phase cell cycle-related mRNA expression was
different in miR-372-3p overexpressing cells compared to that of control. Dual-luciferase assay
revealed that CCND1 was one of the miR-372-3p target mRNAs. Moreover, cyclin D1 protein
level in miR-372-3p overexpressing cell lines was found downregulated compared to that of
control. Therefore, it can be concluded that miR-372-3p interacts with CCND1 mRNA to
prevent translation and to impede the cell cycle progression from G1 to S phase in HCC cell

lines.
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Introduction

Hepatocellular carcinoma (HCC), one of the most common liver malignancies, is
currently leading to cancer-related death occurring worldwide. It was also reported
as the ninth cause of cancer deaths in USA and as the fourth globally (1, 2). Hepatitis
virus infection, nonalcoholic steatohepatitis (NASH), obesity, liver fibrosis, and chronic
liver diseases are the essential risk factors leading to HCC (3, 4). Several internal
factors have been discovered to positively influence HCC development, such as
changes in cellular microenvironment, interactions between non-viral and viral risk
factors, genetic mutations, modulation of immune cells, and severity of the ongoing
chronic liver disease (4).

Developed by Weinberg, cancer hallmarks represent many unique characteristics
including sustaining proliferative signaling, evading growth suppressors, and enabling
replicative immortality. Unlike normal cell that tightly regulated by growth-signals to
maintain the balance in cell number, cancer cell becomes independent from those
growth-signals (5). To facilitate limitless cell growth, cell cycle-related proteins are
found to be overexpressed in cancer cells such as cyclin D, -E, and cyclin-dependent
kinase (CDK) 2, -4, -6. Nevertheless, previous studies showed that tumorigenesis can
be impaired by carcinogenic treatment or genetic manipulation. By targeting CDK 4
and CDKé, which is required to maintain cancer homeostasis, tumorigenesis could be
impaired (6).

Recently, a non-coding RNA with 18-24 nucleotides length, micro-RNA (miRNA),
was discovered to serve an important role in several biological activities including
cell growth, cell proliferation, or apoptosis (7). Mechanistically, miRNA binds to mRNA
target to either modulate upregulation or downregulation of the target (8, 9). Several
miRNAs have been identified to be strongly involved with HCC pathogenesis, some of
which are carcinogenic miRNAs or anti-carcinogenic miRNAs. For example, miR-181c-

5p, miR-151, and miR-221-3p are classified as carcinogenic miRNAs (10-12), whereas



miR-199, miR-29, and miR-26b-5p are included in anti-carcinogenic miRNAs (13-15).
Interestingly, numerous number of miRNAs has been known to modulate cancer
progression through cell cycle-related proteins. To illustrate, miR-125b targets
CDC25A, and E2F3 to initiate cell cycle arrest at G1/S transition. However,
downregulation of miR-125b is often found in many types of cancer including glioma
stem cells, and bladder cancer (16, 17). In pituitary adenoma, miR-128a, miR-155, and
miR-516a-3p were found to suppress Weel kinase which is required to delay mitosis.
These miRNAs are thus considered as anti-carcinogenic miRNAs (18).

Liver fibrosis and its later stage, liver cirrhosis, can lead to the development of
HCC (19). Residing within the space of Disse, hepatic stellate cells (HSCs) remain in
quiescent state and feature several retinoid lipid droplets (20). Hepatocyte injury
resulting from toxic or viral infection triggers the alteration of HSC phenotype into
collagen-producing myofibroblasts or activated HSC (20). In response to hepatocyte
injury, myofibroblasts migrate to the site of injury and secrete extracellular matrix
(ECM), forming liver nodules and disrupting liver architecture (20). Integrative miRNA-
MRNA interaction study revealed miRNA-372 was in the top 10 genes that were
found to be downregulated in activated HSC (21).

MiR-372 has been widely investigated in many cancers such as prostate cancer,
colon cancer, colorectal cancer, and HCC (22-25). However, its role in HCC
proliferation has not been fully elucidated, especially in the aspect of cell cycle
regulation. This study aims to discover the underlying function of miR-372-3p in
modulating cancer progression through cell-cycle related protein. By using the web-
based bioinformatic tools such as TargetScan, miRTarBase, mirSystem, and DIANA-

microT, the possible mRNA targets could be predicted.
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1.3.

1.4.

1.5.

1.6.

Research gap
An interaction between miR-372-3p and cell cycle related mRNA has not

been explored.

Hypothesis
MiR-372-3p might play an important role in regulating HCC cell cycle

progression.

Research gquestions
Does miR-372-3p show a differential expression between normal liver cell
line and HCC cell line?
Does miR-372-3p modulate HCC proliferation through cell-cycle related

protein?

Objectives
To investigate the differential expression of miR-372-3p in normal liver
cell line and HCC cell lines

To explore the cell-cycle related functions of miR-372-3p in HCC cell lines
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Literature review
Hepatocellular carcinoma (HCC)

HCC is the fourth common leading cause of cancer-related death worldwide,
especially in the country where medical resources and quality of lifecare have been
limited, such as, sub-Saharan Africa and Eastern Asia (2, 26). From 2005 to 2015, HCC
was the second underlying cause of death, after lung cancer (2, 26). In recent studies,
forty-four percent of patients diagnosed with HCC were found to harbor a mutation
in TERT promoter which regulates the transcription of telomerase catalytic subunit
(27). Interestingly, hepatitis B virus (HBV) genome insertion site is frequently located
within TERT promoter (28). Mutation on B—catenin encoding gene, CTNNB1, and the
cell cycle regulator gene, TP53, were also associated to clinical characteristics of HCC
progression, with 27-40% and 21-31% of patients diagnosed with HCC, respectively
(27, 29). Moreover, MET, MYC, VEGFA, FGF19, and CCND1 chromosomal amplifications
also contribute to the activation of multiple oncogenic signaling pathways (30). In
smaller scale, single nucleotide polymorphisms (SNP) in patatin-like phospholipase
domain containing 3 (PNPLA3) are highly correlated to HCC (31).

Infection of hepatitis B and C virus (HBV, HCV) is the major contribution to HCC
pathogenesis, up to 80% of HCC patients worldwide (32, 33). African and Eastern
Asian countries were reported to be mostly affected by HBV infection whereas
northern Africa was majorly affected by HCV infection instead (34, 35). Several studies
have demonstrated that individual harboring hepatitis B virus has 10-25% lifetime risk
to develop HCC (36). Different mechanisms are utilized by hepatitis virus in driving
HCC development. These mechanisms include the induction of oxidative stress
mediated by consistent inflammation and immune system regulation, intracellular
oxidative stress damage mediated by viral proteins, and alteration of signaling
pathways by viral protein (37). Many viral products of HBV, such as X protein (HBx),
surface proteins (HBsAg), core antigen (HBcAg), and excreted e antigen (HBeAg)

modulate host cellular machinery to reinforce cancer hallmarks (37, 38). For



example, HBx downregulates p53, a tumor suppressor, to promote cell proliferation
(5, 37). HBsAg induces oxidative stress in endoplasmic reticulum, resulting in
inflammation and genomic instability, respectively (39, 40). Similar to HCV, its
encoded products include core protein, E1, E2, NS2, NS3, NS4A, NS4B, NS5A, and
NSBB which were found to promote cancer hallmarks (37, 41). To illustrate, NS4B
enhances ER stress (42) whereas NS5A suppresses PTEN to allow cell growth (43).
Nevertheless, hepatitis viral infection alone is not sufficient to develop HCC as other
factors are also required (44). HBV possesses 10 genotypes whereas HCV contains 6
genotypes (32). Genotype B and C of HBV with mutation on T1762/A1764 basal core
promoter were reported to strongly drive HCC progression in individuals younger than
age 50. In Asia, genotype C is associated with HCC and other severe liver diseases
more than genotype B (45). In southeast Asia, HCV genotype 3 infection has more
potential risk to develop HCC than genotype 1 (46).

Another contributor that leads to HCC is nonalcoholic fatty liver disease (NAFLD).
NAFLD contains a broad spectrum of many liver diseases including nonalcoholic
steatohepatitis (NASH), nonalcoholic fatty liver (NAFL) and liver fibrosis and cirrhosis
(47). NAFL features steatosis, an excessive triglyceride accumulation in hepatocytes,
and could develop into NASH, a following phase that exhibits hepatocyte injury and
mild inflammation. In addition, both NAFL and NASH have a potential to influence
the formation of liver fibrosis and cirrhosis and ultimately HCC (48).

Diabetes mellitus has been known as an independent cause leading to HCC
pathogenesis without the requirement of the other risk factors (49). This metabolic
disease exhibits an imbalance in insulin and blood sugar level. Hyperinsulinemia, a
remarkable characteristic of diabetes, elevates the expression of insulin-like growth
factor 1 (IGF-1) which further stimulates cell proliferation (49, 50). Excessive insulin
and glucose also trigger the biosynthesis of type | procollagen mRNA in hepatic
stellate cells, stimulating liver fibrosis (51). Type 2 diabetes is positively associated

with obesity which facilitates the secretion of inflammatory cytokines from visceral



adipose tissue, promoting carcinogenesis (50). With hyperglycemia condition,
carcinogenic potential could be readily increased from the glycosylation of
hemoglobin (50, 52). Iron releasing resulted from glycosylated hemoglobin can be

utilized as a substrate for free radical generation which causes oxidative stress (53).

NAFLD prevalence
~24% of general population
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* Age Risk 2.4-12.8%
h 7

( Liver transplantation or death )

Figure 1. Spectrum of NAFLD and risk factors to HCC (48)
Cell cycle
Cell cycle is divided into four principal phases: G1, S, G2, and M phase. G1, S, and

G2 phase are included in sub-phase interphase, whereas M phase can be further
divided into mitosis and cytokinesis. There are five states in mitosis: prophase,
prometaphase, metaphase, anaphase, and telophase (54, 55). However, cells can
also leave the cell cycle to quiescent state, GO phase, in serum-starved condition or
in high-confluence density (56, 57). The transition to the next phase and the
progression of the cell cycle is primarily regulated by cyclin dependent kinase (CDK)

and cyclin. CDK, a kinase controlled by the phosphorylation at tyrosine and



threonine residues, forms a complex with cyclin to either becomes activated or
inactivated, depending on the type of cyclin they associated (58).

During the G1 phase, CDK4 or CDK6 associate with cyclin D, establishing a cyclin
D-CDK4/6 complex, to activate the complex and further partially phosphorylates
downstream substrate, retinoblastoma protein (RB) (59, 60). The phosphorylation of
RB leads to the detachment of its target, E2F, which is a critical transcription factor in
facilitating early cell cycle genes (61). Detached E2F upregulates the expression of
cyclin A and cyclin E. CDK2 joins cyclin E to form a cyclin E-CDK2 complex and then
fully phosphorylates RB, respectively, allowing cell to proceed to the S phase (60). In
the S phase, cyclin A binds to CDK2 to establish a cyclin A-CDK2 complex which is
required to stimulate the proteins responsible for DNA synthesis (62). After entering
the G2 phase, cyclin B-CDK1 complex gradually increases from the beginning to the
end of the phase. The rising of cyclin B-CDK1 complex, maintained by cyclin A-CDK1
complex, drives cell cycle to the M phase. Cyclin B-CDK1 complex starts to decline
continuously throughout the M phase, promoting the completion of mitosis (63).

In order to be tightly regulated, cyclin and CDK, in turn, are controlled by several
cell cycle inhibitors such as inhibitors of CDK4 (INK4) family and Cip/Kip protein
family. The INK4 family consists of p16™*® (Cdkn2a), p15™*" (Cdkn2b), p18™ “c
(Cdkn2c), and p19™*® (Cdkn2d). Cip/Kip protein family, an inhibitor to cyclin, includes
p21 (Cdkn1la), p27 (Cdkn1b), and p57 (Cdknlc) (64). Inducing INK4 expression ceases
the cell cycle at G1 phase by binding to CDK4 or CDKé6 and thus leading to the
degradation of cyclin D. In contrast, Cip/Kip protein stabilizes cyclin D-CDK4 complex
and binds to cyclin E-CDK2 to inactivate the complex, preventing it from driving cell
cycle to S phase (59). However, the inhibitory effects of these inhibitors are tampered
in cancer cell as a result from the mutation or inactivation of tumor suppresser
encoding genes or the upregulation of oncogenes that further activate cyclins-CDKs

complex (65). In HCC, 5° CpG island of p16™*® encoding gene is often found to be
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hypermethylated, leading to the reduced expression level of p16™'%? as a result

from the elevated expression of DNA methytransferases, DNMT1 and DNMT3A (66).
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Figure 2. Cell cycle and its primary regulatory proteins (67)
MicroRNA (miRNA)

MIiRNA was found in 1993 by Lee and colleagues while studying developmental
timing of Caenorhabditis elegans, a nematode (68). Following studies revealed that
mMiRNA is a non-coding RNA with 18-24 nucleotides in length and it acts as post-
transcriptional regulator, controlling gene expression. The biogenesis of miRNA
usually initiates with transcription by RNA polymerase Il, yielding primary miRNA (pri-
miRNA), before entering hairpin-like structure formation via canonical pathway using
Drosha protein. This hairpin-like structure, precursor miRNA (pre-miRNA), is then
exported to the cytoplasm and further processed by Dicer to cleave hairpin loop,
resulting in imperfect miRNA duplexes. Cleaved miRNA duplexes interact with
Argonaute family proteins including Ago 1-4 to establish a miRNA-induced silencing
complex (miRISC), in which strand selection takes place (69, 70). However, miRNA can
also be produced via multiple non-canonical pathways. For instance, pri-miRNA is
cleaved by Drosha-DiGeorge Syndrome Critical Region 8 (DGCR8) complex and

exported to cytoplasm by exportin 5, respectively (71). The exported pre-miRNA then
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joins Ago 2 and Dicer to form miRISC (72). In another example, pre-miRNA is capped
with 7-methylguanosine (m’G) and is exported from nucleus using exportin 1 without
cleavage (73).

The mechanism of miRNA-mediated post-transcriptional regulation has been
extensively studied. They were reported to promote or silence gene expression (8, 9).
For gene silencing in eukaryotes, miRISC binds to miRNA response elements (MREs) of
its MRNA target through imperfect-base pairing (74, 75). GW182 family protein is
recruited to bind to Ago and acts as an adaptor protein (76). Poly(A)-deadenylase
complex PAN2-PAN3 and CCR4-NOT, effector proteins that mediate poly(A)-
deadenylation, subsequently join GW182 to interact with Ago (9, 77). Decapping is
then proceeded by decapping protein 2 (DCP2) and exoribonuclease 1 (XRN1) begins
to degrade target mRNA in 5’-3’ direction, ultimately silencing gene expression (74).
In contrast, fragile-x-mental retardation related protein 1 (FXR1) and miRNA-protein
complex (microRNPs) interact to 3’-untranslated region (3’-UTR) of the target mRNA
to stimulate translation (78). Another example, binding of miRNA to 5’-UTR can also
activate ribosomal protein translation (79). However, gene upregulation mediated by
miRNA is suggested to take place under specific conditions such as in serum or amino
acid-starved, in cell cycle arrest stage, and in quiescent phase of oocyte (78-81).

Several biological processes, such as cell metabolism, cell proliferation, cell
apoptosis, cell necrosis, and epithelial-mesenchymal transition (EMT) in cancer, have
been known to be modulated by miRNAs (7). For example, miR-338-3p was found to
be negatively correlated with myelin transcription factor 1-like (MYT1L) which
involves with cancer and neurodegeneration (82). Overexpression of miR-338-3p
inhibits cell proliferation, cell migration, and cell invasion and stimulates apoptosis in
glioma cells. Therefore, miR-338-3p might modulate these processes through miR-
338-3p/MYT1L axis (83). In prostate cancer cell line, overexpression of miR-29b-3p
suppresses cell proliferation and promotes the expression pro-apoptotic protein Bim

(84). By downregulating secreted phosphoprotein 1 (SPP1), miR-27a-3p could
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ameliorate systemic sclerosis in skin and lung. SPP1 was identified as a fibrosis
promoter in many organs, and it regulates signaling pathway through ERK1 and ERK2
(85). Collectively, miR-27a-3p/SPP1/ERK1/2 axis are crucial for inhibiting skin and lung
fibrosis (86). Although, some miRNAs were found to promote cancer progression.
Both upregulated miR-200b and miR-200c in colorectal cancer interfere the
expression of reversion-inducing cysteine-rich protein with Kazal motifs (RECK), a cell
cycle suppresser, to promote cell proliferation (87). MiR-21 acts as an oncogene in
many types of cancer, supporting cell proliferation, cell migration, and cell invasion.

In addition, it also fortifies the resistance to chemotherapy and radiation (88). In non-

[T microRNA gene Cytoplasm

RNA ;l)olrlnera

| )pre miR

Exportin-5

Transcription Nucleus

Nuclear export

v v

Mature 5'TITTIITITT 3' ST 5" Mature
miRNA  More stable Less stable miRNA*

LT

‘ RISC formation ,
Y +

MRNA cleavage

mnsl‘a_tional repressim - nslatibi activation

Figure 3. MiRNA biogenesis (canonical pathway) (7)



12

small cell lung cancer, miR-224 actively promotes cell proliferation, cell migration,

and cell invasion by targeting SMAD4 and TNFQL-induced protein 1 (TNFAIP1) (89).

MiIRNA in HCC

A numerous number of miRNAs have been shown to be involved with HCC
pathogenesis. Some of them support HCC progression, while the others ameliorate or
suppress HCC development. MiR-181c-5p has an oncogenic role in HepG2. It
downregulates F-box and leucine-rich repeat protein 3 (Fxbl3), promoting cell
apoptosis and inhibits cell proliferation, cell migration, and cell invasion (10, 90). MiR-
616 suppresses phosphatase and tensin homolog (PTEN) to support HCC cell line
migration, invasion, and EMT (91). PTEN acts as a tumor inhibitor by preventing
PI3K/Akt signaling pathway which influences cancer growth (92). The overexpression
of miR-151 and focal adhesion kinase (FAK), positively correlates with intrahepatic
metastasis of HCC. Mechanistically, miR-151 targets RhoGDIA, a metastasis inhibitor,
and synergistically functions with FAK to promote metastasis (11). As found
upregulated in HCC, miR-221-3p represses leukemia inhibitory factor receptor (LIFR)
by binding to its 3’-UTR. LIFR has been described as a tumor suppressor in many
cancers, and thus inhibiting its functions lead to enhancement in cancer cell activities
(12). Furthermore, recent studies have revealed several miRNAs involved in HCC
progression including miR-17-92, and miR-181 (69).

By regulating through various targets, miR-199 has an anti-oncogenic role in HCC.
For example, miR-199 binds to 3’-UTR of Regulators of G-protein signaling 17 (RGS17)
MRNA, preventing transcription. RGS17 was previously reported to facilitate cancer
proliferation, migration, and invasion (13). X-box binding protein 1 (XBP1) mRNA, a
promoter of cell proliferation through cyclin D, was also identified as another target
of miR-199 (93). Moreover, miR-199 was shown to downregulate Notchl and R-
cadherin and thereby inhibiting EMT (94). MiR-29, a tumor suppresser miRNA, directly
binds to 3’-UTR of ribosomal protein s15a (RPS15A), which is known to be associated

with the development of many cancers. In addition, cyclin D1 and cyclin A were
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downregulated whereas p21 was upregulated when overexpressed with miR-29,
impeding cell cycle progression and cell proliferation (14). MiR-26b-5p also plays an
important role as anti-cancer miRNA. Through suppressing matrix metalloproteinase 2
(MMP2), Snail, and vascular endothelial (VE)-cadherin, miR-26b-5b could inhibit tumor
angiogenesis and cell proliferation (15). Additional anti-tumor miRNAs have been
studied and described, such as let-7, miR-26, miR-101, and miR-122 (69).

Previous studies have indicated several cell cycle protein targets of miRNA in
HCC. Overexpression of miR-124 or miR-203 in HCC cell lines revealed many
downregulated target proteins including CDK6, suggesting its role as an anti-cancer
miRNA (95). By targeting 3’-UTR of p21Cip1/Wafl, oncogenic miR-423 drives cell cycle
progression from the G1 to S phase and stimulates HCC growth (96). As found
upregulated in HCC, miR-221 binds to 3’-UTR CDKN1B/p27 and CDKN1C/p57, a cyclin-
dependent kinase inhibitor (CDKI), to increase the number of cell in the S phase and
promote cell proliferation (97). Silencing effect to cyclin D1, CDK6, and E2F3 can be
found after the overexpression of miR-195 in HCC cell line, inhibiting the transition
from the G1 to S phase (98). Knock-down of miR-106b-25 cluster including miR-25,
miR-93, and miR-106b, leads to the upregulation of E2F1, and thus deters HCC

proliferation and anchorage-independent growth (99).
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MiR-372

Transcribed from the MiR-371-372 gene cluster on chromosome 19g13.42, miR-
372 has been known to be involved with many cancer cell activities such as cell
proliferation, cell migration, cell invasion, and apoptosis. MiR-372 may serve as either
oncogenic MiRNA or anti-oncogenic miRNA in a particular type of cancer (101). In
addition, miR-372 has also been shown to correlate with poor prognosis in glioma
and HCC (102, 103). Upregulating miR-372 indicated its role as oncogenic miRNA and
may regulate aggressive development in gliomas (102). In contrast, miR-372
expression was downregulated in HCC tissue and was associated with low survival
rate of patients diagnosed with HCC (103).

Previous studies have explored the mechanistic function and target mRNA of miR-
372 in various cancers. To demonstrate, overexpression of miR-372 in breast cancer
cell line, MCF-7, was reported to suppress cell proliferation and promote apoptosis
by targeting 3’-UTR of E2F1 (101). In colon cancer cell line, miR-372-3p binds to 3’-
UTR of MAP3K2, preventing the mediation of MAPK signaling and thus inhibiting cell
proliferation (23). Inducing the expression of miR-372-3p in osteoblastic cell line
could prohibit cell proliferation and cell metastasis via regulating FXYD domain-
containing ion transport regulator 6 (FXYD6) (104). Interestingly, miR-372 was also
found to target the same mRNA, large tumor suppressor kinase 2 (LATS2), in different
cancers. Suppression of miR-372-3p mediates Hippo signaling through LATS2, which
inhibits colorectal cancer proliferation, migration, and invasion (24). In similar
scenarios, downregulation of miR-372 ceases breast cancer proliferation in the G1/S
phase and increases apoptosis by targeting LATS2 (105). By suppressing miR-372-3p in
lung squamous cell carcinoma cell line, fibroblast growth factor (FGF9) expression
could be restored and inhibit cell proliferation and cell invasion (106). In HCC,
silencing ATPase family AAA domain containing 2 (ATAD2) by overexpressing miR-372
could lead to cell cycle arrest in the G1 phase and therefore inhibit cell proliferation

(25).
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Web-based bioinformatic Tools

TargetScan was first developed by Lewis BP and colleagues in 2003 (107). The
algorithm predicts the possible interactions between miRNA and target mRNA relying
on thermodynamics-based modeling of RNA:RNA duplex interactions (107). Based on
Watson-Crick base pairing principle, TargetScan searches UTR of the specific mRNA
that match to base 2-8 of miRNA, seed region (107). Moreover, this bioinformatic tool
also combines the use of RNAfold and RNAeval program in order to enhance
specificity by integrating folding free energy G to the interaction sites (107).
TargetScan mostly focuses on 5’ end of miRNA, rather than on 3’ end, since perfect

complementary is required for seed region at 5’ end (107).

Unlike TargetScan, MirTarBase does not predict the possible interactions between
miRNA and mRNA (108). MirTarBase manually searches and collects research articles
related to functional studies of miRNA such as reporter assay, western blot,
microarray experiment, gain-of-function, and loss-of-function of miRNA (108). It
categorizes the retrieved evidence into two main groups, according to the functional
study utilized in the research article, including strong experimental evidence, and
less strong experimental evidence (108). Using western blot, gPCR, and luciferase
reporter assay under the conditions of gain-of-function or loss-of-function are
classified as strong experimental evidence (108). However, employing high-
throughput identification methods such as pSILAC, and microarray are included in
less strong experimental evidence since such method does not require the miRNA

presence (108).

Recently developed, mirSystem integrates numerous analyses and other
bioinformatic programs to predict the interactions between miRNA and mRNA (109).
First, the program converts miRNA ID before integrating several other bioinformatic
tools, such as DIANA-microT, miRanda, miRBridge, TargetScan, TarBase, miRecords, to
predict target mRNA (109). In addition, miRSystem also combines Kyoto encyclopedia

of genes and genomes (KEGG), Gene Ontology, and Biocarta to analyze the functional
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and canonical pathway of miRNA. After statistical analyzing, the data is represented
in the form of table and bar charts (109). mirSystem, however, faces its major
challenge due to the inconsistency of miRNA IDs used throughout different
algorithms and data sources (109). The challenge could be solved by using basic
local alignment search tool (BLAST) to identify and retrieve miRNA and allowing user

to put miRNA sequences as an input (109).

DIANA-microT mainly focuses on the 5" end of miRNA, seed region, that
complementarily pairs to miRNA recognition elements (MRE) of target mRNA at UTR
(110). The weighted sum of the scores of all determined MREs on the 3’-UTR will be
used to calculate overall miTG score (110). DIANA-microT also combines the use of
other analysis tools such as mirExTra for pre-processing tool, and mirPath for post-
processing tool (110). Basically, mirExTra identifies miRNA that might relate to the
changes of the transcriptome by listing the differentially express coding genes and
the genes with unchanged expression (110). mirPath integrates KEGG pathways

analysis to help uncover the biological pathways (110).



Materials and methods

Materials and chemicals

Table 1. Equipment used in this study.
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Materials/Chemicals

Company

Autoclave (Hiclave HVA-85)

Hirayama, Kasukabe-Shi Saitama,

Japan

Autopipette P10, P100, and P1000 pl (Nichipet)

Nichiryo, Saitama, Japan

Blot transfer device (Trans-Blot SD Semi-Dry
Transfer Cell)

Bio-Rad, California, USA

Cell culture 6-, 24-, and 96-well plate

Corning, New York, USA

Class Il biohazard safety cabinet

Labconco, Kansas, USA

CO, incubator (Forma Series 3 Water Jacketed)

Thermo Fisher Scientific,

Massachusetts, USA

Cryotube

Sigma Aldrich, Missouri, USA

Distilled water producer

Thermo Fisher Scientific,

Massachusetts, USA

Gel and membrane visualizer (UVP ChemStudio)

Analytik Jena, Jena, Germany

Horizontal electrophoresis system (Wide Mini-

Sub® Cell GT, Mini-Sub® Cell GT)

Bio-Rad, California, USA

Microcentrifuge tubes

Axygen, California, USA

Microplate reader (Synergy™ HTX multi-mode

reader)

Biotek, Vermont, USA

Microscope (Leica DMil)

(EVOS™ FL Auto 2 Imaging System)

Leica Biosystems, Wetzlar,
Germany
Invitrogen, Thermo Fisher

Scientific, Massachusetts, USA

Nitrocellulose membrane

Amersham, Thermo Fisher

Scientific, Massachusetts, USA

PCR tube

Extragene, Taichung, Taiwan
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Materials/Chemicals

Company

Real-time thermal cycler (QuantStudio™ 3 Real

Time PCR System)

Applied Biosystems, Thermo
Fisher Scientific, USA

Spectrophotometer

Denovix, Delaware, USA

Sterile serological pipette 5-, and 10 ml

Thermo Fisher Scientific,

Massachusetts, USA

Tabletop microcentrifuge (Centrifuge 5418R)

Eppendorf, Hamburg, Germany

Thermal cycler (Mastercycler® nexus SX1)

Eppendorf, Hamburg, Germany

Thermo shaker incubator (MTH-100)

Miulab, Hangzhou, China

Vortex mixer (Vortex-Genie 2)

Scientific Industries, New York,

USA

Vertical electrophoresis system (Mini-PROTEAN

tetra vertical electrophoresis cell)

Bio-Rad, California, USA




Table 2. Chemicals used in this study.
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Chemicals

Company

3-(4,5dimethylthiazol-2-y1)-2,5-diphenyl
tetrazolium bromide (MTT)

Invitrogen, Thermo Fisher

Scientific, Massachusetts, USA

4X CAPITOL™ gPCR master mix

Biotechrabbit, Berlin, Germany

Antibiotic-Antimycotic (Anti-Anti) (100X)

Gibco, Thermo Fisher Scientific,

Massachusetts, USA

Anti-mouse IgG, HRP-linked antibody

Cell Signaling Technolosgy,
Massachusetts, USA

Anti-rabbit 1gG, HRP-linked antibody

Cell Signaling Technolosgy,
Massachusetts, USA

Bio-Rad Protein Assay Dye Reagent Concentrate

Bio-Rad, California, USA

BlockPRO™ 1 Min Protein-Free Blocking Buffer

Visual Protein, Taipei, Taiwan

BrdU (IIB5) sc-32323 mouse monoclonal antibody

Santa Cruz Biotechnology, Texas,

USA

Dulbecco’s Modified Eagle Medium (DMEM)

Cytiva, Massachusetts, USA

Eagle’s Minimum Essential Medium (EMEM)

Gibco, Thermo Fisher Scientific,

Massachusetts, USA

Fetal bovine serum (FBS)

Gibco, Thermo Fisher Scientific,

Massachusetts, USA

GAPDH loading control monoclonal antibody

(GALR)

Invitrogen, Thermo Fisher

Scientific, Massachusetts, USA

LB agar powder (Miller)

Bio Basic, Markham, Canada

LE agarose

Premium grade and Quality

products, USA

Phosphate buffer saline (PBS) tablets

MilliporeSigma, Massachusetts,

USA

Polyethylene glycol sorbitan monolaurate

(TWEEN® 20 Vetec™, reagent grade, 40%)

Sigma Aldrich, Missouri, USA

Rb mAb to Cyclin D1 (SP4)

Abcam, Cambridge, UK
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Chemicals Company
Roswell Park Memorial Institute (RPMI) Gibco, Thermo Fisher Scientific,
1640 medium Massachusetts, USA
StripPRO™ 1 Min Stripping Buffer Visual Protein, Taipei, Taiwan
T4 DNA ligase New England Biolabs, Massachusetts, USA
Triton® X-100 Surfactant OmniPur®, Calbiochem®, San Diego, USA
Tryptone Type-1 (Casitose Type-I) Himedia, Mharashtra, India
VisColor™ Pre-Stained Protein Marker Visual Protein, Taipei, Taiwan
Yeast extract powder Himedia, Maharashtra, India

Prediction of mRNA target

MRNA targets were predicted by web-based programs including TargetScan,
miRTarBase, miRSystem, and DIANA-microT. The following cell cycle related genes
were used in each database; CDK2/4/6, CCND1/2/3, CCNE1, E2F1/2/3/4/5/8, CDC25A,
PCNA, and RB1.

‘Human’ species and ‘miR-372-3p’ were used as input data for TargetScan

(https://www.targetscan.org/vert 80/). The program searches for conserved miR-372-

3p sites and compares human gene sequences. After matching seed region of miR-
372-3p to 3’-UTR of target genes, context score can now be calculated based on
several features including the position of 3’-UTR, the additional base pairing other
than seed region. Lower context scores indicate more favorable target sites.

As described earlier, miRTarBase (https://mirtarbase.cuhk.edu.cn ) integrates

published research articles or literature reviews involving with the specific miRNA and
classified the evidence into two groups: strong experimental evidence, and less
strong experimental evidence. ‘hsa-miR-372-3p’ was used as input data and the
results were showed as a sum of total research articles that describe the interaction
of hsa-miRNA-372-3p and the specific target gene. Higher number of research articles

implies a strong evidence.



https://www.targetscan.org/vert_80/
https://mirtarbase.cuhk.edu.cn/
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miRSystem (http://mirsystem.cegm.ntu.edu.tw ) integrates many web-base

bioinformatic programs to predict target mRNA. ‘miRNAs to Target Genes’ option was
selected and ‘has-miR-372-3p’ was used as an input data. ‘KEGG’, ‘Biocarta’,
‘Pathway Interaction Database (human only)’, and ‘Reactome (human only)’” were
selected as functional annotations. ‘Include validated genes greater than or equal to
3’ was selected as one of the parameters, allowing non-experimentally validated
targets to be displayed. O/E (Observe/Expect) ratio was set at 2, and ‘Total genes in a
pathway’ was set between 25 and 500 in order to focuses on biological functions or
pathways that consist of a minimum of 25 genes and a maximum of 500 genes.
Higher O/E indicates more possibility of target sites.

Similar to the other databases, DIANA-microT (http://diana.imis.athena-

innovation.gr ) was put with ‘hsa-miR-372-3p’ as an initial input. The scoring system
considers various features such as sequence complementarity, local structural
accessibility, and conservation. Higher scores indicate more reliable and significant
miRNA-target interactions. The results will be ranked by miTG score system which is
determined by considering the combined weights of all miRNA recognition elements
(MREs), both conserved and non-conserved, located on the 3' untranslated region
(UTR) of the target mRNA. A higher miTG score implies a higher precision of the

predicted mRNA.

Plasmid construction

The following primers were used to amplify mature miR-372 sequence. The

retrieved product size was 552 bp.

Table 3. Primers used for miR-372 cloning.

Forward with EcoRl restriction site GCTGAATTCACTTGCGATCGCCGCCTTG

Reverse with BamHI restriction site CGAGGATCCAGCCGCCCTCTGAACCTTC



http://mirsystem.cgm.ntu.edu.tw/
http://diana.imis.athena-innovation.gr/
http://diana.imis.athena-innovation.gr/

23

Enzyme digestion
PCR products obtained from PCR were digested using the following reagents

listed in the table below. The reactions were incubated at 55°C for 2 hours.

Table 4. PCR product digestion reagents.

PCR product digestion reagents

PCR product 25 pl
10X rCutsmart buffer 4 pl
BamHI - HF 1 ul
EcoRI - HF 1 ul
dH,0 9 ul

Total 40 pl

pLVX-EF1Ql-IRES-Puro vector was digested using the following reagents listed in

the table below. The reaction was incubated at 55°C for 2 hours.

Table 5. pLVX-EF1Q-IRES-Puro digestion reagents.

pLVX-EF10l-IRES-Puro digestion reagents

600 ng of pLVX-EF1Q-IRES-Puro vector

10X rCutsmart buffer 2 ul

BamHI - HF 0.5 pl

EcoRI - HF 0.5 ul
dH,O

Total 20 pl
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Ligation
The table below provides the reagents used in ligation of pLVX-EF1Q-IRES-Puro

backbone and PCR product. The reaction was set at room temperature overnight.

Table 6. pLVX-EfQl-IRES-Puro and PCR products ligation reagents.

pLVX-EF10Q-IRES-Puro and PCR products ligation reagents

Digested PCR product 0.5 ul
Digested pLVX-EF1QL-IRES-Puro 0.5 pl
10X ligase buffer 0.5 pl

T4 DNA ligase 0.5 pl

dH,O 3 ul

Total 5 pl

Gel electrophoresis

Agcarose 1% gel was prepared from 1 ¢ agarose (Vivantis, Malaysia) in 100 ml 1x
Tris-acetate-EDTA (TAE) buffer before adding 5 ul Redsafe. DNA was mixed with 6x
loading glycerol buffer in ratio of 5:1. Additional TAE was used as a buffer. Gel
electrophoresis was operated at 100 V of voltage for 40 minutes after loading DNA

sample into the sample well.

Transformation

Forty-five ul competent Stbl3 E. coli cells were added to 5 pl of pre-chilled
ligation reaction before incubating on ice for 10 minutes. The mixture was then heat
shocked at 42°C for 30 seconds and incubated on ice for the next 10 minutes. To
finalize the volume to 200 ul, SOC growth media was added to the mixture followed
by incubating at 37°C and shaking at 800 rpm for 40 minutes.

Two hundred pl of E. coli cells were plated onto pre-warmed LB/ampicillin plate

and incubated at 37°C overnight.




Positive colony selection PCR
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Isolated colony was selected for PCR. The table below provides the reagents

used in this process. The primers for detection were listed (5’-3"): forward: GGC AGG

GAT ATT CAC CAT TAT CG; reverse GAA TAC TGC CAT TTG TCT CGA GG.

Table 7. Colony selection PCR reagents.

Colony selection PCR reagents (1 reaction)

10X reaction buffer 1.25 pl

MgCl, 0.375 pl

dNTP 0.25 pl

Forward primer 0.25 pl

Reverse primer 0.25 pl

Taqg DNA polymerase (Biotech rabbit) 0.05 pl
dH,0 10.125 pl

Total 12.5 pul

A selected colony was inoculated in 50 pl Luria Broth (LB) media/ampicillin. The

same colony was also inoculated in prepared master mix before underwent

thermocycling process (Bio-Rad) using the following parameters described in the

table below.

Table 8. Time and temperature used in colony selection PCR.

Time and temperature used in colony selection PCR
Step Temperature Time
1 95°C 2 minutes
2 95°C 30 seconds
3 50°C 15 seconds
4 68°C 30 seconds
5 72°C 5 minutes
Repeat step 2-4 for 35 cycles




26

Then, the product retrieved from PCR was subjected to gel electrophoresis. Any
colony that showed the size of product match to the expected size would be
chosen for further propagation. Forty ul of LB media containing selected colony was
transferred to 10 ml LB media/ampicillin in 50 ml tube and incubated at 37°C

overnight at 200 rpm.

Plasmid extraction and purification

Bacteria culture was extracted and purified using ZymoPURE™ Plasmid Miniprep
Kit. Centrifugation of 4.5 ml of bacterial culture in 1.5 ml microcentrifuge tube was
operated at full speed for 1 minute and the remaining supernatant was discarded.
Pellet was resuspended by 250 ul of ZymoPURE™ P1 (Red) before adding 250 pl of
ZymoPURE™ P2 (Green). The tube with the two mixtures of ZymoPURE™ and pellet
was then immediately inverted for 8-10 times and incubated for 3 minutes at room
temperature. Following the addition of 250 pl of ZymoPURE™ P3 (Yellow), the tube
was inverted for 5 times or until the sample turns thoroughly yellow. The tube was
subjected to the centrifugation at max speed prior to the transfer of 600 pl of
centrifuged lysate to a new clean 1.5 ml microcentrifuge tube. Addition of 260 ul of
ZymoPURE™ Binding Buffer to the lysate was done before resuspending for 15
seconds using vortex. Zymo-Spin™ [I-PX Column was placed in a collection tube. All
the mixture was transferred to the Zymo-Spin™ [I-PX Column/Collection Tube and sit
at room temperature for 1 minute before the centrifugation at max speed for 1
minute, any remaining flow through was discarded. Addition of 800 pl of ZymoPURE™
Wash 1 to the column was proceeded prior to the centrifugation at max speed and
discarding the flow through, respectively. Eight hundred pl of ZymoPURE™ Wash 2
was next subjected to proceeded with the exact same procedure as ZymoPURE™
Wash 1. Before the centrifugation at max speed for 1 minute and discarding of flow
through, 200 pl of ZymoPURE™ Wash 2 was added to the column. The column was
further centrifuged for 3 minutes at max speed to dry any remaining residual wash

buffer. The column was placed in a new 1.5 ml microcentrifuge tube and prewarmed
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25 ul ZymoPURE™ Elution Buffer at 50°C was directly added to the column. After the
incubation of 10 minutes at room temperature, the column/tube was centrifuged for

1 minute and the flow-through was collected, respectively.

Transfection

HEK293FT cell culture in 6-well plate at 90% confluence were transfected using
Lipofectamine™ 3000 Transfection Reagent (Invitrogen™). Two clean 1.5 ml
microcentrifuge tubes were labeled as tube A and tube B, respectively. Tube A
comprised of 250 ul Opti-MEM | Reduced Serum Medium and 7 pl Lipofectamine
3000 Transfection Reagent. Tube B contained 250 pl Opti-MEM | Reduced Serum
Medium, 6 pl P3000 Enhancer Reagent, 2 pg psPAX2 (BX), and 1.4 ug pVSVg (VG). The
mixture in tube A was transferred to tube B and incubated at room temperature for
15 minutes. Meanwhile, 990 pul media in HEK293FT culture was removed before
adding 500 pl of the mixture in dropwise manner. Following the incubation of cell
culture for 6 hours at 37°C with 5% CO,, the existing media was removed and
replaced by 2 ml of high-glucose Dulbecco’s modified eagle medium (DMEM)
supplemented with 10% fetal bovine serum, 2 mM L-glutamine, and antibiotics (100
U mU? penicillin, 100 pg ml" streptomycin). An additional 1 ml of media was added

in the following day.

Cell culture

HepG2 (ATCC) has been derived from 15-year-old Caucasian male without the
infection of HBV or HCV. SNU-449 (ATCC) is a human HCC cell line isolated from HCC
tissue grade IlI-lll/IV of 52-year-old male. Both HepG2 and SNU-449 exhibit an
epithelial-like morphology. However, unlike HepG2, SNU-449 features a trace of HBV.
JHH-4 (Japanese Collection of Research Bioresources Cell Bank), an HCC cell line
isolated from HCC tissue of 51-year-old male, features none of HBV or HCV.

HepG2 was cultured in low-glucose Dulbecco’s modified eagle medium (DMEM)
supplemented with 10% fetal bovine serum, 2 mM L-glutamine, and antibiotics (100

U mU? penicillin, 100 pg mU™* streptomycin). JHH-4 cell line was cultured in Eagle’s
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minimum essential media (EMEM) whereas SNU-449 cell line was cultured in Roswell
Park Memorial Institute (RPMI) 1640 medium, and both cell lines used the same

supplements as in HepG2 culture. All cells were maintained at 37°C with 5% CO..

MiRNA extraction and reverse transcription

HepG2, JHH-4, and SNU-449 cell lines were subjected to miRNA extraction using
GenUP™ Micro RNA kit (Biotechrabbit). Firstly, 400 pl lysis Buffer LYSIS LR was added
to the culture and sit at room temperature for 2 minutes before transferring to a Mini
Filter DNA (blue) in a Collection Tube. The filter/collection tube was centrifuged at
max speed for 1 minute and the filter was discarded. Following the addition of 400
pl isopropanol to the filtrate, the mixture was transferred to the Mini Filter RNA
(Violet) placed in a new Collection tube before centrifugation at max speed for 2
minutes. The filtrate was discarded prior to the addition of 500 pl Buffer Wash A and
the centrifugation at max speed for 1 minute, respectively. Again, the filtrate was
discarded. Seven hundred pl Buffer WASH B was then subjected through the exact
procedure as Buffer WASH A. The filter/collection tube was centrifuged at max speed
for 3 minutes to dry ethanol residuals before discarding the collection tube.
Following the transfer of Mini Filter RNA (Violet) to an Elution Tube, 30 pl RNase-free
water was added directly to the column. Lastly, the column was incubated at room
temperature for 1 minute before the centrifugation at max speed for 1 minute.

Retrieved miRNA was polyuridylated using the reagents listed in the table below
before incubated at 37°C for 10 minutes. The mastermix was then added by 0.4 pl of
10 pM SL-PolyA prior to the incubation at 65°C for 5 minutes and on ice for 2

minutes, respectively.
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Table 9. MiRNA polyuridylation reagents

miRNA polyuridylation reagents

10X NEBuffer (NEB) 2.5 pul
50 mM UTP (Thermofisher) 0.25 pl
40 U/ul Ribolock (Thermofisher) 1l
2 U/pl PoluU polymerase (NEB) 1l
500 ng MiRNA
Distilled water
Total 25 ul

The reaction was incubated at 37°C for 10 minutes before the addition of 0.4 pl
of 10 uM SL-PolyA. Next, the reaction was then incubated at 65°C for 5 minutes
followed by incubation on ice for 2 minutes. The reagents listed in the table below
were added to reverse miRNA and the reaction was incubated at 42°C for 60

minutes, and 70° for 10 minutes, respectively.

Table 10. MiRNA reverse transcription reagents.

miRNA reverse transcription reagents
5X RT (NEB) 8 ul
10 mM dNTPs (Thermofisher) 4 pl
200 U RevertAid (Thermofisher) 2 ul
40 U/ul Ribolock 1l
Total 15 ul

MRNA extraction and reverse transcription

Total RNA purification kit (NorgenBiotek) was used to extract and purify RNA
extracted from HepG2, JHH-4, and SNU-449 cell lines cultured in 24-well plate. First,
cell medium was removed and 400 ul of Buffer RL was added to the well. After the
incubation for 1 minute, cell lysate was transferred to the blue column before
subjected to max speed centrifugation at room temperature. Blue column was

discarded following the centrifugation, and the flow-through was then thoroughly mix
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with 400 pl 70% ethanol. Next, the solution was transferred to the red column,
followed by the max speed centrifugation at room temperature. The flow-through
was discarded before the addition of 500 yl Wash Buffer and max speed
centrifugation for 1 minute, respectively. After discarding the flow-through, washing
the column with 500 pl Wash Buffer was repeated for additional 2 times. The
column was centrifuged for 3 minutes to dry the remaining wash buffer. The column
was transferred to 1.5 ml microcentrifuge tube and 30 pl Nuclease free water was
added directly to the column. The column was incubated at room temperature for 1

minute prior to the max speed centrifugation.

Retrieved mRNA was subjected to reverse transcription to generate cDNA using

the reagents listed in the table below.

Table 11. CDNA synthesis reagents.

cDNA synthesis reagents
iScript™ Reverse Transcriptase 5x 4l
RNA 600 ng
Distilled water
Total 20 pl

The reaction was placed in the thermocycler (Bio-Rad) set with the parameters
described in the table below. Working cDNA template can be generated by adding 80

pl distilled water to the reaction once completed the thermocycling process.

Table 12. Time and temperature used mRNA reverse transcription.

Time and temperature used mRNA reverse transcription
Step Temperature Time
1 25°C 5 minutes
2 46°C 45 minutes
3 95°C 1 minute
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Quantitative Real time-polymerase chain reaction (QRT-PCR)

Reversed mRNA or miRNA was mixed with reactions listed in the table below.

Table 13. gRT-PCR reagents.

gRT-PCR reagents

dx CAPITAL™ gPCR Probe Master 2.5 ul
Mix (Biotech Rabbit)
10 uM/pl forward primer 0.25 ul
10 pM/pl reverse primer 0.25 ul
Distilled water 6 ul
cDNA template 1 ul
Total 10 ul

MIiRNA expression was quantified by QuantStudio3 (Thermofisher) with the
following parameters described in the table below. Primers for gRT-PCR were listed
(5’-3"): U6 forward: CTC GCT TCG GCA GCA CAG; miR-372-3p forward: AGT GCT GCG
ACA TTT GAG CG; universal reverse: GCA GGG TCC GAG GTA TTC.

Table 14. Time and temperature used in miRNA gRT-PCR.

Time and temperature used in miRNA gRT-PCR
Step Temperature Time
1 95°C 10 minutes
2 95°C 15 seconds
3 55°C 15 seconds
4 72°C 20 seconds
Repeat step 2-4 for 45 cycles
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mMRNA expression was quantified by QuantStudio3 (Thermo Fisher).

Table 15. Time and temperature used in mRNA gRT-PCR.

Time and temperature used in mRNA gRT-PCR

Step Temperature Time
1 50°C 2 minutes
2 95°C 10 minutes
3 60°C 1 minute

Repeat step 2-3 for 40 cycles

Table 16. Primers for gRT-PCR

Primer

Sequence (5’-3’)

Concentration

RPL19 forward

GCT CTT TCCTTT CGC TGC T

10 pM/pl

RPL19 reverse

CAT TGG TCT CAT TGG GGT CT

CDK2 forward

GCA TCT TTG CTG AGA TGG TGA CT

CDK2 reverse

TCA TCC AGG GGA GGT ACAACT T

CCND1 forward

GAC CCC GCA CGATTT CAT TG

CCND1 reverse

AAT GAA CTT CAC ATC TGT GGC AC

CCND2 forward

CTG TGT GCC ACC GAC TTT AAG

CCND2 reverse

GAC AAT CCA CGT CTG TGT TGG

E2F1 forward

CCA GGA AAA GGT GTG AAATCC C

E2F1 reverse

CGT TGG TGA TGT CAT AGA TGC G

E2F2 forward

ACA AGA GGC TGG CCT ATG TGA

E2F2 reverse

GCA GGT TGT CCT CAG TCC TGT

E2F3 forward

CCT GAC TCA ATA GAG AGC CTA CA

E2F3 reverse

CCA AGT CTT TGG AAG CGG G

E2F5 forward

GAT CTC AAA GCG GCT GCT GAT A

E2F5 reverse

CAG CAC CTACACCTT TCCACT G

CDC25A forward

CAA GGA AAA TGA AGC CTT TGA GTT

CDC25A reverse

TGA GGA AAG CAT CCG AGC T
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Dual luciferase reporter assay

HEK293FT cells were seeded into 96-well plate in concentration of 1x10* cells
per well. pmirGLO and pSilencer 3.0-H1 vector were used in this experiment.
pmMIRGLO vector contains firefly luciferase and renilla luciferase gene, and pSilencer
employs RNA polymerase Ill promotor, allowing inserted miRNA sequence to be
transcribed. Firstly, pmirGLO was digested by Xhol and Sacl and ligated to wild-type
or mutant 3’UTR of target gene, respectively. The sequence of miR-372-3p was
digested using BamHI and Hindlll and was ligated to pSilencer 3.0-H1 vector. All the
vectors were introduced to HEK293FT cell line using jetPRIME® transfection reagent
according to the manufacturer’s protocol. Luciferase activity measurement was
carried out using Dual-Luciferase® Reporter Assay kit with minor modifications. After
24 hours of transfection, the cells were lysed with 20 pl 1X passive lysis buffer (PLB).
The culture was placed on shaker for 15 minutes at room temperature before adding
50 pl LAR Il'into each well. Firefly luciferase activity can now be detected using
Synergy™ HTX multi-mode reader (Thermo Fisher Scientific). Next, 50 ul Stop & Glo®

reagent was poured into each well to cease firefly luciferase activity. Finally, renilla

luciferase activity was measured using the same equipment.

Cell proliferation assay
MTT assay

Cells were seeded into 96-well plate in concentration of 5x10° cells
per well. MTT (3-(4,5-dimethylthazolk-2-yl)-2,5-diphenyl  tetrazolium
bromide) (Sigma-Aldrich) was prepared in final concentration of 0.5 mg/ml
in low glucose DMEM without FBS and streptomycin and penicillin. Cells
were incubated at 37°C with 5% CO, for 30 minutes. Once incubated,
media was removed and replaced by 100 pl dimethyl sulfoxide
(DMSO)(Sigma-Aldrich), respectively. The culture was then incubated at

37°C with 5% CO, for 5 minutes and was kept from the exposure of light.
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The absorbance of each well was analyzed by BioTek™ Synergy™ HTX
Milti-mode Microplate Reader (Thermo Fisher Scientific) using wavelength

of 570 nm.

BrdU assay

To prepare 10 mM BrdU stock solution, 100 mg BrdU was dissolved in
32.5 ml DMSO. Next, BrdU stock solution was diluted in cell culture
medium with ratio 1:1000 to make 10 uM BrdU labeling solution. Blocking
buffer was prepared by dissolving 5% BSA in permeabilization buffer. Cells
were seeded into 24-well plate in concentration of 1 x 10° cells/ml and
were incubated for 48 hours without perturbation prior to the assay. Cell
medium was replaced by 500 ul 10 pM BrdU labeling solution, and cells
were incubated at 37°C with 5% CO, overnight. The labeling solution was
removed, and the cells were washed with PBS 3 times with 2 minutes
each.

After removing the PBS, 500 pl 4% formaldehyde in PBS was added to
the culture. Cells were incubated at 37°C with 5% CO, for 15 minutes
before washing with PBS 3 times with 2 minutes each. Followed by the
removal of PBS, 500 pl Triton X-100 permeabilization buffer was then
added. Cells were incubated for 20 minutes at room temperature prior to
the removal of Triton X-100 permeabilization buffer and replacing with
500 pl 2N HCL, respectively. Cells were incubated at room temperature
for 30 minutes. After the removal of 2N HCl, washing with Triton X-100
permeabilization buffer 3 times with 2 minutes each was then proceeded.
Next, 500 pl blocking buffer was added to the culture and the cells were
incubated at room temperature for 30 minutes.

Blocking buffer was removed and 500 pl of blocking buffer with anti-
BrdU primary antibody (sc-32323; Santa Cruz) in 1:200 ratio was added to

the culture. After the incubation at room temperature overnight, cells
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were washed with Triton X-100 permeabilization buffer 3 times with 5
minutes each. Secondary antibody (1:500 dilution) and DAPI (1:1000
dilution) were added to the culture and the cells were incubated at room
temperature for 1 hour. Washing with Triton X-100 permeabilization buffer
3 times with 5 minutes each was then proceeded before the addition of
PBS to the culture. The cells were observed under the fluorescence

microscope.

Cell counting

Cells were counted using ImageJ program, and EVOS™ FL Auto 2 Imaging
System was used to take 10 random microscopic fields of each well, including more
than 10,000 nuclei in total. Each field was processed into 8-bit scale and was later
adjusted the threshold. The field was converted to binary before using Watershed
option to separate cell boundaries from each other. Finally, Analyze particles option

was used to count all the cells in the field.

Protein extraction

Cells were lysed with 0.25% trypsin for 3 minutes, and the cell lysate was
neutralized and transferred to 1.5 ml microcentrifuge tube, respectively. Next, the
cell lysate was spun down with 130 rcf for 2 minutes. Supernatant was then
removed and 200 ul 1X protease inhibitor in RIPA buffer was mixed and resuspended
with cell lysate in 1.5 ml microcentrifuge tube, respectively. The protein lysates were

kept at -80°C until use.

Bradford assay

Standard BSA (1 mg/ml) was mixed with DI water at different dilutions, such
as 0, 0.2, 0.4, 0.8, and 1 mg/ml, for standardization. Ten pl of each BSA dilution was
poured into separate microtiter plate wells with its duplicate. Dye was prepared in
ratio 1:5 and was added to each microtiter plate wells in volume of 200 ul. The
microtiter plate was incubated at room temperature for 5 minutes before proceeding

to absorbance measurement by BioTek™ Synergy™ HTX Multi-mode Microplate
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Reader (Thermo Fisher Scientific) using wavelength of 595 nm. The absorbance of
protein was subtracted by the absorbance of standard at 0 mg/ml and was subjected
to protein concentration (X) calculation using equation: (8.1919(X)) - 0.479. Next, 5X
Laemmli was mixed with protein to make the final calculated concentration before

boiling at 100°C for 5 minutes.

SDS-PAGE gel electrophoresis (Western Blot)

12% resolving gel solution was made by mixing 2.8 ml DI water, 1.5 ml 40%
acrylamide/Bis, 628 ul 1.5 M Tris-HCl pH 8.8, 50 pl 10% SDS, 37.3 ul 10% APS, and
2.67 ul TEMED. The resolving gel solution was loaded in between glass plate and
short plate. 1 ml DI water, 154 pl 40% acrylamide/Bis, 400 pl 0.5 M Tris-HCl pH 6.8,
16 ul 10% SDS, 20 pl 10% APS, and 2 pl TEMED were mixed to make 3.75% stacking
gel solution. The stacking gel solution was then loaded in between glass plate and
short plate over the resolving gel solution before inserting gel comb. The combined
plate with gel was transferred to the tank poured with 1X running buffer. The
proteins were loaded separately into each well, and the voltage of 70V was used for
15 minutes before changing the voltage to 130V for 80 minutes using PowerPac™
Basic Power Supply (Bio-Rad, Hercules, California). The protein on the gel was
transferred to nitrocellulose membrane at voltage of 20V for 30 minutes using
PowerPac™ HC High Current Power Supply (Bio-Rad, Hercules, California). The gel was
later discarded, and the nitrocellulose membrane was incubated with BlockPRO™ 1
min (Visual protein, Taipei, Taiwan) at room temperature for 2 hours on shaker. A
specific primary antibody was added to the blocking buffer in ratio 1:1,000 and was
incubated overnight at 4°C on shaker. The nitrocellulose was washed three times
with 0.05% tween in 1X TBST (10 minutes each). BlockPRO™ 1 min with secondary
antibody in ratio 1:5,000 was used to incubate the nitrocellulose for 1 minute at
room temperature on shaker. The nitrocellulose was then washed three times with

0.05% tween in 1X TBST (10 minutes each). ECL detection reagents (Amersham™,
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Cytiva, Massachusetts, USA) were poured over the nitrocellulose to enhance visual

under UVP ChemStudio (Analytik Jena, Germany).

Statistical analysis

Data analysis from gRT-PCR and cell proliferation was performed by Graphpad
Prism software version 5.00.288 (San Diego, CA, USA). The differences with p-value <

0.05, p-value < 0.01, and p-value < 0.001 were considered significant.
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Results

Web-based Bioinformatic Tools Revealed the Possible Interaction between MiR-
372-3p and Cell Cycle-related Target MRNAs.

A total of 16 candidate genes were selected from literature review of Otto T,
and Sicinski P. Selected genes cover major five biological functions in driving cell
cycle to S phase (67). CDK2, CDK4, CDK6, CCND1, CCND2, CCND3, and CCNE1 are
categorized as direct regulators (67). E2F1, E2F2, E2F3, E2F4, E2F5, and E2F8 are
classified as transcriptional regulators (67). CDC25A acts as a cell cycle-checkpoint,
whereas PCNA and RB play an important role in DNA replication and cell proliferation
suppressor, respectively (67). Four web-based bioinformatic tools were utilized to
retrieve the possible interactions between miR-372-3p and cell cycle-related target
MRNAs. TargetScan predicted the interaction of miR-372-3p with CDK2, CCND1,
CCND2, E2F1, E2F2, E2F3, E2F5, and CDC25A, accounting for 50% of total candidate
genes. miRTarBase only discovered the interaction with CDK2, and CCND2, and thus
accounted for 12% of total candidate genes. CCND1, CCND2, E2F1, E2F3, and E2F5
were predicted using mirSystem, representing 31.25% of total candidate genes.
DIANA-microT also predicted CCND1, E2F1, E2F2, and E2F5, and represented 25% of

total candidate genes (Table 17, Figure 5).
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TargetScan MirTarBase mirSystem | DIANA-microT

Cyclin-dependent + + - -
kinase 2 (CDK2)

Cyclin-dependent - - - -
kinase (CDK4)

Cyclin-dependent - - . N
kinase (CDK6)

Cyclin D1 (CCND1) + : + +
Cyclin D2 (CCND2) + + + B}
Cyclin D3 (CCND3) - - . a
Cyclin E1 (CCNE1) - = - B}
E2 factor 1 (E2F1) + - + +
E2 factor 2 (E2F2) ¥ ) - +
E2 factor 3 (E2F3) + - + }
E2 factor 4 (E2F4) - . - _
E2 factor 5 (E2F5) + - + +
E2 factor 8 (E2F8) - & - }
Cell division cycle 25 + - - .

homolog A (CDC25A)

Proliferating cell

nuclear antigen (PCNA)

Retinoblastoma (RB)

Table 17. Overall web-based bioinformatic program prediction of candidate cell

cycle related genes.
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miRTarBase data collection

TargetScan prediction
Gene Total context score
CDK2 -0.31
CCND1 -0.24
CCMD2 -0.28
EZF1 -0.17
E2F2 -0.29
E2F3 -0.03
E2F% -0.35
CDC25A -0.09
C
miRSystern prediction
Gene O/E ratio
CDK2 -
CCND1 297071
CCND2 1.50349
EZ2F1 470199
E2F2 -
E2F3 204023
E2F5 6.45453
CDC25A -

Gene Sum of evidence | Number of paper
CDOKZ 3 2
CCND1 - -
CCND2Z 2 2
E2F1 - -
E2F2 - -
E2F3 - -
EZF5 - -
COC25A - -

D

DIANA micro-T prediction
Gene miTG score
CDK2 -
CCND1 0785444
CCND2 -
E2F1 0816729
E2F2 0773375
EZF3 -
E2F5 0584714
COC25A -

Figure 5. Prediction of cell cycle-related gene and miR-372-3p from each web-based

bioinformatic program. (A) TargetScan. (B) miRTarBase. (C) miRSystem. (D) DIANA

micro-T.
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Decreased MiR-372-3p Expression Was Found in HCC Cell Line.
The gPCR analysis was used to investigate the nature of miR-372-3p

expression in different HCC cell lines and normal hepatocyte cell line, THLE-2. The
results indicated that JHH-4 and HepG2 had a significant lower miR-372-3p expression

compared to THLE-2 (Figure 6).

MiR-372-3p expression in HCC cell line
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Figure 6. MiR-372-3p expression in THLE-2, JHH-4, and HepG2 cell line. Data are

shown as mean + SD and expressed relative to those of control (set as 1.0). N > 3

replicates per group from at least two independent experiments. Student’s t-test; *

p < 0.05, ** = p < 0.001.
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PCR Product Verification

The products retrieved from PCR amplification were subjected to gel
electrophoresis and sequencing, respectively. The DNA ladder was in the first lane
and the PCR product was in the second lane as depicted in Figure 7A. Sequencing
result also confirmed the successful ligation of PCR product and LVX-EF1Ql vector.

MiR-372 sequence was located at 295 bp to 362 bp (Figure 7B).

A
1000 bp
500 bp
B
TACCGCT TGAGAAGACT CAACCTGCGGAGAAGATACCAT TTTGATT GGGT GAGGGGECGGGT AGCAGGATGGCCCTAGAC
5 160 170 18 90 200 210 220

[TGCT CACCCTI|GT GGGCCT CAAATGT GGAGCACT AT T CT GAT GT CCAAGT GGAAAGT GCT GCGACAT TT GAGCGT CACCISGT

A W

TTCGATTCCCAGCCGGAAACT GT CT TGGGTACAGGT CCCTTACAGCGT CTGGCT GT AATGGCT COGGAAAACCT GGGGAAC
430 440 450 460 470 480 490 500

Figure 7. Verification of constructed LVX-EF1a-miR-372 vector. (A) Gel electrophoresis
of amplified PCR miR-372 sequence. (B) Sanger sequencing of constructed vector

indicated miR-372 sequence at 295 bp to 362 bp (labeled in red rectangular box).
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Selection of Established HCC Cell Lines

Transduced HepG2 and negative control were treated with 1 mg/ml
puromycin whereas JHH-4 cell line and negative control were treated with 2 mg/ml
puromycin. SNU-449 cell line and negative control were treated with 5 mg/ml
puromycin. Overall cell confluence of control and miR-372-3p group increased

overtime. In contrast, the cell confluence of negative control, which contains no miR-

372-3p overexpressing vector, gradually declined in 6 days (Figure 8-10).
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igure 8. Proyci setectio of MiR—372-3p oerexpressing HepG2. (A) Two-day post-
selection. Control HepG2 (left panel). miR-372-3p overexpressing HepG2 (middle
panel). Negative control (right panel). Scale bars, 100 um (B) Six-day post-selection.
Control HepG2 (left panel). miR-372-3p overexpressing HepG2 (middle panel).

Negative control (right panel). Scale bars, 50 pm.
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Figure 9. Puromycin selection fr MiR—72—3 overexpressing JHH-4. () Tw—day pot—
selection. Control JHH-4 (left panel). miR-372-3p overexpressing JHH-4 (middle
panel). Negative control (right panel). (B) Six-day post-selection. Control JHH-4 (left
panel). miR-372-3p overexpressing JHH-4 (middle panel). Negative control (right

panel). Scale bars, 100 pm.
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Fire 10. Puomyin selection of MiR—372—3 oerexpressig SNU—449. ) wo—day”
post-selection. Control SNU-449 (left panel). miR-372-3p overexpressing SNU-449

(middle panel). Negative control (right panel). (B) Six-day post-selection. Control SNU-
449 (left panel). miR-372-3p overexpressing SNU-449 (middle panel). Negative control

(right panel). Scale bars, 100 pm.
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Transduced HCC Cell Lines Expressed a Higher Level of MiR-372-3p.

To investigate the expression of mMiRNA-372-3p, the established HCC cell lines
were subjected to gPCR analysis. Transduced HepG2 exhibited a higher expression of
mMIRNA-372-3p compared to wild-type. As well as in transduced JHH-4 and SNU449
cell line, both of them showed a significantly higher expression of miRNA-372-3p
than their wild-type counterpart (Figure 11).

MIR-372-3p Expression in Transduced HCC Cell Lines
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Figure 11. The expression of miR-372-3p in different transduced HCC cell lines. Data
are represented as mean + SD and expressed relative to those of control (set as 1.0).

N > 3 replicates per group from at least two independent experiments. Student’s t-

test; * = p < 0.05.
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Changes in Cell Cycle-Related mRNA Were Detected in Established HCC Cell
Line.

MRNA expression of major proteins involved with cell cycle was proceeded in
different established HCC cell lines using gPCR quantification. Validated major
proteins regulating cell cycle progression included CDK2, CCND1, E2F1, E2F2, and
E2F3. In JHH-4, these proteins were majorly downregulated compared to control.
Transduced HepG2, however, showed different results. Only CCND1 expression was
downregulated, whereas CDK2, E2F1, and E2F2 possessed a higher expression and
E2F3 mRNA level remained unchanged compared to control. Interestingly,
transduced SNU-449 exhibited several upregulated cell cycle-related mMRNA
expressions such as CDK2, CCND1, CDC25A, E2F1, E2F2, and E2F3 (Figure 12).
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Figure 12. Cell cycle related-mRNA expression in miR-372-3p overexpressing HCC cell
lines. (A) Expression of cell cycle-related mRNA in miR-372-3p overexpressing JHH-4.
(B) Expression of cell cycle-related mRNA in miR-372-3p overexpressing HepG2. (C)
Expression of cell cycle-related mRNA in miR-372-3p overexpressing SNU-449. Data
are shown as mean + SD and expressed relative to those of control (set as 1.0). N >
3 replicates per group from at least two independent experiments. RPL19 was used
as a housekeeping gene and internal control. Student’s t-test; * p < 0.05; ** p < 0.01;

% 15 < 0.001.



MiIRNA-372-3p Decreased CCND1 MRNA Expression.

According to previous gPCR data, CCND1 mRNA expression was the only
MRNA that was downregulated in all transduced HCC cell lines. Luciferase assay was
then used to determine the interaction between miR-372-3p and CCND1 UTR. Four
different CCND1 UTR sequences were illustrated in Figure 11A. Luciferase activity of
wild-type is the weakest compared to that of control. All three mutants exhibited a

significantly higher relative luminescence compared to that of wild-type as showed in

Figure 13B.

A
WT CCND1 3’UTR 5’
miR-372-3p 37
MT1 CCND1 3’UTRS’
miR-372-3p 3
MT2 CCND1 3’UTRS5’

miR-372-3p 37

MT3 CCND1 3’UTRS’ GAUAACUGACAAUAACCUAUGAAC
N
mil(—i'/)—,ip 3’ UGCGAGUUUACAGCGUCGUGAAA 5
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Figure 13. Dual-luciferase assay indicated that miR-372-3p targets CCND1 3’-UTR. (A)
RNA hybridization pattern between miRNA-372-3p and wild-type (WT) 3’-UTR or three
different 3’-UTR mutants (MT1-MT3). (B) Dual luciferase reporter assay of wild-type
and mutant 1, mutant 2, and mutant 3. Data are represented as mean + SD. N = 3

replicates per group. Student’s t-test; * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
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Deterred HCC Cell Line Proliferation as a Result of miRNA-372-3p
Overexpression

MTT assay was carried out to determine the change in proliferation rate of
transduced HCC cell lines. The proliferation rate of transduced HepG2 was
significantly decreased compared to that of control, especially in day 2. Transduced
JHH-4 began to decline their proliferation rate at day 2, and day 3. In addition,
transduced SNU-449 showed a significantly lower proliferation rate since day 1 (Figure

14).
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Figure 14. The proliferation rate was reduced in miR-372-3p overexpressing cell line.

(A) HepG2, (B) JHH-4, and (C) SNU-449. Data are represented as mean + SD and
expressed relative to those of control (set as 1.0). N > 3 replicates per group.

Student’s t-test; * = p < 0.05; ** = p < 0.01; ** = p < 0.001.

To narrow down the phase of cell cycle affected by overexpression of miR-
372-3p, BrdU incorporation assay was then performed. HepG2 control showed higher
BrdU positive cells (4.56%) compared to that of miR-372-3p overexpressing HepG2
(0.34%) (Figure 15). MiR-372-3p overexpressing SNU-449 also exhibited a lower BrdU

positive cells (16.81%) compared to that of control SNU-449 (33.72%) (Figure 16).
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Figure 15. BrdU incorporation assay of transduced HepG2. (A) Representative fields of
HepG2 are shown with DAPI (left panels), BrdU (middle panels), and merge (right
panels). (B) Quantitative result of BrdU stained HepG2. Fluorescent images taken at
equivalent exposure for comparison. Scale bars, 100 pm. DAPI: 4’6-diamidino-2-

phenylindole. Data are showed as mean + SD. *** = p < 0.001.
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Figure 16. BrdU incorporation assay of transduced SNU-449. (A) Representative fields

of SNU-449 are shown with DAPI (left panels), BrdU (middle panels), and merge (right

panels). (B) Quantitative result of BrdU stained SNU-449. Fluorescent images taken at

equivalent exposure for comparison. Scale bars, 100 um. DAPI: 4’6-diamidino-2-

phenylindole. Data are showed as mean + SD. *** = p < 0.001.



53

Cyclin D1 Protein Expression Decreased in Transduced HCC Cell Line.

Western blot analysis revealed the decrease in cyclin D1 protein expression in
transduced HepG2 cell line compared to control. However, cyclin D1 expression in
transduced JHH-4 cell line showed a subtle difference compared to control (Figure

17).
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Figure 17. Western blot of miR-372-3p overexpressing HepG2 and JHH4 indicates the

amount of cyclin D1.
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DISCUSSION & CONCLUSION

The roles of miR-372-3p seem to vary in each type of cancer. As depicted in
previous research, miR-372-3p may have an anti-oncogenic property in colon cancer
cell line, but it turns into oncogenic roles in lung squamous cell carcinoma. However,
their functions in HCC have been rarely explored.

First, the expression of miR-372-3p in wild-type HCC cell line was investigated.
MiR-372-3p expression in normal liver cell line was relatively high than in wild-type
HCC cell lines. In consistent with the findings, previous research showed that miR-372
expression in HCC tumor retrieved from patient was also relatively lower than in
adjacent normal tissue (103), suggesting that miR-372 might play a crucial role in HCC
progression. Although, some findings lead to the entirely opposite outcome. It was
reported that miR-372 expression is relatively high in HCC tissue compared to adjacent
tissue (111). Moreover, miR-372 positively correlates to a low survival rate after surgery
in HCC patients (111). From G. Wu, et al. study, miR-372 expression in HCC cell lines is
relatively low compared to that of control, which also correlates with the present
findings (103). In contrast, the study from G. Wu, et al. showed that miR-372
expression in HCC cell lines is relatively high compared to that of control (111).
However, the HCC cell lines used in these studies are LO2 (HL-7702), SMMC7721, and
QGY7701, which have been considered as problematic cell lines due to
contamination of Hela (112). Therefore, the results from these studies may not be
translatable to the present study. Recent study indicated that cell lines that have
been established in China were mostly misidentified (85.51%) and were cross-
contaminated (25%) (112). In addition, cell lines that were found contaminated in
China laboratories were contaminated from Hela or Hel.a derivatives (112).

After introducing the miR-372-3p overexpression vector to HCC cell lines, the
selection of established cell lines was then proceeded at different concentration of
puromycin. HepG2 was treated with 1 mg/ml puromycin, whereas JHH-4 and SNU-449
were treated with 2 and 5 mg/ml puromycin, respectively. HCC cells transduced with
miR-372-3p overexpression vector increased their confluence, while negative control

that did not receive overexpression vector gradually decreased their confluence over
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time until completely vanished within 8 days. gPCR analysis showed that all the
transduced cell lines produced miR-372-3p in a higher level compared to positive
control, which was introduced with vector containing red fluorescence protein
sequence, mCherry, and puromycin resistance gene. Thus, the production of miR-372-
3p in established cell lines was confirmed. MTT assay was carried out to measure cell
proliferation. Among the three HCC cell lines, JHH-4 control seems to have much
higher relative absorbance compared to that of SNU-449. This might result from the
difference in doubling time of each cell line. According to the previous study, the
fastest JHH-4 doubling time was 32.99 hours (113), whereas the doubling time of SNU-
449 ranged from 36 to 27.74 hours (113, 114). Thus, it is possible that JHH-4 might
replicate faster than SNU-449, increasing the relative absorbance. However, relative
absorbance of HepG2 in day 3 was not significantly different between control and
miR-372-3p overexpressing HepG2. Inconsistent cell seeding might be the cause of
these indifferences.

Utilizing BrdU incorporation assay, the number of transduced HCC cells that
enter S phase can be quantified. BrdU is a thymine analog and can be taken into the
cells, especially during DNA replication stage, S phase. After phosphorylated, BrdU is
now turned into BrdUTP which is recognized by DNA polymerase and is thus
incorporated into DNA, replacing thymine. Therefore, BrdU incorporation assay is
highly effective in determining the progression of cell cycle phase from G1 to S. Both
miR-372-3p overexpressing HepG2 and JHH-4 showed a significantly lower BrdU
positive cell in percentage compared to their control. However, the data from JHH-4
is still lacking as a result of technical difficulties. After puromycin selection of miR-372-
3p overexpressing JHH-4, the cell confluence was drastically decreased compared to
control, resulting in limited use in further experiments.

Both  MTT and BrdU indicated the decline in proliferation rate of all
transduced HCC cell lines, implying that overexpression of miR-372-3p might impede
cell cycle progression, especially from G1 to S phase. These results are in accordance
with the previous findings. It was reported that the upregulation of miR-372-3p could
reduce cell proliferation in HepG2 and induce apoptosis (115). However, some

research contradicts the obtained results. MiRNA-372 was found to induce HCC cell
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proliferation via targeting ATAD2 and driving cell cycle from Gl to S phase,
respectively (25). However, the latter study employed CCK8 and colony forming assay
to evaluate proliferation rate, and they also used short interference RNA to ATAD2 in
HCC cell lines in those experiments (25). In addition, many problematic cell lines,
such as SMMC7721, QGY7721, LO2, were used to quantify ATAD2 protein expression
(25). Hence, it is possible that the results they obtained may not be translatable to
the present study because of the indirect inhibition of mMRNA target rather than miRNA
itself and the use of problematic cell lines.

According to previous researches, major cell cycle regulators involving the
transition from G1 to S phase have been well-depicted such as, CDK2/4/6, CCND1/2/3,
CCNE1, E2F1/2/3/4/5/8, CDC25A, PCNA, and RB (116-124). These cell cycle related
genes were thus chosen for target screening using web-based bioinformatic programs:
TargetScan, miRTarBase, miRSystem, and DIANA-microT. The prediction indicates that
miR-372-3p may hold a potential to interfere with only some of them. Among four
web-based tools, TargetScan could predict the most target mRNA including CCND1,
CCND2, CDC25A, CDK2, E2F1, E2F2, and E2F3. Thus, investigating these mRNA
expressions in miR-372-3p overexpressing HCC cell lines is essential.

Quantification of major cell-cycle related mRNAs regulating G1 to S phase in
established HCC cell lines was then proceeded. The results indicated that each HCC
cell line had a different gene expression. According to the previous study,
overexpression of miR-372 in nasopharyngeal carcinoma cell line showed that CDK2,
and TP53 expression were downregulated (125). Another study in cervical cancer cell
line, CDK2 was negatively correlated to miR-372 expression (126). Decreased CDK2
expression was found in miR-372-3p overexpressing JHH-4 and SNU-449 in the present
study. However, lower expression of TP53 allows CDK2 and cyclin E to initiate the
progression of cell cycle to S phase (127). From the study in HUH7, miR-372 also
reduced the expression of E2F1 and thus interfered cell proliferation, respectively
(128). A similar outcome was found in miR-372-3p overexpressing JHH-4 and SNU-449
due to the significantly lower expression of E2F1 compared to control. There is
evidence reported that E2F5 expression was highly abundant in wild-type HepG2, and

repressing it by short interference RNA led to a reduction in cell number entering S
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phase (129). Upregulated E2F5 in HepG2 control confirms the correlation to the
previous study. A specific gene can be expressed differently among cell lines,
depending on the type and nature of each cell line. For instance, a high level of p21
in wild-type HepG2 induces the expression of cyclin E (130). In contrast, wild-type
JHH-4 and HUH7 with p21 expression appear normal cyclin E level (130). This could
be used to explain the difference in cell cycle-related mRNA expressions in three
different HCC cell lines. However, most of the conducted study used HepG2, one of
the most popular HCC models, while the other models such as JHH-4, and SNU-449
are still left uninvestigated.

Dual-luciferase assay was then employed to test whether 3’-UTR of CCND1 is
a target of miR-372-3p. Low relative luminescence in wild-type group compared to
control or mutant group suggested that miR-372-3p could bind to 3’-UTR of CCND1.
Finally, western blot was later carried out to quantify CCND1 protein level in miR-372-
33p overexpressing HCC cell lines. Cyclin D1 expression in miR-372-3p overexpressing
HepG2 is obviously lower than in control. In the other way, miR-372-3p overexpressing
JHH-4 seems to have less obvious difference of cyclin D1 expression between the
group. Note that the measurement of cyclin D1 protein level in SNU-449 is still lacking
due to technical difficulties, and two more independent repeats of HepG2 and JHH-4
would be sufficient for statistical analysis and protein level quantification. However,
future study should explore more of G1-S phase cell cycle-related protein expressions
other than cyclin D1 since some of mRNA expressions may not always positively
correlate to its protein expression (131). Several factors have been known to cause
this inconsistency. Post-transcriptional modifications such as alternative splicing, and
stability of mRNA could alter protein expression (132). Thus, it is plausible that some
protein that were originally downregulated or upregulated in mRNA level might
increase or decrease its expression in protein level.

This study faces some limitations. Despite two independent experiments in
measuring the mRNA expression, all the samples were from the same biological
sample. Thus, it is suggested that the experiment should be repeated with whole

different biological samples. In addition, subjecting miR-372-3p overexpressing HCC
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cells to RNA sequencing would reveal new downregulated biological pathways or
targets for further study.

To conclude, miR-372-3p may hold a dramatic effect to HCC cell lines when
overexpressed. The presence of miR-372-3p may interfere with the translation of
CCND1 mRNA in HepG2 cell line by binding to 3’-UTR of CCND1 mRNA, interfering the
entering to S phase of cell cycle (Figure 18). The findings of this study address the
function of miR-372-3p and its effects on the proliferation of HCC cell lines that are
involved with cell cycle regulation. All results obtained from this study might be

applicable to HCC therapeutic options in the future.
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Figure 18. Proposed mechanism of miR-372-3p/CCND1 in HCC cells. Low level of
miR-372-3p in normal HCC allows the translation of CCND1 mRNA and drives the cell
cycle transition from G1 to S, respectively. In miR-372-3p overexpressing HCC cells,
the translation of CCND1 becomes interfered due to high level of miR-372-3p, thus

tampering cell cycle progression.
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Appendixes

Non-reducing buffer (RIPA), 50 ml
(10 mM Tris-HCl pH7.6, 100 mM NaCl, ImM EDTA, 0.1% NP-40)

Tris-base (M.W. = 121.14) 60.5 mg
NaCl (M.W. = 58.44) 292.2 mg
EDTA (MW. = 372.24) 18.6 mg
NP-40 50 pl
Deionized water to 50 ml

4X Reducing buffer (Laemmli’s), 40 ml
(0.2 M Tris-HCl pH 6.8, 20% ME, 8% SDS, 40% glycerol)

0.5 M Tris-HCl pH 6.8 16 ml

B—mercaptoethanol 8 ml

Glycerol 16 ml

SDS (M.W. = 288.37) 32¢
IXTBS, 1L

(20 mM Tris-HCl pH 7.5, 500 mM NaCl)

Tris-base (M.W. = 121.14) 242 ¢
NaCl (M.W. = 58.44) 29.24 ¢
Deionized water toll

5X Tris-Borate buffer (TBE), 1 L

Tris-base (M\W. = 121.14) 54 ¢
Boric acid (M.W. = 61.83) 275¢
EDTA (M.W. = 372.24) 4.16 ¢

Deionized water toll



1% agarose gel electrophoresis
Agarose
1X TBE
Red safe

1.5 M Tris-HCl pH 8.8, 150 ml
Tris-base (MW. = 121.14)
HCL

Deionized water

0.5 M Tris-HCl pH 6.8, 100 ml
Tris-base (MW. = 121.14)
HCL

Deionized water

10X running buffer, 1 L

(0.25 M Tris, 1.92 M Glycine, 1% SDS)

Tris-base (MW. = 121.14)
Glycine (M.W. = 75.07)
SDS (M.W. = 288.37)

Deionized water

10% APS (w/V)

Ammonium persulfate (M.W. = 228.2)

Deionized water
10% SDS (w/V)
SDS (M.W. = 288.37)

Deionized water

12% resolving gel solution, 1 gel

1g
100 ml
5 ul

2723 ¢
to pH 8.8
to 150 ml

6
to pH 6.8
to 100 ml

30.3 ¢
144 ¢
10 ¢

toll

1,000 mg
10 ml

lg
10 ml

71



Deionized water
40% Acrylamide/Bis
1.5 M Tris-HCl pH 8.8
10% SDS

10% APS

TEMED

3.75% stacking gel solution

Deionized water
40% Acrylamide/Bis
0.5 M Tris-HCl pH 6.8
10% SDS

10% APS

TEMED

2.8 ml
1.5 ml
628 pl
50 pl

37.3 pl
2.67 pl

1 ml
154 ul
400 pl
16 pl
20 pl
2 ul
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Table S1 Concentration of protein and preparation of protein dilution for western

blot
Sample Concentration 100 pl protein dilution (20 pg/ul)
(pg/pl) Volume of protein (ul) Volume of Laemmli
(1)
HepG2 control 58.90795 33.95 66.05
HepG2 372 62.31333 32.10 67.90
JHH4 control 65.10386 30.72 69.28
JHHA 372 56.59040 35.34 64.66
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