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ABSTRACT
The human fatty acid synthase (hFASN) is one of key enzymes that regulate de novo fatty acid synthesis pathway
and the upregulation of this gene is associated with non-alcoholic fatty liver disease and cancers. Herein, we use
bioinformatics tools to identify several miRNAs that can potentially target expression of hFASN gene. These potential
miRNAs include miR-27a, miR-27b, miR-495, miR-15a, miR-15b, miR-16, miR-195, miR-497, miR-424, miR-103 and
miR-107. Transfection of reporter construct containing 3’-UTR of hFASN mRNA, placed downstream of luciferase
reporter gene into HepG2 cells also down-regulates expression of luciferase activity by 50% but not in HEK293T cells,
indicating the presence of functional miRNA binding sites. Truncations of both halves of the 3’-UTR of hFASN mRNA
also affected the luciferase activity, suggesting that the miRNA binding sites are located on both halves of the 3’-UTR. To
examine whether the above miRNAs were hepatocyte-specific, their expression profiles were also pulled out from
miRmine, human miRNA expression databases.
บทคัดย่ อ
เอนไซม์ fatty acid synthase (hFASN) เป็ นเอนไซม์สาคัญที่ควบคุมกระบวนการสังเคราะห์กรดไขมัน และการ
แสดงออกที่เพิ่มขึ้นของยีนนี้เกี่ยวข้องกับภาวะตับแข็งและมะเร็ งหลายชนิด งานวิจยั นี้ได้พิสูจน์หา microRNA (miRNA) ที่
ควบคุมการแสดงออกของยีน hFASN โดยใช้การวิเคราะห์เชิงชีวสารสนเทศ พบว่า hFASN mRNA ถูกควบคุมด้วย
miR-27a, miR-27b, miR-495, miR-15a, miR-15b, miR-16, miR-195, miR-497, miR-424, miR-103, miR-107 เมื่อทาการ
สร้างยีนลูกผสมโดยนาบริ เวณ 3’-UTR ของ hFASN mRNA มาต่อหลังยีนลูซิเฟอเรส แล้วนาเข้าสู่เซลล์ HepG2 ส่งผลให้
การแสดงออกของยีนลูซิเฟอเรสลดลง 50% และเมื่อแบ่ง 3’-UTR ของยีนนี้เป็ นสองส่ วน พบว่า miRNA จับกับ 3’-UTR ทั้ง
สองส่ วน นอกจากนี้ฐานข้อมูล miRmine ยังยืนยันว่า miRNA ข้างต้นคือ miRNA ที่จาเพาะในเซลล์ตบั
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Introduction
MicroRNAs (miRNAs) play important roles in post-transcriptional regulation of gene expression. They
control various aspects of life including development, survival and metabolism. miRNAs are short double stranded
RNAs, comprising 15-25 nucleotides (Bartel, 2004). Binding of miRNAs to their targets is mediated by hybridization
of 7-8 nucleotides of the miRNAs (known as the ‘seed match’) to their complementary sequences in the 3’untranslated region (3’-UTR) of mRNAs (Brennecke et al., 2005). Such hybridization results in degradation or
translational inhibition of target mRNAs, thus providing a means to inhibit gene expression (Li, Rana, 2014).
Aberrant expression of certain miRNAs is also associated with metabolic syndrome such as type 2 diabetes, nonalcoholic fatty liver disease (NAFLD) (Rottiers, Näär, 2012; Abente et al., 2016) or even in cancers (Hayes et al., 2014)
The de novo fatty acid synthesis is the synthesis of fatty acids from glucose. The fatty acid synthase (FASN)
is one of key enzymes that regulates overall program of this pathway (Chirala et al., 2001). Aberrant expression of
FASN is associated with non-alcoholic fatty liver disease (NAFLD) (Dorn et al., 2010; Neuschwander-Tetri, 2017).
Up-regulation of FASN overexpression was also reported as one of metabolic reprogramming in several cancers in
response to high demand of phospholipids during rapid proliferation (Jones, Infante, 2015).
Recently, several miRNAs that can be used as therapeutic drug have been reported. They act by downregulating an aberrant expression of their target mRNAs (Rupaimoole, Slack, 2017). The identification of the
miRNAs that target human FASN expression may provide a means to block hyperlipidemia in metabolic syndrome
patients, and may also be an alternative strategy to block cancer growth. In this study, we used bioinformatics and
functional studies to identify putative miRNAs that can regulate human FASN expression.
Objective of the study
To identify the microRNA(s) that regulates human FASN expression in hepatocytes.
Methodology
Bioinformatics identification of miRNA(s) that regulate human FASN
The prediction algorithms including miRANDA-miSVR (Betel et al., 2008; Betel et al., 2010),
TargetScanHuman 7.1 (Agarwal et al., 2015) and miRDB web tools (Wong, Wang X, 2015; Wang X et al., 2016)
were used to predict miRNA binding sites in the 3’-UTR of hFASN mRNA (NM_004104.4). These miRNA target
prediction algorithms share some common features including seed match, sequence conservation across the species,
free energy binding between miRNA and mRNA targets, and the site accessibility for scoring the candidate miRNA
binding sites. The algorithms also show the alignments between the predicted miRNAs and 3’UTR of human FASN
mRNA with scores of prediction and free energy binding, indicating the confidence of prediction.
Reporter plasmid constructs
To further confirm whether the human FASN is regulated by miRNA(s), the luciferase reporter vector,
pmirGLO vector, containing 3’-UTR of human FASN cDNA wild type or truncated constructs (lacking nucleotides
positions 1-406 and 407-782) were used in this research. The pmirGLO vector contains firefly luciferase gene (luc2)
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driven by PGK promoter. The 3’-UTR of human FASN cDNA or its truncate mutants was inserted at SacI and NheI
restriction sites downstream of luciferase gene. To test this reporter system, pmirGLO containing miR-21 and
mismatch miR-21 target sequences were used as positive and negative controls, respectively, in HEK293T cells
because HEK293T cells express miR-21. These constructs were provided by Ms. Pannapa Pinweha. The miR-21
target and mismatch miR-21 target sequences were inserted between PmeI and XbaI restriction sites in pmirGLO
reporter vector, and their sequences are shown in table 1. The pSV-β Galactosidase control vector (pSV-β-gal)
encoding lac Z gene or β-galactosidase gene was used for normalizing the transfection efficiency by co-transfection
with pmirGLO vector.
Table 1 miR-21 target and mismatch miR-21 target sequences (Underline indicates PmeI and XbaI restriction sites
at their 5’-ends, used to facilitate cloning.)
Name
Sequence (5’ 3’)
miR-21 target

TTTAAACTAGCGGCCGCTAGTTCAACATCAGTCTGATAAGCTATCTAGA

Mismatch miR-21 target

TTTAAACTAGCGGCCGCTAGTTCAACATCAGAAGATAAGCTATCTAGA

Cell culture
To test whether predicted miRNA(s) is tissue-specific miRNA, HepG2 cells (as a representative of
hepatocyte) and HEK293T cells (as a non-hepatocyte) were used in this study. HepG2 (HB-8065™) and HEK293T (
CRL-3216™) were cultured in Dulbecco’s Modified Eagle high glucose medium (DMEM) containing 10% (v/v)
heat-inactivated fetal bovine serum (FBS) and 1% (v/v) penicillin/streptomycin and incubated at 37°C in 5% CO2
incubator. For transfection experiment, these cells were cultured in DMEM containing 10% FBS without antibiotics
before transfection.
Transient transfections
1 × 105 HepG2 cells or HEK293T cells were seeded in 24-wells plate containing 500 µl of DMEM medium
supplemented with 10% (v/v) FBS without antibiotics for 24 h. On the transfection day, two cocktail reagents were
prepared. First cocktail contained 2 µl of LipofectAMINE™ 2000 reagent in 50 µl of OptiMEM I while second
cocktail contained 0.07 pmol of luciferase reporter construct and 250 ng of pSV-β-gal plasmid in 50 µl of
OptiMEM I. Both cocktails were gently mixed before incubated at room temperature for 5 min. The culture
medium was replaced by 400 µl of fresh medium before transfection with 100 µl transfection mixture and the cells
were incubated at 37°C for 48 h in CO2 incubator.
Luciferase reporter assay
After 48 h. transfection, transfected cells were washed with 1× PBS solution pH 7.4 and lysed in 100 µl of
1x cell culture lysis reagent buffer (Promega) followed by transferring to new centrifuged tube and storing at -80°c.
The lysate was centrifuged at 13,000×g at 4°C for 10 min after 2 cycles of freeze/thaw process. Finally, the
supernatant was collected, and protein concentrations were measured by Bradford assay (Bradford, 1976).
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One hundred microliters reaction mixture containing 20 mM Tris-phosphate pH 7.8, 4.07 mM MgCl2,
2.7 mM MgSO4, 33.3 mM DTT, 0.1 mM EDTA, 0.27 mM acetyl CoA, 0.53 mM ATP pH 7.8 and 0.47 mM beetle
luciferin was subjected into 20-50 µg of protein samples by luminometer (Glomax20/20, Promega) and the
luciferase activity was calculated by following equation.
light intensity unit
Enzyme activity =
protein amount (µg)
**The enzyme activity was normalized with β-galactosidase activity.
The pSV-β-gal plasmid was used as a normalizer to minimize the variation of transfection efficiency
between the experiments. This pSV-β-gal plasmid was co-transfected with pmirGLO containing 3’UTR of human
FASN wild type cDNA and its mutant constructs. The lac Z gene in pSV-β-gal plasmid was encoded for
βgalactosidase enzyme which catalyzes the hydrolysis of o-p-nitrophenyl-β-D-galactopyranoside (ONPG), substrate,
to yellow product, o-nitrophenol.
Two hundreds and fifty microliters of reaction buffer containing 100 mM sodium phosphate buffer pH 7.3,
1 mM MgCl2, 10 mM KCl, 50 mM β-mercaptoethanol was mixed with 20-50 µg of protein samples before incubated
at 37°C for 10 min. Fifty microliters of 2 mg/ml ONPG were added to reaction mixture and were then incubated with
shaking until solution turns to yellow. After that, 100 µl of yellow product were mixed with 100 µl of 1 M Tris-HCl
pH 8.0 in 96-well plate to stop the reaction. The absorbance at 414 nm of yellow product was measured by microplate
reader (Thermo Labsystems) and β-galactosidase activity was calculated using following equation.
β-galactosidase activity =

(OD414 transfected cell - OD414 untransfected cell) × 100
Protein amount (µg)×incubation time (hours)

Statistical analysis
The quantitative data are shown as the mean ± S.D. The statistical analysis was performed using one way
analysis of variance (one-way ANOVA) followed by Student-Newman-Keuls test using SigmaStat version 3.5
(Systat Software, Inc., California)
Results
To examine whether human FASN is regulated by miRNAs, its 3’-UTR mRNA was analyzed by various
web tools i.e., miRanda-mirSVR (Betel et al., 2008; Betel et al., 2010), TargetScanHuman 7.1 (Agarwal et al., 2015)
and miRDB web tools (Wong, Wang, 2015; Wang et al., 2016). Eleven predicted miRNAs with relatively high score,
namely miR-27a, miR-27b, miR-495, miR-15a, miR-15b, miR-16, miR-195, miR-497, miR-424, miR-107, miR-103a
were shown in Venn diagram (Figure 1A) and their binding sites were identified in 3’-UTR of human FASN cDNA
(Figure 1b). miR-27a and miR-27b shared the same seed sequences and located between nucleotides 227 and 233
(named as position 1) in the 3’UTR of human FASN cDNA. miR-495 had a seed sequence located between
nucleotides 652 and 659 (named as position 2) in the 3’UTR of human FASN cDNA. miR-15a, miR-15b, miR-16,
miR-195, miR-497, miR-424 which are classified as miR-15 family shared the same seed sequences and located
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between nucleotides 680 and 686 (named as position 3) and miR-15 family including miR-107, miR-103a family
shared the same seed sequences located between nucleotides 763 and 769 (named as position 4) in 3’UTR of human
FASN cDNA. The TargetScanHuman 7.1 web tools showed that predicted miRNA binding sites positions 1 and 3
were highly conserved across species (Figure 2A) and with their scores, high minus scores (context++ score) mean
high probability of being true targets (Figure 2B).
A

B

Figure 1 (A) Venn diagram showing eleven predicted miRNAs namely, miR-27a, miR-27b, miR-495, miR-15a,
miR-15b, miR-16, miR-195, miR-497, miR-424, miR-107, miR-103a. (B) The 3’UTR of human FASN
(NM_004104.4) and all predicted miRNA binding sites from various web tools.
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Figure 2 (A) Sequence alignment of two predicted miRNA binding sites (nucleotides 227-233) in 3’ UTR of FASN
mRNAs of human, chimpanzee, rhesus macaque, squirrel, mouse, and rat and (B) predicted miRNA with
their scores, high minus scores (context++ score) mean high probability of being true targets (Agarwal et
al., 2015).
To further confirm that predicted miRNAs can regulate human FASN, the luciferase reporter assay was
performed using pmirGLO reporter containing 3’UTR of human FASN cDNA (wild type) or its truncated mutants
(lacking nucleotide positions 1-406 and 407-782) was co-transfected with pSV-β-gal plasmid into HepG2 cells.
Placing 3’-UTR of human FASN cDNA downstream of the luciferase reporter gene lowered luciferase reporter
activity by 50% compared with pmirGLO empty vector (p < 0.001) (Figure 3A). Furthermore, truncation of 3’UTR of
human FASN cDNA, lacking nucleotides between 1-406 or 407-782 also resulted in 30% and 25% reduction of
luciferase reporter activity (p < 0.01), respectively. As a positive control of the pmirGLO reporter system,
transfection of pmirGLO reporter plasmid containing miR-21 target sequence into HEK293T cells (non-hepatocytes)
resulted in 40% reduction of luciferase activity, compared with the mismatch miR-21 target and pmirGLO empty
vector (p < 0.05) (Figure 3B). This result demonstrated that the reporter system worked properly. On the other hand,
the transfection of pmirGLO containing 3’UTR of human FASN cDNA wild type and truncate mutants into nonhepatocytes, HEK293T cells, did not affect luciferase activity compared with pmirGLO empty vector (Figure 2B).
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Figure 3 The relative luciferase activity detected in HepG2 cell (A) transfected with pmirGLO constructs (empty
vector), pmirGLO containing 3’UTR of human FASN cDNA wild type, truncate mutants lacking
nucleotides positions 1-406 and 407-782. The relative luciferase activity of HEK293Tcell (B) transfected
with the same constructs and pmirGLO containing miR-21 target sequence and mismatch miR-21 target
sequence as a positive and negative control, respectively. The luciferase activity is relatively calculated to
pmirGLO empty vector which was set as 100%. The results are shown as means ± S.D. of two independent
experiments, each in duplicate. *p < 0.05, **p < 0.01, ***P < 0.001
To confirm the existence of these predicted miRNAs, their expression profiles in various cell lines including
HepG2 cells, HEK293T cells (non-hepatocyte), MCF-7 (breast cancer) were explored from miRmine, human miRNA
expression databases (Panwar et al., 2017). The expression profiles showed that all of predicted miRNAs were
expressed in various cell lines except miR-495 (Figure 4).

Figure 4 Expression profiles of predicted miRNAs in HepG2, HEK293T (non-hepatocytes) and MCF-7 (breast
cancer) cells. Unit of expression values shows in Log2 of read per million (log2 RPM) (Panwar et al., 2017).
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Discussion and Conclusion
TargetScanHuman 7.1 web tool (Agarwal et al., 2015) predicts the miRNA binding sites based on seed
match and conservation across species features, suggesting that this analysis provides evidence that the predicted
miRNA binding sites are functional (Peterson et al., 2014). Therefore, it is likely that predicted miR-27a, miR-27b
(target positions 1 in 3’-UTR of human FASN) and miR-15 family (target positions 2 in 3’-UTR of human FASN)
would regulate FASN expression. Moreover, miRANDA-mirSVR (Betel et al., 2008; Betel et al., 2010) and miRDB
(Wong, Wang, 2015; Wang et al., 2016) web tools also share the same common features in prediction and include
free energy and site accessibility. The free energy is used to indicate miRNA:mRNA target interaction stability. The
site accessibility provides the information regarding the ease of miRNAs access to their target sites (Peterson et al.,
2014). For expression of miRNAs results, although miR-495 showed low expression in various cell lines, the
expression of miR-495 will be evaluated further.
The 50% reduction of relative luciferase activity from 3’-UTR of human FASN wild type in HepG2 cells
indicates that 3’UTR of human FASN mRNA mediates its inhibitory effect on expression of luciferase reporter gene.
While inhibitory effect of the 3’-UTR on luciferase expression is apparent in HepG2 cells, this was not the case for
HEK293T cells. This clearly indicates that the regulation of human FASN by miRNAs is hepatocyte-specific.
Furthermore, truncations of the 5’- or 3’-half of human FASN UTR also resulted in 30% and 25% reduction of
luciferase activity, suggesting that the repressive element(s) which confer miRNA regulation is located at both halves
of 3’-UTR of human FASN mRNA. These results are consistent with the prediction algorithm results which show the
presence of eleven miRNA binding sites and four of which are located at both halves of 3’-UTR of human FASN
mRNA. There are some investigators reported involvement of certain miRNAs in regulation of FASN in certain
cancers such as miR-15a, miR-16, miR-195 in breast cancer (Singh et al., 2015; Wang J et al., 2016), miR-195, miR424 in osteosarcoma cell (Mao et al.,2012; Long et al., 2013). Nevertheless, neither of them studied expression in
hepatocytes.
In conclusion, eleven miRNAs, namely miR-27a, miR-27b, miR-495, miR-15a, miR-15b, miR-16, miR195, miR-497, miR-424, miR-107, miR-103a were identified to target at their four binding sites in 3’-UTR of human
FASN mRNA. To further confirm which miRNAs regulate human FASN, the expression of miRNA(s) in HepG2
cells will be measured and the luciferase assay should be performed with mutations of their four binding sites in 3’UTR of human FASN construct. Moreover, the effect of these miRNAs on endogenous human FASN should also be
further studied.
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