01DGHUL$3D]RXNL($UHÀDQHWDO

Original Article

Two Triacylglycerol Pathway Genes, CTDNEP1 and LPIN1,
are Down-Regulated by hsa-miR-122-5p in Hepatocytes
Mahmood Naderi PhD1, Abdolreza Pazouki MD2(KVDQ$UH¿DQ3K'3, Seyed Mahmoud Hashemi PhD4, Fatemeh Jamshidi-Adegani PhD5,
Omid Gholamalamdari PhD5, Sara Soudi PhD6, Kayhan Azadmanesh MD PhD7, Siamak Mirab Samiee PhD8, Shahin Merat MD1,
Mohammad Gholami Fesharaki PhD9, Mahdieh Mondanizadeh PhD10, Mohammad Vasei MDƔ, Masoud Soleimani PhDƔ

Abstract
Background: ([SUHVVLRQ RI PL5 is KLJKO\ VSHFL¿F to KHSDWRF\WHV RI WKH OLYHU7KLV PL51$ is LQYROYHG in OLSLG KHPRVWDVLV RI WKH WLVVXH;
KRZHYHUWKHUH is no FRPSUHKHQVLYH XQGHUVWDQGLQJ RI its IXQFWLRQ in OLSLG KHPRVWDVLV
Materials and Methods: 6LQFH KHSDWRF\WHV are UHVSRQVLEOH IRU SDUW RI 7ULDF\OJO\FHURO 7$* V\QWKHVLV in WKH ERG\ZH K\SRWKHVL]HG WKDW
PL5as WKH PRVW DEXQGDQW PL51$ in WKH WLVVXHPLJKW UHJXODWH 7$* PHWDEROLVP E\ WDUJHWLQJ NH\ HQ]\PHV WKDW are LQYROYHG in its
SURGXFWLRQ SDWKZD\$ V\VWHPDWLF FRPSXWDWLRQDO DQDO\VLV RI SXWDWLYH WDUJHWV RI PL5 LGHQWL¿HG CTDNEP1 and LPIN1 JHQHV in WKH 7$*
SDWKZD\:H XVHG GXDOOXFLIHUDVH UHSRUWHU DVVD\TXDQWLWDWLYH 573&5 as ZHOO as ZHVWHUQ EORW to FRQ¿UP WKH UHSUHVVLYH HIIHFW RI PL5
on CTDNEP1 and LPIN1 in 7$* SDWKZD\
Results: 5HDO WLPH 3&5 on OLYHU needle ELRSVLHV ZLWK KHSDWRVWHDWRVLV VKRZHG WKDW PL5 is XSUHJXODWHG in KHSDWRVWHDWRVLV6XUSULVLQJO\
WKH SURWHLQ and 51$ OHYHO RI LGHQWL¿HG WDUJHWV RI PL5 are also XSUHJXODWHG in FOLQLFDO VDPSOHVSUREDEO\ as a GLVSURSRUWLRQDWH IHHGEDFN
UHVSRQVH to WKH KLJK OHYHO RI PL5
Conclusion: 2XU ¿QGLQJV VXJJHVW WKDW XSUHJXODWLRQ RI PL5 FDQ WULJJHU WKH FRPSHQVDWRU\ UHVSRQVH RI LPIN1 and CTDNEP1 in
KHSDWRVWHDWRVLV
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Introduction
icroRNAs are small (~22 nucleotides) non-coding
regulatory molecules that play their role by binding to 3’
untranslated region of mRNAs to either repress their
translation or induce their degradation.1 These small molecules
are able to simultaneously repress multiple targets even within
one biological pathway;2 therefore, they are effective switch
controllers within intrinsic biological processes such as
metabolism, cell growth, differentiation and so on.3
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Among different types of miRNAs in liver, miR-122 is the
most abundant and tissue-VSHFL¿F miRNA,4 accounting for >
70% of the total miRNA in the tissue.5 MiR-122 is known to be
involved in lipid hemostasis in liver. Germline deletion of miR122 in mice results in hepatosteatosis with marked reduction of
VLDL secretion.6 In a separate study, similar observations were
found in which miR-122 deletion caused steatohepatitis, ¿EURVLV
and high incidence of hepatocellular carcinoma.7 Esau, et al.
found that inhibition of miR-122 by antisense oligonucleotide
in normal mice caused hepatic and plasma cholesterol reduction
and increased hepatic fatty acid oxidation. Their work for the
inhibition of miR-122 on a diet-induced obesity mouse model
resulted in reduced plasma cholesterol level and liver steatosis.8
Despite the importance of hsa-miR-122 in regulation of fatty acid
metabolism, the molecular mechanisms by which hsa-miR-122
regulates TAG pathway and hepatosteatosis are under debate. For
instance, inhibition of hsa-miR-122 by antisense oligonucleotides
by Esau, et al. showed reduced state of hepatosteatosis8 while
the loss of function of the miRNA by two aforementioned
researches6,7 resulted in elevated hepatosteatosis. These data
highlight the importance of elucidating the role of miR-122 more
comprehensively.
Considering the fact that hepatosteatosis is predominately formed
by TAG accumulation in the liver9 along with the reported reverse
link between miR-122 expression and hepatosteatosis,6,7 we
hypothesized that hsa-miR-122 might regulate TAG metabolism
by targeting key enzymes that are involved in its production
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cascade. A systematic computational analysis of putative targets
of miR-122 LGHQWL¿HG CTDNEP1 and LPIN1 genes in the TAG
pathway. LPIN1 catalyzes the conversion of phosphatidic acid
(PA) to diacyglycerol (DAG), also known as phosphatidate
phosphatase 1 (PAP1) activity, in glycerol phosphate pathway.
CTDNEP-1 is shown to dephosphorylate lipin-1,10 causing
endoplasmic reticulum over cytosolic localization of lipin-1
which may in turn increase the physiological expression of PAP1
activity and, hence elevated amount of TAG synthesis.11
To have an in-depth understanding of the repressive role of
miR-122 on CTDNEP1 and LPIN1, we used the hepG2 cell line
as a model. Dual-luciferase reporter assay, quantitative RT-PCR
as well as western blot were used to inspect the repressive role
of miR-122 in transcriptomic and proteomic levels. We also
measured the level of this miRNA and its relation with CTDNEP1
and LPIN1 expression in the liver of obese patients undergoing
laparoscopic gastric bypass for the purpose of weight loss.

Materials and Methods

Vector construction
The pLEX-JRED-mir-122 plasmid was constructed by cloning
a fragment, containing the pri-mir-122 (from -221 to +343
bp relative to the 5’-end of pri-mir-122), into the pLEX-JRED
plasmid. The pri-miRNA was DPSOL¿HG by PCR on human
genomic DNA extracted from white blood cells using blood &
cell culture DNA mini kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. The ligation of digested
PCR products and the vectors was carried out using T4 DNA
ligase enzyme (Fermentas, Burlington, VT, USA), based on
the manufacturer’s instructions. In addition, 3’UTR regions of
LPIN1 and CTDNEP1 were DPSOL¿HG from human genome and
then cloned in psicheck-2 vector (Promega) by Xho-1/Not-1
overhangs, based on the manufacturer’s instructions. Finally, the
authenticity of the cloned vectors was approved by sequencing.
Table 1 describes all the cloning primers and enzymatic overhangs
for the cloning of the vectors.
&RQVWUXFWH[SUHVVLRQYHUL¿FDWLRQ
To assess the functionality of the construct, pLEX-JRED-mir-122
was transduced into hepG2 cell line and after selection with 2 μg/
mL of puromycin, the amount of miR-122 overexpression was
measured in comparison with the control pLEX-JRED group
using real-time RT PCR.

%LRLQIRUPDWLFVDQDO\VHV
All target predictions were done with mirSVR predicted target
site scoring method,12 provided on www.microrna.org website. In
brief, all the predicted targets of hsa-miR-122 were extracted from
the website. At the time, this approach resulted in 1737 predicted
genes. The predicted list was computationally crosschecked with
the list of involved genes in TAG pathway, downloaded and
subsequently extracted from “Glycerolipid Metabolism” section
of KEGG. All the crosscheckings were based on comparing Entrez
Gene IDs of the genes as the unique LGHQWL¿HU. Excel spreadsheet
was programmatically used to do all the crosscheckings.

Virus packaging and concentration
Lentiviruses were produced by Trono methodology through
calcium phosphate (CaPo4) transfection of transfer vector,
psPAX2 and PMD2G into 293T cells.13 Virus concentration
was performed based on the article by Fallah, et al. in which
polyethylene glycol and NaCl were used for viral concentration.14

Cell culture
Human hepatocytes (hepG2) were cultured on F12 Dulbecco’s
PRGL¿HG Eagle’s medium (DMEM), supplemented with 10% fetal
bovine serum, penicillin (100 U/mL), and streptomycin (100 μg/
mL), and maintained at 37ºC with 5% CO2 in a KXPLGL¿HG air.
All the cell lines were authenticated using Short Tandem Repeat
PCR. For transduction, hepG2 cells were plated at 5 × 105 cells/60
mm plate 24 hours prior to transduction. Then, the cells were
transduced with control (empty backbone virus) and miR-122
virus with the multiplicity of infection (MOI) of two along with
2 μg/mL of polybrene. The cells were selected with 2 μg/mL of
puromycin 48 hours after transduction for three consecutive days.

'XDO/XFLIHUDVH5HSRUWHUDVVD\
Twenty-four hours prior to transduction, 2 × 105 hepG2 cells
were seeded in 24-well plates. Then, the cells in control and
test groups were respectively transduced with control and miR122 virus as described in Cell Culture section. The cells were
selected with 2 μg/mL of puromycin 48 hours after transduction
for three consecutive days. Afterwards, each well of control
and miR-122 groups was transfected with either psi-CHECK2control vector or psi-CHECK2-3’UTR vector using Lipfectamine
2000 (Invitrogen, Carlsbad, Calif, USA). All the experiments
were done in quadruple. Then, luciferase assay was performed
24 hours after transfection using the Dual-Luciferase reporter

Table 1.$OOWKHFORQLQJROLJRVDUHOLVWHG
Name of the primers

Sequence

Clo-h-pri-mir-122 (F)

CCGCTCGAGTGGAACACAGGCAGTGGAC

XhoI

Clo-h-pri-mir-122 (R)

CGACGCGTAAAGTGCTGGGATTTCAGG

MluI

Clo –h-LPIN1- 3’ UTR region (F)

CCGCTCGAGTAACTTCACCTTTTGGAGAGAG

XhoI

Clo –h-LPIN1- 3’ UTR region (R)

AAGGAAAAAAGCGGCCGCTAGAATATGCTTGATAACACACC

NotI

Clo –h-CTDNEP1- 3’ UTR region (F)

CCGCTCGAGCAGCTGCTCCCCCTCCAC

XhoI

Clo –h-CTDNEP1- 3’ UTR region (R)

AAGGAAAAAAGCGGCCGCCCCAGAGAAGGACCTAAGGC

NotI

“Clo” stands for cloning and “h” stands for human in the naming of the cloning oligos
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Enzymatic overhang

9HFWRU1DPH
pLEX-JRED

psiCHECK-2

psiCHECK-2
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assay system (Promega, Madison, Wis) and Mithras LB940
(Berthold Technologies, Bad Wildbad, Germany) according to
the manufacturer’s instructions. The Renilla/¿UHÀ\ luciferase
ratios were normalized against the control psicheck-2 (empty
psicheck-2) vector.
Seed region mutagenesis
The seed region of hsa-miR-122-5p was mutated in two
positions. For this purpose, the third and ¿IWK guanines where
substituted with cytosine and therefore, the ¿QDO mutated mature
sequence TGCACTGTGACAATGGTGTTTG was produced.
B-actin & Lipin-1 Western Blotting
For protein extraction, 5 × 105 hepG2 cells were seeded into
60 mm plates 24 hours prior to transduction. Then, the cells
were transduced with either control or miR-122 virus. Then, the
cells were selected with 2 μg/mL of puromycin 48 hours after
transduction for three consecutive days and then the cells were
lysed with RIPA buffer containing protease inhibitor. Protein
concentration was determined using a BCA Protein Assay kit
(Pierce, Thermo VFLHQWL¿F). The cell lysates from control vector
and miR-122 over-expressed hepG2 cells were resolved by 6%
SDS-PAGE gel. For this purpose, 30 μg per lane of total protein
was loaded and then ran with 100 V for 2 hours. The gel was
transferred with 30 V for 16 hours into methanol-activated PVDF
membrane. Control and miR-122 groups were tested in triplicate.
Following transfer, the membrane was blocked with 3% BSA,
diluted in TBS buffer for 2 hours. Then, overnight incubation with
the primary antibodies, diluted in TBST buffer with 1% BSA, was
performed for b-actin (Abcam Cat No: ab8227, 1/2000 dilution)
and lipin-1 (Abcam Cat No: ab92316, 1/1000 dilution) at 4ºC.
Afterwards, VSHFL¿F reactive bands were detected using an antirabbit IgG (Abcam Cat No: ab6721, 1/3000 dilution), conjugated
with HRP. The immune-reactive bands were visualized by the
ECL western blotting detection kit (Pars Tous Biotechnology Co,
Mashhad, Iran) and then captured by Canon EOS 60D with Focal
Length (FL) of 50 mm. The camera was set into manual focus
(MF) in Bulb mode with aperture of 1.8 and the ISO of 400 in a
completely dark room for 30 s and 5 min for b-actin and lipin-1,
respectively.
Clinical samples
A total of 16 liver biopsies were taken from female obese
patients during laparoscopic gastric bypass surgery. All the clinical
specimens were obtained with informed consent from the patients,
and approved by the Institutional Review Board of Hazrat Rasoul
Hospital. During sampling, all the patients with a history of steroid
drug consumption, viral hepatitis or alcohol consumption were
excluded from the project. Prior to operation, fasting blood sugar
(FBS), cholesterol, HDL, LDL, TG, age, diabetes status and body
mass index (BMI) were determined. Two needle biopsies were
taken from each patient; one was used for histopathological study
and the other was utilized for gene TXDQWL¿FDWLRQ. All the liver
biopsies were categorized into two groups including normal obese
(three samples) and nonalcoholic fatty liver disease (NAFLD,
thirteen samples), based on pathological examination. A biopsy
was put in Normal Group when no fat accumulation was observed
on inspection of H&E stained tissues. Liver biopsies with more
than 5% of fat accumulation were put in NAFLD group while
no sign of LQÀDPPDWLRQ and damage were found in liver slides.

Samples with fat accumulation, LQÀDPPDWLRQ and damage to liver
cells were considered as Nonalcoholic Steatohepatitis (NASH)
and excluded from this experiment.
Immunohistochemistry (IHC)
Four-micron sections of the SDUDI¿Q blocks were prepared on
Poly L-Lysine-coated slides. After GHSDUDI¿QL]DWLRQ by xylol
and heating, antigen retrieval was performed by putting the
slides in boiling citrate buffer for 20 minutes. The slides were
subsequently incubated with 1/40 Rabbit antihuman monoclonal
antibody to Lipin 1 (Abcam Cat No: ab92316). After washing, the
slides were primarily treated by Envision visualization/detection
method (DAKO, Denmark), and then, they were stained with
diaminobenzidine tetrahydrochloride (DAKO, Denmark), and
counter stained with hematoxylin. All the samples were scored
based on the amount of staining by an expert pathologist.
51$4XDQWLWDWLRQ
Total RNA was isolated from liver samples of obese patients or
cultured hepG2 cells with QIAzol (Qiagen), and, then treated with
DPSOL¿FDWLRQ grade DNase I (Sigma-Aldrich Cat No. AMP-D1)
to remove any contamination with genomic DNA. First-strand
cDNA synthesis for SYBR-Green based series was performed
using random hexamer. In contrast, for miR-122 TXDQWL¿FDWLRQ a
stem-loop methodology was used.15 In brief, 100 ng of extracted
RNA in two separate tubes was used to reverse-transcribe
snord-47, as house-keeping gene, and miR-122 by the use of
snord-47RT and miR-122RT primers, as depicted in Table 2. Realtime PCR reactions of 15 μL were prepared for SYBR-Green
based series (Table 1) on Rotor Gene 6000 (Corbett life science)
as follows : 7.5 μL 2X SYBR Premix Ex Taq II (Takara, Cat No:
RR820), 0.4 μM of ¿QDO concentration for each primer, 2 μL
template and distilled water to reach the volume of 15 μL. Realtime PCR was performed in three-step with the following thermal
setting: 3 min at 95°C for initial enzyme activation followed by 40
DPSOL¿FDWLRQ cycles (each 5 seconds at 95°C, 20 seconds at 60°C,
and 30 seconds at 72°C with ÀXRUHVFHQFH detection). Finally, a
melting curve analysis was done for each SYBR-Green based run.
Real-time PCR reactions of 20 μL were prepared for probe-based
series (miR-122 TXDQWL¿FDWLRQ) in Rotor Gene 6000 (Corbett life
science) as follows: 10 μL 2X QuantiFast probe PCR kit (Qiagen),
0.4 μM of ¿QDO concentration for each primer, 0.2 μM of ¿QDO
concentration of each probe, 2 μL template and distilled water to
reach the volume of 20 μL. Real-time PCR was performed in two
steps with the following thermal setting: 15 min at 95°C for initial
enzyme activation followed by 50 DPSOL¿FDWLRQ cycles (each 15
seconds at 95°C, 60 seconds at 60°C with ÀXRUHVFHQFH detection).
All the real time PCR calculations were done with 2-ǻǻ&W using
the REST software.16 All the primer and probe sets are listed in
Table 3.
Statistical Analysis
Each experiment was performed in triplicate and data was
expressed as mean ± standard error of mean (S.E.M). Student
t-test for unpaired two groups and one-way ANOVA for three
groups were executed using SPSS 16.0. P < 0.05 was considered
statistically VLJQL¿FDQW. One or two asterisks in the ¿JXUHV (*,
**) indicate that the result is VLJQL¿FDQW with (P < 0.05) and (P <
0.001), respectively.
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Table 2. $OOWKHSDWLHQWV¶LQIRUPDWLRQ
Liver’s state

FBS

Cholesterol

+'/

TG

Age

'LDEHWHV

BMI

1

Normal

83

151

34

2

Normal

98

192

46

74

88

33

no

56.44

116

149

34

no

3

Normal

93

194

58

43.87

121

84

33

no

4

NAFLD

105

237

41.02

46

148

198

45

Yes

5

NAFLD

88

53.15

216

43

108

244

55

Yes

6

NAFLD

44.99

100

149

38

84

185

31

Yes

7

NAFLD

47.67

93

173

36

114

117

43

Yes

40.77

8
9

NAFLD

92

281

62

197

126

48

Yes

46.47

NAFLD

103

182

47

85

222

48

Yes

38.63

10

NAFLD

98

193

44

131

88

45

Yes

37.8

11

NAFLD

87

231

38

156

184

31

Yes

34.85

12

NAFLD

109

195

67

103

135

39

Yes

37.89

13

NAFLD

119

276

36

195

264

33

Yes

42.99

14

NAFLD

101

236

59

133

247

44

Yes

39.76

15

NAFLD

NA

NA

NA

NA

NA

44

Yes

53.52

16

NAFLD

107

207

61

90

282

32

Yes

35.96

Patient

/'/

FBS: fasting blood sugar, TG: triglyceride, BMI: body mass index
Table 3.2OLJRVIRUWKHSXUSRVHRIJHQHH[SUHVVLRQ
Primer name

Sequence

Probe-based
h-miR-122RT
h-miR-122 (F)
h- miR -122 (R)
h- miR -122 probe

GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACCAAACA
AGGCTGGAGTGTGACAATG
GAGCAGGGTCCGAGGT
FAM-TGTTTGGTCGTATGCAGTGCG-BHQ1

Probe-based
h-SNORD-47RT
h-SNORD-47 (F)
h- miR -122 (R)
h-SNORD-47 probe

GTCGTATGCAGAGCAGGGTCCGAGGTATTCGCACTGCATACGACAACCTC
ATCACTGTAAAACCGTTCCA
GAGCAGGGTCCGAGGT
FAM-TGATTCTGAGGTTGTCGTATGCA-BHQ1

SYBR-Green based
h-LPIN-1(F)
h-LPIN-1(R)
h-CTDNEP1 (F)
h-CTDNEP1 (R)
h-TBP (F)
h-TBP (R)

ACCACAATCAAGGAGGAAAG
AGCTGACATTAGGCAGAAGAG
CCATCCAGACAATGCCATC
CACGGAACGAACATCAGC
CGAAACGCCGAATATAATC
TGGACTGTTCTTCACTCTTGG

Results
To test our hypothesis concerning the repressive effect of hsamiR-122 on key enzymes in TAG pathway, we used bioinformatics
and experimental approaches to elucidate the case (Figure 1).
Our bioinformatics analyses showed that 3’ UTR regions of
CTDNEP1 and LPIN1 are targets of hsa-miR-122-5p in two and
one regions, respectively (Figure 1A). Dual-luciferase reporter
assay, quantitative RT-PCR and western blot on hepG2 cell line
collectively FRQ¿UPHG the repressive effect of hsa-miR-122-5p on
CTDNEP1 and LPIN1. Luciferase ratio for LPIN1 and CTDNEP1
was VLJQL¿FDQWO\ decreased in the test groups (transduced miR122 plus either 3’UTR of LPIN1 or CTDNEP1) compared with
the controls with respectively 41% and 33% reduction (Figure
1C). This indicates that hsa-miR-122-5p is able to target 3’ UTR
regions of the genes. Of note, the use of mutated seed region
of hsa-miR-122-5p did not result in any reduction in luciferase
ratio (data not shown). Real time RT-PCR showed a VLJQL¿FDQW
168 Archives of Iranian Medicine, Volume 20, Number 3, March 2017

decrease in LPIN1 and CTDNEP1 trascriptomic levels in the test
groups compared to the corresponding controls with 56% and
54% down-regulation, respectively (Figure 1D). Our data from
our hepG2 cell line was further implemented with western blot for
lipin-1 in which we showed a VLJQL¿FDQW reduction of the protein
in the test group compared with the respective control (Figures
1E and 2F).
In clinical specimens, we did not observe any VLJQL¿FDQW
difference (P-value> 0.05) between normal obese and NAFLD
groups in terms of FBS, cholesterol, HDL, LDL, TG, age, diabetes
state or body mass index (BMI). Real time PCR for hsa-miR-1225p expression showed VLJQL¿FDQW overexpression of hsa-miR-1225p in NAFLD group in comparison with normal obese patients
(Figure 2A). CTDNEP1 and LPIN1 were similarly overexpressed
(Figure 2B). IHC for lipin-1 showed VLJQL¿FDQW overexpression in
lipin-1 protein level in NAFLD compared to normal obese control
(Figure 2C).

01DGHUL$3D]RXNL($UHÀDQHWDO

Figure 1. a1, a2 KVDPL5SWDUJHWVLWHSUHGLFWLRQLQ¶875UHJLRQRILPIN1 and CTDNEP1; b1–b4 7KLVSLFWXUHVKRZVYLUDOWUDQVGXFWLRQZLWK
HLWKHUPLURUFRQWUROYLUXVRQKHS*FHOOV3KDVHFRQWUDVWDQGÀXRUHVFHQWSLFWXUHVDUHVKRZQc)'XDO/XFLIHUDVH5HSRUWHUDVVD\IRULPIN-1 and
CTDNEP-1$VVKRZQERWKJHQHVKDYHVLJQL¿FDQWGHFUHDVHLQOXFLIHUDVHUDWLRVd) 5HDOWLPH3&5RQPL5WUDQVGXFHGKHS*FHOOVLQFRPSDULVRQ
ZLWKWKHUHVSHFWLYHFRQWURO$VVKRZQERWKLPIN1 and CTDNEP1DUHGRZQUHJXODWHGe, f :HVWHUQEORWDQDO\VLVRIOLSLQSURWHLQLQPL5WUDQVGXFHG
KHS*FHOOVFRPSDUHGZLWKUHVSHFWLYHFRQWUROV6HFWLRQHGHSLFWVFDSWXUHGSLFWXUHRIOLSLQDQGEHWDDFWLQSURWHLQOHYHOV6HFWLRQ IGHSLFWVWKHQXPHULFDO
FDOFXODWLRQDQGVWDWLVWLFDOSUHVHQWDWLRQRIVHFWLRQ(FDSWXUHGEDQGV$VWHULVN VKRZV P DQGGRXEOHDVWHULVNVVKRZ P 

Discussion
In this study, we depicted that hsa-miR-122-5p is able to
suppress the expression of CTDNEP1 and LPIN1 by targeting
the 3’ UTR region of the genes. Hsa-miR-122 is a liver VSHFL¿F
microRNA that has been linked to lipid homeostasis.8 However,
the mechanisms by which miR-122 can affect TAG homeostasis in
liver are not fully understood. To this aim, we inspected the effect
of hsa-miR-122-5p on TAG biosynthesis genes. Primary in silico
analyses depicted that hsa-miR-122-5p had target site(s) within
3’UTR regions of LPIN1 (encoding lipin-1) and CTDNEP1 (also
known as DULLARD) genes. These bioinformatic predictions
were experimentally validated in miR-122-transduced hepG2

cell line. The hepG2 cell line was chosen due to its unique
characteristic of expressing no or little miR-122,17 and, therefore,
it provided a non-noisy background for the measurement of miR122 suppression effects on 3’ UTR region of inspected genes.
Dual luciferase reporter assay in miR-122-transduced hepG2
VLJQL¿FDQWO\ depicted the suppression of CTDNEP1 and LPIN1 by
hsa-miR-122-5p (Figure 1C) while the use of mutated seed region
of hsa-miR-122-5p did not repress the genes (data not shown).
Real-time PCR in miR-122-transduced hepG2 cell line showed
that both LPIN1 and CTDNEP1 were VLJQL¿FDQWO\ downregulated
(Figure 1D). Furthermore, western blot analysis of lipin-1 protein
in miR-122-transduced hepG2 cell line further FRQ¿UPHG the
repressive role of hsa-miR-122-5p on lipin-1 in protein level
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Figure 2. 7KLVSLFWXUHGHSLFWVGLIIHUHQWH[SHULPHQWVRQWZRFOLQLFDOJURXSVLQFOXGLQJQRUPDOREHVHDQG1$)/'a 5HDOWLPH3&5UHVXOWVIRUKVDPL5
SCTDNEP1 and LPIN1LQ1$)/'LQFRPSDULVRQWRUHVSHFWLYHFRQWUROVb1–b4 + (VWDLQLQJRQUHSUHVHQWDWLYHVOLGHVRIQRUPDOREHVH E DQG
1$)/' E %ODFNDUURZVLQ E DUHLQGLFDWLYHRIIDWGURSOHWVb3, b4 ,PPXQRKLVWRFKHPLVWU\ ,+& IRUOLSLQSURWHLQIRUWKHVDPHSDWLHQWVRI+ (
VWDLQLQJLQQRUPDOREHVHDQG1$)/'JURXSV7KHVHSLFWXUHVSUHVHQWPHUHO\DSDUWRIDVOLGHDQGVFRULQJIRUHDFKVDPSOHZDVSHUIRUPHGEDVHGRQWKH
ZKROHVOLGHDUHDc)6HPLTXDQWLWDWLYH,+&VFRUHVIRUOLSLQSURWHLQEDVHGRQWZRJURXSVLQFOXGLQJQRUPDOREHVHDQG1$)/' $EEUHYLDWLRQV1$)/'
QRQDOFRKROLF)DWW\/LYHU'LVHDVH$VWHULVN VKRZV P DQGGRXEOHDVWHULVNVVKRZ P 

(Figures 1E and 2F). Collectively, this data FRQ¿UPHG that LPIN1
and CTDNEP1 were targeted and subsequently suppressed by
mature hsa-miR-122-5p.
Real time PCR on clinical samples showed VLJQL¿FDQW overexpression of miR-122 in NAFLD group compared with normal
obese controls. Surprisingly, CTDNEP1 and LPIN1 as the targets
of hsa-miR-122-5p were also up-regulated. IHC results for lipin-1
protein in NAFLD compared with normal obese controls had a
similar upward trend with the real-time PCR results of the gene
(Figure 2C). This phenomenon is probably a disproportionate
feedback response to the high level of miR-122 during
hepatosteatosis. This observation suggests that upregulation of
miR-122 in hepatosteatosis can triggers compensatory response
of LPIN1 and CTDNEP1. It is noteworthy that in both hepG2 cell
line model and clinical samples, we observed the same downward
or upward trend in the expression of CTDNEP1 and LPIN1. This
¿QGLQJ is in accordance with the report by Han, et al. in which
they observed that the expression pattern of CTDNEP1 closely
mirrors that of LPIN1 in human and murine tissues,18 suggesting
either a potential relationship between these two proteins19 or a
master regulator for both of the genes.
The relation between miR-122 and LPIN1 can also be viewed
from the perspective of liver physiology. Indeed, due to the
suppressive effect of miR-122 on LPIN1 and the abundance of this
miRNA in liver (70%), it is expected to have lower expression of
LPIN1 in liver in comparison with its two other family members,
170 Archives of Iranian Medicine, Volume 20, Number 3, March 2017

LIPIN-2 and LIPIN-3. Actually, Donkor, et al. showed that LPIN2
and LPIN3 are more abundant than LPIN1 in liver. The reason for
this type of tissue expression pattern is still to be inspected.20,21
Collectively, we propose that miR-122 suppresses LPIN1 and
CTDNEP1 by targeting 3’ UTR region of the genes. Therefore,
harmonic performance of LPIN1 and CTDNEP1 could be possibly
MXVWL¿HG with the action of miR-122 even though this information
needs to be further elucidated.
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