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Prolonged silencing of diacylglycerol acyltransferase-1 induces
a dedifferentiated phenotype in human liver cells
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Abstract

Diacylglycerol acyltransferase-1 (DGATT), a key enzyme in triglyceride (TG) biogenesis, is highly associated with metabolic abnormalities, such
as obesity and type 2 diabetes. However, the effects of DGAT1 silencing in the human liver have not been elucidated. To investigate the effects
of DGAT1 silencing in human liver cells, we compared the cellular behaviours of DGAT1-deficient Huh-7.5 cell lines with those of control Huh-
7.5 cells. DGAT1-deficient cells acquired dedifferentiated and stem cell-like characteristics, such as formation of aggregates in the presence of
high levels of growth factors, high proliferation rates and loss of albumin secretion. In relation to aggregate formation, the expression level
of various adhesion molecules was significantly altered in DGAT1-deficient cells. Microarray data analysis and immunostaining of patient
tissue samples clearly showed decreased expression levels of DGAT1 and integrin B1 in patients who have nodular cirrhosis without fatty
degeneration.
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Introduction

Diacylglycerol acyltransferase-1 (DGAT1) is a key enzyme that plays
an important role in the final step of TG biosynthesis [1, 2]. Diacyl-
glycerol acyltransferase-1 was recently considered a therapeutic tar-
get for metabolic diseases, such as type 2 diabetes and obesity, as
excessive accumulation of TG is frequently associated with these
diseases [3].

The human liver is the major organ for TG synthesis and DGAT1
is abundantly expressed therein. However, the effects of DGAT1 inhi-
bition or DGAT1 silencing in human hepatocytes are unknown,
although DGATT inhibitors have been developed and are undergoing
clinical trials for the treatment of metabolic diseases [4]. This is
because most DGAT1 studies have used the mice model and DGAT1
is only weakly expressed in the mouse liver [1, 5]. Diacylglycerol acyl-
transferase-1 is mainly expressed in the intestines, skeletal muscles
and heart of mice; whereas human DGATT is primarily expressed in
the small intestine and liver [5].
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Recently, DGAT1 was highlighted because it plays an important
role in trafficking hepatitis C virus (HCV) core protein to lipid droplets
[6]. In addition, our group recently demonstrated that complete and
long-term silencing of DGAT1 in Huh-7.5 cells inhibited HCV entry by
down-regulation of claudin-1 [7]. We have established DGAT1-
silenced cell lines by gene deletion using the transcription activator-
like effector nuclease (TALEN) and shRNA-lentivirus transduction,
and investigated impaired HCV entry to DGAT1-silenced cell lines [7].
In this study, we investigated the phenotypic alterations caused by
complete and long-term DGATT silencing in two liver-derived cell lines,
Huh-7.5 and HepG2 cell lines. The data indicated that DGAT1-silenced
cell lines exhibited dedifferentiated and stem cell-like phenotypes.

Liver cirrhosis is defined as the development of regenerative
nodules and fibrous bands by chronic liver injury, and it is well
known that proliferative activity of regenerative hepatocytes is
increased in cirrhotic liver [8, 9]. We assumed that the decreased
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DGATT expression in cirrhotic liver might have an association with
increased proliferative activity in regenerative hepatocytes, and
demonstrated DGAT1 down-regulation in patients with liver cirrhosis
without fatty degeneration.

Materials and methods

Cell culture

The detailed cell culture method was described previously [7]. Huh-7.5
cells (Apath, LLC, Brooklyn, NY, USA) and HepG2 cells (ATCC, Manas-
sas, VA, USA) were maintained in DMEM supplemented with 10% fetal
bovine serum, 4.5 g/I glucose, L-glutamine and 1% penicillin/strepto-
mycin (Invitrogen, Carlsbad, CA, USA). shRNA-harbouring cells were
cultured in complete medium supplemented with 1 pg puromycin
(Sigma-Aldrich, St. Louis, MO, USA), and shRNA-resistant DGAT1-
transfected, DGAT1 knock-down cells were maintained in complete
medium supplemented with 1 pug puromycin and 1 mg/ml G418 (A.G.
Scientific, San Diego, CA, USA).

Generation of DGAT1 knock-down and knockout
(KO) cell lines

Diacylglycerol acyltransferase-1 knock-down Huh-7.5 and HepG2 cell
lines were generated as described previously [7]. Briefly, three different
lentiviral constructs expressing validated sequences of ShRNA-DGAT1
were purchased. VSV-G plasmid, gag-pol plasmid and shRNA plasmid
were transfected into 293TN cells, and lentiviral particles were harvested
48 hrs after transfection. Huh-7.5 and HepG2 cells were transduced
with lentivirus, and expanded over 3-6 weeks in puromycin-containing
selection medium.

Diacylglycerol acyltransferase-1 KO Huh-7.5 cells were generated as
described previously [7]. Huh-7.5 cells were cotransfected with total
8 ug DNA comprising 2 ug plasmid encoding one member of DGAT1-
targeting TALEN, 2 ug plasmid encoding another member of the TALEN
and 4 pg the magnetic reporter. After the magnetic separation, 62 sin-
gle-cell-derived colonies were analysed using T7E1 assay and sequenc-
ing. Finally, a DGAT1-knockout cell line was chosen harbouring a shifted
open reading frame or premature stop codon in the DGATT gene.

Aggregate formation assay

Cells of each stable cell line were counted, seeded in six-well plates and
incubated for 48 hrs with complete medium or stem cell medium con-
sisting of DMEM F/12 (Invitrogen) supplemented with bFGF, EGF and
B-27 supplements (Invitrogen). Adherent cells and aggregate cells were
examined using a phase-contrast microscopy with 40x magnification.

Measurement of cell proliferation and apoptosis

Cell proliferation and apoptosis were assessed using the Apoptosis,
DNA Damage and Cell Proliferation Kit (BD Transduction Laboratories,
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San Jose, CA, USA) according to the manufacturer's protocol using a
method described previously [7]. Briefly, 1 mM BrdU was administered
to the control and DGAT1-silenced cell lines for 3 hrs. After fixing and
permeabilization, cells were stained with PerCP-Cy™5.5-conjugated
mouse anti-BrdU (BD Transduction Laboratories) and PE-conjugated
mouse anti-cleaved PARP (Asp214) antibodies. The LSR Il instrument
(BD Transduction Laboratories) was used to detect fluorescence.

Flow cytometry

For surface staining of E-cadherin and N-cadherin, a PE-antimouse
E-cadherin antibody (clone 36/E-cadherin; BD Transduction Laboratories)
and PE-antimouse N-cadherin antibody (clone 8C11; BD Transduction
Laboratories), respectively, were used. After incubation with the anti-
bodies for 30 min at 4°C, cells were resuspended in FACS buffer. Up to
50,000 events were detected using the LSR Il instrument (BD Transduc-
tion Laboratories). The FlowJo software (TreeStar, Ashland, OR, USA)
was used for the data analysis.

Enzyme-linked immunosorbent assay

The supernatants from each cell line were collected after culturing for
24 hrs and processed using the Albumin Human ELISA kit (ab108788;
Abcam, Cambridge, MA, USA) according to the manufacturer’s instruc-
tions.

RNA extraction, cDNA synthesis and real-time
quantitative PCR

Total RNA isolation, cDNA synthesis and TagMan real-time quantitative
PCR were performed as described previously [7]. For each gene, vali-
dated primer and probe sequences from the Tagman Gene Expression
Assay (Applied Biosystems, Foster City, CA, USA) were purchased and
used. All real-time qPCR reactions were performed in triplicate and the
data are presented as means + S.E.M.

Immunoblot analysis

Cell lysates (20 ng total protein) were separated in 10 or 12% SDS-
PAGE gels, then transferred to nitrocellulose membranes and probed
with antibodies against DGAT1, hepatocyte nuclear factor 4o (HNF4a),
integrin 1, integrin B2, integrin «6, N-cadherin, E-cadherin and
GAPDH. To detect bound antibodies, the blots were developed using
enhanced chemiluminescence reagents (AbFrontier, Seoul, Korea).

Oil-red O staining

Oil-Red O staining was performed as previously described [10] with
some modifications. shRNA-control and DGAT1-silenced cells were
grown in 24-well plate and fixed with 2% paraformaldehyde for 20 min.
After fixation, cells were stained with 0.1% Qil-Red O working solution
(Sigma-Aldrich) for 2 hrs at room temperature. Cells were washed
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extensively to remove dye precipitates, and visualized under light
microscopy with 100x magnification. To quantify intracellular TG level,
100% isopropanol was added to each sample; after shaking at room
temperature for 30 min, eluted samples were read at 500 nm on a
spectrophotometer.

Microarray database analysis

A total of 12 microarray gene expression profile data sets from Gene
Expression Omnibus (GEQ) was used in this analysis (Table 1). Data
sets were selected according to annotations for each sample. We inte-
grated the data sets by normalizing expression levels using the Univer-
sal expression Code (UPC) with the default normal-normal model.

Immunohistochemistry

Paraffin-embedded 5-um sections from tissue microarray slides of
multiple liver diseases (LV1201; US Biomax, Rockville, MD, USA) were
deparaffinized with xylene and rehydrated with alcohol. The slides were
stained with anti-DGAT1 and anti-integrin g1 antibodies [diluted 1:100
in 1% bovine serum albumin (BSA) and 0.3% Triton X-100]. After
washing with PBS, the slides were incubated with FITC-conjugated
goat anti-rabbit 1gG (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
as the secondary antibody. Nuclei were counterstained with Hoechst
33342 (Invitrogen) for 15 min. After washing with PBS, the slides

Table 1 Accession numbers of GEO data sets

NAFLD Viral hepatitis
induced-  induced-
GSE-1D Normal  cirrhosis  cirrhosis HCC
GSE6222 2 10
GSE6764 10 13
GSE14668 20
GSE19665 10 20
GSE33006 3 3
GSE41804 20 21
GSE28619 7
GSE38941 10
GSE38597 2
GSE14323 19 4 38
GSE17548 20 17
GSE49541 32
Total 103 109
samples (n)

GEQ: Gene Expression Omnibus; NAFLD: non-alcoholic fatty liver dis-
ease; HCC: hepatocellular carcinoma.
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were mounted in Faramount aqueous mounting medium (DakoCytoma-
tion, Carpinteria, CA, USA) and the fluorescence signal was visualized
using confocal or two-photon microscopy (Carl Zeiss, Gottingen,
Germany).

Statistical analysis

The data are presented as means + S.E.M. Levels of significance for
comparisons between two independent samples were determined using
Student’s t-test. Groups were compared by one-way Aanova with Tukey’s
post hoc test applied to significant main effects.

Results

Dedifferentiated and stem cell-like phenotype in
DGAT1-deficient Huh-7.5 cell lines

As reported previously, DGAT1 expression was significantly knocked
down by shRNA-lentivirus transduction, or the DGATT gene was
knocked out by a pair of TALENS, in Huh-7.5 cells [7]. Diacylglycerol
acyltransferase-1 mRNA and protein levels were measured to confirm
of DGATA silencing (Fig. 1A and B). We also confirmed that intracellu-
lar TG levels were decreased in DGAT1-silenced cells (Fig. 1C).

During subsequent culture, the DGAT1-silenced cell lines formed
clusters similar to neurospheres; whereas the control parental cell
line spread evenly in normal medium. To assess their ability to form
spheroid, we cultivated DGAT1-silenced cells in conventional stem
cell culture medium containing high levels of growth factors without
serum. After 24 hrs of incubation, DGAT1-silenced cells were
detached from the substrate and formed aggregates in stem cell cul-
ture medium; in contrast, the control cells grew as an adherent form
(Fig. 2A). The production of albumin by DGAT1-silenced cells was
reduced significantly (Fig. 2B). These DGAT1-silenced cells also
showed higher proliferation than the control cells (Fig. 2C); however,
the apoptosis rate of DGAT1-silenced cells, as determined using
cleaved PARP levels, was identical to that of the control parental cell
line (Fig. 2D). These results indicate that DGAT1-silenced cells
undergo phenotypic alteration during sustained culture in terms of
losing the well-differentiated epithelial phenotype of hepatocytes and
acquiring dedifferentiated and stem cell-like characteristics.

Changes in expression of adhesion molecules

Because DGAT1-silenced cells easily aggregated and formed spher-
oids, we evaluated the surface expression of cadherins, which play an
important role in cell-cell interactions. The expression of E-cadherin
was significantly reduced in DGAT1-silenced Huh-7.5 cells, whereas
that of N-cadherin was up-regulated (Fig. 3A and B). The expression
level of integrin B1, an adhesion molecule that contributes to cell-ex-
tracellular matrix (ECM) or cell-substrate adhesion, was significantly
reduced in DGAT1-silenced cells compared to the control, but the
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Fig. 1 General characteristics of DGAT1-
deficient Huh-7.5 cells. (A) DGAT1 protein
level was examined by immunoblotting in
DGAT1-silenced cells and the control cell
line. (B) DGAT1 mRNA level was deter-
mined by real-time quantitative PCR in
each cell line and normalized to B-actin
(n=3). Data are presented as
means + S.E.M.; asterisks indicate signifi-
cant differences by anova, **P < 0.01;
N.D.: not detected. (C) Intracellular lipid
droplets were quantitated using Oil-red O
staining in control and DGAT1-silenced
cells. OD values of eluted Qil-red O with
100% isopropanol were measured and
shown as with bar graphs; scale bar,
20 um. Data are presented as
means + S.E.M.; asterisks indicate signifi-
cant differences by anova, **P < 0.05.

Fig. 2 Phenotypic alterations caused by
DGAT1 silencing in Huh-7.5 cells. (A)
DGAT1-deficient cells and the control cell
line were cultured in either complete med-
ium or stem cell medium without serum.
After 48 hrs incubation, cells were visual-
ized using a phase-contrast microscope.
(B) The secreted albumin levels in the
supernatants of each cell line after 24 hrs
culture was determined by ELISA (n = 4).
(C) Proliferation of each cell line was mea-
sured by BrdU incorporation assay. BrdU-
positive cells were counted by flow
cytometry. Histograms are representative
of three independent experiments and the
proportions (%) of BrdU-positive cells are
shown as with bar graphs. (D) Histograms
of cells expressing cleaved PARP are pre-
sented. A histogram of Huh-7.5 cells trea-
ted with cycloheximide and TNFa is
shown as a positive control. Data are pre-
sented as means + S.E.M.; asterisks indi-
cate significant differences by  Anova;
*xP < (.01, ***+P < 0.005.

expression level of other integrins was not changed significantly
(Fig. 3B). We evaluated the expression of HNF4o as a marker of
hepatocyte differentiation. As we have reported previously, DGAT1-
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silenced cells showed markedly diminished levels of HNF4a,
suggesting a dedifferented state [7]. Expression of Nanog, a tran-
scription factor which is involved in self-renewal of undifferentiated
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embryonic stem cells and widely used as a marker for stemness,
was increased in DGAT1-silenced cells, supporting that these cells
acquired a dedifferentiated and stem-like phenotype during long-
term silencing of DGAT1 (Fig. 3B and C). Similar to our previous
report, adhesion molecule expression was altered at 25 days after
ShRNA-DGAT1-lentivirus transduction; indeed, the changes were
more prominent at 42 days after transduction (Fig. 3C). Diacylglyc-
erol acyltransferase-1 inhibition with chemical inhibitor (A922500),

however, did not cause rapid proliferation (Fig. S2A) or altered
expression in adhesion molecules (Fig. S2B). To exclude any off-
target effects caused during silencing of DGATT gene, we trans-
fected shRNA-resistant DGAT1 gene to shRNA-DGAT1-transduced
cells 10 days after DGAT1 silencing. By forced expression of
DGATT gene, DGAT1 expression was recovered and the expression
of HNF4o, Nanog, integrin 1 and cadherins was also maintained
(Fig. 3D).
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Fig. 3 Changes in expression of adhesion molecules in DGAT1-silenced Huh-7.5 cell lines. (A) Surface expression of N- and E-cadherin in each cell
line was examined by flow cytometry. Mean fluorescence intensities (MFIs) of N- and E-cadherin were analysed and are shown as bar graphs. Data
are representative of three independent experiments and presented as means & S.E.M.; asterisks indicate significant differences by anova,
**P < (0.01. (B) Cells were cultured in complete medium and soluble lysates of each cell line were subjected to immunoblotting for DGAT1, HNF4a,
Nanog, integrin B1, integrin B2, integrin «6, E-cadherin, N-cadherin, and GAPDH. (C) During establishment of a stable cell line, temporal changes in
protein levels were examined after transduction of shRNA-DGAT1-1666-lentivirus into Huh-7.5 cells. The cells were harvested at 25 and 42 days
after transduction and soluble lysates were subjected to immunoblotting for DGAT1, HNF4o, Nanog, integrin 1, integrin B2, integrin o6, E-cadherin,
N-cadherin and GAPDH. (D) Ten days after shDGAT1-1402-lentivirus transduction in Huh-7.5 cells, mock vector or shResistant DGAT1 vector was
transfected to these DGAT1-silenced cells. Twenty days after DNA transfection (30 days after DGAT1 silencing), cells were harvested and
immunoblotting was done to confirm the expression level of proteins.
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We next tested whether these alterations including aggregate for-
mation and high proliferation rate in DGAT1-silenced Huh-7.5 cells
can be rescued by exogenous administration of palmitic acid. We
administered low concentration of BSA-conjugated palmitic acid
(G16:0) to shRNA-DGAT1-transduced cells 10 days after the trans-
duction for an additional 15 days (Fig. 4A). Exogenous treatment of
palmitic acid treatment significantly suppressed the aggregate forma-
tion and proliferation rate of DGAT1-silenced cells (Fig. 4B and C).
Expression levels of HNF4o, Nanog and adhesion molecules were
also reversed by palmitic acid treatment (Fig. 4D).

Because cadherins are also major inducers of the epithelial-
mesenchymal transition (EMT), we evaluated whether the phenotypic
alteration by DGAT1 silencing was related to the EMT. As expected,
mRNA levels of major transcription factors [Snail, Slug, SIP1 (Smad
interacting protein 1), TWIST1 and 2 (Twist-related protein 1 and 2)]
and proteins (N-cadherin, vimentin) associated with EMT [11] were
up-regulated (Fig. 5A and B). The morphology of cells changed to a
star-like shape, and their size was decreased, after DGAT1 silencing.
F-actin distribution in the cytosol was also altered and localized at

J. Cell. Mol. Med. Vol 20, No 1, 2016

the periphery of DGAT1-silenced cell lines (Fig. 5C). These results
suggest preferential changes towards a mesenchymal phenotype
from the epithelial phenotype; however, cell motility was not
increased after DGAT1 silencing, even the cells were cultured
on micropatterned substrates (Fig. 5D), which can induce cell
migration [12].

To reinforce general significance, we examined spheroid forma-
tion, proliferation and expression level of adhesion molecules after
DGAT1 silencing in another hepatoma cell line, HepG2 cells. In
results, the phenotypic alterations were similarly observed in DGAT1-
silenced HepG2 cells (Fig. S1).

DGAT1 expression in human liver samples

To determine the clinical relevance of DGAT1 silencing, we first anal-
ysed several data sets of various human liver diseases in the GEO, a
public gene expression profile database. Expression levels were
normalized by the UPC method to enable comparison among inde-
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Fig. 4 Effect of exogenous palmitic acid
treatment after DGAT1 silencing. (A) Cells
were incubated in medium supplemented
with 10% charcoal-stripped foetal bovine
serum and 1% bovine serum albumin with
either 50 puM palmitic acid or DMSO from
day 10 after transduction with shRNA-
DGAT1-1666-lentivirus. (B) Cells were cul-
tured in either complete medium or stem
cell medium without serum. After 48 hrs
incubation, cells were visualized using a
phase-contrast microscope. (C) Prolifera-
tion of each cell line was measured by
BrdU incorporation assay. BrdU-positive
cells were counted by flow cytometry. His-
tograms are representative of three inde-
pendent experiments and the proportions
(%) of BrdU-positive cells are shown as
with bar graphs. Data are presented as
means + S.E.M.; asterisks indicate signifi-
cant differences by Student’s t-test;
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Fig. 5 Verification of phenotype related to epithelial-mesenchymal transition. mRNA levels of transcription factors, including Snail, Slug, SIP1,
TWIST1, TWIST2 (A) and E-cadherin, N-cadherin and vimentin (B) were examined by real-time quantitative PCR in each cell line and normalized to
B-actin (n = 3). Data are presented as means + S.E.M.; asterisks indicate significant differences by anova, *P < 0.05, **P < 0.01. (C) DGAT1-si-
lenced cell lines and the control cell line were fixed and stained for F-actin (red) with rhodamine-conjugated phalloidin; nuclei were stained with
Hoechst 33342 (blue). Images of actin arrangement and nuclei were obtained by confocal and two-photon microscopy; scale bar, 30 um. (D) Flat
and micropatterned PDMS substrates were prepared with an additional small piece of PDMS to generate a cell-free area. Cells of each cell line were
seeded and cultured on both flat and micropatterned substrates for 24 hrs; small PDMS pieces were then removed to induce cell migration. Images
were acquired after an additional 24 hrs.

pendent data sets [13]. Diacylglycerol acyltransferase-1 expression  expression of DGAT1 (Fig. 6B) and integrin p1 (Fig. 6C) in the
was markedly down-regulated in viral hepatitis-related cirrhotic livers  nodular cirrhotic liver without fatty degeneration compared to normal
compared to normal livers, whereas its expression was elevated in liver. Collectively, these results indicate that down-regulation of
non-alcoholic fatty liver disease-related cirrhosis (Fig. 6A) as reported ~ DGAT1 and integrin 1 may be involved in the progression of liver
previously [14, 15]. Tissue microarray staining revealed reduced  cirrhosis without fatty degeneration.
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Fig. 6 DGAT1 expression in human liver diseases. (A) DGAT1 mRNA levels in various liver diseases, including non-alcoholic fatty liver disease
(NAFLD)-related cirrhosis, viral hepatitis-related cirrhosis and hepatocellular carcinoma (HCC), were compared to those in the normal liver. DGAT1
expression was down-regulated in viral hepatitis-related cirrhosis (P < 0.001). Each mark indicates an mRNA level of a patient. Data are presented
as means + S.E.M.; asterisks indicate significant differences by Student’s unpaired t-test, ***P < 0.001. Tissue microarray slides containing normal
livers and nodular cirrhotic livers without fatty degeneration were stained for DGAT1 (B) or integrin B1 (C) using Alexa Fluor 488 IgG (green); nuclei
were stained with Hoechst 33342 (blue). Tissue IDs of Normal are DIvO6NO07 and DIVO6NO10 in each; Tissue IDs of Cirrhosis are DIv062356 and

Cirrhosis

DIv051170 in each. Images of each sample were obtained by confocal and two-photon microscopy. Scale bar, 500 um.

Discussion

In this study, we discovered that complete and long-term silencing of
DGAT1 directed two different hepatoma cell lines, Huh-7.5 and
HepG2, towards a dedifferentiated and stem cell-like phenotype.
Diacylglycerol acyltransferase-1-silenced hepatoma cell lines lost
their hepatocyte-specific functions, including albumin secretion, and
well-differentiated epithelial characteristics. Diacylglycerol acyltrans-
ferase-1-silenced cell lines tended to form aggregates in the presence
of high levels of growth factors, similar to other stem cells, possibly
because of the changes in the expression of adhesion molecules. The
phenotypic alteration induced by DGAT1 depletion was not observed
by the treatment of DGAT1 inhibitor. These discrepant results by two
different methods, gene silencing or chemical inhibition, might be
caused by the establishment of complete and long-term silencing of
DGAT1 by gene silencing method.

Currently, stem cell-like features in non-stem cells, such as can-
cer cells, have included self-renewal, tumourigenesis, angiogenesis,
multilineage differentiation and chemo-/radio-resistance [16-18]. In
this study, we identified stem cell-like characteristics in
DGAT1-silenced Huh-7.5 cell lines. The stem cell-like behaviours
caused by complete and long-term silencing of DGAT1 were also
observed in another hepatocellular carcinoma cell line, HepG2. This
stem cell-like phenotype in DGAT1-silenced cell lines may be related
to the dedifferentiation of hepatocytes. HNF4o [19-21] and integrin
B1 [22, 23] are known to play critical roles in the regulation of the
hepatic differentiation state. We have confirmed that HNF4o and
integrin B1 expression was down-regulated in DGAT1-silenced cell
lines.

© 2015 The Authors.

The phenotypic alteration may also be related to the EMT. Gener-
ally, the EMT is accompanied by the dissociation of cell-cell junc-
tions, cytoskeletal rearrangements, increased cell motility and
synthesis of ECM. Alteration of transcription factors eventually results
in the acquisition of a mesenchymal phenotype [24]. We modulated
the phenotype of vascular smooth muscle cells by culturing on a
micropatterned substrate in a previous study [12]. In addition to the
alteration of protein expression, cell motility along the parallel pattern
on the microgrooved substrate was also increased [12]. Although the
motility of DGAT1-silenced cell lines was not elevated by the
micropatterned substrate, morphological changes and cytoskeletal
rearrangement were observed. Expressions of transcription factors,
such as snail, slug, SIP1 and TWIST 1, 2; and junctional proteins,
such as E-cadherin, N-cadherin and vimentin, were altered towards
the EMT process. The EMT has been reported to generate stem cell
traits in human and murine mammalian epithelial cells [25] and can-
cer cells [26-29]. Therefore, DGAT1 silencing could induce changes
in the expression of differentiation and EMT markers, which may lead
to the acquisition of a stem cell-like phenotype.

Diacylglycerol acyltransferase-1 is known to be involved in the
trafficking of HCV core proteins to the lipid droplet [6]. In a previous
study, we showed that DGATT silencing also impaired HCV entry by
claudin-1 down-regulation [7]. Fatty acid homoeostasis alteration
occurred in DGAT1-silenced cell lines; expressions of claudin-1 and
HNF4o were affected by the altered intracellular lipid homoeostasis;
indeed, restoration of intracellular fatty acid homoeostasis by exoge-
nous palmitic acid resulted in recovery of claudin-1 and HNF4o
expression. Likewise, in this study, we demonstrated that low-dose,
exogenous palmitic acid treatment rescued the cells from the pheno-
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typic change. Therefore, altered fatty acid homoeostasis may be
responsible for dedifferentiation after DGAT1 silencing. Indeed, a
previous study revealed that DGAT1 recycles the products of TG
hydrolysis, which are partial glycerides, for TG synthesis, meaning
that DGAT1 is involved not only in TG biosynthesis but also in the
overall regulation of intracellular lipid status at least in human hep-
atoma cells [30]. Thus, DGATT inhibition may decrease the intracellu-
lar lipid pool, which comprises TGs, partial glycerides and free fatty
acids, in human hepatoma cells [30, 31]. A remaining question is the
mechanism by which disruption of intracellular lipid homoeostasis
leads to hepatic dedifferentiation.

Diacylglycerol acyltransferase-1 is known to be involved in hepatic
steatosis [32] and is considered a therapeutic target for various meta-
bolic diseases, such as obesity and type 2 diabetes mellitus [33, 34].
Diacylglycerol acyltransferase-1 deficiency in mice was reported to
cause resistance to obesity and hepatic steatosis [35, 36]. However, in
a recent study, a loss-of-function mutation in DGAT1 was associated
with fatal congenital diarrhoea in humans, raising concern over the
use of DGAT1 inhibitors [5]. In this study, we demonstrated that
DGAT1 silencing of human hepatocytes might lead to dysregulated
fatty acid metabolism and alteration of cellular differentiation status.

Diacylglycerol acyltransferase enzymes involve DGAT1 and
DGAT2. Even though DGAT2 is also involved in the final step of TG
biosynthesis, its silencing did not induce dedifferentiated phenotype
in both Huh-7.5 and HepG2 cells. Diacylglycerol acyltransferase-1
and DGAT2 have been reported that they function non-redundantly in
human hepatocytes [33]: DGATT acts in the re-esterification of partial
glycerides formed by intracellular lipolysis, using preformed fatty
acids; whereas DGAT2 participates in de novo synthesis of TG acting
at upstream of DGAT1. Diacylglycerol acyltransferase-1 is expressed
in both liver and small intestine in human, additionally murine DGAT1
is barely expressed in liver, but expressed mostly in small intestine
[5]. Collectively, it can be inferred that DGAT1 and DGAT2 have differ-
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