1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

"% NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATIG,

O

Published in final edited form as:
Liver Int. 2015 February ; 35(2): 532-541. doi:10.1111/liv.12633.

microRNA-122 regulates hypoxia-inducible factor-1 and vimentin
In hepatocytes and correlates with fibrosis in diet-induced
steatohepatitis

Timea Csak’”, Shashi Bala®, Dora Lippai, Abishek Satishchandran, Donna Catalano, Karen
Kodys, and Gyongyi Szabo

Department of Medicine, University of Massachusetts Medical School, Worcester,
Massachusetts, USA

Abstract

Background & Aims—miR-122 is the most abundant miRNA in the liver particularly in
hepatocytes where it targets cholesterol metabolism. Steatosis, a key component of non-alcoholic
fatty liver disease , is regulated by hypoxia-inducible factor-1a (HIF-1a). Here, we hypothesized
that reduced miR-122 has a pathogenic role in steatohepatitis.

Methods—miR-122 and its target genes were evaluated in mouse livers and/or isolated
hepatocytes after methionine-choline-deficient (MCD) or methionine-choline-supplemented
(MCS) diet.

Results—L.iver and hepatocyte miR-122 expression was significantly decreased in
steatohepatitis. A maximum reduction in miR-122 occurred at the fibrosis stage (8 weeks of MCD
diet). MAP3K3, a miR-122 target gene, was induced at all stages of NASH (3-8 weeks) only at
the MRNA level. Increased NFxB activation was found in MCD diet-fed mice and MAP3K3
regulated the NFkB DNA binding in naive hepatocytes. . HIF-1a mRNA and DNA binding and
expression of the HIF-1a target gene, pro-fibrotic lysil oxidase , was increased in advanced
steatohepatitis (8 weeks). In addition, increase in vimentin and Sirius red staining (liver fibrosis)
was found at 8 weeks of MCD diet. Using miR-122 over-expression and inhibition approaches we
confirmed that HIF-1a, vimentin and MAP3K3 are novel miR-122 targets in hepatocytes. We
report transcriptional repression of miR-122 in NASH. Decreased liver miR-122 was associated
with elevated circulating miR-122 in both exosome-rich and protein-rich serum fractions.

Conclusions—Our novel data suggest that decreased liver miR-122 contributes to upregulation
of modulators of tissue remodeling (HIF-1a, vimentin and MAP3K3) and might play a role in
NASH induced liver fibrosis.
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INTRODUCTION

MicroRNAs (miRNAs/miRs) are small, non-coding RNAs that regulate the expression of
numerous target genes at the transcriptional or translational levels. miRNAs control
inflammation, lipid metabolism, cell proliferation and regeneration in the liver (1). Indeed,
altered miRNA profiles were found in human NASH (2,3) as well as in animal models of
NASH (4,5). Steatosis, inflammation, and hepatocyte death, key components of NASH
pathogenesis, are all regulated by miRNAs (4).

miR-122 is the most abundant miRNA in hepatocytes, representing 70% of the total
miRNA. miRNA-122 regulates lipid metabolism and promotes hepatitis C virus replication
in hepatocytes (6,7). Inhibition of miR-122 expression by antagomirs or antisense
oligonucleotides decreased HMG-CoA reductase expression, lowered cholesterol levels, and
protected against high-fat diet-induced hepatic steatosis (6,8). In addition to human NASH
(2) liver miR-122 expression was decreased in an animal model of alcoholic liver disease
(9). miR-122 deficient mice developed steatohepatitis and portal fibrosis with time (10,11)
indicating a potential role of miR-122 in liver fibrosis. However the role of miR-122 in
NASH-induced liver fibrosis is yet to be defined.

miR-122 targets mitogen activated protein kinase kinase kinase 3 (MAP3K3), a regulator of
NF-kB in hepatocellular carcinoma cell lines (12,13). MAP3K3 overexpression results in
enhanced survival in hepatocytes (13). MAP3K3 has been also linked to epithelial-to-
mesenchymal transition in cardiac endocardium (14). During epithelial-to-mesenchymal
transition (EMT) epithelial cells undergo morphological changes into fibroblast-like cells
accompanied by downregulation of adhesion molecules and upregulation of mesenchymal
markers such as vimentin (15). EMT is one of the mechanisms of fibrosis development,
although it is under debate whether hepatocytes undergo EMT in liver fibrosis (15,16). The
role of MAP3K3 in cell survival and/or EMT in NASH has not been investigated yet.

Another molecule that has been suggested to play role in EMT in hepatocytes is the hypoxia
inducible factor 1a (17,18). Fat deposition in hepatocytes is affected by hypoxia (19,20,21)
and patients with NASH often have sleep apnea and resulting transient hypoxia (22).
Additionally, HIF-1a is a critical regulator of profibrotic mediator production and mice
deficient in HIF-1a have reduced liver fibrosis in a bile duct ligation model (23).
Furthermore, HIF-1a positively correlates with the expression of the mesenchymal marker
vimentin in hepatocellular carcinoma (HCC) (24).

Here, we hypothesized that reduced miR-122 has a profibrogenic role in the development of
NASH-induced liver fibrosis. In this study, we report for the first time that decreased liver
expression of miR-122 has a causal role in tissue-remodeling genes, such as hypoxia-
inducible factor-1a (HIF-1a) and vimentin in NASH-associated liver fibrosis. Our results
indicate a mechanistic link between reduced miR-122 and HIF-1a, vimentin and MAP3K3
and their implications in diet-induced liver fibrosis.
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MATERIALS AND METHODS

Animal studies

This study was approved by the University of Massachusetts Medical School Institutional
Animal Care and Use Committee. All animals received humane care and were housed in the
animal facility of the University of Massachusetts Medical School. Female C57BL/6 wild
type mice (six-to-eight-weeks old) were purchased from Jackson laboratory (Bar harbor,
Maine) and received either methionine-choline-deficient (MCD) diet or D,L-methionine and
choline bitartrate supplemented (MCS) control diet for 1, 2, 3, 6 or 8 weeks (Dyets Inc.,
Bethlehem, USA).

Liver cell isolation

Primary murine hepatocytes were isolated by enzyme-based tissue digestion method as
described previously (25) and detailed in the Supplementary Material. Of note: there was no
hepatic stellate cell contamination in our hepatocytes preparation (26).

Histopathological analysis

Sections of formalin-fixed livers were stained with hematoxylin-eosin (H&E) to assess
histologic features of steatohepatitis and Sirius red stain to evaluate hepatic collagen
deposition. Alpha smooth muscle actin (a¢SMA) and vimentin expression was evaluated by
immunohistochemistry using specific antibodies. The slides were analyzed under light
microscopy at 100x and 200X.

RNA extraction and analysis

Total RNA was extracted and real-time quantitative polymerase chain reaction (RT-qPCR)
was performed, as described (26); primer sequences are available upon request. All results
were normalized to 18S mRNA expression.

For miRNA analyses total RNA was isolated using Qiagen miRNeasy kit with on column
DNA digestion (Qiagen Sciences, CA, USA) and RT-gPCR were performed using TagMan
miRNA assays (Ambion, Austin, TX, USA); all results were normalized to snoRNA202
expression.

Protein isolation and Western blot analysis

Whole cell lysates isolated from liver tissue or primary murine hepatocytes were subjected
to SDS-PAGE electrophoresis as described (27). The following antibodies have been used:
MAP3K3 (Abcam), vimentin (Abcam), caspase-8 (Cell Signaling) and B-tubulin (Abcam) as
loading control.

Electrophoretic Mobility Shift Assay (EMSA)

Nuclear proteins were isolated from the liver tissues or from isolated hepatocytes as
described (21,26) and 5-20ug of the nuclear protein was subjected to EMSA using
consensus, double-stranded HRE oligonucleotide specific for NF-kB or HIF-1a
transcription factors (Santa Cruz Biotechnology) (see details in Suppl. Materials).
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Transfection

For overexpression of miR-122, primary murine hepatocytes were isolated from chow fed
female mice. Cells were transfected with either pre-miR-122, or pre-miR-negative control
#1 to overexpress miR-122 or with anti-miR-122 and anti-miR-negative control #1 to inhibit
miR-122 (detailed in Suppl. Material). To evaluate the HIF-1a activation after transfection,
samples were stimulated with or without TNFa (10ng/ml) for the last 2 hours of the
transfection.

For inhibition of MAP3K3, primary murine hepatocytes were transfected with either
MAP3K3 siRNA or scrambled siRNA (20nM) for 48 hours. For induction of NF-xB
activation cells were treated with or without LPS (500ng/ml) for the last 2 hours of the
transfection.

Statistical analysis

Statistical significance was determined using the non-parametric Kruskal-Wallis and Mann-
Whitney tests. Data is shown as mean =+ standard error and is considered statistically
significant at p<0.05.

RESULTS

NASH is associated with decreased miR-122 levels in the liver and in hepatocytes

The MCD diet-induced model of NASH results in lipid accumulation and necro-
inflammation in the liver [Suppl. Fig. 1] (27). Of the key regulators of cholesterol and lipid
metabolism, we found decreased expression of miR-122 in the livers and in isolated
hepatocytes of mice fed with MCD diet [Fig. 1A]. Reduction in miR-122 levels occurred
during the 3-8 weeks of MCD diet where steatosis was also present. However, the lowest
miR-122 expression was observed at 8 weeks of diet [Fig. 1A]. miR-181d which was
increased in choline-deficient and amino acid defined (CDAA) diet (28) showed no changes
in MCD diet (data not shown) suggesting diet induced differential regulation of miRNA.

miR-122 regulates MAP3K3 in hepatocytes

Next, we aimed to explore the functional consequences of reduced hepatic miR-122
expression in NASH. In addition to cholesterol and fatty acid metabolism (6,7), miR-122
has several other potential targets. MiR-122 targets the mitogen activated protein kinase
kinase kinase 3 (MAP3K3) in hepatocellular carcinoma cell lines (12) [Supplementary Fig.
2A]. MAP3K3 plays a crucial role in cell survival and proliferation however its role in
NASH is yet to be evaluated providing the rationale for testing MAP3K3 expression in our
diet-induced model of NASH. Along with decreased miR-122 [Fig. 1A], we found increased
mMRNA expression of MAP3K3 in total livers and in isolated hepatocytes [Fig. 1BA] in
steatohepatitis. Mechanistically, miR-122 over-expression decreased MAP3K3 mRNA
levels in primary murine hepatocytes, while miR-122 inhibition resulted in an increase in
MAP3K3 mRNA levels compared to controls [Fig. 1C], suggesting a causal role of miR-122
in MAP3K3 regulation in hepatocytes.
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To investigate the role of the MAP3K3 in NASH, we measured the MAP3KS3 protein levels.
Unexpectedly, we found a significant decrease in MAP3K3 protein expression in the livers
at all stages of the disease (3,6 and 8 weeks) [Fig.1D, left panel], as well as in isolated
hepatocytes [Fig.1D, right panel] despite of the higher MAP3K3 mRNA levels. The reduced
protein levels might suggest a post-transcriptional suppression and/or enhanced degradation
of MAP3K3. MAP3K3 has been shown to regulate cell survival by inducing NF-xB
activation (13,29) and its overexpression leads to increased expression of the NF-xB-
inducible anti-apoptotic gene, bcl2 (30) that is highly expressed in the livers of NASH
patients (31). Consistent with the literature, we found increased NF-xB DNA binding [Fig.
2A] at all stages of steatohepatitis with a trend to have highest increase at 8 weeks. While
most likely the immune cells and the inflammatory state are responsible for the majority of
NF-kB activity in the total liver, we found increased NF-«xB activity in isolated hepatocytes
after MCD diet [Fig. 2B]. Our results also indicate that MAP3K3 regulates NF-xB activity
as knock down of MAP3K3 using siRNA reduced NFkB nuclear binding in naive and LPS
treated hepatocytes [Fig.2C]. This data suggest that MAP3K3 regulates NF-kB activation
not only in HCC cell lines, but also in primary murine hepatocytes. Parallel with the
increased NFkB activity, there was an increase in bcl2 mRNA in the livers of MCD fed
mice compared to MCS controls [Suppl. Fig.3A]. Caspase-8 activation indicated ongoing
apoptosis at each time point, although it showed a reduced trend at 8 weeks compared to 6
weeks, but it did not reach significance [Suppl. Fig. 3B].

HIF-1a and vimentin are miR-122 targets in hepatocytes

Our results indicated lowest miR-122 expression at 8 weeks of MCD diet [Fig.1B]. Mice on
MCD diet for 8 weeks developed liver fibrosis characterized by increased a-smooth muscle
actin and collagen expression (32). We also found increased Sirius red staining after 8 weeks
of MCD diet [Fig. 3A left panel] indicating collagen deposition, and enhanced aSMA
expression by immunohistochemistry [Fig.3A middle panel] confirming fibrosis. Vimentin
staining, a mesenchymal marker was also increased and appeared not only in cells located
between the hepatocytes, but also in hepatocytes in the livers of MCD diet fed mice [Fig.3A
right panel] indicating a possible epithelial-mesenchymal transition (EMT). Altogether this
raised the question whether miR-122 had a dual role in steatosis and liver fibrosis. Our
search for putative miR-122 target genes that might regulate both steatosis and liver fibrosis
identified HIF-1a, [www.microrna.org, Supplementary Fig. 1B]. Previous studies identified
a role of HIF-1a in alcohol induced liver steatosis (21) and in liver fibrosis induced by bile
duct ligation (23). Here, we found increased HIF-1a mRNA levels [Fig. 3B, left panel] and
HIF-1a DNA binding (electromobility shift assay) [Fig. 3B, right panel] at 8 weeks in the
livers of MCD mice compared to MCS controls. The hepatic mMRNA expression of the
HIF-1a target gene lysil oxidase (LOX), that mediates fibrosis in adipose tissue (33) was
dramatically increased (15-fold) at 8 weeks of MCD diet feeding [Fig.3C]. We also found
increased mRNA [Fig.3D] and protein expression [Fig.3A right panel] of the EMT marker
vimentin in MCD-steatohepatitis suggesting that prolonged MCD diet and/or NASH might
induce tissue remodeling. Vimentin is the major component of cytoskeleton in mesenchymal
cells including hepatic stellate cells (HSC), myofibroblasts in the liver. Furthermore liver
fibrosis is mainly conducted by hepatic stellate cells. We found a significant decrease in
miR-122 levels in activated primary hepatic stellate cells which was further reduced in TGF
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beta treated cells [Suppl. Fig. 4]. However, miR-122 expression is very low in HSCs
compared to hepatocytes (Ct 29-30 vs. 18-20).

To explore miR-122 regulation of HIF-1a, we transfected primary hepatocytes with pre-
miR-122 [Supplementary Fig. 2C]. Over-expression of miR-122 decreased HIF-1a mRNA
levels compared to pre-miR control in hepatocytes [Fig. 4A]. In contrast, inhibition of
miR-122 with an anti-miR-122 enhanced HIF-1a mRNA levels in hepatocytes [Fig. 4A].

To test whether miR-122 regulates HIF-1a activity, we inhibited miR-122 in primary
hepatocytes. We did not find significant increase in the HIF-1a nuclear binding in the anti
miR-122 treated samples compared to the control ones at the baseline suggesting that
additional signals are needed for the activation [Fig. 4B]. Supporting this hypothesis, we
found increased HIF-1a nuclear binding after TNFa stimulation in the anti miR-122 treated
samples compared to the anti-miR controls [Fig.4B].

We also tested whether miR-122 can regulate vimentin expression directly. We found that
similarly to MAP3K3 and HIF-1a, overexpression of miR-122 significantly reduced
vimentin mMRNA expression, while miR-122 inhibitor increased it [Fig.4C]. These results
suggest that miR-122 might affect the development of fibrosis at multiple steps.

Transcriptional repression of miR-122 in steatohepatitis

Next, we aimed to understand the mechanisms for the reduced liver/hepatocytes miR-122
levels in steatohepatitis and hypothesized that decreased transcription or cellular release
might be the contributing factor. First, we explored the possibility of transcriptional
repression of miR-122 in MCD steatohepatitis and found that primary miR-122 (pri-
miR-122) levels were significantly decreased in the livers and in isolated hepatocytes of
MCD diet-fed mice compared to controls [Fig. 5A]. This prompted us to explore potential
upstream regulation for miR-122 transcriptional expression. Hepatocyte nuclear factor 6
(HNF6) has been shown to positively regulate miR-122 transcription (34). Indeed, we found
a profound early down regulation of HNF6 (3 weeks) [Fig. 5B] in MCD diet-fed mice,
suggesting a potential mechanism in transcriptional regulation of miR-122 at early stages.
However no change in HNF6 expression was observed at 6 or 8 weeks of MCD diet
suggesting other factors might play a role in miR-122 regulation.

NASH results in hepatocyte damage and recent studies indicate the release of miR-122
during liver damage (1,9,35). We found increased miR-122 levels in the serum as early as 1
week after MCD diet feeding compared to controls and the increase in serum miR-122 was
sustained over the 8 week MCD diet feeding [Fig. 5C]. The increased serum miR-122
correlated with serum alanine aminotransferase (ALT) levels indicating liver damage
[Suppl. Fig. 5]. Because circulating miRNAS are either associated with proteins (e.g., bound
to argonaute) or packaged in exosomes/microvesicles (1,9) we next examined the
distribution of circulating miR-122 in NASH. We found increased miR-122 levels both in
the exosomal-rich and protein-rich compartments in the serum of mice with steatohepatitis
compared to controls (6 weeks of MCD diet) [Fig. 5D].
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DISCUSSION

NASH, one of the most common liver diseases, is characterized by liver steatosis and necro-
inflammation with or without fibrosis (2). Changes in the miRNA profile, including
decreased miR-122 levels, have been reported in patients and in animal models of
steatohepatitis (2,4,5), however the specific role of mMiRNA-122 in liver fibrosis remains
elusive.

Here we report a hepatocyte-specific role for decreased miR-122 in an animal model of diet-
induced steatohepatitis [Suppl. Fig. 6.]. In hepatocytes, reduced miR-122 was associated
with increased HIF-1a expression that may contribute to MCD diet-induced fibrosis via
LOX induction and/or endothelial-mesenchymal transition. We also showed that miR-122
might affect fibrosis at multiple steps, since we found connection between miR-122 and
vimentin levels. We also identified that decreased hepatic miR-122 correlated with
MAP3K3 increase, which is a miR-122 target in hepatocytes; although MAP3K3 most likely
is going through a posttranscriptional suppression and/or degradation indicated by the lower
protein levels. Finally, we demonstrated that the decrease in miR-122 in the liver was
associated with suppressed miR-122 transcriptional activation and increased serum levels.

miR-122 is the most abundant miRNA in hepatocytes (1). Hepatocyte-specific HIF-1a
upregulation plays a significant role in alcoholic fatty liver disease and HIF-1a KO mice
showed protection from alcohol induced steatosis (21). A progressive decrease in miR-122
reached the lowest levels at 8 weeks when liver fibrosis was highly prevalent in our diet-
induced steatohepatitis model. This prompted us to search for targets that might contribute
to both liver steatosis and fibrosis. We identified HIF-1a a miR-122 target, and consistent
with our findings HIF-1a KO had attenuated liver fibrosis induced by bile duct ligation (23).
In line with this, NASH patients often suffer from obstructive sleep apnea (22).

HIF-1a increase was associated with induction of its target gene LOX as well as the EMT
marker vimentin. Expression of LOX was increased only in mice with steatohepatitis and
fibrosis. LOX is important for the cross-linking of collagen and elastin and it has been
implicated in myocardial fibrosis (36). Hepatocytes from patients with Wilson’s disease and
primary biliary cirrhosis express LOX which co-localizes with collagen deposition around
hepatocytes (37).

Additionally, HIF-1a also initiates endothelial to mesenchymal transition (17,18,23). The
role of a possible EMT in liver fibrosis is under debate and it seems to be critical in the liver
regeneration and metastasis of HCC (38). We found increased expression of the
mesenchymal marker vimentin in the livers of MCD diet-fed mice. Similar to our
observations, Marquez et al. found a negative correlation between liver fibrosis and
miR-122 levels in the livers of HCV-infected patients (39). Based on this information, we
speculate that reduced miR-122 levels contribute to the pathogenesis of liver fibrosis in
MCD diet-induced steatohepatitis This is supported by recent reports that miR-122 deficient
mice developed steatohepatitis and fibrosis (10,11). We showed that miR-122 over-
expression reduced while miR-122 knockdown increased HIF-1a mRNA levels in
hepatocytes. In vitro modulation of miR-122 in naive hepatocytes was not enough to induce
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significant HIF-1a nuclear binding without additional stimulus but after TNFa exposure
reduced miR-122 levels resulted in increased HIF-1a nuclear binding suggesting that
additional signals are needed for the activation.

More importantly, we found that miR-122 might affect vimentin expression directly in
hepatocytes, since similarly to HIF-1a and MAP3K3, miR-122 overexpression reduced,
while miR-122 inhibition increased vimentin mRNA levels. This suggests that miR-122
might affect fibrosis at multiple steps.

Indeed, the role of miR-122 in the pathogenesis of liver fibrosis is not well understood. A
recent study reported a decrease in miR-122 in activated hepatic stellate cells where it
modulated P4HAL expression and regulated collagen production, indicating its possible role
in liver fibrosis (40). We cannot rule out that in steatohepatitis the reduction in miR-122 is
not limited to hepatocytes and that hepatic stellate cells could also be affected. Our results
indicate a low baseline expression of miR-122 in murine HSCs compared to hepatocytes
suggesting a major role of miR-122 in hepatocytes. Considering the fact that a single
miRNA targets multiple genes of a pathway to exert its effect, it is conceivable that miR-122
modulates HIF-1a, vimentin and MAP3K3 along with many other unknown targets
involved in the pathogenesis of liver fibrosis.

To our best knowledge, this is the first report studying the link between miR-122 and
MAP3K3 in NASH. MAP3K3 plays important roles in various cellular processes, including
cell survival and proliferation (13). MAP3K3 induces NF-xB activation and increased NF-
kB activity was observed in MCD-diet-fed mice. However, due to our unexpected finding
on the lower MAP3K3 protein levels, the biological role of MAP3K3 in NASH deserves
further investigation.

Finally, we evaluated the mechanisms for reduced miR-122 levels in steatohepatitis. The
understanding of miR-122 regulation in hepatocytes is limited. HNF4a, HNF6 and GSK-38-
C/EBPa have been shown to regulate miR-122 expression in the liver (34,41). Here we
showed for the first time that both mature miR-122 and primary miR-122 expression were
decreased in MCD-steatohepatitis, suggesting transcriptional regulation of miR-122. Our
results indicate decreased HNF6 mRNA at 3 weeks of MCD diet suggesting a possible role
of HNF6 in the miR-122 transcriptional regulation in NASH. However, it is noteworthy to
say that we did not find any changes in HNF6 (mMRNA) level at later times, suggesting other
factors might regulate miR-122. We cannot rule out the possibility that sustained levels of
LPS (from gut) or CpG motifs (from dying cells) in vivo might play a role in miR-122
regulation. In addition, we found a significant increase in miR-122 in the serum after MCD
diet raising the possibility of miR-122 release from injured hepatocytes. Furthermore, we
identified that miR-122 was present both in exosomal and the protein-rich (exosome-free)
serum fractions. Our results suggest that injured hepatocytes contribute to the release of
miR-122 into the circulation (data not shown).

In conclusion, we present novel findings on the hepatocyte-specific mechanistic roles of
decreased miR-122 in NASH pathogenesis. Our data imply that decreased hepatocyte
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pression of miR-122 has a causal role in increased HIF-1a, vimentin and MAP3K3

MRNA expression in steatohepatitis and fibrosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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List of abbreviations

HIF-1a hypoxia inducible factor 1a
MCS methionine choline supplemented
MCD methionine choline deficient
miR or miRNA microRNA
MAP3K3 mitogen activated protein kinase kinase kinase 3
NASH non-alcoholic steatohepatitis
NFxB nuclear factor kappa B
LOX lysil oxidase
EMT endothelial-to-mesenchymal transition
ALT alanine aminotransferase
TNF tumor necrosis factor
LPS lipopolysaccharide
SMA smooth muscle actin
HSC hepatic stellate cell
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Figure 1. NASH isassociated with decreased miR-122 levelsin theliver and in hepatocytes and
miR-122 regulates M AP3K 3 in hepatocytes

C57BL/6 mice (n=6-8) were fed with either MCD or MCS diet for 3, 6 or 8 weeks. Primary
hepatocytes were isolated from a subset of mice (n=6-8). Liver and hepatocyte miR-122 [A]
and MAP3K3 [B] expression was determined. Primary hepatocytes (n=3-4) were
transfected with either 10nM pre-control or pre-miR-122 to overexpress miR-122 and 20nM
anti-miR-control or anti-miR-122 to inhibit miR-122. After 48h of transfection, cellular
RNA was used to quantify MAP3K3 expression using gPCR [C]. The graph represents 3
experiments. MAP3K3 protein expression was measured in whole liver lysates by Western
blot (n=8) [D, left panel], as well as in isolated primary hepatocyte lysates (n=3) [D, right

Liver Int. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Csak et al.

Page 14

panel]. One representative blot is shown, densitometry data was plotted using all data points.
* indicates p<0.05 vs. MCS and # p<0.05 compared to 3 weeks of MCD fed mice.
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Figure 2. MAP3K 3 regulates NFkB in hepatocytes
C57BL/6 mice (n=6-8) were fed with either MCD or MCS diet for 3, 6, or 8 weeks. Primary

hepatocytes were isolated from MCS or MCD diet fed mice (6 weeks). 5ug of nuclear
proteins extracted from total liver [A] and 20 pg of whole cell lysates from hepatocytes [B]
were used to detect NF-xB nuclear binding using EMSA (n=3). MAP3K3 was inhibited
using MAP3K3 siRNA (20nM) in hepatocytes isolated from C57BL/6J mice. Some samples
were exposed to LPS. NFxB nuclear binding was determined 48 hours after transfection
using nuclear protein extracts [C]. [*] indicates p<0.05 vs. MCS.
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Figure 3. HIF-1a upregulation correlateswith fibrosis
C57BL/6 mice (n=6-8) were fed with either MCD or MCS diet for 3, 6, or 8 weeks.

Formalin fixed liver sections (8 weeks of diet, n=3-6) were stained with Sirius Red to assess
the collagen accumulation [A, left panel] or subjected to aSMA [A, middle panel] or
vimentin [A, right panel] immunohistochemistry. Total liver RNA was used to measure
HIF-1a expression by gPCR [B, left panel]. HIF-1a nuclear binding was detected using
EMSA [B, right panel]. Liver mRNA expression of the HIF-1a target genes lysil oxidase
[C] and the mesenchymal marker vimentin [D]were measured by gPCR. [*] indicates
p<0.05 vs. MCS. [#] indicates p<0.05 vs. 3 weeks MCD.
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Figure 4. HIF-1a and vimentin are miR-122 targetsin hepatocytes
MiR-122 was overexpressed using pre-miR-122 (10nM) or inhibited using anti-miR-122

(20nM) in hepatocytes isolated from regular diet-fed C57BL/6 mice. 48h after transfection
HIF-1a mRNA levels were measured by gPCR [A]. HIF-1a nuclear binding was assessed
using EMSA in primary hepatocytes after transfection with anti-miR-122 (50nM). Some
samples were exposed to TNFa for the last 2 hours of the transfection [B]. Vimentin mMRNA
expression was measured after miR-122 overexpression (10nM) or miR-122 inhibition
(20nM) in isolated murine hepatocytes [C].
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Figure 5. Decreased liver miR-122 is associated with transcriptional repression and concomitant
increasein the serum

Liver and serum was collected from mice fed with either MCD or MCS diet for 1, 2, 3, 6 or
8 weeks. Primary miR-122 (pri-miR-122) expression was measured in the livers and
hepatocytes of MCS or MCD diet-fed mice (n=6-8) using TagMan primer assay, hormalized
to GAPDH [A]. HNF6 mRNA was quantified [B]. Total RNA was isolated from 50ul serum
samples and equal volume of RNA was used to measure miR-122 levels using TagMan
miRNA assay. Spiked synthetic Cel-miR-39 was used for normalization [C]. Serum from 6
week MCS or MCD fed mice was fractionated into exosome and protein-rich fractions using
ExoQuick method and miR-122 expression was determined using TagMan miRNA assay
[D]. [*] indicates p<0.05 vs. MCS.
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