
Blockade of IL-6 signaling exacerbates liver injury and
suppresses antiapoptotic gene expression in methionine
choline-deficient diet-Fed db/db mice
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Our previous study revealed that blockade of interleukin-6 (IL-6)–STAT3 signaling ameliorated liver injury, although
hepatic STAT3�/� or GP130�/� mice have been reported to develop severe liver injury, in a murine methionine choline
deficient (MCD) diet-induced model of non-alcoholic steatohepatitis (NASH). In this study, to determine whether pro-
found blockade of IL-6–STAT3 signaling may still ameliorate liver injury, we studied db/db mice, which have impaired
leptin-mediated STAT3 activation, using the MCD diet-induced NASH model. Male lean and db/db mice (6 weeks old)
were fed either control chow or an MCD diet for 8 or 12 weeks. Half of the mice were treated with 15mg/kg rat
anti-mouse IL-6 receptor neutralizing antibody (MR16-1) intraperitoneally twice weekly, the remainder were injected with
15mg/kg rat IgG as a control. Hepatic steatosis, injury, fibrosis, markers of lipid peroxidation/oxidant stress and
antiapoptotic gene expression were evaluated. Plasma IL-6 levels were elevated in all groups of db/db mice. Although
hepatic IL-6/ GP130 signaling was activated in chow-fed db/db mice, this was suppressed in MCD diet-fed db/db mice,
accompanied by downregulation of hepatic IL-6 receptor and GP130 mRNA expression. MR16-1 treatment of MCD diet-
fed db/db mice further repressed STAT3 activities and expression of STAT3-related antiapoptotic genes, such as Bcl-2 and
Ref-1, but increased plasma-free fatty acid and hepatic markers of lipid peroxidation/oxidant stress, leading to increased
liver injury, hepatocyte apoptosis and liver fibrosis. Although ‘moderate’ blockade of enhanced IL-6–STAT3 signaling may
be beneficial in NASH, as we reported previously, these findings demonstrate that a profound defect in STAT3 activation
is detrimental in terms of liver injury, hepatocyte apoptosis and liver fibrosis, indicating the hepato-protective role of IL-6
signaling in this severe NASH model.
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Non-alcoholic fatty liver disease (NAFLD) is one of the most
common liver diseases worldwide.1 The pro-inflammatory
cytokines, tumor necrosis factor-alpha (TNF-a) and inter-
leukin-6 (IL-6) are considered to have a critical role in the
progression of NAFLD to more advanced stages of liver da-
mage. Although evidence is accumulating that reinforces the
idea that TNF-a has an important role in the development of
non-alcoholic steatohepatitis (NASH), the role of IL-6 in
NASH remains obscure.2,3 The latest publications reported
that hepatic IL-6 expression correlates positively with the
plasma IL-6 levels and the degree of hepatic inflammation,
stage of hepatic fibrosis and systemic insulin resistance.2–4

These findings suggest an important role for IL-6 as in the
development of human NASH.

On the contrary, IL-6 is well known as a hepato-protective
cytokine.5,6 IL-6 exerts an effect directly on hepatocytes
and induces the translocation of STAT3 to the nuclei,
causing early gene activation and mitosis.7,8 This signaling
not only exerts an effect on hepatocyte proliferation, but also
protects the liver against various forms of injury, such as
ischemia and reperfusion, toxins, alcohol and death-medi-
ated Fas activation.9–11 Mice that are deficient in IL-6 have an
impaired ability to regenerate their livers after partial hepa-
tectomy and also show reduced hepatic expression of the
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antiapoptotic mediators Bcl-2, Bcl-xL and Ref-1 (see ref. 5,
10–12).

Db/db mice develop obesity, severe type 2 diabetes and
fatty liver spontaneously because of a functional defect in the
long-form of the leptin receptor (Ob-Rb), which seems to be
the dominant signaling molecule to the receptor for the
phosphorylation of STAT3 and has a key role in the regula-
tion of food intake, insulin sensitivity and the control of body
weight.13 Feeding db/db mice with an MCD diet induces
steatohepatitis and liver fibrosis within only 8 weeks, pro-
viding a useful small animal model for progressive, obesity-
related NASH.14–16

We have reported recently that blockade of IL-6 signaling
by neutralizing antibody against the IL-6 receptor (MR16-1),
which is a specific antagonist of the mouse IL-6 receptor,
enhanced liver steatosis but improved liver injury in wild-
type lean mice fed with an MCD diet.17,18 We interpreted this
result as indicating that excess IL-6 produced by an MCD diet
may have exerted an effect as a pro-inflammatory cytokine,
leading to the progression of NASH. Therefore, blockade of
excessive IL-6-mediated signaling improved liver injury in a
lean mouse fed with an MCD diet. In this study, to determine
whether or not profound blockade of IL-6-STAT3 signaling
may still ameliorate liver injury, we studied db/db mice,
which have impaired leptin-mediated STAT3 activation,
using the MCD diet-induced NASH model.

MATERIALS AND METHODS
Animals and Treatments
A mouse model of MCD diet-induced NASH was studied.
Male C57/BL6 (lean) mice (6 weeks old) and db/db (BKS.Cg-
mþ /þ Leprdb/J) mice were purchased from Japan Jackson
Laboratories, maintained in a temperature- and light-con-
trolled facility, and permitted consumption of water ad li-
bitum. A total of 20 lean and db/db mice were fed a control
chow diet (cat no. 960441; ICN, Aurora, OH, n¼ 10) or an
MCD diet (cat no. 960439; ICN, n¼ 10) for 8 weeks. Another
10 db/db mice were fed an MCD diet for 12 weeks. Half of
the chow and MCD diet-fed mice were treated with 15mg/kg
rat anti-mouse IL-6 receptor antibody (MR16-1; Cyugai
Pharmaceutical, Tokyo, Japan) intraperitoneally twice weekly
for 8 or 12 weeks, the remainder were injected with control
rat IgG (Equitech-Bio, Kerrville, TX, USA).17–19 All mice
were killed 2 days after the final injection of MR16-1. All
animal experiments fulfilled the requirements for humane
animal care in Kyoto Prefectural University of Medicine.

Immunoblot Assay
Nuclear proteins isolated using a NE-PER Nuclear Extraction
Reagent Kit (PIERCE Biotechnology, Rockford, IL, USA),
and proteins isolated from whole livers were electrophoresed
in SDS-PAGE gels and transferred to PVDF membranes.
Membranes were probed with anti-STAT3, anti-phospho-
STAT3, anti-Histone H3 (Cell signaling Technology, Beverly,
MA, USA), anti-Bcl-2 (NeoMarker, Fremont, CA, USA),

anti-SOCS3, anti-a-actin (Santa-Cruz) or anti-Ref-1 (BD
transduction Lab., Lexington, KY, USA) antibody, followed
by horseradish peroxidase (HRP)-conjugated anti-mouse or
rabbit IgG (Amersham, UK). Antigens were visualized by
ECL (Amersham). The immunoblots were scanned and band
intensities were quantified by Image J (NIH) densitometry
analysis.

Two-Step Real-Time RT-PCR
Real-time PCR was performed as described.20 Specificity was
confirmed for all primer pairs (Table 1) by sequencing the
PCR products. We performed a validation experiment to
demonstrate that the amplification efficiencies of the target
and reference were approximately equal, as reported in Ap-
plied Biosystems User Bulletin No. 2. We confirmed the ab-
solute values of the slope of log input amount vs DCT were
o0.1. Target gene levels are presented as a ratio of levels in
treated versus corresponding control groups, according to the
DDCt method as reported.21,22

Table 1 RT-PCR primers for analysis

Genes Direction Sequences

Gus Forward 50-GCAGTTGTGTGGGTGAATGG-30

Reverse 50-GGGTCAGTGTGTTGTTGATGG-30

SOCS3 Forward 50-GGGTGGCAAAGAAAAGGAG-30

Reverse 50-GTTGAGCGTCAAGACCCAGT-30

IL-6 Ra Forward 50-CATCTGTGAGTGGCGTCCGA-30

Reverse 50-AACGCTTCGTTGTGGCTGGA-30

GP130 Forward 50-AGCATCTCCAGCAACGAGGAG-30

Reverse 50-GGACAGGCTTCAGGCTGACT-30

TNF-a Forward 50-TCGTAGCAAACCACCAAGTG-30

Reverse 50-AGATAGCAAATCGGCTGACG-30

TGFb-1 Forward 50-TTGCCCTCTACAACCAACACAA-30

Reverse 50-GGCTTGCGACCCACGTAGTA-30

Pro Col1a1 Forward 50-GACATCCCTGAAGTCAGCTGC-30

Reverse 50-TCCCTTGGGTCCCTCGAC-30

a-SMA Forward 50-ACTGGGACGACATGGAAAAG-30

Reverse 50-AGAGGCATAGAGGGACAGCA-30

TIMP-1 Forward 50-CATGGAAAGCCTCTGTGGATATG-30

Reverse 50-GATTGTGCAAATTTCCGTTCCTT-30

FATP1 Forward 50-CGCTTTCTGCGTATCGTCTG-30

Reverse 50-GATGCACGGGATCGTGTCT-30

FATP2 Forward 50-GGTATGGGACAGGCCTTGCT-30

Reverse 50-GGGCATTGTGGTATAGATGACATC-30

FATP5 Forward 50-CTACGCTGGCTGCATATAGATG-30

Reverse 50-CCACAAAGGTCTCTGGAGGAT-30
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Immunohistochemistry and Analysis of Liver
Architecture
Serial sections were stained with H&E using standard tech-
niques. After deparaffinization, microwave antigen retrieval
and blocking of endogenous peroxidase activity, other sec-
tions were incubated with a TdT-mediated dUTP-digoxigenin
nick end labeling (TUNEL) reaction mixture, containing
terminal deoxyribonucleotidyl transferase (TdT) and fluor-
escein-dUTP (Roche Diagnostic, Indianapolis, IN, USA),
anti- 4-hydroxy-2-nonenal (HNE) (HNEJ-2; Nikken, Shi-
zuoka, Japan) or anti-a-smooth muscle actin (SMA) (Dako-
Cytomation, Carpinteria, CA, USA) antibody. Antigen was
demonstrated using secondary anti-mouse polymer HRP
and DAB chromagen (Dako) and counterstaining with Gill’s
hematoxylin. TUNEL-positive hepatocytes were counted in
three randomly selected fields/section (� 100 magnification).

Quantification of Hepatic Collagen Content
Liver sections were stained with picrosirius red and coun-
terstained with fast green (Sigma-Aldrich Japan). Sirius red
staining was quantitated by Image J software in three ran-
domly selected fields/section (� 200 magnification).

Tissue and Plasma Biochemical Measurements
Plasma aspartate aminotransferase (AST), alanine amino-
transferase (ALT), Free Fatty Acid (FFA), total cholesterol
(T-CHO) and triglyceride levels were measured as described

previously.20 Concentrations of plasma IL-6, plasma serum
amyloid A (SAA), tissue triglyceride and tissue thiobarbituric
acid-reactive substances (TBARS) were measured by IL-6
Mouse ELISA Kit (R&D Systems, Minneapolis, MN, USA),
SAA Mouse ELISA Kit (Streassgen, Victoria, Canada), Tri-
glyceride Detection Kit (Sigma-Aldrich) and TBARS Assay
kit (Cayman Chemical, Ann Arbor, MI, USA) according to
the manufacturers’ instructions.

Statistical Analysis
Results are expressed as mean±s.e.m. Significance was es-
tablished using the Student’s t-test and analysis of variance
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when appropriate. Differences were considered significant
when Po0.05.

RESULTS
An MCD Diet Elevated Plasma IL-6 Levels in Db/Db Mice
We measured plasma IL-6 levels in MCD diet-fed db/db mice
and compared them with those in chow diet-fed lean and db/
db mice. As a result, plasma IL-6 levels were elevated in both
groups of db/db mice and consistently higher in MCD diet-
fed db/db mice than the other groups (Figure 1a). Because
IL-6 is the major activator of hepatic acute phase protein
expression, plasma SAA levels also were measured. As ex-
pected, plasma SAA levels in db/db mouse groups were
greatly elevated (Figure 1b). Interestingly, however, plasma
SAA levels in MCD diet-fed db/db mice were similar, or
slightly lower, to those in chow-fed db/db mice despite higher
plasma IL-6 levels.

An MCD Diet Suppressed IL-6 Signaling with
Downregulation of Hepatic IL-6 Receptor Expression
To evaluate hepatic IL-6/GP130 signaling, we assessed the
expression of a key gene in this signaling pathway, STAT3.
Hepatic STAT3 activity was slightly increased in chow-fed db/
db mice but, expectedly, was significantly suppressed in MCD

diet-fed db/db mice (Figure 2a). Hepatic mRNA and protein
levels of suppressor of cytokine signaling (SOCS)3, which is
induced by phosphorylated STAT3, were significantly
decreased in MCD diet-fed db/db mice (Figures 2b and c).
The expression of the STAT3-related antiapoptotic and DNA
repair genes, Bcl-2 and Ref-1, also were assessed. Protein le-
vels of Bcl-2 and Ref-1 increased in db/db mouse livers, but
an MCD diet decreased the expression of these genes (Figure
2d). To explain this discrepancy between elevated plasma IL-6
levels and reduced hepatic STAT3 activity in MCD diet-fed
db/db mice, we analyzed mRNA levels of the IL-6 receptor
alpha (Ra) and GP130. Surprisingly, although hepatic IL-6
Ra expression in chow-fed db/db mice was similar to that in
lean mice, MCD diet-fed db/db mice expressed significantly
lower amounts of IL-6 Ra (Figure 2e). An MCD diet also led
to decreased hepatic mRNA levels of GP130 in db/db mice
(Figure 2e).

Treatment with MR16-1 Successfully Inhibited IL-6
Signaling
An MCD diet was found to increase plasma IL-6 levels but
suppress hepatic STAT3 signaling in db/db mice. Because
earlier studies and our previous experiments had demon-
strated that the half life of MR16-1 is about 3 days, and twice
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weekly intraperitoneal injections of 15mg/kg MR16-1 sup-
presses the IL6/GP130 signaling pathway effectively in other
murine models, as well as in chow-fed db/db mice and MCD
diet-fed lean mice, (Supplementary Figures 1 and 2b–d17,23),
we used 15mg/kg MR16-1 to block the IL-6/GP130 signaling
pathway and determined whether or not this blockade
ameliorated MCD diet-induced NASH.

First, we measured plasma IL-6 and SAA concentrations
after MR16-1 treatment. Expectedly, plasma IL-6 levels were
greatly elevated but, in contrast, plasma SAA levels were
suppressed by MR16-1 treatment in MCD diet-fed db/db
mice24 (Figures 3a and b). These observations suggested

that MR16-1 treatment blocked the IL-6 receptor success-
fully. Consequently, in MCD diet-fed db/db mice, the
translocation of phosphorylated STAT3 into the nuclei was
significantly decreased by this treatment, and mRNA levels of
hepatic SOCS3 expression also tended to decrease (Figures 3c
and d). We also confirmed that the level of SOCS3 protein
was decreased by MR16-1 treatment (Figure 3e).

Neutralizing the IL-6 Receptor had Little Effect on
Hepatic Steatosis Despite Increased Plasma FFA Levels
In obesity, the major mechanism driving the accumulation
of hepatic triglyceride is increased delivery of FFA from
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peripheral adipose depots to the liver. Hepatic lipid disposal
via mitochondrial beta oxidation and lipoprotein export are
central mechanisms for removing potentially toxic FFA. In
db/db mice, in which obesity drives increased delivery of FFA
to the liver, it has been demonstrated that an MCD diet
exacerbates steatosis dramatically.14–16

We assessed hepatic steatosis by H&E staining, liver/body
weight (BW) ratio, epididymal fat/BW ratio and liver tri-
glyceride content at the end of 8 weeks of treatment. An
MCD diet induced further intra-hepatic lipid accumulation
in db/db mice but MR16-1 treatment had no effect on

hepatic steatosis (Figure 4a). Body weight changes, liver/BW
ratio, epididymal fat/BW ratio and liver triglyceride content
were similar in MCD diet-fed db/db mice with and without
MR16-1 treatment (Figure 4b–d). Plasma T-CHO and tri-
glyceride levels also were similar in the two groups but
plasma FFA levels were significantly higher in db/db mice
treated with MR16-1 (Figure 4e). To investigate why plasma
FFA levels were increased by MR16-1 treatment, we assessed
mRNA levels of hepatic FATP1, 2 and 5. An MCD diet de-
creased hepatic FATPs expression in db/db mice but MR16-1
treatment had no effect on this (Figure 4f).
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8 weeks. Results are expressed as percentage of section staining (þ ) for Sirius Red (*Po0.05).
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Neutralizing the IL-6 Receptor Exacerbated MCD
Diet-Induced Liver Fibrosis
To evaluate the effect of MR16-1 treatment on liver fibrosis,
mRNA levels of various markers of fibrosis were compared in
the three groups of mice. Hepatic expressions of TGFb-1,
collagen, a-SMA and tissue inhibitor of metalloproteinases
(TIMP)-1 were significantly increased in db/db mice fed with
an MCD diet. Furthermore, treatment with MR16-1-
enhanced MCD diet-induced hepatic increases in collagen
and TIMP-1 mRNA expression significantly, whereas en-
hanced expression of a-SMA was modest and the expression
of TGFb-1 was unaltered (Figure 5a). To assess further the
effects of an MCD diet and MR16-1 treatment on liver
fibrosis, Sirius red staining and a-SMA immunohistochemical
analysis were performed. As predicted from the results for the
markers of hepatic fibrosis, MCD diet-fed db/db mice treated
with MR16-1 had the greatest area of Sirius red-stained
fibrils, demonstrated by liver morphometry, and the greatest
number of a-SMA-positive cells among the three groups of
mice. (Figures 5b and c).

Neutralizing the IL-6 Receptor Exacerbated MCD
Diet-Induced Liver Injury
We compared injury-related parameters among the three
groups of mice. An MCD diet increased TNF-a mRNA levels
in the livers of db/db mice (Figure 6a). However, treatment
with MR16-1 for 8 weeks had no additional effect. Consistent
with the evidence that an MCD diet-increased hepatic TNF-a
expression, control IgG-treated db/db mice that were fed
MCD diets exhibited twofold higher plasma AST, and
threefold higher ALT, values than db/db controls (Figure 6b).
Interestingly, plasma AST and ALT values were highest in
MCD diet-fed mice that were treated with MR16-1, sug-
gesting that MR16-1 treatment may exacerbate liver injury.
To confirm this finding, liver sections also were evaluated for
lobular inflammation. The lobular inflammatory grade ten-
ded to be higher in MCD diet-fed mice than that in chow-fed
controls. MR16-1 treatment for 8 weeks exacerbated MCD
diet-induced lobular inflammation slightly, but not sig-
nificantly. (Figure 6c, P¼ 0.076).

Neutralizing the IL-6 Receptor Increased Lipid
Peroxidation/Oxidant Stress and Hepatic Apoptosis
To determine the mechanism of exacerbation of liver damage
and fibrosis, caused by blocking the IL-6 receptor in this
model, we examined the markers of lipotoxicity and hepatic
apoptosis at the end of 8 weeks of treatment. Db/db mice that
were treated with MR16-1 had significantly greater hepatic
accumulation of HNE and demonstrated increases in thio-
barbituric acid-reactive (TBAR) substance level (Figures 7a
and b). Furthermore, the levels of the STAT3-related anti-
apoptotic protein, Bcl-2, and the DNA repair and Rac-
dependent NADPH oxidase inhibitor protein, Ref-1, also
were significantly decreased in MR16-1-treated mouse livers
(Figure 7c). Consistent with these findings, the percentage of
TUNEL-positive hepatocytes was higher in MR16-1-treated
db/db mice than db/db controls (Figure 7d). Thus, increased
lipotoxicity and hepatic apoptosis resulting from inhibition
of STAT3-related hepato-protective gene expression by
MR16-1 treatment may be the cause of exacerbated liver
damage in this model.

Neutralizing the IL-6 Receptor for 12 Weeks Further
Exacerbated Liver Fibrosis and Injury, and Enhanced
Hepatic Apoptosis
Because the additional effect of MR16-1 treatment on hepatic
injury and fibrosis was not clearly demonstrated in MCD-
diet fed db/db mice after 8 weeks of treatment, prolonged
treatment with MR16-1 was carried out for 12 weeks. As
expected, this treatment resulted in significantly increased
plasma ALT values (Figure 8a), hepatic inflammatory score
and TNF-a expression (Figures 8b and c). Interestingly, sig-
nificantly increased mRNA levels of TGFb-1 and a-SMA also
were noted, in addition to the increase in collagen and
TIMP-1 mRNA observed after 8-weeks treatment (Figure 8c).
An increase in the Sirius red-stained area (Figure 8d), de-
creased expression of Bcl-2 and Ref-1 (Figure 8e), and an
increased number of TUNEL-positive hepatocytes also were
observed (Figure 8f).
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DISCUSSION
Oxidative stress, lymphocyte activation and cytokine release
are candidate elements of the pathogenic transition from
simple steatosis to steatohepatitis.25 In this study, plasma IL-6
levels were elevated in both chow- and MCD diet-fed db/db
mice compared with lean mice (Figure 1). The expression of
hepatic IL-6/GP130-related molecules also was upregulated in
chow-fed db/db mice (Figure 2). However, an MCD diet
induced the loss of STAT3 phosphorylation and hepatic IL-6/
GP130-related gene expression, despite the greater elevation of
plasma IL-6 levels in db/db mice. On this basis, we hypothe-

sized that the MCD diet-induced ‘hepatic IL-6 resistance’ ob-
served in db/db mice may be attributable to impaired hepatic
IL-6 receptor and GP130 mRNA expression, because a pre-
vious report showed that treatment with IL-6/soluble IL-6
receptor fusion protein stimulated IL-6-mediated signaling
pathway.26 As shown in Figure 2e, hepatic mRNA expression of
the IL-6 receptor and GP130 was confirmed to be significantly
downregulated in MCD diet-fed db/db mice, which did not
contradict the finding of decreased hepatic STAT3 levels.

Initially, we hypothesized that continuous IL-6 stimulation
might induce liver injury and fibrosis, and neutralizing the
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IL-6 receptor by treatment with MR16-1 would attenuate
liver injury and prevent the development of NASH in MCD
diet-fed db/db mice, as in wild-type mice, because previous
reports showed that long-term IL-6 exposure induced SOCS3
expression, caused insulin resistance and exacerbated liver
injury.27–30 Expectedly, we found that an MCD diet induced
severe NASH in db/db mice. Unexpectedly, however, this diet
induced IL-6 resistance. The effect of this IL-6 resistance is
obvious in db/db mice because these mice lack Ob-Rb, which
is required for leptin-induced phosphorylation of STAT3 at
Tyr 705 (see ref. 31,32). In this study, we used MR16-1 and
found that this treatment had little effect on hepatic steatosis
but induced greater liver injury and fibrosis in MCD diet-
treated db/db mice, compared with control treatment. When
MR16-1 treatment blocked IL-6 signaling in MCD diet-fed
mice seriously, this blocking effect would have been con-
siderable and enhanced MCD diet-induced liver damage.
These observations showed that IL-6-induced STAT3 phos-
phorylation has a central role in inhibiting the development
of MCD diet-induced NASH in db/db mice.

We have revealed recently that MR16-1 treatment im-
proved liver injury in wild-type mice fed with an MCD diet
(Supplementary Figures 2F, G, H, I). Nevertheless, in this
NASH model, IL-6 had a protective role against the devel-
opment of NASH. Blocking IL-6 signaling by MR16-1 in
MCD diet-fed db/db mice, which have impaired leptin-
mediated IL-6 signaling, severely suppressed STAT3 activa-
tion and STAT3-mediated expression of antiapoptotic and

DNA repair genes (Figures 3c–e, 7c and 8e). This also en-
hanced the transcription of fibrosis-related genes (Figures 5a
and 8c) and worsened hepatic injury (Figures 6b and c, 8a
and 8b). These differing observations between wild type and
db/db mice in two NASH models indicate a paradoxical role
for IL-6 in the development of chronic inflammation and the
promotion of hepatocyte proliferation. We speculate that,
although an excess of IL-6 may exert an effect as a mediator
of inflammation in human and mouse NASH, in some ex-
perimental models with severely suppressed IL-6-STAT3
signaling, such as STAT3�/� or GP130�/� mice, IL-6 may
have a hepato-protective role against various types of liver
injury, including steatohepatitis, as we have demonstrated in
this study.33,34 We found here that MR16-1 treatment did not
exacerbate hepatic steatosis (Figure 4a–d) and the expression
of lipogenic genes was not altered (data not shown), despite
inhibited IL-6 signaling. However, although MR16-1 treat-
ment decreased plasma FFA levels with increased hepatic
lipogenic fed wild-type mice (Supplementary Figure 2D, E,17),
these were greatly increased in MCD diet-fed db/db mice.
This elevation of plasma FFA indicated that excess FFA ac-
cumulation in MCD diet-fed db/db mouse livers might have
been beyond the capacity of hepatic triglyceride synthesis, in
part because the livers of db/db mice were already severely
fatty. FFA is a substrate for ROS-generating microsomal
enzymes such as Cyp2E1, therefore, this compensatory FFA
detoxification system would collapse, leading to the devel-
opment of NASH with elevation of plasma FFA levels.
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Consequently, inhibition of IL-6/STAT3 signaling failed to
decrease ROS generation. This may be one mechanism of the
increased expression of alpha smooth muscle actin, collagen
and TGF beta TGF beta in this model. Impaired IL-6/STAT3
signaling led to reduced antiapoptotic gene expression, which
also caused enhanced fibrotic process in the liver.

Considering this study and other previous reports, we
conclude that not only excessively upregulated, but also se-
verely suppressed hepatic IL-6-STAT3 signaling may lead to
the progression of NASH. In human NASH, IL-6-STAT3
signaling possibly may be excessively upregulated, whereas in
MCD diet-fed db/db mice this signaling was severely sup-
pressed. Hopefully, further studies using MR16-1 in other
NAFLD and NASH models will be able to reveal the effect of
neutralizing the IL-6 receptor on NASH.

Supplementary Information accompanies the paper on the Laboratory

Investigation website (http://www.laboratoryinvestigation.org)
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