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Abstract

Monocyte chemoattractant protein-1 (MCP-1, Ccl2) expression is increased in livers of patients
with non-alcoholic steatohepatitis and in murine models of steatohepatitis. Several studies in
rodents indicate that MCP-1 contributes to liver steatosis induced by feeding a high fat diet.
However, the extent of MCP-1 involvement in the widely utilized methionine-choline-deficient
(MCD) diet model of steatohepatitis has not been determined. We tested the hypothesis that
MCP-1 contributes to steatohepatitis in mice fed the MCD diet. MCP-1-deficient mice on a
C57BI/6J background and age-matched C57BI/6J mice were fed either MCD diet or control diet
for 4 weeks. MCP-1-deficiency did not affect steatohepatitis as indicated by liver histopathology,
nor did it affect serum alanine aminotransferase activity, hepatic triglyceride levels, hepatic
inflammatory gene induction, or macrophage accumulation in mice fed the MCD diet. MCP-1-
deficiency reduced the expression of the profibrogenic genes pro-collagen 1al, connective tissue
growth factor, and transforming growth factor- in mice fed the MCD diet. MCP-1-deficiency
significantly reduced collagen deposition and alpha-smooth muscle actin protein levels in the
livers of mice fed the MCD diet. The results indicate that MCP-1 does not contribute to liver
steatosis or inflammation in the MCD diet model of steatohepatitis. Rather, the data suggest that
MCP-1 contributes to fibrosis in mice fed the MCD diet independent of effects on steatosis and
inflammation.
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Accumulation of fat within the liver (i.e., steatosis) is commonly associated with diseases
such as non-alcoholic fatty liver disease (NAFLD), the hepatic manifestation of metabolic
syndrome. Although the mechanism is not entirely clear, steatosis can lead to hon-alcoholic
steatohepatitis (NASH), with evidence of both hepatocellular injury and chronic
inflammation; this inflammation is generally considered a critical mediator of liver fibrosis
in a subset of patients. Steatosis can be induced experimentally in rodents by altering the
diet or by genetic approaches. The mechanisms whereby different experimental models
induce steatosis vary, and this has been reviewed elsewherel. In contrast to models utilizing
diets high in saturated fat (i.e., >20% of Calories from fat), so-called Western diets®™4, the
widely utilized lipogenic methionine-choline-deficient (MCD) diet is not high in fat. Rather,
the MCD diet causes defects in the handling of triglycerides, both at the level of transport
and storage, as well as in de novo synthesis; these defects, combined with a high level of
sucrose, lead to a rapid onset of steatohepatitis®. Diets high in fat cause obesity and insulin
resistance whereas mice fed the MCD diet do not exhibit these characteristics®. Given
sufficient time, both diets cause steatohepatitis, although the mechanisms whereby fat
accumulates in the liver in these two models are quite different.

The progression of fatty liver disease is associated with the expression of proinflammatory
factors, including the cytokine monocyte chemoattractant protein-1 (MCP-1, Ccl2). MCP-1
mRNA is markedly increased in the livers of patients with steatosis and NASH?-10, Serum
levels of MCP-1 are elevated in patients with NASH compared to healthy individuals’.
Similarly, hepatic MCP-1 mRNA and plasma protein levels are increased in mice fed a high
fat diet?~4, and hepatic MCP-1 mRNA and MCP-1 protein levels in the plasma are increased
in mice fed the MCD diet!1,

MCP-1 could contribute to the pathogenesis of NASH through multiple mechanisms, and
this could depend on the context in which steatosis occurs. Indeed, several recent studies
indicate that MCP-1 contributes directly to hepatic lipid accumulation and insulin resistance
in mice fed a high fat diet. For example, MCP-1 deficiency reduced hepatic triglyceride
levels in mice fed a high fat diet2. Moreover, a pharmacologic antagonist of chemokine (C-C
motif) receptor 2 (CCR2), the primary receptor for MCP-1, reduced hepatic steatosis in
genetically obese diabetic db/db micel2. These studies suggest that MCP-1 contributes to
steatosis induced by a high fat diet.

Another mechanism whereby MCP-1 could contribute to the pathogenesis of NAFLD and
NASH is by enhancing the inflammatory response. MCP-1 coordinates leukocyte
recruitment to the liver by activation of the CCR2 receptor on inflammatory cells including
monocytes/macrophages!3. Indeed, deficiency in either MCP-1 or CCR2 reduced hepatic
infiltration of inflammatory cells in various models of liver disease4-17, suggesting that
MCP-1 could contribute not only to steatosis, but also to inflammation. In addition, several
recent studies indicate that MCP-1 is an important mediator of liver fibrosis1®18.19,
Together, these studies indicate that the effects of MCP-1 in NASH could be multifaceted
and model dependent.

Although MCP-1 is induced in both high-fat and MCD diet models of NAFLD/NASH,
fundamental differences in the mechanism of steatosis in each model exist. We sought to
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characterize the contribution of MCP-1 to steatosis in mice fed the MCD diet, as this model
is widely utilized to study mechanisms of NASH. Moreover, we systematically
characterized the effect of MCP-1-deficiency on hepatocellular injury, hepatic inflammation,
and fibrosis in mice fed the MCD diet.

Materials and Methods

Mice

All mice were used between 8-12 weeks of age. Male MCP-1~/~ mice? on a C57BI/6J
background and age-matched male C57BI/6J mice were purchased from The Jackson
Laboratory (Bar Harbor, ME). Mice were maintained in an AAALAC-accredited facility at
the University of Kansas Medical Center. Mice were housed at an ambient temperature of
22°C with alternating 12-h light/dark cycles and allowed water and rodent chow (Teklad
8604; Harlan, Indianapolis, IN) ad libitum prior to feeding custom diets. All animal
procedures were performed according to the guidelines of the American Association for
Laboratory Animal Science and were approved by the University of Kansas Medical Center
Institutional Animal Care and Use Committee.

Dietary model of non-alcoholic steatohepatitis

The MCD rodent chow (MCD diet, 518810) and an otherwise identical diet sufficient in
methionine and choline (control diet, 518754) were purchased from Dyets, Inc. (Bethlehem,
PA). Insofar as baseline differences in the purified diet, not just the methionine/choline-
deficiency, could affect baseline gene expression and other parameters, the use of this
methionine/choline-sufficient diet is the most appropriate control. Mice were fed either
control diet or MCD diet ad libitum for 4 weeks. The mice were not fasted prior to sample
collection. Under isoflurane anesthesia, blood was then collected from the caudal vena cava
into sodium citrate (final concentration, 0.38%) for the collection of plasma and into an
empty syringe for the collection of serum. Sections of liver from the left lateral lobe were
fixed in 10% neutral-buffered formalin for 48 hours, and then embedded in paraffin. The
right medial lobe was affixed to a cork with OCT (Fisher Scientific, Pittsburgh, PA) and
immersed for 3 minutes in liquid nitrogen-chilled isopentane. The remaining liver was snap
frozen in liquid nitrogen.

Histopathology, sirius red staining, clinical chemistry, and triglyceride determination

Formalin-fixed livers were sectioned at 5 microns, stained with hematoxylin and eosin (H &
E), and evaluated by a pathologist (O.T.). Steatosis was scored from 0-4 in a masked
fashion. Sirius red staining and fast-green counterstaining of formalin-fixed, paraffin-
embedded liver sections were performed as described previously2l. The serum activity of
alanine aminotransferase (ALT) was determined using a commercially available reagent
(Thermo Fisher, Rockford, IL). Hepatic triglyceride content was determined as described
previously?2 using commercially available reagents (Wako, Richmond, VA). Serum
triglyceride levels were determined using commercially available reagents (Pointe
Scientific, Inc, Canton, MI). Plasma glucose levels were determined using a commercial
glucometer.
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Immunohistochemistry and immunofluorescence

Immunohistochemical staining of macrophages in frozen liver sections was performed as
described!? utilizing a 1:1 mix of rat anti-mouse CD68/rat anti-mouse F4/80 antibodies
(AbD Serotec, Raleigh, NC), and Vector NovaRed substrate (Vector Laboratories,
Burlingame, CA). The extent of macrophage accumulation in liver sections stained
immunohistochemically for macrophages was determined in a masked fashion and each
liver sample assigned a score from 1-10. Oil Red O staining was performed as previously
described?2. Immunofluorescent staining for Type 1 collagen was performed as described
previouslyZ3 utilizing a rabbit anti-mouse Type 1 collagen antibody (Millipore, Billerica,
MA) and Alexa 594-conjugated secondary antibody (Invitrogen, Carlsbad, CA). The slides
were visualized using an Olympus BX41 microscope (Olympus, Lake Success, NY). Images
were captured using an Olympus DP70. Quantification of Type 1 collagen antibody utilizing
Scion Image software was performed as described previously23. The evaluator was masked
to both treatment and genotype.

Liver homogenate preparation and a-smooth muscle actin (a-SMA) Western blotting

Whole liver homogenates were prepared by homogenizing 100 mg of snap frozen liver in 1
ml of RIPA buffer containing protease inhibitor cocktail and PhosStop phosphatase inhibitor
(Roche Applied Science). The homogenate was transferred to 1.7 ml tubes, rotated end-
over-end for 15 minutes at 4°C then subjected to centrifugation at 14,000 x g for 10 minutes.
The supernatant was collected and protein concentration determined using the Bio-rad DC
protein assay (Bio-rad, Hercules, CA). Five ug of protein for each sample was diluted in 1X
LDS buffer (Invitrogen, San Diego, CA) and heated at 95°C in the presence of 2-
mercaptoethanol for 10 minutes. Samples were separated by electrophoresis utilizing precast
4-20% Bis-tris Criterion gels (Bio-rad) and transferred to Immobilon PVDF membrane
(Millipore, Billerica, MA) by semi-dry transfer. Membranes were blocked with 3% BSA in
1X TBST for 60 minutes at room temperature and then incubated overnight at 4°C with a
1:1000 dilution of a monoclonal mouse anti-a-SMA antibody or 1:5000 dilution of a
monoclonal mouse anti-glyceraldehyde 3 phosphate dehydrogenase (GAPDH) antibody
(Millipore), followed by incubation for 1 h at room temperature with a secondary anti-
mouse IgG-HRP conjugated antibody diluted at 1:5000 (Cell Signaling Technology,
Danvers, MA). All antibodies were diluted in 1% BSA in 1X TBST. Membranes were then
washed and incubated with Supersignal West Pico substrate (ThermoScientific) solution and
exposed to Blue lite autoradiography film (ISC Bioexpress, Kaysville, UT).

RNA isolation, cDNA synthesis, and real-time PCR

Total RNA was isolated from approximately 100 mg of snap-frozen liver using TRI reagent
(Molecular Research Center, Inc., Cincinnati, OH). One microgram of RNA was utilized for
the synthesis of cDNA using a High Capacity cDNA Reverse Transcription kit (Applied
Biosystems, Foster City, CA) and MyCycler thermal cycler (Bio-Rad, Hercules, CA).
Levels of tumor necrosis factor a (TNFa), cyclooxygenase-2 (COX-2), MCP-1, macrophage
inflammatory protein (MIP-2, Cxcl2), keratinocyte chemoattractant/growth related gene
(KC/Gro, Cxcll), intercellular adhesion molecule-1 (ICAM-1), tissue inhibitor of
metalloproteinase-1 (TIMP-1), connective tissue growth factor (CTGF), pro-collagen 1al
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(Collal), transforming growth factor-p (TGF-p), cell surface glycoprotein F4/80,
macrosialin (CD68), interleukin (IL)-1p, IL-6, and GAPDH mRNA were determined using
the TagMan gene expression assay from Applied Biosystems and TagMan gene expression
master mix (Applied Biosystems) on an ABI Prism 7300 sequence detection system
(Applied Biosystems). The expression of each gene was adjusted relative to GAPDH
expression levels, and relative expression level determined using the comparative Ct
method.

Comparison of two groups was performed using Student’s t-test. Comparison of 3 or more
groups was performed using one-way analysis of variance followed by the Student-
Newman-Keuls post-hoc test. The criterion for statistical significance was P<0.05

Effect of MCP-1-deficiency on MCD diet-induced hepatocellular injury

In agreement with previous studies!124, hepatic MCP-1 mRNA levels increased in wild type
mice fed the MCD diet (Fig. 1A). Serum ALT activity increased in mice fed the MCD diet
compared to mice fed the control diet. Surprisingly, MCP-1-deficiency did not significantly
affect serum ALT activity, although a trend towards higher serum ALT activity was
observed in MCP-1-deficient mice fed the MCD diet (P = 0.075 for comparison between
WT and MCP-17/~ mice fed the MCD diet). (Fig. 1B). This result indicates that MCP-1-
deficiency does not reduce hepatocellular injury in mice fed the MCD diet.

Effect of MCP-1-deficiency on MCD diet-induced steatosis

H&E-stained slides were examined by a pathologist and no substantial differences in liver
histology were observed between wild-type mice and MCP-1-deficient mice fed control diet
(Fig. 2A-2B). Both wild type and MCP-1-deficient mice fed the MCD diet developed
panacinar macrovesicular hepatic steatosis of similar severity (Fig. 2C—E and Fig. 2H-1).
Hepatic triglyceride levels increased significantly in both wild type and MCP-1-deficient
mice fed the MCD diet (Fig. 2J). These results are in contrast to mice fed a high fat diet, in
which both steatosis and hepatic triglyceride levels were reduced by MCP-1-deficiency?:3.
Although the mice were not fasted, changes in circulating triglyceride and glucose levels
mirrored previous studies?>26. Serum triglyceride levels were significantly reduced in mice
fed the MCD diet (Control vs. MCD diet, mean + SEM: Wild type mice, 57 + 6vs. 24 + 1
mg/dL; MCP-17/~ mice, 57 + 13 vs. 28 + 2 mg/dL). Similarly, plasma glucose levels were
significantly reduced in mice fed the MCD diet (Control vs. MCD diet, mean + SEM: Wild
type mice, 289 + 43 vs. 160 + 11 mg/dL; MCP-1~/~ mice, 348 + 34 vs. 146 + 23 mg/dL).
Interestingly, glucose levels were higher in MCP-17/~ mice fed control diet compared to
wild type mice fed control diet.

Of importance, MCP-1-deficiency significantly reduced baseline triglyceride levels in mice
fed control diet (Fig. 2J). Similarly, Oil Red O staining indicated a decrease in lipid content
of livers from MCP-1-deficient mice fed control diet (Fig. 2F-G).
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Effect of MCP-1-deficiency on MCD diet-induced hepatic inflammatory gene induction and
macrophage accumulation

Compared to wild type mice fed control diet, levels of ICAM-1, MIP-2 and KC/Groa
MRNA were increased in livers of MCP-1-deficient mice fed control diet (Fig. 3A-C).
Previous studies have identified a similar, and likely compensatory, effect of MCP-1-
deficiency on the expression of other chemokines 27. Interestingly, IL-18 mRNA levels were
lower in MCP-17/~ mice fed the MCD diet, although this did not achieve statistical
significance (Fig. 3D). Induction of ICAM-1, MIP-2, KC/Gro, IL-18, COX-2, and TNFa
mRNA in livers of mice fed the MCD diet was unaffected by MCP-1-deficiency (Fig. 3A-
F). Hepatic IL-6 mRNA levels were not significantly affected by either the MCD diet or
MCP-1-deficiency (Fig. 3G).

Scattered sinusoidal macrophage staining was observed in the livers of wild type and
MCP-1-deficient mice fed control diet (Fig. 4A-B), representing Kupffer cells. Hepatic
macrophage accumulation increased in mice fed the MCD diet and was not affected by
MCP-1-deficiency (Fig. 4C-E). In agreement with this observation, liver CD68 and F4/80
mMRNA levels tended to increase in mice fed the MCD diet, and were unaffected by MCP-1-
deficiency (Fig. 4F-G)

Effect of MCP-1-deficiency on profibrogenic gene expression and collagen deposition in
livers of mice fed the MCD diet

MCP-1 has been implicated in hepatic fibrosis and has been shown to directly activate
stellate cells1>19, This suggests that MCP-1 could affect liver fibrosis without altering
steatosis or inflammation. Therefore, we also determined the effect of MCP-1-deficiency on
induction of various profibrogenic genes. Induction of Collal, CTGF, and TGF-f mRNA,
but not TIMP-1 mRNA, were significantly reduced in MCP-1-deficient mice fed the MCD
diet (Fig. 5A-D). Moreover, hepatic collagen deposition, determined utilizing
immunofluorescent staining for Type 1 collagen (Fig. 6A-D) and sirius red staining (6F-I),
was decreased in MCP-1-deficient mice fed the MCD diet. Quantification of the Type 1
collagen staining indicated a significant reduction in collagen protein levels in the livers of
MCP-1-deficient mice fed the MCD diet (Fig. 6E). The levels of a-SMA increased
significantly in mice fed the MCD diet, and this was reduced in MCP-1-deficient mice (Fig.
6J). Densitometry indicated a significant reduction in a-SMA protein in MCP-1-deficient
mice fed the MCD diet compared to wild type mice fed the MCD diet (mean £ SEM, n =6,
1.5 + 0.25 [wild type] vs 0.8 + 0.1 [MCP-17"])

Discussion

The MCD diet is widely utilized to evaluate mechanisms of NASH in rodents. However, key
differences in the mechanism of hepatic steatosis among the multiple animal models of
NASH make translation of the results to human disease challenging. We found that MCP-1
did not contribute to macrovesicular steatosis in mice fed the MCD diet, in striking contrast
to models of NAFLD/NASH induced by feeding a high fat diet2312. Indeed, triglyceride
accumulation in livers of mice fed the MCD diet is mediated through multiple mechanisms,
including an altered balance in fatty acid uptake and secretion of triglycerides, increased de
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novo lipogenesis, and increased triglyceride synthesis®28. High levels of sucrose in the diet
contribute to the increased lipogenesis and triglyceride synthesis, but not the abnormal fatty
acid uptake and triglyceride secretion®. Indeed, simple replacement of sucrose with starch in
the MCD diet formulation largely prevents hepatic steatosis in this model, with only
minimal effect on loss of body weight®. The complex mechanisms of severe hepatic
steatosis induced by the MCD diet may bypass the requirement of MCP-1 to induce
steatosis. Interestingly, MCP-1-deficiency significantly reduced hepatic triglyceride levels
and Oil Red O staining in livers of mice fed methionine/choline-sufficient control diet,
which is high in sucrose like the MCD diet. This rather subtle change in baseline hepatic
lipid levels in mice fed the control diet may reflect the defined role of MCP-1 in hepatic
lipid accumulation, glucose regulation, and insulin resistance induced by diets high in
sugar229,

In models of western diet-induced NAFLD, the role of MCP-1 in liver inflammation is
potentially secondary to its role in promoting steatosis, although several studies suggest
potential disconnects between lipid accumulation and liver inflammation in NAFLD. For
example, the two diacylglycerol acyltransferases (DGATS) have different effects on the
pathogenesis of NASH in mice fed the MCD diet. Inhibition of DGAT1 has no effect on
triglycerides or inflammation but decreases fibrosis3, whereas inhibition of DGAT2
decreases triglyceride synthesis and steatosis but increases inflammation and fibrosis3. In
mice fed a diet high in sucrose or fat, there was an increase in both steatosis and
inflammation compared to control mice32. However, human consumption of fructose
correlated with decreased steatosis, and increased inflammation and fibrosis33. The lack of
effect of MCP-1-deficiency on the pathogenesis of steatosis and inflammation in mice fed
the MCD diet is somewhat unexpected when compared to the effect of MCP-1-deficiency on
liver pathology in mice fed a high fat diet. However, the mechanisms of liver inflammation
in mice fed the MCD diet are complex and deletion of a single chemokine may not have
profound effects.

Indeed, intracellular signaling pathways such as the INK MAPK34, transcription factors
such as CEBP/B3® and NF-1B24:36 and nuclear receptors such as FXR37 and PPARs38:39
contribute to hepatic expression of numerous proinflammatory mediators including
ICAM-1, cytokines such as TNFa, IL-6 and MCP-1, as well as osteopontin and
COX-224.253540 As many of these mediators contribute to the pathogenesis of
steatohepatitis in the MCD diet model, their expression was evaluated in the present study.
Of importance, the exact role of some cytokines, such as TNFa and IL-6, remains unclear.
More recently, we showed that coagulation protease signaling through protease activated
receptor-1 (PAR-1) is a central amplifier of MCP-1 induction and the inflammatory
response in livers of mice fed the MCD diet!Z.

Although several of these studies have clarified the mechanism whereby MCP-1 expression
increases in mice fed the MCD diet, the results presented here indicate that MCP-1 is not
required for the full manifestation of hepatic inflammation in mice fed the MCD diet. This is
in contrast to other models of liver injury in which interventions targeting MCP-1 or its
primary receptor CCR2 significantly reduce tissue macrophage accumulation1215, The
spectrum of inflammatory mediators induced in livers of mice fed the MCD diet is broad,
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and these other mediators may be sufficient to induce liver inflammation. Moreover,
compensatory induction of other chemokines in MCP-1-deficient mice has been observed
previously?’, and could account for the lack of effect of MCP-1-deficiency on hepatic
inflammation in mice fed the MCD diet. Of importance, MCP-1 clearly contributes to the
pathogenesis of NAFLD in other models and mechanisms of increased MCP-1 expression in
other models may be similar to the MCD diet.

The mechanism of liver fibrosis in the MCD diet model is largely considered to stem from
the chronic inflammatory response elicited by steatosis and hepatocellular injury. Indeed,
numerous studies indicate that interventions reducing steatosis also reduce inflammation and
fibrosis#142, It is initially counterintuitive that profibrogenic gene expression and collagen
expression were reduced in MCP-1~~ mice fed the MCD diet with no effect on steatosis or
inflammation. However, mediators produced secondary to steatosis could contribute to more
distal processes in MCD diet-induced steatohepatitis without impacting steatosis. For
example, we have shown that PAR-1-deficiency reduces MCP-1 expression, but not
steatosis, in mice fed the MCD diet!l. Moreover, other interventions have been shown to
reduce fibrosis without impact on steatohepatitis in mice fed the MCD diet*3. Our results
indicate that the profibrogenic effects of MCP-1 in this model of steatohepatitis are
independent of inflammation. However, the expression of TIMP-1, an inhibitor of
metalloproteinases, was unaffected by MCP-1-deficiency. Of importance, the expression of
TIMP-1 in this model is driven by TNF, which was also unaffected by MCP-1-deficiency*4.

Multiple studies indicate that MCP-1 activates cultured hepatic stellate cells and portal
fibroblasts1®45-47 and stellate cells are the principal cell type producing collagen in
NASH1548 Interestingly, we found that hepatic levels of a-SMA, an indicator of stellate
cell activation, were reduced in livers of MCP-17/~ mice fed the MCD diet.

In summary, MCP-1-deficiency did not impact liver steatosis or inflammation in mice fed
the MCD diet. However, MCP-1-deficiency reduced profibrogenic gene expression and liver
fibrosis in this model. Of interest, MCP-1-deficiency selectively reduced the expression of
several fibrogenic genes and collagen deposition in mice fed the MCD diet without
impacting steatohepatitis. This is likely the result of direct effects of MCP-1 on stellate cell
activation1®, This result highlights an important distinction in the mechanism of steatosis in
the MCD diet model of NASH compared to other models. The MCD diet model may
represent a novel opportunity to investigate profibrogenic effects of MCP-1 outside the
scope of its role in steatosis or inflammation.
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Abbreviations

ALT alanine aminotransferase

CCR2 chemokine (C-C motif) receptor 2
CTGF connective tissue growth factor
COX-2 cyclooxygenase-2

DGAT diacylglycerol acyltransferase
GAPDH glyceraldehyde 3 phosphate dehydrogenase
H&E hematoxylin and eosin

ICAM-1 intercellular adhesion molecule-1

IL interleukin

KCIGRO keratinocyte chemoattractant/growth related gene
MIP-2 macrophage inflammatory protein-2
MCD methionine-choline-deficient

MCP-1 monocyte chemoattractant protein-1
NAFLD non-alcoholic fatty liver disease
NASH non-alcoholic steatohepatitis

a-SMA a-smooth muscle actin

Collal pro-collagen 1al

PAR-1 protease-activated receptor-1
TIMP-1 tissue inhibitor of metalloproteinase-1
TGFB transforming growth factor-f3

TNFa tumor necrosis factor a
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Figure 1. Effect of M CP-1-deficiency on MCP-1 mRNA levelsand serum ALT activity in mice
fed the MCD diet

MCP-1-deficient and wild type mice, both on the C57BI/6J genetic background, were fed
either control diet or MCD diet for 28 days and (A) hepatic levels of MCP-1 mRNA and (B)
serum ALT activity were determined. Data are expressed as mean £ SEM. N = 4 wild type
mice fed control diet, 3 MCP-1~"~ mice fed control diet, 8 wild type mice fed MCD diet, and
6 MCP-17/~ mice fed MCD diet. *Significantly different from mice of the same genotype
fed control diet.

Lab Invest. Author manuscript; available in PMC 2011 June 01.



1duosnuely Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Kassel et al.

Page 14

Contro
Diet E
3
[ === Wild Type
8 m— \VICP-1"
» 2
2
[
2y
MCD 3
5 »n
Diet o
Control MCD
Diet Diet
25| == Wild Type  *
Control| 2F | — vt
. Iy Q.2
Diet So15
‘_-”E’ 10
E
5
ol
Control MCD
Diet Diet
MCD
Diet

Figure 2. Effect of M CP-1-deficiency on liver histology and triglyceride levelsin mice fed the
MCD diet
MCP-1-deficient and wild type mice, both on the C57BI/6J genetic background, were fed

either control diet or MCD diet for 28 days. Representative photomicrographs showing
H&E-stained liver sections (A-D) and Oil Red O-stained liver sections (F-I) from wild type
mice fed control diet (A,F) or MCD diet (C,H) and from MCP-1-deficient mice fed control
diet (B, G) or MCD diet (D, I). (E) H&E-stained slides were evaluated by a pathologist and
assigned a macrovesicular steatosis severity score. (J) Hepatic triglyceride levels were
determined as described in Methods. Data are expressed as mean + SEM. N = 4 wild type
mice fed control diet, 3 MCP-1"/~ mice fed control diet, 8 wild type mice fed MCD diet, and
6 MCP-17/~ mice fed MCD diet. *Significantly different from mice of the same genotype
fed control diet. *Significantly different from wild type mice fed the control diet.
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Figure 3. Effect of M CP-1-deficiency on hepatic proinflammatory gene mRNA levelsin mice fed

theMCD diet

MCP-1-deficient and wild type mice, both on the C57BI/6J genetic background, were fed
either control diet or MCD diet for 28 days. Hepatic levels of (A) ICAM-1, (B) MIP-2, (C)
KC/Groa, (D) IL-1, (E) COX-2, (F) TNFa, and (G) IL-6 mRNAs were quantified. Data are
expressed as mean + SEM. N = 4 wild type mice fed control diet, 3 MCP-17~ mice fed

control diet, 8 wild type mice fed MCD diet, and 6 MCP-17/~ mice fed MCD diet.

*Significantly different from mice of the same genotype fed control diet. #Significantly
different from wild type mice fed the control diet.
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Figure 4. Effect of M CP-1-deficiency on hepatic macrophage accumulation
MCP-1-deficient and wild type mice, both on the C57BI/6J genetic background, were fed

either control diet or MCD diet for 28 days. Representative photomicrographs show
combined CD68- and F4/80-positive staining (i.e., macrophages) in livers of wild type mice
fed control diet (A) or MCD diet (C) and from MCP-1-deficient mice fed control diet (B) or
MCD diet (D). (E) The extent of macrophage accumulation was assessed in a masked
fashion and each tissue assigned a score (1-10). Hepatic levels of (F) CD68 and (G) F4/80
mRNA were determined. N = 4 wild type mice fed control diet, 3 MCP-17/~ mice fed
control diet, 8 wild type mice fed MCD diet, and 6 MCP-17/~ mice fed MCD diet.
*Significantly different from mice of the same genotype fed control diet.
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Figure 5. Effect of M CP-1-deficiency on levels of profibrogenic genesin thelivers of micefed the
MCD diet
MCP-1-deficient and wild type mice, both on the C57BI/6J genetic background, were fed

either control diet or MCD diet for 28 days. Hepatic levels of (A) Collal, (B) CTGF, (C)
TGFpB, and (D) TIMP-1 were quantified. Data are expressed as mean = SEM. N = 4 wild
type mice fed control diet, 3 MCP-17/~ mice fed control diet, 8 wild type mice fed MCD
diet, and 6 MCP-17/~ mice fed MCD diet. *Significantly different from mice of the same
genotype fed control diet. *Significantly different from wild type mice fed the MCD diet.
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Figure 6. Effect of M CP-1-deficiency on collagen and a-SMA protein levelsin livers of mice fed
the MCD diet

MCP-1-deficient and wild type mice, both on the C57BI/6J genetic background, were fed
either control diet or MCD diet for 28 days. Representative photomicrographs showing liver
sections stained for (A—-D) Type 1 collagen (black) and (F-I) sirius red-stained liver sections
from wild type mice fed control diet (A,F) or MCD diet (C,H) and from MCP-1-deficient
mice fed control diet (B, G) or MCD diet (D, 1). (E) Quantification of positive staining for
Type 1 collagen was performed using morphometry as described in Methods. Data are
expressed as mean + SEM. (J) Western blot showing a-SMA protein levels in liver. N = 4
wild type mice fed control diet, 3 MCP-1~/~ mice fed control diet, 8 wild type mice fed
MCD diet, and 6 MCP-17/~ mice fed MCD diet. *Significantly different from mice of the
same genotype fed control diet. #Significantly different from wild type mice fed the MCD
diet.
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