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Background: The aim of this study was to investigate the populations and functions of
hepatic and splenic macrophages (Mfs) in non-alcoholic fatty liver disease (NAFLD).
Materials and Methods: Experiment 1: Wild-type and STAM® mice were given chow or
high-fat diets for designated periods. In isolated Mfs, phagocytosis and cytokine production
were assessed. Immunohistochemistry for CD68 and F4/80 and expression of CD14 and
CD16 were assessed. Experiment 2: Bone marrow cells harvested from enhanced green
fluorescent protein (EGFP) mice were transplanted into wild-type mice with or without
splenectomy after total body irradiation that was kept on methionine- and choline-deficient
diets.

Results: Experiment 1: The number of CD68-positive cells and the percentage of F4/80-
positive/CD68-positive cells increased with the progression of NAFLD. Production of TNF-a
and IL-6 by hepatic Mfs was greater than that by splenic Mfs in mice with NASH. The number of
CD14'CD16 ™ Mfs increased in the spleen and decreased in the liver in animals that had
progressed to NASH. Furthermore, the number of CD14'CD16" hepatic Mfs was increased in
animals that had progressed to NASH with fibrosis. Experiment 2: EGFP-positive cells were
observed in the liver after transplantation. In the splenectomy group, EGFP-positive Mfs were
also observed; however, the number was significantly less than that in the sham operation group.
Conclusion: The populations and functions of hepatic and splenic Mfs are altered during
the progression of NAFLD. In addition, increased hepatic Mfs during the progression of
NAFLD may migrate from bone marrow to the liver via the spleen.

Keywords: tissue macrophage, NASH, NAFLD, M1-type macrophage, bone marrow
transplantation, EGFP mouse, STAM mouse

Introduction

Non-alcoholic fatty liver disease (NAFLD), described by Schaffiner in the
Gastroenterology of Bockus in 1986," shows the same progression as alcoholic
liver disease irrespective of drinking history and has been increasing recently in
Japan due to westernization of the diet and lack of exercise. Non-alcoholic steato-
hepatitis (NASH) is a severe form of NAFLD and includes not only fat deposition
in the hepatocytes, but also necrosis, inflammation, and fibrosis. As a result, NASH
can progress to cirrhosis and hepatocellular carcinoma (HCC).>™* Hepatocellular
carcinoma is the most common primary malignancy in the liver. It is well known
that chronic hepatitis B and C viral infections are risk factors for HCC.> Although

treatment of hepatitis viral infections has improved, the incidence of HCC is still
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increasing in parallel with epidemics of metabolic syn-
drome including obesity and diabetes mellitus.®®
Recently, NAFLD and NASH have been reported to be
major causes of virus-independent HCC worldwide.’

In NASH, MI-type hepatic macrophages (Mfs) were

found to be
10-12

increased and produced inflammatory

cytokines, resulting in progressive pathological changes
including inflammation, necrosis, and fibrosis."> Indeed,
intrahepatic expression of the proinflammatory cytokine
TNF-o. was increased in NAFLD patients.'* Furthermore, it
was also reported that the phagocytic ability of hepatic Mfs
had deteriorated.’”” Indeed,

sonography revealed that uptake of microbubbles by Mfs

contrast-enhanced ultra-

was decreased in the liver and increased in the spleen in
NAFLD patients'®*° Thus, the function of tissue-resident
Mfs, including hepatic and splenic Mfs may be difference
in NAFLD patients with progression of disease. Although
there have been several studies investigating the etiology of
NASH, it remains challenging due to the need for invasive
diagnostic methods including liver biopsy.!” Therefore, the
use of animal models is useful to help elucidate the mechan-
isms of this disease.'® Indeed, a methionine- and choline-
deficient (MCD) diet is one of the widely used animal models
of NAFLD." In contrast, the STAM mouse also develops
NASH, NASH with fibrosis, and finally HCC. This model
demonstrates a pathological progression that is very similar
to that in human, in particular the rapid and step-wise pro-
gression from steatosis to NASH to fibrosis.*” In this study,
the functional difference and dynamics of the Mfs between
the liver and spleen was investigated using these two differ-
ent NAFLD mouse models.

Materials and Methods

Animals and Treatments

Male wildtype mice (C57BL/6, 8-9 weeks of age, obtained
from Jackson Laboratories, Bar Harbor, ME) and male
STAM® mice [7 weeks of age for the NASH group,
9 weeks of age for the NASH with fibrosis (NASHY)
group; mice were obtained from Stelic Institute & Co.,
Tokyo, Japan] were housed in a cleanroom, and given free
access to water. Both wildtype and STAM®™ mice were
given free access to regular laboratory chow diets or high-
fat diets (High Fat Diet 32, CLEA-Japan, Tokyo, Japan) for
several days (the NASH group, for 4 weeks; the NASHf
group, for 8 weeks; and the NASH HCC group, for
12 weeks). The mice were sacrificed, and exsanguinated
livers and spleens were removed. Sections from livers and

spleens were fixed in 10% formalin. The experimental pro-
tocol followed our institutional and the National Research
Council criteria for the care and use of laboratory animals in
research. All animals used for this study were housed in
sterilized cages in a facility with a 12-hr night/day cycle.
Temperature and relative humidity were maintained at 23 +
2°C and 50 £ 10%, respectively. Staff in the animal labora-
tory facility of the University of Yamanashi maintained
these animal facilities, and veterinarians are always avail-
able to ensure animal health. All animals were given
humane care in compliance with governmental regulations
and institutional guidelines. Studies were performed
according to protocols approved by the appropriate institu-
tional review board (approval No 19-58).

Isolation of the Macrophages from the

Liver and Spleen

Hepatic Mfs were isolated from mice as previously described
with minor modifications.?' Briefly, mice were anesthetized
with inhaled diethyl ether, the abdomen was opened and the
portal vein was cannulated with a small length of polypro-
pylene tube. Then, the inferior vena cava was ligated above
the diaphragm, and the inferior vena cava dissected. The liver
was perfused in situ for 5 min with Ca®"/Mg*'-free liver
perfusion medium (LPM-1), and was then perfused with
complete liver perfusion medium (LPM-2) containing
0.06% collagenase type IV (Sigma, St Louis, MO, USA)
for an additional 15 min. After perfusion, the liver was
removed, cut into small pieces, and homogenized. For the
splenic Mfs, splenectomy was performed before cannulation
of the portal vein. Then, the removed spleen was cut
into small pieces and homogenized. After passing through
a 70-um nylon mesh to eliminate non-digested materials,
cells were washed twice with warm Gey’s balanced salt
solution (GBSS-B) and centrifuged on a 16% (w/v)
Nycodenz (Axis-Shields, Oslo, Norway) gradient at 1900g,
4°C for 20 min. Mfs were collected from under the interface,
washed with GBSS-B and resuspended in Dulbecco’s mod-
ified Eagle’s medium (DMEM; GIBCO Laboratories Life
Technology, Grand Island, NY). The purity of isolated
macrophage using this method was previously reported
from this laboratory.*

Assessment of Phagocytosis by Isolated
Macrophages

Isolated Mfs from the liver and spleen were collected, resus-
pended at a concentration of 1 x 10° cells/mL in DMEM
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supplemented with 10% fetal calf serum and antibiotics,
and plated (1 x 10° cells per well, n = 5 in each group) in
a 24-well culture plate. The same concentration of
Fluorescein isothiocyanate (FITC)-labeled latex beads
(1 pm; Polysciences, Harrison, PA) in the previous study
were added to each well. Cells were incubated in 5% CO,
for 12 hours at 37°C and washed three times with phosphate-
buffered saline (PBS).?* Then, the same microscopic field
was photographed in normal light or FITC filter. The number
of FITC-labeled beads taken in by each cell was counted in
three different microscopic (x400) fields per mouse to assess
the phagocytic ability.

Production of TNF-q, IL-6, and IL-10 by

Isolated Tissue Macrophages

Hepatic and splenic Mfs were isolated, resuspended at
a concentration of 1x10° cells/mL in DMEM supplemen-
ted with 10% fetal calf serum and antibiotics, plated
(1x10° cells per well, n = 5 in each group) in a 24-well
culture plate, and immediately stimulated by 0, 1, 10, and
100 pg/mL lipopolysaccharide (LPS; Escherichia coli ser-
otype 0111: B4; Sigma). Then, cells were incubated in 5%
CO, for 48 hours at 37°C, and supernatants were collected
and stored at —80°C for further analysis. Concentrations of
TNF-q, IL-6, and IL-10 were determined using ELISA kits
according to the manufacturer’s protocol (Invitrogen,
Carlsbad, CA).

Immunohistochemical Staining for CD68
and F4/80

Each section was deparaffinized and treated in proteinase
K (400 pg/mL; Dako, Carpentaria, CA, USA) for 10 min at
room temperature for CD68-antigen retrieval, and diluted
proteinase K (20 pg/mL) for 5 min at room temperature for
F4/80-antigen retrieval. Endogenous peroxidase was
quenched by incubation in 0.3% H,0, at room temperature,
followed by rinsing with PBS. Endogenous biotin was
quenched using the Dako Biotin Blocking System (Dako).
Sections were blocked using 5% normal blocking serum for
20 min. Rat monoclonal anti-CD68 (1:100; AbD Serotec,
Oxford, UK) and anti-F4/80 (1:100; AbD Serotec) antibo-
dies were applied overnight at 4°C and for 30 min at room
temperature, respectively. Following incubation, immuno-
peroxidase staining was completed using a Vectastain ABC
elite kit (Vector Laboratories, Burlingame, CA, USA)

and 3,3’-diaminobenzidine-tetrachloride as a chromogen.

CD68- and F4/80-positive Mfs were counted in three dif-
ferent (x400) fields.

Double Immunofluorescence Staining for
CDIl4 and CDI16

Each section was deparaffinized and incubated in antigen
retrieval solution for 20 min at 96°C using Dako REAL
Target Retrieval Solution. Sections were blocked with 5%
normal blocking goat serum (ab7481) for 20 min. Rabbit
polyclonal anti-CD14 (bis Bs-1192R) and Rat monoclonal
anti-CD16/32 (2.4G2) antibodies were applied overnight
at 4°C, followed by incubation with FITC conjugated Goat
anti-Rat IgG (H+R) polyclonal antibody and Alexa Flour
647 Goat anti-Rabbit IgG for 2 hr at room temperature in
a dark area. Double immunofluorescence of sections was
examined with an inverted confocal laser-scanning micro-
scope (OLYMPUS FV1000).

Bone Marrow Transplantation

Bone marrow cells were harvested from the femurs of the
enhanced green fluorescent protein (EGFP) mice [C57BL/
6-Tg (CAG-EGFP)10sb/J,
Laboratories, Bar Harbor, ME]. After passing through

obtained from Jackson
a 70 pum nylon mesh to purify material and eliminate unne-
cessary tissues and/or cells were washed twice with
DMEM. The pellet was put into Tris-buffered ammonium
chloride for 20 min at room temperature and hemolysis of
red blood cells was performed. Then, the cells were washed
with DMEM 3 times and adjusted to a concentration of
5x10° cells/mL in DMEM supplemented with 10% fetal
calf serum and antibiotics.

Eight weeks old C57/BL6 mice were irradiated with
5Gy 2 times with an interval of 2 hours. Twenty-four
hours after radiation, mice were transplanted with
200 pl of bone marrow solution into the tail vein.
Thereafter, they were induced to develop NAFLD by
being placed on MCD diets for several weeks (the
NASH group, for 4 weeks; the NASHf group, for
8 weeks; and the NASH HCC group, 12 weeks). Four
weeks after transplantation, animals were sacrificed to
check the effect of the transplantation. Also, mice were
sacrificed 12 or 16 weeks after the transplantation, and
livers and spleens were harvested. Each section was depar-
affinized and incubated in antigen retrieval solution for 20
min at 96°C using Dako REAL Target Retrieval Solution.
Sections were blocked with 5% normal blocking goat
serum (ab7481) for 20 min. Rat anti-Mouse CD68
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(MCA1957GA) monoclonal antibody was applied over-
night at 4°C, followed by incubation with Alexa Flour
647 Anti-Complement C3, Rat-Mono (11H9), for 2 hours
at room temperature in a dark area. Double immunofluor-
escence of sections was examined. Rat anti-Mouse F4/80
(MCA497GA) monoclonal antibody, and Anti-CD163
/M130 (BIS bs-2527R) polyclonal antibody were also
applied.

C57BL/6 mice underwent splenectomy at 4 weeks of
age and were transplanted with EGFP cells at 8 weeks
of age, then, they were induced to develop NASH using
the MCD diet. The mice were then sacrificed at 4, 8, 12,
or 16 weeks after bone marrow transplantation. Liver
and spleen tissues were harvested and used for further

analysis.

Statistical Analysis

Data are expressed as the mean + SEM. Statistical differ-
ences between mean values were analyzed by ANOVA
with Bonferroni post hoc tests. p <0.05 was considered
to be significant.
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Results

Experiment |

Phagocytosis by Macrophages

In hepatic Mfs, the number of beads per Mf decreased with
the progression of NAFLD, and the number was signifi-
cantly less in the NASHf group than in the control group
(Figure 1). In splenic Mfs, the number of beads per Mf
increased with the progression of NAFLD, and the number
was significantly greater in the NASH and NASHf groups
than in the control. In hepatic Mfs, the percentage of Mfs
with beads to all Mfs decreased with the progression of
NAFLD, and the percentage was significantly less in the
NASHf group than in the control and NASH groups
(Figure 1B). In splenic Mfs, the percentage of Mfs with
beads to all Mfs increased with the progression of
NAFLD, and the percentage was significantly greater in
the NASHf group than the control and NASH groups.

Production of TNF-a, IL-6, and IL-10 by Hepatic and
Splenic Macrophages Stimulated with LPS

In hepatic Mfs, production of TNF-a was increased signifi-
cantly with the progression of NAFLD (Figure 1C). In
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Figure | Phagocytosis and production of TNF-a by isolated hepatic and splenic macrophages Phagocytosis of isolated hepatic or splenic Mfs is shown. (A), count of FITC-
labeled beads per Mfs; and (B), percentage of Mfs with FITC-labeled beads to all Mfs. Production of TNF-a by isolated hepatic or splenic Mfs stimulated with LPS is shown as
described in the Materials and Methods. (C), isolated hepatic Mfs; and (D). Isolated splenic Mfs. Data represent means by ANOVA with Bonferroni’s post hoc test. Data
represent means + SEM (n = 5 in each group). *p <0.05 and **p <0.01 compared with the control by ANOVA with Bonferroni’s post hoc test. *p <0.05 and *p <0.01

compared with the NASH group by ANOVA with Bonferroni’s post hoc test.
Abbreviations: NASH, NASH group; NASHf, NASH with fibrosis group.
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splenic Mfs, production of TNF-a also increased signifi-
cantly with the progression of NAFLD (Figure 1D).
Production of TNF-a by hepatic Mfs was significantly
greater than that by splenic Mfs in the same condition of
NAFLD.

In hepatic Mfs, production of IL-6 was significantly
greater in the NASH and NASHf groups than in the con-
trol group, and also was significantly less in the NASHf
group than in the NASH group (Figure 2A). In splenic
Mfs, production of IL-6 was increased significantly with
the progression of NAFLD (Figure 2B). The production of
IL-6 by hepatic Mfs was significantly greater than that by
splenic Mfs in the same condition of NAFLD.

In hepatic Mfs, production of IL-10 was significantly
greater in the NASH group than in the control group
(Figure 2C). Furthermore, it was significantly less in the
NASHTf group than in the NASH group. In splenic Mfs,
production of IL-10 was significantly greater in the NASH
group than in the control group (Figure 2D). Furthermore,
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it was significantly less in the NASHf group than in the
NASH group.

Immunohistochemical Analysis for CD68 and F4/80
In the liver, although the number of CD68-positive cells
increased in the NASHf group compared with the control
and NASH groups, there were no significant differences
among the three groups studied. In the spleen, the number
of CD68-positive cells was significantly greater in the
NASH group than in the control group. Although the num-
ber of CD68-positive cells also increased in the NASHf
group compared with the control, there were no significant
differences among the three groups studied (Figure 3A).

In the liver, the number of F4/80-positive cells was
significantly greater in the NASH and NASHTf groups than
in the control group (Figure 3). Furthermore, the number
of F4/80-positive cells was significantly greater in the
NASH{f group than in the NASH group. In the spleen,
although the number of F4/80-positive cells increased
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Figure 2 Production of IL-6 and IL-10 by isolated tissue macrophages. Production of IL-6 and IL-10 by isolated hepatic or splenic Mfs stimulated with LPS is shown as
described in the Materials and Methods. (A), production of IL-6 by isolated hepatic Mfs; (B), production of IL-6 by isolated splenic Mfs; (C), production of IL-10 by isolated
hepatic Mfs; and (D), production of IL-10 by isolated splenic Mfs. Data represent means + SEM (n = 5 in each group). *p <0.05 and **p <0.0| compared with the control by
ANOVA with Bonferroni’s post hoc test. #p <0.05 and *#p <0.01 compared with the NASH group by ANOVA with Bonferroni’s post hoc test. Tp <0.05 and Tfp <0.01
compared with the NASHf by ANOVA with Bonferroni’s post hoc test.

Abbreviations: NASH, NASH group; NASHf, NASH with fibrosis group.
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Figure 3 Immunohistochemical staining for CD68 and F4/80. (A), The number of CDé8-positive cells in the liver or spleen; (B), The number of F4/80-positive cells in the
liver or spleen; and (C), Percentage of F4/80-positive cells to CD68-positive cells is shown. Data represent means * SEM (n = 5 in each group). *p <0.05 and **p <0.01
compared with the control by ANOVA with Bonferroni’s post hoc test. *p <0.05 compared with the NASH group by ANOVA with Bonferroni's post hoc test.
Abbreviations: HPF, high power field; NASH, NASH group; NASHf, NASH with fibrosis group.

with the progression of NAFLD, there were no significant
differences among the three groups studied. In the liver,
the percentage of F4/80-positive cells to CD68-positive
cells was significantly greater in the NASH and the
NASHTf groups than in the control group (Figure 3C). In
the spleen, this percentage increased with the progression
of NAFLD, and there was a significant difference between
the NASHf group and the control group.

Double Immunofluorescence Staining for CD14 and
CDlé6

In the liver, the number of CD14°CD16 Mfs decreased
with the progression of NAFLD; however, there were no
significant differences among the three groups studied
(Figure 4A). The number of CD14"CD16" Mfs in the
NASHTf group was significantly increased compared with
the control group (Figure 4B).

In the spleen, the area of CD14'CD16~ Mfs was wider
in the NASHTf group than in the control group (Figure 4C).
The area of CD14'CD16" Mfs in the NASHf and the
NASH groups was significantly less than that of the con-
trol group (Figure 4D).

Experiment 2

Distribution and Dynamics of EGFP-Positive Cells
After Bone Marrow Transplantation

EGFP-positive cells were not observed in the liver tissues in
mice fed chow diets without the EGFP cell transplantation
(Figure SA). In animals underwent a sham operation, EGFP-
positive cells were observed in the spleen; however, no
positive cells were observed in the liver 4 weeks after the
bone marrow transplantation (Figure 5SB-D). Furthermore,
12 weeks after the bone marrow transplantation, positive
cells were detected in the livers of animals fed with MCD
diets; however, positive cells were not detected in the livers
of animals fed with chow diets. Moreover, 16 weeks after
transplantation, EGFP-positive cells were substantially co-
localized with both CD68 and F4/80 in the livers of mice fed
MCD diets (Figure 5E and F).

In animals underwent splenectomy, there were no EGFP-
positive cells in the liver 8 weeks after transplantation. In
contrast, 12 weeks after transplantation, a few EGFP-
positive cells, which were co-localized with both CD68
and F4/80, were observed in the liver (Figure 6A and B).
Importantly, the number of positive Mfs was significantly
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Figure 4 Double immunofluorescence staining for CD 14 and CD 6. (A), The number of CD14"CD16 cells and (B), the number of CD 1416 cells in the liver are shown.
(C), the positive area/whole area (%) of CD14"CD16" cells in the spleen; and (D), the positive area/whole area (%) of CD14"CDI16" cells in the spleen are shown. Data
represent means + SEM (n = 5 in each group). *p < 0.05 compared with the NASH group by ANOVA with Bonferroni’s post hoc test.

Abbreviations: CONT, control group; NASH, NASH group; NASHf, NASH with fibrosis group.

less in mice underwent splenectomy than in animals under-
went sham operation in the same week (Figure 6C).

Discussion

Asanuma et al reported that the number of hepatic Mfs
increased, and the phagocytic ability deteriorated in
NASH.*'> In the progression of NAFLD to NASH, Mfs
have important role in the inflammatory response. Though
some studies indicated that the number of hepatic Mfs
increased in the dietary mouse model of NAFLD.
Alternatively, it was also reported from other studies that
there was no increasing in total number of Mf.**® In this
study, with progression of NAFLD, the number of the total
hepatic Mfs tended to increase; however, there were no
significant differences in the number between the liver and
the spleen (Figure 1). In contrast, the percentage of the M2-
type (matured) hepatic Mfs/total hepatic Mfs significantly
increased (Figure 3C). Furthermore, both the percentage of
Mfs contributing to phagocytosis and phagocytic ability
deteriorated (Figure 1A and B). On the other hand, the
number of splenic Mfs and the percentage of matured Mfs
significantly increased (Figure 3C). Both the phagocytic

ability per total Mfs and the percentage of Mfs contributing
to phagocytosis also increased (Figure 1A and B). These
results indicated that in order to compensate for the reduc-
tion of phagocytosis by hepatic Mfs, the number of the
splenic Mfs increased, and they showed enhanced
phagocytosis.

It was previously reported that M1-type hepatic Mfs are
increased in NASH and produce inflammatory cytokines in
the liver."” In this study, inflammatory cytokines, including
TNF-o and IL-6, produced by the Ml-type Mfs were
increased, and anti-inflammatory cytokine IL-10, which is
an produced by the M2-type Mfs, did not show marked
increases, although there were significant differences
between the two subtypes of Mfs. In addition, inflammatory
cytokine levels were significantly greater in the liver than
the spleen, and IL-10 levels were similar both in the liver
and spleen (Figures 2—4). These results indicated that only
the M1-type Mfs were increased in the liver in NAFLD.
Taken together, the number both of hepatic and splenic Mfs
increases, and they were matured with the progression of
NAFLD. Furthermore, the hepatic Mfs produce inflamma-
tory cytokines, and the splenic Mfs showed enhanced
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Figure 5 Liver pathology after the EGFP cell transplantation, and population of EGFP-positive cells and double immunofluorescence staining for CD68 and F4/80 in the liver
of animals without splenectomy. Representative photomicrographs are shown. (A), liver tissues in normal animals fed chow diet for 12 weeks without the EGFP cell
transplantation. Mice without splenectomy were sacrificed at 4 weeks (B), 8 weeks (C), and 12 weeks (D) after EGFP cell transplantation. (E), CD68 staining and F4/80
staining in the liver 16 weeks after the cell transplantation in animals without the splenectomy; and (F), CDé8 staining and F4/80 staining in the liver |6 weeks after the cell

transplantation in animals without the splenectomy.
Abbreviation: FITC, fluorescein isothiocyanate.

phagocytosis. Thus, Mfs produce numerous proinflamma-
tory cytokines and exacerbate fibrosis or inflammation in
NASH term. Alternatively, Mfs could change their function
and produce less cytokine with progresses of disease from
FAFLD to NASH.

Reid et al reported that resident hepatic Mfs decreased
with the development of NASH and were subsequently
replaced by a recruited monocyte-derived Mf population
in the liver.?” Furthermore, in necroptosis induced by
bacterial infection with Listeria monocytogenes, hepatic
Mfs were replaced by bone marrow-derived monocytes
for tissue repair and re-establishment of local environ-
ment in the liver.>* Many studies have been performed to
clarify the role of both resident and recruited immune
cells contributing to the progression of NAFLD. Indeed,

recruited monocytes, neutrophils, T cells, and NKT cells

involved in the progression of NAFLD.*! Therefore, to
investigate the dynamics of Mfs, another experiment was
conducted (Experiment 2). As a result, 4 weeks after the
transplantation of EGFP-positive cells, the positive cells
were detected only in the spleen (Figures 5 and 6).
Furthermore, 12 weeks after bone marrow transplanta-
tion, the positive cells were found in the liver. These
EGFP-positive cells were identified as Mfs by immuno-
histochemical staining for CD68 and F4/80 (Figure 5A
and B). These results indicated that the population of Mfs
derived from bone marrow increased with the progression
of NAFLD. Furthermore, the number of EGFP-positive
cells in animals with splenectomy was significantly less
than those in animals without splenectomy. This result
indicated that infiltrating hepatic Mfs derived from bone

marrow could enter the liver via the spleen.
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Figure 6 Double immunofluorescence staining for CD68 and F4/80 in the liver of animals with splenectomy, and the number of EGFP-positive macrophages in the liver.
Representative photomicrographs are shown. (A), CD68 staining; and (B), F4/80 staining in the liver 16 weeks after bone marrow transplantation. (C), the number of EGFP-
positive Mfs. Data represent means + SEM (n = 5 in each group). *p <0.05 compared with the NASH group by ANOVA with Bonferroni’s post hoc test.
Abbreviations: Sham, sham operation group; HPF, high power field; FITC, fluorescein isothiocyanate.

Taken together, the progression of NAFLD alters the
function of hepatic and splenic Mfs. Furthermore, these
inflammatory hepatic Mfs that increased with the patho-
physiological progression of NAFLD may have migrated
into the liver via the spleen from bone marrow.

Abbreviations

NAFLD, non-alcoholic fatty liver disease; HCC, hepato-
cellular carcinoma; EGFP, enhanced green fluorescent pro-
tein; NASH, non-alcohol steatohepatitis.
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