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Abstract

Background: BALB/c mice showed easily induced Th2-type responses in several infection models.
Certain macrophage phenotypes contribute to liver fibrosis
Aim: We characterized changes in macrophages phenotype (M1/M2) during fibrogenesis in liver
fibrosis mice model.
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Methods: Carbon-tetrachloride (CCl4) hepatic-fibrosis was induced in BALB/c mice. Liver
macrophages isolated were identified for M1 and M2 by CD80/iNOS and CD273 (programmed death
ligand 2 (PDL2)/CD206, respectively. IL-4 were induced i.p along week-2 to week-4 of CCl4. Liver proteins
were assessed for SMA expressions, histology and ALT levels.

Results: CCl4-induced hepatic-fibrosis showed increased CD273 (from 20.1%± 3.1in naïve mice to
27.8%±3.2 in fibrotic mice; P=0.01) while gradual decrease in CD80 (from 12%±6.2 in naïve mice to
1.97%±0.4 in fibrotic mice; P<0.02). The overall data showed decreased M1/M2 ratio. M2-macrophages
showed inhibited expressions of IFN-, IL-12 and vitamin-D-receptor (VDR) while high TGF- levels.
ALT, H&E staining intensities and SMA showed gradually increased along fibrosis while metabolic
markers of serum insulin, vitamin D and VDR decreased. IL-4 inductions while inhibited fibrosis it
elevated metabolic markers.
Conclusion: M2-macrophages express less IFN- and IL-12, which might indicate inability
differentiation of naive T cells into Th1 cells. IL-4 has an anti-fibrotic effect through antagonize M2macrophages of TGF- and ameliorating insulin, vitamin D, VDR and consequently attenuated liverfibrosis.
Keywords: LAS: Liver injury; Wound healing; Macrophages; Vitamin D receptor

Introduction

Chronic liver diseases can progress to cirrhosis, which is characterized by excessive
accumulation of scar tissue (extracellular matrix, ECM) that is mainly composed of fibrillar
collagens, glycoproteins and proteoglycans and that leads to severe distortion of the liver
vascular architecture [1]. While activated myofibroblasts and hepatic stellate cells (HSCs)
are the major producers of the fibrotic scar, their fibrogenic activation and proliferation
depends on a complex interplay with other resident or recruited cells and their secreted
factors [2]. Here, immune cells, which promote or attenuate fibrogenesis, have become
targets of antifibrotic treatments [2-4]. Macrophages are central players of the immune
response following tissue damage. Activated macrophages of different phenotypes are
routinely classified into M1-macrophages and M2-macrophages. The classically activated M1macrophages comprise immune effector cells with an acute inflammatory phenotype [5,6].
These are highly aggressive against bacteria and produce large amounts of lymphokines [7].
The alternatively activated, anti-inflammatory M2-macrophages have various different
functions, including regulation of immunity, maintenance of tolerance and tissue repair/
wound healing [8]. In additions, resident macrophages may originate from Ly-6C− CCR2−
monocytes and have the potential to transform into classically (M1) or alternatively (M2)
polarized macrophages in vivo [9]. M1- and M2-type polarizations can be induced in vitro by
cytokines that also favor T helper (Th)1 vs Th2 cell polarization, i.e., by IFNγ and IL-12 vs IL-4
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and IL-13, respectively [10]. M1-type macrophages are considered
pro-inflammatory and potentially antifibrotic, while the role of M2type macrophages, which can be subdivided into at least 5 subtypes,
in inflammation and fibrosis is less well defined [11]. The various
M2-subtypes may exhibit either pro- or anti-fibrotic activity [12,13].
This and other observations suggest that the overall functional
relevance of the classical M1 and M2 paradigm is limited [14]. The
purpose of this study was to study liver macrophages and effects
of interleukin-4 in an experimental model of carbon tetrachloride
(CCl4)-mediated liver injury in BALB mice.

Materials and Methods
Animals

Male mice on the BALB/c background, 12 weeks of age,
weighing 22±0.5g, received care according to ethic regulations of
the An-Najah National University and NIH guidelines. Mice were
purchased commercially from Harlan Laboratories, JerusalemIsrael. All animal protocols were approved by the institutional
animal care ethical committee and housed in a barrier facility.

Fibrosis-model

Carbon-tetrachloride (CCl4; Sigma, C-5331) fibrosis-model was
induced by intraperitoneal (I.P) injections at 0.5μl pure CCl4/g body
weight (1:9 dilution in mineral oil) biweekly, from 1 to 4 weeks. The
time of sacrifice was performed 2 days after the final CCl4 injections;
mice were weighed and anesthetized intramuscularly with 0.1ml of
ketamine: xylazine: acepromazine (4:1:1) per 30g of body-weight.

Histological assessments of liver injury

The posterior one third of the liver was fixed in 10% formalin
for 24 hours and then paraffin-embedded in an automated tissue
processor. Seven-millimeter liver sections were cut from each
animal. Sections (15mm) were then stained in 0.1% sirius red F3B
in saturated picric acid (both from Sigma). Hematoxylin and eosin
(H&E) staining was performed for each animal. Knodell score was
assessed blindly by an expert hepatic pathologist (M.I.F.) based on
H&E and Sirius red staining, using the modified Histological Activity
Index (HAI) criteria, incorporating semi quantitative assessment of
periportal/periseptal interface hepatitis (0-4), confluent necrosis
(0-6), focal lytic necrosis/apoptosis and focal inflammation (0-4),
portal inflammation (0-4), and architectural changes/fibrosis and
cirrhosis (0-6). F4/80 stain was applied in liver sections to allocate
macrophage infiltrations.

IL-4 treatment

Mouse recombinant IL-4 was purchased from R&D systems
(USA). Multiple IL-4 injections were performed by injecting the
mice twice a week with intraperitoneal (i.p.) injections of IL-4
(0·2µg/0·5ml phosphate-buffered saline (PBS)/mouse) with from
week 0 to week 2 CCl4 inductions and from week 2 to week 4 of CCl4
inductions. Sham treatment was performed by i.p. injections of PBS.

Serum alanine aminotransferase (ALT)

Blood samples were collected from the inferior vena cava and
ALT was measured using an automated enzymatic assay with the
Vistros Chemistry Systems 950.
Gastro Med Res
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Serum ELISA measurements
Quantitative measurements of mice serum of insulin, vitamin
D, vitamin D receptor, TGF-β, INF-γ and IL12 (all purchased from
abcam; USA) were determined according to the manufacture
instructions.

Macrophage isolations

Macrophages were isolated by perfusion of the liver with
digestion buffer. After perfusion, the liver was homogenized and
incubated at 37 °C for 30min. The digested liver cell suspension
was centrifuged to remove hepatocytes and cell clumps. The
supernatant was then centrifuged to obtain a pellet of cells depleted
of hepatocytes to a final volume of 1ml. Macrophages were then
isolated from this cell suspension using 24% metrizamide gradient
separation [15].

Tissue RNA extraction

Total cellular RNA was extracted from target-frozen tissues
using Trizol reagent®. Synthesized β-actin and αSMA were
detected by Real-Time PCR: β-actin (as a housekeeping-gene) Forward: 5’-GAT-GAG-ATT-GGC-ATG-GCT-TT-3’, β-actin -Reverse:
5’-AGA-GAA-GTG-GGG-TGG-CTT-TT-3’. αSMA -Forward: 5’-TCC-TCCCTG-GAG-AAG-AGC-TAC-3’, αSMA - Reverse: 5’-TAT-AGG-TGG-TTTCGT-GGA-TGC-3’.

Alpha smooth muscle actin immunoblot

Immunoblot analysis of α smooth muscle actin (αSMA) in liver
extracts was performed with modifications as previously described
[16].

Flow cytometry

To determine macrophages purity, cells were fixed with
4% paraformaldehyde for 10 minutes and permeabilized with
0.1% saponine in PBS for 20 minutes, then stained with antiCD45 (FITC); anti-CD16+ (Pacific blue) and anti-CD68 (APC) (IQ
Products, Groningen) for 30 min at room temperature. Additional
antibodies to further immune-phenotype macrophages were used;
anti-CD80 (PE) (R&D systems USA), anti-CD273 (PerCP) (R&D
systems USA), iNOS (Alexa-Fluor 488) and anti-CD206 (FITC)
both from Thermofisher Scientific, Invitrogen USA were used. For
macrophages phenotype alterations; Rat Anti-Mouse IFN-γ (PE),
Mouse TGF-beta RII Antibody (PE) and Mouse IL-12 R beta 1
Antibody (PE), all from (R&D systems USA). For Vitamin D receptor,
rabbit anti-VDR unconjugated-antibody was used (abcam, USA);
as a secondary antibody, anti-rabbit-APC was used (R&D systems
USA). All stained cells were analyzed with a flow cytometer (FACScalibur, Becton-Dickinson, Immunofluorometry systems, Mountain
View, CA).

Viability assay

The viability of macrophages was determined by trypan blue
staining. In briefly, 100μl of cells was aseptically transferred to a
1.5ml clear tube and incubated for 3min at room temperature (25
°C) with an equal volume of 0.4% (w/v) trypan blue solution (Sigma,
USA). Cells were counted using a dual-chamber hemocytometer
and a light microscope. Nonviable cells were stained blue and
Copyright © : Johnny Amer
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viable cells were unstained. These two types of cells were recorded
separately, and the means of six independent cell counts were
pooled for analysis.

Statistical analysis

Statistical differences were analyzed either with the 2-tailed
unpaired Student’s t-test (For comparison between two groups)
or one-way analysis of variance (one-way ANOVA with NewmanKeuls’ post-tests among multiple groups) using Graph pad Prism 5.0
(GraphPad software, La Jolla, CA). Data are shown as means ± SEM.

Result

Elevated frequencies of programmed death ligand 2 (PDL2)
in macrophages of BALB/c mice model of liver fibrosis associated
with decreased CD80 counts. Polarizing of monocytes into M1 and
M2 macrophages are an important step in liver fibrosis progression
and regression [17]. We characterized their role during fibrogenesis.
Hepatic fibrosis was induced in BALB/c mice by biweekly IP CCl4
injections for 4 weeks and was compared with naive vehicle-
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treated mice. Liver macrophages were isolated as described in
materials and methods along week 1 to week 4 of CCl4 injections.
Macrophages were then stained for M1 and M2 subpopulations for
CD80 and anti-CD273, respectively. iNOS for M1 macrophages and
anti-CD206 for M2 macrophages were also used as an additional
marker to profile macrophages subpopulations. Figure 1A shows
a represented dot plot of flow cytometry analysis of the isolated
polymorphonulcear cells (Gate 1; PMN following Ficoll separations
according to their size (FSC-H) and granularity (SSC-H). Figure
1B shows the whole population stained with the pan-leukocytes
marker anti-CD45-FITC. A gate (Gate 2) was drawn on our potential
macrophages populations identified as CD45-positive cells with
high SSC-A. For further identifying our macrophages, Figure 1C
demonstrates plotted population stained with both anti-CD68APC (pan-macrophages marker) and a gate (Gate 3) was set on
CD68-poistive population. We also confirmed pan-macrophages
populations with staining with F480-pacrific blue and similar
results were obtained (data not shown).

Figure 1: Frequency of macrophages subpopulations in mice fibrosis model. Flow cytometry was used to assess
macrophages sub-populations CCl4 induce fibrosis of BALB/c mice. Liver macrophages were purified using the
Ficoll-Paque method, as described in Materials & Methods.
A.
Dot plot of cells by size (FSC-H) and granularity (SSC-H). Gate 1 was set on the PMN cells to exclude any
remaining RBC and hepatocytes.
B.
Cells were stained for pan-leukocyte markers (CD45-FITC; 98.64%) and the potential macrophages
populations were gated (Gate 2) for CD45+ and high SSC-H.
C.
Cells from Gate 2 were further assessed for macrophages content by staining for CD68-APC (pan-mouse
macrophages marker; 97.70%); F4/80 was also used to confirm pan-macrophages population (data not shown).
Macrophages CD68+ were gated (Gate 3).
D.
Macrophages sub-populations were stained for CD80-PE and iNOS-Alexa-Fluor 488 to identify the M1
populations and for CD273-PerCP and CD206-FITC to identify the M2 populations. Averages of M1-macrophages
E.

M2-Macrophages

F.

(Results are expressed by mean±SD), and ratio of M1/M2 macrophages subpopulations

G.

Are plotted along week 1 to week 4 of liver fibrosis progressions.
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Figure 1D shows a representative distribution of macrophages
subpopulations of M1 and M2 identified as CD80-PE and CD273PerCP, respectively. Of the total evaluated CD45+ /CD68+ cells,
averages of around 13.3% of CD80 and 12.4% of iNOS M1macrophages were expressed in naïve mice. These percentages
were decreased in early fibrosis (w1 and w2 of CCl4) and ended in
advanced fibrosis of w4 to 1.97% and 5.1%, respectively (Figure
1E; P<0.05). In contrast, expressions of CD273 and CD206 on M2macrophages of naïve mice were 19.8% and 35.6%, respectively.
Both CD273 and CD206 expressions showed to be elevated
significantly through fibrosis severities to 27.9% and 48%,
respectively (p<0.05). There were no significance differences in
CD273 and CD206 expressions between week 1 along week 4 of
fibrosis (Figure 1F).The overall M1 to M2 ratio showed a decreased
in M1/M2 percentages (Figure 1G), indicating an alterations in
macrophages subpopulations counts where M2 were the dominant
populations and increased in fibrosis while M1 showed decreased
in their counts.
M2-macrophages phenotype alterations accompanied by
decrease in IL-12, VDR expressions and increased in their TGF-β
productions. In order to evaluate whether changes in macrophages
count were accompanied with phenotypic alterations; we have
determined M2-macrophages release of interferon-γ (INF-γ),
transforming growth factor -β (TGF-β and Interleukin 12 (IL-12).
IL-12 is produced by activated antigen-presenting cells (dendritic
cells, macrophages) [18]. It promotes the development of Th1
responses and is a powerful inducer of IFNγ production by T and
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NK cells [19]. TGFβ is a powerful modulator of inflammation and
has been implicated in the regulation of leukocyte and vascular
endothelial cell activation [20]. Mice lacking the TGFβ gene die of
widespread inflammatory disease either in utero or shortly after
birth [21,22].

Figure 2A shows flow cytometry analysis of the percentages
of INF-γ significantly decreased from 65.4±11% in naïve mice
to 55.4±9% (w1, p=0.04), 51.9±7% (w2, p=0.03), 45.8±5% (w3,
p=0.03), and 36.5±5% (w4, p=0.001). In parallel, Figure 2B shows
IL12 percentages were also gradually decreased from 13.4±3.9%
in naïve mice to 10.375±2.7% (w1, p=0.04), 4.025±1.6% (w2,
p=0.03), 3.7±0.3% (w3, p=0.03), and 1.075±0.1% (w4, p=0.001).
In contrast to these data, TGF-β expressions were gradually
elevated in the M2-macrophages from 19.5±3.7% in naïve mice
to 29.0±5.1%, 35.1±7.9%, 41.3±7%, and 51.5±9% in w1, w2, w3
and w4, respectively (Figure 2C, p<0.05 between all groups). M2macrophages expressions of VDR were 55.9±8.1% in naïve mice
and were gradually decreased to 49±8%, 40±6%, 37±5.8% and
29±4.1% in w1, w2, w3 and w4, respectively (Figure 2D, p<0.05
between all groups). These results suggest M2-macrophages lost
their inflammatory response exhibiting INF-γ during fibrosis
progressions (reduce INF-γ), probably due to decrease in their IL-12
secretions, and in contrast they had an anti-inflammatory response
through their release to TGF-β. Decrease in VDR expression on
M2-macrophages during fibrosis progressions could suggest its
correlation with their pro-fibrogenic properties

Figure 2: Changes in macrophages cytokine productions and VDR are correlated with fibrosis progressions.
A.
Percentages of INF- expressions by M2-macrophages significantly decreased in early fibrosis stages (w1,
w2), and decreased more with progressing fibrosis (w3-w4) (P<0.05).
B.

Percentages of IL-12 expressions of macrophages decreased across fibrosis progressions (P<0.05).

C.

Percentages of TGF-expressions in M2-macrophages significantly increased along all fibrosis (P<0.05).

D.

Percentages of VDR expressions in M2-macrophages significantly decreased along all fibrosis (P<0.05).
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Interleukin-4 ameliorated metabolic markers of insulin,
vitamin D and vitamin D receptor associated with CCl4
fibrosis model
We sought to further explore changes in phenotype of the
dominant M2-macrophages populations; therefore, we specified
metabolic markers for their correlation to macrophages activity
through inductions of interleukin-4 (IL-4) in an acute and chronic
model of CCl4. IL-4 showed to restore insulin sensitivity [23] and in
other studies speeds up fibrosis reversal [24]. In our current study,
we evaluated serum insulin levels, vitamin D as well as vitamin D
receptor. Results from preclinical studies showed that vitamin D (or
calcitriol) administration reduced the levels of blood glucose and
improved insulin sensitivity in diabetic mice [25] and attenuated
the fibrosis [26].
Figure 3 shows effects of IL-4 on serum insulin, vitamin D and
vitamin D receptor levels in acute injections of CCl4 (2 weeks) as
well in chronic injections of CCl4 (4 weeks). Figure 3A shows no
significant changes in serum insulin levels in the acute phase of
the disease as compared to mice with no CCl4 treatments while
the chronic phase of liver fibrosis exhibits low insulin levels. While
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inductions of i.p injections of IL-4 did not affect insulin levels in
acute phase, IL-4 inhibited decrease in insulin levels in the chronic
model of CCl4 (P=0.01) and maintained serum insulin comparable
to untreated mice. Similar data were obtained for serum vitamin D
levels illustrated in Figure 3B. In Figure 3C, serum VDR showed to
decrease in acute CCl4 injections from 730.35 in untreated groups
to 376.25 in acute CCl4 injection with a further decrease to 282ng/
ml in chronic injections. IL-4 inductions while inhibited decrease
in VDR in acute model its elevated serum VDR in chronic model
to levels exceeding untreated group (P=0.0012). IL-4 inductions
in CCl4-untreated mice had similar patterns to naïve animals in
all metabolic profile (data are not shown). The results emphasize
the association between fibrosis progressions and alteration in
metabolic profile such as insulin resistance. IL-4 is suggested to
activate insulin receptor and promote signaling pathway related
to TGF-β production and chemotaxis necessary for extracellular
matrix synthesis. In addition, our data refer to VDR as an early
metabolic marker to predict fibrosis progressions or regressions.
Fibrotic BALB/c mice develop severe fibrosis and inflammation
with increased intra-hepatic macrophages while reversed by IL-4

Figure 3: Interleukin-4 ameliorated metabolic makers associated with the CCl4 hepatotoxicity effects. Inductions
of IL-4 in week 0 to week 2 following CCl4 had no significant difference on serum insulin levels (P=ns)
A.

As well on serum vitamin D levels

B.
While IL-4 induced form week 2 of CCl4 to week 4 elevated serum insulin levels (A; p=0.01) and vitamin D
(B; p=0.02) following their significant reduction in week 4 fibrosis (P<0.05).
C.
VDR showed to be reduce following 2 weeks of CCl4 and a more prominent decrease was obtained following
4 weeks of CCl4. IL-4 have elevated VDR in both the acute the chronic injections of CCl4 (P<0.03).
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In order to evaluate whether our metabolic data together
with the effects of IL-4 are correlated with alteration in fibrosis
progressions; we have performed fibrosis marker of the αSMA
expressions, ALT levels and histological liver assessments. H&E
immunohistochemical staining (Figure 4A) for the animal groups
showed lymphocytes infiltration in the fibrotic mice that were
attenuated with IL-4 inductions. No inflammatory infiltrates were
seen in H&E staining of naïve untreated. Figure 4B shows the lack
of fibrosis stained by Sirius-Red in naïve untreated mice. CCl4
induction showed increased formation of red fibrosis septae in CCl4
and less prominent in IL-4 induce fibrotic mice. To define infiltrate
of macrophages in these livers; F4/80 stain for the macrophage
marker was assessed. Figure 4C shows cell infiltrate including
macrophages (F4/80-positive cells) in the fibrotic animals. Fibrotic
mice with IL-4 showed similar staining to untreated mice with less
macrophage infiltrates.
Figure 4D shows expressions of αSMA-mRNA in livers with
and without fibrosis with IL-4 inductions. CCl4-induction provoked
increased fibrosis and αSMA expression was significantly increased
4.2±0.5 folds in the CCl4 animals as compared to the untreated
counterparts (P=0.018). Fibrotic animals with IL-4 had reduced
expressions of αSMA mice as compared to animals with the CCl4
alone (P=0.03) and had similar expressions to untreated mice
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(P=ns). These results confirmed same pattern obtained from
histology assessments. There were no differences in the CYP2e
activity of liver extracts from two fibrotic groups (data not shown).
Serum ALT levels (Figure 4E) were significantly (P<0.05) increased
from 57.3±18.7 in naïve mice to 228±29, 404.5±89, 333.3±77 and
178±51 IU/L in CCl4- fibrotic mice of week 1, 2, 3 and 4 respectively.
On the other hand, animals with 2 weeks of CCl4 were induced with
IL-4 had serum ALT levels reduced following 1 week of induction
with prominent reductions in ALT levels following 2 weeks
(p=0.01). The ALT results were in line with obtained H&E staining.

Serum obtained from fibrotic mice following IL-4 inductions
showed increased levels of TGF-β (Figure 4F; p=0.031), elevated
levels of INF-γ (Figure 4G; p=0.002) as well IL-12 (Figure 4H;
p=0.014) as compared to fibrotic mice with no inductions. These
results indicate IL-4 ability to accelerate liver fibrosis (through
TGF-β) and therefore inhibit hepatic stellate cells activations
(decreased in aSMA), minimize liver injury through differentiation
of macrophages by IL-12 and promote INF-γ expressions and as a
consequent enhance their activity. Taking all together, IL-4 showed
to enhance liver inflammation and fibrosis progression thorough
ameliorating vitamin D, VDR and insulin suggesting IL-4 effects as
speeds up fibrosis reversal.

Figure 4: Interleukin-4 inhibited CCl4-induced severe fibrosis and enhanced inflammatory profile. Hepatic-fibrosis
was induced in mice for 4 weeks and was compared with naïve states (n=5 in each group; experiment repeated 3
times). IL-4-was induced from week 2 of CCl4 to week 4. Representative sections of immunohistochemical liver
staining with
A.

H & E,

B.

Sirius red and

C.

F4/80, (original magnification X100) are shown.

D.
Compared to naïve mice; liver αSMA quantitation by western blot showed significant increased pattern in
CCl4 mice. These elevations will be inhibited with IL-4 inductions
E.
Serum ALT levels were significantly increased in fibrotic mice; CCl4 with IL-4 mice showed reduced ALT
levels at week 3 and week 4 of fibrosis. Effects of IL-4 on fibrotic mice
F.

Increased serum TGF-

G.

Elevated levels of INF-

H.

Elevated levels IL-12.
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Discussion
Macrophage polarization is a process whereby macrophages
phenotypically mount a specific functional response to the
microenvironment [27]. In the host immune system, macrophages
have an important role in both normal and disease conditions.
Macrophages mainly sustain homeostasis by mediating the release
of pro-inflammatory and anti-inflammatory cytokines [28]. In this
study we have adapted the chemical model of liver fibrosis; CCl4;
in BALB/c mice in order to study macrophages interference during
fibrosis progressions. The mechanisms of acute CCl4 hepatotoxicity
involve immediate cleavage of CCl4 by cytochrome P450 2E1
(CYP2E1) in hepatocytes [29], which generates trichloromethyl
radical, leading to lipid peroxidation and membrane damage
[30]. Subsequently, activated hepatic macrophages (Kupffer cells)
produce toxic mediators (e.g., inflammatory cytokines, reactive
oxygen intermediates, eicosanoids), resulting in the injury of
parenchymal cells [31]. In contrast to C57BL/6 mice, BALB/c mice
produce high levels of IL-4 [32]. IL-4 together with IL-13 and their
common receptor subunit IL-4Rα play a central role in switch
for M1- towards M2-type macrophage polarization and Th2 cell
polarization which are held responsible for the promotion of organ
fibrosis [33,34].

We have showed that during fibrosis progression, M2macrophages release of IFN-γ and IL-12 were decreased. These
two cytokines known to contribute to the polarization of T cells
to a T helper type 1 (Th1) phenotype and may also induce the
differentiation of monocytes to macrophages while simultaneously
triggering the production of chemokines attracting monocytes
and granulocytes, such as CXC chemokine ligands CXCL8, CXCL9
and CXCL10, [35] as well as stimulating the phosphorylation of
the signal transducer and activator of transcription 4 (STAT-4)
protein [27]. Notably, we showed that macrophages frequencies
are altered during liver fibrosis progression; gradual decrease
in CD80 expressions (M1-macrophage subpopulation) were
seen along fibrosis progressions while CD273 (M2-macrophage
subpopulation) were elevated. The overall data showed a decrease
in M1/M2 macrophage ratio in BALB/c mice model of liver fibrosis
indicating a reduced differentiation of M1-macrophages.
In addition, we demonstrate that effects of IL-4 on macrophages
promotes both hepatic inflammation and fibrosis regressions while
it ameliorated levels of insulin, vitamin D and vitamin D receptor
following CCl4 liver injury. There is an increasing evidence that
vitamin D deficiency is associated with metabolic syndrome [36]
and specific vitamin D receptor gene polymorphisms have been
found to be related to the different components of metabolic
syndrome [37]. Experiments done in high fat diet rats showed
vitamin D supplementation ameliorated some of the abnormalities
associated with metabolic syndrome, namely hyperinsulinemia,
insulin resistance, hypertension and obesity as well as dyslipidemia
when given alone. This was associated with evident attenuation
of the hepatic, renal and cardiac structural abnormalities [26].
On the other hand, evidence for the central role of macrophages
in insulin resistance is provided by recent studies demonstrating
that deletion of PPARγ in high fat diet mice prevents polarization of
Gastro Med Res
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monocyte/macrophages to the M2 phenotype and impairs insulin
action [38].

Our BALB/c fibrotic model might suggest inhibit differentiation
of lymphocytes and T cells through a decreased serum and
macrophages release of IFNγ (Figure 4G). The release of IFNγ
compels macrophages to secrete proinflammatory cytokines;
leading them to generate toxic mediators in great quantities [39].
Lymphocytes activate macrophages by releasing either IFNγ. On the
other hand, increased serum and macrophages release of TGF-β1
(Figure 4F) could be a regulatory feedback mechanism to facilitate
the resolution of the pro-inflammatory response. TGF-β1 also
triggers fibroblast activation and development of ECM-producing
myofibroblasts that facilitate repair and drive fibrosis. In our data,
IL-4 inductions further elevated TGF-β1 serum levels. Furthermore,
IL-4 inductions ameliorate IL-12 levels in our mice model and could
suggest differentiation of naive T cells into Th1 cells. It is known
as a T cell-stimulating factor, which can stimulate the growth and
function of T cells. It stimulates the production of INF-γ and TNF-α
from T cells and natural killer (NK) cells [40].
We showed IL-4 mediated suppression of ALT levels and
fibrosis histology of H&E and Sirius red stain together with less
inflammatory macrophages. In conclusion, besides CCl4 role in
hepatotoxicity [41], it showed to interfere with the metabolic
effects of cirrhosis. Serum obtained from fibrotic mice following
IL-4 inductions showed increased levels of TGF-β, elevated levels
of INF-γ and IL-12 as compared to fibrotic mice with no inductions.
Our results indicate IL-4 ability to accelerate liver fibrosis (through
TGF-β) and therefore inhibit hepatic stellate cells activations
(decreased in aSMA), minimize liver injury through differentiation
of macrophages by IL-12 and promote INF-γ expressions and as a
consequent enhance their activity. Taking all together, IL-4 showed
to enhance liver inflammation and fibrosis progression thorough
ameliorating vitamin D, VDR and insulin suggesting IL-4 effects as
speeds up fibrosis reversal. Macrophages phenotype modulations
could be used as therapeutic target for liver fibrosis regressions
through interventions with IL-4.
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