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Abbreviations

ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase; & SMA, alpha smooth
muscle actin; CD, choline deficient; CDHF, choline deficient high fat; CD14, cluster of
differentiation 14; CCL2, chemokine ligand 2; CCR2, c-c chemokine receptor type 2; DSS,
dextran sodium sulfate ; DAI, disease activity index; HFD, high fat diet; IBD, inflammatory
bowel disease; IHC, immunohistochemistry; IKK, inhibitory kappa B kinases; IKBQ,
inhibitory kappa B alpha; IL-1[3, interleukin 1-beta; IRAK 4, interleukin 1 associated kinase
4; IRF 3 interferon regulatory factor 3; LPS, lipopolysaccharide; MDD, methyl donor
deficient; MCP-1, monocyte chemoattractant protein 1; MMP2, matrix metalloproteinase 2;
MD2, myeloid differentiation factor 2 ; Myd88 myeloid differentiation primary response 88;
MCD, methionine choline deficient; NASH, non-alcoholic steatohepatitis; NAFLD, non-
alcoholic fatty liver disease, NFKB, nuclear factor kappa B; pIKK o/, phospho inhibitory
kappa B kinases alpha/beta; pIkB «, phospho inhibitory kappa B alpha; RIPA,
radioimmunoprecipitation assay buffer; RNA, ribonucleic acid; TNF-a, tumor necrosis factor
alpha; TLR4, toll-like receptor 4; TRAF 6, tnf receptor associated factor; TGF [,

transforming growth factor beta; VEGF, vascular endothelial growth factor.
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Abstract

The risks of non-alcoholic steatohepatitis (NASH) and deficiency in vitamin B12 and
folate (methyl donor deficiency, MDD) are increased in inflammatory bowel disease (IBD).
We investigated the influence of MDD on NASH in rats with DSS induced colitis. Two-
month-old male Wistar rats were subjected to MDD diet and/or ingestion of DSS and
compared to control animals. We studied steatosis, inflammation, fibrosis, plasma levels of
metabolic markers, cytokines and LPS, and inflammatory pathways in liver. MDD triggered a
severe macrovesicular steatosis with inflammation in DSS animals that was not observed in
animals subjected to DSS or MDD only. The macrovesicular steatosis was closely correlated
to folate, vitamin B12, homocysteine plasma level and liver SAM/SAH ratio. Liver
inflammation was evidenced by activation of NFKB pathway and nuclear translocation of
NFkB phospho-p65. MDD worsened the increase of IL-1P and abolished the increase of I1L10
produced by DSS colitis. It increased monocyte chemoattractant protein 1 (MCP-1). MDD
triggers liver macrovesicular steatosis and inflammation through imbalanced expression of
IL-1 B vs. IL10 and increase of MCP-1, in DSS colitis. Our results suggest to evaluating
whether IBD patients with MDD and increase of MCP-1 are at higher risk of NASH.

Key words:
Non-alcoholic steatohepatitis, inflammatory bowel disease, vitamin B12, folate, monocyte

chemoattractant protein 1 (MCP-1)
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) covers a spectrum of conditions ranging from
simple steatosis to nonalcoholic steatohepatitis (NASH) with pathological features including
steatosis, hepatocyte injury, inflammation and various degrees of fibrosis [1]. NAFLD is one
of the main manifestations in obese patients with metabolic syndrome [2,3]. It is rare and
more severe in lean subjects [1-3]. Inflammatory bowel diseases (IBD) encompass Crohn’s
disease (CD) and ulcerative colitis (UC). NASH is more frequent in IBD patients than in the
general non-obese population [4, 5]. This suggests that the systemic inflammation triggered
by IBD could increase the risk of NASH in a subset of patients through risk factors and
mechanisms that need to be dissected.

Different diets have been used in animal models for the study of NASH, including
methionine/choline deficient (MCD), methyl donor deficient (MDD), choline deficient (CD)
and high fat (HF) diets [6]. We showed that pups born from MDD rats subjected to MDD diet
during foetal life and lactation developed NAFLD through impaired beta-oxidation of fatty
acids [7]. Furthermore, the subsequent exposure of these pups to a high energy diet at
adulthood triggered fibrosis and inflammation in the liver [8]. The MDD diet during
adulthood aggravated the severity of IBD in rats exposed to dextran sodium sulfate (DSS) [9,
10].

Increased intestinal permeability of the so called "leaky gut syndrome" is one of the
mechanisms of inflammatory bowel disease that produces systemic manifestations, including
liver diseases. The induction of intestinal inflammation promotes LPS translocation, hepatic
inflammation and fibrogenesis through dysbiosis and activation of TLR4/NFKB signaling
pathway, underscoring the pathophysiological role of the gut-liver axis [11, 12, 13, 14, 15].
MDD weakens the intestinal barrier in rats exposed to DSS [16]. MDD affects also fetal
programming of digestive cell organization and produce homocysteinylation of cytoskeleton
proteins, cellular stress, and inflammation [16, 17, 18].

The deficiency in vitamin B12 and folate (methyl donor deficiency, MDD) is relatively
frequent in IBD. In particular, the ileitis of Crohn’s disease produces a malabsorption of
vitamin B12 that may lead to increased homocysteine [19-21]. The prevalence of B12
deficiency and folate in Crohn's disease has been estimated respectively to 15.6% and 22.2 %
in a study performed in Spain [21]. Folate and B12 deficits are also associated to an increased
risk of NASH. A recent study of 83 NASH patients showed a correlation between low levels
of folate and vitamin B12 and the histological severity of NASH [22]. It may be therefore
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hypothesized that folate and B12 deficits may contribute to the increased risk of NASH in
IBD.

In this study, we investigated the respective and synergic influence of MDD and DSS colitis
on liver macrovesicular steatosis and inflammation in rats. In particular we evaluated whether
the aggravation of DSS colitis by MDD could trigger liver inflammation. We evaluated We
dissected the specific and synergic effects related to MDD and DSS, with a focus on pro-
inflammatory cytokines and TLR4 pathways.
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2. Materials and methods

2.1. Animal Treatments

In vivo manipulations were performed as recommended by the National Committee on Ethics
Reflectin Experiment (described in the Guide for care and use of laboratory animals, NIH,
MD, 1985) and the EU Directive 2010/63/EU for animal experiments. The experiments were
performed in two-months old adult male Wistar rats (Janvier Labs, Le Genest-St-Isle, France).
The Ethical agreement for the animal experiment was obtained from the French Ministry for
Higher Education and Research (registration under APAFIS#1521-2015082611014308). Rats
were divided into two distinct groups: a control group receiving a normal diet (maintenance
diet A0O4, Scientific Animal Food and Engineering, France) and a group receiving a deficient
diet without methyl donors, vitamin B12 and folate (Special Diet Service, Argenteuil, France)

according to Blaise et al [23]. These diets were maintained for 6 months.

2.2. Induction of colitis, disease activity index and endoscopy

Colitis was induced by administration of 5% DSS (molecular weight 36 000-50 000, MP
Biomedical, Strasbourg, France) dissolved in water for 7 days. Six months after the beginning
of the deficiency, male rats were separated into four groups: [1] rats fed with standard diet,
not treated with DSS and used as controls (noted C, n=6); [2] rats fed with deficient diet and
not treated with DSS (noted MDD, n=6); [3] Rats fed with standard diet, treated with DSS
and used as controls (noted C/DSS, n=6) and [4] Rats fed with deficient diet with DSS (noted
MDD/DSS, n=6). Daily weight, physical condition, stool consistency, water/food
consumption and the presence of gross and occult blood in excreta and at the anus were
determined. The score of colitis disease activity index (DAI) was also calculated as described,
using weight loss, stool consistency and blood in the stool [24]. The distal 3 cm of the colon
and the rectum were examined using a rigid Storz Hopkins II miniendoscope (Storz,
Tuttlingen, Germany) coupled to a basic Coloview system (xenon 175 light source and
Endovision SLB Telecam; Storz) as described previously [10]. Endoscopic score was

calculated by a blinded gastroenterologist as previously described [25].

2.3. Blood samples, colon tissue and hepatic tissue
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The rats were sacrificed by decapitation six days after beginning DSS treatment. Blood was
collected at sacrifice into a tube containing heparin. Plasma was collected and stored at -80°C
and the colon and the liver were quickly removed, gently washed in PBS1X (2.7 mmol/L
KCl, 140 mmol/L NaCl, 6.8 mmol/L Na2HPO4+2H20, 1.5 mmol/L KH2PO4, pH 7.4), frozen
in liquid nitrogen and stored at -80°C until protein and RNA analysis. The tissue samples for

histological studies were recovered by dissection and kept in formalin-fixed paraffine-

embedded (FFPE) blocs.

2.4. Biochemical analysis

Plasma concentrations of vitamin B12 and folate were determined by radio-dilution isotope
assay (simulTRAC-SNB, MP Biomedicals, Eschwege, Germany). Homocysteine,
methylmalonic acid, succinic acid, SAM and SAH concentrations were measured in plasma
by High Performance Liquid Chromatography (Waters, St Quentin, France) coupled to mass
spectrometry (Api 4000 Qtrap Applied Biosystems, Courtaboeuf, France), as described
previously [26, 27]. Lipids, glycemia, ASAT, ALAT and other routine biochemical
parameters were determined in plasma as described previously [7]. We used a Milliplex MAP
Rat Cytokine/Chemokine Magnetic Bead Panel (RECYTMAG-65k Merck Millipore) to
measure the plasma concentrations of the following cytokines and chemokines: EGF,
Eotaxin/CCL11, Fractalkine, G-CSF, GM-CSF, GRO/KC, IFN-y, IL-1a, IL-1p, IL-2, 1L-4,
IL-5, IL-6, IL-10, IL-12, IL-13, IL-17A, IL-18, IP-10, Leptin, LIX, MCP-1, MIP-1a, MIP-2,
RANTES, TNF-a, VEGF.

2.5. Histological and immunohistochemical analysis (IHC) in the liver

To detect extracellular matrix proteins, the slides were stained with 0.1% Sirius Red. Images
(x 200, 413 x 311 pum) from Sirius Red colored slides were acquired on a BX63 microscope
equipped with a DP70 color camera (both from Olympus, France). Each image was centered
by a central lobular vein (terminal hepatic venule) thus covering converging acinar zones 3
where fatty accumulation begins and is most severe later in disease [28]. Segmentation of
lipid accumulation was carried out using 3 image processing software packages: KS400 3.0
(Zeiss, France), Ilastik, version 1.3.2 developed by the European Molecular Biology
Laboratory, Heidelberg and FIJI [29, 30]. Identification of fat vacuoles was preceded by

segmentation of all hepatocytes present and performed by applying arithmetic logical
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operators to the binarized and original image. The central hepatic veins were also excluded in
a similar way to calculate hepatic parenchyma area. Two parameters were thereby calculated:
(1) percentage of hepatic parenchyma area occupied by steatosis and (ii) percentage of

macrovesicular steatosis of all steatosis present. Immunohistochemical (IHC) analysis to test
for nuclear translocation of nuclear factor kappa B (NFKB) was performed as described [9].

IHC analysis was also performed to check for the chemokine, monocyte chemoattractant

protein -1(MCP-1), in the liver and in the intestine as described [7,9]

2.6. Endodoxin assay

LPS concentration in plasma was determined by direct quantitation of 3f3-hydroxymyristate, a
major component of the Lipid A moiety, as previously described [31]. We used quantitative
lipopolysaccharide analysis using HPLC/MS/MS and its combination with the limulus

amebocyte lysate assay [31].

2.7. Protein extraction and Western Blotting

The extraction of total proteins from the liver was completed by lysing homogenized tissue in
RIPA buffer (sodium phosphate anhydrous dibasic, potassium dihydrogen phosphate, 150
mM NaCl, 1% IGEPAL® CA-630, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate
and Protease Inhibitor cocktail (Sigma-Aldrich, Saint-Quentin Fallavier, France) after
washing twice with ice-cold 1X PBS) and then quantified using the bicinchoninic acid assay
method (BCA) (Thermo-Fisher Scientific, Illkirch, France). The Western blots were
performed as described previously [10, 26].

2.8. Statistics

Statistical analyses of biochemical markers were performed using Statview V.5 software for
Windows (SAS Institute, Berkley, California, USA). Densitometry analyses of western blots
were reported as mean + SEM. Raw data were compared using Kruskal-Wallis test and the
one-way analysis of variance (ANOVA) with Fisher’s test. The Spearman Rho-test was used
to study correlation between variables. The level of significance was set at p-value < 0.05.
Results were indicated by asterisks in figures (*P-value < 0.05; **P-value < 0.01 and ***P-

value < 0.001).
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3. Results

3.1. Efficacy of the methyl donor deficient diet

As expected, the MDD diet decreased dramatically the plasma concentrations of vitamin B12
and folate (Table 1). The Bl2/folate deficit was reflected by an increase of plasma
concentration of homocysteine and a decrease of SAM/SAH ratio in MDD animals compared
with controls (Table 1). The treatment of rats with DSS in drinking water did not influence
folate, vitamin B12 and homocysteine plasma levels (Table 1). It decreased dramatically the
SAM/SAH ratio in MDD rats. It induced also a severe colitis in MDD rats illustrated by the
highest DAI and endoscopic scores reported in MDD/DSS group compared to other groups
controls (Fig. 1A and B), as previously described [9, 10, 32, 33, 34].

3.2. The colitis of MDD/DSS rats triggers a liver macrovesicular steatosis

Liver histological quantification of steatosis in a defined microscopic area showed no
significant macrovesicular steatosis in the control and MDD deficient rats and a mild
macrovesicular steatosis in rats treated only by DSS. In contrast, we observed a dramatic
increase of macrovesicular steatosis in the MDD deficient rats treated with DSS (Fig. 2A and
B). The percentage of macrovesicular steatosis was positively correlated with homocysteine
(Rho=0.616, P=0.0022) and negatively correlated with folate (Rho=-0.498, P=0,0184),
vitamin B12 (Rho=-0.612, P=0.0025 (Rho=-0,583, P=0.0044) and SAM/SAH ratio (Rho=-
0.583, P=0.0044) among groups. The SAH/SAM ratio was the single determinant of
macrovesicular steatosis, in multiple correlation analysis (P<0.001). We observed a very mild
fibrosis in the histological examination of liver tissue, in deprived rats treated with DSS (Fig.
2A) and an increased expression of the profibrotic marker MMP2 but no change of COL1A1
and aSMA (Fig. 2C.

3.3. The deficit in folate and vitamin B12 activates the NFKB pathway in the liver of rats with
DSS Colitis

We observed an increased nuclear translocation of NFKB p65 only in liver tissues of deficient

rats exposed to DSS (Fig. 3A). This was consistent with the higher expression and/or
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phosphorylation of proteins involved in the activation pathway of NFKB, in western blot
analysis (Fig. 3B). The protein expression of NFKB p65 and its phosphorylated form were
markedly increased in MDD/DSS group. Consistently, we observed an increased expression

of IKKa and a decreased expression and increased phosphorylation of IKB-a (Fig. 3B).

3.4. DSS treatment increases the plasma level of IL-15 and ILI10 and the deficit in vitamin
B12 and folate increases monocyte chemoattractant protein 1 (MCP-1, also named CCL2, c-c

chemokine ligand type 2) and impairs the increase of IL10 in DSS treated rats

We observed an increased plasma level of IL-1 in rats subjected to DSS and MDD diet/DSS
and an increase of MCP-1 and VEGF plasma levels in the MDD/DSS treated rats, compared
to the other groups (Fig. 4A). Conversely, the increase of plasma level of IL-10 produced by
DSS treatment in DSS rats was impaired by the deficit in vitamin B12 and folate in
MDD/DSS rats. We observed a significant association between folate and IL10 (Rho= 0.582,
P=0.0045) and between homocysteine and IL.4 (Rho=0.591, P=0.0038) among groups.

3.5. The deficit in vitamin B12 and folate increases IL-15 and MCP-1 expression and impairs
the increase of IL10 in DSS treated rats

The increased plasma level of MCP-1 was consistent with its histological expression in liver
tissue. We observed a more pronounced expression of MCP-1 in the liver of MDD/DSS
treated rats, compared to other groups (Fig. 4). We observed an increased expression of IL-1[3
in the liver of MDD/DSS group compared to control and control/DSS animals (Fig. 5A) and
an increased expression of MCP-1 and no significant change of TNFa and IL6 in the same
group compared to the 3 others (Fig. 5B). The lowest expression of anti-inflammatory IL-10
in the liver was reported in the animals subjected to MDD and DSS (Fig. 5B). A similar result
was obtained in the colon. IL-10 expression among groups mirrored the severity of DSS
induced colitis (Fig. 1 and Fig. 5C). In contrast, we observed an increased expression of
MCP-1 in the colon of C/DSS and MDD/DSS rats, in comparison to the control group (Fig.
5C). IL-1p was gradually increased in the colon of C/DSS, MDD and MDD/DSS groups,
compared to the control group (Fig. 5C).

3.6. LPS/TLR4 pathway in the liver is not activated by colitis in MDD/DSS rats

10
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The plasma LPS concentration was slightly decreased in C/DSS and MDD groups and
was not different in MDD/DSS group, compared to C control animals (Fig. 6A). This
observation was consistent with the absence of LPS related-activation of the TLR4 pathway,
despite increased expression of CD14, the TLR4 partner needed for LPS binding. We did not
observe any increase in the expression of phosphorylated and non-phosphorylated TLR4 and

downstream proteins, including IRF 3, TRIF, TRAF 6, IRAK 4 and MYD 88 (Fig. 6B).

4. Discussion

Steatohepatitis was triggered by the deficit in vitamin B12 and folate in MDD rats with
DSS colitis. The animals exposed to DSS and MDD exhibited a macrovesicular steatosis and
an activation of pro-inflammatory pathways that was not found in those exposed to MDD diet
or DSS only. The dual exposure produced inflammation but no histological fibrosis, despite
increased expression of the profibrotic marker MMP2. The macrovesicular steatosis and
inflammation in liver from rats with DSS colitis and subjected to MDD was related to altered

expression of IL-1f3, IL-10, MCP-1 in intestine, blood and liver, as summarized in fig.7.

As expected, MDD produced a more severe colitis in adult rats treated by DSS, compared
to the control diet [9, 10, 16]. The severity of lesions was assessed by the recommended
routine methods, including analysis of body weight, high-resolution mini-endoscopy and HE
staining in 0.5 cm segments [35]. We did not measure the colon length but we did not notice
any visible length reduction in this model. MDD alone did not produce macrovesicular
steatosis (Fig. 2). This model was therefore adapted to study whether the deficit in folate and
vitamin B12 may influence the development of NASH in DSS colitis. We showed
histological and molecular hallmarks of NASH only in the MDD animals with DSS colitis.
The macrovesicular steatosis and the SAH/SAM ratio were both dramatically increased in
these animals, compared to those subjected to either DSS or MDD. The SAH/SAM ratio is a
direct consequence of the deficit in folate and vitamin B12 [32, 33] and it was the single
metabolic determinant of macrovesicular steatosis, in multiple correlation analysis. The liver
inflammation of MDD/DSS rats was evidenced by the activation of NFKB pathway and the
translocation of phospho-p65 of NFKB active form into the nucleus (Fig. 3) [34]. The

activation of the classical NFKB pathway is usually triggered by pro-inflammatory cytokines,

11
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including IL-1B [34], including in animal models of colitis [36]. Both colitis and MDD
deficient diet increased IL-1[3 but the highest expression was reported in the animals exposed
to both conditions. The concentration of IL10 mirrored that of IL-1f3 in liver, colon and blood
of the rats from the 4 experimental groups (Fig. 4 and 5). DSS colitis produced an increase of
IL10 that was abolished in MDD animals. The decreased IL10 may explain in part why MDD
produced a more severe colitis than normal diet, in animals subjected to DSS intake [9,10].
IL-10 is involved in the pathomechanisms of IBD as illustrated by its association with IBD in
GWAS and the enterocolitis observed in IL10 knockout mice [37]. IL10 and IL-1[3 have
opposite effects. IL10 directly inhibits while IL-1 triggers the nuclear localization of the NF-
kB p65/p50 heterodimer [38,39]. These opposite effects suggest that the decrease of IL10
amplifies the effects of the increase of IL-1[3 in the liver and the colon of the animals with
DSS colitis, which are deficient in folate and vitamin B12. We concluded therefore that the
imbalanced expression of both cytokines could contribute to NASH pathomechanism, at least
in our animals with DSS colitis and deficit in vitamin B12 and folate.

Our results are consistent with the association previously observed between IL-13, MCP-1

and homocysteine [40, 41, 42, 43] and the association between homocysteine and vitamin
B12 and folate in IBD patients [19]. The increased level of MCP-1 in MDD/DSS rats could

be a cause and consequence of the liver activation of NFKB [39]. The MCP1-CCR2 pathway
plays a critical role in hepatic recruitment of pro-inflammatory macrophages that release
TNFa, IL-1B and IL-6 [44, 45]. MCP1 and its receptor (CCR2) recruit monocyte subsets in
the liver. The macrophages derived from these monocytes activate hepatic myofibroblasts and
these activated myofibroblasts release VEGF and matrix metalloproteases such as MMP2
[46]. Experimental studies have pointed MCP-1 as a possible target of NASH. The
pharmacological inhibition of MCP-1 diminishes liver macrophage infiltration and
steatohepatitis in chronic hepatic injury produced by MCD diet [47]. In another study, the
inhibition of MCP-1 receptor resulted in attenuation of diet induced insulin resistance, adipose
tissue inflammation and NASH [48]. The role of the translocation of LPS and subsequent
activation of TLR4 pathway has been shown as a prominent pathological mechanisms of
NASH in mice exposed to MCD diet [49, 50]. In contrast, we did not find any activation of
TLR4 pathway in the liver and no increased LPS serum level in our model of MDD/DSS
colitis. In agreement with our data, NASH is observed in a subset of patients with normal

serum level of endotoxins [50-54].

12
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In conclusion, the deficit in folate and vitamin B12 triggers NASH through a prominent

role of IL-1f3, IL10 and MCP-1 in the gut-liver axis of animals with DSS colitis. We found

that the deficit in vitamin B12 and folate produced a dramatic macrovesicular steatosis and

activation of pro-inflammatory pathways mediated by the imbalanced and mirrored

expression of IL-1[3 and IL10 and the subsequent increase of MCP-1 and VEGF in the DSS-

induced colitis of rats. These data suggest investigating further whether IBD patients with

deficit in folate and vitamin B12 and systemic increase of MCP-1 are at higher risk for

developing NASH.
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Figure Legends:

Fig. 1. Methyl donor deficiency (MDD) aggravates dextran sulfate sodium (DSS)
induced colitis. (A) Disease Activity Index (DAI): Deficient animals treated with DSS
(MDD/DSS) vs. control animals treated with DSS (C/DSS) **P<0.01. (B) The endoscopic
examination of the colon from C, C/DSS, MDD, MDD/DSS groups shows more severe colitis
in the MDD/DSS than in the C/DSS group, **P<0.01. Data are reported as means + SEM (n=

6 in each group).

Fig. 2. Methyl donor deficiency (MDD) induces macrovesicular steatosis in sodium
dextran sulfate (DSS) -dependent colitis. (A) Representative histological sections of liver
treated with hematoxylin and eosin (H & E), Masson trichrome and Sirius red. In bottom,
segmentation of lipid accumulation was carried out using image processing software, showing
macrovesicles (arrows) segmented in green (image x 200 centered by a centrolubular vein),
especially in methyl donor deficient rats treated with DSS (MDD / DSS). Trichrome staining
showed no fibrosis in these rats. (B) Quantification of steatosis in a defined microscopic area
showed a significantly increased percentage of steatosis in deficient rats treated with DSS in
comparison to controls (*P-value = 0.01) and MDD and to C/DSS treated rats (P-value=
0.05). Quantification of macrosteatosis vesicles (%) among all steatotic vesicles shows a
significantly increased number of macrovacuoles in the deficient rats treated with DSS,
compared to other groups (MDD/DSS vs. C, ***P-value = 0.00003, MDD/DSS vs. MDD,
**P-value= 0.001, MDD/DSS vs. DSS, **P-value = 0.002, C/DSS vs. C, *P-value = 0.02).
Statistical data measured by Kruskal-Wallis test followed by Conover post-test, further
adjusted by the Benjamini-Hochberg FDR method. (C) A higher protein expression of the
fibrotic marker MMP2 was reported in the MDD/DSS treated rats, whereas other fibrotic
markers (o SMA and COL1A1) showed no change in expression among the different groups.

The protein bands were quantified densitometrically, normalized with o tubulin and expressed
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as arbitrary units. Data are reported as means = SEM (n=6 in each group), *P<0.05,
**P<0.01. OD: optical.

Abbreviations: Control rats (C), C/DSS (control treated with DSS), MDD (methyl donor
deficient), and MDD/DSS (methyl donor deficient treated with DSS).

Fig. 3. Induced colitis in deficient rats exposed to dextran sodium sulfate (DSS) activates
NFkB pathway in the liver. (A) Immunohistochemical analysis showed significant
translocation of NFKB p65 into the nucleus in deficient rats treated with DSS (MDD/DSS) in
comparison to other groups: Control rats (C), C/DSS (control treated with DSS), MDD
(methyl donor deficient), and MDD/DSS (methyl donor deficient treated with DSS). (B)
NFkB and its different downstream modulators are activated as shown by western blots in the
liver of MDD/DSS treated rats in comparison to other groups. The protein expression of
NF[IB p65 and its phosphorylated form were markedly increased in MDD/DSS group.
Consistently, decreased expression and increased phosphorylation of I[/B-a is observed. The
protein bands were quantified densitometrically, normalized with a tubulin and expressed as
arbitrary units. Data are reported as means = SEM (n= 6 in each group), *P<0.05, **P <0.01.

OD: optical density

Fig. 4. Cytokines and chemokines in plasma, liver and intestine of 8 months-aged rats
separated into 4 different groups, control (C), control treated with dextran sodium
sulfate (C/DSS), methyl donor deficient (MDD) and methyl donor deficient treated with
DSS (MDD/DSS). (A) Plasma level of cytokines and chemokines. The chemokine MCP-1
showed a dramatic increase in the MDD/DSS treated rats in comparison to other groups.
Among cytokines, IL-1 showed a significant increase in the DSS treated groups and IL10 a
significant increase in the DSS treated control group, but not in the DSS treated MDD group.
VEGEF also showed a significant increase in the MDD/DSS treated rats. Data are reported as
means + SEM (n= 6 in each group), *P<0.05, **P<0.01. (B) Immunohistochemical (IHC)
examination of the expression of MCP1 in the liver and the colon. IHC examination showed
an increased expression of MCP-1 in the MDD/DSS treated rats with a more pronounced

increase in the liver.

Fig. 5. Expression of pro-inflammatory mediators in the liver and colon of methyl donor

deficient (MDD) rats treated with dextran sodium sulfate (MDD/DSS).
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(A) IL-1P reported a gradual increase in liver expression among control (C), control treated
with DSS (C/DSS), methyl donor deficient (MDD) and MDD treated with DSS (MDD/DSS)
groups respectively. The expression of cleaved caspase-1 was increased in deficient groups
(MDD and MDD/DSS) in comparison to control groups (C and C/DSS). (B) MCP-1 showed a
gradual increase in the liver of control rats treated with DSS (C/DSS), methyl donor deficient
(MDD) and methyl donor deficient ones treated with DSS (MDD/DSS) respectively in
comparison to control rats (C). No change in expression was observed for the cytokines TNF
alpha, IL-6 and their receptors among the different groups in the liver. (C) MCP-1 expression
was also increased in the colon of control rats treated with DSS (C/DSS) and in the colon of
deficient rats treated with DSS (MDD/DSS). IL-1beta was increased in the colon of C/DSS,
MDD and MDD/DSS groups in comparison to controls while IL-10 showed a gradual

decrease in these groups in comparison to controls.

Fig. 6. Steatohepatitis is not related to activation of TLR4 pathway by its ligand
(lipopolysaccharide, LPS). (A) Neither the administration of dextran sodium sulfate (DSS)
nor the methyl deficient diet (MDD) increased the plasma LPS level. (B) TLR4 pathway and
its downstream mediators reported no change in expression among the different groups except
for CD14. The protein bands were quantified densitometrically, normalized with o tubulin and
expressed as arbitrary units. Data are reported as means + SEM (n= 6 in each group),

*P<0.05, **P<0.01. OD: optical density.

Fig. 7. Relationship between methyl donor deficiency (MDD) and steatohepatits in rats
with DSS colitis. The increased macrovesicular steatosis and inflammation observed in liver
of rats with DSS colitis and subjected to methyl donor deficient diet was associated with

altered expression of IL-1[3, IL-10, MCP-1 in intestine, blood and liver.
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Table 1: Biological markers in the plasma of 8 months aged rats separated into 4
different groups C (control), C/DSS (control treated with DSS), MDD (methyl donor
deficient) and MDD/DSS (methyl donor deficient treated with DSS

Parameters C C/DSS MDD MDD/DSS P value
C/DSS vs
MDD/DSS

Vitamin B12

(pmol/l) 357+£52 334424 6640 53+2 0,0013 **

Folate

(nmol/1)

6713 95 +20 1510 13,545 <0,0001] 33

Homocysteine

(nmol/l) 7+1,8 6,5+1.,4 34482 31+1,3 0,0001] 33

SAM

(nmol/l) 228448 182+51 187474 210428 0,54

SAH

(nmol/l) 5622 34+14 99459 147436 0,006%**

SAM/SAH

Ratio 441+1,5 5,6%+0,95 2.4%1.5 1,45+0,15 0,0032%*

Data are reported as means +SD (n=3 in each group), * p<0.05, **p<0.01, ***p<0.001





