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ABSTRACT

Introduction: Globally, non-alcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease. It occurs in
20-40% of the population and 70-95% of diabetic and obese patients. NAFLD could progress from steatosis to non-alcoholic
steatohepatitis (NASH). Worldwide, fast-food diet (FFD) is widely used due to its convenience and palatability.

Aim of Work: This study aimed at evaluating the hepatic biochemical, histological, and morphometric changes occurred on
persistent FFD and sedentary lifestyle in adult male mice, the possibility of premalignant dysplastic changes and the recovery
potentiality after FFD discontinuation. Moreover, the possible roles of endoplasmic reticulum (ER) stress and cytochrome-
P450-family2-subfamilyE-genel (CYP2E1) were assessed.

Materials and Methods: 48 adult male mice were kept singly in cages and grouped into control, FFD and recovery groups.
Each group was furtherly divided according to the time of sacrifice. 3 control subgroups with FFD subgroups were sacrificed at
4, 6&8 months. However, the remaining 3 control subgroups with the recovery subgroups were sacrificed at 6, 8&10 months.
Biochemical, histological, and morphometric studies were done.

Results: FFD group showed progressive hepatic lesion from accumulation of fat microvesicles to deposition of macrovesicles
with ER stress, unfolded protein response (UPR) activation, CYP2E1 over-expression, inflammation & apoptosis. Then,
there was development of multiple small dysplastic foci inside the lesion area. The improvement in the recovery group was
significant in case of steatosis, non-significant in case of NASH and undetectable in dysplasia.

Conclusion: Chronic FFD with sedentary lifestyle could lead to hepatic steatosis and sequentially to NASH through ER stress,
UPR activation and CYP2E1 over-activation. With persistence of FFD and inactive behavior, the insult might progress to
dysplasia, a precancerous lesion. Although more time is needed for appropriate assessment of recovery, it could be assumed
that hepatic steatosis is easily recoverable, NASH is poorly recoverable while dysplasia is irrecoverable.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents the 7%
widespread malignant tumor and the 2nd cause of tumor
deaths all over the world!!l. Few of its patients can receive
potentially therapeutic treatment but with great frequency
of recurrence!..

Denovo HCC could rarely happen, but it usually
develops as a result of a complicated multiphasic process®!
whose steps are not completely recognized. Tendency for
development of different forms of HCC have increased
following chronic inflammatory and fibrotic liver diseases
as hepatitis C, metabolic diseases such as alcoholic fatty
liver and congenital diseases like hemochromatosist*. This
tendency is explained by the abnormal regeneration of the
altered hepatocytes forming premalignant dysplastic lesions
that have a high prevalence for malignant transformation®!.

Worldwide, non-alcoholic fatty liver disease (NAFLD)
affects 20-40% of the population and 70-95% of type II
diabetic patients and obese peoplell. It is considered as
the supreme cause of chronic hepatic insults where it
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starts with a state of metabolic dysfunction called hepatic
steatosis with extreme accumulation of lipid droplets in the
hepatocytes’ cytoplasm!”. Such metabolic problem could
progress to non-alcoholic steatohepatitis (NASH)!!.

High fat diet (HFD) is proved to increase the fat in
the liver cells to the limit exceeding the capacity of the
liver to metabolize them. This leads to hepatic intracellular
fat accumulation (hepatic steatosis)®’ and consequent
NASH!. Till now there is no approved definite treatment
for both NAFLD and NASH!®!!I,

Fast-food diet (FFD), also called Western diet (WD) or
Cafeteria diet, is concerned with the rapidly cooked and
served food available at different locations such as sit-
down restaurants, take-away, drive-thru and delivery. It is
well-liked as it is economical, convenient, and palatable.
Such kind of food is abundant in saturated fats, cholesterol,
and fructose in the soft drinks!'>'3!, This contrasts with
HFD which is rich mainly in unsaturated fats!'%.

Endoplasmic reticulum (ER) stress is altered ER
homeostasis induced by the presence of intraluminal

DOI: 10.21608/ejh.2022.113256.1624



Omar et. al.,

unfolded or misfolded newly synthesized proteins. It
results in activation of an intracellular stress signaling
called unfolded protein response (UPR)!* to restore ER
homeostasis through balancing between the load of the
newly synthesized proteins on ER and its capability to
fold them. UPR is composed of three arms which are
ER trans-membrane proteins named inositol-requiring
transmembrane kinase and endonuclease lo (IREla),
double-stranded RNA (dsRNA)-dependent protein kinase-
like ER kinase (PERK) and activating transcription factor-6
(ATF-6). These arms are inactive in normal conditions
and get activated and over-expressed by ER stress!!!.
Such activation, based on the degree of ER stress and the
continuation of the precipitating causes, may lead to one of
three responses: adaptive, alarm or apoptosis!'™,

Cytochrome-P450-family2-subfamilyE-genel
(CYP2EIl) is a member of cytochrome-P450 enzyme
superfamily present mainly in the hepatocytes as a
membrane protein in ER, mitochondria, Golgi body, cell
membrane and microsomes!'®. Recently, its expression
by the healthy sinusoidal endothelial cells (SECs)
was documented!'”). CYP2E1 is responsible for -1
hydroxylation of the saturated fatty acids!'® as an alternative
metabolic pathway to their 3-oxidation in the mitochondria
and peroxisomes!'*%),

This study aimed at evaluating the biochemical,
histological, and morphometric changes occurred in the
liver of adult male mice on persistent FFD and sedentary
behavior, in addition to the possibility of premalignant
dysplastic changes and the possible roles of ER stress
and CYP2EIL. This was accompanied by assessing the
potentiality of reversing these changes by discontinuation
of FFD.

MATERIAL AND METHODS

Experimental Design

Forty-eight adult male mice (~30 g) were housed
in the Laboratory Animal House Unit of Kasr Al-Aini,
Faculty of Medicine, Cairo University according to the
guidelines reported by Cairo University-Institutional
Animal Care and Use Committee (CU-IACUC) (approval
number CU/III/F/54/20). They were kept under the same
environmental conditions for 48 hours before starting the
experiment for acclimation and avoid the stress-induced
dietary changes. They were housed at 24 + 1°C in normal
light/dark cycle and provided with ordinary chow (OC)
[supplies 13% of energy as fat and composed of nearly
5% total fats from which: 0.93% saturated fatty acids
(SFAs), 0.99% monounsaturated fatty acids (MUFAs),
2.2% polyunsaturated fatty acids (PUFAs) and 0.14%
cholesterol!'” and water ad libitum. With the beginning of
the experiment, each mouse was kept singly in a separate
cage to allow for sedentary lifestyle. Then, the total number
of mice were divided equally into three main groups:

Group I (control group, 18 mice): The mice continued
on OC and water ad libitum. They were furtherly classified

into subgroups lal, Ibl & Ic1 (3 mice each) to be sacrificed
with the corresponding subgroups of group Il at 4, 6 & 8
months, in addition to subgroups Ia2, b2 & Ic2 (3 mice
each) to be sacrificed with the three subgroups of group III
at 6, 8 & 10 months.

Group II (FFD group, 15 mice): The mice, through
the whole experimental duration, were provided with FFD
(5342-AIN-76A Western Diet, Test Diet) that provides
40% of energy as fat and composed of about 20% total fats
from which: 12.09% SFAs, 4.61% MUFAs, 0.58% PUFAs
and 2% cholesterol. In addition, high-fructose corn syrup
(23.1%) was added to their drinking water!'"”. These mice
were equally subdivided into 3 subgroups (Ila, IIb & Ilc)
according to their time of sacrifice (4, 6 & 8 months).

Group III (recovery group, 15 mice): The animals
were subdivided into 3 equal subgroups (I1la, I1Ib & Illc).
The mice of each subgroup were fed on FFD for 4, 6 &
8 months, respectively, followed by 2 months of OC then
sacrificed i.e., subgroups Illa, I1Ib & Illc were sacrificed
at the end of the 6th, 8th & 10th months, correspondingly.

Animal studies
Serological Study

Blood samples from the tail veins of the mice in each
subgroup were obtained just before their sacrifice. The
samples were used to measure one of the serum hepatic
enzymes (aspartate transaminase [AST]).

Animals sacrifice

At each time point for each subgroup, the animals’ body
weight was measured. Then the animals were sacrificed
after being anesthetized with IP injection of ketamine (87
mg/kg)/xylazine (13 mg/kg)?Y , at the Laboratory Animal
House Unit of Kasr Al-Aini. The abdomens were opened,
and the livers were dissected and weighed. Three slices
(2-2.5 mm in thickness) from the left lobe of each liver
were cut (one for quantitative real-time polymerase chain
reaction [qQRT-PCR] and hepatic homogenates preparation,
one for Paraffin block preparation and one for resin block
preparation).

Quantitative real-time polymerase chain reaction
(qRT-PCR)™

It was done to detect relative mRNA expression of ATF-
6 (an example for UPR activation markers): After total RNA
extraction and complementary DNA (¢cDNA) synthesis,
gRT-PCR of the studied genes was done using Rotor Gene
6000 series software version 1.7 (Corbett Life Science,
USA) and the primers. Then the results were expressed as
a normalized ratio. The PCR primer sequences used were
ATF-6 (forward: 5-TGGGAGTGAGCTGCAAGTGT-3';

reverse: 5'-ATAAGGGGGAACCGAGGAG-3)
and GAPDH [internal control] (Forward: 5'-
CTCCCATTCTTCCACCTTTG-3"; Reverse: 5'-

CTTGCTCTCAGTATCCTTGC-3).
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Hepatic Homogenates

Liver homogenates were prepared based on a previous
methodology™, then divided into 2 parts:

First part was used to measure hepatic triglycerides
(TAG) and cholesterol using conventional colorimetric
method (QuantiChrom TM assay kit, Hayward, USA).

Second part was used for ELISA according to the
manufacturer’s instructions to measure the values of?

*  Tumour necrosis factor-a [TNF-a, pro-
inflammatory cytokine (ab208348, abcam, USA)].
¢ Hydrogen peroxide [H202, oxidative stress
(OS) marker (MBS3806313, MyBioSource,

USA)], glutathione [GSH, antioxidant enzyme,
(MBS267424, MyBioSource, USA)] and
malondialdehyde [MDA, lipid peroxidation
indicator, (MBS741034, MyBioSource, USA)].

Histological Study
A) Paraffin block preparation

The hepatic slices for Paraffin block preparation from
all animals were fixed in 10% formol saline and kept for
24 hours then processed to Paraffin blocks. Six pm-thick
serial sections were cut and stained with:

e Hematoxylin and Eosin stain (H&E)™3.
e Masson’s trichrome stainf?*,

¢ Immunohistochemical staining for:

a. CYP2El [rabbit polyclonal antibody,
ab28146, abcam, USA]: it is a marker for ©-1
hydroxylation of saturated fatty acids that
appears as a cytoplasmic and membranous
reactions.

b. Caspase-3 [rabbit polyclonal antibody,
ab4051, abcam, USA]: it appears as a
cytoplasmic reaction in the apoptotic cells.

c. Glypican-3 [mouse monoclonal antibody,
[GPC3/863] ab216606, abcam, USA]:
it is a marker for hepatic dysplasia and
hepatocellular carcinoma that appears as a
cytoplasmic reaction.

Avidin-biotin immunostaining technique required
pretreatment?*, that was carried out by 10 min boiling
in 10 mM citrate buffer (cat no 005000) pH 6 for antigen
retrieval. Sections were left to cool for 20 min at room
temperature. Then, they were incubated for one hour with
the primary antibodies. Immunostaining was completed
using Ultravision One Detection System (cat no TL -
060- HLJ). Counterstaining was carried out using Lab
Vision Mayer's hematoxylin (cat no TA- 060- MH).
Negative control sections were prepared by the same
process after excluding the primary antibodies. Citrate
buffer, Ultravision One Detection System and Ultravision
Mayer's hematoxylin were purchased from Labvision,
ThermoFisher scientific, USA.

Resin block preparation

The hepatic slices for resin block preparation from
all animals were cut into small fragments (0.5-1.0 mm3),
prefixed in 2.5 % glutaraldehyde for 2 h then postfixed in
1% osmium tetroxide in 0.1 M phosphate buffer at pH 7.4
and 4 °C for 2 h. then, dehydration and resin embedding
were done™l. Semithin (1 wm) sections were cut using
a Leica ultracut (UCT) (Glienicker, Berlin, Germany).
The sections were stained with toluidine blue (1%) and
examined by light microscope.

Morphometric study

Image analysis by Leica Qwin-500 LTD-software image
analysis computer system (Cambridge, England) was done
to measure the area percent of collagen fibers in Masson’s
trichrome-stained sections and of CYP2EI, caspase-3,
and glypican-3 immuno-expression in the corresponding
immunostained sections. Each of these measurements was
done in ten non-overlapping random chosen fields (x100).

Statistical analysis™

The morphometric and biochemical measurements
were expressed as mean =+ standard deviation (SD). All of
them were statistically analyzed using one-way analysis
of variance (ANOVA) followed by “Tukey” post hoc test
except for glypican-3 results where independent samples
T-test was used. IBM Statistical Package for the Social
Sciences (SPSS) version 21 was used for the calculations
and the results were considered statistically significant
when P value was < 0.05.

All serological and biochemical studies were done at
Biochemistry Department, Faculty of Medicine, Cairo
University. However, all histological and morphometric
studies were performed at Histology Department, Faculty
of Medicine, Cairo University.

RESULTS

General observations

Laziness was noticed in the mice of all subgroups
during the whole experimental duration. No deaths nor
abnormal behavior, rather than laziness, was witnessed in
any of the experimental animals.

Similar histological and biochemical results were found
in the control subgroups so, they were collectively named
as control group (group I).

Animal Data
Serological Results

The serum hepatic enzyme (AST) level (Figure la)
demonstrated significant increase in all subgroups versus
the control group. In addition, there was significant
increase in subgroups IIb and Ilc when compared with
subgroups Ila and IIb, individually. Conversely, there were
significant decrease in subgroup Illa versus subgroup Ila,
non-significant decrease in subgroup IIIb versus subgroup
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IIb and non-significant increase in subgroup Illc versus
subgroup Ilc.

Body and liver weights (Figure 1b)

Both showed the same statistical results as that of the
serum AST.

gRT-PCR results (Figure 1¢)

Statistical analysis of ATF-6 showed results like that of
the hepatic enzyme.

Hepatic homogenate studies
Colorimetric results

Colorimetric analysis of hepatic TAG & cholesterol
results revealed similar statistical results to that of AST
(Figure 1d).

ELISA Results

Statistically, levels of the hepatic H202 & MDA
(Figure le) were significantly increased in all subgroups
than the control group except subgroups Ila & Illa
which showed non-significant increase. Moreover, there
was significant increase in subgroups IIb and IIc when
compared to subgroups Ila and IIb, respectively. In the
recovery group (group III), there was non-significant
decrease in subgroup Illa and IIIb versus subgroups Ila
and IIb, correspondingly. However, subgroup Illc revealed
non-significant increase versus Ilc. However, the level of
TNF-a (Figure 1f) exposed statistical results like that of
AST.

On the other hand, the level of GSH (Figure 1f)
demonstrated significant decrease in all subgroups
versus the control group except subgroups Ila and Illa.
Additionally, there were significant decrease in subgroups
IIb and IIc when compared with subgroups Ila and IIb,
individually. Moreover, non-significant increase was
detected when comparing subgroups Illa and IlIb with
subgroups Ila and IIb, respectively, and non-significant
decrease was shown between subgroup Illc and Ilc.

Histological Results
H&E and toluidine blue stained sections

The control group (Figures 2a,bc) revealed ill-defined
hexagonal classic hepatic lobules with terminal hepatic
venules (THVs) in their centres. The hepatocytes appeared
as cords (1 cell-thick) radiating from the THVs, like the
spokes of a cartwheel, to the periphery of the hepatic
lobules where portal areas were seen. The portal area
contained the portal triad embedded in loose connective
tissue (CT). This triad was composed of a branch of the
bile duct lined with simple cubical epithelium, a branch of
the portal vein which had the widest lumen and the thinnest
wall and a branch of the hepatic artery with the narrowest
lumen.

The hepatocytes appeared as polygonal cells having
acidophilic cytoplasm with irregularly pale-stained areas

(representing glycogen deposits) and central large rounded
vesicular nuclei with prominent nucleoli. Some cells were
binucleated. The cords of the hepatocytes were separated
by the blood sinusoids that drained into THVs. The
sinusoids were pale spaces lined by endothelial cells (flat
& condensed nuclei) and Kupffer cells (ovoid nuclei).

The hepatic sections of FFD for 4 months [subgroup
ITa] (Figures 2d,e) demonstrated full picture of steatosis
with intracellular fat accumulation as multiple small
droplets (microvesicles) and few large droplets pushing
the nuclei to one side (macrovesicles). However, FFD for 6
months [subgroup IIb] (Figures 2f,g) resulted in complete
image of NASH. There were multiple intracellular fat
macrovesicles, hepatocytes ballooning, Mallory-Denk
bodies (MDBs, stress-induced proteins and abnormally
phosphorylated and cross-linked intermediate keratin
filaments, as CK8 and 18), mononuclear inflammatory cell
infiltration and marked sinusoidal congestion. In addition,
most of the hepatocytes showed either shrunken dense or
shrunken irregular nuclei.

Eight months of FFD in subgroup Ilc (Figures 2h,i)
ensued by appearance of NASH lesion with apparent
bridging fibrosis in-between the portal tracts. Such lesion
was peppered with multiple small hepatic foci showing
dysplastic changes. These dysplastic foci revealed either
small cell dysplasia (small cell volume and increased
nucleo-cytoplasmic ratio) or large cell dysplasia (large-
sized cell with apparently normal nucleo-cytoplasmic ratio
[1:1]). Besides, there were nuclear hyperchromasia (salt &
pepper chromatin) and increased cytoplasmic density.

The recovery group [group III] revealed regression
of the lesion in subgroup Illa that was not apparent in
subgroups IIIb and Illc. The sections of subgroup Illa
(Figures2j,k)demonstrateddecreasedhepaticmicrovesicular
lesion however, the sections of subgroups IIIb and Illc
(Figures 21,m,n,0) appeared similar to those of subgroups
IIb and Ilc, respectively.

Masson’s trichrome stained sections

Occasional collagen fibers were shown in the portal
tracts and around the THVs of the control group and
subgroups Ila & IIla (Figures 3a,b,e). However, the
amount of the collagen fibers was increased in subgroups
IIb & b (Figures 3c,f) in the same areas. Then it
became abundant in NASH areas of subgroups Ilc & Illc
(Figures 3d,g) where the collagen fibers appeared bridging
between the portal tracts in the interlobular septa.

CYP2E1 immunostained sections

Positive cytoplasmic immunoreaction was noticed in
the hepatocytes and the SECs of the control group and
subgroups Ila & Illa (Figures 4a,b,e). In subgroups IIb
& b (Figures 4c¢,f), the reaction spread widely among
the hepatocytes and the SECs, then it became extensive in
subgroups Ilc & I1lc in the hepatocytes and the SECs of the
NASH areas and few in the dysplastic foci (Figures 4d,g).
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Caspase-3 immunostained sections

The positive immunoreaction was noticed in very
few hepatocytes of the control group and subgroups Ila
& Illa (Figures 5a,b,e), then became abundant in most
of the hepatocytes and SECs in subgroups IIb & IIIb
(Figures 5c,f). In subgroups Ilc & Illc, the positive reaction
was dramatically increased in almost all hepatocytes and
SECs of NASH areas and completely absent in the cells of
the dysplastic foci (Figures 5d,g).

Glypican-3 immunostained sections

There was no immunoreaction in the control group
and subgroups Ila, IIb, Illa and IIIb (the photos were not
included). However, few hepatocytes of the dysplastic
foci showed positive immunoreaction in subgroups Ilc
(Figure 6a) and Illc (Figure 6b).

Morphometric Results

The mean area percent of collagen fibers
(Figure 3h), CYP2EI1 (Fig. 4h) and caspase-3 (Figure 5h)
showed significant increase in all subgroups compared to
the control group except subgroups I1a & I1la which showed
non-significant increase. Moreover, there was significant
increase in subgroups IIb and Ilc versus subgroups Ila and
IIb, respectively. In the recovery group (group III), there
was non-significant decrease in subgroup Illa and IIIb
versus subgroups Ila and IIb, correspondingly. However,
subgroup Illc revealed non-significant increase versus Ilc.

Regarding the mean area percent of glypican-3 immuno-
expression (Figure 6¢), it revealed non-significant increase
in subgroup Illc when compared with subgroup Ilc.
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Fig. 1: Illustrating mean values of: (a) serum AST (b) Body and liver weights (c) ATF-6 relative mRNA expression (d) Hepatic TAG & cholesterol (e) Hepatic
H202 & MDA (f) Hepatic TNF-o & GSH. [a, b & ¢ as compared to control group, subgroup Ila & subgroup IIb, respectively (significant difference at P <

0.05)]
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Fig. 2: Photomicrographs of H & E and toluidine blue $tained sections of: Control group (a, b & c¢) showing ill-defined hexagonal classic hepatic lobules,
terminal hepatic venules (THV) in their centers, hepatocytes (H) are arranged in cords [1 cell-thick] radiating from the THVs to the periphery of the hepatic
lobules - some of them are binucleated (star), in-between the hepatocytes’ cords - blood sinusoids (S) are seen lined by endothelial cells (curved arrow) and
Kupffer cells (right-angled arrow), portal areas (circled) with loose connective tissue (CT) - a branch of bile duct (D) - a branch of portal vein (V) and a branch
of the hepatic artery (A). Subgroup Ila (d & e) showing multiple intracellular microvesicles (m) and few macrovesicles (M). Subgroup IIb (f & g) showing
multiple intracellular macrovesicles (M), hepatocyte ballooning (B), hepatocytes with shrunken dense nuclei (wavy arrow), hepatocytes with shrunken
irregular nuclei (arrowhead) (Fig. 2g), Mallory-Denk bodies (bifid arrow), mononuclear inflammatory cell infiltration (In), marked sinusoidal congestion (S).
Subgroup Ilc (h & 1) showing areas with M: macrovesicles, B: ballooning, wavy arrow: hepatocytes with shrunken condensed nuclei, arrowhead: hepatocytes
with shrunken irregular nuclei (Fig. 2i), bifid arrow: Mallory Denk bodies, In: inflammatory cells, sinusoidal congestion (S), dashed arrow: bridging fibrosis, in
addition to scattered small foci with either small cell dysplasia (thin arrow) or large cell dysplasia (thick arrow). Subgroup I1la (j & k) showing few intracellular
microvesicles (m). Subgroup IIIb (I & m) showing M: macrovesicles, B: ballooning, wavy arrow: hepatocytes with shrunken condensed nuclei, arrowhead:
hepatocytes with shrunken irregular nuclei (Fig. 2m), bifid arrow: Mallory Denk bodies, In: inflammatory cells, S: congested sinusoids. Subgroup Illc (n &
0) showing areas with M: macrovesicles, B: ballooning, wavy arrow: shrunken condensed nuclei, bifid arrow: Mallory Denk bodies, In: inflammatory cells,
sinusoidal congestion (S), dashed arrow: bridging fibrosis, in addition to another areas with small cell dysplasia (thin arrow), and large cell dysplasia (thick
arrow). [(H & E, a: x100, b, d, f, h, j, | & n: x200), Toluidine blue, c, ¢, g, i, k, m & o: x1000]
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[[mcontrol wita =1b wiic mitta_wiitb wiic|

Fig. 3: Photomicrographs of Masson’s trichrome stained sections of: Control group, subgroup Ila & subgroup Illa (a, b & ¢) showing: occasional collagen
fibers (arrow) in the portal tracts (circled) and around the THVs. Subgroup IIb & IIIb (¢ & f) showing increased amount of the collagen fibers (arrow) in
the portal tracts (circled) and around the THVs. Subgroup Ilc & Illc (d & g) showing abundant collagen fibers (dashed arrow) in NASH areas that appeared
bridging between the portal tracts in the interlobular septa. [Masson’s trichrome, x200]

(h) showing mean area % of collagen fibers [a, b & ¢ as compared to control group, subgroup Ila & subgroup IIb, respectively (significant difference at P <
0.05)]

CYP2E1 mean area %
s & B R

o»

Fig. 4: Photomicrographs of CYP2E1 immunostained sections of: Control group, subgroup Ila & subgroup Illa (a, b & e) illustrating: positive cytoplasmic
immunoreaction in the hepatocytes (arrow) and the SECs (curved arrow). Subgroup IIb & IlIb (¢ & f) showing widely distributed immunoreaction in the
hepatocytes (arrow) and the SECs (curved arrow). Subgroup Ilc & Illc (d & g) showing extensive immunoreaction in almost all hepatocytes (arrow) and
SECs (curved arrow) of the NASH areas and in few cells of the dysplastic foci (double arrowhead). [Immunohistochemical stain for CYP2E1, x200] (h)
demonstrating mean area % of CYP2E1 positive immunoreaction [a, b & ¢ as compared to control group, subgroup Ila & subgroup Ilb, respectively (significant
difference at P < 0.05)]
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Fig. 5: Photomicrographs of caspase-3 immunostained sections of: Control group, subgroup Ila & subgroup Illa (a, b & e) illustrating positive immunoreaction
in very few hepatocytes (arrow). Subgroup IIb & IlIb (¢ & f) showing abundant immunoreaction in most of the hepatocytes (arrow) and the SECs (curved
arrow). Subgroup Ilc & Illc (d & g) showing dramatic positive immunoreaction in almost all hepatocytes (arrow) and SECs (curved arrow) of NASH areas and
negative immunoreaction in the cells of the dysplastic foci. [Immunohistochemical stain for caspase-3, x200] (h) illustrating mean area % of caspase-3 positive
immunoreaction [a, b & ¢ as compared to control group, subgroup Ila & subgroup IIb, respectively (significant difference at P < 0.05)]
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Fig. 6: Photomicrographs of glypican-3 immunostained sections exhibiting positive cytoplasmic immunoreaction (double arrowhead) in few hepatocytes
of the dysplastic foci in subgroups Ilc and Illc (a& b) [Immunohistochemical stain for glypican-3, x200] (c) illustrating mean area % of glypican-3 positive

immunoreaction

DISCUSSION

This study aimed at evaluating the effects of persistent
FFD and sedentary behavior on the hepatic histological
and biochemical statuses in adult mice and assessing
the possibility of premalignant dysplastic changes with
clarifying the role of ER stress and CYP2EIL. This was
accompanied by highlighting the potentiality of reversing
these changes by discontinuation of FFD.

Mice were chosen due to their similarity to human
NAFLD regarding its initiation with high caloric intake,
hepatic histology, and abnormal metabolism®”. Male mice
were used as they gained rapid statistically significant
increase in the body weight following HFD, in comparison
to female ones?®. Additionally, estrogens reduce nuclear
factor kappa-B (NFk-B) and subsequently decrease the
pro-inflammatory cytokines activation,

Chronic ingestion of FFD [food, in contrast to HFD,
has abundant saturated fats, cholesterol and fructose in
the soft drinks!'>!*! and sedentary lifestyle for 4 months

(subgroup Ila) increased the body weight significantly
than in the control group. This could be elucidated by the
excess energy input and diminished energy output?’3%
Additionally, there was intra-cytoplasmic hepatic
accumulation of lipid micro-droplets which was similarly
reported in a former study®” following HFD and high
fructose and glucose contents of water for 8§ weeks. Such
finding could be similarly explained by the spillover of the
chylomicrons to the liver and ER stress proved to occur by
HFD[7,27,31]'

In this subgroup, ER stress was assumed to occur due
to increased hepatic synthesis of lipoproteins, that transport
the high levels of TAG and cholesterol in blood®*?, beyond
ER protein folding capacity!®l. Also, it could result from
high level of SFAs334 that represent the main fat content
of FFD (12%) in this study. As SFAs together with high
cholesterol were reviewed to interfere with the normal ER
membrane structure (UFAs and low cholesterol). So, they
decrease the membrane fluidity and the transport of lipids
and newly synthesized proteins across it. Additionally,
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SFAs reduce ER calcium store which is important for
proper protein folding. This occurs through calcium flux
disruption,

In response to ER stress, there is UPR activation
(adaptive response) which in turn, induces hepatic
lipogenesis [synthesis of TAG and cholesterol from dietary
chylomicrons]!'*.. Such ER stress and UPR activation were
reinforced in subgroup Ila by the significant increase in the
hepatic level of ATF-6 (a UPR activation marker) versus
the control group.

Principally, hepatic lipogenesis in this subgroup could
occur from dietary chylomicron and de novo from high
dietary carbohydrates in FFDU3). Such lipogenesis [hepatic
fat input] is balanced by mitochondrial B-oxidation
and secretion of very low-density lipoprotein-TAG and
cholesterol [hepatic fat output]®!. However, in this
subgroup with continuous intake of high fat content,
the rate of fat input was supposed to be more than its
output. Such imbalance led to accumulation of TAG and
cholesterol in the hepatocytes in the form of microvesicles
and the significant increase in their hepatic levels when
compared to the control group. This, consequently, led to
the significant increase in the liver weight in comparison
to that of the control group. Further support came from
another studies/®®'>?"l where this imbalance resulted in
hepatic steatosis and increased serum level of TAG and
cholesterol in response to HFD.

Bearing in mind the inflammatory reaction occurred in
the adipose tissue following obesity®”, it could be assumed
that deposition of fat in the liver might induce some sort
of low-grade inflammation via Kupffer cells stimulation.
Such stimulation is followed by pro-inflammatory
cytokines release such as TNF- a. This is, consequently,
tailed by increased levels of serum hepatic enzymes as
AST. This suggestion was supported in subgroup Ila by the
significant increase in the levels of hepatic TNF-a. and AST
than those of the control group.

Continuation of FFD with high loads of SFAs,
cholesterol and carbohydrates together with the sedentary
lifestyle for 6 months (subgroup IIb) was presumed to result
in continued energy budget imbalance. In addition, it was
suggested to cause persistent rush of dietary chylomicrons
to the liver, continuous ER stress and over-activation of
UPR (alarm response), that were similarly reported in
former studies***). These suppositions were achieved by
the significant increase in the body weight and the hepatic
levels of ATF-6 versus subgroup Ila.

The over activation of UPR markers in alarm response is
followed by NF«-B inhibitor inactivation with consequent
hepatocytes and Kupffer cells’ NFk-B activation. Such
activation induces over production of the pro-inflammatory
mediators such as TNF-a and interleukin-6 [IL-6]5637,
These events were enforced in subgroup IIb by the
significant increase in hepatic level of TNF-o and serum
level of the hepatic enzyme (AST) when compared with
subgroup Ila. Extra-enforcement came from the spotting of

inflammatory signs in the hepatic sections of this subgroup
(dilated congested blood vessels with inflammatory cell
infiltration). Besides, the support obtained from earlier
studies reporting similar results(®"-3%],

Basically, ER generates a lot of ROS such as H202
during protein folding with OS potentiality. This is normally
balanced by the antioxidants activated by UPR!®2%. With
high protein folding and ER stress in subgroup IIb, there
was marked OS due to increase in ROS production over
the antioxidant capacity, especially that of GSH which was
reported to decrease by high fat diet®. This was confirmed
by the significant increase in hepatic level of H202 and
significant decrease in that of GSH in this subgroup versus
subgroup Ila. Consequently, the increase in OS increases
ER stress producing a vicious circle between ER stress and
(ONERN

The alarm response of the UPR was reported to progress
to apoptosis response where UPR fails to ameliorate the
marked continuous ER stress!'™. This occurs through
UPR markers-induced CHOP (pro-apoptotic protein)
expression?’3], Moreover, calcium efflux from ER and its
influx to the mitochondria through tethers linking smooth
and rough ER with mitochondria®! cause increased
mitochondrial membrane permeability and cytochrome-C
release with subsequent initiation of intrinsic apoptotic
pathway! 2’49, Furthermore, activation of Fas ligand and
receptors during NASH progression initiates the extrinsic
apoptotic pathway™!. Such apoptosis was supported in
subgroup IIb by the presence of apoptotic features in the
hepatocytes and the significant increase in the mean area
percent of caspase-3 immunoreaction in this subgroup
versus subgroup Ila.

Furtherly, therewere MDBs (abnormally phosphorylated
and cross-linked intermediate keratin filaments, as CKS8
and 18) in the hepatocytes in this subgroup. These bodies
were reported to be a sign of inflammation and a factor that
increases the hepatocytes susceptibility to apoptosist*?l.

In addition, there was detection of caspase-3
immunoreaction in the SECs of this subgroup. Such SEC
apoptosis was explained previously by the activation of
membranous Fas induced by high amount of fatty acids
passing through them from the blood to the liver in NASH.
Although the SECs, under the normal conditions, resist the
effect of Fas, they become sensitive to it in cases of NASH
due to the high level of TNF- a documented in this study
and in a former study™*!.

The altered SECs activate Kupffer cells that, in turn,
produce pro-inflammatory mediators which add to the
detected inflammation in this subgroup. In addition,
they induce hepatic stellate cells (HSCs) activation with
the subsequent fibrosis due to distorted SECs shield
separating the HSCs in the peri-sinusoidal areas form
the high level of fats in the sinusoidal lumens(*6-2731.35:441,
These consequences could illuminate the fibrosis verified
in subgroup IIb via the significant increase in the collagen
fibers area percent in this subgroup versus subgroup Ila.
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Moreover, over-activation of UPR markers induces
insulin resistance via activation of c-Jun-NH2-terminal
kinase [JNK] that induces and aggravates apoptosis
in this subgroup™!. In addition, JNK obstructs insulin
signalling by interfering with the proper function of insulin
receptors®#!. The insulin resistance increases lipolysis in
the adipose tissue and lipogenesis in the livert 47,

Consequently, the high level of lipogenesis (de
novo from excess carbohydrates, hepatic from dietary
chylomicrons rush and hepatic from free fatty acids
produced by insulin resistance-induced lipolysis) together
with mitochondrial dysfunction and decreased 3-oxidation
resulted in extensive accumulation of TAG and cholesterol
in the liver. This was backed by the significant increase
in their hepatic levels and in the liver weight in subgroup
IIb versus subgroup Ila, in addition to the wide presence
of macrovesicles in liver sections. Similar results were
recorded formerly in response to treatment with high levels
of SFAs and UFAs!27.,

Unsurprisingly, subgroup IIb revealed significant
increase in CYP2E1l immunoreaction area percent in
the hepatocytes and the SECs when compared to that in
subgroup Ila. This increase in ®-1 hydroxylation of the
SFAs occurred as an alternative pathway to the decrease
in their B-oxidation!'*?” that occurred in this subgroup,
especially with the high levels of SFAs. Moreover, ER
stress-induced insulin resistance with high serum glucose
and insulin levels led to increased production of ketone
bodies which sequentially increase CYP2E1 level®?.

-1 hydroxylation of the high levels of SFAs results
in production of large amounts of ROS in hepatocytes
and SECs such as superoxide anion and H202[1'%48 that
is followed by lipid peroxidation, protein denaturing and
DNA and RNA damage!'®!*2%, Lipid peroxidation produces
intermediate products (fatty acid radicals and lipid
peroxides) and finally produces reactive aldehydes [MDA
& 4-hydroxynonenal (HNE)]*\. Such lipid peroxidation,
in the mitochondria, with its lipid intermediates and the
final products (MDA & HNE) results into their dysfunction
with subsequent release of more ROS, especially H202,
and release of cytochrome-C with resultant apoptosis
of hepatocytes and SECs™I. These events were backed
by the significant increase in the level of hepatic MDA
in subgroup IIb versus subgroup Ila. Additionally, they
added to the explanation of the significant increase in the
hepatic levels of H202 and in the area percent of caspase-3
immunoreaction occurred in subgroup IIb.

Chronic and persistent ingestion of FFD with an
inactive lifestyle in subgroup Ilc was believed to induce
progression and exaggeration of the whole hepatic
lesions, as documented previously®?’*". Such expectation
was defended by the significant increase in the body and
liver weights in this subgroup versus subgroup IIb, in
addition to all biochemical markers in the serum and liver
homogenates, except hepatic GSH that showed significant
decrease. Additionally, there was significant increase in

the area percent of collagen fibers, CYP2E1 and caspase-3
immunoreaction in subgroup Ilc compared to subgroup IIb.

Astonishingly, subgroup Ilc disclosed multiple small
dysplastic foci (altered regeneration foci) in the liver
sections. Such result was reinforced by the appearance
of few glypican-3 positive immune-activity. Further
support came from a previous study that reported positive
glypican-3 immunoreaction in about 9% of the dysplastic
cellsBl. These dysplastic changes could be explained
by the high levels of reactive aldehydes resulted from
intensive ®-1 hydroxylation. As these products were
proved to be mutagenic and carcinogenic where they react
with DNA forming DNA adducts (DNA segments attached
to oncogenic chemical)?,

The recovery group of this study (group III) exposed
significant improvement of all histological and biochemical
signs of steatosis in subgroup Illa versus subgroup Ila.
This improvement was anticipated based on a previous
study!! that stated rapid recovery of hepatic steatosis on
stoppage of the initiating factors. Despite this expectation,
the improvement did not reach the control parameters as it
might need more time to achieve the proper recovery.

However, in subgroup IlIb, there was poor recovery
where all histological and biochemical parameters were
not significantly improved than those in subgroup IIb.
This finding was supported by an earlier study®®®! where
OC or even diet with low fat and cholesterol for 2 months
have restricted ability to reverse NASH lesions induced
by 6 months of fast-food diet. Moreover, in subgroup Illc
there was no detection of any improvement since all the
histological and the biochemical findings showed slight
worsening with no significant deterioration than those in
subgroup Ilc. This finding might suggest the incapacity
of recovery from dysplasia and the possibility of its
progression to HCC with time which was stated to occur
in some cases?’*%34,

It could be concluded that chronic ingestion of FFD
with sedentary lifestyle can be considered as triggering
factors for hepatic steatosis that may progress to NASH
with persistence of these factors. These hepatic lesions
could occur via ER stress, activation of UPR and over
expression of CYP2E1 that increase with continuation
of the precipitating factors. With time, this hepatic insult
may progress to dysplasia which is a warning sign for
HCC development. Additionally, easy recovery of the
hepatic steatosis, poor recovery of NASH and no recovery
of dysplasia were concluded, however, more time might
be needed to achieve proper judgement on the state of
recovery.
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