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Background: Metabolic-associated fatty liver disease (MAFLD) is a common disease
worldwide. Micro-RNA-122 is known to be the most abundant micro-RNA expressed in
the liver.

Objective: To evaluate the association of micro-RNA-122 and the degree of steatosis and
fibrosis in obese patients with MAFLD.

Methods: The study included 120 obese Egyptian patients with MAFLD, which were
diagnosed and classified according to ultra-sonographic liver findings. All patients enrolled
in the study were subjected to thorough clinical examination and laboratory investigations
(serum micro-RNA-122 levels by PCR, lipid profile, liver biochemistry, and functions).
Fibro-scan was used to assess the level of fibrosis.

Results: There was a significant increase in levels of micro-RNA-122 in obese patients with
MAFLD compared to controls (p<0.001). Micro-RNA-122 level was lower in patients with mild
liver steatosis than patients with moderate or severe steatosis (p<0.001). It was lower in patients
with a mild degree of fibrosis than those with mild or moderate fibrosis (p<0.001). Micro-RNA
-122 was significantly positively correlated with low-density cholesterol and triglycerides level,
and liver enzymes, and negatively correlated to high-density cholesterol (p<0.001).
Conclusion: Serum micro-RNA-122 could be a useful predictor of assessing MAFLD
severity regarding level of steatosis or fibrosis.
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Introduction

MAFLD is considered a new nomenclature for metabolic-associated fatty liver disease as
an alternative name of NAFLD.'* Nonalcoholic fatty liver disease (NAFLD) includes
a wide range of conditions from simple steatosis to (NASH) nonalcoholic steatohepatitis,
which can lead to fibrosis, cirrhosis, and even hepatocellular carcinoma. These diseases
have a high morbidity and mortality rate.”° Fibrosis is the major determinant of hepatic
and extrahepatic complications of MAFLD and MAFLD identifies fibrosis better than
NAFLD.”® So it is important to diagnose MAFLD with its different stages.

Obesity is considered as a major problem in the whole world. In Egypt, its prevalence
reaches about 35.3% in 2015.° Obesity is considered one of the major risk factors for
MAFLD. There is a strong association of MAFLD with the metabolic syndrome.'®'!
Micro-RNAs are small, endogenous, noncoding RNAs of about 21-22 nucleotides with
essential genes that regulate functions in living organisms as normal metabolism. They
have an important role in metabolic diseases.'' Micro-RNA-122 is found in the liver, it
regulates many metabolic processes, as oxidation, synthesis fatty acid, and cholesterol

biosynthesis.'* '
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Several studies detect extracellular micro-RNAs in
body fluids, serum, and plasma. They were considered to
be good biomarkers to predict liver diseases and different
kinds of cancers.'®

Objectives

To assess the level of serum micro-RNA-122 in obese
patients and its relation to the degree of steatosis in
patients with MAFLD diagnosed by ultrasonography and
degree of fibrosis detected by fibro-scan.

Study Design and Participants

A prospective cross-sectional case control study which
was conducted at Kasr El Ainy hospital from
January 2019 to September 2019. It included 120
Egyptian obese patients with metabolic fatty liver disease
(MAFLD). They were divided according to ultra-
sonographic findings into three groups with different
degrees of steatosis (40 mild, 40 moderate, and 40 severe
steatosis). Liver elasticity “fibrosis” was measured by
fibro-scan. Sixty obese subjects who were age- and sex-
matched with normal liver texture by ultrasonography
were enrolled in the study as control.

Data Collection

Informed consent was obtained from all participants
before inclusion. The study satisfied the requirements of
Revised Helsinki
approved by Research Ethics Committee, Faculty of

Declaration of biomedical ethics,

Medicine, Cairo University.

Clinical data was collected including patient demo-
graphics and anthropometric measurements (age, gender,
and body mass index “BMI”). Lipid profile (HDL-
LDL-cholesterol
enzymes (alanine aminotransferase (ALT) and aspartate ami-

cholesterol, and triglycerides), liver
notransferase (AST), alkaline phosphatase serum albumin,
prothrombin time, prothrombin concentration, gamma-
glutamyl transpeptidase (GGT), and bilirubin were mea-
sured. Virology screen for hepatitis B and C (HCVAb and
HBVsAg) were done. Serum micro-RNA-122 levels were
estimated by real-time polymerase chain reaction (PCR)
using the TagMan®MicroRNA Assays.'” The 27" method
was used to calculate relative changes in micro-RNA-122
expression determined from real-time quantitative PCR.

We excluded all patients who consume more than 20 g of
alcohol, patients with diabetes, positive hepatitis C virus
antibody results or hepatitis B virus surface antigen, auto-
immune, cholestatic or drug-induced liver disease.

Assessment of Hepatic Steatosis by US
We performed ultrasound for all the participants of the study
using the same machine operator (MH) utilizing a high-
resolution multifrequency B-mode scanner (SDD-5500;
Aloka, Tokyo, Japan) 2.5-5.0 MHz transducer. According
to the ultrasound results we classified the degree of MAFLD
into mild, moderate, and severe. Mild when there was
a diffuse hyperechoic echo texture, moderate when this
echogenicity of the liver increased compared to the kidneys
but still associated with good visual images of the intrahe-
patic vessels, and severe when there was vascular blurring
and deep attenuation (increase in the echogenicity of the
liver which leads to poor penetration so that the visual
images of both the posterior segment of the liver and the
hepatic vessels were very poor).'® We used this classification
of MAFLD instead of liver biopsy as liver ultrasonography
correlates well with the MAFLD activity score of liver
biopsy. Therefore, stage 1 steatosis by liver biopsy correlates
with mild steatosis by US, while stage 3 steatosis by liver
biopsy correlates with severe steatosis by US.

The damage to the liver was evaluated according to the
NAFLD activity score (NAS). NAS is the sum of steatosis
degree (scale from 0-3); scale from 0-2 is hepatocellular
ballooning and scale from 0-3 is lobular inflammation.
Therefore, if NAS <3 is not NASH, borderline NASH
ranges from 3-4, while definite NASH >5. As US con-
forms with stage 3 steatosis by liver biopsy, if NAS is >3,
and with either the presence or absence of inflammation
and ballooning, the patient might be 3 only (borderline
NASH) or above 3, reaching 4-6 (NASH)."’

Fibroscan Examination

This was done by an expert radiologist blind to the liver
ultrasonographic results with Echosen's Fibroscan 502
(Paris, France). The patient was lying in the supine posi-
tion with his right arm abducted and the forearm under the
head. The right side of the body was bare to examine the
liver and was slightly elevated. The probe, covered with
gel, was placed on the intercostal space over the right liver
lobe. The operator selected a part of the liver of about at
least 6-cm thick without any vessels, using A-mode
images of the fibroscan device. The depth of the measure-
ment ranged from 25-45 mm.

Ten validated measurements were performed in each
patient. The success rate was calculated by dividing the
number of validated measurements by the total number of
measurements. Procedures with 10 validated measurements
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and a success rate of at least 60% were considered reliable.
The values of hepatic fibrosis using fibroscan measurement
were expressed in kilopascal (kPa). To determine the amount
of hepatic steatosis, the controlled attenuation parameter
(CAP) test was used, and the results were reported in deci-
bel/meter (dB/m). CAP cut-off values indicated liver stea-
tosis and ranged from SO, indicating no steatosis (S), to S3,
indicating severe steatosis. CAP values indicating S >1 ran-
ged from 237.0-259.0 dB/m, from 259.0-291.0 dB/m for
S >2, and from 291.0-400.0 dB/m for S >3.

Cut-off values for fibrosis diagnosis were <5.5 for
fibrosis stage FO (no fibrosis), 5.5-8.0 for F1 (mild fibro-
sis), 8.0-10.0 for F2 (moderate fibrosis), 11.0-16.0 for F3
(severe fibrosis), and >16.0 for F4 (cirrhosis). F grading
system is the output of fibroscan equipment by itself
quantitatively by 0—4.

Statistical Analysis

We coded and entered the data using the SPSS (Statistical
Package for the Social Sciences) version 25. Data was
summarized using mean, standard deviation, median,
minimum and maximum, or median and interquartile
range in quantitative data and using frequency (count)
and relative frequency (percentage) for categorical data.
Comparisons between quantitative variables were done
using the non-parametric Kruskal-Wallis and Mann—
Whitney tests. For comparing categorical data, Chi square
(%) test was done. Correlations between variables were

done utilizing Spearman correlation coefficient. We con-
sidered p-values less than 0.05 as statistically significant.

Results

The summaries of demographic and clinical assessments
data of 120 obese Egyptian patients are in Tables 1 and 2.
The study was conducted at Kasr El Ainy hospital on 120
obese Egyptian patients who came to the hospital for
routine checkup and were discovered to have MAFLD.
They were divided according to ultra-sonographic findings
into three groups with different degrees of steatosis (40
mild, 40 moderate, and 40 with severe steatosis).

Micro-RNA-122 and Degree of Steatosis

There were significant differences between patients with
MAFLD and a control group regarding BMI, lipid profile
(LDL, HDL, triglycerides) AST, ALT, alkaline phospha-
tase, GGT, bilirubin, and albumin. Serum micro-RNA-122
levels were lower in MAFLD patients with mild steatosis
than those with moderate and severe steatosis with
a p-value <0.001 (Table 1 and Figure 1).

Micro-RNA-122 and Degree of Fibrosis

By fibroscan serum levels of micro-RNA-122 were sig-
nificantly lower in patients with a severe degree of fibrosis
than in patients with moderate and mild degrees of fibrosis
with p-values <0.001 (Table 2 and Figure 2).

Table 1 Comparison between the Three Groups regarding the Degree of Steatosis and the Control Group

Control Mild Steatosis Moderate Steatosis Severe Steatosis p-value
Count % Count % Count % Count %
Sex M 18 30.0 12 30.0 8 20.0 10 25.0 0.674
F 42 70.0 28 70.0 32 80.0 30 75.0

Age 38.15 6.56 36.85 8.96 42.10 8.79 42.25 9.97 0.005
BMI (kg/m?) 26.63 1.71 29.47 3.53 31.40 2.53 31.98 2.16 <0.001
LDL (mg/dL) 104.90 19.53 141.70 2227 142.15 39.64 125.75 30.64 <0.001
HDL (mg/dL) 56.35 9.00 37.50 729 37.70 9.77 41.35 12.12 <0.001
TG (mg/dL) 79.20 26.92 128.95 54.20 171.60 80.68 143.05 4791 <0.001
ALT /(p/L) 14.35 5.23 28.20 14.52 42.45 25.35 44.70 29.47 <0.001
AST (p/L) 17.70 5.58 30.75 14.46 36.80 17.26 40.05 23.04 <0.001
GGT (p/L) 19.95 5.52 35.50 14.31 46.80 36.96 37.70 18.29 <0.001
ALP (p/L) 63.45 893 71.60 18.66 80.25 37.00 74.00 26.81 0.006
BILT (mg/dL) 0.53 0.13 0.44 0.18 0.51 0.20 0.55 0.26 0.038
BIL D (mg/dL) 0.13 0.08 0.12 0.08 0.18 0.15 0.18 0.09 0.005
ALBUM (g/dL) 4.42 0.48 4.07 0.37 4.09 0.44 4.13 0.34 <0.001
Micro-RNA-122 (2744€T) 1.07 0.20 7.52 5.07 12.13 5.53 8.17 4.55 <0.001

Abbreviations: BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; Bil T, bilirubin total.
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Table 2 Comparison between the Three Groups regarding the Degree of Fibrosis the Control Group
Control FO-F1 F2 and (F2 to F3, (F3 to F4) and F4 p-value
F3) (Severe Fibrosis)
Count % Count % Count % Count %
Sex M 18 30.0 12 20.7 10 25.0 8 364 0.473
F 42 70.0 46 793 30 75.0 14 63.6
Age 3815 | 656 | 3924 | 9.74 40.60 8.46 43.09 10.55 0.119
BMI (kg/m?) 26.63 1.71 3049 | 351 31.13 226 31.82 242 <0.001
LDL (mg/dL) 10490 | 19.53 | 140.72 | 23.72 | 138.15 44.55 122.55 21.10 <0.001
HDL (mg/dL 5635 | 9.00 | 3803 | 7.94 38.20 9.29 42.18 14.86 <0.001
TG (mg/dL 7920 | 2692 | 134.59 | 53.00 | 174.05 80.19 135.27 45.57 <0.001
ALT (u/L) 1435 | 523 | 33.00 | l6.16 | 4570 35.33 39.64 17.13 <0.001
AST (p/L) 17.70 5.58 34.59 16.82 37.60 22.74 36.09 16.55 <0.001
GGT (u/L) 19.95 | 552 | 4328 | 32.12 | 37.80 18.34 35.36 13.73 <0.001
ALP (u/L) 6345 | 893 | 7483 | 303l 74.35 24.94 78.18 30.67 0.019
BIL T (mg/dL) 0.53 0.13 0.47 0.19 0.52 0.28 0.53 0.15 0.337
BIL D (mg/dL) 0.13 0.08 0.12 0.08 0.21 0.16 0.15 0.07 <0.001
ALBUM (g/dL) 4.42 0.48 4.03 0.39 4.18 0.37 4.11 0.39 <0.001
Micro-RNA-122/ (2724€T) 107 | 020 | 1099 | 5.55 8.5l 455 477 3.56 <0.001

Abbreviations: BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; Bil T, bilirubin total.

Correlation between Level of
Micro-RNA-122 and All Other Variables
in MAFLD Patients

Serum micro-RNA-122 was significantly positively corre-
lated with BMI, LDL (Figures 3 and 4), TG, ALT, AST,
and GGT with a p-value <0.001. On the contrary, it was
significantly negatively correlated with HDL with
a p-value <0.001.

Combination Analysis of Level
Micro-RNA-122 Regarding Steatosis and

Fibrosis Degree

We identify the patients with moderate steatosis (score
of 2) and fibrosis <F2 (score of 2), that is a total of 4,
and compare them with scores less than 4. There was
a difference in the mean level of micro-RNA-122 in

those with scores less than 4 (mean=9.64) and those with

Micro RNA122
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Figure | Level of micro-RNA-122 in mild, moderate, and severe degrees of steatosis and the control group.
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Figure 2 Level of micro-RNA-122 in mild, moderate, and severe degrees of fibrosis and the control group.
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Figure 3 Correlation of micro-RNA-122 and LDL in different grades of steatosis and control.

a score of 4 (mean=8.91) but with no statistical signifi-
cance as p-value was 0.466.

Discussion

MAFLD is highly prevalent in developed countries and
is considered to be the most common cause of chronic
liver disease.”® Worldwide over the last years the inci-
dence of MAFLD has markedly increased. In developed
countries, the incidence can be as high as 60% to over
90% among obese subjects.'® It is known that gut and
adipose tissue produce circulating pro-inflammatory

cytokines, adipokines, and endotoxins, which lead to
free fatty acids accumulation and insulin resistance,
which may induce hepatocellular damage by oxidative

! Also, the disturbance in the metabolism of

stress.”
lipids can have an important role in the pathogenesis
of NASH.”?

Liver biopsy is used for staging of NAFLD patients,
however it has many drawbacks, such as patient discom-
fort, sampling error, the difference in histopathologic
results, and the high cost,”> so we need another alternative

for the evaluation of NAFLD.?*
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Figure 4 Correlation of micro-RNA-122 and LDL in different grades of fibrosis and control.

Fibroscan can be used to evaluate liver elasticity in
relation to fibrosis by an ultrasound-based vibration-
controlled transient elastography device. It has satisfactory
results for detection of fibrosis and diagnosis of
MAFLD.?® Several studies evaluated the use of fibroscan
in patients with MAFLD.?® There was a good correlation
between the liver stiffness and the degree of hepatic fibro-
sis in multiple liver diseases, including NAFLD.?’

In this study there were significant increases in BMI,
ALT, AST, GGT, LDL-cholesterol, and TG in MAFLD
patients compared to control, with a p-value <0.001, and
significant decrease in HDL-cholesterol in MAFLD
patients compared to control, with p-value <0.001. These
results are in agreement with previous studies of Hu et al,
Huang et al, and Pirola et al.>*>°

We found that serum levels of micro-RNA-122 were
significantly higher in MAFLD patients than age- and sex-
matched overweight participants with normal liver, and
these results go hand-in-hand with studies of Cermelli
et al and Panera et al.*'~*?

A significant positive correlation was found between
serum micro-RNA-122 levels and ALT, AST, and GGT)
with p-value <0.001. This correlation was in agreement
with previous studies of Pirola et al,’ and Auguet et al,>
who found a significant strong correlation between micro-
RNA-122 and liver enzymes (AST and ALT) with
a p-value <0.001. This association might be explained by
the fact that micro-RNA-122 and liver enzymes are

released in the setting of active liver injury. Pirola et al*°

suggested that micro-RNA-122 increases ALT level by
activating the translation at multiple sites of the coding
gene. On the other hand the study of Miyaaki et al**
revealed that there were no significant correlations
observed between liver enzymes (ALT and AST) and the
expression levels of serum micro-RNA-122. Serum micro-
RNA-122 was significant positively correlated with BMI,
LDL, TG, and negatively correlated with HDL, this
expresses the role of micro-RNA-122 which is the most
abundant microRNA in the liver in controlling many meta-
bolic pathways, including fatty acid synthesis and oxida-
tion and cholesterol biosynthesis.>> Previous studies had
correlated the level of serum micro-RNA-122 and degree
of steatosis in NAFLD patients, and concluded that its
level was lower in patients with mild steatosis than those
with more severe steatosis diagnosed according to liver
ultrasound grading.>'? We found that serum micro-RNA
-122 levels were significantly lower among MAFLD
patients with a mild degree of steatosis (Mean+SD=7.52
+5.07) compared to those with moderate (12.13£5.53) and
severe degrees of steatosis (8.17+4.55) with a p-value
<0.05. Serum micro-RNA-122 levels were inversely cor-
related with fibrosis degree, being lower in patients with
a severe degree of fibrosis than those with moderate and
mild degrees of fibrosis. This is in agreement with studies
done in 2015 which documented that serum levels of
micro-RNA-122 were higher in patients with mild fibrosis
compared to those with severe fibrosis, and confirmed the
of micro-RNA-122 in

under-expression advanced
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fibrosis.*® According to Pirola et al's study in 2015, liver
micro-RNA-122 expression was 10-fold (p<0.03) down-
regulated in NASH patients with variable degrees of fibro-
sis compared with simple steatosis. *° The cause for this
variation in micro-RNA-122 levels in different stages of
MAFLD may represent the progressive loss of hepatocytes
in worsening liver injury. Hepatocytes are the main source
of micro-RNA-122, progression of liver fibrosis will lead
to replacement of hepatocytes with extracellular matrix,
therefore hepatic micro-RNA-122 levels may be decreased
with a severe degree of fibrosis.>' These results indicate
that micro-RNA-122 serum levels may be used as a good
biomarker to predict liver fibrosis in MAFLD patients.

The controversy in our study that the serum level of
micro-RNA-122 was higher in patients with moderate
steatosis than those with mild and severe steatosis could
be explained by the more sub-classification of liver stea-
tosis into three categories (mild, moderate, and severe) that
we followed in the present study, while most of the pre-
vious studies categorized patients according to the degree
of steatosis into two groups (patients with mild (<33%)
and severe (>33%) degrees of steatosis).

As fibrosis increased, the level of micro-RNA-122
decreased to reach the lowest level in F3 and F3-F4
stage and liver cirrhosis. In this study none of the
MAFLD patients with mild steatosis or moderate steato-
sis had advanced fibrosis or liver cirrhosis (F3 and F4),
85% of patients with mild steatosis and 70% of patients
with moderate steatosis had FO-F1. In severe steatosis,
5% of patients had FO-F1, 50% of patients were F2 or
F2-F3 and 45% of patients were F3 or F3—F4. Therefore,
in patients with moderate steatosis there were high fat
content but no advanced fibrosis, so the level of micro-
RNA-122 was higher compared to patients with severe
steatosis who had higher fat content but more advanced
fibrosis.

As micro-RNA-122 was positively correlated with
BMI and serum lipid profile; it might interact with envir-
onmental and lifestyle factors, or act independently to
affect the susceptibility to fat accumulation in the liver.
The link between micro-RNA-122 expression level and
development or progression of fatty liver disease needs
further studies to develop therapies to prevent and control
NASH.

In conclusion, a strong association was found between
serum micro-RNA-122 and MAFLD progression diag-
nosed by ultrasound examination in the presence of obe-
sity. The serum micro-RNA-122 level can be a useful

prognostic marker not only for predicting the amount of
fat accumulating in liver cells (degree of steatosis), but
also following up of its level can early predict progression
to liver fibrosis.The contribution of micro-RNA-122 to the
pathogenesis of MAFLD and its role for treatment or even
prevention of MAFLD needs further studies with large
numbers of patients and liver biopsies, which were con-
sidered limitations of this study.
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