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Background: It remains essential for patient safety to develop non-invasive diagnostic tools
to diagnose non-alcoholic fatty liver rather than invasive techniques.

Aim: Our case-control study was to address the value of circulating miRNAs as a potential
non-invasive biomarker for the diagnosis of non-alcoholic fatty acid diseases (NAFLD) and
monitoring of disease progression.

Methods: Routine clinical assessment, laboratory tests, anthropometric study, and liver
biopsy results reported for 210 patients with NAFLD (124 patients of simple steatosis (SS)
and 86 of non-alcoholic steatohepatitis (NASH)). Apparently matched for age and gender,
healthy participants (n= 90) were enrolled as a control group. Serum samples were tested for
micro-RNAs (—122, —34a and —99a) by quantitative-PCR.

Results: By histopathology, 124 of the NAFLD group were of SS and 86 patients were of
NASH. Compared with the control subjects, both mi-RNA-122 and —34a levels were increased
in NAFLD (p< 001) and at a cut-off = 1.261, mi-RNA-122 had 92% sensitivity, 85% specificity
to differentiate NAFLD from healthy controls, while mi-RNA-99a were significantly decreased
in NAFLD patients with an observed decrease in disease severity, and at a cut-off = 0.46,
miRNA-99a had 94% sensitivity and 96% specificity to discriminate SS from NASH.
Conclusion: The integration of a circulating mi-RNA panel to diagnose NAFLD cases and
to discriminate between SS and NASH. Large-scale study is still needed to verify the other
mi-RNA profiles and their role in NAFLD pathogenesis and targeting therapy.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver
disease in developed countries. Obesity, diabetes mellitus, elevated glucose, hyper-
lipidemia, and insulin resistance (IR) have been established as risk factors for
NAFLD.' NAFLD ranges from simple steatosis (SS), the intrahepatic fat accumu-
lation, to the more aggressive non-alcoholic steatohepatitis (NASH), which may
progress to cirrhosis and, in some cases to hepatocellular carcinoma (HCC)."? The
ultrasound is the most widely used imaging test for NAFLD diagnosis, but it is not
sensitive if 30% or less of the area is affected by liver steatosis. Computerized
tomography (CT scan) is accurate for diagnosing moderate to severe liver steatosis;
however, it is not accurate for detecting mild steatosis.>* The using of magnetic
resonance imaging (MRI) is of good sensitivity and specificity in detecting liver
steatosis, but still is not widely available and is costly. The Fibroscan provides high
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accuracy to identify low steatosis, but this method is
limited by body mass index (BMI) and requires further
validation.>®

Micro-RNAs (mi-RNAs) are a group of naturally non-
coding RNA molecules. They are approximately 19-25
nucleotides involved in the regulation of gene expression
through RNA silencing via base pairing with the 3'-
untranslated region (3'UTR) of specific mRNAs,”® and
fine-tuning in concert with the activity of thousands of
genes and, thus, their protein synthesis.” Mi-RNAs are
detectable in almost all body fluids like serum, plasma,
and urine. They are resistant to extreme conditions such as
and RNAs

activity.'™!'" The increase of circulating mi-RNAs use in

low or high pH, extreme temperature,
clinical practice is due to their ability to accurately reflect
the physiological/pathological state of the tissue they are
derived from. So, circulating mi-RNAs may be regarded as
blood-based fingerprints of the affected tissue; therefore,
they are powerful tools for the understanding of the dis-
ease biology'* and have been proposed as attractive diag-
nostic tools for non-invasive assessment of a pathological
state of their origin organ/tissue from peripheral blood."?
Mi-RNAs regulate diverse aspects of development
and physiology,'* and pathological conditions such as

1516 immune

metabolic diseases,8 cardiovascular disease,
dysfunction,'”'® and cancer.'”*° Mi-RNAs play an important
role in the physiology of liver disease of metabolic pathways,
immunity, viral hepatitis, cancer, and liver fibrosis.2! Mi-RNA
-122 is the most expressed mi-RNA in adult human liver; it
resembles about 70% of total mi-RNA, plays an important role
in regulating total serum cholesterol and hepatic lipid
metabolism,** appears to maintain the hepatic cell phenotype,
and its inhibition decreases total serum cholesterol and fatty
acid (FA) synthesis.”*** Moreover, mi-RNA-122 is implicated
in NASH development, such as fatty acid synthase (FAS),
3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), sterol
regulatory element-binding protein-1c (SREBP-1c), and sterol
regulatory element-binding protein 2 (SREBP-2).**

The mi-RNA-34a is known to be increased in fatty livers
of diet-induced obese mice,” and it is implicated in the
dysregulation of cholesterol metabolism by targeting the
hepatic NAD-dependent deacetylase Sirtuin 1 (SIRTI),
which is an important enzyme in the modulation of liver

25,26

cell apoptosis, metabolic disease, and cancer.

Moreover, there is a link between the progression of rat and
human NAFLD and NASH and mi-RNA-34a/SIRT1/p53
signaling, which is modulated by the exacerbation of inflam-
mation, in turn triggering hepatocyte apoptosis.>” For this

reason the expression of mi-RNA-34a in the human liver
showed a significant increase with NAFLD severity.>* Mi-
RNA-99a/b is a family of tumor suppressor mi-RNAs, it is
one of the abundant distributed mi-RNAs in normal human
liver. It plays an important role in the inhibition of tumor
growth by inducing cell cycle arrest.”® On the contrary, mi-
RNA-99a/b is downregulated in adipose tissue of obese and
NAFLD patients and serum free fatty acids (FFAs) and IL-6
levels are negatively correlated with the adipose tissue level
of mi-RNA-99a.>

Liver biopsy is the gold standard for the diagnosis of
NAFLD and is an effective tool for the fine details of
pathological features;*® however, this technique is inva-
sive and occasionally associated with severe complica-
Thus, the
prognostic non-invasive markers for NAFLD diagnosis is

tions. identification of diagnostic and
needed. The importance of dysregulation of (mi-RNA)
expression in non-alcoholic liver disease has been increas-
ingly recognized. Pirola et al.'> made an attractive
approach to improve the non-invasive assessment of
NAFLD by using mi-RNAs as potential diagnostic non-
alcoholic steatohepatitis (NASH) markers. The range of
mi-RNA applications is getting broader as they are used in
different clinical settings for early disease detection and
monitoring of disease progression.'> The association
between altered expression of mi-RNAs and pathophysiol-
ogy of NAFLD and whether there is a relation between
susceptibility to NASH and altered expression of mi-
RNAs are largely unknown. Therefore, the current study
is designed to show the expression of three mi-RNAs,
namely: mi-RNA-122, mi-RNA-34a, and mi-RNA-99a in
NAFLD patients and to find its relation to disease patho-
genesis and progression, and to find its role in NASH
prediction.

Patients and Methods
This case-control study was conducted on 210 patients
with proven NAFLD, 86 males and 124 females, age
range 38-56 years. Patients were recruited from the out-
patient clinic of the National Liver Institute, during the
period of time between December 2016 and October 2018.
NAFLD diagnosis was proven by abdominal ultrasonogra-
phy, laboratory investigations, and liver biopsy. According
to histopathological findings, NAFLD patients were
further classified into two subgroups: patients with SS
(n=124) and patients with NASH (n= 86).

Exclusion criteria were: presence of hepatitis viral
markers (for B and C), autoimmune hepatitis, alcohol
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consumption, hepatocellular carcinoma, liver cirrhosis or
portal hypertension, diabetes mellitus, or ischemic heart
disease.

In addition, apparently healthy blood volunteers (n=
90) (41 males and 49 females), with matching age and
sex were included as a control group. They had negative
viral hepatitis markers, and normal biochemical
profiles and abdominal ultrasound.

A written informed consent was taken from all partici-
pants included and the study was approved by ethical
committee of National Liver Institute-Menoufia
University. All procedures performed in this work had
been carried out in accordance with the 1964 Helsinki
declaration and its later amendment.

All patients and controls were subjected to complete
medical and anthropometric examination and the body
mass index (BMI) was calculated as weight (in kilograms)
divided by height squared (meters squared). The histolo-
gical features of liver biopsies in NAFLD patients were
evaluated in respect to the Metavir Scoring System and the
Knodell Histology Index.

Laboratory investigations: 5 mL of venous blood was
withdrawn in the morning after an overnight fast. Samples
of blood were collected in plain vacutainer tubes, then
centrifuged and the resulting serum was divided, aliquoted
and kept at —70°C until assayed.

Liver function tests (ALT, AST, GGT, ALP, albumin),
as well as glucose level and lipid profiles (triglycerides,
and HDL and LDL cholesterol) were measured using
Integra 800 Auto analyzer (Roche-Germany).

The
a commercial kit provided from Diagnostic System
Laboratories incorporation kits (DSL-10-1600 ACTIVE

insulin, enzyme-linked immunosorbent assay (ELISA)

fasting insulin level was done using

kit, Texas, USA). It is an enzymatically amplified one-
step sandwich-type immunoassay. The minimum detec-
tion limit is 0.26 ulU/mL, the intra- and inter-assay
coefficient variations were 2.6% and 6.2%, respectively.
Standards, controls, and samples were incubated with
HRP-labeled anti-insulin antibody

wells which were coated with another anti-insulin anti-

In microtitration

body. The assay was performed according to the manu-
facturer’s instructions.

A HOMA index >3 denotes insulin resistance (IR, the
insulin resistance, was calculated from the homeostasis
model assessment (HOMA) using the HOMA index for

insulin resistance as the equation of:

Fasting plasma insulin (micro — international units/ml)
x fasting plasma glucose(mmole/L)/22.5

Steps for micro-RNA detection: RNA extraction, comple-
mentary DNA (cDNA) synthesis and quantitative reverse
transcription real-time PCR (qRT-PCR). RNA extraction:
total RNA was extracted from serum samples according to
the manufacturer’s protocol using diazole (Qiagen,
GmbH- Germany). Briefly, 200 puL of serum was mixed
with 2 mL equal volume of 2x denaturing solution, then
acid—phenol and chloroform were added as an organic
extraction. At room temperature, the mixture was mixed
with 1.25 volumes of 100% ethanol followed by washing
three times. The last step was adding 100 pL 95°C elution
solution for final RNA elution. The concentration and
quality of the RNA was measured by spectrophotometer
then the final RNA samples were stored at —80°C.
Reverse transcription was done using the TagMan mi-
RNA

Expression of mature mi-RNA was detected using the

reverse transcription kit (Life Technologies).
TagMan mi-RNA assay (Applied Biosystems).

The reverse transcription real-time PCR (RT-PCR)
method was used for mi-RNA expression. In brief, total
RNA (200 ng) was used for three mi-RNAs: mi-RNA-122,
mi-RNA-34a, and mi-RNA-99a using TagManmi-RNA
assays (Applied Biosystems, Foster City, CA, USA),
according to the manufacturer’s instructions. RT-PCR
was performed on the Rotor-Gene Real Time PCR system
(Qiagen, GmbH, Germany) using fluorescent labeled
probes. In the first step, cDNA was denatured by heating
to 95°C for 10 min, following which micro-RNAs were
amplified by 50-60 cycles at 95°C for 15 sec and 60°C for
60 sec. To compare the expression level of mi-RNAs, the
U6 snRNA was used as the internal reference. The relative
expression levels of serum mi-RNA-122, mi-RNA-34a,
and mi-RNA-99a were calculated using the comparative
cycle threshold (Ct) values. The cycle threshold (Ct) is
defined as the number of cycles required for the fluores-
cent signal to cross the threshold in RT-PCR. Ct values
were calculated by Rotor-Gene series software (Qiagen,
GmbH). The relative expression level of mi-RNAs was
defined as mi-RNAs reported as ACt value. ACt was
calculated by subtracting the Ct values of mi-RNA U6
snRNA from the Ct values of the target mi-RNAs. The
resultant normalized ACt values were used in calculating
relative expression values by using 2—A(Ct), and these
values are directly related to the mi-RNA expression
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levels. The 2—A(Ct) method was used to determine relative
quantitative levels of individual mi-RNAs.

Statistical Methods

All statistical analyses were performed with SPSS 21.0 (SPSS,
Inc., Chicago, IL). Data were expressed as mean = SD and
differences between groups were analyzed by student () test,
Mann—Whitney or ANOVA tests. Chi square or Fisher’s exact
test were used to compare categorical variables. Pearson’s
correlation coefficient was used to test the relationship
between various variables. Sensitivity, specificity, receiver
operator characteristic (ROC) curve analysis, and area under
curve (AUC) were calculated to give diagnostic accuracy.
Differences considered to be significant when P < 0.05.

Results

The baseline comparative analysis for demographic data and
the anthropometric measures were illustrated in Table 1. The
study includes 210 patients with NAFLD (86 males and 124
females) with a mean age + SD of 42.3 + 9.31 years. Healthy
controls were 90 subjects (41 males and 49 females) with
a mean age + SD of 39.7 + 11.2 years. Both age and gender
were matched among both control group and NAFLD
patients.

Table | Demographic and Biochemical Comparison Between

NAFLD Patients and Controls

Parameters Control NAFLD p-Value

Group Group

(n=90) (n=210)

Mt SD Mt SD
Gender (male/female) 41/49 86/124 >0.05
Age (years) 39.7 112 42.3 £ 931 >0.05
BMI (kg/m?) 242+ 16 307 + 6.4 <0.01
Waist circumference (cm) | 85.5 + 7.4 96.4 + 8.6 <0.05
Triglycerides (mg/dl) 149.3 + 32 156.2 + 34.2 >0.05
T. cholesterol (mg/dl) 191.8 £ 242 2107 £ 21.6 >0.05
HDL-c (mg/dl) 38257 364 +47 >0.05
LDL-c (mg/dl) 121.4 £27.2 139.2 £ 235 >0.05
Fasting Glucose (mg/dl) 842 % 11.6 96.5 = 12.7 <0.01
Fasting Insulin (ulU/mL) 697 £ 1.9 108 + 24 <0.05
HOMA-IR 2.82 + 0.97 4.13 £ 1.65 <0.01
AST (IU/L) 232+ 116 528 £ 15.6 <0.05
ALT (IU/L) 265 +94 59.1 = 18.1 <0.05
GGT (IU/L) 44.1 £ 10.1 652 +78 <0.01
ALP (lU/L) 524+ 113 61.6+17.2 >0.05
S. Albumin (g/dl) 49 £ 043 4.13 £09 >0.05

There was a statistically significant increase in the BMI,
waist circumference, fasting glucose, fasting insulin,
HOMA-IR, AST, ALT, and GGT among NAFLD patients
compared to the control group, while lipid profile, ALP, and
serum albumin levels showed non-significant differences
between both groups (Table 1). Table 2 shows no statistically
significant differences for all baseline parameters in patients
with simple steatosis (SS) compared to NASH patients.

The mean levels of miRNA-122 and miRNA-34a were
significantly higher in NAFLD patients compared to the
control group, while miRNA 99a was significantly lower
in NAFLD patients (Figure 1). Moreover, NAFLD patients
have significantly higher levels of miRNA-122 and
miRNA-34a than in the simple steatosis group, while the
level of miRNA-99a was significantly downregulated in
the NASH group (Table 3).

Table 4 shows that the levels of both miRNA-122 and
miRNA-34a were similar, having a significant positive
correlation with all the laboratory parameters and all his-
tological findings. In contrast, the levels of miRNA-99a is
negatively correlated with triglycerides, LDL-c, ALT
levels, and all histological findings except steatosis.
Gender has no relationship with the expression of the
three miRNAs studied. There was no significant correla-
tion between gender and any of the three studied miRNAs.

ROC curve analysis indicated the cut-off value with
best sensitivity and specificity and AUC was calculated.

Table 2 Comparison of Anthropometric Measurements and
Biochemical Tests in Simple Steatosis and NASH Patients

Parameters Simple Steatosis | NASH p Value

(n=124) (n= 86)

Mt SD M tSD
BMI (kg/m?) 29.1 +38 324+ 45 >0.05
Waist (cm) 879 + 3.6 943 +87 >0.05
Triglycerides (mg/dl) 152.1 £25.9 1774 £+ 36.3 >0.05
T. cholesterol (mg/dl) 198.4 + 22.5 2105 £ 392 | >0.05
HDL-c (mg/dl) 352 +43 37265 >0.05
LDL-c (mg/dl) 131.7 £21.4 139.1 £289 | >0.05
Fasting glucose(mg/dl) 982 +9.3 101.2 £ 10.2 >0.05
Fasting insulin (ulU/mL) | 9.2 £ 1.2 106 £ 1.9 >0.05
HOMA-IR 4.1 1.1 4.7 £0.9 >0.05
AST (IUL) 492+ 116 552+ 142 >0.05
ALT (IU/L) 582 %96 652 +83 >0.05
GGT (IU/L) 623 + 10.2. 678+ 173 >0.05
ALP (IUL) 672 + 14.1 702 12.5 >0.05
S. Albumin (g/dl) 3.8 £0.12 3.5 +031 >0.05

Notes: P value is significant if <0.05 and non-significant if >0.05.
Abbreviations: NAFLD, non alcoholic fatty liver disease; HOMA-IR, homeostatic
model assessment for insulin resistance; BMI, body mass index.

Note: P value significant if <0.05.
Abbreviations: NASH, non alcoholic steatohepatitis; HOMA-IR, homeostatic
model assessment for insulin resistance; BMI, body mass index.
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Parameters Control Group NAFLD P-value Simple Steatosis NASH P-value
N =90 n=210 n=124 n =86
Mean + SD Mean + SD Mean + SD Mean £ SD
mi-RNA 122 0.82+0.27 415+2.94 <0.001 3.41+1.98 574 +2.16 <0.005
mi-RNA 34a 1.53 £ 0.98 2.96 + 1.62 <0.05 2.89+1.75 412+0.48 <0.001
mi-RNA 99a 1.04 £ 0.52 0.85+0.23 <0.05 0.95+0.14 0.67 +0.12 <0.001

P. value significant if < 0.05

Figure | Comparing the different mean levels of circulating mi-RNAs (—122, =99a and —34a) among the main studied groups (healthy controls versus NAFLD and the simple

steatosis versus NASH patients).

ROC curve demonstrated that mi-RNA-122, ALT, and mi-
RNA-34a can differentiate between NAFLD patients and
healthy controls at a cut-off 1.261, 57.6 IU, and 0.655,
respectively. The AUCs were 0.92, 0.81, and 0.77 for mi-
RNA-122, ALT, and mi-RNA-34a, respectively. This is
followed by mi-RNA-99a (cut-off 0.821 and AUC 0.73),
suggesting that the mi-RNA-122 is a good predictor for
NAFLD followed by ALT level (Table 5 and Figure 2A).

The mi-RNA-99a downregulation is a good predictor
for NASH development. It can discriminate NASH from
SS with AUR 0.91 followed by mi-RNA-34a upregulation
with AUR 0.84, then mi-RNA-122 with AUR 0.81. The

last predictor for NASH is ALT elevation with AUR 0.66,
suggesting the mi-RNA-99a is a good predictor for NASH
development with a high sensitivity (94%) compared to
ALT level, which gives a low sensitivity (73%) (Table 5
and Figure 2B).

Discussion

Liver biopsy is the golden test and the most accurate
method for diagnosing and staging NAFLD. However, it
is typically performed when disease has progressed to
clinically significant stages, and it has risk complications
as an invasive technique, thereby limiting early diagnosis

Table 3 Comparison of miRNAs Levels in NAFLD Patients with Control and Comparison Between NAFLD Subgroups

miRNA-122 (M £ SD)
NAFLD group (n=210) 4.15 +2.94
Control group (n=90) 0.82 +0.27
NAFLD versus controls p<0.001
Simple steatosis (n=124) 341 £1.98
NASH (n=86) 5.74 £2.16
Simple steatosis versus NASH p<0.005

miRNA-34a (M & SD) miRNA-99a (M & SD)
296 +1.62 0.82 +0.27

1.53+0.98 1.04 £0.52

p<0.00! p<0.05

289 +1.75 0.95 0.14

4.12 £0.48 0.67 +0.12

p<0.001 p<0.00!

Notes: P value is significant if <0.05 and p value is non-significant if >0.05.

Abbreviations: NAFLD, non alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.
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Table 4 Circulating mi-RNAs Expression Studied in Correlation

to Clinical, Biochemical and Histopathological Parameters
Among NAFLD Patients (n=210)
Parameters mi-RNA-122 | mi-RNA-34a | mi-RNA-99a
r p r p r P
Gender 0.121 | >0.05 | 0.013 | >0.05 [ 0.172 | >0.05
Triglycerides (mg/dl) | 0.42 | <0.05 | 052 | <0.01 | —0.32 | <0.05
LDL-c (mg/dl) 0.37 <0.05 | 0.32 <0.05 | —0.51 | <0.01
HOMA index 0.40 <0.05 | 0.38 <0.05 | 0.072 | >0.05
AST (U/L) 0.49 <0.01 | 047 <0.05 [ —0.21 | >0.05
ALT (U/L) 0.51 <0.0l | 0.54 <0.01 [ —0.39 | <0.05
Histological findings
Steatosis 0.38 <0.05 | 0.40 <0.05 [ —0.24 | >0.05
Activity 0.43 <0.05 | 0.59 <0.01 | —0.61 | <0.01
Inflammation 0.32 <0.05 | 0.52 <0.0l [ —0.58 | <0.01
Ballooning 0.51 <0.0l1 | 035 <0.05 [ —0.41 | <0.05
Fibrosis 0.6l <0.01 | 037 <0.05 [ —0.35 | <0.05

Notes: P value is significant if <0.05 and non-significant if >0.05.
Abbreviations: NAFLD, non-alcoholic fatty liver; NASH, non-alcoholic steatohe-
patitis; HOMA-IR, homeostatic model assessment for insulin resistance.

of patients who are at high risk of complicated NAFLD.
Mi-RNAs, short, non-coding RNAs that regulate gene
expression, have been associated with histological features
of NAFLD and are readily detected in the circulation.>'°

The current study showed a significant increase in the
level of mi-RNA-122 in NAFLD patients compared to
controls, and its level is associated with disease severity
from simple steatosis to steatohepatitis. This finding is in
agreement with Jampoka et al.,*® who found that serum
mi-RNA-122 levels in NAFLD patients were significantly
higher than those found in the control group. Interestingly,
the levels of serum mi-RNA-122 were significantly differ-
ent between patients without steatohepatitis (NAS < 4) and
steatohepatitis (NAS > 4), indicating that the levels of mi-
RNA-122 were related to the severity of NAFLD.

In analysis with two large-scale studies Cermelli et al. and
Tryndyak et al. reported similar findings.*”*® Additionally,

Tryndyak and his colleagues found increasing expression of

mi-RNA-122 in mouse models of diet-induced NAFLD.*®
Pirola et al.'” reported that, among 84 circulating mi-RNAs
analyzed, mi-RNA-122, mi-RNA-192, mi-RNA-19a, and
mi-RNA-19b, mi-RNA-125b, and mi-RNA-375 were upre-
gulated more than twofold (p< 0.05) either in SS or NASH.
The most dramatic and significant fold changes were
observed in the serum levels of mi-RNA-122 (7.2-fold
change in NASH versus controls).'”

Moreover, the levels of mi-RNA-122 were positively
correlated with the serum levels of lipid profile, HOMA-IR,
AST, ALT, and histological features of liver steatohepatitis
and fibrosis, and correlation appears to be independent of
patient gender. These findings were in accordance with
those of Cermelli et al.*” and Tryndyak et al.,*® who reported
the association between mi-RNA-122 serum expression and
disease severity in NAFLD patients and in addition, the mi-
RNA-122 serum levels were correlated with serum lipids,
fibrosis stage, and inflammation activity.>”*® In another
study by Yamada et al.*® in a cohort of NAFLD patients,
they found a positive correlation between mi-RNA-122
serum levels and the severity of steatosis, concluding that mi-
RNA-122 may be a useful biomarker for NAFLD
progression.®® Therefore, the mi-RNA-122 has been sug-
gested as a possible therapeutic target in the treatment of
hypercholesterolemia in humans.*’

On the contrary, Cheung et al.*' found that mi-RNA-122
expression was significantly decreased in NASH patients.
They correlated its downregulation to the alteration of
hepatic lipid metabolism genes.*'

Additionally the mi-RNA-34a in this study was signif-
icantly increased in patients with NAFLD compared to
controls and further increase was reported in patients
with NASH, the Cheung et al.*' study was in accordance
with our findings. Furthermore, the mi-RNA-34a level was
positively correlated with histopathological features of the
liver. Similarly, Tryndyak et al.*® and Yamada et al.*’
recorded that plasma levels of mi-RNA-34a, together
with mi-RNA-122, were shown to be significantly

Table 5 Circulating mi-RNAs Levels, Sensitivity and Specificity Among NAFLD and NASH Patients

NAFLD Group (n= 210) NASH Group (n= 86)
Parameters Cut-off Sensitivity (%) Specificity (%) AUC Cut-off Sensitivity (%) Specificity (%) AUC
mi-RNA 122 1.261 92 85 0.92 4.12 80 75 0.8l
mi-RNA 34a 0.655 82 79 0.77 3.07 84 87 0.84
mi-RNA 99a 0.821 78 76 0.73 0.45 94 96 091
ALT (IU/L) 57.6 73 83 0.8l 672 73 8l 0.66

Abbreviations: NAFLD, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis; AUC, area under the curve.
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Figure 2 (A) The ROC curve of mi-RNA-122 and ALT levels among patients with NAFLD disease. (B) The ROC curve of mi-RNA-99a and ALT levels among patients with

NASH.

associated with the severity of NAFLD-specific liver
pathomorphological features in mice, and mi-RNA-34a
had the strongest correlation.’®>° Accordingly, they can
all be used for non-invasive monitoring of the susceptibil-
ity and extent of NAFLD.

Previous studies had shown that serum levels of mi-
RNA-122 and mi-RNA-34a were significantly higher in
NAFLD patients.*”*? They also found that mi-RNA-122
and mi-RNA-34a levels were correlated with liver enzyme
levels, fibrosis stage and inflammation activity in NAFLD.
Cermelli et al.®” found a positive correlation between
serum levels of mi-RNA-34a and disease severity in both
CHC and NAFLD patients, as well as in NASH patients in
which mi-RNA-34a was overexpressed.”’ Differences in
the expression of hepatic mi-RNA-34a and other mi-RNAs
were shown to be associated with susceptibility and sever-
ity of dietary NASH in mice, arguing that these mi-RNAs
could be valuable steatohepatitis biomarkers.*> Thus, mi-
RNA-34a may represent a useful, non-invasive biomarker
of diagnosis and histological disease severity in patients,
which correlates with the levels of liver enzymes, fibrosis
stage, and inflammation activity.**

The third mi-RNA measured was mi-RNA-99a, it was
significantly decreased in NAFLD patient and showed the
lowest levels with development of steatohepatitis and its
level showed an inverse correlation with triglycerides,
LDL-c, ALT levels, and all histological finding except steato-

sis. This was explained by the mi-RNA-99a/b being

downregulation in the adipose tissue of obese and NAFLD
patients, which has been widely demonstrated;* mi-RNA-99a
showed its negative correlation with serum levels of FFAs and
IL-6.2** In addition, the expression of mi-RNA-99b together
with mi-RNA-197 has been observed to be significantly asso-
ciated with pericellular fibrosis in NASH patients. Thus, mi-
RNAs expression from visceral adipose tissue may represent
a possible new means for distinguishing between simple stea-
tosis and NASH.** Another study conducted by Kloting et al.*’
showed that human adipose tissue level of mi-RNA-99a nega-
tively correlated with FFA levels.”’

The accuracy of predictors of NASH and advanced fibro-
sis was investigated by determining the area under the ROC
curve and AUC. By using the three mi-RNAs in NAFLD
diagnosis and NASH prediction, we found that mi-RNA
-122, ALT and mi-RNA-34a are good predictors of
NAFLD and can differentiate NAFLD patients from healthy
controls at a cut-off 1.261, 57.6 IU and 0.655, respectively,
and AUC are 0.92, 0.81, and 0.77 for mi-RNA-122, ALT, and
mi-RNA-34a, respectively, followed by mi-RNA-99a
(at a cut off 0.821 and AUC 0.73), suggesting the mi-RNA
-122 is a good predictor for NAFLD diagnosis and can
differentiate cases of SS from healthy controls. Our results
are accordance with Jampoka et al.,’® who reported a highly
significant increase in the serum levels of mi-RNA-122 in
NAFLD patients compared to the control group.*® For mi-
RNA-122, the AUC was 0.831 (p< 0.0001) with 75.0%

sensitivity and 82.35% specificity. Lopez-Riera et al.*®
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reported an AUC of 0.812 for mi-RNA-122 followed by 0.76
for mi-RNA-34a for NAFLD diagnosis.*

The mi-RNA-99a downregulation is a good predictor
for NASH development, it can discriminate NASH from
SS with AUR 0.91 followed by mi-RNA-34a upregulation
with AUR 0.84, then mi-RNA-122 with AUR 0.81. The
last predictor for NASH is ALT elevation with AUR 0.66,
suggesting the mi-RNA-99a is an excellent predictor for
NASH development with a high sensitivity (94%) com-
pared to ALT level, which gives a low sensitivity (73%).
In a study by Di-Stefano and Gerhard, they concluded that
the AUC for the mi-RNA panel of mi-RNA-99a and mi-
RNA-122 was 0.891, suggesting potential clinical utility.*
In a recent study by Liu et al.,* they reported that mi-
RNA-122 distinguished NAFLD from healthy controls
with an AUC of 0.82, and mi-RNA-34a distinguished
NASH from NAFLD with an AUC of 0.78.*

Conclusion

From the previous results we conclude that the upregulation
of serum mi-RNA-122 may potentially serve as a non-
invasive marker for NAFLD prediction and it is a good mar-
ker reflecting liver fibrosis. The downregulation of mi-RNA
may be of value for discrimination of NASH from simple
steatosis. The integration of circulating mi-RNAs panel could
improve their predictive performance. A large-scale future
study will be needed for assessing the role of many mi-
RNA profiles in the pathogenesis of NAFLD and the possi-
bility to be target in the disease amelioration and therapy.
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