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Department of Clinical and Chemical Pathology, Early detection of simple steatosis and differentiating it from NASH
is an important turning point for evaluation and management. Liver
biopsy is the gold standard method, but it is unpractical for many rea-
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Our study aimed to validate the usefulness of these biomarkers for the
early diagnosis of simple steatosis, differentiating it from NASH and
evaluating their performance in comparison to FIB-4.Sixty two patients
who met the inclusion criteria and thirty healthy controls were eval-
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patients (p<0.01) and correlated with hepatic histology. Combined
microRNA expression profiles with hs-CRP had a higher potential of
simple steatosis and NASH compared to other risk biomarkers (AUC
> 0,990). We concluded that circulating miR-122 and -34a may act as
a disease-specific noninvasive biomarker for NASH diagnosis. miRNA
along with hs-CRP assigning a prediction panel with improved diagnos-
tic value superior to FIB-4 in early recognition of NASH to tailor effi-

cient therapeutic interventions.
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Introduction

Cases of Non-Alcoholic Fatty Liver Disease (NAFLD) are in-
creasing due to alteration of food habits, obesity, metabolic
syndrome, lack of exercise and poor health care system [1].
Chronic liver disease is considered as the third most common
cause in the world and it’s a main cause of severe liver com-
plications such as cirrhosis and hepatocellular carcinoma so,
it becomes the most frequent indication for liver transplanta-
tion by 2030 [2,3]. However, earlier studies had suggested that
simple steatosis is benign and can be treated by life-style modi-
fications; meanwhile 25% of NASH may develop fibrosis [1,3].
For these reasons, NASH is a disease requiring early and accu-
rate detection, routine follow-up and comprehensive medical
intervention that must be distinguished from simple steatosis
[4]. Liver biopsy is the gold standard test for NASH detection
[5,6] but the use of liver biopsy routinely in clinical practices
is difficult for many reasons including invasiveness, misdiagno-
sis, sampling error, cost and inter-observer variability [7]. So
measurement and validation of non-invasive biomarkers that
accurately diagnose, predict and monitor clinical outcomes
are critically needed [7,8]. Researchers have found many sero-
logical and molecular markers that can be used instead of liver
biopsy; however none have been validated [9,10]. Nowadays,
FIB-4 is used as scoring system for assessing fibrosis because it
is simple, accurate, and inexpensive [11,12]. But it was found
that a change in fibrosis was unclear and this was detected by
changes in FIB-4 index during the follow-up period. Sumida et
al. reported that the FIB-4 index had a high negative predictive
value (NPV) for excluding advanced fibrosis [13] and the EASL-
ALEH clinical practice guidelines reported that a FIB-4 may had
low sensitivity in detecting intermediate phases of fibrosis [14].
One of the reasons is the components of FIB-4 as serum AST
and ALT levels change with diet and exercise therapy. Many
treatments for NAFLD complications as T2DM and hyperlipid-
emia decrease AST and ALT levels [6,14]. It is also unknown if
the FIB-4 index can become a marker for histological changes,
because longitudinal studies about the correlation between
them are rarely performed [15,16]. Recent Studies have focused
on the involvement of miRNA dysregulation in the pathogenesis
and progression of NAFLD, regulating many cellular pathways,
mainly inflammation, apoptosis, fibrosis, lipid metabolism, and
insulin resistance [17]. Also, miRNA are suitable for evaluation
of liver fibrosis as they are protected from RNases in the body
fluids and extremely stable [2,18]. Previous studies have report-
ed that miR-122 is the most expressed miRNA in the human
liver, consisting of 70% of total miRNAs and being confidently
detected in serum [7]. Moreover, miR-34a has been implicated
in a signaling pathway which is responsible for exacerbation
of inflammation and triggering in turn hepatocyte apoptosis
[8,19]. For these reasons, higher circulating levels of miR-34a
and miR-122 are matched with the degree of hepatic fibrosis in
NAFLD [20,21].

Patients and methods

This study was performed on 62 biopsy-proven patients re-
cruited from the outpatient and inpatient Gastroenterology and
Hepatology Department at El Minia University Hospital and 30
matched healthy controls recruited from blood bank donors
(group 1). Patients were divided into two groups, group Il includ-

ing 34 simple steatosis patients and group Il including 28 NASH
patients. The exclusion criteria were: 1) Other causes of chronic
liver disease; 2) alcohol intake more than 100 g ethanol/ week;
3) Absence of clinical and laboratory data necessary for calcula-
tion of the score.

All patients were subjected to detailed history and exami-
nation, laboratory investigations, liver fibrosis severity deter-
mined by FIB-4 score calculated as follows: [age (year) xAST
(U/U)1/ [(platelet count (PLT)(109/L)) x (ALT (U/L))1/2] [8] and
Liver Stiffness Measurements (LSM) were performed using
two-dimensional shear wave elastography. Histological diagno-
sis of NASH is defined as “the occurrence of hepatic steatosis
and inflammation with hepatocyte damage (ballooning) associ-
ated with or without fibrosis”. While, nonalcoholic fatty liver or
simple steatosis was defined as “the occurrence of hepatic ste-
atosis with no evidence of hepatocellular damage in the form
of hepatocytes ballooning or no evidence of fibrosis” Accord-
ing to the latest AASLD guidelines [2]. Approximately 8 mL of
blood were withdrawn, chemical profile analyzed on Selectra
proM, ELITech Group, France, CBC using Sysmex diagnostic, high
sensitive C reactive protein determined by ELISA Kit supplied
by DRG International Inc. USA. Serum was separated, stored at
-80 °C for further measurement of miRNA expression on RT-
PCR. Serum miRs were extracted by a miRNA purification kit
(Norgen) according to the manufacturer’s instructions. Next,
reverse transcription with a universal
anchor primer (CGACTCGATCCAGTCTCAGGGTCCGAGGTATTC-
GATCCTAACCCTCTCCTCGGTATCGAGTCGCACTTTTTTTTTTTTVN)
(Invitrogen, Barcelona, Spain). Quantitation of miRNA was con-
ducted using a universal reverse primer (CCAGTCTCAGGGTCC-
GAGGTATTC), a specific forward primer for each miRNA 122:
50AACGCCAUUAUCACACUAAAUA; miR-34a:  50CAAUCAG-
CAAGUAUACUGCCCU and a universal TagMan probe (FAM-
TCTCCTCGGTATCGAGTCGCACT-TAMRA). The expression levels
of miR-34a and miR-122 in serum were determined by compar-
ing the Ct values of each sample with the standard curve.

Statistical analysis

The analysis of the data was done by IBM SPSS 20.0 statis-
tical package software. Normality of the data was tested via
the Shapiro-Wilk or Kolmogorov-Smirnov tests. Data were ex-
pressed as mean + Standard Deviation (SD), minimum and max-
imum range, median and range for quantitative non-parametric
measures in addition to both number and percentage for cat-
egorized data. For comparison between more than two inde-
pendent groups, Analysis Of Variance (ANOVA) was performed
for comparison for parametric data followed by LSD post-hoc
test to assess intergroup differences, and Kruskal-Wallis (KW)
statistical test followed by Dunn’s post-hoc test for non-para-
metric data. Chi-square test or Fisher’s exact test were done to
compare categorical variables. Correlations between the pa-
rameters were analyzed by Pearson’s correlation analysis. The
accuracy of different biomarkers for diagnosis of steatosis and
NASH was assessed using a ROC curve, which plots the sensitiv-
ity (true-positive rate) to the false- positive rate (1 -specificity).
A p-value of 0.05 or less was considered significant.

www.jcimcr.org

Page 2



CTabIe 1: Demographic and routine investigations of study participants.

)

Mean+SD Control (1) Simple steatosis (1) NASH (l11) p value
(Range) (n=30) (n=34) (n=28) lvsll lvs il Ivs Il
36.919.4 34.745.5 33.848
Age (y) 0.26 0.29 0.31
(21-53) (27-46) (31-58)
Sex
Male 10 (33.3%) 10 (29.4%) 8(28.6%)
0.929 0.519 0.576
Female (66.7%) (70.6%) (71.4%)
249.1435.2 242+29.5 222.8422.4
PLT (x10°/L) 0.351 0.001* 0.012*
(180-310) (198-3510 (188-264)
15.2+8 56.8+15.2 89.1+27.6
ALT U/L (50.6- <0.001* <0.001* <0.001%*
(4.9-33.8) (37.2-97.8) 162.4)
14.7+9.5 49.2+13.9 76.3£25.3
AST (U/L)* (39.7- <0.001* <0.001* <0.001*
(4.1-36.4) (30.3-83.6) 151.7)
4.140.5 3.740.4 3.5+0.5
Alb- (g/dl) <0.001* <0.001* 0.282
(3.4-5) (3-4.3) (2.9-4.5)
28.4+13.4 44.9+11.8 52+14.7
GGT U/L <0.001* <0.001* 0.039*
(9-59) (29-67) (29-79)
0.56%0.26 0.9340.18 1.59+0.31
FIB-4 <0.001* <0.001* <0.001%*
(0.18-1.24) (0.61-1.24) (1.15-2.12)
+ + +
hsCRP (mg/ 0.4+0.4 2.6+1.1 3.9+1.9
b (0.2-1.9) (0.5-5.1) (0.7-7) <0.001* <0.001* <0.003*
0.8+0.8 4.2+1.5 5.1+1.6
miR 122 <0.001* <0.001* <0.017*
(0.4-3.7) (0.9-6.7) (1.1-7.6)
1.3+0.5 2.35+1.04 3.47+1.77
miR 34a 0.004* <0.001* 0.001*
(0.5-2.4) (0.97-4.32) (0.96-6.62)

*significant level at p value <0.05. PLT: Platelet, ALT: Alanine Transeferase, AST: Aspertate Transeferase, ALB:
Albumin, GGT: Gama Glutamyle Transeferase, FIB-4: Fibrosis - 4 index, hsCRP: High Sensitive C-Reactive Protein,

mir 122: Micro RNA122, Mir 34a: Micro RNA34a.

CTabIe 2: Correlation between specific markers with other variables.

FIB-4 Mir 34a Mir 122 hsCRP
r p r p r p r p
hsCRP 0.328 0.460 0.548 0.031* 0.547 0.019* - -
PLT -0.546 0.015* -0.214 0.248 -0.253 0.169 0.278 0.13

ALT 0.428 0.016* 0.517 0.006* 0.659 0.009* 0.515 0.010*
AST 0.453 0.010* 0.419 0.019* 0.576 0.005* 0.505 0.012*
GGT 0.274 0.135 0.750 <0.001* 0.575 0.001* 0.651 0.004*
ALB -0.317 0.082 -0.635 <0.001* -0.581 0.001* -0.558 0.001

miR 34 0.254 0.168 - - - - - -

miR 122 0.504 0.004* 0.511 0.009* - - - -

Significant level at p value <0.05. PLT: Platelet, ALT: Alanine Transeferase, AST: Aspertate Transeferase, ALB: Al-
bumin, GGT: Gama Glutamyle Transeferase, FIB-4: Fibrosis - 4 index, hsCRP: High Sensitive C-Reactive Protein,
mir 122: Micro RNA122, Mir 34a: Micro RNA34a.
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\/Table 3: ROC curves analysis and predictive value of different biomarkers. >
NASH Simple Steatosis
Sensi- Speci-
Cutoff  Auc  ppv  Npy OV fidity oo Auc pev | npy  Sensi Specifi
vity % city%
% %
FIB-4 >1.14 0.996 96.7 96.8 96.8 96.7 >0.73 0.873 81.2 82.8 83.9 80
hsCRP >1.2 0.991 96.7 93.5 93.5 96.7 >1.2 0.983 96.8 96.7 96.8 96.7
miR 122 >2.4 0.986 93.5 96.7 96.8 93.3 >1 0.968 90.9 96.4 96.8 90
miR 34a >1.97 0.863 95.7 78.9 74.2 96.7 >1.97 0.785 95.0 70.7 61.3 96.7
HsCRP, miR 122, miR 34a 0.996 100.0 93.7 93.5 100 0.990 96.9 100 100 96.7

AUC: Area Under Curve, PPV: Positive Predictive Value, NPV: Negative Predictive Valve, FIB-4: Fibrosis - 4 Index, hsCRP: High Sensitive C-Reactive

Protein, mir 122: Micro RNA122, Mir 34a: Micro RNA34a
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\\Figure 1: Correlation between circulating miRNAs and other markers in simple steatosis (A), (B) NASH.

/

‘/Table 4: Correlations between miRNAs and histological features. \‘

miR-34a miR-122
r p r p
Steatosis 0.317 <0.01 0.257 <0.05
Lobular inflammation 0.473 <0.01 0.195 <0.05
Hepatocellularbal- 559 <005 0.348 <0.01
looning

miR 122: Micro RNA122, miR 34a: Micro RNA34a.

Results

An increasing trend in severity of liver injury was observed
when progressing from simple steatosis to NASH, as evidenced
by the significantly higher values of AST, ALT, GGT and FIB-4, low-
er platelet and albumin levels in group (Ill) (p < 0.01). They were
significantly higher not only when compared to healthy subjects
but also between the NASH and simple steatosis groups. Also,
miR-122 and miR-34 were significantly up regulated in group
IIl and group Il as compared to control and when compared to
each other (p < 0.05) (Table 1).

Although miR-122 and miR-34a (Table 2) were positively
correlated with FIB-4, the observations did not reach statistical
significance for miR34 a. Additionally, There were statistically
significant positive association among AST, ALT with mir34a and
mirl22 and negative correlation with albumin and platelets.
Also, There were Significant positive correlation among hs-CRP
and (AST, ALT, GGT, mir122, miR 34a) but hs-CRP did not reach
statistical significance with FIB 4.

ROC curve analysis shows the diagnostic performances pre-
dicting the presence or absence of simple steatosis. Hs- CRP
and miR122 had the highest sensitivity while miR34a had the
lowest sensitivity but the highest specificity for simple steatosis
diagnosis. Areas under the Curve (AUC) values for these spe-
cific markers were >0.78 which displayed statistically significant
predictive values (p<0.001). Fortunately, these three markers if
used together yields better sensitivity and specificity results giv-
ing better prediction of simple steatosis than using it individu-
ally or using FIB-4 indicating that this panel is a more sensitive
indicator for simple steatosis than NASH (Table 3 and FigurelA).

We further estimated the predictive value of circulating
miRNAs and FIB -4 in our patients (Table 3 and Figure 1B). As
expected, FIB-4 provided high predictive value for NASH with
Area under the Curve (AUC) of 0.996, but its predictive value for
simple steatosis is suboptimal (AUC: 0.873). In comparison, the
predictive value of miR122 performs similarly to Fib -4 in NASH
with AUC 0.986 but is superior to it in simple steatosis with
AUC 0.986 means it is better for early detection. The combined
model derived from miRNAs and hs-CRP does not significantly
improve the NPV from miR34a for simple steatosis alone but
also moderately increases the predictive value to predict NASH.
This may inform the ability of development of miRNA-based di-
agnostic strategies.

A correlation analysis between serum miRNAs and hepatic
histology was performed in patients (Table 4). miR - 34a and
-122 were correlated with hepatic steatosis (r= 0.317 and 0.257
respectively, P <0.01, P < 0.05) and miR- 34a had the strongest
correlation with lobular inflammation (r = 0.473) while, miR-122
had the strongest correlation with hepatocellular ballooning (r
=0.348).
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Discussion

Diagnosis of the NAFLD among population is routinely evalu-
ated by ultrasonography or other imaging methods, but re-
cently, liver biopsy is the only method available used to validate
and differentiate between NAFL and NASH. Therefore, trials
for searching a suitable serum biomarkers is pursued with high
priority. Currently published studies have focused on efficiency
of several plasma markers that significantly predict NAFLD pro-
gression independently but all of them have limitations, both
intrinsic and related to liver damage etiology [20,21]. However,
this study represents a panel of biomarkers with unique combi-
nation which has not been established before.

Despite the expanding body of literature on miRNA in NAFLD,
most studies are small and comparing groups of patients with
NAFLD or NASH to healthy controls [22]. Herein, focused on
two of the most important NAFLD-related miRNAs: miR-34a,
miR-122. In order to increase accuracy of these tests we investi-
gated them individually or if their combination could be useful.
In addition, many scoring systems are present, but it has a low
positive PPV and NASH tends to be overlooked. One of these
systems is called BARD score that include BMI and reported to
be less reliable for Japanese people with a low BMI. Among the
various scoring systems, FIB-4 has been reported as the liver fi-
brosis system with the most valid AUC [23]. Therefore, we used
it in our study as it is considered the most reliable [24]. Liver
enzymes commonly used as a marker for liver inflammation but
has low predictive value for diagnosis of NASH. Serum ALT value
more than two times the upper limit of normal has a sensitivity
of 50% and specificity of 61% for NASH detection as 80% of pa-
tients with fatty liver have ALT levels within normal and do not
associate with the degree of hepatic fibrosis. Also, the majority
of previous studies reported that AST/ALT ratio and GGT are not
helpful or may have little predictive value of liver fibrosis. So,
NASH can’t be excluded in patients with normal aminotransfer-
ases [25]. In agree with our study, Tada et al found significant
increase of ALT and AST in NAFLD indicating that these miR-
NAs are secreted from hepatocytes during pathophysiological
states associated with damage of cell membrane [26]. It can be
proved that miRNAs generally show an earlier increase than ALT
in NASH patients. This hypothesis is strengthened by founding
of 25% of NASH patients with predictive miRNA had no abnor-
malities in ALT level [27]. Hs-CRP is used as a marker of low-
grade systemic inflammation and similar to our study, two stud-
ies found that hs-CRP levels were significantly higher in patients
with NASH compared to those with simple steatosis and asso-
ciated with advanced fibrosis which means the risk for NAFLD
was increased as increased the level of hs-CRP [28,29]. Yilmaz
et al supported our study which showed absence of significant
correlation between FIB-4 and hsCRP in NAFLD [29]. However,
Hui JM et al. showed that measuring of hs-CRP was not useful
in predicting the histological severity of NAFLD, because there
was no correlation between hs-CRP levels and the grades of
fibrosis [30]. Recently, Zimmermann E et al. recorded that hs-
CRP may be a marker of steatosis, but not of NAFLD severity
[31]. Our study in agreement with Ghideon et al and Salvoza
et al shows higher miR122 and miR34a in patient groups com-
pared to healthy controls and in patients with NASH relative to
those with simple steatosis so more beneficial for detection and
strongly correlate with severity in NAFLD [22,32]. This also in
agreement of Liu et al who reported that miR-122, and miR-34a
could differentiate NAFLD from healthy controls and could dis-
tinguish NASH from simple steatosis [25].

Also, Pirola et al. detected high level of mir122 as 7.2-fold in
NASH patients and 3.1-fold in simple steatosis, so it can be used
as a fingerprint of NASH [33]. Similar to our findings, Yamada et
al. reported that miR-122 level was correlated with the severity
of steatosis. However, no significant correlation was established
between the expression level of serum miR-34a and severity
[34]. Also, Ghideon Ezaz et al found miR 122 correlates signifi-
cantly with FIB -4 in NASH only, and we can say, this study is the
first one that demonstrate the relations between mir34a with
AST [22].

In agreement with our study, miRNAs provide good predic-
tive value to determine early stages of fibrosis and miR- 34a was
the most micro RNA associated with all histological features of
NAFLD [22,35]. Also, Liu et al found a great correlation between
hepatic steatosis and serum miR-122 and -34a. Meanwhile, se-
rum miR-34a levels showed stronger correlation with hepatic
inflammation severity, including lobular inflammation and he-
patocellular ballooning [25]. MiR-34a can down-Regulate Sir-
tuinl (SIRT1) leading to accumulation cholesterol and activation
of hepatocytes apoptosis. Also, it regulates lipoprotein metabo-
lism and promotes liver steatosis, miR-122 has inhibitory effect
on activation of the stellate cell and deposition of collagen in-
side the liver [36-38]. Previous studies indicated an increase of
miR-122 in serum with hepatocytes apoptosis caused by inflam-
matory damage to the liver [39].

Interestingly, combining markers with 34a in our study in-
crease its predictive value, specificity and sensitivity making a
well predictive panel superior to FIB-4 especially for diagnosing
simple steatosis so preventing unnecessary liver biopsy. This is
of a clinical important utility as a noninvasive method for blood-
based fibrosis scoring tool. Finally, in larger sample number new
fibrosis score can be calculated and using these markers in rou-
tine clinical practice will make it of low cost so, analysis can be
valuable at the primary care levels.

Conclusion

We concluded that a combination of miR122, miR34a, and
hs-CRP can improve their diagnostic value in recognition of sim-
ple steatosis and NASH. So, in larger sample size a new fibrosis
score can be calculated and its use in routine clinical practice
will make it low cost suitable for use in primary care levels
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