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Abstract

AIM: To identify novel non-invasive biomarkers for
non-alcoholic fatty liver disease (NAFLD).

METHODS: Twenty patients with histologically proven
NAFLD and 20 controls were included. All NAFLD cases
were scored using the NAFLD activity score. The rela-
tive expressions of miR-197, miR-146b, miR-10b, miR-
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181d, miR-34a, miR-122, miR-99a and miR-29a were
analyzed using real-time polymerase chain reaction.

RESULTS: Serum levels of miR-181d, miR-99a, miR-197
and miR-146b were significantly lower in biopsy-proven
NAFLD patients than in the healthy controls. Serum lev-
els of miR-197 and miR-10b were inversely correlated
with degree of inflammation and miR-181d and miR-
99a were inversely correlated with serum gamma glu-
tamyl transferase levels in non-alcoholic steatohepatitis
patients.

CONCLUSION: NAFLD is associated with altered se-
rum miRNA expression pattern. This study provides
clues for defining the non-invasive diagnosis of NAFLD.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Nonalco-
holic steatohepatitis; MicroRNA; Noninvasive; Serum
markers

Core tip: Due to the limitations of liver biopsy, the use
of non-invasive markers has emerged in recent years.
MicroRNAs (miRNAs) are a class of naturally occur-
ring small noncoding RNAs that regulate gene expres-
sion. Altered miRNA expression has been reported in
animal and human liver samples in non-alcoholic fatty
liver disease (NAFLD). There is, however, only limited
information on their detection in blood and their cor-
relation with histological disease severity in patients
with NAFLD. For this reason, we measured the serum
levels of some miRNAs in non-alcoholic steatohepatitis
(NASH) patients. Of these microRNAs, miR-181d, miR-
99a, miR-197 and miR-146b were expressed at lower
levels in NASH patients than in controls. Serum levels
of miR-197 and miR-10b were inversely correlated with
degree of inflammation and miR-181d and miR-99a
were inversely correlated with serum gamma glutamyl
transferase levels in NASH patients.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease in Western popu-
lations. It comprises a disease spectrum which includes
variable degrees of simple steatosis (fatty liver), non-
alcoholic steatohepatitis (NASH) and cirrhosis which are
likely to be characterized by different pathogenesis and
clinical history'". Liver biopsy is used in daily practice for
the diagnosis of NASH and histologic severity. The iden-
tification of novel non-invasive biomarkers for NAFLD
is needed due to the invasive nature of liver biopsy.
MicroRNAs (miRINAs) are a class of naturally occur-
ring small noncoding RNAs of approximately 22 nucleo-
tides in length that regulate gene expression either by
promoting mRNA degradation or by attenuating protein
translation™. miRNAs can influence NAFLD through
pathways involving inflammation, fibrosis, insulin re-
sistance, lipid metabolism and the metabolic syndrome.
Recently, altered miRNA expression has been reported
in animal and human liver samples in NAFLD" ., Serum
levels of miR-29a were significantly down-regulated in fi-
brotic/citrhotic livers compared with nonfibrotic livers”.
miRNA-10b was proven to regulate the level of steatosis
in human hepatocyte cell culture™. miR-122 was signifi-
cantly underexpressed in liver samples of NASH subjects
compared to controls and miR-34a was significantly
overexpressed”. miR-181d may play a role in regulating
the lipid content of hepatocytes”. miR-197 and miR-99,
in the visceral adipose tissue, were significantly associated
with pericellular fibrosis in NAFLD". Serum free fatty
acid (FFA) levels negatively correlated with adipose tissue
level of miR-99a"". miR-146b was up-regulated in adi-
pose tissue after long-term high-fat diet-induced obesity

There is insufficient data in the literature regarding
serum miRNA expression patterns in NAFLD. In the
present study, we analyzed the serum expression profile
of these eight miRNAs (miR-29a, miR-10b, miR-122,
miR-34a, miR-181d, miR-197, miR-99a, miR-146b) which
are related to NAFLD progression and pathogenesis, and
are related to serum FFAs, insulin resistance, and adipose
tissue.

MATERIALS AND METHODS

Study population

A total of 40 patients were enrolled in this study between
September 2010 and January 2012 at Erciyes University
Department of Gastroenterology. Twenty patients with
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histologically proven NAFLD were included. The inclu-
sion criteria were as follows: (1) 18 years or older; (2) pet-
sistently elevated (for at least 6 mo) aminotransferases; (3)
ultrasonographic presence of hyperechogenic liver and
(4) liver histology with a diagnosis of non-alcoholic ste-
atohepatitis (NASH) without cirrhosis obtained no more
than 6 mo before the study. The exclusion criteria were
as follows: (1) a history of any level of alcohol consump-
tion; (2) hypertension (= 135 systolic, = 85 diastolic
or antihypertensive use); (3) any other form of chronic
liver disease; (4) use of any medications thought to cause
or affect NAFLD; (5) abnormal thyroid function tests;
(6) plasma fasting glucose = 126 mg/dL or antidiabetic
drug use; (7) chronic obstructive pulmonary disease; (8)
peripheral and cerebral vascular disease; (9) hematologic
disorders; (10) acute or chronic infection; (11) history of
cancer; (12) chronic kidney diseases and (13) documented
coronary artery disease.

The control group consisted of 20 healthy age-
matched subjects from out institution staff with normal
liver enzymes and abdominal ultrasonography findings.
All subjects underwent a clinical examination and were
questioned regarding their medical history. BMI was cal-
culated as body weight/height’.

The study was performed in accordance with the
principles of the Helsinki Declaration of 1975, as revised
in 2008. This study was approved by the ethics commit-
tee of the Medical School of Erciyes University and in-
formed consent was obtained from all participants.

This work was supported by a grant, number
TSD-10-3368, from the Erciyes University as well as by a
grant from the Turkish Association for the Study of the
Liver. The funders had no role in the study design, data
collection and analysis, decision to publish, or prepara-
tion of the manuscript.

Biochemical measurements

Blood samples were drawn after an overnight fast from
an antecubital vein; fasting plasma glucose, serum basal
insulin level, high density lipoprotein cholesterol, triglyc-
erides, low density lipoprotein cholesterol, creatinine, ala-
nine aminotransferase, aspartate aminotransferase, serum
total bilirubin, serum indirect bilirubin, alkaline phospha-
tase, and gamma glutamyl transferase (GGT) were deter-
mined by standard methods.

The estimate of IR by the homeostasis model assess-
ment insulin resistance index (HOMA-IR) was calculated
using the formula: fasting serum insulin (mIU/L) X fast-
ing plasma glucose (mmol/L.)/22.5.

Histopathologic analysis

The liver tissue was stained with hematoxylin-eosin and
Masson’s trichrome stains. The review of the specimens
was carried out by a single experienced liver pathologist.
NASH was diagnosed according to the consensus arrived
at a meeting of the American Association for the Study
of Liver Diseases'”. All cases were scored using NAS
to compare miRNA expression and laboratory parame-
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ters . A 4-point scale for steatosis [(0) < 5%, (1) 5%-33%,
(2) > 33%-66%, and (3) > 66%), lobular inflammation
[(0) no foci, (1) < 2 foci, (2) 2-4 foci, and (3) > 4 foci] and
a 3-point scale for ballooning [(0) none, (1) mild, and (2)
moderate-marked] resulted in a maximal sum score of 8.
A NAS score of 5 and over correlated with salient NASH,
patients with scores < 3 were diagnosed as not having
NASH, and patients with scores of 3 and 4 were diag-
nosed as having borderline NASH. Fibrosis was scored by
Masson’s trichrome stain using the NASH scoring system
[(0): none, (1) perisinusoidal or periportal fibrosis, (2) peri-
sinusoidal and periportal fibrosis, (3) bridging fibrosis, and
(4) cirrhosis]. Steatosis was coded as 0 = mild (steatosis
grade 1) or 1 = moderate to severe (steatosis grade 2-3).
Ballooning was coded as 0 = mild (ballooning grade 1),
or 1 = moderate-severe (ballooning grade 2). Lobular in-
flammation was coded as 0 = absent-mild (lobular inflam-
mation 0-1) or 1 = moderate-severe (lobular inflammation
2-3). Fibrosis was coded as 0 = no significant fibrosis

(FO-F1) or 1 = significant fibrosis (F2-F4).

miRNA quantitation

miRNA was isolated from serum using a miRNeasy Mini
Kit (Qiagen, Cat; 217004) according to the manufacturer’
s protocol. The yield and purity of RNA were measured
using a NanoDrop ND-1000 spectrophotometer (Nano-
drop Technologies). cDNA was isolated from obtained
miRNA samples using a miScript Reverse Transcription
Kit (Qiagen, Cat; 218060). We performed quantitative
Real-Time PCR (qPCR) according to the manufacturer’s
instructions (miScript SYBR Green PCR Kit Qiagen Cat.
No: 218073) to profile the distribution of eight miRNAs
in serum samples and RUNTA1 was used as an internal
control. The qPCR assays were performed in duplicate.
The relative expressions of miR-197, miR-146b, miR-
10b, miR-181d, miR-34a, miR-122, miR-99a and miR-
29a were analyzed using the standard 2-AACT method"”,
These miRNAs were selected due to their pathophysi-
ological relation with NAFLD.

Statistical analysis
For statistical analysis of clinical data, the Shapiro-Wilk’s test
was used, and histograms and q-q plots were constructed
to check data normality. Either a two-sided independent
samples #- test or Mann-Whitney U test was used for the
comparison of continuous variables. 7 analysis was used
for the comparison of categorical variables. Values are
expressed as frequencies and percentages, mean *+ SD
deviation or median and 25™-75" percentiles.

miRNA expression data analysis was performed ac-
cording to the 2-AACT method. For additional pre-pro-
cessing we applied a logarithmic transformation to the
data, then centered genes as follows: [(value)-mean(gene)/
standard deviation(gene)]. A 7 test was used to find the
differentially expressed (DE) miRNAs between the
NAFLD and control groups. Significant analysis of mi-
croarrays was also performed using 100 permutations to
assess if the significance of the differential expression
was by chance. The agglomerative hierarchical clustering
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method with average linkage and the Pearson correlation
distance metric were used for DE miRNAs and a cluster
heat-map was constructed to visualize the data values of
the samples and DE miRNAs simultaneously in a hierar-
chical cluster structure. Receiver operating characteristic
(ROC) curves were plotted for DE miRNAs, and the area
under the ROC curve values were calculated with 95%
intervals and compared with each other. A series of cut-
off values were applied, sensitivity and specificity statisti-
cal measures were computed for each cut-off value. Next,
a ROC curve was generated and the area under this curve
was calculated for each miRINA using the trapezoidal rule.
Also, Pearson and point-biserial correlation coefficients
were calculated to identify the relationship between labo-
ratory parameters, NAS-scale parameters and miRINAs.
All P values obtained from clinical data and miRNA
expression data were adjusted with the false discovery rate
to control the multiple testing problem. Analyses were
performed using several packages of R 2.14.0 software.

RESULTS

The clinical and laboratory data of age- and sex-matched
patients and controls are summarized in Table 1. To de-
termine whether serum levels of miR-181d, miR-10b,
miR-122, miR-34a, miR-146b, miR-197, miR-99a and miR-
29a change in patients with NAFLD, we measured these
cight miRNAs in sera collected from 20 patients diagnosed
with definite steatohepatitis according to Sanyal e al™ and
compared them with those of 20 controls.

miR-181d expression was significantly lower in the
serum of NASH patients compated to healthy controls (P
< 0.0001). miR-99a, miR-197 and miR-146b serum levels
were also lower in NASH patients (P < 0.05). Serum lev-
els of miR-10b, miR-122, miR-34a and miR-29a did not
differ between the control and patient groups (Figure 1).
miR-181d levels were decreased by 2.49-fold in NASH
patients compared to healthy controls (q < 5%). miR-
99a levels were decreased by 1.92-fold, miR-197 levels
were decreased by 1.61-fold and miR-146b levels were
decreased by 1.52-fold in NASH patients compared to
healthy controls (q < 5%) (Table 2). A cluster heat-map
which displays the data values of samples and differen-
tially expressed miRNAs simultaneously in a hierarchical
cluster structure was produced and is shown in Figure 2.

In our study, serum levels of miR-197 and miR-10b
were negatively correlated with degree of inflaimmation
(P < 0.05) (Table 3). Serum levels of these two miRNAs
were decreased, while the degree of inflammation in-
creased from absent-mild to moderate-severe. miRNA
levels were similar in both groups according to NAS,
steatosis, ballooning and fibrosis. Because both miR-197
and miR-10b levels correlated with degree of inflamma-
tion, we investigated the relationship between their serum
levels and laboratory parameters in NASH patients (Table
4). Based on the correlation results between laboratory
parameters and miRNAs (Table 4), a negative moderate
and significant correlation was detected between GGT
and miR-181d (r = -0.464, P < 0.05), and between GGT
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Figure 1 Box plots showing the expression value of 8 genes between control and non-alcoholic fatty liver disease groups. The middle line indicates the me-
dian statistic, the bottom and top of the box show the 25" and 75" percentiles, the lower and upper whiskers show the minimum and maximum values of the data after
detecting outliers (circles). P values were obtained from a two-sided t test and adjusted with false discovery rate. NAFLD: Non-alcoholic fatty liver disease.
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Figure 2 A cluster heatmap displaying the data values of
samples and differentially expressed miRNAs simultane-
ously in a hierarchical cluster structure. Bright red: Under-
expression; black: No change; bright green: Over-expression.
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Table 1 Clinical and demographic characteristics of non-alcoholic fatty liver disease patients and controls

Variable NAFLD (7 = 20) Control (7 = 20) P

Age (yr) 4275 +8.17 44.50 +9.31 0.761
Sex (male/female) 9 (45.0)/11(55.0) 9 (45.0)/11 (55.0) 0.761
BMI (kg/m’) 31.86 +4.76 27.26 +3.07 0.006
Waist circumference (cm) 103.25 +13.65 90.75 +11.02 0.014
Systolic blood pressure (mmHg) 120.25 + 8.66 120.25 +7.69 0.999
Diastolic blood pressure (mmHg) 76.50 £ 6.09 77.50 £ 8.96 0.761
Fasting glucose (mg/dL) 97.85 +13.88 86.80 +11.92 0.034
Triglycerides (mg/dL) 151.10 # 65.06 167.70 + 51.46 0.645
HDL-C (mg/dL) 43.00 (36.50-48.50) 45.00 (38.45-49.95) 0.761
LDL-C (mg/dL) 125.50 (100.00-139.00) 108.00 (89.25-121.25) 0.511
Insulin (mIU/mL) 14.81 (11.88-22.75) 11.76 (8.61-15.70) 0.229
HOMA-IR 4.05 (2.71-5.51) 2.21 (1.77-3.12) 0.034
Total biluribin (mg/dL) 0.65 (0.50-0.80) 0.60 (0.55-0.80) 0.761
Direct biluribin (mg/dL) 0.20 (0.12-0.25) 0.20 (0.10-0.20) 0.761
AST (IU/L) 45.00 (34.50-59.00) 21.00 (18.00-27.00) <0.001
ALT (IU/L) 68.50 (52.50-85.50) 18.50 (14.00-29.00) <0.001
AP (IU/L) 76.00 (55.50-96.00) 69.00 (57.00-78.50) 0.761
GGT (IU/L) 48.00 (33.00-73.00) 20.00 (14.50-33.00) <0.001
Creatinine (mg/dL) 0.87 +£0.15 0.80 +£0.18 0.401
WBC (uL) 6709.50 + 1709.47 6618.00 + 1425.37 0.892
Trombocyte (10°/uL) 252.10 + 64.85 275.90 + 69.82 0.511
Hct 43.37 £3.53 44.25+4.19 0.761

Values are expressed as 1 (%), mean + SD or median (25"-75" percentiles). P values were adjusted with FDR to control multiple testing problem. NAFLD:

Non-alcoholic fatty liver disease; BMI: Body mass index; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol;

HOMA-IR: Homeostasis model assessment insulin resistance index; AST: Aspartate aminotransferase ; ALT: Alanine aminotransferase; AP: Alkaline phos-

phatase; GGT: Gamma glutamyl transferase; WBC: White blood cell.

Table 2 Logz (Fold change) ratios of differentially expressed

miRNAs which were statistically significant by ¢ test (P <
0.05) and further confirmed by SAM test (g < 5%)

miRNAs log2 (Fold change) g value (%)
Mean SEM

Over-expressed

Under-expressed
miR-197 -1.61 0.54 0
miR-146b -1.52 0.55 0
miR-181d -2.49 0.50 0
miR-99a -1.92 0.53 0

A g value less than 5% by SAM corresponds to a P value less than 0.05 by ¢
test. SEM: Standard error of mean.

and miR-99a (r = -0.479, P < 0.05). Other correlation
coefficients between laboratory parameters and miRINAs
were not statistically significant (P > 0.05).

To determine the presence of NASH, we performed
ROC curve analyses of miR-197, miR-146b, miR-
181d and miR-99a (Figute 3). AUROC values were 0.77
(0.60-0.88), 0.75 (0.59-0.87), 0.86 (0.72-0.95), and 0.76
(0.60-0.88), respectively. mir-181d seemed to be the best
marker for NASH, and there was no statistically signifi-
cant difference between any two miRNA AUROC values
(P > 0.05). Using the Youden index, best cut-off values
and the related diagnostic measures are given in Table 5.

DISCUSSION
The microRNA expression pattern changes in NAFLD
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have been demonstrated in animal and human studies™”.

There is, however, only limited information regarding
their detection in blood and their correlation with histo-
logical disease severity in patients with NAFLD. For this
reason, we measured the serum levels of miR-181d, miR-
10b, miR-122, miR-34a, miR-146b, miR-197, miR-99a
and miR-29a in NAFLD patients. Of these microRNAs,
miR-181d, miR-99a, miR-197 and miR-146b were ex-
pressed at lower levels in NASH patients than in controls.

miR-29a was significantly down-regulated in fibrotic/
cirrhotic livers compared with nonfibrotic livers". Ro-
derburg e7 al” also showed that significantly lower serum
levels of miR-29a were observed in fibrosis patients com-
pared with healthy controls. In our study, miR-29a serum
levels were not different from controls. miRNA-10b sig-
nificantly increased the triglyceride level and lipid content
in human hepatocyte cell line 102 cells. miRNA-10b was
proven to regulate the steatosis level in human hepato-
cyte cell culture via the peroxisome proliferator-activated
receptor-a pathwayls]. miR-122 was significantly under-
expressed in liver samples of NASH subjects compared
to controls”. Overexpression of miR-122 in cell culture
resulted in a significant decrease in lipogenic genesm.
Although miR-10b and miR-122 were found to regulate
lipid content in hepatocyte cell cultures, serum expres-
sion patterns did not differ in patients with NASH in our
study. The miR-34a expression pattern was not changed
in our study, which was significantly overexpressed in
NASH in human liver tissue'”.

There is insufficient data on miR-181d in NAFLD.
miR-181d may play a role in regulating the lipid content
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Table 3 Point-biserial correlation coefficients between NAS-scale parameters and miRNAs in non-alcoholic fatty liver disease patients

miR-197 miR-146b miR-10b miR-181d miR-34a miR-122 miR-99a miR-29a
Steatosis 0.229 0.191 0.179 0.179 0.245 0.067 0.311 0.256
Inflammation -0.457" -0.396 -0.492" -0.402 -0.302 -0.23 -0.431 -0.315
Ballooning 0.154 0.114 0.175 0.254 0.165 -0.037 -0.029 0.096
Fibrosis -0.112 -0.171 -0.213 -0.098 0.033 -0.137 -0.197 -0.103
NAS 0.051 0.015 0.035 0.069 0.124 -0.027 0.074 0.041

!Correlation is significant at the 0.05 level (2-tailed).

Table 4 Correlation analysis between laboratory parameters and miRNAs in non-alcoholic fatty liver disease patients

miR-197 miR-146b miR-10b miR-181d miR-34a miR-122 miR-99a miR-29a
AST -0.257 -0.331 -0.225 -0.252 -0.084 -0.225 -0.138 -0.322
ALT -0.131 -0.147 -0.080 -0.215 0.122 0.103 0.077 -0.143
GGT -0.327 -0.225 -0.303 -0.464' -0.29 -0.231 0479 -0.221
Triglyceride 0.008 -0.039 0.009 -0.035 -0.075 0.087 -0.239 -0.058
HDL-C 0.027 0.051 -0.031 0.042 0.052 0.111 0.16 0.034
LDL-C 0.078 0.042 0.067 0.015 0.139 0.102 0.213 0.155
HOMA-IR -0.055 0.117 0.011 -0.015 0.195 0.205 0.221 0.177

'Correlation is significant at the 0.05 level (2-tailed). ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HOMA-IR: Homeostasis model assess-
ment insulin resistance index; GGT: Gamma glutamy] transferase; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol.

Table 5 Statistical diagnostic measures for miR-197, miR-146b, miR-181d and miR-99a in identifying non-alcoholic fatty liver disease

miRNA Cut-off value SEN (95%CI) SPE (95%Cl) PPV (95%CI) NPV (95%CI)
miR-197 < 10144 60.0 (36.1-80.9) 95.0 (75.1-99.9) 92.3 (64.0-99.8) 70.4 (49.8-86.2)
miR-146b < -0.7689 55.0 (31.6-76.9) 100.0 (83.0-100.0) 100.0 (71.3-100.0) 69.0 (49.2-84.7)
miR-181d < -0.2861 70.0 (45.7-88.0) 85.0 (62.1-96.6) 824 (56.6-96.0) 73.9 (51.6-89.7)
miR-9%a < 01562 65.0 (40.8-84.5) 95.0 (75.1-99.2) 92.9 (66.1-98.8) 7311 (52.2-88.4)

SEN: Sensitivity; SPE: Specifity; PPV: Positive predictive value; NPV: Negative predictive value.

100 - 7
90 - — miRNA197
— miRNA146b
g e =0 miRNA181d
— miRNA99a
70 - — Reference line
;\360 r
:’550 r
Zal |
]
30 -
20 -
10 -
| | I I I I I I L !

0 10 20 30 40 50 60 70 80 90 100

1-Specifity (%)

Figure 3 Comparison of area under receiver operating characteristic
curve values of miR-197, mir-146b, mir-181d and mir-99a miRNA’s in the
detection of non-alcoholic fatty liver disease. Area under receiver operating
characteristic values were 0.77 (0.60-0.88), 0.75 (0.59-0.87), 0.86 (0.72-0.95),
and 0.76 (0.60-0.88), respectively, and there was no statistically significant dif-
ference between any two miRNAs (P > 0.05).

of hepatocytes. miR-181d has been shown to decrease
lipid droplets, and to reduce cellular triglycerides and
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cholesterol ester in cell culture”. In our study, serum lev-
els of miR-181d were decreased in NAFLD by 2.49-fold
compared to controls. Estep ¢ a/'” studied miRNA ex-
pression in the visceral adipose tissue of patients with
NAFLD. They found that significant changes in miRNA
expression were characterized by overall down-regulation
in the visceral adipose tissue. They also found that down-
regulation of miR-197 and miR-99 in the visceral adi-
pose tissue was significantly associated with pericellular
fibrosis in NAFLD patients. We also found that miR-99
and miR-197 were down-regulated in the serum of NASH
patients, but we did not find any relationship between fi-
brosis stages. A study conducted by Kloting e/ /' showed
that the human adipose tissue level of miR-99a negatively
correlated with FFA levels. NAFLD is significantly asso-
ciated with obesity, type 1I diabetes mellitus, and the met-
abolic syndrome. Serum FFA levels are elevated in all of
these disorders"”. Tt was reported that the main source
for T'G in hepatocytes was derived from circulating FFAs
in NAFLD!"", Although we did not analyze serum fatty
acid levels in our study, down-regulation of miR-99a in
NASH was concordant with this evidence. Chartoum-
pekis ¢z al'” examined miRNA profiling after long-term
high-fat diet-induced obesity in mice and found that miR-
146a and miR-146b were up-regulated in adipose tissue.
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In one study, the miR-146a expression levels were signifi-
cantly decreased in peripheral blood mononuclear cells
from patients with Type 2 diabetes compared to control
subjects. They also reported that reduced miR-146a levels
are associated with insulin resistance and poor glycemic
control"®. Although miR-146a and miR-146b are encod-
ed on different chromosomes, their mRNA targets are
predicted to overlap significantly"”. The data in this study
showed decreased miR-146b levels which seems reason-
able in light of these findings.

During our research, the study by Cermelli ez al™
showed that serum levels of miR-122, miR-34a and
miR-16 were significantly higher in NAFLD patients.
They also found that miR-122 and miR-34a levels were
correlated with liver enzyme levels, fibrosis stage and
inflammation activity in NAFLD. These findings regard-
ing miR-122 and miR-34a were not confirmed by our
study results. This may be attributed to patient selection.
We did not include hypertensive patients due to their im-
paired miRNA profile”.

The current study provides evidence that biopsy
proven NAFLD is associated with altered serum miRNA
expression. The potential targets of differentially ex-
pressed miRNAs are known to play a role in metabolism,
immune function, cell proliferation, apoptosis, tissue
development and differentiation; all these are key pro-
cesses involved in the development and progression of
NASH". While our findings do not provide direct proof
of the involvement of these differentially expressed miR-
NAs in the development, progression and systemic effect
of NASH, they serve as a resource for future studies on
the role of miRNAs in the non-invasive assessment of
NASH. This was a principal aim of this study.

The pattern of miRNA expression can be affected
by hypertension”"*. This possibility was minimized by
excluding patients with hypertension. The miRNA ex-
pression pattern is also possibly affected by the develop-
ment of cirrhosis. We excluded patients with cirrhosis
from this study. We want to point out that the aim of this
study was to determine whether biopsy proven NAFLD
was associated with altered serum miRNA expression
without hypertension. Therefore, only subjects without
hypertension were studied. At the same time, this study
does not provide any information on the serum miRINA
expression pattern in those with isolated hepatic steatosis
due to insufficient funding. Differential expression of
microRNA with two distinct clinical entities, in simple
steatosis and NASH, may exist. It will be very interesting
to investigate the serum expression pattern of miRNA in
simple steatosis and NASH. In addition, this study had a
cross-sectional design. Due to the financial constraints we
selected these eight miRNAs from earlier studies which
were related to NAFLD progression and pathogenesis
and were also related to serum FFA, insulin resistance
and adipose tissue.

This study showed the following: (1) miR-181d, miR-
992, miR-197 and miR-146b expression was significantly
lower in the serum of biopsy proven NAFLD patients
than in healthy controls; (2) The serum levels of miR-197
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and miR-10b were inversely correlated with degree of in-
flammation; and (3) miR-181d and miR-99a were inverse-
ly correlated with serum GGT levels in NASH patients.
In conclusion, biopsy proven NAFLD is associated with
an altered serum miRNA expression pattern. This study
provides clues for defining the non-invasive diagnosis of

NAFLD.

COMMENTS

Background

Due to the limitations of liver biopsy, the use of non-invasive markers has
emerged in recent years. MicroRNAs (miRNAs) are a class of naturally occur-
ring small noncoding RNAs that regulate gene expression. Altered miRNA ex-
pression has been reported in animal and human liver samples in non-alcoholic
fatty liver disease (NAFLD). There is, however, only limited information regard-
ing their detection in blood and their correlation with histological disease sever-
ity in patients with NAFLD.

Research frontiers

miRNAs are a class of naturally occurring small noncoding RNAs of ap-
proximately 22 nucleotides in length that regulate gene expression either by
promoting mRNA degradation or by attenuating protein translation. miRNAs
can influence NAFLD through pathways involving inflammation, fibrosis, insulin
resistance, lipid metabolism and the metabolic syndrome. A research hotspot is
the evaluation of miRNAs to determine hepatic damage and fibrosis in patients
with NAFLD.

Innovations and breakthroughs

miR-181d, miR-99a, miR-197 and miR-146b were expressed at lower levels in
non-alcoholic steatohepatitis (NASH) patients than in controls. Serum levels of
miR-197 and miR-10b were inversely correlated with degree of inflammation
and miR-181d and miR-99a were inversely correlated with serum gamma gluta-
myl transferase levels in NASH patients.

Applications

Biopsy proven NAFLD is associated with an altered serum miRNA expression
pattern. This study provides clues for defining the non-invasive diagnosis of
NAFLD.

Terminology

NAFLD is the most common cause of chronic liver disease in Western popula-
tions. It comprises a disease spectrum which includes variable degrees of
simple steatosis (fatty liver), NASH and cirrhosis which are likely to be charac-
terized by different pathogenesis and clinical history. The identification of novel
non-invasive biomarkers for NAFLD is needed. miRNAs are a class of naturally
occurring small noncoding RNAs of approximately 22 nucleotides in length
that regulate gene expression either by promoting mRNA degradation or by at-
tenuating protein translation. miRNAs can influence NAFLD through pathways
involving inflammation, fibrosis, insulin resistance, lipid metabolism and the
metabolic syndrome.

Peer review

This is a good descriptive study in which authors evaluate the serum miRNA
levels to determine hepatic damage and fibrosis in patients with NAFLD. The
results are interesting and suggest that miRNAs may be useful to determine he-
patic inflammation with a non-invasive tool in NAFLD patients. The data analy-
sis and presentation were appropriate, and the manuscript was well prepared.
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