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Background/Aims: To investigate the role of selected serum 
microRNA (miRNA) levels as potential noninvasive biomark-
ers for differentiating S0-S2 (early fibrosis) from S3-S4 (late 
fibrosis) in patients with a chronic hepatitis B virus (HBV) 
infection. Methods: One hundred twenty-three treatment-
naive patients with a chronic HBV infection who underwent a 
liver biopsy were enrolled in this study. The levels of selected 
miRNAs were measured using a real-time quantitative poly-
merase chain reaction assay. A logistic regression analysis 
was performed to assess factors associated with fibrosis 
progression. Receiver operating characteristic (ROC) curve 
and discriminant analyses validated these the ability of these 
predicted variables to discriminate S0-S2 from S3-S4. Re-
sults: Serum miR-29, miR-143, miR-223, miR-21, and miR-
374 levels were significantly downregulated as fibrosis pro-
gressed from S0-S2 to S3-S4 (p<0.05), but not miR-16. The 
multivariate logistic regression analysis identified a panel of 
three miRNAs and platelets that were associated with a high 
diagnostic accuracy in discriminating S0-S2 from S3-S4, with 
an area under the curve of 0.936. Conclusions: The levels 
of the studied miRNAs, with the exception of miR-16, varied 
with fibrosis progression. A panel was identified that was 
capable of discriminating S0-S2 from S3-S4, indicating that 
serum miRNA levels could serve as a potential noninvasive 
biomarker of fibrosis progression. (Gut Liver 2017;11:860-
869)
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is one of the most 

life-threatening diseases affecting humans, as it may lead to 
hepatic cirrhosis, hepatocellular carcinoma, or even death. He-
patic fibrosis is one of the common characteristics of chronic 
liver disease. Early diagnosis and sustained follow-up of the 
progression of hepatic fibrosis is essential in terms of preventing 
hepatic cirrhosis and end-stage hepatic disease. Liver biopsy is 
the widely used procedure for the accurate determination of fi-
brosis. However, it is an invasive procedure associated with cer-
tain outcomes and has severe limitations, such as possibility of 
serious complications, contradictions, sampling, and intra- and 
inter-observer errors. Therefore, there is a general need to find 
indicators at the molecular level to help predict disease progres-
sion.

MicroRNAs (miRNAs) are small noncoding RNA comprising 
21 to 25 nucleotides that control the expression of target genes 
at the posttranscriptional level by binding to the noncoding 
region of the target gene.1 Several miRNAs are involved in the 
development of fibrosis of the lung, liver, kidney, and cardio-
vascular diseases.2-5 MiR-29b is capable of suppressing hepatic 
stellate cell (HSC) activation, production of type I collagen,6-8 
and expression of extracellular matrix genes in HSCs through 
the transforming growth factor β (TGF-β)/SMAD-CTGF signal-
ing network.9,10 MiR-21 may regulate TGF-β2,11 and has been 
shown to activate HSCs through the PTEN/AKT signaling or 
ERK1 signaling pathway.12,13 Moreover, TGF-β stimulates pro-
cessing of the primary miR-21 precursor into mature miR-21,14 
and miR-21 inhibition reduces liver fibrosis and prevents tumor 
development.15 MiR-143 could regulate TGF-β/SMAD signal-
ing to mediate the expression of collagen type III in stromal 
fibroblasts of scirrhous-type gastric cancer.16 MiR-16 promotes 
liver fibrosis through downregulation of hepatocyte growth fac-
tor and SMAD7.6,17 There has been little study of the function 
of miR-374 and miR-223. Moreover, miRNAs with modulation 
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activity are characterized by high stability when combined with 
proteins in the serum and plasma, and miRNAs are also released 
by cells into circulation,18 providing the possibility of evaluating 
circulative miRNAs as biomarkers. Therefore, miRNAs derived 
from blood or body fluid are easily accessible potential bio-
markers for the evaluation of disease severity. 

However, whether circulating miRNAs can serve as potential 
biomarkers for liver fibrosis has not been well evaluated. We 
aimed, in the present study, to investigate the role of selected 
serum miRNAs as a potential noninvasive biomarker to dif-
ferentiate S0-S2 (early fibrosis) from S3-S4 (late fibrosis) in pa-
tients with chronic HBV infection.

MATERIALS AND METHODS

1. Study subjects

A total of 123 treatment-naive patients with chronic HBV 
infection who were admitted to the Department of Infectious 
Diseases, Huashan Hospital, Fudan University (Shanghai, China) 
from January 2014 to August 2016 were recruited in the study. 
All the patients were hepatitis B surface antigen (HBsAg)-positive 
for at least 6 months. Exclusion criteria were (1) patients co-
infected with human immunodeficiency virus; (2) those with 
the coexistence of liver injury caused by any other etiologies 
including hepatitis C virus infection, hepatitis D virus infection, 
drug intake, alcohol consumption, and autoimmune hepatitis, 
and so on; (3) those with severe systematic diseases; and (4) 
pregnancy and lactation. In all, 123 patients who underwent 
liver biopsy and 20 healthy individuals serving as healthy con-
trols (HCs) were finally enrolled in the study. Patient character-

istics are summarized in Table 1.
Written informed consent was obtained from all the adult 

patients who participated in the study. Patients aged below 18 
years provided their verbal assent and written informed consent 
was obtained from their parents. The study was performed in 
accordance with the Helsinki Declaration and was approved by 
the Ethical Committee of Huashan Hospital, Fudan University.

2. Blood sampling, clinical characteristics, and laboratory 
examinations

Peripheral blood samples were collected at the day of liver 
biopsy and were centrifuged at 3,000×g for 10 minutes at 
room temperature. Then, the serum samples were aliquoted and 
centrifuged at 3,000×g for an additional 10 minutes at 4oC to 
remove any remaining cellular debris. The serum was imme-
diately stored at –80oC until analysis. Liver function tests were 
determined by standard methods in a clinical setting. HBsAg 
titers were determined for stored frozen serum samples with an 
HBsAg quantitative assay (Abbott Laboratories, Abbott Park, IL, 
USA) based on the automated chemiluminescent microparticle 
immunoassay (Abbott Architect i2000SR analyzer; Abbott Lab-
oratories). Samples with HBsAg >250 IU/mL were diluted to the 
calibration range. A domestic HBV DNA quantification assay 
(Shanghai Kehua Bio-engineering Co., Ltd., Shanghai, China) 
was used to quantify serum HBV DNA titers. Samples with HBV 
DNA >4×107 IU/mL were further diluted and retested.

3. Liver histology

Liver specimens obtained by liver biopsy using a 16-gauge 
Menghini needle in patients with chronic HBV infection were 

Table 1. Characteristics of the Enrolled Patients with a Chronic HBV Infection and HCs at Baseline

Parameter
HBV infection (n=123)

HCs (n=20) p-value*
S0-S2 (n=69) S3-S4 (n=54) p-value

Sex (male/female) 45/24 39/15 0.224 11/9 0.891

Age, yr 28 (26–36) 39 (31–49) <0.001 31 (28–43) 0.912

ALT, U/L  83 (51–200)  41 (27–123) 0.001 19 (7–32) <0.0001

AST, U/L 47 (28–88) 42 (33–83) 0.669 16 (6–28) 0.127

WBC, ×109/L  5.2 (4.5–5.9)  3.5 (2.2–5.6) <0.001 NA

PLT, ×109/L  195 (164–215)  78 (45–164) <0.001 NA

ALB 44 (40–46)  39 (38–43) <0.001 NA

HBsAg, log10 IU/mL  4.0 (3.5–4.7)  3.5 (2.9–3.9) <0.0001 NA

HBV DNA, log10 IU/mL  7.5 (5.6–7.8)  5.0 (0.0–7.1) <0.001 NA

HBeAg (+/–) 48/21 40/14 0.367 NA

Grading of inflammation (G0/G1/G2/G3/G4) 14/29/17/9/0 0/16/16/18/4

Stage of fibrosis (S0/S1/S2/S3/S4) 23/22/24/0/0 0/0/0/26/28

Data are presented as median (interquartile range).
HBV, hepatitis B virus; HCs, healthy controls; ALT, alanine transaminase; AST, aspartate amino transferase; WBC, white blood cell; NA, not avail-
able; PLT, platelet; ALB, albumin; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen. 
*HBV versus HCs, p<0.05.
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assessed by two experienced pathologists. The experienced clini-
cal pathologist then examined the sections for inflammation 
(G) and staging of fibrosis (S) using a modified Scheuer scoring 
system.19 Two components, grading (G) and staging (S), given 
in a numerical value ranging from 0 to 4, were used to describe 
disease progression of chronic HBV infection. S0 represent the 
absence of fibrosis; S1 represent enlarged, fibrotic portal tracts; 
S2 represent periportal or portal-portal septa, but intact archi-
tecture; S3 represent fibrosis with architectural distortion, but 
no obvious cirrhosis; whereas S4 represent definite cirrhosis.

4. RNA isolation and quantitative reverse transcription-
polymerase chain reaction

Total miRNA was extracted and purified from 150 µL serum 
using the miRNeasy Serum/Plasma Kit (QIAGEN GmbH, Hilden, 
Germany). Before extraction, 3.5 µL cel-miR-39 prediluted at 
1.6×108 copies/µL was added to each tube as a spike-in con-
trol for normalization. The purified miRNA was immediately 
reverse-transcribed with the miScript II Reverse Transcription 
Kit (QIAGEN GmbH). The expression of serum miR-29a, miR-
29b, miR-29c, miR-143, miR-223, miR-21, miR-374, and miR-
16 was quantified using an ABI PRISM 7500 Sequence Detec-
tion System (Applied Biosystems, Foster City, CA, USA). A real-
time reaction was performed using miScript SYBR Green PCR 
Kit with primers specific for miR-29a, miR-29b, miR-29c, miR-

143, miR-223, miR-21, miR-374, and miR-16 (all from QIAGEN 
GmbH) according to the manufacturer’s instructions. All reac-
tions were performed in triplicate. A comparative ΔCT method 
was used to compare each target with cel-miR-39, and relative 
values were expressed as 2–ΔΔCT.

5. Statistical analysis

Values are expressed as mean±standard deviation, median 
(25% to 75% percentiles) or number (percentage) when appro-
priate. The Mann-Whitney U-test was used to determine inter-
group differences. The correlation coefficients (r) were calculated 
using Spearman correlation. Logistic regression analysis was 
performed to identify predictor miRNAs and clinical parameters 
associated with the risk of HBV-related fibrosis progression 
from S0-S2 to S3-S4. Receiver operating characteristic (ROC) 
and the area under ROC curve (AUC) were used to calculate the 
diagnostic values of the studied miRNAs and clinical parameters 
for differentiation fibrosis progression. The cutoff value was 
defined by the sum of sensitivity and specificity achieving its 
maximum. 

The discriminant analysis is a multivariate statistical method 
of classification, and the classification of a case is based on the 
combination of prior probabilities with discriminant functions. 
Therefore, the discriminant analysis was performed to further 
confirm the predictive efficiency of prediction model for fibrosis 
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Fig. 1. Differences in serum microRNA (miRNA) levels in patients with a chronic hepatitis B virus (HBV) infection and healthy controls (HCs). The 
relative serum levels of miR-29a, miR-29b, miR-29c, miR-143, miR-223, miR-21, miR-374, and miR-16 in patients with a chronic HBV infection 
(n=123) were compared with those in HCs (n=20). Data were analyzed using the Mann-Whitney U-test. A p-value <0.05 is considered statistically 
significant.
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progression from S0-S2 to S3-S4 in HBV-related liver fibrosis. 
All statistical tests were two-tailed, and a probability level of 
p<0.05 was considered as statistically significant. Data were 
analyzed using SPSS software for Windows version 19.0 (IBM 
Corp., Armonk, NY, USA).

RESULTS

1. Differential expression of serum miRNA levels during 
HBV-related liver disease progression 

We first examined serum miRNA profiles in patients with 
chronic HBV infection using the Mann-Whitney U-test. Com-
pared to HCs, serum miR-143, miR-223, miR-21, miR-374, 
and miR-16 were significantly upregulated in patients with 
chronic HBV infection (HBV vs HCs; p<0.05, p<0.05, p<0.001, 
p<0.0001, and p<0.001, respectively), whereas miR-29a, miR-
29b, and miR-29c were significantly downregulated in patients 
with chronic HBV infection (HBV vs HCs; p<0.05, p<0.0001, 
and p<0.001, respectively) (Fig. 1). In a detailed analysis, we 
investigated if the studied miRNAs in patients could be de-
regulated during individual fibrosis stages (S0 to S4) using the 
nonparametric Kruskal-Wallis test. Interestingly, all the studied 
miRNAs except miR-16 were significantly downregulated in S3 

and S4, and they were not differentially expressed in fibrosis 
stages S0, S1, and S2 (Fig. 2). The detailed results revealed that 
all the studied miRNAs were significantly downregulated in 
S4 compared to S0, S1, and S2 (p<0.05) except miR-16, which 
was upregulated with fibrosis progression from S0 to S4 with 
no statistical significance; miR-29a, mir-29c, and miR-143 
were also significantly downregulated from S3 to S4 (p<0.05). 
Moreover, serum miR-29b, miR-223, and miR-374 levels were 
significantly downregulated in S3 compared to S0, S1, and S2 
(p<0.05). However, the finding was not statistically significant 
in S0, S1, and S2 (p>0.05). We then examined if the studied 
miRNA levels changes from S0-S2 to S3-S4 or from G0-G2 to 
G3-G4 by using the Mann-Whitney U-test. The results showed 
that there were no significant differences in miRNA levels be-
tween G0-G2 and G3-G4 (Supplementary Fig. 1), whereas all 
the studied miRNAs were significantly downregulated during 
fibrosis progression from S0-S2 to S3-S4 except miR-16 (p<0.05) 
(Supplementary Fig. 2).

2. Diagnostic performance of studied miRNAs for  
discriminating liver fibrosis progression from S0-S2 to 
S3-S4

As mentioned above, studied miRNAs except miR-16 in pa-
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Fig. 2. Signature of relative serum microRNA (miRNA) levels during hepatitis B virus (HBV)-related liver disease progression. A detailed analysis 
of the relative serum levels of miR-29a, miR-29b, miR-29c, miR-143, miR-223, miR-21, miR-374, and miR-16 at different fibrosis stages (S0, 
n=23; S1, n=22; S2, n=24; S3, n=26; S4, n=28) in patients with a chronic HBV infection (n=123) is shown. Data were compared using the Krus-
kal-Wallis test. 
HCs, healthy controls.
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tients with chronic HBV infection significantly downregulated 
during individual fibrosis progression from S0-S2 to S3-S4, 
raising the possibility that the studied miRNAs could discrimi-
nate fibrosis progression from S0-S2 to S3-S4. Indeed, ROC 
analysis revealed that the studied miRNAs could discriminate 
S0-S2 from S3-S4 with AUC=0.8030 for miR-29a (76.36% sen-
sitivity and 72.22% specificity), 0.7237 for miR-29b (72.73% 
sensitivity and 58.33% specificity), 0.8121 for miR-29c (89.09% 
sensitivity and 61.11% specificity), 0.8123 for miR-143 (70.97% 
sensitivity and 77.27% specificity), 0.7806 for miR-223 (59.46% 
sensitivity and 85.71% specificity), 0.7589 for miR-21 (56.25% 
sensitivity and 85.71% specificity), 0.7282 for miR-374 (52.00% 

sensitivity and 79.55% specificity), and 0.4081 for miR-16 
(80.40% sensitivity and 13.90% specificity), respectively (Fig. 3). 
The calculated sensitivities, specificities, and cut-off value for 
the studied miRNAs to discriminate S0-S2 from S3-S4 in pa-
tients with chronic HBV infection are shown in Supplementary 
Table 1.

3. The three-miRNA and PLT panel is an independent  
predictive factor for discriminating liver fibrosis  
progression from S0-S2 to S3-S4

Univariate and multivariate logistic regression analysis of the 
studied miRNAs and clinical parameters such as white blood 
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Fig. 3. The capability of the selected mi-
croRNAs (miRNAs) to discriminate early 
fibrosis (S0-S2) from late fibrosis (S3-S4) 
in patients with a chronic hepatitis B virus 
(HBV) infection. Receiver operating char-
acteristic (ROC) curves and areas under the 
curves for miR-29a, miR-29b, miR-29c, 
miR-143, miR-223, miR-21, miR-374, and 
miR-16 are presented for the discrimina-
tion of early fibrosis (S0-S2) from late 
fibrosis (S3-S4) in patients with a chronic 
HBV infection. 
AUC, area under ROC curve.
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cell (WBC), platelet (PLT), albumin (ALB), HBsAg, and HBV DNA 
which were significantly associated with S3-S4 were performed 
to select the predictor parameters associated with HBV-related 
liver fibrosis progression from S0-S2 to S3-S4. The results 
revealed that all the studied miRNAs and the studied clinical 
parameters except miR-16 are selected as significant predic-
tors associated with the changes in HBV-related liver cirrhosis 
progression from S0-S2 to S3-S4 in the univariate analysis 
(Table 2). Correlation analysis and variance inflation factor (VIF) 
among the studied miRNAs revealed that miR-29a and miR-
29c were highly collinearity (r=0.967 between miR-29a and 
miR-29c, VIF=26.545 for miR-29a and VIF=26.925 for miR-
29c) (Supplementary Table 2). Moreover, the correlation coef-
ficient of miR-29a was higher than miR-29c in PLT, WBC and 
ALB (Supplementary Table 3), so we delete miR-29c for further 
analysis. In a stepwise forward multivariate analysis, miR-29a, 

miR-143, miR-223, and PLT were significant predictors of the 
risk of HBV-related liver fibrosis progression from S0-S2 to S3-
S4. The predicted probability of having the risk of HBV-related 
liver fibrosis progression from S0-S2 to S3-S4 from the logit 
model was based on the three-miRNA and PLT panel (Table 2), 
Logit (P)=1.042-0.165*miR-29a-0.064*miR-143-0.491*miR-223-
0.349*PLT. Similarly, miR-29a, miR-143, miR-223, and PLT 
were significant predictors of the risk of HBV-related liver fibro-
sis progression from S0-S1 to S2-S4 and from S0-S3 to S4 (data 
not shown).

4. The three-miRNA and PLT panel is superior to APRI and 
FIB-4 for discriminating liver fibrosis progression from 
S0-S2 to S3-S4

The diagnostic performance of the established three-miRNA 
and PLT panel for discriminating fibrosis progression from S0-

Table 2. Logistic Regression Analysis to Discriminate Early Fibrosis (S0-2) from Late Fibrosis (S3-4) in Patients with a Chronic HBV Infection

Parameter Coefficient SE p-value OR (95% CI)

Univariate analysis

    miR-29a –0.071 0.037 0.046 0.931 (0.866–0.902)

    miR-29b –0.178 0.76 0.019 0.837 (0.721–0.971)

    miR-29c –0.127 0.054 0.019 0.881 (0.792–0.980)

    miR-143 –0.033 0.020 0.008 0.967 (0.631–0.805)

    miR-223 –0.099 0.048 0.038 0.906 (0.825–0.995)

    miR-21 –0.385 0.200 0.025 0.681 (0.460–0.808)

    miR-374 –0.299 0.008 0.028 0.788 (0.773–0.804)

    miR-16  0.202 0.154 0.190 1.224 (0.905–1.655)

    PLT –0.021 0.004 0.000 0.979 (0.972–0.987)

    WBC –0.427 0.117 0.000 0.653 (0.519–0.822)

    ALB –0.132 0.041 0.001 0.876 (0.809–0.949)

    HBsAg, log10 IU/mL –1.053 0.275 0.000 0.349 (0.204–0.598)

    HBV DNA, log10 IU/mL –0.302 0.077 0.000 0.739 (0.635–0.860)

Multivariate analysis

    miR-29a –0.165 0.201. 0.011* 0.848 (0.584–0.913)

    miR-29b –0.244 0.292 0.404 0.784 (0.442–1.389)

    miR-143 –0.064 0.066 0.019* 0.938 (0.608–0.948)

    miR-223 –0.491 0.176 0.004* 0.612 (0.434–0.864)

    miR-21  1.239 0.835 0.138  3.451 (0.670–17.741)

    miR-374 –0.165 0.201 0.411 0.848 (0.572–1.257)

    PLT –0.349 0.124 0.005* 0.705 (0.553–0.900)

    WBC –1.246 1.383 0.368 0.288 (0.019–4.329)

    ALB –0.270 0.364 0.459 0.921 (0.803–1.057)

    HBsAg, log10 IU/mL –1.390 1.916 0.468  0.249 (0.006–10.650)

    HBV DNA, log10 IU/mL  1.239 0.835 0.138  3.451 (0.671–17.741)

Univariate and multivariate logistic regression analyses were performed to assess factors associated with the progression of liver fibrosis from 
S0-S2 to S3-S4. A stepwise forward multivariate analysis including the studied miRNAs and clinical parameters, such as white blood cell (WBC) 
counts, platelet (PLT) counts, albumin (ALB) levels, hepatitis B surface antigen (HBsAg) levels, and hepatitis B virus (HBV) DNA load, was con-
ducted with a probability of entry <0.05 and a probability of removal >0.1. A p-value <0.05 is considered statistically significant. 
miRNA, microRNA; SE, standard error; OR, odds ratio; CI, confidence interval.
*Represent statistical significance in multivariate analysis.
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S2 to S3-S4 was evaluated using ROC analysis. The AUC was 
0.936 with sensitivity=87.47% and specificity=86.49% (Fig. 4). 
Similarly, the diagnostic performance of the established three-
miRNA and PLT panel for discriminating fibrosis progression 
from S0-S1 to S2-S4 or from S0-S3 to S4 was also evaluated 
using ROC analysis and the AUC was 0.7482 with sensitiv-
ity=82.57% and specificity=79.59% and 0.9495 with sensitiv-
ity=93.57% and specificity=92.69%, respectively (data not 
shown). 

As mentioned above, the AUC for distinguishing fibrosis 
progression from S0-S1 to S2-S4 was not as accurate as distin-
guishing fibrosis progression from S0-S2 to S3-S4. Although the 

AUC is 0.9495 for distinguishing fibrosis progression from S0-
S3 to S4, the classification method is not common. Therefore, 
we emphasize its strengths in distinguishing early fibrosis (S0-S2) 
patients from late fibrosis (S3-S4). Comparison of the AUC of 
the three-miRNA and PLT panel with that of individual miRNAs 
revealed that the three-miRNA and PLT panel was superior to 
individual miRNAs in discriminating S0-S2 from S3-S4. We 
then compare the three-miRNA and PLT panel with aspartate 
aminotransferase to platelet patio index (APRI) and fibrosis 4 
score (FIB-4), which were well established noninvasive mark-
ers. The results revealed that there were significant differences 
between the AUC values of the three-miRNA and PLT panel and 
APRI and FIB-4 (0.936 vs 0.740, 0.936 vs 0.854, respectively; 
p<0.001, p<0.001, respectively) (Fig. 4). These results indicated 
that the three-miRNA and PLT panel has a higher sensitivity 
and specificity for discriminating S0-S2 from S3-S4 than the 
biomarkers reflecting the extent of liver fibrosis in patients with 
chronic HBV infection.

5. Discriminant analysis for validating the predictive  
efficiency of prediction model

At last, the predictive power of prediction model included 
PLT, miR-29a, miR-143 and miR-223 for discerning fibrosis 
progression from S0-2 to S3-4 was also validated by discrimi-
nant analysis. It can be clearly seen from Table 3 that the over-
all predictive percentage was 89.4%. Also, it correctly classified 
91.3% and 87.0% respectively in the group of S0-2 and S3-4 
respectively. 

DISCUSSION

Early diagnosis and sustained follow-up of the progression 
of hepatic fibrosis is essential in terms of preventing liver cir-
rhosis and end-stage hepatic disease. Liver biopsy is an invasive 
procedure associated with certain outcomes and has severe 
limitations; hence, there is a need for new diagnostic tools. 
The present study revealed that miR-143, miR-223, miR-21, 
miR-374, and miR-16 were significantly upregulated, whereas 
miR-29 family members were downregulated in patients with 
chronic HBV infection compared with HCs, which is consistent 
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Fig. 4. The three-miRNA and platelet (PLT) panel is superior to the 
aspartate aminotransferase to platelet ratio index (APRI) and the 
fibrosis-4 score (FIB-4) for discriminating the progression of liver 
fibrosis from S0-S2 to S3-S4. An analysis of the receiver operating 
characteristic (ROC) curves for the three-miRNA and PLT panel (miR-
29a, miR-143, miR-223, and PLT) was used to differentiate early 
fibrosis (S0-S2, n=69) from late fibrosis (S3-S4, n=54). Areas under 
the curves for APRI and FIB-4 were compared with the panel to dif-
ferentiate early fibrosis (S0-S2) from late fibrosis (S3-S4) in patients 
with a chronic hepatitis B virus infection. 
SE, standard error; CI, confidence interval.

Table 3. Classification Table of the Discriminant Analysis

Fibrosis stage Group size (n=123)
Predicted liver fibrosis stage

S0-S2 (n=70) S3-S4 (n=53) Correct percentage, %

S0-S2 69 63 6 91.3

S3-S4 54 7 47 87.0

Overall percentage 89.4

The power of platelet, miR-29a, miR-143, and miR-223 in predicting the progression of fibrosis is shown. This procedure is designed to develop a 
set of discriminating functions that will help predict S0-S2 versus S3-S4 based on the values of other quantitative variables. One hundred twenty-
three cases were used to develop a model to discriminate between S0-S2 versus S3-S4; four predictor variables were entered. Among the 123 ob-
servations used to fit the model, 89.4% were correctly classified.
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with previous study that miR-21 were upregulated in cholestatic 
pediatric liver disease,20 acute cardiac allograft transplanta-
tion model21 and renal fibrosis,22-24 miR-29a were upregulated 
in cholestatic pediatric liver disease20 and liver fibrosis,6,25 and 
increased miR-16 expression induced by hepatitis C virus infec-
tion promotes liver fibrosis.17 In addition, the studied miRNAs 
distinguished fibrosis progression from S0-S2 to S3-S4 in pa-
tients with chronic HBV infection except miR-16. Univariate 
and multivariate logistic regression analysis revealed the three-
miRNA and PLT panel of miR-29a, miR-143, miR-223, and 
PLT with high diagnostic accuracy to distinguish S0-S2 from 
S3-S4 in patients. Moreover, the three-miRNA and PLT panel 
demonstrated a significantly higher diagnostic value than APRI 
and FIB-4 in late fibrosis patients. These results implicated the 
studied miRNAs as reliable early biomarkers and possible thera-
peutic tools or targets for fibrosis treatment. 

In the current study, circulating and tissue miRNAs were not 
always consistent. It was reported that the liver secretes cir-
culating exosomes during injury with increase in serum miR-
122 and miR-192, and a corresponding decrease in hepatic 
expression.26,27 Another possible explanation is that in response 
to hepatic injury, an intrahepatic loss of miRNAs is observed, 
whereby the circulating levels of miRNAs are massively in-
creased.28,29 The persistent injury is characterized by infiltration 
of the liver by immune cells, progressive loss of hepatocytes, 
proliferation of myofibroblasts, and accumulation of extracel-
lular matrix.30 Thus, with fibrosis progression, hepatic levels of 
miRNAs decrease and the release in the systemic circulation is 
also decreased, similar to that observed in our study for serum 
miR-143, miR-223, miR-21, and miR-374. Activation of HSCs, 
a key driver of fibrosis, is also associated with a specific miRNA 
deregulation regulating various fibrogenic signaling pathways,31 
whereas serum miR-29 family members were downregulated 
with fibrotic progression. A possible explanation is that the 
decreased secretion of miR-29 family members far exceeds the 
miR-29 family members passively released from hepatocytes or 
that passively released miR-29 family members do not possess a 
protective carrier and are readily degraded upon release. There-
fore, liver miRNAs levels are needed. The discrepancies between 
different studies may also result from variability in technical 
procedures from sampling to detection method and data analy-
sis, or the use of the different characteristics of the patient co-
hort. Liver cirrhosis etiology should also be considered.

Previous studies have evaluated circulating miRNAs as bio-
markers of disease progression in liver fibrosis.20,32-36 In hepatitis 
C patients, miR-182, miR199a-5p, miR-200a-5p, and miR-183 
were found to be significantly upregulated in liver tissue with 
advanced fibrosis, stage F3 and F4, when compared with early 
fibrosis, stages F1 and F2.32 Circulating miR-138 could serve as 
a noninvasive biomarker for the detection of early fibrosis, and 
miR-138 and miR-143 could be specific biomarkers for indicat-

ing the late stage of liver fibrosis in hepatitis C virus-related 
liver cirrhosis.33,34 Similarly, circulating miR-21 and miR-29a 
levels appear suitable to serve as noninvasive diagnostic mark-
ers to differentiate biliary atresia from other cholestatic disease 
in infancy.20 In patients with HBV infection, miRNA microarray 
hybridization revealed that 140 miRNAs were detected in the 
S1-S4 patient groups, and the numbers of miRNAs differen-
tially expressed in the S1-S4 patient groups were 48, 97, 84, 
and 56, respectively, with 12 miRNAs differentially expressed 
at all stages.35 Moreover, a miRNA panel (miR-1, miR-146a-
5p, and miR-451a) in HBV-related liver cirrhosis patients could 
readily distinguish from the HCs with AUC values close to 1.0.36 
However, few miRNAs have been revealed as ideal candidate 
biomarkers in discriminating fibrosis progression from S0-S2 to 
S3-S4, which involves multiple steps and is the clinical pathway 
of most chronic HBV infection cases. Our study revealed that 
the selected miRNAs except miR-16 were significantly degraded 
in S3-S4 compared to S0-S2 and hepatic synthetic function (al-
bumin and platelet) were reduced during liver disease progres-
sion from S0-S2 to S3-S4, raising the possibility that studied 
miRNAs could discriminate fibrosis progression from S0-S2 to 
S3-S4. Indeed, our study revealed miRNAs change significantly 
from early fibrosis to late fibrosis, and identified a four-miRNA 
set with high accuracy for discriminating fibrosis progression 
from S0-S2 to S3-S4, which could be a biomarker of fibrosis 
progression. Moreover, the miRNA panel has a higher sensitiv-
ity and specificity for discriminating S0-S2 from S3-S4 than 
the biomarkers reflecting the extent of liver fibrosis such as 
PLT, WBC and ALB in patients with chronic HBV infection. Our 
study has some limitations. First, patients recruited regionally 
from the same hospital might have specific genetic background, 
which may influence the expression of miRNAs; therefore, a 
multicenter study is needed to minimize the chance for bias. 
Second, the miRNA panel for distinguishing S0-S1 from S2-S4 
was not as accurate as distinguishing S0-S2 from S3-S4, which 
is the most difficult point even when using a combination of 
biochemical parameters and ultrasonography.
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